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ABSTRACT

Stratigraphic studies of Mississippian age carbonate rocks are 

useful in determining post-Mississippian age crustal cohesion between or 

within the Basin and Range and Colorado Plateau physiographic provinces. 

The carbonate strata were studied in central and southeastern Arizona 

and adjacent New Mexico and ranged in age from Late Kinderhook/Osage to 

Meramec age (foram. zone pre-7 to 14 as identified by B. Mamet).

Petrographic analysis of samples collected from measured sec

tions permits delineation of nine carbonate microfacies that range from 

subaerial to below wave-base depositional environments and permit reso

lution of regional eustatic fluctuations. Bathymetry and degree of in

undation increase in vertical sequence. Stratigraphic data reveal three 

crustal blocks with northeast-trending margins. Each block displays a 

unique sedimentation history. These three blocks are herein designated 

as the R block for Redwall Limestone shallow-shelf deposition in cen

tral Arizona, the ES block for Escabrosa Limestone shallow-shelf deposi

tion in central and southeastern Arizona, and the ED block for deeper 

water shelf deposition in southeastern Arizona. Both the R and ES 

crustal blocks dip to the northwest. Insufficient data do not permit 

determination of the depositional attitude of the ED block. Prior to 

full emergence in Meramec time, three eustatic cycles are recognized 

within the ES block. The first and areally most extensive emergence 

occurred in foram. zone 7/8, while two less complete emergence events 

occurred during foram. zones basal 9 and 9/10. Early diagenetic chert
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xix
and dolomite are intimately linked to eustatic fluctuations and are fa

vored during emerging events. Except for local variations, depositional 

gradients within the ES block confirm epeiric sea sedimentation condi

tions . Depositional influences of these three crustal blocks diminished 

by Meramec time, and development of northwest-trending depositional fea

tures, interpreted as precursors to the Pennsylvanian Pedregosa Basin, 

began forming. Northwest-trending basin subsidence that increased to 

the southeast eroded the southwest and northeast margins of the three 

crustal blocks, which produced the basin configuration that is revealed 

by Mississippian isopach maps. Because of this subsidence phenomena 

along a northwest-trending depocenter axis, younger Mississippian strata 

are preserved and erosionally isolated southeast of Winkleman; The lo

cally occurring younger Mississippian strata unconformably overlie the 

Escabrosa Limestone. This northwest-trending trough forms an embayment 

within the ES block and presumably is related to the Paradise Formation 

southeast of the study area.

Post-Mississippian thermal crustal alteration effects were evalu

ated using conodont thermal alteration index values (CAI) reported by 

Epstein, Epstein, and Harris in 1977 in U. S. Geological Survey Profes

sional Paper 995. Low CAI values (1.0-1.5) typify the minimal thermal 

alteration occurring within the Colorado Plateau area, while relatively 

high CAI values (5-6) are representative of many areas within the Basin 

and Range. A northwest-trending transition zone between these two dif

ferentially thermally altered areas occurs, with northeast disruptions 

of the northwest trend, at points which coincide with the



northeast-trending crustal block margins delineated by Mississippian 

stratigraphic data.

The correspondence of northeast deflection of CAI isograds with 

the northeast-trending crustal block margins delineated by stratigraphic 

data, as well as continuity of northeast depositional and erosional 

strike, limit possibilities of a post-Mississippian northwest-trending 

shear zone traversing southern and central Arizona, as has been hypoth

esized by many investigators. Instead, a post-Mississippian northwest

trending rift zone or subduction zone complex appears more compatible 

with observed geometries of thermal alteration, Mississippian strati

graphic data, and regional crustal thickness variations reported by 

Warren in 1969 in Geological Society of America Bulletins, Volume 80. 

Insufficient stratigraphic control does not allow evaluation of poten

tial local crustal separations due to aborted rift phenomena, if pres

XX

ent in southeastern Arizona.



INTRODUCTION

Purpose

The purpose of this stratigraphic study is two-fold. The pri

mary purpose is to evaluate stratigraphically whether significant in

traplate post-Paleozoic lateral crustal displacement has occurred within 

central and southeastern Arizona. This area represents the merger of 

two major physiographic/tectonic provinces, the Colorado Plateau and 

Basin and Range. Also, this area lies within and is proximal to the 

preserves Paleozoic southwestern margin of the North American Plate.

The secondary purpose lies more in the realm of basic research, 

namely to develop a better understanding of the stratigraphic history 

of Arizona. Incorporated in this second objective is the desire to pro

vide a detailed paleoenvironmental reconstruction of Mississippian depo

sition. Also, delineation of eustatic cycles and how these 

emerging-submerging events relate to sea level versus crustal instabil

ities are considered. Another goal of the study is to determine the 

nature of the Mississippian depositional surface and to evaluate whether 

low-gradient epeiric sea conditions can be confirmed.

Area and Methods of 
Investigation

Twenty-four Mississippian sections were measured by the writer. 

The majority were in central and southeastern Arizona. Table 1 is a 

list of these sections with their respective locations. Figure 1 is an 

index map of the study area showing the location of measured sections.

1
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Table 1. Locations of Measured or Sampled Stratigraphic Sections.
Eacabroaa Linestone

Patagonia Mountains - 110°42,49,,H longitude, 3l026'8"N latitude, Santa Cruz County, Arizona. 
Whetatone Mountains - S%, SE*6, Sec. 28; T. 18 S., R. 19 E., Cochise County, Arizona.
Johnny Lyon Hills (Rattlesnake Ridge) - NEk. NEk, S%&, Sec. 16, T. 14 S., R. 21 £., Cochise 

County, Arizona.
Dos Cabezas Mountains (Incomplete) - C Ek, Ek, Sec. 26, T. 14 S., R. 26 E., Cochise County, 

Arizona.
Nugget Canyon - Stik, NEk, NEk, Sec. 33, T. 10 S., R. 16 E., Pinal County, Arizona.
Peppersauce Canyon (erosionally incomplete) - S W ,  NWk, StAc, Sec. 21, T. 10 S., R. 16 E., Pinal 

County, Arizona.
Waterman Mountains - S%, N % ,  SEk, Sec. 25, T. 12 S., R. 8 E., Pima County, Arizona.
Vekol Mountains - SWk, SWk, NEk, Sec. 13, T. 10 S., R. 2 E., Pima County, Arizona.
Ash Creek - Nik, NEk, StAt, Sec. 19, T. 5 S., R. 17 E., Pinal County, Arizona.
Superior - Nk, SEk, N % ,  Sec. 2, T. 2 S., R. 12 E., Pinal County, Arizona.
Mescal Mountains (incomplete, faulting) - Wk, SWk, SWk, Sec. 10, T. 3 S., R. 15 E., Gila County, 

Arizona.
Van Winkle Ranch - NWk, Sik, Sec. 19, T. 2 S., R. 16 £., Gila County, Arizona.
Pinal Creek - C Vis, N % ,  SEk, Sec. 10, T. IN., R. 15 E., Gila County, Arizona.
Salt River - 110o21’55,,W longitude, 33°48,45MN latitude, Gila County, Arizona.

Modoc Limestone
Stargo Hill-Morenci - NEk, SVk, NEk, Sec. 21, T. 4 S., R. 29 B., Greenlee County, Arizona. 
Clifton - NEk, NEk, NWk, Sec. 24, T. 4 S., R. 27 E., Greenlee County, Arizona.

Redwall Limestone
Windy Hill - NWk. Nik, SEk, Sec. 24, T. 4 N., R. 12 E., Gila County, Arizona.
Big Spring Canyon-Chedlaki Mountain - 110°42,24,,W longitude, 34^8*7"N latitude, Navajo County, 

Arizona.
Kohls Ranch - N*k, SEk, Sec. 21, T. 11 N., R. 12 E., Gila County, Arizona.
Mt. Eldan - Ek, SWk, Sec. 25, T. 22 N., R. 7 E., Coconino County, Arizona.
Jerome - Sk, NWk, Nik, Sec. 28, T. 16 N., R. 2 E., Yavapai County, Arizona.

Redwall Limestone-Supplemental Sections
North Kaibab Trail (incomplete) - 112°2'32"W longitude, 36°12,18"N latitude.
Hindu Canyon (incomplete) - NWk, SWk, SWk, Sec. 25, T. 27 N., R. 12 W., Mohave County, Arizona. 
Well Core -

Texas Pacific #4, Navajo 138, NEk, SWk, Sec. 11, T. 40 N., R. 28 E., Apache County, Arizona. 
Texas Pacific #1, Navajo 138, C NEk, NEk, Sec. 11, T. 40 N., R. 28 E., Apache County, 

Arizona.
Pan American #1, Moko - NEk. SWk, Sec. 15, T. 40 N., R. 29 E., Apache County, Arizona.

Lake Valley Limestone
Lake Valley, New Mexico - C Sk. NWk. Sec. 21. T. 18 S.. R. 7 W.. Sierra County. New Mexico.
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Measured section descriptions with accompanying detailed location maps 

are provided in Appendix A. Two of these measured sections, Hindu Can

yon and Kaibab Trail, are incomplete. These sections are only of sup

plemental value and were not used in making the facies maps.

Priorities listed in order of decreasing importance for estab

lishing a network of regional reference measured sections are the fol

lowing: 1) need for control in a specific area so that time-bound

Mississippian microfacies data could be tied to existing literature of 

a region; 2) selection of a stratigraphic sequence relatively free of 

post-depositional structure, a difficult task in southern and south

eastern Arizona; and 3) evaluation of the accessibility of a section, 

a necessary consideration when collecting large samples at closely 

spaced intervals. In addition to this field data, well core samples 

were obtained for study from the Arizona Oil and Gas Commission from the 

only three wells to date with Mississippian cored intervals.

The stratigraphic sections were measured employing a 5 ft (1.52 

m) Jacob's staff with a two-directional dip clinometer and a Brunton 

compass. Orange fluorescent paint was utilized to number and mark in

tervals measured and described in the field. The sampling interval 

chosen arbitrarily was 1.5 m or by sedimentation unit, whichever was 

smaller. A few of the thicker measured sections were collected by 

sedimentation unit or by an arbitrary 3.05 m interval, again whichever 

was smaller. In one section. Nugget Canyon, only reconnaissance samples 

by recognizable field unit were collected. In addition, several field 

areas were examined, and in some cases sections were measured and sampled.
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Approximately 1600 unoriented, minimally weathered samples were 

collected in the field, generally at the top of each unit sampled. No 

sampling bias was employed to select more favorable horizons for fora- 

minifera or conodonts.

In the field, bedding characteristics were described after McKee 

and Weir (1953). Topographic expression, megafossil content and rela

tive abundance, and any unique weathering properties or special features 

of an interval such as rock yielding a fetid odor after being impacted, 

were recorded. Stratigraphic attitudes were measured periodically 

throughout the intervals studied. Fresh and weathered colors were re

corded according to the rock color chart of Goddard and others (1970).

The colors were observed in a lab using non-artificial light. A small 

portion of each sample was cut into slabs and a 27 x 46 mm thin section 

was made that was oriented perpendicular to bedding, when bedding ele

ments were identifiable in hand specimen. The thin sections were stained 

stained with Alizarin Red S according to procedures described by 

Dickson (1965, p. 587) to easily delineate calcite from dolomite.

Rock descriptions were based primarily on thin section studies, 

and employ a modified Folk (1974a) classification of carbonate rocks. 

Detailed petrographic-eustatic charts of measured section data are in

cluded in Appendix B.

Strata 3.05-6.10 m above and below Mississippian stratigraphic 

contacts were sampled, processed, and analyzed similar to the Missis

sippian intervals. The thin sections were sent to Bernard Mamet, 

University of Montreal, for evaluation of foraminiferal content, and



standardization to a worldwide biostratigraphic zonation schematic 

(Mamet and Skipp, 1970).

After slabbing and thin sectioning, each residual sample was 

crushed to 3 cm fragments by means of an Arizona Bureau of Mines jaw 

crusher. Care was taken to eliminate sample contamination. The 

crushed sampled were dry-sieved with the material passing through a num

ber 10 mesh sieve (2.00 mm mesh screen opening) being discarded. The 

dry-sieved samples were placed in a approximately 6 liter polyethylene 

buckets and a 10% glacial acetic acid solution was added. When the acid 

recation was complete, the sample was carefully drained and fresh acid 

of the same concentration was addded. This process was repeated at 

least two times, or at least until a majority of the sample was dis

solved. Complete dissolution of many of the samples was not possible 

due to varying magnesian content, and also because the acidizing work 

was done during the 1974 energy crisis, which made glacial acetic acid 

very expensive and difficult to obtain in large quantities. The acid 

residue was wet-sieved utilizing 70 and 170 mesh sieves (.841 and .088 

mm screen mesh openings). The material passing through the 170 sieve 

was discarded and undissolved material, if any, stopped by the 70 mesh 

sieve was returned to plastic sample bags for possible future use. The 

170 sieve sample was placed in 0.3 liter styrofoam cups and dried over 

a period of several days in a low-temperature drying oven. The samples 

were then processed using procedures similar to those described by 

Collinson (1963) and analyzed for conodonts. Evaluation of thermal 

alteration of the conodonts was made according to a color alteration

6
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index established by Epstein, Epstein, and Harris (1977). Because of 

time limitations, conodont age relationships were not incorporated into 

this study, and biostratigraphic age control relies solely on the fora- 

minifera zonations. Upon completion of this study, an evaluation of 

the interrelationship of conodonts, foraminifera zonations, and carbon

ate microfacies will be completed. Such an evaluation would go beyond 

the scope or goals of the present study.

Available published and unpublished literature and Amstrat well 

logs have been tied to these detailed, time-bound, petrographically 

defined sections. This synthesis of regional Mississippian data is 

provided by Figures 2, 3, and 4 (in pocket). A reference list of con

trol points used in constructing these maps is included in Appendix C. 

Figures 3 and 4 are isopach maps that stratigraphically group Mississip

pian rocks corresponding to Rose's (1976) subdivision of Mississippian 

strata, a scheme that Rose used to illustrate Mississippian stratigraphy 

throughout the Cordilleran region. For comparison purposes, the region 

considered in this study as defined by Figures 2,3, and 4 overlaps 

Rose's study area. Also, Figures 2, 3, and 4 provide a regional per

spective for evaluation of the stratigraphic aspects of the field study 

area as shown in Figure 1.

General Aspects of the Study:
Evaluation of Intraplate Continuity

Over the past decade, plate tectonics and sea floor spreading 

concepts have been evolving and copious amounts of literature have been 

generated on the subject. Continued investigations are necessary to
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According to recognized plate definitions (Dietz and Holden,

1970; Vine, 1970; Dewey, 1972), Arizona is located in the southwestern 

part of the North American Plate. The tacit assumption made in all 

plate tectonics discussions is that the lithospheric plate behaves in a 

rigid or quasi-rigid manner and is underlain by a more plastic zone or 

shell, the asthenosphere (Isacks, Oliver, and Sykes, 1968). On a global 

scale, the lithosphere generally has been segmented into a relatively 

few, areally large, rigid plates.

An important assumption in evaluating interplate motion is that 

each plate is an internally rigid slab— that if material is being gener

ated at the spreading ridges, so too matter is being destroyed in sub- 

duction zones— a concept necessary to maintain constancy in the earth’s 

diameter. Major deformation and distortion of the lithosphere are de

scribed principally at the plate boundaries or margins. Dickinson 

(1974, p . 9) and Yarborough (1976) consider plate deformation at plate 

margins or plate junctures as resulting from one or more of three tec

tonic styles: 1) subduction or converging plate margins, 2) pull apart

or rifting, and 3) shear or strike-slip motion between plates. Moody 

(1975) perceived the need to interrelate plate tectonics-sea floor 

spreading to apparent worldwide cratonic sheat patterns, a concept 

earlier studied as lineament tectonics by Venig Meinesz (1974). Moody

better understand intraplate phenomena and to reassess presently accept

ed paleogeographic reconstructions within the presently defined rigid

plates.



(1975, figs. 11, 12) compares continental plate delineation as defined 

by Vine (1970) to his 1966 regamatic shear pattern affecting the intra

plate areas. Moody states (1975, p. 319):

In 1968 plate tectonic theory recognized six ’plates,’ in 1972 
the number had grown to 20. It seems possible that two dif
ferent schemes of global tectonics represented by figures 11 
and 12 (in the article cited above) are converging, at least 
so far as crustal disruption into a mosaic of plates or blocks 
is concerned.

Lineament concepts were rejuvenated through the advent of satel

lite and remote sensing technology. An international syposium on "New 

Plate Tectonics” (Hodgson, Gay, and Benjamin, 1976) provides a state of 

the art discussion regarding the development of worldwide techniques to 

evaluate lineaments. O'Leary, Friedman, and Pohn (1976, p. 1463-1468) 

discuss the development of an acceptable vocabulary to describe methods 

of lineament analysis. In addition to the compilation of the ERTS-1 

Arizona Satellite Image Map prepared by the U. S. Geological Survey 

(1972-73), remote sensing studies were completed by Gelnett (1976) in 

the Colorado Plateau. He compared field studies of fractures made by 

Hodgson (1961a,b) to side imagery radar delineation of fractures of the 

same area. Remote sensing has rejuvenated the Texas Lineament concept 

(Hill, 1902; Schmitt, 1966) as a transverse sheat belt cutting through 

the southern North American Cordillera in Arizona (Gawad and Tubbesing, 

1976). D. Elston (1976) and Purves (1976) used ERTS-1 to recognize the 

pervasiveness of northeasterly- as well as northwesterly-trending frac

tures. A lineament map was prepared (Figure 5, in pocket) from analysis 

of false color ERTS-1 imagery and the U.S.G.S. 1:500,000 ERTS-1 imagery

9
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map of Arizona. Only fractures greater than 10 km In length were plot

ted. Geologic ages are superimposed on these presumed fracture trends 

by overlying the fracture trends and noting the youngest rocks that are 

cut by the lineament feature. No definitive age relationship to a par

ticular fracture orientation was recognized, a result that is not sur

prising, since Hodgson (1961b, p. 97) considered older fractures to 

have propagated vertically through younger rocks. As better photo en

hancement technologies are developed, refinement in analysis of crustal 

phenomena may be made, providing many potential new avenues of research.

From this precursory analysis, one point is clear, the Arizona 

lithosphere is intricately fractured. Lineament or remote sensing frac

ture analysis may reveal a complex of inherited structures through time 

that may serve to mask or obscure rather than identify potential intra

plate phenomena. Severe criticism of lineament analysis has been pre

sented by Gilluly (1976).

Regional crustal disruption may be delineated in many ways by 

various geological or geophysical means. Magmatic activity is commonly 

related to orogenic events. However, after Gilluly (1973) synthesized 

radiometric dates of veolcanic and plutonic rocks throughout the entire 

Cordilleran region, he concluded that the presumed steady westward mo

tion of the North American plate produces episodic-like magmatism and 

episodic-like tectonism (magmatism and tectonism are not necessarily 

cogenetic) locally, but no one episodic event ever affected the entire 

Cordilleran region simultaneously. Gilluly cites the work of Silberman 

and McKee (1971), who restrict episodic nature of plutonism as
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delineated by Damon and Manger (1966) in Arizona to be resolvable only 

when areas of less than 50,000 square km are studied, and conclude that 

if the entire Cordillera is considered, plutonism was practically con

tinuous from Jurassic through mid-Tertiary time. Radiometric dates of 

igneous activity in the Arizona part of the Cordillera have been deter

mined by Damon and Giletti (1961), Creasey and Kistler (1962), Damon, 

Livingston, and Erickson (1962), Damon and Mauger (1966), Mauger, Damon, 

and Giletti (1965), Damon (1968), Marvin and others (1973), and Lowell 

(1974). These dates have been plotted areally in Figure 6 (in pocket). 

The range of time of Phanerozoic (post-Mississippian) igneous activity 

is the same as that recognized by Gilluly (1973) throughout the entire 

Cordillera, but the Arizona portion of the Cordillera is represented by 

three episodes (Middle Mesozoic, Laramide, and Middle Tertiary) within 

this time range.

Coney and Reynolds (1977) proposed that widespread arc-type mag

matic activity associated with a Benioff zone was active during Late 

Mesozoic to Middle Tertiary time in southwestern North America. Region

al radiometric dates of interpreted magmatic arc rocks in California, 

Arizona, New Mexico, and Mexico were used to interpret a widespread 

magmatic shifting of arc patterns that they relate to changes in dip of 

a Cordilleran Benioff zone. They (Coney and Reynolds, 1977, Fig. 3) 

suggest that a progressive flattening of dip of a Benioff zone occurred 

between 130-110 and 55-40 m.y. ago followed by a rapid steepening of 

dip to about 40-15 m.y. ago. Prior to this event, an earlier Jurassic
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age arc complex was hypothesized to have existed in a northwest to 

southeast direction, representing a separate event.

Major crustal thickness changes occur within the study area. 

Warren (1969) completed a 400 km long seismic refraction profile in a 

southwest to northeast direction across the study area. In the Basin 

and Range, the depth to Moho at Gila Bend is only 21 km, but to the 

northeast the depth to Moho under the Colorado Plateau is 40 km. Thus, 

crustal attenuation or almost oceanic crustal thickness occurs in the 

Basin and Range, whereas typical continental crust underlies the Colo

rado Plateau area. A transition between the thin Basin and Range crust 

and the thick Colorado Plateau crust closely corresponds to the physio

graphic Transition province.

Significant post-Mississippian crustal thermal alteration has 

occurred within the study area. Conodonts were analyzed and indexed ac

cording to the conodont color alteration index values as determined by 

Epstein and others (1977). Details regarding conodont alteration index ' 

values will be discussed in a subsequent section. Generally, low ther

mal alteration values (CAI = 1-1.5) occur within the Colorado Plateau, 

while relatively high values (CAI = 4-5) occur throughout southeastern 

Arizona in the Basin and Range Province. Perhaps insufficient data do 

not allow a true regional thermal alteration picture, particularly if 

aborted rifting pervades southeastern Arizona. A detailed discussion of 

the color alteration index determinations and the resulting map follow 

in a subsequent section.
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Review of Arizona geologic and geophysical literature alone 

reflects the varied hypotheses proposed to explain crustal deformation 

in this portion of the North American Plate. Studies completed by Mayo 

(1958, 1976); Kelley (1955); Wilson and Moore (1959); Titley (1970, 1974, 

1976); Wertz (1968, 1970); Guilbert and Sumner (1968); Sumner, Schmidt, 

and Aiken (1976); Dodge (1973); Rehrig and Heidrick (1976); Drewes (1970, 

1972, 1973, 1975, 1976); Davis (1975, 1977); Davis and Frost (1976), and 

Thorman (1977) in addition to voluminous investigations of various miner

al districts as reported in the Titley and Hicks (1966) volume and the 

Graton-Sales volume (Ridge, 1968), as well as other studies, all indi

cate that the Arizona portion of the North American Plate behaved in a 

far from rigid, cohesive manner. The studies listed above have demon

strated varied types of tectonic deformation both in direction and time. 

Thrusting and associated tear faults, gravity gliding, differential 

vertical tectonics, strike-slip faulting, folding and magmatic activity 

have been reported.

Continental plate margins have been extensively studied world

wide by Burk and Drake (1974), Mitchell and Reading (1969), Dewey and 

Bird (1970), Yarborough (1976), and others. Relationship of plate mar

gin events to events occurring within a plate such as in Arizona or 

other intraplate areas are conjectural. Many investigations indicate 

that deformation observed well within the borders of presently defined 

plate margins result from plate margin activities that are transmitted 

to the plate interior. Other investigators consider events occurring 

well within the North American Plate to be due to causes independent of
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margin activities such as hot spots, convective mantle plumes, and 

aborted rifting phenomena. Part of this problem may lie in the seman

tics of defining how far a plate margin may extent into the plate and 

still be considered a margin. Regional studies that have related intra

plate deformation to transmission of compressive stresses generated at 

the plate margins from a subductive interface with the North American 

Plate are those of Sales (1968); Hamilton (1969); Lipman, Prostka, and 

Christiansen (1971); Coney (1972, 1973); Sillitoe (1972); Gilluly (1973); 

Suppe, Powell, and Berry (1975); R. Smith (1977), and others.

Other workers consider intraplate phenomena to be independent of 

plate margin zone effects. Matthews and Anderson (1973) consider intra

plate phenomena or intraplate breakup to be due to mantle convection 

plumes. They proposed that the Yellowstone plume propagated cracks that 

formed rifts along the Snake River downwarp, Middle and Southern Rocky 

Mountains, Rio Grande depression, and Texas Lineament. These potential 

rifts formed the boundaries of a newly forming plate within the North 

American Plate. This hypothesized boundary coincides with the major 

crustal thickness change within the study area (Warren, 1969), and with 

a major thermal change in the crust as delineated by the conodont color 

alteration index values determined in this study.

Burke (1977, p. 380), Crowell (1974, p. 191), Wise (1963), and 

others speculate that the rift-like features of the Basin and Range- 

Great Basin Provinces may be due to tensional processes associated with 

lateral plate motion.
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Sales (1968, p. 2042-2043) considers Laramide and pre-Laramide 

deformation of the Western United States, as well as the Mid-continent, 

to result from the Pacific block being driven under the North American 

craton. Deformation in the Cordilleran region is explained by stresses 

within the North American Plate concentrated along left lateral shears 

designated as the Lewis and Clark, Wichita, and Texas megashears. 

Craton-wide transmission of tangential stress was hypothesized to be 

facilitated by assuming that the less dense crust behaved as a rigid 

slab floating on a very viscous subcrust. The Texas Lineament is con

sidered to be a major left-lateral fault system extending through 

Arizona.

Lipman and others (1971) hypothesized that two parallel subduc- 

tion zones, one at the North American Plate margin and the other within 

the North American Plate, extend north from Arizona to the Canadian 

border. These double eastward-dipping subduction zones are delineated 

by geochemical studies of Mesozoic-Cenozoic volcanism.

Coney (1972, p. 621) relates the Nevadan, Sevier-Columbian, and 

Laramide tectonic event in the American Cordillera to result from com

pressions! tectonics. He suggests that the westward-moving North 

American Plate interfered with an eastward-dipping subduction zone. The 

Nevadan-Sevier orogeny occurred when the northwesterly moving North 

American Plate’s leading edge failed over an over-ridden Benioff zone 

during a time interval between 180-80 m.y. ago. Plate motion is con

sidered to have changed between the time interval 80-40 m.y. ago with 

movement of the North American Plate in a west-southwest direction.
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The leading edge of the North American Plate overrode a double subdue- 

tion zone to produce the Laramide orogeny. Since 40 m.y. ago, the 

North American Plate moved southwest by west until contact with the 

East Pacific Rise was made (Coney, 1972, p. 619-620).

Porphyry copper mineralization in the western Americas was re

lated to subduction zones by Sillitoe (Coney, 1972, p . 619-260). The 

writer (Purves, 1976) likened the Arizona lithosphere to a rigid slab 

(iceberg) moving on a more dense substrate (ocean current). Fractures 

were presumed to develop in the direction of plate motion away from po

tentially distant spreading centers. Changes in spreading center activ

ity was presumed by Purves (1976) to cause Arizona crustal lithosphere 

to be segmented into fault-bound lithospheric slabs. A systematic ap

proach, labeled the strato-tectonic approach, integrated detailed time- 

bound stratigraphy to crustal discontinuities as delineated by lineament 

analysis techniques of geophysical, ERTS-1, and geologic data. From 

this analysis, an internally consistent model was developed that sepa

rated rather than merged Mississippian data between suspected crustal 

anomaly blocks. Arizona was depicted by Purves (1976) to have been seg

mented into post-Mississippian age fault-found crustal blocks with gen

erally small-scale lateral crustal displacements between blocks as 

determined by comparison of Mississippian thickness trends between 

hypothetical blocks. The assumption in this analysis was that thickness 

changes resulting from depositional or erosional phenomena would be 

gradual, not abrupt in nature. If thickness changes were abrupt,
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post-depositional lateral crustal displacements could be speculated.

In a few areas, particularly along northeasterly trends, potentially 

large-scale crustal displacements were speculated (Purves, 1976, fig. 3; 

strato-tectonic anomaly lines 66, 80, 92, 8, and 19).

A major failing of this model was that it did not incorporate 

the possibility that intraplate disruption need not be related to long 

distance transmission of forces developed at distant spreading centers, 

but that local mantle plume, infracratonic or aborted rifting, or back- 

arc diapiric rifting could segment the lithosphere. This model did re

veal the presence of atypical fracture lines (Purves, 1976, fig. 3; 

strato-tectonic anomaly lines 3 and 4) that may represent an orthogonal 

fracture between rotated blocks of a potential Pennsylvanian-failed arm, 

the San Juan Basin. The adjacent northeasterly lines to the northwest 

(Purves, 1976, fig. 3; strato-tectonic anomaly lines 1 and 2) may re

flect similar orthogonal fractures between rotated blocks associated 

with the Paradox Basin failed arm. Axial aborted rift trends, if pres

ent, presumably should be reflected by higher magnetic intensity values 

reflecting a transitional crust in contrast to less or non-altered sur

rounding crustal material. Aborted transform faults would form trans

verse to these potential rift basin axes. Collectively, these features 

could segment the Arizona lithosphere into blocks forming semiorthogonal- 

like fracture patterns similar to those suggested by Purves (1976), but 

not in the modeled or geometrically consistent direction, as depicted in 

figure 3 of that study. This type of intraplate disruption would
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permit local but thick accumulations of strata to form in association 

with graben formation, and areas flanking the rifting event would be 

rotated, perhaps underthrust, and subject to erosion. Gravity gliding 

phenomena and folding of material along the flanks of these rotated 

blocks could occur. Localized studies recognizing some aspects of this 

style of structural phenomena have been reported by Davis and Frost 

(1976) and Davis (1977). Evaluation of stratigraphic sequences asso

ciated with magmatic or volcanic phenomena and relation of these se

quences to linear high magnetic intensity features may be of value to 

aid in identifying potential rift basins and micro-plate or crustal 

block boundaries. Detailed work integrating cogenetic tectonic rock 

sequences to crustal indicators is needed to evaluate these speculations.

Examination of the varied geological interpretations of orogenic 

activity in Arizona reveals crustal shortening phenomena or thrusting, 

strike-slip crustal displacements, vertical tectonism, block rotation, 

and gravity gliding. One point is clear, a fundamental understanding is 

needed of the present-day crustal distribution of a pre-tectonic (pre- 

Mesozoic or Cenozoic) stratigraphic unit for evaluation of the numerous 

tectonic hypotheses. Even if tectonic overprinting has occurred, the 

study of a pre-tectonic stratigraphic unit is a starting point for anal

ysis of evaluation of potential crustal displacements related to intra

plate phenomena.

Depending on the degree of success of this effort and perhaps 

other studies of a similar nature, severe limitations or conditions may
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be Imposed on many of the hypothesized tectonic models suggested to ex

plain or evaluate Arizona tectonics.

Why the Mississippian System?

If one wishes to evaluate Mesozoic or younger activities, one 

must look to either Paleozoic or older rocks for possible paleogeographic 

reconstructions. As biostratigraphic analysis may only be employed 

with utility in the Paleozoic era, the Precambrian may be eliminated 

from consideration in this type of study. In examining the Paleozoic 

stratigraphic sequence in Arizona, only the Mississippian System dis

plays excellent attributes for regional study. The salient features 

making the Mississippian System highly desirable in contrast to other 

Arizona Paleozoic sequences are summarized below.

1) The Mississippian System is suitable for the application of the 

Shaw (1964)-Irwin (1965) dear-water sedimentation model. This 

model depicts an extremely low-gradient sea floor with little or 

no clastic input. Because of the low gradient, determining the 

depositional strike is not critical for establishing correla

tions; this is particularly advantageous in areas where data 

control points, such as those in fault block mountains, will 

not allow one to pick locations according to depositional strike. 

With detailed sampling and sedimentary petrography, facies cor

relations can be predicted over hundreds of miles in the low- 

energy, near-shore environment and in the low-energy, below 

wave-base zone. The high-energy zone would have predictable 

correlations of tens of miles. The use of units with laterally
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extensive facies, as opposed to units with rapidly varying 

lateral facies, is important in Arizona because distances be

tween available control points may be 30 miles or more. Because 

there are predictable correlations, one may hypothesize that 

unpredicted lateral changes are due to post-Mississippian 

structure.

2) The Mississippian System, with a few minor exceptions, is clas

tic free. This point is important in confirming that the depo- 

sitional surface was indeed a low-gradient sea. Numerous 

pre-Mississippian elastics would have become available if sig

nificant vertical tectonism had been operative or active during 

Mississippian deposition.

3) Although megafossils are scarce in most sections, the Mississip

pian System lends itself well to microfossil analysis. This 

ability to evaluate regional age relationships allows control 

over post-deposltional Mississippian erosion. Thus, deposition- 

al thinning may be differentiated from post-Mississippian ero- 

sional thinning. Compilation of transgressive-regressive cycles 

from detailed sedimentary petrology can also be used to 

evaluate the amount of erosion.

4) The Mississippian System generally crops out as a cliff, which 

provides excellent outcrops for continuous sampling. Other 

Paleozoic units have a greater percentage of covered intervals, 

which hinders the interpretation of measured sections.
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5) Because of the nature of the depositional blanketing of broad 

areas, the Mississippian System is the most pervasive Paleozoic 

unit throughout Arizona, occurring wherever Paleozoics are lo

cated. This allows a maximum of possible data control points 

for regional correlation.

An additional avenue of study pertaining to Arizona regional 

studies that was not incorporated in the original planning for this 

study in 1970, is the prolific amount of biostratigraphic and strati

graphic information currently becoming available on the Mississippian. 

Studies by Norby (1971), Racey (1974), J. Smith (1974), Kent (1975), 

Bahlburg (1977), and Wermiel (1977) provide an even more comprehensive

data base.



PREVIOUS WORK-REGIONAL ASPECTS OF 
THE MISSISSIPPIAN SYSTEM 

IN ARIZONA AND ADJACENT AREAS

The regional aspects of the Mississippian System in the south

western United States are reviewed to place the field study area of 

southern and south central Arizona into perspective. Nomenclature, 

stratigraphic aspects, age assignments, paleotectonic elements, and re

gional correlations are discussed.

In order to provide a basis for comparison, the Mississippian 

System review follows the two-fold subdivision of the Mississippian Sys

tem as suggested by Rose (1976) in his study of the western United 

States, which extends as far south as extreme northern Arizona and New 

Mexico. A pervasive sheet of relatively shallow marine limestone, des

ignated the lower depositional complex, occurs throughout the Rocky 

Mountains and into the Cordilleran miogeosynclinal region, and ranges 

in age from Kinderhook through Early Meramec (Rose, 1976, p. 449, 453- 

459). A second stratigraphic sequence, the upper depositional complex, 

consists of rocks ranging from Middle Meramec through Middle Late Ches

ter age. The upper depositional complex in Rose's (1976, Fig. 9) study 

area is areally confined to a comparatively narrow trough of sedimenta

tion extending generally north and northeast from southern Nevada and 

western Utah, and is locally diverted eastward in the Uinta Basin 

area, Utah. North of Arizona, the generally north- to northeast

trending trough is flanked by the Antler erogenic highlands to the west 

and an emergent craton to the southeast.

22
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Foramlniferal studies by Mamet and Skipp (1970) assign the top 

of the Redwall Limestone, a formation included in Rose's (1976) lower 

depositional complex (Kinderhookian to Lower Meramec) to Middle Meramec 

age (foraminiferal zone 13). Regional formation groupings in this study 

adhere to the Middle Meramec break when foraminiferal data are present.

Three Mississippian isopach maps (Figures 2, 3, and 4), a lower 

depositional complex, an upper depositional complex, and a total Missis

sippian isopach of the review region, illustrate thickness trends and 

variations surrounding the study area. Boundaries of commonly accepted 

nomenclature and paleotectonic elements affecting Mississippian stratig

raphy are superimposed on these maps.

Mississippian strata that lie within the lower depositional com

plex are of primary interest in this investigation of southern and south- 

central Arizona. A major goal of this study is to evaluate present 

variation in time-bound microfacies or thickness changes in the lower 

depositional complex as being depositional or post-depositional in 

nature.

Regional Paleotectonic Elements 

A positive element or uplift, the Defiance-Zuni Positive, is 

depicted in west-central New Mexico and east-central Arizona-in Missis

sippian time by McKee (1951, p. 484, PI. 1C), Kelley (1955, Fig. 5), .

Huddle and Dobrovolny (1952, Fig. 26), E. Wilson (1962, p. 31), McKee 

and Gutschick (1969, p. 572-573), Peirce, Keith, and Wilt (1970, p. 47) 

and others. This feature or parts of this feature have also been
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designated as the Penasco Dome, a Paleozoic positive, by Armstrong 

(1962, p. 14) and Greenwood, Kottlowski, and Thompson (1977, p. 1448- 

1449) . McKee and Gutschick (1969, p. 572-573) consider the Defiance 

Positive to have been active during Mississippian time while Peirce and 

others (1970, p. 47) suggest that Mississippian strata were once more ex

tensive in the Defiance uplift area and the present limits are a result 

of erosional wedgeout resulting from post-Mississippian uplift and 

erosion.

Northeast-trending positive elements generally extending south

west from the Defiance Positive area into central Arizona have been 

recognized in many stratigraphic investigations. Various names have 

been assigned to these positive elements: the Payson Headland (Stoyanow,

1942, p. 1268-1270, 1274); the Granitic Holbrook Ridge (Huddle and 

Dobrovolny, 1952, Fig. 17); the Pine, Christopher Mountain, and Chediski 

Ridges (Huddle and Dobrovolny, 1952, Fig. 17); the Pine and Christopher 

Islands (Teichert, 1965, PI. 27); and the Payson Ridge (McKee and 

Gutschick, 1969, p. 573; Racey, 1974, p. 21). Huddle and Dobrovolny 

(1952, Fig. 17) separate the Granitic Holbrook Ridge that extends south

west from the Defiance area from Mazatzal Land (Pine, Christopher Moun

tain, and Chediski Ridges) in central Arizona by a feature they 

designate as the Mogollon Sag, a northwest-trending depositional low 

feature.

Mazatzal Land, an area of presently extensive Precambrian expo

sures, was named by Stoyanow (1936, p. 462) for a supposed positive 

feature recognized by Ransome (1916, p. 166) to exist possibly as a



25

submarine ridge throughout the Paleozoic era in north-central Arizona. 

McKee (1951, p. 485-487) considers Mazatzal Land to represent a Tertiary 

age event that stripped sediments down to the Precambrian. Barton (1925, 

p. 237), Stoyanow (1936, p. 507; 1942, p. 1272), E. Wilson (1962, p.

31), and Huddle and Dobrovolny (1950, p. 91) consider Mazatzal Land to 

be a positive element during Mississippian time. While the presence or 

absence of both the Defiance and Mazatzal Land are contradictory in the 

literature, McKee and Gutschick (1969, p. 572-573) and Racey (1974, p.

21) have demonstrated that the Payson ridge was a sedimentological posi

tive area during Early Mississippian time.

In southeastern New Mexico and southeastern and central Arizona, 

post-Mississippian uplifts have been identified along a northwest trend 

that has been designated as the Deming Axis or Texas Lineament (Turner, 

1962, p. 59; W. Elston, 1970, p. 147). In a northwesterly direction 

from southwestern New Mexico, these uplifts have been designated the 

Florida, Burro, Graham, and Florence Uplifts (W. Elston, 1958, p. 2513- 

2516; 1970, p. 147; Turner, 1962, p. 59; Greenwood and others, 1977,

Fig. 1). Greenwood and others (1977, Fig. 1) grouped the Florence Up

lift and Mazatzal into one uplift area. McKee (1951, p. 486-487) found 

Paleozoic and Mesozoic rocks in Pliocene(?) age gravels along the south

ern margin of the Colorado Plateau. These gravels led McKee to specu

late that a highland area or block developed south of the Colorado 

Plateau that stripped Paleozoic and Mesozoic sediments along the south

ern margin of the Colorado Plateau.
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The boundaries of the speculative northwest extension of the 

Mazatzal positive, designated as the Mazatzal-Mogollon Uplift, are ap

proximated on Figures 2, 3, and 4 from examination of the Geologic Map 

of Arizona (Wilson, Moore, and Cooper, 1969). Precambrian rocks crop 

out extensively along this uplift area. Paleozoic rocks are absent or 

to date not recognized.

Cenozoic volcanics overlie portions of the Precambrian exposures 

along this trend. Whether these uplifts are time synchronous, and 

whether these uplifts are continuous rather than isolated, is specula

tive due to volcanic and alluvial covers in critical areas between the 

projected uplifts (Turner, 1962, p. 59; Wilson and others, 1969). Age 

assignments of these uplifts vary. W. Elston (1970, p. 14) considered 

the Florida Uplift to be a Pennsylvanian age feature as defined.by 

Kottlowski (1960), while the Burro Uplift was considered to be Early 

Cretaceous in age. Turner (1962, p. 59) considered the Burro, Graham, 

and Florence uplifts to be Late Cretaceous and Tertiary in age. McKee 

(1951, p. 486-487) considered the Mazatzal-Mogollon Uplift area to be 

Tertiary(?). Lance (in E. Wilson, 1962, p. 47) considered the Mogollon 

Highlands to have initiated in Triassic time.

In southwestern Arizona Mississippian strata are scarce, absent, 

or in some places may not be recognized to date. Early investigations 

hypothesized a landmass to be present in extreme southwestern Arizona 

and adjacent southeastern California and Mexico. This positive element 

was designated Ensenada Land by Schuchert (1910, p. 470), and the con

cept was adopted by McKee (1951, p. 485) . Scarce, isolated outcrops of
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Mississippian strata are reported approximately 12 miles south-southwest 

of Ajo (Wilson and others, 1969); in the Plomosa Mountains (F. Miller, 

1966, p. 28-31; 1970, p. 1; Miller and McKee, 1971, Figs..2, 4); in the 

Little Harquahala Mountains (E. Wilson, 1962, p . 32); in the Harquahala 

Mountains (Wilson and others, 1969; Varga, 1976, p. 15) across the bor

der near Caborca, Sonora, Mexico (Cooper and Arellano, 1946, p . 610) 

and highly deformed Paleozoic rocks have been identified across the 

Arizona border in the Big Maria Mountains in California by Hamilton 

(1964). In southeastern California, definite Mississippian strata have 

been identified in the Providence Mountains in southeastern California 

by Hazzard (1954, p. 28-34). Local studies of gravels and boulder con

glomerates by Gilluly (1937, p. 42) in the Ajo Mountains area; by McKee 

(1947, p. 289-290) in the New Water Mountains area and by W. L. Thomas 

(in Stoyanow, 1942, p. 1272) southeast of Yuma indicates at least local 

denuding of Mississippian strata. Detailed mapping and stratigraphic 

work is needed regionally throughout southwestern Arizona to properly 

assess Mississippian paleotectonic elements of this region.

The Las Vegas shear zone, generally considered a northwest

trending right-lateral shear zone, has been plotted in southern Nevada 

on Figures 2, 3, and 4 as delineated by Stewart, Albers, and Poole 

(1968, Fig. 2). Parallel shears, the Stewart Valley, Furnace Creek, 

and Death Valley shears to the southwest in California, are also de

picted by Stewart and others (1968, Fig. 2), but were not included as 

they extend outside the study region. Wright and Troxel (1967, p. 933), 

on the basis of alignments of Late Precambrian and Cambrian features.
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concluded that major strike-slip movements in this region are minimal 

or absent. A comprehensive summary of geologic investigations, amounts 

and types of displacements hypothesized, and geologic evidence applied 

to evaluate strike-slip faults in this area is provided by Stewart and 

others (1968, Table 1). Stewart and others (1968, p. 1407) conclude 

that right-lateral movements have displaced Precambrian through Meso

zoic age strata in addition to offsetting post-Paleozoic structural 

elements.

The Las Vegas Line and the northeasterly continuation, the Wa

satch Line of Kay (1951), has been abstracted from Bissell (1974, Fig. 1). 

1). Bissell (1974, p. 83) concluded that this line was a pervasive 

tectonic element throughout Paleozoic and Mesozoic time and behaved as 

a tectonic hinge-line. West of the Las Vegas-Wasatch Line, a north- to 

northeast-trending depositional trough persisted from Late Precambrian 

through Lower Triassic time. The west edge of the trough, the Antler 

Orogenic belt, generally parallels the Las Vegas-Wasatch Line and ex

tends from western Nevada northward to southwestern Idaho. The Antler, 

Sonoma, and ancestral Sevier tectonic episodes affected areas west of 

and within the elongated predominantly marine clastic and carbonate- 

filled trough (Bissell, 1974, p. 83). Three Mississippian age depo- 

centers are depicted along this trough by Bissell (1974, Fig. 1).

Tectonic reversal of depositional patterns along this hinge-line was 

initiated in mid-Triassic time and the once negative areas became posi

tives and shed sediments eastward onto the previously positive shelf.



29

Anderson (1973, p . 1, Fig. 8) considers major northeast-trending 

left-lateral strike-slip faults of Late Tertiary age to intersect and 

offset the northwest-trending Las Vegas shear zone. These proposed 

northeast-trending strike-slip faults parallel and/or coincide areally 

to the Las Vegas-Wasatch Line depicted by Bissell (1974, Fig. 1).

The Mississippian carbonate shelf margin, the crest of the lower 

shelf line of Rose (1976, p. 453-459, Fig. 7), approximately corresponds 

to the Las Vegas-Wasatch Line delineated by Bissell (1974, Fig. 1).

In eastern Utah and southwestern Colorado, a post-Mississippian 

age northwest-trending positive element, the Uncompahgre Uplift, is de

picted in Figures 2, 3, and 4. Regional tectonics studies by Kelley 

(1955, p. 26-27, 76-79, Fig. 5), stratigraphic studies by Baars (1966, 

Fig. 14, 22) and Mississippian stratigraphic studies by Parker and 

Roberts (1963, p. 51, Fig. 12; 1966, p. 2429, Fig. 12) and Armstrong 

and Mamet (1976, p. 21, Fig. 15) and others have discussed and deline

ated this post-Mississippian positive element.

Arizona

General Aspects

In Arizona three physiographic provinces (Fenneman, 1931, p. 382; 

E. Wilson, 1962, Fig. 13; Peirce and others, 1970, Fig. 1), the Colorado 

Plateau, the Transition Province, and the Basin and Range Province 

serve to delineate areas of varying outcrop exposure or accessibility 

for stratigraphic studies.
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Mississippian strata are blanketed in the Colorado Plateau Pro

vince by a very gently northeast-dipping homoclinal sequence of younger 

Paleozoic, Mesozoic, and Cenozoic sedimentary rocks and volcanics 

(Wilson and others, 1969). Mississippian outcrops in the Colorado Pla

teau are limited to local erosional downcutting, predominantly related 

to the Colorado River drainage system, and to areas uplifted by local 

structure or igneous activity. In the remaining areas of the Colorado 

Plateau, stratigraphic information is from subsurface well data that is 

concentrated most heavily in the extreme northeast corner of the state 

in Apache County (Peirce and Scurlock, 1972).

The south and southwestern erosional margin of the generally 

northeast-tilted Colorado Plateau Province constitutes the northwest

trending Mogolion Rim that marks the northeast edge of the Transition 

Province. Thus, the Transition Province consists of a northwest-trending 

belt of generally continuous outcrop exposures of Precambrian through 

Upper Paleozoic rock exposed along this erosional margin of the tilted 

Colorado Plateau block. In contrast to the Colorado Plateau-Transition 

Provinces where exposures are local but stratigraphically continuous, 

the Basin and Range Province provides more uniformly dispersed, but 

physically isolated, stratigraphic control points. Mississippian out

crops are commonly structurally complex and confined to generally north- 

and south-trending fault block mountains separated by alluvium-filled 

valleys commonly tens of miles in width.

Stratigraphic investigations and associated nomenclature! de

velopments are areally related to the physiographic provinces in
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Arizona. A summary of pertinent Mississippian nomenclatural and age 

assignments for Arizona is provided in Figure 7.

Mississippian formations in Arizona that lie within Rose's (1976, 

p. 453-459) lower depositional complex are: the Redwall Limestone

(Gilbert, 1875, p. 175; Barton, 1910, p. 21; L. Noble, 1922, p. 54) 

with presently accepted member nomenclature provided by McKee (1963, 

p. C21-C22), which occurs in the Colorado Plateau and parts of the 

Transitional Province in northern Arizona; the Modoc Limestone (Lindgren, 

1905a,b), which occurs in the Transition Province in east-central 

Arizona around Clifton and Morenci; the Escabrosa Limestone (Ransome, 

1904, p. 46-54) with type section designations and member subdivision 

by Hayes and Landis (1965, p. F20) which occurs in the Basin and Range- 

Transition Province area in southern and southeastern Arizona, and has 

been extended to west-central Arizona by Miller and McKee (1971, Figs.

2, 4), thus replacing the earlier designated Six Price Mine Formation 

(Miller, 1966, p. 28-31). The Escabrosa Group, including the Keating 

and Hachita Formations (Armstrong, 1962, p. 5-13), is considered by 

A. K. Armstrong (personal communication, 1975) to occur no farther west 

in Arizona than the Chiracahua Mountains in the Basin and Range Province 

in extreme southeastern Arizona and southwestern New Mexico.

Distribution of Mississippian strata in the upper depositional 

complex of Rose (1976, p. 459-465) is very areally restrictive in 

Arizona. One formation, the Paradise Formation (Stoyanow, 1926, p. 

316-318; Hemon, 1934, p. 1-13) formally represents this time interval 

in the Basin and Range Province. The Paradise Formation is confined



Figure 7. Correlation Chart of Mississippian Formations in Arizona.
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regionally to extreme southeastern Arizona and adjacent southwestern 

New Mexico and overlies the Escabrosa Group (Armstrong, 1962, p. 24, 27, 

Fig. 12). C. A. Ross (1973, Fig. 4) further delineates an additional 

isolated occurrence around Winkleman, Arizona that contains Late Meramec 

to Mid-Chester age strata which he designates as Paradise Formation.

The only other reported occurrence of strata representing the upper depo

sitions! complex of Rose (1976) occurs along the Bright Angel Trail in 

the Grand Canyon-Colorado Plateau Province. A locally occurring, un

named 6.5 foot Chester age foraminifera-bearing bed, interpreted as an 

erosional remnant, unconformably overlies the Horseshow Mesa Member of 

the Redwall Formation (Skipp, 1969, p. 180; McKee and Gutschick, 1969, 

p. 74).

Early studies of the distribution and correlation of Mississip- 

pian strata were by Barton (1925, p. 63-71) and Ransome (1916, p. 142- 

144, 147-150, 152, 162-166). Discussions of regional Paleozoic strata, 

including Mississippian strata, were given by Stoyanow (1926, 1936,

1942), McKee (1951), E. Wilson (1962), and Peirce and others (1970).

Paleogeographic delineation of Mississippian strata by Stoyanow 

(1942, Fig. 5g) and regional isopach maps by McKee (1951, Fig. 1c) and 

by Peirce and others (1970) and Peirce (1976, Fig. 5) reflect varying 

points of interpretation of the general distribution and paleotectonic 

setting of the Mississippian System in Arizona.

Stoyanow concurred with Ransome’s (1916, p. 165-166) delineation 

of a positive element in central Arizona, Mazatzal Land, and considered 

this positive element to isolate the northwest- to southeast-trending
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Redwall Limestone seaway in northern Arizona from the northwest- to 

southeast-trending Escabrosa Limestone seaway in southeastern Arizona 

until eventual overlap of the Redwall Limestone on the Escabrosa Lime

stone occurred. No Mississippian was depicted for northeastern or 

southwestern Arizona. Also, a third isolated seaway in which the Modoc 

Limestone was deposited in the Clifton-Morenci area was hypothesized 

by Stoyanow (1942, p. 1272) because the Modoc Limestone is lithologic

ally dissimilar to the Escabrosa Limestone. Stoyanow (1926, p. 315) 

discovered Upper Meramecian to Lower Chesterian strata, the Paradise 

Formation, in extreme southeastern Arizona. He (Stoyanow, 1942, Fig. 5h) 

depicted Upper Mississippian strata to be restricted to extreme south

eastern Arizona.

McKee (1951, p. 485-488, Fig. 1c) considered the Redwall, Esca

brosa, and Modoc Limestones to all be part of a northwest-trending 

trough representing the merger of the Sonoran and Cordilleran geosyn

clines. Mississippian strata were considered to thin towards south

western and northeastern Arizona or towards the positive elements, 

Ensenada and Defiance Positives, respectively.

Peirce and others (1970, PI. 12) Mississippian isopach map dis

plays similar thickness patterns to those depicted by McKee (1951), 

with the exception that no Mississippian strata are extrapolated into 

southwestern Arizona. Peirce and others (1970, p. 56) speculate that 

the presend wedge-out of Mississippian rocks on the Defiance Positive 

is due to post-Mississippian erosion because of the paucity of elastics 

in the Mississippian near the Defiance Positive.
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Mississippian stratigraphic aspects and nomenclature! develop

ments in Arizona are discussed by formation and respective physiographic 

province.

Colorado Plateau-Transition 
Provinces: Redwall Limestone

Stratigraphic aspects, areal extension, and nomenclature! devel

opments of the Redwall Limestone in the Grand Canyon area were provided 

by Gilbert (1875), Barton (1910), Ransome (1916), L. Noble (1922), E. 

Zeller (1957), McKee (1960a,b,c, 1963), and McKee and Gutschick (1969); 

west of the Grand Canyon at the Colorado Plateau-Great Basin interface 

by McNair (1951, 1952), R. Langenheim (1963) and McKee and Gutschick

(1969) ; south of the Grand Canyon area by Wooddell (1927), Stoyanow 

(1936), Gutschick (1943), J. Smith (1974), and Racey (1974); in the 

central Arizona Colorado Plateau-Transition Province, by Huddle and 

Dobrovolny (1945, 1952), McKee and Gutschick (1969), and Racey (1974); 

and in the subsurface of northern and northeastern Arizona by McKee 

(1958), W. Elston (1960), Parker and Roberts (1963, 1966), Peirce and 

others (1970), Peirce and Scurlock (1972), and Kent (1975). A regional 

synthesis of the Redwall Limestone is provided by Peirce and others

(1970) , McKee (in Craig and others, 1972) and Rose (1976).

Foraminiferal biostratigraphic studies in the Redwall Limestone 

were made by E. Zeller (1957), Skipp (1963, 1969), and Mamet and Skipp 

(1970) in the Grand Canyon area. In central Arizona Racey (1974) pro

vided a conodont biostratigraphic study. Paleontologic studies were 

completed on the Redwall Limestone by Easton and Gutschick (1953) and
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Sando (1963, 1964, 1969) on corals; Duncan (1969) on bryozoa; Yochelson 

(1969) on gastropods and pelecypods; McKee and Gutschlck (1969) on bra-

chlopods; Furnish (1969) on cephalopoda; Macurda (1969) on blastoids;
"

and Stoyanow (1936) and Brower (1969) on crinoids.

Gilbert (1875, p. 175) first applied the name "Red Wall lime

stone" for red escarpments of Pennsylvanian and Mississippian age strata 

in the Grand Canyon area. Darton (1910, p. 21) proposed restricting the 

Redwall Limestone nomenclature to include only Mississippian age strata 

and suggested using the name Supai Formation for the Pennsylvanian age 

redbeds lying above the Mississippian strata. A type locality, Redwall 

Canyon in the Shinumo drainage basin of the Grand Canyon, was proposed. 

Noble (1922, p. 54) formalized Barton’s (1910, p. 22) suggestion to 

•restrict the Redwall Limestone to strata only of Mississippian age, and 

measured the first detailed section of the Redwall Limestone, subdivid

ing it into three topographically defined members in Bass Canyon near 

the designated type locality of Darton (1910). Gutschlck (1943, p. 5-8) 

studied Redwall Limestone exposures in Yavapai County, Arizona. Four 

regionally traceable members (I,II,III,IV) were recognized and adopted 

by Easton and Gutschlck (1953, p. 3-4). McKee (1958, Fig. 2), in a 

subsurface study of the Black Mesa Basin in northeastern Arizona, also 

recognized four members and designated them as lower, middle, upper mid

dle, and top. McKee (1960a, p. B244) then altered the member nomencla

ture in ascending order to members A, B, C, and D and subsequently 

(McKee, 1963, p. C21-C22) formalized the member names taking names from
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designated type section areas in the Grand Canyon. The names proposed 

by McKee (1963) and accepted by Parker and Roberts (1963, 1966); McKee 

and Gutschick (1969), Skipp (1969), Mamet and Skipp (1970), Racey (1974), 

J. Smith (1974), Kent (1975) and others in ascending order are the Whit

more Wash, Thunder Springs, Mooney Falls, and Horseshoe Mesa Members. 

McKee and Gutschick (1969, p. 15, Table 1) provide detailes regarding 

this nomenclatural evolution.

Areal extent, stratigraphic and lithologic aspects, and thickness 

of the four members were provided by McKee and Gutschick (1969, p. 24-85; 

Figs. 7, 16, 23, 27). With the exception of the Horseshoe Mesa Member, 

all members thin to zero around the Defiance Positive and increase to 

maximum thickness in northwestern Arizona. The Mooney Falls Member is 

the thickest and most areally extensive, while the Horseshoe Mesa is the 

most areally restricted member.

The Redwall Limestone unconformably overlies the Upper Devonian 

Temple Butte Limestone in the western Grand Canyon (McKee and Gutschick, 

1969, p. 16, Table 1); the Devonian age Muddy Peak Limestone in extreme 

northwestern Arizona (Longwell, 1949; McNair, 1952, Fig. 3; W. Elston, 

1960, Table II); and the Middle Cambrian Muav Limestone in much of the 

eastern Grand Canyon (McKee and Gutschick, 1969, p. 17, Table 1). To 

the south, along the southern edge of the Colorado Plateau, the Redwall 

Limestone unconformably overlies the Martin Formation of Devonian age 

(Teichert, 1965, p. 16-18, Table 1; McKee and Gutschick, 1969, p. 18-23, 

Table 1). In the subsurface of northeastern Arizona, the Redwall Lime

stone overlies the Devonian to Mississippian age Ouray Limestone
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(W. Elston, 1960, Table II; Parker and Roberts, 1963, Fig. 15; 1966,

Fig. 15, Chart 1). Kent (1975, p. 25-26) included the Ouray Limestone 

with the Redwall Limestone and depicts this sequence to overlie the 

Devonian age Elbert Formation. For northern Arizona in general, McKee 

(in Craig and others, 1972, Fig. 1) considers the Redwall Limestone to 

unconformably overlie rocks ranging in age from Precambrian to 

Devonian.

The Redwall Limestone is unconformably overlain by the Supai 

Formation in the central part of the Grand Canyon (McKee and Gutschick, 

1969, p . 74-85, Fig. 32a); by the Callville Limestone in the extreme 

northwestern part of Arizona (McNair, 1952, Fig. 3; Langenheim, 1963, 

Fig. 2; McKee and Gutschick, 1969, p. 74-85, Table I); by the Naco For

mation along the southwestern margin of the Colorado Plateau (Huddle and 

Dobrovolny, 1945; Brew, 1965, Fig. 3; McKee and Gutschick, 1969, p. BO

SS) ; and by the Pennsylvanian age Molas Formation in the subsurface of 

northeastern Arizona (Parker and Roberts, 1966, Chart 1; Kent, 1975, p. 

27).

Petrological and microfacies analysis of the Redwall Limestone 

were provided by McKee and Gutschick (1969, p. 97-124) principally in 

the Grand Canyon area; by J. Smith (1974, p. 22-41) in the Jerome area, 

northern Yavapai County; and by Kent (1975, p. 86-95, 132) in the Black 

Mesa region of northeastern Arizona. All three studies recognized two 

transgressive and regressive depositional cycles that are correlative 

with the. four members of the Redwall Limestone as proposed by McKee 

(1963), McKee and Gutschick (1969, p. 587-590), J. Smith (1974, p.
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65-69), and Kent (1975, p. 132). Both J. Smith (1974, p. 4, 42-54) and 

Kent (1975, p. 20, 96-104) utilized Dunham's carbonate rock classifica

tion. Both investigators considered the Redwall Limestone to have 

formed in a shallow-water epeiric sea setting and organized their data 

into epeiric sea sedimentation zones as suggested by Shaw (1964), Irwin 

(1965), and Coogan (1972).

General age relationships of the Redwall Limestone are summarized 

in Figure 7. Most studies assign a Kinderhookian through early to mid

dle Meramec age for the Redwall Limestone (Huddle and Dobrovolny, 1952; 

Parker and Roberts, 1963, 1966; Skipp, 1969; Mamet and Skipp, 1970;

McKee (in Craig and others, 1972; Racey, 1974; and Rose, 1976). Age re

lationships of the basal member of the Redwall Limestone, the Whitmore 

Wash Member are considered to be geographically variable and range from 

Kinderhook to early and middle(?) Osage age (McKee and Gutschick, 1969, 

p. 30). Also, pre-Mississippian positive elements such as the inter

preted Payson Ridge restricted older Redwall Limestone depositional se

quences according to McKee and Gutschick (1969, p. 36).

Transition Province, East-central 
Arizona: Modoc Limestone

The Modoc Limestone represents the Mississippian System in the 

Clifton-Morenci area. Stratigraphic aspects, distribution, and age re

lationships were provided by Lindgren (1905a,b) with age refinements 

and subsequent correlation discussion by Stoyanow (1936, 1942). No 

additional primary stratigraphic studies subsequent to Lindgren's
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(1905a,b) have been described in the literature. Subsequent strati

graphic studies have incorporated Lindgren's data usually with varying 

interpretations (Ransome, 1916, p. 149; Stoyanow, 1936, p. 1272; 1942, 

p. 511-512; McKee, 1951, Fig. 1c; Thomas, 1959, p. 32; E. Wilson, 1962, 

Table 3; and others).

Lindgren (1905a, p. 69; 1905b, p. 4) named the Modoc Limestone 

for " . . .  170 feet of coarse blue or gray limestones with subordinate 

strata of quartzite and dolomite" exposed in the Clifton Quadrangle of 

Arizona.

Two measured sections were described by Lindgren (1952a, p. 70). 

Neither was :formally designated as a type section. The more detailed 

section was located one-fourth mile south of Modoc Mountain (now con

sumed by mining activities) and the other is the Shannon Mountain sec

tion. Lindgren divided the Modoc Limestone into five units, that in 

ascending order are: a gray coralliferous limestone; white or reddish

quartzite; gray-brown dolomite and limestone; light gray crinoidal lime

stone; and a coarse-crystalline, blue, fossiliferous limestone.

Modoc Limestone outcrops are limited and occur north of Morenci 

to as far north as 33o10'N latitude. At this latitude, the Modoc Lime

stone is nomenclaturally replaced by the Mississippian and Pennsylvanian 

age Tule Springs Limestone. The basal 200 feet is considered to be 

equivalent to the Modoc Limestone (Lindgren, 1905b, p . 4-5).

The Modoc Limestone was described by Lindgren (1905a, p. 66) to 

conformably overlie the Devonian age Morenci Shales and to be discon- 

formably overlain by sandstones and shales of the Cretaceous age Pinkard
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On the basis of macrofaunal content, Girty (in Lindgren, 1905a, 

p. 72) assigned a generalized Mississippian age for the Modoc Lime

stone, which Stoyanow (1936, p. 511) restricted to Early Mississippian 

age, also on the basis of macrofaunal content.

Basin and Range-Transition Provinces:
Escabrosa Limestone, Escabrosa Group 
(Keating and Hachita Formations)

Extrapolating Rose’s (1976) two-fold division of the Mississip

pian System into southeastern, south-central, and west-central Arizona, 

the lower depositional complex is represented by the Escabrosa Limestone 

(Ransome, 1904; Hayes and Landis, 1965), and by the Escabrosa Group 

consisting of the Keating and Hachita Formations, which is restricted 

to extreme southeastern Arizona including and east of the Chiricahua 

Mountains (A. K. Armstrong, 1962; personal communication, 1975, 1977).

The upper depositional complex is represented by the Paradise Formation 

which overlies the Escabrosa and is exposed only in extreme southeastern 

Arizona (Stoyanow, 1926, 1936; Hemon, 1934, 1935) and by the tenta

tively designated Eskimizine Formation (the writer and Stan Keith, grad

uate student, The University of Arizona) for isolated younger 

Mississippian strata exposed around the Winkleman area unconformably 

overlying Escabrosa Limestone. The latter formation is mapped by 

Krieger (1968a,b) as the basal Naco Formation and was considered by C. A. 

Ross (1973, Fig. 4) to be a Paradise Formation remnant. Escabrosa

Formation (Lindgren, 1905a, p. 73) and Tertiary age volcanics (Lindgren,

1905b) .
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Limestone equivalent nomenclature! terms such as the Devonian- 

Mississippian age Globe Limestone proposed by Ransome (1903, p. 39-46) 

and renamed the Tornado Limestone (Ransome, 1916, p. 143) for the Mis- 

sissippian portion of the Globe Limestone were discarded and replaced 

by Escabrosa Limestone (Stoyanow, 1936, p . 507-508). However, it should 

be stated that the exact demarcation point of Mississippian nomencla

ture in the lower depositional complex has varied in the literature in 

central Arizona. Huddle and Dobrovolny (1952, p. 86-92, 109) extended 

Redwall terminology to Tornado Peak, the type area of the Tornado Lime

stone, while Stoyanow (1936, p. 505; 1942, PI. 5g) extended Escabrosa 

terminology from southern Arizona through the Ray-Globe area as far 

north as Roosevelt Lake.

Studies in the Basin and Range physiographic province present a 

formidable task for synthesis. Stratigraphic understanding has devel

oped in a very fragmentary manner over a period of decades as each in

vestigator of a fault block mountain is confronted by unique access and 

logistical problems, in addition to having to unravel complex geological 

histories. Commonly, the main impetus for the study of a particular 

fault block mountain was not the collection of stratigraphic information. 

Stratigraphic information was included only for completeness of 

investigation.

Early studies of the distribution and stratigraphic aspects of 

Mississippian strata in southeastern Arizona were by Ransome (1904, p. 

42-44; 1916, p . 142-144, 147-149), Darton (1925, p. 63-71), and Stoyanow 

(1926, p. 315-318; 1936, p. 505-512; 1942, p. 1271-1274). Subsequent
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stratigraphic synthesis in southeastern Arizona was provided by Gilluly 

and others (1954), Gilluly (1956), Thomas (1959), Thomas and Pye (1960), 

Armstrong (1962), E. Wilson (1962), and Bryant (1968). Foraminiferal 

biostratigraphic studies were completed by Zeller (1957) and Armstrong 

(1962); conodont biostratigraphic studies were by Ethington (1962, 1965), 

Norby (1971), and Racey (1974). Also, detailed time stratigraphic stud

ies are presently in progress in southeastern Arizona by Armstrong (per

sonal communication, 1975, 1977). Regional petrological studies examin 

examining depositional environments, recrystallization, and diagenetic 

histories have been completed by Bahlburg and Silver (1976), Bahlburg 

(1977), Silver and Wermiel (1976), and Wermiel (1977). Cathodolumines- 

cent cement stratigraphic studies interrelating New Mexico and Arizona 

Mississippian strata are in progress (W. J. Meyers, personal communica

tion, 1977) .

The following studies in Table 2 have been incorporated into 

this investigation and regional Mississippian isopach maps (Figures 2,

3, and 4), but are not considered a total synthesis of work completed 

in this area of Arizona. The fault block mountains are listed in alpha

betical order with their respective investigators.

Ransome (1904, p. 42) named the Escabrosa (Spanish for cliff) 

Limestone after the massive-bedded, cliff-forming white beds of Esca

brosa Ridge west and southwest of Bisbee, Arizona at the southern termi

nus of the Mule Mountains.

Ransome (1904, p. 42-44) measured three Escabrosa Limestone 

sections in the Bisbee area, but never designated a type section. Hayes
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Table 2. Mississipplan Data Incorporated into This Study from Fault
Block Mountains in Southeastern Arizona with.Their Respective 
Investigators.

Location Investigator
Ajo Mountains Gilluly (1937)

Canelo Hills Cetinay (1967), Denny (1968)

Catalina Mountain complex Stoyanow (1926), McKenna (1965), Creasey 
(1967a,b)

Chiricahua Mountains Stoyanow (1936), Hemon (134), Raydon 
(1953), Sabins (1957), Zeller (1957), 
Armstrong (1962), Norby (1971), Bahlburg 
(1977), Wermiel (1977)

Dos Cabezas Mountains Jones and Bacheller (1953), Sabins (1957)

Dragoon Mountains Cederstrom (1946), Gilluly, Cooper, and 
Williams (1954)

Dripping Spring Mountains Ransome (1919), Peterson, Gilbert, and 
Quick (1951), Norby (1971)

Empire Mountains Mayuga (1940), Galbraith (1959)

Galiuro Mountains M. Campbell (1904), C. P. Ross (1925),
C. A. Ross (1973), Thomssen and Barber 
(1958), Simons (1964), Krieger (1968a,b, 
c,d)

Globe area Ransome (1903, 1919), Peterson and others 
(1951), Huddle and Dobrovolny (1952), 
Ethington (1965), Racey (1974), Gilluly 
and others (1954), Cooper and Silver 
(1964)

Harquahala Mountains E. Wilson (in McKee, 1951)

Huachuca Mountains Alexis (1949), Weber (1950), E. Wilson 
(1951), Hayes and Raup (1968)

Johnny Lyon Hills Gilluly and others (1954), Silver (1955)

Little Dragoon Mountains Enlows (1939), Gilluly and others (1954)
Little Harquahala Mountains McKee (1951), E. Wilson (1962)
Mescal Mountains Ransome (1919)
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Table 2, Continued.

Location Investigator .
Mule Mountains Ransome (1904), Hayes and Landis (1965), 

Norby (1971), Totten (1972), Bahlburg 
(1977), Weraiel (1977)

Patagonia Mountains Baker (1962), Simons (1974)

Pedregosa Mountains Epis (1956), Norby (1971), Bahlburg 
(1977), Wermiel (1977)

Peloncillo Mountains Packard (1955), Gillerman (1958), Quaide 
(1953), Armstrong (1962)

Plomosa Mountains F. Miller (1966, 1970), Miller and McKee 
(1971)

Rincon Mountains Acker (1958)

Santa Rita Mountains M. Dunham (1937), V. Johnson (1941)

Sierrita Mountains Mayuga (1942), Whitcomb (1948), Houser 
(1949), C. F. Barter (personal communica
tion, 1975, ANAMAX Mining Co.), Barter 
and Horton. !(1965)

Slate Mountains Hogue (1940), McClymonds (1959), Hammer 
(1961)

Superior region Ransome (1919, 1923), Short and others 
(1943), Hammer and Webster (1962), Hammer 
and Peterson (1968), Norby (1971), Bahl 
Bahlburg (1977), Wermiel (1977)

Swisshelm Mountains Loring.(1947), Galbraith and Loring (1951)

Tombstone area Butler, Wilson, and Rasor (1938), Gilluly 
and others (1954), Gilluly (1956), 
Armstrong (1962), Norby (1971)

Tortilla Range Ransome (1919), E. Schmidt (1971)

Tucson Mountain area Brown (1939), Bryant (1952), Britt (1955)

Waterman Mountains Ruff (1951), McClymonds (1957, 1959)
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Location Investigator
Whetstone Mountains Tyrrell (1957), Burnette (1957), Creasey 

(1967a,b)

Vekol Mountains Carpenter (1947), Norby (1971)
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and Landis (1965, p. F20) proposed that the Black ' Gap section, the only 

complete section of the three measured by Ransome, be designated as the 

type section. Because of extensive post-depositional alteration, Hayes 

and Landis also designated and measured what they called a "principal 

reference section" approximately three-fourths of a mile east of Black 

Gap. Norby (1971, p. 170-172) also measured and sampled this principal 

reference section of Hayes and Landis (1965) for conodonts. Nearby in 

the Naco Hills, Totten (1972, p. 111-115) also measured an Escabrosa 

Limestone section and sampled for conodonts. Hayes and Landis (1965, p . 

F20) subdivided the Escabrosa principal reference section into two mem

bers, a basal massive cliff-forming crinoidal limestone and argillaceous 

micritic limestone sequence, and a relatively thin upper unit of thin- 

bedded crinoidal limestone alternating with a poorly exposed nodular 

argillaceous to silty limestone.

The Escabrosa Limestone was elevated to group status by Armstrong 

(1962, p. 5), and two new formations were designated— the Keating and 

the Hachita Formations. The Escabrosa Group nomenclature was applied 

to Mississippian strata in Cochise County, Arizona and to Luna, Hidalgo, 

and Grant Counties, New Mexico. A. K. Armstrong (personal communication, 

1975) has subsequently restricted the Escabrosa Group areally. He states 

that "recent field studies have indicated to me, that the concept of the 

Escabrosa Group, the Hachita and Keating Formations should not be ap

plied in Arizona west of the Chiricahua Mountains." He added that Mis

sissippian strata west of the Chiricahua Mountains "should be called 

simply Escabrosa Limestone." The Keating Formation, named after Keating
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Canyon, consists of a sequence of calcilutites and encrinites that is 

divided into members, A and B, based on faunal content changes related 

to interpretive ecologic changes. The type section of the overlying 

Hachita Formation was designated for exposures at the south end of Blue 

Mountain and was described to consist of a massive encrinite sequence 

(Armstrong, 1962, p. 5-13).

Regionally, the Escabrosa Limestone is commonly described to un- 

conformably overlie the lower Upper Devonian (Frasnian) Martin Formation 

(Ransome, 1904, p. 33-34; Gilluly and others, 1954, p. 3; Gilluly, 1956, 

p. 29; Wright, 1964; Pine, 1968; Teichert, 1965, p. 12-13; Ethington, 

1965, p. 566-567; Norby, 1971, p. 15; and others). Complexities exist 

in the Devonian nomenclature in extreme southeastern Arizona. In the 

Chiricahua Mountains, the Escabrosa Group (Armstrong, 1962) unconform- 

ably overlies the lower Upper Devonian age Portal Formation (Sabins, 

1957, p. 475; Armstrong, 1962, p. 5; Ethington, 1965, p. 566-568). The 

Portal Formation is now considered upper Upper Devonian age from cono- 

dont studies (D. Schumacher, personal communication, 1978). In the 

Pedregosa Mountains, Escabrosa Limestone unconformably overlies what 

Epis (1956, p. 81) designated the Pedregosa Formation and was later as

signed by Sabins (1957, p. 480) to the Portal Formation. Subsequently, 

in the Swisshelm and Pedregosa Mountains, Mississippian strata was con

sidered to unconformably overlie the Devonian age Swisshelm Formation 

(Epis, Gilbert, and Langenheim, 1957, p. 2245). The Swisshelm Formation 

is now considered to be upper Upper Devonian age from conodont studies
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by D. Schumacher (personal communication, 1978). Schumacher and others 

(1976, p. 59-66) conodont biostratigraphic study of the Devonian in 

southeastern Arizona redefines the basal Escabrosa Limestone contact in 

part of central and southeastern Arizona. They substantiated and aerial

ly extended Stoyanow's (1936, p. 486-495) recognition of post-Martin 

Formation age Devonian strata which Stoyanow had designated as Lower 

Ouray. Schumacher and others (1976, p. 60-66) proposed that the Esca

brosa Limestone unconformably overlies upper Upper Devonian (Famennian) 

strata which they designated as Percha Formation in many areas of 

central-southeastern Arizona. They further speculated that the highest 

beds in the Portal Shale (Sabins, 1957, p. 475) and the Morenci Shale 

(Lindgren, 1905a, p. 66-69) are Percha Formation equivalents and in turn 

overlie the presently accepted lower Upper Devonian Martin Formation 

equivalents for this interval.

The Escabrosa Limestone is unconformably overlain by the Pennsyl

vanian, Morrow to Early Derryian age (Nations, 1963, p. 1260; Barrie, 

1975, Fig. 2) Black Prince Limestone in southeastern Arizona.

Prior to C. A. Ross's (1973, Fig. 7) areal extension of the 

Black Prince Limestone in Cochise, Pima, Pinal, and Gila Counties from 

the areas where the Black Prince was originally defined and described 

by Gilluly and others (1954, p. 13-15) and Nations (1963, p. 1252-1260), 

most workers considered the Escabrosa Limestone to be unconformably over- 

lain by the Naco Limestone as originally defined by Ransome (1904, p.

44) or the Horquilla Limestone of the Naco Group as defined by Gilluly
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and others (1954, p. 16). In extreme southeastern.Arizona, the Late 

Meramec to Early Chester Paradise Formation (Stoyanow, 1926, p. 316-318; 

1936, p. 508-511; Hemon, 1934, p. 1; Armstrong, 1962, Figs. 1, 12) is 

described to lie unconformably between the Pennsylvanian age Black Prince 

Limestone and the Escabrosa Group. The areal extent of the Paradise 

Formation was extended by C. A. Ross (1973, Fig. 4) to include a small 

isolated area of Upper Mississippian strata cropping out around the 

Winkleman area.

Macrofaunal studies by Girty (in Ransome, 1904, p. 46-50); 

Williams (in Gilluly and others, 1954, p. 12), Gilluly (1956, p. 33-35), 

and Sando (in Hayes and Landis, 1965; p. F24) assign a Kinderhook to 

Osage age for the Escabrosa Limestone in Cochise County. Both Williams 

(in Gilluly and others, 1954) and Sando (in Hayes and Landis, 1965) 

speculate that possible Meramec strata may be present in the upper parts 

of the Escabrosa Limestone. Duncan and Dutro (in Hayes and Landis,

1965, p. F24) consider the higher part of the Escabrosa Limestone in 

the type section area to be early Late Mississippian in age.

In extreme southeastern Arizona, Armstrong (1962, Fig. 1) con

sidered the Escabrosa Group to range in age from uppermost Kinderhook 

through Late Meramec based on macrofauna and foraminifera studied.

Zeller (1957, p. 685) also concluded a similar age range for the Esca

brosa Group on the basis of foraminifera. According to Armstrong (1962, 

Fig. 1), the Keating Formation ranges from latest Kinderhook (Upper 

Gilmore City Limestone) through Middle Osage (Burlington Limestone),



and the Hachita Formation extends from middle Osage (Keokuk) through 

Late Meramec (Ste. Genevieve Limestone).

Conodont biostratigraphic studies by Totten (1972, Fig. 2) in 

the Bisbee type area, and by Norby (1971, Figs. 2, 3) at the Escabrosa 

Limestone type section as well as six other locations throughout south

eastern Arizona assign Late Kinderhookian ages to the basal Escabrosa 

(Totten, Upper Hannibal; Norby, Upper Choutou). Totten, however, pro

posed that the Escabrosa Limestone ranges only upward through Middle 

Osage age (Burlington), while Norby considered the upper Escabrosa to 

extend through Middle Meramec (St. Louis) time.

Norby (1972, Fig. 2) considered the Paradise Formation to be 

Middle Chester in age (Beech Creek to Hardinsburg), based on conodonts. 

This study contrasts with Zeller’s (1957, p. 685) lower and middle 

Chester age assignment based on foraminifera, and Stoyanow’s (1936, p. 

511) and Armstrong’s (1962, Fig. 1) Late Meramec to Early Chester age 

based on macrofauna and foraminifera.

Southern Nevada

A summary of pertinent Mississippian nomenclature! and age as

signments for Nevada is provided in.Figure 8. The lower and upper depo

sitions! complexes of Rose (1976, Figs. 6-9) are present in southern 

Nevada and are nomenclaturally represented by the Monte Cristo Lime

stone (Hewett, 1931) and the overlying Great Blue Limestone (Gilluly, 

1932). Mississippian strata.crops out in structurally complexed 

(thrusted, wrenched, and pulled apart) fault block mountains.
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The Monte Cristo Limestone, as applied by Rose (1976) in south

ern Nevada, represents the synthesis of the following geographically 

merging formational names; the Monte Cristo Limestone (Hewett, 1931, p . 

17-21) from exposures in the Goodsprings Quadrangle, southwest of Las 

Vegas, Nevada; the Rogers Spring Limestone (Longwell, 1928, p. 29-30) 

from the Muddy Mountains in southern Nevada; the Joana Limestone 

(Spencer, 1917, p. 26) from Ely, Nevada, and the Redwall Limestone 

(Noble, 1922, p. 54) from northern Arizona. Also, the formerly con

sidered Late Devonian Crystal Pass Limestone (Langenheim and others,

1962, p . 601) may now be at least in part Mississippian in age (Brenkle, 

1973, p. 14).

The Great Blue Limestone as applied by Rose (1976) represents a 

synthesis of the Battleship Wash Formation (Langenheim and Langenheim, 

1965, p. 238) from the Arrow Canyon. Range, the Bluepoint Limestone 

(Longwell, 1928, p. 30-31) for exposures in the Muddy Mountains, and 

the Indian Springs Formation (Longwell and Dunbar, 1936, p. 1203; Webster 

and Lane, 1967, p. 508-510) for exposures at Indian Springs, 50 miles 

northwest of Las Vegas, Nevada.

Nomenclature! developments and stratigraphic aspects for the 

Mississippian System in southern Nevada are provided by Longwell (1928), 

Hewett (1931), Longwell and Dunbar (1936), Longwell (1949), McNair 

(1951, 1952), Zeller (1957), Langenheim and Tischler (1960), Langenheim 

and others (1962), Langenheim (1963), Langenheim and Langenheim (1965), 

Dunn (1965, 1970), Pelton (1966), Webster and Lane (1967), Gordon and 

Poole (1968), Webster (1969), McKee and Gutschick (1969), Brenkle



(1973), Neder (1973), Pierce and Langenheim (1974), Bissell (1974),

Hansen (1976), and Rose (1976).

Regionally, the Monte Cristo Formation or Group overlies the 

Sultan Limestone of Devonian age in the Goodsprings district (Langenheim 

and others, 1962, p. 601), the Devonian (Langenheim and Collinson, 1963, 

p. 45), or Devonian to Mississippian age (Brenkle, 1973, p. 14) Crystal 

Pass Limestone in Arrow Canyon and the Devonian age Muddy Peak Limestone 

(Longwell, 1949, p. 930) in the Virgin-Muddy Mountains area. The Monte 

Cristo Group is overlain unconformably by the Meramec to Chester age 

(Neder, 1973, p. 1) Battleship Wash Formation (the former BSa Unit of 

Langenheim and Langenheim, 1965, p. 238) that according to Neder (1973, 

p. 1) represents a southwest-trending salient of a Chester seaway in 

southern Nevada. The Battleship Wash Formation is absent in the Mormon, 

Muddy, and North Muddy Mountains (Neder, 1973, p. 1) and is present in 

the Arrow Canyon Range, the type section area (Langenheim and Langenheim, 

1965, p. 238; Webster and Lane, 1967, Fig. 2; Brenkle, 1973, p. 18;

Neder, 1973, p. 1); Apex Mountains (Webster and Lane, 1967, Fig. 2);

Las Vegas Range (Neder, 1973, p. 1, 14); Lee Canyon, Spring Mountains 

(Neder, 1973, p. 14), and Meadow Valley Mountains (Neder, 1973, p. 14). 

At and northwest of Indian Springs, the Battleship Wash Formation is 

absent and the Monte Cristo Limestone is overlain by the Late Chester 

age (Brenkle, 1973, Fig. 8) Indian Springs Formation (the former Indian 

Springs Member of the Bird Spring Formation of Longwell and Dunbar,

1936, and the former BSb Unit of Langenheim and others, 1962, according 

to Neder, 1973, p. 4). The Indian Springs Formation unconformably
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overlies the Battleship Wash Formation where the Battleship Wash Forma

tion is present, and has been studied by Webster and Lane (1967, p. 508- 

509), Gordon and Poole (1968, p. 167), Dunn (1970, p. 206), and Brenkle 

(1973, Fig. 8).

Regionally, the Hississippian System is overlain by the Pennsyl

vanian (Morrow) age Bird Springs Formation, which is the time equivalent 

to the Ely Limestone to the north (Webster, 1969, p. 3; Dunn, 1970, p. 

2961; Brenkle, 1973, Fig. 8).

Eastward from southern Nevada, the Pennsylvanian age Callville 

Limestone or the Supai Formation unconformably overlies Hississippian 

strata (Langenheim, 1963, Fig. 2).

Langenheim and Tischler (1960, p. 107. 109) and Langenheim 

(1963, Fig. 3) reviewed the Hississippian paleotectonic setting of south

ern Nevada and areally subidivded the Hississippian System in southern 

Nevada and Utah into three depositional provinces that lie in generally 

north-northeast trending belts, and are designated from southeast to 

northwest, respectively— the shelf carbonate province (carbonates less 

than 1000 feet chick), the miogeosynclinal carbonate province (carbon

ates greater than 1000 feet thick and commonly 2000 feet thick), and 

the miogeosynclinal carbonate and detrital province (Early Hississippian 

limestones overlain by Late Hississippian black shales and sandstones).

In southern Nevada, the shelf carbonate province, the sequence of carbon

ates being examined regionally in this study, occurs in the Mormon, 

Beaverdam and Virgin Mountains, Frenchman Mountain, and the Goodsprings 

district. Subsequent workers (Bissell, 1974, Fig. 2; Rose, 1976, Fig.
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7) did not adopt or recognize the shelf carbonate and miogeosynclinal. 

carbonate provinces of Langenheim and Tischler (1960, p. 107, 109) and 

Langenheim (1963, Fig. 3). However, Bissell’s (1974, Fig. 2) Las Vegas- 

Wasatch Line and Rose's (1976, Fig. 7) crest of the lower shelf margin 

generally coincide with the boundary line of Langenheim*s (1963, Fig. 3) 

miogeosynclinal carbonate and detrital province.

For regional correlation purposes, Mississippian strata, specif

ically the Monte Gristo Group that occurs south and southeast of the 

crest of the lower shelf margin of Rose (1976), is of interest to this 

study. The five members of the Monte Cristo Group as defined by Hewett 

(1931, p. 17-21), which, in ascending order, are the Dawn Limestone, 

Anchor Limestone, Bullion Dolomite, Arrowhead Limestone, and Yellowpine 

Limestone, were elevated to formational rank and the Monte Cristo Lime

stone raised to group status by Langenheim and others (1962, p. 601-603).

McKee and Gutschick (1969, p. 579) note that with the exception 

of the Arrowhead Limestone, the other foud formational names of the 

Monte Cristo Group correspond closely to their member designations of 

the Redwall Limestone. Between Las Vegas (Monte Cristo Group) and 

northern Arizona (Redwall Limestone), McNair (1951, p. 518; 1952, p.

49) proposed that the Redwall Limestone and the Rogers Spring Limestone 

as designated by Longwell (1928, p. 29-30) in the Muddy Mountains are 

formationally equivalent.

Three unique depositional environments were recognized in a 

microfacies study of the Monte Cristo Group by Hansen (1976, p. 4350B- 

4351B): 1) a deep, below wave base, open marine, pelloidal suite;
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2) a shallower open marine crinoidal suite; and 3) a shallower open 

marine pelletoidal suite. These three environments were used to deline

ate three major transgressive-regressive events within the Monte Cristo 

Group. A general shallowing trend upwards was observed for the entire 

sequence. Hansen's (1976) recognition of three transgressive-regressive 

events in southern Nevada differs from McKee and Gutschicks's (1969, p. 

572) two transgressive-regressive events identified in northern Arizona 

and Rose's (1976, p. 453) regional identification of only one trans

gressive-regressive event in the western United States for the lower 

depositional complex.

Three names regionally represent Late Mississippian strata in 

southern Nevada: the Battleship Wash Formation (Langenheim, 1965, p.

238; Webster, 1969; Neder, 1970; Brenkle, 1973), a unit formerly desig

nated as the BSa Unit of the Bird Springs Group (Langenheim and others, 

1962, p. 603); the Indian Springs Formation (Webster and Lane, 1967, p. 

508-509; Webster, 1969, p. 7-8; Dunn, 1970, p. 2961; Brenkle, 1973, p. 

18), a unit formerly designated as the Indian Springs Member of the Bird 

Springs Formation of Lopgwell and Dunbar (1936, p. 1203) or the BSa and 

BSb Units of the Bird Springs Group by Langenheim and others (1962, p. 

603); and the Bluepoint Limestone (Longwell, 1928).

Foraminiferal biostratigraphic studies by Zeller (1957) and 

Brenkle (1973), and conodont biostratigraphic studies by Webster and 

Lane (1967), Webster (1969), Pierce (1969), Neder (1973), and Pierce 

and Langenheim (1974) have contributed to an understanding of regional 

correlations of the Mississippian System in this area.
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The basal Mississippian, once considered to be the Monte Cristo 

Group, was redefined by Brenkle (1973, p. 14). He reassigned at least 

the upper portion of the previously considered Devonian age Crystal 

Pass Limestone to be Late Kinderhookian in age, noting that conodonts 

found in the Crystal Pass Limestone that supported a Devonian age 

(Langenheim and Collinson, 1963, p. 45) may be reworked. Brenkle (1973, 

Fig. 8) assigned an Osage to Meramec age for the Monte Cristo Group, and 

a Late Chester age for the Battleship Wash and overlying Indian Springs 

Formations. Subsequent conodont biostratigraphic work by Neder (1973) 

and Pierce and Langenheim (1974) have altered the age relationships de

picted by Brenkle (1973). Pierce and Langenheim (1974) propose that 

the Dawn Limestone through the lower Yellowpine Limestone Formations 

range in age from Kinderhook to Lower Osage, and that a hiatus (Keokuk 

equivalent) separates the Lower Yellowpine from the Upper Yellowpine 

Limestone. Neder (1973) redefined the age of the Battleship Wash For

mation from Late Chester age (Langenheim and others, 1962; Langenheim 

and Langenheim, 1965; Brenkle, 1973) to Late Meramec or Early Chester 

age.

Southern Utah

General Aspects

South of the Uinta Mountains and east of the Great Basin, Mis

sissippian strata are buried by Late Paleozoic, Mesozoic, and Tertiary 

age rock (Hintze, 1975). Mississippian strata crop out along the inter 

face of the Colorado Plateau and fault block mountains of the eastern
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Great Basin. The majority of Mississippian strata in southern Utah are 

found either in the subsurface or in structurally and stratigraphically 

complexed areas in the Great Basin-Colorado Plateau interface. Missis

sippian nomenclature has generally been derived from adjacent states.

A summary of pertinent Mississippian nomenclatural and age assignments 

for Utah is provided in Figure 9. Unlike Arizona, Colorado, and New 

Mexico, extensive Lower and Upper Mississippian sequences are present 

in western and northern Utah.

Rose (1976, p. 449-450, 453-465, Figs. 6, 7, 9, and 10) provides 

the most recent and comprehensive synthesis of lithofacies relation

ships, isopach trends, and nomenclatural assignments for Mississippian 

strata in Utah. Specific stratigraphic details and stratigraphic col

umns throughout Utah are provided by Hintze (1973). Also, Craig and 

others (1972) provide a perspective of Mississippian strata in Utah 

related to the entire Rocky Mountain sequence.

The lower depositional complex as depicted by Rose (1976, Fig.

7) has north- to northeast-trending isopachs ranging from 100 m in ex

treme southeastern Utah to as much as 500 m along a north- to northeast

trending shelf margin that extends from the corner of southwestern Utah 

to the Idaho, Wyoming, and Utah borders. In southwestern Utah, west of 

the shelf margin depicted by Rose (1976, Fig. 7), lower depositional 

complex strata thin to approximately 200-300 m.

The distribution of the upper depositional complex according to 

Rose (1976, p. 459-465) is confined to a north- to northeast-trending 

depocenter axis. Clastic facies flank the eastern and western margins
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of the north- to northeast-trending basin. The eastern margin of this 

trough is delineated by the Wasatch Line of Kay (1951, p. 14). The 

Wasatch Line represents a tectonic-depositional hinge-line that became 

active in Late Mississippian.time (Crittenden, 1959, p. 63) separating 

an emerging craton to the east from the north- to northeast-trending 

trough. The Antler erogenic belt lies parallel to and flanks the west

ern margin of this north- to northeast-trending trough (Rose, 1976, Fig. 

9). Farther north in northeastern Utah, an easterly-trending depocenter, 

the Uinta-Oquirrh Basin, merges with this northerly depocenter trend.

Hintze (1973, p. 34-40, Text-Fig. 23, Charts 1-46), Welsh (1972, 

Fig. 1), McKee and Gutschick (1969, p . 581-584), and Williams (1963,

Fig. 34) provide summaries and discussions of Mississippian nomenclature 

and nomenclatural developments.

For purposes of this discussion, nomenclatural assignments are 

divided into three geographic areas in the study region: 1) southwestern

Utah, 2) south-central and southeastern Utah, and 3) north-central Utah.

Southwestern Utah

Mississippian strata crop out in structurally complex, generally 

north-trending, fault block mountains. The lower depositions! complex of 

Rose (1976) includes three carbonate formations which nomenclaturally 

merge in southwestern Utah: the Redwall Limestone, the Monte Cristo

Group, and the Joana Limestone.

The Monte Cristo Limestone of Hewett (1931) was extended from

southern Nevada into the Beaverdam Mountains and elevated to group rank 

by Langenheim (1963) and adopted by Rose (1976, Fig. 6). This
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designation by Langenheim altered earlier assignments of the Redwall 

Limestone by Rebar (1952, p. 103-104) and the Rogers Springs Limestone 

(Longwell, 1928; McNair, 1952, p. 49) for this area. McKee and Gutschick 

(1969, p. 579) relate Redwall Limestone members to the Monte Gristo 

Group, but equate the Redwall Limestone to the Joana Limestone further 

to the north in southwestern Utah.

The Joana Limestone (Spencer, 1917, p. 26) was extended from Ely, 

Nevada into the Confusion Range of Utah (G. S. Campbell, 1951, p . 22-23; 

Zeller, 1957, p. 687-688; Chillingar and Bissell, 1957, p. 2269; Hose, 

1963, 1965; Hose and Repenning, 1963; J. G. Johnson, 1971, Fig. 3) and 

into the Beaver Lake Mountains (Barosh, 1960, p. 26-27). In the Wah Wah 

Mountains, between the Confusion Range to the north and the Beaverdam 

Mountains to the south, G. M. Miller (1963, Fig. 2; 1966, p. 869) as

signed informal units, a "lower unit" (Kinderhook to Meramec) and "upper 

unit" (Chester) of combined clastic and carbonate sequences. G. M. 

Miller (1963, p. 98; 1966, p. 869) noted that these lithologies dif

fered considerably from those occurring in the Confusion Range to the 

north and the Needle Range to the west. In the area of the Wah Wah 

Mountains, a region where carbonates transcend into elastics to the 

west, Langenheim (1963, p. 33) extended the White Pine Group of Nevada 

into southwestern Utah and included this area into the miogeosynclinal 

carbonate and detrital province (Langenheim, 1963, Fig. 3). Rose (1976, 

Fig. 6) adopted the White Pine Group nomenclature of Langenheim (1963) 

by merging the clastic-bearing Peers Spring and Woodman Formations of 

the White Pine Group into the lower depositional complex. To the east
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of Che Wah Wah Mountains, East (1966, p. 911) did not assign specific 

Mississippian nomenclature for structural remnants of Mississippian 

strata exposed in the San Francisco Mountains, while farther to the east 

in the Star Range, carbonate shelf strata was considered to be Redwall 

Limestone by Baer (1962, p. 33-34) . The basal contact of the lower 

depositional complex is highly variable in southwestern Utah and repre

sents the interface of Langenheim's (1963, Fig. 3) miogeosynclinal car

bonate detrital province to the shelf carbonate province (carbonates 

less than 1000 feet thick) or approximately the position of Rose’s 

(1976, Fig. 7) crest of the lower shelf margin line. In the Beaverdam 

Mountains, Mississippian carbonates overlie Devonian age dolomite 

(Langenheim, 1963, Fig. 1, p. 35); in the Wah Wah Mountains (G. M. Mill 

Miller, 1963, Fig. 2, p. 98; 1966, p. 869, 872), Mississippian basal 

quartzites overlie Devonian dolomites; and in the Confusion Range, Late 

Devonian to Early Mississippian shales, the Pilot Shale occurs (Hose, 

1963, 1965; Hose and Repenning, 1963; Hintze, 1973, Text-Fig. 23, Charts 

29-30).

In southwestern Utah, two names are commonly assigned to strata 

lying within the upper depositional complex of Rose (1976, Fig. 9): 

the Great Blue Limestone (Gilluly, 1932, p. 29), and the Chainman Shale 

(Spencer, 1917, p. 26-27), introduced into Utah by Langenheim (1963, p . 

33) .

Rose (1976, Fig. 9) synthesized the nomenclature of this area, 

and assigned the Great Blue Limestone to lie in a north- to northeast

trending belt from southern Nevada through most of western Utah. Rose
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(1976, Figs. 6, 9) depicts the Chairman Shale of Lower and Upper Hissis- 

sippian time to be a time-transgressive sequence migrating eastward from 

Nevada into extreme western Utah and merging with the Great Blue Lime

stone carbonate sequence.

The Chairman Shale and the overlying basal part of the 

Mississippian-Pennsylvanian age Ely Limestone were extended into the 

Confusion Range area from eastern Nevada (Hose, 1963, 1965; Hose and 

Repenning, 1963; Hintze, 1973, Text-Fig. 23). Rose (1976, Fig. 9) did 

not include the basal part of the Ely Limestone in part of his upper 

carbonate depositional complex. An upper Mississippian interbedded 

limestone, sandstone, and dolomite sequence designated by G. M. Miller 

(1966, p. 872, 874) as the "upper unit" in the Wah Wah Mountains appears 

to be at least in part included in the Peers Spring Formation as desig

nated by Rose (1976, Fig. 6) which Rose included in his lower deposi

tional complex. Callville Limestone, or Birdsprings Group, is generally 

designated to overlie lower depositional complex strata (Langenheim,

1963, p. 38, Fig. 1; Baer, 1962, Text-Fig. 2) in the region designated 

by Langenheim (1963, Fig. 3) as the shelf carbonate province in south

eastern Utah.

South-central, Southeastern Utah

Regional subsurface studies of this region are provided by 

Parker and Roberts (1963, 1966), Munger and others (1965), Mallory (in 

Craig and others, 1972) and Rose (1976). Only lower depositional complex 

strata represent the Mississippian System in south-central and south

eastern Utah (Rose, 1976, Fig. 6-7). Nomenclature! assignments .
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for the Mississippian System in this area have varied, but generally 

the member subdivisions of the Redwall Limestone (McKee, 1963; McKee 

and Gutschick, 1969) are applied (Parker and Roberts, 1963, p. 45-52, 

Figs. 12-14; 1966, p. 2418-2430, Figs. 12-14; Munger and others, 1965, 

p. 21-28, Figs. 6-12; Mallory, in Craig and others, 1972, Figs. 5, 6J 

Doelling, 1975, p. 18). However, other, generally earlier studies have 

employed Leadville Limestone nomenclature of Colorado to this area 

(Bradish, 1952, p. 47; Di Giambattista, 1952, p. 6; St. Clair, 1952, 

p. 37; Stokes, 1954, p. 18-19; Williams, 1963, Fig. 34; Welsh, 1972,

Fig. 1). Wells (1954, p. 16) considered the Redwall, Madison, and 

Leadville Limestone nomenclature to merge in Garfield County.

Total Mississippian isopach studies by Parker and Roberts (1963, 

Fig. 12; 1966, Fig. 12), Langenheim (1963, Fig. 3), Munger and others 

(1965, Fig. 12), Mallory (in Craig and others, 1972, Figs. 5, 6), and 

Rose (1976, Fig. 7) all depict generally north- to northeast-trending 

isopachs of lower depositional complex (Rose, 1976) strata progressively 

thickening to the northwest from approximately 100-250 feet in the ex

treme southeastern corner of Utah. There is a general isopach continu

ity in south-central and southeastern Utah with isopach trends in 

northern Arizona, a point made by McKee and Gutschick (1969, p. 584) .

Rose (1976, p. 449, Figs. 6, 7, 10) describes the lower depo

sitional complex strata to transcend from a limestone facies in south

eastern Utah to a dolomite facies in south-central Utah. The age 

assignment of the lower depositional complex strata. Kinderhook to 

Early Meramec, by Rose (1976, p. 449) is consistent with the studies
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North-central Utah

In north-central Utah major thickness changes occur on the 

northern fringes of the total Mississippian isopach map (Figure 2, in 

pocket) and result from thick accumulations of Late Mississippian strata 

in the Carbon County area. This area represents the northern continua

tion of Langenheim's (1963, Fig. 3) western edge of the carbonate shelf 

province, the Wasatch Line (Kay, 1951; Bissell, 1974, Fig. 1) of the 

region where the crest of Rose's (1976, Fig. 7) lower shelf line con

tinues north to northeastward to merge with the east- to west-trending 

Uinta Basin.

Regional stratigraphic aspects and nomenclatural assignments or 

correlations of Mississippian formations in north-central Utah are pro

vided by Sadlick (1956, p. 71-76; 1957, p. 63-70), Crittenden (1959, p. 

63-73), Morris (1957, p. 14-22), Rigby and Clark (1962, p. 19-24), R. L. 

Armstrong (1968, p. 27-29, Fig. 8), McKee and Gutschick (1969, p . 581- 
583), J. G. Johnson (1971), Newman (1972, p. 340), Welsh (1972, p. 13, 

15, Fig. 1), Mallory (in Craig and others, 1972), Hintze (1973),

Bissell and Klopp (1975), and Rose (1976).

In north-central Utah the Deseret Limestone represents the no

menclatural consolidation of formations grouped by Rose (1976, Fig. 6) 

into the lower depositional complex. These formations include the Late 

Devonian to Early Mississippian age Fitchville Formation (Beach, 1961,

by Parker and Roberts (1963, p. 51; 1966, p. 2429), McKee and Gutschick

(1969, p. 584), Mallory (in Craig and others, 1972, Figs. 5, 6), and

Welsh (1972, Fig. 1).
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p. 39; Rigby and Clark, 1962, p. 19) (formerly the Gardner Dolomite of 

Lindgren and Loughlin, 1919, p. 39-40, and a stratigraphic equivalent 

of the Madison Limestone as applied by Gilluly, 1932, p. 22-24); the 

Osage age Gardison Limestone (Morris and Lovering, 1961, p. 89); and 

the Osage to Meramec age Deseret Limestone (Gilluly, 1932, p. 25-26) 

(formerly the Pine Canyon Limestone of Lindgren and Loughlin, 1919, p. 

40-41, in the Tinctic area of Morris and Lovering, 1961, p. 93).

' The Doughnut Formation represents the nomenclatural consolidation 

of formations grouped by Rose (1976, Fig. 9) into the upper depositional 

complex. These formations include the Meramec age Humbug Formation 

(Tower and Smith, 1899, p. 625-626; Hintze, 1973, Text-Fig. 23); the 

Meramec to Chester age Great Blue Limestone (Gilluly, 1932, p. 29-31; 

Morris and Lovering, 1961, p. 107; Hintze, 1973, Text-Fig. 23; Bissell 

and Klopp, 1975, p. 3); and the Late Mississippian (Chester) to Pennsyl

vanian Manning Canyon Shale (Gilluly, 1932, p. 31-34; Hintze, 1973, 

Text-Fig. 23). The Manning Canyon Shale is the stratigraphic equivalent 

to the Doughnut Formation (Crittenden, Sharp, and Calkins, 1952, p. 10; 

Hintze, 1973, Text-Fig. 23).

The age assignments are in general agreement with foraminiferal 

biostratigraphic studies in the Provo area by Woodland (1958, Text-Fig.

2) and by conodont biostratigraphic studies by Pinney (1970, p. 129) in 

the Oquirrh Basin.
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General Aspects

Studies contributing to nomenclature! development, stratigraph

ic aspects, and regional correlations of the Mississippian System in 

west-central and southwestern Colorado are: Emmons (1882); Emmons,

Cross, and Eldridge (1894); Emmons, Irving, and Loughlin (1927); Kirk 

(1931); Bass (1944; J. H. Johnson (1945a,b); Tweto (1949); J. C. Cooper 

(1955); Knight and Baars (1957); Merrill and Winar (1958); Parker (1961); 

Hallgarth and Skipp (1962); Parker and Roberts (1963, 1966); Baars 

(1966); Baars and See (1968); Foster, McEachin, and Murray (1968);

Banks (1970); Nadeau (1971, 1972); Conley (1972); Craig and others 

(1972); Rose (1976); and Armstrong and Mamet (1976). A summary of per

tinent Mississippian nomenclatural and age assignments for Colorado is 

provided in Figure 10.

West-central Colorado

One formation, the Leadville Limestone, represents the Missis

sippian System in west-central Colorado as discussed by J. H. Johnson 

(1945a,b), Hallgarth and Skipp (1962), Banks (1970), Nadeau (1971, 1972), 

Conley (1972), and Craig and others (1972); and it is within Rose's 

(1976) lower depositional complex.

The Leadville Limestone was named by Eldridge (in Emmons and 

others, 1894) for presumed Carboniferous age ore-bearing strata cropping 

out in the Leadville Mining District of Colorado. No type section was
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Kirk (1931, p. 227) separated the Leadville Limestone of Emmons and 

others (1927) and restricted the formation to strata only of Mississip- 

pian age. He proposed the name Chaffe Formation (1931, p. 230), now 

considered the Chaffee Group (J. A. Campbell, 1970, p. 313) for Upper 

Devonian age strata formerly included in the original Leadville 

Limestone.

Detailed petrologic studies of the Leadville Limestone were com

pleted by Banks (1970), Nadeau (1971, 1972), and Conley (1972). Banks 

(1970, p. 3035) and Nadeau (1971, p. 10-11, 15) subdivided the Leadville 

Limestone in the Sawatch uplift area into three members. The basal mem

ber, a quartz sandstone, was. named the Gilman Member by Tweto (1949); 

the middle member, consisting of thin-bedded cherty micritic limestone 

and dolomite, was assigned the name Radcliff Member by Nadeau (1971, p. 

11); and the upper member, a foraminifera-bearing, thick-bedded bio- 

clastic, oolitic limestone was designated the Castle Butte Member 

(Nadeau, 1971, p. 11, 15).

Conley (1972, p. 103, 107, 108, 111) subdivided the Leadville 

Limestone in the White River Plateau into two units. The lower unit con 

sisted of a thin-bedded, upper intertidal laminated dolomite and calcilu 

tite. The upper unit was a massive-bedded interval consisting of four 

limestone facies. The four facies recognized in this unit are an 

oolitic calcarenite, a skeletal calcarenite, a pelletal calcarenite.

designated. Early discussions of the stratigraphic aspects of the Lead-

ville Limestone were provided by Emmons and others (1927, p. 31-38).
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and a skeletal calcilutite. Petrographic aspects of these four facies 

are described by Conley (1972, p. 111-131).

Banks (1970, p. 3033) studied the cherts in the Leadville Lime

stone, and concluded that two generations of chert are present in addi

tion to jasperoid cherts that formed later in association with 

mineralization in the Leadville district.

Age relationships and correlations for the basal unit of Conley 

(1972) and Hallgarth and Skipp (1962) or the basal two members of Banks 

(1970) and Nadeau (1971) are not substantiated due to paucity of faunal 

data. Conley (1972, p. Ill) addressed the age relationship problem and 

considered that deposition was "more or less continuous from Devonian 

through most of Early Mississippian." Hallgarth and Skipp (1962, p.

129) assign a Kinderhook(?) Osage age for the "lower part" of the Lead

ville Limestone. Nadeau (1971, p. 76-78) assigned a Kinderhookian age 

for the basal Gilman Member from regional correlations.

Foraminifera present in the upper unit of Conley (1972) and the 

Castle Butte Member of Nadeau (1971) provide specific age information.

L. D. Holcomb of Shell Oil (in Nadeau, 1972, p . 75, 111) assigned a 

middle to upper Osage age for the Castle Butte Member. In the White 

River Plateau, Skipp (in Conley, 1972, p. 108-109) considered the upper 

unit of Conley's (1972) to range from Early to Middle to Late Osage age, 

which is in contrast to earlier tentative Meramec assignments for strata 

in this area by K. E. Scott (in Chronic, 1961, p. 99) and Bass and 

Northrop (1963, p. J29) and an Osage to Meramec(?) assignment by 

Hallgarth and Skipp (1962, p. 129).
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Southwestern Colorado

Stratigraphic studies in southwestern Colorado generally accept 

two formation names, the Redwall Limestone and the Leadville Limestone, 

for the Mississippian System (Knight and Baars, 1957; Parker and Roberts, 

1963, 1966; Baars, 1966; Baars and See, 1968; Foster and others, 1968; 

and Armstrong and Mamet, 1976). Regional stratigraphic work by Craig 

and others (1972), however, recognize only one formation for this area, 

the Leadville Limestone.

Nomenclature! confusion results when the name Leadville Lime

stone is extended from the outcrop.exposures of west-central Colorado 

to the subsurface in southwestern as well as northwestern Colorado.

Also, a northwest-trending belt of Mississippian erosion, resulting from 

the Pennsylvanian age Uncompahgre uplift, prohibits physical continuity 

between the type area in west-central Colorado to outcrop and subsurface 

data in southwestern Colorado. The name Leadville Limestone was ex

tended into southwestern Colorado by Bass (1944). Stratigraphic work 

by Parker and Roberts (1963, p. 45; 1966, p. 2418-2424) demonstrated the 

continuity of the Redwall Limestone in Arizona into the subsurface 

strata of southwestern Colorado and the eastern Paradox Basin and, 

therefore, they proposed extending the Redwall Limestone member nomen

clature of McKee (1963) into Colorado. They (Parker and Roberts, 1963, 

p. 45, 52; 1966, p. 2418, 2429) note that the name Leadville Limestone 

in the San Juan Mountains should be retained due to nomenclature! en

trenchment; however, they believe that it is equivalent to the Redwall

Limestone.
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Foster and others (1968, p. 125) reviewed Mississippian type and 

typical sections in Colorado and concluded that Redwall Limestone should 

be utilized for subsurface and adjacent surface exposures in southwest

ern Colorado. Studies by Baars (1966, p. 2093), and Baars and See (1968, 

p. 344) supported retention of Leadville Limestone nomenclature in the 

San Juan Mountains because they believe sufficient stratigraphic differ

ences exist between the extended Redwall Limestone nomenclature of Parker 

and Roberts (1963, 1966) in the subsurface of southwestern Colorado and 

the Leadville Limestone in the San Juan Mountains.

The Leadville Limestone regionally overlies the Ouray Limestone 

in southwestern Colorado. The contact of the Leadville Limestone with 

the underlying Ouray Limestone is difficult to delineate stratigraphic- 

ally or biostratigraphically (Knight and Baars, 1957, p. 228; Baars and 

See, 1968, p. 343-344, Fig. 4; Armstrong and Mamet, 1976, p. 13). Baars 

(1966, Fig. 3) and Baars and See (1968, Fig. 4) consider the Ouray Lime

stone to be Late Devonian to Early Mississippian(?) in age and to lie in 

gradational contact with the Leadville Limestone. Armstrong and Mamet 

(1976, Fig. 11), however, depict the Upper Osage Leadville Limestone to 

overlie the Upper Devonian Ouray Limestone unconformably. Historical 

development, specific problems, and detailed stratigraphic aspects of 

the Leadville-Ouray Limestone contact were described by Baars (1966, p. 

2089-2093, 2101), Baars and See (1968, p. 342-344), and Armstrong and 

Mamet (1976, p. 13-14). Regionally throughout southwestern Colorado, 

the Mississippian is unconformably overlain by the Pennsylvanian age 

Molas Formation (Merrill and Winar, 1958, p. 2107), Baars and See
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(1968, p. 347), Baars (1966, p. 2093), and Armstrong and Mamet (1976, 

p. 14). In the northeastern San Juan Mountains an interbedded ferrugi

nous pebble conglomerate and black shale, the Kerber Formation, uncon- 

formably overlies the Leadville Limestone (Armstrong and Mamet, 1976, 

p. 14).

Petrologic studies on the Leadville Limestone were completed in 

the San Juan Mountains and adjacent areas by Baars (1966), Baars and See 

(1968), and Armstrong and Mamet (1976).

Baars (1966, p. 2093-2101) and Baars and See (1968, p. 344) sub

divided the Leadville Limestone informally into a lower dolomitic member 

and an upper member consisting of dolomite and limestone containing 

oosparite, pelsparites, and crinoidal biomicrites. Baars physically and 

biostratigraphically correlated a prominent regional disconformity be

tween these two members to the disconformity between the Thunder Springs 

and Mooney Falls Members of the Redwall Limestone as recognized by McKee 

(1963) and McKee and Gutschick (1969) in the Grand Canyon area.

Armstrong and Mamet (1976, p. 14) did not adopt this two-fold 

subdivision of Baars (1966) and Baars and See (1968). They stated "the 

only rocks that are definitely known to be Mississippian and can be 

separated from the Ouray carbonate rocks without question are the crinoid 

pellet—foraminifer limestone that occurs above the dolomite." Also, 

contrary to Baars (1966, p. 2103) and Baars and See (1966, p. 347), 

Armstrong and Mamet (1976, p. 15) suggest that bottom topography had 

minimal influence on the distribution of the Late Osage transgressive 

shallow shelf facies and that no crinoidal biothermal buildups were
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recognized, as suggested by Baars (1966, p. 2103) and Baars and See 

(1968, p. 347).

Early age assignments for the Leadville Limestone in southwest

ern Colorado have been highly variable. Some of the ages suggested are: 

Lower Osage (Armstrong, 1958a, p. 970), Kinderhook (Knight and Baars, 

1957, p. 2282), Osage (Merrill and Winar, 1958, Table I), Osage and 

Meramec (Di Giabamttista, 1952, p. 3) and Kinderhook to Early Osage 

(Parker, 1961, Fig. 1).

Subsequent detailed work by Baars (1966, p. 2101) and Baars and 

See (1968, p. 346) considered the lower member as well as the upper part 

of the Ouray Limestone to be Kinderhookian in age and the upper member 

to be early to middle Osage age with the regional disconformity between 

the two members being Kinderhookian to Osage in age.

Regional studies by Craig and others (1972, Fig. 1) indicate 

an Osage age for the Leadville Limestone throughout western Colorado. 

Microfossil studies by Mamet (in Armstrong and Mamet, 1976, p. 15) date 

the Leadville Limestone to be Late Osage age and stratigraphically 

equivalent to the middle part of the Mooney Falls Member of the Redwall 

Limestone as defined by McKee (1963) and McKee and Gutschick (1969) in 

northern Arizona.

Western New Mexico

General Aspects

Early regional reconnaissance stratigraphic studies were com

pleted in New Mexico by Darton (1917, 1928), Gordon (1907), and Keyes
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(1906a, 1906b, 1908, 1939, 1940). Important stratigraphic contributions 

were provided by Laudon and Bowsher (1941, 1949), Pray (1958, 1961), 

Baltz and Read (1960), Kottlowski (1963), Parker and Roberts (1963, 

1966), Armstrong (1955, 1958a, 1958b, 1962, 1963, 1965, 1967, 1970), 

Craig and others (1972), Armstrong and Mamet (1974, 1976), Lane (1974), 

Yurewicz (1973, 1975), and Meyers (1974a, 1974b, 1977).

Western New Mexico Mississippian nomenclatural and stratigraphic 

developments may be subdivided into six geographic areas. These six 

areas of unique stratigraphic nomenclature are: 1) extreme southwestern

New Mexico, 2) central southwestern New Mexico, 3) south-central New 

Mexico, 4) west-central New Mexico, 5) north-central New Mexico, and 

6) the Four Corners area, northwestern New Mexico. Except for the Four 

Comers-northwestem New Mexico area, west-central New Mexico, and cen

tral southwestern New Mexico, both the lower and upper depositional com

plexes are present in western New Mexico. A summary of pertinent 

Mississippian nomenclatural and age assignments for western New Mexico 

is provided in Figure 11. Separation of these units into a lower and 

upper depositional complex as designated by Rose (1976) occurs within 

formational units in extreme southwestern, south-central, and north- 

central New Mexico.

Extreme Southwestern New Mexico

In extreme southwestern New Mexico, the Escabrosa Limestone as 

defined by Ransome (1904, p. 42) in the Mule Mountains near Bisbee, 

Arizona and the overlying Paradise Formation as defined by Stoyanow 

(1926) and Hemon (1934, 1935) in the Chiricahua Mountains of



Figure 11. Correlation of Mississippian Formations in Western New Mexico ■̂4
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southeastern Arizona have been extended into extreme southwestern New 

Mexico by Packard (1955), Zeller (1965), and Gillerman (1958). A re

gional detailed stratigraphic study of southwestern New Mexico and 

southeastern Arizona by Armstrong (1962) resulted in elevating the Esca- 

brosa Limestone to group rank with two new formations being proposed—  

the Keating and Hachita Formations. Type sections for the Keating and 

Hachita Formations are at Blue Mountain in the Chiricahua Mountains, 

southeastern Arizona. Armstrong (1962, p. 3, 5-13; 1965, p. 132-139; 

1970, p. 61-63) provided a detailed review of these nomenclatural de

velopments and details of the associated formations and facies of the 

Escabrosa Group. After recent studied, A. K. Armstrong (personal commu

nication, 1975, 1977) has restricted the Escabrosa Group to extreme 

southwestern New Mexico to no farther west than the Chiricahua Mountains 

in southeastern Arizona. The upper Hachita Formation appears to extend 

across the lower and upper depositional complexes, ad distinguished 

elsewhere by Rose (1976).

Central Southwestern New Mexico

Two formations, the Caballero Formation (Laudon and Bowsher, 

1941, p. 2116-2117) and the overlying Lake Valley Formation, originally 

named by Cope (1882, p. 158-159) and modified to present usage by Laudon 

and Bowsher (1949, p. 10-15, Fig. 4) constitute Mississippian System in 

this area and lie within the lower depositional complex of Rose (1976).

Conodont biostratigraphic work suggests a Kinderhook age for the 

Cabellero Formation (Lane, 1974), and an Osage (Burton, 1964) or Osage 

to Osage-Meramec age (Lane, 1974) for the Lake Valley Formation. Early
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stratigraphic work in New Mexico dealt with defining the regional dis

tribution and general stratigraphic aspects of the Lake Valley Formation. 

Laudon and Bowsher (1949, p. 6-8) provided the first detailed regional 

stratigraphic synthesis and included a comprehensive review of early 

nomenclature! developments. Early nomenclature! amendments or changes 

proposed by Keyes (1906a, p. 148-154; 1908, p. 7, 9, 10), Paige (1916, 

p . 5) and Schmitt (1933, p . 188) were abandoned when Wilmarth (1938, p. 

1138) proposed to terminate nomenclatural confusion by retaining only 

the Lake Valley name for Mississippian strata in this region. Recogni

tion of the Caballero Formation by Laudon and Bowsher (1941, 1949) and 

delineation of detailed stratigraphic aspects and distribution of the 

proposed and presently accepted six members of the Lake Valley Forma

tion (Andrecito, Alamorgordo, Nunn, Tierra Blanca, Arcente, and Dona Ana 

Members) set the framework for future stratigraphic work. Petrological 

studies of the Lake Valley Formation by Pray (1958), in the Sacramento 

Mountains suggested that fenestrate bryozoan biothermal structural build

ups affect stratigraphic aspects of the six members of the Lake Valley 

as defined by Laudon and Bowsher (1949). Pray (1961, p. 59, 60, 63) 

subdivided the Lake Valley members as being either pre-biothermal, bio- 

thermal, or post-biothermal. Armstrong (1962, Fig. 1, p. 14-27) con

structed the first paleoenvironmental maps and stratigraphic 

correlations of the Caballero-Lake Valley sequence to Mississippian 

strata in west-central New Mexico (Kelly Limestone of Armstrong and 

Mamet (1974) and to extreme southwestern New Mexico (Escabrosa Group- 

Paradise Formation). Lane's (1974, Fig. 4) conodont biostratigraphic
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investigation suggests that the Caballero-Lake Valley Formations ex

posed in the Sacramento Mountains display a wedge-on-wedge relationship 

with the stratigraphically younger and overlying Las Cruces, Rancheria, 

and Helms Formations to the south in the Franklin and Hueco Mountains in 

south-central New Mexico and West Texas. This relationship is similar 

to that proposed by Laudon and Bowsher (1949, p. 19), Pray (1961, p. 57, 

59), Harbour (1972, p. 38-43), and Yurewicz (1973), and is in conflict 

with Armstrong's (1962, p. 20) proposed stratigraphic equivalence, at 

least in part, of the Rancheria and Lake Valley Formations.

Cathodoluminescent petrologic studies by Meyers (1974a, 1974b, 

1977) provide another tool for demonstrating stratigraphic correlation 

in the Lake Valley Formation. Meyers found that synthaxial calcite ce

ment zones in the Lake Valley Formation were aerially extensive, and 

hence were stratigraphically useful for regional correlations (Meyers, 

1977).

South-central New Mexico

Three formations, the Las Cruces, Rancheria, and Helms Forma

tions, constitute the Mississippian strata in the Franklin and Hueco 

Mountains (Laudon and Bowsher, 1949; Lane, 1974, p. 269-270, Fig. 4), 

and comprise the upper part of Mississippian strata unconformably over- 

lying the Lake Valley Formation in the Organ Mountains (Kramer, 1970) 

and southern Sacramento Mountains (Laudon and Bowsher, 1949; Pray, 1961, 

p. 57, 59; J. L. Wilson, 1971, p. 24-25; Lane, 1974, p. 269-270, Fig. 4)
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Laudon and Bowsher (1949) proposed the stratigraphic nomencla

ture for this region and discussed the stratigraphy and type section 

designations. The type section of the basal two formations, the Las 

Cruces and the unconfonnably overlying Rancheria Formation, are in the 

Franklin Mountains, while the unconfonnably overlying Helms Formation 

type section is located in the Hueco Mountains. The Helms Formation, a 

name proposed by Beede (1920, p. 8) for all strata occurring between 

Silurian and Pennsylvanian beds, was restricted by Laudon and Bowsher 

(1949) to include only the interval lying unconfonnably over the Ranch

eria Formation and unconfonnably below Pennsylvanian strata.

The Las Cruces Formation has been assigned a Late Osage to Early 

Meramec age from conodont studies (Lane, 1974, p. 273). Biostratigraph- 

ic age and physical correlation relationships of the Rancheria Formation 

are somewhat contradictory. The generally conodont-barren Rancheria 

Formation yielded Meramec (St. Louis Formation) age conodonts in a basal 

bed (Lane, 1974, p. 273). This biostratigraphic age relationship con

tradicts the intertonguing relationships observed by Armstrong (1962) 

of the Rancheria Formation with the predominantly Osagian (Burton, 1964; 

Lane, 1974) Lake Valley Formation. This age and correlation problem is 

reviewed by Lane (1974, p. 269-270). Paleoenvironmental studies by 

Yurewicz (1975) considered the Rancheria Formation to be deposited into 

a stable, deep-water basin with basin edge turbidite fans.

The Helms Formation was assigned a Chester age by Laudon and 

Bowsher (1949) based on the macrofaunal content. Specificity of this 

age assignment is provided by Lane (1974, p. 273-277), who reported a
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Mid to Late Chester age for the Helms Formation in the southern Sacra

mento Mountains and a Late Chester age in the Hueco Mountains, indicat

ing that the Helms becomes progressively younger southward.

Mississippian strata are described by Lane (1974, Fig. 4) to un- 

conformably overlie Upper Devonian Percha Shale in the Franklin and 

Hueco Mountains, and to progressively onlap northward as a wedge onto 

progressively younger members of the Mississippian Lake Valley Formation 

in the southern Sacramento Mountains and be unconformably overlain by 

Pennsylvanian (Morrow);Gobbler and La Tuna Formations. The Caballero, 

Lake Valley, and Las Cruces Formations would be included in the lower 

depositional complex and the Rancheria and Helms Formation would lie 

within the upper depositional complex utilizing Lane's (1974) age as

signments for these formations.

West-central New Mexico

One formation, the Kelly Limestone, is presently proposed to 

constitute Mississippian rocks in west-central New Mexico and is specif

ically restricted to the Limitar, Ladron, and Magdalena Mountains, and 

the Coyote Hills (Armstrong and Mamet, 1976, p. 17). The Kelly Limestone 

includes two formalized members, the basal Caloso Member, previously 

considered to be the Caloso Formation as defined by Armstrong (1958a, 

1962, 1965, 1967) and the newly proposed, disconformably overlying, 

crinoidal-rich Ladron Member (Armstrong and Mamet, 1976, p. 17-19), 

previously considered to be the Kelly Formation by Armstrong (1955,

1958a, 1962, 1965, 1967). The Kelly Limestone lies within the upper 

part of the lower depositional complex of Rose (1976).
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The Caloso Formation was proposed by Noble (1950), and applied 

by Kelley and Silver (1952, p. 86-87) to Mississippian strata unconform- 

ably overlying Precambrian metamorphic and igneous rocks in the Arroyo 

Caloso in the Ladron Mountains. Armstrong (1955, p. 30-33) restricted 

the Caloso Formation of Noble (1950) in the Ladron Mountains to the basal 

30-40 feet of elastics and algal limestone, and assigned the disconform- 

ably overlying crinoidal limestone to the Kelly Formation. The Kelly 

Formation nomenclature as originally proposed by Gordon (1907, p. 62-63) 

and Herrick (1904, p. 311) as Kelly Limestone, has been restored by 

Armstrong and Mamet (1976). Early stratigraphic descriptions and dis

tribution of the Kelly Limestone were provided by Barton (1928, p. 17) 

and Loughlin and Koschman (1942, p. 14-16). Laudon and Bowsher (1949, 

p . 15-16) and Armstrong (1958, p. 3; 1962, Fig. 1) consider the Kelly 

Limestone to overlie the Tierra Blanca Member of the Lake Valley Forma

tion in the Mimbres, Cooks Range, Silver City area to the south. To the 

north, the basal Arroyo Penasco Group as defined by Armstrong (1965,

Fig. 1; 1967, Fig. 3), and Armstrong and Mamet (1974, Fig. 2), is time- 

equivalent to the Ladron Member of the Kelly Limestone, but is never 

seen juxtaposed to either member of the Kelly Limestone (Armstrong,

1958a, p. 3). This time equivalency or time overlap of the basal Arroyo 

Penasco represents a revision from Armstrong's (1962, Fig. 1) Meramec 

age assignment of the Arroyo Pensaco Formation base.

A complete nomenclatural review of the Caloso Member (Formation) 

and Ladron Member (Kelly Formation) is given by Armstrong (1958a, p. 3)
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and Armstrong and Mamet (1976, p. 17). Stratigraphic aspects, specific 

distribution, and regional correlations are also discussed or depicted 

by Armstrong (1958a, p. 3-6; 1965, Fig. 1; 1967, Fig. 3) and Armstrong 

and Mamet (1976, p. 17-19, Fig. 11). Paucity of fauna in the Caloso 

Member made age and correlation relationships difficult, and Armstrong 

(1955, p. 6; 1962, Fig. 1; 1965, p. 5, Fig. 1) earlier had suggested 

the Caloso Member to be of Early Osage age. Recent foraminiferal work 

by Mamet (in Armstrong and Mamet, 1976, p. 18) indicates the Caloso 

Member is Late Osage (Early Keokuk) age. The Kelly Limestone, prior to 

member designations, was considered by Laudon and Bowsher (1949, p. 15- 

16) to be Late Osage age. The Ladron Member of the Kelly Limestone was 

originally proposed to be of Early Osage age by Armstrong (1955, p. 33), 

but was revised by Armstrong (1958a, p. 3-4) to Late Osage (Keokuk For

mation equivalent) and specifically to Late Keokuk age by Armstrong 

(1962, Fig. 1) and Armstrong and Mamet (1976, Fig. 11).

North-central New Mexico

Two Mississippian units are present in north-central New Mexico. 

The first is the Upper Osage to Lower Chester Arroyo Penasco Group that 

regionally unconformably overlies Precambrian rocks and is unconformably 

overlain by the second unit, the Middle to Upper Chester Log Springs 

Formation in the San Pedro Mountains, Sandia, Jemez, and Nacimiento 

Mountains. Morrowan to Des Moinesian (Pennsylvanian) strata unconform

ably overlie the Arroyo Penasco Group and where the Log Springs Forma

tion is present. Morrow age strata rest with angular unconformity on the 

Log Springs Formation (Armstrong and Mamet, 1974, Fig. 2, p. 152).



85

The name Arroyo Penasco was proposed by Armstrong (1955, p. 3) 

for a "20-150 feet of gray, dense, fine-grained to oolitic, massive- to 

medium-bedded limestone . . ."in the Nacimiento Mountains. This inter

val was previously considered by Read and others (1974) to be a basal 

limestone of the Pennsylvanian age Sandia Formation, until Henbest (1946) 

correlated foraminifera of this interval with the Mississippian Leadville 

Limestone in Colorado. Additional early descriptions of the Arroyo 

Penasco Formation were provided by Fitzsimmons, Armstrong, and Gordon 

(1956) and Armstrong (1958a). Stratigraphic work by Baltz, Wanek, and 

Read (1956), Land (1959), Baltz and Read (1960), Parker and Roberts 

(1963, Figs. 4, 11), Miller, Montgomery, and Sutherland (1963) signifi

cantly modified or adopted modifications of the originally proposed 

Arroyo Penasco Formation.

The Arroyo Penasco Group, as proposed by Armstrong and Mamet 

(1974, p. 149), incorporates the developing nomenclatural modifications. 

The Arroyo Penasco Group includes the basal Espiritu Santo Formation 

(Baltz and Read, 1960), which in turn incorporates a basal sandstone, 

the Del Padre Sandstone (Miller and others, 1963), and the unconformably 

overlying Tererro Formation (Baltz and Read, 1960). The Espiritu Santo 

Formation would be grouped into Rose’s (1976) lower depositional com

plex, and the Tererro Formation and Logs Springs Formations would be 

included in the upper depositional complex. Baltz and Read (1960, p. 

1759-1768) divided the Tererro Formation into three members, and 

Armstrong and Mamet (1974, Fig. 2, p. 150) introduced a fourth member, 

the Turguillo Member. A comprehensive discussion of the nomenclatural
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evolution, fonnational characteristics, age relationships, and distribu

tion of the Arroyo Penasco Group is given by Armstrong (1958a, p. 970- 

971; 1967, p. 3-8) and Armstrong and Mamet (1974, p. 145-150; 1976, p. 

15-17).

The areally restricted Log Springs Formation is considered to 

be Chester in age by position in sequence between post-foram zone 16j 

and pre-foram zone 20 (Armstrong and Mamet, 1974, p. 150). Fonnational 

characteristics are discussed by Armstrong and Mamet (1974, p. 152-153).

Four Comers Area,
Northwestern New Mexico

The Redwall Limestone, a name first applied by Gilbert (1875, p. 

175) in northern Arizona, restricted to Mississippian strata by Noble 

(1922, p. 54), and nomenclaturally subdivided by McKee (1958, Fig. 2; 

1960a, p. B244; 1963) was extended into the subsurface of the Four Cor

ners area, including northwestern New Mexico, by Parker and Roberts 

(1963, p. 45; 1966, p. 2418) and concurred by Johnson (in Craig and 

others, 1972, Fig. 1).

Craig and others (1972, Figs. 4-7) suggest both an Osage age 

and Upper Kinderhook(?) to Osage age (Craig and others, 1972, Fig. 1) 

for strata in northwestern New Mexico. Mississippian strata in this re

gion lie solely within the lower depositional complex of Rose (1976, 

Figs. 7, 10).



A major portion of carbonate sedimentation in the study area is 

believed to have occurred above wave base on a low-gradient shelf. Max

imum depositional facies variation is considered to be the result of 

eustatic sea level fluctuations. Possible major eustatic sea level 

changes or emergence during Osage time was initiated in foram. zone 7 

and was followed by a submergence in foram. zone 8. Two interpreted 

lesser emergence pulses occurred at the Osage-Meramec boundary or at 

foram. zones basal 9 and 9/10. Kent (1975, p. 102-104) also noted a 

difference between the older and younger regressions employed concepts 

formulated by Coogan (1972) and R. K. Matthews (1974) to explain the 

observed less extensive and asymmetric younger regressive-transgressive 

sequence. Erosion has destroyed the record of these younger events in 

many of the sections studied, which made regional correlation unresolv- 

able. Thus, for regional correlation, detailed tabulation of facies 

variations was focused on the Osage mergence. In subsequent discussions 

these periods of regression will be referred to as the Osage and Osage- 

Meramec emergences. A stratigraphically younger sequence, a starved 

basin facies of Chester age that occurs predominantly in southeastern 

Arizona, was not included in this study.

Depositional aspects of the basal transgressive sequence, when 

present, are obscured. Approximately the basal 25-50 m in most of the 

sections examined are extensively recrystallized and/or dolomitized, 

making reliable facies delineation difficult.

MISSISSIPPIAN DEPOSITIONAL FACIES

87
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Irwin (1965) and Shaw (1964) provided a foundation for the bet

ter understanding of low-gradient platform or shelf carbonate sedimenta

tion. A modified Irwin (1965) sedimentation model appears suitable for 

application to Mississippian strata studied in Arizona and adjacent 

areas. Except for the Dos Cabezas, Jerome, and Lake Valley sections, 

most of the carbonate sedimentation was above wave base. The modified 

Irwin model includes nine depositional carbonate facies that the writer 

feels are demonstrably mappable for delineating shifts in transgressive- 

regressive sea level changes. Application of Folk’s (1974a) carbonate 

petrology schematic combined with conodont and foraminifera biostrati- 

graphic data allows meaningful evaluation of the variation of these 

nine depositional facies. These integrated data also allow definitive 

evaluation of Mississippian isopach trends as a function of non

deposition and/or erosion.

Figure 12 describes these nine facies with respect to the Irwin 

(1965) epeiric sea energy and sedimentation zones. Two noteworthy modi

fications were made in the model that better describe the Arizona shelf 

rocks. The major modification is the increased lateral segregation of 

sedimentation zones II and III of energy zone Y. This modification of 

zones II and III is necessary because a major portion of the Arizona 

Mississippian sedimentation lies within these zones that are shoreward 

of wave base. A second aspect of the modification pertains to the 

recognition of two intraclastic zones, each with a common symmetry 

about the oolite facies. In some sections the usually restricted 

oolite interval is missing. The two intraclast zones differ with
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respect to the clast composition. The intraclast facies shoreward of 

the oolite facies consists of pelloidal intraclasts, while the intra

clast facies seaward of the oolite facies contains primarily intraclasts 

generated from bioclastic material. The variation of intraclastic con

stituents in these two laterally distinct intraclastic facies may sim

ply be a function of the particulate supply available for disruption or 

distribution on either side of the oolite facies. In rare cases, mix

ing of these two intraclastic facies takes place, perhaps representing 

the recording of a severe disruption or storm event. In tracing a 

submerging or emerging sequence in a vertical sequence when the oolite 

facies was not present, the intraclastic facies consisting of bioclasts 

graded into the intraclastic facies consisting of pelloidal matter 

(emergence) or the reciprocal (submergence). The deletion of the oolite 

facies may indicate that the vertical sample interval was not adequate 

to delineate the thin oolite facies.

Facies definition and discussion of the petrology, field as

pects, and observed faunal content of the nine carbonate facies follow.

A summary of the field, faunal, and petrographic aspects of each carbon

ate facies may be found in Figure 13.

Near-shore, Low-energy Facies
(Sedimentation Zones IV and V)

Petrographically, the near-shore facies, or Irwin's (1965) sedi

mentation zones IV arid V, are defined in this study to include pellets, 

micrites, microsparites, pseudosparites, evaporites, or generally fine- 

crystalline dolomite with laminae of very coarse grained siltstone to



91

MODIFIED IRWIN 119641 -  ENERGY SEDlMENTAriOf. ZONES

a ; < A B c d
J ira 'lL u tll lC I1 ZoCLM T»,»M H,nc WOCLMTSIIIUOIT.CI W t U t t  BlOCLAtTS

_ _  INTMACLASTSQF BIQCLASTS , _ _  _  iNTRACLASTb UF L LL Tb

— --------------------------------------- -
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fine-grained sandstone. A laminated:texture or disrupted bedding asso

ciated with these petrologic aspects is generally definitive of this 

facies. The near-shore, low-energy facies was recognized in 14 of the 

24 measured sections that display the maximum Osage emergence event.

Table 3 lists the measured sections where this facies is present. At 

the Clifton, Stargo Hill-Morenci, and Pinal Creek measured sections this 

facies is present only at the base of the section and records the foram. 

zone 7 or older initial submergence (B. L. Mamet, personal communication, 

1976). This near-shore facies is present at the base of the sections 

measured that represent points of preserved initial Mississippian inun

dation of Osage age. The Kohls Ranch and Mt. Elden measured sections 

are representative of the initial foram. zone 8 Osage age submergence 

sequence.

Table 3 summarizes the distance between the base of the Missis

sippian strata and the interpreted first and last point of maximum 

Osage emergence in applicable measured sections. Also, the midpoint 

between the first and last occurrences of this facies associated with 

the Osage emergence is tabulated. The midpoint of the maximum emergence 

may provide a possible regional geologic time line for correlation pur

poses between measured sections. The first occurrence of maximum emer

gence or the last occurrence point may not be as meaningful for regional 

correlation as the midpoint between the first and last maximum emergence 

points, as many of the sections display a cyclic or oscillatory nature. 

Single maximum emergence events were interpreted only at three sections: 

Kaibab Trail, Vekol Mountains, and Peppersauce Canyon. Extensive '



Table 3. Description of Near-shore Facies Related to Osage Emergence
submergence Sequence•

MEASURED
SECTIONS

CONTINUOUS
VERTICAL
SEQUENCE

(M)

TOTAL FACIES 
THICKNESS 
RELATED TO 

SEQUENCE (M>

NUMBER OF 
EMERGENCE 
PULSES

FIRST OCCUR
RENCE OF FACIES 

FRCH HISS. 
BASE (H)

LAST OCCUR
RENCE OF FACIES 

FROM HISS. 
BASE (H)

THICKNESS 
OF INTERVAL

BETWEEN 
FIRST AND 

LAST OCCUR- 
RENCE OF

FACIES (M)
Dos Cabesas — — — — —

Patagonia — — —— — — —
Whetstone Mtn. 1.04,3.05, 8.36 3 43.19 89.28 46.09

Johnny Lyon
4.27
4.27,2.90, 13.27 3 46.03 88.82 42.79

Hill.
Nugget Cyn.

6.10
11.89 11.89 1 25.76 37.64 11.88

Peppcrsauce 6.10+ 6.10+ 1 21.58 — (6.10+)
Canyon

Waterman Mtn. .76,.31,.40 1.47 3 33.22 62.03 28.81
Vckol Mtn. 25.60 25.60 1 31.18 56.78 25.60
Superior 1.83,.76, 4.72 3 31.49 46.88 15.39

Ash Crock
2.13
2.05,3.05 6.10 2 23.17 53.34 30.17

Mescal Mtn, 2.35,5.79. 10.88 3 32.68 53.92 21.24

Van Winkle
2.74
1.52,2.44, 11.73 5 27.37 52.37 25.00

Ranch

Pinal Crk.-

4.88,1.98,
0.91

Globe 
Windy Mill __ — — — —
Clifton — — —— -- --
Stargo-Morencl — — - - —
lake Valley — — — — — —
Salt River 1.52,8.63, 19.76 5 16.25 43.31 27.06
Canyon

Chodlskl Mtn.
Kohls Ranch

2.29,1.22,
6.10

1.52 1.52
—

2.32* 3.84® 1.52*
Mt. Elden 12.50 12.50 — — 0.0* 12.50® 12.50*
Jerome — — — — — — —
Kalbah Trail 
Hindu Cyn.

Age relatlonahlps uncertain— near-shore facies present
«■— —

(Thunder Springs Member only) 
No. of values 32 13 11 11 10 10
Mean j 4.18 10.30 2.73 30.18 58.44 27.40
Std. Dev. 4.94 6.88 1.42 8.85 17.54 10.69

23.65 43.65 1.84 71.21 276.82 102.80

MIDPOINT 
OP MAX. 
EMERGENCE 
(M) FROM
MISS. BASE

66.24

67.43

31.70

47.63
43.98
39.19

38.26
43.30

39.87

29.78

10
44.74
12.82

147.84

aSub«orgcnce— value not ueed In calculations
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recrystallization observed at the Vekol Mountains, Peppersauce Canyon, 

and Nugget Canyon sections and erosion at the top of the Peppersauce 

Canyon section may account for the interpreted single emergence event.

Two emergence pulses are noted at Ash Creek, while the remainder of the 

sections studied recorded the Osage emergence event as 3 to 5 oscillatory 

pulses. The interpretation of multiple emergence pulses is probably not 

questionable; however, the absolute number of pulses in a region or to

tal absence of pulses may vary as a result of petrographic interpreta

tion or regional variation in shelf depositional setting with respect to 

wave base. In the measured sections containing the near-shore facies 

the mean oscillatory nature of this facies was calculated to be 2.7 

pulses with a standard deviation of 1.4 pulses. The maximum emergence 

event may display 5 pulses with an average regional recording of the 

oscillatory aspect being approximately 3 pulses.

The calculated mean for the thickness of a continuous vertical 

sequence or interval associated with the Osage emergence is 4.18 m with 

a standard deviation of 4.94 m. The continuous vertical thicknesses 

ranged from a minimal 0.31 m interval in the Waterman Mountains to three 

large and suspect values of 25.60, 17.86, and 11.89 m that were ob

served in the Vekol Mountains, Kaibab Trail, and Nugget Canyon sections, 

respectively. These high values are questionable and are probably the 

result of sampling and recrystallization problems at these sections.

The fourth and perhaps largest continuous vertical thickness, 6.10 m, 

was observed in intervals at three sections; the Johnny Lyon Hills, 

Peppersauce Canyon, and Chediski Mountain. The cumulative total



thickness mean associated with the Osage regression is 10.30 m with a 

6.88 m standard deviation.

In the field the near-shore facies has a varied topographic ex

pression. It is possible that relationships between stratification 

attitude and topographic expression are not obvious. Commonly, this in

terval forms a recessive cliff, semi-float covered slope, or a rubbly 

cliff or ledge.

Stratification aspects of this facies are variable. Typically, 

the near-shore facies has very thin to thin-bedded bedsets, commonly 

2.5-6.0 cm, but bedsets as thick as 46 cm are present. Within the bed- 

sets, 7-8.5 mm thick laminae are commonly present. Also discontinuous,• 

disrupted, lensing or undulating bedsets are diagnostic of this facies 

and are distinctive when contrasted to the planar bedsets typical of 

other carbonate facies. In carbonate rocks, easily discernible lami

nated horizons or algal-like banding is well displayed within this 

facies at Ash Creek, Windy Hill, and the Mescal Mountains sections. In 

the latter section, the laminae are contorted or disrupted. In some 

locations, the near-shore facies contains clastic intervals reflecting 

potential nearby positive elements. In the Salt River Canyon section, 

a coarse sublithlutite to coarse sublitharenite interval displays cur

rent ripple marks indicating a possible S80°E current. Vertically ad

jacent to these ripples are intervals of gypsum and conglomerate-breccia.

Fragments within the conglomerate-breccia include basic vol- 

canics or shallow intrusives of unknown age. Within this facies at the 

Waterman Mountains section is an undulating thin clastic interval

95



96

ranging from 0.0-0.76 m thick related to the Osage emergence. This 

clastic interval is composed of faintly stratified fine- to medium

grained quartz arenite. Also, at Peppersauce and Nugget Canyons, a 

thin (0.31 m) laterally pervasive clastic interval related to the Osage 

emergence is present. This thin interval is composed of a dolomite- 

cemented, very fine to fine-grained quartz arenite. The occurrence of 

these clastic intervals is puzzling if they are related specially to 

the geometry of the Mississippian basins described by Stoyanow (1942, 

p. 1272), McKee (1951, Fig. 1c), Peirce and others (1970, PI. 12), and 

the southeastward tilting Pedregosa Basin described by Bahlburg and 

Silver (1976, p. 646-647). Instead of the clastic intervals being per

vasive at the margins of the basins described by the above workers, 

the elastics occur in the deeper if not the deepest portions of the iso- 

pach delineated basin. The presence of these clastic intervals, there

fore, strains this basin configuration interpretation. At the base of 

the Clifton and Stargo Hill-Morenci sections, medium-scale trough 

cross-stratified sequences are composed of calcite-cemented, coarse

grained quartz lutite to medium-grained quartz arenite. Horizontal 

bedsets occur within the cross-stratified sets. The basal clastic se

quence present at.the Clifton and Stargo Hill-Morenci sections could be 

potentially linked with these elastics described in the Waterman Moun

tains, Peppersauce, and Nugget Canyons except for the fact that the 

Clifton-Morenci basal elastics of the Modoc Limestone are not associ

ated with the Osage regression but are related to an older initial 

Mississippian transgression. These time discrepancies also pose



problems for those who wish to connect these areas as part of a Paleo

zoic transcontinental arch, trending northeast to southwest across this 

area.

Another aspect not delineated as well petrographically as in 

the field is an alternating lighter and darker colored bedset cryclicity 

that is commonly observed within this facies and is particularly well 

displayed in the Vekol Mountain section where four pronounced cycles 

are present. Other sections displaying good color cyclicity are the 

Van Winkle Ranch and Johnny Lyon Hills sections.

The fresh color of this facies is usually a combination of 

brown, yellow, and gray hues. Specifically, the more common colors 

associated with this facies are moderate yellowish brown (10YR 5/4), 

light brownish gray (SYR 6/1), light olive gray (5Y 6/1), or brownish- 

gray (5YR 4/1). In a few of the measured sections, certain intervals 

within this facies contain grayish-pink (5R 8/2), pale red (10R 6/2), 

or grayish orange pink (10R 8/2) intervals.

Megafauna normally scarce throughout all facies examined is lo

cally concentrated along a few horizons within the near-shore facies.

No diversity of megafauna in these select horizons is present. Only 

horizons of rugose corals in a non-growth position are pervasive. Fora- 

minifera and conodont microfauna are absent within this interval except 

for a few abraided, fragmented conodonts. Within this facies a dis

tinctive 1.22 m interval of fossil hash, presumably a beach rock se

quence, was measured at the Mescal Mountains section.

97



98

Compositionally, the near-shore facies associated with the Osage 

emergence consists predominantly of a very fine to medium-crystalline 

dolomite. A very fine to fine-crystalline subsucrosic mosaic dolomite 

is the most prevalent rock type. Paucity of skeletal and non-skeletal 

components is characteristic of this facies. Less than 5% coarse-grained 

silt to very fine grained sand is dispersed within the dolomite. The 

composition of the silt and sand is predominantly quartz. However, a 

clastic interval in the Salt River Canyon area consists of a sublithlu- 

tite to sublitharenite. Generally, the grain morphology of the clastic 

particles is equant to subequant grains, less commonly semi-elongate 

grains that are angular to subangular. The sorting is generally moder

ately good with 2 to 3 size classes constituting 90% of the clastic 

constituents.

In some of the measured sections chert lenses are scarce in 

association with the dolomite; however, at Ash Creek, variations from 

5-30% chert lenses and discontinuous beds in stratigraphic progression 

are in association with a fine-crystalline subhedral mosaic dolomite. 

Microclastic material reflects faint laminations within the dolomite 

sequence, while in some thin sections the microclastic material is dis

seminated or forms a diffuse haze. The variation between laminated 

and disseminated microclastic horizons may be a function of thin sec

tion orientation. Biogenic disruption of some of these finely lami

nated horizons is present.

Towards the top of a vertical succession of a dolomitized in

terval, the magnesium content apparently decreases and the dolomite
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gradually transcends to a fine- to coarse-crystalline calcite or pseudo- 

sparite capped by micrite. Where this upper pseudosparite and/or mi- 

crite horizon is absent, a coarser crystalline dolomite is generally 

observed with minor patches (usually less than 5% of the total rock per

centage) consisting of fine-crystalline calcite.

The basal transgressive sequence of foram. zone 7 or older, ob

served at Clifton and Stargo Hill-Morenci, is composed of horizontal 

and cross-stratified intervals of megaquartz cement and alternating 

fine- to medium-crystalline calcite and dolomite cemented subangular to 

subround very fine to medium-grained quartz arenite. In some intervals, 

a wider range of clastic grain sizes range from a coarse-grained quartz 

lutite to a very fine to medium-grained quartz arenite.

As has been previously stated, the basal 25-50 m of Mississip- 

pian strata in sections having foram. zone 7 or older, consist primarily 

of a highly dolomitized and/or recrystallized sequence. Assignment of 

carbonate facies in this basal sequence is tenuous, but on the basis of 

bedding properties and other factors, a deeper water facies than the 

near-shore facies is interpreted. Strata containing foram. zone 7 or 

older may be present in a few sections as a thin basal interval contain

ing Kinderhookian platform conodonts. Ethington (1965, p. 568) first 

described this age relationship along Pinal Creek northwest of Globe, 

where he reported Siphonodella isoticha Cooper. This section was also 

measured and sampled by the writer, and confirms Ethington*s

observations.
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At Peppersauce and Nugget Canyons, the near-shore clastic 

transgressive facies of foram. zone 7 or older is composed of medium- 

scale trough cross-stratified, fairly well sorted, fine- to medium- 

crystalline dolomite cemented very fine to coarse-grained quartz . 

arenite. This approximately 1.5 m basal sequence is overlain by a fine- 

to medium-crystalline dolomite containing allochem ghosts or relics of 

an interpreted more seaward facies than the near-shore facies.

Pelloidal Facies 
(Sedimentation Zone IIIC)

The pelloidal facies is defined to consist of pellets consti

tuting at least 66% of the total allochems present. The pellets are 

characteristically cemented with micrite or microsparite, although many 

are cemented by a fine-crystalline granular sparry calcite.

The pelloidal facies associated with the Osage emergence- 

submergence was recognized in 14 of the 24 sections measured. Table 4 

depicts those sections including this facies and describes the continu

ous vertical interval, and cumulative total thickness of the submergence 

and emergence phases.

The pelloidal facies ranging from a minimum continuous vertical 

sequence of 0.76 m to a maximum of 12.01 m observed at the Dos Cabezas 

and Waterman Mountains localities, respectively. The continuous verti

cal sequence mean thickness of the emergence phase was calculated to be 

5.02 m with a standard deviation of 3.44 m. In contrast, the mean 

thickness of the continuous vertical sequence during submergence was 

computed to be 3.29 m with a standard deviation of 2.48 m. Unlike the



Table 4. Description of Pelloidal Facies Related to Osage Emergence-submergence
Sequence.

MEASURED
SECTIONS

EMERGENCE 
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL 

(M) (M)

SUBMERGENCE 
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL 

(M) (M)

TOTAL
THICKNESS OF 
FACIES RELATED 

TO E-S 
SEQUENCE CM)

FIRST 
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (M)

LAST
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (M)

THICKNESS OF 
INT. BETWEEN 

FIRST AND LAST 
OCCURRENCE OF 
FACIES CM)

MIDPOINT OF 
MAXIMUM 
EMERGENCE 
CM) ABOVE 
MISS. BASE

Dos Cabezas 0.76 0.76 0.76 0.76 1.52 28.35 29.87 1.52 29.11
Patagonia 2.29 2.29 2.29 2.29 4.58 28.96 33.54 4.58 31.25
Whetstone
Mountains

10.76,6.49,
6.10,4.57

27.92 2.13,3.23 5.36 33.28 32.43 89.28" 56.85® 60.86“

Johnny Lyon 
Hills

3.05,6.40,
3.96

13.41 7.74 7.74 21.15 39.62 88.82" 49.20® 64.22“

Nugget Cyn. 9.91 9.91 9.91 9.91 19.82 37.64 57.46 19.82 47.55
Pcppersauce — — — — — — — — — — — — —

Waterman
Mountains

8.53,12.01 20.54 0.82,5.49,
5.67

11.98 32.52. 24.69 65.38 40.69 45.04

Vekol Mtn. 3.35 3.35 — » — 3.35 27.83 56.78® 28.95" 42.31®
Superior 1.52,1.52 3.04 2.13,1.52 3.65 6.69 29.96 49.93 19.97 39.95
Ash Creek 8.23 8.23 2.59 2.59 10.82 36.21 53.34® 27.13® 39.78"
Mescal Mtn. 5.79 5.79 3.05,1.52 4.57 10.36 35.02 61.54 26.52 48.28
Van Winkle 
Ranch

1.52,1.52,
2.13

5.17 5.18 5.18 10.35 28.90 51.45 22.55 40.18

Pinal Creek — — e— —  — mm mm — — — — —

Windy 11111 — — — ___ ___ mmmm — — —

Clifton — — «— mm mm mm mm —  *

Stargo-Horenci — ■  e- ■  M mm — — —  w

Lake Valley — — ___ , ■- i— mmmm ^mm

Salt River — ___ 1.52,1.52 3.05 3.05 16.25“ 37.22 20.97* 26.74“
Chedlskl Mtn. ___ »  — ___

Kohls Ranch — ___ 3.84 3.84 3.84 0.0b 3.84^ 3.84b —

Mt. Elden — 1.52 1.52 1.52 12.50" 14.02* 1.52b —
Jerome •mmm — — —

Katbab Trail — —  — ___ — mmmm — —

Hindu Canyon —
(HINDER SPRINGS MEMBER ONLY)

— — — — — —

No. of Values 20 11 19 13 14 12 12 1 2 12
Mean 5.02 9.13 3.29 4.80 11.63 29.66 56.22 26.56 42.94
Std. Dev. 3.44 8.47 2.48 3.30 10.91 6.19 18.85 16.19 11.46
Variance 11.26 65.20 5.81 10.03 110.58 35.16 325.84 240.17 120.45
Estimated value, interval absent. 
^Submergence, value not used In calculation.

HO
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oolite facies that appears to have preferential preservation or devel

opment of the submergence phase, the pelloidal facies appears to be 

better developed and/or preserved during the emergence phase. This con

clusion is further substantiated when one analyzes the total cumulative 

mean thickness of this facies. The emergence phase total cumulative 

mean thickness is 9.13 m with a standard deviation value of 8.47 m, in 

contrast to the submergence phase total cumulative mean thickness of 

4.80 m with a standard deviation of 3.30 m.

The preserved pelloidal facies associated with the Osage trans

gression represents the first recorded Mississippian inundation in the 

Mt. Elden and Kohls Ranch sections. The pelloidal facies present at 

Chediski Mountain and Windy Hill sections represent a younger sedimenta

tion sequence, foram. zone 8/9 (Mamet, 1976).

In the field,' the pelloidal facies characteristically is in very 

thin bedsets to thin bedsets (3.0-10.0 cm), although bedsets as thick 

as 25 cm are not uncommon. Laminae are within the bedsets, but are not 

pervasive. Horizontal stratification is the only sedimentary structure 

considered typical of this facies.

Topographically, the pelloidal facies tends to be a cliff or 

ledgy cliff former and is locally a recessive cliff or ledgy dipslope. 

The variation in topographic expression may be related to stratifica

tion attitude, as the pelloidal facies commonly forms a recessive or 

ledgy topography when the stratigraphic dip exceeds 25°.

An interesting and not unexpected aspect of this facies is the 

cyclic nature of the beds that may reflect periodic depositional
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interruptions. Observation of the repeating alteration in bedset hue 

provides a possible clue as to the presence of the pelloidal facies.

This cyclical pelloidal facies is well-developed in the regressive se

quence at Johnny Lyon Hills and in the submergence phase at the Waterman 

Mountains.

The fresh color of the pelloidal facies typically is a light 

brownish gray (5YR 6/1), brownish-gray (5YR 4/1), or light olive gray 

(5Y 6/1); rarely some intervals at the Waterman Mountains section are 

a grayish-pink (5R 8/2) and at the Salt River, a pale red (5R 6/2). 

Absence of conodonts and paucity of macrofauna and foraminifera are 

characteristic of this facies. Small, rugose corals also are present.

Characteristic associated skeletal allochems are minor amounts 

of ostracods, brachiopod spines, and algae. Associated non-skeletal 

allochems consist of pelletiferous intraclasts and, less commonly, 

oolites.

The pellets commonly range in size from 0.029-0.143 mm, but are 

as large as 0.286 mm diameter. Pellet morphology changes with size.

The smaller pellets tend to be more circular while the larger pellets 

are typically ovoid to irregular in form.

Microsparite and very fine crystalline calcite cement prevail. 

Cement crystal size appears to be related to pellet size. Small pellets 

generally are bound by granular microsparite or very fine to fine- 

crystalline calcite. Larger pellets (0.150-0.286 mm) are usually bound 

by granular and rim cement ranging from fine- to coarse-crystalline 

calcite. The rim type cement constitutes the minor cementing media.
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Lensold and discontinuously bedded cherts may be associated with 

this facies. Characteristically, the chert constitutes a minor fraction 

(less than 3%) of the rock within a stratigraphic interval. A parage- 

netic sequence of diagenesis of an interval within this facies revealed 

that silica replaces the pelloidal facies and then is altered by a dolo- 

mitization event.

Randomly disseminated minor (usually less than 3%) detrital ma

terial is commonly associated within the pelloidal facies. Character

istically, the detritus consists of medium- to coarse-grained silt.

Pelletiferous.Intraclastic Facies 
(Sedimentation Zone IIIB)

The pelletiferous intraclastic facies is defined as consisting 

of minimally 33% intraclasts that are made of aggregates or clumps of 

pellets generally cemented by fine- to medium-, sometimes coarse- 

crystalline granular calcite. The pelloidal material within the intra

clasts is characteristically cemented by microsparite or very fine 

crystalline calcite. Pelloidal material, foraminifera, and minor amounts 

of ostracod, algae, and a few oolites are commonly associated with this 

facies. The predominance of the pelloidal clump-like material is inter

preted to be the result of a slightly different energy level creating 

disruption of the pelloidal facies. Paucity of other non-skeletal and 

skeletal material and abundance of pelloidal material lends support to 

this conclusion. Because of the allochem composition, and because of 

the position in stratigraphic sequence, this facies is interpreted as



occurring shoreward of the oolite facies, yet seaward of the quiet 

water pelloidal facies.

The pelletiferous intraclastic facies associated with the foram. 

zone 7-8 emergence-submergence sequence was observed in 14 of the 24 

sections measured. Table 5 depicts those sections containing this 

facies. The pelletiferous intraclastic facies examined at the Vekol 

Mountains and Peppersauce Canyon has undergone severe recrystallization 

such that the record of this facies has been almost obliterated.

Other occurrences of this facies not associated with the early 

Osage emergence-submergence sequence were those strata that record the 

first preserved sea inundation during the Mississippian period at the 

Chediski Mountain, Windy Hill, and Mt. Elden measured sections.

The latter section is the only one associated with the foram. 

zone 8 submergence sequence. Chediski Mountain and Windy Hill record 

only a younger submergence sequence, a foram. zone 9 sequence (Mamet, 

1976). The pelletiferous intraclastic facies was also observed near 

the top of the Jerome measured section.

Table 5 summarizes the thickness relationships of this facies 

as related to the Early Osage emergence-submergence sequence. The mean 

thickness of the facies recording this event is 8.77 m with a standard 

deviation of 5.84 m. The continuous vertical sequence relationship of 

the emergence-submergence phase is remarkably similar, with a continuous 

vertical sequence mean of 4.05 and 3.05 m.rrespectively, with corre

sponding standard deviation values of 4.16 and 1.76 m. The cumulative 

total thickness mean value associated with the emergence and
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Table 5. Description of Pelletiferous Intraclastic Facies Related to Osage Emergence-
submergence Sequence.

MEASURED
SECTIONS

EMERGENCE
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL 

(M) (H)

SUBMERGENCE
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL 

(M) (M)

TOTAL
THICKNESS OF 

FACIES RELATED 
TO E-S 

SEQUENCE (M)

FIRST
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (M)

LAST
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (M)

THICKNESS OF 
INT. BETWEEN 

FIRST AND LAST 
OCCURRENCE OF 
FACIES (M)

MIDPOINT OF
MAXIMUM 

EMERGENCE 
(M) ABOVE 
MISS. BASE

Dos Cabezas 3.05 3.05 3.20 3.20 6.25 25.30 33.07 7.77 29.19
Patagonia 4.57,1.52 6.09 — — - 6.09 21.34 33.53® 12.19® 27.44®
Whetstone Mtn. 1.52,4.05,

3.05
8.62 1.52,4.05 5.57 14.19 32.43° 89.28° 56.85® 60.86®

John. Lyon HI. 4.42,7.01 14.48 6.10 6.10 20.58 39.62® 94.92 55.30® 67.27
Nugget Cyn. 19.81 19.81 — —— 19.81 25.76® 57.46 31.70® 41.61®
Peppers. Cyn. 1.52 1.52 — —— 1.52 20.06 — — ——
Waterman Mtn. 3.66,3.05,

1.37,1.52
9.60 9.60 24.69® 66.90 42.21® 45.80®

Vekol Mtns. — *—* 6.10 6.10 6.10 27.83® 62.88® 35.05® 45.36°
Superior 1.22,3.05 4.27 1.52 1.52 5.79 31.49® 51.45 19.96® 41.47®
Ash Creek 2.44,3.05 5.49 7.01 7.01 12.50 20.73 53.34 32.61° 37.04°
Mescal Mtns. — — 3.05,1.52 4.57 4.57 32.67® 56.97 24.30 44.82°
Van Wink. Rch. —— —— 1.98,3.20 5.18 5.18 27.37® 51.45 24.08° 39.41®
Pinal Creek —— —— — —— — • —— —— — —
Windy Hill — — —— —— —— —— —— — —
Clifton — — — — —— — —— —
Stargo-Morenci —— —— —— —— —— — — ——
Lake Valley —— — — — —— —— —— — —
Salt River 1.52,3.05 4.57 1.52 1.52 6.09 16.25° 43.31° 27.06® 29.78°
Chediskl Mtn. — —— — —— — — — mmmm —

Kohls Ranch — — — —— —— —— —— —— —
Mt. Elden —— — 1.52,3.05 4.57 4.57 12.50b 18.59b 6.09b —
Jerome —— —— — — — — —— — ——
Kaibab Trl. —— —— —— — — —— —— — ——
Hindu Cyn. —

(Thunder Springs Member Only)
No. of Values 16 9 18 11 14 13 12 12 12
Mean 4.05 7.54 3.05 5.00 8.77 26.58 57.88 30.76 42.50
Std. Dev. 4.56 5.94 1.78 2.36 5.84 6.35 19.04 15.16 11.99
Variance 18.67 31.35 2.98 5.07 31.63 37.26 332.44 210.57 131.84
^Interval absent, value estimated, 
kSubmergence, value not used in calculations.
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submergence phases are 7.54 and 5.00 m, respectively. Standard devia

tion values calculated for these means are 5.94 and 2.36:m, respec-r 

tively. Unusually thick sequences of this facies were observed in the 

Johnny Lyon Hills area where 14.48 and 6.10 m were observed as the emer

gence and submergence components, respectively. Also, unusually thick 

sequences were observed at the Whetstone Mountains and Nugget Canyon 

sections. The larger thickness value observed at Nugget Canyon may be 

interpretive error resulting from recrystallization problems and conse

quent grouping of unresolvable facies within the pelletiferous intra- 

clastic facies.

Relatively low standard deviation values were calculated for the 

continuous vertical sequence within an emergence or submergence pulse, 

which may indicate that this facies has a characteristic thickness value 

regionally. The total cumulative thickness representing the emergence 

phase does not appear to be consistent, perhaps due to erosion during 

the regression. Low standard deviation values of the total cumulative 

thickness of the submergence phase may indicate that this facies has a 

characteristic thickness signature for the submergence event regionally.

In the field, this facies commonly occurs as a cliff or ledgy 

cliff former in measured sections having regional dips less than 25°. 

Topographic expression of measured sections with dips exceeding 25° are 

commonly expressed as a cliffy slope or ledgy dipslope. This facies is 

seldom poorly exposed.

Bedding or laminations are rarely observed within this facies. 

Thin-bedded bedsets generally ranging from 5-25 cm are representative.
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but locally bedsets as thick as 60 cm are present. Laminae were ob

served within the submergence phase of this facies at the Chediski Moun

tain and Johnny Lyon Hills sections. Bedsets are almost universally 

horizontal, although medium-scale trough cross-beds are within this 

facies at the Superior section.

Fresh colors of the pelletiferous intraclastic facies are mainly 

light brownish gray (5YR 6/1), light olive gray (5Y 6/1), and olive gray 

(5Y 4/1). Medium gray (N5) and light gray (N7) are less representative 

colors of this facies.

Macrofauna associated with this facies are not diverse, and when 

present are usually rugose corals, including Vesicullophylum, which have 

no preferred orientation. Microfaunally, this facies contains horizons 

rich in foraminifera. In addition to the locally bountiful foraminifera, 

dasyclad and ladder-like algae and ostracods occur in minor amounts 

(usually less than 10% of the rocks total allochem constituency). Iso

lated crinoids and echinoderm fragments may be observed, but are very 

rare. Non-skeletal components consist primarily of intraclasts of pel- 

loidal material, isolated pellets, and minor amounts of oolites. All 

components, particularly the skeletal ones, have a rounded and abraided 

texture, generally with a micrite-coated exterior.

The allochems are cemented predominantly by granular calcite 

dispersed commonly with 10-20% rim calcite. The calcite cement ranges 

from a fine- to medium-crystalline calcite; however, medium- to coarse- 

crystalline and fine- to coarse-crystalline calcite cements are present.



The pelloidal material within an intraclast is usually cemented by a 

microsparite or very fine.to fine-crystalline calcite.

The overall sorting properties of the skeletal and non-skeletal 

allochems is better with higher percentages of pelloidal content. Com

mon size ranges of the two principal components, pelletiferous-bearing 

intraclasts and pellets, are 0.43-3.00 mm and 0.06-0.38 mm, respectively.

Clastic detrital components are rare. A few intervals contain

ing less than 5% disseminated coarse silt to very fine sand are present.

Oolite Facies 
(Sedimentation Zone IIIA)

The oolite facies is defined in this study to be present where 

oolites constitute greater than 25% of the allochems or grain constitu

ents present. The oolite facies was observed in only 10 of the 24 sec

tions measured related to the Osage emergence. The regional distribution 

of the oolite facies is summarized in Table 6 where its presence is 

tabulated with respect to the emergence or submergence phase of the 

Osage emergence.

Crystallization-dolomitization problems at the bases of the Mis- 

sissippian sections prohibit recognition of this facies related to the 

initial Hississippian submergence. In measured sections where the 

facies was not recognized, the absence may be due to the oolite interval 

not being recognized as a separate sedimentation unit or because the 

oolite facies interval was smaller than the field sampling interval, a 

sampling interval which appears to be quite adequate for resolution of 

the other petrologic facies delineated. Absence of this facies at the
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Table 6. Description of Oolitic Facies Related to Osage Emergence-submergence Sequence.
EMERGENCE SUBMERGENCE TOTAL FIRST LAST THICKNESS OF MIDPOINT OF

CONTINUOUS CONTINUOUS THICKNESS OP OCCURRENCE OCCURRENCE INT. BETWEEN MAXIMUM
VERTICAL VERTICAL FACIES RELATED OF FACIES OF FACIES FIRST AND LAST EMERGENCE

MEASURED SEQUENCE TOTAL SEQUENCE TOTAL TO E-S FROM MISS. FROM MISS. OCCURRENCE OF (M) ABOVE
SECTIONS (M) (H) (M) (H) SEQUENCE (M) BASE (M) BASE (M) FACIES (M) MISS. BASE

Dos Cabezas —— —— — • — 25.29“ 33.07= 7.78= 29.18=
Patagonia —— — — 1.52 1.52 1.52 21.18= 47.24 26.06= 34.21“
Whetstone Mtn. — —— <3.05 <3.05 3.05 32.43a 92.32 59.89= 62.38=
John• Lyon 111. — — — 3.05,3.05 6.10 6.10 39.62= 94.92 55.30= 67.27=
Nugget Cyn. — — — — — — 25.76= 57.46= 31.70= 41.61=
Peppers. Cyn. — —— — —— — — 20.06= — — — —

Waterman Mtn. 1.52,1.83 3.35 2.44.0.31 2.75 6.10 20.97 61.63 40.66 41.30
Vekol Htns. 1.83 1.83 — — — 1.83 26.00 62.88* 36.88* 44.44°
Superior 1.52,2.74 4.26 6.10 6.10 10.36 29.96 57.55 27.59 43.76
Ash Creek — — — — — — — 20.73= 53.34* 32.61* 37.04*
Mescal Htns. 3.05 3.05 1.52.1.52,

1.98.1.52, 
1.52

8.06 1 1 . 1 1 29.63 71.29 41.66 50.46

Van Wink. Rch. 1.52 1.52 0.91,1.52,
3.66

6.09 7.61 25.85 64.40 38.55 45.13

Pinal Creek — — — — — — — — — — — — — —

Windy Hill — — — — — — — — — — — — — — — —

Clifton — — — — — ■ — — — — — — —

Stargo-Morenci — — — — — — — — — — — —

Lake Valley w — — — — — — — — — — —

Salt River 4.57,3.05
1.22

8.84 1.52,3.05 4.57 13.41 11.67 49.41 37.74 30.54

Citediski Mtn. — — — — — — — — — — — —

Kohls Ranch mmmm — — — — --- 1 ii i mmmm — —

ML. Elden —  ■« — — — — 14.02®*b — — ~mm mmmm

Jerome — — — — 4.57 4.57 4.57 0.00= 4.57 4.57 mmmm

Kaibab Trl. — — — — — — — — — - — — — —

Hindu Canyon — — — — — — — — — — — — — —

(Thunder Springs Member Only)
No. of Values 10 6 18 9 10 13 13 13 12
Mean 2.29 3.81 2.38 4.76 6.57 25.32 57.70 33.92 43.94
Std. Dev. 1.05 2.66 1.41 2.06 4.05 6.88 23.24 15.64 11.60
Variance 0.99 5.91 1.88 3.75 14.77 43.63 498.65 225.76 123.39
a
b
Estimated value, interval absent. 
Submergence, value not used in calculations.
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Lake Valley section is believed to be related to the interpreted rela

tively deeper water depositional environment present during the Osage 

emergence event. Sedimentation zones I, II2A, and II2B are pervasive 

in this section.

The oolite facies is characteristically a stratigraphically thin 

interval ranging from 0.31 m in continuous vertical sequence in the 

Waterman Mountains to 6.10 m in continuous vertical succession in an in

terval observed at Superior. Related to the Osage emergence in continu

ous vertical sequence, a mean thickness of 2.29 m with a standard 

deviation of 1.05 m was calculated for the emergence phase. A 2.38 m 

mean thickness value with a standard deviation of 1.41 m was calculated 

for the submergence phase. The emergence phase has a total cumulative 

mean thickness of 3.81 m with a standard deviation of 2.66 m, and the 

submergence phase has a 4.76 m mean thickness with a standard deviation 

of 2.06 m. The higher total cumulative thickness mean value associated 

with the submergence leg of the oolite facies may indicate that the 

deposition and/or preservation of the submergence phase is favored in 

contrast to the emergence leg.

In the field the oolite facies commonly occurs in thin to thick 

(15-122 cm) bedsets. Bedding, if apparent, is typically horizontal, 

but at some locations medium-scale trough cross-stratified thin bedsets 

are present. Topographic expression varies with bedding attitude.

This facies commonly forms a cliff when stratigraphic dip is greater 

than 25°. Stratigraphic intervals with dips less than 25° commonly oc

cur topographically as cliffy slopes or recessive cliffs.



The fresh color of the oolite facies is remarkably uniform in 

the sections examined, the most typical fresh color being light gray 

(N7), but locally a light brownish-gray (SYR 6/1), pale yellowish-brown 

(10YR 6/2), or light olive gray (5Y 6/1) occurs.

Macrofauna are scarce in this facies. Where macrofauna are 

present, diversity is extremely low. Rugose corals dominate the sparse 

fauna. Algae and foraminifera, commonly occurring as coated intraclasts, 

comprise the bulk of the microfauna.

The allochem content of the oolite facies may consist primarily 

of oolites or be diluted by other allochem components derived from lat

erally equivalent facies (Figure 13). Although the oolite diameters 

range from 0.20-0.71 mm, the more common size range is 0.42-0.71 mm.

Commonly associated non-skeletal components are pellets and in

traclasts containing either pelloidal or skeletal material. Typically 

associated minor skeletal materials are articulated and disarticulated 

ostracods, algae, foraminifera, and crinoid-echinoderm plates. Texture 

of the skeletal particulate matter, if present, has a rounded and 

abraided, generally micritic-coated, exterior. Oolitic and associated 

skeletal and non-skeletal materials are characteristically cemented by 

a granular, fine- to medium-crystalline sparry calcite, although fine- 

to coarse-crystalline cements occur. Usually minor amounts of rim ce

ment are present with the predominant granular cement. Minor amounts 

of microsparite cement are present and may be related to diagenetic 

alteration of allochem material.
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Bioclastic-intraclastlc (Intraclasts of 
Bioclasts) Facies (Sedimentation Zone IIP)

The bioclastic-intraclastlc facies is defined as consisting of 

intraclasts of bioclastic or skeletal material constituting 33% or more 

of the total allochems present. Bioclasts of crinoidal and echinodermal 

plates are commonly associated with this facies. Allochems are typically 

cemented by a mixture of predominantly rim and, to a lesser extent, 

granular calcite in the fine- to medium-crystalline size range. Fora- 

minifera and minor pelloidal or oolitic grains appear to be characteris

tic of this facies, although they may not be present in some intervals.

Table 7 describes the occurrence of this facies associated with 

the Osage regression. The bioclastic-intraclastlc facies is recognized 

in 17 of the 24 sections measured that reflect the Osage emergence. 

Within the Osage emergence, only a slight preference of depositional 

and/or preservation of the emergence phase is displayed. The calcu

lated mean total thickness of the emergence leg is 8.5 m with a standard 

deviation of 5.34 m, which is in contrast to the 7.6 m thickness with 

a standard deviation of 3.79 m calculated for the submergence leg. Con

tinuous vertical sequence means also depict this slight depositional 

enhancement and/or preservation of the emergence leg with values of 5.96 

and 5.05 m thicknesses with corresponding 5.31 and 3.91 m standard devi

ations for the respective emergence and submergence legs. The relative

ly high standard deviation values indicate that a high degree of 

thickness variation can be expected in this facies. The thickest 

bioclastic-intraclastlc sequences recorded are in the Modoc Limestone



Table 7. Description of Bioclastic-intraclastic Facies Related to Osage Emergence-
submergence Sequence.

MEASURED
SECTIONS

EMERGENCE 
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL 

(M) (M)

SUBMERGENCE
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL 

(M) (M)

TOTAL
THICKNESS OF 

FACIES RELATED 
TO E-S 

SEQUENCE (M)

FIRST
OCCURRENCE 
OF FACIES 

FROM MISS.
BASE (M)

LAST
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (H)

THICKNESS OF * 
INT. BETWEEN 

FIRST AND LAST 
OCCURRENCE OF 
FACIES (M)

MIDPOINT OF 
MAXIMUM 

EMERGENCE
(M) ABOVE 
MISS. BASE

Dos Cabezas 3.35,1.52 4.87 — — 4.87 17.37 33.07^ 15.70^ 25.22*
Patagonia 7.62,1.52 9.14 2.13,4.12,

1.52
7.77 16.91 13.56 48.77 35.21 31.17

Wlietstone Htn. 3.05 3.05 4.05 4.05 7.10 29.38 92.32* 62.94* 60.85*
John. Lyon HI. 6.10 6.10 6.10 6.10 12.20 33.53 101.01 67.48 67.27
Nugget Cyn. 1.68 1.68 7.01 7.01 8.69 24.08 64.47 40.39 44.28
Peppers. Cyn. — — — — — 20.06* — — — —

Waterman Htn. 12.65 12.65 — — 12.65 9.39 66.90* 57.51“ 38.15“
Vekol Mtns. 1.83 1.83 — — — — 1.83 26.00 62.88“ 36.88“ 44.44“
Superior 13.87,2.74 16.61 1.52,1.52,

5.49
8.53 25.14 16.09 59.99 43.90 38.04

Ash Creek 11.58 11.58 6.25 6.25 17.83 9.14 59.59 50.45 34.37
Mescal Mtns. 11.49 11.49 6.10 6.10 17.59 18.14 74.34 56.20 46.24
Van Wink. Rch. 1.52,1.52,

3.75
6.79 0.91,5.18,

4.57
10.66 17.45 14.94 67.45 52.51 41.20

Pinal Creek — — — — — — — — — — — — —

Windy Hill — — — — — — — — — — — —

Clifton 14.78 14.78 14.784* 14.78 29.56 14.78 44.344* 29.56 29.56
Stargo-Morencl 15.86 15.86 15.86 15.86 31.72 10.52 42.25 31.73 26.39
Lake Valley — — — — — — — — — — —

Salt River 1.52,1.22 2.74 5.43 5.43 8.17 13.20 50.26 37.06 31.73
Chedlskl Htn. — — — — — — — — — — —

Kohls Ranch —  — — — 5.79 5.79 5.79 3.96^ 9.75b 5.79̂ — —

Mt. Elden — — 1.52,3.05 4.57 4.57 14.02^ 21.64b 7.62“ — —

Jerome — — — 3.05 3.05 3.05 0.00b 3.05b 3.05“ —

Kalbab Trl. — — — — — — — — — — —

Hindu Canyon
(Thunder Springs Member Only)

No. of Values 20 14 21 14 17 15 14 14 14
Mean 5.96 8.51 5.05 7.57 13.24 18.01 61.97 44.11 39.92
Std. Dev. 5.31 5.34 3.91 3.79 9.16 7.32 18.64 14.42 12.26
Variance 26.75 26.51 14.55 13.37 78.88 50.07 322.54 193.17 139.62
aEaLimated value. Interval absent. 
^Submergence, value not used In calculations.
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at Clifton and Stargo Hill-Morenci sections. Other thick Osagian inter

vals of this facies are at the Superior, Ash Creek, Mescal Mountains, 

and Van Winkle Ranch sections.

In the field, this facies characteristically forms a cliff, 

ledgy cliff, or ledgy slope. No obvious relationship exists between 

bedding attitude and topographic expression, but there is a slight pref

erence for this unit to be a cliff former when the degree of bedding dip 

is less than 25°. A ledgy slope more commonly forms when the dip ex

ceeds 25°.

The stratigraphic aspect of the bioclastic-intraclastic facies 

is characteristically uniform. Horizontally stratified thin-bedded bed- 

sets commonly ranging from 15-25 cm typify this facies, although in some 

intervals horizontally stratified bedsets range from 5-60 cm. Rarely, 

very thin to thin-bedded bedsets were observed, but when present ranged 

from 1.3-8 cm in thickness. No apparent bedding or laminae were ob

served within the horizontally stratified bedsets. When this facies 

merges with the oolitic facies, medium-scale trough cross-stratified 

beds are present.

The fresh colors associated with this facies are typically light 

gray (N7), medium gray (N5), or light olive gray (5Y 6/1). Departure 

from these colors within this facies is rare. Color variation present 

in this facies consists of brownish-gray, yellowish-gray, and pinkish- 

gray hues.

Poor to locally abundant intervals of rugose corals and Syringo- 

pora in growth position constitute the macrofaunal content of this
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facies, although fragmented and abraided crinoid columnals locally are 

present.

Foraminifera dominate the microfauna, although ostracods are 

present usually in amounts less than 5% of the total allochems present. 

Conodonts are not favored in this facies, although locally abraided 

conodont fragments occur in certain intervals.

Compositionally the dominant skeletal allochems representative 

of this facies are crinoid and echinoderm plates accompanying the bio- 

clastic intraclasts. The bioclastic material incorporated within the 

intraclasts are commonly crinoidal and echinodermal material as well 

as bryozoa, foraminifera, and unidentifiable skeletal hash. Within 

these commonly micrite-coated intraclasts, a minor amount of pelloidal 

material may be mixed with the skeletal debris.

Algae, bryozoa, foraminifera, and ostracods each seldom consti

tute more than 5-10% of the total allochems present. In addition to 

the intraclasts of bioclasts, other non-skeletal components that are 

never abundant vary between oolitic to pelloidal material that seldom 

exceeds 15% of the total allochems present. The dominance of either 

the pellets or the oolites represents the transition between the more 

shoreward oolitic facies or the more seaward bioclastic-pelloidal fa

cies. Some intervals of this facies are entirely devoid of any pellets 

or oolites. Texturally, these skeletal and non-skeletal constituents 

are rounded and abraided and have micrite or microsparite coatings.

The allochems are cemented predominantly by a fine- to medium- 

crystalline calcite and less commonly by fine- to coarse-crystalline
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calcite. Characteristically, 70-80% of the calcite cement is rim cal- 

cite; the remainder consists of granular calcite. This observation is 

not without exception, however, as the proportions of rim calcite to 

granular calcite can be reversed or the entire sample may consist of 

granular calcite. The rim cement is pervasive in the larger crystal

line sizes, while the granular cement occurs dominantly in the finer 

crystalline calcite.

The continuous vertical sequence of this facies is either unre- 

crystallized or only slightly recrystallized. In an emergence sequence, 

a continuous vertical interval typically has chert lenses and nodules in 

the upper 1.5-3 m of this facies. Chert lenses and nodules in this in

terval generally constitute 5-10% and locally as much as 25% of the to

tal outcrop. This siliceous interval appears to be a characteristic 

signature of the bioclastic-intraclastic facies.

The basal stratum of an emergence leg is commonly deposited on 

a surface of erosion. A good example of this erosional diastemic sur

face is well-displayed in the Mescal Mountains section.

Pelloidal-bioclastic Facies 
(Sedimentation Zone IIC)

The pelloidal bioclastic facies is defined as being present when 

pellets mixed with bioclastic skeletal material constitute at least 33% 

of the total allochems present. Varied amounts of intraclastic material 

are present and commonly the bioclastic-intraclastic facies is closely 

associated with the pelloidal-bioclastic facies. Crinoid, echonoderm, 

and bryozoan grains dominate the skeletal components, although
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foraminifera are not uncommon and are locally abundant In association 

with this facies when it is transitional into the bioclast-intraclastic 

facies. Conodonts are rare to absent. A few intervals contain a sparse 

fauna including Composita and Spirifer brachiopods, crinoid columnals, 

rugose corals, and Syringopora corals. Texturally, the rounded and 

abraided allochems are bound by granular and rim cements of varied 

crystalline sizes.

Table 8 depicts those sections including the pelloidal- 

bioclastic facies associated with the Osage emergence-submergence se

quence . This facies was present in 14 of the 24 sections measured.

The mean continuous interval thickness of the emergence sequence is 

2.47 m with a standard deviation of 1.49 m. In contrast, a mean thick

ness of 3.23 m with a standard deviation of 1.97 m was calculated for 

the submergence phase. The total mean thickness of the emergence se

quence is 3.18 m with a standard deviation of 2.91 m,. in contrast to a 

4.04 m mean total thickness with a 3.05 m standard deviation for the 

submergence phase.

The paucity of measured sections including this facies, the 

preference for deposition and/or preservation of the submergence por

tions of the emergence-submergence sequence, and the relatively thin 

vertical sequence of this facies,in contrast to the other facies recog

nized indicate that sedimentation of this facies is not extensive, and 

when present may be subject to eradicative forces, particularly during 

the emergence phase.



Table 8. Description of Pelloidal-bioclastic Facies Related to Osage Emergence- 
submergence Sequence.

MEASURED
SECTIONS

EMERGENCE
CONTINUOUS
VERTICAL
SEQUENCE TOTAL 

(M) (M)

SUBMERGENCE 
CONTINUOUS 
VERTICAL 
SEQUENCE TOTAL

(M) (M)

TOTAL
THICKNESS OP 
FACIES RELATED 

TO E-S 
SEQUENCE (M)

FIRST 
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (M)

LAST
OCCURRENCE 
OF FACIES 

FROM MISS. 
BASE (M)

THICKNESS OF 
INT. BETWEEN 

FIRST AND LAST 
OCCURRENCE OF 
FACIES (M)

MIDPOINT OF 
MAXIMUM

EMERGENCE 
(M) ABOVE 
MISS. BASE

Dos Cabezas 1.52 1.52 1.52 25.30 33.07® 7.773 29.19®
Patagonia 2.13,4.12,

2.74
8.99 8.99 13.56® 49.99 36.43* 31.78®

Whetstone Htn. 3.05 3.05 4.05,4.42 8.47 11.52 29.38 96.74 67.36 63.06
John. Lyon 111. 3.05 3.05 1.52 1.52 4.57 33.53 102.54 69.01 68.04
Nugget Cyn. 1.68 1.68 7.01 7.01 8.69 24.08 64.47 40.39 44.28
Peppers. Cyn. —— — — —— —— 20.06® — — —  • —
Waterman Htn. 6.10,1.52,

1.98
9.60 1.16 1.16 10.76 9.39 68.06 58.67 38.73

Vekol Mtns. 1.83 1.83 —— —— 1.83 26.00 62.88“ 36.88“ 44.44“
Superior —— —— 3.05 3.05 3.05 16.09“ 57.55 41.46 36.82“ .
Ash Creek — —— —— —— —— 9.14“ 59.59“ 50.45* 34.37°
Mescal Mtns. 1.52 1.52 6.10 6.10 7.62 18.14 71.29 53.15 44.72
Van Wink. Rch. —— —— 1.52 1.52 1.52 22.10“ 67.45 45.35“ 44.78"
Pinal Creek — —— —— — — — — — —

Windy Hill — — — — —— —— —— —— • --
Clifton — —— —— —— — —— — — ——
Stargo-Morenci — — — — — — — — —
Lake Valley — — — — — — —— —— —
Salt River Cyn. —— — - 1.52 1.52 1.52 13.20“ 47.88 34.68“ 30.54“
Chedlskl Mtn. —— — —— —— — —— — ——
Kohls Ranch —— —— 1.52 1.52 1.52 8.23b 9.75b 1.52b ——
M t . Elden —— mmmm 6.10 6.10 6.10 18.59^ 24.69b 6.10b ——
Jerome —— —— 1.52 1.52 1.52 4.57b 6.09b 1.52b ——
Kalbab Trl.c — —— — • —— — —— —— — —
Hindu Canyon —

(THUNDER SPRINGS MEMBER ONLY) —
No. of Values 9 7 15 12 14 13 12 12 12
Mean 2.47 3.18 3.23 4.04 5.05 20.00 65.13 45.13 42.56
Std. Dev. 1.49 2.91 1.97 3.05 3.80 7.60 19.30 16.58 12.21
Variance 1.98 7.26 3.60 8.54 13.42 53.32 341.57 252.09 136.64
^Estimated value interval absent.

cAge relationships uncertain, facies present but not included.
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Topographic expression of this facies in the field is charac

terized by cliffs and ledgy or cliffy slopes. Variation in topographic 

expression with stratigraphic dip is not as consistent as the other 

facies recognized; however, a generalized pattern can be recognized.

When stratigraphic dip is less than 25°, this facies has a tendency to 

be a cliff former. When the bedding dip exceeds 25°, the topographic 

form is commonly a cliff former and to a lesser extent ledgy or a cliffy 

slope.

Horizontal stratification is characteristically thin-bedded 

bedsets, but the thickness is variable within the thin-bedded bedsets. 

Bedsets range from 5-61 cm with the majority of bedsets ranging from 

15-30 cm in thickness.

Undulating or erosional surfaces or sections are locally present 

at the base of the first continuous vertical sequence associated with 

a regressive sequence. The basal undulating surface indicates deposi- 

tional scouring of the underlying deeper water facies and perhaps indi

cates an energy nickpoint associated with the emergence sequence. Such 

a nickpoint is not as obvious in the emergence transition of the other 

facies and may represent a significant energy change, perhaps associated 

with depositional slope. A particularly good exposure of the basal un

dulating contact is in the Mescal Mountains section. At the top of a 

vertical sequence of this facies, a scour or undulatory sequence may 

also be observed. Particularly good examples of this erosional surface 

are visible at the Johnny Lyon Hills and Waterman Mountains sections. 

Depositional preservation or erosion of this facies is supported as the
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continuous interval thickness of this facies at these sections is con

siderably less than the calculated mean value thickness of a continuous 

vertical sequence of this facies.

Horizontal stratification of bedsets is characteristic of this 

facies with no apparent bedding. Very atypically, medium-scale trough 

cross-beds occur in association with the transgressive leg of this fa

cies associated with the Osage emergence-submergence sequence.

Fresh colors typically associated with this facies are medium 

gray (N5) and light olive gray (5Y 6/1). Medium dark gray (N4), pale 

yellow brown (10YR 6/2), and light gray (N7) are less common.

Macrofauna found in association with this facies include small 

rugose corals, Syringopora, and the elongate and commonly twisted coral 

Vesicullophyllum. Rarely, Spirifer and Composita brachiopods and dis

seminated crinoidal debris are present. Paucity or absence of conodonts 

and locally abundant foraminifera are characteristic in many intervals 

of this facies.

Compositionally, pellets constitute at least 33% of the total 

allochems present. The pellets commonly range from 33-40% or 60-75% 

of the total allochems, with paucity of pelloidal percentages within 

the 40-60% range of total allochems. Bioclasts consist primarily of 

crinoidal echinodermal plates and, locally, of bryozoan fragments. 

Occasional echinoid spines, ladder-like algae, ostracods, and forami

nifera comprise a collectively minor percentage of the total allochems.

Where the pelloidal-bioclastic facies is transitional to the

bioclastic-intraclastic facies, 15-35% intraclasts of bioclastic
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material are mixed with the pelloidal material. Rare associations of 

oolites, intraclasts of bioclasts, and pellets in amounts such that the 

oosparite, bioclastic-intraclastic, and pelloidal-bioclastic facies 

occur simultaneously were observed in association with medium-scale 

trough cross-beds at the Superior measured section.

Similar to the bioclastic-intraclastic facies, chert nodules and 

lenses occur at the top of a continuous interval sequence of this facies 

in association with the Osagian emergence phase. The chert comprises 

less than 2% of the total outcrop exposure of this facies. Diagenetic 

alteration typically increases upwards.

Diversity in the crystalline size of the cement, as well as no 

dominance of either rim or granular cement types, is characteristic of 

this facies. Few intervals contain allochems totally cemented by mi- 

crite or microsparite, while many intervals are cemented by very fine 

to medium- or fine- to medium- or medium- to coarse-crystalline calcite. 

Some intervals show bimodality in crystalline size with combinations of 

microsparite and fine- to coarse-crystalline calcite. Percentages of 

rim and blocky or granular calcite cement types are highly variable.

No one cement type appears to dominate. Texturally, the allochems are 

generally micrite or microsparite coated, rounded, and abraided grains.

Bioclastic (Ruditic) Facies 
(Sedimentation Zone IIB)

The bioclastic (ruditic) facies is defined as when greater than 

66% of the allochems consist of bioclastic material greater than 2 mm 

in diameter. The bioclastic (ruditic) facies is interpreted to lie
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seaward of the bloclastic-pelloidal facies, and shoreward of the smaller 

grain sized bioclastic (arenitic) facies. This interpreted spatial re- " 

lationship is depicted in Figure 12. The occurrence of this facies, in 

contrast to the bioclastic (arenitic) facies, is much more restricted in 

vertical sequence. Most intervals containing this facies are not highly 

recrystallized, while the more seaward but similar facies— the bioclastic 

(arenitic) facies— probably contains many highly recrystallized and/or 

dolomitized intervals. The rationale not to include highly recrystal

lized intervals within this facies was a pragmatic solution to maintain

ing interpretive consistency of facies for regional correlation. Unless 

positively identifiable allochems greater than 2 mm were observed in 

highly recrystallized intervals, these intervals were grouped within the 

bioclastic (arenitic) facies. Many aspects common to this facies are 

found in the bioclastic (arenitic) facies. As more intervals and, 

therefore, more data are available within the bioclastic (arenitic) fa

cies, attributes common to both the bioclastic (arenitic) and bioclastic 

(ruditic) facies are discussed in the bioclastic (arenitic) section.

Common comments of these two facies pertain to discussions of 

conodont occurrences, silicified intervals with sponge-like textures, 

and preservation aspects of the primary depositional textures in highly 

recrystallized or dolomitized intervals. Because of the many similar 

attributes shared by these two facies, one may question the separation 

of these facies as being somewhat redundant. However, in vertical se

quence, the recognition and tracing of emergence and submergence
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sequences is more consistent when the bioclastic (ruditic) facies is 

recognized lying between the bioclastic-pelloidal and bioclastic (are- 

nitic) facies.

Crinoidal, echinodermal, and locally bryozoan fragments are the 

skeletal allochems associated with this facies and are combined in some 

intervals with minor percentage amounts of pelloidal or intraclastic 

non-skeletal grains. The allochems are cemented by microsparite and 

microsparite in varied proportions with fine- to medium-crystalline 

calcite, and less commonly other crystalline sizes of calcite cement. 

Cement types are varied in proportion between rim and granular cements.

The bioclastic (ruditic) facies is recognized in 16 of the 24 

sections measured. Occurrences as well as continuous vertical interval 

thickness tabulations as to interpreted pre-Osage or post-Osage 

emergence-submergence strata are summarized in Table 9. Pre-Osage emer

gence strata are generally highly recrystallized and/or dolomitized, 

which does not allow identification of this facies in many sections. 

However, many post-Osage emergence-submergence strata interpreted as 

this facies were recognized. The overall mean continuous interval 

thickness for post-Osage emergence strata was calculated to be 2.76 m 

with a standard deviation value of 1.20 m. The mean interval thickness 

value for the pre-Osage emergence strata may be inconclusive, however, 

as it is based on only 11 occurrences of the facies from 4 measured sec

tions. A 4.45 cm continuous interval mean thickness value was calcu

lated for post-Osage emergence-submergence strata with a 4.81 m standard 

deviation value. The continuous vertical sequence mean values are



Table 9. Occurrence of the Bioclastic (Ruditic) Facies and Tabulation of the Vertical Sequence
Thicknesses as Being Either Pre-Osage or Post-Osage Emergence-submergence Strata.

PRE-OSAGE EMERGENCE MIDPOINT POST-OSAGE EMERGENCE MIDPOINT COMBINED PRE- AND POST-OSAGE STRATA
No. of 
Ints.

Cone. Int. 
Thickness

Mean
(a)

S.D.
(a) Var.

No. of 
Ints.

Cone. Int. 
Thickness^

Mean
(m)

S.D.
(m) Var.

No. of 
Ints.

Mean
(a)

S.D.
(a) Var.

Dos Cabezas 16 1.52,1.52.1.52,1.52,
3.81.1.52.1.52.3.05,
3.05.1.52.1.52.3.05, 
1.52,1.52.5.33,3.05

2.28 1.15 1.24 16 2.28 1.15 1.24

Patagonia
Mountains

1 1.52 1.52 — -- 5 1.52,1.52,1.52,
4.57,4.57,3.05

2.79 1.50 1.87 7 2.61 1.45 1.80

Whetstone
Mountains

— -- 4 6.10,3.05,1.52,
4.57

3.81 1.97 2.91 4 3.81 1.97 2.91

Johnny Lyon 
Hills

— 6 3.05,3.35,2.74,
3.05,3.05,15.55

5.13 5.11 21.74 6 5.13 5.11 21.74

Nugget Cyn. — — —— —— 1 19.81 19.81 — — 1 19.81 — ——
Peppersauce — — —— —— — — — — — — — — —
Waterman Me. —— — — — — — — — — — — —— ——

Vekol Mtns. — — — — — 1 1.52 1.52 — — 1 1.52 — —

Superior — — — — —— 2 5.18,1.52 3.35 2.59 3.35 2 3.35 2.59 3.35
Ash Creek
Mescal Me. — — — — 3 1.68,9.14,1.52 4.11 4.35 12.64 3 4.11 4.35 12.64
Van Wink. Rch. —— — — — 2 5.79,5.27 5.53 0.37 0.07 2 5.53 0.37 0.07
Pinal Creek — — — — — — — <— — — —

Windy Hill — — — — — 2 1.52,3.05 2.29 1.08 0.59 2 2.29 1.08 0.59
Clifton
Stargo-Mor. 1 2.59 2.59 — —• — — » — — 1 2.59 — —
Lake Valley 8 0.91,1.52,

4.51,3.05,
4.57.6.10,
3.05,11.58

4.41 3.35 9.83 8 4.41 3.35 9.83

Salt River 1 2.53 2.53 — —• — — —— — — 1 2.53 — —

Chediski Me. — — —* —— — MM — — — — — — —

Kohls Ranch — — •• — mm MM — — — — — — —

Mt. Elden — — — — — 4 1.52,1.52,1.52,
1.52

1.52 0.00 0.00 4 1.52 0.00 0.00

Jerome — — — — — 3 1.52,1.52,1.52 1.52 0.00 0.00 3 1.52 0.00 0.00
Hindu Cyn.

No. Secs.
Used for Cal. 
Mean
Scd. Dev. 
Variance

4
2.76
1.20
1.09

5 6.88,6.10,1.52,
5.12,1.52 

No. Secs.
Used for Cal. 13 
Mean 4.45
Std. Dev. ‘ 4.81
Variance 21.33

4.23 2.55

No. Secs.
Used for Cal. 
Mean
Std. Dev. 
Variance

5.20 

16
4.20 
4.35
17.75

5 4.23 2.55 5.20
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considerably less than those values interpreted for the bioclastic 

(arenitic) facies, even if recrystallization interpretation problems may 

account for a part of this observation.

In the field, this facies is characterized by ledgy slopes or 

ledgy dipslope exposures and less commonly cliffs or cliffy slopes.

The topographic expression appears to reflect almost directly the 

stratigraphic attitude. Stratigraphic dip values less than 25° are 

cliff-like, while those occurrences where the stratigraphic dip exceed

ed 25° are typically ledgy slopes or ledgy.

Horizontal stratification typifies this facies. An undulatory 

surface of erosion was observed at the top of an interval of this fa

cies in the Johnny Lyon Hills, but this observation appears to be an 

exception to the normal horizontal bedset contacts observed in this fa

cies. Another exception of this horizontal bedset characteristic is in 

silicified zones where selective silica replacement produces lensoid- 

appearing carbonate bedsets. No apparent bedding is present. Thin- 

bedded bedsets commonly ranging from 5-30 cm typify this facies; how 

however, a few intervals of very thin to thin-bedded bedsets ranging 

from 1.3-10 cm were observed. Less commonly thin-bedded bedsets asso

ciated with the facies range from 30-60 cm. A few intervals were rep

resented by very thin to thin-bedded bedsets ranging from 1.3-10 cm and 

rarely thick and very thick bedded bedsets ranging from 60-150 cm were 

observed.

Light gray (N7), light olive gray (5Y 6/1), and brownish-gray 

(5YR 4/1) are the most characteristic fresh colors observed from samples
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of this facies. A large array of modified tones of gray in addition to 

yellowish, brownish, pinkish, reddish, and orangish gray hues were ob

served, but are not considered to typify this facies.

Macrofaunal content increases in abundance and diversity in 

contrast to the more shoreward facies. Approximately 60% of the inter

vals observed are devoid of any macrofauna. Crinoidal-rich horizons 

dominate most macrofaunal-bearing intervals. In some intervals, gener

ally accompanying crinoidal hash, are small rugose corals, Vesiculo- 

phyllum corals, brachiopods (usually Spirifer type), and bryozoan 

fragments, which occur either collectively or, less commonly, individu

ally. A common grouping of macrofauna characteristic only of the Lake 

Valley Limestone were mixtures of crinoid fragments, brachiopods, and 

bryozoans. In some horizons, sponge-like, textured, cherty nodules 

occur that petrographically contained rod-like sponge spicules.

Conodont and foraminifera occur jointly within some intervals 

of this facies and provide cross-correlation of the Mamet and Skipp 

(1970) foraminiferal zones and the conodont zonation schematic as sug

gested by Collinson, Rexroad, and Thompson (1971). Discussion as to 

the occurrence of favorable conodont depositional environments or pres- 

ervational sites is explained within the bioclastic (arenitic) facies 

discussion. Crinoids and echinoderm skeletal fragments constitute 

typically 40-70% of the total allochems present, but some variation oc

curs in a few intervals enriched in ramose and fenestrate bryozoans. 

Bryozoan fragments may vary from 10-60% of the total allochems present. 

The higher percentage bryozoan intervals are rarer than those intervals
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containing lower percentages of bryozoan fragments. Associated skele

tal grains generally constitute less than 20% of the total allochems, 

and are commonly echinoid spines, algae, gastropod, ostraced, brachio- 

pod spines, brachiopod shell fragments, and foraminifera. If these 

allochems are present individually, they generally constitute less than 

5% of the total allochems present. Non-skeletal components, namely 

pelloidal material and to a lesser extent bioclastic intraclasts, never 

collectively exceed 20% of the total allochemical fraction. Intraclasts 

associated with this facies typically never exceed 5% of the total al

lochems, while the pelloidal material, if present, generally constitutes 

5-15% of the total allochems present.

Allochems are characteristically cemented by microsparite and 

less commonly by bimodal mixtures of microsparite and fine- to medium- 

crystalline, fine- to coarse-crystalline and fine-crystalline calcite. 

Locally, the allochems are cemented by fine- to medium- or fine- to 

coarse-crystalline calcite. Varying proportions of rim or granular 

calcite cement were observed with granular cement predominating in the 

smaller crystalline sizes. In the larger crystalline cements, no pre

dictable dominance of either rim or granular calcite was obvious.

Rarely does the calcite cementation include partial dolomitization and, 

if partially dolomitized, the amount replacing the calcite cement is 

generally less than 5% and usually consists of disseminated fine- and 

fine- to medium-crystalline dolomite. Some of the calcite cement, par

ticularly the microsparite, may be almost entirely replaced by varied 

combinations of microquartz and megaquartz. Generally, chert nodules,



129

lenses, and beds in this facies constitute less than 10% of the total 

outcrop. However, some cherty intervals of this facies may contain 

chert lenses and beds constituting up to 30-40% of the outcrop. Within 

some of these cherty intervals, spongy textured lenses and nodules are 

present.

Bioclastic (Arenitic)
(Sedimentation Zone IIA)

The bioclastic (arenitic) facies is defined as when greater than 

66% of the allochems consist of bioclastic material and when the major

ity of this bioclastic material occurs within the 0.063-2.00 mm diameter 

size range. This facies is interpreted to lie seaward of the bioclastic 

(ruditic) facies and shoreward of the wave-base nickpoint and the 

lutitic-bioclastic-pelloidal facies. Figure 12 depicts the relation

ship of this facies to the other facies. Crinoid and echinoderm plates 

and, in some intervals, associated bryozoan fragments are typically ce

mented by microsparite or very fine to medium-crystalline calcite, 

either separately or in combination. Less commonly the primary deposi- 

tional cement ranges in size from fine- to coarse-crystalline calcite. 

The finer crystalline sizes tend to be granular-type calcite and the 

larger crystalline sizes rim-type calcite cement. Typically, many in

tervals of this facies are highly recrystallized and/or dolomitized so 

that recognition of this facies becomes difficult. Some silicified in

tervals, where silicification preceded dolomitization preserving ori

ginal depositional textures, are particularly beneficial in interpreting 

the depositional environments of these highly altered or recrystallized
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Intervals. Nodular, lensoidal, and less commonly, bedded chert are as

sociated with this facies. Macrofaunal content, although sparse, is 

greater than that found shoreward of the bioclastic (ruditic) facies. 

Intervals containing crinoid fragments, a few brachiopod and bryozoan 

fragments, small rugose corals, larger Vesiculophyllum, and rarely the 

colonial corals, Syringopora and Lithostrotionella, are typical of this 

facies. Conodonts are bountiful in association with some intervals 

within this facies. In a few intervals, rare foraminifera are found in 

association with conodonts, allowing cross-correlation of microfossil 

zonation.

In the field, the bioclastic-arenitic facies crops out predomi

nantly as a ledgy slope or cliff former and less commonly as a cliffy 

slope. Only a few intervals display recessive cliffs or rubble slope 

exposures. The majority (66%) of the exposures are either ledgy slopes 

or cliff exposures. The difference is generally a direct function of 

stratigraphic dip or section exposure. The bioclastic-arenitic facies 

occurs typically as a cliff former in exposures where stratigraphic dip 

is less than 25°, as compared to the ledgy slope exposures generally 

formed when the stratigraphic dip exceeds 25°.

Typically, no apparent bedding or lamination was observed within 

this facies, but horizontal stratification of thin-bedded bedsets are 

characteristic of this facies. Commonly bedsets range from 5-30 cm, 

although bedsets as thick as 60 cm are not unusual. Rarely thick to 

very thick bedsets are present but do not typify this facies. Except 

for silicified or cherty horizons that display disrupted or lensing
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horizontal stratification, departure from horizontal stratification of 

bedsets is not present. No obvious bedset cyclicity or periodicity is 

typically associated with this facies in the sections examined.

The bioclastic-arenitic facies was recognized in all sections 

measured except at the Chediski Mountain section. The mean continuous 

vertical interval thickness incorporating data from all sections exam

ined was calculated to be a 8.27 m continuous interval with a 4.32 m 

standard deviation. In contrast to the other facies recognized, this 

value is large and when sampling within this facies one may conclude 

that a wider spaced sampling interval than those employed for sampling 

other facies could be utilized. Table 10 indicates the occurrence of 

this facies with respect to the estimated position of the Osage 

regressive-transgressive sequence. A value of 11.8 m with a standard 

deviation of 8.8 m was calculated for continuous interval thicknesses 

occurring prior to the Osage regression. The post-Osage regressive- 

transgressive mean continuous interval thickness is 7.90 m with a 

standard deviation of 4.83 m. As a high degree of recrystallization, 

silicification, and dolomitization is characteristic of this facies, 

misinterpretation of depositional facies is possible, but it is appar

ent that this facies, when present, occurs in rather thick vertical se

quences. Erosion of post-Osage regression-transgression strata has 

altered the continuous interval values in some of the thinner sections 

measured, but overall the value reduction does not appear to signifi

cantly alter the data. The range of mean continuous interval thickness 

values varies from a maximum of 31.09 m interpreted at the Johnny Lyon



Table 10. Description of Bioclastic (Arenitic) Facies Related to the Osage Emergence-
submergence Sequence.
PRE-OSAGE EMERGENCE MIDPOINT POST-OSAGE EMERGENCE MIDPOINT COMBINED PRE- AND POST-OSAGE STRATA

No. of 
Ints.

Cont. Int. 
Thickness Mean S.D. Var.

No. of 
Ints.

Cont. Int. 
Thickness Mean S.D. Var.

No. of 
Ints. Mean S.D. Var.

Dos Cabezas 2 14.63,1.52 8.08 9.27 42.97 15 1.52.1.52.1.52.1.52, 
1.52,13.11,3.05,3.05,
1.52.8.53.4.57.1.52, 
1.52,13.72,3.05+

4.08 * 4.23 16.68 17 4.55 4.77 21.42

Patagonia 2 1.98,3.05 2.52 0.76 0.29 9 5.94,18.14,4.57,3.05,
3.05,4.57,1.52,6.10,
6.40

5.93 4.86 21.01 11 5.31 4.57 18.97

Whetstone
Mountains

1 26.88 26.88 — 5 16.76,19.81,1.52,
9.14,6.10

10.67 7.54 45.52 6 13.37 9.45 74.44

Johnny Lyon 
Hills

1 31.09 31.09 — 7 3.05,7.16,3.66,14.33,
4.27,5.35,4.49

6.18 3.84 12.63 8 9.30 9.50 78.89

Nugget Cyn. 1 11.89 11.89 — — 2 5.94,6.10 6.02 0.11 0.01 3 7.98 3.39 7.66
Peppersauce 1 9.91 9.91 — — — — — — — 1 9.91 — —
Waterman Mtn. 1 9.39 9.39 — — 1 9.14+ 9.14 — — 2 9.27 0.18 0.02
Vekol Mtns. 1 24.48 24.48 5 7.32,14.91,19.90, . 

8.84,5.49
11.29 5.97 28.53 6 13.49 7.58 47.93

Superior 1 15.94 15.95 — — 3 1.52,15.03,23.47 13.34 11.07 81.73 4 13.99 9.13 62.56
Ash Creek 1 9.14 9.14 — — 3 27.43,18.29,21.18 22.30 4.67 14.55 4 19.01 7.61 43.39
Mescal Mtn, 1 18.14 18.14 — — 3 10.67,6.10,3.05 6.61 3.84 9.81 4 9.49 6.36 32.30
Van Winkle 
Ranch

2 11.88,2.59 7.24 6.57 21.58 5 1.52,5.49,17.37,
0.91,2.74

5.61 6.81 37.07 7 6.07 6.22 33.19

Pinal Creek 1 11.81 11.81 — «■■■ — — — — — 1 11.81 — — —
Windy Hill — — — — — 5 6.40,2.13,4.27,

4.57.0.91
3.66 2.16 3.72 5 3.66 2.16 3.72

Clifton 1 3.05 3.05 — — — — — — — 1 3.05 — ——
Stargo-Morencl 3 1.83,7.62,

2.44
3.96 3.18 6.75

~ ""
3 3.96 3.18 6.75

Lake Valley 7 4.72,4.57,
3.05.1.52,
1.52.1.52,
8.08

3.57 2.16 2.33 7 3.57 2.43 5.08

Salt River 2 1.52,4.57 3.05 2.16 2.33 1 3.05 3.05 — — 3 3.05 1.53 1.55
Chedlskl Mtn. — — — — — — — — — — —— — —— —
Kohls Ranch — — — — — 2 7.01,4.42 5.72 1.83 1.68 2 5.72 1.83 1.68
Mt. Elden — — — — — 6 15.24,1.52,1.52.

3.96,1.52,1.52
4.21 5.49 25.11 6 4.21 5.49 25.11

Jerome

Hindu Canyon 
No. Secs. 
Used for Cal. 
Mean
Std. Dev. 
Variance

Age relationships uncertain, facies 

17
11.77 
8.79

72.77

6 18.29,1.52,5.18,
7.62,7.62,11.28

present
No. Secs.
Used for Cal. 16 
Mean 7.70
Std. Dev. 4.83
Variance 21.87

8.59

No. of
Intervals
Mean
Std. Var. 
Variance

5.74

i

27.47

21
8.07
4.40
18.39

6 8.59 5.74 27.47
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Hills section to a minimum of 0.91 m observed at the Van Winkle Ranch 

section.

Very light gray (N8), light gray (N7), medium gray (N5), and 

light olive gray (5Y 6/1) typically represent the fresh colors of this 

facies. The principal color, medium gray (N5), is characteristic of 

this facies. Minor but subequal occurrences of light brownish gray 

(SYR 6/1), medium light gray (N6), olive gray (5Y 4/1), and pale yellow 

brown (10YR 6/2) fresh colors were recognized within some intervals of 

this facies. Very locally pinkish, orangish, or reddish hues in combi

nations with shades of grays or browns are also present.

Macrofaunal abundance and diversity are much higher within this 

facies compared to other more shoreward facies. However, the overall 

interval is generally poorly fossiliferous and only certain intervals 

in a continuous vertical sequence contained conspicuous macrofauna. 

Macrofauna appear to be most abundant at the top of a depositional 

cycle or at the top of a bedset. However, this prominent macrofaunal 

content in the tops of bedset planes may only be a function of exposure 

and weathering enhancement of the generally selectively silicified 

fossils.

Crinoids and crinoidal hashy horizons are the most dominant 

macrofossil-bearing intervals. No preserved or in situ crinoid colum- 

nal or calyces were observed, but lack of observation does not negate 

their possible presence. Crinoidal debris is common.

Corals are also present, independent of crinoidal-rich hori

zons. In many horizons, some intervals are rich in crinoids.
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brachiopods (Spirifer and Composita), and small rugose corals, as well 

as the larger Vesiculophyllum corals. Colonial corals, Lithostrotio- 

nella and Syringopora, are rare. Bryozoan-rich horizons, while less 

common, are found in association with a crinoid and brachiopod fauna.

The Lake Valley Limestone as a rule contains more abundant horizons 

of bryozoa than the Mississippian limestones of Arizona. In silici- 

fied intervals, chert nodules commonly display a sponge-like texture. 

Petrographic examination of some of the cherts associated with these 

horizons reveal rod-like sponge spicules that in some samples dominated 

the allochem content. Horizons containing pelecypods or gastropods are 

present but extremely rare; however, this may only be a function of 

exposure and time for field examination.

The abundance of conodonts and the paucity of foraminifera 

.typify many intervals of this facies. Crinoid-rich zones commonly 

yield abundant conodonts. In some productive conodont intervals, the 

crinoid-rich zones are associated with other macrofossils such as ru

gose corals, brachiopods, or bryozoa. However, some conodont-bearing 

intervals are devoid of crinoids or other macrofauna. Intervals with 

prolific conodonts are typically cemented by microsparite or very fine 

crystalline calcite cement. Although crinoidal and echinodermal allo- 

chems are pervasive throughout this facies, the prolific conodont in

tervals occur when bryozoan fragments constitute a major allochem 

component in association with the crinoidal-echinodermal allochems. 

However, this environmental setting, favorable for conodont accumulation 

and preservation, appears to be very sensitive or restrictive. When
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bryozoan fragments are the dominant allochems present so that crinoidal 

and echinodermal allochems constitute collectively less than 20% of the 

allochems, conodonts are rare. Intervals containing approximately 15- 

45% of bryozoan allochems in association with fine-crystalline or 

micrite-microsparite cement appear to be the most favorable accumulation 

sites for easily extractible conodonts. Paucity or total absence of 

conodonts and foraminifera in many intervals may be due to severe re

crystallization and dolomitization. Recrystallization destroys the 

original depositional texture for foraminifera identification and dolo

mitization reduces the ability to extract conodonts with glacial acetic 

acid. Presence of foraminifera appear to be favored when echinoderm 

plates constitute greater than 60% of the total allochems present and 

when these allochems are cemented with coarser crystalline calcite ce

ment such as fine- to coarse-crystalline calcite. The larger crystal

line cements tend to favor rim-type cement rather than granular types.

The bioclastlc facies is compositionally dominated by sand

sized skeletal grains with non-skeletal components constituting a very 

minor percentage of the total allochems present. Almost universally 

this facies is dominated by isolated and commonly fragmented echino

dermal and crinoid plates. These two allochems generally constitute at 

least 50% of the total allochems present, and in some intervals may 

either collectively or singularly constitute the total allochems 

present.

Associated allochems not found in all intervals are ramose and 

fenestrate bryozoa. In some intervals bryozoa may constitute almost
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50-60% of the total allochems. However, typical percentages of bryo- 

zoan allochems, if present, range from 5-15% to locally 30% of the 

total allochems present. Locally enriched zones of sponge spicules may 

constitute significant percentages of total allochems present, and are 

usually associated with, and may be related to, cherty horizons within 

this facies. Dasyclad algae, echinoid spines, brachiopod spines, gas

tropods, ostracods, and foraminifera, if present, rarely exceed 1-5% of 

the total allochems present and commonly never constitute greater than 

15% of the total allochems. Scarce trilobite hooks and fragments were 

present only in the Lake Valley Limestone.

Non-skeletal components, if present, are typically pellets that 

may constitute 5-15% of the total allochems present, although a few 

intervals contain 15-30% pelloidal fraction. Locally, in some inter

vals associated with this facies, 10-20% of the total allochems con

sist of unidentifiable fossil hash that should not be confused with 

fossil fragments unidentifiable due to recrystallization of the allo- 

chemical material. Intraclasts of bioclastic material are rare in as

sociation with this facies.

Microsparite, fine- to medium-crystalline calcite, fine- to 

coarse-crystalline calcite, and fine-crystalline calcite, in order of 

decreasing occurrence, are the principal calcite cement crystal sizes. 

Typical bimodal calcite size combinations associated with this facies 

are mixtures of fine- or fine- to medium-crystalline calcite with mi

crosparite. When these intervals are dolomitized, fine- to medium- 

crystalline dolomite prevails over other crystalline sizes. Very fine
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to fine- and fine-crystalline dolomite and even less commonly medium- 

and medium- to coarse-crystalline dolomites are present in many inter

vals and may constitute the majority of a continuous vertical sequence 

of the bioclastic-arenitic facies. Calcite cement types can occur in 

any proportion of granular to rim content with no obvious pattern or 

predictability with the exception that the more granular calcite-type 

cements consist of the smaller crystalline size calcite. When the 

crystal sizes range from fine- to coarse-crystalline or medium- to 

coarse-crystalline calcite, usually a major portion of the cement type 

is rim calcite. Chert is typically associated in this facies varying 

in amounts from 1-30% of the outcrop, although most exposures of sili- 

cified intervals do not exceed 1-5% chert. Nodular and lensoid chert 

is characteristic in zones of less than 5%, while discontinuous beds 

and bedded chert typify intervals where the chert content exceeds 5-10%, 

multiple occurrences of these cherts or silicified intervals are com

monly present. In vertical succession, chert is common in the basal 

portions of a sequence of this facies. Cherty intervals also form in 

association with fluctuations in depositional environments. Tripolitic- 

like chert occurs in some horizons within a vertical sequence. Many 

intervals contain lenses or nodules displaying a spongy texture and 

consist of predominantly rod-like sponge spicules. The sponge spicules 

were not observed in cherts from more shoreward facies.
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Lutitic-bioclastic-pelloidal Facies 
(Sedimentation Zone I)

Sedimentation Zone I in the Low Energy Zone X seaward and below 

wave base is defined as consisting of sparse fossiliferous bioclastic 

and pelloidal material with macrofaunally-rich horizons compared to 

other facies discussed. Cementing material is primarily microsparite 

with intervals of sponge spicules silicified by microquartz and, to a 

lesser degree, megaquartz. In the field, these silicified horizons ap

pear as chert lenses or discontinuous chert beds. Lutitic material or 

fine microclastic material is disseminated within the cement. Crinoidal 

and echinodermal material dominates the sparse skeletal clasts present. 

In some cases relatively uniformly small pelloidal (.057-.143 mm diam

eter) material is associated with the non-skeletal grains.

The below wave-base sedimentation zone is recognized only in 3 

of the 24 sections measured: the Dos Cabezas Mountains, Lake Valley,

and Kaibab Trail sections. The presence of this facies at the Kaibab 

Trail section is subject to interpretation.

An interesting aspect regarding this facies is that those sec

tions display characteristic differences in below wave-base deposition. 

Some of these differences are manifest in stratigraphic aspect, fresh 

color, macrofauna, microfauna, the number of intervals of occurrence, 

as well as variation in age relationships. If one were to emphasize 

study of this sediment zone, these character disparities illustrate the 

need to further subdivide this zone into subzones.

Table 11 depicts the^continuous interval thickness of Sedimen

tation Zone I illustrating where this facies was observed in the Dos



Table 11. Continuous Interval Thickness of Sedimentation Zone I with Respect to Stratigraphic 
Occurrence within the Measured Section.^

DOS CABEZAS LAKE VALLEY NORTH KAIBAB TRAIL
Distance from Continuous Distance from Continuous Distance from Continuous
Mississipplan Interval Mississipplan Interval Mississipplan Interval

Base (m) Thickness (m) Base (m) Thickness (m) Base (m) Thickness (m)
— — — 5.40 4.57 — — —

— — — 17.59 1.52 —  — —

— — — 20.64 6.25 — —
— — — — 28.40 5.79 26.88 4.27

34.60 13.72 35.72 1.52 — — —

— — — 41.76 7.98 — — —

58.98 1.52 55.78 3.05 — — —

— — — 61.87 1.52 — — —

—  — — — 71.02 5.79 — — —

— — — 78.33 1.52 — — —

84.28 1.52 84.43 1.52 — —

107.73 1.52 — — — — — — —

110.80 1.52 — — — — — —

143.71 1.52 — — — — — — — —

153.01 3.05 — — —— — — —

Total
Intervals 7 11 1
Mean
Thickness 3.48 3.73 4.27
Standard
Deviation 4.55 2.42 —

Variance 17.75 5.32 — —

^Referenced from the Mississipplan base— age relationships not considered.
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Cabezas, Lake Valley, and Kaibab Trail sequences. As there are age 

correlation problems between the Dos Cabezas and Lake Valley sections, 

emergence-submergence fluctuation patterns are not obvious between these 

two sections.

According to Irwin (1965, Fig. 5) this low-energy sedimentation 

zone has correlation values of as much as hundreds of miles. Vertical 

occurrences of this facies do not display this relationship. Unlike 

the more shallow water shelf facies, correlation of this deeper water 

facies may be more depositional strike dependent. The Lake Valley and 

Dos Cabezas sections are approximately 125 miles (201 km) apart. Based 

on foraminiferal and algal content, the lower portion of the Dos Cabezas 

section is considered to be foram. zone 7 while the Lake Valley sequence 

is considered to be pre-foram. zone 7 in age (B. L. Mamet, personal 

communication, 1976) . Definite age relationships where this facies 

occurs in the Kaibab section are not known.

The lack of correlation is also apparent petrographically and 

stratigraphically in the field. Seven intervals of the Sedimentation 

Zone I facies were recognized in the Dos Cabezas section with a mean 

thickness of 3.48 m and a standard deviation of 4.55 m. With respect 

to stratigraphic position of the Mississippian base, the basal 3 inter

vals of the Dos Cabezas section are in contrast stratigraphically to 

the 11 intervals of this facies present at the Lake Valley section, 

even if one disregarded the age disparity.

The continuous interval mean thickness at Lake Valley is 3.73 m 

with a standard deviation of 2.42 m. The relatively similar values of
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3.48 and 3.73 m mean thickness are misleading, as there is considerable 

variation in interval thickness of these two measured sections that is 

typified by rather high standard deviation values. Only one question

able interval of this facies interpreted in the Kaibab Trail section 

prohibits any meaningful correlation of this section to the Lake Valley 

and Dos Cabezas sections.

In the field this facies topographically forms a cliffy slope 

or ledgy slope and is rarely expressed as a cliff former. Uniform 

stratification typifies this facies. Horizontal stratification pre

vails and apparent bedding is absent. Thin bedsets, ranging commonly 

from 15-90 cm, are found in the Dos Cabezas. section. The Lake Valley 

sequence, in contrast to the Dos Cabezas section, consists of very thin 

to thin bedsets ranging from 1.30-15 cm thickness. Within the bedsets, 

horizontal laminations of 0.16-0.32 cm are common.

Petrographically, despite the generally sparse allochem con

tent, many thin sections from this facies display a planar element 

alignment texture, probably reflecting episodes of settling of material 

below wave-base followed by sedimentation of intervals with sparse 

skeletal or non-skeletal clasts.

At the Dos Cabezas Mountains, the Sedimentation Zone I facies 

typically has fresh colors of brownish-gray (SYR 4/1) and rarely a pale 

yellowish-brown (10YR 6/2) or medium gray (N5). In contrast, the Lake 

Valley intervals of this facies appear to have more yellowish hues. 

Fresh colors are predominantly dark yellowish-brown (10YR 4/2),



yellowish-gray (5Y 7/2), olive gray (5Y 4/1), and, less commonly, 

brownish-gray (SYR 4/1) or grayish red purple (5RP 4/2).

Macrofauna are rare in this facies at the Dos Cabezas section, 

except for occasional rugose corals. At Lake Valley, however, there 

are intervals with relatively abundant crinoids, brachiopods, bryozoa, 

and rarely rugose corals. Conodonts are present in both measured sec

tions where this facies is present. Foraminifera are present in the 

Dos Cabezas section, but are absent in the Lake Valley sequence.

The writer feels refinements or further subdivision of this 

below wave-base sedimentation sequence would perhaps aid in segregating 

these two deeper water facies, perhaps illustrating that the relative 

difference observed between the Dos Cabezas and Lake Valley sections is 

a function of depth, with the sedimentation of the Lake Valley sequence 

perhaps occurring in deeper water.

Compositionally, the allochems present are crinoids and echino- 

derm clasts. In some intervals sponge spicules tend to dominate the 

skeletal components. Associated lesser amounts of bryozoa and ostracods 

also typify this sequence. Non-skeletal allochems are not common, but 

when present consist of small, generally circular grains typically 

ranging from 0.057-0.143 mm in size.

The cement medium is typically a microsparite or in some inter

vals combinations of microsparite and granular fine- to medium- 

crystalline calcite. Hazy microclastic material commonly is 

disseminated within the cementing material.

142



143

Chert horizons consisting of 3-15% chert lenses and discontinu

ous bedded chert commonly contain sponge spicule-enriched horizons. 

Intervals containing high percentages of chert typically occur as bedded 

cherts. These silicifled intervals commonly contain rod-like sponge 

spicules.

Cherts from shallow-water facies have distinct replacement tex

tures of non-skeletal and skeletal components and do not contain rod

like sponge spicules. In Sedimentation Zone I, facies generally less 

than 3% very fine to fine-crystalline dolomite is present in associa

tion with the silicifled horizons.



BIOSTRATIGRAPHIC ZONATION OF 
MISSISSIPPIAN MICROFACIES

Mississippian biostratigraphic samples were collected by the 

writer and thin sections from this data were analyzed for foraminifera 

and algae by Prof. Bernard Mamet of the University of Montreal, Montreal, 

Canada. Foraminifera zones were established that conform to the fora- 

miniferal scheme suggested by Mamet and Skipp (1970), which subdivides 

the Mississippian System into 14 zones (zones 6 through 18). Charts 

of widespread genera with their respective foraminifera zone ranges are 

provided by Mamet and Skipp (1972, Figs. 3-6).

A faunal list of the foraminifera and algae collected by the 

writer from the Escabrosa, Redwall, Modoc, and Lake Valley Limestones 

is provided by Mamet. The fossils are grouped into Mississippian 

faunas or species and Pennsylvanian faunas or species that were col

lected above the Upper Mississippian contact.

Mississippian fauna

Asphaltinella sp.
Bisphaera sp.
Calcisphaera laevis Williamson 
Calcisphaera pachysphaerica (Pronina)
Chernyshinella sp.
Columbiapora sp.
Earlandia clavatula (Howchin)
Earlandia minima (Birina)
Earlandia vulgaris (Rauzer-Chemoussova and Reitlinger)
Endothyra sp.
"Endothyra" trachida (Zeller)
Eoendothyranopsis spiroides (Zeller)
Eoendothyranopsis hinduensis (Skipp)
Eogloboendothyra sp.
Inflatoendothyra sp.
Issinella sp.
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Kamaena sp.
Latiendothyra sp.
Latiendothyra parakosvensis (Lipina)
Mametella sp.
Hiteheldeania sp.
"Nostocites" sp. (a new genus; will be named shortly) 
Orthriosiphon sp.
Ortonella sp.
Palaeoberesella sp.
Palaeospiroplectammina tschernyshinensis (Lipina) 
Parachaetetes Johnsoni Maslov 
Parathurammina sp.
Pekiskopora sp.
Priscella sp.
Proninella sp.
Pseudostaffella sp.
Pseudotaxis sp.
Radiosphaera sp.
Septabrunsiina sp.
Septaglomospiranella sp.
Septaglomospiranella primaeva (Chernysheva) 
Septatoumayella sp.
Spinoendothyra sp.
Spinoendothyra spinosa (Chernysheva)
Spinotournayella tumula (Zeller)
Tetrataxis sp.
Toumayella discoidea Dain.
Tuberendothyra safanovae Skipp
Tuberendothyra tuberculara (Chernysheva)
Vicinesphaera sp.

Pennsylvanian fauna

Asteroarchaediscus sp.
Biseriella sp.
Earlandia elegans (Rauzer-Chemoussova and Reitlinger) 
Eoschubertella sp.
Eostaffella sp.
Eostaffellina sp.
Globivalvulina sp.
Komia sp.
Millerella sp.
Profusulinella sp.
Pseudoammodiscus sp.
Pseudoglomospira sp.
Zellerina sp.
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Table 12 summarizes the foraminifera zone ranges of the species 

listed. These foraminiferal zones are depicted in relationship to car

bonate microfacies in Appendix A (Figures 50 to 71). Also, regional 

relationships of these foraminiferal zones are displayed in the seven 

correlation cross-sections (Figure 14, in pocket).

The oldest foraminifera zone present is designated pre-foram. 

zone 7 and is recognized only in the Lake Valley Limestone section mea

sured in the type section area. Lake Valley, New Mexico. The type area 

represents a relatively incomplete sequence of Lake Valley Limestone 

when contrasted to that described in the Sacramento Mountains by Laudon 

and Bowsher (1949, Fig. 11) and Lane (1974, Fig. 4). The majority of 

the sections measured in southeastern Arizona begin in foram. zone 7 

and locally in questionable zones pre-foram. 7 to foram. 7 in the Mes

cal and Van Winkle Ranch measured sections, and continue through foram. 

zones 9/10 in the Whetstone Mountains and Johnny Lyon Hills sections, 

which are examples of sections less affected by post-Mississippian ero

sion. Many of the sections have undergone varying amounts of post- 

Mississippian erosion. Post-Mississippian, pre-Pennsylvanian erosion 

commonly has eroded down to foram. zone 8 in places such as the Water

man Mountains and Jerome measured sections. Erosion down to foram. 

zone 7 has occurred in areas subject to Cretaceous erosive events, such 

as in the Clifton-Morenci area. This erosive event is apparently re

lated to the Burro-Graham Uplift events described by Turner (1962, p. 

59) and W. Elston (1970, p. 147). One section, the Dos Dabezas sec

tion, ranges from foram. zones 7-11. Foram. zones 8 and lower 9 are



Table 12. Microfossil Zones as Identified and 
Delineated by Bernard Mamet.
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not identified in this section, perhaps due to a facies restriction 

(deeper water) limiting foraminifera in this interval. In the Dos 

Cabezas section, section measurement was terminated within the Missis- 

sippian in foram. zone 11.

A complete section at this locality was measured by Armstrong, 

who measured approximately 815 feet of Escabrosa Limestone. The upper

most part includes Upper Meramec foram. zone 14, Brunsia facies, over- 

lain by Pennsylvanian foram. zone 20 (B. L. Mamet, personal communication, 

1977).

B. L. Mamet (personal communication, 1977) adds that in the Blue 

Mountain section in the Chiricahua Mountains and in the Boss Ranch 

section in the Pedregosa Mountains, the upper part of the Hachita Forma

tion of the Escabrosa Group also includes the Brunsia foram. zone 14, 

but is overlain by the Paradise Formation. The oldest Paradise fauna 

is foram. zone 15 (Late Meramec) in the Big Hachet Mountains in extreme 

southwestern New Mexico.

In central Arizona, in the region delineated as the Payson ridge 

by McKee and Gutschick (1969, p. 572-573), the Windy Hill and Chediski 

Mountains sections begin in foram. zones 8/9, and the Mt. Elden, Kohl 

Ranch, and Jerome sections begin in foram. zone 8, confirming the pres

ence of a Lower Mississippian positive element in this region. These 

data support Stoyanow’s (1936, p. 505) speculation that the Escabrosa 

and Redwall Limestones are not time-stratigraphic equivalents and that 

Redwall deposition began somewhat later than that of the Escabrosa

Limestone.
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The Eskimizine Formation (informal), which occurs in the Ash 

Creek section, is considered to be Upper Meramec or younger on the basis 

of scarce Cavusgnathus conodonts found in one crinoid-rich bed and on 

the basis of superposition. No foraminifera were found by the writer in 

the thin sections studied. Although the conodonts found in this newly 

proposed formation may be recycled, the Late Mississippian data support 

C. A. Ross's (1973, Fig. 4) reporting of this unit as a remnant patch 

of Paradise Formation, and disagree with Krieger (1968a,b), who con

sidered this interval to be the basal Naco Formation.

An advantage in using foraminifera rather than conodonts for 

regional correlation is that the dangers of undetected sediment recycl

ing are minimized. Also, to this investigation, foraminiferal studies 

by Zeller (1957), Woodland (1958), Armstrong (1958a), Hallgarth and 

Skipp (1962), Skipp (1969), Mamet and Skipp (1970), Holcomb (in 

Nadeau, 1971), Skipp (in Conley, 1972), Brenkle (1973), and Armstrong 

and Mamet (1974, 1976) allow regional correlations of uniform bio- 

stratigraphic data.

Some potential problems, however, do exist in utilizing fora

minifera for establishing time-stratigraphic equivalency. A primary 

problem is related to the evolutionary nature of foraminifera and their 

adaptability to varying environments or microfacies. Lower Mississip

pian foraminifera are largely restricted to intrasparite and pelloidal 

facies. This lithologic facies dependence in the Lower Mississippian 

(Tournaisian) was recognized by Mamet and Skipp (1970, p. 1133). They, 

however, noted that by early Late Mississippian time, there was an in

crease in possible foraminifera-bearing depositional environments.



This observed increase in foraminifera-bearing microfacies is 

supported by foraminifera that occur in the biosparite microfacies in 

addition to the intrasparite and pelloidal facies in the upper or young

er parts of the Dos Cabezas measured section. In the biosparite or 

deeper water microfacies, scarce or complete absence of foraminifera 

was noted in the Lower Hississippian Lake Valley Limestone and the 

lower part of the Escabrosa Limestone in the Dos Cabezas Mountains 

section. This absence or scarcity of foraminifera in the Lake Valley 

Limestone was reported by Toomey (in Lane, 1974, p. 269-270) and by 

B. L. Mamet (this investigation).

Unlike the Lower Hississippian foraminifera that appear re

stricted to shallower water, higher energy environments, conodonts ap

pear to be favored in the biosparite facies below and just above 

wave-base throughout the Mississippian. Thus, conodonts and foraminif- 

era do not occur concurrently except in the upper parts of the Dos Ca

bezas measured section.

Another problem in establishing time equivalency from forami

nif era zones is related to destruction of foraminifera in certain areas 

in southeastern Arizona that are extensively recrystallized and/or do- 

lomitized. An example is the extensively recrystallized and dolomit- 

ized Vekol Mountains section. Conodonts, however, can withstand high 

degrees of alteration, a feature of geothermometry value (Epstein and 

others, 1977). The recrystallization/dolomitization weakness in cer

tain measured sections may be overcome by extrapolating foraminifera 

zones as they relate to position in sequence and to microfacies
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relationships of adjacent sections in non-altered areas. Integrating 

microfacies data reflecting major eustatic sea level fluctuations and 

then tying these events to foraminifera zones, provides perhaps the 

most reliable geologic time lines for regional correlation. Gross- 

sections constructed for this investigation (Figure 14) employed this 

concept. The midpoint of maximum regional emergence or regression as

sociated with foram. zones 7/8 was used as a regional geologic time

line to hang the measured sections depicted in Figure 14. In most 

sections, extensive recrystallization and/or dolomltization mask the 

foraminifera zone age relationships of basal Mississippian strata be

tween the Payson ridge area and the Dos Cabezas section.

Despite the problems mentioned, the foraminifera zonal scheme 

appears to be a valuable interregional biostratigraphic tool for es

tablishing geologically precise time-stratigraphic correlations, par

ticularly if accompanied by detailed microfacies data.



EARLY DIAGENETIC FEATURES— CHERTIFICATION 

Introduction

The nature and occurrence of chert has been of interest as a 

geological phenomenon for almost a century. Of interest to this study 

is the potential value of using chert for regional or interregional 

correlation. McKee- and Gutschick (1969, p. 39, Table 33) and Parker and 

Roberts (1963, p. 45, 56; 1966, p. 2423-2424) suggest that the Thunder 

Springs Member of the Redwall Limestone, a chert-rich interval, can be 

correlated regionally for over thousands of square miles. Both McKee 

and Gutschick (1969) and Parker and Roberts (1963, 1966) link the chert 

in the Thunder Springs Member of the Redwall Limestone to chert within 

the Anchor Limestone of the Monte Gristo Group in southern Nevada, to 

the cherty intervals in the subsurface Mississippian strata of the Four 

Corners area, to the cherty intervals in the upper Gardison and lower 

Deseret Limestone in central Utah, and to cherty intervals of Member B 

of the Keating Formation of the Escabrosa Group as proposed by Armstrong 

(1962) in southeastern Arizona. McKee and Gutschick (1969, p. 588-589) 

proposed that this chert-bearing interval represents a regional- 

regressive event terminating with either a subaerial or subaqueous sur

face of erosion, a feature also considered to have regional correlation 

value. Temporally, in the type area of the Redwall Limestone, the 

Grand Canyon, Mamet and Skipp (1970) consider this cherty interval, the 

Thunder Springs Member, to be middle to late foram. zone 8, or forma- 

tionally equivalent to the Lower Keokuk.
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The question as to how this regionally identified chert of the 

Redwall Limestone ties environmentally, temporally, and spatially to 

Mississippian strata.and cherty intervals of central and southeastern 

Arizona is pertinent to this study. One must evaluate whether the 

cherty intervals in the Mississippian strata in southeastern and central 

Arizona represent regionally traceable and time-correlative events, or 

a series of events such as a regional eustatic sea level change, or 

whether the chert occurrences are polygenetic in nature regionally, so 

that regional correlations based on chert-bearing intervals would be 

misleading. The nature and environments of formation of chert, as well 

as the sources of silica, are therefore germane to this study for eval

uation of the potential worth of using chert for correlation.

Previous Chert Investigations

Most chert investigations are concerned with answering two ques

tions: 1) what was the origin of the chert being studies? and 2) what

was the source of silica for the commonly areally extensive chert occur

rences? Summaries discussing various hypothesis of chert origin, both 

bedded and nodular, and silica sources are provided by Pettijohn (1975, 

p. 400-407), McKee, and Gutschick (1969, p. 559-561), Siever (1962, p. 

141-147), Biggs (1957, p. 9-22), Hurst (1953, p. 232-237), Bramelette 

(1946, p. 41-46), and Tarr (1917, p. 427-451).

Four hypotheses pervade the literature concerning the origin 

of chert: 1) inorganic precipitation, 2) biogenic precipitation, 3)

metasomatic replacement, and 4) varied combinations of the first
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three hypotheses. Also, differing viewpoints exist as to the timing of 

these hypothesized origins of chert as being either primary, penecon- 

temporaneous, or secondary in nature. Examples of studies which favor 

inorganic precipitation in forming chert are by Tarr (1917, p. 450- 

451); Chlllingar (1956, p. 1560); Bissell (1959, p. 177); Bien, Contois, 

and Thomas (1959, p. 32-34); Goldstein (1959, p. 149); Bugster (1967); 

Surdam, Bugster, and Mariner (1972, p. 2261-2262); and others. Examples 

of studies which stress the importance of biogenic precipitation in 

forming chert are provided by Bramelette (1946, p. 44-50); Fagan (1962, 

p. 610); Pittman (1959, p. 132); Siever (1962, p. 137); Calvert (1966, 

p. 569); Ernst and Calvert (1969); and others.

Studies by Krumbein and Cartels (1952); Alexander, Heston, and 

Idler (1954); Krauskopf (1956, 1959); Dapples (1959); Siever (1962); 

and others, provided experimental data and reviewed previous experi

mental work on the chemical behavior of silica. From the laboratory 

work, amorphous silica equilibrium concentrations were substantiated 

(approximately 70 ppm at 0°C, 120 ppm at 25°C, and 350 ppm at 90°C ac

cording to Krauskopf, 1956, p. 15) and noted to vary linearly with 

temperature. Amorphous silica solubility did not vary significantly 

with pH until pH levels of 9-9.5 were reached, and then solubility 

rose markedly (Krauskopf, 1956, p. 3; 1959, p. 13; Siever, 1962, p.

128). In addition to silica solubility being pH- and temperature- 

dependent, Folk and Pittman (1971, p. 1055) noted that sulfate content 

may be an important variable to consider, as its presence tended to in

crease silica solubilities at lower pH values.
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The contrasts of this experimental data to naturally occurring 

amorphous silica concentrations are significant. Amorphous silica con

centration values typically range from 5-30 ppm in terrestrial and 

groundwaters, 5-10 ppm in deep sea water, and 0.5-2.0 ppm in shallow 

sea water (Krauskopf, 1956, p. 21, 22, 25). By comparing amorphous 

silica solubility values determined experimentally to amorphous silica 

concentrations found in sea, ground, and terrestrial waters, it is ap

parent that special conditions are.needed for supersaturation of amor

phous silica to occur naturally. Thus, the experimentalist placed 

severe constraints on inorganic precipitation and provided renewed sup

port to those theories advocating biogenic concentration of silica. 

Krauskopf (1956, p. 25) and Siever (1962, p. 137) hypothesized that 

inorganically precipitated chert could form only when locally enriched 

'by volcanism.

Studies or comments on chert in the study region are provided 

on the Redwall Limestone by McKee and Gutschick (1969, p. 39-49, 112- 

114, 559-561) in the Colorado Plateau area, by Parker and Roberts (1963, 

p. 47, 51; 1966, p. 2424, 2428,2429) in the Four Corners area, by Kent 

(1975, p. 67-75) in the Black Mesa Basin area, by J. W. Smith (1974, p. 

58-60) in the Jerome, Arizona area, on the Escabrosa Group by Armstrong 

(1962, p. 5, 8, 10, 11, 21) in extreme southeastern Arizona and south

western New Mexico, on the Lake Valley Limestone by Meyers (1974a) in 

southwestern New Mexico, on the Leadville Limestone by Banks (1970) in 

west-central Colorado, on the Joana Limestone by Chillingar (1956, p . 

1559-1561) in central western Utah and central eastern Nevada, and on
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the Monte Gristo Group by Chillingar (1956, p. 1560) in extreme south

eastern California.

In northern Arizona, general agreement exists on the early di- 

agenetic or penecontemporaneous replacement origin of cherts before 

lithification by Parker and Roberts (1963, p. 51; 1966, p. 2428), McKee 

and Gutschick (1969, p. 114), J. W. Smith (1974, p. 58), and Kent (1975, 

p . 68), although the sources of silica for penecontemporaneous replace

ment are varied. McKee and Gutschick (1969, p . 559-560) noted that 

silicification occurs in the more porous-permeable zones or in intervals 

that contain abundant bioclastic debris. Alternating carbonate and 

silicified intervals were considered by Kent (1975, p. 68) to be a func

tion of silica supply. The occurrence of chert in the more bioclastic 

intervals was interpreted to be a fossil preservation phenomenon. A 

typical paragenetic sequence of diagenesis observed by McKee and 

Gutschick (1969, p. 559-560) and Kent (1975, p. 68) is replacement of 

calcite by chert followed by dolomite, a sequence which also was com

monly observed in this investigation.

Post-consolidation early diagenetic silicification is proposed 

by Armstrong (1962, p. 21) for Member B, the cherty member of the Keat

ing Formation of the Escabrosa Group in extreme southeastern Arizona 

and southwestern New Mexico. McKee and Gutschick (1969, Table 34) and 

Parker and Roberts (1963, p. 47; 1966, p. 2424) speculated that the 

Thunder Springs chert may be equivalent to the chert reported in Member 

B by Armstrong. This correlation may be spurious, however, as Armstrong 

(1962, Fig. 1; 1970, Fig. 1); considered the Keating Formation to be



Burlington equivalent in age, while the Thunder Springs Limestone is 

of Early Keokuk age according to Mamet and Skipp (1970).

Syngenetic or primary inorganic precipitation is hypothesized 

for the origin of the chert in the Joana Limestone in central western 

Utah and eastern Nevada, and the Anchor Limestone in southern Nevada, 

a generally accepted Thunder Springs Member of the Redwall Limestone 

equivalent (McKee and Gutschick, 1969, p. 579) .

In the Leadville Limestone of Colorado, Banks (1970, p. 3033, 

3038-3047) recognized two generations of chert in addition to a jasper- 

oidal chert of hydrothermal origin associated with post-depositional 

mineralization. One type of chert, "early chert", was believed to have 

formed from silica derived from siliceous elastics in a hypersaline 

near-shore environment in which the pH exceeded 8.5 or 9.0. The "early 

chert" was precipitated both by evaporation and from soluble silica 

percolating and interfacing with subsurface zones of lower pH where de

cay of buried organic matter was in progress (Banks, 1970, p. 3038- 

3041). The second type of chert, "late chert", was considered to have 

formed during the Mississippian after lithification but before karstic 

development. The precipitation of silica resulted from near-surface 

seasonal evaporative concentration of rising silicic-rich waters. The 

silica was interpreted as being derived from underlying Devonian age 

elastics and the Mississippian Gilman Sandstone.

McKee and Gutschick (1969, p. 114) speculate that the source of 

silica for cherts in the Redwall Limestone of Arizona is too areally 

pervasive to be hydrothermal in origin and paucity of regional

157
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contemporaneous volcanism or hot springs activity also negates these 

possible silica sources. McKee and Gutschick consider silica to be de

rived from the weathering of a low-lying landmass or from silica enrich

ment from upwelling currents. The upwelling source of silica concept is 

employed in studies by Bramelette (1946, p. 40), McKelvey and others 

(1959, p. A27-A28), Calvert (1966, p. 587, 593), J. W. Smith (1974, p. 

59), Kent (1975, p. 73), and others. McKee and Gutschick further spec

ulated that opaline fossils may be responsible for furnishing silica, 

but they added that if biogenic activity was the silica source, no evi

dence or preservation of biogenic material was preserved. J. W. Smith 

(1974, p. 59-60), in his petrographic study of the Redwall Limestone in 

the Jerome area, did observe silicified intervals containing sponge 

spicules, favoring an indigenous biogenic source of silica. J. W. Smith 

(1974, p. 59) postulated that the silica was derived from deep-water 

radiolarian-enriched waters upwelling along the shelf. However, J. W. 

Smith (1974) did not specify shelf edge locations. Invoking major up

welling currents for epeiric sea sedimentation conditions requires de

lineation of shelf margins or delineation of zones of bathymetric 

changes. Perhaps sedimentation above and below wave-base constituted 

a major controlling factor for circulation and currents to control ma

rine life and nutrients in an epeiric sea. Kent (1975, p. 75) also 

invoked upwelling currents that he hypothesized were enriched by sub

marine volcanism occurring in the Cordilleran areas as reported by 

Bissell (1959), providing silica for biogenic blooming activity in a 

manner similar to that described by Berner (1971). However, Calvert



159
(1966, p . 569, 593), in a study of deep sea sediments in the Gulf of 

California, maintains that it is not necessary to invoke volcanic events 

to account for silicic organic blooming, but that upwelling currents 

continuously supplying nutrients to the euphotic zone, seasonal wind 

regimes that promote water exchanges, and terrestrial streams provide 

adequate silica sources.

Armstrong (1962, p. 21) also hypothesized a periodicity of 

silica enrichment to have affected Member B of the Keating Formation of 

the Escabrosa Group. During periods of silica enrichment, Armstrong 

hypothesized that silica was disseminated throughout unconsolidated 

calcite sands and ooze that, by metasomatic replacement processes, con

centrated the silica into nodules.

Meyers (1974a, p. 1742-B) reported that the chert-bearing rocks 

within the Lake Valley Limestone that he interpreted as an Osage age 

subtidal depositional sequence are restricted to mud-supported micro- 

facies. Chertification was interpreted to be a function of indigenous 

silica controlled by the areal distribution of sponge spicules. Petro- 

graphically, he noted that microquartz replaced grains and lime muds, 

while length-fast chalcedony and megaquartz formed pore-filling cements. 

Meyers considered chert formation to be, at least in part, pre-Meramec 

or completed prior to deposition of the Rancheria Formation based on 

the examination of Lake Valley chert recycled in the basal Rancheria

beds.



Field and Laboratory Study 
of Silicified Intervals
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Morphology and abundance of chert were recorded in the field, 

and'the weathered and fresh fracture colors of the samples collected in 

the field were assigned according to the rock color chart (Goddard and 

others, 1970) in daylight conditions in the laboratory. As chert was 

encountered in section measurement, the chert was subdivided into three 

geometric types— nodular, lensoidal, and bedded. The amount of each 

geometric form of chert present was estimated as a percent of the total 

outcrop exposure. More than 110 thin sections were prepared to evaluate 

the chert-bearing intervals. Lensoidal chert prevailed in most chert 

sequences or in sporadic chert occurrences.

Nodules are commonly less than 6 in (15 cm) in alrgest diameter 

and are usually oblate spheroids in form. Lenses are typically 2-6 in 

(5-15 cm) thick, and rarely exceed 8 in (20 cm) in thickness. The 

lenses commonly range from 6-24 in (15-61 cm) in width. Bedded cherts 

commonly consist of parallel to subparallel, sometimes lensing and merg

ing silicified intervals that are typically 2-4 in (5-10 cm) thick.

The thickness rarely exceeds 6-8 in (15-20 cm). McKee and Gutschick 

0-969, Figs. 17-20) illustrate the typical varieties of chert geome

tries that may be observed in the field. Figures 20B and 18E in McKee 

and Gutschick (1969) are the most typical chert morphologies observed 

in the field for nodular-lensoidal and bedded cherts. Figures 15 and 16 

are typical field exposures of lensoidal and bedded chert.

In Appendix A a tabulation of the chert-bearing intervals in 

stratigraphic sequence with the estimated percentages of each morphologic



Figure 15 Typical Exposures of Lensoidal Chert



Figure 16 Typical Exposures of Bedded Chert
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type of chert is included. These intervals may be related to the other 

data listed in these figures; namely, corresponding petrologic descrip

tion, interpreted microfacies, foraminiferal zone assignment, degree of 

recrystallization and dolomitization as determined from petrographic 

estimates expressed as a percent according to visual estimation of per

centage composition charts (Terry and Chillingar, 1955), associated 

macrofossils, if any, and presence or absence of conodonts or 

foraminifera.

Petrographic analyses of the chert combined with the above in- 

tercorrelated data provide a perspective to delineate three types of 

genetically similar environments for chert formation with the study 

area.

Three Types of Genetically 
Similar Chertification Environments

Three types of environmentally similar chert are recognizable 

regionally, and are classified genetically as they are related to micro

facies positions within a shelf sequence with which they are closely 

associated. The three chertification environments are: 1) wave-base

chert, 2) eustatic chert, and 3) near-shore chert. Figure 17 depicts 

the occurrence of these three types of chert with respect to submerging, 

emerging, or stillstand conditions.

All three chert types are interpreted to have formed through 

very early or penecontemporaneous replacement processes prior to or 

during sediment lithification similar to that described for the Redwall 

Limestone by Parker and Roberts (1963, 1966), McKee and Gutschick
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(1969), J. W. Smith (1974), and Kent (1975). The penecontemporaneous 

replacement by silica prior or during lithification is based on copious 

examples of replacement textures in thin section. The more common re

placement features are silicification of fossil allochems, silicified 

pseudomorphs after calcite, silicified laminae and siliceous etching 

into euhedral calcite crystals. Another feature common to the three 

environmentally different types of chert is that they all display a 

similar diagenetic replacement paragenesis; namely, calcite is replaced 

by silica followed by dolomitization.

Mississippian age chert fragments included in the basal member 

of the Naco Formation (Alpha Member) along the Mogollon Rim in central 

Arizona provide proof that chertification was completed prior to 

Pennsylvanian time. In an arenitic-bioclastic microfacies in the Mes

cal Mountains section, the trace occurrence of a slightly abraided, 

partially silicified, crinoid ossicle mixed with totally unsilicified 

allochems and sparry calcite cement allows speculation that the par

tially silicified crinoid ossicle was originally deposited in an envir

onment undergoing silicification. The ossicle was then recycled and 

subsequently deposited with bioclasts in an environment unsuitable for 

silicification. This type of evidence provides a clue that the silici

fication process may accompany the depositional process prior to lithi

fication. Further evidence, however, is needed to supplement such a

conclusion.
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Silica Sources

Sponge spicules are indigenous silica sources to the wave-base 

cherts. Sponge-spiculed chert is commonly observed in microfacies 

just above or below wave-base (Sedimentation Zones I, IIA, IIB). This 

subaqueous nickpoint or wave-base represents a potential zone where a 

continuous supply of nutrients would become available for marine life 

to fluorish. Biogenic activity, siliceous sponges, can biogenically 

concentrate silica and provide an autochthonous silica source completely 

dependent on the distribution of the sponges. Bustatic cherts may re

sult from shoreline redistribution and mechanical concentration of si

liceous sponge spicules in a manner similar to that proposed by Cavaroc 

and Perm (1968, p. 263, 269). Thus, sponge spicules generated near 

wave-base could be mechanically transported and concentrated in re- 

sponce to eustatic sea level changes followed by complete or partial 

dissolution of the sponge spicules and redeposition of silica, a pro

cess consistent with conclusions reached by Krauskopf (1956, p. 25).

This mechanical concentration hypothesis is consistent with field ob

servations, as the eustatic cherts are generally condensed in a verti

cal sequence but generally have high percentages of chert as contrasted 

to the lower density, wide vertical range of occurrence typically ob

served in association with the wave-base cherts. Also, paucity of si

liceous sponge spicules in the eustatic cherts supports this hypothesis.

In the study area the third type of chert, near-shore chert, is 

very rare and occurs as random lenses in association with the near-shore 

microfacies. In the near-shore microfacies siliceous elastics have been



167

observed in many thin sections, either in a disseminated or concentrated 

form. Carbonate dissolution of these somewhat rare siliceous elastics 

and reprecipitation in a manner suggested by Walker (1960, p. 145) or 

dissolution of the siliceous elastics in the near-shore hypersaline en

vironment, an environment where high pH as well as high sulfate content 

(Folk and Pittman, 1971, p. 1055) would promote dissolution of the si

liceous elastics followed by reprecipitation of silica in a manner simi

lar to that suggested by Banks (1970, p. 3038-3041) could account for 

these rare cherts. Banks proposed that silica would precipitate from 

evaporation of the hypersaline waters and from the merging of more 

acidic subsurface waters with the downward percolating silica-enriched 

hypersaline waters. However, one could invoke mechanical displacement 

and concentration of sponge spicules into the near-shore environment as 

a result of a high-magnitude, low-frequency storm event to obtain the 

small amounts of silica needed for chertification of these rather scarce 

near-shore cherts.

In conclusion, chert in the study area appears to have an ade

quate indigenous silica source for chertification; namely, sponge spic

ules. Chert formed from the biogenic silica source.appears related to 

the original distribution of the sponges (wave-base chert) and conse

quent environmental redistribution and alteration of this biogenic 

silica source. The near-shore cherts, however, could have multiple but 

rare silica sources; namely, redistributed biogenic or clastic derived

silica.
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Nature of Occurrence, Physical 
and Petrographic Aspects

Table 13 summarizes some of the similarities and differences 

in nature of occurrence, physical, and petrographic aspects of the 

three types of environmental chert.

Wave-base Chert. Measured sections displaying well-developed 

wave-base cherts occur in the pre-foram. zone 7 Lake Valley measured 

section and throughout most of the Dos Cabezas and Jerome measured 

sections. Also, most measured sections with the non-eroded foram. zone 

8 or younger strata display some of the characteristics of the wave- 

base chert. These deeper water cherts locally appear related to minor 

eustatic shifts, but more commonly appear related to a deeper water 

stillstand sequence. The proximity to wave-base is favorable for bio

genic proliferation. Sponge spicules appear favored just below or near 

the wave-base nickpoint that provides a potential prolific indigenous 

source of silica for chertification.

The wave-base cherts are most commonly associated within bio- 

clastic lutitic, arenitic, and ruditic microfacies (Sedimentation Zones 

I, IA, IIB), and rarely occur within bioclastic-pelloidal or intra

clasts of bioclasts microfacies (Sedimentation Zones IIC and IID).

In contrast to the eustatic shelf chert, vertical sequences of 

wave-base chert are much thicker. Continuous vertical intervals of 

sporadic chert range typically from 80-100 ft (24.4-30.1 m). The cherts 

are generally never concentrated and commonly represent 3-10% of the 

unit exposed in the form of random nodules and lenses. Wave-base fresh



Table 13. Comparative Aspects of Three Types of Environmentally Classified Penecontemporaneous 
___________ Replacement Chert.________ __________________________________________________ _________

PHYSICAL ASPECTS WAVE-BASE CHERT EUSTATIC SHELF CHERT NEAR-SHORE CHERT
TYPICAL CONTINUOUS 
VERTICAL INTERVAL 
THICKNESS

80-100 ft (24.4-30.1 m) Emergence— 30 ft (9.1 m) 
Submergence— 10-15 ft 
(3.1-4.6 m) .

Sporadic only

CHERT CONTENT EX
PRESSED AS A PERCENT 
OF TOTAL OUTCROP 
EXPOSURE

3-10%; locally, 10-40% Emergence— 1-5% grading 
upwards to 10-40% 
Submergence— 3%, locally 
10%

<1% •

NODULAR Rare Common Rare to absent

LENSOIDAL Common Common Common

BEDDED Rare to common Common Absent

TYPICAL COLOR Fresh— medium dark 
gray (N4) to brownish- 
gray (SYR 4/1) 
Weathered— dark gray 
(N3) to reddish-brown 
(10R 3/4)

Fresh— light olive gray 
(5Y 6/1) to light gray 
(N7)
Weathered— medium light 
gray (N6) to white (N9) 
and grayish-pink 
(5R 8/2)

Fresh— brownish-gray 
(5YR 4/1) to medium dark 
gray (N4)
Weathered— light 
brownish-gray (SYR 6/1), 
medium gray (N5), and 
medium light gray (N8)

MACROFOSSILS Common— rugose corals, 
crinoids
Less common— brachio- 
pods, bryozoa

Rare— rugose corals, 
locally

Absent

CONODONTS Common Rare to common Absent
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Table 13, Continued.

PHYSICAL ASPECTS WAVE-BASE CHERT EUSTATIC SHELF CHERT NEAR-SHORE CHERT
FORAMINIFERA Occur only In foram. 

zones 9/10 or younger
Rare to absent Absent

PETROLOGIC ASPECTS
LENGTH-SLOW
CHALCEDONY

Absent Absent Present

LENGTH-FAST
CHALCEDONY

Present Present Absent

SPONGE SPICULES Abundant Rare Scarce or absent

REPLACEMENT TEXTURE Present Present Present

DOLOMITIZATION <10%; locally, 25-100% 80-100%; locally, 10-20% 0-10%

HYPOTHESIZED SILICA 
SOURCE

Indigenous biogenic 
sponge spicules

Mechanically concen
trated biogenic sponge 
spicules

Siliceous elastics or 
mechanically concentrated 
biogenic sponge spicules
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and weathered chert colors are highly variable, although darker colors, 

typically dark grays and brownish grays prevail in contrast to the light 

grays or light brownish grays which typify eustatic-type cherts, al

though there are many exceptions.

Microcrystalline quartz to a lesser extent megaquartz, re

places fossil allochems while microquartz is the dominant cementing ma

terial. Locally near cement-allochem interfaces, length-fast 

chalcedonic quartz is present and generally transcends into megaquartz 

if voids or pores are present. Sponge spicules, if present, generally 

represent a high percentage of fossil allochems. Carbonates adjacent 

to the silicified intervals have been minimally dolomitized, generally 

less than 10%. However, in many thin sections, very fine to fine- 

crystalline subhedral to euhedral dolomite is disseminated in trace 

amounts (less than 5%). This lack of associated dolomitization with 

the deeper water microfacies and accompanying intervals of wave-base 

cherts may indicate that although the silicification event precedes the 

dolomitization event, the dolomite may form early in the diagenetic or 

lithification process. If the dolomitization event was a late-stage 

or secondary diagenetic event, both shelf and deeper water shelf, below 

wave-base microfacies should be dolomitized indiscriminately

Eustatic Shelf Chert. Eustatic shelf cherts are best displayed 

and preserved related to the regional Osage (foram. zones 7/8) period 

of regional emergence and submergence in southeastern and south-central 

Arizona. Poorly developed emerging sequences in basal foram. zone 9
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and foram. zones 9/10 are observed In some sections. Ecstatic shelf 

chert associated with the Osage regression (predominantly foram. zone 

7) include the measured sections at Patagonia (in part), the Whetstone 

Mountains, Johnny Lyon Hills, Nugget Canyon, Waterman Mountains, Ash 

Creek, Mescal Mountains, Van Winkle Ranch, Vekol Mountains, Superior, 

and the Salt River. The Dos Cabezas and Patagonia Mountains sections 

are presumed to represent slightly deeper water regimes, as these loca

tions were never fully emerged during the Osage regressive event.

Chert intervals associated with the emerging sequence are gen

erally better developed than the submerging phase. The Osage regressive 

ecstatic shelf chert generally does not exceed 30 ft (9.1 m) in contin

uous vertical profile. Chert-bearing microfacies associated with the 

regressive phase commonly range from intraclasts of bioclasts (Sedi

mentation Zone IID) shoreward through and including the near-shore pel- 

loidal and dolomitic microfacies (Sedimentation Zones IV and V). Chert 

content normally increases in abundance vertically with increasing 

emergence to the point of microfacies of the first maximum regression. 

Generally a stillstand occurs in the near-shore microfacies or point of 

maximum emergence associated with the Osage regressive event. The 

stillstand begins at the point of first maximum regression and is typi

fied by a chert-barren interval unless near-shore type facies are 

formed locally or until regional submergence or the transgressive se

quence begins.

The Waterman, Vekol and Mescal Mountains, Ash Creek, and Van 

Winkle Ranch sections are similar in chert occurrence and percentage of
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variations related to the Osage regressive event. In a vertical as

cending sequence, chert first appears as nodular then nodular and lens- 

oidal to bedded chert. The initial nodular and lensoidal chert occurs 

sporadically as 1-5% nodules with the chert rapidly increasing to 

cherty intervals ranging from 10-40% and locally 80% of the total out

crop. These higher percentage values commonly occur in the pelloidal 

or near-shore facies (Sedimentation Zones IIIC and IV-V).

However, in the Whetstone Mountains, Johnny Lyon Hills, Nugget 

Canyon, Superior, and Salt River, as well as the deeper water Patagonia 

and Dos Cabezas sections, paucity of chert is notable in association 

with this emerging event. Only a few sporadic nodules and lenses are 

present and commonly represent only 2-3% of the total unit. Thus, cor

relation of the regressive event in these sections to the sections with 

well-developed cherty intervals would be tenuous at best.

The presence of minor and sporadic chert marks the beginning of 

submergence or transgression throughout southeastern Arizona during 

foram. zone 8. Unlike the variations in abundance of chert observed 

in association with the Osage emerging event, the submerging event has 

only sporadic occurrences of nodular and lensoidal chert ranging from 

1-3% to locally 10%. Chert-bearing microfacies record only the final 

phases of the transgression, as the chert commonly occurs in the 

bioclastic-ruditic and bioclastic-arenitic microfacies (Sedimentation 

Zones IIA and IIB); although in the Waterman and Vekol Mountains and 

Ash Creek measured sections more near-shore microfacies begin the sub

merging sequence. The Osage submergence eustatic shelf chert generally
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does not exceed 10-15 ft (3.1-4.6 m), although a 45 ft (13.7 m) inter

val is present in the Whetstone Mountains. Submergence eustatic shelf 

chert is absent in the Van Winkle Ranch section. Generally, the last 

occurrence of the submergence eustatic shelf chert coincides with the 

first point of maximum submergence or transgression.

A chert interval of generally 20-30 ft (6.1-9.1 m) thick is 

present in the Mescal Mountains, Vekol Mountains, Superior, Van Winkle 

Ranch, Johnny Lyon Hills, and Ash Greek sections in association with a 

partial emergence event during basal foram. zone 9.

An undated 60 ft (18.3 m) interval of chert in the Dos Cabezas 

section may or may not correspond to this emergence event. The second 

post-Osage (foram. zones 7/8) partial emergence event was during foram. 

zones 9/10. Eustatic shelf chert is well-developed only in the Whet

stone Mountains in association with this emergence. Minor cherty se

quences not exceeding 20 ft (6.1 m) in thickness are present in the 

Vekol, Superior, and Van Winkle Ranch sections and may or may not cor

respond to the cherty sequence in the Whetstone Mountains.

Eustatic shelf cherts are typically light olive gray (5Y 6/1) 

to light gray (N7) on fresh exposures, and the weathered colors, al

though much more variable, range from medium light gray (N6) through 

white (N9). Some chert weathers grayish-pink (5R 8/2). Chert colors 

associated with the shallow or near-shore microfacies (Sedimentation 

Zones IIIB, IIIC, and IV-V) commonly include brownish-gray hues.

Petrologically, silicified intervals consist primarily of mi

crocrystalline quartz replacing carbonate allochems, although locally
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megaquartz replacement may dominate. Micrite cement is typically re

placed by microcrystalline quartz. Apparent bird’s eye textures and 

once sparry calcite cement-filled voids associated with the near-shore 

intraclasts of pellets and pelloidal microfacies (Sedimentation Zones 

IIIB and IIIC) are replaced by length-fash chalcedonic quartz rimmed by 

megaquartz. The typical silicification paragenetic sequence is micro

crystalline quartz, length-fash chalcedonic quartz to megaquartz. Dis

seminated very fine to fine-crystalline subhedral and euhedral dolomite 

rhombs are present in trace amounts (less than 5%) in many of the eu- 

static shelf chert thin sections, similar to those seen in the wave- 

base cherts. Sponge spicules are rare or absent. Only a few thin 

sections contain questionable sponge spicules.

The surrounding carbonates adjacent to the eustatic shelf chert 

have undergone varying degrees of recrystallization and dolomitization. 

Silicified intervals with well-preserved original rock textures sub

stantiate that the chertification event occurred prior to dolomitiza

tion. However, in some intervals calcite recrystallization, usually at 

the top of an increasing degree of dolomitization, appears to have oc

curred prior to silicification. Commonly, 90-100% dolomitization has 

occurred within the cherty sequences while the degree of recrystalliza

tion may vary somewhat unpredictably and range from 10% to commonly 

60-100%.

Near-shore Chert. Near-shore chert was observed only in the

Johnny Lyon Hills, Superior, and Van Winkle Ranch sections. It is
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presumed, however, that this chert Is present at the other measured 

sections that had a fully emerged near-shore microfacies stillstand dur

ing the regional southeastern Arizona Osage regression. Absence of this 

relatively rare chert in near-shore microfacies is interpreted as a 

sampling problem. Near-shore chert occurs in association with the near

shore microfacies including.Sedimentation Zones IIIC and IV-V. The 

chert typically occurs as isolated lenses within generally very thinly 

bedded sequences. Near-shore chert constitutes less than !%• of the to

tal outcrop exposure.

Only a limited number of samples provide information as to the 

general color of near-shore cherts. The fresh colors are brownish-gray 

(SYR 4/1) to medium dark gray (N4). The weathered colors range from 

medium gray (NS), medium light gray (N6), to light brownish gray (SYR 

6/1).
Macrofauna, conodonts, and foraminifera were not observed in 

the limited number of samples analyzed. The presence of length-slow 

chalcedony is the key petrologic signature used to identify near-shore 

chert. The paragenetic sequence for chertification is microcrystalline 

quartz, length-slow chalcedonic quartz, followed by megaquartz. Micro

crystalline quartz, similar to the other chert types dominated as a 

groundmass with few, if any, preserved allochem ghosts. Locally, abun

dant vugs rimmed irregularly by microcrystalline quartz were filled to

wards the interior by length-slow chalcedonic quartz followed by 

megaquartz. In the larger vugs megaquartz crystals become larger to

wards the interior. In one slide, the length-slow chalcedonic quartz
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appears to replace a geometric straight-lined vug. This geometric re

placement may represent silicification of a pseudomorph after an evapo- 

rite similar to that discussed by Folk and Pittman (1971, p. 1054-1057). 

Folk and Pittman provide a good discussion on the hypothesis of the 

formation of length-slow chalcedony as related to replacement of evapo- 

rite minerals.

Associated carbonates are moderately reerystallizdd (50-60%) 

and variably dolomitized (ranging from 0-100%). The near-shore chert 

appears to have a few very questionable sponge spicules in one thin 

section, that if present would aid in understanding the source of silica 

of these very sporadic cherts. More data is needed to fully evaluate 

the degrees of variation possible for near-shore chert. However, the 

identification of length-slow chalcedony associated with the near-shore 

microfacies and the presence of interpreted silicified psuedomorphs 

after evaporites supports Folk and Pittman's (1971) conclusions regard

ing the value of recognizing length-slow.chalcedony as a vestige of a 

former evaporite paleoenvironment.

Cherty Intervals— A Panacea or 
Deluder for Stratigraphic Correlation

One of the principal goals of this study was to establish reli

able regional stratigraphic correlations for a unit in time, the Missis- 

sippian period. As previous regional Mississippian investigations 

(McKee and Gutschick, 1969; Parker and Roberts, 1963, 1966) of the Red- 

wall Limestone considered one interval— the Thunder Springs Member— a 

highly cherty interval, regionally traceable for over thousands of



square miles, the chert In the Mississippian strata in southeastern 

Arizona was scrutinized for its potential use in regional correlations.

Field and petrographic studies of the chert in central and 

southeastern Arizona led to the recognition of three environmentally 

related cherts that are interpreted to have formed by penecontemporane- 

ous replacement processes prior to sediment lithification. The three 

types of chert recognized are: 1) wave-base chert, 2) ecstatic shelf

chert, and 3) near-shore chert. Two other types not included in the 

discussion or classification because of their rarity are sand chert and 

bedded chert. The three types of chert were found to be regional in 

occurrence, but not totally predictable temporally or spatially. In 

the study area, the third type, near-shore chert, was found to be too 

restrictive and scarce for correlation value. However, the first two 

environmental types of chert are worthy of scrutiny.

The eustatic shelf chert develops concentrated intervals of 

nodular, lensoidal, and bedded chert in association with emerging or 

regressive sequences and is less well developed or absent in the sub

merging or transgressive sequences. McKee and Gutschick (1969, p. 588- 

589) considered that the Thunder Springs chert formed in association 

with a regional regression and would therefore be included in the 

writer's eustatic shelf chert type. A subsurface petrographic study 

of the Redwall Limestone in the Black Mesa Basin by Kent (1975) deline

ated a cherty interval which he correlated with the Thunder Springs 

Member. However, Kent (1975, p. 73) noted that deep-water textures 

characterize this chert, not a regressive sequence as suggested by
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McKee and Gutschick (1969, p. 588-589). McKee and Gutschick (1969, p. 

113) report the presence of local sponge spicules in the Thunder Springs 

Member that would be indicative of eustatic cherts while J. W. Smith 

(1974, p. 59) reports sponge spicules to be common in the Thunder 

Springs Member in the Jerome area. The common occurrence of sponge 

spicules would support the cherty sequence in the Jerome area to be 

wave-base chert. The writer measured a section at Jerome that supports 

Smith’s observations, and the microfacies do indeed indicate that the 

cherty sequence consists of wave-base type cherts.

Thus, both Kent (1975) and J. W. Smith (1974) recognized deeper 

water chert formation, and both investigators correlated their cherty 

sequences to McKee and Gutschick’s (1969) interpreted regressive Thunder 

Springs chert. Either the interpretation of the environments of depo

sition of these cherty intervals is erroneous or, more likely, multiple 

environmental cherts have been linked on the basis of physical strati

graphic correlations of chert-bearing sequences. What about the tempo

ral relationships between the Thunder Springs chert of the Redwall 

Limestone and Member B of the Keating Formation of the Escabrosa Group 

in southeastern Arizona? McKee and Gutschick (1969, Table 33) and 

Parker and Roberts (1963, p. 46; 1966, p. 2424) suggest that these two 

chert-bearing sequences are equivalent. However, the Thunder Springs 

Member is considered to be middle and upper foram. zone 8 (lower Keokuk 

equivalent) by Mamet and Skipp (1970), while Armstrong (1962, Fig. 1) 

considered Member B to be Burlington in age (foram. zone 7). Also, for
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comparison, data collected by the writer throughout southeastern Arizona 

in the Escabrosa Limestone reveals a foram. zone 7 eustatic shelf chert 

in association with a regional emerging event. Thus, temporally, the 

chert sequences, be they wave-base or eustatic shelf chert in the Thun

der Springs Member of the Redwall Limestone, are out of phase with the 

Osage eustatic shelf cherts in Mississippian strata in southeastern 

Arizona. If McKee and Gutschick's (1969) paleoenvironmental interpre

tations are correct regarding eustatic sea level relationships to the 

Redwall Limestone, then regional tectonic instabilities, not sea level 

changes, would explain this apparent out-of-phase relationship.

Neither Kent (1975) nor J. W. Smith (1974) incorporated bio- 

stratigraphic time control in their studies of the Redwall Limestone. 

Because of this, it is difficult to ascertain with certainty if the 

same time intervals of chert are being correlated correctly. The writ

er, however, did measure a Redwall Limestone section in the Jerome area 

where J. W. Smith (1974) did his petrographic study of the Redwall Lime

stone and the cherty sequence at the writer’s section location was rep

resentative of wave-base chert lying within foram. zone 8. The deeper • 

water wave-base chert observed at Jerome and the interpreted regressive 

Thunder Springs chert reported by McKee and Gutschick (1969) in the 

Grand Canyon area are temporally equivalent. Regardless of whether one 

considers the Thunder Springs cherts of the Redwall Limestone to have 

formed in deeper-water realms (wave-base cherts) or to have formed in 

association with emergence events (eustatic shelf cherts), the Redwall
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and Escabrosa Limestone Osage age chert sequences are temporally differ

ent. This apparent out-of-phase relationship of emerging and submerging 

conditions between northern and southern Arizona, coupled with the know

ledge that chert occurs regionally in association with at least two dif

ferent environmental settings, demonstrates the potential problems that 

may exist when chert intervals are employed for regional and inter

regional correlations.

In conclusion, although it is appealing to megastopically view 

a cherty sequence in a well or outcrop and compare it regionally to 

another well or outcrop as a correlative interval, the results of this 

type of physical stratigraphic correlation may be misleading. From this 

study it is apparent that one must differentiate varied environments of 

chert genesis, in this case separate interpreted penecontemporaneously 

replaced wave-base from ecstatic shelf chert, as well as have reliable 

time control established, before utilizing a cherty interval for region

al and inter-regional correlation. This conclusion should make one 

particularly cautious when correlating cherty intervals in the subsur

face because the potentially diagnostic physical aspects associated 

with cherty intervals on the outcrop are not available for examination

in the subsurface.



DIAGENETIC ASPECTS— -DOLOMITIZATION 
AND LIMESTONE RECRYSTALLIZATION

Introduction

The evaluation of the nature and effects of recrystallization 

and dolomitization and how these phenomena aid or hinder Mississippian 

stratigraphic correlations are of interest in this investigation. Two 

principal concerns are: LO to what extent have these altering phenomena

affected the ability to correctly identify carbonate microfacies, the 

principal means for establishing stratigraphic correlations in this in

vestigation? and 2) what is the potential stratigraphic correlation 

value, if any, of the dolomitized intervals?

Implied within the second query are the needs to identify vary

ing types of dolomite present and their regional extent; to understand 

the timing of these altering events; to delineate the physical and pet

rologic aspects; to evaluate if there are predictable stratigraphic as

sociations with respect to foraminifera zonation, microfacies, and other 

diagenetic features such as silicification.

There are many concepts and definitions of carbonate recrystal

lization. Examples of reviews of recrystallization concepts and associ

ated textures are provided by Pray and Murray (1965), Folk (1965, p . 

14-45), and Pettijohn (1975, p. 365-372). In the study area, Kent 

(1975, p. 79) provides a very pragmatic definition of carbonate recrys

tallization in his study of the Redwall Limestone in the Black Mesa 

basin. He defined recrystallization to include all processes that

182
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destroy original depositional structures and produce massive crystalline 

limestone. McKee and Gutschick (1969, p. 104) applied Bramkamp and 

Powers' (1958) recrystallization scheme, a clissification developed 

from the study of shallow-water Jurassic age carbonates in Arabia to 

the Redwall Limestone in Arizona. Bramkamp and Powers (1958, p. 1308) 

consider that recrystallization may occur through textural changes with

out compositional changes, or that recrystallization may occur through 

chemical changes or dolomitization. The classification tables of 

Bramkamp and Powers (1958, Tables 1, 2), however, associate high degrees 

of textural alteration with dolomitization, a relationship which the 

writer wishes to keep separate. To define terms used in this study, the 

writer has adopted the definition of recrystallization by Folk (1974a, 

p. 181-182). Folk recognizes four types of recrystallization: 1) solu-

tioning with subsequent cavity filling, 2) metasomatic replacement with 

volume-for-volume chemical exchanges, 3) crystallographic inversion 

without chemical change, and 4) true recrystallization, where mineralogy 

and chemical aspects are maintained but crystal size, morphology, and 

orientation may change.

Solutioning with accompanying reprecipitation in voids and 

metasomatic replacement are two types of recrystallization that one 

would commonly associate with dolomitization, while solutioning accom

panying reprecipitation in voids, crystallographic inversion, and true 

replacement would typify types associated with limestone recrystalliza

tion. The latter two types, crystallographic inversion and true re

placement, are designated as neomorphism by Folk (1965, p. 36, 42-45).
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Petrographic descriptions in this investigation employ Folk's 

(1974a, p. 168) crystal-size subdivisions. A scheme for describing the 

intensity of alteration or degree of destruction of the original rock 

texture as a result of limestone recrystallization was conceived for 

descriptive consistency. This scheme is listed in Appendix D and de

picts the percentage of recrystallization estimated from thin sections. 

The percentage estimates were made by using the comparison charts for 

visual estimation of percentage composition by Terry and Chillingar 

(1955, p. 229-234). Six subdivisions of increasing degrees of altera

tion have been delineated with corresponding generalized accounts of 

typical changes that occur in cement and allochems with increasing de

grees of recrystallization. These qualitative descriptions were uti

lized in the petrographic and measured section descriptions (Appendix 

A) . Extreme recrystallization that is devoid of dolomitization and 

destroys any vestige of original rock texture is designated as a pseudo- 

sparite, a term proposed by Folk (1965, p. 42-43) to describe this ex

tensively recrystallized texture. A summary chart of percent 

recrystallization and dolomitization for each facies may be seen in 

Figure 18.

Previous Work

Mississippian Dolomitization

Petrographic investigations of the Redwall Limestone in north

ern Arizona are by Kent (1975) in the Black Mesa Basin and J. W. Smith
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(1974) in the Jerome area. Combined petrographic studies by McKee and 

Gutschick, x-ray diffraction studies by P. D. Blackman, and chemical 

studies by D. L. Skinner and J. Thomas (in McKee and Gutschick, 1969, 

p. 104-111, Tables 15-17) are provided on the Redwall Limestone in the 

Grand Canyon region.

Petrographic studies of Mississippian carbonates within or in

cluding southeastern Arizona are by Armstrong (1962), Cetinay (1967), 

Denney (1968), Totten (1972), Bahlburg and Silver (1976), Bahlburg 

(1977), Silver and Wermiel (1976), and Wermiel (1977). Detailed 

stratigraphic-petrographic studies of the Escabrosa Limestone in south

eastern Arizona are in progress by A. K. Armstrong (personal communi

cation, 1977).

McKee and Gutschick (1969, p. 105) define dolomite as a carbon

ate rock having less than 10% calcite and 10% dolomite, a definition 

utilized in this investigation. Regionally, McKee and Gutschick con

sider the even-textured microcrystalline dolomites (0.02 mm) and very 

fine crystalline dolomites (0.08 mm) to be stratigraphically traceable 

within the Redwall Limestone. In the Grand Canyon area, the Whitmore 

Wash, Thunder Springs, and lower Mooney Falls Members are regionally 

dolomitized, but only rare dolomitized intervals are present in the 

upper Mooney Falls Member and dolomitization is absent in the Horseshoe 

Mesa Member. To the north and west of the Grand Canyon only sporadic 

dolomite occurs, while to the east the dolomite content increases as 

the preserved Mississippian section thins. To the south of the Grand 

only a slight decrease in dolomitization was noted, with only the
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Whitmore Wash and Thunder Springs Members being dolomitized. The re

gional distribution of fine-crystalline dolomite has been interpreted 

environmentally. The high degree of dolomitization to the east of the 

Grand Canyon was interpreted by McKee and Gutschick (1969, p. 562) to 

indicate that this region represents a shoreward facies of shelf depo

sition, whereas the sporadic occurrences of dolomite to the northwest 

of the Grand Canyon are presumed to represent deeper water or geosyn

clinal type deposition.

Penecontemporaneous metasomatic replacement on or below the 

sea floor was proposed by McKee and Gutschick (1969, p. 562) to explain 

the origin for laterally pervasive fine-crystalline dolomite. The lat

erally traceable nature of dolomitization, the close association of 

marine fossils within these dolomitized intervals, and the presence of 

protodolomite provided support for this origin (McKee and Gutschick, 

1969, p. 562-563). P. D. Blackman (in McKee and Gutschick, 1969, p. 

106) identified protodolomite in the Whitmore Wash and Thunder Springs 

Member of the western Grand Canyon area.

McKee and Gutschick (1969, p. 562-563) proposed that the source 

of magnesium for the penecontemporaneous metasomatic replacement on or 

below the sea floor was derived from both unstable, biogenically-formed 

high magnesium calcite and magnesium diffusion from sea water in areas 

of high alkalinity or near-shore environments.

Clear, coarse- to very coarse crystalline dolomite observed lo

cally was interpreted to be a post-emergence, tectonic dolomite by 

McKee and Gutschick (1969, p. 563).
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Carbonate petrology studies of the Redwall Limestone south of 

the Grand Canyon by J. W. Smith (1974, p. 36-37) and to the east of the 

Grand Canyon in the Black Mesa basin by Kent (1975, p. 75, 78, 79), 

recognized two distinct rhombohedral dolomite crystal sizes, a coarse- 

crystalline (>0.1 mm) and a fine-crystalline (<0.1 mm) dolomite. Kent 

(1975, p. 75-78) considered the light brown to light gray textureless 

and/or laminated-pelloidal grained (crystalline) dolomite (0.1-0.004 mm) 

to be syngenetic or penecontemporaneous in origin. The lack of chert 

associated with this dolomite was considered diagnostic of this dolo

mite as well. In contrast, Kent (1975, p. 78) noted that the coarse

grained (crystalline) dolomite was "almost without exception" associated 

with abundant chert and was white to dark brown with good replacement 

textures. Coarse-crystalline dolomite typically occurs in association 

with chert in the Thunder Springs Member, a member that Kent (1975, p. 

112-114) interprets to represent a deep-water environment not typical 

of high concentrations of magnesium. Because of paucity of magnesium 

in the deep-water environment, Kent proposed that the coarse-crystalline 

dolomite was secondary, and formed in association with a regressive 

event, or formed during the time of unconformity between the Thunder 

Springs and Mooney Falls Members, because the overlying Mooney Falls is 

not dolomitized. A second hypothesis was application of the Dorag 

(mixed blood) dolomitization model (Badiozamani, 1973, p. 965), a model 

where dolomite replaces calcite when 5-30% of sea water mixes with me

teoric water.
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Petrographic descriptions of the Escabrosa Limestone in con

junction with measured sections are by Cetinay (1967) and Denney (1968) 

in the Canelo Hills area, and by Totten (1972). From these studies,
V

dolomitized intervals can be grouped into two general categories—  

dolomitized intervals consisting of fine-crystalline dolomite, and in

tervals of varying degrees of dolomitization replacing allochems or 

grain constituents.

Detailed petrographic studies of Mississippian carbonates imme

diately to the southeast of the writer's investigative area extend from 

extreme southeastern Arizona into southwestern New Mexico and northern 

Mexico (Bahlburg and Silver, 1976; Bahlburg, 1977; Silver and Wermiel, 

1976; and Wermiel, 1977). Measured sections in southeastern Arizona by 

the above investigators include the Pedregosa Mountains, Mule Mountains, 

Blue Mountain (Chiricahua Mountains), and one section in central south

eastern Arizona at Superior. Bahlburg and Silver (1976) and Bahlburg 

(1977, p. 21) delineate four regional lithofacies in the Escabrosa Lime

stone that, in ascending stratigraphic sequence, are: 1) basal patch

reef facies, 2) restricted shelf facies, 3) shoal facies, and 4) open- 

shelf facies. Silver and Wermiel (1976) and Wermiel (1977), using the 

same data control, studied the dolomitization and diagenetic aspects of 

Bahlburg (1977). Silver and Wermiel (1976) consider Mississippian car

bonate rocks to have been subjected to four diagenetic environments.

The specifics of same are discussed in Bathurst (1971), Alexandersson 

(1972, p. 441-457), and Folk (1974b). These four diagenetic
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environments, listed in paragenetic sequence, are: 1) shallow marine,

2) phreatic, 3) sub-phreatic, and 4) vadose. Silver and Wermiel (1976) 

note that this paragenetic sequence is disrupted locally by epeirogenic 

uplift and/or sea level change that exposed Mississippian strata to va

dose solution, replacement, and cementation processes.

Wermiel (1977, p. 55-56) adopted Asquith's (1967) definitions 

and classification of dolomite to determine a paragenetic sequence for 

dolomitization. Asquith's (1967, p. 311-312) definitions are also 

adopted in this investigation for standardization of terminology.

Asquith (1967, p. 311-312) recognized four types of dolomite: 1) pri

mary, formed by direct precipitation of sea water; 2) penecontemporane- 

ous dolomitization, occurring at the depositional interface; 3) early 

and late diagenetic dolomite replacement of calcium carbonate after 

burial but within the domain of the marine environment; and 4) secondary 

diagenetic dolomitization by hydrothermal solutions or groundwater. 

Wermiel (1977, p. 56) recognized three types of dolomite— penecontempo- 

raneous, diagenetic, and secondary diagenetic. The secondary diagenetic 

dolomite was observed only locally and was not considered areally 

significant.

Penecontemporaneous dolomite was considered by Wermiel (1977, 

p . 57) to consist of fine-textured "small rhombic crystals" formed by 

seepage reflux processes as defined by Adams and Rhodes (1960). Dia

genetic dolomite, according to Wermiel (1977, p. 58, 60, 61), is typi

fied by coarse "perfect rhombohedral crystals." The diagenetic 

dolomitization was hypothesized to result from influx of meteoric water
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from eustatlc sea level changes and was considered to be pervasive 

throughout the Pedregosa Basin. Wermiel (1977, p. 61) made observations 

similar to those made by McKee and Gutschick (1969, p. 105), and con

firmed earlier observations by V. Schmidt (1965, p. 141) that thinning 

carbonate sequences were more highly dolomitized. In areas where rapid 

subsidence was interpreted in the Pedregosa Mountains, dolomitization 

processes were thought to have been inhibited by rapid mixing of fresh 

water and consequent phreatic cementation filling available pores.

Wermiel’s (1977, p. 56-61) designation of penecontemporaneous 

and diagenetic dolomite, although semantically different to some ex

tent, appears to correspond to Kent’s (1975, p. 75, 78, 79, 112-114) 

penecontemporaneous and secondary dolomite, respectively, as observed 

in the Redwall Limestone in the Black Mesa Basin. J. W. Smith’s (1974, 

p. 36, 37) fine-crystalline dolomite and coarse-crystalline dolomite 

appear to correspond to Wermiel's (1977) penecontemporaneous and dia

genetic dolomite. McKee and Gutschick (1969, p. 105, 562) do not rec

ognize a two-fold distinction. They designate all the dolomite within 

the Redwall Limestone to be penecontemporaneous in origin, regionally 

describing the dolomite to consist of an even-textured, very fine crys

talline dolomite.

In southeastern Arizona, the basal two lithofacies of Bahlburg 

(1977, p. 22-52), the patch reef and restricted shelf facies, are the 

only extensively dolomitized lithofacies, each reflecting a different 

type of dolomite formed under different diagenetic conditions. The 

"patch reef" lithofacies as defined by Bahlburg (1977, p. 27) consists
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of Isolated boundstone highs with rugose and tabulate corals being the 

principal skeletal contributors as well as representing the binding 

agent. This basal facies is considered dolomitized throughout south

eastern Arizona and northern Sonora. Although not stated by Bahlburg 

(1977, p. 27), this dolomite is assumed to be grouped into the diage- 

netic dolomite category. The restricted shelf lithofacies was consid

ered by Wermiel (in Bahlburg, 1977, p. 41) to be pencontemporaneous 

dolomite. Terriginous clays and micrite with disseminated dolomite 

rhombs were observed intermingled with the penecontemporaneous dolomite. 

No discussions as to the presence or absence of dolomite were made by 

Bahlburg (1977, p. 56-72) in the shoal and overlying open shelf litho

facies. A major depositional hiatus was interpreted by Bahlburg (1977, 

p. 56) in the Superior section where a limestone-chert solution breccia 

was observed. The writer measured a section at this location and in

terpreted these solution breccias to be due to hydrothermal alteration, 

rather than related to depositional processes.

Mississippian Carbonate 
Recrystallization

McKee and Gutschick (1969, p. 104) recognized limestone recrys

tallization locally within the lower three members of the Redwall Lime

stone; they considered the Horseshoe Mesa Member to be unrecrystallized. 

Limestone recrystallization was considered to be a secondary event of 

unknown timing. Coarse- to very coarse crystalline calcite as well as 

an encrusting habit in void fillings were considered to be diagnostic 

textures of recrystallized calcite.
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J. W. Smith (1974, p. 36) considered that 60% of the Redwall 

Limestone in the Jerome area had undergone some degree of recrystalliza

tion. Recrystallization was interpreted to be independent of facies, 

although Smith noted that the intervals having micrite matrices were 

usually recrystallized. The lower Thunder Springs and upper Mooney Falls 

Members were the most extensively recrystallized. Recrystallization may 

be interpreted to be secondary, if Smith's observations that recrystal

lization is facies-independent is correct.

Kent (1975, p. 79) found all degrees of recrystallization pres

ent in the Redwall Limestone in the Black Mesa Basin. He noted frequent 

associations of styolites and recrystallized limestones. Styolites were 

interpreted to form after induration of the rock as a result of loading 

conditions. Thus, Kent considered recrystallization to be secondary in 

nature.

Silver and Wermiel (1976, p. 723) and Wermiel (1977), p. 12) 

completed a diagenetic study of Mississippian carbonates in southeastern 

Arizona, southwestern New Mexico, and northern Mexico. Wermiel recog

nized four diagenetic environments in the Escabrosa Limestone. Listed 

in order of interpreted paragenetic sequence, these four diagenetic en

vironments are: 1) marine, 2) phreatic, 3) sub-phreatic, and 4) vadose.

The term diagenesis, as utilized by Wermiel (1977), is adapted from 

Pray and Murray (1965, p. 1), who considered diagenetic processes to 

encompass all changes from the time of deposition until rock metamor— 

phism occurred. Of the four diagenetic environments studied, recrys

tallization was reported only in the marine and phreatic diagenetic
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realms. Wermiel (1977, p. 24) considered aggrading neomorphism to be 

the most dominant type of recrystallization present. Recrystallization 

textures are present in all measured sections studied by Wermiel. Of 

the four diagenetic environments studied, the phreatic-formed fabrics 

dominate (Wermiel, 1977, p. 23-24, p. 34-35).

Accompanying recrystallization in the marine diagenetic environ

ment are micritization, accretion, corrosion, leaching, solution, inver

sion, and cementation in addition to biogenic disruption (Wermiel, 1977, 

p. 12-23). Leaching, solution, inversion, cementation, and fracturing 

accompany recrystallization in the phreatic diagenetic environment.

Vadose diagenetic features are indeterminate, as they were in

terpreted to have been largely removed by solutioning (Wermiel, 1977, 

p. 34). However, one vadose texture, vadose silt, was interpreted as 

present just below the Pennsylvanian contact at Superior (Wermiel, 1977, 

p. 36).

Evaluation of Carbonate Recrystallization 
and Dolomitization in Central-southeastern 
Arizona from a Stratigraphic Point of View

Three different environmental dolomites are recognized region

ally in southeastern. Arizona. They are: 1) deeper water, wave-base

dolomite, 2) emerging shelf dolomite, and 3) near-shore dolomite. These 

environments correspond closely to the interpreted chert-forming envi

ronments. Near-shore dolomite may be either penecontemporaneous, re

lated to supratidal environments, or early diagenetic from reflux 

processes, or meteoric flushing of near-shore substrata. The deeper
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water, wave-base dolomite and emerging-shelf dolomite are considered 

to be early diagenetic dolomite. The emerging-shelf dolomite is the 

only stratigraphically significant dolomite.

Environments for recrystallization and dolomitization patterns 

observed regionally in the Escabrosa Limestone may be conceptually 

simplified by application of concepts developed by Folk (1974b). Folk 

(1974b, p. 51) considered magnesium content and, to a lesser degree, 

salinity and time of crystallization, to control the nature of crystal 

habit of calcite formed in both the depositional and diagenetic realms. 

Folk's concept is based on the premise that when high Mg:Ca ratios 

(over 2:1 to 10:1 or more) are present, the Mg inhibits or poisons 

sideward growth of calcite. Thus, high Mg:Ca ratio environments form 

high magnesium fibrous calcite, aragonite, micrite, or dolomite. Depo

sitional and/or diagenetic environments where Mg:Ca rations are low 

(1:10 or <2:1) or where magnesium does not inhibit lateral growth of 

calcite, favors formation of low-magnesium sparry calcite. Folk notes 

that marine environments are typically high in Mg:Ca ratios; however, 

he found that slow crystallization rates are typical in deeper waters, 

which minimize magnesium poisoning effects and thereby allow sparry 

calcite to form. Thus, both micrite and sparry calcite may form in the 

deeper-water marine regimes. Low Mg:Ca ratio environments are the va- 

dose, phreatic, and deep meteoric subsurface zones.

Four depositional/diagenetic zones recognized by Folk (1974b, 

Fig. 5) are useful for predicting carbonate microfacies depositional/ 

diagenetic changes in stratigraphic sequence. The predictable
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depositional/diagenetic changes provide insight into understanding 

regional differences observed between temporally equivalent rock se

quences. These four zones are:

1) marine, where aragonite, high-magnesium calcite, and micrite 

are favored cements.

2) meteoric, where low Mg:Ca phreatic waters favor formation of 

sparry calcite cements.

3) deeper subsurface waters, where low Mg:Ca waters are present 

from dilution of marine waters by meteoric waters and also be

cause of magnesium-rich sea waters being depleted of magnesium 

by clay adsorption and dolomite formation. Sparry calcite for

mation is favored in the subsurface depositional/diagenetic 

environment.

4) vadose, where diagenetic changes occur above the groundwater 

table, favoring formation of caliche, micrite, and calcite 

rhombs.

A diagenetic process described by Folk (1974b, Fig. 8), in 

which a marine ooze on the sea floor may be transformed to a micro- 

sparite, is recognized as a dominant recrystallization process affecting 

Mississippian carbonates in southeastern Arizona. Marine ooze, which 

is rich in high magnesium calcite fibers and organic tests, crystallizes 

to restricted lateral growth calcite crystals (micrite) enriched with 

magnesium ions. When fresh water is introduced into the system (areal 

shifts of meteoric and subsurface depositional/diagenetic environments 

into the marine domain), the magnesium ions would be flushed from the
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micrite, leaving a magnesium-free calcite. Without the hindrance of 

magnesium, the calcite crystals are able to grow laterally and micrite 

is transformed to microsparite by aggrading neomorphism.

Application of these carbonate diagenetic concepts to micro 

microfacies-delineated depositional environments provides an interpre

tive means to separate depositional features from diagenetic changes. 

Implementation of Walther's Law of Correlation of Facies (Krumbein and 

Sloss, 1963, p. 318) allows one to regionally evaluate depositional/ 

diagenetic changes from the study of a vertical sequence of sediments 

or measured sections. In southeastern Arizona, erosion has removed the 

upper parts of the Escabrosa Limestone regionally. The more complete 

sections, the Whetstone Mountains and Johnny Lyon Hills (Appendix B, 

Figures 73 and 74) provide the best vertical sequence to study. Al

though the Dos Cabezas section is temporally and physically more com

plete than the Johnny Lyon Hills or Whetstone Mountains sections, the 

Dos Cabezas section consists of a deeper water depositional sequence, 

and consequently does not reflect ecstatic fluctuations with the degree 

of sensitivity that a shallower water sequence would. Because the goal 

is to evaluate lithologic changes that occur from shifts of the four 

depositional/diagenetic environments, sections that display the most 

complete eustatic fluctuations will also display, in vertical sequence, 

shifts in the depositional/diagenetic environments. The Escabrosa Lime

stone in southeastern Arizona has been affected by a regional emergence 

event during foram. zones 7/8 and by two partial emergence events during 

foram. zones basal 9 and 9/10. These latter two emergence events are
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difficult to correlate regionally. Part of the correlation problem re

sults from inability to date the partial emergence event, when preserved, 

due to insufficient shallowing to favorable foraminifera microfacies. 

Also, in central and central-southeastern Arizona erosion has eliminated 

strata recording these younger ecstatic events. Because of these prob

lems associated with the younger ecstatic events and because of the 

generally good preservation of the more complete foram. zones 7/8 emer

gence event, examination of the depositional/diagenetic changes asso

ciated with the foram. zones 7/8 emergence event provides information 

to evaluate the less developed and preserved younger emergence events.

Deeper Water Stillstand through Emergence 
during Foram. Zone 7

Starting at the base of a vertical sequence (Appendix B, Figs.

73 and 74), a rapid basal submerging sequence brought marine sedimenta

tion into southeastern Arizona during foram. zone 7, and a regional 

stillstand is interpreted to persist in Sedimentation Zones IIA and IIB. 

In upper foram. zone 7, an emerging event occurred that exposed the 

shallower shelf sequences to near-shore conditions.

The following are observations that may be made regarding foram. 

zone 7 strata:

1) The sequence consists of an areally extensive, 50-100 ft (15.2- 

30.5 m) highly dolomitized (99-100%) interval that typically 

consists of fine- to medium-crystalline subsucrosic dolomite.
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2) A near-shore emerging sequence overlies this dolomitized inter

val and consists of sparry calcite-cemented allochems, if the 

sequence is not dolomitized or partially dolomitized.

3) Areally extensive lensoidal and bedded chert with excellent 

replacement textures occurs in the upper part of the dolomitic 

sequence, and chert concentration increases in ascending 

sequence.

4) Replacement textures in the lowermost cherts indicate a deeper 

water microfacies; whereas, the uppermost chert replacement 

textures indicate a near-shore microfacies.

5) The continuous occurrence of chert and dolomite abruptly termi

nates when near-shore stillstand is reached in most sections in 

southeastern Arizona.

6) Within the dolomitized interval, a few, locally isolated, par

tially or non-digested crinoid and echinoderm fragments may be 

identified or, commonly, the generally coarser mosaic dolomit

ized ghosts are seen sporadically within the generally even- 

textured subsucrosic groundmass.

7) Aggrading neomorphism is observed in the sparry calcite cement

ing the allochems of the emerging sedimentation zones. The 

typical degree of recrystallization ranges from 0-30% in the 

undolomitized intervals.

The following inferences are based on the observations made on 

the foram. zone 7 strata.
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1) As sea level drops relative to land, near-shore facies progres

sively overlie wave-base microfacies and correspondingly the 

marine-meteoric water interface develops a hydrostatic head 

relative to the lowered sea level.

2) A continuum of hypersaline fluid flows seaward as long as the 

sea continues to retreat in a manner similar to that suggested 

by King (1947, p. 472-477) and Adams and Rhodes (1960, p. 1914).

3) The newly exposed deeper water facies would be exposed to higher 

energy environments, and sponges growing in the deeper water 

could be dislodged and mechanically concentrated shoreward in 

the intertidal, lagoonal, or near-shore facies (Cavaroc and 

Perm, 1968, p. 263).

4) Mechanically transported biogenic silica may be stranded at the 

sediment surface and periodically mix with hypersaline brines 

that, because of their high pH, dissolve the siliceous tests. 

These silica-bearing brines may precipitate into the substrata 

and precipitate in the substrata from interaction with lower pH 

conditions (Banks, 1970, p. 3039-3041).

5) The silica replaces substratum material, preserving original 

rock textures locally, while continued reflux action occurs to 

dolomitize the substratum.

6) A protective finer crystalline dolomite replacement rind, com

monly observed at the edges of chert, may protect them from 

further dissolution by the continuous reflux action.



7) When emergence stillstand occurs, hydrodynamic gradients for 

the refluxing brines reach equilibrium, which impedes further 

dolomitization. Also, progressive shoreward dislodgement of 

sponge spicules terminates when emergence stillstand occurs, 

thereby, eliminating the silica source to be mechanically con

centrated at the strandline. The end result is abrupt termi

nation of dolomite and chert in the stratigraphic column at 

the base of the emergence stillstand sequence.

8) Hypersaline brine moving through shelf substratum towards the 

retreating sea may have been a more significant dolomite

forming process than phreatic-meteoric waters mixing with the 

high magnesium marine sediments to flush and concentrate mag

nesium in the substratum to form dolomite, as suggested by 

Folk (1974b).
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Osage Near-shore Stillstand 
(Foram. Zones 7/8)

Sediments deposited within this realm are subject to phreatic- 

marine deposition and to marine, phreatic, and vadose diagenetic 

changes (Folk, 1974b, Fig. 5). The following are observations that may 

be made regarding the near-shore stillstand sequence:

1) A high degree of sediment variation is present in the generally 

thin-bedded sequences that range from varied crystalline sizes 

of dolomite, fine- to medium-crystalline pseudosparite, fine

grained elastics, pellets, and intraclasts of pellets.
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2) Some sedimentary structures observed are laminae, dessication 

cracks, current ripple marks, and irregular depositional 

surfaces.

3) Sequences of fine- to medium-crystalline dolomite, generally 

about 10 ft (3.1 m) thick, appear to be capped by fine- to 

medium-crystalline pseudosparite intervals (e.g., Salt River 

and Superior measured sections).

4) Laminated textures in some of the dolomitized intervals support 

a replacement origin and substantiate that bedding existed 

prior to replacement by dolomite.

5) Fine-grained elastics typically range in size from coarse

grained silt to fine-grained sand and may be dispersed within 

the carbonate or occur in concentrated horizons.

6) Although a high degree of variation in the crystalline sizes 

and textures of the dolomite is present, the crystalline sizes 

typically range from very fine to fine- and fine- to medium- 

crystalline. Both mosaic and subsucrosic textures are present.

7) The degree of recrystallization is variable and ranges from 

0-30% in the undolomitized intervals. Sparry calcite cement is 

generally affected by minor aggrading neomorphism. Many allo- 

chems are at least partially biogenically micritized in certain 

intervals.

8) Near-shore stillstand really represents a time period with sev

eral cycles of near-shore oscillations or minor eustatic sea

level fluctuations.
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9) Vadose pisolites similar to those described by R. J. Dunham

(1969, p. 183-188) are present in the Mescal Mountains section.

10) Sporadic occurrences of chert, herein designated near-shore 

chert, contain length-slow chalcedony.

11) Bird's eye textures are present within the dolomite and pel- 

loidal facies.

The following inferences are based on the observations made on 

the near-shore stillstand sequence:

1) The near-shore sequence consists of a complex sediment intermix

ing of fine-grained elastics and chemical sediments consisting 

of pseudosparite, pelsparite, dolomite, and vanished evaporites 

as evidenced by the length-slow chalcedony (Folk and Pittman, 

1971, p. 1045). This complex mixing also implies complex mix

ing of the marine, phreatic, and vadose diagenetic environments.

2) Dessication cracks, vanished evaporites, and vadose pisolites 

all indicate vadose processes to have been active, at least 

locally.

3) High degrees of variation in the dolomite crystalline sizes may 

represent polygenetic origins of the dolomite, such as forma

tion of penecontemporaneous dolomite from hypersaline brines in 

a supratidal environment (Shinn, Ginsburg, and Lloyd, 1965, p . 

123) or formation of Dorag-type dolomite (Badiozamani, 1973, p. 

965), where dolomite can replace calcite in concentrations of 

5-30% sea water. Also variations in crystal size may be due

to aggrading neomorphism.



4) Pseudosparite occurring above relatively thin dolomitized in

tervals , if genetically related, may represent local phreatic- 

meteoric influxes into marine high Mg:Ca ratio sediments 

(pelsparites) with the magnesium being flushed downward to form 

an early diagenetic/dolomitic substrate. The magnesium-freed 

calcite is then able to grow laterally to form pseudosparites.

Application of Folk’s (1974b) diagenetic zones associated with 

hydrodynamic fluctuations appears to aid in explaining the diversity in 

vertical sequence of thin, dolomitized intervals, subject to marine di

agenetic processes, adjacent to virtually unrecrystallized pelsparite, 

cemented by sparry calcite under phreatic diagenetic conditions or in

tensively recrystallized pseudosparite intervals. All three diagenetic 

processes— marine, phreatic, and vadose— may be observed, as would be 

predicted by the microfacies and diagenetic environments outlined by 

Folk (1974b, Fig. 5).

The rather discrete but laterally pervasive nature of these di

verse textures would indicate that the diagenetic processes and cementa

tion operative at any one time tended to occlude or inhibit large 

magnitude vertical fluid migrations.

Osage Submergence (Foram. Zone 8)

Marine environments from restricted to open marine represent 

this vertical sequence. The following are observations that may be made 

regarding the foram. zone 8 submerging sequence:

204
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1) The principal cementing agent associated with the submerging 

sequence high-energy microfacies is sparry calcite.

2) Carbonate recrystallization is typically minimal and ranges 

from 0-30%.

3) The dominant diagenetic changes are recrystallization, trans

formation from high-magnesium calcite, and aggrading neomorphism 

of sparry calcite cement.

4) Dolomite is absent.

5) Cherts, eustatic type, are rare except at the point of maximum 

submergence, and even then represent only small percentages of 

the total outcrop exposure.

6) Medium-scale trough cross-beds are preserved and typically oc

cur in Sedimentation Zones IIIB to IIA.

7) The thickness of the submerging sequence is greater than the 

emerging sequence.

The following inferences are based on the observations made on 

the foram. zone 8 submerging sequence:

1) Recrystallization of the high-magnesium calcite followed by 

marine water mixing with low Mg:Ca subsurface meteoric waters 

formed the sparry calcite cement.

2) The submerging sequence represents deposition in high-energy 

environments ranging from restricted, but not hypersaline, sea 

water to normal marine water.
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3) The thicker submerging sequence, as compared to the thinner 

emerging sequence, may reflect less erosion or solutioning.

This conclusion is favored, rather than slow submergence, be

cause of the preservation of the cross-beds in the submerging 

sequence and absence of these features in the emerging sequence.

4) Due to paucity of eustatic-type cherts, conditions for mechani

cal concentrations of silica, as well as hypersaline conditions 

for solutioning and reprecipitation, are not present.

5) The lack of dolomite within this sequence further indicates 

that the advancing seas did not permit hypersaline conditions

to develop. The marine-meteoric interface would be pushed land

ward and would be overridden, and perhaps through density dif

ferences. cause the overridden fresh water to rise through or 

mix with the submerging microfacies. This type of mechanism 

could aid in sparry calcite cementation.

Deeper Water Stillstand 
(Foram. Zones 8/9)

A relatively deeper water stillstand persisted throughout south

eastern Arizona in foram. zones 8/9 based on the presence of a rela

tively unchanging sequence of Sedimentation Zones IIA and IIB. A 

shallowing event in approximately basal foram. zone 9 (date not well- 

established) is the only disrupting feature within this deeper-water 

sequence. High Mg:Ca ratio marine sediments and cements would be fa

vored, according to Folk's (1974b) schematic. Folk (1974b, p. 51) 

maintains that in addition to high-magnesium calcite, aragonite, and
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mlcrite, sparry calcite could form in the deeper water environments 

because of the slow rates of crystallization in this environment that 

minimize the magnesium poisoning effects detrimental to sparry calcite 

formation. These bioclastic-rich sediments would provide potentially 

high porosities and permeabilities until the aragonite and high- 

magnesium calcite became recrystallized. Also, further pore occlusion 

would occur by aggrading neomorphism of the micrite and sparry calcite 

cement.

The slight shallowing event is not recognized, except locally, 

and occurs tentatively near the basal foram. zone 9. The partial emer

gence generally does not receed farther shoreward than Sedimentation 

Zone IIC. In the stratigraphically more complete sections, the Whet

stone Mountains and -Johnny Lyon Hills, this event is poorly represented 

while the emergence was more extensive in the Van Winkle, Superior, 

Vekol Mountains, and Windy Hill sections. The maximum emergence ob

served within these presumed shallower sections was Sedimentation Zone 

IID. Eustatic chert sequences and dolomitized intervals preceding the 

emerging event are similar to that previously described for strata 

preceding the foram. zones 7/8 emergence. The dolomitized and chert

bearing intervals, however, are not as thick. A typical thickness 

figure for these dolomitized and cherty intervals associated with the 

basal foram. zone 9 ranges from 20-30 ft (6.1-9.1 m). Thus, sufficient 

shallowing appears to be a necessary condition for development of the 

early diagenetic eustatic cherts and dolomites observed preceding 

emerging events.
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The following are observations that may be made regarding the 

foram. zones 8/9 relatively deeper water stillstand:

1) The bioclastic rocks are typically cemented by microsparite and 

sparry calcite cement intermixed in vertical sequence.

2) Dolomite, or extensively dolomitized intervals, is absent except 

in measured sections where the partial emerging event shallowed 

sufficiently. .

3) Extremely dolomitized intervals (95-100%) and eustatic shelf 

chert occur immediately preceding stratigraphically below emerg

ing sequences.

4) Biogenic micritization of some of the fossil allochems has sig

nificantly altered some of the allochems.

5) Aggrading neomorphism represents the major diagenetic altera

tion within the stillstand microfacies except for the dolomitized 

and silicified intervals. The degree of alteration varies from 

0-50%, but is typically unaltered to 10-30% altered.

Some inferences that may be made about the foram. zones 8/9 

deeper water stillstand sequence are:

1) Except for the basal foram. zone 9 partial emergence, the bulk 

of the deeper water stillstand sequence was subjected solely to 

marine deposition with minimal intermixing during deposition, 

if any, with the other depositional/diagenetic environments.

2) The foram. zone 9 partial emergence produced diagenetic changes 

as a result of intermixing of marine sediments with lower Mg:Ca
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subsurface waters. This mixing of diagenetic environments re

sulted in recrystallization of the high-magnesium calcite and 

aragonite and promoted aggrading neomorphism of micrite to 

microsparite and further aggradation of the sparry calcite.

3) Spicule-bearing, sporadically occurring (1-3%) chert, herein 

designated wave-base chert, is presumed indigenous to the dis

tribution of sponges or other biogenic silica.

4) Sporadic intervals of dolomite may result from occasional in

fluxes of density flows of hypersaline brines invading this 

environment from tidal areas, or the dolomite may have formed 

by meteoric mixing with marine sediments along select porous 

and permeable beds, whereby the magnesium was mobilized and con

centrated in a manner suggested by Folk (1974b).

Foram. Zones 9/10 Emergence and Foram. Zone 
10 Relatively Deeper Water Stillstand ,

The foram. zones 9/10 and foram. zone 10 relatively deeper

water stillstand may be observed in only a few of the measured sections

because of extensive regional erosion of the upper portions of Missis-

sippian strata in southeastern Arizona. These depositional features

are only preserved in the Whetstone Mountains, Johnny Lyon Hills, Dos

Cabezas Mountains, and, questionably, in the Vekol Mountains sections.

The most complete preserved emergence sequence occurs in the Whetstone

Mountains (emergence proceeds as far shoreward as Sedimentation Zone

IIIC). The other measured sections containing this event shallowed

only to Sedimentation Zones IIB and IIC. The Whetstone Mountains
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section also provides the most reliable foramlnlfera zone date of this 

event. Temporal correlation of this event in the Johnny Lyon Hills and 

Vekol Mountains sections is only speculative. In the Dos Cabezas Moun

tains measured section, this event is difficult to identify.

The rationale for the dolomite and eustatic chert intervals has 

already been discussed in the discussion of the foram. zone 7 emergence, 

and deeper water stillstand characteristics were discussed in the foram. 

zones 8/9 deeper water stillstand discussion. Similar discussions are 

not repeated.

The best developed dolomitized interval (Whetstone Mountains) is 

approximately 50 ft (15.2 m). This dolomite interval thickness is con

siderably thinner in comparison to the thicker foram. zone 7 dolomite 

sequence of approximately 50-100 ft (15.2-30.5.m). These varying thick

nesses of dolomitized intervals appear to be related to the degree and 

duration of the emerging event.

Upper Mississippian Contact—
Vadose Diagenesis?

Varying amounts of preserved Mississippian strata are juxtaposed 

with overlying Pennsylvanian strata and locally to Cretaceous and Ter

tiary rocks of present-day erosion surfaces. Typically, a deeper water 

facies terminates at the contact. Recrystallization and/or dolomitiza- 

tion near the contact is minimal. One must infer that considerable ero

sion and solutioning has occurred, which has erased any traces of 

vadose diagenetic processes.
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No extensive karst surfaces are developed at the Upper Escabrosa 

Limestone contact. However, the upper contacts of the Redwall Limestone 

at the Kohls Ranch, Chediski Mountain, and Jerome sections have highly 

irregular karst surfaces with collapse breccias and vadose silts inter

mingled in solution channels within the Mississippian rocks. At Che

diski Mountain, Mississippian carbonates are unrecrystallized and 

undolomitized at the upper contact with an overlying cherty residuum.

The Jerome section, on the other hand, is increasingly recrystallized 

in ascending order. Approximately 80% of the original rock texture is 

destroyed near the upper contact. The Kohls Ranch section is extremely 

recrystallized and dolomitized near the upper contact.

Exceptions and Other Aspects

The Vekol Mountains section is extensively recrystallized and 

dolomitized, and does not follow the general vertical sequence of dia- 

genetic changes described above. In many intervals of the Vekol Moun

tains section, tectonic stretching of carbonate texture and coarser 

dolomite of a tectonic origin are presumed to account for the somewhat 

atypical sequence.

Also, depending on the depositional position on the shelf of a 

given measured section, more or fewer eustatic sea level fluctuations 

are likely to be observed.

The Modoc Limestone

The Modoc Limestone, as depicted in the Clifton and Stargo 

Hill-Morenci measured sections, represents a slightly different
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depositions! history. The Modoc Limestone sequence is a shallower 

water depositions! sequence than the Escabrosa Limestone to the south 

and southwest during this time interval. The basal near-shore facies, 

including trough cross-beds, is highly recrystallized and dolomitized. 

This sequence ascends to a monotonous sequence of slightly to exten

sively recrystallized, coated and abraided intraclasts of bioclasts 

and well-sorted biosparite.

Dolomite in the basal Modoc Limestone is locally very coarse- 

crystalline and is typically fine- to medium-crystalline. This dolo

mite is similar to the depositional/diagenetic near-shore sequences 

observed within the near-shore stillstand during foram. zones 7/8. 

Hydrothermal fluids may be responsible for some of the coarser crystal

line dolomite, as localized malachite staining was observed in the basal 

alternating dolomite and clastic sequence at Stargo Hill-Morenci.

No completely dolomitized beds occur higher in the preserved 

section of foram. zone 7. However, many intervals are slightly to local

ly extremely dolomitized, presumably due to an ineffective reflux ac

tion. Because the Modoc Limestone was a shallow water sequence during 

foram. zone 7, when the regional emergence during foram. zones 7/8 be

gan, these already shallow-water limestones are presumed to have been 

elevated above tidal range for repeated reflux action. Pre-Cretaceous 

erosion has destroyed the depositional record of any rocks younger than 

foram. zone 7 at Clifton and Morenci so that this suggestion may not be 

evaluated. Phreatic-meteoric influxes into these high-energy marine
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sediments have recrystallized the high-magnesium calcite and aragonite 

and promoted extensive aggrading neomorphism. In some intervals, the 

aggrading sparry calcite has almost destroyed bioclastic allochems.

The basal dolomite may be in part related to the meteoric water, flush

ing magnesium from the overlying magnesium-rich marine sediments, with 

dolomite forming at the basal contact with the Horenci Shale.

The Lake Valley Limestone

Diagenetic aspects of the Lake Valley Limestone have been stud

ied by Meyers (1974a,b, 1977) and by Wermiel (1977). Cathodoluminescent 

petrography by Meyers (1974b, p. 837) of the Lake Valley cements re

veals two principal types of cement, a clear syntaxial and granular ce

ment in the non-biothermal intervals and a cloudy, clear cement in the 

biothermal facies. Paragenetically, Meyers (1974b) considers the 

cloudy biothermal cement to have formed contemporaneously with deposi

tion, while the clear cement was considered to have precipitated in the 

phreatic zones. Phreatic diagenesis was interpreted to have occurred 

during subaerial exposure in pre-Meramec to pre-Atoka time.

Wermiel (1977, p. 7) considered the Escabrosa and Lake Valley 

Limestones to have been exposed to the same four regional lithofacies 

environments as delineated by Bahlburg (1977, p. 21). The writer dis

agrees with this interpretation, as the Lake Valley, as expressed in 

the type section, appears to have been deposited in continuously deeper 

water. This deeper water interpretation is supported by Meyers (1974a, 

p. 1742-B) and by Toomey (in Lane, 1974, p. 270). Thus, the inclusion
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by Wermiel (1977) of the Lake Valley Limestone into similar time- 

synchronous diagenetic realms of the Escabrosa Limestone may be 

misleading.

The Lake Valley section measured by the writer was virtually 

undolomitized and vertically had variable degrees of limestone recrys

tallization, generally in the form of aggrading neomorphism of micrite 

to microsparite cement and aggradation of sparry calcite in some of the 

fossil allochems. The Lake Valley sequence is similar to the deeper 

water stillstands of the Escabrosa Limestone at the Dos Cabezas Moun

tains section. Paucity of dolomite in the interpreted deeper water 

sequences supports the concept that intense dolomitization is restricted 

to shallow shelf sequences where reflux processes are active. Studies 

by Shinn and others (1965, p. 123) of Recent dolomites on Andros Island 

relate dolomite formation to supratidal flat environments, but from 

this study of the Escabrosa Limestone, the reflux processes may be able 

to produce an early diagenetic dolomite farther seaward if conditions 

are favorable.

The Redwall Limestone

The Redwall Limestone sections measured at Jerome and Mt. Elden 

begin with an initial transgressive sequence in foram. zone 8. The 

lower foram. zone 8 near-shore stillstand in the base of the Mt. Elden 

section is highly dolomitized and recrystallized and displays similar 

characteristics to the foram. zone 8 near-shore stillstand in southeast

ern Arizona. Not enough data is available to fully evaluate this por

tion of the section in this region. Most of the Jerome depositional
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sequence represents a deeper water stillstand and displays depositions!/ 

diagenetic properties similar to those described in the deeper water 

stillstand sequence in the Escabrosa Limestone (foram. zones 8/9).

The upper part of the Jerome section is peculiar, in that no 

dolomitization is associated with an apparent foram. zone 8 emergence, 

but the limestone is highly recrystallized, affecting both allochems and 

cement. The cement appears to be undergoing aggrading recrystalliza

tion, whereas some of the allochems are degrading in crystal size. Ab

sence of dolomite in association with this upper emergence foram. zone 

8 sequence is difficult to explain. The absence of dolomite may result 

from atypical depositional/diagenetic conditions compared to other sec

tions measured, or perhaps the Jerome section measurement was made 

across an unidentified fault.

The Redwall Limestone sections measured at Windy Hill and Che- 

diski Mountain began deposition in foram. zones 8/9 and display similar 

diagenetic and dolomitization aspects to that of a submerging sequence 

of Escabrosa Limestone where phreatic mixing with marine waters favored 

sparry calcite formation. The upper part of the Windy Hill measured 

section has a deeper water sequence displaying the same characteristics 

as the deeper water microfacies in the Escabrosa Limestone.

Diagenetic Effects on 
Stratigraphic Correlation

The two questions addressed initially in this discussion may be 

examined; namely, 1) to what extent have these altering phenomena
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affected the ability to correctly identify carbonate microfacies? and 

2) what is the potential stratigraphic correlation value, if any, of 

the dolomitized intervals?

From the evaluation of the data and implementation of 

environmental/diagenetic concepts, it is interpreted that the dolomit

ized and recrystallized intervals occur not by chance, but in response 

to the depositional setting. The major diagenetic alterations may be 

intimately linked to hydrodynamic shifts in the marine, phreatic, sub

surface, and vadose depositional/diagenetic environments which change 

in response to eustatic sea level changes. Thus, major diagenetic 

changes such as regionally pervasive dolomite intervals are considered 

early diagenetic in nature. Because of this intimacy of deposition and 

early diagenetic changes, these altered intervals may be used in strati

graphic correlation with caution. As has been demonstrated, water depth 

controls the degree to which a eustatic change may affect a given area. 

The shallower the sequence, the more sensitive it becomes to eustatic 

changes, which preserves the better offlap-onlap sequences.

In the case of the foram. zone 7 regional emergence event in 

southeastern Arizona where a significant portion of this interval's orig

inal rock texture was destroyed, one could say that regional correla

tions and microfacies interpretations of this interval would be very .. 

tenuous. However, if the nature of the diagenetic processes is under

stood and can be identified in association with a particular environ

mental setting, then interpretive environmental reconstructions may be 

made of these highly altered intervals. Thus, these altered intervals
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regional correlation.

The .close association of eustatic chert to these dolomitized 

intervals also aids in interpreting depositional environments in the 

field, particularly where the original rock texture has been destroyed.

In summary, the dolomites, similar to the occurrences of chert, 

occur in three environmental regimes. The eustatic-related early dia- 

genetic dolomite occurs in condensed intervals ranging from 50-100 ft 

(15.2-30.5 m) thick and are associated with emerging conditions, while 

the highly variable near-shore dolomitic intervals, typically 10 ft 

(3.1 m) thick may be penecontemporaneous and early diagenetic in origin 

and are mixed with thin-bedded sequences of fine-grained elastics, 

pseudosparites, and pelsparite facies. The third occurrence of dolo

mite, the deeper water wave-base dolomites, also is considered to be 

early diagenetic in origin. These dolomites are somewhat unpredictable 

and may be the result of sporadic density flows of hypersaline brines 

being dumped along the shelf margin. The wave-base dolomites typically 

never exceed much more than 10 ft (3.1 m) in interval thickness.

Petrographically, crystal size or texture of the dolomites is 

not a reliable indicator for recognizing different environmental occur

rences of dolomite. Position in sequence, presence or absence of chert, 

nature of the bedding, and general interval thicknesses are much better 

indicators. However, tectonic dolomites, or those dolomites associated 

with faulting, are much coarser crystalline, quite irregular in texture, 

and may be easily distinguished petrographically.
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One may generalize, however, and say that eustatic-related 

dolomites typically are fine- to medium-crystalline and have a subsu- 

crosic texture. The near-shore dolomites are highly variable in crystal 

size and texture, and this observation alone is somewhat diagnostic.

The near-shore dolomites typically range from very fine to coarse- 

crystalline and commonly have a mosaic texture. The deeper water dolo

mites generally are fine- to medium-crystalline and have a subsucrosic 

tecture.

Regionally and temporally, southeastern Arizona has been ex

posed to the four depositional/diagenetic zones depicted by Folk (1974b, 

Fig. ,5); namely, the marine, meteoric-phreatic, subsurface, and vadose. 

The petrographic paragenetic sequence consistently observed was calcite 

recrystallization, silicification, and dolomitization. The dominant 

type of limestone recrystallization is aggrading neomorphism, which is 

intimately associated with interpreted meteoric and subsurface water in

fluxes into the marine domain that result from eustatic sea level 

changes. Vadose diagenetic processes were active during the foram. 

zones 7/8 emergence in central-southeastern Arizona. Minimal vadose 

diagenetic effects are preserved at the upper Mississippian contact in 

southeastern Arizona, but well-developed karst features are present in 

the Redwall measured sections in central Arizona.



INTER-REGIONAL CORRELATION 
BY EUSTATIC CYCLES

Three submergence-emergence events have been interpreted for 

Mississippian carbonates in the Grand Canyon area (McKee and Gutschick, 

1969, p. 587-590) and in the Black Mesa Basin (Kent, 1975, p. 130-131). 

The first two submerging-emerging events lie within the Redwall Lime

stone and are grouped into Rose’s (1976) lower depositional complex. 

These two lower ecstatic events are the only regionally preserved 

eustatic events.

McKee and Gutschick (1969, p. 571, 587-588) considered the Red- 

wall Limestone to be a depositional shelf sequence that lapped east

ward against the Defiance positive element in central-eastern Arizona. 

Depositional irregularities within the generally low-relief, westward- 

sloping shelf were ridges extending away from the Defiance positive.

The Peach Springs Ridge extended to the west, and the Payson Ridge ex

tended to the southwest from the Defiance positive. Eustatic changes 

were considered to be the result of differential rates of shelf sub

sidence (McKee and Gutschick, 1969, p. 588-590).

The four members of the Redwall Limestone were each linked to 

a eustatic event (McKee and Gutschick, 1969, p. 587-590). The less ex

tensive first submergence is represented by the Whitmore Wash Member. 

This basal member extends as far east as the Grand Canyon area, covers 

the Peach Springs Ridge, and laps against the Payson Ridge (McKee and 

Gutschick, 1969, p. 588). The cherty Thunder Springs Member is

219



220

interpreted to represent the first regional emergence. A regional sur

face of erosion at the top of the Thunder Springs Member was considered 

to reflect a short depositional hiatus. Whether the erosion surface was 

subaqueous or subaerial in nature (McKee and Gutschick, 1969, p. 588- 

589) was not substantiated.

The second and more extensive submerging event was represented 

by the Mooney Falls Member. The sea transgressed over the Payson Ridge 

and lapped onto the western part of the Defiance positive (McKee and 

Gutschick, 1969, p. 589).

The Horseshoe Mesa Member records the second emerging event.

A karst topography developed on the upper surface of the Horseshoe Mesa 

Member and represents a regional subaerial unconformity throughout 

northern Arizona (McKee and Gutschick, 1969, p. 72, 570).

Only an isolated 6.5 ft (1.98 m) bed of Chester age observed 

along the Bright Angel Train is evidence of a third depositional cycle, 

which would like within the upper depositional complex of Rose (1976) 

(McKee and Gutschick, 1969, p. 74, 190, 590).

Foraminifera zone assignments of these members and interpreted 

associated events are as follows: Whitmore Wash, foram. zones pre-7 to
t

7 to basal 8; Thunder Springs, foram. zone 8; Mooney Falls, foram. zones 

9 to 12; and Horseshoe Mesa, foram. zones 13 to basal 14 (Mamet and 

Skipp, 1970).

The third eustatic cycle is considered to be Chester age based 

on brachiopod fauna with support from foraminiera data (Skipp, 1969, p .
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190). An Upper Meramec and part Chester hiatus is postulated from the 

faunal data to be between the Redwall Limestone and the unnamed younger 

Mississippian limestone (McKee and Gutschick, 1969, p. 74).

Because the second submergence event was areally more extensive 

in comparison to the first submergence event, one could conclude that 

the Redwall Limestone sequence reflects increasingly deeper water sedi

mentation in ascending order.

East of the Grand Canyon, in the Black Mesa Basin, Kent (1975, 

p . 107-121) recognized two main eustatic cycles within the Redwall Lime

stone, which he subdivided into the lower depositional unit and the 

upper depositional unit. These units appear to correspond to McKee and 

Gutschick’s eustatic cycles. However, in contrast to McKee and 

Gutschick's interpretation of the Thunder Springs Member as represent

ing regional regression, Kent (1975, p. 43) considered the Thunder 

Springs Member with its chert to be an open-marine facies. In the 

second eustatic cycle in the Black Mesa Basin, three transgressive 

pulses were observed (Kent, 1975, p. 119). West of the Grand Canyon 

area in southern Nevada, Hansen (1976) recognized three transgressive- 

regressive phases in the Monte Cristo Limestone or lower depositional 

complex of Rose (1976). An overall shallowing trend in vertical se

quence was interpreted by Hansen for Mississippian strata in this area. 

Fourteen cycles within these three transgressive-regressive phases are 

recognized (Hansen, 1976).

In extreme southeastern Arizona, southwestern New Mexico, and 

northern Sonora, Mexico, three transgressive-regressive cycles are
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recognized by Bahlburg (1977, p. 103). Bahlburg’s study area lies im

mediately to the southeast of the writer's study area, a region inter

preted to represent relatively deeper water deposition in comparison to 

the major portion of the writer's study area. Bahlburg's (1977) study 

area lies more basinward within the Pedregosa Basin, as delineated by 

Greenwood and others (1977, Fig. 8).

Bahlburg utilized conodont biostratigraphic ages by Norby (1971) 

for establishing time relationships of eustatic cycles. The first 

eustatic cycle is represented by Late Kinderhookian through early Osage 

(Chouteau to Fern Glen) deposition and is interpreted to consist of 

patch-reef and restricted shelf lithofacies, in ascending order. The 

second cycle includes strata from Early Middle Osage through Middle 

Meramec (Burlington through St. Louis) age. A period of regional emer

gence and erosion preceded the third cycle, which is represented by 

clastic and carbonate rocks of the Paradise Formation (Bahlburg, 1977, 

Fig. 3, p. 42).

In New Mexico, Meyers (1974a, p. 1742-B) recognized only sub- 

tidal normal marine limestones in the Lake Valley Limestone, which he 

considered to be of Osage age. No eustatic cycles or fluctuations were 

mentioned.

Eustatic Cycles in 
the Study Area

In central and southeastern Arizona within the lower deposition- 

al complex as defined by Rose (1976), two major eustatic cycles are 

present in the Escabrosa Limestone. These cycles are similar in nature
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to those observed by McKee and Gutschick (1969) and Kent (1975) in the 

Redwall Limestone, and to those in the Escabrosa Limestone as studied 

by Bahlburg (1977) in extreme southeastern Arizona. However, within 

the second eustatic cycle, two eustatic subcycles representing partial 

emergence may occur. These cycles in the Escabrosa Limestone correspond 

closely to the observations of Kent (1975, p. 119), who recognizes 

three transgressive pulses.

The Mississippian carbonates in central and southeastern 

Arizona are similar to the Redwall Limestone, in that lower depositional 

complex strata as defined by Rose (1976) represent all of preserved or 

residual Mississippian strata except for one area southeast of Winkleman 

(Appendix B, Figure 80). At this location approximately 100 ft (30.5 m) 

of strata are preserved and unconformably overlie an Upper Mississippian 

karst surface developed on the Escabrosa Limestone. These younger 

Mississippian strata will be designated as the Eskimizine Formation in 

a future publication.

Temporally, the first eustatic cycle is delineated as foram. 

zones pre-7 to 7. The second major cycle ranges from foram. zone 8 

through 11+, depending on the degree of erosion. Within the second 

major cycle, two partial emergences occur, one in approximately basal 

foram. zone 9, and the second one in foram. zones 9/10. Erosion limits 

the evaluation of the foram. zones 9/10 eustatic cycle.

Temporally, these two cycles delineated in this investigation 

do not correlate with the timing of eustatic changes as delineated by 

Bahlburg (1977) in extreme southeastern Arizona, who utilized Norby's
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(1971) conodont biostratigraphic data. This time shift is interpreted 

to represent biostratigraphic resolution problems. However, even though 

semantic differences exist (the writer subdivided Mississippian carbon

ates into nine microfacies, while Bahlburg, 1977, distinguished four 

lithofacies environments) in describing the Mississippian carbonates in 

southeastern Arizona, physical delineation of eustatic cycles provides 

a common denominator for correlation of the first eustatic cycle.

In the second eustatic cycle, within the generally deeper water 

stillstand, the writer recognized two subcycles that were not identified 

in Bahlburg * s (1977) investigation. In the study area, these partial 

and locally almost complete emergence sequences occur in foram. zones 

basil 9 (approximately) and 9/10. Biostratigraphic dates of the eustatic 

subcycles are possible at only a few sections. Correlation to sections 

without biostratigraphic control is accomplished by position in sequence 

of eustatic events.

The paucity of good foraminifera control associated with these 

partial emergences is interpreted by the writer to reflect the facies 

control on Mississippian foraminifera during these time periods. The 

shallow water microfacies favorable to the foraminifera were only lo

cally developed in these partial emerging sequences. The lack of reso

lution of the basal foram. zones 9 and 9/10 is interpreted by the writer 

as being due, at least in part, to deeper water depositional environ

ments or more basinward facies within Bahlburg * s (1977) study area.

Figure 19 depicts the eustatic cycles of McKee, and Gutschick 

(1969) (employing Mamet and Skipp, 1970, foraminifera zone data),
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Bahlburg (1977) (employing Norby, 1971, conodont data), and this in

vestigation using foraminifera time central as assigned by B. L. Mamet. 

Also included are eustatic cycles recognized by Kent (1975, Figs. 42, 

45). However, temporal relations were not identified by Kent (1975), 

and correlations to these cycles are speculative.

Evaluation of Potential Lateral 
Crustal Displacements by Eustatic Cycles

Mississippian carbonates in Arizona are commonly considered to 

represent epeiric sea or low-gradient shelf sedimentation (McKee and 

Gutschick, 1969, p. 571; J. W. Smith, 1974, p. 53-54; Kent, 1975, p.

105; and Bahlburg, 1977, p. 21). Sedimentologic sequences are pre

sumed to represent low-gradient depositional surfaces of less than one 

foot per mile (Irwin, 1965, p. 447) and therefore would have a high 

degree of lateral correlation in response to eustatic changes.

Differences in carbonate classification terminology makes in

terpretation of correlations between study areas sometimes difficult or 

uncertain. Correlation by eustatic events reduces semantic differences 

and provides a common denominator for regional correlations. These 

evaluations of depositional bathymetries are particularly valuable when 

linked with geologic time.

Unique eustatic sea level behavior of Mississippian carbonates 

has been recognized in southern Nevada (Hansen, 1976), southwestern New 

Mexico (Meyers, 1974a,b), extreme southeastern Arizona (Bahlburg, 1977; 

Wermiel, 1977), and northern Arizona (McKee and Gutschick, 1969) when 

contrasted to this investigation area. A premise made in this
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evaluation is that if major crustal displacements occurred, unexplain

able eustatic relationships should be apparent.

Eustatic sequences most comparable to those in the study area 

are those within the Redwall Limestone in the Black Mesa Basin as de

lineated by Kent (1975); however, the exact temporal correlations are 

uncertain. The Escabrosa and Redwall Limestones are described by McKee 

and Gutschick (1969) in the Grand Canyon area. Both have two major 

eustatic cycles within the lower depositional complex of Rose (1976). 

However, there appears to be a temporally out-of-phase relationship 

between at least the lower Escabrosa and Redwall Limestones. Sections 

measured that are unlike either the typical Redwall or Escabrosa Lime

stones occur along the Payson Ridge. Windy Hill and Chediski Mountain 

sections do not have the lower Mississippian represented (foram. zones 

7 and basal 8). Deposition began in foram. zones 8/9. However, on the 

northwest flank of this depositional positive, Redwall sedimentation 

began in foram. zone 8. This depositional positive may have represented 

a significant sedimentologic barrier in Early Mississippian that may 

account in part for the out-of-phase sequences. This eustatic out-of- 

phase relationship is recognized when comparing the Escabrosa Limestone 

in the study area to the Redwall Limestone, as described by McKee and 

Gutschick (1969) and Mamet and Skipp (1970).

In southeastern Arizona, a regional emergence with an early 

diagenetic cherty-dolomitized interval preceding the emerging sequence 

occurs in foram. zone 7, in contrast to the emerging sequence that did 

not occur until foram. zone 8. During foram. zone 8 in southeastern



Arizona, a regional submerging sequence was being deposited and chert 

within this sequence is rare. This comparison exemplifies the need 

for time control in correlation studies.

In the Black Mesa Basin area, Kent (1975, p. 73) did not concur 

with McKee and Gutschick's (1969, p. 588-589) interpretation that the 

Thunder Springs Member represents a regional emerging sequence. In

stead, Kent associated deeper water facies with the Thunder Springs 

chert. That observation is consistent with this study. Chert and dolo

mite also occur in association with deeper water facies overlain by a 

regressive sequence. Early diagenetic fluids associated with the re

gression are interpreted in this study to silicify and dolomitize the 

porous and permeable deeper water facies preceding the emerging event. 

Nevertheless, whether one accepts the Thunder Springs Member-as repre

senting regionally emerging conditions or deeper water sedimentation, 

the time of deposition is foram. zone 8. No time-equivalent chert oc

curs in the Escabrosa Limestone in southeastern Arizona. Thus, there 

is a definite difference in the eustatic cycles in the Escabrosa and 

Redwall Limestones, with a transitional and a typical sequence included 

in the Redwall in the central Arizona-Payson Ridge area.

Another depositionally unique environment is present in the 

Mississippian of southern Nevada. The fact that Hansen (1976) reports 

three rather, than two emerging-submerging sequences in southern Nevada 

within the Monte Cristo Limestone, or lower depositional complex of 

Rose (1976), indicates distinctly different depositional-environmental
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conditions. The additional eustatic cycle may be related to Antler ero

genic activities.

Just southeast of the study area within the Escabrosa Limestone, 

Bahlburg (1977, Fig. 42) reported two eustatic cycles, but no subcycles 

were mentioned within the second cycle. This lack of identification 

of the two partially emerging subcycles within the second eustatic cycle 

is interpreted to represent deeper water deposition towards the Pedre- 

gosa Basin as delineated by Greenwood and others (1977, Fig. 8). The 

Dos Cabezas and Patagonia sections are interpreted to represent tran

sition sections to•the relatively deeper water depositional conditions 

interpreted by the writer in Bahlburg*s study area.

In New Mexico, no eustatic cycles occur in the strata tenta-" 

tively dated (poor faunal control) by Mamet as foraminifera zone pre-7. 

Conodont data (Burton, 1964; Lane, 1974) support a foram. zone pre-7 

and younger (Osage) age for these rocks. In the section measured by 

the writer, a stillstand sequence below or slightly above wave-base 

typifies the basal four members of the Lake Valley Limestone. This 

deeper water deposition is supported by Toomey (in Lane, 1974, p. 270) 

and Meyers (1974a, p. 1742-B) and conflicts with Bahlburg * s (1977, p.

21) interpretation that similar lithofacies are observed in both the 

Lake Valley and Escabrosa Limestones.

One last unique depositional setting is the foram. zone 7 se

quence in the Modoc Limestone at Clifton and Morenci. This undolomit- 

ized sequence of high-energy intraclastic sediments contrasts with 

typically dolomitized foram. zone 7 strata observed in the Escabrosa
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Limestone. Cretaceous-Tertiary erosion limits foram. zone post-7 cor

relation. The preserved strata display no regressive tendency at the 

upper part of the foram. zone 7 sequence. The lack of dolomite or 

chert may be in part due to erosion, but is presumed to be due to the 

area being emerged and subject to vadose-phreatic diagenetic processes 

that formed sparry calcite void fills in the Modoc Limestone.
iIn comparison to the Modoc Limestone, the Escabrosa Limestone 

is interpreted to be bathymetrically deeper water sequence during foram. 

zone 7 time. When foram. zone 7 emergence occurred, the Modoc Lime

stone was apparently elevated above active reflux processes, which 

dolomitized the Escabrosa Limestone.

Because no mixing of eustatic events from the Redwall, Monte 

Cristo, Modoc, and Lake Valley Limestones as well as interpreted deep 

water Escabrosa Limestones were observed in southeastern Arizona, severe 

restraints may be imposed on any large-magnitude crustal movements or 

displacements. Thus, the next question to address is whether or not 

any perceptible minor crustal displacement can be delineated from this 

data base.



STRATIGRAPHIC CORRELATIONS 
WITHIN THE STUDY AREA

Figure 14 (in pocket) depicts seven cross-sections that form a 

northwest- to southeast- and northeast- to southwest-trending grid that 

links the measured sections. An index map on Figure 14 depicts the 

correlation cross-section network.

The cross-sections were hung on a calculated maximum Osage re

gression midpoint that was determined by averaging the midpoints between 

the same microfacies associated with emerging and submerging sedimenta

tion zones recording the Osage emergence event. This datum closely cor

responds to, or is coincident with, the boundary between foram. zones 

7/8. The fact that these sequences are not time-transgressive supports 

interpretations that low-gradient depositional conditions existed re

gionally in southeastern Arizona, and that the Osage regional emergence 

and submergence events were relatively rapid with full emergence sepa

rating the two ecstatic events regionally.

Cross-section A-B

Northwest-trending cross-sections A-B and C-D link the Redwall 

Limestone of the Colorado Plateau to Mississippian carbonates in south

eastern Arizona, and southwestern New Mexico. Both cross-sections re

flect a northeast-trending depositional high linking the Chediski 

Mountain and Windy Hill measured sections. Cross-section A-B provides 

the most complete comparison of stratigraphic aspects and temporal range 

in central and southeastern Arizona. Redwall Limestone deposition
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begins with the foram. zone 8 submerging sequences at Jerome, Mt. Elden, 

and Kohls Ranch sections. At these locations there are progressive on- 

lap sequences to the southeast onto the northeast-trending ridge previ

ously designated by McKee and Gutschick (1969, p. 571-573, 587-588) as 

the Payson Ridge. The ridge was a depositional barrier until foram. 

zones 8/9 when regional submergence linked the possibly isolated Esca- 

brosa and Redwall Limestones. Southeast of the Payson Ridge, a down- 

dropped, northwest-tilted depositional surface is interpreted to extent 

southeast of the Windy Hill portion of the foram. zones 8/9 positive. 

Foram. zones pre-7 to 7 Mississippian sedimentation southeast of the 

Payson Ridge is inferred between Windy Hill and Superior. Southeast of 

the Van Winkle Ranch section, foram. zone pre-7 to 7 is no longer iden

tified, and foram. zone 7 continues to the southeast. Siphonodella 

isoticha Cooper conodonts have been recognized in basal Mississippian 

strata in the Whetstone Mountains by the writer; in the Van Winkle Ranch 

Brandenburg Mountain, and Saddle Mountain (Ash Creek section) sections 

by Witter (1976, p. 74-75); and in the Johnny Lyon Hills and Bisbee 

areas by D. Schumacher (personal communication, 1978). Thus, on the 

basis of conodont data, the foram. zone pre-7 may be extended, at 

least locally, in the ES and ED blocks southeast of Van Winkle Ranch.

In general, increasingly younger Mississippian strata are pre

served southeast of Johnny Lyon Hills. Stratigraphic preservation 

through foram. zone 9 is traceable from the Superior to Dos Cabezas 

sections. The presence of foram. zone 9 is inferred by physical
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correlation from the Mescal to the Van Winkle and Superior sections.

At the Dos Cabezas section, Mississippian strata of foram. zone 11 and 

younger are preserved. A complete Mississippian section at Dos Cabezas, 

as collected by A. K. Armstrong and analyzed by B. L. Mamet, shows 

preservation through foram. zone 14 (B. L. Mamet, personal communication, 

1977). Fine- to coarse-grained sandstone beds occur within the basal 

Escabrosa Limestone at Nugget Canyon. These elastics continue in a 

northeasterly trend with those reported by Thomssen and Barber (1958) 

in the Galiuro Mountains and may be linked with those present in the 

Modoc Limestone at Clif ton-Morenci (Figure 14", Cross-section C-D) . To 

the southeast, a northeast-trending Mississippian depositional/tectonic 

hinge-line may be interpreted between the Johnny Lyon Hills and Dos 

Cabezas sections. Marked depositional bathymmetry changes occur between 

the Johnny Lyon Hills and Dos Cabezas sections. The Johnny Lyon Hills 

section was shallow enough bathymmetrically to be fully emerged during 

the Osage emergence event (foram. zones 7/8) with petrographic evidence
'i

of vanished evaporite conditions in the near-shore microfacies (length- 

slow chalcedony, Folk and Pittman, 1971). In comparison to the Osage 

full emergence sequence at Johnny Lyon Hills, 32 mi (52 km) to the 

southeast at Dos Cabezas, a vertically condensed Osage partial emergence 

sequence occurs. A similar partial Osage emergence sequence may be 

seen at Patagonia and contrasted to shallow shelf sequences at the Whet

stone Mountains (Figure 14, Cross-section G-D). This northeast-trending 

depositional/tectonic hinge-line also represents a point of increased 

preservation of Mississippian strata southeast of this area. At Ash
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Creek, locally occurring younger Mississippian strata— the Eskimizine 

Formation— disconformably rest on the underlying Escabrosa Limestone. 

Erosional and karstic features in excess of 15 ft (4.6 m) may be ob

served at the upper Escabrosa Limestone contact with the Eskimizine 

Formation. This highly dolomitized and recrystallized sequence.is pre

sumed to be an isolated remnant associated with the Chester-Paradise 

seaway to the southeast (Figure 4, in pocket, upper depositional 

complex).

One important aspect related to the occurrence of the Upper 

Mississippian Eskimizine Formation is the temporal and stratigraphic 

delineation of the degree of erosion of Escabrosa Limestone prior to 

deposition of this overlying unit. The Escabrosa Limestone at Ash 

Creek terminates in relatively deep-water microfacies of approximate 

foram. zones 9/10 time (as extrapolated by physical comparison of posi

tion in sequence to the biostratigraphically dated Johnny Lyon Hills 

section). This erosional stripping to foram. zones 9/10 may be con

trasted to stratigraphic studies of the Escabrosa Group in extreme 

southeastern Arizona and extreme southwestern New Mexico. In the Big 

Hatchet Mountains, very little depositional interruption or erosion oc

curred between the foram. zone 14 Escabrosa Group and. youngest Paradise 

Formation beds of foram. zone 15 (B. L. Mamet, personal communication, 

1977). Subsequent post-Mississippian to pre-Pennsylvanian erosion re

duced the Escabrosa Limestone to foram. zone 9 regionally, except in 

the extreme southeastern sections in the study area. Another aspect 

related to the occurrence of the Eskimizine Formation relates to the
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question as to why it was preserved locally in the Ash Creek area.

The conclusion by Bahlburg (1977, p. iii) that post-Mississippian tilt

ing to the southeast increasingly preserved Mississippian strata south

eastward appears to be an oversimplified explanation of the erosional 

history in southeastern Arizona. A change in depositions! paleoslope in 

the Upper Escabrosa Limestone may explain this localized preservation, 

a subject that will be addressed in the discussion on Mississippian 

depositions! paleoslopes.

In summary, cross-section A-B (Figure 14) appears to have two 

principal depositions! tectonic discontinuities that result from 

northeast-trending depositional/tectonic hinge-lines. The Payson Ridge 

acted as a depositional barrier for both Redwall and Escabrosa Lime

stone deposition until foram. zones 8/9 time. Strata of the Redwall 

Limestone of foram. zone 8 age onlap the Payson Ridge to the southeast, 

while southeast of the Payson Ridge an interpreted topographically lower, 

northwest-tilting depositional surface or paleoslope allowed foram. zone 

pre-7 to 7 strata of the Escabrosa Limestone to be deposited. A possible 

onlap sequence of Escabrosa Limestone occurring away from and southeast 

of the Payson Ridge is interpreted by the presence of foram. zones pre-7 

to 7 strata in the Van Winkle Ranch and Mescal Mountains sections and is 

inferred to be present at the Superior section. Thus, similar to the 

Redwall Limestone, the basal Escabrosa depositional paleoslope was to 

the northwest, juxtaposed to the interpreted Payson Ridge southeast

facing escarpment. One must consider, also, that the age relationship 

identified in the Mescal and Van Winkle Ranch sections, and not
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observed in the sections to the southeast of the Mescal Mountains, may 

be a preservation or depositional facies problem. As was previously 

mentioned, Siphonodella isoticha Cooper (conodonts) have been identified 

in the basal Mississippian beds in southeastern Arizona, southeast of 

the Van Winkle Ranch, confirming the presence of foram. zone pre-7 

strata at least locally in southeastern Arizona.

Further to the southeast, a general low-gradient, shelf sequence 

continues to the southeast with a maximum shelf build-up during foram. 

zone 7 at Johnny Lyon Hills. Between the Johnny Lyon Hills and Dos 

Cabezas sections, another northeast-trending depositional tectonic 

hinge-line is inferred. The northeast trend is substantiated by com

paring the Patagonia and Whetstone Mountains sections (Figure 14, cross- 

sections C-D and G-H). The Patagonia and Dos Cabezas sections both 

show vertically condensed partial Osage emerging sequences, while the 

Johnny Lyon Hills and Whetstone Mountains reveal full emergence, shal

lower shelf-like sequences. Similar to the Payson Ridge, this bathy

metric escarpment has an interpreted downside to the southeast. This 

northeast bathymetric trend represents a line of degree of dolomitiza- 

tion difference, less dolomitization to the southeast, as well as thin

ner or condensed deposition on the southeast side. Figure 20 

schematically depicts the basal depositional regional paleoslopes, as 

interpreted from cross-section A-B.

Cross-section C-D

Cross-section C-D, like cross-section A-B (Figure 14), traverses 

northwest to southeast, and for the most part, lies to the northeast of
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section line A-B. This cross-section ties the Redwall, Escabrosa,

Modoc, and Lake Valley Limestones and lies within and parallel to the 

physiographic transition province of Arizona. The Redwall Limestone 

onlaps southeastward between the Jerome and Chediski Mountains sections. 

At Jerome, the Redwall Limestone foram. zone 8 consists of a relatively 

deep water depositional sequence for the most part with a poorly devel

oped or preserved basal submerging sequence. To the southeast of 

Jerome, the Kohls Ranch section has a thicker vertical sequence of near

shore sedimentation zones associated with the foram. zone 8 submergence 

events. Farther to the southeast at the Chediski Mountain section, 

Mississippian deposition did not begin until foram. zones 8/9. Carbon

ates at Chediski Mountain consist of higher energy near-shore micro- 

facies or sedimentation zones. Aspects of this onlap sequence onto the 

Payson Ridge have been previously noted in the discussion of cross- 

section A-B.

Mississippian carbonates in the Salt River area were assigned to 

the Redwall Limestone by Huddle and Dobrovolny (1950, p. 94-95) and 

McKee and Gutschick (1969, p. 684-685). The Salt River section, how

ever, is southeast of the Lower Mississippian Payson Ridge, south of 

the Defiance Positive, and displays eustatic cycle timing similar to 

that of the Escabrosa Limestone in southeastern Arizona. Sedimentation 

begins in foram. zone 7. Because of these similarities to the Escabrosa 

Limestone, Escabrosa Limestone may be nomenclaturally better for Missis

sippian strata in this area.
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In comparison to the Escabrosa Limestone in southeastern 

Arizona, a much thinner foram. zone 8 submergence sequence occurs at 

the Salt River section, but is overlain by a typical Osage emergence 

sequence.

The fact that foram. zone 7 strata are present in this region 

indicates minimal effects from the Payson Ridge-Defiance Positive tec

tonic elements at this time. In contrast to the Chediski Mountain sec

tion, which has a preserved foram. zones 8/9 sequence, post-depositional 

erosion has reduced the Salt River strata down to and including foram. 

zone 8. Further to the southeast, the Modoc Limestone at Clifton and 

Morenci has presumably been reduced in thickness by pre-Pennsylvanian 

erosion, if one accepts the thickness figures given by Lindgren (1905b, 

p. 5) of the Modoc Limestone, to be approximately 200 feet in areas 

where it is overlain by Pennsylvanian age limestones. However, at least 

locally, Cretaceous-Tertiary erosion has stripped the Stargo Hill- 

Morenci and Clifton sections down to foram. zone 7. Unlike the Esca

brosa Limestone throughout southeastern Arizona, most of the foram. zone 

7 strata in this are are undolomitized. Depositional environments in 

the Modoc Limestone are unusually uniform, with high-energy sedimenta

tion persisting throughout much of the foram. zone 7 sedimentation se

quence. A basal cross-bedded sandstone, commonly underlain by a 

coralline-bound reef-like bed precedes this high-energy sedimentation 

sequence. Medium-scale, wedge-planar, and trough cross-beds with typi

cal dip directions of N50°E (not enough cross-beds measured for statis

tical validity) are interbedded with horizontal beds and dolomitic
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strata. The absence of dolomite in the foram. zone 7 sequence in the 

Modoc Limestone, in contrast to the typical presence of dolomite during 

this time interval in the Escabrosa sections, may be due to the Clifton- 

Morenci area being bathymetrically shallower during foram. zone 7 time 

in comparison to the area of the Escabrosa Limestone, so that when the 

regional Osage emergence occurred, the Modoc Limestone was elevated 

above the range of reflux activity that is interpreted to have affected 

foram. zone 7 Escabrosa Limestone.

Southeast of the Clifton-Morenci area, an interpreted deep water 

sedimentary sequence at Lake Valley, New Mexico, is tentatively consid

ered to be foram. zones pre-7 to 7 in age. The dividing line and the 

data supporting this age assignment are questionable (B. L. Mamet, per

sonal communication, 1977). The Lake Valley Limestone has been dated 

by conodonts (Burton, 1964; Lane, 1974) to be Osage in age. Conceivably 

the Lake Valley section, as hung in cross-sections C-D or G-D, should 

be shifted vertically upward. Because of the deeper water deposition, 

foraminifera are absent and the tentative pre-7 age is based on algae 

present. Regardless of the age relationship, the sequence is sedimento- 

logically very different from the Modoc or Escabrosa Limestones.

Paucity of dolomite and minimal deposition support the deeper 

water microfacies interpretation for the Lake Valley Limestone, at least 

in the type area. The distance between the Clifton and Lake Valley 

measured sections makes depositions! interpretations difficult. How

ever, if one extends the hinge-line observed between the Johnny Lyon
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Hills and Dos Cabezas or between the Whetstones and Patagonia sections 

to the northeast between the Clifton and Lake Valley sections, the dif

ference in microfacies observed between the shallower water, high- 

energy Modoc.Limestone and the deeper water Lake Valley Limestone may 

be explained. If continuity of this northeastern-trending depositional/ 

tectonic hinge-line is valid, severe constraints are imposed on the 

existence of any major (greater than a few kilometers), if any, north

westward strike-slip movement in a northwesterly direction within the 

Texas Lineament zone, as defined by Turner (1962), W. Elston (1970),

V. Schmidt (1965), and others.

Cross-section E-F

Cross-section E-F (Figure 14) traverses northwest to southeast 

and lies perpendicular to the interpreted northeast-trending deposition

al strike. A slight depositional positive during the initial Mississip- 

pian submergence may be inferred at the Waterman Mountains in comparison 

to the Vekol Mountains or Whetstone Mountains. This inference is based 

on the thinning of the submerging event in this area in comparison to 

the other sections. Similar to cross-section A-B, there is an increas

ingly thicker Osage emergence facies to the southeast of the basal depo

sitional irregularity observed in the Waterman Mountains. This increase 

in thickness of the Osage emergence-submergence event or ecstatic cycle 

is maximized at the southeast edge of the ES depositional block. What

ever process that made the Waterman Mountains slightly positive during 

initial Mississippian depositional (foram. zone 7) may be responsible 

for the erosional thinning down to foram. zone 8 at the Waterman
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more complete, but poorly datable sequence of sediments at the Vekol 

Mountains sections.
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Cross-section H-I

Cross-section H-I (Figure 14) traverses southwest to northeast.

As was observed in cross-section E-F, the Waterman Mountains initial 

deposition was on a slight positive in contrast to initial Mississippian 

deposition in the Vekol or Whetstone Mountains sections. If one tra

verses northeast of the Waterman Mountains to the Nugget Canyon section, 

two clastic intervals are present, a basal, very fine to coarse

grained sandstone and a thin interval of very fine to coarse-grained 

sand more than 80 ft (24.4 m) above the basal sandstone. Regionally, 

elastics within the Escabrosa are scarce or absent. The occurrence of 

elastics at this locality, an area generally depicted as the basin depo- 

center by McKee (1951) and Peirce and others (1970) is somewhat puzzling. 

Creasey (1957, p. 39) includes the basal sand within the underlying 

Devonian sediments. However, the writer considers these to be basal 

Mississippian sandstone principally on their physical similarity to 

the thin sand interval observed stratigraphically higher in the Missis

sippian section. Northeast of Nugget Canyon in the Galiuro Mountains, 

Thomssen and Barber (1958, p. 12-13) report a sandy interval within the 

basal Escabrosa Limestone. Farther to the northeast, a basal sandstone 

and near-shore carbonate facies occurs in the basal Modoc Limestone at 

Stargo Hill-Morenci and Clifton. Thus, if this basal sand is in fact 

Mississippian and not Devonian, a rather rare lithology, sandstone,
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occurs along a northeast trend parallel to the depositional strike and 

provides another northeast-trending element similar to the tectonic 

hinge-lines observed in association with the Payson Ridge or to the 

southeast of the Johnny Lyon Hills-Whetstone Mountains. Collectively, 

these northeast-trending elements across parts of southeastern Arizona 

impose severe limitations on significant northwest-trending lateral 

offsets. Preservation of Mississippian strata is somewhat erratic in a 

southwest to northeast direction. At the Waterman Mountains, the Mis

sissippian sequence is truncated in a deeper water foram. zone 8 se

quence, while at Nugget Canyon Mississippian strata through foram. zone 

9 may be preserved (foraminifera age assignment is based on the corre

lations in cross-section A-B, Figure 14). Farther to the northeast, at 

Clifton and Mprenci, Cretaceous-Tertiary erosion has reduced this se

quence to foram. zone 7. Depositionally, the Escabrosa Limestone at 

the Waterman Mountains and Nugget Canyon sections displays a typical 

Osage emergence-submergence sequence, while to the northeast an apparent 

bathymetric shallowing is apparent.

Cross-section G-D

Cross-section G-D (Figure 14) trends southwest to northeast and 

crosses the northeast-trending depositional tectonic hinge-line between 

the Dos Cabezas Mountains and Johnny Lyon Hills twice. As previously 

stated, the southeast side of this northeast-trending depositional/ 

tectonic element is bathymetrically deeper to the southeast. North- 

northeast from Patagonia, a section located on the southeast side or
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deeper part of the hinge-line, one crosses the hinge-line to the shal

lower water shelf sequences at the Whetstone Mountains and Johnny Lyon 

Hill sections. The cross-section line then trends east-northeast across 

the hinge-line into deeper water sequences at the Dos Cabezas and Lake 

Valley Limestone sequences. Relatively speaking, the interpreted deeper 

water sections have numerous features in common. The Patagonia and 

Dos Cabezas sections have only partial Osage emergences in comparison 

to full emergences in the Whetstone Mountains and Johnny Lyon Hills 

sections. The deeper water sections (Patagonia, Dos Cabezas, and Lake 

Valley) are relatively undolomitized as compared to the shallower water 

sequeces, a phenomena considered to be a function of insufficient bathy

metric shallowing for continuous reflux processes. Also, vertical se

quences in deeper water are stratigraphically thinner than 

time-correlative shallower sequences.

Cross-section G-D shows that on a purely physical stratigraphic 

basis, the Lake Valley section could possibly have shifted in time from 

foram. zones pre-7 to 7 and still be environment ally consistent with the 

Dos Cabezas deeper water sequence. The Lake Valley Limestone, however, 

is interpreted by the writer to represent even deeper water sedimenta

tion than that observed at the Dos Cabezas section.

Temporally and environmentally the Whetstone Mountains and 

Johnny Lyon Hills sections are very similar. Because of these similari

ties a northeasterly line connecting these two sections may be inferred 

to be close to depositional strike throughout at least most of Escabrosa 

Limestone deposition. Also, Mississippian preservation of these two
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sections is similar and would indicate, that erosional strike is also
\

aligned, at least locally, in a northeast direction.

Cross-section E-J

Cross-section E-J (Figure 14) trends southwest.to northeast from 

the Vekol Mountains to the Salt River section. The Vekil Mountains sec

tion displays many physical characteristics similar to the Superior sec

tion to the northeast that further supports the interpreted northeasterly 

depositional and erosional strike. Foram. zone 9 at Superior was extrap

olated to be present from cross-section A-B. Because of the physical 

similarities of Superior to the Vekol Mountains, foram. zones 7, 8, and 

9 are interpreted to be present.

The extensive erosion of the Pinal Creek section northwest of 

Globe is interpreted to be due to Tertiary erosion. The Salt River 

section, although displaying the typical Osage emergence and submergence 

sequence observed in the Escabrosa Limestone throughout southeastern 

Arizona, has a much thinner interpreted deeper water sequence in foram. 

zone 7. Depositional and erosional strike, which is generally north

easterly in southeastern Arizona, changes in the Salt River area.

These differences may be due to the Salt River lying between the Payson 

Ridge to the northwest and the Defiance Positive to the north and north

east of the Salt River section area. Depositionally and erosionally 

the Waterman Mountains and Salt River sections are very similar. Both 

sections have an unusually thin deeper water foram. zone 7 sequence, 

an Osage emergence and submergence event, and are similarly eroded down
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to foram. zone 8. The meaning of these depositions! and post- . 

depositional similarities between the Waterman Mountains and Salt River 

is uncertain. They may be bathymetrically-equivalent basin edge se

quences along a roughly equivalent depositional strike, but the exact 

relationships are uncertain due to paucity or absence of Mississippian 

strata southwest of the Waterman Mountains section.

Cross-section C-A

Cross-section C-A (Figure 14) connects Jerome to Mt. Elden and 

represents a northeast-trending tie-line between two Redwall Limestone 

foram. zone 8 sequences. The thickness mismatch between the two sec

tions is somewhat misleading, as the top of the Mt. Elden section is 

terminated by faulting with the overlying Supai Formation. Also, lying 

between these two sections is the Peach Springs Ridge (McKee and 

Gutschick, 1969, Fig. 7), which affected early Mississippian deposition. 

Both measured sections represent a transgressive onlap sequence of 

foram. zone 8 strata, but Mt. Elden is affected by both the Peach Springs 

Ridge to the south and the Defiance Positive to the east, while the 

Jerome section is affected by the east- to west-trending Peach Springs 

Ridge and to a lesser extent by the Payson Ridge. Jerome displays a 

very thin basal 8 submergence sequence in comparison to the thicker 

transitional submergence sequence observed at Mt. Elden. The Jerome 

section displays deeper water depositional characteristics and little 

dolomite is observed within the stratigraphic sequence. The basal dolo

mite interval observed at Mt. Elden is absent at the Jerome section.



MISSISSIPPIAN APPARENT 
DEPOSITIONAL PALEOSLOPES

General Aspects

Determination of apparent depositional paleoslopes, particularly 

during initial Mississippian submergence in southeastern Arizona, is 

important for establishing whether or not epeiric sea sedimentation 

existed in southeastern Arizona. True epeiric sea sedimentation gradi

ents are typically less than 1 foot/mile (Irwin, 1965, p. 447).

Previous Mississippian stratigraphic studies in Arizona by Kent 

(1975), J. W. Smith (1974), Bahlburg (1977), Wermiel (1977) and others 

consider epeiric sea sedimentation conditions to have persisted through

out Mississippian time; however, no slope determinations were made to 

conform these conclusions. If epeiric sea conditions can be substanti

ated, regional correlations of uniform or tabular lithosomes rather than 

non-tabular bodies may be confirmed, which would simplify regional 

correlations.

As previously discussed, there are two main submerging-emerging 

events preserved regionally in the Escabrosa Limestone in southeastern 

Arizona with two subcycles present within the second eustatic cycle. 

Using these biostratigraphically dated cycles, apparent regional paleo- 

slope estimates may be made from the study of the correlation cross- 

sections in Figure 14. Estimates of the initial Mississippian apparent 

depositional paleoslopes are possible. Also, use of time-bound eustatic 

events provides a way to examine apparent paleoslope changes through

247
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Mississippian time. However, erosion or poor biostratigraphic control 

limits conclusions that may be made concerning depositional apparent 

paleoslopes associated with the basal foram. zones 9 and 9/10 partial 

emergence events.

The depositional paleoslope of foram. zones 7/8 time is hori

zontal, by definition, and is being used as a datum for evaluation of 

the foram. zones pre-7 to 7 initial Mississippian submergence event 

as well as for evaluation of the two eustatic subcycles within the sec

ond major eustatic cycle.

Foram. Zones Pre-7 to 7 
Apparent Depositional Paleoslope

Of the four time-bound depositional surfaces to be examined, 

the initial Mississippian transgressive surface, hypothetically, should 

constitute the most irregular depositional surface. Assuming that no 

other tectonic activities occurred to disrupt the depositional setting, 

topographic relief should diminish during the remainder of Mississippian 

time. However, as will be discussed, depositional/tectonic changes ap

pear to have occurred during Mississippian time.

Apparent pre-u to 7 paleoslopes are calculated by taking the 

difference between the Osage regression midpoint, a point assumed to 

have a minimal gradient, and the initial depositional surface of foram. 

zones pre-7 to 7 initial transgression. Problems exist in evaluating 

apparent erosional paleoslopes in the Clifton-Morenci and Lake Valley 

areas due to stripping down to foram. zone 7 or older strata, which 

does not allow tying the Modoc or Lake Valley Limestones to the
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Escabrosa Limestone in southeastern Arizona. In the study area, Redwall 

Limestone sedimentation did not begin until foram. zones 8 or 8/9, as 

shown in cross-sections A-B, C-D, and C-A in Figure 14. Therefore, no 

apparent paleoslopes are determined in association with the Mt. Elden, 

Jerome, or Kohls Ranch sections as they relate to Windy Hill or Chediski 

Mountain. However, the data do provide a good sampling of Escabrosa 

Limestone apparent paleoslopes.

The initial foram. zone pre-7 to 7 apparent paleoslopes map 

(Figure 21) shows true epeiric sea deposition with gradients of less 

than 1 foot/mile over a large area in southeastern Arizona. Also, sepa

rating these low apparent paleoslope values are two areas having similar 

but higher gradient values. These two regions consist of narrow, 

northeast-trending belts that form the Payson Ridge and the depositional/ 

tectonic hinge area between the Dos Cabezas-Patagonia and Johnny Lyons- 

Whetstone Mountains areas. These two gradient belts divide the study 

area into three major basement blocks. For purposes of discussion, 

these three blocks are labeled R for Redwall deposition, ES for Esca

brosa shelf deposition, and ED for Escabrosa Limestone/Group deeper 

water shelf deposition. These basement blocks strike northeasterly. 

Because of the southeast-trending onlap sequence, blocks R and ES are 

interpreted to dip to the northwest. Insufficient data does not allow 

evaluation of the tilting nature of the ED block. Initial sedimentation 

did not begin until foram. zone 8 time in the R block, which contrasts 

to the foram. zones pre-7 and 7 sedimentation in the ES block. Sedi

mentation in the ES and ED blocks began time-synchronously, but ED
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sedimentation was bathymetrically deeper. Thus, one may conclude that 

the R, ES, and ED blocks are progressively displaced with a relative 

down-to-the-southeast motion between blocks. Identification of unique 

depositional sequences on the R, ES, and ED blocks may account for ap

parent out-of-phase eustatic relationships observed in comparing eustat- 

ic cycles of the Redwall and Escabrosa Limestones as previously 

discussed.

The demarcation point between the R and ES blocks may be ob

served between Chediski Mountain and Salt River or between Windy Hill 

and Superior. The updip part of the R block is the Payson Ridge. Be

tween Chediski and Salt River in a northwest to southeast direction, 

a +3.35 foot/mile gradient was determined. In a north to south direc

tion between Windy Hill and Superior, a +4.85 foot/mile gradient was 

calculated. The R block was positive in the study area during the ini

tial foram. zones pre-7 to 7 submergence event, and therefore no appar

ent paleoslopes can be plotted.

Apparent paleoslopes in the ES block display slopes of less 

than 1 foot/mile or values typical of epeiric sea sedimentation as de

fined by Irwin (1965, p. 447). The minimum size of the ES block is 

approximately 120 x 160 miles (193 x 257 km). The ED block represents 

deeper water shelf sedimentation relative to the ES block. Confirmation 

of the northwest tilt of the ES block is made by presence of foram. 

zones pre-7 to 7 strata on the northwest edge of the ES block adjacent 

to the updip side of the R block to the northwest. Absence of pre—7 to
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7 strata on the southeast margin of the ES block confirms the northwest 

tilt, making this area a positive during initial pre-7 to 7 deposition. 

One of the assumptions made in this study is that epeiric sea sedimenta- 

ion existed. Because of this assumption, depositlonal strike is unim

portant when establishing stratigraphic correlation between isolated 

random data control points typical of the fault block mountains of south

eastern Arizona.

Ten apparent paleoslope values within the ES block range from 

-0.30 to +2.50 with a mean of +0.71 and standard deviation of 1.07. 

Depositlonal strike in the ES basement block is not obvious. Rather, 

anomalously high values within the ES block occur between the Mescal 

Mountains and Van Winkle Ranch (+2.5 feet/mile) and between the Mescal 

Mountains and Ash Creek (-1.72 feet/mile). These anomalously high gra

dients, atypical of epeiric sea sedimentation, are presumed to be due 

to problems in identifying the basal contact of Mississippian strata in 

the Mescal Mountains. Nevertheless, these high-gradient values were 

incorporated into the ten values used to calculate mean apparent slope 

within the ES block. If these two high values are deleted, the mean 

apparent slope of the ES block is .37 feet/mile with a standard devia

tion of +0.87. Another anomalous value occurs in a northwest to south

east direction between Nugget Canyon and the Johnny Lyon Hills sections 

of +2.22 feet/mile. The explanation for this value is uncertain, al

though it is interesting to note that between the Waterman and Whetstone 

Mountains sections a relatively higher apparent slope value of +0.89 

feet/mile compared to the remainder of the ES basement block was
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calculated in a direction almost parallel to and southwest of the 4-2.22 

foot/mile gradient. These values may represent a shelf build-up near 

the updip margin on the southeast edge of the ES shelf at the Johnny 

Lyon Hills and Whetstone Mountains sections. Even though these areas 

of anomalously high values occur within the area of typical epeiric sea 

gradients, they are still less than those observed between the deposi- 

tional blocks.

The southeastern edge of the ES block is easily delineated be

tween Patagonia and the Whetstone Mountains, or between the Johnny Lyon 

Hills and Dos Cabezas sections by marked.changes in apparent paleoslope. 

A -3.22 feet/mile gradient in a northeast to southwest direction was 

calculated between Patagonia and the Whetstone Mountains, and a -4.09 

feet/mile gradient was determined along a west to east direction between 

Johnny Lyon Hills and Dos Cabezas. Gradient values between the Modoc 

Limestone at Clifton-Morenci and the Lake Valley Limestone are spurious 

due to erosion below the 7/8 datum in these areas. More data is needed 

in these areas to properly evaluate the continuation of the apparent 

paleoslope gradient change separating ES block sedimentation from ED. 

Insufficient data does not allow apparent paleoslope delineation within 

the ED block. Most of the ED block lies within the area studied by 

Bahlburg (1977) and Wermiel (1977).

Foram. Zones 7/8 Paleoslope

The foram. zones 7/8 midpoint of maximum regression or emergence 

was used as a datum line for evaluation of the presumably most irregular 

apparent paleoslope, the initial Mississippian submergence apparent
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events in southeastern Arizona. Thus, by definition, the foram. zone 8 

submergence paleoslope was horizontal or flat throughout the ES base

ment block. However, the updip edge of the northwest-tilted R block 

was still positive during initial foram. zone 8 time, and remained posi

tive until foram. zones 8/9 time (Figure 14, cross-sections A-B and C-D). 

The northwest tilt of the R block is inferred by the eastward onlap se

quence of Redwall Limestone foram. zone 8 strata onto the northeast

trending Payson Ridge. Erosion has destroyed the foram. zone 8 datum 

plane or younger strata so that apparent paleoslope determinations at 

Lake Valley, Clifton, Stargo Hill-Morenci, and Pinal Creek sections are 

not possible.

Foram. Zone Basal 9 Paleoslope

A partial emerging event provides the depositional surface for 

another apparent paleoslope evaluation. However, preservation of this 

age of strata, in addition to poor biostratigraphic control to date 

this event, hinders accurate apparent paleoslope reconstruction.

Except for the Windy Hill section, erosion has destroyed the 

strata needed for evaluation of the Redwall Limestone apparent paleo

slope in the basement block R area. Windy Hill, however, has a well- 

developed and dated basal foram. zone 9 emergence-submergence event.

In the Escabrosa Limestone, the basal 9 partial emergence event is 

well-defined and biostratigraphically dated in the Ash Creek section. 

From cross-section A-B (Figure 14) this partial emergence event may be
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traced physically northwestward from Ash Creek to the Mescal Mountains, 

Van Winkle Ranch, and Superior sections, and tied to the biostratigraph- 

ically dated event in the Windy Hill section. To the southeast of Ash 

Creek, this eustatic event is traced with uncertainty along cross- 

section A-B (Figure 14) to Nugget Canyon, and into Johnny Lyon Hills. 

Cross-section G-D (Figure 14) allows physical correlation of this event 

to the Whetstone Mountains questioned foram. zone 9 interval. Identi

fication of this event in the Dos Cabezas Mountains becomes arbitrary 

because of poor time control and because of the multiple eustatic 

pulses occurring during this physically stratigraphically equivalent 

interval.

This eustatic event may be correlated from the Superior section 

to the Vekol Mountains by cross-section E-J (Figure 14). Erosion has 

destroyed the strata needed to evaluate the basal 9 apparent paleo- 

slopes in the remaining Escabrosa Limestone section, as well as in the 

Modoc and Lake Valley Limestones.

A qualitative evaluation of bathymetry may be made by observing 

the degree of regression and thickness of the basal 9 emergence event. 

The event is best developed at Windy Hill, an area that has been a 

positive feature during foram. zones pre-7 and 8. The eustatic iden

tity of this event decreases in prominence in a southeastward direction 

towards Johnny Lyon Hills (Figure 14, cross-section A-B). Thus, depo- 

sitionally, shallower water deposition occurs in the Windy Hill area 

and water depth increases in a southeastward direction. Prominent chert 

and dolomitized intervals precede this event at the Vekol Mountains
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and Superior. Only a dolomitized interval, however, precedes this event 

in the Windy Hill section. Southeastward from Superior (and the Vekol 

Mountains), the less developed basal foram. zone 9 emerging sequences 

in the Mescal Mountains, Van Winkle Ranch, and Ash Creek sections also 

have poorly developed eustatic related cherts and dolomites. Farther 

to the southeast, cherts and dolomites are scarce or absent in the 

Johnny Lyon Hills and Whetstone Mountains associated with this eustatic 

event. The presence or absence of chert and dolomite further supports 

southeastward bathymetric deepening from the Windy Hill section. Re

lief between the R and ES block is subdued or imperceptible during basal 

foram. zone 9 sedimentation, whereas bathymetric differences are still 

apparent between basement blocks ES and ED. Notable differences in 

eustatic behavior occur between the Johnny Lyons-Whetstone Mountains 

sections and the Dos Cabezas-Patagonia sections.

Using the limited number of values (Figure 22), the mean slope 

of the basal foram. zone 9 apparent paleoslope is 2.50 feet/mile with a 

standard deviation of 1.30. Ten values were used to determine the mean 

value. It is difficult to delineate any regional paleoslope pattern. 

The degree of irregularity of the paleoslope is somewhat surprising. 

There is. depositional continuity across the R and ES basement blocks. 

The depositional relationship between the ES and ED basement blocks is 

uncertain. In the interpreted deeper water ED basement block (Dos 

Cabezas and Patagonia sections) several small-magnitude eustatic fluc

tuations are observed. Poor biostratigraphic control, presumably
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facies-related, does not permit unquestioned tying of these smaller 

magnitude cycles to the basal foram. zone 9 eustatic event observed 

within the R and ES blocks. Because of these correlation problems, no 

apparent paleoslopes are determined between these two basement block 

areas.

Foram. Zone 9/10 Paleoslopes

The Dos Cabezas, Johnny Lyon Hills, and Whetstone Mountains 

sections are the only dated foram. zone 9/10 sequences preserved in the 

study area. Using cross-section E-F (Figure 14), a eustatic event in 

the Vekol Mountains may be correlated to the foram. zone 9/10 eustatic 

event. However, because of the limited control preserving the foram. 

zone 9/10 partial emergence event, only speculations may be made regard

ing regional apparent paleoslopes in the area.

Another problem is what to use for a datum plane for apparent 

paleoslope determination. The foram. zone 7/8 datum was used because 

of its regional preservation, particularly in the sections containing 

foram. zone 9/10 sequences. The changes with regard to post-foram. 

zone 7/8 time would be collectively incorporated into this evaluation of 

the foram. zone 9/10 paleoslope. Because of these limitations, only a 

tentative estimate may be made of the foram. zone 9/10 paleoslope. The 

apparent paleoslope was calculated using the thickness difference be

tween the foram. zone 7/8 datum line with the point of first submergence 

related to the foram. zone 9/10 event.
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Figure 23 depicts the slope determinations that were calcu

lated between these four sections. Using five values, the mean appar

ent slope is +0.05 with a standard deviation of 2.47. These highly 

variable apparent paleoslope values are either spurious or may indicate 

that depositional/tectonic changes were occurring that started to form 

a northwest-trending carbonate platform in the western part of the study 

area (Vekol and Whetstone Mountains sections) with deeper water deposi

tion occurring to the east and northeast (Ash Creek, Dos Cabezas, and 

Johnny Lyon Hills sections). Epeiric sea gradients exist between the 

Vekol and Whetstone Mountains and Johnny Lyon Hills, but marked changes 

occur between Johnny Lyon Hills and Dos Cabezas. Also, a major change 

during this time-interval may occur between the Whetstone Mountains and 

Johnny Lyon Hills sections. These changes may merely indicate poor 

data control. Generally, the apparent paleoslope map (Figure 23) indi

cates platform development to the west (Vekol and Whetstone Mountains) 

and an irregular topography to the east or northeast (Ash Creek).

Sedimentologic data supports the apparent paleoslope data. The 

more complete foram. zone 9/10 emergence events are present in the 

Whetstone and Vekol Mountains. ,Resolution of the emergence event dimin

ishes eastward and northeastward, indicating that water depth deepened 

eastward and northeastward or that the paleoslope was east or northeast 

in this area. At Ash Creek, northeast of the Vekol Mountains or Johnny 

Lyon Hills sections, an undated but possibly physically equivalent se

quence of deeper water strata does not record this eustatic event.
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Figure 23. Foraminifera Zone 9/10 Apparent Depositional Paleoslopes.
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This deepening to the northeast might explain why the Eskimizine Forma

tion, which is seen in the Ash Creek section, may have been a deposi- 

tional low that allowed deposition and local preservation of this unit. 

The speculation that a northwesterly change in depositions! slope that 

crossed at least the ES block must be supported by more data to be 

conclusive.

This apparent change in later Mississippian time to northwest

trending depositional blocks or irregularities may be the precursor to 

Pennsylvanian tectonic features as described by C. A. Ross (1973, Fig. 

3). During foram. zone 9/10, the shallowing Mississippian sedimenta

tion to the west may correspond to the early development of the Pennsyl

vanian shallow water shelf, the Papago Inner Shelf discussed by C. A. 

Ross (1973, p. 893). The bathymetric deepening to the northeast may be 

the early stages of development of the deeper water San Pedro Outer 

Shelf of Ross. These northwest-trending tectonic features of C. A.

Ross (1973, Fig. 3) merge southeastward with the Pedregosa Basin. The 

major part of the Pedregosa Basin, a northwest-trending basin, extends 

into Mexico (Greenwood and others, 1977).

One may speculate that during the later part of Mississippian 

deposition, a tectonic setting was beginning to form that would prevail 

through Pennsylvanian and Early Permian time. C. A. Ross (1973, p. 893) 

considers large-scale tectonic forces to be active between the San 

Pedro Outer Shelf and the Pedregosa Basin to the southeast. The north

western limit of the Pedregosa Basin, as delineated by C. A. Ross (1973,



Fig. 3), corresponds closely to the limits of the presently defined 

Chester age deposition of the Paradise Formation.

In conclusion, Mississippian epeiric sea sedimentation began on 

at least three large basement blocks striking northeast. At least two 

of the blocks, the R and ES basement blocks, tilt northwesterly. These 

differences between the R and ES basement features became subdued b y ' 

basal foram. zone 9 deposition. The tectonic style changed by foram. 

zone 9/10 time. The younger Mississippian strata within the ES block 

appear to be influenced by northwest-trending depositional tectonic fea

tures. These potential depositional/tectonic changes are delineated by 

differences in sedimentation patterns and apparent paleoslope changes 

that occur in a southwest to northeast direction. Limited data control 

does not permit substantive conclusions to be made regarding these fea

tures. The area encompassing the platform-like features observed be

tween the Vekol Mountains and the Whetstone Mountains-Johnny Lyon Hills 

has been designated PS on Figure 23 after the Papago Inner Shelf of 

C. A. Ross (1973). To the northeast of this inner shelf, bathymetric 

deepening or formation of a northwest-trending trough is designated as 

SPS on Figure 23 after the San Pedro Outer Shelf of C. A. Ross (1973). 

Good resolution of the foram. zone 9/10 event in the Vekol and Whetstone 

Mountains diminishes to poor resolution of this event in the Johnny 

Lyon Hills and Dos Cabezas sections. Absence of this event at Ash 

Creek supports this interpretation of a northeastward increase in 

bathymetry.
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Further evidence is needed to substantiate if these tectonic 

elements were the precursor to the tectonic features that prevailed 

during Pennsylvanian and Early Permian time (C. A. Ross, 1973, Fig. 3). 

The depositional/tectonic hinge between the earlier Mississippian ES-ED 

basement blocks is still present. Insufficient data does not allow 

evaluation of this feature. If these northwest-trending tectonic ele

ments can be substantiated, then severe limitations could be imposed on 

any major post-Mississippian northeast lateral crustal displacements 

crossing the study area, at least within the ES basement block area.



MISSISSIPPI PALEOGEOGRAPHIC 
THICKNESS AND MICROFACIES DISTRIBUTIONS

General Aspects

Twenty-three computer contour maps of the study area summarize 

the preserved Mississippian thickness variations and microfacies distri

bution. Computer or machine contouring was used for objectivity in 

data presentation. Because of the machine contouring, the 0 line passes 

through all 0 points and may be misleading. Also, the contour lines 

linking Lake Valley, New Mexico to southeastern Arizona are based on 

very poor control and may be misleading. Most of these maps incroporate 

data from 21 measured sections. The Kaibab Trail and Hindu Canyon sec

tions were not incorporated into these maps.

Three isopach maps depict the total preserved Mississippian and 

the thickness above and below the Osage regression midpoint (foram. zone 

7/8 datum). Eighteen isolith maps depict the distribution of the nine 

microfacies or sedimentation zones modified after Irwin (1965). These 

maps show the distribution of the nine microfacies below and above the 

Osage regression midpoint. Two microfacies ratio maps of strata below 

and.above the Osage regression midpoint compare deeper water to near

shore sedimentation. The pre- and post-Osage stratigraphic intervals 

represent two fundamentally different Mississippian depositional set

tings. Deposition of pre-7 to 7 foraminifera zone strata is controlled 

by three major blocks, the R, ES, and ED blocks, as previously identi

fied in the paleoslope discussion. These paleotectonic elements are 

delineated in the pre-Osage paleotectonic map (Figure 24).
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Figure 24. Paleotectonic Map of Pre-Osage Emergence Midpoint Strati
graphic Interval.'
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The second time-interval includes variably preserved Mississip- 

pian sections. Paleotectonic elements in these intervals are deline

ated in Figure 25, the paleotectonic map of post-Osage regression 

midpoint strata. The second time-interval includes foram. zone 8 strata 

or younger. Unlike pre-Osage emergence strata, the relief between depo- 

sitional basement blocks R and ES was reduced. Sedimentation appears 

influenced by northwest-trending depositional tectonic elements in ad

dition to the three basement blocks affecting earlier Mississippian 

deposition.

Maps of post-Osage regression midpoints are somewhat misleading, 

in that they incorporate areas where post-depositional erosion may ap

pear as non-depositional during this interval. The potentially post- 

depositionally eroded sections are Lake Valley, New Mexico; . • .

Stargo Hill-Morenci, and Pinal Creek-Northwest Globe, Arizona. Zero 

values have been contoured in these eroded sections. Another concern 

in examining the post-Osage sequence is that many of these sections have 

been differentially eroded so that depositional and erosional character

istics are intermixed.

Total Preserved Mississippian Isopach

Figure 26 reflects the total preserved Mississippian isopach 

trends in the study region. As this map is based on a limited number 

of values, better thickness evaluation of Mississippian strata may be 

observed on the total Mississippian isopach map (Figure 26). Measured 

section thickness plus thicknesses taken from the literature are incor

porated on the regional map.
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Figure 25. Paleotectonic Map of Post-Osage Emergence Midpoint 
Stratigraphic Interval.



Figure 26. Total Preserved Mississippian Isopach Map.
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Figure 26 may be broken into at least three dominant thickness 

trends: 1) a presumed southeastward deepening basement configuration

centered around the Dos Cabezas area, 2) a west-southwest to east- 

northeast trending shelf or platform in the Vekol Mountains, Superior, 

Waterman Mountains, and Negget Canyon areas flanked to the northeast by 

an embayment near the Ash Creek section, and 3) a northwest-striking, 

southwest-thickening sequence of carbonates in the Jerome, Mt. Elden, 

Windy Hill, and Chediski Mountain areas. Thinning of the carbonates 

to the northeast in this region is believed to be due to both non

deposition and erosion, particularly in the Jerome, Kohls Ranch, Che

diski Mountain, and Windy Hill areas. Post-depositional erosion is the 

primary cause for thinning in the Salt River, Pinal Creek, Stargo Hill, 

and Clifton areas. Contours linking Lake Valley to Arizona carbonates 

are based on very poor control, but some detailed thickness trends are 

presented on the Regionally Preserved Mississippian Isopach Map (Figure 

2, in pocket).

Isopach of Rocks below the Osage 
Regression Midpoint (Datum: Foram. Zone 7/8)

Figure 27 is an isopach map of rocks of foram. zones pre-7 and 7. 

This map defines the thickness pattern as controlled by the initial 

transgression surface. . The depositional patterns are controlled by 

northeast-striking blocks R, ES, and ED, as previously discussed in the 

paleoslope section and as delineated in the pre-Osage regression paleo- 

tectonic map (Figure 24).
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Figure 27. Isopach of Rocks below the Osage Regression Midpoint.' —
Rocks of foram. zones pre-7 to 7 (Datum: foram. zone 7/8).
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The R block, a basement block interpreted to tilt northwest 

(Figure 14, southeast onlap sequences, Cross-section A-B), was a depo- 

sitional positive during this time-interval and is represented by 0 

thickness values at Jerome, Mt. Elden, Kohls Ranch, Chediski Mountain, 

and Windy Hill. Isopach lines on the southwest side of the R block may 

or may not be present. No data is available to extend isopachs in this 

area.

The central part of the map depicts a rather uniformly thick 

shelf or platform that is about 100-140 feet thick and consists of low- 

gradient, northeast-striking isopach lines bounded by high-gradient 

contours to the northwest and southeast. This region has been previous

ly designated the ES block (Escabrosa Limestone shelf sedimentation) in 

the paleoslope discussion. Circular, closed contours around Peppersauce 

Canyon are misleading, as erosion has severely affected this measured 

section, making it anomalously thin.

Farther to the southeast, north- and northwest-trending contours 

in contrast to the northeast-trending contours of the ES block run 

through the Patagonia, Whetstone Mountains, Johnny.Lyon Hills, Dos Ca- 

bezas, and Lake Valley sections. The merger of these trends marks the 

southeast edge of the northwest-tilted ES block (Figure 14, Cross- 

section A-B) with the ED block. The ES block shelf edge build-up seen 

at the Whetstone Mountains, Johnny Lyon Hills, and possibly Clifton- 

Morenci may be contrasted with deeper water sedimentation on the ED 

block (Escabrosa Limestone/Group-Deeper Water Shelf) in the Patagonia

and Dos Cabezas sections.
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Because of widely spaced data points, thickness trends are some

what suspect between the Lake Valley Limestone and Mississippian carbon

ates to the west. Thickness trends in the ED block range from 88-102 

feet or approximately one-half the observed thickness to the northwest 

on the southeast or updip edge of the ES block. Thickness increases 

to the southeast and east-southeast to values greater than 300 feet at 

Lake Valley. Depositional aspects of these three blocks and generalized 

thickness trends are segregated into nine microfacies for evaluation.

Isolith Maps of Foram. Zones Pre-7 to 7—
Pre-Osage Regression Midpoint Strata

Figures 28 to 36 depict the distribution and thickness trends of 

the nine sedimentation zone microfacies recognized in the study of pre-7 

to 7 foraminifera zone age. The delineation and depositional nature of 

the three basement block trends are shown in these nine maps. The ratio 

map (Figure 37) of deep-water microfacies Sedimentation Zones IIA-IIB to 

near-shore microfacies Sedimentation Zones IV and V delineates the paleo- 

geographic nature of the initial Mississippian sedimentation. All maps 

(Figures 28 to 36), similar to the isopach map of this time-interval 

(Figure 27), show the R block to be positive. The sedimentation zone 

discussion, therefore, centers on the distribution of microfacies within 

the ES and ED blocks. The ED block is dominated by the deeper water 

Sedimentation Zones I, ILA, and LIB (Figures 28 to 30), a fact that is 

clearly demonstrated by the ratio map of deeper near-shore microfacies 

(Figure 37). The slight irregularity in delineating the ES/ED boundary
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Figure 28. Isolith of Sedimentation Zone I, Bioclasts-pellets (Lutitic),
Pre-Osage Regression Midpoint.
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Figure 29. Isolith of Sedimentation Zone IIA, Bioclasts (Arenitic),
Pre-Osage Regression Midpoint.
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Figure 30. Isolith of Sedimentation Zone IIB, Bioclasts (Ruditic)
Pre-Osage Regression Midpoint.
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Figure 31. Isolith of Sedimentation Zone IIC, Pellets, Bioclasts,
Pre-Osage Regression Midpoint.
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Figure 32. Isolith of Sedimentation Zone IID, Intraclasts of Bioclasts,
Pre-Osage Regression Midpoint.
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Figure 33. Isolith of Sedimentation Zone IIIA, Oolites, Pre-Osage
Regression Midpoint.



Figure 34. Isolith of Sedimentation Zone IIIB, Intraclasts of Pellets,
Pellets, Pre-Osage Regression Midpoint.
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Figure 35. Isolith of Sedimentation Zone IIIC, Pellets, Pre-Osage
Regression Midpoint.
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Figure 36. Isolith of Sedimentation Zones IV and V, Pellets, Dolomite,
Evaporites, and elastics, Pre-Osage Regression Midpoint.
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Figure 37. Ratio Map of Sedimentation Zones IIA and IIB:IV and V 
(Bioclasts, Arenitic and Ruditic, Dolomites, Clastics, 
Evaporites) Carbonates below the Osage Regression Midpoint.
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in the Waterman-Whetstone-Patagonia area is assumed to be due to the 

machine contouring of an area with poor data control. Without this lo

cal irregularity, the northeast-trending depositional/tectonic hinge

line separating the shallow shelf sedimentation of the ES block from 

the deeper water sedimentation of the ED block would be clearly 

demonstrated.

The shallow, shelf-like nature of the ES block is demonstrated 

in the higher energy microfacies of Sedimentation Zones IIIA and IIIB, 

oolitic and intraclasts of pellets (Figures 33 and 34), and the low- 

energy, near-shore microfacies of Sedimentation Zones IV and V (Figure 

36). These three maps show that depositional strike of the near-shore 

microfacies is generally northeast within the ES block.

Within the ES shelf block, lagoonal facies (Figures 34 and 35, 

Sedimentation Zones IIIB and IIIC), are well-developed within the cen

tral and southwest parts, while the higher energy microfacies, oolites 

and intraclasts of bioclasts (Figures. 32 and 33, Sedimentation Zones 

IID and IIA) appear to be uniformly distributed. The arenitic-bioclastic 

microfacies or interpreted deeper water microfacies are favored to the 

southeast (Figure 29, Sedimentation Zone IIA). This map depicts the 

northeast depositional strike in the ES block between the Waterman 

Mountains the Ash Creek.

Regional trends are difficult to interpret in the pellet- 

bioclastic isolith map (Figure 31, Sedimentation Zone IIC). More data 

is needed in the area to fully evaluate the depositional changes in the 

northeast edge of the ES block.
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The absence of the near-shore microfacies within the inter

preted ED block, as delineated in Figure 36 (Patagonia, Dos Cabezas, 

and Lake Valley sections), as well as the ratio map of deeper water to 

near-shore microfacies map (Figure 37), demonstrates the depositional 

differences between this block and the ES block. Further support of 

this depositional change is provided by Sedimentation Zone Maps I and 

IIB (Figures 28 and 30). The arenitic-bioclastic microfacies map (Fig

ure 29, Sedimentation Zone HA) is not as sensitive, in delineating the 

northeast depositional/tectonic hinge-line between the interpreted ES 

and ED blocks. Maximum thickness of this facies occurs at the inter

preted updip edge or southern margin of the ES block. Marked thinning 

of the arenitic bidclasts occurs just to the southeast of the 

depositional/tectonic hinge-line, as delineated by the reduced values 

in the Patagonia and Dos Cabezas sections in the ED block.

In conclusion, rocks of foram. zone pre-7 to 7 age appear con

trolled by at least three generally northeast-striking basement blocks. 

The northwesternmost block, the R block, is a depositional positive 

during this time-interval. The ES block is characterized by platform 

sedimentation. The southeastemmost block, the ED block, is dominated 

by deeper water shelf sedimentation.

Isopach of Rocks above the Osage 
Regression Midpoint (Datum: Foram. Zone 7/8)

The isopach map (Figure 38 includes rocks above the Osage re

gression midpoint that regionally consists of rocks of foram. zones 8 

and 9, and locally even younger rocks in the Dos Cabezas, Whetstone 

Mountains, and Johnny Lyon Hills. The younger Mississippian rocks of



Figure 38. Isopach of Rocks above the Osage Regression Midpoint.
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the Eskimizine Formation of the Ash Creek section are included on the 

map as well. The most complete section is the Dos Cabezas section, 

which includes strata of foram. zone 14, as measured by A. K. Armstrong 

(B. L. Mamet, personal communication, 1977). The total thickness of 

745 feet at Dos Cabezas (Figure 26) was measured by A. K. Armstrong 

(B. L. Mamet, personal communication, 1977). An incomplete section con

sisting of 576 feet was measured by the writer at this locality. Micro

facies and ratio maps of this time-interval include only the writer's 

incomplete thickness values at this locality. The thickness value at 

Peppersauce Canyon is anomalous due to erosion, and contours around this 

data point should be ignored. Also, erosion has destroyed strata of 

foram. zones 8, 9, and younger in the Lake Valley, Stargo Hill-Morenci, 

Clifton, and Globe areas. Consequently, thickness values displayed in 

these areas are anomalous for this time-interval.

The thickness distribution of the variably preserved rocks is 

indicative, to a large extent, of post-depositional erosional trends, if 

one assumes that an almost horizontal depositional surface existed fol

lowing the post-Osage regression. However, less erosion and more depo

sitional subsidence prevailed in the southeast portion of the study 

area in basement block ED. Post-Pennsylvanian, pre-Pinkard (Cretaceous) 

erosion has occurred in the Clifton-Morenci area, and erosion as young 

as Tertiary or younger has affected the Windy Hill and Globe sections. 

This erosion is in addition to the post-Mississippian, pre- 

Pennsylvanian regional erosion that occurred prior to regional Pennsyl

vanian submergence in the study area.
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In the study area, Redwall-Escabrosa Limestone seaways were In

terconnected from foram. zone 8 time onward. The R and ES blocks appear 

to be behaving as one entity. Within these two blocks, isopach thick

nesses increase to values of 250+ feet near Superior and Jerome or to 

the west-southwest from the Defiance Positive area.

A northwest-trending basin formed to the southeast with pre

sumed subsidence also allowing preservation of this basin configuration. 

This basinal form extends to the northwest around the Ash Creek embay- 

ment. These depositional limits coincide with the limits of the Para

dise Formation as defined by C. A. Ross (1973, Fig. 4). Greenwood and 

others (1977), Bahlburg (1977), and Wermiel (1977) depict this basinward 

trend as extending into Mexico. Unlike the pre-Osage regression mid

point strata, the R and ES blocks display depositional continuity. 

Redwall and Escabrosa Limestone seaways are no longer separated by the 

former Payson Ridge.

Instead, northwest-trending isopach lines cross the R-ES inter

face and the isopach lines increase generally to the southwest away 

from the Defiance Positive area.

Within the ES block, a basinal embayment extends to the north

west across the northeast-trending ES-ED depositional/tectonic hinge

line. This embayment consists of 300-400 feet of strata that are 

flanked to the southwest by an area of generally 200+ feet thickness. 

Erosion has limited interpretation of the depositional features to the 

northeast of the Ash Creek section within the ES block.



288

The post-foram. zone 8 strata paleotectonic setting is depicted 

in Figure 25. These developing northwest-trending tectonic elements 

appear to be precursors to the Pennsylvanian-Early Permian paleotectonic 

features described by C. A. Ross (1973). The Papago Inner Shelf coin

cides with the uniform 200 foot thickness area southwest of the Ash 

Creek northwest-trending embayment or the extension of the developing 

Pedregosa Basin. The location of the Ash Creek embayment coincides 

approximately with C. A. Ross' (1973) San Pedro Outer Shelf.

Isolith Maps of the Post-Osage Regression'
Midpoint (Datum: Foram. Zone 7/8) of

Carbonate Rocks of Foram. Zone 8 or Younger

Figures 39 to 47 depict the distribution and thickness trends 

of the nine sedimentation zone microfacies recognized in the study of 

foram. zone 8 or younger strata. Figure 48 depicts a ratio contrast of 

deeper water (Figures 40 and 41, Sedimentation Zones IIA and IIB) to 

near-shore environments (Figure 47, Sedimentation Zones IV and V). This 

map illustrates the paleotectonic setting of the younger Mississippian 

strata as it is affected by the R, ES, and ED basement blocks, in addi

tion to the northwest-trending depositional/tectonic features develop

ing in the study area. The deep water shelf microfacies (Figure 39, 

Sedimentation Zone II) shows that deeper water or below wave-base depo

sition still dominates in the ED block or extreme southeastern part of 

the study area centered around the Dos Cabezas section. This micro

facies is absent in the remainder of the study region to the northwest. 

The arenitic-bioclastic facies is the most areally pervasive microfacies 

(Figure 40, Sedimentation Zone IIA) in the study region and shows the
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Figure 39. Isolith of Sedimentation Zone I, Bioclasts, Pellets
(Lutitic), Post-Osage Regression Midpoint.
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Figure 40. Isolith of Sedimentation Zone IIA, Bioclasts (Arenitic),
Post-Osage Regression Midpoint.
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Figure 41. Isolith of Sedimentation Zone IIB, Bioclasts (Ruditic),
Post-Osage Regression Midpoint.
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Figure 42. Isolith of Sedimentation Zone IIC, Pellets, Bioclasts,
Post-Osage Regression Midpoint.
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Figure 43. Isolith of Sedimentation Zone IID, Intraclasts of Bioclasts,
Post-Osage Regression Midpoint.



Figure 44. Isolith of Sedimentation Zone IIIA, Oolites, Post-Osage
Regression Midpoint.
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Figure 45. Isolith of Sedimentation Zone IIIB, Intraclasts of Pellets,
Pellets, Post-Osage Regression Midpoint.
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Figure 46. Isolith of Sedimentation Zone IIIC, Pellets, Post-Osage
Regression Midpoint.
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Figure 47. Isolith of Sedimentation Zones IV and V, Pellets, Dolomite,
Evaporites, and elastics, Post-Osage Regression Midpoint.
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Figure 48. Ratio Map of Sedimentation Zones IIA and IIB:IV and V 
(Bioclasts, Arenitic and Ruditic, Dolomites, elastics, 
Evaporites) Post-Osage Regression Midpoint.
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continuity of the R and ES blocks as well as the Ash Greek embayment 

feature.

The northwest-trending Ash Creek embayment in the ES block is 

also well-defined by the deeper water micro facies Sedimentation Zones 

IIA through IID (Figures 40 to 43). Within the deeper water micro

facies this feature decreases in resolution towards the shallower water 

microfacies (Figures 42 and 43, Sedimentation Zones IIC and IID).

A thinner shelf sequence flanks the Ash Creek embayment to the 

southwest. This shelf feature is best displayed in the arenitic- 

bioclastic isolith map (Figure 40, Sedimentation Zone IIA). The Eski- 

mizine Formation is included in these maps, which enhances the 

resolution of the Ash Creek embayment and perhaps makes this feature 

more apparent than it should be. The continuity of sedimentation be

tween the R and ES blocks that linked the Redwall and Escabrosa Lime

stones is also quite apparent in the near-shore microfacies isolith 

map (Figure 47, Sedimentation Zones IV and V). The 0-foot near-shore 

microfacies isolith at Patagonia and Dos Cabezas supports the conclu

sion that the ED basement block is typified by deeper water sedimenta

tion. In the R block, near-shore microfacies isoliths increase to the 

northeast,' indicating a bathymetric shallowing towards the Defiance 

Positive area. In the ES block, the 10 foot near-shore microfacies 

(dolomite) isolith reflects the Ash Creek embayment. Southwest of the 

Ash Creek embayment, an increase in dolomite or near-shore microfacies 

in the Vekol Mountains may be observed.
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The oolite, intraclasts of pellets, and pelloidal microfacies 

maps (Figures 44 to 46, Sedimentation Zones IIIA, IIIB, and IIIC) re

flect similar regional trends, although individually they are somewhat 

dissimilar. All the maps generally reflect a northwest isolith strike 

with an increase in isolith thickness to the southwest, indicating a 

shallowing or shallow water shelf deposition to the southwest. This 

isolith trend may be misleading, as erosion of Mississippian strata has 

altered the values or has incorporated zero isolith values that resulted 

from post-Mississippian erosion in the northeastemmost sections of the 

study area. All three isolith maps (Figures 44 to 46) do not reflect 

the deeper water basin formation to the southeast (ED block area) or 

the Ash Creek embayment. However, these maps do indicate shallow water 

shelf deposition to the southwest and in the Ash Creek embayment area.

The oolite facies map (Figure 44, Sedimentation Zone IIIA) re

flects values that indicate that the Whetstone-Johnny Lyon Hills areas 

are depositionally different than the Dos Cabezas or Patagonia sections, 

indicating that the ES-ED depositional/tectonic hinge-line is active or 

that relief still exists between these two blocks. The north to south 

strike of the 0 foot oolite isolith between the Dos Cabezas and Clifton- 

Morenci areas is erroneous, as the lines connect a 0 value in the 

Clifton-Morenci area that is the result of post-depositional erosion, 

while the 0 foot oolite value in the Dos Cabezas section is from non

deposition. This 0 foot isolith should presumably strike more to the 

northeast. The ratio map (Figure 48) of Sedimentation Zones IIA and IIB 

deeper water microfacies to Sedimentation Zones IV and V near-shore
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microfacies provides a generalized look at the depositional setting for 

foram. zone post-8 sedimentation. Three distinct depositional differ

ences are still recognizable as the R, ES, and ED blocks.

Contours in the R block may be very misleading due to poor data 

control, but indicate that a Redwall Limestone basin is forming to the 

northwest. The ES block is well-defined as a shallow shelf platform 

(northeast-striking contour lines). A poorly defined re-entrant into 

the ES block, the Ash Creek embayment, is suggested by the 20 contour 

line (ratio). The irregularities between the ES and ED blocks may 

reflect the merger of the existing northeast-trending depositional/ 

tectonic hinge-line with the developing Late Mississippian Pedregosa 

Basin and associated northwest-trending Ash Creek embayment. This merger 

of Early Mississippian northeast-trending features and Late Mississippian 

northwest-trending features marks a depositional/tectonic change from 

the dominantly northeast-striking basement blocks to development of 

northwest-trending depositional/tectonic features in the post-Osage 

emergence strata (rocks of foram. zone 8 or younger).



RECONNAISSANCE MISSISSIPPIAN CONODONT COLOR 
ALTERATION INDEXES OF THE BASIN AND 

RANGE-COLORADO PLATEAU INTERFACE (ARIZONA)

Twenty-three regionally spaced conodont sampling sites located 

predominantly in south and central Arizona constitute the data base to 

generate the color alteration index map (Figure 1). Color alteration 

indexes (CAI) were determined by comparison of conodont colors on a gray 

background to the Munsell soil color chips and to the color chart from 

Figure 5 of Epstein and others (1977). As localized heat sources occur 

in many of the localities sampled, especially in mineralized areas, 

the lowest index color observed at a sampling site was utilized. This 

procedure was suggested by Epstein and others (1977, p. 5-6) to minimize 

the effect of localized heat disturbances and provide a more representa

tive sample of regional organic metamorphism. However, a converse ap

proach might prove valuable to develop or delineate local, potentially 

mineralized intrusives. Further work is needed to evaluate use of or

ganic metamorphism of conodonts in that capacity. Nevertheless, color 

alteration indexes appear quite valuable as an additional tool for re

gional evaluation of tectonic settings and specifically tectonic set

tings having associated thermal changes such as would occur in 

association with intraplate rifting and subductive or rifted plate 

margins.
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Regional Interpretations from the 
Distribution of Color Alteration Index Zones

Previous generalized observations about colors of Mississippian 

age conodonts in Arizona were made by Norby (1971) and Racey (1974). 

Norby (1971, p. 6) commented that the conodonts from seven measured sec

tions in southeastern Arizona were "generally gray in color and opaque, 

although in a few zones, they are bleached white." Racey (1974) com

mented that the conodonts extracted from five measured sections in 

central Arizona were "on the gray side of amber."

In the study area color alteration index zones range from 1.0 in 

the Colorado Plateau area to a high of 7.5 in southwestern Arizona in 

the Basin and Range Province. According to Epstein and others (1977, 

Fig. 5) conodonts with these assigned indexes have been subjected to 

thermal alterations from temperatures ranging from less than 50°C in 

the Colorado Plateau to well in excess of 300°C in the Basin and Range 

area. The major variable affecting organic metamorphism in the sampled 

areas is interpreted to be from regional geothermal alterations associ

ated with changes in regional tectonic settings.

The color alteration index map isograds provide useful supple

mental information for mineral exploration. Porphyry copper deposits 

appear to be limited in color alteration index values of 4+. Assuming 

other favorable factors, a regional paragenetic sequence for other met

als could be potentially delineated if sufficient color alteration index 

data are present.

Tentative tectonic conclusions may be made from the contoured

color alteration index values (Figure 49) and associated regional thermal
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Figure 49. Mississippian System Conodont Color Alteration Index Map 
Basin and Range-Colorado Plateau Interface.
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trends. To obtain greater specificity of contour trends and to better 

separate local thermal anomalies from regional trends, more data should 

be incorporated. Thus, this color alteration index map and perhaps 

many subsequent ones will be evolutionary in nature, and local trends 

will be delineated as more data are included.

The color alteration index zones delineate the merger of two 

thermally different portions of lithosphere in Arizona. The demarcation 

of each corresponds closely to that of the tectonic-physiographic prov

inces of the Colorado Plateau and the Basin and Range similar to that 

depicted by Pierce and others (1970, p. 3) and E. D. Wilson (1962, p. 

86). The transition zone between these two tectonic-physiographic prov

inces is also marked by a high gradient of color alteration index zones. 

Apparent northeast deflection of the generally northwest to west- 

northwest trending isograds occurs in the Johnny Lyon Hills-Whetstone 

Mountains and Super-Globe areas. These northeast deflections correspond 

to the northeast-trending margins of the R, ES, and ED crustal blocks 

delineated by Mississippian microfacies data. Interpretive ambiguities 

exist in the Clifton-Morenci area due to apparent absence of conodonts 

in the Modoc Limestone. Higher color alteration index values may exist 

in this area than depicted by the dashed lines in Figure 49. Also, more 

control is needed to predict thermal trends of color alteration index 

zones in extreme southwestern New Mexico and southeastern Arizona.

Geophysically Delineated Crustal Features 
Compared to the Color Alteration Index Zones

Warren (1969, p. 258, Fig. 1) conducted a seismic refraction 

survey of the Basin and Range-Colorado Plateau interface. Two
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approximately orthogonally oriented 400 km long seismic refraction 

lines were completed that intersected at the Tonto Forest Seismological 

Observatory. One profile extends northeastward from Gila Bend (Basin 

and Range Province) to Sunrise, Arizona (Colorado Plateau), as seen in 

Figure 49, and the other profile extends northwest to southeast from the 

Peach Springs area to Bylas, Arizona along the Mogollon Rim-Transition 

zone province.

A color alteration profile A-B constructed from Figure 49 and 

a Bouguer gravity profile abstracted from the Gravity Map of Arizona 

(West and Sumner, 1973) were plotted along the same trend as Warren's 

(1969) southwest to northeast refraction profile.

The southwest- to northeast-trending refraction seismic profile 

depicts a transitional change from a uniform, relatively shallow depth 

to Moho (20 km) at Gila Bend, Arizona, to a uniform, relatively deep 

depth to Moho (40 km) in the Sunrise area of the Colorado Plateau.

Relatively high and uniform color alteration index values (5.0- 

7.5) correspond to the relatively shallow depths to the Moho disconti

nuity, and low and uniform color alteration index values (1-2) correspond 

to relatively deeper depths to the Moho discontinuity. The Bouguer 

gravity profile also demonstrates a correspondingly similar trend to the 

color alteration index and seismic refraction delineated depth to Moho 

profiles. The Bouguer gravity profile depicts generally uniform values 

ranging from approximately -35 to -75 milligals in the Basin and Range 

Province to a more or less uniform range of values of approximately
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-175 to -190 milligals in the Colorado Plateau area, or a contrast of 

-100+ milligals between physiographic provinces of uniform physical 

properties.

Of particular significance is the similarity in the widths and 

locations of the transition zones for the differences in crustal thick

ness, crustal inhomogeneities, and different thermal histories. This 

transition zone versus abrupt step-like changes poses limiting con

straints on tectonic models that may be employed to explain these 

physical property differences.

Assuming that the correlation between the color alteration index 

isograds, depth to Moho, and Bouger gravity relationships are not spuri

ous, important crustal relationships may be delineated from studying 

these tentative isograd patterns or from more detailed isograd maps. 

Also, the transition of Mississippian (Paleozoic) shelf (Paleozoic North 

American Plate margin) into relatively thin crustal material of pre

dominantly Mesozoic and younger age rock in southwestern Arizona, as 

mapped by E. D. Wilson and others (1969), appears similar to the gradual 

transition at different rates regionally from the relatively thermally 

unaltered Colorado Plateau crust into the Basin and Range Province.

This Mesozoic-scarce Paleozoic crustal interface is not a 

straight line, but has a rather apparent northwest- and west-northwest 

bounding line with northeast-trending marginal offsets. These northeast 

discontinuities are not only depicted on the color alteration map, but 

show up well on the regional Mississippian isopach map (Figure 2, in 

pocket). One must relate these patterned features to regional forces.
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Regional forces commonly associated with plate (Yarborough, 1976; 

Dickinson, 1974, and others) and intraplate motions are commonly reduced 

to three basic forces: 1) compression (subduction), 2) extension (pull

apart margins or intraplate rift basins), and 3) shear margins (strike- 

slip) .

Geologic investigations by button (1958, H. A. Schmidt (1966),

W. E. Elston (1970), Titley (1976), and others consider parts of cen

tral and southern Arizona to lie within a major northwest- to southeast

trending shear zone with one or more northwest-trending strike-slip 

faults being hypothesized. However, one must examine such a hypothesis 

in light of the apparent transitional nature with regionally different 

rates of transition between two lithospheric slabs displaying different 

physical properties. A shear zone would presumably consist of a step

like contrast between juxtaposed, physically unique lithospheric slabs, 

or a series of belts, each having unique but step-like crustal proper

ties to those of an adjacent belt, or perhaps the juxtaposition of two 

belts displaying similar physical properties. Thus, a shear-zone or 

strike-slip tectonic model oriented in a northwest to southeast direc

tion does not appear consistent with differential transitional changes 

occurring between the Basin and Range-Colorado Plateau interface. Ad

ditional Mesozoic-Tertiary stratigraphic and regional paleoenvironmental- 

tectonic studies are needed to better understand the Mesozoic-Tertiary 

tectonic interface with the Paleozoic shelf sequence in southwestern

Arizona.
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The similarities in regional strike trends of the color altera

tion index isograds to Mississippian isopachs are remarkable. General

ly, the northwest- to west-northwest striking Mississippian isopachs 

and color alteration index isograds are disrupted or offset in a north

easterly direction. The color alteration index data substantiates that 

the northeast-trending deflections or belts are post-Mississippian in 

nature. The difference, in rates of isograd transition from color al

teration indexes of 6 to 1 as one traverses between Superior and Kohls 

Ranch, the Vekol Mountains to Ash Creek, and from Patagonia to the Lake 

Valley areas (Figure 49) would support the concept that the thermal or 

organic metamorphic events affecting the Mississippian age conodonts 

and the regional tectonism producing apparent northeast-trending offsets 

(potential transform vaults) are cogenetic.

The following observations and data tend to negate or minimize 

a northwest-trending shear zone (strike-slip faulting) traversing 

through southern Arizona and support the conclusion that the region is 

affected primarily by either a northwest-trending subduction zone or 

northwest-trending rift zone (or arm of an intraplate rift zone):

1) The differential rates of transition for color alteration index 

isograds in a northeasterly direction between northeast-trending 

offsets of generally northwest-trending isograds, a pattern 

which is also mirrored by detailed Mississippian isopach maps.

2) Termination or paucity of preserved Mississippian strata (and 

the entire Paleozoic section as well) into Mesozoic-Tertiary 

strata in southwestern Arizona.
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3) The transitional nature of crustal inhomogeneities and litho

spheric thickness in a northeasterly direction between the Basin 

and Range and Colorado Plateau regions.

If either a subduction zone interface or a rifting event oc

curred in post-Mississippian time, one would expect northeast-trending 

transform faults and a series of parallel belts of northwest-trending 

thrust faults in a subduetion model, or a series of parallel belts of 

tensional and underthrust faults associated with a potential rift 

sequence.

The resulting regional fracture system of either case would 

tend to segment Arizona into northwest— and northeast-trending fault- 

bound crustal blocks.



CONCLUSIONS

Mississippian Depositions! Features 

Mississippian carbonate strata of the Late Kinderhook to Early- 

Middle Meramec age, designated as the lower deposltlonal complex by 

Rose (1976), form a continuous sedimentary blanket over the entire west

ern United States, including Arizona. In Arizona, the lower deposition- 

al complex includes the Redwall, Modoc, and Escabrosa Limestones, and 

the Escabrosa Group. The thickness of these formations increases to 

approximately 800+ ft (244 m) to the northwest and southeast of the 

Defiance-Payson Ridge Positive features in east-central Arizona.

Younger Mississippian strata (Middle Meramec to Chester), grouped by 

Rose (1976) in the western United States into the upper deposltlonal 

complex, are areally restricted to trough-like basins. In Arizona, 

only three presently known localities have been identified. Two of 

these localities, unnamed Chester strata along the Bright Angel Trail 

in the Grand Canyon (Skipp, 1969; McKee and Gutschick, 1969), and the 

newly proposed Eskimizine Formation (Paradise Formation of C. A. Ross, 

1973) southeast of Winkleman, occur only locally as erosional remnants. 

The third occurrence of younger Mississippian strata, the Paradise For

mation, occurs throughout extreme southeastern.Arizona and southwestern 

New Mexico. Erosionally incomplete and altered remnants of Paleozoic 

rocks, including Mississippian rocks, are widely scattered in southwest

ern Arizona and to date are unstudied. Mississippian deposition is
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continuous into Mexico, as reported by Bahlburg (1977), Wermiel (1977), 

and Greenwood and others (1977).

Mississippian strata in the study area of central and southeast

ern Arizona consist of differentially eroded lower depositional complex 

strata, with the exception of a local occurrence of younger Mississip

pian strata resting with erosional unconformity on the lower deposition

al complex-Escabrosa Limestone near Winkleman, Arizona.

Although regional isopach map trends indicate a basinal config

uration for Mississippian strata in central and southeastern Arizona, 

detailed studies reveal that initial sedimentation was controlled inde

pendently within three generally northeast-striking crustal blocks, 

herein designated as the R, ES, and ED crustal blocks. The basin con

figuration represents erosional preservation of Mississippian strata 

related to the precursory development of the northwest-trending Pennsyl

vanian Pedregosa Basin. Redwall Limestone, or R crustal block deposi

tion, was controlled by a northeast-striking, northwest-tilted crustal 

block. Foram. zone 8 age initial sedimentation onlapped eastward onto 

the northwest-tilted block. The ES crustal block consists of Escabrosa 

Limestone shallow-shelf carbonates. The ES block strikes northeast and 

is interpreted to dip gently to the northwest, based on paleoslope cal

culations. Basal Mississippian strata along the northwest margin of . 

the ES block consist of foram. zones pre-7 to 7 age strata juxtaposed 

to the foram. zone 8 strata to the northwest in the R block. Pre-7 

strata not identified by foraminifera or algae content is tentatively 

extended southeast of the Van Winkle Ranch area to areas where basal



313
Mississipplan strata include Siphonodella conodonts in the ES and ED 

blocks (this study; Witter, 1977; D. Schumacher, personal communication, 

1978). This extension of pre-7 strata in the ES and ED blocks is not 

included or depicted in the cross-sections correlated on the basis of 

foraminifera zones (Figure 14). A northeast-trending depositional tec- 

tonig hinge-line separates the ES crustal block from the ED crustal 

block.

Deposition within the ED crustal block was initiated during 

foram. zones pre-7 to 7 time. The ED crustal block consists of Esca- 

brosa Limestone/Group and possibly the Lake .Valley Limestone in the type 

section area. The ED block is characterized by deeper water carbonate 

shelf deposition. Paucity of data within the ED crustal block does not 

allow determination of the depositional attitude of the ED block. The 

Lake Valley Limestone, an interpreted deeper water depositional sequence, 

lies within the depositional strike of the ED block. Although a tenta

tive foram. zone pre-7 age was assigned for the Lake Valley strata, the 

deeper water deposition may produce a biostratigraphic-facies resolu

tion problem. The Escabrosa Limestone/Group in the ED crustal block 

may be, at least in part, time-equivalent to the Lake Valley Limestone,

Within the study area, the Redwall Limestone of the R crustal 

block and the Escabrosa Limestone of the ES block were not stratigraph- 

ically continuous until foram. zone 8. However, depositional differ

ences prevailed throughout Mississipplan time between the ES and ED 

blocks. Mississipplan deposition was primarily affected by these three 

crustal blocks until Meramec time (foram. zone 9/10). During Meramec
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time, new depositional trends began to develop in a northwesterly direc

tion. This chance in depositional tectonic style was the precursor to 

the formation or development of the northwest-trending Pennsylvanian 

Pedregosa Basin. Deposition and preservation of younger Mississippian 

strata, the Ash Creek embayment, reflects a northwest-trending deposi

tional feature that was presumably related to the developing Paradise 

seaway, presently preserved southeast of the study area. The Ash Creek 

embayment appears to be the precursor to the San Pedro Outer Shelf, 

with a shallowing or shelf condition to the southwest, the Papago Inner 

Shelf, both paleotectonic features described by Ross (1973) for 

Pennsylvanian-Early Permian deposition in this area.

Throughout the study area, bathymetric deepening increases in 

vertical stratigraphic sequence. Three eustatic cycles may be recog

nized regionally within the ES crustal block. The first, and areally 

most extensive, was the Osage emergence (foram. zone 7/8) which exposed 

most of the ES block to full emergence and produced a shallowing effect 

within the deeper water ED crustal block. No manifestation of this 

event is seen in the R crustal block, as this area was not inundated 

until foram. zone 8 time. Less complete emergences occurred within the 

basal foram. zone 9 and foram. zones 9/10 time. Preservation of Missis

sippian strata increases southeastward, presumably related to the sub

sidence phenomena that produced the developing Pedregosa Basin. Thus, 

preservation of younger eustatic cycles is limited to the southeastern 

part of the study area. Comparison of the Escabrosa Limestone eustatic 

cycles in the study area to those eustatic cycles associated with



315
members of the Redwall Limestone, as described by McKee and Gutschick 

(1969) and dated by Mamet and Sklpp (1970), appear to be out of phase. 

The Thunder Springs Member of the Redwall Limestone, foram. zone 8, was 

considered to be a regressive sequence in the Grand Canyon area of 

northern Arizona. In the study area, however, regional emergence oc

curred in foram. zone 7 time and regional submergence occurred during 

foram. zone 8 time. Thus, the Redwall and Escabrosa Limestone seaways 

appear to be behaving somewhat independently of one another, assuming 

that the Thunder Springs Member and the Escabrosa Limestone eustatic 

relationships are correctly interpreted.

Epeiric sea depositional gradients are typically less than 1 

foot/mile within the ES depositional area, although local variations do 

occur. Northeast-trending boundaries of epeiric sea sedimentation with

in the ES block are depicted by the abrupt change in paleoslopes (4-5 

feet/mile) that delineate the northwest and southeast margins of the ES 

crustal block. Insufficient data do not permit evaluation of the paleo

slopes within the R block to the northwest and the ED block to the 

southeast.

Dolomitic lithosomes are traceable regionally within the study 

area. Three different environmental dolomites are recognized: 1) 

deeper water wave-base dolomites, 2) emerging shelf dolomites, and 3) 

near-shore dolomites. The first two types are interpreted to be early 

diagenetic dolomites, while the third type is considered to be due to 

penecontemporaneous dolomitization related to supratidal environments 

or is early diagenetic and formed from reflux processes or meteoric
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flushing of near-shore substrata. The emerging shelf dolomites are the 

only stratigraphically significant dolomites. Chert-bearing intervals, 

considered by many to be excellent marker horizons for regional correla

tions, are found to be potentially quite misleading unless bathymetry 

conditions are well understood. Three types of chert are delineated 

that are interpreted to be early diagenetic and intimately related to 

eustatic conditions. They are: 1) wave-base chert, 2) eustatic shelf

chert, and 3) near-shore chert. These three types of chert occur re

gionally within the study area.

Degree of vertical concentration, physical and morphologic as

pects of the chert, and petrographic distinctions such as the presence 

or absence of length-slow chalcedony, provide a means to separate the 

varied types of chert. The silica source for the cherty intervals is 

interpreted to be biogenic in nature, and the most likely source of 

silica is sponge spicules. The varied occurrences are interpreted to 

result from eustatic-environmental redistribution of the biogenic mater

ial. Eustatic cherts related to the regional Osage emergence of the 

Escabrosa Limestone (foram. zone 7) do not correlate with the Thunder 

Springs regressive cherts (foram. zone 8) (Mamet and Skipp, 1970) re

ported by McKee and Gutschick (1969). Temporal out-of-phase relation

ships of the eustatic-type chert further support the eustatic cycle 

observation that the Redwall and Escabrosa Limestone seaways were be

having somewhat independently of one another or responding to different 

basement block configurations.
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Stratigraphic correlation by epeiric sea sedimentation zone 

lithosomes or by ecstatic cycles appears to be quite useful for crustal 

coherency evaluations. However, if one is correlating a secondary 

lithosome such as an early diagenetic dolomitized interval or correlates 

by cherty intervals, the bathymetry factor, which has been interpreted 

to be intimately linked to the dolomite or chert formation in the study 

area must be always taken into account. Interpretation of microfacies 

to interpret bathymetry and changes in bathymetry, when tied with geo

logic time control, provides the best means to correlate both regional 

primary and secondary lithosomes.

Crustal Coherency Evaluation and 
Post-Mississippian Thermal 

Alteration within the Study Area

Internal uniformity of eustatic fluctuations within the three 

crustal blocks delineated and examination of regional variations of 

eustatic cycles outside the study area indicate that no major inter

regional mixing or horizontal crustal translations have occurred such 

as would be expected if post-Mississippian movements had occured along 

the Texas Lineament zone or any northwest-trending shear zone.

In the study area the linear northeast-trending crustal block 

margins of the R, ES, and ED blocks, the coincidence of these crustal 

block boundaries to northeastward deflections of the generally northwest

trending conodont alteration index isograds, and the generally north

eastern Mississippian depositional and erosional strike, pose severe 

limitations for even limited post-Mississippian lateral crustal
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displacements in a northwesterly direction or, for that matter, major 

displacements in other directions except the northeasterly direction. 

Potential crustal displacements could occur between the crustal blocks 

R, ES, and ED.

The northeast-trending depositional/tectonic hinge-line between 

the ES and ED crustal blocks was active throughout the preserved Mis- 

sissippian rock record. Also, major depositional differences have oc

curred between the R and ES crustal blocks. These depositional 

differences limit the resolvability of evaluating the extent of lateral 

displacements, if any, occurring in a northeasterly direction between 

these crustal blocks. The fact that the generally northwest-trending 

CAT isograd gradients vary uniquely within the respective crustal 

blocks indicates that the northeast-trending ES crustal block margins 

affect or in part result from post-Mississippian tectonic-thermal al

teration. Depth of Moho (Warren, 1969) and Bouguer gravity values 

(West and Sumner, 1973) appear related to regional CAI variations, in

dicating that the thermal alterations and crustal variations are coge- 

netic. In the Basin and Range Province, uniform shallow depths to Moho 

correspond to uniform CAI values, and correspondingly merge into the 

Colorado Plateau, where uniform depths to Moho almost twice those ob

served in the Basin and Range correspond to low, uniform CAI values.

In conclusion, these data limit possibilities of a post- 

Mississippian northwest-trending shear zone traversing southern and 

central Arizona, as has been hypothesized by many investigators. In

stead, a northwest-trending intraplate rift zone or a subduction zone
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with possible northeast-trending transforms corresponding to the crustal 

block boundaries appears more compatible with the observed geometries 

of thermal alteration, Mississippian stratigraphic data, and regional 

crustal variations.

The possibility of post-Mississippian aborted rifting phenomena 

occurring within the study area that would segment the crust and produce 

local stratigraphic separations is not resolvable with this data base. 

Further stratigraphic studies, particularly of units intimately associ

ated with magmatic events, may be fruitful in further refining explana

tions for crustal disruption.
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Figure 50. Waterman Mountains Measured Section.
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Waterman Mountains

Measured exposures in the southwest-facing cliff face. The strike var
ies from N9-20°W and the dip ranges from 57-65°NE. The section is lo
cated in the N%, SWk, SEk, Sec. 25, T. 12 S., R. 8 E., Silver Bell Peak 
15’ Quadrangle, Pima County, Arizona.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (unmeasured):

1 Medium-grained silty shale, grayish- 
red (SYR 4/2), weathers same; hematite 

. matrix/cement; laminated; forms slope.

Unconformity (erosional disconformity). 

Mississippian:

Escabrosa Limestone:

27 Poorly sorted crinoidal biosparite 
grading upwards to a bryozoan echino- 
dermal crinoidal biosparite, light- 
gray (N7) and pale yellowish brown 
(10YR 6/2) to very pale orange (10YR 
8/2) weathers pinkish gray (SYR 8/1) 
and pale yellowish brown (10YR 6/2); 
fine calcarenite to medium calcirudite; 
thin bedsets; forms cliff; extremely

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

28 Covered 10.0 (3.05) 257.7 (78.55)
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Unit
No.

26

25

24

23

2 2

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

recrystallized (99%) at base decreas
ing upwards to slightly recrystallized
(15%) ...............................  15.0 (4.57) 247.7 (75.50)

Poorly sorted bryozoan crinoidal bio- 
sparite, light-gray (N7), grading up
wards to a light brownish gray (SYR 
6/1) and grayish-orange (10YR 7/4), 
weathers light gray (N7); medium cal- 
carenite to fine calcirudite; thin 
bedsets; forms cliff; extremely re
crystallized (95%) grading upwards to
slightly recrystallized (10%) .' . . .. 15.0 (4.57) 232.7 (70.93)

Poorly to moderately sorted pelsparite 
grading upwards to an oolitic pelletif- 
erous intrasparite and a crinoidal 
bryozoan biopelsparite, light-gray (N7) 
and light-brown (5YR 5/6), weathers 
light gray (N7); coarse calcilutite to 
coarse calcarenite; thin to thick bed- 
sets; forms cliff; slightly to moder
ately recrystallized (25%) at base
grading upwards to unrecrystallized . 18.8 (5.73) 217.7 (66.36)

Poorly to moderately well sorted fos
sil! ferous intraclastic mottled pel
sparite, light brownish gray (SYR 6/1) 
and dark yellowish orange (10YR 6/6), 
weathers medium light gray (N6); coarse 
calcilutite to fine calcirudite; thin 
bedsets; forms cliff; moderately
recrystallized (50%) .  ..........  6.0 (1.83) 198.9 (60.63)

Not sampled; similar to unit 20 . . . 1.3 (0.40) 192.9 (58.80)

Rounded and abraided coated echlno- 
dermal pelletiferous oosparite, gray
ish orange pink (SYR 7/2), weathers 
pinkish gray (SYR 8/1) to very light 
gray (N8); very fine to fine calcaren
ite; thin bedsets; forms cliff; slight
ly to moderately recrystallized . . . 1.0 (0.31) 191.6 (58.40)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

21 Poorly sorted fossiliferous intra- 
clastic mottled pelsparite, light 
brownish gray (SYR 6/1) to moderate 
orange pink (SYR 8/4), weathers light 
gray (N7); thin bedsets; forms cliff;
unrecrystallized; foraminifera present 4.0 (1.22) 190.6 (58.09)

20 Quartz arenite, grayish orange pink 
(10R 8/2) and pale-red (10R 6/2); 
fine- to very coarse grained; fair- 
sorted; calcareous cement; thin- 
bedded; (only one, 1 ft (0.31 m)
thick; forms recess in cliff . . . .  1.0 (0.31) 186.6 (56.87)

19 Poorly sorted fossiliferous intra- 
clastic pelsparite, light brownish 
gray (SYR 6/1), weathers light gray 
(N7); fine calcarenite to fine cal- 
cirudite; thin-bedded; forms cliff; 
slightly to moderately recrystallized 
(35%); fewer rugose corals than unit
17, has foraminifera present . . . .  6.0 (1.83) 185.6 (56.56)

18 Moderately well sorted intraclastic 
pelsparite, light brownish gray (SYR 
6/1), weathers light gray (N7); me
dium calcilutite to coarse calcare
nite; thin bedsets grading upwards to 
very thin bedsets; forms cliff; un
recrystallized; rugose corals . . . .  2.0 (0.61) 179.6 (54.73)

17 Hashy, poorly sorted bryozoan ostraced 
biopelsparite, light-brown (SYR 6/4) 
and grayish-orange (10YR 7/4), weathers 
grayish orange pink (SYR 7/2); very 
fine calcarenite to fine calcirudite; 
very thin bedsets; forms recess,
unrecrystallized ................... 0.5 (0.15) 177.6 (54.12)

16 Poorly sorted rugose coralline pel- 
letiferous intrasparudite grading up
wards to an echinoderm pelletiferous 
intrasparite, light brownish gray (SYR 
6/1) and pale yellowish orange (10YR 
8/6), weathers medium light gray (N6)
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Unit
No.

15

14

13

12

11

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

to light olive gray (5Y 6/1); very 
fine to coarse calcarenite; thin 
bedsets; forms cliff; unrecrystallized 
to slightly to moderately recrystal
lized (35%) at the top; foraminifera
present.............................  19.5 (5.94) 177.1 (53.97)

Moderately well sorted fossiliferous 
pelsparite, alternating grayish or
ange pink (5YR 7/2) and medium-gray 
(N5), weathers medium gray (N5); 
coarse calcilutite to medium calcaren
ite; very thin bedsets; forms reces
sive cliffy slope unrecrystallized . 2.7 (0.82) 157.6 (48.03)

Poorly to moderately well sorted pel- 
letiferous oolitic intrasparudite 
grading upwards to a fossiliferous 
pelloidal intrasparite, light brown
ish gray (SYR 6/1) and pale yellowish 
orange (10YR 8/6), weathers light 
gray (N7) to medium light gray (N6); 
thin-bedded; forms cliffy slope; un
recrystallized; foraminifera
present ....................... 8.0 (2.44) 154.9 (47.21)

Poorly sorted pelletiferous intra
sparudite, light brownish gray (SYR 
6/1), weathers light gray (N7); 
coarse calcilutite to medium calcir- 
udite; thin-bedded; forms cliffy 
slope; slightly to moderately re
crystallized (35%) ................. 4.0 (1.22) 146.9 (44.77)

Poorly sorted ostracod pelsparite and 
hashy brachiopod ostracod biopelspar- 
ite, light brownish gray (SYR 6/1) and 
light-gray (N7); very fine calcarenite 
to fine calcirudite; thin bedsets;
forms cliffy slope, unrecrystallized 5.0 (1.52) 142.9 (43.55)

Packed fossiliferous pelmicrosparite 
grading upwards to a well-sorted fos
siliferous mottled pelsparite, pale-red 
(10R 6/2) at base, weathers same color.
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Unit
Thickness 
ft (m)

grading upwards to a light brownish 
gray (SYR 6/1) and grayish-pink (SR 
8/2), weathers to a very light gray 
(N8) and pale-red (10R 6/2); very 
thin bedded; forms cliffy slope; mod
erately recrystallized (50%) at base 
grading upwards to unrecrystallized . 15.7 (4.79)

10 Well-sorted fossiliferous mottled pel- 
sparite, at base medium-gray (NS), 
weathers same color, grading upwards 
to a light brownish gray (SYR 6/1), 
weathers to a medium light gray (N6); 
thin bedsets; forms cliff; moderately 
recrystallized (50%) at base grading 
upwards to unrecrystallized . . . . .  13.0 (3.96)

9 Sparse oolitic mottled pelmicrosparite, 
light brownish gray (SYR 6/1), weathers 
medium light gray (N6); very thin to 
thin bedsets; forms cliffy slope; mod
erately recrystallized (40%) . . . .

8 Quartz arenite, grayish-pink (SR 8/2), 
weathers dark gray (N3) and moderate 
reddish orange (10R 6/6), fine- to 
medium-grained; moderately well sort
ed; calcareous and siliceous cemented; 
lenses of thin to thick bedsets, forms 
ledgy cliff .........................

7 Rounded and abraided pelsparite, light 
brownish gray (SYR 6 / 1 ) weathers to 
pinkish gray (SYR 8/1); very fine to 
medium calcarenite; very thin bedsets 
with faint simple small-scale low- 
angle concave cross-beds; forms cliff; 
moderately to extremely recrystallized 
(60-70%); the top .13 ft (.04 m) is 
very silty .........................

6 Rounded and abraided pelsparite to 
pelletiferous oosparite and chert.
Pelsparite to oosparite is light 
brownish gray (SYR 6/1), weathers

5.7 (1.74)

2.5 (0.76)

12.0 (3.66)

Unit
No.

Cumulative 
Thickness 
ft_____ (m)

137.9 (42.03)

122.2 (37.24)

109.2 (33.28)

103.5 (31.54)

101.0 (30.78)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

pale reddish brown (10R 5/4) to light 
brownish gray (SYR 6/1); very fine to 
fine calcarenite; thin-bedded; forms 
cliff; extremely recrystallized (80%); 
chert, light-gray (N7) to very light 
gray (N8), weathers pinkish gray (SYR 
8/1), lensoid to bedded chert, ranges 
from 10% of unit at base to 80% of
unit at top . . . . . .  .............  6.0 (1.83) 89.0 (27.12)

5 Well-sorted fossiliferous pelsparite, 
medium-gray (NS), weathers medium gray 
(NS) to medium dark gray (N4); coarse 
calcilutite to fine calcarenite; thin 
bedsets; forms cliff; extremely recrys
tallized (100%); chert, pinkish-gray 
(SYR 8/1), weathers pinkish gray (SYR 
8/1) to medium light gray (N6), 2%
chert, lenses ..........  ..........  10.0 (3.05) 83.0 (25.29)

4 Dolomitized microcrystalline quartz 
(fractured chert bed), medium light 
gray (N6), weathers light brownish gray 
(SYR 6/1); very fine to fine-crystalline; 
thin bedsets; forms recessive cliff;
extremely recrystallized (100%) . . .  0.7 (0.21) 73.0 (22.24) 3

3 Heterogeneous unit. Basal 10 ft of 
unit (3.05 m) is coated, rounded and 
abraided pelletiferous intrasparite 
grading upwards to a crinoidal echino- 
dermal intraclastic biopelsparite; the 
upper 12.5 ft (3.81 m) of unit is an 
oolitic echinodermal intrasparite grad
ing to a crinoidal bryozoan biopelspar
ite, light brownish gray (SYR 6/1) and 
medium-gray (NS) to medium light gray 
(N6); weathers to a medium light gray 
(N6); very fine calcarenite to fine 
calcirudite; thin bedsets; forms cliff; 
lower 5 ft (1.52 m) and upper 6.5 ft 
(1.98 m) moderately recrystallized (30- 
55%), middle portion unrecrystallized; 
foraminifera zones 10 ft (3.05 m) and 
30 ft (9.14 m) above the base; contains
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

1% chert in lenses in upper 6.5 ft 
(1.98 m) of unit ............... 41.5 (12.65) 72.3 (22.03)

2 Dolomite, medium-gray (N5) to medium 
dark gray (N4), weathers to a light 
olive gray (5Y 6/1) and light brownish 
gray (SYR 6/1); medium- to coarse- 
crystalline dolomite, locally fine- 
to medium-crystalline; thin bedsets; 
forms ledgy slope; 100% dolomitized; 
contains 1-2% pinkish-gray (SYR 8/1) 
chert nodules, 23 ft (7.01 m) above
b a s e ...............................  25.8 (7.86) 30.8 (9.38)

1 Biogenic dolomite, medium-gray (N5), 
weathers same color; medium-crystalline; 
thin bedsets; forms ledgy slope; 100%
dolomitization . 5.0 (1.52) 5.0 (1.52)

Unconformity (erosional disconformity?)

Devonian:

Martin Formation (incomplete):

3 Dolomite, light brownish gray (SYR 6/1) 
with moderate reddish brown (10R 4/6) 
mottled areas, weathers light brownish 
gray (SYR 6/1); medium-crystalline; thin 
bedsets; forms ledgy slope; 100%
dolomitized ..................... 5.0 (1.52) 15.0 (4.56) 2

2 Dolomite, light bluish gray (5B 7/1) 
and moderate orange pink (10R 7/4), 
weathers grayish orange pink (SYR 7/2); 
fine- to medium-crystalline; thin bed- 
sets; forms float-covered slope; 100%
dolomitization .  .......... .. 5.0 (1.52) 10.0 (3.04)

4 Covered 3.0 (0.91) 18.0 (5.47)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

1 Slightly silty (medium-grained) to 
sandy (very fine grained) dolomite, 
light brownish gray (SYR 6/1), weath
ers yellowish gray (5Y.7/2); thin 
bedsets; forms ledgy slope; 100%
dolomitization ..................... 5.0+ (1.52) 5.0 (1.52)

Base of section; not base of exposure.
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Figure 51. Windy Hill Measured Section.
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Windy Hill Section, Roosevelt Lake

Mississippian strata were measured on ledge and cliff-like exposures 
on the southeast side of Windy Point. Windy Point represents the highest 
point on Windy Hill, a NNE-trending promontory jutting abruptly into the 
WNW-trending axis of Roosevelt Lake. The section was measured in the 
central part of the E%, NWk, NE%, SE%, Sec. 24, T. 4 N., R. 12 E. of the 
7.5' Windy Hill Quadrangle, Gila County, Arizona. The Mississippian 
strata is erosionally incomplete and the strata appear broadly folded 
such that attitude varies depending on the measurement location. The 
attitude of the strata in the location where the section was measured 
has a variable strike of N42-45°W and an approximate dip of 18-22°SW.
The section was measured as closely as possible to perpendicular to 
strike, which mandates measuring the section oblique to the cliff face. 
The basal five units were sampled only by field unit, not by regular 
sampling procedures. This section has been measured and described by 
Huddle and Dobrovolny (1952, p. 106-107) and Racey (1974, p. 193-196).
The section was undifferentiated by Huddle and Dobrovolny (1952), but 
Racey (1974) subdivided the strata employing Redwall Limestone nomen
clature, as suggested by McKee (1963). Racey recognized the Whitmore 
Wash, Thunder Springs, and Moony Falls Members at this location.
Mamet (personal communication, 1976) considers the strata to be an Ar
royo Penasco equivalent and suggests abandonment of Redwall nomenclature 
for this area.

Top of section; erosion surface.

Mississippian:

Arroyo Penasco Formation (incomplete):

19 Packed echinodermal crinoidal bryozoan 
biomicrosparudite grading upwards to a 
locally very hashy, poorly sorted crin
oidal echinodermal biosparite, the upper 
part (13.0 ft, 3.96 m) is a packed pel- 
letiferous crinoidal bryozoan biomicro
sparudite; very light gray (N8), light 
light-gray (N7) and very pale orange 
(10YR 8/2) grading upwards to a light 
olive gray (5Y 6/1), pale yellowish 
orange (10YR 8/6) to very light gray (N8), 
weathers light gray (N7) to medium light

Unit
No.

Unit
Thickness
ft (m)

Cumulative 
Thickness 
ft_____ (m)
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Unit
No.

Unit
Thickness
ft (m)

Cumulative 
Thickness 
ft_____ (m)

gray (N6), fossils weather to a very 
pale orange (10YR 8/2), medium cal- 
carenite to medium calcirudite in 
basal 5 ft (1.52 m); medium calcaren- 
ite to medium calcirudite with the 
middle part of the unit being a. medium 
calcarenite to fine calcirudite; rath
er uniform thin-bedded bedsets; forms 
a cliff with the upper 8 ft (2.44 m) 
being a hilltop outcrop; slightly to 
moderately (10-20%) recrystallized to 
unrecrystallized with extreme recrys
tallization (90-95%) zones associated 
with silicified intervals; chert (1-2%) 
white (N9) to light-gray (N7), weathers 
same; nodular and lensoidal; occurs in 
the basal 15 ft (4.57 m) and upper 3 ft 
(.91 m) of the unit; fossiliferous unit 
with abundant crinoidal fragments 
throughout the unit, syringapora corals 
and spirifer brachiopods occurring in 
the basal and upper part of the unit; 
small rugose corals and vesicullophylum 
corals throughout the exposure; litho- 
strotionella coral occurs in the upper
3 ft (.91 m) of the u n i t ..........  33.0 (10.06) 181.4 (55.28)

18 Pseudosparite after a bryozoan echino- 
dermal biosparite-biomicrosparite; pale- 
red (10R 6/2) to yellowish-gray (5Y 7/2), 
weathers to a light brownish gray (SYR 
6/1) to light olive gray (5Y 6/1); very 
fine to medium-crystalline; thin-bedded 
bedsets; forms a recessive ledge; ex
tremely recrystallized (98%) with ques
tionable bryozoan and echinodermal

17 Packed, hashy crinoidal echinodermal
ostracodal bryozoan biomicrosparite grad
ing upwards to a crinoidal echinodermal 
bryozoan biomicrosparite; light olive 
gray (5Y 6/1), weathers to a light gray 
(N7) to very light gray (N8); fine cal
carenite to fine calcirudite; forms

ghosts 2.0 (.61) 148.4 (45.22)
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Unit Cumulative

Unit Thickness Thickness
No. ft (m) ft (m)

cliff; slightly (15%) to moderately 
to extremely (70%) recrystallized, 
more highly recrystallized materials 
are associated with silicification; 
chert, grayish-yellow (5Y 8/4) to 
bluish-white (5B 9/1), weathers to a 
dusky yellow (5Y 6/4), light olive gray 
(5Y 6/1) to dark gray (N3); lensoidal;
3% at the base decreasing to 1%, re
stricted to specific horizons; base has 
crinoid fragments and crinoid stems in
creasing in faunal diversity upwards to 
include spirifer brachiopods, rugose
corals and archimedes bryozoan . . .  14.0 (4.27) 146.4 (44.61)

16 Covered interval; contains chert rub
ble, white (N9) . . . . . . . . . . . .  11.0 (3.35) 132.4 (40.34)

15 Poorly washed pelletiferous crinoidal 
echinodermal bryozoan biosparite grading 
upwards to a crinoidal bryozoan biospar
ite, pale yellowish brown (10YR 6/2) to 
light olive gray (5Y 6/1), weathers to a 
light gray (N7); very fine calcarenite 
to medium calcirudite grading upwards to 
a medium calcarenite to a fine calciru
dite; very thin beds in. very thin to thin- 
bedded bedsets; forms a cliff; slight to 
moderately recrystallized (35-40%) to ex
tremely recrystallized (80%) in silici- 
fied intervals; chert (2%) tripolitic 
appearing; grayish-orange (10YR 7/4), 
white (N9) and medium-gray (N5), weath
ers to a dark yellowish orange (10YR 6/6), 
very pale orange (10YR 8/2) to mixes of 
white (N9) and medium gray (N5), nodular; 
occasional rugose corals throughout unit, 
crinoid fragments common in the upper 2 ft
(.61 m) of the unit ............... .. 7.0 (2.13) 121.4 (36.99)

14 Poorly sorted intraclastic echinodermal 
biopelsparite, light olive gray (5Y 6/1), 
weathers same; very fine calcarenite to 
fine calcirudite; laminated to very thin 
bedded beds grouped in very thin to



334

Unit
No.

thin-bedded bedsets; forms a recessive 
reentrant between cliff former above 
and below; slightly to moderately re
crystallized (20%); occasional rugose 
corals present .....................

13 Coated, rounded, and abraided fossilif- 
erous pelletiferous intrasparite, 
brownish-gray (SYR 4/1) grading upward 
to a light yellowish brown (10YR 6/2), 
weathers to a light gray (N7), coarse 
calcilutite to medium calcirudite grad
ing upwards to a very fine calcarenite 
to fine calcirudite; thin-bedded bedsets; 
forms cliff; unrecrystallized; small ru
gose corals and vesicullophylum corals 
occur sporadically throughout the 
u n i t ....................... .. 14.5 (4.42)

12 Well-sorted, intraclastic mottled pel- 
sparite, light olive gray (5Y 6/1), 
weathers to an alternative light gray 
(N7) to very light gray (N8); algal- 
like bending; varies from principally 
laminated to very thin bedded beds 
grouped in very thin to thin-bedded 
bedsets; forms an almost cliff-like . 
ledge; unrecrystallized ............. 5.0 (1.52)

11 Subsucrosic dolomite, light brownish 
gray (SYR 6/1), weathers to a light 
olive gray (5Y 6/1); fine- to medium- 
crystalline; laminated to very thin 
bedded beds grouped in very thin to 
thin-bedded bedsets; forms a rubbly, 
poorly exposed slope; extremely recrys
tallized (100%); 100% dolomitized; 
probably penecontemporaneous; chert 
(1%), light-gray (N7) to medium light 
gray (N6), weathers to a grayish orange 
(10YR 7/4), light gray (N7) and medium 
light gray (N6), len s o i d a l........  5.0 (1.52)

Unit
Thickness
ft (m)

5.0 (1.52)

Cumulative
Thickness
ft_____ (m)

114.4 (34.86)

109.4 (33.34)

94.9 (28.92)

89.9 (27.40)
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Unit 
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

10 Poorly to moderately well sorted fossil- 
iferous intrasparudite, olive-gray (5Y 
4/1), weathers to a medium gray (N5), 
coarse calcarenite to fine calcirudite, 
laminated to very thin bedded beds 
grouped into very thin to thin-bedded 
bedsets; forms a ledgy cliff exposure; 
extremely recrystallized (90%) grading 
upwards to a fine- to medium-crystalline 
pseudosparite in the upper 1.2 ft
(.37 m ) .............. .. ...........  3.2 (.98) 84.9 (25.88)

9 Micrite, olive-gray (5Y 4/1), weathers 
to a light gray (N7) to very light gray 
(N8); very thin to thin-bedded bedsets; 
forms a cliff; interpreted as unrecrys- 
tallized pelmicrosparite; sporadic, in
terpreted unoriented rugose corals
present .............................  8.0 (2.44) 81.7 (24.90)

8 Well-sorted foraminiferal pelsparite,
olive-gray (5Y 4/1), weathers to a medium 
light gray (N6) and sometimes brownish 
black (SYR 2/1); coarse calcilutite to 
fine calcirudite; very thin bedded beds 
grouped in thin-bedded bedsets; forms a 
cliff; unrecrystallized; has a few ru-
gose corals present ........ (1.52) 73.7 (22.46)

7 Covered interval . . . . . . (1.37) 68.7 (20.94)

6 Mosaic dolomite with 5% disseminated very 
fine to coarse-grained sand, pale-red 
(10R 6/2), weathers to a yellowish gray 
(5Y 7/2) to pinkish gray (SYR 8/1); fine- 
crystalline; alternating very thin to thin- 
bedded bedsets; forms ledgy cliff; 
extremely recrystallized (99%), 95% 
dolomitized with 5% bird's eye fine-
crystalline calcite ................. 5.7 (1.74) 64.2 (19.57) 5

5 Fine- to medium-crystalline dolomitized
interpreted poorly sorted crinoidal echino- 
dermal biopelmicrosparite, pale yellowish 
brown (10YR 6/2), weathers medium gray (N5);
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Unit
No.

Unit
Thickness
ft (m)

Cumulative
Thickness
ft_____ (m)

very thin and thin-bedded bedsets; forms 
a rubbly, ledgy slope; extremely recrys
tallized (85%); slightly dolomitized 
(10%); crinoid fragments and rugose cor
als present..................... 13.0 (3.96) 58.5 (17.83)

4 Dolomite after a pelletiferous biospar- 
ite, moderate orange pink (SYR 8/4), 
weathers to a very pale orange (10YR 8/2) 
to moderate orange pink (SYR 8/4); fine- 
to medium-crystalline; thin-bedded bed- 
sets; the upper surface has approximately 
3 ft (.91 m) undulations perhaps reflect
ing disconformity; forms a rubbly, ledgy 
slope; extremely recrystallized (95%); 
extremely dolomitized, ghosts of crinoid 
ossicles, syringapora tubules preserved 
as megaquartz; minor (5%) unrecognizable 
patches of fine-crystalline calcite; a 
richly fossiliferous horizon occurs 5 ft 
(1.52 m) from the base of the unit, 
abundant syringapora and rugose corals
are found at this horizon..........  21.0 (6.40) 45.5 (13.87)

3 Poorly sorted bryozoan pelletiferous in- 
trasparite, light olive gray (5Y 6/1), 
weathers to a yellowish gray (5Y 8/1); 
coarse calcilutite to coarse calcarenite; 
laminated with laminae grouped in thin- 
bedded bedsets; forms ledgy slope; mod
erately to extremely recrystallized (65%);
crinoidal fragments present 12.0 (3.66) 24.5 (7.47)

Covered interval, badly weathered 
clastic float . . . .  ............. , 11.0 (3.35) 12.5 (3.81)

1 Solution enhanced, very vuggy (25%) 
subsucrosic dolomite, grayish-red (10R 
4/2), weathers to a light brown (SYR 
6/4) to pale reddish brown (10R 5/4); 
fine- to medium-crystalline; thin- 
bedded bedsets; forms a rubbly, ledgy 
slope; extremely recrystallized (100%),
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Unit
No.

Unit .
Thickness
ft (m)

70% dolomitized with 30% consisting of 
a dedolomitized fine-crystalline
calcite.............................  1.5 (.46)

Total of Incomplete Arroyo Penasco Formation

Unconformity (erosional disconformity). Interpreted 
tact may be between Mississippian units 2 and 3).

Devonian(?):

Del Padre Sandstone (incomplete):

2 Covered (sandy float) ..........  . . 5.0 (1.52)

1 Quartz arenite, pale-red (10R 6/2), 
weathers same, fine- to coarse-grained; 
well-sorted; composed of sub-round to 
rounded, mildly undulose extincting 
quartz; fractured grains, some of the 
grains appear to have been fractured 
prior to deposition; firmly cemented; 
cemented by very fine to fine-crystalline 
dolomite; lower 5 ft (1.52 m) of unit 
consists of horizontal laminae grouped 
in very thin bedded bedsets, upper 7 ft 
(2.13 m) has thin-bedded bedsets of 
medium-scale, low-angle, wedge-planar 
cross-beds; forms a ledgy cliff . . .  12.0 (3.66)

Total of Incomplete Del Padre Sandstone

Base of section; not base of exposure.

1.5 (.46)

181.4 (55.28) 

contact, (con-

17.0 (5.18)

Cumulative
Thickness
ft____ (m)_

12.0 (3.66)

17.0 (5.18)
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Figure 52. Jerome Measured Section.
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Jerome Section, Hull Canyon Area

Mississippian strata were measured on a SE-facing hillslope overlooking 
Hull Canyon and is adjacent to alternate U.S. Highway 89. Specifically, 
the section is located in the S%, NW$s, NW^, Sec. 28, T. 16 N., R. 2 E., 
as seen on the 15* series Mingus Mountain Quadrangle, Yavapai County, 
Arizona. Mississippian strata strike approximately N75-78°E and dip 
2-5°NW. A paucity of well-defined bedding surfaces makes stratigraphic 
attitude determinations difficult in certain parts of the section. Gen
eral geology and a geologic map of the Jerome area was completed by 
Anderson and Creasey (1958). Mississippian stratigraphic sections have 
been measured in the Jerome area by McKee and Gutschick (1969, p. 674- 
675), Smith (1974, p. 82), and Racey (1974, p. 186-192). All three 
workers employed the Redwall Limestone nomenclature, as defined by 
McKee (1963). Only Racey (1974, p. 186-192) recognizes all four members 
of the Redwall Limestone to possibly be present in the Jerome area, 
while McKee and Gutschick recognize only the basal three members— Whit
more Wash, Thunder Springs, and Mooney Falls Members. Smith (1974, p. 
10) concurs with McKee and Gutschick*s (1969) nomenclatural assignments 
and considers the Horseshoe Mesa Member to have been removed by erosion.

Top of section; not top of exposure.

Pennsylvanian:

Supai Formation (unmeasured):

Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

1 Boulder float of shale, dusky yellow 
green (5GY 5/2) (not sampled) and silty 
to sandy dolomite, pale reddish brown 
(10R 5/4), weathers to a pale reddish 
brown (10R 5/4); medium-grained silt to 
very fine grained sand (40%) disseminated 
in a fine- to medium-crystalline dolo
mite; clastic grains are moderately well 
sorted, sub-angular to sub-round quartz 
grains with straight extinction; floating 
grains; hematite matrix; laminated, lami
nae grouped in thin-bedded bedsets; hill
top rafted boulder surface on an irregular 
karstic Mississippian erosion surface

Unconformity (disconformity(?) karstic erosion surface)
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Mississippian:

Redwall Limestone:

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

9 Poorly sorted crinoidal pelletiferous 
intrasparite grading upwards to a poorly 
sorted fossiliferous pelletiferous in
trasparite, yellowish-gray (5Y 7/2), 
weathers same; sequence coarsens upwards, 
basal 10 ft (3.05 m) is a coarse calcilu- 
tite to fine calcirudite grading upwards 
to a very fine calcarenite to fine cal
cirudite; thin-bedded bedsets; poorly 
exposed hilltop float covered outcrop, 
karstic upper surface; slightly to mod
erately recrystallized (20-40%) in the 
basal 22 ft (6.70 m) rapidly becoming 
moderately to extremely recrystallized 
(75-85%); foraminifera present in the 
basal 27 ft (8.23 m) of the unit; a few 
crinoidal fragments occur in a 15 ft 
(4.57 m) interval 5 ft (1.52 m) from the 
top of the unit; small rugose corals 
present in the basal 5 ft (1.52 m) of
this crinoidal horizon ............. 42.0 (12.80) 293.0 (89.31)

8 Pseudosparite becoming an interpreted 
echinodermal crinoidal pelletiferous in
trasparite (?) , pale yellowish brown 
(10YR 6/2), very pale orange (10YR 8/2) 
to pinkish-gray (SYR 8/1), weathers to a 
yellowish gray (5Y 8/1) to pinkish gray 
(SYR 8/1); pseudosparite, very fine to 
medium-crystalline; interpreted intra
sparite, fine calcarenite to fine cal
cirudite; thin-bedded bedsets; ledgy 
hilltop slope; extremely recrystallized 
(100%) at the base decreasing upwards
(95%) ...............................  10.0 (3.05) 251.0 (76.51)

7 Coated, rounded and abraided foraminif- 
eral crinoidal echinodermal pelletifer
ous intrasparite grading upwards to a 
crinoidal echinodermal pelletiferous



Unit
No.

Unit
Thickness 
ft (m)
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Cumulative 
Thickness 
ft_____ (m)

intrasparite and intraclastic pelletifer- 
ous crinoidal echinodermal biosparite, 
light olive gray (5Y 6/1) grading up
wards to a yellowish-gray (5Y 7/2), 
weathers to a light gray (N7) grading 
upwards to a very light gray (N8); 
coarsening upwards sequence of very fin 
fine calcarenite to fine calcirudite 
and fine calcarenite to fine calcirudite; 
thin-bedded bedsets; ledgy hilltop 
slope; unrecrystallized; foraminifera
present .............................  22.0 (6.71) 241.0 (73.46)

6 Hashy, packed ostracodal echinodermal 
crinoidal biomicrosparite grading up
wards to a pseudosparite after an in
terpreted echinodermal crinoidal 
biomicrosparite(?); upper 5 ft (1.52 
m) a poorly sorted bryozoan crinoidal 

. echinodermal biosparite, pinkish-gray 
(SYR 8/1) grading upwards to a 
yellowish-gray (5Y 8/1), locally a 
grayish orange (10YR 7/4); sequence ap
pears to coarsen upwards, very fine 
calcarenite to fine calcirudite grading 
upwards to a fine calcarenite to fine 
calcirudite; pseuodsparite interval,
10-15 ft (3.05-4.57 m), very fine to 
coarse-crystalline; thin- to thick- 
bedded bedsets; forms a semi-hilltop 
rubbly outcrop, moderately to extremely
recrystallized (75-99%) ............. 20.0 (6.10) 219.0 (66.75) 5

5 Packed crinoidal echinodermal biomicro
sparite in the basal 10 ft (3.05 m) 
grading upwards to a packed pelletiferous 
crinoidal echinodermal biomicrosparite in 
the next ascending 25 ft (7.62 m) of the 
unit, becoming predominantly a poorly to 
moderately well sorted (decrease in sort
ing upwards) pelletiferous echinodermal 
crinoidal biosparite in the next 40 ft 
(12.19 m) grading upwards to a packed, 
hashy echinodermal crinoidal biomicro
sparite in the upper 7 ft (2.13 m) of
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Unit
No.

Unit
Thickness 
ft (m)

the unit; within this sequence two 5 ft 
(1.52 m)vintervals consist of a packed 
pelletiferous crinoidal echinodermal 
biomicrosparudite and packed echino
dermal crinoidal biomicrosparudite oc
cur at 25 and 50 ft (7.62 and 15.24 m) 
respectively, predominantly a very 
light gray (N8), rarely a yellowish- 
gray (5Y 7/2), pinkish-gray (SYR 8/1) 
or light-gray (N7); weathers same; 
entire sequence primarily a very fine 
calcarenite to fine calcirudite; subtle 
tendency for two repetitive fining up
wards sequences within the unit which 
range from a fine calcarenite to fine 
calcirudite fining to a coarse calcil- 
utite to fine calcirudite in the first 
30 ft (9.14 m) then a medium calcaren
ite to medium calcirudite rapidly grad
ing upwards to a very fine calcarenite 
to fine calcirudite; uniform thin-bedded 
bedsets; forms a ledgy.slope; moderately 
to extremely recrystallized (65-70%) in 
the basal 10 ft (3.05 m) becoming unre- 
crystallized to only slightly to moder
ately recrystallized (0-35%) throughout 
most of the unit; two fossiliferous in
tervals were observed, a crinoid frag
ment zone occurs in the basal 5 ft 
(1.52 m) and a zone containing crinoid 
fragments and spirifer brachiopods oc
curs between 35 and 40 ft (10.67 and 
12.19 m) from the base of the unit . 82.0 (24.99)

4 Covered interval ...................  5.0 (1.52)

3 Packed crinoidal echinodermal biomicro- 
sparite with pseudosparite or highly 
recrystallized intervals of 15 ft 
(4.57 m) and 10 ft (3.05 m), the bases 
of same occur at 10 ft (3.05 m) and 45 
ft (13.72 m) from the interval base 
respectively; very light gray (N8) , 
light-gray (N7) and medium light gray 
(N6), occasionally pinkish-gray

Cumulative 
Thickness 
ft_____ (m)

199.0 (60.65)

117.0 (35.66)
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f

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

(SYR 8/1) to grayish-pink (SR 8/2), 
weathers principally to a very light 
gray (N8), to light gray (N7), rarely 
weathers to a yellowish gray (5Y 8/1) 
and grayish orange pink (10R 8/2); ir
regular shaped lensoidal vugs, some
times up to 2 ft in width are 
solutioned, partially solutioned but 
mainly filled with a dark reddish 
brown (10R 3/4) mudstone and silty 
sandstone material (similar to the 
Supai Formation); limestones near these 
vuggy areas are often stained a grayish- 
red (10R 4/2); lensoidal vugs occur in
termittently throughout the entire unit; 
fine calcarenite to fine calcirudite 
fining upwards to a very fine calcaren
ite to fine calcirudite in the upper 17 
ft (5.18 m); pseudosparite intervals 
range from very fine to coarse- . 
crystalline calcite; variable thin- to 
thick-bedded bedsets, thinning upwards; 
forms a ledgy slope, sometimes poorly 
exposed or rubbly; variably recrystal
lized ranging from slightly to moder
ately recrystallized (10-50%) to 
predominantly a moderately to extreme
ly. recrystallized (50-100%); some sili- 
cified intervals within highly 
recrystallized limestones are in most 
cases only slightly recrystallized during 
microcrystalline quartz replacement; 
undolomitized except for a 5 ft (1,52 m) 
slightly to moderately dolomitized in
terval 50 to 55 ft (15.24 to 16.76 m) 
from the base of the unit; chert, varied 
types, tripolotic, sponge spiculed and 
microcrystalline quartz replaced lime
stones; white (N9), light-gray (N7), me
dium light gray (N6) to light-red (5R 
6/6), weathers to a white (N9) to light 
gray (N7), pinkish gray (SYR 8/1), lens
oidal, 3-10%, present throughout; one 
5 ft (1.52 m) crinoid fragmental interval 
occurs 45 ft (13.72 m) above the base of
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

the unit; paucity of other fossiliferous 
horizons may be attributed to generally 
poor outcrop exposures ........  . . 77.0 (23.47) 112.0 (34.14)

2 Poorly sorted, brachiopod pelletiferous 
echinodermal biosparite in basal 5 ft 
(1.52 m) of the unit grading upwards 
to a packed crinoidal pelletiferous 
echinodermal biomicrosparite, basal 5 
ft (1.52 m) very light gray (N8) grad
ing upwards to a pinkish-gray (5YR 
8/1), weathers to a very light gray 
(N8); very fine calcarenite to medium 
calcirudite; thin-bedded bedsets; forms 
a cliffy slope; slightly recrystallized 
(15%) at base grading upwards to moder
ately recrystallized (50%); crinoid frag
ments and small rugose corals present
throughout the unit . ...............  20.0 (6.10) 35.0 (10.67)

1 Coated and abraided echinodermal pelle— 
tiferous oolitic intrasparite grading 
upwards to a coated, abraided echino
dermal intraclastic pelletiferous oospar- 
ite, light-gray (N7) to pale yellowish 
brown (10YR 6/2), weathers to a light 
gray (N7) and very light gray (N8); 
coarse calcilutite to fine calcirudite 
coarsening upwards to a very fine cal
carenite to fine calcirudite; thick- 
bedded bedsets; forms a cliffy slope; 
slightly recrystallized (15%) at base 
decreasing slowly to unrecrystallized 
in the upper 5 ft (1.52 m) of the unit; 
small rugose corals are present in the
basal 5 ft (1.52 m) of the unit . . .  15.0 (4.57) 15.0 (4.57)

Unconformity (erosional disconformity(?), approximately a 3 ft 
(.91 m) undulatory surface).

Total of Redwall Limestone 293.0 (89.31)
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Devonian:

Martin Formation (incomplete):

Unit
Unit Thickness
No. ft (m)

2 Slightly vuggy mosaic dolomite, basal 
1 ft (.31 m) sandy with apparent solu
tion breccia grading upwards to a mosaic 
dolomite, light brownish gray (SYR 6/1) 
grading upwards to a very pale orange 
(10YR 8/2) and moderate orange pink 
(10R 7/4), weathers to a very pale 
orange (10YR8/2); medium-crystalline; 
thin- to thick-bedded bedsets; forms a 
cliff; extremely recrystallized (100%); 
basal 5 ft (1.52 m) very slightly de- 
dolomitized (5%), finely crystalline 
calcite patches; remainder extremely 
dolomitized (100%) ................. 8.0 (2.44)

1 Isolated vuggy mosaic to sucrosic dolo
mite, pale yellowish brown (10YR 6/2), 
weathers to a yellowish gray (5Y 8/1); 
very fine to fine-crystalline; irregular 
'thin- to thick-bedded bedsets, no appar
ent bedding, but has sandy laminations 
in the upper % - % in (.64-1.27 cm) of 
the unit; forms a ledgy slope; extremely 
recrystallized; extremely dolomitized 
(100%) .............................  6.0 (1.83)

Total of Incomplete Martin Formation

Base of section; not base of exposure.

Cumulative 
Thickness 
ft_____ (m)

14.0 (4.27)

6.0 (1.83)

14.0 (4.27)
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Stargo Hill, Morenci

The Stargo Hill section was measured on a NNE-facing ledgy cliff-like 
exposure located at the northeast end of Cedar St., Morenci. The sec
tion is located in the NE^, SWk, NE%, Sec. 21, T. 4 S., R. 29 E., 15' 
series Clifton Quadrangle, Greenlee County, Arizona. This section is 
proximal to the Modoc Mt. section measured by Lindgren (1905a, p. 70) 
(now destroyed by mining). The Modoc Limestone strikes N60°W and the 
dip ranges from 25-27°SW. Lindgren (1905b) provides a geologic map 
of the 15' series Clifton Quadrangle.

Top of section; not top of exposure.

Cretaceous:

Pinkard Formation (unmeasured):

Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

1 Silty shale, mottled light greenish gray 
(5GY 8/1), very pale orange (10YR 8/2) 
to light-brown (5YR 6/4), fine- to 
coarse-grained; well-sorted, angular 
grains; quartz lutite grains; well- 
cemented; microquartz cemented, micro- 
clastic matrix; very thin bedded 
bedsets; forms rubbly slope.

Unconformity (erosional disconformity)

Mississippian:

Modoc Limestone:

13 Poorly sorted, sometimes coated, rounded 
and abraided intervals, bryozoan echino- 
dermal crinoidal biosparite, grading 
upwards to an intraclastic bryozoan cri
noidal echinodermal pelletiferous bio
sparite, medium-gray (N5) to medium 
dark gray (N4), weathers to a medium 
light gray (N6); medium calcarenite to 
fine calcirudite at the base grading



Unit
Unit Thickness
No. ft (m)

upwards to a very fine calcarenite to a 
fine calcirudite; very thin to thin- 
bedded bedsets; forms a ledgy cliff; 
variably recrystallized; slightly to mod
erately recrystallized at the base grad
ing upwards to moderately to extremely 
recrystallized with recrystallization 
decreasing to unrecrystallized in the 
upper 10 ft (3.05 m) of the unit; highly 
variable in the middle, varying between 
slightly (10%) and extremely (80%) dolo- 
mitized; the upper part is not dolomit- 
ized; intervals containing intraclasts 
and pellets are less recrystallized and 
dolomitized; the unit is crinoidal 
throughout; Lithostrontionella coral 
occur within the basal 5 ft (1.52 m), 
rugose corals occur sporadically in 
the basal 15 ft (4.57 m) and about 30 ft 
(9.14 m) from the b a s e .......... .. 38.0 (11.58)

12 Coated, rounded and abraided echinodermal 
crinoidal intrasparite grading upwards 
to a crinoidal echinodermal bryozoan in- 
trasparudite, light^gray (N7), weathers 
same, very fine calcarenite to fine cal
cirudite at the basal 10 ft (3.05 m) 
grading upwards to a fine calcarenite 
to fine calcirudite; thin-bedded bedsets; 
forms ledgy slope; mainly slightly recrys
tallized to locally slightly to moder
ately recrystallized; abraided crinoidal 
fragments occur throughout unit . . .  54.0 (16.46)

11 Rounded and abraided intraclastic echino
dermal crinoidal biosparudite grading 
upwards to an intraclastic echinodermal 
bryozoan biosparite, light-gray (N7) to 
medium light gray (N6), weathers to a 
light gray (N7); medium calcarenite to 
fine calcirudite grading upwards to a 
coarse calcilutite to fine calcirudite; 
thin-bedded bedsets; forms ledgy slope; 
unrecrystallized to slightly recrystal
lized (10%), where chert occurs extremely

Cumulative 
Thickness 
ft_____ (m)

348

176.6 (53.83)

138.6 (42.25)
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Unit
No.

recrystallized (90%) and extremely dolo- 
mitized (80%); a few intervals mineralized 
with trace (1%) blue oxide; chert (1%) 
light-gray (N7), weathers to a very light x 
gray (N8), nodular; occurs approximately 
15 ft (4.57 m) from the base of the unit; 
crinoid fragments disseminated throughout
this u n i t ......................... .. 20.0 (6.10) 84.6 (25.79)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

10 Isolated and interconnected vuggy (10%, 
particularly near the top. of unit) sub- 
sucrosic dolomite, pale yellowish brown 
(10YR 6/2) to grayish-orange (10YR 7/4), 
weathers to a grayish orange (10YR 7/4), 
fine- to medium-crystalline with crinoid- 
al echinodermal allochem ghosts or bird's 
eye structure; thin-bedded bedsets; forms 
a ledgy cliff; extremely recrystallized 
(97%); extremely dolomitized (90-100%), 
malachite fill material in between joints; 
alternating crinoidal-rich and crinoidal-
poor horizons .......................  10.0 (3.05) 64.6 (19.69)

9 Rounded and abraided crinoidal echino
dermal intrasparite, medium-gray (N5) 
interbedded and lensing with pale yellow
ish brown (10YR 6/2), (medium-gray (N5) 
sampled), weathers to a light gray (N7); 
lensing thin-bedded bedsets; forms a 
ledgy cliff; slightly to moderately
recrystallized (35%) ............... 3.3 (1.01) 54.6 (16.64)

8 Isolated and interconnected vuggy (5-15%) 
subsucrosic dolomite, light brownish gray 
(5YR 6/1), to pale yellowish brown (10YR 
6/2), to grayish-orange (10YR 7/4), weath
ers grayish orange (10YR 7/4); fine- to 
medium-crystalline with minor (2%) 
medium- to very coarse crystalline areas 
and bird's eye-like structure of fine- to 
coarse-crystalline calcite-lined vugs, 
can be interpreted as allochem ghosts, 
thin-bedded bedsets; forms a ledgy cliff; 
extremely recrystallized; extremely dolo
mitized; mineralized, black oxide 
v e i n l e t s ...........................  13.3 (4.05) 51.3 (15.63)
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Unit
No.

7 Subsucrosic dolomite after an inter
preted echinodermal crinoidal biospar- 
udite, grayish orange pink (SYR 7/2) 
to light-gray (N7), weathers grayish 
orange (10YR 7/4) to light gray (N7), 
fine- to medium-crystalline, thin- 
bedded bedsets; forms a ledgy cliff; 
moderately to extremely recrystallized 
(75%), disseminated crinoidal 
fragments ...........................

6 Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2) to dark yellowish brown 
(10YR 4/2), weathers grayish orange 
(10YR 7/4) to pale yellowish brown 
(10YR 6/2); fine- to medium-crystalline 
with minor (2%) coarse- to very coarse 
crystalline dolomite interpreted as 
fossil allochem ghosts; thick-bedded 
bedsets; forms a ledgy cliff; extremely 
recrystallized (98%); extremely
dolomitized .........................  3.0 (.91) 37.5 (11.43)

5 Subsucrosic dolomite, light-gray (N7) to 
pale yellowish brown (10YR 6/2) with 
light-gray (N7) fragments, weathers same; 
fine- to medium-crystalline, crinoidal 
echinodermal ghosts indicate parent to 
be an echinodermal crinoidal biosparudite; 
thick-bedded bedsets; forms a ledgy cliff; 
extremely recrystallized (80%); extremely 
dolomitized (100%), crinoidal fragments
present . . .................   3.0 (.91) 34.5 (10.52) 4

4 Subsucrosic dolomite, pale yellowish brown 
(10YR 6/2), weathers same; fine- to medium- 
crystalline dolomite with a few (3%)patches 
of fine- to coarse-crystalline dolomite; 
thin-bedded bedsets; forms a ledgy cliff; 
extremely recrystallized (100%); extremely 
dolomitized (100%); disseminated crinoidal
fragments ...........................  4.5 (1.37) 31.5 (9.61)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

0.5 (.15) 38.0 (11.58)
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Unit
No.

Unit
Thickness 
ft____ (m)

Cumulative 
Thickness 
ft_____ (m)

3 Subsucrosic dolomite, light-gray (N7), 
weathers same, fine- to medium- 
crystalline after an interpreted cri- 
noidal biosparudite; thin-bedded 
bedsets; forms a ledgy cliff; extreme
ly recrystallized (90%); trace of 
crinoid ossicle ghosts; extremely 
dolomitized (100%); horizon rich in
crinoidal fragments ................. 1.0 (.31) 27.0 (8.24)

2 Quartz arenite, grayish orange pink (SYR 
7/2), to pale yellowish brown (10YR 6/2) 
grading upwards to a pinkish-gray (SYR 
8/1) and pale yellowish orange (10YR 
8/6), weathers grayish orange pink (SYR 
7/2), grayish orange (10YR 7/4) to 
light brown (SYR 6/4); very fine to 
medium-grained at base grading upwards 
to a very fine to coarse-grained sand; 
well-sorted in the basal 5 ft (1.52 m) 
grading upwards to fair sorting; suban
gular to subround grains; rectangular 
to oblate grains; straight extinction 
to mildly undulose grading upwards to 
mildly undulose to undulose extinction; 
point and straight grain contacts at 
base of unit grading upwards to straight 
and concavo-convex contacts; well-cemented 
siliceous cement with quartz overgrowth 
alternating with fine to medium calcite; 
the upper 5 ft (1.52 m) poorly to moder
ately cemented with a mixture of fine- 
to medium-crystalline calcite and 
dolomite cement, lower 5 ft (1.52 m) 
laminated in thin- to thick-bedded bed- 
sets; upper 10 ft (3.05 m) mixed hori
zontal thin-bedded bedsets alternating 
with medium-scale intermediate-angled 
wedge-planar cross-beds, with a dip di
rection of approximately N50°E (only 
three measurements— not statistically 
valid); forms a cliff with the upper 5 
ft (1.52 m) forming a weathered recessive 
ledgy slope which contains traces (5%)
mineralized veinlets of a black oxide 20.0 (6.10) 26.0 (7.93)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

1 Fine- to medium-crystalline dolomitized 
poorly sorted crinoidal rugose coralline 
biosparite, medium-gray (N5) with moder
ate reddish orange (10R 6/6) patches, 
weathers grayish orange pink (SYR 7/2), 
fossils weather to a medium light gray 
(N6); medium calcarenite to medium cal- 
cirudite; very thin to thin-bedded bed- 
sets; forms cliff; extremely recrystallized 
(80%); moderately to extremely dolomit
ized (70%); trace (5%) mineralized black 
oxide veinlets; moderately rich in cri
noidal fragments and rugose corals; bryo-
zoan fragments less c o m m o n ........  6.0 (1.83) 6.0 (1.83

Total of Modoc Limestone 176.6 (53.83)

Unconformity (erosional disconformity(?) 1-2 ft (.31-.61 m) undu
lating surface).

Devonian:

Morenci Shale (incomplete):

1 Silty shale, pale yellowish orange (10YR 
8/6) to grayish-black (N2), weathers to 
a mottled moderate red (5R 5/4) and dark 
yellowish orange (10YR 6/6) with grayish 
orange (10YR. 7/4) areas, very fine 
grained, well-sorted; angular grains; 
moderately cemented; cemented by a very 
fine crystalline calcite with micro- 
clastic binding material or matrix; 
thinly laminated with very thin to thin- 
bedded bedsets; forms a recessive cliffy
slope 5.0 (1.52) 5.0 (1.52)

Total of Incomplete Morenci Shale 5.0 (1.52)

Base of section; not base of exposure.
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Lake Valley, New Mexico Section

Northwest-facing cliff and hillslope exposures of Mississippian Lime
stone were measured on Apache Hill approximately one mile north of the 
town of Lake Valley, New Mexico, the type section area for the Lake 
Valley Limestone. Specifically, Mississippian strata consisting of the 
Caballero Formation and the Lake Valley Limestone were measured in the 
center of the 5*5, NW*s, Sec. 21, T. 18 S., R. 7 W. , on the 15* series.
Lake Valley Quadrangle, Sierra County, New Mexico. Mississippian strata 
at this location are cut by east- to west-trending and north- to south
trending faults. The Caballero Formation, Andrecito, and basal Alamo
gordo Members of the Lake Valley Formation were measured in one 
fault-bound block with strata striking N48-52°E and dipping 14-18°SE.
The Alamogordo, Nunn, and Tierra Blanca Members of the Lake Valley Lime
stone were measured in an adjacent fault-bound block with strata striking 
N50°E and dipping 6-10°SE. The Lake Valley Quadrangle was mapped by 
Jicha (1954). Loudon and Bowsher (1949a, p. 60) measured the Lake Valley 
Limestone type section. Jicha (1954, p. 17, 20, 21) also measured the 
Caballero Formation and Lake Valley Limestone in the type section area.

Top of section; erosion surface.

Pennsylvanian:

Magdalena Group (incomplete):

Unit
No.

1 Conglomerate-breccia, varicolored light- 
gray (N7), very pale orange (10YR 8/2) 
and grayish orange pink (10R 8/2), weath
ers to a varicolored moderate orange 
pink (10R 7/4), very light gray (N8) and 
pinkish gray (5YR 8/1); coarse sand and 
pebbles, very poorly sorted; composed of 
limestone and chert fragments, moderate
ly well cemented, calcareous and silice
ous cements; no apparent bedding; forms 
a few isolated remnant hilltop mounds
2-3 ft (0.61-0.91 m) high ..........  0.0-3.0 (0.0-0.91)

Total of Incomplete Magdalena Group 3.0 (0.91)

Unconformity (erosional disconformity(?))

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)
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Mississippian:

Lake Valley Limestone:

Tierra Blanca Member:

Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft (m)

19 Packed crinoidal echinodermal bryozoan 
biomicrosparite in the basal 10 ft 
(3.05 m) grading upwards to a packed 
echinodermal crinoidal bryozoan bio- 
microsparudite in the next 5 ft 
(1.52 m) and grades upwards to a 15 ft 
(4.57 m) interval of a poorly sorted - 
echinodermal bryozoan biosparudite, 
the remainder consists of a hashy, 
packed crinoidal echinodermal bryozoan 
biomicrosparudite grading upwards to a 
hashy, poorly sorted, sometimes coated 
echinodermal bryozoan biosparudite, 
brownish-gray (SYR 4/1) and light brown
ish gray (SYR 6/1), locally a pale-red 
(5R 6/2), yellowish-gray (5Y 8/1) and 
pinkish-gray (SYR 8/1), weathers to a 
light olive gray (5Y 6/1) grading upwards 
to a yellowish gray (5Y 7/2); medium cal- 
carenite to fine calcirudite, locally 
more variable in the upper 20 ft (6.1 m) 
of the unit, fine calcarenite to fine 
calcirudite to medium calcarenite to me
dium calcirudite; thin-bedded bedsets; 
forms a ledgy slope; slightly to moder
ately recrystallized (10-30%) throughout 
the unit; chert, light-gray (N7) to very 
light gray (N8), weathers to a white (N9) 
and grayish pink (5R 8/2) to pinkish gray 
(5YR 8/1), nodular and lensoidal, 3% in 
the basal 5 ft (1.52 m), 5% in the next 
ascending 25 ft (7.62 m), becoming bedded 
and slightly lensoidal, 10% in the next 
5 ft (1.52 m), rapidly diminishing to 
lensoidal, 2% to non-cherty; silicifica- 
tion of allochems by principally micro
crystalline quartz and to a minor extent 
by megaquartz, less commonly chalcedonic
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

quartz; scattered crinoidal hash in the 
basal 5 ft (1.52 m) . ............... 48.0 (14.63) 291.8 (88.93)

Total of Tierra Blanca Member 48.0 (14.63)

Transition unit from Nunn to Tierra Blanca Member:

18 Hashy, packed crinoidal bryozoan echino- 
dermal biomicrosparite, grayish-red (5R 
4/2) grading upwards to a grayish red 
purple (5RP 4/2), weathers to a grayish 
pink (5R 8/2); medium calcarenite to 

_ fine calcirudite grading upwards to a 
fine calcarenite to fine calcirudite; 
very thin to thin-bedded bedsets; forms 
a ledgy slope; slightly to moderately 
recrystallized (20%); chert (1%), white 
(N9), weathers white (N9) to grayish 
pink (5R 8/2), lensoidal; silicifica- 
tion of fossil allochem ghosts by prin
cipally microcrystalline quartz (80%) 
with minor megaquartz (15%) and chal-
cedonic quartz (5%) ................. 16.5 (5.03) 243.8 (74.30)

Total of transition unit from Tierra Blanca
to Nunn Member 16.5 (5.03)

17 Sparse ostracodal crinoidal echinodermal 
bryozoan biomicrosparite, grayish-red 
(5R 4/2), weathers to a pale red (10R 
6/2); medium calcarenite to fine calciru
dite; very thin to thin-bedded bedsets; 
forms a ledgy slope; slightly recrys-

16 Covered (assumed to be a shaly interval) 5.0 (1.52) 222.3 (67.75)

15 Hashy, sparse ostracod echinodermal cri
noidal bryozoan biomicrosparite in the 
basal 15 ft (4.57 m) grading upwards to 
an ostracodal echinodermal crinoidal 
bryozoan biomicrosparudite, grayish red 
purple (5RP 4/2) in the basal 20 ft 
(6.10 m) becoming varicolored yellowish- 
gray (5Y 7/2), reddish-brown (10R 3/4),

tallized (10%) 5.0 (1.52) 227.3 (69.27)



Unit
No.

Unit
Thickness 
ft (m)
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Cumulative 
Thickness 
ft_____ (m)

pale-red (5R 6/2) and brownish-gray (SYR 
4/1), weathers to a grayish pink (5R 8/2) 
pale pink (5RP 8/2) grading upwards to 
a light greenish gray (5GY 8/1) to pink
ish gray (5YR 8/1); coarse calcilutite 
to fine calcirudite generally coarsening 
upwards to a very fine calcarenite to 
fine calcirudite and fine calcarenite to 
fine calcirudite; laminated, laminae 
grouped into very thin to thin-bedded 
bedsets, basal 5 ft (1.52 m) has micro
lamination in thin section; forms a ledgy 
slope; slightly recrystallized (10%), 
locally slightly to moderately recrys
tallized (30%); in thin section some in
tervals silicified by micfocrystalline 
quartz, megaquartz, and chalcedonic 
quartz replaces or partially replaces 
fossil allochem ghosts; generally loose, 
moderately abundant crinoidal and bryo- 
zoan fragments and well-preserved spirifer 
brachiopods; in thin section planar ele
ments of fossil allochems are aligned 35.0 (10.67) 217.3 (66.23)

14 Shaly, sparse bryozoan crinoidal echino- 
dermal biomicrosparudite grading upwards 
to a brachiopodal echinodermal bryozoan 
biomicrosparite, pale yellowish brown 
(10YR 6/2), grading upwards to brownish- 
gray (SYR 4/1), olive-gray (5Y 4/1) to 
light olive gray (5Y 6/1), weathers to 
a light gray (N7) grading upwards to a 
light greenish gray (5GY 8/1) to light 
gray (N7) and pinkish gray (5YR 8/1); 
fine calcarenite to fine calcirudite in 
the basal 10 ft (3.05 m) of the unit, 
grading to variable.grains sizes upwards 
ranging from medium calcarenite to fine 
calcirudite to coarse calcilutite to fine 
calcirudite; alternating sequences of 
laminated horizons, approximately 4-5 ft 
(1.22-1.52 m) alternating with very thin 
bedded bedsets 5-6 ft (1.52-1.83 m); forms 
a ledgy slope; slightly recrystallized 
(10%), locally slightly to moderately
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Unit
No.

recrystallized (20%); some partially 
silicified intervals, silicification is 
microcrystalline quartz and to a lesser 
extent megaquartz and chalcedonic quartz
respectively .......................  19.0 (5.79) 182.3 (55.56)

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

13 Covered (assumed to be a shaly 
interval)............ .. 10.0 (3.05) 163.3 (49.77)

12 Hashy, sparse gastropod bryozoan echino- 
dermal sponge spiculed biomicrosparite 
grading upwards to a trilobite hash 
ostracod sponge spiculed echinodermal 
biomicrosparite and echinodermal bryo
zoan crinoidal biomicrosparite, brownish- 
gray (SYR 4/1), locally an olive-gray 
(5Y 4/1), weathers to a very light gray 
(N8) to pinkish gray (5YR 8/1); general
ly fining upwards sequence varying from 
very fine calcarenite to fine calcirudite 
grading upwards to a coarse calcilutite 
to fine calcirudite to medium calcilutite to 
to fine calcirudite coarsening in the 
upper 5 ft (1.52 m) to a very fine cal
carenite to fine calcirudite; very thin 
to thin-bedded bedsets; forms a ledgy 
slope; slightly recrystallized (10%); 
very fossiliferous in the basal 10 ft 
(3.05 m), crinoids, rugose corals and 
brachiopods present, an archimedes co- 
lumnal found approximately 20 ft (6.1 m) 
from the base of the unit; in thin sec
tion fossil allochems have been par
tially replaced by microcrystalline
quartz and megaquartz ............... 25.0 (7.62) 153.3 (46.72)

11 Covered 5.0 (1.52) 128.3 (39.10)

Total of Nunn Member 104.0 (31.69)

Transition unit between Nunn Member and Alamogordo Member:

10 Very hashy packed brachiopod crinoidal 
sponge spiculed bryozoan echinodermal 
biomicrosparite grading upwards to a
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Unit
Unit Thickness
No. ft (m)

crinoidal ostracodal echinodermal bio- 
microsparite, light olive gray (5Y 6/1), 
weathers to a pale greenish yellow (10Y 
8/2) grading upwards to a very light gray 
(N8); coarse calcilutite to fine caliru- 
dite; very thin to thin-bedded bedsets; 
forms a rubbly ledgy slope; slightly re
crystallized (10-15%); relatively fos- 
siliferous, crinoids, rugose corals and 
brachiopods present; planar fossil allo- 
chem elements aligned............... 10.0 (3.05

9 Covered ........  ................... 5.0 (1.52) 113.3 (34.53)

Total of transition unit between Nunn and
Alamogordo Members 15.0 (4.57)

Alamogordo Member:

8 Highly silicified and fractured sparsely 
fossiliferous echinodermal sponge spic- 
uled microsparite, medium light gray (N6), 
weathers to a light gray (N7); coarse 
calcilutite to fine calcirudite; poorly 
exposed discontinuous nondescript bed
ding; forms a ledgy cliff at the base, 
becoming a recessive rubbly slope; ex
tremely recrystallized (99%); very 
slightly dolomitized (1%), fine- to 
medium-crystalline, disseminated; 
chert, often banded chert, medium- 
gray (N5) to white (N9), weathers same, 
bedded, 3% at the base grading to total 
chert; silicification by microcrystalline 
quartz, silicified allochem ghosts poorly
preserved . . . .  ................... 16.0 (4.88) 108.3 (33.01)

7 Fossiliferous brachiopod echinoderm 
sponge spiculed microsparite grading 
upwards to a fossiliferous ostracod 
bryozoan brachiopod sponge spiculed 
microsparite, dark yellowish brown 
(10YR 4/2) grading upwards to a pale 
yellowish brown (10YR 6/2), weathers

Cumulative 
Thickness 
ft (m)

123.3 (37.58)



Unit
Unit Thickness
No, ft (m)

to a light gray (N7); coarse calcilutite 
to fine calcirudite grading upwards to 
a very fine calcarenite to fine calciru
dite; thin-bedded bedsets; forms a cliff; 
slightly recrystallized (10%); scattered 
rugose corals present in the upper 5 ft 
(1.52 m) of the unit; chert, white (N9), 
weathers same, lensoidal, 1% at the base 
increasing upwards to 15% ..........  10.0 (3.05)

6 Densely packed, bryozoan crinoidal bio- 
microsparudite, light-gray (N7), weath
ers same; fine calcarenite to medium 
calcirudite; thin-bedded bedsets; forms 
a cliff; slightly recrystallized (10%); 
chert (25%), white (N9), weathers same, 
principally lensoidal with minor amounts 
of nodules, present only in the upper 
1 ft (0.31 m) of the u n i t ..........  5.5 (1.68)

Total of Alamogordo Member

Andrecito Member:

5 Alternating moderately well sorted sponge 
spiculed ostracod biopelsparite and poorly 
sorted pelletiferous intrasparite in the 
basal 5 ft (1.52 m) grading upwards to a 
sparse to packed crinoidal bryozoan sponge 
spiculed biomicrosparite; an alternating 
sparse sponge spiculed bryozoan biomicro- 
sparudite and poorly sorted bryozoan 
echinodermal biosparite and sparse sponge 
spiculed echinodermal bryozoan crinoidal 
biomicrosparudite, olive-gray (5Y 4/1) 
grading upwards to a pale yellowish brown 
(10YR 6/2), weathers to a grayish yellow 
(5Y 8/4) to yellowish gray (5Y 7/2); 
coarse calcilutite to fine calcirudite 
generally coarsening upwards to very fine 
calcarenite to medium calcirudite; irregu
lar, leasing very thin to thin-bedded bed- 
sets; forms a cliff; slightly to moderately 
recrystallized (30%) grading upwards to 
slightly recrystallized (10%); very slightly

Cumulative 
Thickness 
ft_____ (m)
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92.3 (28.13)

82.3 (25.08) 

31.5 (9.61)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

to slightly dolomitized (0-7%), as dis
seminated fine- to medium-crystalline 
dolomite rhombs usually proximal to the 
more siliceous intervals; chert (15%), 
dark gray (N3) to medium dark gray (N4), 
weathers to a grayish black (N2) to 
dark gray (N3) with an occasional dark 
yellowish orange (10YR 6/6) rind, lens- 
oidal with some nodular chert; micro
crystalline quartz and minor megaquartz 
preservation of fossil allochem ghosts; 
fossiliferous hash disseminated in the 
basal 5 ft (1.52 m) with disseminated 
crinoidal and bryozoan fragments present
in the remainder of the unit . . . .  19.3 (5.88) 76.8 (23.40)

4 Shaly pseudosparite after an ostracod 
echinodermal biomicrosparite(?) grading 
upwards to a sparse to packed sponge 
spiculed bryozoan biomicrosparite, dark 
yellowish brown (10YR 4/2), weathers to 
a yellowish gray (5Y 7/2) grading upwards 
to a medium gray (N5); very fine to fine- 
crystalline pseudosparite in the basal 
5 ft (1.52 m); medium calcilutite to fine, 
occasionally medium calcirudite; very 
thinly laminated with the laminae grouped 
into very thin to thin-bedded bedsets; 
forms a ledgy slope; extremely recrystal
lized (95%) in the basal 5 ft (1.52 m) 
diminishing upwards to moderately recrys
tallized (60%); chert, dark gray (N3), 
weathers same, lensoidal, 1%, present 
only in the basal 5 ft (1.52 m) of the 3

3 Packed, crinoidal ostracodal sponge spic
uled biomicrosparite, grading to a sparse 
to packed sponge spiculed biomicrosparite, 
echinoderm bryozoan ostracod sponge spic
uled biomicrosparite to biomicrosparudite; 
upper 6 ft (1.83 m) becomes a pseudosparite 
after an ostracodal echinodermal bryozoan 
biomicrosparite(?), moderate-red (5R 5/4) 
and yellowish-gray (5Y 7/2) grading upwards

unit 13.0 (3.96) 57.5 (17.52)



362

Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

to pale yellowish brown (10YR 6/2), 
brownish-gray (5YR 4/1) to brownish- 
black (SYR 2/1), weathers to a pinkish 
gray (SYR 8/1) and yellowish gray (5Y 
8/1) in the basal 5 ft (1.52 m) grading 
upwards to a yellowish gray (5Y 7/2) and 
yellowish gray (5Y 7/2) to pale yellow
ish orange (10YR 8/6); coarse calcilutite 
to fine calcirudite; upper 6 ft (1.83 m) 
very fine to fine-crystalline pseudo- 
sparite; laminae and very thin beds 
grouped into very thin to thin-bedded 
bedsets; forms a ledgy cliff; variably 
recrystallized, slightly to extremely 
recrystallized (10-90%); two slightly 
to moderately dolomitized (10-30%) inter
vals approximately 5 ft (1.52 m) thick, 
one starting 10 ft (3.05 m) from the base 
of the unit, the other within the upper 
6 ft (1.83 m) of the unit; chert, dark- 
gray (N3), weathers same, nodular (1-3%) 
in the basal 10 ft (3.05 m), increasing 
in amount upwards becoming lensoidal,3% 
throughout most of the unit; microcrys
talline quartz silicification preserving 
only a few allochem ghosts; crinoidal and 
bryozoan fragments and scattered brachio-
pods p r e s e n t ........ .......... .. . 26.0 (7.93) 44.5 (13.56)

Almost pseudosparite after a sparse (?) 
echinodermal sponge spiculed biomicro- 
sparite grading upwards to a sparse spic- 
uliferous crinoidal brachiopodal bryozoan 
echinodermal biomicrosparudite and a 
sparse to packed (?) crinoidal ostracodal 
sponge spiculed biomicrosparite, olive- 
gray (5Y 4/1) grading upwards to a pale 
yellowish brown (10YR 6/2), weathers to a 
light gray (N7); medium calcilutite to 
fine calcirudite, locally a very fine 
calcarenite to fine calcirudite in the 
middle part of the unit; very thin to 
thin-bedded bedsets; forms a ledgy slope, 
the ledge consisting of the thicker
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

bedsets, the slopes consisting of very 
thin bedded bedsets; extremely recrystal
lized (90-95%) in the basal 5 ft (1.52 m) 
and upper 5.5 ft (1.68 m) of the unit, 
remainder is moderately to extremely re
crystallized (70%); upper 10.5 ft (3.20 m) 
dolomitized, 5% increasing upwards to 30% 
at the top of the unit, fine-crystalline
dolomite ...........................  15.5 (4.72) 18.5 (5.63)

1 Compacted, moderately well sorted bryo- 
zoan echinodermal crinoidal biosparudite, 
brownish-gray (5YR 4/1), weathers to a 
light gray (N7); medium calcarenite to 
fine calcirudite; very thin to thin- 
bedded bedsets; forms a ledge;
unrecrystallized . . ...............  3.0 (0.91) 3.0 (0.91)

Total of Andrecito Member 76.8 (23.40)

Total of Lake Valley Limestone 291.8 (88.93)

Caballero Formation:

4 Covered (assume shale) ............  22.0 (6.71) 54.7 (16.68)

3 Alternating shale with interbeds of
packed crinoidal echinodermal biomicro- 
sparite, dark yellowish brown (10YR 
4/2), weathers to a medium light gray 
(N6); very fine calcarenite to fine 
calcirudite; laminae in shale alter
nating with thin-bedded carbonate bed- 
sets; forms a ledgy slope; moderately 
recrystallized (50%); disseminated (5%)
medium-grained silt present ........  5.0 (1.52) 32.7 (9.97) 2

2 Alternating shale and silty to sandy
pseudosparite after an ostracodal echino
dermal biosparite grading upwards to a 
shale alternating with a vuggy pseudo
sparite after a bryozoan crinoidal bio- 
microsparite(?), light brownish gray 
(SYR 6/1), weathers to a yellowish gray
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Unit
Unit Thickness
No. ft (m)

(5Y 7/2); fine- to medium-crystalline
pseudosparite fining upwards to a very
fine to medium-crystalline pseudosparite;
laminated shale alternating with thin-
bedded bedsets of carbonate; forms a
ledgy slope; extremely recrystallized
(90-95%); disseminated coarse-grained
silt to very fine grained sand (30%)
grading upwards to a disseminated
medium-grained silt (5%); isolated and
interconnected vugs (5%) in thin section,
vugs filled with light-brown (5YR 5/6)
microclastic material ............... 20.0 (6.10)

1 Silty sandstone, medium-gray (N5), weath
ers to a yellowish pale, orange (10YR 8/2); 
coarse-grained silt to very fine grained 
sand, well-sorted; composed of angular to 
subangular rectangular quartz grains having 
straight and mildly undulose extinction 
and black (Nl) subround opaques (5-10%); 
sublithlutite to sublitharenite composi- 
tionally; moderately well cemented by fine- 
to medium-crystalline calcite; laminated 
and thin-bedded bedsets with medium-scale 
intermediate-trough- cross-beds, dip direc
tion S45°W (not statistically valid); 
forms a cliff.......................  7.7 (2.35)

Total of Caballero Formation

Unconformity (erosional disconformity)

Devonian:

Perch Shale (incomplete):

Box Canyon Member (incomplete):

1 Shaly micrite to microsparite, yellowish- 
gray (5Y 7/2), weathers to a pale greenish 
yellow (10Y 8/2); thinly laminated to

Cumulative 
Thickness 
ft_____ (m)

27.7 (8.45)

7.7 (2.35)

54.7 (16.68)
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Unit Cumulative
Unit Thickness
No. ft (m)

Thickness 
ft (m)

laminated with carbonate leasing nodules 
scattered within the shale; forms a v
slope; isolated vugs in thin section,
5%, solution enhanced ............... 10.0 (3.05) 10.0 (3.05)

Total of incomplete Box Canyon Member 10.0 (3.05)

Total of incomplete Perch Shale 10.0 (3.05)

Base of section; not base of exposure.
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Vekol Mountains Section

Massive southeast-facing cliff-like exposures of Mississippian Lime
stone were measured in the southern part of the Vekol Mountain range on 
the Papago Indian Reservation. This section was measured in unsurveyed 
but extrapolated land office grid system S0%, SWk, NE^, Sec. 13, T. 10 
S., R. 2 E., 15* series, Vekol Mountains Quadrangle, Pinal County, 
Arizona. This location is approximately 32°33,30"N latitude and 112° 
7'1»W longitude. Mississippian strata strike approximately N18-25°E and 
the dip varies from 17-21°NW. Carpenter (1947, p. 33-35) and Norby 
(1971, p. 190-192) have measured Escabrosa Limestone sections in the 
Vekol Mountains. Access to the section may be made by driving south- 
southeast approximately 25 mi (40.23 km) from Casa Grande on Papago Res
ervation roads, turn right, or west, on the road leading to the Kohatk 
turnoff and continue toward Kohatk Wash. Approximately 2.5 mi (4.02 km) 
west-southwest beyond the Kohatk turnoff to the north, turn west- 
northwest across Kohatk Wash on a road leading to the south flank of the 
Vekol Mountains.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

2 Poorly sorted echinodermal crinoidal bio- 
sparite, white (N9) to pinkish-gray (SYR 
8/1), weathers same; fine calcarenite to 
fine calcirudite; thin-bedded bedsets; 
forms a ledgy slope; extremely recrystal-

1 Silty to sandy shale, grayish red purple 
(5RP 4/2), weathers to a very dusky red 
(10R 2/2); medium-grained silt to very 
fine grained sand; well-sorted; composed 
of subangular to subround, intermediate 
to subequant, floating grains; predomi
nantly quartz with some opaques; sublith- 
lutite to sublitharenite; poorly 
cemented; microclastic hematite matrix/ 
cement; laminated and very thin beds

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

lized (95%) 5.0+ (1.52)+ 32.5 (9.90)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft (m)

grouped into thin-bedded bedsets; forms 
a recessive slope ................... 27.5 (8.38) 27.5 (8.38)

Total of incomplete Black Prince Formation 32.5 (9.90)

Unconformity (erosional disconformity)

Mississippian:

Escabrosa Limestone:

39 Silicified pseudosparite, medium light gray 
(N6) to moderate orange pink (10R 7/4), 
weathers to a grayish orange pink (5YR 7/2) 
to grayish pink (5R 8/2); medium-crystalline; 
very thin to thin-bedded bedsets; forms a 
recessive cliff; extremely recrystallized 
(100%); silicified patches (30%), consist
ing of microcrystalline quartz and
megaquartz ............. . ........  8.0 (2.44) 431.5(131.50)

38 Hashy packed bryozoan echinodermal cri- 
noidal biomicrosparite grading upwards to 
a bryozoan pelletiferous crinoidal biomix- 
rosparite in the basal 20 ft (6.10 m) and 
then grading to a poorly washed crinoidal 
biosparite to an abraided, packed echino
dermal crinoidal biopelmicrosparite and 
back to a poorly washed to packed crinoid
al biomicrosparite in the next 20 ft (6.10 
m), upper 5 ft (1.52 m) is a hashy moder
ately well sorted crinoidal biosparite, 
medium-gray (N5) grading upwards to a 
light-gray (N7) and light olive gray (5Y 
6/1), weathers medium gray (N5), locally 
medium light gray (N6) in the upper 15 ft 
(4.57 m) of the unit; contains two coarsen
ing upwards cycles, the basal cycle is 15 
ft (4.57 m) thick and ranges from very fine 
calcarenite to fine calcirudite grading up
wards to medium calcarenite to fine calciru
dite, the second cycle ranges from coarse 
calcilutite to fine calcirudite grading
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Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

upwards to a medium calcarenite to fine 
calcirudite in the remainder of the unit; 
thin-bedded bedsets; forms a cliff; 
slightly to moderately recrystallized 
(25%) throughout the unit except for the 
basal 10 ft (3.05 m) which is moderately 
recrystallized (35-40%) and the upper 5 
ft (1.52 m) which is unrecrystallized; 
foraminifera present in a 10 ft (3.05 m) 
interval starting 30 ft (9.14 m) from the 
base of the unit, fragmental crinoid hash 
is present in the upper 35 ft (10.67 m)
of the u n i t ................... 45.0 (13.72) 423.5(129.06)

37 Subsucrosic dolomite grading upwards to a 
mosaic dolomite, light-gray (N7) grading 
upwards to a light olive gray (5Y 6/1), 
weathers to a light gray (N7) to yellowish 
gray (5Y 7/2); fine-crystalline dolomite 
with medium- to coarse-crystalline patches 
in the basal 5 ft (1.52 m) fining upwards 
to fine- to medium-crystalline dolomite; 
thin- to thick-bedded, bedsets; forms a 
cliff; extremely recrystallized (98-100%); 
extremely dolomitized (100%); chert, 
pinkish-gray (5YR 8/1) with medium light 
gray (N6) areas, weathers to a mottled 
light gray (N7) and moderate orange pink 
(SYR 8/4), nodular, 1% in the basal 5 ft 
(1.52 m) and lensoidal, 3% in the upper
4 ft (1.22 m) of the unit; rugose corals 
present in the upper 10 ft (3.05 m) of 
the unit, brachiopods present in the upper
5 ft (1.52 m) of the u n i t ..........  14.0 (4.27) 378.5(115.34)

36 Poorly sorted crinoidal echinodermal bio- 
sparite grading upwards to a packed echino
dermal crinoidal bryozoan biomicrosparite 
and mosaic dolomite, light-gray (N7) grad
ing upwards to a medium light gray (N6), 
weathers to a light gray (N7); very fine 
calcarenite to fine calcirudite grading 
upwards to medium calcarenite to fine cal
cirudite and fine- to medium-crystalline 
dolomite; very thin to thin-bedded bedsets;
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Unit
No.

forms a cliff; extremely recrystallized 
(85%) grading upwards to moderately re
crystallized (40%), upper 5 ft (1.52 m) 
extremely recrystallized (100%) and ex
tremely dolomitized (100%); chert, 
light-brown (5YR 6/4), weathers same, 
lensoidal, 25% in the basal 10 ft 
(3.05 m) and decreases to 5% in the 
upper 5 ft (1.52 m) of the unit; in 
thin section styolitic-like fractures 
filled with microclastic material in 
the basal 5 ft (1.52 m) ............

35 Mosaic dolomite after a crinoidal echino- 
dermal biosparite(?) grading upwards to 
a subsucrosic dolomite, medium dark 
gray (N4) grading upwards to a medium 
gray (N5), weathers same; fine- to 
medium-crystalline fining upwards to 
very fine to fine-crystalline; thin- 
bedded bedsets; forms a recessive cliff; 
extremely recrystallized (95-100%) in
creasing recrystallization upwards;
extremely dolomitized (100%) . . . .  13.2 (4.02) 349.5(106.5)

Minor rehealed fault gouge 5-10 ft (1.52-3.05 m) to the left or to 
the south-southwest of the line of section traverse.

34 Dolomitized coralline echinodermal cri
noidal biosparite, medium gray (N5) 
grading upwards to light gray (N7), 
weathers to a medium light gray (N6) 
to light gray (N7) grading upwards to 
light gray (N7); very fine calcarenite 
to medium calcirudite; fine-crystalline 
dolomite; thin-bedded bedsets; forms a 
cliff; moderately recrystallized (55%);
numerous rugose corals present . . . 10.0 (3.05) 336.3(102.48)

33 Pseudosparite after a bryozoan crinoidal 
echinodermal biosparite(?) grading up
wards to a pseudosparite after a bryo
zoan crinoidal biomicrosparite(?), 
medium gray (N5) grading upwards to a 
light olive gray (5Y 6/1) to medium 
light gray (N6), weathers same; very

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

15.0 (4.57) 364.5(111.07)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

fine to medium-crystalline; very thin to 
thin-bedded bedsets; forms a cliff; ex
tremely recrystallized (97-98%); recrys
tallized fossil allochem ghosts present 
in thin section ..................... 12.9 (3.93) 326.3 (99.43)

32 Pseudosparite, pale red (10R 6/2), weath
ers to a pale red (10R 6/2) and grayish 
orange pink (5YR 7/2); fine- to medium- 
crystalline; irregular lensoidal thin- 
bedded bedsets; forms a cliff; extremely 
recrystallized (100%); chert, very light 
gray (N8), white (N9) and grayish orange 
pink (5YR 7/2), lensoidal (30%); in 
field cherts have moldic allochems of
replaced fossil allochems ..........  2.3 (0.70) 313.4 (95.50)

31 Mosaic dolomite after a crinoidal echino- 
dermal bryozoan biosparite(?) grading up
wards to a mosaic dolomite, medium-gray 
(N5) grading upwards to light olive gray 
(5Y 6/1), weathers to a yellowish gray 
(5Y 7/2); fine- to medium-crystalline; 
thin- to thick-bedded bedsets; micro- 
laminated in thin section in the basal 5 
ft (1.52 m); forms a cliff; extremely re
crystallized (100%) except in silicified 
intervals, silicified intervals slightly to 
moderately recrystallized (25%); extremely 
dolomitized (100%); chert, white (N9) to 
pinkish-gray (SYR 8/1), weathers medium 
light gray (N6) to light bluish gray (5B 
7/1), lensoidal, 10% in the basal 5 ft 
(1.52 m); microcrystalline quartz replace
ment of fossil allochem ghosts; strong

30 Poorly washed crinoidal echinodermal bryo
zoan biopelmicrosparite, medium gray (N5) 
to moderate orange pink (SYR 8/4), weathers 
same; coarse calcilutite to fine calciru- 
dite; laminated to very thin beds; forms 
a cliff; moderately to extremely recrystal
lized (70%); chert (3%), lensoidal, medium 
dark gray (N4), weathers to a dark gray 
(N3) to grayish-orange (10YR 7/4),

fetid odor 12.7 (3.87) 311.1 (94.80)
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Unit
No.

Unit
Thickness
ft Cm)

Cumulative
Thickness
ft_____ Cm)

microcrystalline quartz replacement 
of fossil and pelloidal allochems; 
thin section fabric, tectonically 
stretched, possible flowage of
carbonate ...........................  4.2 (1.28) 298.4 (90.93)

29 Mosaic dolomite grading upwards to
mosaic to subsucrosic dolomite and sub- 
sucrosic dolomite in the basal 20 ft 
(6.10 m) becoming upwards a dolomit- 
ized(?) crinoidal oolitic biopelsparite, 
sucrosic dolomite after a bryozoan in- 
traclastic echinodermal biopelsparite(?), 
brownish-gray (SYR 4/1) in the basal 
5 ft (1.52 m) grading upwards to medium 
gray (NS), upper 5 ft (1.52 m) becomes 
varicolored medium dark gray (N4), me
dium light gray (N6) and olive gray (5Y 
4/1), weathers to a yellowish gray (5Y 
7/2); fine- to medium-crystalline in 
the basal 5 ft (1.52 m) becoming more 
variably crystallized from very fine to 
coarse-crystalline; thin-bedded bedsets; 
forms a recessive cliff with a 5 ft 
(1.52 m) poorly exposed interval start
ing 6 ft (1.83 m) above the base of the 
unit; extremely recrystallized (100%), 
a 5 ft (1.52 m) silicified interval at 
the top of the unit moderately recrystal
lized (35%); extremely dolomitized (100%); 
chert, varicolored pinkish-gray (SYR 8/1), 
light brownish gray (SYR 6/1), medium . 
light gray (N6) to very light gray (N8), 
weathers to a grayish-pink (5R 8/2) to 
pale.red (5R 6/2) grading upwards to 
light gray (N7), moderate orange pink 
(SYR 8/4) to bluish-white (5B 9/1), lens- 
oidal, locally nodular and bedded becoming 
lensoidal in the upper 40 ft (12.19 m) of
the u n i t ...........................  36.0 (10.97) 294.2 (89.65)

28 Mosaic dolomite, light" gray (N7), weathers 
to a pinkish-gray (5YR 8/1); fine- to 
coarse-crystalline; thin-bedded bedsets; 
forms a recessive cliff; extremely



Unit
No.

Unit
Thickness
ft (m)

recrystallized (95%), a few medium- 
crystalline dolomite allochem ghosts; ex
tremely dolomitized (85%); in thin section 
slightly (15%) silicified areas, primarily 
megaquartz........ '................  5.3 (1.62)

27 Mosaic dolomite, medium gray (N5), weathers 
to a medium gray (N5) to olive gray (5Y 
4/1); fine- to medium-crystalline; thin- 
bedded bedsets; forms a recessive cliff; 
extremely recrystallized (95%); a few 
dolomitized allochem ghosts present; 
extremely dolomitized (100%) . . . .  7.6 (2.32)

26 Mosaic dolomite after an echinodermal cri- 
noidal biosparudite(?) grading upwards to 
a subsucrosic dolomite and mosaic dolomite, 
medium gray (N5) and light olive gray (5Y 
6/1) grading upwards to medium gray (N5), 
weathers to a light olive gray (5Y 6/1) 
grading upwards to yellowish gray (5Y 8/1) 
and light olive gray (5Y 6/1); fine- to 
medium-crystalline fining upwards to very 
fine to medium-crystalline; thin-bedded 
bedsets; forms a recessive cliff; extremely 
recrystallized (97-100%), silicified in
tervals moderately recrystallized (60%) 
which aids in identifying the depositional 
environment of the interval; extremely 
dolomitized (100%); chert (5%), medium 
gray (N5) to very light gray (N8), weathers 
to a moderate orange pink (SYR 8/4), lensoid- 
al; microcrystalline quartz with minor 
megaquartz replacement of fossil allochem 
ghosts .............................  15.0 (4.57)

25 Pseudosparite(?) after a crinoidal bio- 
microsparite, medium gray (N5) to medium 
light gray (N6), weathers to a medium 
light gray (N6); very fine to coarse- 
crystalline; thin-bedded bedsets; forms 
a cliff; extremely recrystallized (95%) 
with a few allochems not destroyed by 
recrystallization; in thin section unit 
appears to be tectonically stretched 9.0 (2.74)

373

Cumulative
Thickness
ft (m)

258.2 (78.68)

252.9 (77.06)

245.3 (74.74)

230.3 (70.17)
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Unit
Unit Thickness
No. ft (m)

24 Pseudosparite after an echinodermal cri- 
noidal biomicrosparite(?), pale red (5R 
6/2) to light brownish gray (5YR 6/1), 
weathers to a varicolored medium light 
gray (N6) to light gray (N7) and pale red 
(5R 6/2); very fine to medium-crystalline; 
very thin to thin-bedded, irregular lens- 
oidal bedsets; faint nondescript cross
beds; forms a recessive cliff; extremely 
recrystallized (95%); fetid odor . . 2.5 (0.76)

23 Packed crinoidal echinodermal biomicro- 
sparite grading upwards to a tectonic
ally stretched pseudosparite(?) after a 
crinoidal biomicrosparite(?), light gray 
(N7), weathers same; fine calcarenite to 
fine calcirudite grading upwards to very 
fine to coarse-crystalline pseudosparite; 
thin-bedded bedsets with a few minor silt- 
stone 2 in (5.08 cm) interbeds; micro- 
laminated in thin section; forms a cliff; 
extremely recrystallized (90-95%), degree 
of recrystallizatiori increases upwards; 
chert and tripolitic chert, very pale 
orange (10YR 8/2), weathers same; 
crescent-shaped nodules, almost lens- 
oidal ( 3 % ) ........ .......... : . . 12.5 (3.81)

22 Silicified mosaic to subsucrosic dolomite, 
light olive gray (5Y 6/1) with moderate 
orange pink (10R 7/4) zones, weathers to 
a medium light gray (N6) with moderate 
pink (5R 7/4) zones; fine- to coarse- 
crystalline; indistinct lensoidal bed
ding; thin- to thick-bedded bedsets; 
forms a cliff; extremely recrystallized 
(100%); moderately dolomitized (50%) with 
microcrystalline quartz replacement (50%) 
of dolomite.........................  5.0 (1.52)

21 Silicified sucrosic dolomite, medium-gray 
(N5), weathers same; fine- to medium- 
crystalline; thin- to thick-bedded bed- 
sets; forms a cliff; extremely 
recrystallized (100%); moderately to

Cumulative 
Thickness 
ft_____ (m)

221.3 (67.43)

218.8 (66.67)

206.3 (62.86)



Unit
Unit Thickness
No. ft (m)

extremely dolomitized (70%) with megaquartz 
replacement of dolomite rhombs (30%); ru
gose corals present . ...............  5;0 (1.52)

20 Subsucrosic dolomite grading upwards to 
a mosaic dolomite, medium gray (N5) grad
ing upwards to medium dark gray (N4), 
weathers same; fine- to medium-crystalline 
grading upwards to medium- to coarse- 
crystalline; thin- to thick-bedded bed- 
sets with some intervals with low- to 
intermediate-angle wedge-planar cross-beds 
with a generally southerly dip direction 
(not statistically valid); forms a cliff; 
extremely recrystallized (100%); extremely 
dolomitized (100%) ................. 10.0 (3.05)

19 Silty to sandy mosaic dolomite, medium- 
gray (N5), weathers to a light olive gray 
(5Y 6/1); very fine to medium-crystalline 
with disseminated (10%) coarse-grained 
silt to medium-grained sand; thin-bedded 
bedsets; forms a cliff; extremely recrys
tallized (100%); extremely dolomitized 
(100%) .............................  2.0 (0.61)

18 Mosaic dolomite, medium dark gray (N4), 
weathers to a medium gray (N5); very fine 
to medium-crystalline; thin-bedded bed- 
sets; forms a cliff; extremely recrystal
lized (100%); extremely dolomitized (100%), 
disseminated (2%) medium- to coarse
grained siltstone ................... 1.5 (0.46)

17 Silty to sandy mosaic dolomite, medium- 
gray (N5), weathers to a light olive gray 
(5Y 6/1); very fine to medium-crystalline 
with disseminated (7%) coarse-grained silt 
to fine-grained sand; thin-bedded bedsets; 
forms a cliff; extremely recrystallized 
(100%); extremely dolomitized (100%) 1.5 (0.46)

16 Mosaic dolomite, dark gray (N3), weathers 
to a light olive gray (5Y 6/1); very fine 
to fine-crystalline; thin-bedded bedsets;

Cumulative
Thickness
ft (m)

201.3 (61.34)

196.3 (59.82)

186.3 (56.77)

184.3 (56.16)

182.8 (55.70)
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Unit
No.

forms a cliff; extremely recrystallized
(100%); extremely dolomitized (100%) 7.6 (2.32) 181.3 (55.24)

Unit
Thickness 
ft (m)

Cumulative
Thickness
ft_____ (m)

15 Cyclic sequence (4 cycles) of alternating 
pseudosparite and silty to sandy subsu- 
crosic dolomite, pseudosparite is light 
brownish gray (5YR 6/1), weathers same 
alternating with dolomite, a light bluish 
gray (5B 7/l), weathers to a yellowish 
gray (5Y 8/1); very fine to fine- 
crystalline pseudosparite alternating with 
a fine- to.medium-crystalline subsucrosic 
dolomite; thin- to thick-bedded bedsets; 
forms a cliff; extremely recrystallized 
(100%); dolomitic intervals extremely do
lomitized (100%); pseudosparite intervals 
have disseminated (2%) medium-grained 
silt to very fine grained sand and the 
dolomitized intervals have disseminated 
(10%) medium-grained silt to very fine 
grained sand; pseudosparite intervals are 
greater than 1.5 times the thickness of the
dolomite intervals . .  ..........  15.4 (4.69) 173.7 (52.92)

14 Mosaic dolomite, medium gray (N5) grading 
upwards to olive gray (5Y 4/1), weathers 
to a light olive gray (5Y 6/1) grading up
wards to a yellowish gray (5Y 8/1); fine- 
to medium-crystalline; thin- to thick-bedded 
bedsets; forms a recessive cliff; extremely 
recrystallized (100%); extremely dolomit
ized (100%) .........................  14.0 (4.27) 158.3 (48.23)

Undulating surface of erosion with up to 5 ft (1.52 m) of relief. 
Section shifted 20 ft (6.10 m) to the left or to the south-southwest 
to avoid crossing a near vertically dipping fault.

13 Mosaic dolomite, medium light gray (N6) 
with grayish-pink (5R 8/2) area, weathers 
to a pinkish-gray (5Y 8/1); medium- to 
coarse-crystalline; thin- to thick-bedded 
bedsets; forms a recessive cliff; ex
tremely recrystallized (100%); extremely
dolomitized (100%) ................. 9.0 (2.74) 144.3 (43.96)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

12 Mosaic dolomite, medium gray (N5), weath
ers to a light gray (N7) to light olive 
gray (5Y 6/1); very fine, to fine- 
crystalline; thin- to thick-bedded bed- 
sets; forms a recessive cliff; extremely 
recrystallized (100%); extremely dolo-
mitized (100%) ................... . 5.0 (1.52) 135.3 (41.22)

11 Solution brecciated mosaic dolomite, me
dium gray (N5), weathers to a yellowish 
gray (5Y 8/1); fine- to medium-crystalline; 
thin- to thick-bedded irregular lensoidal 
bedsets with cherty and limestone boulder- 
size clasts; forms a recessive cliff; ex
tremely recrystallized (100%); extremely 
dolomitized (100%); chert (20%) medium 
light gray (N6) to white (N9), weathers
same, lensoidal and fragmental . . . 5.0 (1.52) 130.3 (39.70)

10 Mosaic dolomite in the basal 10 ft (3.05 m) 
grading upwards to a subsucrosic dolomite, 
upper 5 ft (1.52 m) mosaic dolomite, medium 
dark gray (N4) in the basal 5 ft (1.52 m) 
and upper 8 ft (2.44 m) of the unit with the 
middle part of the unit medium gray (N5), 
weathers to a light olive gray (5Y 6/1) be
coming medium dark gray (N4) in the upper 
8 ft (2.44 m); very fine to fine-crystalline 
coarsening upwards to fine-crystalline and 
fine- to medium-crystalline; thin- to thick- 
bedded bedsets; forms a recessive cliff; ex
tremely recrystallized (100%); extremely
dolomitized (100%) . . .............  23.0 (7.01) 125.3 (38.18)

9 Dolomitized, silicified pseudosparite after 
an echinodermal ostracodal pelsparite(?) 
grading upwards to a pseudosparite, medium 
light gray (N6) grading upwards to a light 
olive gray (5Y 6/1), weathers to a medium 
light gray (N6); very fine to fine-crystalline 
dolomite grading upwards to a very fine to 
fine-crystalline pseudosparite; very thin 
to thin-bedded bedsets; forms a cliff; ex
tremely recrystallized (98-100%), increasing 
in recrystallization upwards; moderately
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Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft (m)

dolomitized (50%) in the basal 5 ft (1.52 
m); chert, medium light gray (N6) to very 
light gray (N8), weathers to a very light 
gray (N8) to yellowish gray (5Y 8/1), 
lensoidal and bedded, 25% in the basal 5 
ft (1.52 m) grading upwards to lensoidal,
15% in the upper part of the unit; allo- 
chems,' if present, destroyed before sili-
cification; basal surface undulating 11.0 (3.35) 102.3 (31.17)

8 Silicified speudosparite after a crinoid- 
al intraclastic pelletiferous oosparite(?) 
medium light gray (N6), weathers to a 
medium light gray (N6) to light gray (N7); 
fine- to medium-crystalline pseudosparite; 
thin- to thick-bedded bedsets; forms a re
cessive cliff; extremely recrystallized 
(100%); chert (3%) , very light gray (N8), 
weathers to a light bluish gray (5B 7/1), 
lensoidal; microcrystalline quartz re
placement of a few allochems . . . .  6.0 (1.83) 91.3 (27.82)

7 Pseudosparite, medium gray (N5), weathers 
to a very pale orange (10YR 8/2); fine- to 
coarse-crystalline; thin- to thick-bedded 
bedsets; forms a recessive cliff; extreme
ly recrystallized (99%); chert (3%), very 
light gray (N8) to moderate orange pink 
(5YR 8/4), weathers to a light bluish gray 
(5B 7/1), lensoidal; in thin section micro
crystalline quartz with minor areas of 
megaquartz; allochems, if present, de
stroyed before silicification; in thin
section styolitic horizons present . 5.0 (1.52) 85.3 (25.99) 6

6 Poorly sorted echinodermal crinoidal bio- 
sparite grading upwards to a crinoidal 
biomicrosparite-biosparite, medium light 
gray (N6) to light gray (N7) grading up
wards to light gray (N7), weathers medium 
light gray (N6) to light gray (N7) grad
ing upwards to very light gray (N8) to 
white (N9); fine calcarenite to fine cal- 
cirudite in the basal and upper 5 ft 
(1.52 m) of the unit, middle part coarser, 
medium calcarenite to fine calcirudite;
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

thin- to thick-bedded bedsets; extreme
ly recrystallized (85-95%); in thin 
section allochems tectonically 
stretched ............. .......... 15.0 (4.57) 80.3 (24.47)

Rhyodacite dike approximately 9 ft (2.74 m) wide.

5 Pseudosparite after a poorly sorted cri- 
noidal echinodermal biosparite(?), pinkish- 
gray (SYR 8/1), weathers to a light 
gray (N7); medium calcarenite to fine 
calcirudite; very thin to thin-bedded 
bedsets; forms a cliff; extremely re
crystallized (95%); allochems: are tec
tonically stretched ................. 12.0 (3.66) 65.3 (19.90)

4 Pseudosparite after a poorly sorted ech— 
inodermal crinoidal biosparite, pinkish- 
gray (SYR 8/1), weathers to a light gray 
(N7); coarse calcarenite. to fine calciru
dite; fine- to coarse-crystalline pseudo
sparite; thin-bedded bedsets; forms a 
cliff; extremely recrystallized (85%); 
allochems present in thin section appear . 
to be tectonically stretched; basal sur
face irregular with up to 5 ft (1.52 m)

Section measurement continues along strike 200 ft (60.96 m) to the 
northeast to avoid a shear cliff. 3

3 Mosaic to subsucrosic dolomite in the 
basal 25 ft (7.62 m) grading upwards 
to a dolomitized(?) crinoidal echino
dermal biopelsparite-biosparite and 
mosaic dolomite with bioclasts present, 
medium gray (N5), weathers to a light 
olive gray (5Y 6/1), rarely a yellow
ish gray (5Y 8/1); generally fine- to 
medium-crystalline dolomite with a few 
intervals with either fine- or medium- 
crystalline dolomite; thin-bedded bed- 
sets; forms a cliff, rarely a 
float-covered cliff; extremely recrys
tallized (98-100%); extremely dolomitized

relief 3.3 (1.01) 53.3 (16.24)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

(100%); extremely recrystallized (80%) 
in a 5 ft (1.52 m) interval 25 ft 
(7.62 m) above the base of the unit; 
basal 10 ft (3.05 m) has a fetid odor; 
unit fractured with malachite float 
fragments present within the upper 15
ft (4.57 m) of the u n i t ............. 40.0 (12.19 50.0 (15.23)

2 Subsucrosic dolomite after a crinoidal 
echinodermal biosparite(?), olive gray 
(5Y 4/1), weathers to a light olive 
gray (5Y 6/1); very fine to medium- 
crystalline; thin-bedded bedsets; forms 
a cliff; extremely recrystallized 
(98%); a few dolomitized allochem 
ghosts present; extremely dolomitized
(100%) .............................  5.0 (1.52) 10.0 (3.04)

Section traverse shifted 20 ft (6.10 m) to the southwest along 
strike.

1 Silty to sandy mosaic dolomite, light 
olive gray (5Y 6/1), weathers to a yel
lowish gray (5Y 8/1); coarse-grained 
silt to medium-grained sand (45%) dis
seminated in a very fine to medium- 
crystalline dolomite; thick-bedded 
poorly defined bedsets; forms a cliff; 
extremely recrystallized (100%); ex
tremely dolomitized (100%) ........  5.0 (1.52) 5.0 (1.52)

Total Escabrosa Limestone 431.5(131.50)

Unconformity (erosional disconformity)

Devonian:

Martin Formation (incomplete):

4 Silty subsucrosic dolomite, olive gray 
(5Y 4/1), weathers to a light olive 
gray (5Y 6/1); medium- to coarse
grained silt (10%) disseminated in a
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Unit
Unit Thickness
No. ft (m)

very fine to medium-crystalline dolo
mite; very thin beds grouped into thin- 
bedded bedsets; forms a recessive, 
almost covered, slope; extremely re
crystallized (100%); extremely dolomit-
ized (97%) with 3% megaquartz
replacement of a few dolomite rhombs 4.0 (1.22)

3 Covered.............................  15.0 (4.57)

2 Subsucrosic dolomite, yellowish gray 
(5Y 7/2), weathers to a pale red (5R 
6/2); very fine to fine-crystalline; 
very thin to thin-bedded bedsets; forms 
a recessive cliff; extremely recrystal
lized (100%); extremely dolomitized 
(100%) .............................  4.2 (1.28)

1 Subsucrosic dolomite, pale red (5R
6/2), weathers same; very fine to medium- 
crystalline; nondescript, laminated to 
very thin bedded bedsets; forms a slope 
(forms a cliff where sampled in roadcut); 
extremely recrystallized (100%); ex
tremely dolomitized (99%); in thin sec
tion megaquartz replacing dolomite 
r h o m b s ........ ....................  5.0 (1.52)

Total of Incomplete Martin Formation

Base of section; not base of exposure.

Cumulative 
Thickness 
ft_____ (m)

28.2 (8.59)

24.2 (7.37)

9.2 (2.80)

5.0 (1.52)

28.2 (8.59)
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Figure 46, Whetstone Mountains Measured Section,
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Middle Canyon, Whetstone Mountains

The section was measured on an east-northeast facing minor promontory 
cliff and ledgy exposure above the terminus of the Middle Canyon road 
and jeep trail extension to a mining prospect in the underlying Cambrian 
strata. This road is accessible from Arizona State Highway 90. The 
measured section is located in the S%, SE$£, Sec. 28, T. 18 S., R. 19 E., 
as found in the 151 series Benson Quadrangle in Cochise County, Arizona. 
The exposures measured range from a strike of N24-30°W and dip value of 
approximately 24°SW. Similar values of N20°W strike and 20°SW dip were 
recorded in the underlying Devonian strata and a N35°W strike and 27°SW 
dip were recorded in the overlying Pennsylvanian strata. Creasey (1967a), 
Burnette (1957), and Tyrell (1957) provide geologic maps and strati
graphic section descriptions of the Whetstone Mountain area. Also,
A. Armstrong (personal communication, 1975) has stratigraphic work in 
progress in.the Whetstone Mountains, that is presently not available.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

4 Densely packed, poorly sorted gastro
pod crinoidal brachiopod echinodermal 
biosparite, light gray (N7), weathers 
to a light bluish gray (5B 7/1), medium 
calcilutite to fine calcirudite; very 
thin to thin-bedded bedsets; forms a 
ledgy cliff; unrecrystallized; fora-
minifera present ............... 5.0 (1.52) 22.0 (6.70) 3

3 Poorly washed bryozoan crinoidal ech
inodermal biopelsparlutite, olive gray 
(5Y 4/1), weathers to a light bluish 
gray (5B 7/1), medium calcilutite to 
coarse calcarenite; very thin to thin- 
bedded bedsets; forms a ledgy cliff; 
moderately recrystallized (60%) to ex
tremely recrystallized (95%) where 
silicified; chert (5%), bluish white 
(5B 9/1) to medium bluish gray (5B 5/1),
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Unit
Unit Thickness
No. ft (m)

weathers to medium bluish gray (5B 5/1) 
to light bluish gray (5B 7/1),
lensoidal...........................  2.0 (.61)

2 Siltstone, very dusky red (10R 2/2), 
weathers to a dark reddish brown (10R 
3/4), coarse-grained, well-sorted, 
angular subequant'to elongate grains, 
point and mainly straight contacts, 
predominantly quartz grains; moder
ately cemented, almost baked hematite 
cement matrix; very thin to thin- 
bedded bedsets; weathers to a silici- 
fied rubble, forms a topographic sad- 
saddle ledge between the more resistant 
Pennsylvanian and Mississippian
limestones.........................  10.0 (3.05)

1 Covered; silicified rubble, similar to
unit 2 .......... ..................  5.0 (1.52)

Total of Incomplete Black Prince Formation

Unconformity (erosional disconformity)

Mississippian:

Escabrosa Limestone:

38 Poorly sorted, hashy, bryozoan echino- 
dermal crinoidal biosparudite, light 
gray (N7) to very light gray (N8); 
coarse calcilutite to medium calciru- 
dite; thin-bedded bedsets; forms a 
hilltop dipslope; slightly recrystal
lized (10%)..................... 15.0 (4.57)

37 Mosaic dolomite, pale yellowish brown 
(10YR 6/2), weathers to a light olive 
gray (5Y 6/1), very fine to medium- 
crystalline, thin-bedded bedsets; forms 
hilltop summit; extremely recrystal
lized (100%); extremely dolomitized

Cumulative 
Thickness 
ft_____ (m)

17.0 (5.18)

15.0 (4.57)

5.0 (1.52)

5.0 (1.52)

594.1(181.09)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

(95%); chert (1%) light gray (N7) to 
very light gray (N8); weathers light 
gray (N7) to grayish orange. (10YR 7/4) 
nodular, sporadic ................... 5.0 (1.52) 579.1(176.52)

36 Covered 10.0 (3.05) 574.1(175.00)

35 Rounded and abraided, hashy pelletifer- 
* ous crinoidal echinoderaal bryozoan bio- 

sparite, light gray (N7) to pinkish- 
gray (SYR 5/1) grading upward to light 
olive gray (5Y 6/1) and moderate orange 
pink (SYR 8/4), coarse calcilutite to 
fine calcirudite; thin-bedded bedsets; 
forms a cliff; unrecrystallized at the 
base grading upward to moderately to 
extremely recrystallized (65%); chert 
(1%) light gray (N7) to very light gray 
(N8), weathers to a light gray (N7) and 
grayish-orange (10YR 7/4); nodular, in
distinguishable disseminated fossil hash 
in the basal 10 ft (3.05 m) of the
unit ...............................  20.0 (6.10) 564.1(171.95)

34 Subsucrosic to mosaic dolomite, after 
a poorly washed pelletiferous echino- 
dermal crinoidal biosparite, light olive 
gray (5Y 6/1) to olive gray (5Y 4/1), 
weathers to a medium gray (N5), light 
olive gray (5Y 6/1), light brownish gray 
(SYR 6/1), highly variable ranges in 
crystalline sizes ranging from very 
fine to coarse-crystalline; thin-bedded 
bedsets; forms a recessive ledge; ex
tremely recrystallized (90-100%) and 
extremely dolomitized (95-97%) in in
tervals having associated silicifica- 
tion; between 10 ft (3.05m) and 20 ft 
(6.10 m) from the base of the unit only 
slightly to moderately recrystallized 
(25%) and not dolomitized; chert, light 
gray (N7) to very light gray (N8), weath
ers to a dark yellowish brown (10YR 4/2), 
lensoidal, 3% in the basal 15 ft (4.75 m) 
and becomes nodular, 2% in the upper 20 ft
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Unit
No.

33

32

31

30

(6.10 m), recrystallized fossil allo- 
chems are preserved in the silicifica- 
tion process which appears to have
occurred prior to dolomitization . . 45.0 (13.72) 544.1(165.85)

Poorly washed echinodermal crinoidal 
biopelsparudite grading upwards to a 
coated rounded and abraided bryozoan 
crinoidal echinodermal biopelsparite, 
light olive gray (5Y 6/1) to medium 
light gray (N6), weathers to a light 
gray (N7) to very light gray (N8), 
coarse calcilutite to fine calciru-. 
dite; thin-bedded bedsets; forms a 
cliff; slightly to moderately recrys
tallized (20%) grading upwards to un- 
recrystallized; highly fossiliferous 
unit, basal 7 ft (2.13 m) contains 
crinoids, pelecypods, and rugose cor
als, fossil diversity decreases up
wards to rugose corals in the middle 
part to unidentifiable fossil hash
in the upper part of the unit . . . .  16.7 (5.09 499.1(152.13)

Packed pelletiferous echinodermal 
bryozoan biomicrosparite, medium gray 
(N5), weathers to very light gray (N8); 
coarse calcilutite to fine calcirudite; 
thin-bedded bedsets; forms a cliff; 
moderately recrystallized (45%); 
slightly dolomitized (5%); dissemi
nated unidentifiable fossiliferous
hash present .......................  5.0 (1.52) 482.4(147.04)

Well-sorted fossiliferous pelsparlutite, 
light olive gray (5Y 6/1), weathers to 
light gray (N7); coarse calcilutite to 
very fine calcarenite; thin-bedded bed- 
sets; forms cliff; moderately recrys
tallized (50%) .....................  5.0 (1.52) 477.4(145.52)

Fine-crystalline dolomitized pseudo- 
sparite, after a pelsparlutite(?), 
light brownish gray (5YR 6/1),

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)
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Unit
No.

29

28

27

Unit
Thickness 
ft (m)

weathers same; fine- to coarse- 
crystalline; contorted beds and in
termediate angled, medium-scale 
cross-beds in thin-bedded bedsets; 
dip direction S28°E (only two atti
tudes taken); forms recessive ledge; 
extremely recrystallized (100%);
slightly dolomitized (10%) ........  5.0 (1.52) 472.4(144.00)

Well-sorted fossiliferous palespar- 
lutite, variable colored, light 
brownish gray (SYR 6/1), pale yel
lowish brown (10YR 6/2), and pale 
yellowish orange (10YR 8/6), weathers 
yellowish-gray (5Y 8/1) to light gray 
(N7); coarse calcilutite to fine cal
car enite; faintly laminated, lamina
tions grouped in very thin to thin- 
bedded bedsets; forms recessive ledge;
moderately recrystallized (50%) . . .  10.0 (3.05) 467.4(142.48)

Hashy, packed echinodermal crinoidal 
biosparite, light gray (N7), weathers 
same; medium calcarenite to fine cal- 
cirudite; very thin to thin-bedded 
bedsets; forms recessive ledgy slope;
moderately recrystallized (65%) . . .  5.0 (1.52) 457.4(139.43)

Mosaic to subsucrosic dolomite, pale 
yellowish brown (10YR 6/2) and light 
olive gray (5Y 6/1); fine- to medium- 
crystalline at the base, grading up
wards to a very fine to medium- 
crystalline; very thin to thin-bedded 
bedsets; forms ledgy cliff; extremely 
recrystallized (100%); extremely dolo
mitized (100%); chert, varicolored, 
brownish-gray (5YR 4/1), medium bluish 
gray (5B 5/1), and light bluish gray 
(5B 7/1), weathers varicolored olive- 
gray (5Y 4/1) to light olive gray (5Y 
6/1) and light bluish gray (5B 5/1); 
basal part bedded, becoming bedded 
and lensoidal upwards (40%); conspicu
ous absence of any silicified fossil

Cumulative 
Thickness 
ft_____ (m)
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Unit
No.

allochem ghosts; approximately 350 ft 
(10.67 m) from the base of this unit 
are striated bedding planes indicat
ing potential bedding thrusts, 
striae trend N40°E .................

26 Dolomitized, densely packed, hashy 
poorly sorted echinodermal crinoidal 
biosparite, medium light gray (N6) to 
light brownish gray (5Y 6/1), weath
ers to light gray (N7), very fine to 
fine-crystalline; very thick bedded 
bedsets; forms cliff; moderately re
crystallized (40%); moderately dolo
mitized (40%)..................... .

25 Moderately well sorted fossiliferous 
pelsparite, medium gray (N5), weathers 
to medium light gray (N6); coarse 
calcilutite to coarse calcarenite; 
thick-bedded bedsets; forms cliff; 
unrecrystallized; disseminated cri
noidal fragments and sporadic rugose 
corals .............................  10.0 (3.05) 392.4(119.62)

24 Packed crinoidal bryozoan echinodermal 
biomicrosparite-biomicrosarpudite grad
ing upwards to a poorly washed bryozoan 
crinoidal echinodermal biosparite to a 
poorly sorted bryozoan echinodermal 
crinoidal biosparite-biosparudite, 
medium light gray (N6) to light, brown
ish gray (5YR 6/1) grading upwards to 
light gray (N7), weathers to a medium 
light gray (N6) to brownish-gray (SYR 
4/1) grading upwards to light gray (N7); 
very fine to fine calcirudite except 
in the upper 10 ft (3.05 m) of the unit, 
the upper portion is a very fine cal
car enite to medium calcirudite; very 
thick or massive-bedded bedsets; forms 
prominent cliff; variable degree of 
recrystallization, slightly to moder
ately recrystallized to unrecrystallized

Unit
Thickness 
ft (m)

Cumulative
Thickness
ft (m)

50.0 (15.24) 452.4(137.91)

10.0 (3.05) 402.4(122.67)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

at top of unit; becomes slightly vuggy 
(5-10%) 55 ft (16.76 m) above base; 
chert (1%), white (N9) to grayish-pink 
(5R 8/2), weathers very light gray 
(N8), nodular ....................... 65.0 (19.81) 382.4(116.57)

23 Coated, rounded and abraided echino- 
dermal biopelsparite, light brownish 
gray (SYR 6/1), weathers to a light 
olive gray (5Y 6/1); coarse calcilu- 
tite to fine calcirudite, thick- to 
very thick bedded bedsets; forms :
cliff; unrecrystallized ............. 14.5 (4.42) 317.4 (96.76)

- 22 Moderately well sorted pelletiferous 
intraclastic oosparite, pinkish-gray 
(SYR 8/1), weathers to very light 
gray (N8), coarse calcilutite to 
coarse calcarenite; thick- to very 
thick bedded bedsets; forms cliff; 
unrecrystallized; has solution
caverns up to 1 ft (.31 m) . . . . .  10.0 (3.05) 302.9 (92.34)

21 Mosaic dolomite, varicolored, medium 
gray (N5), medium dark gray (N4), 
white (N9) to moderate orange pink 
(10R 7/4), weathers to a medium 
light gray (N6) to light gray (N7), 
fine- to medium-crystalline; very 
thin bedded bedsets alternating 
with thick-bedded bedsets; forms re
cessive ledge; extremely recrystal
lized (100%); extremely dolomitized 
(97-100%); minor amounts (0-3%) medium 
crystalline calcite disseminated; 
chert (1%), light gray (N7) to 
white (N9), weathers same; lensoidal,
occurs at very top of u n i t ........  14.0 (4.27) 292.9 (89.28)

20 Coated, rounded, and abraided echino- 
dermal intraclastic biopelsparite, 
light brownish gray (SYR 6/1), weath
ers to very light gray (N8), coarse 
calcilutite to fine calcirudite; 
thin-bedded bedsets; forms cliff; 
unrecrystallized; foraminifera 
present 13.3 (4.05) 278.9 (85.01)
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Unit
No.

19 Slightly vuggy (5%) packed fossilif- 
erous pelmicrosparite, light brownish 
gray (SYR 6/1) to very light gray 
(N8), coarse calcilutite to fine 
calcarenite; thin-bedded bedsets; 
forms cliff; slightly recrystallized 
(15%)............................. .. 10.0 (3.05)

18 Well-sorted fossiliferous pelsparite, 
medium gray (N5), weathers same, me
dium calcilutite to coarse calcaren
ite; one thin-bedded bedset; recessive 
cliff; unrecrystallized............

17 Poorly sorted fossiliferous pelletifer 
ous intrasparudite, light gray (N7) to 
grayish-orange (10YR7/4); weathers to 
very light gray (N8); coarse calcilu
tite to medium calcirudite; very thin 
to thin-bedded bedsets; forms cliff; 
unrecrystallized; foraminifera present

16 Very slightly vuggy (3-5%) mosaic to 
subsucrosic dolomite, medium gray (N5) 
to medium dark gray (N4); weathers to 
medium gray (N5) to olive gray (5Y 
4/1); very fine to medium-crystalline 
with partially solutioned vuggy areas, 
fine- to coarse-crystalline; thin- 
bedded bedsets; forms recessive slope; 
extremely recrystallized (99%), pos
sibly one moldic vug after a fossil 
allochem; extremely dolomitized (100%) 10.0 (3.05)

15 Alternating sequence of fossiliferous 
mottled pelmicrosparite, poorly sorted 
fossiliferous intraclastic pelsparite, 
and poorly sorted algal pelletiferous 
intrasparudite, light brownish gray 
(SYR 6/1) to brownish-gray (SYR 4/1), 
weathers to varicolored very light 
gray (N8), light gray (N7), medium 
light gray (N6) to pale yellowish 
brown (10YR 6/2); medium calcilutite 
to fine calcirudite; thin- to thick- 
bedded bedsets; forms cliff; slightly 
to moderately recrystallized in the

0.6 (.18)

13.3 (4.05)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

265.6 (80.96)

255.6 (77.91)

255.0 (77.73)

241.7 (73.68)
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Unit Cumulative

Unit Thickness Thickness
No. ft (m) ft (m)

lower portion of unit, unrecrystallized 
in upper part; basal 5 ft (1.52 m) very 
slightly (5%) very fine to fine-
crystalline dolomltized ............  52.0 (15.85) 231.7 (70.63)

14 Poorly washed fossiliferous pelletif- 
erous intrasparite, pale red (10R 6/2) 
weathers to pinkish-gray (SYR 8/1); 
very fine calcarenite to fine calciru- 
dite; very thin to thin-bedded bed- 
sets; forms recessive ledge; slightly
to moderately recrystallized (20%) 6.3 (1.92) 179.7 (54.78)

13 Poorly washed fossiliferous pelsparite 
grading upwards to poorly sorted fos
siliferous intrasparudite, medium dark 
gray (N4) to medium gray (N5), weath
ers to medium light gray (N6) to me
dium gray (N5); coarse calcilutite to 
fine calcirudite; thin-bedded bedsets; 
forms recessive slope; moderately re
crystallized (60%) grading upwards 
to unrecrystallized; rugose corals
present .............................  12.0 (3.66) 173.4 (52.86)

12 Coated, rounded, and abraided ostra- 
codal intraclastic pelletiferous fora- 
minifera biosparite grading upwards 
to well-sorted fossiliferous pelspar
ite; very pale orange (10YR 8/2) to 
pinkish-gray (SYR 8/1), weathers to 
light gray (N7) to very light gray 
(N8); medium calcilutite to fine 
calcirudite; thick-bedded bedsets; 
forms cliff; basal 5 ft (1.52 m) are 
unrecrystallized grading upwards to 
moderately to extremely recrystal
lized (60-70%); foraminifera present 
in basal 5 ft (1.52 m) and upper 6.3
ft (1.92 m) .........................  16.3 (4.97) 161.4 (49.20)

11 Pseudosparite, medium light gray (N6), 
pinkish-gray (5YR 8/1) to pale red 
(10R 6/2), weathers to pale red (5R 
6/2); fine- to medium-crystalline; 
irregular thin-bedded bedsets; forms 
recessive cliff 3.4 (1.04) 145.1 (44.23
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

10 Alternating well-sorted to poorly
washed fossiliferous pelsparite, light 
brownish gray (5YR 6/1) to medium gray 
(N5), weathers to medium light gray 
(N6) to light gray (N7); medium calcilu- 
tite to fine calcirudite; very thin to 
thin-bedded bedsets; forms cliff; un- 
recrystallized to slightly recrystal
lized (10%); trace (1-5%) disseminated 
elastics, medium-grained silt to very 
fine grained sand; upper 13.3 ft 
(4.05 m) has chert (2%), light gray 
(N7) to white (N9), weathers bluish
white (5B 9/1), nodular and lensoid 25.3 (7.71) 141.7 (43.19)

9 Poorly sorted intraclastic brachiopod 
foraminifera pelsparite and intraclastic 
pelletiferous foraminifera biosparite 
grading upwards to fossiliferous 
pelsparite-pelmicrosparite, medium gray 
(N5) to medium light gray (N6), weath
ers to light gray (N7) to medium light 
gray (N6), medium calcilutite to medi
um calcirudite grading upwards to 
coarse calcilutite to coarse calcaren- 
ite; very thin to thin-bedded bedsets; 
forms cliff; unrecrystallized to mod
erately recrystallized in silicified 
zones; chert (5%), white (N9) to medi
um gray (N5), weathers bluish-white 
(5B 9/1), lensoidal; foraminifera

8 Mosaic to subsucrosic dolomite, medium 
gray (N5), weathers to medium gray (N5), 
medium light gray (N6) to light gray 
(N7); fine- to medium-crystalline 
grading upwards to fine- to coarse- 
crystalline; thin-bedded bedsets; 
forms recessive slope; extremely re
crystallized (99%); extremely dolo- 
mitized (99-100%); a few dolomitized 
or partially solutioned crinoidal
ghosts ..............................  19.7 (6.01) 96.4 (29.38)

present 20.0 (6.10 116.4 (35.48)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

7 Subsucrosic to mosaic dolomite, pinkish- 
gray (SYR 8/1), pale reddish brown (10R 
5/4) to grayish orange pink (SYR 7/2) 
and light gray (N7), weathers to medium 
light gray (N6), light gray (N7) and 
pinkish-gray (SYR 8/1); lower 10 ft 
(3.05 m) fine- to medium-crystalline; 
irregular, very thin to thin-bedded 
bedsets; forms cliff; extremely recrys
tallized (98-100%); extremely dolomit- 
ized (100%); basal 5 ft (1.52 m) has 
a few questionable dolomitized allochem
g h o s t s .......... ..................  31.7 (9.66) 76.7 (23.37)

6 Mosaic dolomite, light brownish gray 
(SYR 6/1), weathers to medium light 
gray (N6); fine- to medium-crystalline; 
thin-bedded bedsets; forms ledgy slope; 
extremely recrystallized (98%); ex
tremely dolomitized (100%); a few cri- 
noidal echinodermal moldic ghosts of 
fine- to coarse-crystalline dolomite

5 Covered .............................

5.7 (1.74) 45.0 (13.71)

5.0 (1.52) 39.3 (11.97)

4 Mosaic to subsucrosic dolomite, pale 
red (5R 6/2), weathers to light brown 
(5YR 6/4) to pale reddish brown (10R 
5/4); very thin to thin-bedded bed- 
sets; forms ledgy slope; extremely 
recrystallized (98%); extremely dolo
mitized (100%); traces of allochem 
ghosts replaced by very fine to fine-
crystalline d o l o m i t e ............... 10.0 (3.05) 34.3 (10.45) 3

3 Subsucrosic dolomite, grayish red 
purple (5RP 4/2) to light brownish 
gray (SYR 6/1), weathers to a light 
brownish gray (SYR 6/1); fine- to 
medium-crystalline; thin-bedded bed- 
sets; forms ledgy slope; extremely 
recrystallized (95%); extremely dolo
mitized (99%); a few crinoidal allo
chem ghosts replaced by coarse-
crystalline dolomite ............... 11.1 (3.38) 14.3 (7.40)
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Unit

Unit Thickness
No. ft (m)

2 Mosaic to subsucrosic dolomite, pale 
red (5R 6/2), weathers to grayish 
orange pink (5YR 7/2) to light brown 
(5YR 6/4); very fine to fine-crystal
line; very thin to thin-bedded bed- 
sets; irregular bedding surfaces; 
forms ledgy slope; extremely recrys
tallized (99%); extremely dolomitized 
(90%); a few allochem ghosts filled 
with fine- to coarse-crystalline
dolomite . .......................... 5.0 (1.52)

1 Medium- to coarse-grained silty dolo
mite, light olive gray (5Y 6/1) to 
grayish red (10R 4/2), weathers to a 
moderate yellowish brown (10YR 5/4) 
to fine- to medium-crystalline; 
thin-bedded bedsets; forms ledgy 
slope; extremely recrystallized
(100%); extremely dolomitized (100%) 8.2 (2.50)

Total of Escabrosa Limestone

Unconformity (ersonional disconformity)

Devonian:

Martin Formation (incomplete):

1 Siltstone, pale yellowish orange (10YR 
8/6) to pale yellowish brown (10YR 
6/2), weathers to grayish orange pink 
(5YR 7/2); medium- to coarse-grained; 
very thin bedded bedsets; well- 
sorted; sub-elongate to sub-equant 
angular grains, grains have straight 
and point contacts; grains have straight 
and undulose extinction; appears to be 
sublithlutite compositionally; moder
ately well cemented, very fine to fine- 
crystalline dolomite; very thin bedded 
bedsets; forms ledgy slope ........  5.0 (1.52)

Total of Incomplete Martin Formation

Base of section.

Cumulative 
Thickness 
ft (m)

13.2 (4.02)

8.2 (2.50)

594.1(181.09)

5.0 (1.52)

5.0 (1.52)
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Mt. Elden, Flagstaff Section

The Mt. Elden section is located on the eastern flank of Elden Mountain 
approximately $5 mile east-northeast of Sunset Park. At this location, 
Mississippian strata occur as an upturned eastward-tilted block striking 
N5°E and dipping approximately 33-37°SE. Outcrop exposures are rather 
poor (10-50% exposure) in the basal 40 ft (12.19 m) of the section mea
sured. Better outcrop exposures (40-100% exposure) occur in the upper 
portions of the section. Most intervals of poor exposure have pale 
reddish brown (10R 5/4) float superimposed on the Mississippian strata. 
Specifically, this section is located in the E$s, St%, Sec. 25, T. 22 N., 
R. 7 E.in the 7.5' series. Sunset Crater West Quadrangle, Coconino 
County, Arizona. McKee and Gutschick (1969, p. 668-669) measured this 
section or a similar section at this location.

Top of sectipn; not top of exposure.

Pennsylvanian:

Supai Formation (unmeasured):

Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

1 Silty sandstone, moderate reddish
orange (10R 6/6), weathers to a moder
ate reddish brown (10R 4/6); medium
grained siltstone to a very fine grained 
sandstone; well-sorted; subangular to 
subrounded grains, principally quartz; 
straight extinction; moderately to 
weakly cemented, silica overgrowths 
on quartz grains, hematite matrix; 
very thin to thin-bedded bedsets; forms 
a recessive hillslope.

Interpreted fault contact; spring occurs at faulted interface of 
Mississippian and Pennsylvanian strata.

Mississippian:

Redwall Limestone:

8 Densely packed bryozoan crinoidal bio- 
microsparudite grading upwards to a
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Unit
No.

Unit
Thickness
ft (m)

densely packed, hashy crinoidal ech- 
inodermal biomicrosparudite, locally 
spiculiferous, yellowish gray (5Y 
8/1) to very pale orange (10YR 8/2) 
grading upwards to a grayish-pink 
(5R 8/2), weathers to a light gray 
(N7) grading upwards to a medium 
light gray (N6), most intervals 
stained pale reddish brown (10R 5/4); 
coarse calcarenite to fine calciru- 
dite at the base of the unit grading 
upwards to a very fine calcarenite to 
fine calcirudite, locally fine cal
carenite to medium calcirudite; thin- 
bedded bedsets; forms a well-exposed 
ledgy cliff-like dipslope; slightly 
recrystallized (10%) in the basal 5 
ft (1.52 m) of unit grading upwards 
to moderately to extremely recrystal
lized (40-70%); silicifed locally, 
microcrystalline quartz replacement 
of rod-like sponge spicules in an in
terval 10-15 ft (3.05-4.75 m) from the 
base of the u n i t .......... .. 20.0 (6 .10)

Packed pelletiferous crinoidal bryozoan 
biomicrosparite in the basal 5 ft (1.52 
m) grading upwards to a spiculiferous 
echinodermal bryozoan.crinoidal biomicro
sparite in the next 25 ft (7.62 m), be
coming a packed bryozoan crinoidal 
echinodermal biomicrosparite- 
biomicrosparudite, upper 8 ft (2.44 m) 
is loosely packed pelletiferous bryozoan 
crinoidal biomicrosparite, light olive 
gray (5Y 6/1), yellowish-gray (5Y 8/1) 
to pinkish-gray (5YR 8/1), weathers to a 
light gray (N7) to very light gray (N8) 
with moderate reddish brown (10R 4/6), 
pale reddish brown (10R 5/4) to pale red 
(5R 6/2) stains; medium calcilutite to 
fine calcirudite in the basal 15 ft 
(4.75 m) grading upwards to fine calcar
enite to fine calcirudite and in the 18 
ft (5.49 m) very fine calcarenite to 
fine calcirudite and coarse calcilutite

Cumulative 
Thickness 
ft (m)

190.0 (57.92)
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Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft (m)

to fine calcirudite; very thin bedded
bedsets; forms a ledgy dipslope; locally 
a rubbly dipslope and cliffy dipslope; 
covered interval 45-50 ft (13.72-15.24 
m) from the base of the unit; 35 ft 
(10.67 m) moderately to extremely re
crystallized (50-98%) grading upwards 
to slightly to moderately recrystallized 
(30-50%); increased recrystallization, 
locally a pseudosparite in silicified 
intervals, a slightly to moderately dolo- 
mitized interval (30%) 40-45 ft (12.19- 
13.72 m) from the base of the unit; 
chert, very light gray (N8), light gray 
(N7), and pinkish-gray (5YR 8/1), pale 
yellowish orange (10YR 8/6) and white 
(N9), weathers to a very light gray (N8) 
to light gray (N7), and white (N9); 
lensoidal, 2-5% in the basal 40 ft 
(12.19 m) decreasing to sporadically oc
curring nodular and lensoidal, 0-3%; cri- 
noidal fragments present in most intervals 
with bryozoan fragments 30 ft (9.14 m)
from the base of the u n i t ..........  73.0 (22.25) 170.0 (51.82)

6 Packed pelletiferous echinodermal cri- 
noidal biosparite yellowish-gray (5Y 
7/2), weathers to a light gray (N7) with 
moderate reddish orange (10R 6/6) 
stains; coarse calcilutite to fine cal- 
cirudite; thin-bedded bedsets; poorly 
exposed rubbly dipslope; moderately
to extremely recrystallized (70%) . . 5.0 (1.52) 97.0 (29.57) 5

5 Packed echinodermal crinoidal bryozoan 
biomicrosparite, pinkish-gray (SYR 8/1), 
weathers to medium light gray (N6) to 
light gray (N7) with gray red (5R 4/2) 
to moderate reddish brown (10R 4/6) 
stains, medium calcarenite to fine cal- 
cirudite; thin-bedded bedsets; well ex
posed ledgy dipslope; slightly to 
moderately recrystallized (25%);
abundant crinoidal fragments . . . .  10.0 (3.05) 92.0 (28.05)
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Unit
No.

4 Densely packed bryozoan echinodermal 
crinoidal biopelmicrosparite, yellowish 
gray (5Y 7/2), weathers to a light gray 
(N7) with moderate reddish brown (10R 
4/6) stains; coarse calcilutite to fine 
calcirudite; very thin to thin-bedded 
bedsets; well-exposed ledgy dipslope; 
basal 5 ft (1.52 m) slightly recrystal
lized (15%), becoming extremely recrys
tallized (85%), locally almost a 
pseudosparite; moderately abundant cri
noidal fragments, brachiopods (composita 
and spirifer types) and rugose corals 
present; outcrop badly jointed, joints 
strike N54°W and dip 66° S W ........  10.0 (3.05)

3 Coated, rounded, and abraided pelletif- 
erous crinoidal echinodermal intraspar- 
udite to echinodermal crinoidal 
intraclastic biopelsparite, pinkigh-gray 
(5YR 8/1) to very pale orange (10YR 8/2), 
weathers medium gray (N5) to very light 
gray (N8); very thin to thin-bedded 
bedsets; well-exposed•ledgy dipslope; 
unrecrystallized; crinoidal fragments 
present, foraminifera present . . . .  10.0 (3.05) 2

2 Pseudosparite, fine- to medium-
crystalline after a pelletiferous intra- 
sparite(?) in the basal 5 ft (1.52 m) 
grading upwards to a hashy poorly sorted 
pelletiferous echinodermal crinoidal in- 
trasparudite, coated poorly washed fora
minifera intraclastic biopelsparite and 
coated moderately well sorted foraminif- 
eral pelletiferous intrasparite, yellowish 
gray (5Y 7/2), weathers medium gray (N5) 
to medium light gray (N6) with moderate 
reddish orange (10R 6/6) to moderate red
dish brown (10R 4/6) stains; fining up
wards from a fine calcarenite to fine 
calcirudite; very thin to thin-bedded 
bedsets; basal 3 ft (.91 m) poorly ex
posed, remainder well-exposed ledgy dip- 
slope; basal 5 ft (1.52 m) extremely

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

82.0 (25.00)

72.0 (21.95)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

recrystallized (95%), recrystallization 
decreasing rapidly upwards to unrecrys- 
tallized to slightly recrystallized (10%)
(10%); crinoidal fragment present in the 
upper 5 ft (1.52 m) of the unit; forami- 
nifera present in the upper 10 ft (3.05
m) of the u n i t .....................  20.0 (6.10) 62.0 (18.90)

1 Vuggy subsuerosic and mosaic grading up 
wards to a mosaic dolomite, light brown
ish gray (SYR 6/1), rarely medium light 
gray (N6), weathers to light brownish 
gray (5YR 6/1), pinkish-gray (SYR 8/1) 
to light gray (N7) with pale red (5R 
6/2) and moderate red (5R 5/4) staining 
and silty infilling in solutioned zones; 
fine- to medium-crystalline; upper 6 ft 
(1.83 m) fine- to coarse-crystalline; 
ledgy to cliffy dipslope in drainage 
areas and forms a float-covered ledgy 
dipslope in non-channeled areas; ex
tremely recrystallized (100%); extreme
ly dolomitized (100%); upper 6 ft (1.83 
m) dedolomitized patches and bird's eye 
blobs filled with medium- to coarse- 
crystalline calcite; vuggy, vugs (5-15%) 
isolated and interconnected vugs, solu
tion enhanced, or filled with medium- to 
coarse-crystalline calcite; some vugs 
have megaquartz fillings; in some cases 
solution enhanced vugs may have been
bird's eye structures ............... 42.0 (12.80) 42.0 (12.80)

Total of Redwall Limestone 190.0 (57.92)

Unconformity (erosional disconformity?)

Devonian:

Martin Formation(incomplete):

2 Covered 8.0 (2.44) 13.0 (3.96)
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Unit
No.

1

Unit
Thickness
ft (a)

Alternating laminae of slightly (5%) 
silty to sandy subsucrosic dolomite 
and subsucrosic dolomite, brownish-gray 
(SYR 4/1), weathers to a mottled yel
lowish gray (5Y 7/2) and pale red pur
ple (5RP 6/2); dolomite with minor 
clastic grains; very fine to fine- 
crystalline with coarse-grained, 
silty to very fine grained sandy, well- 
sorted, subangular to subround straight 
to mildly undulose disseminated float
ing quartz grains; non-clastic dolo
mite, fine- to medium-crystalline; 
laminated, laminae grouped in very thin 
bedded bedsets; forms a poorly exposed 
ridge top dipslope; extremely recrys
tallized (100%); extremely dolomitized 
(100%); bird's eye structure, solution 
enhanced and rimmed by fine- to
medium-crystalline dolomite ........  5.0 (1.52)

Total of Incomplete Martin Formation

Cumulative 
Thickness 
ft_____ (m)

5.0 (1.52)

13.0 (3.96)

Base of section; not base of exposure.
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Clifton Section

The Modoc Limestone was measured in an easterly-facing cliff-like expo
sure which parallels and is to the west of the slightly meandering, gen
erally north- to south-trending, reach of the San Francisco River Valley 
north of Clifton. The section was measured along the sides of a tribu
tary canyon re-entrant draining east-southeast to the San Francisco 
River Valley in the NE$2t, NE*s, NW%, Sec. 24, T. 4 S., R. 29 E., as found 
on the 151 series Clifton Quadrangle, Greenlee County, Arizona. The 15* 
series Clifton Quadrangle was mapped by Lindgren (1905b). Modoc Lime
stone strata at this location strike approximately N35°W and dip 24°SW.

Top of section; not top of exposure.

Tertiary:

Basalt

Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

Covered..................... .. 20.0 (6.10)

Unconformity

Mississippian:

Modoc Limestone:

6 Hashy, coated, rounded and abraided ech- 
inodermal crinoidal bryozoan biosparite 
in the basal 10 ft (3.05 m) grading up
wards to a coated, abraided intraclastic 
echinodermal crinoidal biosparite becom
ing coated, abraided echinodermal cri
noidal bryozoan intrasparite in the 
upper 20 ft (6.10 m) of the unit, light 
gray (N7) to light olive gray (5Y 6/1), 
weathers light gray (N7) to rarely very 
light gray (N8); fine calcarenite to 
fine calcirudite; uniform thin-bedded 
bedsets; forms a cliffy slope to cliff; 
unrecrystallized; foraminifera present 
in the interval between 30 ft (9.14 m)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

and 55 ft (16.76 m) from the base of 
the unit; fragmented crinoidal-like 
hash is disseminated throughout the

5 Subsucrosic dolomite grading upwards 
to a mosaic dolomite capped by a 7 ft 
(2.13 m) dedolomitized (pseudosparite) 
interval, pinkish-gray (5YR 8/1), pale 
yellowish brown (10YR 6/2) to light 
brownish gray (SYR 6/1), weathers to 
a light olive gray (5Y 6/1) to yellow
ish gray (5Y 8/1); alternating fine- 
to coarse-crystalline and fine- to 
medium-crystalline grading upwards to 
fine- to medium-crystalline; upper 70 
ft (2.13 m) fine-crystalline; dolomit- 
ized fine- to coarse-crystalline pseudo
sparite (dedolomitized interval); 
thin-bedded bedsets; forms a cliff; 
extremely recrystallized (95-100%); ex
tremely dolomitized (92-100%) with upper 
7 ft (2.13 m) moderately to extremely 
dedolomitized (70%); alternating vuggy 
and non-vuggy intervals; 15-25% vugs, 
vugs are solution enhanced and cement- 
filled with megaquartz and/or medium- 
to coarse-crystalline calcite, some 
vugs appear to be moldic solutioned 
crinoid ghosts; crinoids are present 
in the basal 10 ft (3.05 m) from the 
base; syringopora corals are present 
15 ft (4.57 m) from the base of the

Undulating surface of erosion

4 Sandstone, pale yellowish brown (10YR 
6/2) to pale reddish brown (10R 5/4), 
weathers to a grayish orange pink 
(5YR 7/2) to very pale orange (10YR 
8/2); very fine to medium-grained; 
principally fine-grained sandstone 
fining upwards to principally a 
very fine grained sandstone; fair

unit 70.0 (21.34) 145.5 (44.35)

unit 37.0 (11.28) 75.5 (23.01)



Unit
No.

v

Unit
Thickness
ft (m)

sorted; sub-rounded rectangular oblate 
and elongate shaped quartz grains; 
mildly undulose extinct quartz grains 
with checkerboard fracturing, princip
ally (95%) quartz grains; quartz are- 
nite composition; fine- to medium- 
crystalline calcite cemented grains 
in long grain to grain contacts, 
rarely point and floating grain con
tacts; indistinct but finely laminat
ed; grouped in irregular thin-bedded 
bedsets; interval grades to an undu
lating .5-2 ft (.15-.61 m) soil or 
weathered interval; forms a cliff . . 5.0 (1.52)

Silty sandstone, dark yellowish brown 
(10YR 4/2) and pale yellowish brown 
(10YR 6/2), weathers to a grayish 
orange (10YR 7/4), pale yellowish 
brown (10YR 6/2), and dark yellowish 
brown (10YR 4/2); very fine grained 
silty to medium-grained sandstone, 
fair-sorted; grading upwards to a 
coarse siltstone to coarse sandstone; 
fair-sorted; a coarse-grained silt- 
stone to medium-grained cross-bedded 
sandstone; (fair- to well-sorted) be
coming very fine to medium-grained 
sandstone in the upper 8 ft (2.44 m) 
of the unit; fair- to well-sorted; " 
subangular to subrounded rectangular, 
elongate and oblate shaped quartz 
grains; quartz grains have straight 
extinction; greater than 95% of grains 
are quartz; quartz lutite to quartz 
arenite composition; very fine to 
fine-crystalline calcite cement; basal 
5 ft (1.52 m) consists of horizontally 
thin-bedded bedsets; medium-scale, low- 
angle, wedge-planar cross-beds in thin- 
bedded bedsets grading upwards to 
low-angle, medium-scale trough cross
beds; cross-bedded sequence fines up
wards; upper 8 ft (2.44 m) of the unit

405
Cumulative
Thickness
ft_____ (m)

38.5 (11.73)
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Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft (m)

is horizontally bedded in very thin 
bedded bedsets; forms a cliff . . . . 23.0 (7.01) 33.5 (10.21)

Section traverse continued on the south side of canyon wall using 
unit 2 as a marker bed.

2 Dolomite, light olive gray (5Y 6/1), 
weathers same; fine- to medium- 
crystalline, one thin- to thick- 
bedded bedset; forms a ledge; extremely 
recrystallized (100%); extremely do-
lomitized (100%) ...................  2.0 (.61) 10.5 (3.20)

1 Vuggy pseudosparite with upper 3.5 ft 
(1.07 m) fine- to medium-crystalline 
dolomite, grayish-red (10R 4/2) to dark 
yellowish brown (10YR 4/2), weathers to 
a grayish-orange (10YR 7/4) to grayish 
orange pink (5YR 7/2); fine- to medium- 
crystalline; thin-bedded bedsets; forms 
a cliff; extremely recrystallized 
(100%); extremely dolomitized in the 
upper 3.5 ft (1.07 m) (100%); vuggy 
(10%) solution enhanced; megaquartz 
patches or blobs (20%); where measured
unit is cut by basalt d i k e s ........  8.5 (2.59) 8.5 (2.59)

Total of Modoc Limestone 145.5 (44.35)

Unconformity (erosional disconformity, undulating surface with 
4 ft (1.22 m) relief)

Devonian:

Morenci Shale (incomplete);

3 Shaly pseudosparite, pale reddish 
brown (10R 5/4) and grayish-orange 
(10YR 7/4), weathers to a moderate 
yellowish brown (10YR 5/4) fine- to 
medium-crystalline; laminae grouped 
into very thin to thin-bedded bedsets; 
forms a talus-covered cliffy slope; 
extremely recrystallized (100%);



407

Unit
No.

bird's eye-like structures or moldic 
vugs (10%); limonite microclastic 
matrix ...........................

Unit
Thickness 
ft (m)

4.8 (1.46)

2 Covered 5.0 (1.52)

1 Shaly dolomite, pale reddish brown 
(10R 5/4), weathers same; fine- to 
medium-crystalline; very thin to thin- 
bedded bedsets; forms a talus-covered 
cliffy slope; extremely recrystallized 
(100%); extremely dolomitized (100%); 
limonitic-hematitic microclastic
m a t r i x .......... ..................  5.0 (1.52)

Total of Incomplete Morenci Shale

Base of section; not base of exposure.

Cumulative 
Thickness 
ft (m)

14.8 (4.50)

10.0 (3.05)

5.0 (1.52)

14.8 (4.50)
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Patagonia Mountain Composite Section

Mississippian strata crop out in ledgy hillslope exposures on the south 
flank of American Peak in the Patagonia Mountains area. The specific 
location of section measurement in the unsurveyed area of the Coronado 
National Forest is 110°42'49"W longitude and 31°26,8,,N latitude, 7%' 
series Harshaw Quadrangle, Santa Cruz County, Arizona. Mississippian 
strata strike N75-80°E and dip 47-48°SE. To avoid poor exposures, the 
section was measured in two legs. Baker (1962) and Simons (1974) have 
mapped the general location where the section was measured. They mea
sured 446 ft (135.94 m) and 465 ft (141.73 m) of Mississippian strata 
to be present, respectively. The section is accessible by taking the 
Harshaw Road generally south from Patagonia, turning right, or west, at 
Harshaw, and travelling west, southwest, and south on a road paralleling 
Harshaw Creek until reaching the south flank of American Peak, at the 
point where a road turns to the southwest to the Endless Chain Mine.
The Mississippian section can be reached by hiking approximately 0.5 mi 
(0.8 km) from the Endless Chain Mine road intersection.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

Unit
No.

3 Sparse intraclastic echinodermal cri- 
noidal biomicrosparite, light gray (N7) 
to pinkish-gray (SYR 8/1), weathers 
very light gray (N8) to pinkish-gray 
(SYR 8/1); fine calcarenite to fine 
calcirudite; thin-bedded bedsets; 
forms a ledgy slope; slightly to mod
erately recrystallized (25%); small
brachiopods present ................. 8.0+ (2.44+) 50.0 (15.24)

2 Shale intercalated with silty to sandy 
pseudosparite, shale grayish-red (5R 
4/2), weathers same with pseudosparite 
light brownish gray (SYR 6/1), weathers 
same; very fine to coarse-crystalline; 
pseudosparite with lenses of medium
grained silt to very fine grained sand; 
shaly laminations with very thin bedded

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft (m)

carbonate lenses; forms a ledgy rubbly 
slope; extremely recrystallized 
(99%) ............................... 7.0 (2.13) 42.0 (12.80)

1 Covered interval (assumed to be shale, 
grayish-red (5R 4/2)) ............... 35.0 (10.67) 35.0 (10.67)

Total Incomplete Black Prince Formation 50.0 (15.24)

Unconformity (erosional disconformity, undulating surface)

Mississippian:

Escabrosa Limestone:

25 Dolomitized(?) bryozoan echinodermal 
crinoidal biosparite, medium light gray 
(N6) to grayish orange pink (5YR 7/2), 
weathers to a laminated lensoidal gray
ish orange pink (SYR 7/2) and light 
gray (N7); laminated, laminae grouped 
into thin-bedded bedsets; forms a 
ledgy slope; extremely recrystallized 
(90%); moderately to extremely dolo- 
mitized (60%); crinoidal hash in se-

24 Poorly to moderately well sorted bryo
zoan echinodermal crinoidal biosparite, 
medium gray (N5), weathers very pale 
orange (10YR 8/2) with medium gray (N5) 
fossil content etched to relief; lami
nated, laminae grouped into very thin to 
to thin-bedded bedsets; forms a ledgy 
slope; slightly to moderately recrys
tallized (20%); crinoid fragments and
scattered rugose corals present . . .  2.0 (0.61) 390.0(118.85)

Apparent weathering surface

23 Mosaic dolomite, pale-red (5R 6/2), 
weathers to a varicolored yellowish 
gray (5Y 7/2), grayish orange pink 
(5YR 7/2) and white (N9); very fine

lect horizons 4.5 (1.37) 394.5(120.22)
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Unit
No.

to medium-crystalline; laminae and 
thin-bedded bedsets grouped into thin- 
bedded bedsets; forms a ledgy slope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); crinoidal 
fragments increase in abundance up
wards, in thin section appear as do
lomitized bioclastic ghosts after 
crinoids(?) .........................

Apparent weathering surface '

22 Packed crinoidal bryozoan biomicrospar- 
ite, medium gray (N5), weathers to a 
medium light gray (N6); medium calcar- 
enite to fine calcirudite; thin-bedded 
bedsets; forms a ledgy slope; slightly 
recrystallized (15%); in thin section 
a few allochems, usually crinoids, are 
partially silicified with microcrystal
line quartz; scattered crinoidal frag
ments and small rugose corals are 
present .......... ..................  7.0 (2.13) 380.5(115.95)

Apparent weathering surface

21 Poorly sorted intraclastic bryozoan 
biopelsparudite grading upwards to a 
poorly washed biopelsparite, medium 
gray (N5), weathers same; coarse cal- 
cilutite to medium calcirudite coarsen
ing upwards to very fine calcarenite 
to medium calcirudite; very thin to 
thin-bedded bedsets; forms a ledgy 
slope; unrecrystallized grading upwards 
to slightly recrystallized (15%); a 
few scattered crinoidal fragments 
present, foraminifera present in the
upper 5 ft (1.52 m) of the unit . . .  10.0 (3.05) 373.5(113.82)

20 Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2) to light brown (SYR 
5/6), weathers to a pinkish-gray (5YR 
8/1) to a grayish orange pink (SYR 7/2); 
fine- to medium-crystalline; thin- 
bedded bedsets; forms a ledgy slope;

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

7.5 (2.29) 388.0(118.24)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

extremely recrystallized (100%); ex
tremely dolomitized (100%); widely
scattered lithostrotionella corals . 4.0 (1.22) 363.5(110.77)

19 Packed pelletiferous bryozoan cri- 
noidal biomicrosparudite, medium gray 
(N5) with patchy areas of grayish 
orange pink (SYR 7/2), weathers to a 
yellowish gray (5Y 8/1) to light gray 
(N7), crinoids and rugose corals 
etched to relief, moderate orange 
pink (SYR 8/4); coarse calcilutite to 
fine calcirudite; thin-bedded bedsets; 
forms a ledgy slope; moderately re
crystallized (40%); abundant crinoidal 
fragments present, moderate to scarce 
rugose corals scattered throughout

18 Subsucrosic to sucrosic dolomitized 
pseudosparite,' pinkish-gray (SYR 8/1) 
to light gray (N7), weathers same; 
fine- to medium-crystalline dolomite 
disseminated in a fine- to medium- 
crystalline pseudosparite; thin-bedded 
bedsets; forms a ledgy slope; moder
ately to extremely recrystallized 
(75-98%); moderately to extremely do
lomitized (70%); chert (1%) olive gray 
(5Y 4/1) to grayish orange pink (SYR 
7/2), weathers to a grayish-orange 
(10YR 7/4), nodular; microcrystalline 
quartz (80%) and megaquartz (20%) re
placement of fossil allochems with mod
erate to extreme recrystallization (75%) 
make identification of this unit some
what questionable; enriched horizons
of crinoid fragments are present . . 9.0 (2.74) 357.5(108.94)

17 Packed bryozoan echinodermal biomicro- 
sparite(?), medium gray (NS), weathers 
medium light gray (N6); medium calcar- 
enite to fine calcirudite; very thin 
to thin-bedded bedsets; forms a ledgy 
slope; extremely recrystallized (90%);

the unit 2.0 (0.61) 359.5(109.55)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

abundant disseminated crinoidal frag
ments with a few scattered small ru
gose corals ......................... 5.0 (1.52) 348.5(106.2)

Apparent weathering surface

16 Poorly sorted fossiliferous bryozoan 
pelsparite, medium dark gray (N4), 
weathers same; coarse calcilutite to 
fine calcirudite; laminated to uni
dentifiable thin-bedded bedsets; forms 
a ledgy slope; moderately recrystal
lized (40%); crinoidal fragments pres
ent, moderately scarce scattered small 
rugose corals present, foraminifera

15 Poorly washed intraclastic echinodermal 
crinoidal bryozoan. biosparite, medium 
light gray (N6) to grayish orange pink 
(SYR 7/2), weathers medium light gray 
(N6); fine calcarenite to fine calciru
dite; very thin to thin-bedded bedsets 
with silty laminated interbeds; forms 
a ledgy slope; slightly recrystallized 
(15%); crinoidal fragments present, 
scarce scattered rugose corals also

14 Poorly sorted crinoidal bryozoan pel-
letiferous intrasparite, light gray (N7), 
weathers same; coarse calcilutite to 
fine calcirudite; thin-bedded bedsets; 
forms a ledgy slope; slightly to mod
erately recrystallized (20%); scattered
crinoidal fragments present ........  5.0 (1.52) 333.5(101.64)

13 Subsucrosic dolomite (bioclastic) in the 
basal 10 ft (3.05 m), light gray (N7) to 
grayish orange pink (5YR 7/2) grading up
wards to a very light gray (N8) to yel
lowish gray (5Y 8/1), weathers pinkish 
gray (SYR 8/1), grading upwards to very 
light gray (N8) to yellowish-gray (5Y 
8/1); in the next ascending 20 ft (6.1 m) 
the unit becomes a dolomitized crinoidal

present 5.0 (1.52) 343.5(104.68)

present 5.0 (1.52) 338.5(103.16)
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Unit 
No.

Unit
Thickness 
ft (m)

biomicrosparudite(?) to poorly sorted 
crinoidal biosparite-biosparudite with 
a fine- to medium-crystalline pseudo- 
sparite interval, pinkish-gray (5YR 
8/1), grayish orange pink (SYR 7/2), 
grayish-orange (10YR 7/4) to rarely a 
yellowish-gray (5Y 8/1), light gray 
•(N7), light brownish gray (5Y 6/1), 
weathers same; the upper 35 ft (10.67 
m) is undolomitized poorly sorted ech- 
inodermal crinoidal biosparite grading 
upwards to a poorly to moderately well 
sorted crinoidal biosparite, grading 
to crinoidal biosparudite, light gray 
(N7), rarely a grayish orange pink 
(SYR 7/2) and light olive gray (5Y 6/1) 
weathers to a light gray (N7), rarely 
a medium gray (NS) to medium light gray 
(N6); basal dolomite or dolomitized in
tervals, fine- to medium-crystalline 
dolomite, medium calcarenite to fine 
calcirudite throughout most identifiable 
intervals of the unit; thin-bedded bed- 
sets; forms a ledgy slope; extremely re
crystallized (90-100%) in the basal 30 
ft (9.14 m) becoming rapidly less re
crystallized, slightly to moderately 
recrystallized (15-25%) throughout the 
remainder of the unit; extremely dolo
mitized (100%) in the basal 10 ft (3.05 m) 
transcending to moderately recrystallized 
(60%) in the next 5 ft (1.52 m) and only 
slightly to moderately dolomitized (20- 
30%) in the next 15 ft (4.57 m); not dolo
mitized in the remainder of the unit; 
chert, light gray (N7) to very light gray 
(N8) to yellowish-gray (5Y 8/1), weathers 
to a light gray (N7), white (N9), very 
pale orange (10YR 8/2), grayish-orange 
(10YR 7/4) to yellowish-gray (5Y 8/1), 
lensoidal, 1% in the basal 15 ft (4.57 m) 
becoming 3-5% in the next ascending 15 
ft (4.57 m) and decreasing to 1% for the 
remainder of the unit, a non-cherty in
terval of 15 ft (4.57 m) occurs 40 ft

Cumulative 
Thickness 
ft (m)
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Unit
No.

(12.19 m) from the base of the unit; 
generally highly recrystallized before 
microcrystalline quartz and megaquartz 
silicification; crinoidal fragments, 
generally restricted to select horizons 
in the basal 50 ft (15.24 m) . . . .

12 Hashy, packed echinodermal crinoidal 
biomicrosparite in the basal 15 ft 
(4.57 m) grading upwards to a packed 
bryozoan echinodermal crinoidal biomicro- 
sparudite and dolomitized packed * •-
biomicrosparite-biomicrosparudite, 
light gray (N7), rarely medium light 
gray (N6), and yellowish-gray (5Y 8/1), 
weathers same, rarely medium gray (N5); 
medium calcarenite to fine calcirudite, 
rare 5 ft (1.52 m) interval 10 ft (3.05 
m) from base; thin- to thick-bedded bed- 
sets fining upwards to thin-bedded bed- 
sets, upper 5 ft (1.52 m) becomes 
laminated, laminae are grouped into 
thin-bedded bedsets; forms a ledgy slope; 
slightly to moderately recrystallized in 
the basal 20 ft (6.10 m), remainder of 
the unit is extremely recrystallized 
(90-98%) with slightly to moderately re
crystallized (20-25%) intervals; very 
slightly to slightly dolomitized (3-10%) 
throughout most of the unit except for a 
5 ft (1.52 m) interval 10 ft (3.05 m) 
from the base of the unit which is not 
dolomitized; chert, moderate orange pink 
(SYR 8/4) to medium light gray (N6), 

wea weathers moderate orange pink (SYR 8/4), 
very pale orange (10YR 8/2), medium 
light gray (N6), and white (N9), lens- 
oidal grading upwards to nodular, 1% 
in 15 ft (4.57 m) interval starting 10 
ft (3.05 m) above the base of the unit; 
extremely recrystallized prior to micro
crystalline quartz and megaquartz sili
cification; moderately scarce crinoid 
fragments observed in a 5 ft (1.52 m) in
terval 20 ft (6.1 m) above the base of
the unit . . . ...................... 35.0 (10.67) 263.5 (80.31)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

65.0 (19.81) 328.5(100.12)
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Unit 
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

11 Hashy, poorly sorted echinodermal cri- 
noidal biosparite with 5 ft (1.52 tn) 
intervals of fine- to medium- and 
fine- to coarse-rcrystalline pseudo- 
sparite 5 ft (1.52 m) and 20 ft (6.1 m) 
respectively above the base of the unit, 
light olive gray (5Y 6/1) and grayish- 
orange (10YR 7/4) grading upwards to 
medium gray (N5) and medium light gray 
(N6), weathers same; medium calcarenite 
to fine calcirudite with upper 5 ft 
(1.52 m) of intervals coarsening to a 
coarse calcarenite to fine calcirudite; 
varying thickness bedsets ranging from 
thin- to thick-bedded bedsets; forms 
a ledgy slope becoming a rubbly ledgy 
slope and cliffy ledgy slope; basal 5 
ft (1.52 m) is slightly to moderately 
recrystallized (20%) rapidly becoming 
extremely recrystallized (95-100%); 
upper 5 ft (1.52 m) decreases in re
crystallization to moderately recrys
tallized (65%); chert, medium gray (N5) 
to pinkish-gray (SYR 8/1), weathers to 
a varicolored pinkish-gray (SYR 8/1), 
medium light gray (N6) and white (N9), 
lensoidal, 1%, in 5 ft (1.52 m) inter
val 5 ft (1.52 m) from the base of the 
unit, nodular, 1% occurring in the up
per 10 ft (3.05 m) of the unit; moder
ately abundant crinoid fragments and 
scarce spirifer brachiopods occur in 
the basal 5 ft (1.52 m) and within a 
10 ft (3.05 m) interval 10 ft (3.05 m) 
from the base of the unit, identifiable 
hash occurs in the upper 10 ft (3.05 m)

Marked surface of erosion with up to 15 ft (4.57 m) of relief; 
irregular.

10 Subsucrosic dolomite grading upwards to 
a subsucrosic dolomite with bioclasts (?), 
dolomitized pseudosparite after a packed 
hashy crinoidal echinodermal

of the unit 30.0 (9.14) 228.5 (69.64)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

biomicrosparite(?) and dolomitized 
pseudosparite, medium light gray (N6) 
and medium gray (N5), weathers same; 
fine- to medium-crystalline dolomite 
grading upwards to fine- to medium- 
crystalline dolomite disseminated in a 
very fine to very coarse crystalline 
pseudosparite replacing a medium(?) 
calcarenite to fine calcirudite, upper 
5 ft (1.52 m) of the unit is a fine- 
to medium-crystalline pseudosparite; 
thin-bedded bedsets with a 5 ft (1.52 
m) interval 5 ft (1.52 m) from the base 
of the unit locally laminated; small- 
scale, low-angle festoon cross-beds, 
cross-bed orientation indeterminate; 
forms a cliffy ledgy slope; extremely 
recrystallized (95-100%); extremely 
dolomitized (99-100%) in the basal 10 
ft (3.05 m) of the unit rapidly becom
ing only very slightly dolomitized (1- 
3%); chert, moderate orange pink (SYR 
8/4) to medium gray (N5) grading up
wards to medium dark gray (N4), very 
pale orange (10YR 8/2) and pinkish- 
gray (SYR 8/1), weathers same, lens- 
oidal, 2% in the basal 10 ft (3.05 m) 
and 1% in the upper 5 ft (1.52 m) of 
the unit; allochem ghosts destroyed, 
indicating extreme recrystallization 
prior to silicification; rugose cor- • 
als and very small composite type 
brachiopods occur in a 5 ft (1.52 m) 
interval 10 ft (3.05 m) above the 
base of the unit, scarce bryozoan 
fragments occur in the upper 5 ft
(1.52 m) of the u n i t ............... 20.0 (6.10) 198.5 (60.50)

9 Subsucrosic dolomite, medium light gray 
(N6), weathers to light gray (N7); 
fine- to medium-crystalline; thin- 
bedded bedsets; forms a ledgy rubbly 
slope; extremely recrystallized 
(100%); extremely dolomitized (98%) 
with a trace (2%) of disseminated
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Unit
No.

Unit
Thickness 
ft (m)

finely crystalline calcite; chert (3%),
medium light gray (N6), weathers same,
lensoidal ....................... .. . 5.0 (1.52)

8 Subsucrosic dolomite, medium gray (N5), 
weathers to a light gray (N7); fine- to 
medium-crystalline; thin-bedded bedsets; 
forms a ledgy slope; extremely recrystal
lized (100%); extremely dolomitized (98%) 
with a trace (2%) of disseminated finely 
crystalline calcite; chert (3%), medium 
dark gray (N4) to dark gray (N3), weath
ers to a medium dark gray (N4) to dark 
gray (N3), lensoidal........ .. 9.5 (2.90)

Apparent weathering surface

7 Well-sorted fossiliferous pelletiferous 
intrasparite grading upwards to a moder
ately well sorted fossiliferous oospar- 
ite, poorly sorted fossiliferous 
intraclastic pelsparite, medium gray (N5), 
weathers same; coarse calcilutite to me
dium calcarenite to coarse calcarenite 
in the oosparite interval and fining up
wards to a coarse calcilutite to fine 
ccalcirudite and coarse calculitite to 
coarse calcarenite; very thin to thin- 
bedded bedsets grading upwards to thin- 
to thick-bedded bedsets; forms a cliffy 
ledgy slope; basal 10 ft (3.05 m) unre- 
crystallized to slightly to moderately 
recrystallized (20%); chert, very pale 
orange (10YR 8/2) to brownish-gray (SYR 
4/1) grading upwards to a dark gray (N3) 
with pinkish-gray (SYR 8/1) areas, 
lensoidal, 2% in the basal 10 ft (3.05 
m) and less than 1% in the upper 5 ft 
(1.52 m) of the unit; small rugose.cor
als and syringapora corals and scarce 
crinoidal fragments are present in the 
basal 8.5 ft (2.59 m) of the section, 
moderately scarce crinoidal fragments 
disseminated in a 5 ft (1.52 m) interval 
13.5 ft (4.12 m) from the base of 
the u n i t ...........................  27.5 (8.38)

Cumulative
Thickness
ft_____ (m)

178.5 (54.40)

173.5 (52.88)

164.0 (49.98)
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Unit
No.

Unit
Thickness

Cumulative 
Thickness 
ft_____ (m)ft (m)

Section measurement shifted to approximately 250 ft (76.2 m) to the west 
across a north- to south-trending fault; used unit 6 as a distinctive 
marker bed to continue section measurement. Attitude of strike in sec
ond leg, strike N68°E, dip 48°NW.

6 Hashy, poorly sorted echinodermal cri- 
noidal biosparite(?) grading upwards 
to a pseudosparite, mottled moderate 
red (5R 5/4) and grayish-orange (10YR 
7/4) grading upwards to a grayish-red 
(5R 4/2), weathers to a mottled pale 
red (10R 6/2), pale yellowish orange 
(10YR 8/6) and yellowish gray (5Y 8/1) 
grading upwards to a moderate orange 
pink (10R 7/4); medium calcarenite to 
coarse calcarenite grading upwards to 
a fine- to medium-crystalline pseudo
sparite; very thin to thin-bedded bed- 
sets grading upwards to thin-bedded 
bedsets; forms a ledgy rubbly slope; 
extremely recrystallized (95-100%) 
increasing in recrystallization in 
ascending vertical sequence; basal 5 
ft (1.52 m) megaquartz and chalcedonic 
quartz patches in this section in the 
basal 5 ft (1.52 m) of the unit; scat
tered crinoidal fragments and small 
rugose corals are present in the upper

5 Hashy dolomitized packed echinodermal 
crinoidal biomicrosparite(?), light 
gray (N7), weathers same; medium cal
carenite to fine calcirudite, with 
very fine to fine-crystalline dolomite; 
thin- to thick-bedded bedsets; forms 
a ledgy slope; extremely recrystal
lized (95%); very slightly dolomitized 
(3%); trace (3%) disseminated fine
grained silt to very fine grained sand, 
numerous small rugose corals lying 
parallel to the uppermost bedding sur
face of the unit; scarce in the re
mainder of the u n i t ................. 8.0 (2.44) 125.0 (38.09)

intervals of the unit 11.5 (3.51) 136.5 (41.60)
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Unit
No.

Unit
Thickness ft (m)

Cumulative 
Thickness 

ft_____ (m)

4 Poorly sorted fossiliferous pelletifer- 
ous intrasparite grading upwards to a 
rounded and abraided crinoidal echino- 
dermal intrasparudite-intrasparite in 
the basal 18 ft (5.49 m), becoming a 
well-sorted fossiliferous pelsparite 
grading to a poorly sorted intraclastic 
foraminiferal biopelsparite, medium 
gray (N5) principally, rarely a medium 
light gray (N6) and olive gray (5Y 4/1) 
or medium dark gray (N4); weathers 
same; coarse calcilutite to fine cal- 
cirudite in the basal 5 ft (1.52 m) 
grading upwards to a medium calcarenite 
to fine calcirudite, becoming a coarse 
calcilutite to fine calcirudite in the 
upper 27 ft (8.23 m) of the unit; thin- 
and thick-bedded bedsets becoming thin- 
and rarely very thin bedded bedsets in 
the upper 22 ft (6.71 m) of the unit; 
forms a ledgy slope; slightly to moder
ately recrystallized (0-25%), locally a 
5 ft (1.52 m) interval 8 ft (2.44 m) 
from the base of the unit; not dolomit- 
ized to very slightly dolomitized (2-5%) 
in a 20 ft (6.10 m) interval starting 
8 ft (2.44 m) from the base of the unit; 
chert, medium gray (N5), yellowish-gray 
(5Y 8/1) and grayish-orange (10YR 7/4), 
lensoidal and nodular, 3% in a 5 ft 
(1.52 m) interval starting 18 ft (5.49 
m) from the base of the unit; silicifi- 
cation by microcrystalline quartz (70%) 
and megaquartz (30%) preserves pelloidal 
allochems, unit is relatively highly 
fossiliferous; small rugose corals rare 
in the basal 18 ft (5.49 m) and abundant 
in the upper 7 ft (2.13 m) of the unit; 
scarce disseminated crinoidal fragments 
in the basal 13 ft (3.96 m) and in a 5 
ft (1.52 m) interval starting 12 ft 
(3.66 m) from the top of the unit, syrin- 
gopora in isolated areas in a 5 ft (1.52 
m) interval starting 13 ft (3.96 m) from 
the base of the unit and a 12 ft (3.66 m)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

interval starting 33 ft (10.06 m) from 
the base of the unit, vesicullophylum 
and llthostotionella corals and forami- 
nifera are present in the upper 7 ft 
(2.13 m) of the unit .............. 40.0 (12.19) 117.0 (35.65)

3 Coated, rounded and abraided pelletif- 
erous echinodermal crinoidal 
intrasparite-intrasparudite in the basal 
25 ft (7.62 m) of the unit, grading to a 
10 ft (3.05 m) interval of a moderately 
well sorted intraclastic echinodermal 
crinoidal biosparite and becoming a fos- 
siliferous pelletiferous intrasparite 
in the upper 32 ft (9.76 m) of the unit, 
light gray (N7) to very light gray (N8) 
becoming a light gray (N7) upwards, 
rarely pinkish-gray (SYR 8/1) and light 
olive gray (5Y 6/1), weathers medium 
light gray (N6) and light gray (N7); 
fine calcarenite to fine calcirudite in 
the basal 5 ft (1.52 m) coarsening up
wards to a medium calcarenite to fine 
calcirudite in the next 10 ft (3.05 m), 
fining upwards to a fine calcarenite to 
a fine calcirudite in the next 10 ft 
(3.05 m), fining upwards in the next 
20 ft (6.10 m) from a.coarse calcaren
ite to a fine calcirudite to a very 
fine to coarse calcarenite and ranging 
from a fine-medium calcarenite to fine 
calcirudite in the remainder of the 
unit; thin-bedded bedsets in the basal 
10 ft (3.05 m) of the unit grading up
wards to thin- to thick-bedded bedsets; 
forms a ledgy slope; variably recrystal
lized, generally moderately recrystal
lized (45-65%), but varies from slightly 
to moderately (20-25%) to extremely re
crystallized (80% intervals); small ru
gose corals are present in a 5 ft (1.52 
m) interval starting at 40 ft (12.19 m), 
rare lithostrotionella-like corals are 
present in a 5 ft (1.52 m) interval ap
proximately 55 ft (16.76 m) above the
base of the u n i t ...................  67.5 (20.57) 77.0 (23.46)
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Unit
No.

2 Mosaic dolomite, light grownish gray 
(SYR 6/1), weathers to a light gray 
(N7); fine- to medium-crystalline; 
thin- to thick-bedded bedsets; forms a 
ledgy slope; extremely recrystallized 
(100%); extremely dolomitized (100%); 
moderately scarce disseminated crinoid- 
al fragments are present ........  .

1 Hashy, poorly to moderately well sorted 
fragmental crinoidal echinodermal bio- 
sparite, light gray (N7), weathers 
same; medium calcarenite to fine calcir- 
udite; thin- to thick-bedded bedsets; 
forms a ledgy slope; slightly to moder
ately recrystallized (25%); moderately 
scarce disseminated crinoidal fragments 
are present.........................  6.5 (1.98)

Total of Escabrosa Limestone

Unconformity (erosional disconformity)

Devonian:

Martin Formation (incomplete):

2 Dolomitized pseudosparite after an 
echinodermal crinoidal biosparite(?), 
light brownish gray (SYR 6/1), weathers 
to a pinkish-gray (SYR 8/1); fine- to 
medium-crystalline euhedral dolomite 
disseminated in a fine- to very coarse 
crystalline pseudosparite; laminated, 
laminae grouped into thin-bedded bed- 
sets; forms a ledgy slope; extremely 
recrystallized (95%); slightly to mod
erately dolomitized (35%)..........  3.0+ (0.91+)

Total of Incomplete Martin Formation

Base of section; not base of exposure.

Unit
Thickness 
ft (m)

3.0 (0.91)

Cumulative 
Thickness 
ft_____ (m)

9.5 (2.89)

6.5 (1.98)

394.5(120.22)

3.0+ (0.91+) 

11.3 (3.44)
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Kohl’s Ranch, East of Payson, Arizona

The Kohl's Ranch section was measured on the south side of a north- 
northwest trending hill east of a road paralleling Tonto Creek immedi
ately east of the Kohl's Ranch facilities approximately % mile south of 
Arizona State Highway 260. Mississippian strata at this locality as 
well as other exposures in the Pine-Payson area are poorly exposed and 
are usually affected by solutioning activity and display karstic sur
faces. Associated slumping of Pennsylvanian strata into karstic voids 
is common. Specifically, the section was measured in the NW%, SE%, Sec. 
21, T. 11 N., R. 12 E. in the 15' series Promontory Butte Quadrangle, 
Gila County, Arizona. The attitude of the Mississippian strata is ap
proximately N78°E and dips 9°NW. The section was measured in a traverse 
oblique to the dip direction to obtain maximum outcrop exposures. Care 
was taken to orient each measurement parallel to the dip direction.
McKee and Gutschick (1969, p. 679-680) measured two Mississippian sec
tions in the Kohl’s Ranch area employing Redwall nomenclature, recogniz
ing only the Mooney Falls members to be present.

Top of section; not top of exposure.

Pennsylvanian:

Naco Formation (incomplete):

3 Poorly sorted intrasparudite conglomer
ate, varicolored depending on clasts, 
light gray (N7), grayish orange pink 
(SYR 7/2), pale yellowish brown.(10R 
5/4), weathers same; coarse calcarenite 
to fine calcirudite; unit consists of 
one 0.5 ft (.15 m) thin-bedded bedset; 
forms a prominent ledge when exposed;
unrecrystallized ................... 0.5 (.15) 9.0 (2.74)

1 Medium silty to very fine sandy (11%) 
fossiliferous foraminiferal pelmicro- 
sparite, olive gray (5Y 4/1), weathers 
to a light gray (N7); very fine cal
carenite to fine calcirudite; thin- 
bedded bedset; forms a ledgy step on

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

2 Covered 6.5 (1.98) 8.5 (2.59)
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Unit Cumulative

Unit Thickness Thickness
No. ft (m) ft (m)

the hilltop slope; slightly to moder-
ately recrystallized (20%) ........

Total of Incomplete Naco Formation

2.0 (.61) 2.0 (.61) 

9.0 (2.74)

Mississippian:

Redwall Limestone:

14 Covered interval with crinoidal lime
stone and chert rubble dispersed in a 
structureless dark reddish brown (10R 
3/4) matrix.

13 Mosaic dolomite, pinkish-gray (SYR 8/1), 
weathers to pinkish-gray (SYR 8/1) to 
very light gray (N8), fine- to medium- 
crystalline; thin-bedded bedsets; forms 
a poorly exposed ledgy hilltop slope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); chert (3%), 
varicolored, light gray (N7), very 
light gray (N8) and white (N9), weath
ers same, nodular................. . 5.0 (1.52) 84.1 (25.61)

12 Moderately well sorted bryozoan cri
noidal echinodermal biosparite, light 
olive gray (5Y 6/1), weathers to a 
light gray (N7); fine calcarenite to 
coarse calcarenite; very rubble, as
sume thin-bedded bedsets; forms hilltop 
rubbly slope; extremely recrystallized 
(75-95%); chert (2%), very light gray 
(N8) to light gray (N7), weathers to 
light gray (N7) to white (N9), nodular; 
chert has excellent replacement tex
tures; i.e., well-preserved allochem
ghosts .............................  5.0 (1.52) 79.1 (24.09)

11 Covered 4.5 (1.37) 74.1 (22.57)

10 Packed echinodermal crinoidal bryozoan 
biomicrosparite to biomicrosparudite
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Unit
No.

Unit
Thickness 
ft (m)

grading upwards to a poorly sorted cri- 
noidal echinodermal biosparite, light 
olive gray (5Y 6/1) grading upwards to 
light olive gray (5Y 6/1) with moderate 
red (5R 5/4) areas, weathers to medium 
light gray (N6) to light, gray (N7) grad
ing upwards to medium gray (N5) to medi
um light gray (N6); fine calcarenite to 
fine calcirudite; thin-bedded bedsets; 
forms ledgy rubbly slope with very poor 
outcrop exposure; moderately recrystal
lized (40%) grading upwards to extremely 
recrystallized (85%); crinoid fragments 
present.............................  15.0 (4.57)

9 Covered .............................  8.0 (2.44)

8 Hashy packed echinodermal crinoidal
bryozoan biomicrosparite, light brownish 
gray (SYR 6/1) to light olive gray (5Y 
6/1), weathers medium gray (N5) to medi
um light gray (N6), solutioning infills 
filled with pale reddish brown (10R 5/4) 
mudstone-siltstones; thick- to massive- 
bedded bedsets; forms cliff; slightly 
to moderately recrystallized (25%); cri
noid rich horizons near top of unit 10.0 (3.05)

7 Poorly sorted, coated pelletiferous fora- 
miniferal intrasparite grading upwards 
to a coated, rounded, and abraided ech— 
inodermal pelletiferous intrasparite, 
light olive gray (5Y 6/1) with occasional 
dusky red (5R 3/4) staining, weathers to 
medium gray (N5) to light gray (N7); 
coarse calcilutite to fine calcirudite 
grading upwards to a coarse calcilutite 
to medium calcirudite; thick- to massive- 
bedded bedsets; forms cliff; moderately 
recrystallized (35-50%) at base grading 
upwards to unrecrystallized; solution 
cavities with pale reddish brown (10R 
5/4) mudstone infills; rugose corals 
occur in the upper 10 ft (3.05 m) of

Cumulative 
Thickness 
ft (m)

69.6 (21.20) 
54.6 (16.63)

46.6 (14.19)
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Unit
Unit

Thickness
Cumulative
Thickness

No. ft (m) ft (m)

unit becoming diminutive upwards; 
minifera present ...............

fora-
(5.79) 36.6 (11.14)

6 Covered ......................... (1.52) 17.6 (5.35)

5 Pseudosparite, moderate orange pink 
(SYR 8/4) to grayish-orange (10YR 7/4), 
weathers to medium light gray (N6); 
very fine to medium-crystalline; thin- 
bedded bedsets; forms rubbly slope;
extremely recrystallized (100%) . . .  5.0 (1.52) 12.6 (3.83)

4 Fine- to medium-grained sandy pseudo
sparite, yellowish-gray (5Y 8/1), weath
ers to yellowish-gray (5Y 8/1) to medium 
light gray (N6) and solutioned areas 
filled with pale reddish brown (10R 5/4) 
mudstone; fine- to coarse-crystalline; 
very thin to thin-bedded bedsets; forms 
cliff; extremely recrystallized (98%); 
trace bird's eye structure with medium- 
to coarse-crystalline calcite; crinoid-
rich horizons at top of each bedset . 3.0 (.91) 7.6 (2.31)

3 Medium-grained silty to fine-grained
sandy well-sorted pelsparlutite, brownish- 
gray (SYR 4/1), weathers to very light 
gray (N8); medium to coarse calcilutite; 
thin-bedded bedsets with .5 ft (.15 m) 
enriched lensing silty horizons; forms 
cliff; unrecrystallized .............

2 Coarse-grained silty to very fine
grained sandy pseudosparite, brownish- 
gray (SYR 4/1), weathers to medium dark 
gray (N4); fine- to coarse-crystalline; 
consists of one thin-bedded bedset; 
forms cliff; extremely recrystallized 
(100%) ........................

1 Vuggy packed mottled pelmicrosparlutite 
interlaminated with a fine- to medium- 
crystalline pseudosparite, light olive 
gray (5Y 6/1), weathers to medium light 
gray (N6) with pale reddish brown

3.0 (.91) 4.6 (1.40)

0.6 (.18) 1.6 (.49)
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Unit

Unit Thickness
No. ft (m)

(10R 5/4) staining; coarse calcilutite
to fine calcarenite; microlaminated in
a thin-bedded bedset; forms cliff;
slightly to moderately recrystallized
(20%); vugs (7%) common, filled with
megaquartz and chalcedonic quartz . . 1.0 (.31)

Total of Redwall Limestone

Unconformity (erosional disconformity)

Devonian:

Martin Formation (incomplete):

1 Medium- to coarse-grained silty (11%) 
subsucrosic dolomite, pale yellowish 
brown (10YR 6/2) with grayish-orange 
(10YR 7/4) areas, weathers to pale 
pink (5RP 8/2); fine- to medium- 
crystalline; thin-bedded bedsets; 
forms ledgy slope; extremely recrys
tallized (100%); extremely dolomit- 
ized (100%).........................  5.0 (1.52)

Total of Incomplete Martin Formation

Cumulative 
Thickness 
ft_____ (m)

1.0 (.31)

84.1 (25.61)

5.0 (1.52)

5.0 (1.52)

Base of section.
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Ash Creek Section

The Ash Creek section is located on the east-southeast and west-northwest 
flanks of a north-northeast trending ridge approximately 1.5 mi (2.41 km) 
east-southeast of Saddle Mountain. Specifically, the section was mea
sured, from east-southeast to west-northwest in the NEk, NE%, SWk, Sec.
19, T. 5 S., R. 17 E. on the 7.5' series, Saddle Mountain Quadrangle, 
Pinal County, Arizona. At this location, Mississippian strata strike 
N20°E and dip 24°NW in the basal 100 ft (30.48 m) of the section. In 
the remainder of the section, the strike varies from N12-14°E and the 
dip increases up section to 36-42°NW. The 7.5' series Saddle Mountain 
Quadrangle was mapped by Krieger (1968a). Krieger (1968a, p. 2) maps at 
least a portion of the upper 100 ft (30.48 m) of interpreted Mississip
pian strata as Pennsylvanian age Naco Limestone. The writer calls this 
upper unit the Eskimizine Formation. The measured section is easily 
accessed by taking the Eskimizine Ranch road east from Arizona State 
Highway 77, between Mammoth and Winklemen, Arizona. The section is ap
proximately a little more than 0.5 mi (0.81 km) north of a road approxi
mately 0.5 mi (0.81 km) north of the Eskimizine Ranch road.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (unmeasured):

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

1 Poorly sorted crinoidal bryozoan bio- 
sparite, very light gray (N8), weathers 
to a very pale orange (10YR 8/2); fine 
calcarenite to fine calcirudite; thin- 
bedded bedsets; forms a ledgy dipslope; 
slightly to moderately recrystallized 
(35%); planar allochems aligned . . .

Unconformity (erosional disconformity?)

Mississippian:

Eskimizine Formation (Eskimizine Formation only reconnaissance sampled 
by recognizable field unit).
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Unit
No.

8 Subsucrosic to sucrosic dolomite, after 
a echinodermal crinoidal biosparite(?), 
light brownish gray (5YR 6/1), weathers 
light brown (5YR 6/4); fine- to medium- 
crystalline; very hazy microclastic ma
trix disseminated throughout sample; 
thin-bedded bedsets; oncolitic in the 
upper surfaces; extremely recrystallized 
(95%); extremely dolomitized (100%) . 18.0 (5.49)

7 Covered (probably muddy calcareous
shale or mudstone . .................  23.0 (7.01)

6 Mosaic dolomite, grayish red purple 
(5RP 4/2), weathers to a grayish- 
orange (10YR 7/4); fine-crystalline; 
thin-bedded bedsets; forms a ledgy dip- 
slope; extremely recrystallized (100%); 
extremely dolomitized (100%); chert 
(1%), brownish-gray (SYR 4/1) to medium 
dark gray (N4), weathers to varicolored 

. white (N9), light brown (SYR 5/6), mod
erate yellowish brown (10YR 5/4) and 
very pale orange (10YR 8/2); lensoidal 0.5 (.15)

5 Silicified subsucrosic dolomite after 
an echinodermal crinoidal biosparite, 
medium gray (N5) to pale purple (5P 
6/2), weathers to pale yellowish brown 
(10YR 6/2) with light brown (SYR 5/6) 
areas; fine- and fine- to medium- 
crystalline; laminated to very thin 
beds grouped in thin-bedded bedsets; 
forms a ledgy dipslope; moderately to 
extremely recrystallized (70%); moder
ately to extremely dolomitized (75%); 
silicified patches of microcrystalline 
quartz (5%) and megaquartz (20%); cri- 
noid fragments present ............. 2.0 (0.61)

4 Slightly vuggy, silicified subsucrosic 
to sucrosic dolomite, olive gray (5Y 
4/1), weathers to a very pale orange 
(10YR 8/2), very fine to fine- 
crystalline; very thin to thin-bedded

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)_

102.5 (31.25) 

84.5 (25.76)

61.5 (18.75)

61.0 (18.60)
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Unit
No.

bedsets; forms a ledgy rubbly dipslope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); isolated
vugs (10%), filled with megaquartzite 24.0 (7.32) 59.0 (17.99)

Unit
Thickness 
ft (m)

Cumulative
Thickness
ft_____ (m)

3 Mosaic dolomite after a crinoidal ech- 
inodermal biosparite(?), brownish gray 
(SYR 4/1), weathers to.a light olive 
gray (5Y 6/1); fine-crystalline; thin- 
bedded bedsets; forms a ledgy dipslope; 
extremely recrystallized (99%); extreme
ly dolomitized (80%) replacing a fine- 
to medium-crystalline sparry calcite; 
chert (1%), medium gray (N5). to 
brownish-gray (SYR 4/1), weathers same, 
nodular; pod-like horizons rich in cri
noidal fragments ................... 2.0 (0.61) 35.0 (10.67)

2 Covered (cherty rubble) 18.0 (5.49) 33.0 (10.06)

1 Slightly silicified mosaic dolomite, 
after an echinodermal ostracodal bryo- 
zoan biosparite, brownish-gray (SYR 4/1), 
weathers yellowish-gray (5Y 8/1); very 
fine to fine-crystalline; thin-bedded 
bedsets; forms a saddle-like slope; 
extremely recrystallized (90-100%); 
extremely dolomitized (99%); chert 
(30%), pale yellowish brown (10YR 6/2) 
to very pale orange (10YR 8/2); weath
ers medium gray (N5) to light gray (N7); 
lensoidal discontinuous beds; silica 
replacement texture, fossil allochems 
replaced by microcrystalline quartz and 
megaquartz, minor chalcedonic quartz
patches; scarce archimedes . . . . .  15.0 (4.57) 15.0 (4.57)

Total of Eskimizine Formation 102.5 (31.25)

Unconformity (erosional disconformity?)
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Escabrosa Limestone:

Unit
No.

Unit Cumulative
Thickness' Thickness
ft (m) ft_____ (m)

31 Poorly sorted pelletiferous crinoidal 
bryozoan echinodennal biosparite in 
the basal 10 ft (3.05 m) grading up
wards to an increasingly dolomitized 
crinoidal biosparite, light gray (N7) 
grading upwards to light olive gray 
(5Y 6/1), weathers light gray (N7); 
very fine calcarenite to fine calciru- 
dite; dolomitized intervals finely 
crystalline; thin-bedded bedsets; forms 
a ledgy dipslope; moderately recrystal
lized (35-50%); hot dolomitized in the 
basal 10 ft (3.05 m) grading upwards 
to slightly dolomitized (10%) to 
slightly to moderately dolomitized 
(25%); crinoidal fragments present 
throughout the unit, syringopora cor
als in the upper 15 ft (4.57 m) of the

30 Mosaic to suerosic dolomitized crinoid
al echinodermal biosparite, medium gray 
(N5) to brownish-gray (SYR 4/1), weath
ers to a yellowish-gray (5Y 8/1); very 
fine to fine-crystalline; very thin to 
thin-bedded bedsets; forms a ledgy dip- 
slope; moderately to extremely dolomit
ized; crinoid and echinoderm ghosts 
predominate recrystallized and dolomit
ized allochems .....................  1.5 (.46) 400.5(122.08)

29 Poorly sorted bryozoan crinoidal ech
inodermal biosparite grading upwards 
to a poorly washed pelletiferous cri
noidal echinodermal bryozoan biosparite, 
light olive gray (5Y 6/1) to pale yel
lowish brown (10YR 6/2), weathers medium 
light gray (N6) to light gray (N7); very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms a well- 
exposed ledgy dipslope; slightly re
crystallized (10%) in the basal 10 
(3.05 m) grading upwards to slightly

unit 35.0 (10.67) 435.5(132.75)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

to moderately recrystallized (35%); 
chert (2%), mottled white (N9), light 
gray (N7) to grayish-orange (10YR 7/4), 
weathers mottled white (N9) to medium 
light gray (N6), nodular and lensoidal; 
good replacement texture, siliclfica- 
tion of fossil allochems by microcrys
talline quartz and to a lesser extent 
megaquartz and chalcedonic quartz; 
basal 10 ft (3.05 m) has vesicullo- 
phyllum corals and the upper 15 ft 
(4.57 m) has small rugose corals, cri- 
noid fragments are disseminated
throughout the unit ................. 25.0 (7.62) 399.0(121.62)

28 Dolomitized pseudosparite-microsparite, 
brownish-gray (5YR 4/1), weathers light 
olive gray (5Y 6/1); very fine to fine- 
crystalline pseudosparite; fine- to 
medium-crystalline dolomite subhedral 
crystal (30%), disseminated; very thin 
to thin-bedded bedsets; forms a poorly 
exposed ledgy dipslope; extremely re
crystallized (100%); slightly to moder
ately dolomitized (30%); chert (1%), 
brownish-gray (SYR 4/1), weathers to a 
brownish-gray (5YR 4/1) to medium dark 
gray (N4), lensoidal; brachiopods and
vesicullophylum corals present . . .  8.0 (2.44) 374.0(114.00)

26 Poorly sorted pelletiferous echino- 
dermal crinoidal. bryozoan biosparite, 
becoming poorly to moderately well 
sorted pelletiferous crinoidal ech- 
inodermal biosparite to poorly washed 
bryozoan crinoidal echinodermal bio
sparite, upper 20 ft (6.10 m) poorly 
sorted crinoidal echinodermal bryozoan 
biosparite, light olive gray (5Y 6/1) 
becoming medium gray (N5) upwards, 
weathers to a light gray (N7); very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets, poorly exposed 
in the upper 20 ft (6.10 m);

27 Covered 6.5 (1.98) 366.0(111.56)
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Unit
No.

unrecrystallized with an interval 30- 
40 ft (9.14-12.19 m) slightly recrys
tallized (10%); chert occurs in the 
basal 10 ft (3.05 m), varicolored me
dium dark gray (N4), white (N9) to 
pinkish-gray (SYR 8/1), weathers same, 
nodular, less than 1%; crinoidal frag
ments disseminated throughout the 
unit, small rugose corals occur in 
the basal 40 ft (12.19 m) of the unit, 
vesicullophylum corals present in the 
basal 10 ft (3.05 m) and syringopora 
corals occur 20-30 ft (6.10-9.14 m) 
above the base of the unit, forami- 
nifera present in the basal 20 ft 
(6.10 m) and upper 20 ft (6.10 m) of 
the unit ...........................

25 Covered.............................  4.0 (1.22)

24 Pseudosparite after an ostracodal
pelletiferous echinoid spine bryozoan 
intrasparite grading.upwards to a 
well-sorted bryozoan echinoid spine 
pelletiferous intrasparite, medium 
gray (N5), weathers light gray (N7); 
fine- to coarse-crystalline pseudo
sparite in the basal 5 ft (1.52 m) of 
the unit, becoming a coarse calcilu- 
tite to medium calcarenite; faintly 
laminated to very thin beds, grouped 
in thin-bedded bedsets; forms a ledgy 
dipslope; extremely recrystallized 
(85-95%) decreasing in recrystalli
zation upwards; chert (5%) in basal 
5 ft (1.52 m), mottled medium dark 
gray (N4) to pinkish-gray (SYR 8/1), 
weathers same, lensoidal; replacement 
texture, microcrystalline quartz re
placement of fossil allochems, sponge 
spicules abundant in cherty intervals 10.0 (3.05)

23 Well-sorted pelletiferous crinoidal 
bryozoan biosparite, pale yellowish 
brown (10YR 6/2), weathers light olive

Unit
Thickness 
ft (m)

60.0 (18.29)

Cumulative 
Thickness ft (m)

359.5(109.58) 

299.5 (91.29)

295.5 (90.07)
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Unit
No.

gray (5Y 6/1); very fine to fine cal- 
carenite; laminated at the base grad
ing upwards to very thin beds grouped 
in thin-bedded bedsets; forms a poorly 
exposed ledgy dipslope; moderately to 
extremely recrystallized (75%); chert 
(5%), mottled medium gray (N5) to 
pinkish-gray (SYR 8/1), weathers same; 
lensoidal; bryozoan and crinoidal frag
ments present .......................

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

5.0 (1.52) 285.5 (87.02)

Topographic slope for remainder of Escabrosa Limestone is approximately 
20°; attitude is N14°E and dip 42°NW.

22 C o v e r e d . ...........................  16.0 (4.88) 280.5 (85.50)

21 Dolomitized echinodermal crinoidal bio- 
sparite, brownish-gray (SYR 4/1) to 
pinkish-gray (5YR 8/1), weathers yel
lowish gray (5Y 8/1); fine- to medium- 
crystalline dolomite; laminated; very 
poorly exposed urbbly dipslope, rubbly 
chert covers most of the interval; mod
erately to extremely recrystallized 
(75%); moderately dolomitized (40%); 
chert, varicolored light bluish gray 
(5B 7/1), pale yellowish brown (10YR 
6/2) to grayish-orange (10YR 7/4); 
irregular, lensoidal chert (5%); mi
crocrystalline and to a lesser extent 
megaquartz replacement of fossil allo- 
chems; solutioned fossil molds in chert 
observed in the field; crinoid frag
ments present .......................  5.0 (1.52) 264.5 (80.62)

20 Packed pelletiferous echinodermal bry
ozoan crinoidal biomicrite, medium 
gray (N5), weathers medium light gray 
(N6) with pinkish-gray (SYR 8/1) cri
noid stems; very fine calcarenite to 
fine calcirudite; thin-bedded bedsets; 
forms a ledgy dipslope; slightly re
crystallized (10%); highly fossilif- 
erous interval, richly crinoidal, 
spirifer brachiopods and rugose cor
als present; strong fetid odor . . . 5.5 (1.68) 259.5 (79.10)
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Unit
No.

19 Poorly sorted echinodermal crinoidal 
bryozoan biosparite, medium gray (N5), 
weathers yellowish gray (5Y 8/1), very 
fine calcarenite to fine calcirudite, 
laminated to very thin beds, grouped 
in thin- to thick-bedded bedsets; 
forms a well-exposed ledgy slope; un- 
recrystallized; abundant crinoid
fragments....................... .. . 5.5 (1.68)

18 Packed crinoidal bryozoan echinodermal 
biomicrosparite in basal 10 ft (3.05 
m) becoming a poorly to moderately well 
sorted crinoidal echinodermal bryozoan 
biosparite, upper 8 ft (2.44 m) becomes 
a packed crinoidal echinodermal bryo
zoan biomicrite, medium gray (N5) to 
light olive gray (5Y 6/1), weathers to 
a medium gray (N5), light gray (N7) to 
very light gray (N8); generally fine 
calcarenite to fine calcirudite, be
tween 20-30 ft (6.10-9.14 m) from the 
base of the unit there is a slight 
coarsening of grain size, medium cal
carenite to fine calcirudite; thin- 
bedded bedsets; forms ledgy hilltop 
slope facing ESE and approximately 20 
ft (6.10 m) from base of interval, unit 
forms a ledgy dipslope facing WNW; 
slightly recrystallized (10%) becoming 
unrecrystallized; chert, medium gray 
(N5) to pale yellowish brown (10YE.
6/2), weathers medium.gray (N5), lens- 
oidal, 5% in intervals 10-20 ft (3.05- 
6.10 m) from the base of the unit and 
2% in an interval 35-45 ft (10.67- 
13.72 m) from the base of the unit; 
microcrystalline quartz replacement 
of fossil allochems in cherty inter
vals; abundant crinoidal fragments in 
the basal 20 ft (6.10 m) and in a 10 ft 
(3.05 m) interval whose base is 35-45 
ft (10.67-13.72 m) from the base of the 
unit; bryozoan fragments occur in the 
basal 10 ft (3.05 m) of the unit . . 53.0 (16.15)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

254.0 (77.42)

248.5 (75.74)
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17 Hashy fossiliferous poorly sorted
bryozoan intrasparite grading upwards 
to a poorly sorted hashy crinoidal 
pelletiferous ostracodal intrasparite, 
medium gray (N5), weathers medium gray 
(N5) and medium light gray (N6); very 
fine calcarenite to fine calcirudite; . 
thin-bedded bedsets; forms a ledgy 
to float-covered slope in the basal 
5 ft (1.52 m) becoming a ledgy slope 
upwards; slightly recrystallized (10%); 
chert, medium gray (N5) to light gray 
(N7), weathers same, lensoidal, 2% in
the basal 5 ft (1.52 m) of the unit . 20.5 (6.25) 195.5 (59.59)

16 Dolomitized, microclastic hazy micrite, 
banded very light gray (N8) and pale 
yellowish brown (10YR 6/2); weathers 
to a banded light gray (N7) and yellow
ish gray (5Y 8/1); fine- to medium- 
crystalline dolomite, disseminated 
rhombs; thinly laminated; forms a ledgy 
slope; moderately recrystallized (50%); 
slightly to moderately dolomitized
(30%)..................... ..........  1.0 (.31) 175.0 (53.34)

15 Silty to sandy dolomitized pseudospar- 
ite, pale yellowish brown (10YR 6/2), 
weathers yellowish-gray (5Y 8/1); fine- 
to medium-crystalline dolomite dissemi
nated in a fine- to medium-crystalline 
pseudosparite with laminated horizons 
of coarse-grained silt to very fine 
grained sandstone; laminated, laminae 
grouped into very thin to thin-bedded 
bedsets; forms semifloat-covered slope; 
extremely recrystallized (95%); moder
ately dolomitized (60%) ............. 9.0 (2.74) 174.0 (53.03)

14 Alternately laminated pelsparlutite 
to pelsparite and micrite, light olive 
gray (5Y 6/1), weathers to a thinly 
laminated light gray (N7) and very 
light gray (N8); coarse calcilutite 
to medium calcarenite; thinly

Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)
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Unit

Unit Thickness
No. ft (m)

laminated, laminae grouped into very 
thin to thin-bedded bedsets; forms a 
cliffy slope; unrecrystallized; chert 
(1%), light olive gray (5Y 6/1), weath
ers to a light gray (N7), nodular; 
microcrystalline and megaquartz sili-
cification of polloidal allochems . . 8.5 (2.59) 165.0 (50.29)

13 Poorly to moderately well sorted mot
tled pelletiferous intrasparite, me
dium gray (N5), weathers to a very 
light gray (N8); coarse calcilutite 
to coarse calcarenite; thin- to thick- 
bedded bedsets; forms cliff; slightly 
recrystallized (10%); chert, white 
(N9) to medium light gray (N6), weath
ers to a light gray (N7) to white (N9)
irregular lensoidal, less than 1% . . 10.0 (3.05) 156.5 (47.70)

12 Dolomitized, well-sorted bryozoan pel
letiferous intrasparite, medium light 
gray (N6), weathers light gray (N7); 
very fine to coarse-grained calcare- 
nite; disseminated fine- to medium- 
euhedral crystalline dolomite; thinly 
laminated to laminated, laminae grouped 
into thin-bedded bedsets; forms cliffy 
slope; moderately recrystallized 
(45%); slightly to moderately
dolomitized .........................  13.0 (3.96) 146.5 (44.65)

11 Covered .............................  5.0 (1.52) 133.5 (40.69)

10 Poorly to moderately well sorted fora- 
miniferal pelletiferous intrasparite, 
medium gray (N5), weathers to a yel
lowish gray (5Y 7/2); very fine cal- 
carenite to medium calcirudite; 
thin- to thick-bedded bedsets; forms 
cliffy slope; moderately recrystal
lized (35%); foraminifera present; 
numerous small rugose corals present

Cumulative 
Thickness 
ft (m)

10.0 (3.05) 128.5 (39.17)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

9 Packed ostracodal mottled.pelmicro- 
sparite, light olive gray (5Y 6/1), 
weathers very light gray (N8); very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms a ledgy 
slope; slightly to moderately recrys
tallized ( 2 5 % ) .....................  9.0 (2.74) 118.5 (36.12)

8 Covered, carbonate rubble (not sam
pled) , dark yellowish brown (10YR
4 / 2 ) ........ ....................... 10.0 (3.05) 109.5 (33.38)

7 Moderately well sorted ostracodal ech— 
inoid spine pelsparite, medium gray 
(N5), weathers light gray (N7); very 
fine to medium.calcarenite; thin-bedded 
bedsets, bedsets become thinner up
wards; forms cliff; moderately re
crystallized (50%); chert, medium gray 
(N5) to very pale orange (10YR 8/2), 
weathers medium dark gray (N4) to 
moderate orange pink (SYR 8/4); bed
ded, 40% at the base, decreasing up
wards to 15%; microcrystalline quartz 
replacement of allochems before partial 
destruction by aggrading calcite
recrystallization ...................  8.0 (2.44) 99.5 (30.33)

6 Mosaic dolomite, dark yellowish brown 
(10YR 4/2), weathers light olive gray 
(5Y 6/1); fine-crystalline; thin-bedded 
bedsets; forms cliff to rubbly cliff; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); chert, 
pinkish-gray (5YR 8/1), weathers same, 
nodular, basal part 5% increasing up
wards to 3 0 % .......................  15.5 (4.72) 91.5 (27.89)

5 Poorly sorted syringopora pelletifer- 
ous intrasparite, medium gray (N5), 
weathers light gray (N7); very fine 
calcarenite to fine calcirudite; thin- 
to thick-bedded bedsets; forms cliff 
to cliffy slope; slightly recrystal
lized (10%); clusters of syringopora 
corals present ................... 8.0 (2.44) 76.0 (23.17)
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Unit
No.

4 Coated, rounded, and abraided crinoid- 
al ostracodal foraminiferal echino- 
dermal intrasparite grading upwards 
to an ostracodal crinoidal intraspar
ite, medium light gray (N6) to 
brownish-gray (SYR 4/1), weathers 
light gray (N7); medium- to coarse
grained calcarenite in the basal 10 
ft (3.05 m) becoming fine calcarenite 
to fine calcirudite; thin- to thick- 
bedded bedsets, thinning upwards; 
basal 10 ft (3.05 m) has faint lami
nated to very thin bedded cross-beds 
of indeterminate type; forms a cliff 
to cliffy slope; unrecrystallized 
grading upwards to slightly recrystal
lized (15%); foraminifera present in 
the basal 10 ft (3.05 m); small rugose 
corals and clusters of syringopora . 
corals present, possible bryozoan * 
fragments; upper 6 ft (1.83 m) appears 
to be somewhat cyclic with mixtures of 
this unit and the preceding unit . . 26.0 (7.93)

3 Mosaic dolomite, pale yellowish brown 
(lOYR 6/2), weathers yellowish-gray 
(5Y 8/1); fine- to coarse-crystalline; 
thin-bedded bedsets; appears to be 
lensoidal in geometry as if a channel 
fill on the underlying unit; forms a 
cliff to cliffy slope; extremely re
crystallized (100%); extremely dolo- 
mitized ( 1 0 0 % ) .....................  2.0 (.61)

2 Coated, rounded; and abraided oolitic 
echinodermal intrasparite, light olive 
gray (5Y 6/1), weathers light gray (N7); 
fine- to coarse-grained calcarenite; 
thin-bedded bedsets; forms a cliff 
to cliffy slope; unrecrystallized, 1- 
2 in (2.54-5.08 cm) calcite nodules, 
white (N9)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

68.0 (20.73)

42.0 (12.80)

10.0 (3.05) 40.0 (12.19)
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Unit 
No.

Unit
Thickness 
ft (m)

1 Mosaic dolomite, pale yellowish brown 
(10YR 6/2) to grayish orange pink 
(SYR 7/2) in the basal 10 ft (3.05 m) 
becoming medium gray (N5), weathers 
light olive gray (5Y 6/1); fine- to 
medium-crystalline; thin-bedded bed- 
sets; forms a cliff; extremely re
crystallized (96-100%); extremely 
dolomitized (90-100%); a few dolomit- 
ized allochem ghosts, crinoid bio
clasts (?) ; chert, medium light gray 
(N6) to white (N9), weathers moderate 
orange pink (SYR 8/4), nodular, 1% in 
the upper 10 ft (3.05 m) of the unit; 
principally megaquartz ............. 30.0 (9.14)

Total of Escabrosa Limestone

Unconformity (erosional disconformity?)

Devonian:

Percha Formation (incomplete):

2 Dolomitized bryozoan crinoidal ostra- 
codal biomicrosparite(?) becoming a 
subsucrosic dolomite in the upper 10 
ft (3.05 m) of the unit, pale yellow
ish brown (10YR 6/2) to grayish-orange 
(10YR 7/4), weathers yellowish-gray 
(5Y 8/1) to very pale orange (10YR 
8/2); basal. 5 ft (1.52 m) fine calcar- 
enite to fine calcirudite with dissem
inated fine- to medium-crystalline 
dolomite rhombs, sequence then grades 
upwards to a fine-crystalline to 
medium-crystalline dolomite; very thin 
to thin-bedded bedsets grading upwards 
to thin-bedded bedsets; forms cliffy 
slope; extremely recrystallized (85- 
100%); slightly dolomitized (10%) in 
the basal 5 ft (1.52 m) becoming ex
tremely dolomitized (100%) in the upper

Cumulative 
Thickness 
ft (m)

30.0 (9.14)

435.5(132.75)
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Unit
No.

Unit
Thickness 
ft (m)

10 ft (3.05 m); unidentifiable fossilif-
erous hash, disseminated in the upper
10 ft (3.05 m) of the u n i t ........  15.0 (4.57)

1 Shaly subsucrosic dolomite, light
brown (SYR 6/4), weathers to a grayish 
orange pink (SYR 7/2); very fine to 
medium-crystalline; thinly laminated; 
forms cliffy slope; extremely recrys
tallized (95%); extremely dolomitized 
(95%); disseminated coarse-grained 
silt (3%); a few (5%) calcite uniden
tifiable allochem remnants ........  5.0 (1.52)

Total of Incomplete Percha Formation

Base of section.

Cumulative 
Thickness 
ft_____ (m)

20.0 (6.09)

5.0 (1.52)

20.0 (6.09)
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Figure 62. Salt River Canyon Measured Section.
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Salt River Canyon, 
Near K and M Mine

West-facing cliff-like exposures, of Mississippian Limestone were mea
sured east of the K and M Mine road at a point where the southeast
trending road makes a pronounced change in direction to the 
south-southwest, a location approximately .65 mi (1.05 km) in a N28°E 
direction from the K and M Mine. The area is unsurveyed with respect 
to the Land Office Grid System, but may be located as 33°48'45"N lati
tude and 110°21,55"W longitude on the 7%* series Carrizo SE Quadrangle, 
Gila County, Arizona. Mississippian strata strike approximately N20°E 
and dip approximately 11-13°SE. The Salt River Canyon section is located 
on the Apache Indian Reservation and may be accessed by turning east 
from Arizona State Highway 77 onto the K and M Mine road in the Flying 
V Canyon area.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

2 Siltstone to sandstone, grayish red 
purple (5RP 4/2), weathers grayish- 
red (5R 4/2); coarse-grained silt to 
very fine grained sand; well-sorted; 
semielongate, angular to subangular 
grains; straight and point to point 
grain contacts; primarily quartz 
grains; hematite cement/matrix; lami
nated to very thin-bedded; forms a
recessive poorly exposed ledgy slope 5.0 (1.52) 45.0 (13.71)

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

1 Covered 40.0 (12.19) 40.0 (12.19)

Total of Incomplete Black Prince Formation 45.0 (13.71)

Unconformity (erosional disconformity)
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Mississippian:

Escabrosa Limestone:

Unit Cumulative
Unit Thickness Thickness
No.

17 Packed crinoidal echinodermal pel-

ft (m) ft (m)

letiferous biomicrosparite grading 
upwards to a hashy, packed crinoidal 
echinodermal bryozoan pelletiferous 
biomicrosparite, light olive gray 
(5Y 6/1) to pale reddish brown (10YR 
5/4); coarse calcilutite to fine cal- 
cirudite; very thin bedded bedsets; 
extremely recrystallized (85%); chert, 
light olive gray (5Y 6/1), weathers 
light olive gray (5Y 6/1) to light 
gray (N7), lensoidal, occurs in basal 
5 ft (1.52 m), 10% at base grading
upwards to 5% .......................  10.0 (3.05) 169.9 (51.77)

16 Coated, poorly washed fossiliferous 
pelletiferous oosparite grading up
wards to a rounded, abraided pelletif
erous oolitic intrasparite, moderately 
well sorted coated pelletiferous algal 
crinoidal echinodermal intraclastic 
oosparite and coated, rounded, and 
abraided pelletiferous crinoidal in
traclastic echinodermal biosparite, 
light olive gray (5Y 6/1) to light 
gray (N7), weathers to light olive 
gray (5Y 6/1) light brown (5YR 5/6), 
light gray (N7) to moderate reddish 
orange (10R 6/6) to moderate orange 
pink (SYR 8/4); coarse calcilutite to 
fine calcirudite, coarsening upwards 
to a fine calcarenite to fine calciru
dite; thin-bedded bedsets grading up
wards to thick-bedded bedsets; forms 
a cliff; slightly recrystallized (15%) 
grading upwards to unrecrystallized; 
foraminifera present in the basal 10
ft (3.05 m) .......................... 22.8 (6.95) 159.9 (48.72)
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Unit
No.

15 Sucrosic dolomite grading upwards to 
a dedolomitized or pseudosparite in
terval, brownish-gray (SYR 4/1) 
grading upwards to a very pale orange 
(10YR 8/2), weathers to a light brown 
(SYR 6/4) grading upwards to a pale 
reddish brown (10R 5/4); medium crys
talline dolomite grading upwards to 
a mixed, very fine crystalline and 
fine- to coarse-crystalline calcite; 
faint laminations grouped in very 
thin bedded bedsets grading upwards 
to thin-bedded bedsets; forms cliff; 
extremely recrystallized (100%); base 
extremely dolomitized (100%) . . . .

14 Mosaic dolomite grading upwards to 
a dedolomitized interval or pseudo
sparite, very pale orange (10YR 8/2) 
to light brownish gray (SYR 6/1) grad
ing upwards to a pale yellowish or
ange (10YR 8/6) to pale pink (5RP 8/2); 
weathers to a moderate orange pink 
(SYR 8/4); very fine crystalline with 
patches of fine- to medium-crystalline 
dolomite grading upwards to a fine- 
crystalline calcite; faint laminae 
grouped in very thin bedded bedsets 
grading upwards to very thin bedded 
bedsets; forms cliff; extremely re
crystallized (100%); base extremely
dolomitized (100%) ................. 10.0 (3.05) 127.1 (38.72)

13 Biogenically distrubed packed fossilif- 
erous pelmicrosparite, medium light 
gray (N6), weathers to a moderate or
ange pink (SYR 8/4); medium calcilu- 
tite; lensoidal; very thin beds 
grouped in thin-bedded bedsets; forms 
cliff; moderately recrystallized (40%); 
trace (1%) disseminated silt; medium-
to coarse-grained; angular grains . . 5.0 (1.52) 117.1 (35.67)

12 Silty-sandy-conglomeratic breccia, 
moderate yellowish brown (10YR 5/4)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

10.0 (3.05) 137.1 (41.77)
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Unit
No.

Unit
Thickness 
ft (a)

Cumulative 
Thickness 
ft_____ (m)

to very pale orange (10YR 8/2) ma
trix, matrix weathers to a moderate 
brown (SYR 4/4) to moderate orange 
pink (SYR 8/4); coarse-grained silt 
to fine-grained sandstone with inclu
sions of pebbles, cobbles, and boul
ders, some of which are black (Nl) 
basalt; poorly sorted, silica cement 
with hematite matrix; sublitharenite 
composition; lensoidal, very thin 
beds; upper surface asymmetrical 
ripple marks indicating a current di
rection of S80°E; minor interbeds of 
a mottled pelsparite, pale-red (SR 
6/2), weathers pale red (10R 6/2) to 
moderate orange pink (SYR 8/4); chert, 
grayish-pink (SR 8/2) to yellowish- 
gray (5Y 8/1), weathers to moderate 
orange pink (10R 7/4) to moderate 
reddish orange (10R 6/6); nodular, 
less than 1%; moderately recrystal
lized (40%) with microcrystalline 
quartz preservation of pelloidal
allochems .......... ................  4.0 (1.22) 112.1 (34.15)

11 Moderately well sorted fossiliferous 
pelletiferous intrasparite, light 
olive gray (5Y 6/1), weathers to a 
light brown (5Y 6/4); coarse calcilu- 
tite to fine calcirudite; variable 
thickness bedsets ranging from thin- 
to thick-bedded; forms cliff; slightly
to moderately recrystallized (25%) . 5.0 (1.52) 108.1 (32.93)

/

10 Dismicrite after a fossiliferous(?) 
pelsparite, light olive gray (5Y 6/1), 
weathers to a pale reddish brown (10R 
5/4) to moderate reddish orange (10R 
6/6); fine- to coarse-crystalline 
sparry calcite patches (40%) in a mi- 
crosparite mass (60%); variable thick
ness bedsets ranging from thin- to 
thick-bedded; forms cliff; extremely 
recrystallized (95%); bird's eye
like structure ................. 5.0 (1.52) 103.1 (31.41)
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Unit
No.

Unit
Thickness 
ft ‘ (m)

9 Silty horizons interbedded with a 
mosaic, moldic vuggy dolomite, 
grayish-pink (5R 8/2), weathers to a 
grayish-pink (5R 8/2) to moderate 
orange pink (10R 7/4); very fine to 
fine-crystalline; vei^r thin to thin- 
bedded bedsets; forms recessive in
terval between cliffy exposures; 
extremely recrystallized (97%); ex
tremely dolomitized (97%); moldic 
vuggy areas (8%), often filled with 
fine- to medium-crystalline dolo
mite and rarely fine-crystalline
calcite, bioclastic ghosts (?) . . . .  2.5 (0.76)

8 Coated, rounded, and abraided pelle- 
tiferous oolitic intrasapaite, light 
olive gray (5Y 6/1), weathers to a 
pale reddish brown (10R 5/4); coarse 
calcilutite to fine calcarenite; very 
thin to thin-bedded bedsets; forms 
cliff; slightly recrystallized (15%) 4.0 (1.22)

7 Mosaic dolomite, grayish-pink (5R
8/2), weathers to a pale reddish brown 
(10R 5/4); fine- to medium- 
crystalline; faintly laminated with 
laminae grouped in very thin to thin- 
bedded bedsets; forms cliff; extreme
ly recrystallized (100%); extremely 
dolomitized (100%) ................. 5.0 (1.52)

6 Vuggy pseudosparite, pale yellowish 
brown (10YR 6/2) to grayish-orange 
(10YR 7/4), weathers to a grayish- 
orange (10YR 7/4) to moderate orange 
pink (10R 7/4); fine- to coarse- 
crystalline; very thin bedded bed- 
sets grading upwards to thin-bedded; 
forms cliff; extremely recrystallized 
(100%); bird’s eye structure, blebs 
(20%) solution enhanced; some are 
filled with megaquartz and fine- to 
coarse-crystalline calcite ........  5.0 (1.52)

Cumulative 
Thickness 
ft (m)

98.1 (29.89)

95.6 (29.13)

91.6 (27.91)

86.6 (26.39)
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Unit
No.

5 Mosaic dolomite after a fossilifer- 
ous pelletiferous oosparite or mosaic 
dolomite with fossiliferous pelletifer
ous oosparite intervals grading to a 
dedolomitized or pseudosparite appear
ing interval in the upper 3.3 ft (2.53 
m); grayish-pink (5R 8/2), moderate or
ange pink (10R 7/4) to pale red (10R 
6/2), weathers to a light brown (5YR 
5/6), moderate reddish brown (10R 4/6), 
moderate orange pink (10R 7/4) to 
grayish-orange (10YR 7/4); fine- to 
medium-crystalline dolomite grading 
in the upper 8.3 ft (2.53 m) to a fine- 
to medium-crystalline pseudosparite; 
very thin to thin-bedded bedsets; 
forms cliff; extremely recrystallized 
(100%); silicified intervals only 
slightly to moderately recrystallized 
(25%); extremely dolomitized (100%), 
the upper 8.3 ft (2.53 m) is not dolo
mitized; chert, grayish-pink (5R8/2), 
white (N9), and moderate orange pink 
(10R 7/4), weathers same; lensoidal;
5-8%; excellent microcrystalline quartz 
replacement texture replacing a fos
siliferous pelletiferous oosparite in 
a silicified interval 10 ft (3.05 m)
from the base of u n i t ............... 28.3 (8.63) 81.6 (24.87)

4 Subsucrosic dolomite, grayish orange 
pink (5YR 7/2), weathers grayish- 
orange (10YR 7/4); fine- to medium- 
crystalline; thin-bedded bedsets; forms 
cliff; extremely recrystallized (100%); 
extremely dolomitized (95%) with minor 
(5%) disseminated fine- to medium-
crystalline calcite ................. 5.0 (1.52) 53.3 (16.24)

3 Coated, moderately well sorted fossilif
erous oolitic pelsparite grading upwards 
to a coated, rounded, and abraided ech- 
inodermal crinoidal intraclastic oospar
ite and fossiliferous pelletiferous 
oosparite, grayish orange pink (SYR 7/2)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

grading upwards to a medium gray (N5) 
and light olive gray (5Y 6/1), weathers 
to a pale yellowish brown (10YR 6/2) 
grading upwards to a light brown (5YR 
5/6) to light olive gray (5Y 6/1); 
thin-bedded bedsets; forms cliff; mod
erately to extremely recrystallized 
(70%) at the base grading upwards to 
slightly to moderately recrystallized 
(25%) with moderate dolomitization 
(45%) and becomes unrecrystallized; 
foraminifera present in the basal 5

Undulating erosion surface

2 Subsucrosic dolomite grading upwards 
to a solution enhanced moldic vuggy 
subsucrosic dolomitized pseudosparite 
and pseudosparite, pale red (10R 6/2) 
to grayish-red (10R 4/2) grading up
wards to medium light gray (N6) to 
grayish-pink (5R 8/2), weathers to a 
moderate reddish orange (10R 6/6) 
grading upwards to a moderate orange 
pink (5YR 8/4); fine- to medium- 
crystalline dolomite gradually being 
replaced by a fine- to medium- 
crystalline sparry calcite; very thin 
to thin-bedded bedsets; forms cliff; 
extremely recrystallized (100%); ex
tremely dolomitized (90%), not dolo
mitized in the upper 5 ft (1.52 m) of 
unit; chert (3%), medium light gray 
(N6) to grayish orange pink (10R 8/2), 
weathers to light brown (SYR 5/6); 
lensoidal; occurs only in the upper

1 Coated, rounded, and abraided bryo- 
zoan pelletiferous echinodermal in- 
traclastic crinoidal biosparite 
grading upwards to a dolomitized coat
ed echinodermal crinoidal biosparite 
and dolomitized brachiopod crinoidal 
echinodermal biosparudite, medium

ft (1.52 m) 15.0 (4.57) 48.3 (14.72)

10 ft (3.05 m) of unit 15.0 (4.57) 33.3 (10.15)
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Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft (m)

gray (N5) grading upwards to a light 
brownish gray (SYR 6/1) to light gray 
(N7); weathers to a very pale orange 
(10YR 8/2) to grayish-orange (10YR 
7/4) grading upwards to a light olive 
gray (5Y 6/1) to moderate yellowish 
brown (10YR 5/4); coarse calcilutite 
to fine calcirudite grading upwards 
to a fine calcarenite to fine calciru
dite; fine- to medium-crystalline 
dolomite replacing unit in increasing 
amounts in an upwards direction; thin- 
bedded bedsets; forms cliff; unrecrys- 
tallized in the basal 5 ft (1.52 m) 
of unit becoming moderately (50%) to 
moderately to extremely recrystallized 
(70%) in the upper 8.3 ft (2.53 m) of 
unit; not dolomitized in the basal 
5 ft (1.52 m); becomes slightly to 
moderately dolomitized (20%) to moder
ately to extremely dolomitized in the
upper 8.3 ft (2.53 m) of unit . . . .  18.3 (5.58) 18.3 (5.58)

Total of Escabrosa Limestone 169.9 (51.77)

Unconformity (erosional disconformity?) age relationships uncertain; 
contact made arbitrarily at the base of the carbonate sequence.

Devonian:

Martin Formation (incomplete):

3 Sandstone, grayish-orange (10YR 7/4) 
to pale reddish brown (10R 5/4), weath
ers to a moderate reddish orange (10R 
6/6), light red (5R 6/6) to pale yel
lowish orange (10YR 8/6); very fine to 
medium-grained; moderately well sorted; 
subangular to subrounded grains, semi- 
elongate to equate grains in straight 
and concavo-convex grain contact rela
tionships with a few floating grains;
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Unit
No.

2

1

Base

Unit
Thickness ft (m)

well-cemented, fine- to medium-
crystalline calcite; thin-bedded bed-
sets; forms c l i f f ................... 5.0 (1.52)

Silty shale, light olive gray (5Y
6/1), weathers same; medium-grained
silt; well-sorted; subangular grains
principally of quartz (60%) and opaque
oxides (40%); weakly cemented, slightly
calcareous; laminated; forms recessive
s l o p e ...............................  7.8 (2.38)

Sandstone, very pale orange (10YR 8/2) 
to pale yellowish orange (10YR 8/6), 
weathers to a pale yellowish orange 
(10YR 8/6) to light olive gray (5Y 6/1); 
very fine to medium-grained;fair-sorted; 
angular to subangular grains in float
ing and straight and concavo-convex 
grain contacts; quartz grains have 
straight and mildly undulose extinction; 
quartz grains have silica overgrowths; 
quartz arenite compositionally; well- 
cemented, fine- to medium-crystalline 
dolomite; thin-bedded bedsets; forms 
ledgy cli f f .........................  2.0+ (0.61+)

Total of Incomplete Martin Formation

of section; not base of exposure.

14.8 (4.51)

Cumulative
Thickness
ft_____ (m)_

9.8 (2.99)

2.0 (0.61) 

14.8+ (4.51+)
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Cross Canyon-Superior Composite Section

Mississippian strata were measured on a southwest-trending ridge flank
ing the north side of Cross Canyon. The section is located in the 
SE%, NW$6, Sec. 2, T. 2 S., R. 12 E., 7%’ series, Superior Quadrangle, 
Pinal County, Arizona. Mississippian strata at this location have been 
locally mineralized and in some intervals have been solutioned to form 
a mineralized solution breccia. Stratigraphic and depositional environ
mental interpretation of these altered intervals is difficult. This 
composite section was measured in two legs. Correlations between the 
two legs were made by tracing along a lithologic marker bed across a 
minor fault. Mississippian strata in leg 1 strike approximately N33- 
36°W and dip 36°NE. Approximate attitudes of Mississippian strata mea
sured in leg 2 strike N32-33°W and dip 30-33°NE. The Superior area has 
been mapped by Peterson (1969) and Hammer (1961). Norby (1971) measured 
a composite section in the Cross Canyon and D . Hammer (personal communi
cation, 1974) has measured several Mississippian section noting abrupt 
thickness changes between measured sections. He interpreted these abrupt 
changes in thickness to be due to solutioning activity. Hammer and 
Webster (1962) and Hammer and Peterson (1968) provide stratigraphic 
discussions of the Superior area.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

3 Silty to sandy shale, grayish-red (5R 
4/2), weathers same; medium-grained 
silt to very fine to fine-grained sand; 
moderately well sorted; composed of 
angular and subround grains that have 
concavo-convex and long grain to grain 
contacts with minor floating.grains; 
quartz grains have straight extinc
tion; poorly cemented, very fine- 
crystalline calcite disseminated in 
a hematite matrix; thinly laminated 
to laminated; forms a recessive,

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

cliffy slope 5.0+ (1.52+) 40.0 (12.18)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

2 Covered, grayish-red (5R 4/2) shale 
and chert float ................... 30.0 (9.14) 35.0 (10.66)

1 Solutioned and mineralized conglomer- . 
ate breccia, varied colors, black (Nl)
Mn oxide(?) matrix with moderate or
ange pink (5YR 8/4), dark gray (N3), 
pinkish-gray (SYR 8/1), and very light 
gray (N8), weathers to a black (Nl) ma~ 
trix with grain constituents brownish- 
gray (5YR 4/1), to pale red (10R 6/2) 
to moderate orange pink (SYR 8/4); 
poorly sorted angular and subrounded 
cobbles; continued matrix/cement of Mn 
oxide and very fine crystalline dolo
mite; no apparent bedding; solution
breccia; forms a rubbly hilltop float 5.0 (1.52) 5.0 (1.52)

Total of Incomplete Black Prince Formation 40.0 (12.18)

Unconformity (erosional disconformity)

Mississippian:

Escabrosa Limestone:

40 Subsucrosic dolomite in the basal 15 
ft (4.27 m) becoming principally a mo
saic dolomite throughout the remainder 
of the unit, ferroan dolomite occurs in 
the upper 5 ft (1.52 m) of the unit, 
mainly olive-black (5Y 2/1), but basal 
5 ft (1.52 m) is light olive gray (5Y 
6/1) to grayish-black (N2) grading up
wards in the upper 25 ft (7.62 m) to 
a light olive gray (5Y 6/1), olive- 
gray (5Y 4/1) and dark gray (N3), 
weathers light olive gray (5Y 6/1), 
upper 5 ft (1.52 m) badly mineralized, 
weathers yellowish-gray (5Y 7/2); fine- 
to medium-crystalline in the basal 5 
ft (1.52 m) and upper 25 ft (7.62 m), 
remainder very fine to fine-crystalline;
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

very thin to thin-bedded bedsets; forms 
a cliffy slope with upper 10 ft (3.05 m) 
becoming poorly exposed rubbly hilltop 
float; extremely recrystallized (95- 
100%) throughout the unit; extremely do- 
lomitized (100%, locally 95-100%); 
scattered intervals indicate traces of 
recrystallized bioclasts or moldic 
megaquartz-filled vugs; chert, very 
light gray (N8) to white (N9); basal 
30 ft (9.14 m), nodular, locally lens- 
oidal (1%) locally 3-5%, upper part of 
unit contains lensoidal and nodular 
chert (2-5%); generally recrystallized 
and dolomitized prior to silicification; 
black (Nl) oxides (3-5%) disseminated 
throughout unit and locally concentrated, 
particularly in the upper 5 ft (1.52 m) 
of the unit; rugose corals are present 
in the basal 10 ft (3.05 m) disseminated
decreasing in abundance upwards . . . 55.0 (16.76) 374.1(114.00)

39 Mosaic dolomite after a crinoidal(?) 
echinodermal biosparite, medium gray 
(N5), weathers light olive gray (5Y 
6/1) grading upwards to light gray (N7); 
variable crystalline size, ranging from 
very fine to medium-crystalline, grad
ing upwards to fine- to coarse- 
crystalline and fine- to medium- 
crystalline; thin-bedded bedsets; forms 
cliffy slope; extremely recrystallized 
(90-99%) in the basal 10 ft (3.05 m) 
of the unit, becoming moderately to ex
tremely recrystallized (70%) upwards; 
extremely dolomitized (100%) in the 
basal 10 ft (3.05 m) decreasing to mod
erately to extremely dolomitized (70%); 
recrystallized allochem ghosts replaced 
or partially replaced by medium- to 
coarse-crystalline dolomite; vesicul- 
lophylum and small rugose corals present 
in the lower 10 ft (3.05 m) of the
unit 15.0 (4.57) 319.1 (97.24)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

38 Mosaic dolomite, medium light gray 
(N6) with light olive gray (5Y 6/1) 
patches; fine- to medium-crystalline; 
thin-bedded bedsets with minor faint 
low-angle medium-scale cross-beds;

. forms cliffy slope; extremely recrys
tallized (95%); extremely dolomit- 
ized (100%); a few fossil(?) allochem 
ghosts filled with medium- to very 
coarse crystalline dolomite; upper 
part of unit intensely altered and
mineralized.........................  7.0 (2.13) 304.1 (92.67)

37 Alternating coated moderately well 
sorted echinodermal pelletiferous 
oosparite and packed bryozoan pelletif
erous oomicrosparite-oosparite, medium- 
gray (N5), weathers light gray (N7); 
very fine calcarenite to medium cal- 
carenite alternating with coarse cal- 
cilutite to coarse calcarenite; 
laminated, laminae grouped in thin- 
bedded bedsets with a few low-angle 
medium-scale trough cross-beds (approx
imate dip direction S25°E); forms a
cliffy slope; unrecrystallized . . .  5.0 (1.52) 297.1 (90.54)

36 Basal conglomerate grading rapidly up
ward to a poorly sorted fossiliferous 
oosparite, medium gray (N5), weathers 
to a light bluish gray (SB 7/1); medium 
calcarenite to medium calcirudite; thin- 
bedded bedsets with low-angle medium-

35 Poorly to moderately well sorted fos
siliferous oosparite, medium gray (N5) 
to medium light gray (N6), weathers 
light gray (N7); very fine calcarenite 
to fine calcirudite coarsening upwards 
to a fine calcarenite to fine

a cliffy slope; unrecrystallized; cri- 
noidal and unidentifiable fossil hash 
present . ............................ 4.0 (1.22) 292.1 (89.02)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

calcirudite; thin-bedded bedsets; forms
cliffy slope; unrecrystallized . . . 10.0 (3.05) 288.1 (87.80)

34 Moderately well sorted fossiliferous 
pelsparite with fill material of a 
packed echinodermal oomicrosparite; 
medium gray (N5) and olive gray (5Y 
4/1), weathers light gray (N7) pelspar
ite; coarse calcilutite to very fine 
calcarenite; oomicrosparite, coarse 
calcilutite to fine calcirudite; thin- 
bedded bedsets; forms a cliffy slope; 
pelsparite, extremely recrystallized 
(95%) and oomicrosparite infilling, 
moderately recrystallized (40%); chert, 
medium dark gray (N4) to light bluish 
gray (5B 7/1), weathers same, nodular, 
lensoidal and bedded, 15%; organic bur
rows and worm tubes, mud-cracked upper

33 Dolomitized brachiopod bryozoan cri- 
noidal echinodermal biosparite grading 
upwards to a dolomite and dolomitized 
hashy, packed bryozoan crinoidal echino
dermal" biomicrosparite, olive gray (5Y 
4/1) grading upwards to medium gray (N5) 
and medium dark gray (N4), weathers yel
lowish gray (5Y 7/2) grading upwards to 
a medium gray (N5) and light olive gray 
(5Y 6/1); basal 5 ft (1.52 m) fine- 
crystalline dolomite, fine calcarenite 
to fine calcirudite grading upwards to 
a 10 ft (3.05 m) fine- to medium- 
crystalline dolomite becoming upwards 
a fine- to medium-crystalline dolomit
ized fine calcarenite to fine calciru
dite; thin-bedded bedsets; forms cliffy 
slope, in some intervals poorly exposed 
or partially covered by rubble; basal 
5 ft (1.52 m) slightly to moderately re- 
crystallized (35%) rapidly becoming ex
tremely recrystallized (100%) and 
decreasing upwards to moderately recrys
tallized (60%); basal 5 ft (1.52 m)

surface 5.0 (1.52) 278.1 (84.75)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

slightly to moderately dolomitized (30%) 
rapidly becoming extremely dolomitized 
(100%), the upper 5 ft (1.52 m) is only 
very slightly dolomitized (5%); chert, 
moderate light gray (N6), light gray 
(N7), locally light brownish gray (5YR 
6/1); weathers medium bluish gray (5B 
7/2) to light bluish gray (5B 7/1), lo
cally pale red (5R 6/2); nodular, lens- 
oidal and bedded, 15% decreasing to 
nodular and lensoidal, 10% in the upper 
10 ft (3.05 m) of the unit; microcrys
talline quartz and megaquartz replace
ment of fossil allochems in the basal 
5 ft (1.52 m) grading to silicified 
intervals with extensive recrystalliza
tion before silicification, upper 5 ft 
(1.52 m) may contain silicified allo
chems silicified prior to deposition 30.0 (9.14) 273.1 (83.23)

Base of leg 2 of composite section; section measurement of leg 1 uses 
unit 32 as a marker bed approximately 400 ft (121.92 m) to the northwest 
across an interpreted minor fault.

32 Subsucrosic dolomite after a crinoidal(?) 
echinodermal biosparite, medium-gray (N5) 
weathers yellowish-gray (5Y 7/2); fine- 
to medium-crystalline dolomite; very 
thin bedded beds grouped into thin-bedded 
bedsets; forms a hilltop slope; extremely 
recrystallized (95%); extremely dolomit
ized (95%), some allochem ghosts filled 
with fine- to medium-crystalline calcite; 
fossiliferous interval, crinoidal frag
ments , rugose corals and brachiopods
present ................. ........... 5.0 (1.52) 243.1 (74.09)

31 Dolomitized poorly sorted brachiopodal 
echinodermal crinoidal biosparite, medium 
gray (N5), weathers medium gray (N5); 
fine-crystalline dolomite; fine calcar- 
enite to medium calcirudite; very thin to 
thin-bedded bedsets; forms cliffy hilltop 
slope; moderately recrystallized (60%); 
slightly to moderately dolomitized (30%);
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

small rugose corals and disseminated 
crinoidal fragments present . . . . 6.3 (1.92) 238.1 (72.57)

30 Dolomitized packed bryozoan(?) echino- 
dermal crinoidal biomicrosparite, light 
gray (N7), weathers yellowish-gray (5Y 
.7/2); fine-crystalline dolomite; fine • 
to medium calcarenite; thin-bedded 
bedsets; forms ledgy slope; moderately 
to extremely recrystallized (75%); mod
erately to extremely dolomitized (75%); 
chert (2%), medium light gray (N6) to 
light gray (N7), lensoidal; good micro
crystalline and megaquartz replacement 
of fossil allochems prior to extensive 
recrystallization and dolomitization;
abundant crinoidal hash ............  8.0 (2.44) 231.8 (70.65)

29 Hashy, packed crinoidal biomicrosparite 
grading upwards to almost a pseudospar- 
ite after a packed echinodermal crinoid
al bryozoan biomicrosparudite, medium 
light gray (N6) to very light gray (N8) 
grading upwards to a light olive gray 
(5Y 6/1), weathers light gray (N7); 
very fine calcarenite to fine calciru- 
dite. coarsening upwards to a medium 
calcarenite to fine calcirudite; upper 
5 ft (1.52 m) of unit almost a fine- to 
medium-crystalline pseudosparite; thin- 
bedded bedsets; forms a ledgy slope; 
slightly recrystallized (10%) grading 
upwards to extremely recrystallized 
(95%); unit consists almost entirely of 
crinoidal fragments or clasts, poorly
cemented almost friable unit . . . .  10.0 (3.05) 223.8 (68.21)

28 Hashy, packed echinodermal crinoidal 
bryozoan biomicrosparudite, medium-gray 
(N5) grading upwards to a light gray 
(N7) and medium light gray (N6), weath
ers medium light gray (N6) grading up
wards to light gray (N7); medium 
calcarenite to fine calcirudite; basal 
5 ft (1.52 m) faintly laminated
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Unit
Thickness 
ft (m)

becoming very thin to thin-bedded bed- 
sets; forms cliffy slope; variably 
recrystallized, moderately recrystal
lized (40%) grading upwards to slightly 
recrystallized (10%) and extremely 
recrystallized (80%); chert, light 
bluish gray (5B 7/1) and grayish- 
orange (10YR 7/4), weathers bluish 
white (SB 9/1) to light bluish gray 
(SB 7/1), lensoidal, 3% in the basal 
10 ft (3.05 m) of the unit; good re
placement texture, microcrystalline and 
megaquartz silicification of fossil 
allochems..................... . . . 17.0 (5.18)

27 Coated, rounded, and abraided crinoid- 
al pelletiferous echinodermal intra- 
sparite, medium gray (NS), weathers 
light gray (N7); fine calcarenite to 
fine calcirudite; thin-bedded bedsets 
with low-angle medium-scale trough 
cross-beds; forms cliffy to ledgy 
slope; unrecrystallized; abundant cri- 
noidal fragments present . . . . . .  8.0 (2.44)

26 Coated, rounded, and abraided foraminif- 
eral pelletiferous oolitic intrasparite 
grading upwards to an intraclastic pel
letiferous oosparite and algal echino
dermal intraclastic oosparite, light 
gray (N7), weathers same; fine calcare
nite to fine calcirudite, locally fine 
calcarenite to medium calcirudite, up
per 5 ft (1.52 m) medium to coarse cal
carenite; thin-bedded bedsets with 
low-angle, medium-scale trough cross
beds; forms ledgy cliff and cliffy 
slope; slightly recrystallized (15%) in 
the basal 5 ft (1.52 m), unrecrystal
lized in the remainder of the unit; 
foraminifera present throughout most of 
the u n i t ..................... .. 20.0 (6.10)

Unit
No.

Cumulative 
Thickness 
ft_____ (m)

213.8 (65.16)

196.8 (59.98)

188.8 (57.54)
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Unit

Unit Thickness
No. ft (m)

25 Packed fossiliferous pelmicrosparite 
grading upwards to a moderately well 
sorted intraclastic algal biopelspar- 
ite* medium gray (N5), weathers light 
gray (N7); fine calcarenite to fine 
calcirudite grading upwards to a 
coarse calcilutite to medium calcare
nite; thin-bedded bedsets, low-angle, 
medium-scale trough cross-beds; forms 
ledgy cliff to cliffy slope; slightly 
to moderately recrystallized (20%)
grading upwards to unrecrystallized . 10.0 (3.05)

24 Rounded and abraided fossiliferous
foraminiferal intrasparite, medium dark
gray (N4), weathers light bluish gray
(5B 7/1); medium calcilutite to medium
calcarenite; thin- to thick-bedded bed-
sets; forms ledgy cliff to cliffy
slope; unrecrystallized; foraminifera
present . ........... .. .............  5.0 (1.52)

23 Pseudosparite, pale red (5R 6/2), weath
ers grayish-orange (10YR 7/4); fine- to 
medium-crystalline; microlaminated, 
irregular lensing, very thin bedded bed- 
sets; forms ledgy slope; extremely re
crystallized (100%) ................. 4.0 (1.22)

22 Sandy subsucrosic dolomite, medium gray 
(N5), weathers same color; very fine to 
coarse-grained sand (25%) disseminated 
in a fine- to medium-crystalline dolo
mite; laminated; forms ledge; extremely 
recrystallized (100%); extremely dolo- 
mitized (100%) ...................  . 3.0 (0.91)

21 Fossiliferous pelmicrosparite, light
gray (N7) to very light gray (N8), weath
ers white (N9) with laminated bands of 
light gray (N7); coarse calcilutite 
to fine calcirudite; thick-bedded bed- 
sets; forms cliff; slightly recrystal
lized (15%) . . . . .  ...............

Cumulative 
Thickness 
ft_____ (m)

168.8 (51.44)

158.8 (48.39)

153.8 (46.87)

149.8 (45.65)

7.0 (2.13) 146.8 (44.74)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft Cm) ft_____ (m)

20 Poorly washed mottled pelletiferous 
intrasparudite grading upwards to a 
poorly sorted pelletiferous intraspar- 
ite, very light gray (N8), weathers 
same color; corase calcilutite to 
coarse calcarenite fining upwards to 
a coarse calcilutite to medium calciru- 
dite; very thin to thin-bedded bedsets; 
forms cliff; slightly recrystallized 
(15%) grading upwards to moderately to
extremely recrystallized (75%) . . . 10.0 (3.05) 139.8 (42.61)

19 Fossiliferous intraclastic mottled pel- 
microsparite, medium dark gray (N4), 
weathers bluish white (5B 9/1); coarse 
calcilutite to fine calcirudite; very 
thin to thin-bedded bedsets; forms a 
cliff; slightly to moderately recrys-

18 Poorly to moderately well sorted fos
siliferous pelletiferous intrasparite, 
light brownish gray (SYR 6/1), weathers 
pinkish-gray (5YR 5/1); coarse calcilu
tite to fine calcarenite; thin-bedded 
bedsets; forms a recessive cliff; mod
erately to extremely recrystallized 
(70%); trace (2%) disseminated medium
grained silt to very fine grained sand,
trace (5%) disseminated black oxides 4.0 (1.22) 124.8 (38.04)

Section traverse shifted 20 ft (6.10 m) to the left along strike.

17 Mosaic dolomite, dark gray (N3) with 
moderate reddish orange (10R 6/6) 
patches, weathers light gray (N7) to 
light olive gray (5Y 6/1); fine- to 
medium-crystalline; very thin to thin- 
bedded bedsets; forms a ledgy float- 
covered slope; extremely recrystallized 
(99%); extremely dolomitized (100%); a 
few(?) moldic allochem ghosts, some 
filled with megaquartz; trace (3%) dis
seminated black oxides present in thin
section .........................  . . 2.5 (0.76) 120.8 (36.82)

tallized (30%) 5.0 (1.52) 129.8 (39.56)
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Unit
Unit Thickness
No. ft (m)

16 Well sorted fossiliferous intraclastic 
oosparite, light olive gray (5Y 6/1), 
weathers light bluish gray (5B 7/1); 
coarse calcilutite to medium calciru- 
dite; thin-bedded bedsets; forms a 
ledgy slope; slightly recrystallized 
(10%); has strong fetid odor . . . .  9.0 (2.74)

15 Patchy mosaic and sucrosic dolomite, 
light olive gray (5Y 6/1) to moderate 
reddish orange (10R 6/6) weathers gray
ish orange (10YR 7/4); very fine to 
fine-crystalline mosaic dolomite patch
es in a fine- to medium-crystalline 
sucrosic dolomite; very thin to thin- 
bedded bedsets; forms ledge; extremely 
recrystallized (100%); extremely dolo- 
mitized (100%); trace (3%) disseminated 
black oxide patches present in thin 
section .............................  2.0 (0.61)

14 Pseudosparite, pinkish-gray (SYR 8/1) 
and light gray (N7), weathers to a vari
colored pinkish gray (SYR 8/1), light 
gray (N7) and light brownish gray (5YR 
6/1); very fine crystalline; very thin 
beds grouped in thin-bedded bedsets; 
forms a float-covered ledge; extremely 
recrystallized (100%); organic dis
turbed beds, worm burrows present . . 4.0 (1.22)

13 Coated, rounded, and abraided oolitic 
echinodermal pelletiferous intrasparu- 
dite grading upwards to a moderately 
well sorted fossiliferous oolitic pel- 
sparite, medium gray (N5), weathers 
light gray (N7); thin-bedded bedsets, 
with faint nondescript cross-beds pres
ent; forms a cliffy slope;
unrecrystallized  ................. 10.0 (3.05)

12 Sucrosic to subsucrosic dolomite in the 
basal 5 ft (1.52 m) grading upwards to 
a subsucrosic dolomite, medium dark 
gray (N4) to medium gray (N5), weathers

Cumulative 
Thickness 
ft_____ (m)

118.3 (36.06)

109.3 (33.32)

107.3 (32.71)

103.3 (31.49)
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Unit
No.

11

10

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

same color; fine- to medium-crystalline, 
upper 10 ft (3.05 m) medium-crystalline; 
laminated, laminae grouped in thin- 
bedded bedsets with faint nondescript 
cross-beds; forms ledgy slope; extremely 
recrystallized (95-100%); extremely do- 
lomitized (100%); 3-10% disseminated 
and patchy black oxides present in thin
section............ ................  25.0 (7.62) 93.3 (28.44)

Brecciated, solutioned mineralized 
pseudosparite, varicolored white (N9), 
medium dark gray (N4), black (Nl) and 
light brown (SYR 5/6), weathers pinkish- 
gray (SYR 8/2); fine- to coarse- 
crystalline; bedding badly disrupted, 
but generally forms thin-bedded bedsets; 
forms ledgy slope; extremely recrystal
lized (100%); some silicification by 
microcrystalline and megaquartz in some 
breccia voids; in some intervals black 
oxides constitute as much as 50% of
the u n i t ...........................  5.0 (1.52) 68.3 (20.82)

Mosaic dolomite, grayish-black (N2), 
weathers to a laminated medium gray 
(N5) and grayish-black (N2); medium- to 
coarse-crystalline; laminated, laminae 
grouped in thin-bedded bedsets; inter
mediate angle, medium-scale trough 
cross-beds present; forms ledgy slope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); patches 
(5%) of disseminated black oxides pres
ent in thin section................. 10.5 (3.20) 63.3 (19.30)

Mosaic to subsucrosic dolomite, olive 
gray (5Y 4/1) in the basal 5 ft (1.52 m) 
of the unit grading upwards to a medium 
gray (N5), weathers pale yellowish brown 
(10YR 6/2) in the basal 5 ft (1.52 m) of 
the unit grading upwards to a light olive 
gray (5Y 6/1); fine-crystalline in the 
basal 5 ft (1.52 m) coarsening upwards 
to fine- to medium-crystalline; thin- 
bedded bedsets; forms ledgy slope;
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No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

467

extremely recrystallized (98-100%); ex
tremely dolomitized (99-100%); scarce 
allochem ghosts filled with fine- to 
coarse-crystalline dolomite and minor 
microcrystalline quartz and megaquartz; 
chert (2%), very light gray (N8) and 
white (N9), weathers same, nodular; 
disseminated (5%) black oxide present 
in thin section in the basal 5 ft (1.52
m) of the u n i t .....................  19.0 (5.79) 52.8 (16.10)

8 Dolomitized bryozoan echinodermal cri- 
noidal biosparite, medium gray (N5), 
weathers light olive gray (5Y 6/1); 
medium calcarenite to medium calciru- 
dite; very thin to thin-bedded bedsets; 
forms ledge; extremely recrystallized
(80%); extremely dolomitized (80%) . 1.0 (0.31) 33.8 (10.31)

7 Subsucrosic ferroan dolomite, brownish- 
gray (5YR 4/1), weathers to a yellowish- 
gray (5Y 7/2) to light olive gray (5Y 
6/1); fine- to medium-crystalline; very 
thin beds grouped in thin-bedded bedsets; 
forms cliffy slope; extremely recrystal
lized (99%); extremely dolomitized 
(100%); a few allochem ghosts partially
replaced by megaquartz ............. 5.0 (1.52) 32.8 (10.00)

6 Dolomitized poorly sorted (?) echinodermal 
crinoidal biosparite, medium dark gray 
(N4), weathers light olive gray (5Y 6/1); 
fine calcarenite to fine calcirudite; 
fine- to medium-crystalline dolomite; 
very thin‘■to thin-bedded bedsets; forms 
cliff; extremely recrystallized (80%); 
moderately to extremely dolomitized (70%); 
widely scattered syringopora corals
present .............................  1.7 (0.52) 27.8 (8.48)

5 Subsucrosic dolomite after a crinoidal(?) 
echinodermal biosparite, medium gray (N5) 
weathers to a yellowish-gray (5Y 7/2); 
fine- to medium-crystalline; very thin 
beds grouped in thin-bedded bedsets;
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Unit
Unit Thickness
No. ft (m).

forms cliffy slope; extremely recrystal
lized (95%); extremely dolomitized (100%); 
a few dolomitized allochem ghosts pres
ent , replaced by medium- to coarse- 
crystalline dolomite; disseminated black 
oxide patches present in thin section 4.0 (1.22

4 Dolomitized poorly sorted echinodermal 
bryozoan crinoidal biosparite, medium 
dark gray (N4), weathers greenish-gray 
(5GY 6/1); fine calcarenite to fine 
calcirudite;.fine- to medium-crystalline 
dolomite; very thin to thin-bedded bed- 
sets; forms ledge; moderately recrystal
lized (60%); moderately dolomitized 
(60%); chert (3%), very light gray (N8) 
to white (N9), nodular; fossiliferous 
hash and small rugose corals present 1.7 (0.52) 22.1 (6.74)

3 Subsucrosic ferroan dolomite after a 
crinoidal(?) echinodermal biosparite, 
medium light gray (N4), weathers light 
olive gray (5Y 6/1); fine-crystalline; 
very thin bedded bedsets; forms cliffy 
slope; extremely recrystallized (95%); 
extremely dolomitized (95%); a few allo
chem ghosts filled with fine-crystalline 
calcite, rarely by megaquartz; vesicul- 
lophylum corals present; veinlets (3%)
of black oxide present in thin section 5.0 (1.52) 20.4 (6.22)

2 Subsucrosic dolomitized(?) crinoidal 
echinodermal biosparite, moderate 
yellowish-brown (10YR 5/4), with dark 
gray (N3) areas, weathers light olive 
gray (5Y 6/1); very fine to fine- 
crystalline; very thin bedded bedsets; 
forms cliffy slope; extremely recrys
tallized (95%); extremely dolomitized 
(100%); dolomitized allochem ghosts 
present; disseminated (5%) patches of 
black oxide present in thin section .

Cumulative 
Thickness 
ft_____ (m)

26.1 (7.96)

1 Poorly sorted echinodermal crinoidal bio
sparite grading upwards to a dolomitized

5.2 (1.59) 15.4 (4.70)
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Unit
No.

poorly sorted crinoidal echinodermal pel
let if erous intraclastic biosparite; me
dium light gray (N6) grading upwards to 
a medium dark gray (N4), weathers to a 
medium light gray (N6) to light olive 
gray (5Y 6/1) grading upwards to a me
dium gray (N5); medium calcarenite to 
fine calcirudite fining upwards to a 
very fine calcarenite to fine calciru
dite; very thin to thin-bedded bedsets; 
forms cliff; moderately to extremely 
recrystallized (70-80%); slightly to 
moderately dolomitized (35%) in the upper 
5 ft (1.52 m) of the unit; small rugose
corals and brachiopods present . . .  10.2 (3.11) 10.2 (3.11)

Total of Escabrosa Limestone 374.1(114.00)

Unconformity (erosional disconformity)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

Devonian:

Martin Formation (incomplete):

2 Silty shale, pale reddish brown (10R 
5/4), weathers to a varicolored moder
ate orange pink (10R 7/4), moderate 
reddish orange (10R 6/6) and blackish- 
red (5R 2/2); medium- to coarse
grained silt; well-sorted; composed of 
angular, subequant grains; quartz grains 
have slight undulatory extinction; 
poorly to moderately indurated, limonitic- 
hematitic cement/matrix; laminated; 
weathers to crumbly clasts; forms a
recessive saddle ................... 36.0 (10.97) 38.0 (11.58)

1 Silty dolomite, moderate reddish brown 
(10R 4/6), weathers to a grayish-orange 
(10YR 7/4); coarse-grained silt; very 
fine to fine-crystalline; very thin to 
thin-bedded bedsets; forms a ledgy slope;
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Unit 
No.

Unit
Thickness 
ft (m)

extremely recrystallized (100%); ex
tremely dolomitized (100%); silt, dis
seminated ( 7 % ) .....................  2.0 (0.61)

Total of Incomplete Martin Formation

Base of section; not base of exposure.

Cumulative 
Thickness 
ft_____ (m)

2.0 (0.61) 

38.0 (11.58)
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Dos Cabezas Mountains

The Dos Cabezas Mountains section was measured on a north-northwest 
trending ridge, a southwesterly-dipping homocline, approximately 2 
miles west-northwest of the town of Dos Cabezas and just north of 
Arizona State Highway 186, approximately 11 miles east-southeast of 
Willcox, Arizona. The attitude of the Mississippian strata ranges 
N48-52°W and dips 59-65°SW. The section is located in the center of the 
N3$, NE%, SEln, Sec. 26, T. 14 S., R. 26 E. in the 15' series Dos Cabezas 
Quadrangle, Cochise County, Arizona. Cooper (1960) provides a reconnais
sance geologic map of the Dos Cabezas Quadrangle and others. Jones and 
Bacheller (1953) and .Armstrong (B. Mamet, personal communication, 1977, 
section not available) has measured a detailed section at this location. 
Sabin (1957, p. 480-483) provides a Mississippian stratigraphic discus
sion of the Chiricahua and Dos Cabezas Mountains areas.

Top of section; not top of Escabrosa Limestone exposure.

Mississippian:

Escabrosa Group (incomplete):

30 Poorly sorted, intraclastic cephalopod 
brachiopod echinodermal bryozoan bio- 
sparite, light brownish gray (SYR 6/1), 
weathers to a light gray (N7); fine 
calcarenite to medium calcirudite; 
thin-bedded bedsets; forms ledgy dip- 
slope; unrecrystallized; small brachi- 
opods clustered on certain bedding 
planes; chert (5%), medium light gray 
(N6) to medium gray (N5), weathers to 
a light bluish gray (5B 7/l);

29 Poorly sorted, crinoidal bryozoan
biopelsparudite, very light gray (N8) 
with medium light gray (N6) areas, 
weathers light gray (N7); coarse cal- 
cilutite; thin-bedded bedsets; forms 
ledgy dipslope; slightly to moderately 
recrystallized (25%); small brachib- 
pods occur in clusters on certain

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

lensoidal 10.0 (3.05) 576.0)175.55)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

bedding plane surfaces; chert (1%), 
medium light gray (N6) to medium gray 
(N5); weathers'light bluish gray (5B 
7/1); one pervasive bed at base, nodu
lar at the top of unit ............ 10.0 (3.05) 566.0(172.50)

28 Very hashy, poorly sorted bryozoan cri- 
noidal echinodermal biosparite; light 
olive gray (5Y 6/1), weathers same 
color; medium calcarenite to fine cal- 
cirudite; thin-bedded bedsets, severely
jointed; forms rubbly ledgy dipslope 10.0 (3.05) 556.0(169.45)

27 Almost a pseudosparite, ostracodal
bryozoan echinodermal biosparite grad
ing upwards to poorly sorted echino
dermal crinoidal bryozoan biosparite, 
olive gray (5Y 4/1) to light olive gray 
(5Y 6/1), weathers to a medium gray (N5) 
to light olive gray (5Y 6/1); very fine 
calcarenite to fine calcirudite grading 
upwards to a medium calcarenite to fine 
calcirudite; thin-bedded bedsets; forms 
ledgy dipslope; extremely recrystallized 
(75%) in the basal 10 ft (3.05 m) grad
ing upwards to unrecrystallized; chert, 
medium dark gray (N4) to medium light 
gray (N6), weathers to a light brown 
(5YR 6/4) to medium dark gray (N4), dis
continuous ly bedded in the basal 10 ft 
(3.05 m) grading upwards to discontinuous 
bedded and lensoidal, 15% at the base 
grading upwards to 0-5%; upper 10 ft 
(3.05 m) does not have chert; foraminif-
era present .........................  20.0 (6.10) 546.0(166.40)

26 Poorly sorted, pelletiferous echinoderm
al biosparite grading upwards to a coat
ed, rounded, and abraided pelletiferous 
bryozoan echinodermal biosparite, dark 
yellowish brown (10YR 4/2), medium gray 
(N5) to brownish-gray (SYR 4/1), weath
ers to a medium light gray (N6); very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms ledgy dipslope;
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Unit
No.

Unit
Thickness 
ft (m)

unrecrystallized to slightly recrystal
lized ; chert (5%), brownish-gray (SYR 
4/1) and light brown (SYR 6/4), weathers 
to a white (N9) and medium dark gray 
(N4), lensoidal, present only in basal 
10 ft (3.05 m) of the unit; silica re
placement texture, well-preserved fos
sil allochems; disseminated crinoidal 
fragments in the basal 10 ft (3.05 m); 
foraminifera p r e s e n t .............i 15.0 (4.57)

25 Poorly sorted, echinodermal biopelspar- 
udite, dark yellowish brown (10YR 4/2), 
weathers to a yellowish-gray (5Y 7/2) 
and medium light gray (N6) ; medium cal- 
cilutite to fine calcirudite; ledgy dip- 
slope; unrecrystallized; planar elements 
aligned in thin section slide with 
styolite-like fractures which parallel 
the planar elements and do not cut across 
fossil allochems; chert (5%), white (N9) 
to grayish orange pink (SYR 7/2), weath
ers to a grayish orange pink (SYR 7/2), 
lensoidal; good silica replacement, 
sponge spicules present; a few rugose 
corals present; foraminifera sparsely 
present ................... ..........  10.0 (3.05)

24 Dolomite, after a crinoidal bryozoan
biosparite(?), pale yellowish brown (10YR 
6/2), weathers to a yellowish-gray (5Y 
7/2); chert, pale yellowish brown (10YR 
6/2), weathers to grayish orange pink 
(SYR 7/2); fine-crystalline; thin-bedded 
bedsets; forms cliffy dipslope; extreme
ly recrystallized (90%); extremely dolo- 
mitized ( 1 0 0 % ) ..................... 2.0 (.61)

23 Packed crinoidal echinodermal bryozoan 
biomicrosparite alternating with poorly 
sorted bryozoan crinoidal echinodermal 
biosparite and packed crinoidal bryozoan 
echinodermal biomicrosparudite, grading 
upwards to very hashy, packed crinoidal 
bryozoan echinodermal biomicrosparite- 
biomicrosparudite to hashy, rounded and

Cumulative 
Thickness 
ft_____ (m)

526.0(160.30)

511.0(155.73)

501.0(152.68)
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Unit
No.

Unit
Thickness 
ft (m)

abraided crinoidal bryozoan echinodermal 
biosparite; upper 25.5 ft (7.77 m) 
packed gastropod brachiopod bryozoan 
biopelmicrosparudite, brownish-gray (5YR 
4/1) and medium gray (N5) to light olive 
gray (5Y 6/1), weathers medium gray (N5), 
light olive gray (5Y 6/1) and medium 
light gray (N6); very fine calcarenite 
to fine calcirudite alternating upwards 
with intervals of medium calcilutite to 
medium calcirudite; forms uniform ledgy 
dipslope; unrecrystallized to slightly 
recrystallized (10%) with only a few in
tervals of slightly to moderately re
crystallized (25-50%); chert, brownish 
gray (SYR 4/1) and dark yellowish brown 
(10YR 4/2), weathers to a very light 
gray (N5) light brownish gray (SYR 6/1) 
and pinkish-gray (SYR 8/1) and grayish 
orange pink (5YR 7/2), lensoidal grading 

• upwards to lensoidal and nodular, 5% at 
the base of the unit decreasing upwards 
to 2%, alternating intervals with no 
chert; silica replacement texture, mi
crocrystalline quartz preservation of 
fossil allochem ghosts; cluster of ru
gose corals and brachiopods 45-55 ft 
(13.72-16.76 m) below the top of unit; 
foraminifera present throughout most 
of u n i t .............................  65.5 (19.96)

22 Hashy, packed crinoidal echinodermal 
biomicrosparite alternating with hashy, 
poorly sorted crinoidal echinodermal 
biosparite-biosparudite, light olive 
gray (5Y 6/1) and light gray (N7), 
rarely light brownish gray (5YR 6/1); 
very fine calcarenite to coarse cal
carenite grading sporadically in the 
upper portion of the unit to coarse 
calcilutite to fine calcirudite; forms 
ledgy dipslope; basal portion unre- 
crystallized grading upwards to very 
slightly to slightly recrystallized 
(5-10%); a foraminiferal zone occurs

Cumulative 
Thickness 
ft (m)

499.0(152.07)
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Unit

Unit Thickness
No. ft Cm)

20-25 ft (6.10-7.62 m) above the base
of the unit associated with a hashy,
poorly sorted bryozoah crinoidal ech-
inodermal biosparudite ............  33.0 (10.06)

21 Alternating poorly sorted, echinodermal 
crinoidal biopelsparite and sparsely 
fossiliferous hashy echinodermal crinoid
al biomicrosparite grading upwards to a 
hashy, poorly washed bryozoan pelletif- 
erous echinodermal crinoidal biomicro
sparite with.intervals of poorly washed 
pelletiferous crinoidal echinodermal 
biomicrosparudite, light brownish gray 
(5YR 6/1), brownish gray (SYR 4/1), 
weathers to a medium light gray (N6) 
becoming light gray (N7) upwards; coarse 
calcilutite to fine calcirudite slight
ly coarsening upwards to a very fine 
calcarenite to fine calcirudite; thin- 
bedded bedsets; forms ledgy dipslope; 
slightly recrystallized (10%) through
out interval, locally moderately re
crystallized (40%); chert, light brownish 
gray (5YR 6/1), brownish-gray (SYR 4/1), 
moderate reddish brown (10R 4/6) to me
dium gray (NS); weathers to light brown 
(SYR 5/6), brownish-gray (SYR 4/1), 
grayish orange pink (10 R 8/2), and 
grayish orange pink (SYR 7/2), nodular 
and lensoidal (2-3%), grading upwards 
to lensoidal and bedded chert (2-5% 
crinoidal fragments, small rugose cor
als and vesicullophylum corals occur 
in an interval 30 ft (9.14 m) to 50 ft 
(15.24 m) from the base of unit . . . 50.0 (15.24)

20 Sparsely fossiliferous echinoid gastro
pod echinodermal bryozoan crinoidal 
biomicrosparite, dark reddish brown 
(10R 3/4), weathers to a pinkish-gray 
(5YR 8/1); medium calcarenite to medi
um calcirudite; one lensoidal thick- 
bedded bedset; forms ledgy dipslope; 
slightly recrystallized (10%) . . . .

Cumulative 
Thickness 
ft (m)

433.5(132.11)

400.5(122.05)

2.0 (0.61) 350.5(106.01)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft (m)

19 Poorly to moderately well sorted cri- 
noidal bryozoan echinodermal biosparite 
grading upward to hashy, packed bryo
zoan echinodermal biomicrosparite and 
a poorly washed bryozoan crinoidal ech
inodermal biopelsparite, medium gray 
(N5), light gray (N7) to brownish-gray 
(5YR 4/1); weathers to a medium light 
gray (N6) to light gray (N7); medium 
calcarenite to fine calcirudite; lami
nated to very thin beds grouped in 
thin-bedded bedsets; forms ledgy dip- 
slope; unrecrystallized grading upward 
to slightly to moderately recrystal
lized (10-30%); chert (1-2%), pale 
yellowish brown (10YR 6/2), weathers 
to yellowish-gray.(5Y 8/1) to grayish 
orange pink (5YR 7/2), lensoidal near 
the base of the unit and nodular spo
radically throughout the unit; dissemi
nated, moderately abundant crinoid
fragments throughout most of unit . . 25.0 (7.62) 348.5(106.20)

18 Alternating sequence of coated, rounded 
and abraided or well-sorted crinoidal 
echinodermal biopelsparite, well- 
sorted crinoidal echinodermal biospar- 
udite, poorly sorted crinoidal 
pelletiferous echinodermal biosparite 
and packed pelletiferous bryozoan cri
noidal echinodermal biomicrosparite, 
pale yellowish brown (10YR 6/2), 
brownish-gray (5YR 4/1), olive gray 
(5Y 6/1) to medium gray (N5), weathers 
to medium light gray (N6), rarely medi
um gray (N5); variable.grain sizes with 
general coarsening upwards; exemplary 
grain sizes are very fine calcarenite 
to coarse calcarenite coarsening upwards 
to medium calcarenite to fine calciru
dite; medium calcilutite to fine calcir
udite coarsening upwards to coarse 
calcilutite to medium calcirudite; very 
thick to massive-bedded bedsets; basal 
20 ft (6.10 m) forms a hilltop slope 
and remainder of unit forms a cliffy
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Unit
No.

dipslope; unrecrystallized to slightly 
recrystallized (10%); locally moder
ately recrystallized (50%); silicified 
interval contains associated fine- 
crystalline dolomite (30%) patches; 
scarce crinoidal fragments disseminated 
throughout unit; chert (1%), medium 
gray (N5) to light gray (N7), two dis
continuous beds 5 ft (1.52 m) from the 
base of the unit; scarce crinoidal
fragments throughout unit ..........  50.0 (15.24) 323.5 (98.58)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

17 Rubbly conglomerate, varicolored, forms 
ledgy cliff, undulating erosional sur
face cut into the top of unit 16 with
varying thickness . ................. .3.0 (0.91) 273.5 (83.34)

16 Fine- to coarse-crystalline pseudo- 
sparite after a well-sorted pelspar- 
ite(?) grading upwards in the upper 5.5 
ft (1.68 m) to a coated, rounded, and 
abraided crinoidal bryozoan echinodermal 
intrasparite, brownish-gray (SYR 4/1) 
to medium gray (N5) and pale yellowish 
orange (10YR 8/6), weathers medium light 
gray (N6); grains in the intrasparite 
range from medium calcarenite to fine 
calcirudite; very thin to massive-bedded 
bedsets; forms a cliff; extremely recrys
tallized becoming unrecrystallized in 
upper 5.5 ft (1.68 m); chert (20%), 
banded brownish-gray (5YR 4/1) and 
grayish-orange (10YR 7/4), weathers 
same colors, bedded, uniformsly dis
tributed throughout unit ..........  15.5 (4.72) 270.5 (82.43)

15 Covered 30.0 (9.14) 255.0 (77.71)

Shifted section 125 ft, traced along fossiliferous horizon of unit 14, 
a N60°E fault lies to the northwest of the traverse line.

14 Poorly sorted, hashy bryozoan echino
dermal biopelsparite grading upwards to 
a spongy echinodermal bryozoan biopel
sparite and poorly washed pelletiferous



Unit
No.

Unit
Thickness 
ft (m)

479
Cumulative 
Thickness 
ft_____ (m)

crinoidal bryozoan biosparudite, brownish- 
gray (5YR 4/1), weathers to a medium 
light gray (N6) grading upward to a 
light gray (N7); coarse calcilutite to. 
fine calcirudite grading upwards to a 
coarse calcilutite to medium calcirudite; 
thin-bedded bedsets; forms cliffy slope; 
slightly recrystallized (5%) at base, 
grading upwards to unrecrystallized; 
chert, nodular, 2% in basal 5 ft (1.52 
m); rugose corals and brachiopods present
in upper 7.5 ft (2.29m) ..........  17.5 (5.33) 225.0 (68.57)

13 Hashy, packed intraclastic echinodermal 
bryozoan biopelmicrosparudite, brownish- 
gray (5YR 4/1), weathers to a light gray 
(N7); laminated; forms cliffy slope; 
slightly to moderately recrystallized
(20%) ...............................  2.0 (.61) 207.5 (63.24)

12 Packed, hashy bryozoan echinodermal 
biomicropelsparite grading upwards to 
a poorly sorted pelletiferous bryozoan 
echinodermal biosparite, and poorly sorted 
bryozoan echinodermal biopelsparite, 
brownish-gray (5YR 4/1), weathers to a 
medium gray (N5) to light gray (N7); me
dium calcilutite to medium calcirudite; 
very thick bedded to massive bedsets; 
forms cliffy slope; slightly recrystal
lized (15%) grading upward to unrecrys- 
tallized; very slightly dolomitized (5%); 
very fine to fine-crystalline dolomite 
disseminated and in patches in silici- 
fied intervals; chert, bedded, 15% in 
the lower 5 ft (1.52 m) and decreasing 
upwards to lensoid, 2-7% in the upper 7
ft (2.13 m) of the u n i t ............  12.0 (3.66) 205.5 (62.63)

11 Poorly sorted, hashy echinodermal spicu- 
liferous bryozoan biopelsparudite grad- . 
ing upwards to a pelletiferous 
spiculiferous crinoidal bryozoan biospar
ite to a poorly washed brachiopod cri
noidal echinodermal biosparudite.
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

brownish-gray (5YR 4/1), weathers to a 
light gray (N7); coarse calcilutite to 
fine calcirudite at the top and bottom 
of unit, medium calcilutite to medium 
calcirudite in middle part of unit; 
thick- to very thick bedded bedsets; 
forms cliffy slope; slightly to moder
ately recrystallized' (5-20%); good 
preservation of fossil allochems in 
silicified intervals; very fine to fine- 
crystalline dolomite patches (20%) in 
silicified intervals subsequent to si- 
licification; chert (15%), brownish- 
gray (5YR 4/1), pale yellowish brown 
(10YR 6/2) and grayish-red (10R 4/2), 
weathers to moderate orange pink (SYR 
8/4) to pinkish-gray (5YR 8/1), bedded; 
foraminifera present in upper 5 ft

10 Poorly sorted, sparsely fossiliferous 
spiculiferous gastropod bryozoan echino- 
dermal biosparite which grades upwards 
to a very fine to medium- to fine- to 
medium-crystalline pseudosparite after 
a crinoidal biosparite(?), light brownish 
gray (SYR 6/1) to brownish-gray (SYR 4/1) 
weathers to a medium light gray (N6); 
fine calcarenite to fine calcirudite; 
thin- to thick-bedded bedsets grading 
upwards to thick- to very thick bedded 
bedsets; unrecrystallized to slightly 
recrystallized (5%) becoming extremely 
recrystallized in the upper 10 ft (3.05 
m); slightly dolomitized (5-10%); chert, 
light brownish gray (SYR 6/1), weathers 
to a light brownish gray (SYR 6/1), gray
ish orange pink (SYR 7/2) and grayish- 
yellow (5Y 8/4), nodular, lensoidal and 
bedded chert, 20% grading upwards to a
nodular and bedded chert, 25% . . . .  20.0 (6.10) 178.5 (54.40)

9 Sparse bryozoan crinoidal echinoderinal 
biomicrosparite, brownish-gray (SYR 4/1) 
to medium gray (NS), weathers to a light 
gray (N7); fine calcarenite to fine

(1.52 m) 15.0 (4.57) 193.5 (58.97)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

calcirudite; thin- to thick-bedded bed- 
sets; unrecrystallized to slightly to 
moderately recrystallized (0-20%), re
crystallized near silicified horizons, 
slightly to moderately dolomitized (5- 
20%), dolomite occurs as disseminated 
rhombs, fine- to medium-crystalline, 
occurs particularly in silicified ho
rizons; chert, dark yellowish brown 
(10YR 4/2) and moderate reddish brown 
(10R 4/6), weathers to a grayish orange 
pink (5YR 7/2), lensoidal (5%) in the 
basal 20 ft (6.10 m) of unit, lensoidal 
and bedded (10%) in the upper 15 ft 
(4.57 m) of unit; sponge spicules and 
questionable fossil allochem ghosts ob
served in upper chert interval . . . 45.0 (13.72) 158.5 (48.30)

8 Conglomeratic appearing base grading 
upwards to a packed bryozoan crinoidal 
echinodermal biomicrosparudite, medium 
light gray (N6), weathers to a yellowish- 
gray (5Y 8/1); coarse calcilutite to 
fine calcirudite; thin- to thick-bedded 
bedsets; forms cliff; moderately recrys-

Section traverse offset along unit 7, 200 ft to the southeast.

7 Fossiliferous pelsparite, medium dark 
gray (N4), white (N9) and grayish pink 
(5R 8/2), weathers light olive gray 
(5Y 6/1) and grayish-orange (10YR 7/4); 
coarse calcilutite to coarse calcare- 
nite; thin-bedded bedset; forms ledge; 
moderately to extremely recrystallized 
(65%); rugose corals and foraminifera
present ......................... .. . 2.0 (.61) 108.5 (33.06)

6 Rounded and abraided echinodermal intra- 
sparite grading upward to a well-sorted 
foraminifera intraclastic pelsparite to 
a packed pelmicrosparite alternating 
with a well-sorted intraclastic pelspar
ite, olive gray (5Y 4/1), brownish-gray

tallized (45%) 5.0 (1.52) 113.5 (34.58)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

(5YR 4/1) to medium gray (N5), weathers 
to a light olive gray (5Y 6/1) at the 
base grading upwards to a light gray 
(N7); medium calcarenite to fine calciru- 
dite grading upwards to a medium calcilu- 
tite to fine calcirudite; very thin beds 
grouped in very thin to thin-bedded bed- 
sets in the basal 25 ft (7.62 m) becoming 
laminated in the upper 8.5 ft (2.59 m) 
of the unit; forms cliff; unrecrystal- 
lized to slightly to moderately recrys
tallized (15-25%); strata adjacent to 
silicified intervals have been extremely 
recrystallized (100%) becoming a fine- 
to very coarse crystalline pseudosparite; 
chert, medium light gray (N6) to light 
olive gray (5Y 6/1), weathers same colors, 
nodular (1%) present in basal 10 ft (3.05 
m) of unit; crinoid fragments, rugose 
corals syringapora corals and vesicullo- 
phylum corals are abundant in the basal 
5 ft (1.52 m) and diminish rapidly in 
the next 5 ft (1.52 m) of unit; fora-
minifera present throughout unit . . 33.5 (10.21 106.5 (32.45)

5 Moderately well sorted, crinoidal bio- 
sparite, varicolored, white (N9) and 
medium light gray (N6) and moderate 
reddish brown (10R 4/6), weathers to a 
light gray (N7); coarse calcarenite to 
fine calcirudite; rippled laminations 
grouped in very thin bedded bedsets; 
forms cliff; slightly to moderately 
recrystallized (45%); disseminated cri
noidal fragments present ..........  5.0 (1.52) 73.0 (22.24)

4 Coated, rounded, and abraided echino- 
dermal crinoidal intrasparite to pel- 
letiferous crinoidal echinodermal 
intrasparite, brownigh-gray (SYR 4/1) 
to medium gray (N5), weathers to a 
yellowish-gray (5Y 8/1) to light gray 
(N7); coarse calcilutite to fine cal
cirudite; forms prominent cliff; 
slightly recrystallized (15%) at base 
grading upwards to unrecrystallized;
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

rugose corals and syringopora corals 
and foraminifera present in the upper 
6 ft (1.83 m) of unit . ............. 11.0 (3.35) 68.0 (20.72)

Undulating surface of erosion, 3 ft (.91 m) relief; dip increases above 
this surface.

3 Mosaic to subsucrosic dolomite, medium 
gray (N5), medium light gray (N6) with 
pale yellowish orange (10YR 8/6) and 
moderate orange pink (10R 7/4), weath
ers to a light gray (N7), yellowish- 
gray (5Y 8/1) to pinkish-gray (5YR 8/1); 
fine- to coarse-crystalline in the 
basal part of the unit grading upward 
to medium- to coarse-crystalline; thin- 
to thick-bedded bedsets, in parts very 
thick bedded bedsets; basal 5 ft (1.52 
m) forms a ledgy slope, the remainder 
of the unit forms a prominent cliff; 
extremely recrystallized (98-100%); ex
tremely dolomitized (100%); trace cri- 

• noidal allochem ghosts present . . . 48.0 (14.63) 57.0 (17.37)

2 Covered  .......... ..........  5.0 (1.52) 9.0 (2.74)

1 Poorly sorted biopelsparite, brownish- 
gray (5YR 4/1), weathers to a medium 
gray (N5); coarse calcilutite to fine 
calcirudite; laminated, laminae grouped 
into thin-bedded bedsets; forms cliffy 
slope; slightly to moderately recrys
tallized (35%); syringopora corals

Unconformity (possible angular discordance or bedding thrust, dif
ficult to get attitude in Devonian strata).

Devonian:

Portal Formation (incomplete):

2 Silty dolomite, moderate yellowish 
brown (10YR 5/4), weathers to a light

present 4.0 (1.22) 4.0 (1.22)
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Unit Cumulative
Unit Thickness Thickness
No.

brownish gray (5YR6/1); fine- to 
medium-crystalline dolomite; silt (15%) 
medium- to coarse-grained, well-sorted 
angular to rectangular shaped grains; 
very thin bedded bedsets; forms poorly 
exposed rubbly slope; extremely recrys
tallized (100%); dolomite (65%) with 
patches of microcrystalline quartz and

ft (m) ft (m)

fine- to medium-crystalline calcite . 12.5 (3.81) 27.5 (8.38)

1 Vuggy, filty pseudosparite, dark yellow
ish brown (10YR 4/2) and dark reddish 
brown (10R 3/4), medium- to coarse- 
crystalline with fine- to medium- 
crystalline euhedral dolomite dissemi
nated throughout the sample; silt, 
medium- to coarse-grained, well-sorted, 
angular rectangular grains; laminated, 
laminae grouped into very thin bedded 
bedsets; forms poorly exposed rubbly 
slope; extremely recrystallized (100%); 
slightly to moderately dolomitized 
(25%); isolated vugs (20%); filled with
megaquartz .......................  . 15.0 (4.57) 15.0 (4.57)

Total of Incomplete Portal Formation 27.5 (8.38)

Base of section; not base of exposure
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Johnny Lyon Hills

Mississippian strata were measured on the southwest-facing ledge- and 
cliff-like slopes and northeast-facing dipslopes of the northwest- to 
southeast-trending Johnny Lyon Hills. Strata were measured in the NE^, 
NEJj, SWH, Sec. 16, T. 14 S., R. 21 E., located in the 15* series Dragoon 
Quadrangle, Cochise County, Arizona. The Mississippian attitude ranges 
from approximately N37-41°W strike and approximate dip of 60-62°NE. 
Cooper and Silver (1964) provide a geologic map of the area. Silver 
(1955, p. 245-248) measured two Escabrosa Limestone sections in the 
Johnny Lyon Hills. One section consisted of 594 ft (181.05 m) and an
other totalled 700 ft (213.36 m). The section is accessible by taking 
the Cascabel road towards Willcox, turning north on a road approximately 
2 mi (3.22 km) east of the Johnny Lyon Hills and then traveling overland 
from the north-northwest trending road to the west. The section was 
measured approximately 1.25 mi (2.01 km) north of where the Cascabel 
road crosses through the Johnny Lyon Hills range.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

Unit
No.

3 Shale (not sampled), pale red (5R 6/2), 
weathers same; laminated; forms a sad
dle exposure parallel to strike . . . 10.0+ (3.05+) 24.0 (7.32)

2 Subsucrosic dolomite, pale red (5R 6/2), 
weathers grayish orange pink (SYR 7/2); 
very fine to fine-crystalline; thin- 
bedded bedsets; forms ledgy slope, 
forming saddle exposure parallel to 
strike; extremely recrystallized (100%); 
extremely dolomitized (100%) . . . .  12.0 (3.66)

1 Covered . . .......................... 2.0 (0.61)

Total of Incomplete Black Prince Formation

14.0 (4.27)

2.0 (0.61)

24.0+ (7.32+)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

Unconformity (erosional disconformity)
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Mississippian:

Escabrosa Limestone:

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

50 Coated, rounded, and abraided pelletif- 
erous echinodermal crinoidal biosparu- 
dite grading upwards to a moderately well 
sorted crinoidal echinodermal biosparu- 
dite and crinoidal biosparudite, light 
gray (N7), weathers same color; variable 
grain size; medium calcarenite to fine 
calclrudite, coarse calcarenite to fine 
calcirudite to medium to coarse calcar
enite in ascending sequence; thin-bedded 
bedsets; forms ledgy dipslope; slightly 
recrystallized (10%) in the basal 20 ft 
(6.10 m) becoming moderately recrystal
lized (40%); foraminifera zone 10-20 ft 
(3.05-6.10 m) from the base of unit; 
crinoidal fragments and brachiopods pres
ent in the upper 18 ft (5.49 m) of
unit ...............................  38.0 (11.58) 594.6(181.25)

49 Moderately well sorted echinodermal 
crinoidal biosparite-biosparudite, 
olive gray (5Y 4/1), weathers to a 
greenish-gray (5GY 6/1) to light olive 
gray (5Y 6/1); coarse calcarenite to 
fine calcirudite; forms ledgy slope;
slightly recrystallized (10%) . . . .  5.5 (1.68) 556.6(169.67)

48 Hashy, poorly washed echinodermal cri
noidal biosparudite, very light gray 
(N8) to light gray (N7), weathers 
same colors; coarse calcarenite to 
fine calcirudite; thin-bedded bedsets; 
forms ledgy slope; slightly recrys
tallized (10%); crinoidal fragments
present ............. . ............. 7.5 (2.29) 551.1(167.99)

47 Dolomitized, moderately well sorted 
echinodermal crinoidal biosparite, 
olive gray (5Y 4/1), weathers to a 
greenish-gray (5GY 6/1) to light olive



Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

gray (5Y 6/1); coarse calcarenite to 
fine calcirudite; fine-crystalline dolo
mite; one thick-bedded bedset; forms 
ledgy slope; moderately recrystallized
(45%); moderately dolomitized (45%) 2.0 (0.61) 543.6(165.70)

46 Moderately well sorted bryozoan cri- 
noidal echinodermal biosparite, light 
olive gray (5Y 6/1), weathers to a 
light gray (N7) to very light gray (N8); 
coarse calcarenite to fine calcirudite; 
thin-bedded bedsets; forms ledgy dip- 
slope; moderately to extremely recrys
tallized (60%); chert (3%), medium gray 
(N5) to light gray (N7), weathers same 
colors, lensoidal, microcrystalline
quartz replacement of fossil allochems 15.5 (4.72) 541.6(165.09)

45 Hashy, poorly to moderately well sorted 
crinoidal echinodermal biosparudite, 
medium gray (N5), white (N9) to grayish- 
orange (10YR 7/4); medium calcarenite 
to fine calcirudite; thin-bedded bed- 
sets; forms ledgy dipslope; slightly 
to moderately recrystallized to local
ly extremely recrystallized (100%) and 
locally extremely dolomitized (100%) 
in silicified intervals; chert (1%), 
medium gray (N5) to white (N9), weath
ers same; nodular; fossil hash and
brachiopods present ................. 10.0 (3.05) 526.1(160.37)

44 Subsucrosic dolomite, medium gray (N5) 
to white (N9), weathers to a light gray 
(N7); fine-crystalline; thin- thick- 
bedded bedsets; forms ledgy dipslope; 
extremely recrystallized (95%); ex
tremely dolomitized (100%); chert (5%), 
white (N9) to light gray (N7), weathers 
same; lensoidal; vesicullophylum corals 
and brachiopods present; bird’s eye 
structure filled with medium- to very
coarse crystalline calcite ........  14.0 (4.27) 516.1(157.32)

43 Hashy, poorly washed bryozoan echino
dermal crinoidal biosparudite, light gray

488



489

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

(N7) to medium light gray (N6), weathers 
to a light gray (N7); coarse calcilutite 
to fine calcirudite; thin-bedded bedsets; 
forms cliffy dipslope; moderately recrys
tallized (40%); chert (1%), white (N9) 
to light gray (N7), weathers same col
ors; lensoidal; poor replacement texture 
but microcrystalline quartz may be ob
served replacing fossil allochems . . 10.0 (3.05) 502.1(153.05)

42 Subsucrosic dolomite, medium gray (N5), 
weathers to an olive gray (5Y 4/1); 
fine-crystalline; thin-bedded bedsets; 
forms ledgy dipslope; extremely dolo- 
mitized (100%); extremely recrystal
lized (98%); a few moldic vugs filled 
with medium- to very coarse crystalline
dolomitized bioclastic ghosts (?) . . 9.0 (2.74) 492.1(150.0)

41 Poorly sorted pelletiferous echinodermal 
crinoidal bryozoan biosparite, light 
gray (N7), weathers same color; very 
fine calcarenite to medium calcirudite; 
thin-bedded bedsets; forms ledgy dip- 
slope; slightly to moderately recrys-

40 Hashy, packed pelletiferous crinoidal 
echinodermal biomicrite grading upwards 
to a coated, poorly sorted brachiopod 
echinodermal crinoidal biopelsparudite; 
light olive gray (5Y 6/1) to light gray 
(N7), weathers light gray (N7); medium 
calcarenite to fine calcirudite grading 
upwards to a fine calcarenite to medium 
calcirudite; thin-bedded bedsets; forms 
ledgy dipslope; moderately recrystal
lized (45%) decreasing upwards to slight
ly to moderately recrystallized (25%); 
crinoidal fragments, small rugose cor
als, vesicullophylum corals and sponges 
present; brachiopods present in the basal 
10 ft (3.05 m) of u n i t ............. 19.0

tallized (25%) 9.0 (2.74) 483.1(147.26)

(5.79) 474.1(144.52)



490

Unit
No.

39

38

37

36

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

Dolomitized crinoidal echinodermal bio- 
sparite, brownish-gray (SYR 4/1) to me
dium gray (NS), weathers to a light 
olive gray (5Y 6/1), greenish-gray (5GY 
6/1) and light gray (N7); fine-crystalline 
dolomite; thin-bedded bedsets; forms 
ledgy dipslope; moderately to extremely 
recrystallized (75-80%); moderately to 
extremely dolomitized (75-80%); chert 
(10%), olive gray (5Y 4/1), weathers to 
a laminated pinkish-gray (SYR 8/1), 
grayish-orange (10YR 7/4) and very
pale orange (10YR 8/2); lensoidal . . 18.0 (5.49) 455.1(138.73)

Subsucrosic dolomite, medium gray (N5) 
to medium dark gray (N4), weathers to 
light olive gray (5Y 6/1) to greenish- 
gray (5GY 6/1); fine-crystalline; 
thin-beddeid bedsets; forms ledgy dip- 
slope; extremely recrystallized (100%); 
extremely dolomitized (100%); chert (5%) 
grayish-orange (10YR 7/4) to light 
olive gray (5Y 6/1), weathers to a me
dium dark gray (N4) and pale yellowish 
orange (10YR 8/6); nodular, lensoidal
and bedded chert ................. . 19.0 (5.79) 437.1(133.24)

Covered . . . ........................ 15.0 (4.57) 418.1(127.45)

Mosaic dolomite, olive gray (5Y 4/1), 
weathers to light olive gray (5Y 6/1); 
medium- to coarse-crystalline; thin- 
bedded bedsets; forms ledgy dipslope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); chert (3- 
5%), medium gray (N5) to light olive 
gray (5Y 6/1), weathers to medium dark 
gray (N4); lensoidal; excellent micro
crystalline quartz replacement of
fossil allochems ................... 12.0 (3.66) 403.1(122.88)

Hashy, packed bryozoan echinodermal cri
noidal biomicrosparudite, medium gray 
(N5), weathers to light gray (N7); fine 
calcarenite to fine calcirudite; very

35



491

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

thin to thin-bedded bedsets; forms a 
ledgy dipslope; moderately recrystal
lized (30%); chert (2%), medium dark 
gray (N4), weathers to yellowish-gray 
(5Y 8/1) to medium dark gray (N4); 
lensoidal; microcrystalline quartz re
placement of fossil allochems with 
patchy areas of chalcedonic quartz;
crinoidal fragments present ........  11.0 (3.35) 391.1(119.22)

34 Hashy, packed crinoidal biomicrospar- 
ite grading upwards to a hashy, poorly 
sorted bryozoan crinoidal echinodermal 
biosparite, light gray (N7), weathers 
same color; coarse calcarenite to fine 
calcirudite coarsening upwards to a 
fine calcarenite to medium calcirudite; 
thin-bedded bedsets; forms a hilltop 
crest to becoming a NE-facing dipslope; 
slightly recrystallized (10%) in the 
basal 10 ft (3.05 m) becoming unrecrys- 
tallized; chert, light gray (N7) to me
dium light gray (N6), weathers to light 
gray (N7) to medium dark gray (N4); 
nodular (1%) in basal 10 ft (3.05 m); 
microcrystalline and megaquartz re
placement of fossil allochems, poorly 
preserved; crinoidal fragments in the 
basal 10 ft (3.05 m) of unit; foraminif- 
era zone in upper 13.5 ft (4.12 m) of

Surface of erosion

33 Poorly sorted bryozoan crinoidal biospar
ite grading upwards to a crinoidal bryo
zoan biosparudite, light gray (N7), 
weathers same color; medium calcilutite 
to fine calcarenite coarsening upwards 
to a fine calcarenite to medium calciru
dite; thin- to thick-bedded bedsets; 
forms a hilltop slope; moderately recrys— 
tallized (35%) in the basal 10 ft (3.05 m) 
decreasing to slightly recrystallized 
(15%); chert (2%), light gray (N7) to

unit 23.5 (7.16) 380.1(115.87)



Unit
Unit Thickness
No. ft (m)
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very light gray (N8), weathers to white 
(N9), medium light gray (N6) and very 
pale orange (10YR 8/2); lensoidal; 
good silica replacement texture observed 
in field; microcrystalline quartz re
placement of fossil allochems . . . .  20.2 (6.16)

Surface of erosion; section measurement shifted 30 ft (9.14 m) to the
right or southeast along strike.

32 Coated, rounded, and abraided fossilifer- 
ous intrasparudite grading upwards to a 
well-sorted alternating sequence of oo- 
sparite and intraclastic pelsparite, 
coated, rounded, and abraided oolitic 
echinodermal crinoidal pelletiferous 
intrasparite and well-sorted fossilifer- 
ous pelsparite, light gray (N7) to medi
um gray (N5), weathers to light gray. (N7) 
to medium light gray (N6); intraclast 
inclusions weather to light bluish gray 
(SB 7/1); medium calcarenite to fine 
calcirudite in the basal 10 ft (3.05 m) 
becoming very fine to medium calcare
nite; very thick or massive-bedded bed- 
sets with occasional laminated horizons 
in channel-like cuts in the basal 10 ft 
(3.05 m) and occasional medium-scale, 
low-angle trough cross-beds in the upper 
5 ft (1.52 m) of sequence; forms a cliff; 
unrecrystallized with localized slightly 
to moderately recrystallized (25%) in
terval 20-30 ft (6.10-9.14 m) from base 
of unit; foraminifera present through
out unit ...........................  45.0 (13.72) 336.4(102.55)

31 Subsucrosic to mosaic dolomite, medium 
gray (N5) and grayish-orange (10YR 7/4) 
areas, weathers to an alternating col
or sequence of medium gray (N5) and 
yellowish-gray (5Y 8/1); fine-crystalline; 
thin-bedded bedsets; forms a rubble- 
covered slope with only the basal 3 ft 
(.91 m) well exposed; extremely recrys
tallized (100%); extremely dolomitized
(100%) .......... .. 20.0 (6.10) 291.4 (88.83)

Cumulative 
Thickness 
ft_____ (m)

356.6(108.71)
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Unit
No.

Unit
Thickness 
ft (m)

30 Alternating sequence of micrite and 
mottled pelsparlutite, light brownish 
gray (SYR 6/1), weathers to light gray 
(N7) with pinkish-gray (SYR 8/1) nod
ules; pelsparlutite intervals are 
coarse calcilutite to fine calcare- 
nite; microlaminated, microlaminae 
grouped in very thin to thin-bedded 
bedsets; forms ledge; unrecrystallized 4.5 (1.37)

29 Packed pelmicrosparite, medium gray 
(NS), weathers to light gray (N7); 
coarse calcilutite to fine calcare- 
nite; thin-bedded bedsets; forms a 
ledgy cliff; slightly to moderately 
recrystallized (25%); small rugose 
corals and ftiraminifera present . . .  1.0 (0.31)

28 Silty, poorly sorted fossiliferous 
pelletiferous intrasparudite, medium 
gray (NS), weathers to medium light 
gray (N6); coarse calcilutite to fine 
calcirudite; crenulated laminae, lami
nae grouped in thin-bedded bedsets; 
interval includes a 2 in (5.08 cm) 
silty to sandy interval; forms ledgy 
cliff; moderately to extremely recrys
tallized (70%); foraminifera present; 
fetid odor; coarse-grained silt; 11%, 
silt has subangular, straight extinct- 
ing quartz grains ...................  1.5 (0.46)

27 Packed pelmicrosparite, medium gray 
(NS) to light gray (N7); coarse cal
cilutite to medium calcarenite; lami
nated, laminae grouped into thin-bedded 
bedsets; forms cliff; moderately re
crystallized (25%); 1%, medium- to 
coarse-grained silt ................. 1.5 (0.46)

26 Interbedded, packed fossiliferous pel- 
micro lutite and a silty to sandy, round 
and abraided crinoidal echinodermal 
intrasparite, medium dark gray (N4), 
weathers to laminated medium light gray

Cumulative 
Thickness 
ft_____ (m)

271.4 (82.73)

266.9 (81.36)

265.9 (81.05)

264.4 (80.59)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

(N6) and light gray (N7); pelmicrolu- 
tite, medium calcilutite to very fine 
calcarenite; intrasparite, coarse 
calcilutite to coarse calcarenite; 
laminated, laminae grouped into very 
thin to thin-bedded bedsets; forms a 
cliff; slightly to moderately recrys
tallized (20%) in intrasparitic inter
val coarse-grained silt to very fine 
grained sand (20%); apparent weather
ing surface at top of u n i t ........  4.0 (1.22) 262.9 (80.13)

25 Moderately well sorted pelsparite, 
light gray (N7), weathers same color, 
very fine to medium calcarenite; micro- 
laminated , microlaminations grouped in 
thin-bedded bedsets; forms cliff; 
slightly recrystallized (10%); chert 
(1%), medium gray (N5), weathers same;
lensoidal ...........................  3.8 (1.16) 258.9 (78.91)

24 Poorly to moderately well sorted in-
traclastic pelsparite, light olive gray 
(5Y 6/1), weathers to a very light 
gray (N8); coarse calcilutite to medium 
calcarenite; laminated; laminae grouped 
into thin- to thick-bedded bedsets; 
forms cliff; slightly to moderately re
crystallized (30%); chert (1%), pale 
yellowish brown (10YR 6/2) to grayish 
orange pink (5YR 7/2), weathers to a 
light brownish gray (5YR 6/1) to medium 
light gray (N6); nodular; nodules occur
at top of unit .....................  5.5 (1.68) 255.1 (77.75)

23 Compacted, poorly sorted mottled pelle- 
tiferous crinoidal echinodermal bio- 
sparite, medium dark gray (N4) weathers 
to an alternating laminated to very thin 
bedded light gray (N7) and light bluish 
gray (5B 7/1); coarse calcilutite to 
coarse calcarenite; laminae to very thin 
•beds grouped into very thin to thin- 
bedded bedsets; forms cliff; unrecrys
tallized to slightly recrystallized
(0-10%); unit has calcareous nodules 1.6 (0.49) 249.6 (76.07)
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Unit
Unit Thickness
No. ft (m)

22 Poorly sorted, intraclastic pelsparite, 
light brownish gray (SYR 6/1), weath
ers to light gray (N7); coarse calcilu- 
tite to medium calcarenite; thin-bedded 
bedsets; forms cliff; slightly recrys
tallized (15%) . . . . . .  ........  2.0 (0.61)

21 Mosaic dolomite, medium light gray (N6), 
weathers to light gray (N7); medium- 
crystalline; laminated, laminae grouped 
into thin- to thick-bedded bedsets; 
forms cliff; extremely recrystallized 
(100%); extremely dolomitized (100%); 
has calcareous nodules 0.5-1.0 in (1.27- 
2.54 c m ) ...........................  2.0 (0.61)

20 Dolomitized fossiliferous intrasparite 
grading upwards to a mosaic dolomite, 
medium gray (N5), weathers same color, 
fine- to medium-crystalline dolomite; 
thin-bedded bedsets; forms a rubbly to 
cliffy slope; moderately to extremely 
recrystallized (75%) grading upwards to 
extremely recrystallized (100%); moder
ately to extremely dolomitized (75%) 
grading upwards to extremely dolomitized 
(100%); basal 10 ft (3.05 m) crinoidal 
fragments and foraminifera present; 
has strong fetid o d o r ............... 17.5 (5.33)

19 Poorly sorted, intraclastic pelletifer- 
ous oosparite, light olive gray (5Y 
6/1), weathers to light gray (N7); 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms a cliffy 
slope grading upwards to a rubbly 
slope; slightly recrystallized (10%); 
has strong fetid o d o r ............... 10.0 (3.05)

18 Poorly sorted fossiliferous echino-
dermal pelsparite, light olive gray (5Y 
6/1) with grayish-orange (10YR 7/4) 
areas; weathers to light gray (N7), 
fossils weather to a moderate orange

Cumulative 
Thickness 
ft_____ (m)

248.0 (75.58)

246.0 (74.97)

244.0 (74.36)

226.5 (69.03)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

pink (5YR 8/4) to very pale orange 
(10YR 8/2); coarse calcilutite to 
coarse calcarenite; laminated to very 
thin beds grouped in thin-bedded bed- 
sets; forms cliff; moderately recrys
tallized (50%); unidentifiable fossil
hash ...............................  3.0 (0.91) 216.5 (65.98)

17 Poorly sorted fossiliferous pelletifer- 
ous intrasparite, medium gray (N5) to 
light brownish gray (SYR 6/1), weathers 
to light gray (N7); very fine calcare
nite to fine calcirudite coarsening up
wards to a very fine calcarenite to 
medium calcirudite; thin-bedded bedsets 
grading upwards to thick-bedded bedsets; 
forms cliff; extremely recrystallized 
(80%) in the basal 14 ft (4.27 m) grad
ing upwards to moderately recrystallized 
(50%); vesicullophylum corals occur 14 
ft (4.27 m) above the base of unit, cor
als lie parallel to bedset surfaces . 34.0 (10.36) 213.5 (65.07)

16 Alternating rounded and abraided echino- 
dermal pelletiferous intrasparite and 
shaly intraclastic pelsparite, shaly 
intervals brownigh-gray (SYR 4/1) and 
the limey intervals medium gray (N5) 
with grayish-orange (10YR 7/4) areas, 
shaly intervals weather to light brown
ish gray (SYR 6/1) and the limey inter
vals weather to an olive gray (5Y 4/1); 
medium calcilutite to fine calcirudite; 
laminae and very thin beds grouped into 
thin-bedded bedsets; float-covered out
crop with only about 10% outcrop expo
sure; unrecrystallized to slightly 
recrystallized (15%); foraminifera

15 Poorly sorted bryozoan crinoidal echino- 
dermal pelletiferous biosparite, light 
gray (N7), weathers same color; very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms cliffy slope;

present 7.0 (2.13) 179.5 (54.71)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

moderately to extremely recrystallized 
(75%); foraminifera present ........ 1.5 (0.46) 172.5 (52.58)

14 Poorly sorted fossiliferous pelletifer- 
ous intrasparite, medium gray (N5), 
weathers to pinkish-gray (SYR 8/1) to 
light gray (N7); fine calcarenite to 
medium calcirudite; one thick-bedded 
bedset with a weathering surfact at top 
of unit, sandy, banded; forms cliffy 
slope; slightly to moderately recrys
tallized. (15-40%); megaquartz patchy 
replacement observed in thin section; i
gastropods present ................. 2.0 (0.61) 171.0 (52.12)

13 Poorly sorted, intraclastic pelletifer- 
ous foraminifera biosparite, light brown
ish gray (SYR 6/1), weathers to medium 
light gray (N6); medium calcarenite to 
fine calcirudite; forms very thin to thin- 
bedded bedsets; faint small-scale 
intermediate-angle wedge-planar cross
beds; forms cliffy slope; slightly re
crystallized (10%); foraminifera

12 Mosaic to subsucrosic dolomite, medium 
dark gray (N4), corals, white (N9) to 
very pale orange (10YR 8/2), weathers to 
medium light gray (N6) and corals weath
er to very pale orange (10YR 8/2); 
medium-crystalline; thin-bedded bedsets; 
forms cliffy slope; moderately to ex
tremely recrystallized (70%); extremely 
dolomitized (100%); abundant small ru
gose corals, corals well-preserved
throughout megaquartz silicification 6.5 (1.98) 165.0 (50.29)

11 Slightly sandy subsucrosic dolomite, 
medium gray (N5), weathers light gray 
(N7); fine-crystalline dolomite with 
very fine grained disseminated sandstone 
(5%); laminated, laminae grouped in 
thin-bedded bedsets; forms ledgy slope; 
extremely recrystallized (100%);

present 4.0 (1.22) 169.0 (51.51)
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Unit
No.

Unit
Thickness 
:ft (m)

Cumulative 
Thickness 
ft_____ (m)

extremely dolomitized (100%); chert 
(3%), medium gray (N5), white (N9), to 
grayish-orange (10YR 7/4), weathers to 
medium light gray (N6) to grayish- 
orange (10YR 7/4); lensoidal; rugose
corals present .....................  7.5 (2.29) 158.5 (48.31)

Shifted section 15 ft (4.57 m) to the left or north-northwest along
strike.

10 Covered.............................  11.0 (3.35) 151.0 (46.02)

9 Subsucrosic dolomite after a rounded and 
abraided crinoidal echinodermal pelle- 
tiferous intrasparite grading upwards 
to dolomite after a fossiliferous pel- 
sparite, medium dark gray (N4) to medium 
gray (N5); weathers to light gray (N7) 
to light olive gray (5Y 6/1); fine- to 
medium-crystalline dolomite at the base 
fining upwards to fine-crystalline dolo
mite; thin-bedded bedsets; forms ledgy 
slope; moderately recrystallized (50%) 
in basal 10 ft (3.05 m) grading upwards 
to extremely recrystallized (99-100%); 
extremely dolomitized (100%);.chert, me
dium dark gray (N4) to grayish-orange 
(10YR 7/4); nodular (1%) in the basal 
10 ft (3.05 m) becoming nodular to lens
oidal (3%) in the remainder of unit; 
cherty intervals have excellent micro
crystalline quartz replacement textures 
allowing identification of dolomitized 
sequence; foraminifera present in the
basal 10 ft (3.05 m ) ............... 30.0 (9.14) 140.0 (42.67)

8 Mosaic dolomite, medium gray (N5) 
weathers to medium light gray (N6); 
medium-crystalline; thin-bedded bed- 
sets; forms ledgy slope; extremely re
crystallized (98%); extremely dolomitized 
(100%); syringopora and small rugose 
corals present; syringopora corals in 
growth position; a few moldic vugs (cri-
noids?) filled with megaquartz . . .  10.0 (3.05) 110.0 (33.53)
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Unit
No.

7 Mosaic dolomite, medium light gray (N6), 
weathers yellowish-gray (5Y 7/2), fos
sils weather to moderate orange pink 
(SYR 8/4); medium- to very coarse crys
talline; thin-bedded bedsets; forms a 
cliffy slope; extremely recrystallized 
(100%); extremely dolomitized (100%); 
disseminated.crinoidal fragments; syrin-
gopora corals in growth position . . 5.0 (1.52) 100.0 (30.48)

6 Mosaic dolomite, medium gray (N5), 
weathers to light olive gray (5Y 4/1); 
medium-crystalline; thin-bedded bed- 
sets; forms cliffy slope; extremely re- 
crystallized (98-100%); extremely 
dolomitized (100%); a few moldic vugs 
solution enhanced; a few very.small ru
gose corals present . .  ........  21.0 (6.40) 95.0 (28.96)

5 Mosaic dolomite, medium gray (N5), 
weathers to light gray (N7); medium- 
crystalline; thin-bedded bedsets; forms 
cliff; extremely recrystallized (95%); 
extremely dolomitized (100%); moldic 
vug(?) or bird's eye structure filled 
with fine-crystalline dolomite; lower 
2 f5 (0.61 m) brecciated, possible
bedding thrust at base of unit . . .  11.5 (3.51) 74.0 (22.56)

4 Mosaic dolomite grading upwards to sub- 
sucrosic dolomite, medium dark gray (N4), 
weathers light gray (N7); medium- 
crystalline; thin- to thick-bedded bed- 
sets; forms cliffy slope; extremely 
recrystallized (98-99%); extremely dolo
mitized (100%); a few moldic vugs after 
echinoderm plates (?) filled with mega
quartz; fetid orod in upper 15.5 ft
(4.72 m) of u n i t ...................  25.5 (7.77) 62.5 (19.05)

Subsucrosic dolomite after an echino- 
dermal biosparite(?), medium gray (N5) 
with grayish-orange (10YR 7/4), weathers 
to light olive gray (5Y 6/1); fine- to

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

3
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Unit
No.

2

Unit
Thickness
ft (m)

medium-crystalline; thin- to thick- 
bedded bedsets; forms cliffy slope; 
extremely recrystallized (95%); ex
tremely dolomitized (100%); a few ech- 
inodermal moldic vugs, filled with 
medium-crystalline dolomite ........  10.0 (3.05)

Subsucrosic dolomite after a crinoidal 
echinodermal biosparite(?), medium light 
gray (N6) grading upwards to light brown
ish gray (SYR 6/1), weathers to a yel
lowish gray (5Y 8/1); very fine to 
medium-crystalline fining upwards to 
fine-crystalline; thin-bedded bedsets; 
forms cliffy slope; extremely recrystal
lized (97-98%); extremely dolomitized 
(100%); a few dolomitized crinoid ghosts 
and megaquartz silicified echinodermal 
ghosts; a few 3-4 in (7.62-10.16 cm) 
white (N9) calcite nodules present . 19.0 (5.79)

Silty to sandy subsucrosic dolomite, me
dium gray (N5), weathers light gray (N7) 
grading upwards to yellowish-gray (5Y 
8/1); coarse-grained silt (2%) in the 
basal 6 ft (1.83 m) coarsening upwards 
to very fine grained sand (10%) in the 
upper part of unit; very fine to medium- 
crystalline in the basal 6 ft (1.83 m) 
coarsening upwards to fine- to medium- 
crystalline; thin-bedded bedsets; forms 
cliffy slope; extremely recrystallized 
(100%); extremely dolomitized (99%); 
bird’s eye structure (1%); filled with 
medium-crystalline calcite; a few 1-2 in 
(2.54-5.08 cm) calcite nodules, some al
most appear as altered rugose corals (?); 
clastic components have subrounded, 
straight extincting quartz grains . . 8.0 (2.44)

Total of Escabrosa Limestone

Unconformity (erosional disconformity)

Cumulative 
Thickness 
ft_____ (m)

37.0 (11.28)

27.0 (8.23)

8.0 (2.44)

594.6(181.25)
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Devonian:

Martin Formation (incomplete):

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

3 Silty sucrosic dolomite, light olive 
gray (5Y 6/1), weathers same color; 
coarse-grained silt (10%) disseminated 
in a fine- to medium-crystalline dolo
mite; thin-bedded bedsets; forms cliffy 
slope; extremely recrystallized (100%); 
extremely dolomitized (100%); silt, 
subround, straight to slightly undulose
extincting quartz grains ..........  4.0 (1.22) 13.0 (3.96)

2 Silty, subsucrosic dolomite, light
olive gray (5Y 6/1) with grayish-orange 
(10YR 7/4) and white (N9) areas, weath
ers to varicolored pinkish-gray (SYR 
8/1), white (N9) and light brownish 
gray (SYR 6/1); coarse-grained silt 
(3-5%), disseminated in fine- to medium- 
crystalline dolomite; very thin to 
thin-bedded irregular bedsets; forms a 
rubbly, poorly exposed slope outcrop; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); silt con
sists of subround, straight extincting
quartz grains ................... 6.0 (1.83) 9.0 (2.74)

1 Vuggy, silty subsucrosic to mosaic dolo
mite, brownigh-gray (SYR 4/1) to light 
olive gray (5Y 6/1); coarse-grained 
silt (5%) in select horizons of a fine- 
to medium-crystalline dolomite; thin- 
bedded bedsets; forms ledgy slope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); vugs (5-10%) 
filled with fine- to medium-crystalline
d o l o m i t e ....................... .. . 3.0 (0.91) 3.0 (0.91)

Total of Incomplete Martin Formation 13.0 (3.96)

Base of section; not base of exposure.
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Pinal Creek

The Pinal Creek section is located along the southwest side of Pinal 
Creek approximately one mile east-southeast of the confluence of Pinal 
Creek and Miami Wash and approximately three miles northwest of Globe. 
This location was sampled for conodonts by Ethington (1965, p. 568) as 
his location 2 as a part of his Devonian-Mississippian conodont study. 
Only the upper few feet of Devonian and available Mississippian strata 
were measured on the north-northwest cliff-like exposures. The outcrop 
represents incompletely exposed Devonian strata capped by semi-cliff 
like and hilltop exposures of an erosionally incomplete Mississippian 
section. The Mississippian strata strikes approximately N75-79°E and 
dips 32-36°SE. Access to the section is by taking Arizona State Highway 
88 north from U.S. 60. At the point where State Highway 88 turns abrupt
ly to the left, or west, turn east and travel southeast on the dirt road 
which travels along the Pinal Creek channel. The section is located ap
proximately one mile from the turnoff from State Highway 88. The section 
was measured in the Ŵ s, NWk, SEk, Sec. 10, T. IN., R. 15 E., located on 
the 15' series, Globe Quadrangle, Gila County, Arizona.

Top of section; float-covered erosion surface. The float consisted 
principally of dacite fragments and a purple shale float.

Mississippian:

Escabrosa Limestone (incomplete):

11 Subsucrosic dolomite, medium gray (N5) 
grading upwards to a medium dark gray 
(N4), weathers light gray (N7) with 
patches of light olive gray (5Y 6/1) 
and grades upwards to medium light gray 
(N6) to light olive gray (5Y 6/1)-; 
fine- to medium-crystalline grading up
wards to fine- to coarse-crystalline; 
laminated beds grouped in very thin to 
thin-bedded bedsets; forms cliffy hill
top slope; extremely recrystallized 
(100%); extremely dolomitized (100%); 
rugose corals and erosional pits of 
eroded tests at the base with sponge
like concretions near top of unit . . 18.0 (5.49) 53.15 (16.20)

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

10 Pseudosparite, very pale orange (10YR 
8/2) with medium gray (N5) spots or 
patches; areas of fine-crystalline 
calcite mixed with fine- to medium- 
crystalline calcite; patches of fine- 
subsucrosic dolomite within the calcite; 
very thin to thin-bedded bedsets; forms 
cliffy slope; extremely recrystallized 
(100%); sponge-like nodules; spirifer
brachiopods .......................... 4.5 (1.37) 35.15 (10.71)

9 Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2), weathers same color; 
fine- to medium-crystalline; very thin 
to thin-bedded bedsets; forms cliffy 
slope; extremely recrystallized (98%); 
extremely dolomitized (100%); dissemi
nated crinoidal fragments ..........  5.0 (1.52) 30.65 (9.34)

8 Pseudosparite, light gray (N7) with 
black (Nl) patchy spots, weathers very 
light gray (N8), fine- to medium- 
crystalline; contains patches of very 
fine to fine-crystalline dolomite; very 
thin to thin-bedded bedsets; forms ledgy 
rubbly slope; extremely recrystallized 
(100%); patchy dolomitization affects 
20% of sample examined; sponge concre
tions and spirifer brachiopods . . . 4.5 (1.37) 25.65 (7.82)

7 Subsucrosic dolomite, dark yellowish 
brown (10YR 4/2), weathers yellowish- 
gray (5Y 7/2); fine- to medium- 
crystalline with a few patches fine- to 
coarse-crystalline; very thin bedded 
bedsets; forms ledgy slope; extremely 
recrystallized (97%); extremely dolo-

6 Subsucrosic dolomite, dark yellowish 
brown (10YR 4/2), weathers to medium 
light gray (N6); fine- to medium- 
crystalline with fine- to coarse- 
crystalline calcite echinodermal- 
crinoidal bioclasts; very thin bedded 
bedsets; forms ledge; extremely

mitized (100%) 5.0 (1.52) 21.15 (6.45)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

recrystallized (80%); extremely dolo- 
mitized (80%); disseminated crinoidal 
fragments ........................... 0.75 (.23) 16.15 (4.93)

5 Subsucrosic dolomite, after an inter
preted coralline crinoidal echinodermal 
biosparite, light olive gray (5Y 5/2), 
weathers light olive gray (5Y 6/1) 
fossils weather a medium gray (N5); 
fine- to medium-crystalline; allochem 
ghosts of fine- to coarse-crystalline 
calcite and to a lesser extent megaquartz 
and fine- to medium-crystalline dolomite 
replacing bioclasts; very thin bedded 
bedsets; forms recessive ledge; ex
tremely recrystallized (80%); moderate
ly dolomitized (60%); disseminated
crinoidal fragments and rugose corals 1.0 (.31) 15.4 (4.70)

4 Mosaic dolomite, dark yellowish brown 
(10YR 4/2), weathers yellowish-gray (5Y 
7/2); fine-crystalline; a few recogniz
able allochems consisting of fine- 
crystalline calcite and fine- to 
coarse- crystalline dolomite after an 
interpreted crinoidal echinodermal bio
sparite; very thin to thin-bedded bed- 
sets; forms ledgy rubbly slope; 
extremely recrystallized (95%); extreme 
ly dolomitized (99%); has a few cri
noidal fragments and sparse syringopora
corals and spirifer brachiopods . . .  4.2 (1.28) 14.4 (4.39)

3 Fine-crystalline, dolomitized, hashy, 
poorly sorted echinodermal crinoidal bio
sparite, dark yellowish brown (10YR 4/2) 
and pale yellowish brown (10YR 6/2); me
dium calcarenite to fine calcirudite; 
laminated to very thin bedded bedsets; 
forms ledge; moderately to extremely re- 
crystallized (65%); extremely dolomit
ized (90%); large crinoidal fragments 0.2 (.06) 10.2 (3.11)

2 Fine-crystalline, dolomitized, coated, 
rounded and abraided fossiliferous
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

intrasparite, medium gray (N5), weathers 
light gray (N7); medium calcarenite to 
fine calcirudite; thin-bedded bedsets; 
forms cliff; moderately recrystallized 
(60%); extremely dolomitized; dissemi
nated crinoidal fragments, rugose cor
als and spirifer brachiopods . . . .  8.0 (2.44) 10.0 (3.05)

1 Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2) with light brown (5YR 
5/6) splotches; fine- to medium- 
crystalline with a few bioclastic 
ghosts; irregular and contorted laminae 
in very thin to thin-bedded bedsets; 
forms recessive cliff; extremely re
crystallized (100%)................. 2.0 (.61) 2.0 (.61)

Total of Incomplete Escabrosa Limestone 53.15 (16.20)

Unconformity (erosional disconformity)

Devonian:

Percha and Martin Formations, undifferentiated (incomplete):

3 Subsucrosic dolomite grading upwards to 
very fine to medium-grained sandy sub
sucrosic dolomite, yellowish-gray (5Y 
7/2), pale yellowish brown (10YR 6/2) 
to pale red (10R 6/2), weathers to 
yellowish-gray (5Y 7/2); fine- to medium- 
crystalline grading upwards to very fine 
to medium-crystalline; very thin to 
thin-bedded bedsets; forms ledgy cliff; 
extremely recrystallized (100%); ex
tremely dolomitized (100%) ........  16.5 (5.03) 60.5 (18.44)

Shale (not sampled), yellowish-gray 
(5Y 7/2), weathers grayish-orange (10YR 
7/4); laminated, forms recessive rubbly
slope . . . .......................... 34.0 (10.36) 44.0 (13.41)

2
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Unit
No.

1 Mosaic dolomite, dark yellowish brown 
(10YR 4/2), weathers yellowish-gray 
(5Y 7/2), very fine to fine-crystalline, 
very thin to thin-bedded bedsets; forms 
ledgy cliff; extremely recrystallized 
(98%); extremely dolomitized; abundant
brachiopods .........................  10.0 (3.05) 10.0 (3.05)

Total of Incomplete Percha and Martin Formations, undifferentiated.

Base of section; not base of exposure.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)
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Big Spring Canyon, Chediski Mountains

Exposures were measured on the northwest side of the Big Spring Canyon.
The strike of Mississippian strata is approximately N70°W and the dip is 
approximately 14°NE. The section is located 110o42'24,,W longitude and 
34°8'7"N latitude on the 15* series, Chediski Peak Quadrangle, Navajo 
County, Arizona. The Chediski Peak Quadrangle was mapped by Finnell 
(1966). Huddle and Dobrovolny (1952, p. 102-103) measured a Mississippian 
sequence in the Chediski Indian farms area employing Redwall Limestone 
nomenclature. Pennsylvanian strata at the upper Mississippian contact 
has been designated the Alpha Member of the Naco Formation by Brew (1965, 
p. 157) or "the red residual member" at the base of the Naco Formation by 
Huddle and Dobrovolny (1952, p. 90).

Top of section; not top of exposure.

Pennsylvanian:

Naco Formation (incomplete):

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

2 Poorly to moderately well sorted intra- • 
clastic foraminiferal biopelsparite, 
yellowish-gray (5Y 7/2) and light brown
ish gray (SYR 6/1), weathers light gray 
(N7); fine to coarse calcarenite; thin- 
bedded bedsets; forms rubbly ledgy
slope; unrecrystallized ............. 5.0 (1.52) 96.0 (29.22)

1 Covered, highly fossiliferous Missis
sippian cherty limestone and grayish- 
red (5R 4/2) shale float, structureless, 
no apparent bedding, increases in shale
content upwards .....................  91.0 (27.70) 91.0 (27.70)

Total of Incomplete Naco Formation 96.0 (29.22)

Unconformity (erosional disconformity to slight angular unconform
ity) contact relationships covered.
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Mississipplan:

Redwall Limestone:

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

5 Coated, rounded, and abraided echinoderm- 
al foraminiferal pelletiferous intra- 
sparite, yellowish-gray (5Y 7/2) grading 
upwards to medium gray (N5), weathers 
light gray (N7) with karstic infills of 
grayish-red (5R 4/2); clastic materials; 
coarse calcilutite to fine calcirudite; 
thin-bedded bedsets; forms karstic rub- 
bly slope; unrecrystallized; crinoids,
rugose corals, foraminifera present . 10.0 (3.05) 59.5 (18.13)

4 Coated, rounded, and abraided foraminif
eral pelletiferous intrasparite, light 
olive gray (5Y 6/1) to yellowish-gray 
(5Y 7/2), weathers light gray (N7) to me
dium light gray (N6) with stained zones 
grayish-red (5R 4/2); coarse calcilutite 
to fine calcirudite; thin-bedded bedsets; 
forms cliff to ledgy cliff; slightly to 
moderately recrystallized (20%); locally 
extremely recrystallized near chert nod
ules, grades upwards to unrecrystallized; 
chert, white (N9), weathers same; nodular; 
less than 1%, present in basal 5.5 ft 
(1.68 m); small rugose corals and vesicul-
lophylum, foraminifera present . . .  19.5 (5.94) 49.5 (15.08)

3 Pseudosparite and chert, very pale orange 
(10YR 8/2) with pale red areas (10R 6/2), 
weathers brownish-gray (SYR 4/1) and 
grayish-red (5R 4/2); fine- to medium- 
crystalline; thin-bedded bedsets; forms 
a ledge; chert (1%), light olive gray
(5Y 6/1), weathers same; lensoidal . 6.0 (1.83) 30.0 (9.14)

2 Pseudosparite, very pale orange (10YR 
8/2) to yellowish-gray (5Y 7/2) , weath
ers to light gray (N7) to medium light 
gray (N6) with local moderate red (5R 
5/4) to grayish-red (5R 4/2) silty
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Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

infilling; very fine to medium-crystalline 
at base grading upwards to patchy, inter- 
lensing fine- and medium- to coarse- 
crystalline; thin-bedded bedsets; forms 
cliff; silt; extremely recrystallized
(100%) .............................  15.0 (4.57) 24.0 (7.31)

1 Fossiliferous ostracod pelsparite, pale 
yellowish brown (10YR 6/2), weathers 
medium gray (N5); coarse calcilutite to 
fine calcirudite; thin-bedded bedsets; 
basal 3 ft (.91 m) form slump covered 
outcrop, upper 2 ft (.61 m) forms cliff; 
slight to moderately recrystallized
(40%)...............................  9.0 (2.74) 9.0 (2.74)

Total of Redwall Limestone 59.5 (18.13)

Unconformity (erosional disconformity)

Unit
No.

Age relationships uncertain:

Devonian:

Martin Formation (incomplete):

2 Covered .............................  15.0 (4.57) 20.0 (6.09)

1 Coarse silt to coarse sand; dolomite, 
mottled pale yellowish orange (10YR 8/6), 
moderate orange pink (5YR 8/4) and gray 
grayish-red (5R 4/2), weathers grayish- 
yellow (5Y 8/4) to brawnish-gray (SYR 
4/1); fine- to medium-crystalline; thin- 
bedded bedsets; forms ledgy slope; ex
tremely recrystallized (99%); 100% 
dolomitization; clastic grains 10% rock; 
angular to subround, 30% iron oxide clay
matrix .............................  5.0 (1.52) 5.0 (1.52)

Total of Incomplete Martin Formation.

Base of section.
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The Mississippian section was measured on a west-southwest facing hill- 
slope north of the west- to east-draining Nugget Canyon. Section mea
surement was initiated about 40 feet up the canyon wall from the ravine 
bottom. Although the upper part of the section measured was faulted out, 
this section represents a rather complete and unstructured sequence of 
Mississippian strata. The attitude of the section strikes approximately 
N20°W and dips 45-53°NE. This section was only reconnaissance sampled 
such that a vertical sequence of samples was collected, each sample rep
resenting a recognizable field unit. The section is easily accessible 
by taking the Mt. Lemmon road from Oracle and parking where this road 
intersects Nugget Canyon. The section is reached by taking a short hike 
of 0.33 mi (0.53 km) up the headwaters along the canyon bottom. The sec
tion is in the St%, NE*6, NEk, Sec. 33, T. 10 S., R. 16 E. in an unsur
veyed portion of the 7.5' series. Camp Bonito Quadrangle, Pinal County, 
Arizona. The geographic position is approximately 110o42'31"W longitude 
and 32o31,30"N latitude. Creasey (1967, p. 39) provides a generalized 
megascopic stratigraphic description. He indicated 545 ft (166.12 m) 
of Mississippian strata to be present overlain by Cretaceous (?) American 
Flag Formation. The section measured by the writer was terminated by 
a fault and flat hilltop-covered interval.

Top of section; float-covered erosion surface.

Fault contact

Mississippian:

Escabrosa Limestone (incomplete):

Unit
No.

21 Poorly to moderately well sorted echino- 
dermal crinoidal biosparite, medium gray 
(N5), weathers to light gray (N7) to 
light bluish gray (SB 7/1); medium cal- 
carenite to fine calcirudite; very thin 
to thin-bedded bedsets; forms ledgy 
slope; moderately recrystallized (60%); 
slightly dolomitized (15%), fine- 
crystalline; abundant crinoidal fragments,
small rugose corals present ........  19.5 (5.94) 350.0(106.68)

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)
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Unit
No.

20 Poorly sorted bryozoan crinoidal bio- 
sparudite, light gray (N7) to medium 
light gray (N6), weathers light gray 
(N7); fine calcarenite to fine calciru- 
dite; thin-bedded bedsets; forms cliffy 
rubbly slope; slightly to moderately 
recrystallized (40%); slightly to mod
erately dolomitized (20%); chert, me
dium light gray (N6), weathers to a 
medium light gray (N6) and very pale 
orange (10YR 8/1), nodular and lens- 
oidal (5-10%); good microcrystalline 
quartz replacement texture of fossil 
allochem ghosts; crinoidal fragments 
present, decreasing in amount upwards 45.5 (13.87) 330.5(100.74)

19 Vuggy pseudosparite after a crinoidal 
echinodermal biosparite(?), very light 
gray (N8) to light gray (N7), weathers 
to a light bluish gray (5B 7/1); fine- 
to coarse-crystalline; thin-bedded 
bedsets; forms rubbly, ledgy slope; 
extremely recrystallized (95%); very 
slightly dolomitized; very fine to 
fine-crystalline, disseminated; a few 
(5%) isolated vugs occur in cement
and allochems filled with megaquartz 2010 (6.10) 285.0 (86.87)

18 Vuggy mosaic dolomite, medium light
gray (N6) to light olive gray (5Y 6/1), 
weathers to bluish-white (5B 9/1) to 
very light gray (N8); fine- to medium- 
crystalline; irregular thin-bedded 
bedsets; forms cliffy slope; extremely 
recrystallized (100%); extremely dolo
mitized (95%) with 5% disseminated 
patches very fine-crystalline calcite;
5% isolated vugs filled with megaquartz; 
white (N9) calcite concretions 2-3'in 
(5.08-7.62 cm) diameter; rugose cor
als present ...................  . . .  19.0 (5.79) 265.0 (80.77)

17 Subsucrosic dolomite, alternating col
ors, 25% light olive gray (5Y 6/1),
75% dark gray (N3); weathers medium 
light gray (N6) and medium dark gray

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)
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Unit 
No.

Unit
Thickness 
ft (m)

(N4), respectively; fine- to medium-
crystalline; faintly laminated with
laminations grouped in thin-bedded
bedsets; forms cliffy slope; extremely
recrystallized (100%); extremely do-
lomitized (90%) with intercrystalline
voids (10%) filldd with fine- to
medium-crystalline calcite; chert
(2%), very pale orange (10YR 8/2) to
white (N9); weathers same, nodular to
lensoidal ...........................  15.0 (4.57)

16 Pseudosparite after a echinodermal 
crinoidal biosparite(?), light olive 
gray (5Y 6/1), weathers to a very light 
gray (N8) to light bluish gray (5B 7/1); 
very fine to coarse-crystalline; very 
thin to thin-bedded bedsets; forms 
ledgy slope; extremely recrystallized 
(98%); slightly to moderately dolo- 
mitized (20%); 5% disseminated mega
quartz; sponges present ............. 19.5 (5.94)

15 Subsucrosic dolomite, medium dark gray 
(N4), weathers to light olive gray (5Y 
6/1); very fine to fine-crystalline; 
thin-bedded bedsets; forms cliffy 
slope; extremely recrystallized (95%); 
extremely dolomitized (90%); 10% fine- 
crystalline clacite occurs on dolomite 
surfaces, probably represents slight 
dedolomitization; small rugose corals, 
large vesicullophylum corals, syringo- 
pora corals less common............  4.0 (1.22)

14 Dolomitized echinodermal crinoidal bio- 
sparite, medium dark gray (N4), weath
ers to medium gray (N5); fine- to 
coarse-crystalline dolomite; laminated 
to very thin beds grouped in thin- 
bedded bedsets; forms cliffy slope; 
extremely recrystallized (97%); ex
tremely dolomitized (90%); small rugose 
corals present ................... .. 19.0 (5.79)

Cumulative 
Thickness 
ft_____ (m)

246.0 (74.98)

231.0 (70.41)

211.5 (64.47)

207.5 (63.25)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

13 Pseudosparite, after a fossiliferous 
pelletiferous intrasparite, silty to 
sandy in the basal part of unit, medium 
gray (N5), weathers to medium light 
gray (N6); very fine to fine-crystalline; 
laminated, laminae grouped into thin- 
bedded bedsets; forms cliffy slope; ex
tremely recrystallized (95%); small 
rugose corals and vesicullophylum corals
present .............................  65.0 (19.81) 188.5 (57.46)

12 Subsucrosic dolomite, medium dark gray 
(N4), weathers same; fossils are white 
(N9) to medium orange pink (SYR 8/4); 
fine- to medium-crystalline; thin- 
bedded bedsets; forms cliffy slope; 
extremely recrystallized (100%); ex
tremely dolomitized (95%); small ru
gose corals present 9 ft (2.74 m) above
base of u n i t .......................  13.7 (4.18) 123.5 (37.65)

11 Subsucrosic dolomite with slightly 
sandy intervals, light olive gray (5Y 
6/1), weathers to yellowish-gray (5Y 
8/1), fine-crystalline; thin-bedded 
bedsets; forms ledgy slope; extremely 
recrystallized (100%); extremely dolo
mitized (90%) with 10% disseminated 
fine-crystalline calcite
(dedolomitized) .....................  5.3 (1.62) 109.8 (33.47)

10 Mosaic to subsucrosic dolomite, medium 
gray (N5), weathers to light olive 
gray (5Y 6/1); fine-crystalline; very 
thin to thin-bedded bedsets; forms a 
cliffy slope; extremely dolomitized 
(100%); chert (2%), medium light gray 
(N6) to light gray (N7), weathers white
(N9) and light gray (N7), lensoidal . 15.0 (4.57) 104.5 (31.85)

9 Subsucrosic dolomite after an ostra- 
codal echinodermal intrasparite, medium 
dark gray (N4), weathers same color; 
fine-crystalline; laminated, laminae 
grouped into very thin to thin-bedded 
bedsets; forms cliffy slope; extremely
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Unit
No.

Unit
Thickness
ft (m)

Cumulative 
Thickness 
ft_____ (m)

recrystallized (90%); extremely dolo- 
mitized (100%) ..................... 3.5 (1.07) 89.5 (27.28)

8 Sandstone (not sampled), light gray 
(N7) to pinkish-gray (5YR 8/1), weath
ers to very pale orange (10YR 8/2) to 
moderate yellowish-brown (10YR 5/4), 
laminated, laminae grouped in thin- 
bedded bedsets; appears to have quartz 
arenite composition; forms ledgy
slope .  ...........................  1.5 (0.46) 86.0 (26.21)

7 Poorly sorted fossiliferous pelletif- 
erous intrasparite, medium dark gray 
(N4) to olive gray (5Y 4/1), weathers 
to medium light gray (N6); very fine 
calcarenite to fine calcirudite; thin- 
bedded bedsets; forms ledgy slope; 
moderately to extremely recrystal
lized (65%); has strong fetid odor . 5.5 (1.68) 84.5 (25.75)

6 Subsucrosic dolomite, medium gray (N5), 
weathers to yellowish-gray (5Y 8/1); 
fine- to medium-crystalline; thin- 
bedded bedsets; forms cliffy slope; 
extremely recrystallized (95%); ex
tremely dolomitized (80%) with dis
seminated fine-crystalline calcite; 
chert (2%), light gray (N7) to very 
light gray (N8), weathers to pale 
yellowish orange (10YR 8/6), nodular, 
hashy unidentifiable fragmented fos
sil horizons .......................  15.0 (4.57) 79.0 (24.07)

5 Subsucrosic dolomite, medium gray (N5),. 
weathers to light olive gray (5Y 6/1); 
very fine to fine-crystalline; very 
thin to thin-bedded bedsets; forms 
cliffy slope; extremely recrystallized 
(100%); extremely dolomitized (90%) 
with 10% disseminated very fine to 
fine-crystalline calcite (dedolomitized)
silicified sponge nodules present . . 5.0 (1.52) 64.0 (19.50)
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Unit
No.

4 Subsucrosic dolomite, medium gray (N5) 
to very light gray (N8), weathers to 
medium gray (N5), fossils weather to 
moderate orange pink (SYR 8/4); medium- 
crystalline; laminated, laminae grouped 
into very thin to thin-bedded bedsets; 
forms cliffy slope; extremely recrys
tallized (98%); extremely dolomitized 
(100%); chert, white (N9) to moderate 
orange pink (5YR 8/4), weathers same; 
nodular (1%) occurs principally in base 
of unit;, small rugose corals present, 
syringopora corals rare . . ........

3 Mosaic dolomite, medium dark gray (N4), 
weathers medium gray (N5), fine- to 
medium-crystalline; very thin to thin- 
bedded bedsets; forms ledgy slope; ex
tremely recrystallized (100%); extremely 
dolomitized (90%) with 10% disseminated 
fine- to medium-crystalline calcite 
(dedolomitized?); rugose corals occur
in the upper 10 ft (3.05 m) of unit 25.0 (7.62) 40.0 (12.19)

2 Subsucrosic dolomite after a brachiopod 
biosparite(?), medium gray (N5), weath
ers to medium light gray (N6); fine- 
to medium-crystalline; thin-bedded 
bedsets; forms ledgy slope; extremely 
recrystallized (99%); extremely dolo
mitized (100%) .....................  10.0 (3.05) 15.0 (4.57)

1 Sandstone, light gray (N7) to pinkish- 
gray (SYR 8/1), weathers to very pale 
orange (10YR 8/2) to moderate yellowish 
brown (10YR 5/4); very fine to coarse
grained; fairly well sorted; subrounded, 
principally straight extinction and 
minor undulose extinct quartz grains, 
grains display mainly long or straight 
grain contacts; quartz arenite composi
tion; well-cemented by principally 
fine— to medium—crystalline dolomite 
and rarely fine-crystalline calcite;

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

19.0 (5.79) 59.0 (17.98)



Unit
Unit Thickness
No. ft (m)

trough cross-beds, low-angle, medium- 
scale laminated beds grouped in thin- 
bedded bedsets; forms pronounced
ledge ................................  5.0 (1.52)

Total of Incomplete Escabrosa Limestone 

Unconformity (erosional disconformity?)

Devonian:

Percha(?) Formation (incomplete):

1 Subsucrosic dolomite, medium light gray 
(N6), weathers to yellowish-gray (5Y 
7/2); fine-crystalline; thin-bedded 
bedsets; forms ledgy slope; extremely 
recrystallized (100%); extremely dolo- 
mitized (100%); rugose corals and 
sponge nodules present ............. 15.0 (4.57)

Total of Incomplete Percha(?) Formation

Cumulative 
Thickness 
ft_____ (m)_

5.0 (1.52)

350.0(106.68)
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15.0 (4.57)

15.0 (4.57)

Base of section; not base of exposure.
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Peppersauce Canyon Area

The Peppersauce Canyon section is an erosionally Incomplete section lo
cated on a south-facing hills lope in the StSs, St$s, Sec. 21, T. 10
S., R. 16 E. on the 7.5* series Campo Bonito Quadrangle, Pinal County, 
Arizona. Mississippian strata strike N40°E and dip approximately 11- 
13°SE. The section is accessible by taking the Mt. Lemmon highway from 
Oracle, stopping in the proximity of Peppersauce Canyon, and hiking to 
the outcrop. Stoyanow (1926, p. 319-320) reports measurement of approxi
mately 350 ft (106.68 m) of Mississippian strata in the Peppersauce 
Canyon area.

Top of section; hilltop erosion surface.

Mississippian:

Escabrosa Limestone (incomplete):

Unit
No.

17 Subsucrosic dolomite, olive gray (5Y 
4/1), weathers to light olive gray (5Y 
6/1), very fine to fine-crystalline; 
thin-bedded bedsets; hilltop erosion 
surface; extremely recrystallized 
(100%); extremely dolomitized (100%); 
chert (3%), white (N9), weathers to 
yellowish-gray (5Y 8/1), nodular; 
unit has unidentifiable fossiliferous 
h a s h ...............................

16 Subsucrosic dolomite, medium dark gray 
(N4), weathers to olive gray (5Y 4/1), 
fine- to medium-crystalline; thin-bedded 
bedsets; forms hilltop slope; extremely 
recrystallized (100%); extremely dolo
mitized (100%); chert (1%), bluish-white 
(5B 9/1), weathers to yellowish-gray
(5Y 8/1), nodular................... 7.0 (2.13) 93.4 (28.48)

15 Sandstone, light brownish gray (SYR 
6/1), weathers to pinkish-gray (5YR 
8/1); very fine to coarse-grained; 
fairly well sorted; subround to round 
circular to ovoid form grains mainly 
in floating grain contacts with some

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

3.0 (.91) 96.4 (29.39)
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Unit
No.

Unit
Thickness
ft (m)

Cumulative 
Thickness 
ft_____ (m)

straight and point grain contacts; 
well-cemented; fine— to medium- 
crystalline: dolomite; thin-bedded
bedsets; forms low-lying ledgy slope 2.0 (.61) 86.4 (26.35)

14 Sucrosic dolomite, after an abraided 
intrasparite, medium light gray (N6), 
weathers to light gray (N7); fine- to 
medium-crystalline; thin-bedded bed- 
sets; forms hilltop slope; extremely 
recrystallized (90-99%); extremely 
dolomitized (90-100%); chert (2%), 
white (N9) to bluish-white (5B 9/1), 
and yellowish-gray (5Y 8/1), weathers
same colors, nodular ............... 13.0 (3.96) 84.4 (25.74)

13 Silicified pseudosparite, white (N9) 
to grayish-orange (10YR7/4), weathers 
to white (N9) to very pale orange (10YR 
8/2); fine-crystalline; one thin-bedded 
bedset; ledgy hilltop slope; extremely 
recrystallized (100%); slightly to mod
erately dolomitized (20%); fine-
crystalline; megaquartz silicification 1.0 (.31) 71.4 (21.78)

12 Subsucrosic dolomite with silty sand
stone lensy nodules, light olive gray 
(5Y 6/1), weathers light gray (N7); 
fine-crystalline; thin-bedded bedsets; 
forms hilltop slope; extremely recrys
tallized (99%); extremely dolomitized
(100%) . . .  .....................  6.0 (1.83) 70.4 (21.47)

11 Moldic vuggy subsucrosic dolomite after 
a pelletiferous crinoidal echinodermal 
biosparite(?), medium gray (N5) to 
brownish-gray (SYR 4/1), weathers to 
medium light gray (N6); fine- to medium- 
crystalline; thin- to thick-bedded 
bedsets; forms cliffy slope; extremely 
recrystallized (99%); extremely dolo
mitized (100%); has isolated moldic 
vugs (10%), some solution enhanced, 
others filled with megaquartz and very 
coarse-crystalline calcite;
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

unidentifiable fossil hash and crinoidal 
hash disseminated in the upper 8 ft 
(2.44 m) of unit ................... 18.0 (5.49) 64.4 (19.64)

10 Subsucrosic dolomite, medium gray (N5), 
weathers to medium dark gray (N4); 
medium- to coarse-crystalline; thin- 
to thick-bedded bedsets; forms ledgy 
cliff; extremely recrystallized (98%); 
extremely dolomitized; unit badly 
weathered, has solution cavities (2 in,
5.08 cm) throughout u n i t ..........  7.5 (2.29) 46.4 (14.15)

9 Dolomitized coated, rounded, and abraid- 
ed crinoidal echinodermal biopelsparite; 
medium dark gray (N4), weathers to 
brownish-gray (5YR 4/1) to dark gray (N3); 
fine- to coarse calcarenite with very 
fine crystalline dolomite; laminated, 
laminae grouped in a thin-bedded lens- 
oidal thinning and thickening unit; forms 
ledge; extremely recrystallized (85%); 
extremely dolomitized (85%); foraminifera
present .............................  1.0 (.31) 38.9 (11.86)

Surface of erosion

8 Poorly washed echinodermal crinoidal 
intrasparite, medium light gray (N6) to 
light gray (N7); fine calcarenite to 
fine calcirudite; thin-bedded bedsets; 
forms ledgy cliff; moderately to ex
tremely recrystallized (70%) . . . .  5.0 (1.52) 37.9 (11.55)

7 Slightly vuggy subsucrosic to mosaic 
dolomite, medium dark gray (N4) and 
grayish-orange (10YR7/4), weathers to 
medium light gray (N6); fine- to medium- • 
crystalline; thin-bedded bedset; forms 
ledgy cliff; extremely recrystallized 
(100%); extremely dolomitized (100%); 
vugs (5%) filled with very coarse crys
talline calcite and some with medium- 
to coarse-crystalline dolomite . . . 1.3 (.40) 32.9 (10.03)
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Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

6 Slightly vuggy dolomitized crinoidal 
echinodermal oosparite, brownish-gray 
(5YR 4/1) and light brown (SYR 6/4), 
weathers to light gray (N7); fine- to 
medium-crystalline dolomite; thin- 
bedded bedsets; forms a partially 
float-covered recessive ledge; ex
tremely recrystallized (90%); moder
ately dolomitized (60%); vugs (5%), 
solution enhanced or filled with
fine- to medium-crystalline dolomite 2.2 (.67) 31.6 (9.63)

5 Mosaic dolomite, medium dark gray (N4) 
to medium gray (N5, weathers same col
ors; medium-crystalline; thin-bedded 
bedsets; forms a series of ledge-like 
steps; extremely recrystallized (100%);
extremely dolomitized (100%) . . . .  7.3 (2.23) 29.4 (8.96)

4 Suerosic dolomite, medium gray (N5), 
weathers to light gray (N7); fine- to 
medium-crystalline; thin-bedded bedsets; 
forms cliffy slope; extremely recrys
tallized (100%); extremely dolomit
ized (100%) .........................  5.0 (1.52) 22.1 (6.73)

3 Subsucrosic to mosaic dolomite, medium 
dark gray (N4), grading upwards to 
light olive gray (5Y 6/1), weathers to 
medium gray (N5); fine- to coarse- 
crystalline fining upwards to fine- to 
medium-crystalline; thin-bedded bed- 
sets; forms ledgy cliff; extremely 
recrystallized (100%); extremely dolo
mitized (100%); basal 5 ft (1.52 m) 
has white (N9) calcite nodules, 4 in
(10.16 cm) in d i a m e t e r ............. 6.5 (1.98) 17.1 (5.21)

2 Subsucrosic dolomite, medium gray (N5), 
weathers same color; fine- to medium- 
crystalline; thin- to thick-bedded 
bedsets; forms cliffy slope; extreme
ly recrystallized (95%); extremely 
dolomitized (100%); rugose corals pres
ent in basal 3 ft (.91 m); crinoidal
bioclast ghosts .....................  5.0 (1.52) 10.6 (3.23)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

1 Sandstone, grayish orange pink (5YR
7/2), weathers to bluish-white (5B 9/1); 
fine- to coarse-grained sandstone; 
fair-sorting; subround to round quartz 
grains; spheroid grains in point and 

1 long grain to grain contacts; well-
cemented , fine- to medium-crystalline 
dolomite cemented; quartz arenite com
position; very thin beds grouped into
thin-bedded bedsets; forms ledge . . 5.6 (1.71) 5.6 (1.71)

Total of Incomplete Escabrosa Limestone 96.4 (29.39)

Unconformity (erosional disconformity?)

Devonian:

Percha(?) and Martin Formations, undifferentiated (incomplete):

Subsucrosic dolomite, medium gray (N5) 
and grayish orange pink (10R 8/2), 
weathers light gray (N7); very fine to 
medium-crystalline; thin-bedded bed- 
sets; forms ledgy slope; extremely 
recrystallized (98%); extremely dolo- 
mitized (100%); 3% disseminated 
coarse-grained silt ................. 5.0 (1.52) 38.0 (11.58)

Subsucrosic dolomite, pale red (10R 
6/2), weathers to pinkish-gray (SYR 
8/1); fine- to medium-crystalline; 
thin-bedded bedsets; forms ledgy slope; 
extremely recrystallized (98-100%); 
extremely dolomltized (100%); 2-3% 
coarse silt to very fine grained sandy 
fining upwards to coarse-grained silt

4 Covered

8.0 (2.44)

2.0 (.61)

33.0 (10.06)

25.0 (7.62)

Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2), weathers to yellowish- 
gray (5Y 7/2); fine- to medium- 
crystalline; laminated, laminae grouped
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Unit Cumulative
Unit Thickness Thickness
No. ft (m) ft_____ (m)

in thin-bedded bedsets; forms ledgy 
slope; extremely recrystallized (100%); 
extremely dolomitized (100%); 1-3% 
medium- to coarse-grained silt.
disseminated ........  ............. 10.0 (3.05) 23.0 (7.01)

2 Covered .............................  10.0 (3.05) 13.0 (3.96)

1 Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2), weathers to grayish- 
yellow (5Y 8/4) to dusky yellow (5Y 6/4); 
fine- to medium-crystalline; very thin 
to thin-bedded bedsets; forms ledgy 
slope; extremely recrystallized (100%); 
extremely dolomitized (100%); 1-3% very 
fine to fine-grained sandy; locally,
10% silicification by megaquartz . . 3.0 (.91) 3.0 (.91)

Total of Incomplete Percha(?) and Martin Formations, 
undifferentiated.

Base of section; not base of exposure.
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Mescal Mountain Section

North-northeast facing cliff exposures and south-southwest facing dip- 
slope exposures of Mississippian strata were measured in the El Capitan 
Canyon area adjacent to and east of Arizona State Highway 77 between 
Winkleman and Globe, Arizona. Mississippian strata, were measured in the 
W$5, SW%, SH*s, Sec. 10, T. 3 S., R. 15 E. in the 7.5' series El Capitan 
Mountain Quadrangle, Gila County, Arizona. Strata at this location 
strike approximately N52-54°W and dip approximately 17-19°SW. (The Mes
cal Mountain section is an incomplete section.) Measurement of the se
quence was terminated near the top of the Mississippian sequence due to 
faulting. (Stratigraphic offset across the fault was not determined, 
and measurement was terminated.) (Mississippian strata were present on 
both sides of the fault.)

Top of section; not top of exposure.

The section was terminated at a fault (fault strikes N30°W, dips 70°SW.)

Mississippian:

Escabrosa Limestone (incomplete):

Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

37 Poorly washed echinodermal crinoidal 
bryozoan biosparite, olive gray (5Y 
4/1), weathers to light gray (N7), very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms ledgy dip- 
slope; slightly recrystallized (20%);
foraminifera present ............... 5.0 (1.52) 348.9(106.30)

36 Rounded and abraided coralline echino
dermal crinoidal biopelmicrosparite 
grading upwards to a poorly washed os- 
tracodal brachiopodal pelletiferous 
bryozoan biosparudite, olive gray (5Y 
4/1), weathers to medium gray (N5) , 
grading upwards to light gray (N7); 
coarse calcilutite to fine calcirudite; 
thin-bedded bedsets; forms ledgy dip- 
slope; slightly recrystallized (20%) 
grading upwards to moderately recrys
tallized (45%); numerous rugose corals
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

and brachiopods decreasing in abundance
upwards, foraminifera present . . . .  10.0 (3.05) 343.9(104.78)

35 Poorly washed pelletiferous echinodermal 
crinoidal biosparite in the basal 5 ft 
(1.52 m) grading upwards to a rounded 
and abraided echinodermal pelletiferous 
crinoidal biosparite to a pelletiferous 
crinoidal echinodermal biosparite, olive 
gray (5Y 4/1), weathers to light gray 
(N7), rarely a medium light gray (N6); 
coarse calcilutite to fine calcirudite; 
thin-bedded bedsets thickening upwards 
to thin- to thick-bedded bedsets; forms 
ledgy dipslope; moderately recrystallized 
(35%) in the basal 5 ft (1.52 m) of unit 
grading upwards to slightly to moderate
ly recrystallized (10-25%); abundant cri
noidal hash in the basal 5 ft (1.52 m) 
of unit, rugose corals and foraminifera 
present in a 5 ft (1.52 m) interval start 
starting 5 ft (1.52 m) from base of

34 Poorly sorted ostracodal intraclastic 
biopelsparite, olive gray (5Y 4/1), 
weathers to light olive gray (5Y 6/1); 
very fine calcarenite to fine calciru
dite; thin-bedded bedsets; forms ledgy 
dipslope; moderately to extremely re
crystallized (65%); contains chert (2%), 
very pale orange (10YR 8/2) to medium 
gray (N5), weathers same color;
lensoidal ...........................  0.5 (0.15) 313.9 (95.63)

33 Packed bryozoan echinodermal biopelmi— 
crosparite, dark yellowish brown (10YR 
4/2), weathers to light gray (N7); very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; microlaminated in 
thin section; forms ledgy dipslope; 
moderately recrystallized (55%); con
tains chert (10%), very pale orange 
(10YR 8/2) to medium gray (N5), weathers 
same colors, lensoidal; many styolites

unit 20.0 (6.10) 333.9(101.73)
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Unit
Unit Thickness
No. ft (m)

observed in thin section; planar allo-
chemical elements aligned . ........  9.5 (2.90)

32 Subsucrosic to mosaic dolomite, dark 
yellowish brown (10YR 4/2) with moder
ate yellowish brown (10YR 5/4) areas, 
weathers to yellowish-gray (5Y 8/1); 
very fine to fine-crystalline; thin- 
bedded bedsets; difficult to ascertain 
bedset thickness due to poor exposure; 
forms ledgy dipslope, rubble-covered 
ledges; extremely recrystallized (99%); 
extremely dolomitized (99%); trace (1%) 
allochem ghosts, filled with megaquartz; 
chert (10%), very pale orange (10YR 8/2) 
to medium gray (N5), weathers same col
ors, lensoidal .....................  5.0 (1.52)

31 Packed crinoidal bryozoan echinodermal 
biomicrosparite in the basal 10 ft 
(3.05 m) grading upwards to a poorly 
washed echinodermal crinoidal bryozoan 
biosparudite in the next 5 ft (1.52 m) 
becoming a poorly sorted bryozoan ech
inodermal crinoidal biosparudite and 
crinoidal biosparudite, light olive gray 
(5Y 6/1) and olive gray (5Y 4/1), weath
ers medium light gray (N6) and light 
gray (N7), rarely medium gray (N5); 
variable grain size with a general size 
increase vertically; basal 5 ft (1.52 
m) coarse calcilutite to medium calciru- 
dite, grading to a fine calcarenite to 
fine calcirudite in next 15 ft (4.57 m), 
becoming a very fine calcarenite to me
dium calcirudite; thin-bedded bedsets; 
forms ledgy cliff in basal 15 ft (4.57 
m), the remainder of the unit forms 
ledgy dipslope; slightly recrystallized 
(10%) in basal 5 ft (1.52m ) and upper 
5 ft (1.52 m) of unit, the remainder of 
unit is unrecrystallized; chert, medium 
gray (N5) to very light gray (N8), weath
ers same colors, lensoidal, less than 
1%; unit has undulating surface . . . 35.0 (10.67)

Cumulative 
Thickness 
ft_____ (m)

313.4 (95.48)

303.9 (92.58)

298.9 (91.06)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

30 Hashy, packed echinodermal crinoidal 
bryozoan biomicrosparite, light olive 
gray (5Y 6/1), weathers same color; 
very fine to coarse calcarenite; thin- 
bedded bedsets; forms cliff; moderate
ly recrystallized (45%) . . ........  5.0 (1.52) 263.9 (80.39)

29 Poorly sorted crinoidal biosparite al
ternating with a poorly to moderately 
well sorted bryozoan biopelsparite, 
olive gray (5Y 4/1), to a varicolored 
grayish-orange (10YR 7/4), pinkish-gray 
(SYR 8/1) and light olive gray (5Y 6/1); 
medium calcarenite to medium calciru- 
dite in the biosparite, coarse calcilu- 
tite to coarse calcarenite in the 
biopelsparite; laminated, laminae and 
very thin beds grouped into thin-bedded 
bedsets; forms cliff; slightly recrys
tallized (10%); abundant unidentifiable 
fossiliferous hash, foraminifera pres
ent; unit has fetid o d o r ..........  5.0 (1.52) 258.9 (78.87)

28 Poorly washed echinodermal crinoidal 
bryozoan biosparite, light olive gray 
(5Y 6/1), weathers light gray (N7); 
medium calcarenite to medium calciru- 
dite; thin-bedded bedsets; forms cliff;
moderately recrystallized (55%) . . .  5.0 (1.52) 253.9 (77.35)

27 Packed echinodermal crinoidal bryozoan 
biomicrite, medium light gray (N6) to 
very light gray (N8), weathers to very 
light gray (N8); medium calcarenite to 
fine calcirudite; thin-bedded bedsets 
with faint nondescript cross-beds; forms 
cliff; moderately recrystallized (45%); 
chert, medium light gray (N6) to very 
light gray (N8), weathers same color, 
lensoidal (2%) of unit; disseminated 
crinoidal fragments and rugose corals 
present; numerous fossil allochem ghosts
replaced by megaquartz ............  5.0 (1.52) 248.9 (75.83)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

26. Alternating sequence of poorly sorted 
fossiliferous intraclastic pelsparite 
and moderately well sorted fossilifer
ous pelloidal oosparite in the basal 
20 ft (6.10 m) grading upwards to a 
moderately well sorted pelletiferous 
intraclastic oolitic crinoidal echino- 
dermal biosparite, light olive gray (5Y 
6/1), less commonly olive gray (5Y 4/1) 
or pale yellowish brown, weathers to 
light gray (N7); generally coarsening 
upwards sequence from a medium calcilu- 
tite to medium calcirudite grading up
wards to a very fine calcarenite to 
coarse calcarenite and medium calcare
nite to fine calcirudite; thin- to thick- 
bedded bedsets; rare faint cross-beds 
5-10 ft (1.52-3.05 m) above the base of 
unit; forms a cliff; moderately recrys
tallized (55%) in basal 5 ft (1.52 m) 
of unit becoming unrecrystallized 
throughout the remainder of unit; fora- 
minifera present throughout unit except 
for the upper 5 ft (1.52 m), rugose cor
als present in upper 5 ft (1.52 m) of
unit ...............................  30.0 '(9.14) 243.9 (74.31)

25 Packed echinodermal coalline bryozoan 
biomicrosparudite, light brownish gray 
(5YR 6/1) with pinkish-gray (SYR 8/1), 
weathers light olive gray (5Y 6/1); 
very fine calcarenite to fine calciru
dite; thin-bedded bedsets; forms float- 
covered recessive ledge; slightly 
recrystallized (10%); chert, very light 
gray (N8) to white (N9), weathers same, 
lensoidal, 3% of unit; partially sili- 
cified carbonate, silicification of al- 
lochem ghosts by microcrystalline
quartz; rugose corals present ...........5.5 (1.68) 213.9 (65.17)

24 Moderately well sorted oosparite, olive 
gray (5Y 4/1), weathers light gray (N7); 
very fine to medium calcarenite; thin- to 
thick-bedded bedsets; forms cliffy ledge
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Unit
No.

with a talus float-covered base; 
unrecrystallized ...................

23 Poorly sorted intraclastic pelsparite, 
light gray (N7), weathers to light 
bluish gray (5B 7/1) to bluish-white 
(5B 9/1); coarse calcilutite to coarse 
calcarenite; has disrupted irregular 
laminae grouped in thin- to thick- 
bedded bedsets; forms cliff; 
unrecrystallized . .................

22 Packed mottled pelmicrosparie grading
upwards to mottled pelsparite and coated 
moderately well sorted pelloidal intra
clastic oosparite; light olive gray (5Y 
6/1), weathers very light gray (N8) to 
bluish-white (5B 9/1); sequence coarsens 
upwards from a coarse calcilutite to 
medium calcarenite to a coarse calcilu
tite to fine calcirudite; thin- to 
thick-bedded bedsets; forms cliff; un
recrystallized; basal 5 ft (1.52 m) 
very abundant unidentifiable fossil hash 
and a few scattered rugose corals, fos
sil hash content decreases rapidly
upwards .............................  15.0 (4.57) 196.9 (59.99)

21 Covered .............................  5.0 (1.52) 181.9 (55.42)

20 Subsucrosic dolomite, brownish-gray (5Y 
4/1), weathers to light olive gray (5Y 
6/1); very fine to fine-crystalline; 
laminated, laminae grouped in thin- 
bedded bedsets, in thin section some 
laminae are delineated by styolltic 
crenulations; forms poorly exposed 
float-covered slope; extremely recrys
tallized (90%); extremely dolomitized 
(100%); a few dolomitized intraclasts (?)
present in thin section . . . . (1.52) 176.9 (53.90)

19 Covered ....................... (1.52) 171.9 (52.38)

Unit Cumulative 
Thickness Thickness 
ft (m) ft_____ (m)

6.5 (1.98) 208.4 (63.49)

5.0 (1.52) 201.9 (61.51)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

18 Subsucrosic to mosaic dolomite, dark 
yellowish brown (10YR 4/2), weathers 
light olive gray (5Y 6/1); very fine to 
fine-crystalline; thin-bedded bedsets; 
forms recessive cliff; extremely recrys
tallized (80%);extremely dolomitized 
(100%); in thin section intrasparuditic 
ghosts and bird’s eye structure
present .............................  4.0 (1.22) 166.9 (50.86)

17 Well sorted oolitic pelletiferous intra- 
sparite grading upwards to a coated, 
poorly sorted pelletiferous intrasparite, 
medium gray (N5), weathers light gray 
(N7); coarse calcilutite to fine cal- 
cirudite; thin-bedded bedsets; forms 
recessive cliff; unrecrystallized, how
ever partial megaquartz replacement of 
crinoidal fossil allochems, perhaps rep
resenting recycled allochems . . . .  10.0 (3.05) 162.9 (49.64)

16 Sparsely fossiliferous microsparite, 
medium gray (N5), weathers light gray 
(N7); very fine to fine calcarenite; 
thin-bedded bedsets; forms float- 
covered slope; extremely recrystal
lized (90%); a few ostraced and crinoid
fragments observed in thin section . 5.0 (1.52) 152.9 (46.59)

15 Silty to sandy dolomitized microsparite 
grading upwards to a mosaic dolomite, 
brownish-gray (SYR 4/1), weathers medium 
light gray (N6) grading upwards to a 
light olive gray (5Y 6/1); fine- 
crystalline dolomite grading upwards to 
very fine to fine-crystalline coarse
grained silt to fine-grained sand, 5% 
disseminated in basat 5 ft (1.52 m); 
faintly laminated in thin section, mi- 
crolaminated with disturbed or disrupt
ed laminae, styolitic horizons 
separating some laminae, laminae grouped 
in thin-bedded bedsets; forms semi- 
covered recessive slope; extremely re- 
crystallized (95-99%); extremely
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Unit
No.

dolomitized (95-100%), recrystalliza
tion and dolomitization increase 
upwards .............................

14 Subsucrosic dolomite, brownish-gray 
(SYR 4/1), weathers medium dark gray 
(N4) to brownish-gray (SYR 4/1); very 
fine to medium-crystalline; thin-bedded 
bedsets; forms cliff; extremely dolo
mitized (100%); extremely recrystallized 
(100%); rich in fossil hash; appears in 
field almost like a beach hash or beach 
r o c k ...............................  4.0 (1.22)

13 Pseudosparite after an ostracod biopel- 
sparite(?) grading upwards to a poorly 
washed ostracodal pelsparite and well 
sorted pelsparite, light olive gray (5Y 
6/1), weathers to light gray (N7); very 
fine to medium-crystalline pseudosparite 
in the basal 5 ft (1.52 m), becoming a 
fining upwards sequence of very fine 
calcarenite to medium calcarenite and 
coarse calcilutite to medium calcarenite; 
basal 5 ft (1.52 m) faintly laminated 
in thin section; unit typically has very 
thin to thin-bedded bedsets; forms reces
sive cliff; in the basal 5 ft (1.52 m) 
extremely recrystallized (100%), locally 
moderately recrystallized (50%) in sili- 
cified intervals, remainder of the unit 
is slightly to moderately recrystallized 
(20-30%), decreasing in recrystallization 
upwards; chert, medium light gray (N6) to 
very light gray (N8), weathers to light 
bluish gray (5B 7/1), lensoidal (25%) in 
the basal 5 ft (1.52 m) decreasing in 
the 10% in the next ascending 5 ft (1.52 
m) of unit, absent in the remainder of 
unit; megaquartz (65%) and microcrystal
line quartz silicification of
allochems ................. ..........  19.0 (5.79)

12 Dolomitized bryozoan pelletiferous intra- 
clastic oolitic biosparite grading upwards

Unit
Thickness 
ft (m)

10.0 (3.05)

Cumulative 
Thickness 
ft (m)

147.9 (45.07)

137.9 (42.02)

133.9 (40.80)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative
Thickness
ft_____ (m)

to a sucrosic dolomite after an oospar- 
ite to a subsucrosic to mosaic dolomite 
in upper 7.7 ft (2.35 m), medium gray 
(N5) grading upwards to medium gray (N5) 
to medium light gray (N6), upper 7.7 ft 
(2.35 m) is pale yellowish brown (10YR 
6/2), weathers yellowish-gray (5Y 8/1), 
becoming light olive gray (5Y 6-1) in 
upper 12.7 ft (3.87 m); fine- to medium- 
crystalline dolomite or dolomitized in
tervals in basal 5 ft (1.52 m) and upper 
7.7 ft (2.35 m), fine-crystalline dolo
mite in middle portion of unit; very 
thin to thin-bedded bedsets, locally 
laminated, particularly in a 5 ft (1.52 
m) interval starting 10 ft (3.05 m) 
above the base of unit; forms recessive 
cliff; variably recrystallized in basal 
10 ft (3.05 m), slightly to extremely re
crystallized (10-99%) grading upwards to 
extremely recrystallized (95-100%); vari
ably dolomitized in basal 10 ft (3.05 m) 
of unit, slightly to extremely dolomit
ized (100%); in remainder of unit; chert, 
medium light gray (N6), light gray (N7) 
and pinkish-gray (SYR 8/1), weathers 
varicolored olive gray (5Y 6/1), very 
light gray (N8), white (N9), and moderate 
orange pink (5YR 8/4), lensoidal and 
bedded chert in basal 5 ft (1.52 m) of 
unit grading to bedded chert in remainder 
of unit, 30% throughout unit; rugose cor
als present in basal 5 ft (1;52 m) of
u n i t ............................. .. 22.7 (6.92) 114.9 (35.01)

11 Coated, rounded, and abraided fossilifer- 
ous pelletiferous intrasparite, olive 
gray (5Y 4/1), weathers to yellowish- 
gray (5Y 8/1); very fine calcarenite to 
fine calcirudite; one thin-bedded bed- 
set; forms continuous cliff with unit 
below; unrecrystallized; foraminifera
present.......... ..................  1.7 (0.52) 92.2 (28.09)

10 Sucrosic dolomite, light brownish gray 
(5YR 6/1), weathers light olive gray
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Unit
No.

Unit
Thickness 
ft (m)

(5Y 6/1); fine- to medium-crystalline;
thin-bedded bedsets; forms part of a
continuous cliff with the units above
and below; extremely recrystallized
(99%); extremely dolomitized (99%);
few disseminated coarse-grained silt
particles ( 1 % ) .....................  2.0 (0.61)

9 Coated, rounded, and abraided oolitic 
pelletiferous echinodermal intraspar- 
ite, olive gray (5Y 4/1), weathers to 
light gray (N7); fine- to coarse-grained 
calcarenite; one thin- to thick-bedded 
bedset; forms cliff exposure with unit 
above and below; unrecrystallized; fora- 
minifera present ........ ..........  2.0 (0.61)

8 Subsucrosic dolomite, light olive gray 
(5Y 6/1), weathers same color; fine- to 
medium-crystalline; thin-bedded bedsets; 
forms cliff exposure along with units 
above and below; extremely recrystallized 
(99%); extremely dolomitized (99%); a 
few fossil allochems, ghosts present, 
some with only partial dolomitization 2.0 (0.61)

7 Coated, rounded, and abraided foraminifera 
echinodermal ostracodal pelletiferous 
intrasparite grading upwards to a dolo
mitized fossiliferous intrasparite, lo
cally undolomitized, to an oolitic 
pelletiferous echinodermal intrasparite, 
light olive gray (5Y 6/1), weathers to 
light gray (N7), locally to medium light 
gray (N6) and light olive gray (5Y 6/1); 
sequence is variable but generally fines 
upwards, very fine calcarenite to medium 
calcirudite grading upwards to medium 
calcarenite to fine calcirudite to a 
very fine and fine calcarenite to fine 
calcirudite; thin- to thick-bedded bed- 
sets with local very thin silty interbeds 
in basal 10 ft (3.05 m); forms cliff; 
very slightly recrystallized (5%) in the 
basal 5 ft (1.52 m) becoming variably

Cumulative 
Thickness 
ft (m)

90.5 (27.57)

88.5 (26.96)

86.5 (26.35)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft_____ (m)

recrystallized, slightly to moderately 
. recrystallized (10-50%); basal 5 ft

(1.52 m) only very slightly dolomitized 
(1%), becoming variably dolomitized, 
undolomitized to moderately dolomitized 
throughout remainder of unit; rugose 
corals present in a 5 ft (1.52 m) in
terval starting 10 ft (3.05 m) above 
base of unit, foraminifera present 
throughout unit except for upper 5 ft

Undulating erosion surface, 1-3 ft (0.31-0.91 m) of relief.

6 Dolomitized(?) echinodermal crinoidal 
brachiopod biosparite grading upwards 
to a dolomitized brachiopod echino
dermal crinoidal biosparite in basal 
15 ft (4.57 m), becoming a sucrosic 
dolomite with bioslasts(?) in next 10 
ft (3.05 m) and top of unit is a dolo
mitized crinoidal echinodermal brachio
pod biosparite, pale yellowish brown 
(10YR 6/2) grading upwards to light 
brownish gray (SYR 6/1), brownish-gray 
(5YR 4/1) and light olive gray (5Y 6/1), 
weathers to light olive gray (5Y 6/1) 
and olive gray (5Y 4/1), upper 4.5 ft 
(1.37 m); very fine to fine-crystalline 
dolomite in basal 5 ft (1.52 m) coars
ening upwards to fine- to medium- 
crystalline dolomite throughout the 
remainder of unit; forms cliff; ex
tremely recrystallized (90-100%) except 
the upper 4.5 ft (1.37 m) of unit, " 
which decreases in recrystallization to 
moderately to extremely recrystallized 
(70%); extremely dolomitized (90-100%) 
except for two moderately recrystallized 
(40-45%) intervals, one interval a 5 ft 
(1.52 m) interval starting 10 ft (3.05 
m) above base of unit and a 4.5 ft (1.37 
m) interval at top of unit; rugose cor
als are present in basal 5 ft (1.52 m)

(1.52 m) of unit 25.0 (7.62) 84.5 (25.74)

of unit 29.5 (8.99) 59.5 (18.12)
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Unit
No.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft (m)

5 Subsucrosic dolomite after a crinoidal 
echinodermal(?) biosparite, light olive
gray (5Y 6/1), weathers same color; 
fine- to medium-crystalline; thin- to 
thick-bedded bedsets; forms cliff; ex
tremely recrystallized (95%); extremely 
dolomitized (90%); a few allochem(?) 
ghosts, some moldic vugs filled with 
medium- to coarse-crystalline calcite; 
chert (2%), pale yellowish brown (10YR 
6/2) and white (N9), weathers grayish- 
orange (10YR 7/4), lensoidal; micro
crystalline quartz replacement of
allochems...........................  5.0 (1.52) 30.0 (9.13)

4 Dolomitized packed echinodermal brachio- 
pod bryozoan crinoidal biopelmicrospar- 
ite, medium gray (N5), weathers light 
gray (N7); fine calcarenite to fine cal- 
cirudite; medium- to coarse-crystalline; 
dolomitized; thin- to thick-bedded bed- 
sets; forms cliff; moderately to extreme
ly recrystallized (65%); moderately 
dolomitized (45%); chert (2%), pale yel
lowish brown (10YR 6/2), very light gray 
(N8) and white (N9), weathers to white 
(N9) and grayish-orange (10YR 7/4), 
lensoidal; microcrystalline quartz re
placement of allochems ............. 5.0 (1.52) 25.0 (7.61)

3 Dolomitized bryozoan crinoidal echino
dermal biomicrite, dark yellowish brown 
(10YR 4/2), weathers light gray (N7); 
medium to coarse calcarenite; thin- to 
thick-bedded bedsets; forms cliff; ex
tremely recrystallized (80%); moderately 
dolomitized (60%); chert (2%), pale yel
lowish brown (10YR 6/2), very light gray 
(N8) and white (N9), weathers to white 
(N9) and grayish-orange (10YR 7/4), 
lensoidal; microcrystalline quartz re
placement of allochems . . . . . . .  5.0 (1.52) 20.0 (6.09)
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Unit Thickness
No. ft (m)

2 Subsucrosic dolomite, dark yellowish 
brown (10YR 4/2), weathers to pinkish- 
gray (5YR 8/1); fine- to medium- 
crystalline; very thin to thin-bedded 
bedsets; forms recessive cliff; extreme
ly recrystallized (100%); extremely do- 
lomitized (100%); chert (2%), pale 
yellowish brown (10YR 6/2) with white 
(N9) areas; weathers to grayish-orange 
(10YR 7/4); nodular and lensoidal
c h ert...............................  5.0 (1.52) 15.0 (4.57)

1 Dolomitized sparse crinoidal echino- 
dermal biomicrosparite-biomicrite, pale 
yellowish brown (10YR 6/2), weathers to 
yellowish-gray (5YR 7/2) grading up
wards to light olive gray (5Y 6/1); me
dium to coarse calcarenite coarsening 
upwards to medium calcarenite to fine 
calcirudite; fine- to medium-crystalline, 
dolomitized; very thin to thin-bedded 
bedsets; forms recessive slope to re
cessive cliff; extremely recrystallized 
(90%); slightly to moderately dolomit- 

i ized (20-45%); dolomitization increases
upwards .............................  10.0 (3.05) 10.0 (3.05)

Total of Incomplete Escabrosa Limestone 348.9(106.30)

Unconformity (erosional disconformity).

Cumulative 
Thickness 
ft_____ (m)

Devonian:

Percha(?) and Martin Formations, undifferentiated (incomplete):

6 Covered (Mississippian talus and
soil-covered slope) ................. 30.0 (9.14) 75.0 (22.85)

5 Dolomitized(?) crinoidal biosparite, 
light olive gray (5Y 6/1), weathers 
pinkish-gray (5YR 8/1); fine- to medium- 
crystalline dolomite; thin-bedded bed- 
sets; forms ledgy outcrop in the
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Unit
No.

generally covered slope; extremely re
crystallized (98%); extremely dolomit- 
ized (90%); in thin section 
disseminated (?) allochem ghosts filled 
with fine- to coarse-crystalline
calcite .............................  5.0 (1.52)

4 Covered (float and boulder talus) . . 21.0 (6.40)

3 Vuggy (20%) mosaic dolomite after an 
echinodermal crinoidal biosparite, pale 
yellowish brown (10YR 6/2), weathers to 
yellowish-gray (5Y 8/1); very fine to 
fine-crystalline; thin-bedded bedsets; 
forms ledgy slope; extremely recrystal
lized (90%); extremely dolomitized 
(100%); allochem ghosts and moldic 
vugs present in thin section . . . .  5.0 (1.52)

2 Silty shale, light brown (SYR 5/6) to 
dusky brown (5YR 2/2), weathers grayish- 
orange (10YR 7/4), medium- to coarse
grained silt, well-sorted; subangular, 
rectangular shaped grains; quartz grains 
display straight extinction; fine- to 
medium-crystalline dolomite cement, 
microclastic matrix; laminated; forms 
recessive slope .....................  4.0 (1.22)

1 Silty mosaic dolomite, pale yellowish 
brown (10YR 6/2), weathers to grayish- 
orange (10YR 7/4); very fine to fine- 
crystalline dolomite with silt; 
thin-bedded bedsets; forms ledgy slope; 
extremely recrystallized (100%); ex
tremely dolomitized (100%); trace (5%) 
disseminated coarse-grained silt in 
basal 8 ft (2.44 m) decreasing and 
fining upwards to 2% disseminated
medium- to coarse-grained silt . . . 10.0 (3.05)

Total of Incomplete Percha(?) and Martin 
Formations, undifferentiated.

Unit
Thickness 
ft (m)

Cumulative 
Thickness 
ft_____ (m)

45.0 (13.71)

40.0 (12.19)

19.0 (5.70)

14.0 (4.27)

10.0 (3.05)

75.0 (22.85)

Base of section, not base of exposure.
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Van Winkle Ranch

Mississippian strata were measured on the southwest-tilted fault block. 
Limestone Ridge, which trends in a northwesterly direction. Basal Mis
sissippian exposures were measured on the cliffy ledge on the northeast 
side of Limestone Ridge just below the summit. Measurement proceeded 
from the northeast side, over the crest, and down the ledgy dip-slope 
face. The physiographic slope down the ledgy dip-slope face varies from 
approximately 13-16° to the south-southwest. The strike of the Missis
sippian strata is approximately N64°W and the dip varies from 40-43°SW. 
The section is located in the NWk, SE%, Sec. 19, T. 2 S., R. 16 E. of 
the 7.5' series Mescal-Warm Spring Quadrangle, Gila County, Arizona. 
Willden (I960', Fig. 11.1) provides a geologic sketch map and interpreted 
cross-section of the region where the Mississippian section was measured. 
Access to the section is by taking Arizona State Highway 77 and turning 
to the east 0.2 mile north of milepost 163 onto a dirt access road.

Top of section; not top of exposure.

Pennsylvanian:

Black Prince Formation (incomplete):

4 Coated, poorly sorted pelletiferous 
intraclastic bryozoan biosparite, 
light brownish gray (5YR 6/1), 
weathers light gray (N7); coarse 
calcilutite to fine calcirudite; 
thin-bedded bedsets; ledgy dip- 
slope; moderately recrystallized 
(50%); chert, varicolored, medium 
light gray (N6), and moderate 
orange pink (SYR 8/4), weathers 
varicolored white (N9) and moder
ate orange pink (SYR 8/4); lensoid 
to bedded (3%); silicified fossil 
allochems; foraminifera present

3 Covered......................... .. . 5.0 (1.52) 2.0 (6.09)

2 Silty shale, grayish red purple 
(5RP 4/2), weathers to pale red 
(5R 6/2), medium- to coarse
grained, well-sorted, subangular

Unit
No.

Unit Cumulative 
Thickness Thickness 
ft (m) ft (m)
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Unit
Unit Thickness
No. ft (m)

grains with straight and concavo- 
convex contacts, poor to moderately 
cemented, hematite matrix/cement 
mixed with microcrystalline quartz 
cement; laminated to very fine- 
bedded, forms erosional saddle be
tween the more resistant Mississip-
pian and Pennsylvanian carbonates 10.0 (3.05)

1 Covered interval ................... 5.0 (1.52)

Total of Incomplete Black Prince Formation

Mississippian:

Escabrosa Limestone:

40 Subsuerosic dolomite, pale red (10R 
6/2) weathers to grayish-pink (5R 
8/2); very fine to fine-crystalline; 
thin-bedded bedsits; forms rubbly 
float-covered dipslope; 100% re
crystallized; 100% dolomitized . . . 9.0 (2.74)

39 Covered interval ...................  10.0 (3.05)

38 Fine- to medium-crystalline dolo
mitized (85%) cinroidal-echinodermal 
biosparite, pinkish-gray; weathers 
same color; thin-bedded bedsets; 
forms ledgy dipslope; extremely
recrystallized (85%) ............... 2.0 (.61)

37 Sometimes coated, poorly sorted, 
pelletiferous echinodermal crinoid- 
al biosparite, light gray (N7), 
weathers same color; coarse cal- 
cilutlte to fine calcirudite; thin- 
bedded bedsets; ledgy dipslope; 
moderately recrystallized (35%); 
syringopora corals present

Cumulative 
Thickness 
ft_____ (m)

15.0 (4.57)

5.0 (1.52)

20.0 (6.09)

379.6(115.71)

370.6(112.97)

360.6(109.92)

1.0 (.31) 358.6(109.31)
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Unit
No.
36 Subsucrosic dolomite with a trace of 

unrecrystallized bioclasts, light 
brownish gray (SYR 6/1) and 
yellowish-gray (SYR 7/2), weathers 
pinkish-gray (5YR 8/1); very fine to 
medium-crystalline; thin-bedded bed- 
sets; forms ledgy dipslope; 98% re
crystallized; 98% dolomitized . . . .

Unit
Thickness 
ft (m)

3.3 (1.01)

35 Poorly washed bryozoan crinoidal bio- 
pelsparudite, very light gray (N8) to 
light gray (N7), weathers yellowish- 
gray (5Y 8/1); coarse calcilutite to 
medium calcirudite; thin-bedded bed- 
sets; forms rubbly dipslope; slightly 
recrystallized (10%) ............... 14.0 (4.27)

34 Very fine to fine-crystalline, locally 
medium-crystalline, dolomitized echino- 
dermal crinoidal biosparite, pale 
yellowish-brown (10YR 6/2) grading up
wards to yellowish-gray (5Y 7/2) and 
grayish-orange (10YR 7/4), weathers 
yellowish-gray (5Y 8/1) at the basal 
portion and grades upwards to light 
gray (N7) at the top; thin-bedded bed- 
sets; forms ledgy dipslope; chert, 
pinkish-gray (5YR 8/1) to moderate 
orange pink (10R 7/4), weathers to 
pinkish-gray (5YR 8/1); 2-3% nodular 
and bedded chert at base grading upward 
to 1% nodular chert; 100% recrystal
lization and 100% dolomitization at 
base griding upwards to 90% recrystal
lization and dolomitization correspond
ing to decreasing silicification or 
chert content; silicification of some 
fossil allochems in basal part of unit; 
syringopora corals at top of sequence 48.0 (14.63)

33 Coated, hashy poorly washed pelletifer- 
ous echinodermal crinoidal grading up
wards to a hashy poorly sorted echino
dermal crinoidal bryozoan biosparite, 
light olive gray (5Y 6/1) to olive gray 
(5Y 4/1); coarse calcilutite to fine

Cumulative 
Thickness 
ft_____ (m)

357.6(109.0)

354.3(107.99)

340.3(103.72)
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Unit
No.

Unit Cumulative
Thickness Thickness
ft (m) ft (m)

calcirudite; thin-bedded bedsets; forms 
ledgy dipslope; slightly to moderately 
recrystallized (35%); rugose corals 
at top of sequence ................. 14.0 (4.72) 292.3 (89.09)

32 Coated, rounded, and abraided echino- 
dermal bryozoan algal intrasparite, 
olive gray (5Y 4/1), weathers light 
olive gray (5Y 6/1) to olive gray (5Y 
4/1), fine to coarse calcarenite; thin- 
bedded bedsets of medium-scale trough 
cross-beds; forms ledgy dipslope;
unrecrystallized ................... 5.0 (1.52) 278.3 (84.82)

31 Moderately well sorted pelletiferous 
intrasparite, olive gray (5Y 4/1), 
weathers medium light gray (N6), 
coarse calcilutite to coarse cal
carenite, thin-bedded bedsets of 
medium-scale trough cross-beds; 
forms ledgy dipslope; chert, olive 
gray (5Y 4/1), weathers light olive 
gray (5Y 6/1); nodular chert (2%) 
occur at top of unit, unrecrystal-

30 Dolomite, light brownish gray (5YR 
6/1) to pale yellowish brown (10YR 
6/2) weathers to yellowish-gray (5Y 
8/1) and very pale orange (10YR 8/2); 
very fine to fine-crystalline, coars
ening upwards; upper 5 ft (1.52 m) 
becomes a pseudosparite or interpreted 
dedolomite, yellowish-gray (5Y 7/2), 
weathers same color; very fine to 
fine-crystalline; thin-bedded bed- 
sets; forms float-covered ledgy dip- 
slope; extremely recrystallized and 
dolomitized (100%) except at top 
where 75% dedolomitization has
occurred .......... ................  15.0 (4.57) 268.3 (81.78)

29 Poorly sorted, fine-crystalline dolo
mitized bryozoan crinoidal biosparite, 
medium gray (N5), weathers grayish 
orange pink (5YR 7/2) to pale yellowish 
brown (10YR 6/2); medium calcarenite

lized 5.0 (1.52) 273.3 (83.30)
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Unit
Thickness 
ft (m)

8.0 (2.44)

28 Packed crinoidal echinodermal bryozoan 
biomicrosparite grading upwards to a 
poorly washed echinodermal crinoidal 
bryozoan biosparudite, olive gray (5Y 
4/1) to light olive gray (5Y 6/1), 
weathers to medium light gray (N6) to 
light gray (N7); medium calcarenite to 
coarse calcarenite at base grading up
wards to medium calcarenite to medium 
calcirudite; very thin to thin-bedded 
bedsets; float-covered ledgy dipslope, 
chert, varicolored white (N9), medium 
light gray (N6) and light bluish gray 
(5B 7/1), weathers to very light gray 
(N8) to light gray (N7); lensoid (1-2%) 
occurring at base of unit; silicified 
fossil allochems; slightly recrystal
lized at base grading upwards to slight- • 
ly to moderately recrystallized at top 
of unit (20%)  ............... 19.0 (5.79)

27 Coated, rounded, and abraided echino
dermal intrasparite grading upwards to 
a fosdiliferous intraclastic pelsparite 
and a crinoidal echinodermal foram bio- 
sparite, light gray (N7) to a very light 
gray (N8), weathers same colors; coarse 
calcilutite to fine calcirudite, highly 
variable; thin-bedded bedsets, diffi
cult to distinguish; forms ledgy dip- 
slope; unrecrystallized; foraminifera 
present .............................  15.0 (4.57)

26 Moderately well sorted fossiliferous
oosparite grading upwards to a pelletif- 
erous intraclastic oosparite, olive gray 
(5Y 4/1) grading upwards to light olive 
gray (5Y 6/1), weathers light gray (N7) 
to medium light gray (N6); very fine

Unit
No.

to fine calcirudite; thin-bedded bed- 
sets, difficult to distinguish; float- 
covered rubbly ledgy dipslope; moder
ately recrystallized (40%); moderately 
dolomitized (40%); crinoidal debris 
and rugose corals present ..........

Cumulative 
Thickness 
ft_____ (m)

253.3 (77.21)

245.3 (74.77)

226.3 (68.98)
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Unit
Unit Thickness
No. ft (m)

calcarenite to coarse calcarenite; thin- 
bedded bedsets; forms float-covered 
ledgy dipslopel unrecrystallized at 
base grading upwards to moderately to 
extremely recrystallized; foraminifera 
present .............................  12.0 (3.66)

Cumulative 
Thickness 
ft_____ (m)

211.3 (64.49)

25 Coated, rounded, and abraided foram 
crinoidal echinodermal pelletiferous 
intrasparite, locally an echinodermal 
intraclastic foram oolitic biosparite 
(10 ft (3.05 m) from base of unit, 
light gray (N7) to light olive gray (5Y 
6/1), weathers very light gray (N8); 
very fine calcarenite to fine calciru- 
dite; thin-bedded bedsets, difficult 
to distinguish; forms ledgy dipslope; 
slightly recrystallized (15%) to unre
crystallized at top of unit; foraminif
era present .........................  22.0 (6.71) 199.3 (60.75)

24 Covered interval ........ ..........  1.0 (.31) 177.3 (54.04)

23 Fine- to medium-crystalline dolomit- 
ized fossiliferous pelletiferous intra
sparite grading upwards to a fine-crys
talline subsucrosic dolomite, olive 
gray (5Y 4/1) to yellowish-gray (5Y 8/1) 
weathers pale yellowish brown (10YR 6/2) 
to light olive gray (5Y 6/1); thin- 
bedded bedsets; forms ledgy dipslope; 
extremely recrystallized (95%); ex
tremely dolomitized (80-100%) . . . .  4.5 (1.37) 176.3 (53.73)

22 Coarse silt to medium sandy fine- to 
medium-crystalline dolomitized rounded 
and abraided ostracodal, crinoidal 
echinodermal biosparite, light brownish 
gray (5YR 6/1), weathers grayish-pink 
(SYR 8/2); fine to coarse calcarenite; 
thin-bedded bedsets; forms float- 
covered ledge; extremely recrystallized
(85%); moderately dolomitized (60%) . 3.0 (.91) 171.8 (52.36)



Unit
No.
21 Subsucrosic dolomite, olive gray (5Y 

4/1), weathers to lighe olive gray (5Y 
6/1), fine- to coarse-crystalline; 
thin-bedded bedsfits; forms ledgy dip- 
slope; extremely recrystallized (95%); 
extremely dolomitized (95%) ........

20 Moderately well sorted intraclastic 
oosparite, light olive gray (5Y 6/1), 
weathers very light gray (N8); very 
fine calcarenite to fine calcirudite; 
thin-bedded bedsets; forms ledgy dip- 
slope; unrecrystallized............. 2.0 (.61)

19 Coarse-grained silty well-sorted pel- 
sparite, olive gray (5Y 4/1), weathers 
light gray (N7) to medium light gray 
(N6); coarse calcilutite to medium 
calcarenite; faintly laminated; thin- 
bedded bedsets; forms ledgy dipslope; 
unrecrystallized ................... 8.0 (2.44)

18 Medium-grained silty poorly sorted in
traclastic ostracodal pelsparite grad
ing upwards to an organically disturbed 
pelletiferous intramicrosparite, olive 
gray (5Y 4/1), weathers medium light 
gray (N6) to light bluish gray (5B 7/1); 
coarse calcilutite to fine calcirudite, 
at 4 ft (1.22 m), tripolltic chert 
(2%) yellowish-gray (5Y 8/1), weathers 
to very pale orange (10YR 8/2) and very 
light gray (N8), lensoidal; thin-bedded 
bedsets; forms ledgy dipslopel moderate
ly recrystallized (40%) at base dimin
ishing to slightly recrystallized 
(15%)............................. .. 9.0 (2.74)

17 Dolomite, pale yellowish brown (10YR 
6/2) to grayish-orange (10YR 7/4), 
weathers light gray (N7); fine- to 
medium-crystalline; patches of fine- 
to medium-crystalline calcite, bird’s 
eye structures and traces (3%) of dis
seminated coarse-grained silt; forms 
rubbly ledgy dipslope; extremely

Unit
Thickness 
ft (m)

1.0 (.31)

Cumulative 
Thickness 
ft_____ (m)

168.8 (51.45)

167.8 (51.14)

165.8 (50.53)

157.8 (48.09)
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Unit
Unit Thickness
No. ft (m)

recrystallized (97%); extremely dolo- 
mitized (80%) .......................  6.5 (1.98)

16 Coated, rounded, and abraided fossilif- 
erous pelletiferous intrasparite, light 
olive gray (5Y 6/1), weathers light 
gray (N7); very fine calcarenite to 
medium calcirudite; thin-bedded bedsets; 
forms ledgy dipslope; unrecrystallized;
foraminifera present ............... 6.5 (1.98)

15 Covered interval ...................  2.0 (.61)

14 Poorly washed fossiliferous pelsparite, 
olive gray (5Y 4/1), weathers light 
gray (N7); medium calcilutite to fine 
calcirudite; disseminated traces (1%) 
of medium silt to very fine sand; very 
thin to thin-bedded bedsets; slightly 
recrystallized (10%); foraminifera 
present .............................  5.0 (1.52)

13 Subsucrosic dolomite, medium gray (N5), 
weathers light olive gray (5Y 6/1); 
very fine to medium-crystalline; moldic 
vugs or bird’s eye structure (5%) lined 
with fine- to medium-crystalline cal- 
cite and minor fine-crystalline dolo
mite; thin-bedded bedsets; forms ledgy 
displope; extremely recrystallized 
(97%); extremely dolomitized (95%) . 2.0 (.61)

12 Subsucrosic dolomite, grayish orange 
pink (SYR 7/2), weathers to light 
brownish gray (5YR 6/1), very fine 
to fine-crystalline, disseminated (10%) 
very fine to fine-grained silt and 
medium-grained sand, thin-bedded 
bedsets; forms rubbly dipslope; ex
tremely recrystallized (95%); extremely 
dolomitized (95%) ...................  5.0 (1.52)

11 Subsucrosic dolomite, pinkish-gray (5YR 
8/1) to light brownish gray (SYR 6/1), 
weathers very light gray (N8); very 
fine to fine-crystalline with dissemi
nated coarse-grained silt to fine-grained

Cumulative 
Thickness 
ft (m)

148.8 (45.35)

142.3 (43.37) 

135.8 (41.39)

133.8 (40.78)

128.8 (39.26)

126.8 (38.65)
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Unit
Unit

Thickness
Cumulative
Thickness

No. ft (m) ft (m)
sand (3%) and questionable fossil and 
intraclast ghosts; thin-bedded bedsets; 
extremely recrystallized (99%); ex
tremely dolomitized (95%) .......... 3.0 (.91) 121.8 (37.13)

10 Subsucrosic dolomite, pale yellowish 
brown (10YR 6/2), weathers light gray 
(N7); fine- to medium-crystalline 
dolomite with disseminated (5%) bird's 
eye structures filled with fine-crys
talline calcite (may be intraclast 
ghosts); very thin to thin-bedded bed- 
sets; forms ledgy dipslope; extremely 
recrystallized (99%); extremely dolo-
mitized (95%) .......................  2.0 (.61) 118.8 (36.22)

9 Subsucrosic dolomite, olive gray (5Y 
4/1), weathers to medium gray (N5), 
fine- to medium-crystalline with dis
seminated bird's eye-like structure 
filled with very fine to fine- 
crystalline calcite, thin-bedded 
bedsets; forms ledgy dipslope; ex
tremely recrystallized (100%); mod
erately or extremely dolomitized
(70%) (and/or dedolomitized) . . . .  4.0 (1.22) 116.8 (35.61)

8 Moderately well sorted ostracod bio- 
pelsparite, pale yellowish brown (10YE.
6/2), weathers to light gray (N6); 
very fine to coarse calcarenite; 
thin-bedded bedsets; forms hilltop 
ledgy dipslope; moderately recrys
tallized (40%) .....................  5.0 (1.52) 112.8 (34.39)

7 Subsucrosic dolomite, grayish orange 
pink (SYR 7/2) to pale yellowish brown 
(lOYR 6/2), weathers to pinkish gray 
(5YR 8/1) or very light gray (N8), 
fine- to medium-crystalline with minor 
fine-crystalline calcite bird's eye 
structure (5%) and disseminated (3%) 
coarse-grained silt to fine-grained 
sand; very thin to thin-bedded bedsets; 
forms cliff; extremely recrystallized 
at base (100%) decreasing upwards (80%);
95% dolomitized (or 5% dedolomitized);
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Unit
Unit Thickness
No. ft (m)

chett, white (N9), weathers same color; 
mainly very thin bedded and some 
nodular chert, 10%, in the upper part 
of the sequence, replacement chert in
dicates silicification before dolomit- 
ization with preservation of an ostra- 
cod pelsparite(?) parent rock for at 
least the middle part of unit . . . .  18.0 (5.49) 107.8 (32.87)

Cumulative 
Thickness 
ft_____ (m)

6 Alternating sequence of a well-sorted 
silicified oolite and sucrosic dolo
mite, pale yellowish brown (10YR 6/2) 
with grayish-orange zones (10YR 7/4), 
weathers pinkish-gray (5YR 8/1) and 
dark greenish gray (5GY 4/1); fine- to 
medium-crystalline dolomite with mi
crocrystalline quartz preserving the 
very fine to medium calcarenite oolitic 
allochems; very thin to thin-bedded 
bedsets in highly silicified section, 
only slight to moderate recrystalliza
tion occurs while 100% or extreme re
crystallization occurs in the dolomit- 
ized portions of this unit; chert, white 
(N9) to pinkish-gray (SYR 8/1), weath
ers (N9), mainly bedded with some
nodular chert (10%) . ...............  10.0 (3.05) 89.8 (27.38)

5 Coated, rounded, and abraided crinoidal 
pelletiferous echinodermal intrasparite, 
pale yellowish brown (10YR 6/2), weath
ers to white (N9), very light gray (N8) 
to brownish-gray (5YR 4/1), very fine 
calcarenite to fine calcirudite, very 
thick bedded bedsets; forms cliff;
unrecrystallized; foraminifera present 7.3 (2.23) 79.8 (24.33)

4 Mosaic dolomite, pale yellowish brown 
(10YR 6/2), weathers light gray (N7), 
fine- to medium-crystalline with dis
seminated fine- to medium-crystalline 
calcite (3%) in bird’s eye structure; 
very thin to thin-bedded bedsets; 
forms recessive cliff; extremely re
crystallized (100%).......... .. 2.0 (.61) 72.5 (22.10)
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Unit
Unit Thickness
No. ft (m)
3 Fine- to medium-crystalline dolomitized 

crinoidal echinodermal biosparite, pale 
yellowish brown (10YR 6/2), weathers to 
very light gray (N8); thin- to very 
thick bedded bedsets; forms cliff; ex
tremely recrystallized (85%); moderately 
to extremely dolomitized (70%) . . .  6.5 (1.98)

Erosion surface with 2 ft undulations.

2 Poorly sorted crinoidal echinodermal 
pelletiferous intrasparite grading up
wards to an intrasparudite, fine- to 
medium-crystalline dolomitized zones 
exist approximately 10 ft (3.05 m) above 
base, light olive gray (5Y 6/1) to 
light gray (N7), weathers to light gray 
(N7); very fine calcarenite to medium 
calcirudite; thick-bedded bedsets with 
dolomitized intervals having thin- 
bedded bedsets; forms cliff; variable 
recrystallization from slight to moder
ately recrystallized (30%) to extremely 
recrystallized (95%) to only slightly 
recrystallized at the upper portion of 
the sequence; dolomitization varies from 
extreme (95%) to none; foraminifera 
present at top of u n i t ............. 15.0 (4.57) 64.0 (19.51)

1 Vuggy subsucrosic dolomite, light brown
ish gray (5YR 6/1) to pale yellowish 
brown (10YR 6/2), weathers yellowish- 
gray (5Y 8/1) and pinkish-gray (SYR 
8/1), less commonly light gray (N7) or 
very light gray (N8); fine- to medium- 
crystalline; very thin to thin-bedded 
bedsets; forms cliffy slope at base to 
prominent cliff at top of unit; ex
tremely recrystallized (98-100%) and 
dolomitized (98-100%) with a few moIdle 
crinoidal echinodermal ghosts indicat
ing possible biosparite parent rock 
(may be bird’s eye structure); chert 
(5%), occurs in basal 20 ft (6.10 m) of 
unit, light brownish gray (5YR 6/1), 
weathers white (N9) to yellowish-gray

Cumulative 
Thickness 
ft_____ (m)

70.5 (21.49)



Unit
No.

Unit
Thickness 
ft (m)
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Cumulative 
Thickness 
ft_____ Cm)

(5Y 8/1), occurs as lensoidal, nodular 
and bedded ......................... 49.0 (14.94) 49.0 (14.94)

Total of Escabrosa Limestone 379.6(115.71)

Unconformity (erosional disconformity)

Devonian:

Martin and Percha Formations, undifferentiated (incomplete):

3 Covered interval 52.3 (15.94) 57.1 (17.41)

2 Medium- to coarse-grained silty oolitic 
shale, light brown (5YR 5/6) with dark 
yellowish orange (10YR 6/6), weathers 
grayish-orange (10YR 7/4); poorly to 
moderately cemented; limonite, hematite 
matrix/cement and very fine to fine- 
crystalline dolomite; laminated shale 
in very thin bedded bedsets; forms ledgy
to float-covered hillslope ........  1.0 (.31) 4.8 (1.47)

1 Coarse-grained silty to fine-grained 
sandy oolitic hematite, pale reddish 
brown (10R 5/4), weathers to pale red 
(5R 6/2) to grayish-red (5R 4/2); 
moderately well cemented; hematite ma
trix cement and fine- to medium- 
crystalline dolomite cement; very thin 
to thin beds in thin-bedded bedsets; 
forms ledgy slope to float-covered 
slope ...............................

Total of Incomplete Martin and Percha Formations, 
undifferentiated 57.1 (17.41)

Base of section; not base of exposure.
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ENERGY ZONESCARBONATE PETROLOGY 
OF PATAGONIA MTS. SECTION
(LONGITUDE-110*42'49*W, LATITUDE 3r26‘8"N)
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Figure 72. Patagonia Mountains Petrographic-eustatic Chart



ENERGY ZONESCARBONATE PETROLOGY 
OF WHETSTONE MTS. SECTION

(SI/2, SE1/4, SEC 28. TIBS, RISE)
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Figure 73. Whetstone Mountains Petrographic-eustatic Chart
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ENERGY ZONESCARBONATE PETROLOGY 

OF JOHNNY LYON HILLS SECTION
(NEI/4, NEIM.SWI/4 SEC. 16, TI4S, R2IE)

. Steati, e-st Bsl

>tin d p iom itiK d  >ch<n cnn b io tpo n tt

Cnn echm biosporudife

Pel echln crln bry b io spo n le -b io tfo ru d ite

Bry ecnm cnn biomicroeporudite

Cnn b»y biOSpOrudile

Bry Cnn bioeponte

■ ng micrftt ond mottled peteporlutltf t Igminoted

F-m  at In doiomitued foeeihferou* lotrotporite

Fossil'feroue echm peispont#

pel .ntrotponte ond -ntrociostic peisponte

f l  r t t c  Jo iom i ,*  j b oc le t I t
S ltly  v f gd sondy f mtln swbsucrosic dolomite

F atm tubsucroeic dolomite after a 9 foesiilferous peisponte

^ t ^ t  swbsucrosic dotomite after o 9(oostro, forom) cnn

subsuc^osic dolomite o tte r

SubSuCrQS'C dolomite,upper 2 ft Sltty yf go, eondy

Sltly (c gd)silty f -m  atln sucrosic dolomite

Sitiy (c g d jy i ’ if svbsucroeic to mo$oc dotomrfer

LEGEND
COfiOOOSfTS

m » BARE (<»0)
C * COMMON 1*10)

f o s s il  h a s h
NONE OBSERt

S «SYRINGORORA(CORAL) 
So* SPONGEUTHOSTROTIONELLA 

. PELECYPOO 
■RUGOSE CORAL

Figure 74. Johnny Lyon Hills Petrographic-eustatic Chart
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CARBONATE PETROLOGY 

OF DOS CABEZAS MTS. SECTION
( C EI/2. El/2, SEC. 26, TI4S, R26E)
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Figure 75. Dos Cabezas Mountains Petrographic-eustatic Chart
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CARBONATE PETROLOGY 
OF NUGGET CN-CATALINA MTS.
(SWI/4, NEI/4, NEI/4 SEC. 33, TIOS, RISE ) isIS
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Figure 76. Nugget Canyon Petrographic-eustatic Chart.
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Figure 77 Peppersauce Canyon Petrographic-eustatic Chart.

>
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Figure 78. Waterman Mountains Petrographic-eustatic Chart
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Figure 79. Vekol Mountains Petrographic-eustatic Chart.



564

ENERGY ZONESCARBONATE PETROLOGY 
OF ASH CREEK SECTION

(NE1/4, NE1/4, SWIM, SEC 19, TSS, RITE)
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Figure 80. Ash Creek Petrographic-eustatic Chart
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CARBONATE PETROLOGY 
OF CROSS CN-SUPERIOR SECTION
( NIZ2, SEI/4, NWI/4, SEC. 2, T2S, RI2E )
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Figure 81. Superior Petrographic-eustatic Chart.
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ENERGY ZONESCARBONATE PETROLOGY 
OF MESCAL MTS. SECTION

(W l/2 ,S W l/4 ,S W l/4 . SEC. 10.T3S , RISE )
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Figure 82 Mescal Mountains Petrographic-eustatic Chart



Figure 83 Van Winkle Ranch Petrographic-eustatic Chart
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Figure 84 Pinal Creek Petrographic-eustatic Chart
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ENERGY ZONESCARBONATE PETROLOGY 
OF SALT RIVER CN. SECTION

(LONGITUDE-IIO* 21'53,* LATITUDE-33* 48' 45
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Figure 85. Salt River Canyon Petrographic-eustatic Chart.
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CARBONATE PETROLOGY 
STARGO HILL, MORENCI SECTION
( NEI/4, SWIM, NE IM, SEC 21, T4S, R29E )
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Figure 86. SCargo Hill-Morenci Petrographic-eustatic Chart.



Figure 87. Clifton Petrographic-eustatic Chart
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CARBONATE PETROLOGY 
OF WINDY HILL SECTION

(NWI/4. NE 1/4, SE 1/4, SEC. 24, T4N, RI2E)
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Figure 88. Windy Hill Petrographic-eustatic Chart.



573

C A R B O N A T E  P E T R O L O G Y  
OF BIG SPRING CN.-CHEDISKI MTN
( LONGITUDE-110* 42’ 24“ LATITUDE-34* 8' 7‘ )
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Figure 89. Chediski Mountains Petrographic-eustatic Chart.



CARBONATE PETROLOGY 
KOHLS RANCH SECTION

(NW1/4, SEI/A, Sec. 21, TUN, RI2E)
_____________*,# , KL NH. *»M>___________________________
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Figure 90. Kohl's Ranch Petrographic-eustatic Chart.
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Figure 91. Mt. Elden Petrographic-eustatic Chart.
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CARBONATE PETROLOGY 
OF JEROME SECTION

(S I /2 ,  N W I/4 , N W I/4 , SEC 28, TI6N , R 2 E )

ENERGY ZONES

L |h
IKoretic erosion eorfoce with boulder sue blocks of Supoi miaed I 

—Jwith green •  hole  ̂ boulder•  cone,el of hemotite mofru .cemented L
ailtw to wf aawdy
pel .nfromnonf

"LZ
Poeeihferoue pel introeponte

Pf l  m froeppril

(Forom) cnn pel mtroeporite 
fch in  cnn pel 'h troeponte?
V f-m  i t ln  Q M y d fttM fitt
Aproded cooled introcioetic p e ic rm  echm bioeperite

Cooted obroded cnn echm pel m iroeponie
Cooled obroaed cnn echm pel m iroeponie

CiO-nu;-ospo- -e

oetro echm
echm cnn biomicroeponte

Covered m lervoi
Diomicroeponie

TL.T"''
echm biomtcroeporu 1

fl* » ,l,c f'# d  v i e »t,n p 
bomicr oeppr lie  r 7 ~ 7

u<k>m
i i ln  peeudoeporite

Crm echm D.om.croeponl#

Cnn pei echm biomicrpeporite
Cnn pei echm biomicroeporite

S illy  vuggy f »im moeoic to eubeucroeic doiomiie

□ D H D B D B D
q S b b b b d bL . « a a o a o i 4 n
Q D B H B B D Bi i i n a a a a o i  i[i-:i a  b i s * cacao i.«CesaBBBBUIJH D B B B B D Ba n e a a a i a u L i  LvicameaneaaD ■ lacacaanoizD i i c z m Q m z a c cU a = B = = = 5■i • ■ !=■ «=a a  ca a  a  i •*0  B3I a  C3IE3 C3IC3 I HIpIBBiiSi
m m m

IISISI1 • iz*c=a» eanai-e

w a r n

S ^ ^ i i s s y s
B B B B B B

ME8AF0SSILS

FH • FOSSIL HASH 
—  * NONE OBSERVED

LEGEND

A * ARCHIMEDES 
B = BRAC HIOPOC 
By * BRYOZCA 
C ■ CRINOID

6« GASTROPOD
l - u t h o s t r o t io n e l l a  
P . p e l e c y p o o
R ■RUGOSE CORAL

FQRAMS COROOOMTS
S«SYRIRG0P0RA(CORAL) P ■ PRESENT R ■ RARE (< I0 )
Sg« SPONGE — ■ NONE OBSERVED C * COMMON 1*10)
Sp« SPIRIFtR (BRACKI0P00) NA ■ NOT ANALYZED
V ■ VE3ICUL0PMYLLUM (CORORAL)

Figure 92 Jerome Petrographic-eustatic Chart.
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CARBONATE PETROLOGY 
OF LAKE VALLEY SECTION-N.M.
(C Sl/Z, NWI/4 Sic. 21, Ties, R 7W )
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Figure 93. Lake Valley Petrographic-eustatic Chart.
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CARBONATE PETROLOGY 
OF NORTH KAIBAB TRAIL SECTION
(LONGITUOE-II2*2 32"w, LATITUOE-36-12' 18" N )
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APPENDIX C

CONTROL POINT REFERENCE LIST FOR 
REGIONAL MISSISSIPPIAN ISOPACH MAPS 

(FIGURES 2, 3, AND 4)

Arizona

Control Number 
1

Reference and Location 
Mt. Elden, this study, see Table 1 
for location

2 North Kaibab Trail, this study, see 
Table 1 for location.

4 Hindu Canyon, this study, see Table 
1 for location.

5 Middle Canyon, Whetstone Mountains, 
this study, see Table 1 for location.

6 Patagonia Mountains, this study, see 
Table 1 for location.

7 Nugget Canyon, this study, see Table 
1 for location.

10 Mescal Mountains, this study, see 
Table 1 for location.

11 Salt River, this study, see Table 1 
for location.

12 Vekol Mountains, this study, see 
Table 1 for location.

13 Waterman Mountains, this study, see 
Table 1 for location.

14 Peppersauce Canyon, this study, see 
Table 1 for location.

15 Super (Cross Canyon), this study, 
see Table 1 for location.
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Control Number 
16

17

18

19

20 

21 

22 

23

24

Reference and Location 
Van Winkle Ranch, this study, see 
Table 1 for location.

Clifton, this study, see Table 1 for 
location.

Chediski Mountain, this study, see 
Table 1 for location.

Kohls Ranch, this study, see Table 1 
for location.

Jerome, this study, see Table 1 for 
location.

Dos Cabezas Mountains, this study, 
see Table 1 for location.

Lake Valley, New Mexico, this study, 
see Table 1 for location.

Johnny Lyon Hills (Rattlesnake Moun
tain) , this study, see Table 1 for 
location.

Ash Creek, this study, see Table 1 
for location.

25 Pinal Creek, Northwest Globe, this
study, see Table 1 for location.

26 Windy Hill, this study, see Table 1
for location.

27 Stargo Hill-Morenci, this study,
see Table 1 for location.

50 Norby (1971), Black Gap, E%, NE%,
Sec. 26, T. 23 S., R. 24 E., Cochise 
County.

51 Norby (1971), Blue Mtn., SW%, Sec.
20, T. 16 S., R. 31 E., Cochise 
County.

52 Norby (1971), Hayden, NWk, Sec. 26,
T. 4 S., R. 15 E., Gila County.



582
Control Number 

53

54

55

56

57

58

59

60

61

62

63

Reference and Location 
Norby (1971), Pedregosa Mtns., NW%, 
Sec. 29, and SE*s, Sec. 19, T. 21 S.,
R. 30 E., Cochise County.

Norby (1971), Superior, SÊ j, NW%, 
and SW*s, NE%, Sec. 2, T. 2 S., R.
12 E., Pinal County.

Norby (1971), Tombstone, NE%, NW!%, 
and NWk, NE$s, Sec. 23, T. 20 S., R.
22 E., Cochise County.

Norby (1971), Vekol Mountains, ap
proximately midway north to south on 
section line between Sections 13 and 
14, T. 10 S., R. 2 E. (unsurveyed), 
Pinal County.

Racey (1974), Becker*s Butte, 33° 
48'35"N latitude, 110°27,47"W longi
tude, Gila County.

Racey (1974), Fossil Creek, NWk,
NEk, Sec. 23, T. 12 N., R. 7 E., Gila 
County.

Racey (1974), Gold Gulch, 33°24,45"N 
latitude, 110o58*46"W longitude,
Gila County.

Racey (1974), Jerome, SEk, SW^, Sec.
9 and N%, NNk, SEc. 16, T. 16 N.,
R. 2 E., Yavapai County.

Racey (1974), Windy Point, SW%, NE%, 
Sec. 24, T. 4 N., R. 12 E., Gila 
County.

Smith (1974), Verde River, Jerome 
area, see Figure 1 for location 
(estimate, Sec. 29, T. 18 N., R. 1 
E., Yavapai County)

Smith (1974), Perkinsville, Jerome 
area, see Figure 1 for location 
(estimate, Sec. 6, T. 17 N., R. 2 E., 
Yavapai County)
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Control Number 

64

65

66

67

68

69

70

71

72

73

74

Reference and Location 
Smith (1974), Verde Fault, Jerome 
area, see Figure 1 for location 
(estimate. Sec. 20, T. 17 N., R. 2 
E., Yavapai County)

Smith (1974), Sycamore Canyon, Jerome 
area, see Figure 1 for location 
(estimate. Sec. 32, T. 18 N., R. 3 
E., Yavapai County)

Smith (1974), Sob Canyon, Jerome 
area, see Figure 1 for location 
(estimate. Sec. 19, T. 17 N., R. 3 
E., Yavapai County).

Smith (1974), First View, Jerome 
area, see Figure 1 for location 
(estimate. Sec. 35, T. 17 N., R. 2 
E., Yavapai County)

Smith (1974), Hull Canyon, Jerome 
area, see Figure 1 for location 
(estimate. Sec. 35, T. 17 N., R. 2 
E"., Yavapai County)

Cetinay (1967), Canelo Hills, NE%, 
MA:, SE%, Sec. 1, T. 22 S., R. 17 
E., Santa Cruz County.

Denney (1968), Canelo Hills, Sec. 3, 
Nil, Sec. 7, T. 22 S., R. 18 E., Santa 
Cruz County.

Cooper and Silver (1964), Gunnison 
Hills, NElfi, SWJs, Sec. 4, T. 16 S.,
R. 23 E., Cochise County.

Gilluly (1956), NE Spur, Dragoon 
Mtns. (estimate, SVA;, Sec. 23, T.
16 S., R. 23 E., Cochise County)

Gilluly (1956), Ajax Hill (estimate, 
NWk, Sec. 26, T. 20 S., R. 22 E., 
Cochise County)

Hammer (1961), Turning Point Hill, 
NEk, SEJfi, Sec. 36, T. 9 S., R. 4 E., 
Pinal County.



584
Control Number

75

76

78

79

80

81

82

100

101

102

103

104

Reference and Location 
Burnette (1957), Middle Canyon, 
Whetstone Mtns. (estimate, SEk,
Sec. 28, T. 18 S., R. 19 E., Cochise 
County.

McClymonds (1957), Waterman Mtns., 
Shy W H ,  SE%, Sec. 25, T. 12 S.,
R. 8 E., Pima County.

Zeller (1957), Havasu Canyon, Havasu 
Creek, North of Supai, T. 33 N., R.
4 W. (estimate. Sec. 14, T. 33 N.,
R. 4 W., Coconino County).

Armstrong (1962), Ajax Hill, SW$$, 
Sec. 22, T. 22 S. (T. 20 S.), R.
22 E., Cochise County.

Armstrong (1962), Blue Mountain, 
Chiricahua Mountains (estimate. Sec. 
30, T. 16 S., R. 31 E., Cochise 
County.

Totten (1972), Naco Hills, NEk, SEk, 
NEk, Sec. 2, T. 24 S., R. 23 E., 
Cochise County.

Loring (1947), Swisshelm Mtns., Sec. 
2, T. 20 S., R. 27 E., Cochise 
County.

McKee and Gutschick (1969), Marble 
Canyon north of South Canyon, Grand 
Canyon.

McKee and Gutschick (1969), Mile 44, 
Marble Canyon, Grand Canyon.

McKee and Gutschick (1969), Tanner 
Trail below Lipan Point, Grand 
Canyon.

McKee and Gutschick (1969), Hance 
Grail in Red Canyon, Grand Canyon.

McKee and Gutschick (1969), Grand
view Trail, Grand Canyon.
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Control Number
105

106

107

108

109

110 

111 

112

113

114

115

116

117

118

Reference and Location 
McKee and Gutschick (1969), Kaibab 
Trail, southern section. Grand 
Canyon.

McKee and Gutschick (1969), Bright 
Angel Trail, Grand Canyon.

McKee and Gutschick (1969), Hermit 
Trail, Grand Canyon.

McKee and Gutschick (1969), Kaibab 
Trail, North Rim, Grand Canyon.

McKee and Gurschick (1969), Bass 
Trail, Grand Canyon.

McKee and Gutschick (1969), Havasu 
Canyon, Grand Canyon.

McKee and Gutschick (1969), Thunder 
River, Grand Canyon.

McKee and Gutschick (1969), Kanab 
Canyon, Grand Canyon.

McKee and Gutschick (1969), Toroweap 
Point, Grand Canyon.

McKee and Gutschick (1969), Whitmore 
Wash, Grand Canyon.

McKee and Gutschick (1969), Inner 
Gorge, Parashant Canyon, Grand 
Canyon.

McKee and Gutschick (1969), Diamond 
Creek, Sec. 4 and 5, T. 27 N., R.
10 W., Mohave County.

McKee and Gutschick (1969), Peach 
Springs Wash, Sec. 8, T. 26 N., R.
10 W., Mohave County.

McKee and Gutschick (1969), Hindu 
Canyon, Sec. 23, T. 27 N., R. 12 W., 
Mohave County.
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Control Number

119

120 

121 

122

123

124

125

126

127

128 

129

Reference and Location 
McKee and Gutschick (1969), Bridge 
Canyon, Sec. 10 and 14, T. 27 N.,
R. 12 W., Mohave County.

McKee and Gutschick (1969), Quarter
master Canyon, T. 30 N., R. 14 W., 
Mohave County.

McKee and Gutschick (1969), Iceberg 
Canyon, T. 32 N., R. 16 W., Mohave 
County.

McKee and Gutschick (1969), Grand 
Wash Cliff, hear southern fork of 
Pigeon Wash, T. 34 N., R. 14 W., 
Mohave County.

McKee and Gutschick (1969), Pakoon,
T. 36 N., R. 16 W., Mohave County.

McKee and Gutschick (1969), East of 
Nelson Station, Secs. 19, 20, 27,
28, .T. 25 N., R. 10 W., Mohave and 
Yavapai Counties.

McKee and Gutschick (1969), North 
Cross Mtn., Sec. 21, T. 21 N., R. 9 
W., Yavapai County.

McKee and Gutschick (1969), Picacho
1, Secs. 4, 11, T. 21 N., R. 5 W., 
Yavapai County.

McKee and Gutschick (1969), Picacho
2, Sec. 18, T. 21 N., R. 4 W.,
Yavapai County.

McKee and Gutschick (1969), South 
Butte, Sec. 23, T. 20 N., R. 4 W., 
Yavapai County.

McKee and Gutschick (1969), Red Mtn., 
Sec. 23, T. 19 N., R. 6 W., Yavapai 
County.
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Control Number
131

132

133

134

135

136

137

138

139

140

141 

143

Reference and Location 
McKee and Gutschick (1969), Black 
Mesa E, Sec. 19, T. 19 N., R. 2 W., 
Yavapai County.

McKee and Gutschick (1969), Black 
Mesa D, Sec. 30, T. 19 N., R. 2 W., 
Yavapai County.

McKee and Gutschick (1969), Black 
Mesa A, Sec. 9, T. 18 N., R. 2 W., 
Yavapai County.

McKee and Gutschick (1969), Slate 
Mtn., Sec. 2, T. 24 N., R. 5 E., 
Coconino County.

McKee and Gutschick (1969), Elden 
Mtn., Sec. 25, T. 22 N., R. 7 E., 
Coconino County.

McKee and Gutschick (1969), Sycamore 
Canyon, Secs. 31, 32, T. 18 N., R. 3 
E., Yavapai County.

McKee and Gutschick (1969), Western 
side of Mingus Mtn., Sec. 25, T.
16 N., R. IE., Yavapai County.

McKee and Gutschick (1969), Jerome, 
Sec. 21, T. 16 N., R. 2 E., Yavapai 
County.

McKee and Gutschick (1969), Webber 
Creek, Sec. 36, T. 12 N., R. 9 E., 
Gila County.

McKee and Gutschick (1969), Natural 
Bridge, Sec. 8, T. 11 N., R. 9 E., 
Gila County.

McKee and Gutschick (1969), East 
Verde River, Secs. 6, 7, T. 11 N.,
R. 10 E., Gila County.

McKee and Gutschick (1969), Colcord 
Canyon, Sec. 34, T. 10% N., R. 14 
E., Gila County.



Control Number
144

145

146

147

148

149

150

151

152

153

154

155

Reference and Location 
McKee and Gutschick (1969), 0 W 
Ranch 1, Sec. 27, T. 10*5 N., R. 15 
E., Gila County.

McKee and Gutschick (1969), 0 W 
Ranch 2, Sec. 33, T. 10*5 N., R. 15 
E., Gila County.

McKee and Gutschick (1969), Brush 
Mountain, northwestern section. Sec.
5 (approximate), T. 7 N., R. 16 E., 
Gila County.

McKee and Gutschick (1969), Salt 
River Draw 1, Sec. 24, T. 7 N., R.
16 E., Gila County.

McKee and Gutschick (1969), Salt 
River Draw 2, Sec. 1, T. 6 N., R.
16 E., Gila County.

McKee and Gutschick (1969), Salt 
River along U.S. 60, Sec. 20, T. 5 
N., R. 18 E., Gila County.

McKee and Gutschick (1969), Black 
River Crossing C, Sec. 11, T. 4 N.,
R. 20 E., Gila County.

McKee and Gutschick (1969), Metuck 
Canyon, Sec. 6, T. 26 N., R. 9 W., 
Coconino County.

McKee and Gutschick (1969), Meriwit- 
ica Canyon, T. 28 N., R. 12 W.,
(R. 13? W.), Mohave County.

McKee and Gutschick (1969), Cherokee 
Point, Sec. 8, T. 24 N., R. 11 W., 
Mohave County.

McKee and Gutschick (1969), Rock- 
Blye, on 7 Bar V Ranch, Sec. 21,
T. 24 N., R. 11 W., Mohave County.

McKee and Gutschick (1969), Ring Cone, 
on 7 Bar V Ranch, Sec. 20, T. 23 N.,
R. 11 W., Mohave County.
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Control Number 
156

Reference and Location
589

McKee and Gutschick (1969), Yampai, 
Sec. 1, T. 24 N., R. 9 W., Yavapai 
County.

157 McKee and Gutschick (1969), Pica
Station, west of Seligman, Sec. 19, 
T. 24 N., R. 8 W., Yavapai County.

158 McKee and Gutschick (1969), Chino
Point, Sec. 3, T. 22 N., R. 7 W., 
Yavapai County.

159 McKee and Gutschick (1969), Selig
man Field, Sec. 4, T. 22 N., R. 8 
W., Yavapai County.

160 McKee and Gutschick (1969), Selig
man South, Sec. 22, T. 22 N., R. 8 
W., Yavapai County.

161 McKee and Gutschick (1969), South
Cross Mountain, Sec. 33, T. 21 N.,
R. 9 W., Yavapai County.

162 McKee and Gutschick (1969), West
Juniper, Juniper Mountains, Sec. 2, 
T. 20 N., R. 7 W., Yavapai County.

163 McKee and Gutschick (1969), Fritsche
Peak, Black Mesa, Sec. 9, T. 19 N., 
R. 3 W., Yavapai County.

164 McKee and Gutschick (1969), George
Wood Canyon, Juniper Mtns., Sec. 12, 
T. 18 N., R. 7 W., Yavapai County.

165 McKee and Gutschick (1969), Simmons,
Sec. 1, T. 16 N., R. 3 W., and Sec. 
6, T. 16 N., R. 2 W., Yavapai 
County.

166 McKee and Gutschick (1969), Hell
Canyon, Sec. 30, T. 19 N., R. 1 W., 
Yavapai County.

167 McKee and Gutschick (1969), White
horse Hills (Marble Mtn.) C, Sec.
12, T. 23 N., R. 6 E., Coconino 
County.
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Control Number 

168

169

170

171

172

173

175

176

177

178

Reference and Location 
McKee and Gutschick (1969), West of 
Perklnsvllle, Sec. 28, T. 18 N.,
R. IE., Yavapai County.

McKee and Gutschick (1969), Tonto 
Creek north of Kohls Ranch, Sec. 9, 
T. 11 N., R. 2 E. (R. 12 E.?),
Gila County.

McKee and Gutschick (1969), One mile 
east of Peach Springs on south side 
of U.S. 66 (estimate, Sec. 23, T.
25 N., R. 11 W., Mohave County)

Thomssen and Barber (1958), Galiuro 
Mtns., SE*£, Sec. 15, T. 7 S., R.
18 E., Pinal County.

Huddle and Dobrovolny (1952), Black 
River, Sec. 11, T. 4 N., R. 20 E., 
Gila County.

Huddle and Dobrovolny (1952), Salt 
River, measured along U.S. 60, at 
point 3.7 to 11 miles north of 
bridge over river (estimate. Sec.
13, T. 6 N., R. 17 E., Gila County)
Huddle and Dobrovolny (1952), Rock- 
house Butte, Sec. 30, T. 6 N., R.
17 E., Gila County.

Huddle and Dobrovolny (1952), Salt 
River Draw, Secs. 1, 12, 13, T. 6 
N., R. 16 E., Gila County.

Huddle and Dobrovolny (1952), Cliff 
House Canyon (NW%, Sec. 8 , NEk, Sec. 
5, T. 7 N., R. 16 E., Gila County.

Huddle and Dobrovolny (1952), Oak 
Creek Indian Farms, Sec. 32, T. 8 
N., R. 16 E., Gila County.
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Control Number 

179

v 180

181 

182

183

184

185

186

187

188 

189

Reference and Location 
Huddle and Dobrovolny (1952),
Spring Canyon, Sec. 36, T. 9 N.,
R. 15h E., Gila County.

Huddle and Dobrovolny (1952), 0 W 
Ranch, SWk, Sec. 34, T. 10% N ., R.
15 E., Gila County.

Huddle and Dobrovolny (1952), Col- 
cord Canyon, Sec. 34, T. 10% N.,
R. 14 E., Coconino County.

Huddle and Dobrovolny (1952), Tonto 
Creek, 1% miles north of Kohls 
Ranch (estimate. Sec. 9, T. 11 N.,
R. 12 E., Gila County)

Huddle and Dobrovolny (1952), East 
Verde River on Pine-Payson Highway 
(estimate. Sec. 17, T. 11 N., R. 10 
E., Gila County)

Huddle and Dobrovolny (1952), Windy 
Point (estimate, Sec. 24, T. 4 N.,
R. 12 E., Gila County)

Huddle and Dobrovolny (1952), Gold 
Gulch (estimate. Sec. 19, T. IN.,
R. 14 E., Gila County)

Huddle and Dobrovolny (1952), Tor
nado Peak, about 3 miles N-NE of 
Hayden (estimate, Sec. 26, T. 4 N., 
R. 15 E., Gila County.

Britt (1955), Twin Peaks area, SE%, 
Sec. 27, and SW%, Sec. 26, T. 12 S., 
R. 11 E., Pima County.

Baker (1962), Patagonia Mtns., 31° 
26'8"N latitude, 110o42,49"W longi
tude, Santa Cruz County.

Simons (1974), Patagonia Mtns., 
(estimate, 31°26,8"N latitude, 110° 
42'49,,W longitude), Santa Cruz 
County.
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Control Number 
190

Reference and Location 
Creasey (1967), Nugget Canyon, un
surveyed SW*6, NÊ s, NEk, Sec. 33,
T. 10 S., R. 16 E., Pinal County.

191 Miller (1970), north of Black Mesa, 
(estimate, unsurveyed E%, Sec. 9,
T. 3 N., R. 17 W., Yuma County)

\



Control Number 
785

593
Well Name and Location 

Tenneco #1 Fed. B, SWk, NE$i, Sec. 4, 
T. 10 N., R. 24 E., Apache County.

786 Gulf #1-22 Navajo, SE%, NEk, Sec. 22,
T. 7 N., R. 8 W., Apache County.

787 Pan Am. #1 Nav. A.B., NWk, SE%, Sec.
32, T. 7 N., R. 7 W., Apache County.

788 Eisole #l-McCauley, SŴ s, St%, Sec. 1,
T. 16 N., R. 16 E., Navajo County.

789 Union-Continental #1 Aztec, NEk, NEk,
Sec. 19- T. 15 N., R. 18 E., Navajo 
County.

790 Pan. Am. //l-B-NMA, St̂ s, N % ,  Sec.
25, T. 12 N., R. 23 E., Navajo 
County.

791 Collins-Cobb #1-X Natanie-Nav., SV̂ s,
SE^, Sec. 22, T. 34 N., R. 8 E., 
Coconino County.

792 Lockhart Bros. #1 Babbitt-Bar, NE%,
NE%, Sec. 21, T. 27 N., R. 9 E., 
Coconino County.

793 Black Mesa Pipeline Co. #l-Station
#3, m k ,  NWk, NEk,Sec. 27, T. 25 
N., R. 2 E., Coconino County.

794 Oil Discovery #1 Federal, NE%, SE%,
Sec. 17, T. 19 N., R. 6 E., Coco
nino County.

795 Hopkins #l-Jordan (Strat), SE%, SEk,
Sec. 6, T. 17 N., R. 6 E., Coconino 
County.

796 Pease #1 Federal, SW*£, NWk, Sec. 21,
T. 15 N., R. 10 E., Coconino County.

797 Western Drilling Co. #1, Sec. 31,
T. 38 N., R. 5 W., Mohave County.

798 • AA Hopkins #28-1 Fed., SEk, NEk,
Sec. 28, T. 18 N., R. 5 E., Yavapai 
County.
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Control Number 
799

Well Name and Location 
AA Hopkins //I Hallermund (Strat), 
Sec. 31, T. 18 N., R. 5 E., 
Yavapai County.

800 Am. Strat. Co.-D-2958, NWk, SEk, 
Sec. 5, T. 21 S., R. 24 E., Cochise 
County.

801 Am. Strat. Co.-D-3114, El Paso Nat
ural Gas Co. No. 20-17 Butler Valley 
SWk, SW$s, Sec. 20, T. 8 N., R. 13 
W., Yuma County.

802 Am. Strat. Co.-D-2777, Tenneco Oil 
Co. No. 1-X Fort Apache Tract 56, 
NE%, SE$s, Sec. 31, T. 10 N., R. 21 
E., Navajo County.

805 Am. Strat. Co.-D-1199, C, SE$s, SEk, 
Sec. 12, T. 13 N., R. 25 E., Apache 
County.

806 Am. Strat. C0 .-D-II68, Lion Oil 
(Monsanto) No. 1 Cabin Wash, SWk, 
NEk, Sec. 30, T. 14 N., R. 14 E., 
Coconino County.

807 Am. Strat. Co.-D-3331, Eastern Pet. 
Co. No. 1-Moqai Bardo, NWk, SWk, 
Sec. 10, T. 14 N., R. 11 E., Coco
nino County.

808 Am. Strat. Co.-D-2351, Taubert and 
Steed No. 1 Babbitt Bros.-Fee, C, 
NEk, NEk, Sec. 35, T. 14 N., R. 19 
E., Navajo County.

809 Am. Strat. Co.-D-3316, Lydia 
Johnson No. 1-Aztec, SWk, NEk, NEk, 
Sec. 33, T. 14 N., R. 20 E., Navajo 
County.
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Control Number 
810

Well Name and Location 
Am. Strat. Co.-D-1164, Pan. Am. Pet. 
Corp., No. 1 Aztec Land and Cattle 
Co. "A", SE%, NE%, Sec. 5, T. 16 N., 
R. 20 E., Navajo County.

811 Am. Strat. Co.-D-1515, Union Oil of 
Calif.-Cont. Oil No. 1-New Mexico- 
Arizona Land, SW%, SW%, NE%, Sec. 34, 
T. 15 N., R. 19 E., Navajo County.

812 Am. Strat. Co.-D-3107, George B. 
Cree, Jr. No. 1 Scorse-Fee, C, SW%%, 
SW%, Sec. 33, T. 18 N., R. 20 E., ' 
Navajo County.

813 Am. Strat. Co.-D-1163, Kerr-McGee 
Oil Ind. No. 1-Hortenstein, C, NEk, 
NWk, Sec. 23, T. 18 N., R. 25 E., 
Apache County.

814 Am. Strat. Co.-D-3108, Crest Oil No. 
1 Spurlock, C, SWk, NEk, Sec. 3, T. 
17 N., R. 26 E., Apache County.

815 Am. Strat. Co.-D-3317, George E. 
Willett No. 1 SDD-State SW%, NW&s, 
Sec. 24, T. 20 N., R. 5 E., Coco
nino County.

816 Am. Strat. Co.-D-2902, Sidney Stein
berg No. 1 Flowalt-Babbitt-Fee,
SE%, SWJfi, Sec. 24, T. 19 N., R. 10 
E., Coconino County.

817 Am. Strat. Co._D-2153, James R. 
Pickett No. 1 Padre Canyon State, 
C, NW%, SEk, Sec. 26, T. 20 N.,
R. 10 E., Coconino County.

818 Am. Strat. Co.-D-1791, Roy Owen and 
Co. No. 12-1 Diablo Amarillo, NEk, 
NEk, SWk, Sec. 12, T. 20 N., R. 11 
E., Coconino County.

819 Am. Strat. Co.-D-3370, El Paso Natu
ral Gas Co. No. 1 Seligman W. Well, 
SWk, SWk, SWk, Sec. 15, T. 22 N.,
R. 8 W., Yavapai County.



596

Control.Number 
820

Well Name and Location 
Am. Strat. C0.-D-II86, Ray Terry No. 
1-Terry State, C, NEk, NE^, Sec. 34, 
T. 25 N., R. 8 W., Coconino County.

821 Am. Strat. Co.-96R, General Prt. 
Corp. No. 14-6 Creager State, SŴ s, 
SWI5, NWk, Sec. 6, T. 19 N., R. 23 
E., Navajo County.

822 Denver Sample Log Co., Santa Fe 
Pacific No. 1-Sinclair Oil and Gas, 
SW%, NE%, NEJj, Sec. 35, T. 28 N.,
R. 1 W., Coconino County.

823 Am. Strat. Co.-126-R, L. M. Lockhart 
Babbitt #1, C, NE%, N0&, Sec. 21,
T. 27 N., R. 9 E., Coconino County.

824 Am. Strat. Co.-D-2573, Texaco No. 1- 
Hopi Tribe-A, NV̂ t, NWk, Sec. 15,
T. 26 N., R. 16 E., Navajo County.

825 Am. Strat. Co.-D-1730, J. G. Brown 
and Assoc. No. 2 Chambers-Sanders, 
SE%, SWk, NE$s, Sec. 27, T. 21 N., 
R. 28 E., Apache County.

826 Am. Strat. Co.-D-3382, Gulf Oil Corp. 
No. 1 Navajo-C2, SEk, NW%, Sec. 21,
T. 29 N., R. 24 E., Apache County.

827 Am. Strat. Co.-D-3379, Gulf Oil Co. 
No. 1 Nava j o-Texaco, C, SW%, SW$£, 
Sec. 11, T. 4 N., R. 7 W., Apache 
County.

828 Am. Strat. Co.-D-2550, Atlantic Re
fining Co. No. 1 Hopi-9, C, SWk, 
SEJs, Sec. 9, T. 28 N., R. 15 E., 
Navajo County.

829 Am. Strat. Co.-D-2592, Amerada Pet. 
No. 1 Hopi-5075, SE%, NE%, Sec. 8 , 
T. 29 N., R. 19 E., Navajo County.

830 Am. Strat. Co.-D-2597, Skelly Oil, 
Murphy Oil, Aquitaine Oil-No. 1 
Hopi Tribe A, SW%, NE%, Sec. 35, T. 
30 N., R. 17 E., Navajo County.



Well Name and Location
597

Control Number 
831

832

833

834

835

836

837

838

839

Well Name and Location 
Am. Strat. Co.-D-2559, Moore, Moore 
and Miller No. 1-Hopi, C, NW%, NW%&, 
Sec. 6, T. 29 N., R. 15 E., Coconino 
County.

Am. Strat. Co.-D-3166, Pennzoil 
United No. 1-11 Hopi, C, NW?s, NW$s, 
Sec. 11, T. 29 N., R. 14 E., Coco
nino County.

Am. Strat. Co.-299-R,-Amerada Pet. 
Corp. Stanolind Oil and Gas Co. No. 
1 Navajo-Black Mountain, SEk, SW%, 
NW%, Sec. 3, T. 31 N., R. 23 E., 
Apache County.

Am. Strat. Co.-D-3110, Curtis J. 
Little No. 1 Bear Springs, SE%, SEk, 
Sec. 26, T. 6 N., R. 8 W., Apache 
County.

Am. Strat. Co. D-3354, Texaco Inc.
No. 1 Navajo Tribal-B.F., NEk, NE%, 
Sec. 26, T. 6 N., R. 7 W., Apache 
County.

Am. Strat. Co.-D-3330, Union Oil Co. 
of Calif.-No. 1-Navajo Tract 166,
Nf^, NV%, NWk, Sec. 20, T. 6 N., R.
6 W., Apache County.

Am. Strat. Co.-D-1182, Pan. Am. Pet. 
Co. Aztec. Land and Cattle Co.-No.
B—1, C, SW%, NE%, Sec. 9, T. 16 N.,
R. 18 E., Navajo County.

Am. Strat. Co.-D-1381, Tennessee Gas 
and Oil Co. No. 1-USA Schreiber,
SE$5, SVtk, Sec. 35, T. 39 N., R. 13 
W., Mohave County.

Am. Strat. C0.-D-II88, Western Drill
ing Valen Oil Co. No. 1-Gov't, C,
NW%, SEk, Sec. 31, T. 38 N., R. 5 W., 
Mohave County.



-.59.8

Well Name and Location 
Am. Strat. Co.-D-2162, Rip C. Under
wood No. 1-32 Jacob Lake Unit, NE*s, 
NEk, Sec. 32, T. 39 N., R. 2 E., 
Coconino County.

Denver Sample Log Service-110, Col
lins Navajo No. 1, Sec. 4, T. 34 N.,
R. 8 E., Coconino County.

Am. Strat. Co.-489R, Sinclair Oil 
and Gas Co. No. 1 Navajo Tribal, C, 
N%, NEk, Sec. 28, T. 37 N., R. 14 
E., Coconino County.

843 Am. Strat. Co.-687R, The Texas Co.,
Sinclair, Skelly No. 1 Navajo-A,
C, Sky NE%, Sec. 34, T. 42 N., R.
18 E., Navajo County.

844 Am. Strat. Co.-D-2357, Tenneco Oil
Co.-No. 1 Navajo 8351, NW%, SE%, SW%, 
Sec. 24, T. 38 N., R. 19 E., Navajo 
County.

845 Am. Strat. Co.-D-2524, Texas Inc.
No. 1-Navajo-AM, NE%, NWk, Sec. 36,
T. 39 N., R. 21 E., Navajo County.

846 Am. Strat. Co.-D-2525, Cactus Drill
ing Co. No. 1 P.E. Navajo 85-75,
NW%, NW%, Sec. 14, T. 36 N., R. 22 
E., Apache County.

849 Am. Strat. Co.-D-2123, Gulf Oil
Corp. No. 1 Navajo-Garnet Ridge, C, 
NE$s, NEk, Sec. 16, T. 41 N., R. 24 
E., Apache County.

850 Am. Strat. Co.-D-2382, Amerada Bet.
Co. No. 1 Navajo Tract-91, SEk, SEk, 
Sec. 7, T. 39 N., R. 24 E., Apache 
County.

Control Number
840

841

842



Control Number 
851

Well Name and Location
599

Am. Strat. Co.-D-3528, Cactus 
Drilling Corp. No. 1-Navajo 88-18,
SWk, NE%, Sec. 23, T. 36 N., R.
24 E., Apache County.

852 Am. Strat. Co-.-0-2530, Texaco Inc.
No. 2 Navajo Tribe-AG, NMk, NEk, Sec. 
21, T. 41 N., R. 25 E., Apache 
County.

853 Am. Strat. Co.-D-1161, Pan Am. Pet.
et al., No. 1 Tohlacon-Navajo, NE%, 
SEk, Sec. 11, T. 40 N., R. 25 E., 
Apache County.

854 Am. Strat. Co.-D-2768, JMC Drilling
Co.-No.l- Navajo-Mobil, NW%, NW*%,
Sec. 16, T. 39 N., R. 25 E., Apache 
County.

855 Am. Strat. Co-D-3534, Cactus Drilling
No. 1 Rock Point, N0&, SW%&, Sec. 1,
T. 39 N., R. 26 E., Apache County.

856 Am. Strat. Co.-D-2346, Tenneco Oil
Co.-No. 1 Navajo 4332, C, SWk, SW%, 
Sec. 33, T. 41 N., R. 26 E., Apache 
County.

857 Am. Strat. Co.-D-2137, Occidental
Pet. No. 1 Texaco-Navajo, C, NW%,
NWk, Sec. 6, T. 40 N., R. 27 E., 
Apache County.

858 Am. Strat. Co.-D-2326, Pan Am. Pet.
Corp. No. 1 Navajo-Tribal T, C, SEk, 
SEk, Sec. 20, T. 38 N., R. 27 E., 
Apache County.

859 Am. Strat. Co.-D-2567, Vaughey,
Vaughey and Blackburn No. 8-1 Navajo, 
SE%, SE%, Sec. 8, T. 37 N., R. 27
E., Apache County.

860 Am. Strat. Co.-D-2398, Vaughey,
Vaughey and Blackburn No. 6-1 Navajo 
88-5, C, NW%, NWlfi, Sec. 6, T. 36 N., 
R. 28 E., Apache County.



600

Control Number 
861

862

865

866

868

869

870

871

872

Well Name and Location 
Am. Strat. Co.-667, Shell E. Boundary 
Butte No. 2, SE%, NWk, Sec. 3, T.
41 N., R. 28 E., Apache County.

Am. Strat. Co.-D-3398, Gulf Oil Corp. 
No. 1 Navajo 4, SEk, SWk, Sec. 4,
I. 34 N., R. 28 E., Apache County.

Am. Strat. Co.-D-1758, Pan Am. Pet. 
Corp. No. 1 Moko Navajo, NE%, SW$$, 
Sec.15, T. 40 N., R. 29 E., Apache 
County.

Am. Strat. Co.-D-1356, British Ameri
can No. 1-Navajo "C", NÊ s, SWk, SWk, 
Sec. 5, T. 40 N., R. 30 E., Apache 
County.

Am. Strat. Co.-D-2576, Pure Oil No.
1 Pure-Sun-Tidewater Navajo Tract 
103, NE%, SEJs, Sec. 32, T. 38 N.,
R. 30 E., Apache County.

Am. Strat. Co.-D-3371, Gulf Oil No.
1 B-S Navajo USA, NW%, NE%, Sec. 12, 
T. 37 N., R. 29 E., Apache County.

Am. Strat. Co.-D-3538, Odessa Nat.
Gas Co. No. 1 Air odes sa-Cove, SE$s, 
SEk, Sec. 33, T. 37 N., R. 29 E., 
Apache County.

Am. Strat. Co.-D-3384, Gulf Oil Co. 
No. 1 Navajo-CS, C, NEk, NE*c, Sec.
34, T. 37 N., R. 30 E., Apache 
County.

Am. Strat. Co.-D-3149, Humble Oil 
and Refining Co. No. 1 Navajo Tract 
87, SEk, NEk, Sec. 23, T. 36 N.,
R. 29 E., Apache County.



Control Number 
873

Well Name and Location
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874

875

876

877

878

879

880

881

882

883

Am. Strat. CO.-D-2743, Kerr-McGee 
Oil Ind. No. 1 Navajo, SE%, S0(, Sec. 
32, T. 36 N., R. 30 E., Apache 
County.

Am. Strat. Co.-D-2965, Kerr-McGee 
Corp. No. 1 Navajo-H, NÊ s, NEk, Sec. 
14, T. 35 N., R. 30 E., Apache 
County.

Am. Strat. Co.-D-3197, Buttes Gas 
and Oil Co. No. 1-25 Navajo, SEk,
SEJfi, Sec. 25, T. 35 N,, R. 28 E., 
Apache County.

Am. Strat. Co.-D-3388, Edward F. 
Doherty No. 1-15 Navajo, SEk, SEk, 
Sec. 15, T. 7 N., R. 7 W., Apache 
County.

Did not use

Am. Strat. Co.-D-1162, Texas Pac. 
Coal and Oil Co. No. l-Navajo-138,
C, NE$$, NE?s, Sec. 11, T. 40 N.,
R. 28 E., Apache County.

Am. Strat. Co.-Texas Pac. #4 Nav. 
138, NEk, NWS*, Sec. 11, T. 40 N.,
R. 28 E., Apache County.

Am. Strat. Co.-D-3577, Buttes Gas 
and Oil No. 1-31 Navajo, NE%, NE%, 
Sec. 31, T. 35 N., R. 27 E., Apache 
County.

Am. Strat. Co.-D-3757, D.J. Simmons 
No. 1-Navajo, SE^, SW%, Sec. 30, T. 
36 N., R. 27 E., Apache County.

Am. Strat. Co.-D-3583, Union Oil of 
Calif. No. 1-N11 Navajo Lukachuka, 
SEJfi, SWk, Sec. 11, T. 36 N., R. 29 
E., Apache County.

Am. Strat., Co.-D-3723, Superior Oil 
Co. No. 21-29 Navajo W, C, NE%, NW%, 
Sec. 29, T. 38 N., R. 21 E., Navajo 
County.



Well Name and Location
602

Control- Number 
884

886

887

888

889

890

891

892

893

894

895

Am.
No.
18,

Strat. Co.—D—2993,
1 Navajo-W, C, NWk, 
T. 38 N., R. 30 E.,

Skelly Oil 
NWk, Sec. 
Apache

County.

Am. Strat. Co.-D-3580, Mobil Oil Co. 
No. 1 Navajo-155, S^s, NW*&, Sec. 28, 
T. 39 N., R. 25 E., Apache County.

Am. Strat. Co.-D-3764, Cities Serv. 
Oil Co. No. 1-Monsanto Navajo-B,
SW%, NEJj, Sec. 27, T. 40 N., R. 29 
E., Apache County.

Am. Strat. Co.-D-3100, Miami Oil Pro. 
Inc.-No. 1 Miami Fed. 4154, C, NEk, 
NWk, Sec. 30, T. 41 N., R. 30 E., 
Apache County.

Am. Strat. Co.-D-3753, Union Texas 
Pet. Corp. No. 1-14 Navajo, SW^, NW%, 
Sec. 14, T. 6 N., R. 10 W., Apache 
County.

Am. Strat. Co.-D-3576, Buttes Gas 
and Oil Co. No. 1-14 Navajo, SE%,
SE$s, Sec. 14, T. 7 N., R. 9 W.,
Apache County.

Am. Strat. Co.-D-3588, Union Texas 
Pet. No. 1-17 Navajo, NW*s, SE^, SE%, 
Sec. 17, T. 7 N., R. 10 W., Apache 
County.

Guadalupe Expl. //I State (Peirce and 
Scurlock, 1972, SEQ 724), NEk:, NE%, 
Sec. 5, T. 21 S., R. 24 E., Cochise 
County.

Waddell-Duncan #1 Murray, Sec. 5,
T. 22 S., R. 27 E., Cochise County.

Southwest Oil //l, Davis-Clark 
(Peirce and Scurlock, 1972, SEQ 724), 
NE%, NE$s, Sec. 5, T. 21 S., R. 24 
E., Cochise County.

Ed Kerber //I Federal (Peirce and 
Scurlock, 1972, SEQ 597), Sec. 5,
T. 4 N., R. 13 E., Gila County.



603

Control Number 
897

Well Name and Location. 
Cathedral #1 Federal, Sec. 16, T. 17 
N., R. 5 E., Yavapai County.

898 Hopkins //I Coconino Cattle Co., W%, 
NW%, Sec. 8, T. 17 N., R. 5 E., 
Yavapai County.

899 A. A. Hopkins #34-1 X Fed., Sec. 34, 
T. 18 N., R. 5 E., Yavapai County.



Nevada
604

Control Number 
600

602

.603

604 

' 605

606

607

608

609

610 

611 

612

Reference and Location 
Zeller (1957), So. Muddy Mts. - 
Frenchman Mts., T.20 S., R. 36 E., 
Clark County.
Langenheim (1963), Muddy Mts., Sec. 
30-31, T. 18 S., R. 66 E., Clark 
County.

Langenheim (1963), Dutch John Mts., 
Secs. 9, 10, 15, 16, T. 6 N., R.
65 E., Lincoln County.

Langenheim (1963), Kane Springs Wash, 
T. 11 S., R. 64 E., Lincoln County.

Langenheim (1963), Mormon Mts., Sec. 
32, T. 11 S., R. 69 E., Lincoln Cty.

Hewett (1956), Potosi Mine, SWk, Sec. 
12, T. 23 S., R. 57 E., Clark County.

Hewett (1956), South of Devil's Peak, 
approx. C, T. 26 S., R. 59 E., Clark 
County.

Hewett (1956), Standard Mine area. 
Sec. 18, T. 15 N., R. 14 E., San 
Bernardino County, Calif.

Pierce (1969), Tungsten Gap, Arrow 
Canyon Range, S*5, Sec. 3, T. 15 S.,
R. 64 E., Clark County.

Neder (1973), Arrow Canyon Range, 
m h ,  SW%, Sec. 12, T. 14 S., R. 64 
E., Clark County.

Neder (1973), Arrow Canyon Range,
NWk, swk. Sec. 12, T. 14 S., R. 64 
E., Clark County.

Neder (1973), Dry Lake, Sec. 15, T. 
16 S., R. 63 E., Clark County.



605

Control Number
613

614 

616 

621

622

623

624

625

Reference and Location 
Neder (1973), Las Vegas Range, SW%, 
NW%, Sec. 5, T. 15 S., R. 63 E.,
Clark County.

Neder (1973), Apex Mts., N^, SEk,
Sec. 5, T. 19 S., R. 63 E., Clark 
Count'".
Neder (1973), Lee Canyon, SWk, SWk, 
NWk, Sec. 34, T. 17 S., R. 57 E., 
Clark County.

Webster (1969), Meadow Valley Range, 
S$$, Sec. 19 and N$$, Sec. 30, T. 13
S., R. 65 E., Clark County.

Webster (1969), Arrow Canyon, Sec.
12, T. 14 S., R. 64 E., Clark County.

Webster (1969), Las Vegas Range, 
36°39'29"N latitude, .114°57,41,,W 

• longitude, Clark County.

Webster (1969), Dry Lake, SE*s, Sec.
15 and NEk, Sec. 22, T. 16 S., R.
63 E., Clark County.

Webster (1969), Apex Mts., N$$, Sec.
5. T. 19 S., R. 63 E., Clark County.



Control Number 
700

606
Reference and Location 

Hose (1963), Confusion Range, Sec. 
34-35, T. 15 S., R. 16 W., Millard 
County.

701 Hose (1965a) Confusion Range, Sec.
14, T. 19 S., R. 18 W (estimated) 
Millard County.

702 Hose and Repenning (1963), Confusion
Range, Sec. 9, T. 16 S., R. 17 W., 
Millard County.

703 East (1966), San Francisco Mts.,
(estimated) Sec. 25, T. 27 S., R.
13 W., Beaver County.

704 Barosh (1960), Beaver Lake Mts.,
Beaver County.

705 Miller (1963), Wah Wah Mts., Position
estimated.

706 Baer (1962), Star Range, Sec. 24,
T. 28 S., R. 12 W., Beaver County.

708 Nolan (1935, South side Dutch Mt.,
(estimated) Sec. 26, T. 7 S., R. 18 
W., Toole County.

709 Morris and Lovering (1961), East
Tintic Mts., generalized location,
T.7-10 S., R. 2-3 W.

1092 Langenheim (1963), Beaverdam Mts.,
NEk, SE%, Sec. 35, T. 42 S., R. 18 
W., Washington County.



607
Control Number 

1000
Well Name and Location 

Am. Strat. Co. 379-R, Calif. Co. No. 
1-St. George Unit (Restudy), NW%, 
NW%, NE%, Sec. 19, T. 43 S., R. 15 
W., Washington County.

1001 Am. Strat. Co.-D-1516, J. Ray McDer
mott and Co. No. 1 State, C, SW%, 
SWP, Sec. 2, T. 43 S., R. 8 W., Kane 
County.

1002 Am. Strat. Co.-D-1928, Superior Oil 
Co. No. 1 Kanab Creek Unit, C, SWk, 
NEJs, Sec. 16, T. 42 S., R. 7 W., 
Kane County.

1003 Am. Strat. Co.-869, Tidewater Oil 
Unit No. 1, SWk, NE%, Sec. 34, T. 
42 S., R. 2 W., Kane County.

1004 Am. Strat. Co.-D-2703, Union Oil of 
Calif. No. 1-Judd Hollow Unit, SW%, 
NWk, Sec. 19, T. 43 S., R. 2 E., 
Kane County.

1005 Am. Strat. Co.-646, Ohio Oil-Navajo 
No. 1, NE%, S0(, SWk, Sec. 10, T.
43 S., R. 21 E., San Juan County.

1006 Am. Strat. Co.-840, Shell Oil Boun
dary Butte No. 3, Vfe, SE%, SV^, Sec. 
25, T. 43 S., R. 23 E., San Juan 
County.

1007 Am. Strat. Co.-D-1510, Champlin-0 
and R Murphy Corp. No. 1 Navajo-111, 
C, NE%, NEk, Sec. 13, T. 43 S., R.
24 E., San Juan County.

1008 Am. Strat. Co.-D-1587, Joseph E. 
Burke, Jr.-New Drilling No. 1 Tribal- 
So.Union, C, SEk, SEk, Sec. 10, T.
43 S., R. 25 E., San Juan County.

1009 Am. Strat. Co.-D-2339, Skelley Oil 
Co. No. 1-Mexican Hat, SW%, S06, Sec. 
10, T. 42 S., R. 19 E., San Juan Cty.



608
Control Number 

1010
Well Name and Location 

Am. Strat. Co.-D-1745, Texaco Inc. 
No. 1-Johns Canyon Unit, SWk, SW$£, 
Sec. 6, T. 41 S., R. 18 E., San Juan 
County.

1011 Am. Strat. Co.-D-1500, Texaco Inc. 
No. 1-Navajo "U", C, NV̂ s, NWk, Sec. 
36, T. 41 S., R. 20 E., San Juan 
County.

1012 Am. Strat. Co.-D-923, Shell Oil Co. 
No. 1 Tohonadla, W%, SWk, S0(, Sec. 
35, T. 41 S., R. 21 E., San Juan 
County.

1013 Am. Strat. Co.-D-1941, Carter Oil . 
Co. No. 30-Navajo, SW*£, NWk, NW%, 
Sec. 7, T. 41 S., R. 22 E., San 
Juan County.

1014 Am. Strat. Co.-679, Shell Oil Co. 
Desert Creek No. 2, SE%, SE%, Sec. 
35, T. 41 S., R. 23 E., San Juan 
County.

1015 Am. Strat. Co.-D-976, Pan Am. Pet. 
No. 1 Blue Ridge, C, SWk, SWk, Sec. 
28, T. 40 S., R. 20 E., San Juan 
County.

1016 Denver Sample Log Co.-397, U. 0. R.- 
US. 0. Noble Well No. 1, NW%, SE%, 
NE%, Sec. 28, T. 40 S., R. 18 E.,
San Juan County.

1017 Denver Sample Log Co.-572, Skelly 
Oil Co. Nokai No. 1-A, N0(, NŴ g, Sec. 
27, T. 40 S., R. 12 E., San Juan 
County.

1018 Am. Strat. Co.-D-1314, Shell Oil Co. 
No. 1 Unit (Soda Unit), C, SEk, NWk, 
Sec. 2, T. 40 S., R. 7 E., Kane 
County.

1019 Denver Sample Log Co.-594, Byrd Oil 
Corp. Gov’t No. 1, C, SWk, SW%&, Sec. 
5, T. 40 S., R. 5 E., Kane County.



609

Control Number Well Name and Location
1021 Am. Strat. Co.-D-1768, Pan Am. Pet.

No. 1-Pintura Unit, SWk, SW%, Sec. 33, 
T. 39 S., R. 13 W., Washington Cty.

1022 Am. Strat. Co.-584R, N. B. Hunt No.
1-Circle Cliffs, C, NE%, SW%, Sec. 
24, T. 34 S., R. 7 E., Garfield Cty.

1023 Am. Strat. Co.-420R, The Calif. Co. 
No. 1-Muley Creek Unit, NE^, SEk, 
SEk, Sec. 18, T. 36 S., R. 10 E., 
Garfield County.

1024 Am. Strat. Co.-793, Forest Oil Co. 
No. 1 Gov't, NEk» SEk, NWk, Sec. 31, 
T. 39 S., R. 15 E., San Juan County.

1025 Am. Strat.-675, Carter Oil Cedar 
Mesa No. 1, NEk, NWk, Sec. 15, T. 
39 S., R. 18 E., San Juan County.

1026 Am. Strat. Co.-D-1533, Atlantic Re
fining No. 1 Comb Wash, NWk, SEk,

• Sec. 14, T. 39 S., R. 20 E., San 
Juan County.

1027 Denver Sample Log Co.-603, Carter 
Oil-Bluff Bench Unit #1, C, NWk, 
SWk, Sec. 29, T. 39 S., R. 22 E., 
San Juan County.

1028 Denver Sample Log Co.-401, Shell 
Oil Co., Bluff Unit Well No. 1, 
NWk, NWk, NEk, Sec. 32, T. 39 S., 
R. 23 E., San Juan County.

1030 Am. Strat. Co.-844-R, Texas Co. No. 
1-Navajo "H", C, SEk, SEk, Sec. 7,
T. 40 S., R. 26 E., San Juan County.

1032 Am. Strat. Co.-787, Reynolds Mining 
Co.-Hatch No. 1, NEk, NEk, NEk,
Sec. 4, T. 39 S., R. 24 E., San 
Juan County.



610
Control Number 

1033
Well Name and Location 

Am. Strat. Co.-D-1133, Phillips Pet. 
Co. No. 1-Recapture Creek, SE^,
SE*s, Sec. 6, T. 38 S., R. 23 E.,
San Juan County.

1034 Am. Strat. Co.-D-2182, Reynolds 
Mining Corp. No. 1, Fish Creek, 
SW$x, NW*s, S0&, Sec. 26, T. 38 S., 
R. 20 E., San Juan County.

1035 Am. Strat. Co.-D-998, Sinclair No. 
1-Fed. Fehr, C, S0(, Sl%, Sec. 7,
T. 38 S., R. 18 E., San Juan County.

1036 Am. Strat. Co.-D-962, Sinclair Oil 
and Gas No. 1-Federal So. Union, 
SW*(, NEk, NE*s, Sec. 22, T. 38 S., 
R. 16 E., San Juan County.

1037 Am. Strat. Co.-D-1737, Kern County 
Land Co. No. 1-X Moqui-Federal, 
NE%, m h .  Sec. 33, T. 37 S., R. 15 
E., San Juan County.

1038 Am. Strat. Co.-D-1524, Skelly Oil 
Co. No. 1 Utah-Federal "C", C, SW%, 
S^%, Sec. 4, T. 35 S., R. 15 E.,
San Juan County.

1039 Denver, Sample Log Co.-101, Midwest 
Expl. Co. Well No. 1, NWk, NW^, SWk;, 
Sec. 30, T. 34 S., R. 19 E., San 
Juan County.

1040 Am. Strat. Co.-D-1920, Union Oil of 
Calif. No. 1-2 Gov't SWk, SŴ j, Sec. 
2, T. 35 S., R. 20 E., San Juan Cty.

1041 Am. Strat. Co.-D-1955, Texas Pac. 
Coal and Oil No. 1 USA "B", SE%, 
NEk, Sec. 9, T. 35 S., R. 25 E., 
San Juan County.

1042 Am. Strat. Co.-827, Gulf Oil Co.- 
Coal Bed Canyon #2, SE^, NÊ s, Sec. 
20, T. 35 W., R. 26 E., San Juan 
County.



611
Control Number 

1043
Well Name and Location 

Am. Strat. Co.-4R, Western Natural 
Gas et al., No. 1 Redd., C, SE%, 
NE%, Sec. 23, T. 34 S., R. 25 E., 
San Juan County.

1044 Am. Strat. Co.-867, The Texas Co. 
Unit #1, N$5, NWk, SE%, Sec. 28, T. 
32 S., R. 19 E., San Juan County.

1045 Am. Strat. Co.-D-llll, Texas Pac. 
Coal and Oil No. 1-Gov't "A", NW*s, 
NE%, Sec. 33, T. 32 S., R. 15 E., 
Garfield County.

1046 Am. Strat. Co.-D-937, Paradox Prod. 
Corp. Putnam and Smoot, No. 1 Gov't. 
NWJfi, NEk, Sec. 34, T. 30 S., R. 13 
E., Wayne County.

1047 Am. Strat. Co.-D-1079, Tennessee 
Gas No. 1-A USA Poison Springs, 
SW%, SWk, NE$s, Sec. 4, T. 31 S., 
R. 12 E., Garfield County.

1048 Am. Strat. Co.-D-1368, Pure Oil Co. 
No. 1-Teasdale USA, NW*?, NE^, Sec. 
8, T. 30 S., R. 6 E., Wayne County.

1049 Am. Strat. Co.-D-1115, Argo Oil No. 
1 Gov't.-Hickman, NW%, SE%, Sec. 30, 
T. 29 S., R. 5 E., Wayne County.

1050 Am. Strat. Co.-D-2309, Phillips Pet. 
Co. No. 1-Spring Canyon Strat.,
NWk, SEJfi, Sec. 13, T. 28 S., R. 5 
E., Wayne County.

1051 Am. Strat. Co.-D-1346, Texas Inc. 
No. 2-Thousand Lakes Mtn. Unit, W*5, 
N^s, Sec. 25, T. 28 S., R. 4 E., 
Wayne County.

1052 Am. Strat. Co.-D-2732, Tenneco Oil 
Co. No. 1-Antimony Canyon, SE%, 
NE%, Sec. 30, T. 30 S., R. 2 W., 
Paiute County.



612

Control Number 
1053

Well Name and Location 
Am. Strat. Co.-D-1932, Superior Oil 
Co. No. 31-30-Hawksville Unit, C, 
NWk, NE$<, Sec. 30, T. 27 S., R. 13 
E., Wayne County.

1054 Am. Strat. Co.-755, Carter Oil Co., 
Nequoio Unit No. 1, SE%, NWk, NW%, 
Sec. 5, T. 27 S., R. 14 E., Wayne 
County.

1055 Am. Strat. Co.-D-1506, Texaco Inc. 
No. 6 Unit, C, SE%, NE^, Sec. 32, 
T. 27 S., R. 15 E., Wayne County.

1056 Am. Strat. Go.-D-1760, Superior Oil 
Co.-Horseshoe Canyon No. 32-33 Unit, 
SW%, NE%, Sec. 33, T. 27 S., R. 16 
E., Wayne County.

1057 Am. Strat. Co.-D-1778, Pan Am. Pet. 
Corp. No. 1-Murphy Range Unit, NWk, 
NEJs, m h y  Sec. 12, T. 28 S., R. 18 
E., San Juan County.

1058 Am. Strat. Co.-D-1519,. Humble Oil 
and Ref. Co. No. 1-Bridger Jack 
Unit, SE%, SE%, Sec. 17, T. 27 S., 
R. 22 E., San Juan County.

1061 Am. Strat. Co.-176R, Tidewater Assoc. 
Oil No. 6-25 Unit, SW%, NV%, SW%,
Sec. 25, T. 26 S., R. 13 E., Emery 
County.

1062 Am. Strat. Co.-132R, Mountain Fuel 
Supply Co.-No. 1-A-Last Chance Unit, 
NW%, SEJfi, N % ,  Sec. 18, T. 26 S.,
R. 7 E ., Emery County.

1063 Am. Strat. Co.-D-1119, American Met
als Climax Co. No. 1-Gov't Red Hills, 
C, NW*4, NW%, Sec. 27, T. 25 S., R.
9 E., Emery County.

1064 Am. Strat. Co.-D-1126, Pan Am. No. 
1 USA Brown, C, NW%, NW%, Sec. 24, 
T. 25 S., R. 12 E., Emery County.



613

Control Number 
1065

Well Name and Location 
Am. Strat. Co.-D-1561, Texaco Inc. 
No. 2 Unit C, SB**, SW%, Sec. 22, T. 
25 S., R. 14 E., Emery County.

1066 Am. Strat. Co.-D-2905, Union Oil of 
Calif. No. 998-A-l Temple Wash-Gov't 
NWJs, NWJfi, Sec. 11, T. 25 S., R. 13 
E., Emery County

1067 Am. Strat. Co.-D-1901, Superior Oil 
Co. No. 43-20 Bow Knot Unit, NE*c, 
SEk, Sec. 20, T. 25 S., R. Ylh E., 
Grand County.

1068 Am. Strat. Co.-D-1925, Phillips Pet. 
Co. No. 2 Onion Creek Unit, SW%c, NEk, 
Sec. 13, T. 24 S., R. 23 E., Grand 
County.

1069 Am. Strat. Co.-D-1197, Shell Oil 
Co.-Nol 1 Cruvers Mesa-Federal W%3, 
SVk, NEk, Sec. 19, T. 24 S., R. 16 
E., Emery County.

1070 Am. Strat. Co.-705, Blackwood and 
Nichols San Rafael No. 1-28, SW%, 
NWS*, SWk, Sec. 28, T. 24 S., R.
10 E., Emery County.

1071 Am. Strat. Co.-D-1539, Pan Am. Pet. 
No. 1-Salt Wash, C, N0g, S0(, Sec. 
15, T. 23 S., R. 17 E., Granc Cty.

1073 Am. Strat. Co.-D-1590, Mobil Oil Co. 
No. 12-3 Jakeup Ridge, E*s, SW^,
NWJfi, Sec. 3, T. 23 S., R. 16 E., 
Emery County.

1074 Am. Strat. Co.-D-943, Kerr-McGee No. 
1, T. P. Utahr-27, C, SEJfi, NEJfi, Sec. 
7, T. 23 S., R. 13 E., Emery Cty

1075 Am. Strat. Co.-D-1540, Reynolds Min
ing Co. No. 1 Unit, C, NWJfi, NEJfi,
Sec. 26, T. 22 S., R. 12 E., Emery 
County.
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Control Number 
1076

Well Name and Location 
Am. Strat. Co.-D-1542, American 
Metal Climax*and McCulloch Oil No. 
1 Black Dargon-Gov't, C, NE*s, SE^, 
Sec. 32, T. 21 S., R. 13 E., Emery 
County.

1077 Am. Strat. Co.-D-1553, Superior Oil 
Co. No. 14-25, Grand Fault Unit, 
SW*4, SW*s, Sec. 24, T. 21 S., R. 15 
E., Emery County.

1078 Am. Strat. Co.-D-2333, Pan Am. Pet. 
Corp. No. 3-Ferron Unit, SE^, SE^, 
NE$6, Sec. 21, T. 20 S., R. 7 E., 
Emery County.

1079 Am. Strat. Co.-D-1322, Reynolds Min
ing Co. No. 1-Cedar Mtn. Unit, SW*g, 
NE?fi, SWk, Sec. 29, T. 19 S., R. 12 
E., Emery County.

1080 Am. Strat. Co.-D-1793, Humble Oil 
and Refining No. 1-Woodside Unit, 
SEk, SE$s, Sec. 12, T. 19 S., R. 13 
E., Emery County.

1081 Denver Sample Log Co.-589, El Paso 
Nat. Gas-Pack Saddle No. 1, NE*$, 
SEk, NEk, Sec. 12, T. 18 S., R. 12 
E., Emery County.

1082 Am. Strat. Co.-D-1564, Pure Oil Co. 
No. 1-Desert Lake, C, NWk, SEk, Sec. 
1, T. 17 S., R. 10 E., Emery County.

1083 Am. Strat. Co.-D-1917, Pacific Nat. 
Gas-So. Union No. 1-27-Range Creek, 
SEk, NWk, Sec. 27, T. 17 S., R. 16 
E., Emery County.

1085 Am. Strat. Co.-D-2342, Pan Am. Pet. 
Corp. No. 1 Federal-Mounds, NWk, SWk, 
Sec. 11, T. 16 S., R. 11 E., Emery 
County.

1086 Am. Strat. CO.-D-1753, Pure Oil Co. 
No. 1-A-Washboard Wash—USA, NEk, 
NWk, Sec. 12, T. 16 S., R. 9 E., 
Emery County.



615
Control Number 

1087
Well Name and Location 

Am. Strat. Co.-D-1211, Shell No. 1- 
North Springs Unit, SlSs, S0&, Sec. 
27, T. 15 S., R. 9 E., Carbon Cty.

1088 Am. Strat. Co.-D-1095, Shell No. 1- 
Miller Creek, NEk, NE^, Sec. 26, T. 
15 S., R. 10 E., Carbon County.

1089 Am. Strat. Co.-D-2285, Pan Am. Pet. 
Corp. No. 1 USA-Famharn Dome Unit, 
SW%, SW%, Sec. 7, T. 15 S., R. 12 
E., Carbon County.

1090 Am. Strat. Co.-D-1260, Pan Am. Pet. 
Corp. No. 1 USA-Lille Allen, C, SEk, 
SEk, Sec. 11, T. 15 S., R. 13 E., 
Carbon County.

1091 Am. Strat. Co.-D-1445, Texaco Inc.- 
Fence Canyon No. 1 Unit, N05, SE%, 
Sec. 36, T. 15 S., R. 22 E., Uintah 
County.



Colorado
616

Control Number
500

501

503

504

505

506

507

508

509

510

511

512

Reference and Location 
Nadeau (1971), Ashcroft Section,
SW$6, Sec. 29, T. 11 S., R. 84 W., 
Pitkin County.

Nadeau (1971), Aspen Mtn., NE*c, Sec. 
24, T. 10 S., R. 85 W., Pitkin Cty.

Nadeau (1971), Smuggler Mine, SE^, 
Sec. 7, T. 10 S., R. 84 W., Pitkin 
County.

Nadeau (1971), Larkspur Mtn., C,
N$5, Sec. 15, T. 9 S., R. 84 W., 
Pitkin County.

Nadeau (1971), Miller Creek section, 
SWk, Sec. 14, T. 8 S., R. 84 W., 
Pitkin County.

Nadeau (1971), Thomasville Quarry, 
SEk, Sec. 7, T. 8 S., R. 84 W., 
Pitkin County.

Nadeau (1971), Lime Creek, SWk, Sec. 
33, T. 7 S., R. 83 W., Eagle County.

Nadeau (1971), Wood's Lake, NW%,
Sec. 23, T. 7 S., R. 83 W., Eagle 
County.

Nadeau (1971), Fulford Cave, N0%, 
Sec. 36, T. 68 S., R. 83 W., Eagle 
County.

Nadeau (1971), Barida Cabins Sec.
C, N%, Sec. 18, T. 6 S., R. 82 W., 
Eagle County.

Nadeau (1971), East Lake Creek Sec., 
NWk, Sec. 3, T. 6 S., R. 82 W., 
Eagle County.

Nadeau (1971), Minturn Sec., SW%, 
Sec. 26, T. 5 S., R. 81 W., Eagle 
County.



Well Name and Location
617

Control Number
513

514

517

518

519

520

521

522

523

524 

526

Nadeau (1971), Gilman Tailings Sec. 
SE%, Sec. 2, T. 6 S., R. 81 W., 
Eagle County.

Nadeau (1971), Eagle Canyon Sec., 
Nt&;, Sec. 12, T. 6 S., R. 81 W., 
Eagle County.

Nadeau (1971), Redcliff Sec., NE%, 
Sec. 32, T. 6 S., R. 81 W., Eagle 
County.

Nadeau (1971), Pando Sec., West- 
central SEc. 22, T. 7 S., R. 80 W., 
Eagle County.

Nadeau (1971), Mt. Zion Sec., SW%, 
Sec. 1, T. 9 S., R. 80 W., Lake 
County.

Nadeau (1971), West Dyer Mtn., NW%, 
Sec. 26, T. 9 S., R. 81 W., Lake Cty.

Nadeau (1971), Mt. Sherman Sec., 
NW%, Sec. 36, T. 10 S., R. 79 W., 
Lake County.

Hallgarth and Skipp (1962), Glenwood 
Canyon at the Garfield and Eagle 
County line (estimated) Sec. 14,
T. 5 S., R. 87 W., Garfield and Eagle 
Counties.

Conley (1972), west end of Glenwood 
Canyon, east of Glenwood Springs, 
NW%, Sec. 10, T. 6 S., R. 89 W., 
Garfield County.

Conley (1972), East Elk Creek, SE^, 
Sec. 31, T. 4 S., R. 90 W. and NE^, 
Sec. 6, T. 5 S., R. 90 W., Garfield 
County.

Baars and See (1968), Cascade Creek, 
Secs. 12-13, T. 39 N., R. 9 W.,
San Juan County.



618
Control Number Reference and Location

527 Baars and See (1968), Mill Creek,
Sec. 6, T. 39 N., R. 8 W., San 
Juan County. "

528 Baars and See (1968), Lower Molas
Creek, Sec. 18, T. 40 N., R. 7 W.,
San Juan County.

529 Baars and See (1968), Upper Molas
Creek, Sec. 7, T. 40 N., R. 7 W.,
San Juan County.

530 Baars and See (1968), Cataract Gulch,
Sec. 31, T. 41 N., R. 7 W., San Juan 
County.

532 Armstrong and Mamet (1976), Ouray
Sec., Sec. 6, T. 43 N., R. 7 W.,
Ouray County.

533 Armstrong and Mamet (1976), Kerber
Creek Sec., Sec. 25, T. 46 N., R.
8 E., Saguache County.

534 Armstrong and Mamet (1976), Molas
Creek Sec., Sec. 7, T. 40 N., R. 7 
W., San Juan County.

535 Armstrong and Mamet (1976), Coalbank
Hill Sec., Sec. 6, T. 39 N., R. 8
W., San Juan County.

536 Armstrong and Mamet (1976), Rockwood
Quarry Sec., S0&, Sec. 12, T. 37
N., R. 9 W., La Plata County.

537 Armstrong and Mamet (1976), Vallecito
Sec., NW%, Sec. 16, T. 37 N., R. 6 
W., La Plata County.

538 Armstrong and Mamet (1976), Piedra
River Sec., SWk, Sec. 22, T. 36 N.,
R. 3 W., Archuleta County.



Control Number 
1120

619
Well Name and Location 

Am. Strat. Co.-D-1054, Pan Am. No. 
1-Ute Mtn., NWk, SW%, SWk, Sec.
24, T. 32 N., R. 20 W., Montezuma 
County

1121 Am. Strat. Co.-D-922, Calif. Co. No. 
1-Ute Tribal, C, NV̂ s, S\H, Sec. 22, 
T. 33 N., R. 19 W., Montezuma Cty.

1123 Am. Strat. Co.-D-3156, U.S. Nat. 
Gas. Co. No. 1-9 Tully State, NV%, 
NW%, Sec. 9, T. 38 N., R. 14 W., 
Montezuma County.

1125 Am. Strat. Co.-D-1520, Three States 
Nat. GAs. No. 1 Dudley, SE)g, NW^, 
S0(, Sec. 13, T. 36 N., R. 18 W., 
Montezuma County.

1128 Am. Strat. Co.-D-1517, Calif. Co. . 
No. 1, Lebanon Unit, SŴ s, SWk, Sec, 
20, T. 38 N., R. 15 W., Montez. Cty.

1130 Am. Strat. Co.-D-1415, Tennessee 
Gas Trans. Co. No. 1-R State, SWk, 
SEk, Sec. 14, T. 41 N., R. 7 E., 
Saguache County.

1131 Am. Strat. Co.-D-2190, Calif. Oil 
Co. No. 1, Stoner Unit, SWk, SWk, 
NEk, Sec. 18, T. 39 N., R. 13 W., 
Dolores County.

1132 Am. Strat. Co.-D-1177, Parker and 
McCune No. Ferris Trail, C, SWk, 
NEk, Sec. 16, T. 39 N., R. 16 W., 
Dolores County.

1133 Am. Strat. Co.-D-916-Cont. Oil Co. 
No. 1-Baumgartner-Sane, C, NEk, 
NEk, Sec. 12, T. 40 N., R. 20 W., 
Dolores County.

1134 Am. Strat. Co.-D-1929, Humble Oil 
and Ref. Co. No. 1-Doe Canyon Unit, 
SWk, NWk, SEk, Sec. 13, T. 40 N.,
R. 18 W., Dolores County.



''Control Number 
1135

620
Well Name and Location 

Am. Strat. Co.-D-1541, Sinclair Oil 
and Gas-No. 1 Glade Canyon Unit,
NEk, NE%, Sec. 13, T. 40 N., R. 17 
W., Dolores County.

1136 Am. Strat. Co.-D-1935, Cont. Oil 
Co. No. 1, Big Canyon Unit, C, SEk, 
SE$s, Sec. 17, T. 41 N., R. 18 W., 
Dolores County.

1137 Am. Strat. Co.-D-3121, Skelly Oil 
Co. No. 1, Anderson, NEk, NÊ fi, Sec. 
24, T. 41 N., R. 17 W., Dolores 
County.

1138 Am. Strat. Co.-D-1359, Kerr-McGee 
Oil Ind. Inc. No. 1, Placerville 
Unit, NEk, NEk, Sec. 11, T. 43 N., 
R. 11 W., San Miguel County.

1139 Am. Strat. Co.-D-1537, Tidal Oil Co. 
No. 1, Stephens, C, SÊ s, NE*s, Sec.
9, T. 44 N., R. 13 W., San Miguel 
County.

1140 Am. Strat. Co.-D-2147, Mobil Oil Co. 
No. 1, Norwood, SE$£, NW^, NE%, Sec. 
13, T. 44 N., R. 14 W., San Miguel 
County.

1141 Am. Strat. Co.-D-3135, Union Oil 
Co. of Calif. No. 7, Andy's Mesa 
Gov't, SEk, SWk, Sec. 35, T. 44 N., 
R. 16 W., San Miguel County.

1142 Am. Strat. Co.-D-1546, Shell Oil Co. 
No. 1, North Gypsum Valley Unit, C, 
NEk, NE%, Sec. 8, T. 44 N., R. 17 W., 
San Miguel County.

1143 Am. Strat. Co.-D-1578, Shell Oil 
Co. No. 2, So. Gypsum Valley Unit, 
C, SWk, Nt%, Sec. 16, T. 44 N., R. 
18 W., San Miguel County.

1144 Am. Strat. Co.-D-1596-Belco Pet. 
Corp. No. 1 Egnar Unit, C, SE*&, NÊ s, 
Sec. 30, T. 44 N., R. 19 W., San 
Miguel County.



621

Control Number Well Name and Location
1145 Am. Strat. Co.-D-1305, Pure Oil Co. 

No. 1 Gov’t-S.E. Liston, C, NEk, 
NW*4, Sec. 5, T. 44 N., R. 19 W.,
San Miguel County.

1146 Am. Strat. Co.-D-1627, L. E. Whitlock 
No. 1-A-Swanson, NEk, NE%, Sec. 15,
T. 45 N., R. 8 W., Ouray County.

1147 Am. Strat. Co.-658, Penrose and Tatum 
Orme Orme No. 1, St$c, S%, NE%,
Sec. 18, T. 45 N., R. 10 W., Mont
rose County.

1148 Am. Strat. Co.-D-1559, Penrose and 
Tatum No. 5, M. Scott, SE^, NWk,
Sec. 2, T. 45 N., R. 12 W., Montrose 
County.

1149 Am. Strat. Co.-291-R, Pure Oil Co. 
No. 1 Unit (Horsefly), NE%, SWk, 
Sec. 14, T. 46 N., R. 13 W., 
Montrose County.

1150 Am. Strat. Co.-D-1399, Union Oil of 
Calif. No. 2-San Miguel Gov't, C, 
NWk, NEk, Sec. 14, T. 46 N., R. 14 
W., Montrose County

1151 Am. Strat. Co.-D-1930, Shell Oil Co. 
No. 2-Sray Mesa Unit, NE$z;, N0&, Sec. 
32, T. 47 W., R. 19 W., Montrose 
County.

1152 Am. Strat. Co.-D-1560, Shell Oil 
Co. No. 1-Wray Mesa Unit, SV̂ j, SW%, 
Sec. 21, T. 47 N., R. 19 W., Montrose 
County.

1153 Am. Strat. Co.-D-3130, Texaco Inc. 
No. 13-W. Wick, NW$s, N̂ fi, N^s, Sec. 
10, T. 4 N., R. 91 W., Moffat Cty.

1154 Am. Strat. Co.-D-1154, R. E. Weir- 
Fee No. 1, SW Comer Sec. 27, T. 50 
No. R. 10 W., Montrose County.
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Control Number 

1155
Well Name and Location 

Am. Strat. Co.-76, Pure Oil Co. 
Unit No. 1, NW%, S\h, SW%, Sec. 15, 
T. 15 S., R. 104 W., Mesa County.

1156 Am. Strat. Co.-D-2019, Big Horn Pow
der River Corp. No. 1-Ferganchick- 
USC, SEis, NW%, Sec. 9, T. 15 S.,
R. 94 W., Delta County.

1157 Am. Strat. Co.-204, Amerada Pet. 
Unit No. 1, C, SEk, NE^, Sec. 14, 
T. 9 S., R. 101 W., Mesa County.

1158 Denver Sample Log Co.-571, Forest 
Oil Co.-Gov't No. 1, NE%, NEk, Sec. 
2, T. 7 S., R. 104 W., Garfield Cty.

1159 Denver Sample Log Co.-566, Gen. Pet. 
Corp.-Schulte No. 1, SWk, SEk, SWk, 
Sec. 15, T. 6 S., R. 103 W., Garfield 
County.

1160 Am. Strat. Co.-D-2235, Pan Am. Pet. 
Corp. No. 4-25-Baxter Pass So. Unit, 
SW$$, SW%, Sec. 25, T. 5 S., R. 103 
W., Garfield County.

1161 Foster and others (1968), No. 1 
So. Gypsum Springs Unit, SWk, SW^, 
SEk, Sec. 34, T. 44 N., R. 17 W., 
San Miguel County.



623
New Mexico

Control Number Reference and Location
400 Zeller (1965), Big Hatchet Mtns.,

SE%, Sec. 29, T. 30 S., R. 15 W., 
Hidalgo County.

401 Lane (1974) East Fork, Deadman
Canyon Branch of Alamo Canyon, Sec.
3, T. 17 S., R. 10 E., Otero Cty.

402 Lane (1974), Dog Canyon, N0g, Sec.
15, T. 18 S., R. 10 E., Otero Cty.

403 Lane (1974), Agua Chiquita Canyon,
Sec. 1, T. 19 S ., R. 10 E., Otero 
County.

404 Lane (1974), Grapevine Canyon, Secs.
22, 27, T. 19 S., R. 11 E., Otero 
County.

405 Lane (1974), Vinton Canyon, 31058’N
latitude, 106°30,42,,W longitude,
El Paso County, Texas

406 Lane (1974), Hot Wells Cattle Co.,
31°50'15"N latitude, 106°4,30"W 
longitude, El Paso County, Texas

407 Kottlowski and others (1956), Ash
Canyon, San Andres Mtns., NW$£, NWk, 
NE% and NE^, NE%, NWk, T. 19 S., R.
4 E., Dona Ana County.

408 Kottlowski and others (1956), Rhodes
Canyon, San Andres Mtns., SE%, NE*c, 
SEk, Sec. 8, T. 13 S., R. 4 E.,
Sierra County.

409 Kottlowski and others (1956), Hem~
brillo Canyon area, San Andres Mtns., 
NW$s, SW^, Sec. 2, T. 16 S., R. 4 E., 
Dona Ana County.

410 Armstrong (1958a), Magdalena Mtns., 
NE%, SW%, Sec. 31, T. 2 S., R. 3 
W., Socorro County.



624

Control Number
417

418

419

422

423

429

430

431

432

Reference and Location 
Armstrong (1962), Granite Gap, Pelon- 
cillo Mtns., SEk, Sec. 22, T. 25 S.,
R. 21 W., Hidalgo County.

Armstrong (1962), Animas Mtns.,
SWk, Sec. 12, T. 28 S., R. 19 W., 
Hidalgo County.

Armstrong (1962), Big Hatchet Mtns., 
SEk, Sec. 30, T. 30 S., R. 15 W., 
Hidalgo County.

Armstrong (1962), Lake Valley type 
section area, NWk, Sec. 21, T. 18
S. , R. 7 W., Sierra County.

Armstrong (1962), North Percha Crk., 
SWk,. Sec. 24, T1. 15 S., R. 9 W., 
Sierra County.

Jones, Hernon, and Moore (1967), 3 
miles east of Santa Rita, south of 
Highway 90, SWk, Sec. 20, T. 17 S.,
R. 11 W., Grant County.

Jones and others (1967), second 
ridge south of Humboldt shaft. Ski 
Sec. 10, T. 17 S., R. 12 W., Grant 
County.

Jicha (1954), Lake Valley area,
SWk, NWk, Sec. 20, T. 18 S., R. 7 
W., Sierra County.

Gillerman (1958), West-northwest of 
Preacher Mtn. windmill, SEk, SEk, 
Sec. 22, T. 25 S., R. 21 W., Hidalgo 
County.



Reference and Location

. 625

Control Number
433

434

435

436

437

438

439

440

441

442

443

444

445

Reference and Location 
Land (1959), Dalton Picnic Ground, 
35°39'(?)16"N latitude, 105(?)4V 
21"W longitude, San Miguel County.

Land (1959), Tererro Sec., 35°35'00"N 
latitude, 105(?)40’28"W longitude,
San Miguel County.

Land (1959), Mora River Sec., 35°36' 
36"N latitude, 105(?)39'4"W long.

Land (1959), Hamilton Mesa Road Sec. 
35o37,00"N latitude, 105o (?)39'2"W 
longitude, San Miguel County.

Land (1959), Jack's Creek Section, 
35039'49"N latitude, 105°(?)39'2"W 
longitude, San Miguel County.

Land (1959), Upper Pecos Sec., 35° 
40'22,,N latitude, 105°(?)38,10"W 
longitude, San Miguel County.

Land (1959), Beatty's Cabin Sec., 
35°44'22"N latitude, 105°(?)35'37"W 
longitude, Harding County.

Land (1959), Rito Chimayosos, 35° 
45'00"N latitude, 105°(?)36'00"W 
longitude, Harding County.

Land (1959), Pecos Falls, 35°46'20"N 
lat., 105°(?)33'11"W long., Mora 
County.

Land (1959), Rio Pueblo, 36°00'00"N 
lat., 105o (?)4'll"W long., Taos Cty.

Land (1959), Talpa, 36°8’38"N lat., 
105°(?)35'22"W long., Taos County.

Land (1959), Nambe Falls, 35°40'38"N 
lat., 105°(?)53'47"W long., Santa Fe 
County.

Land (1959), Bishops Lodge, 35°33' 
36"N lat., 105°(?)54'00"W long., San 
Miguel County.



Control Number 
446

626
Reference and Location 

Land (1959), East Range, 35037’63"N 
lat., 105°(?)31r14,,W long., San 
Miguel County.

447 Land (1959), Gallinas Canyon, 35o30’
40"N lat., 105°(?)20,42"W long.,
San Miguel County.

448 Land (1959), Tecolate, 35°21'44"N
lat., 105O(?)20,00"W long., San 
Miguel County.

449 Land (1959), Lujon Canyon, 36°1'22"N
lat., 105o(?)18’46uW long., Mora Cty.

450 Kramer (1970), Bishop Cap Hills,
SEk, NWk, Sec. 25, T. 24 S., R. 3 
E., Dona Ana County.

451 Amrstrong and Mamet (1974), San Pedro
Mtns. , (estimated) N*5, SW^, Sec.
36., T. 23 N., R. 1 W., Sandoval Cty.

452 Armstrong and Mamet (1974), Pinos
and Penasco Canyon, Nacimiento Mtns., 
(estimated) SW%, SWJj, Sec. 5, T.
17 N., R. 1 W., Sandoval County.

453 Armstrong and Mamet (1974), Soda Dam,
Jemez Mtns., C, Sec. 17, T. 18 N.,
R. 3 E., Sandoval County.

454 Armstrong and Mamet (1974), Guadalupe
Box Canyon, Jemez Mtns., (estimated). 
Sec. 6, T. 17 N., R. 2 E., Sandoval 
County.

455 Armstrong and Mamet (1974), Placitas,
Sandia Mtns., (estimated). Sec. 3,
T. 12 N., R. 5 E., Sandoval County.

456 Armstrong and Mamet (1974), Tererro,
Pecos River Canyon, Sangre de Cristo 
Mtns,, (estimated), Sec. 33, T. 18 
N. R. 12 E., San Miguel County.



Control Number
457

458

459

460

461

462

463

464

465 •

466 

468

Reference and Location 
Armstrong and Mamet (1974), Jacks 
Creek, Sangre de Gris to Mtns., NlSs, 
NE%, Sec. 34, T. 19 N., R. 12 E.,
San Miguel County.

Armstrong and Mamet (1974), Lujon 
Canyon, Rincon Range, Sangre de 
Cristo Mtns., about 2h miles NE 
of Chaco, Mora County.

Armstrong and Mamet (1974), Coco 
City, estimated 1% miles N of Ledoux, 
Mora County.

Armstrong and Mamet (1974), Mora Gap, 
1.9 miles E of Mora City Limits,
Mora County.

Armstrong and Mamet (1974), Turquillo, 
Rincon Range, Sangre de Cristo Mtns.,
4 miles S and 0.5 miles E of Tur
quillo Village, Mora County.

Barton (1928), Oscura Mtns., South- 
central part T. 9 S., R. 6 E.,
Lincoln County

Barton (1928), Florida Mtns., (esti
mated), Sec. 26, T. 25 S., R. 8 W., 
Luna County.

Laudon and Bowsher (1949), Oscura 
Mtns. (estimated). Sec. 28, T. 9
5., R. 6 E., Lincoln County.

Laudon and Bowsher (1949), Mocking
bird Gap, SWk, NWk, Sec. 5, T. 10
5., R. 5 E., Sierra County.

Barton (1928), Snider Ranch, C, T.
8 S., R. 5 E., Socorro County.
Laudon and Bowsher (1949), Escondido 
Canyon, Sacramento Mtns., SE%, Sec.
26, T. 18 S., R. 10 E., Otero Cty.

627
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Control Number Reference and Location
469 Laudon and Bowsher (1949), Nigger

Ed Canyon, Sacramento Htns., NEk,
NW$S, Sec. 18, T. 18 S., R. 11 E., 
Otero County.

Laudon and Bowsher (1949), Rancheria 
Peak, Heuco Mtns., C, Sec. 7, S.
Blk 9, El Paso County, Texas

Laudon and Bowsher (1949), Bear Can
yon, San Andres Mtns., SWk, NWk, Sec. 
30, T. 20 S., R. 5 E., Dona Ana Cty.

Laudon and Bowsher (1949), Ash Can
yon, San Andres Mtns., NÊ ;, Sec. 28, 
T. 19 S., R. 4 E., Dona Ana County.

Laudon and Bowsher (1949), San Andres 
County, NWk, Sec. 17, T. 18 S., R.
4 E., Dona Ana County.

Laudon and Bowsher (1949), Andrecito • 
Canyon, San Andres Mtns., NWk, NWk, 
Sec. 18, T. 18 S., R. 4 E., Dona Ana 
County.

476 Laudon and Bowsher (1949), Deadman
Canyon, San Andres Mtns., SW*c, SWh;, 
Sec. 12, T. 17.S., R. 3 E,, Dona Ana 
County.

477 Laudon and Bowsher (1949), Lostman
Cyn., San Andres Mtns., SEk, SE%,
Sec. 36, T. 16 S., R. 3 E., Dona Ana 
County.

478 Laudon and Bowsher (1949), Rich Rim,
San Andres Mtns., NE%c, SEk, Sec. 19, 
T. 16 S., R. 4 E., Dona Ana County.

479 Laudon and Bowsher (1949), Rhodes
Cyn. Sec., San Andres Mtns., C, SEk, 
SW$6, Sec. 4, T. 13 S., R. 4 E., 
Sierra County.

480 Laudon and Bowsher (1949), Sly Gap,
San Andres Mtns., SW$s, NW*s, Sec.
25, T. 11 S., R. 5 E., Sierra Cty.

470

472

473

474

475
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Control Number
481

482

483

484

485

486

487

488

489

491

492

Reference and Location 
Laudon and Bowsher (1949), Berenda 
Canyon, Center of west line. Sec.
29, T. 17 S., R. 7 W., Sierra Cty.

Laudon and Bowsher (1949), Tierra 
Blanca Cyn., SWk, N0&, Sec. 10, T.
17 S.,XR. 8 W., Sierra County.

Laudon and Bowsher (1949), Trujillo 
Canyon, C, Sec. 33, T. 16 S., R.
8 W., Sierra County.

Laudon and Bowsher (1949), Wilson's 
Ranch Sec., NW%, NE$s, Sec. 11, T.
18 S., R. 7 W., Sierra County.

Laudon and Bowsher (1949), Percha 
Creek, Fork Sec., Mimbres Range,
SEk, Sec. 9, T. 16 S., R. 8 W., 
Sierra.County.

Laudon and Bowsher (1949), Percha 
Creek Fork Sec., Mimbres Range, SEk, 
Sec. 9, T. 16 Si, R. 8 W., Sierra 
County.

Laudon and Bowsher (1949), North 
Percha Creek, SW%, Sec. 24, T. 15 S., 
R. 9 W., Sierra County.

Laudon and Bowsher (1949), Hermosa 
Sec., SWk, Sec. 13, T. 13 S., R. 9 
W., Sierra County.

Laudon and Bowsher (1949), Kelly 
Sec., Magdalena Dist., NEk, NEk, Sec. 
36. T. 2 S., R. 4 W., Socorro Cty.
Laudon and Bowsher (1949), Middle 
Cooks Range, S Center, Sec. 24, T.
20 S., R. 9 W., Luna County.

Laudon and Bowsher (1949), So. Cooks 
Range, SWk, Sec. 1, T. 21 S., R.
9 W., Luna County.



630
Reference and Location 

Laudon and Bowsher (1949), Santa 
Rita, NEk, Sec. 20, T. 17 S., R.
11 W., Grant County.

494 Laudon and Bowsher (1949), Bear Mtn.
SE%, Sec. 11, T. 17 S., R. 15 W., 
Grant County.

495 Laudon and Bowsher (1949), Lake Val
ley type section, Mimbres Range,
NEk, NW%, Sec. 21, T. 18 S., R. 7
W., Sierra County.

496 Armstrong (1970), Klondike Hills,
(estimated), Sec. 36, T. 25 S., R.

• 14 W., Grant County.

497 Armstrong (1958b), Bosque Peak
(estimated), Sec. 9, T. 6 N., R. 5 
E., Torrance County.

498 Armstrong (1958b), Navajo Gap (esti
mated), Sec. 14, T. 3 N., R. 3 W., 
Socorro County.

499 Armstrong (1958b), Ladron Peak (es
timated), Sec. 6, T. 2 N., R. 2 W., 
Socorro County.

575 Armstrong (1958b), Rio Salado (es
timated) , Sec. 6, T. IN., R. 2 W., 
Socorro County.

576 Armstrong (1958b), Corkscrew Cyn.,
Lemitar Mens, (estimated), Sec. 10, 
T. 2 S., R. 1 W., Socorro County.

577 Armstrong (1958b), Tip Top Mtn.,
Magdalena Mtns. (estimated). Sec.
4, T. 9 S., R. 3 W., Socorro Cty.

578 Armstrong (1958b), Coyote Hills (es
timated) , Sec. 33, T. 5 S., R. 2
W., Socorro County.

579 Armstrong (1962), Chise (estimated)
Sec. 10, T. 12 S., R. 8 W., Sierra 
County.

Control Number 
493
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Control Number 
900

Well Name and Location 
Am. Strat. Co.-D-1357, Humble Oil & 
Ref. Co., No. 1-State BA, SE%, NWk, 
NEJfi, Sec. 25, T. 32 S., R. 16 W., 
Hidalgo County.

901 Am. Strat. Co.-D-2171, Skelly Oil 
Co. No. 1-C, New Mexico "A", SE^, 
S06, Sec. 19, T. 28 S., R. 5 W., 
Luna County.

902 Am. Strat. Co.-D-1982, Sinclair Oil 
and Gas Co. No. 1-Federal Dona Ana 
18, C, NW$s, NW^, Sec. 27, T. 22 S., 
R. 1 W., Dona Ana County.

903 Am. Strat. Co.-D-2502, Plymouth Oil 
Co. No. 1-Fed., C, NEk, NE$5, Sec. 
15, T. 20 S., R. 9 E., Otero Cty.

906 Am. Strat. Co.-D-3368, Gartland-Drew 
Mathews-No. 1 Brister, NWk, NW^,
SEA;, Sec. 8, T. 12 S., R. 4 W., 
Sierra County.

907 Am. Strat. Co.-D-3369, Sun Oil Co. 
No. 2-Victorio Land and Cattle Co., 
C, SEA:, NE%, Sec. 27, T. 10 S., R.
1 W., Sierra County.

908 Am. Strat. Co-D-2183, Standard Oil 
Co. of Texas No. 1-J.F. Heard, C, 
SEk, N^s, Sec. 33, T. 6 S., R. 9 
E., Lincoln County.

909 Am. Strat. Co.-D-2719, Sun Oil No. 
1-San Augustin Plains Unit, SWk, SWk, 
Sec. 29, T. 3 S., R. 9 W., Catron 
County.

910 Am. Strat. Co.-D-1316, Skelly Oil 
Co. No. 1 Federal-Goddard, NVA:, SE%, 
Sec. 22, T. 2 S., R. 4 E., Socorro 
County.

911 Am. Strat. Co.-D-3186, Tenneco Oil 
Co. No. 1-Federal, SW*s, NEk, Sec. 
35, T. IS., R. 13 W., Catron Cty.



632
Control Number 

913
Well Name and Location 

Am. Strat. Co.-D-1350, Spanel-Heinze 
No. 1, F Santa Fe Pac. No. 9608,
C, SE%, NW%, Sec. 17, T. 4 N.,
R. 5 W., Socorro County.

914 Am. Strat. Co.-D-1333, Spanel-Heinze 
No. 1, 9612 Santa Fe Pac., Sec. 5,
T. 5 N., R. 7 W., Valencia County.

915 Am. Strat. Co.-D-2121, Sun Oil Co.
No. 1-Pueblo of Acoma, NŴ s, SEk, Sec. 
2, T*. 7 N., R. 7 W., Valencia Cty.

916 Am. Strat. Co.-D-2537, Cities Serv. 
Oil Co. No. 1-Zuni-A, HEJ$, SWk, Sec. 
5, T. 9 N., R. 18 W., McKinley Cty.

917 Am. Strat. Co.-D-2354, Texaco Inc. 
No. 1-Howard Major, S0&, NWk, Sec. 
10, T. 13 N., R. 3 W., Sandoval Cty.

918 Am. Strat. Co.-D-1755, Cont. Oil Co. 
No. 1-L-Bar, SEA;, NEk, Sec. 2, T.
13 N., R. 4 W., Sandoval County.

920 Am. Strat. Co.-D-2554, Plymouth 1-A- 
Santa Fe SWk, SW%, N0g, Sec. 13, T. 
15 N., R. 10 W., McKinley County.

923 Am. Strat. Co.-D-1964, Brinkerhoff 
Drilling Co. No. 1-Cabezon Gov't.
C, SWk, SW%, Sec. 7, T. 17 N., R. 3 
W., Sandoval County.

924 Am. Strat. Co.-753, Great Western 
Drilling Co.-Hospah-Santa Fe, Sec. 1, 
T. 17 N., R. 9 W., McKinley County.

925 Am. Strat. Co.-D-1993, M. F. Abraham 
No. 1-Star Lake Unit, NW*£, NV&, NWk, 
Sec. 5, T. 18 N., R. 5 W., McKinley 
County.

926 Denver Sample Log Co.-609, Pure Oil- 
Navajo Tribe Tract 9-No. 1, NWk,
SWk, NEk, Sec. 29, T. 19 N., R. 17 
W., McKinley County.
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Control Number 

927
Well Name and Location 

Am. Strat. Co.-D-983, So. Union No. 
1, Navajo, SWk, NE%, NEk, Sec. 1, T. 
21 N., R. 14 W., San Juan County.

928 Am. Strat. Co.-D-2943, Pan Am. Pet. 
Corp. No. 1-USA-Pan Am.-C, SW*£,
NEk, Sec. 17, T. 20 N., R. 3 W., 
Sandoval County.

929 Am. Strat. Co.-761, Magnolia Pet.- 
Jicarilla "A" 1, N06, SW, SEk, Sec. 
18, T. 23 N., R. 2 W., Rio Arriba 
County.

930 Denver Sample Log-54, Skelly Oil 
Co.-Crittenden No. 1, C, SEk, NWk» 
Sec. 33, T. 24 N., R. IE., Rio 
Arriba County.

931 Am. Strat. Co.-D-1739, James T. Wat
son, No. 1 Arthur N. Pack, NEk, SWk, 
SEk, Sec. 35, T. 24 N., R. 4 E.,
Rio Arriba County.

932 Am. Strat. Co.-D-1113, Shell No. 
113-17-Carson Unit, C, NWk, SWk, 
Sec. 17, T. 25 N., R. 11 W., San 
Juan County.

933 Am. Strat. Co.-707, Gulf Oil Navajo- 
Federal No. 1, C, NWk, SEk, Sec. 28, 
T. 25 N., R. 16 W., San Juan County.

934 Am. Strat. Co.-D-2558, Texaco Inc.
No. l-Navajo-AO, C, NEk, NEk, Sec.
33, T. 25 N., R. 19 W., San Juan Cty.

935 Am. Strat. Co.-D-1930, Skelly Oil 
Co. No. 1-Navajo-O, SEk, SWk, Sec.
34, T. 26 N., R. 14 W., San Juan Cty.

936 Am. Strat. Co.-D-1591, Pure Oil Co.- 
No. 1-Navajo Tract 27, SEk, NEk, Sec. 
32, T. 26 N., R. 15 W., San Juan Cty.

937 Am. Strat. Co.-D-900, Humble Oil and 
Ref. No. 1-Navajo "D", SWk, NEk,
NEk, Sec. 30, T. 26 N., R. 19 W.,
San Juan County.
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Control Number 
938

941

942

943

944

945

946

947

948

949

Well Name and Location 
Am. Strat. Co.-D-1976, Pan Am. Pet. 
No. 1, Navajo-P, SW*S, SV&5, Sec. 8,
T. 26 N., R. 18 W., San Juan Cty.

Am. Strat. Co.-D-2306, Cont. Oil Co. 
No. 1 Chaco Wash-Navajo, NEk, NE%,
Sec. 19, T. 27 N., R. 16 W., San 
Juan County.

Am. Strat. Co.-D-1984, Cont. Oil Co. 
No. 24-Table Mesa, NEi$, SW*s, Sec. 4, 
T. 27 N., R. 17 W., San Juan County.

Am. Strat. Co.-D-1991-Amerada Pet.
Co.-No. 1-Navajo-32, SW$5, SŴ s, Sec. 
27, T. 28 N., R. 19 W., San Juan Cty.

Am. Strat. Co.-D-2584, Sunray DX Oil 
No. 2-Navajo Table Mesa, SW*g, SE^, 
Sec. 27, T. 28 N., R. 17 W., San 
Juan County.

Am. Strat. Co.-D-1967, Amerada Pet. 
No. 1, Navajo Tract-20, C, NW*s, NW*%, 
Sec. 31, T. 29 N., R. 17 W., San 
Juan County.

Denver Sample Co.-70, Derby Drilling- 
Apache No. 1, NE%, SEis, NE^, Sec.
33, T. 28 N.j• R. 1 E., Rio Arriba 
County.

Am. Strat. Co.-D-1575, El Paso Nat. 
Gas Co. No. 50-San Juan Unit 29-5, 
NWk, SEk, Sec. 7, T. 29 N., R. 5 
W., Rio Arriba County.

Am. Strat. Co.-D-2115, Pan Am. Pet. 
No. 1-Pagosa Jicarilla, NV%, NW*&,
Sec. 23, T. 32 N., R. 3 W., Rio 
Arriba County.

Am. Strat. Co.-448R, Stanolind Oil 
and Gas Co.-No. 13 USG (0WW0), SE%, 
SW$<, NEk, Sec. 19, T. 29 N., R. 16 
W., San Juan County.
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Control Number 
950

Well Name and Location 
Am. Strat. Co.-D-2586, Humble Oil and 
Ref. Co. No. 1-Navajo Tract 2, SWk, 
SWk, Sec. 18, T. 29 N., R. 15 W.,
San Juan County.

951 Am. Strat. Co.-D-1582, Humble Oil 
and Ref. Co.-No. 1-No. Kirkland 
Unit, C, NW*s, SE^, Sec. 11, T. 30 
N., R. 14 W., San Juan County.

952 Am. Strat. Co.-D-1052, Pan Am. No. 
1, Ute Mtn., Tribal "D", Nl%, SEk, 
NW^, Sec. 10, T. 31 N., R. 14 W., 
San Juan County.

953 Am. Strat. Co.-D-1911, Reynolds Min
ing Corp. No. 1-Navajo Lease 7652, 
SE%, SE$6, NWk, Sec. 22, T. 31 N.,
R. 17 W., San Juan County.

954 Am. Strat. Co.-D-1971, Sinclair Oil 
and Gas No. 1-NavajO-4000, NEk, SWk, 
Sec. 12, T. 30 N., R. 19 W., San 
Juan County.

955 Am. Strat. Co.-D-1141, The Pure Oil 
Co. No. 1, Navajo Tribal Tract No. 
11, NW$6, SWk, Sec. 23, T. 30 N., R. 
20 W., San Juan County.

956 Am. Strat. Co. 102R, Cont. Oil Co.- 
No. 1-Bitlobito, NE^.SW^, SÊ e, Sec. 
13, T. 30 N., R. 21 W., San Juan 
County.

957 Am; Strat. Co.-856, Humble Oil and 
Ref. No. 1 C, Navajo, SW%, NE%, NE%, 
Sec. 8, T. 31 N., R. 18 W., San Juan 
County.

958 Am. Strat. Co.-D-2144, Texaco Inc.
No. 1, Nayajo-A.J., SW%, SEk, Sec.
35, T. 32 N., R. 18 W., San Juan Cty.

959 Am. Strat. Co.-D-1557, Cent. Oil 
Co.-No. 21-1-Navajo, C, SEk, Sec.
21, T. 32 N., R. 19 W., San Juan Cty.
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Control Number 

960

962

963

964

965

966

Well Name and Location 
Am. Strat. Co.-D-2775, Kerr McGee 
Corp. No. 1-Santa Fe, SEk, SE^, Sec. 
19, T. 15 N., R. 19 W., McKinley Cty.

Am. Strat. Co.-D-3280, Trend Pet.
No. 1-Brown, NEk, SEk, Sec. 29, T.
32 N., R. 31 E., Union County.

Am. Strat. Co.-D-2979, Pan Am. Pet. 
Co. No. 1-Jicarilla Tribal 72, SW%, 
S0&, Sec. 6, T. 23 N., R. 3 W., Rio 
Arriba County.

Am. Strat. Co.-734, Wayne Freeman,
Jr.-Smith No. 1, Sec. 22, T. 29 N.,
R. 32 E., Union County.

Am. Strat. Co.-634, Cont.-Maxwell 
Land Grant No. 1, NWk, NW%, NWk,
Sec. 11, T. 28 N., R. 22 E., Colfax 
County.

Am. Strat. Co.-D-1220, Cont. Oil No. 
1-Mares-Duran, NEk, NW*s, S0g, Sec.
14, T. 23 N., R. 17 E., Mora County.

Am. Strat. Co.-637, Cont. Oil-South 
Ute Mtn., No. 1, NW*%, N0s, Nt̂ s, Sec. 
26, T. 32 N., R. 20 W., San Juan Cty.

970



APPENDIX D

CRITERIA USED TO ESTABLISH PERCENTAGE 
RECRYSTALLIZATION ESTIMATES FROM THIN SECTION

Slightly
recrystallized

0-15% Micrite to
microsparite

Well-defined allochem bound
aries , allochems unaltered.

Slightly to
moderately
recrystallized

15-35% Microsparite
polygonal spar

Allochem boundaries etched 
slightly by cement intrusion.

Moderately
recrystallized

35-65% Microsparite 
clumping with 
polygonal spar

Allochem boundaries extensive
ly altered by cement encroach
ment . Biogenic micritization 
of allochems. Some allochems 
undergoing degrading 
neomorphism.

Moderately to 
extremely 
recrystallized

allochems identifiable. Extensive
degrading neomorphism of 
allochems.

65-85% Extensive mo
saic spar 
intruding

Difficult to identify allo
chem boundaries from cement; 
however, allochems are still

Extremely 85-95%
recrystallized

Difficult to identify allo
chems from cement, patchy 
texture of coarse-crystalline 
calcite mixed with finer 
crystalline calcite. Some 
allochems still identifiable

Pseudosparite 95-100% Calcite approaching uniform 
textures and crystal sizes. 
Allochems and cements are 
inseparable.

637



REFERENCES CITED

Abdel-Gawad, M. and Tubbesing, L., 1976, Transverse shear in southwest
ern North America— a tectonic analysis, in Hodgson, R. A., Gay,
S. P., Jr., and Bejamins, J. Y., Proc. of 1st Int. Conf. on the 
New Basement Tectonics: Utah.Geol. Assoc. Pub. no. 5, p . 61-80.

Acker, C. J., 1958, Geologic interpretations of a siliceous breccia in 
the Colossal Cave area, Pima County, Arizona: M.S. Thesis, The
University of Arizona, Tucson, Arizona, 50 p.

Adams, J. E. and Rhodes, M. L., 1960, Dolomitization by seepage reflec
tion: Am. Assoc. Petrol. Geol. Bull., v. 44, p. 1912-1920.

Alexander, G. B., Heston, W. M., and Idler, R. K., 1954, The solubility 
of amorphous silica - water: Jour. Phys. Chemistry, v. 58, p.
453-455.

Alexandersson, T., 1972, Carbonate cementation in coralline algal nod
ules in Skagerrak, North Sea: biochemical precipitation in
undersaturated waters: Jour. Sed. Petrol., v. 42, p. 441-460.

Alexis, C. 0., 1949, The geology of the northern part of the Huachuca 
Mountains, Arizona: Ph.D. Dissertation, The University of
Arizona, Tucson, Arizona, 74 p.

Anderson, R. E., 1973, Large-magnitude Late Tertiary strike-slip fault
ing north of Lake Mead, Nevada: U. S. Geol. Survey Prof. Paper
794, 18 p.

Anderson, C. A. and Creasey, S. C., 1958, Geology and ore deposits of 
the Jerome area, Yavapai County, Arizona: U. S. Geol. Survey
Prof. Paper 308, 185 p.

Armstrong, A. K., 1955, Preliminary observations on the Mississippian of 
northern New Mexico: New Mexico Bur. Mines and Min. Res. Circ.
39, 42 p.

________ , 1958a, Meramecian (Mississippian) endothyrid fauna from the
Arroyo Penasco Formation, northern and central New Mexico:
Jour. Paleont., v. 32, p. 970-976.

________ , 1958b, The Mississippian of west-central New Mexico: New
Mexico Bur. Mines and Min. Res. Mem. 5, 32 p.

638



639

Armstrong, A. K., 1962, Stratigraphy and paleontology of the Mississip- 
pian System in southwestern New Mexico and adjacent southeastern 
Arizona: New Mexico Bur. Mines and Min. Res. Mem. 8, 99 p.

________ , 1963, Biostratigraphy and paleoecology of the Mississippian
System, west-central New Mexico, in Socorro region: New Mexico 
Geol. Soc. 14th Field Conf. Guidebook, p. 112-122.

________ , 1965, The stratigraphy and facies of the Mississippian strata
of southwestern New Mexico, in Southwestern New Mexico II: New 
Mexico Geol. Soc. 16th Field Conf. Guidebook, p. 132-140.

________ , 1967, Biostratigraphy and carbonate facies of the Mississip
pian Arroyo Penasco Formation north-central New Mexico: New
Mexico Bur. Mines and Min. Res. Mem. 20, 79 p.

________ , 1970, Mississippian stratigraphy and geology of the northwest
ern part of the Klondike Hills, southwestern New Mexico, in 
Tyrone-Big Hatchet Mountains-Florida Mountains region: New
Mexico Geol. Soc. 21st Field Conf. Guidebook, p. 59-63.

Armstrong, A. K. and Mamet, B. L., 1974, Biostratigraphy of the Arroyo
Penasco Group, Lower Carboniferous (Mississippian) north-central 
New Mexico, Ghost Ranch (central-northern New Mexico): New
Mexico Geol. Soc. 25th Field Conf. Guidebook, p. 145-158.

________ , 1976, Biostratigraphy and regional relations of the Mississip
pian Leadville Limestone in the San Juan Mountains, southwestern 
Colorado: U. S. Geol. Survey Prof. Paper 985, 25 p.

Armstrong, R. L., 1968, The Cordilleran miogeosyncline in Nevada and 
Utah: Utah Geol. and Miner. Survey Bull. 78, 58 p.

Asquith, G. B., 1967, The marine dolomitization of the Mifflin Member 
Platteville Limestone in southwest Wisconsin: Jour. Sed.
Petrol., v. 37, p. 311-326.

Baars, D. L., 1966, Pre-Pennsylvanian paleotectonics— key to basin evo
lution and petroleum occurrences in Paradox Basin, Utah and 
Colorado: Am. Assoc. Petrol. Geol. Bull., v. 50, p. 2082-2111.

Baars, D. L. and See, P. D., 1968, Pre-Pennsylvanian stratigraphy and
paleotectonics of the San Juan Mountains, southwestern Colorado: 
Geol. Soc. America Bull., v. 79, p. 333-349.

Badiozamani, K., 1973, The Dorag dolomitization model-application to the 
Middle Ordovician of Wisconsin: Jour. Sed. Petrol., v. 43, p.
965-984.



640

Baer, J. L., 1962, Geology of the Star Range, Beaver County, Utah: 
Brigham Young Unlv. Geol. Studies, v. 9, pt. 2, p. 29-52.

Bahlburg, W. C., 1977, Deposltional environments of the Tamaroa sequence 
(Mississippian) of southeastern Arizona, southwestern New Mexico 
and northern Mexico: M.S. Thesis, Arizona State University,
Tempe, Arizona, 214 p.

Bahlburg, W. C. and Silver, B. A., 1976, Deposltional environments of 
Tamaroa sequence (Upper Devonian and Mississippian), Pedregosa 
Basin, southeastern Arizona, southwestern New Mexico, northeast
ern Sonora, and northwestern Chihuahua (abstract): Assoc.
Petroleum Geol., v. 60, p. 646-647.

Baker, R. C., 1962, The geology and ore deposits of the southeast por
tion of the Patagonia Mountains, Santa Cruz County, Arizona: 
Ph.D. Dissertation, University of Michigan, Ann Arbor, Michigan, 
287 p.

Baltz, E. H. and Read, C. B., 1960, Rocks of Mississippian and probable 
Devonian age in Sangre de Cristo Mountains, New Mexico: Am.
Assoc. Petroleum Geol., v. 44, p. 1749-1774.

Baltz, E. H., Wanek, A. A., and Read, C. B., 1956, Santa Fe to Pecos,
to Coules; Pecos to Las Vegas, in Southeastern Sangre de Cristo 
Mountains: New Mexico Geol. Soc. 7th Field Conf. Guidebook,
p. 15-48.

Banks, N. G., 1970, Nature and origin of early and late cherts in the
Leadville Limestone, Colorado: Geol. Soc. America Bull., v. 81,
p. 3033-3048.

Barosh, P. J., 1960, Beaver Lake Mountains, Beaver County, Utah, their 
geology and ore deposits: Utah Geol. and Min. Surv. Bull. 68,
89 p .

Barrie, K. A., 1975, The conodont biostratigraphy of the Black Prince
Limestone (Pennsylvanian) of southeastern Arizona: M.S. Thesis,
The University of Arizona, Tucson, Arizona 43 p.

Barter, C. F. and Horton, J. W., 1965, Geologic map of the Mineral Hill 
area: Unpublished geologic map, Anamax Mining Company, Tucson,
Arizona.

Bass, N. W., 1944, Paleozoic stratigraphy as revealed by deep wells in 
parts of southwestern Colorado, northwestern New Mexico, north
eastern Arizona and southeastern Utah: U. S. Geol. Survey Oil
and Gas Inv. (Prelim.) Chart 7.



641

Bass, N. W. and Northrop, S. A., 1963, Geology of the Glenwood Springs 
Quadrangle and vicinity, northwestern Colorado: U. S . Geol.
Survey Bull. 1142-J, 74 p.

Bathurst, R. C., 1971, Carbonate Sediments and Their Diagenesis: Else-
view Pub. Co., New York, 620 p.

Beach, G. A., 1961, Late Devonian and Early Mississippian biostratig
raphy of central Utah: Brigham Young Univ. Res. Studies, Geol.
Ser., v. 8, p. 37-54.

Beede, J. W., 1920, Notes on the geology and oil possibilities of the 
northern Diablo Plateau in Texas: Univ. of Texas Bull. 1852,
40 p.

Berner, R. A., 1971, Principles of Chemical Sedimentology: McGraw-Hill
Book Co., New York, 240 p.

Bien, G. S., Contois, D. E., and Thomas, W. H., 1959, The removal of 
soluble silica from fresh water entering the sea, in Ireland,
H. A. (ed.), Silica in Sediments-A Symposium: Soc. Econ. Pale-
ont. and Mineral. Spec. Pub. 7, p. 20-35.

Biggs, D. L., 1957, Petrography and origin of Illinois nodular cherts: 
Illinois Geol. Survey Circ. 245, 25 p.

Bissell, H. J., 1959, Silica in sediments of the Upper Paleozoic of 
the Cordilleran area, in Ireland, H. A. (ed.), Silica in 
Sediments-A Symposium: Soc. Econ. Paleont. and Mineral. Spec.
Pub. 7, p. 150-185.

________ , 1974, Tectonic control of Late Paleozoic and Early Mesozoic
sedimentation near the hinge line of the Cordilleran Miogeo- 
synclinal Belt, in Dickinson, W. R. (ed.), Tectonics and Sedi
mentation: Soc. Econ. Paleont. and Mineral. Spec. Pub. 22, 
p. 83-97.

Bissell, H. J. and Klopp, H., 1975, Great Blue Formation, deep-water
limestone accumulation in Late Mississippian depocenter within 
Cordilleran Miogeosyncline in Utah (abstract): Am. Assoc.
Petrol. Geol., Soc. Econ. Paleont. and Mineral. Ann. Mtg., 
v. 2, p. 3.

Bradish, B. B., 1952, Geology of the Monument Upwarp, in Symposium of 
the Four Corners Region: Four Corners Geol. Soc., p. 47-59.



642
Bramelette, M. N., 1946, The Monterey Formation of California and the 

origin of its siliceous rocks: U. S. Geol. Survey Prof. Paper
212, 57 p.

Bramkamp, R. A. and Powers, R. W., 1958, Classification of Arabian car
bonate rocks: Geol. Soc. America Bull., v. 69, p. 1305-1318.

Brenkle, P. L., 1973, Smaller Mississippian and Lower Pennsylvanian 
calcareous foraminifera from Nevada: Cushman Found. Foram.
Res. Spec. Pub. No. 11, 82 p.

Brew, D. C., 1965, Stratigraphy of the Naco Formation (Pennsylvanian) 
in central Arizona: Ph.D. Dissertation, Cornell University,
Ithaca, New York, 201 p.

Britt, T. L., 1955, The geology of the Twin Peaks area, Pima County, 
Arizona: M.S. Thesis, The University of Arizona, Tucson,
Arizona, 58 p.

Brower, J. C., 1969, Crinoids, in McKee,'E. D. and Gutschick, R. C.
(eds.), History of the Redwall Limestone: Geol. Soc. America
Mem. 114, p. 475-544.

Brown, W. H., 1939, Tucson Mountains, an Arizona Basin-Range type:
Geol. Soc. America Bull., v. 50, p. 697-760.

Bryant, D. L., 1952, Paleozoic and Cretaceous stratigraphy of the
Tucson Mountains, in Guidebook for Field Trip Excursions in 
Southern Arizona: Tucson, Arizona Geol. Soc., p. 27-42.

________ , 1968, Diagnostic characteristics of the Paleozoic formations
of southeastern Arizona, in Titley, S. R. (ed.). Southern 
Arizona Guidebook III: Arizona Geol. Soc., Tucson, Arizona,
p. 33-47.

Burk, C. A. and Drake, C. L. (eds.), 1974, The geology of continental 
margins: Springer-Verlag Publishers, New York, 1009 p.

Burke, K., 1977, Aulacogens and continental breakup: Ann. Rev. Earth
Paleont. Sci., v. 5, p. 371-396.

Burnette, C. R., 1957, Geology of the Middle Canyon, Whetstone Moun
tains, Cochise County, Arizona: M.S. Thesis, The University of
Arizona, Tucson, Arizona, 55 p.

Burton, R. C., 1964, A preliminary range chart of the Lake Valley Forma
tion (Osage) conodonts in the southern Sacramento Mountains, New 
Mexico, in Ruidoso Country: New Mexico Geol. Soc. 15th Field
Conf. Guidebook, p. 73-75.



643
Butler, B. S., Wilson, E. D., and Rasor, C. A., 1938, Geology and ore

deposits of the Tombstone District, Arizona: Arizona Bur. Mines
Bull. 143 114 p.

Calvert, S. E., 1966, Accumulation of diatomaceous silica in the sedi
ment of the Gulf of California: Geol. Soc. America Bull., v.
77, p. 569-596.

Campbell, G. S., 1951, Stratigraphy of the House and Confusion Ranges, 
Millard County, Utah, in Canyon, House, and Confusion Ranges, 
Millard County, Utah: Utah Geol. and Mineral. Survey Guidebook
No. 6, p. 19-25.

Campbell, J. A., 1970, Stratigraphy of the Chaffee Group (Upper Devonian) 
west-central Colorado: Am. Assoc. Petrol. Geol. Bull., v. 54, 
p. 313-325.

Campbell, J. R., 1904, The Deer Creek coal field, Arizona: U. S. Geol.
Survey Bull. 225, p. 240-258.

Carpenter, R. H., 1947, The geology and ore deposits of the Vekol Moun
tains, Pinal County, Arizona: Ph.D. Dissertation, Stanford
University, Palo Alto, California, 110 p.

Cavaroc, V. V., Jr. and Perm, J. C., 1968, Siliceous spiculites as shore
line indicators in deltaic sequences: Geol. Soc. America Bull.,
v. 79, p. 263-271.

Cederstrom, D. J., 1946, Geology of the Central Dragoon Mountains: Ph.D.
Dissertation, The University of Arizona, Tucson, Arizona, 93 p.

Cetinay, H. T., 1967, The geology of the eastern end of the Canelo Hills, 
Santa Cruz County, Arizona: M.S. Thesis, The University of
Arizona, Tucson, Arizona, 54 p.

Chillingar, G. V., 1956, Distribution and abundance of chert and flint
as related to the Ca/Mg ratio of limestones: Geol. Soc. America
Bull., v. 67, p. 1559-1561.

Chillingar, G. V. and Bissell, H. J., 1957, Mississippian Joana Lime
stone of Cordilleran miogeosyncline and use of Ca/Mg ratio in 
correlation (Nev.-Utah): Am. Assoc. Petrol. Geol. Bull., v. 41,
p. 2257-2274.

Chronic, J., 1961, Early and Middle Paleozoic index fossils of Colorado, 
in Berg, R. R. and Rold, J. W. (eds.). Lower and Middle Paleo
zoic rocks of Colorado: Rocky Mountain Assoc. Geol. 12th Field
Conf. Guidebook, p. 91-100.



644
Collinson, C., 1963, Collection and preparation of conodonts through

mass production techniques: 111. Geol. Survey Circ. 343, 16 p.

Collinson, C., Rexroad, C. B., and Thompson, T. L., 1971, Conodont zona- 
tion of the North American Mississippian, in Sweet, W. C. and 
Bergstrom, S. M. (eds.), Conodont Biostratigraphy: Geol. Soc.
America Mem. 127, p. 353-394.

Coney, P. J., 1972, Cordilleran tectonics and North American plate 
motion: Am. Jour. Sci., v. 272, p. 603-628.

________ , 1973, Plate tectonics of marginal foreland thrust-fold belts:
Geology, v. 1, no. 3, p. 131-134.

Coney, P . J. and Reynolds, S. J., 1977, Cordilleran Benioff zones:
Nature, v. 270, p. 403-406.

Conley, C. D., 1972, Depositional and diagenetic history of the Missis
sippian Leadville Formation, White River Plateau, Colorado:
Colo. School Mines Quart.,, v. 67, no. 4, p. 103-135.

Coogan, A., 1972, Recent and ancient carbonate cyclic sequences, in 
Elam, J. G. and Chuber, S. (eds.). Cyclic Sedimentation in 
the Permian Basin— A Symposium, 2nd Ed.: West Texas Geol. Soc., 
Midland, Texas, p. 5-16.

Cooper, G. A. and Arellano, R. V., 1946, Stratigraphy near Caborca,
northwest Sonora, Mexico: Am. Assoc. Petrol. Geol. Bull., v.
30, p. 606-611.

Cooper, J. C., 1955, Cambrian, Devonian, and Mississippian rocks of the 
Four Corners area: Four Corners Geol. Soc. Field Conf. Guide
book, p. 59-65.

Cooper, J. R., 1960, Reconnaissance map of the Willcox, Fisher Hills,
Cochise, and Dos Cabezas quadrangle, Cochise and Graham Counties, 
Arizona: U. S. Geol. Survey Min. Inv. Map MF-231.

Cooper, J. R. and Silver, L. T., 1964, Geology and ore deposits of the
Dragoon Quadrangle, Cochise County, Arizona: U. S. Geol. Survey,
Prof. Paper, 416, 196 p.

Cope, E. D., 1882, Invertebrate fossils from the Lake Valley District, 
New Mexico: Am. Naturalist, v. 16, p. 158-159.



645
Craig, L. C., Johnson, R. B., Mallory, W. M., McKee, E. D., Roberts,

A. E., and Sheldon, R. P., 1972, Mississippian System, in 
Geologic Atlas of the Rocky Mountain Region, United States of 
America: Denver, Colorado, Rocky Mountain Assoc, of Geol.,
p. 100-110.

Creasey, S. C., 1967a, Geologic map of the Benson quadrangle, Cochise
and Pima Counties, Arizona: U. S. Geol. Survey Misc. Geol. Inv.
Map 1-470.

________ , 1967b, General geology of the Mammoth quadrangle, Pinal County,
Arizona: U. S. Geol. Survey Bull. 1218, 94 p.

Creasey, S. C. and Kistler, R. W., 1962, Age of some copper-bearing
porphyries and other igneous rocks in southeastern Arizona, in 
Short Papers in Geology, Hydrology, and Topography: U. S. Geol.
Survey Prof. Paper 450-D, p. D1-D5.

Crittenden, M. D., Jr., 1959, Mississippian stratigraphy of the central 
Wasatch and western Uinta Mountains, Utah, in Geology of the 
Wasatch and Uinta Mountains transition area: Intermtn. Assoc.
Petrol. Geol. 10th Ann. Field Conf. Guidebook, p. 63-74.

Crittenden, M. D., Jr., Sharp, B. I., and Calkins, F. C., 1952, Geology 
of the Wasatch Mountains east of Salt Lake City, Irî Geology of 
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