
Some aspects of younger Precambrian
geology in southern Arizona

Item Type text; Dissertation-Reproduction (electronic)

Authors Shride, A. F. (Andrew Fletcher), 1918-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:59:07

Link to Item http://hdl.handle.net/10150/565591

http://hdl.handle.net/10150/565591


SOME ASPECTS OF YOUNGER PR EC AM BRIAN 

GEOLOGY IN SOUTHERN ARIZONA

■ ' by

Andrew F.^Shride

A Thesis Submitted to the Faculty of the

DEPARTMENT OF GEOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College

THE UNIVERSITY OF ARIZONA

1961



THE UNIVERSITY OF ARIZONA

GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my 

direction by Andrew F. Shride entitled nSome Aspects of Younger P re - 

cam brian Geology in Southern Arizona” be accepted as fulfilling the 

dissertation requirem ent of the degree of Doctor of Philosophy.

D issertation Dit&ctor Date

After inspection of the dissertation, the following m em bers of 

the Final Examination Committee concur in its  approval and recommend 

its acceptance:*

i t rw-*<i_

'AAAx.
♦This approval and acceptance is contingent on the candidate’s adequate 
perform ance and defense of this dissertation at the final oral examina
tion. The inclusion of this sheet bound into the lib rary  copy of the 
dissertation is evidence of satisfactory perform ance at the final 
examination.



SOME ASPECTS OF YOUNGER PRECAMBRIAN 
GEOLOGY IN SOUTHERN ARIZONA
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Andrew F. Shride,

ABSTRACT

Feldspathic and quartzose sedimentary formations and cherty 

dolomites— the latter now largely metamorphosed to silicate-bearing  

lim estones— form a sequence about 1? 500 feet thick that comprises 

most of the Apache group. Individual formations, which represent 

shallow marine deposits accumulated through a long period of geologic 

time, are remarkably uniform in stratigraphic details throughout an 

area of 15,000 square m iles in southern Arizona. Tuffaceous sedi

ments in the lowest formation and basalt flows at the top of the group 

indicate volcanic activity.

The Apache group was mildly folded and eroded before deposi

tion of the Troy quartzite, which accumulated in thicknesses of at least 

1,200 feet. After lithification of the Troy these younger Precambrian 

formations were folded and faulted along widely spaced northerly

trending belts, then intruded by minor dikes and extensive s ills  of
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diabase, which locally equal the sedimentary rocks in volume. The 

Troy and older formations were much faulted and displaced as a con

sequence of diabase inflation. Thereafter the formations were deeply 

eroded. In the southern part of the region Middle and Late Cambrian 

sandstones and quartzites, here referred to the Bolsa and Abrigo for

mations, overlie them. In the northern part of the region the Cambrian 

formations were eroded away before the Martin limestone of Devonian 

age was deposited on the Precambrian formations. These relations 

indicate that the Troy quartzite should be redefined and designated Pre

cambrian in age, and that the major diabase intrusions, heretofore 

generally considered Laramide, should be assigned to the Precambrian. 

Wider appreciation that deformation preceded and accompanied diabase 

intrusion during later Precambrian time will aid in deciphering the 

structural settings of the mining districts of southern Arizona.
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INTRODUCTION

Geographic Settings of the Outcrops of Younger
Precambrian RoctEs

The Troy quartzite and the Apache group of stratified forma

tions and large coextensive intrusions of diabase, the subjects of this 

report, crop out in the southeastern part of the state, principally in a 

belt 20 to 60 m iles wide that extends from the foot of the Mogollon Rim, 

at the north, southward 170 m iles about to the latitude of Tucson (see 

fig. 1). Additionally, scattered outcrops of these formations exist in 

an area 50 to 65 miles south of Phoenix.

Outcrops of the younger Precambrian strata of southern 

Arizona are distributed as shown on figure 2; the coextensive intrusions 

of Precambrian diabase are also shown in as much detail as the scale 

of the map will permit. Many intrusions of diabase that crop out as 

narrow bands are not shown separately from the stratified formations. 

The quadrangles in which studies of the younger Precambrian rocks 

have been made or are in progress are also indexed on this map.

Figure 3, which encompasses the identical area shown on figure 2, is  

presented as an index of the geographic positions referred to in the 

text, and the positions of some of the principal paleogeographic features 

of the younger Precambrian and Cambrian terranes are indicated in as
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much detail as present knowledge will allow.

To provide a terrane setting for his original descriptions of the 

Apache formations, Ransome (1903, p. 14-16; 1916, p. 133-135) divided 

the state of Arizona into three principal physiographic regions; the 

plateau region to the northeast, the desert region to the southwest, and 

the mountain region between (see fig. l) . Physiographers ordinarily 

divide the state into two provinces: through the central part of the state 

the boundary between the Basin and Range province on the south and the 

Colorado Plateau province on the north by general usage coincides with 

the Mogollon Rim (Fenneman, 1931, p. 381-382). In later description 

Ransome (1923, p. 1) redefined the boundaries of the mountain belt, and 

since that time it has been included with the desert region or considered 

a part of the Mexican Highland section of the Basin and Range province 

(Butler and Wilson, 1938, p. 9 and pi. 1). For the area of interest 

here this relegation of the mountain region entirely to the Basin and 

Range province is  unfortunate, because the structural aspects of the 

northeastern half of Gila County are characteristic of the Plateau 

province and quite different from those of the Basin and Range province.

Principal distinguishing features of the Plateau province are 

the approximate horizontal disposition of the layered rocks and their 

lateral continuity, with only minor structural disturbance. But in the 

adjacent Arizona portion of the Basin and Range province faulting and 

the resulting lack of continuity have been important factors in the
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development of topographic forms. The ranges and inter montane basins 

owe their relative difference in relief primarily to faulting. During 

Cenozoic time younger Pr ecambrian. Paleozoic, and Mesozoic rocks 

were eroded from large parts of the basin areas and the basins were 

filled with gravel, other fluviatile sediments and lacustrine deposits. 

Volcanic materials were intercalated with the basin fills and exten

sively covered any of the older formations exposed during Cenozoic 

time. Faulting may be of considerable complexity. In some places, 

as in the Dripping Spring Mountains and in the Globe-Miami mineral 

district, the rocks underlying considerable areas are broken into small 

blocks by faults of several trends, so that individual outcrop belts can 

be visualized as a huge mosaic of tilted fault blocks (Ransome, 1919, p. 

76-79), which are covered in part by erosional debris that accumulated 

during and since the elevation of the ranges. -

Using these structural characteristics and related features as 

criteria for distinguishing between Plateau structure and Basin and 

Range structure, a fairly definite line can be drawn through Gila County 

separating the two structural provinces. Beginning north of Roosevelt 

Lake in the basin occupied by Tonto Creek, this boundary can be traced 

along the southern foot of the Sierra Ancha, thence east-southeast along 

the north flank of the Apache Mountains through a point about 15 miles 

north of Globe, and then southeast along the foot of the southern escarp

ment of the Natanes Plateau (fig. 3).
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From this boundary between structural provinces north to the 

Mogollon Rim the younger Precambrian formations are widely exposed 

(fig. 2). In this Plateau portion of the mountain region differential 

erosion of resistant sedimentary rock units that alternate with le ss  re

sistant horizontally disposed layered formations has resulted in mesa- 

canyon topography-—similar to topographic forms of the Grand Canyon, 

but on a smaller scale. Owing largely to the relief of this area— com

monly 2, 500 to 4,500 feet locally— and to the continuity of exposures, 

conclusions drawn from this area can be more fully substantiated than 

those drawn from observations elsewhere. Within the Plateau province 

outcrops of the younger Pr ecambr ian rocks are surmounted to the north 

and east (northeast of the Sierra Ancha and east of Canyon Creek, and . 

east of U. S. Highway 60 south of the Salt River) by a thick cover of 

Paleozoic and younger formations. Northwest and west of the Sierra 

Ancha the Apache formations are entirely missing owing to pre-Paleo- 

zoic and Cenozoic erosion.

The Basin and Range portion of Arizona that includes outcrops 

of younger Precambrian formations (figs. 2 and 3) can be visualized as 

mainly of small mountain ranges, ridges, and hills isolated from one 

another by narrow to broad, generally linear basins that are mainly 

floored on older Precambrian rocks. These basins, for large parts 

of the region, are filled with continental deposits of Cenozoic age, to 

depths of as much as a few thousands of feet. Thus outcrops of younger
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Precambrian rocks, mainly exposed in the mountain areas, may be 

widely separated and their structural relations to younger and older 

formations are ordinarily obscured by Laramide and later deformation. 

North of the Gila River the inter montane basins are narrower and the 

younger Precambrian rocks crop out more abundantly and continuously 

than elsewhere within the Basin and Range province. Owing to exposure 

in and near the great copper-mining districts of Ray, Globe-Miami and 

Superior, the formations of the Apache group were defined in this part 

of the region and to the present time the most complete descriptions of 

the rocks are from this area. Southeast of Winkelman as far as Arizona 

Highway 86 younger Precambrian rocks undoubtedly exist in somewhat 

greater amount than suggested on figure 2, but most of the occurrences 

postulated in the Galiuro Mountains and contiguous ranges east of the 

San Pedro River are beneath a thick cover, chiefly of Cenozoic volcanic 

formations. If complexly deformed erosional remnants of the Apache 

group on the north slopes of the Santa Catalina Mountains are excepted, 

west of the San Pedro River only sparse outcrops of the younger Pre

cambrian rocks, exposed in small mountain m asses widely separated 

by broad alluvial plains, exist. Most stratigraphic sections in these 

exposures are incomplete. Except in the Dragoon quadrangle, and in 

the Mammoth and Holy Joe Peak quadrangles where geologic studies 

are currently in progress, little attention has been afforded to details 

of younger Precambrian geology in areas south of the latitude of
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Winkelman.

Scope of the Report

The writer was first introduced to geologic problems of the 

Apache group while investigating an iron deposit near the head of 

Canyon Creek during a period of 4 1/2 months in the winter of 1941-42. 

From mid-October 1942 through May 1944, and again in July and August 

1946, my principal assignment was the examination of asbestos deposits 

that occur in the Mescal limestone of the Apache group and adjacent to 

diabase intrusions. This work was concentrated mainly along the canyon 

of the Salt River (within the Blue House quadrangle) and in and northeast 

of the Sierra Ancha, but included investigations of small areas as far 

south as the Mescal Mountains. During these studies observations 

were restricted largely to the upper formations of the Apache group. 

Incidental to other assignments in the period 1950-1954, I had the op

portunity of making observations throughout the north-south range of 

outcrops of the Apache formations. Between July 1954 and June 1956 

parts of the McFadden Peak quadrangle were mapped. In March, April 

and May 1957, the writer and C. T. Wrucke mapped by reconnaissance 

methods a strip along U. S. Highway 60 as a contribution to the new 

geologic map of Arizona, currently (1961) being compiled. This 

mapping included a belt 10 to 25 m iles wide, extending from north of 

the Salt River south almost to Globe, and added considerably to our
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understanding of features seen in detailed mapping of other areas. 

During 10 days in June 1960, in preparation for this report, I took the 

opportunity of seeing some of the Apache rocks that outlie the areas of 

most abundant outcrop. In this reconnaissance outcrops as far west as 

the Vekol Mountains in southwestern Pinal County and as far east as Mt. 

Turnbull in Graham County were examined. At least passing observa

tion has been made of some exposures of the younger Precambrian 

rocks in most areas of known outcrop. The one large area of outcrop 

to which, unfortunately, almost no field study has been given lies west 

of 111th meridian and north of Roosevelt Lake.

In order to provide uniformity and precision, not previously 

available in most descriptions of the younger Precambrian formations, 

in this report descriptive terms are standardized by use of the "Rock- 

Color Chart" (Goddard and others, 1948) and the Wentworth grain-size 

scale. In describing stratified rocks the terms proposed by McKee and 

Weir (1953) are used. For the sake of generalization, deviations from 

these standards of terminology are occasionally made; these deviations 

will be apparent from the context of the individual statements.

Acknowledgments

During many discussions since 1941, both in the field and in 

the office, E. D. Wilson, geologist of the Arizona Bureau of Mines, 

has provided information from his exceptional knowledge of the regional
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geology of Arizona. As a consequence of his close association with N.

H. Darton in the early 1920's, Dr. Wilson was able to direct me to 

several of the seemingly critical localities noted by Darton; in addition 

he guided me to areas in northern Gila County where relations at the 

base of the Apache section are particularly well exposed, and to three 

localities in the Mescal Mountains where Cambrian fossils had been 

collected. During the 1940's, B. S. Butler of the University of Arizona 

offered much helpful comment. During 1954-56 H. C. Granger and R. 

B. Raup studied uranium deposits in the Dripping Spring quartzite and 

from this work furnished much detail on the stratigraphy of the forma

tion. C. T. Wrucke, who aided in detailed mapping of the McFadden 

Peak quadrangle in 1955-56 and in the reconnaissance mapping along 

U. S. Highway 60 also did considerable petrographic examination of 

diabases collected during these studies and that of Granger and Raup. 

For his careful observations and stimulating discussions I am very 

grateful.

From attempts to understand the geologic events recorded in 

the younger PreCambrian rocks of northern Gila County, the principal 

conclusions of this report concerning the relations of the Troy quartzite 

and the great intrusions of Precambrian diabase to the overlying Paleo

zoic formations were evolved as working hypotheses (Shride, 1958).

But my postulations concerning relations to the Cambrian formations 

would not have been substantiated by tangible evidence without the
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generous cooperation of J. R. Cooper, S. C. Creasey, M. H. Krieger, 

C. R. Willden, D. W. Peterson and N. P. Peterson, Geological Survey 

colleagues who currently are or recently have mapped areas in southern 

Gila County and farther south. During a field conference in November 

1960 A. R. Palmer assisted greatly in the interpretation of Cambrian 

formations by providing counsel on paleontologic aspects.

Thus, for the interchange of factual information on the nature 

of the Cambrian-Precambrian boundary and for critical discussions of 

my interpretations of the features of this boundary, I am indebted to 

many individuals. Much remains to be learned about the geology of 

the younger Precambrian and the Cambrian formations; though others 

have contributed information, they should not be held responsible for 

the significance that I attribute to various features. From work now in 

progress, undoubtedly modifications of the generalizations herein pre

sented will be forthcoming.

Previous Nomenclature and Correlations of the 
Younger Precambrian Rocks

The Apache group was originally defined by Ransome (1903, p. 

28-39) as the result of field work done in the vicinity of Globe during 

parts of 1901 and 1902. The group was named from exposures in the

Apache Mountains north of Globe (fig. 3), but was described as most
' : ,  '■ ■■■. ■ v; - ,  ... -  .. -  „ • - \
completely and representatively exposed on Barnes Peak 7 m iles
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northwest of Miami and there divisible, in ascending order, into the 

Scanlan conglomerate. Pioneer shale, Barnes conglomerate, and 

Dripping Spring quartzite. In the intricately faulted terrane of the 

Globe-Miami mineral belt the Mescal formation that intervenes between 

the Dripping Spring quartzite and the Troy quartzite is  unusually thin, 

highly siliceous, and inconspicuous in outcrop, or where of more typical 

limestone lithology the Mescal is  remnant as widely separated small 

outcrops in which the relations to both quartzites are not readily ap

parent. As a consequence the Troy and Dripping Spring quartzites 

were first grouped together under the name ’’Dripping Spring quartzite”, 

and Ransome supposed the Mescal to be a part of a sequence of Devonian 

and Carboniferous age, which he termed the "Globe lim estone." In 1910 

and 1911 while mapping the Ray quadrangle Ransome (1911, p. 747) rec

ognized that a cherty dolomite formation capped by basalt separates the 

two thick quartzitic formations. He restricted, therefore, the name 

"Dripping Spring" to the lower arkosic quartzite and declared the name 

"Globe limestone" obsolete. Still later (Ransome, 1915, p. 380-385) 

the intervening carbonate formation was named the Mescal limestone, 

and the upper quartzite- sandstone formation was designated the Troy 

quartzite and the uppermost formation of the Apache group.

In 1912 Ransome made reconnaissance traverses northwest of 

Globe to Roosevelt Dam and along the west side of the Sierra Ancha, 

and visited outcrops of the Apache group that had been recognized by
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C. F. Tolman in the Santa Catalina Mountains north of Tucson. While 

studying the mineral deposits of the Bisbee district in the southeastmost 

part of the state in 1902, Ransome (1904, p. 28-35) had defined the 

Bolsa, Abrigo, and Martin formations, some knowledge of which is  

germane to the present discussion. His data on these formations were 

supplemented by observations in the Tombstone district prior to 1912. 

From this broad background descriptive data were summarized and 

formations of the several localities provisionally correlated by Ransome 

(1916) in U. S. Geological Survey Professional Paper 98-K. In large 

part that report deals with the stratigraphy of the Apache group and the 

Troy quartzite, and it remains to the present time—-45 years later— the 

most comprehensive summary of the geology of the younger Precambrian 

rocks in southern Arizona.

Because the Apache group appeared to be in conformable se 

quence with the overlying fossiliferous Paleozoic formations and seem 

ingly exhibited no greater degree of metamorphism than these Paleo

zoic rocks in the relatively small areas that Ransome studied in detail, 

he (1919, p. 49-50, pi. 13) provisionally regarded the group as Cambrian 

and possibly Ordovician and Silurian in age. Darton as early as 1910, 

however, had regarded the Apache group as approximately equivalent 

to the Grand Canyon series of northern Arizona, and of Algonkian age— 

a designation now replaced in provincial usage by "younger Pre

cambrian." And later, Darton (1925, p. 32-37) was the first to
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describe the erosional unconformity that exists between the Troy quartz

ite and the underlying formations. In northern Gila County he observed 

the unconformity to be a rather subtle feature. But Darton (1925, p. 32- 

34, fig. 76) also observed in the eastern part of the Mescal Mountains 

that units presumed to be the Troy quartzite rest in angular unconformity 

on the Mescal and Dripping Spring formations, and stated that in the . 

southeasternmost part of the range the Troy ultimately extends across 

a surface on pre-Apache granite. The unconformities of the different 

areas were supposed, with some misgivings (Darton, oral communica

tion, 1948), to represent one hiatus; this supposition will be refuted in 

a later section of this report. Furthermore, Darton (1925, p. 32-36, 

48-50) found primitive brachiopods, which were then regarded as Upper 

Cambrian forms, in sandstones overlying the quartzitic part of the 

Troy. He also recognized an unconformity, not observed by Ransome, 

at the top of these sandstones and below the overlying Martin limestone 

of Devonian age. Darton tentatively— and rightly, as is  now known — 

correlated the fossiliferous sandstones with the Upper and Middle 

Cambrian Abrigo limestone, which exists farther south in Arizona.

But Stoyanow (1930; 1936, p. 474-478), from similar observations 

made slightly later, correlated this sandstone plus the underlying 

quartzites of the Troy with the Bolsa quartzite, which underlies the 

Abrigo formation in the southeastern part of Arizona. Darton (1932) 

agreed that this correlation was plausible, and Ransome (1932, p. 6)
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conceded that the formations underlying the Troy should provisionally 

be correlated with the Grand Canyon series. During the past three dec

ades, as a consequence, the Troy has been regarded as Middle Cambrian 

in age and not a part of the Apache group; the formations below the Troy 

are now considered younger Precambrian.

In the Tortilla and Dripping Spring Mountains Ransome (1919, 

p. 53, 56) found small bodies or dikes of diabase that intrude sedimen

tary rocks as young as Pennsylvanian in age. He therefore regarded 

the large diabase s ills  of these areas, the Globe-Miami district, 

Roosevelt Dam, and the Sierra Ancha to be post-Pennsylvanian, and as 

probably emplaced during the Mesozoic era. Darton (1925, p. 254-257) 

took exception to Ransome’s correlation, and suggested that the small
k

diabase dikes were feeders for some of the Tertiary or Quaternary ba

salt flows of the region. Darton noted extensive s ills  intrusive into the 

lower part of the Troy in some areas, and also that the Martin limestone 

of Devonian age is  locally in sedimentary contact with such sills . But 

he also noted (Darton, 1925, p. 36) that "the Troy lie s  unconformably 

on the Dripping Spring quartzite and the Mescal limestone, as well as 

on the great s ills  of diabase which invade these two formations", and 

with some indecision designated the diabase Precambrian(?) on the 

geologic map of Arizona (Darton and others, 1924). This designation 

has been given little heed, though in the Little Dragoon Mountains, east 

of Tucson, Cooper (1950, p. 31 and fig. 13) has found the Bolsa quartzite
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of Middle Cambrian age is  nonconfdrmable on diabase sills . M. N. 

Short and his associates (1943, p. 38-39) after observing, in the vicin

ity of Superior, diabase intrusive into the Troy quartzite but not into 

the Martin limestone regarded the diabase as post-Middle Cambrian 

and pre-Upper Devonian. Still others, in conversation, have suggested 

that the extensive diabase intrusions may be of two or more ages. Most 

commonly the s ills  have been regarded as an early phase of the wide

spread igneous activity that accompanied the Laramide orogeny during 

Late Cretaceous or early Tertiary time (see Peterson, 1954; Peterson 

and others, 1951, p. 35-36).

Principal Conclusions of This Report

As a conclusion of this study, redefinition of the Apache group 

and the Troy quartzite is  deemed worthwhile; furthermore, it should be 

more generally understood that the lithologic terms of the formation 

names, which are widely accepted as descriptive, do not accurately in

dicate the lithology of most of the units. The present lithologic terms 

do provide, however, some descriptive flavor, which might otherwise 

be lost, and therefore should be retained. The redefinitions presented 

in this paper are summarized on table 1.

The principal modifications of Apache nomenclature are as 

follows. The Scanlan and Barnes conglomerates, because they are 

everywhere too thin to be separately mapped and because of their
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genetic relations to the overlying clastic sediments, are here considered 

merely as basal conglomeratic units (not members) of the Pioneer shale 

and the Dripping Spring quartzite, respectively. This is in contrast to 

the formational status previously accorded the conglomerates. The 

boundary between the Mescal and Dripping Spring formations is  now rec

ognized as an unconformity, and is  placed a few feet strati graphic ally 

below the horizon ordinarily chosen in the past as the contact. The 

Troy quartzite is  divisible into three distinctive members; the top two 

members have been noted previously, but no heed has been taken of 

them as definitive units. From consideration of regional stratigraphic 

relations to the Bplsa quartzite of Cambrian age, the Troy quartzite is  

herein designated as younger Precambrian in age.

Some quartzite-sandstone units that very locally overlie the 

Troy quartzite and in past descriptions have been included with the 

Troy, are herein restricted from the formation and considered equiva

lents of the Bolsa and Abrigo formations. Correlations of the past, in 

which quartzites of the Mescal Mountains and areas farther south were 

designated "Troy”, must now be reconsidered. Where basal sandstones 

of the Martin limestone of Devonian age locally attain appreciable thick

ness, generally they have been erroneously included with the Troy quartz

ite. Recognition of the Devonian sandstones as separate entities is  sig 

nificant in reconstructing the evolution of geologic features of the region 

but no great cartographic errors have been made in outlining geologic
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units on the geologic maps that have been published.

Better appreciation of the structural disposition of the wide

spread diabase intrusions and recognition of the relations of the basal 

Paleozoic formations to the Apache formations now allow reconciliation 

of the various views as to the age of the diabase. The evidence accumu

lated during this study indicates overwhelmingly that all the. diabase in

trusions of significant bulk are younger Precambrian in age. Small 

basic dikesf which have been correlated erroneously with the larger in

trusions, probably do post-date Pennsylvanian strata; such dikes are 

extremely rare. ^



ROCK TYPES OF THE OLDER PRECAMBRIAN BASEMENT

Rock types of the older Precambrian terrane that underlie the 

Apache group are of special interest as sources for the clastic sediments 

of the Apache and Troy sections. Feldspar and quartz are principal con

stituents of some of the Apache and Troy units; others are largely 

quartzose. The pebbles of the younger Pr ecambr ian conglomerates 

generally are largely of metamorphosed quartzite derived from some 

older terrane; even the bulk of the granules, pebbles, and cobbles in 

the conglomerates of the Cambrian formations and the rare basal con

glomerates of the Devonian sections may include much pre-Apache 

‘quartzite.

The Pinal schist, dominantly a quartz-muscovite or quartz 

muscovite-chlorite rock (Peterson, 1954; Gilluly, 1956, p. 10-11), 

underlies the Apache group in many areas south of the Apache Moun

tains. Detailed studies (Ransome, 1919, p. 35-37; Gilluly, 1956, p.

11) indicate that the Pinal consists mainly of metamorphosed sedimen

tary rocks, but it does include minor intercalations of volcanic rocks. 

Basaltic units are now represented by amphibolites, and intrusive and 

extrusive rhyolitic units have been noted (see Anderson, 1951, p. 1334- 

1335).

18 : -
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Slightly schistose and nonfoliated sedimentary and volcanic 

rocks, at least in part probably equivalent to the Pinal schist, underlie 

the Apache group north and west of the McFadden Peak quadrangle 

(Wilson, 1939; Gastil, 1958) and crop out widely in the Mazatzal Moun

tains farther west. The sedimentary rocks are mainly shales (now 

shales, slates, and phyllites), thin- to thick-bedded quartzites, and 

fine-grained to conglomeratic sedimentary units comprised largely of 

volcanic debris, which ranges from basalt to rhyolite in composition.

The volcanic rocks are dominated by rhyolite in the form of flows, tuff- 

aceous deposits, and agglomeratic accumulations, but basalt flows and 

basaltic agglomerates are common. Much farther northwest, in the 

vicinity of Jerome, Prescott and Bagdad the Yavapai series, lithological

ly similar except that quartzites and conglomerates are missing from 

the sections, crops out through considerable areas (see Anderson,

1951; Anderson, and others, 1955, p. 7-12; Anderson and Creasey,

1958, p. 8-45, for descriptions). Relatively small bodies of pyroxenite, 

gabbro, diorite, and rhyolite were intruded into all those rocks prior to 

widespread invasion by granitic magmas.

In the areas of Apache outcrop, all these rocks were strongly 

deformed, then invaded by granitic m asses of batholithic dimensions 

and deeply eroded prior to deposition of the Apache group. The gran

itoid m asses range from diorite to granite in composition, but the more 

recent studies suggest that they are dominantly of quartz monzonite or
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granodiorite.

Outcrops of the older Precambrian formations, differentiated 

only as to rock types separately significant in furnishing detritus now 

recognized in the Troy and Apache formations, are shown on figure 4. 

The proportions of rock types seen in outcrop are very likely repre

sentative of the terrane exposed just before Apache sedimentation began. 

From the map the dominance of granitic rocks and the sparsity of 

quartzites in the pre-Apache terrane is  readily appreciated. For ad

jacent regions, which must have furnished the bulk of materials incor

porated in the Apache group and the Troy quartzite, the proportion of 

granitic rocks to other rock types must have been of like order.

Granitic detritus is  abundantly represented in the Pioneer, 

Dripping Spring, and Troy formations. Some of the coarser microcline 

fragments seen in all these formations have poikilitic inclusions of 

chalky plagioclase and are otherwise texturally identical to the Ruin 

and Oracle granites. Without doubt the granitoid m asses furnished 

arkosic detritus through a long period of time.

If the highly quartzose units are excepted, seemingly the Pinal 

schist and lithologically equivalent formations— depicted as nonresistant 

rocks on figure 4—-furnished little of the detritus that was incorporated 

in the younger Precambrian formations. Some of the denser rhyolites 

and the rare thin units of jasper in the older Precambrian formations 

can be recognized in the conglomerates of the younger Precambrian.
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These materials, however, are scarce detritals. The resistant rhyo

lites that have been recognized as detritals, for the lack of separate 

depiction on the available source maps, have been included with the 

nonresistant rocks on figure 4. Such rhyolites exist only in the north

western part (north of Salt River) of the area shown on figure 4.

~ Many of the quartzites that antedate the granites were thorough

ly sheared or sheeted then firmly recemented, and are fine-grained, 

highly vitreous, and are of brown, red, or purple hues distinctive from 

those of the later quartzites. The bulk of the quartzite gravels in the 

conglomeratic units of the Apache group and the Troy formation are 

readily identified as detritals petrographically like the quartzites now 

exposed in the older terrane. For lack of detailed information only - 

the larger known occurrences of the older Precambrian quartzites are 

shown on figure 4. Outside of the region shown on figure 4 the outcrops 

of Pinal- or Yavapai-type rocks that have been studied are largely de

void of quartzite, and probably few that have not been studied include 

quartzite. During the accumulation of most of the younger Precambrian 

sediments older Precambrian quartzites within the area of figure 4 were 

buried by the basal units of the Apache group, and could not have been 

sources of much of the quartzite debris found in the several formations. 

A lithologic terrane similar to that shown in figure 4 must have been 

exposed somewhere outside of the region of the present Apache out

crops.



PRE-APACHE UNCONFORMITY

As already implied, a profound unconformity separates the 

older Precambrian rocks from, the overlying sedimentary formations of 

the Apache group. Intense deformation of the Pinal and related forma

tions, followed by granitic intrusions of batholithic proportions signify 

a considerable orogeny that marked the end of older Precambrian rock 

accumulation in central and southeastern Arizona. The mountains 

formed during this orogeny were leveled to.a plain during the long 

period of erosion that preceded Apache sedimentation.

The basal formations of the Apache group were deposited on a 

surface of remarkably little relief. In degree of smoothness and char

acteristics of the underlying regolith this surface is  wholly comparable 

to the equivalent surface exposed in the Grand Canyon, which classical

ly has been referred to as a peneplain. In a definitive study of the 

Grand Canyon examples. Sharp (1940) concluded that the similar sur

face is a product of subaerial erosion only slightly modified by marine 

erosion. r v- ■; - •

< For most of the region the pre-Apache surface exhibits local 

relief of only a few feet at most; recognizable instances of even this 

slight relief are rare. From the Sierra Ancha southward variations in
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the thickness of the Pioneer shale— the basal formation of the Apache 

group— suggest that the monotony of the planar surface may have been 

relieved slightly by broad low hills rising above the general plain or 

by broad basins cut below it. If so, the lapping out of basal beds of the 

Pioneer is  too subtle to be noticed in tracing continuous outcrops dis

tances of one to five m iles. Such lapout is  obvious, however, north 

and northeast of the Sierra Ancha, where the Pioneer shale (as in

dicated on fig. 3) and at least the lower half of the Dripping Spring 

quartzite pinch out by lapping against a high in the basement surface.

It seem s more than coincident that the lapout north of the 

Sierra Ancha occurs where the basement formations of a large area 

are almost wholly of sedimentary and volcanic rocks (Gastil, 1958) 

rather than terrane prevailingly of le ss  resistant granite. In the se 

quence of this area steep-dipping ribs of quartzite and other relatively 

resistant rocks, in bodies too small to be shown on figure 4, are com

mon. The structural grain of these rocks is  northeast. The line of 

lapout trends northeast (see fig. 3) and crudely parallels the south

eastern boundary of a belt of older Precambrian rocks that was un

usually resistant to erosion (see fig. 3). Present-day remnants of the 

Apache formations surmount some of the higher parts of this belt of 

metamorphic rocks, but no remnants exist on the northwest side of the 

belt, though undoubtedly Apache formations once existed much farther 

in that direction than the present outcrops. Whether the belt of lapout



24

represents a large elongate monadnock rising above the general pre- 

Apache surface, or a.broad high of regional extent is  not known. This 

is  the only area in which a prominent deviation from the general planar 

surface can now be demonstrated. In other areas the schistose rocks 

generally are not fortified by ribs of resistant rock.

The granitic rocks immediately beneath the pre-Apache uncon

formity were disintegrated prior to deposition of the Apache group. As 

now remnant, this zone of disintegration ranges from a few inches to a 

few tens of feet in thickness. In places the granitic debris, generally 

reddened by iron-oxide minerals, shows ill-developed bedding struc

tures indicative of transportation, but in most places it represents 

residual material in virtually original position. The arkosic regolith 

merges gradationally downward with the underlying unweathered mas

sive granite. In many areas— even where the basement rocks are not 

granitoid— this arkose and hematitic silt dominate the matrix of the 

overlying. Scanlan conglomerate.

Where the unconformity truncates the Pinal schist or related 

metasedimentary or metavolcanic rocks the foliation or other layered 

structures may be somewhat obscured immediately adjacent to the 

erosion surface, but no other effects of pre-Apache disintegration are 

particularly notable in the field. In places a thin rubble zone, ordinar

ily only a few inches thick, intervenes between the basal conglomerate 

of the Apache group and solid rock of the older Precambrian. Where
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such rubble was derived from schist and exhibits crude bedding, it may 

include abundant angular to subrounded fragments of white vein quartz 

in a matrix of small schist fragments. The quartz undoubtedly was 

derived from veins that locally are abundant in the schist and in ad

jacent granitic rocks. Ordinarily such quartz and schist fragments 

are also abundantly incorporated in the conglomerate that overlies the 

regolith zone; indeed, more often than not, all such detritus is  included 

in the conglomerate which then rests on a clean-swept surface of schist

ose rock.



YOUNGER PRECAMBRIAN ROCKS

Sections of individual formations of the Apache group and the 

Troy quartzite are most extensively remnant in the Sierra Ancha. Far

ther south, owing to unconformities within the sequence and unconform

ities that separate the younger Precambrian strata and included diabase 

intrusions from the overlying Paleozoic formations, sections generally 

are less  complete. Within the part of the region that now lies between 

the Gila and Salt Rivers, the Troy quartzite was greatly thinned and 

locally the Mescal limestone and even the upper part of the Dripping 

Spring quartzite removed by pre-Paleozoic erosion, but generally 

through this area the Apache section remained virtually complete at the 

time the Paleozoic formations were deposited. South of the Gila River 

the upper part of the Dripping Spring quartzite and all of the overlying 

formations and included diabase intrusions were removed from large 

areas prior to Cambrian sedimentation; even in this southern area, 

however, most of the Mescal formation and moderately thick sections 

of the Troy quartzite were preserved locally in blocks down-faulted 

prior to post-Troy erosion.

Thin to thick diabase s ills  are coextensive with the Apache 

formations and invaded the group in almost every locality where an

: 26  . ■ '  :
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appreciable part of the section can be viewed. Consequently, in many 

areas complete sections of even one formation must be pieced together 

from two or more partial plates of the formation encompassed between 

s ills . Generally, to arrive at an overall thickness for the Apache group, 

one must piece together partial sections from several localities within 

a restricted area.

In the vicinity of.the highest parts of the Sierra Ancha, where 

the Troy quartzite is  at least 1,200 feet thick, the total thickness of the 

younger Precambrian sequence can be extrapolated as between 2, 650 

and 2,800 feet. I Elsewhere remnants of the Troy are generally less  

than 600 feet thick, so other statements of total thicknesses that include 

the Troy have little meaning. In the Plateau portion of the region, where 

entire sections have been pieced together with considerable confidence 

at several localities, the Apache group ranges from 1,250 to 1, 600 feet 

in thickness. North of the Sierra Ancha, of course, these thicknesses 

must be too great by roughly a factor of two, because locally the Pioneer 

shale and at least the lower member of the Dripping Spring quartzite are 

lapped out. In the Basin and Range area the 1, 600-foot maximum may 

be applicable to some sections as far south as the Apache group crops 

out, but other sections not affected by pre-Paleozoic erosion appear to 

be as little as 1,100 feet in aggregate thickness of the pre-Troy forma

tions. Some sections, because of pre-Troy erosion, are even thinner.

In many areas, if the intrusive diabase sills  are included, the aggregate
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thicknesses of younger Precambrian layered rocks are roughly twice 

those noted above (i. e . ,  2,000-5,000 feet). .

Because of the common aspect of uniformity and because of the 

interrelations of features, interpretations of the origins of the younger 

Precambrian formations are deferred until all are described. Only 

some of the minor features are interpreted as to origin in the following 

descriptive sections. Similarly, because the age of the younger P re

cambrian formations can be considered in better perspective after their 

geometric relations to the intrusive diabases and the Paleozoic forma

tions are described,, such discussion is also held for a later chapter.

Apache Group

Pioneer Shale

The Pioneer shale was a favored formation for inflation by 

diabase, and the Pioneer with included s ills  is  exposed in steep to gentle 

slopes. Commonly these slopes are heavily mantled by the resistant 

rock debris from overlying formations, so the boundaries between the 

two rock types are difficult to distinguish. Thus complete sections of 

the Pioneer are rarely exposed. For the following descriptions I have 

relied much on observations of excellent exposures at the south end of 

the Sierra Ancha and in the canyon of Cherry Creek, where the forma

tion ranges from about 250 feet to slightly more than 500 feet in thick

ness.



Such thicknesses are greater than those that have generally 

been considered typical of the formation. The thicknesses widely ac

cepted as typical are those stated by Ransome (1916, p. 136 and pi.

25). He estimated the average thickness of the Pioneer in the Ray 

quadrangle as about 150 feet, but also noted a regional range of 100 to 

250 feet. The places where the Pioneer shale is  known to lap out or is  

consistently thin are shown on figure 3. As previously noted, north of 

the Sierra Ancha the Pioneer laps out completely. In the vicinity of 

Coolidge Dam the formation is  thin or missing, and where observed at 

several places along the San Pedro Valley downstream from Mammoth 

is  generally le ss  than 30 feet thick. As far as is  known the Pioneer 

shale has not been observed anywhere east of the line that depicts this 

belt of thinning on figure 3. Although as little as 150 feet of the Pioneer 

formation exists in many areas south of the Salt River, other than as 

noted above no particular pattern of thinning has yet been discerned. 

Indeed, as far south as the Apache group crops out the Pioneer exhibits 

maximum thicknesses of 300 to 500 feet. As examples. Cooper and 

Silver (report in preparation) measured a 306-foot section in the north

western part of the Dragoon quadrangle, S. C. Creasey (written com

munication, April 1961) has measured thicknesses of 450 to 500 feet in

29



30

the southwest part of the Mammoth quadrangle, and Carpenter esti

mated a thickness of 400 feet in the Vekol Mountains.

The Scanlan conglomerate, at the base of the Pioneer shale, 

typically is  represented by 1.to 8 feet of subangular to well-rounded 

pebbles or cobbles in a matrix that reflects the composition of the under

lying rocks. In most areas the pebbles and cobbles are mainly of light 

to dark gray and grayish-red quartzite and are closely packed in fine- 

to coarse-grained arkosic debris derived largely, from the older Pre- 

cambrian granite. White quartz pebbles are common, and in places 

compose the bulk of the granules. Sparse granules and small pebbles 

of reddish-brown jasper can be seen in many outcrops. Pebbles of vol

canic rocks or of schistose rocks, like those of the older Precambrian 

terrane of northwestern Gila County, are few but can be noted on careful 

inspection of many exposures. Where the conglomerate overlies the 

Pinal schist it commonly includes fiss ile  fragments of the schist in 

abundance, and the matrix may in large part be comprised of dark- 

colored shaly debris from the schist; even in this setting, however, 

abundant angular grains of feldspar and quartz from the granite ordi

narily are incorporated in the matrix. In nearly all exposures, of the 

conglomerate the fines fraction of the matrix is highly hematitic

^Carpenter, R. H., 1 9 4 7 , The geology and ore deposits of 
the Vekol Mountains, Pinal County, Arizona: Stanford Univ. doctoral 
thesis (unpublished).

/
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material similar to the mudstones or sandstones of the overlying sec

tion. In places pebble-free lenses of grayish-red mudstone or sand

stone are included in the conglomerate. Ordinarily the contact between 

the conglomerate and overlying beds is  sharp, but there are many ex

amples of transitional conglomeratic intervals of a few inches or, le ss  

commonly, of a few feet at the top of the conglomerate. And rarely 

thin lenses of conglomerate or of sandstone that include scattered peb

bles exist as much as 40 feet above the basal conglomerate.

In thickness and in pebble characteristics, the basal conglom

erate varies locally. In many places it is  represented by only a few 

inches of granitic debris in which granules or small pebbles of quartz

ite or white quartz are sparsely distributed. In other places, as at 

Roosevelt Dam, the conglomerate is as much as 30 feet thick and is  

mainly of close-packed cobbles. In a given exposure the conglomerate 

may include boulders as much as 1 foot in diameter and be largely com 

prised of cobbles 4 to 6 inches in maximum diameter; within one-half 

mile along the outcrop cobbles may be few and the conglomerate is  

largely of pebbles 1 to 2 inches in diameter. Similarly along such a 

length of outcrop the thickness of the conglomerate commonly ranges 

from a few inches to 8 feet— or, in extreme examples, to 20 feet; and 

in one locality the conglomerate is comprised mostly of well-rounded 

pebbles, but in an adjacent area includes an appreciable content of sub- 

angular gravels. In many localities the pebbles and cobbles are
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disc-shaped, and in some are disposed in imbricate relations. No con

sistent direction of imbrication, which would indicate a general direc

tion of currents during deposition, has been noted. Thus regional varia

tions in pebble size, composition, and disposition or in conglomerate 

thicknesses, which might suggest distance or direction from sources, 

seem  to be no greater than the variations noted in a relatively small 

area. A prominent exception to this generalization is  described at the 

end of this section. .

The conglomerate ordinarily crops out as narrow ledges or, 

where thick, as small cliffs. Only in very rare circumstances are out

crops broad enough to be mapped without excessive cartographic exag

geration, and rarely has the conglomerate.been shown on maps, except 

by a diagrammatic symbol. As the Scanlan genetically is  merely the 

coarse-textured basal unit of the Pioneer shale, it is  here proposed 

that the conglomerate be so regarded, and that it not be afforded for

mation or even member designation. Although thin, the unit is  widely 

distributed. Therefore, the name ’’Scanlan conglomerate” should be 

retained to informally designate the bed or beds that mark the base of 

the Pioneer shale. . -

The Pioneer lithology that catches the.casual observer’s eye, 

because it is  strikingly different from that of. other formations of the 

Apache group, is  a grayish-red siltstone or a silty mudstone that com

monly includes abundant grains of fine sand size. These rocks are
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minutely laminated or cross-laminated (see fig. 5) in beds 6 inches to 3 

feet thick. Small asymmetrical ripplemarks are sparsely seen in some 

sections. The rock is  firmly indurated but generally is  closely jointed, 

both normal to and parallel to bedding, so that it erodes to receding 

slopes. Typical of these siltstones and mudstones are abundant, yellow

ish-gray to light brown reduction spots, as much as 1 inch in diameter 

but generally 0.1 to 0 .2  inch across (fig. 5). Minute cubic grains of 

limonite, obviously derived from pyrite, can be seen in the centers of 

some of the smaller bleached spots. In some localities, bluntly termi

nated lenticular zones of similar bleaching, which may be as much as 

l /2  inch thick and several inches in diameter, parallel the bedding, or 

le ss  commonly, the high-angle jointing. The mudstones and siltstones 

and like-colored sandstone beds, only slightly coarser in grain size, 

comprise the most of the Pioneer in many areas. These rocks, be

cause of their strong tendency toward a fiss ile  habit of splitting, are 

the so-called ’’shales” of the Pioneer.

Under the microscope these ’’shales” are noted to be comprised 

of angular grains of feldspar and quartz of silt and fine sand size, set in 

a highly hematitic matrix of small, irregularly lenticular devitrified 

glass shards and clay-size material (fig. 6). From a study of X-ray 

powder patterns, Gastil (1954), who was the first to recognize the tuff- 

aceous nature of the shaly-splitting units, suggested that the devitrified 

shards are now largely of finely divided muscovite and very fine-grained



FIGURE 5

DELICATE CROSS-LAMINATION IN TUFFACEOUS 
SILTSTONE OF THE PIONEER SHALE

Black specks in centers of reduction spots are limonite 

pseudomorphs after pyrite. Note enlargement.
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FIGURE 6

PHOTOMICROGRAPH OF TUFFACEOUS SILTSTONE 
OF THE PIONEER SHALE

Wispy grains are relicts after glass shards; more or 

le ss  equidimensional grains are quartz; like clouded 

grains are feldspar; dark areas are heavily dusted 

with hematite. From specimen of figure 5.
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chalcedony. Robert L. Smith, who has studied tuffaceous rocks exten

sively in the course of his duties with the Geological Survey, has stated 

(oral communication, August 1956) that the rod-like and bifurcated cross 

sections of the shard pseudomorphs and their other features suggest ash 

derived from acid eruptions— or from eruptions that were at most no 

more mafic than andesites. He thus upholds GastiVs designation of the 

pumiceous materials as rhyolitic in type. In the typical mudstone the 

silt-s ize  mineral grains, other than pseudomorphs of glass fragments, 

are of feldspar and quartz, which comprise roughly one-quarter of the 

rock. In some of the thin sections viewed this coarser fraction is largely 

of feldspar, and a large part of the feldspar is  plagioclase. No particular 

attempt was made to determine the proportions of potash and soda feld

spars. Minute flakes of muscovite abundantly spangle freshly fractured 

hand specimens of some units. Thin sections from specimens in which 

mica is  not particularly noticeable to the unaided eye show sparse to 

fairly abundant shreds of muscovite. All platy grains— muscovite 

plates, the shard relicts, and tabular cleavage fragments of feldspar—  

tend to be alined parallel to the delicate bedding. But the bedding is  

more obviously marked by the hematite, which is  thickly dusted through

out the rock but particularly opaques the finest grained parts of the ma

trix.

In some localities hard beds, which appear in outcrop to be 

very fine-grained impure quartzite, are interlayered with the usual
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tuffaceous mudstones. These beds generally are dusky red purple or 

blackish red— or, in other words, somewhat darker and more purplish 

than the ordinary mudstones. In these beds and the adjacent mudstone 

beds, minute flakes of mica are particularly apparent. In thin sections 

the detrital grains are noted to be slightly larger than those of the mud

stones— but still of very fine sand size. Quartz makes up a large por

tion of such grains, the matrix is  generally less  abundant, and devitri- 

fled glass shards are fewer, but otherwise the rock is  not greatly dif

ferent from the mudstones described above. In some specimens shards 

are sparse, but without exception they have been found when searched 

for. This quartzitic variety of the mudstone is  seemingly much more 

prevalent south of the latitude of the Apache Mountains than north of 

that latitude.

Although the above-described rock types are commonly con

sidered representative of the formation, where the Pioneer is  more 

than 150 feet thick ordinarily they comprise, by themselves, only the 

upper one-half to two-thirds of the formation. The lower part of the 

Pioneer is  generally of fine- to very coarse-grained units of arkose or 

feldspathic sandstone intercalated with mudstones like those higher in 

the formation. These coarser-grained units, which are thin- to thick- 

bedded and are crossbedded, may constitute most or only a small part 

of the lower half of the Pioneer. In a few places in the McFadden Peak 

quadrangle fine- to medium-grained arkose composes as much as 50



38

feet of the uppermost part of the formation. Except for hematitic fines 

that impart a prevalent reddish cast, some of these sandstones are not 

readily distinguished from similar beds in the lower member of the 

Dripping Spring formation.

Coarse- and very coarse-grained arkoses are usually confined 

to the basal 25 to 40 feet of sections 250 feet or more in thickness.

Rarely thin beds of quartz sandstone or even of conglomerate of quartz 

granules that are light gray in color may be included in such units; other

wise these coarser clastic beds are generally the grayish-red of the 

tuffaceous sediments in the upper part of the section.

Exceptionally the obvious interbeds of fine-grained mudstones 

are lacking and the basal arkoses are thick-bedded and m assive-crop

ping. These constitute 40 to 90 feet of the basal part of the formation, 

and even in thin section are not notably different from the flesh-colored  

medium-grained arkoses of the lower member of the Dripping Spring. 

Individual beds may be well-sorted, but as a unit such basal arkoses of
X

the Pioneer are probably not sorted as well as a similar thickness of 

the lower member of the Dripping Spring. Lacking other distinguishing 

characteristics, the basal arkoses of the Pioneer can be distinguished 

from those of the Dripping Spring by thin seams of brownish-black or 

blackish-red tuffaceous siltstone that separate a few beds. These 

seams of dense exceedingly tough siltstone, are 1/10 inch to 8 inches 

thick in their thickest parts and are discontinuous. In the few thin
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sections that have been cut from these siltstones pumice fragments are 

conspicuous. Such hard dark-colored layers of siltstone have been seen 

even in Scanlan conglomerate that is  overlain by 60 feet of massive 

arkoses, indicating that ash falls were occurring during the earliest 

stages of Pioneer deposition. In a few localities very coarse-grained  

and partially pebbly arkoses, obviously derived from the underlying 

granitoid rock of the immediate vicinity constitutes the basal few tens 

of feet of the Pioneer. A notable section is  exposed on the north flank 

of Pioneer Mountain, in the Ray quadrangle near the type locality.

There the basal 45 to 50 feet of the Pioneer consists of very coarse, 

ill-sorted  pinkish-gray arkosic debris from the underlying Madera 

diorite. Such arkoses have no counterpart in the Dripping Spring 

quartzite. Some of the lightest colored basal sandstones of the Pioneer 

are highly quartzese, and are more like the sandstones of the middle 

member of the Troy than of any unit in the Apache group. Such sand

stones are probably rare.

Lateral variations have been noted only in the northwestern 

part of the region. As the lapout area of northwestern Gila County is  

approached closely the Pioneer formation coarsens, and particularly in 

its basal part varies greatly in lateral distances of a mile or two. In 

the northwest corner of the McFadden Peak quadrangle and the south

east corner of the Diamond Butte quadrangle, for example, the basal 

60 to 90 feet of the Pioneer is  a very coarse-grained, crossbedded
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feldspathic sandstone. This unit includes beds of granule conglomerate 

and many lenses of pebble conglomerate. The remainder of the section 

is  medium- to coarse-grained gray arkose, and except for dusky red 

weathering surfaces and a tendency to be more friable in parting is  very 

like overlying units of the Dripping Spring. The Scanlan conglomerate 

in some places is  represented by a few inches to 3 feet of granitic debris 

with generally only scattered small pebbles of quartzite; occasionally 

this debris includes a quartzite boulder more than 1 foot in diameter.

In nearby areas 3 to 8 feet of typical cobble conglomerate may mark 

the base. Short distances to the east and south of this region normal 

sections of the Pioneer, as described in preceding paragraphs, exist.

These aberrant coarse facies of the Pioneer that lack the silt-  

stone beds apparently mark areas in which the pre-Pioneer surface was 

high, and in nearby areas the Pioneer may be thin or missing. Where 

the formation is  thinned or the Dripping Spring is  actually the basal for

mation of the Apache group, the basal conglomerate may be unusually 

thick and comprised of closely packed, well-rounded cobbles or boulders. 

Such a variation is seen in tracing the basal units of the Apache north 6 

m iles from the northwest corner of the McFadden Peak quadrangle to 

Potato Butte, which is  4 m iles west of Young. At the south end of this 

interval the Pioneer is about 200 feet thick, but it laps out about 3 m iles 

to the north. From about the place where the Pioneer thins completely 

out the basal conglomerate begins to thicken appreciably and become
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coarser, so that at Potato Butte— where possibly as much as 100 feet 

of the Dripping Spring quartzite is  missing by lapout— the basal con

glomerate is 85 to 110 feet thick. At Potato Butte the conglomerate is  

comprised largely of well-rounded cobbles 3 to 6 inches in diameter, 

but the basal 50 feet includes abundant cobbles 6 to 8 inches in diameter 

and occasional boulders up to 1 1/2 feet in diameter. This unusually 

thick.conglomerate mantles an irregular surface cut on granite; local 

relief of as much as 35 feet can be observed along an outcrop length of 

2 0 0  feet. Apparently such thick accumulations of basal conglomerate 

are confined to localities where notable local relief is  characteristic of 

the pre-Apache surface. Farther west, where hills of the pre-Apache 

surface project up through thick sections of Pioneer and into the 

Dripping Spring, the basal two-thirds of the Pioneer is  unusually coarse, 

includes many conglomeratic lenses, bedding is  discontinuous, and 

medium-scale cross-stratification is  conspicuous. The siltstones are 

seen only in the upper part of the Pioneer. North and east of Young, 

where the Pioneer is  thin or missing and the pre-Apache surface is  

virtually planar the conglomerate is  commonly only 6 to 8 feet thick, 

and in places pinches out.

Still another aspect of the Scanlan-Barnes conglomerate is  

worth note because the coarse constituents are not well-rounded or 

sorted. The most accessible.ejqiosure is  9 l /2  m iles due north of 

Young along the north wall of the canyon of Haigler Creek. At this
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locality the older Precambrian quartzites dip 55°-60° ESE, and the upper 

member of the Dripping Spring quartzite that here overlaps these quartz

ites dips about 15° easterly. Where the pre-Apache unconformity is  ex

posed in the roadcut that traverses the canyon wall it is  an irregular 

surface with relief of several feet. Above the unconformity is  a breccia, 

20 feet thick, of angular blocks of the oldter Precambrian quartzite in a 

matrix of medium- to coarse-grained sandstone. Some of these blocks, 

which are as much as 2 feet in diameter, have traveled only a few feet 

from their source, and can be matched back into the irregularities on the 

surface of the older quartzite from which they were plucked. A few hun

dred feet to the west the breccia gives way to a conglomerate of poorly 

rounded boulders, some of which are 2 1/2 to 3 feet in diameter. • West 

of the breccia c lo s u r e  about 600 feet the conglomerate is  40 feet thick. 

The matrix of this conglomerate is  an arkose much like that which com

prises most of the lower member of the Dripping Spring; this arkose, 

which is quite unlike the upper member in texture and bedding, also 

comprises several feet of the section above the conglomerate. Such 

facies of the conglomerate are rare, and to the best of my information 

all are confined to the area of lapout north of the Sierra Ancha. Wilson 

(1939, p. 1151-1152) has described other examples in the vicinity of 

that noted above.

. if other lateral variations exist in the Pioneer elsewhere such 

variations are very difficult to recognize. With the exception of sections
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in the area of lapout in northwest Gila County, medium to coarse sand

stones of the Pioneer formation appear largely at the base of locally 

thick sections. These basal sections can probably be interpreted as 

local accumulations on the topographically low portions of the pre- 

Apache surface.

Where the Pioneer formation is  thin in the several exposures 

along the San Pedro Valley, the lithology is  quite in contrast with that 

of the northwestern area of thinning, in that no coarsening of the basal 

part of the section is  seen. Commonly the Pioneer of these localities 

is  mostly the hard dark-colored particularly quartzose siltstone. The 

Scanlan conglomerate bed is  generally very thin or represented only by 

scattered pebbles in the basal few inches of the formation. Possibly  

such sections represent deposits on a surface that was relatively high 

but of very slight local relief. Alternatively, these could be ordinary 

sections in which the upper part was eroded away prior to deposition of 

the Dripping Spring quartzite.

The contact, described in the next section, between the Pioneer 

and the overlying Dripping Spring quartzite is  everywhere sharp and 

readily distinguished.

Dripping Spring Quartzite

The Dripping Spring formation, except where thinned along the 

lapout area north of the Sierra Ancha or where truncated by later
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unconformities, is  550 to 700 feet thick and everywhere is  characterized 

by two distinctive members of roughly equal thickness. The lower mem

ber, which includes at its base the Barnes conglomerate unit, is  largely

of th in -to  thick-bedded, massive-cropping flesh-colored arkose with
2subordinate units of light-colored feldspathic quartzite . In contrast, 

the upper member is  dominated by thin-bedded and thin-parting dark- 

colored, dense arkosic siltstones, intercalated with minor units of thin- 

bedded fine-grained feldspathic quartzite and arkose. The formation is  

so firmly cemented throughout that the rock fractures across the com

ponent grains. Thus, in the past the composition and textures of the 

various units of the Dripping Spring have been given little heed, and the 

entire formation has been characterized inexactly as quartzite.

From the latitude of Young south as far as the Gila River, the 

Dripping Spring is  generally completely represented. The section de

scribed in table 2 is  probably representative of the Dripping Spring 

throughout this part of the region. Only in a few scattered localities 

between the Gila and Salt Rivers was the upper part of the formation 

stripped away during the intervals of erosion that preceded deposition 

of the Troy quartzite, the Bolsa quartzite or the Martin limestone.

2As used in this report, a quartzese sandstone that includes 
10-25 percent feldspar is  termed feldspathic; one that contains more 
than 25 percent feldspar is  described as an arkose.
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But south of the Gila River, in the area presently encompassed by the 

San Pedro River drainage, small to large parts of the Dripping Spring 

section were eroded prior to deposition of the Bolsa quartzite. Con

sequently complete sections of the formation are rarely remnant south 

of latitude 33° N. Fairly thick and presumably complete sections do 

exist, however, in the Vekol Mountains and adjacent ranges 50 to 60 

m iles south of Phoenix (L. A. Heindl, oral communication, 1959). As 

already noted, the Dripping Spring thins by lapout north of the Sierra 

Ancha so that in at least a few localities the upper member rests direct

ly on the older Precambrian terrane. In texture and composition the 

several stratigraphic units of the formation seem  not to be grossly  

variant except in the immediate vicinity of this northern area of lapout.

Lower member

The basal conglomerate of the formation, the Barnes bed, con

sists  of well-rounded granules, pebbles, and cobbles moderately well 

to very well, cemented in a matrix generally of arkose, but in places of 

feldspathic sandstone. Pebbles and cobbles of light to dark gray, and 

grayish-orange to grayish-red vitreous quartzite are dominant; pebbles 

of quartz and reddish-brown jasper are common, and pebbles of volcanic 

rock (largely rhyolite) can be noted in some outcrops. The gravel con

stituents are largely spheroidal or ellipsoidal in shape, but in some 

localities a large portion are discoidal. The discoid gravels ordinarily
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are not imbricately alined, and where imbrication does exist no partic

ular direction of imbrication has yet been noted. The matrix ranges 

from very fine-grained to very coarse-grained, and is  ill-sorted and 

generally much coarser-grained but otherwise is  quite like the arkose 

of the overlying basal three-quarters of the lower member. Commonly 

lenses of pebble-free arkose exist within the conglomerate.

The Barnes conglomerate varies considerably in character in 

short distances along the outcrop. In places the conglomerate is  rep

resented only by scattered granules and small pebbles in the basal few 

inches of the Dripping Spring arkose; at the other extreme the conglom

erate may consist of closely packed cobbles and be as much as 40 feet 

thick. Along one-half mile of outcrop a range of thicknesses from 2 to 

15 feet is  not uncommon. Generally, the Barnes conglomerate is  5 to 

30 feet thick, and seemingly is  a more persistent unit than the some

what similar Scanlan conglomerate. In a given vertical exposure the 

gravels of the Barnes ordinarily are dominated by a particular size  

range, but this size does not necessarily persist laterally; one outcrop 

may be mostly of large cobbles and an outcrop one-half mile away mostly 

of small pebbles. In some localities where the conglomerate is  thin (1 

to 5 feet) white quartz pebbles comprise most of the gravels; such oc

currences have no great lateral continuity and do not appear to char

acterize any particular area. In short, the variations in composition, 

size, shape, rounding, sorting, and thickness of the gravels appear to
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be no greater regionally than the variations that can be observed in a 

small area.

In the area of lapout north of the Sierra Ancha, as previously 

noted, the basal conglomerate of the Apache group where it directly 

underlies the Dripping Spring may locally be more than 100 feet thick 

and largely of cobble and boulder gravels. Close to the area of lapout, 

where the Barnes is  still underlain by at least thin sections of Pioneer, 

the gravels are not notable coarser nor the conglomerate thicker than 

elsewhere:

The transition from the Barnes conglomerate to the overlying 

non-pebbly arkose is  generally only a few inches thick, but transition 

zones of pebbly arkose several feet thick have been seen in several 

localities. A few feet or even a few tens of feet of the arkose that im

mediately overlies the conglomerate is  ordinarily, however, slightly 

coarser-grained than the rest of the lower member.

The contact between the Barnes bed and the Pioneer is  every

where sharp, but in many places is  slightly undulatory. A few scattered 

instances of slight angular discordance between the Barnes and the Pio

neer, and of channels 1 to 2 feet deep in the top of the Pioneer have been 

seen. Unfortunately, the upper part of the Pioneer is  almost everywhere 

a monotonous sequence of siltstones, commonly poorly exposed, and 

lacking in distinctive marker units; if a regionally angular unconformity 

did mark the top of the Pioneer, it would not be readily recognized. In
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a few places the upper 6 inches to 3 feet of the Pioneer, normally gray

ish to blackish red, is  bleached greenish gray or almost white. No 

fragments of the Pioneer have been observed in the Barnes or in the 

basal arkoses. Only in the northernmost areas of outcrop does the 

arkosic lower member of the Dripping Spring have a purplish cast that 

might be attributed to fines derived from the Pioneer. In general the 

two formations seem conformable. V - ! ^

In view of its obvious lithologic and genetic affinity to the 

Dripping Spring quartzite, and because it is  generally thin and locally 

even absent, the Barnes conglomerate should be regarded simply as the 

basal bed of the Dripping Spring quartzite. As a stratigraphic unit the 

Barnes should be considered a convenient marker bed where present, 

but it should not be afforded formational or member status.

The lower member of the Dripping Spring quartzite is  of re 

sistant, massive-cropping, hard arkose and feldspathic quartzite. The 

lower two-thirds to three-fourths of the member— excluding the 

Barnes— is of pale brown to pale reddish-brown or reddish-orange, 

generally fine- to medium-grained, thinly laminated to thick-bedded, 

firmly cemented arkose, which weathers grayish-orange pink to mod

erate brown. Roughly the upper one-quarter to one-third of the member 

is  of light gray to pale red feldspathic quartzite. In many places small 

pebbles of light gray chert and white quartz are sparsely scattered 

through this quartzite. Although the pebbles are not seen in every
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outcrop, and where seen are not in every bedding unit, scattered peb

bles can be considered characteristic of the quartzite. Outcrops of the 

quartzite tend to be "pock-marked, " owing to the weathering free of 

le ss  firmly cemented aggregates of sand. In texture and bedding the * 

quartzite is  quite like the underlying arkose.

North of the Sierra Ancha, in the area where the formation 

thins by lapout, at least some sections of the lower member are largely 

medium- to coarse-grained arkose, rather than the fine to medium 

textured arkose seen in most sections. Elsewhere no notable lateral 

differences in texture have been seen. Throughout the area of distribu

tion, an individual unit of arkose is  fairly well sorted. That is, at a 

given locality a particular unit of several beds may be mostly of 

medium-grained sandstone; that above or below may be uniformly fine

grained, and little vertical gradation of sand sizes can be seen within a 

unit.

The entire lower member is  comprised of tabular beds which 

individually exhibit cross-stratification. Many of the beds are only 4 

to 6 inches thick, but those that comprise the bulk of the member ex

ceed 4 feet, and in some areas several beds are 12 to 20 feet in thick

ness. The crossbedding is  generally of the straight or concave (tangen

tial) type (see McKee and Weir, 1953), and largely of low to moderate 

angle and small to moderate scale. -The bedding is  only poorly etched

into relief by weathering, and for most outcrops the internal
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cross-stratification is  so inconspicuous that the type and scale are dif

ficult to determine. Nor is  the thin- to thick-bedding conspicuous. In 

most areas 3 to 5 partings of consistent stratigraphic position etch out 

strongly in every exposure of the member; the rest of the bedding part

ings are seen only on close examination. Only rarely are the thinnest 

bedding.units defined by partings. The casual impression of the usual 

exposure of the lower member is  of very thick-bedded tabular units 

with little or no internal structure.

In the rare areas that the lower member has been deeply de

composed bedding partings between the tabular units and the crossbedding 

within these units etches out in striking relief. In several such expo

sures in the northern part of the region and in occasional examples e lse 

where crossbedding of medium to large scales (5 to 40 feet between 

planes of truncation) is  seen in wedge-shaped sets of strata that com

prise the thicker bedding units. The dip of these crossbeds in some 

areas exceeds 20 degrees, but in other places it is  10 degrees or. le ss . 

Perhaps such wedge-shaped sets of crossbeds, particularly those of 

low dip and large scale, are more prevalent regionally than is  now ap

preciated, but the bedding features of the member are generally so 

obscure that such a characterization cannot at present be made with 

confidence.

> Rare channels, a few inches to two feet in depth and a few feet 

wide, exist between bedding units. And, if the most prominent bedding
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planes are exposed in plan view, well-preserved ripple marks may be ; 

abundant in the thin siltstone or silty sandstone seams that occasional

ly mark such inter-bed surfaces. Exposures are rarely adequate, how

ever, for observation of such features.

In general the upper one-half of the lower member crops out 

as a cliff, and the lower half as a steep slope of ledges. In areas of 

extreme relief the entire member, including the Barnes conglomerate, 

may form one cliff. The boundary between the massive lower member 

and the thin-parting upper member is  everywhere sharp; commonly the 

thin-bedded .basal siltstones and arkoses of the upper member erode 

more rapidly leaving a bench, a few feet to a few tens of feet wide, that 

prominently marks that contact between the members.

Upper member

The upper member of the Dripping Spring formation is  strik

ingly different from the lower member in that it is  of thinly stratified 

units, which form thinly and conspicuously parted outcrops. The lower 

two-thirds of the member is  dominantly of dark-colored siltstones, and 

the upper one-third is  dominantly of highly feldspathic fine-grained beds 

that superficially resemble quartzites. Quartzite-like beds are singly 

or in sets interbedded with the portions of the member;that are mostly 

siltstone; similarly thin beds and seams of the dark-colored siltstone 

are numerous in the portions mostly of quartzite-like rock. Thus, the
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siltstones cause the entire member to be relatively dark in color and to 

contrast strongly with the flesh-colored strata of the lower member.

The upper member crops out as a slope broken intermittently along the 

contour by ragged ledges or small cliffs. Thus in topographic expres

sion, also, it contrasts greatly with the massive-cropping lower mem

ber. ■

In many areas, as along the canyon of the Salt River, most 

outcrops of the upper member are lightly coated or even crusted with 

reddish-orange to dark reddish-brown limonite, and from a distance 

the rusty-colored and thinly parted outcrops are readily distinguished 

from those of any other member or formation in the younger Pre- 

cambrian sequence. As a consequence of slight differences in porosity, 

texture, composition, and exposure these coatings impart a surficial 

color banding. Such banding, which parallels the gross bedding features 

but not necessarily the minor features and may be pronounced, has been 

described (Ransome, 1916, p. 138) as typical of the lower member and 

is  generally accepted as characteristic of the entire formation. The 

banding is  only typical of the upper member and is not seen in every 

unit of this member in all areas. Only occasionally is  a somewhat 

comparable thin color striping seen on outcrops of the lower member.

The strata that outcrop and fracture like quartzites are largely 

very fine-grained and subordinately fine-grained, though rare beds of 

medium or even coarse grain do exist. On fresh fracture these
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sandstones are grayish-orange pink to dark yellowish brown. Many 

specimens that appear megascopically to be largely very fine- or fine

grained prove under the microscope to include silt and clay size mate

rial that comprises 30 percent or more of the rock. Only for the coars

er-grained rocks, with minor amounts of fine matrix, can the feldspar 

content of these sandstones be estimated. Most such specimens are 

arkoses with a minimum of 30 to 50 percent of clastic feldspar grains; 

relatively few beds are feldspathic quartzites, with feldspar content ap

proaching that (25 percent) of an arkose. Therefore these strata will 

be referred to collectively as arkoses.

Much of the siltstone, whether fresh or weathered, is  very 

dark in color. In many areas, however, the siltstone weathers deeply 

to light colors— yellowish gray to moderate brown— and with the inter- 

bedded fine-grained arkoses assumes a coarsely porcelaneous texture 

on freshly broken and natural surfaces, so that the two rock types 

cannot be readily distinguished. Some modification, especially of 

color, by weathering persists to depths ranging from a few feet to a 

few tons of feet below the outcrop. Adjacent to fractures, joints or 

other partings the leached siltstones commonly are strongly impreg

nated with a grayish-red limonite stain. Excavations or mine workings 

into several of the bleached and stained outcrops indicate that most of 

the leached strata would prove to be medium to dark gray if they could 

be observed below the zone of weathering.

/
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The siltstones are highly feldspathic and slightly to moderately 

micaceous. As noted by Granger and Raup (1959, p. 425, 439), the 

potassium content of the siltstones is  abnormally high for a clastic sedi

mentary rock. The KgO analyses of specimens from six  widely separat

ed outcrops, of the principal siltstone unit in the lower one-third of the 

member, ranged from 10. 7 to 14. 6 percent KgO, and the average of the 

six  specimens was 12.3 percent. Fine-grained pyrite is abundantly dis

seminated throughout the siltstones, is  the main cause of their dark 

color, and is  the mineral that alters abundantly to limonite. Small 

amounts of carbonaceous material also contribute to the color, and in 

some places thin seams of fine-grained graphite have been noted (see  

Granger and Raup, 1959, p. . 442-443). Pyrite also occurs in much 

lesser amounts in the arkoses, principally along joints, fractures, and 

stylolites.

The siltstones are uraniferous, and locally include sufficient 

uraninite and secondary uranium minerals so that during 1950-56 the 

upper member was intensively prospected for uranium ores, especially 

in northern Gila County. Although the entire member is  abnormally 

radioactive, an appreciable part of the radioactivity is  attributable to 

the high potassium content of the strata, according to Granger and Raup 

(1959, p. 438-439).

Because of the variations in surficial aspects depending on ex- 

posure— for instance, the difficulty,in distinguishing porcelain-like
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siltstone from similar appearing fine-grained arkoses— the tops and 

bottoms of stratigraphic subunits of the upper member are difficult to 

consistently define and precisely correlate from one locality to another. 

Furthermore, the upper member of the Dripping Spring is  one of the 

units of the Apache group pervasively displaced by diabase intrusions, 

so subunits cannot be traced laterally and their original lithology may : 

be obscured by metamorphic effects. Subunits of the member seem 

ingly vary in thickness and are somewhat differently positioned in the 

vertical sequence as viewed in different localities. Obvious gross lith

ologic features and bedding structures, however, do characterize cer

tain groups of beds. Perhaps future detailed stratigraphic studies will 

indicate a widespread consistency in the subunits of the member. At 

present only generalizations can be made. The section described in 

table 2 is  probably representative of at least those sections north of 

the Gila River.

Five gross units are readily recognized in most sections of the 

upper member. The three most conspicuous are an uppermost unit 

dominated by arkose, which comprises the upper one-quarter, to one- 

third of the member, and two relatively thick units of siltstone, which 

comprise much of the lower two-thirds of the member. The two silt

stone units are separated by, and the lower siltstone underlain by units 

dominated by beds of arkose. Both principal siltstone units also include 

thin tabular or sub-tabular beds of arkose or thin sets of such beds.
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The lowest arkose unit comprises the basal 20 to 50 feet of 

most sections. These arkoses are generally very fine-grained and are 

notably micaceous in handspecimen, which is  not necessarily true of 

the higher arkoses, and they have a tendency to weather more to reddish 

hues than do the higher arkoses. Individual strata are thin to very thin, 

commonly separated by thin seams of slightly finer grain, and are thin

ly parted on the outcrop. The basal several feet of the unit commonly 

includes as much siltstone as arkose. Consequently the upper part, 

with fewer siltstone seams, crops as a ragged or hackly fractured 

ledge or small cliff that overhangs or tops the lower part, which forms 

a steep slope that recedes back from the bench that marks the contact 

between the upper and lower members.

Somewhere in the interval 70 to 140 feet above the base of the 

upper member, or about one-third of the way up in the member, the two 

prominent siltstone units are separated by a unit, 10 to 35 feet thick, 

that is  mostly of very fine-grained to medium-grained arkose and feld- 

spathic quartzite. The basal 20 to 40 feet of the upper siltstone unit 

commonly includes many thin interbeds of similar arkose and the top of 

this arkose unit can be particularly difficult to define. These inter- 

bedded siltstones and arkoses and the arkose unit commonly form a 

cliff exposure in the canyons. Away from the canyons the arkose unit 

may form the only ledge exposed in the middle part of the member.

Commonly aggregates of sand selectively weather free of the
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outcrops of the coarser-grained beds of this unit, leaving abundant pits 

ordinarily le ss  than one inch in diameter but in some examples as much 

as four inches across. Such "pock-marks" are also found in other 

sandstones of the upper member, but seem to typify this arkose more 

regularly than any other.

In many areas the two prominent siltstone units are thickly 

littered with flaggy and slabby rubble, but in much of northern Gila 

County both siltstone units crop out as steep smooth dark-colored 

slopes, slightly convex upward, that are virtually free of rock debris 

and vegetation. Apparently, where considerable sulfate is  being re

leased by weathering of the highly pyritic siltstones, vegetation cannot 

flourish. And much of the siltstone exfoliates in small chips that, with 

the coarse debris from the uppermost quartzitic arkose unit, readily 

travel downslope and off the steep siltstone outcrops. Such barren 

slopes seem to be particularly prevalent where a thick diabase sill is  

in proximity to the upper member of the Dripping Spring. In many 

places in northern Gila County, the observer can readily visualize the 

relative positions of the various units of the upper member from dis

tances of 1 to 3 m iles, owing to the conspicuous parallel rock scars 

that mark the two principal siltstone units. In areas farther south, 

particularly at lower elevations where the vegetation seem s to be more 

tolerant and all outcrops tend to support le ss  vegetation, the siltstone 

exposures are not so conspicuous. But they commonly are still crudely
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marked by a relative lack of cover.

Thin-bedded fine- to medium-grained arkose ordinarily dom

inates the upper 100 to 130 feet, or roughly the upper one-third of the 

member. In some places, if the strata have been accurately differen

tiated in the field, as little as 60 feet of the upper part of the member 

is  arkose. Freshly broken surfaces of this rock range from grayish- 

orange pink to light brownish gray or pale yellowish brown, and the 

rock weathers to rusty yellowish brown colors rather than the dusky 

red hues of the lowest arkose unit. Thus in hand specimen or from a 

distance this upper unit is  lighter in color than the other arkose units 

of the member. Generally the lower 50 feet of the unit includes beds 

of slightly coarser grain, contains fewer siltstone layers, and is  

thicker bedded and le ss  feldspathic than the remainder of the unit. In 

many localities the upper 5 to 30 feet of the unit includes numerous 

siltstone layers or is  mostly of siltstone. The lower one-half of the 

unit commonly is  a cliff-former or crops as a very steep slope of 

ledges; the upper half crops as thin ledges on a moderate to very 

steep slope. Where this arkose is exposed in the bottom of a canyon, 

ordinarily the entire unit is  a cliff-former.

The siltstones and arkoses are stratified and cross-stratified  

in thin tabular beds and irregularly pinching and swelling beds, which 

range from a fraction of an inch to 3 feet in thickness. Thin laminae 

are characteristic (fig. 7). The arkoses are somewhat thicker bedded



FIGURE 7

TYPICAL LAMINATION AND IRREGULAR BEDDING IN 
UPPER MEMBER OF DRIPPING SPRING QUARTZITE

Siltstone of unit 8, table 2. Photograph by C. T. 

Wrucke.
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than the siltstones, and those beds that comprise the lower 50 feet of the 

upper arkose unit are generally the thickest-bedded of all. Mud cracks 

and ripple marks may be observed sparsely in one locality but abundant

ly in the same stratigraphic section nearby. These features and stylo- 

lites are particularly abundant in but are not restricted to the silt-  

stones. The stylolites commonly have an amplitude of le ss  than 1/4  

inch, but amplitudes exceeding 1 inch have been noted. Many seen in 

unleached siltstone are filled with pyrite and some include carbonaceous 

material. Those in the leached rock invariably are loci for abundant 

limonite. Large channels, which cut through the siltstones and any in

cluded arkoses and are filled with sim ilarly interbedded siltstones and 

quartzites, have been noted in a few localities north of the Salt River, 

but are rare. Those seen by the writer, in the lower siltstone unit and 

in the arkose unit that separates the two siltstone units, range from 20 

to 30 feet in depth and 200 to 250 feet in width. Granger and Raup (1959, 

p. 424) have noted a channel ”about 50 feet deep and 700 feet wide at 

the outcrop,11 which apparently cuts into the lower member.

Additionally the lower siltstone unit exhibits small scoured 

channels, which are filled with silty to fine-grained arkose. These 

scour-and-fill structures, described briefly by Granger and Raup (1959, 

p. 437-438 and fig. 55), are particularly striking where exposed in 

cross sections (fig. 8). Such filled channels seemingly are rare in one 

section but very abundant in a stratigraphically equivalent section not



FIGURE 8

SCOUR-AND-FILL STRUCTURES AND COMPACTION 
FEATURES IN SILTSTONES OF THE UPPER 

MEMBER OF THE DRIPPING SPRING 
QUARTZITE

Canyon of Cherry Creek in N E -l/4  sec. 10, T. 7 N. 

R. 14 E. (unsurveyed).
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far distant. Because the scour-and-fill phenomena are unusual in their 

trends and distribution, and therefore their possible genetic implica

tions, they warrant particular note.

Cross sections of the channel fills  range from about 1 inch to 

as much as 8 feet in width; most range from 6 inches to 2-1/2  feet in 

width. The depth of many of the smaller channels is  roughly the same 

as the width, but the depths of the larger channels are commonly one- 

third to three-quarters of the width, and some of the wider fills  are 

even lenticular or plate-like in cross section rather than crudely el

liptical. Figure 8 illustrates a variety of the cross-sectional forms 

displayed by the fills, and a typical range of sizes in a given outcrop.

The scour-and-fill features ordinarily are not well exposed in 

longitudinal section in the same outcrop that exposes cross sections. 

Therefore the ratio of lengths to diameters of the fills, which are 

crudely cigar-shaped, is  not well documented. From two different 

localities, for several "cigars" ranging from 6 inches to 2-1/2  feet in 

diameter the lengths of the fills were determined as 20 to 30 times their 

widths.

A unique feature of the cigar-like fills is  consistent near

parallel alinement, areally and stratigraphically. The fills of a given 

outcrop commonly show a variation in axial trends of only 10° to 15°, 

and throughout a large area they exhibit a range of trends only slightly 

greater. For example, in the McFadden Peak quadrangle, an area of
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about 250 square miles, the axial trends fall within the range N. 5° E. - 

N. 25° E. At the latitude of Globe the axes measured were of N. 15°

W. -N. 10° E. trend; wherever seen throughout the region all were of 

northerly direction.

The lower surfaces of the fills are mostly rounded and trough

like in cross section; the upper surfaces arch gently upward or are 

almost flat. The fillings are invariably lighter colored and slightly 

coarser-grained than the siltstones in which the scours were eroded.

The dense arkose that fills  the scours may not show perceptible bedding, 

but if seen the stratification of these cores is  undisturbed, horizontal 

and finely laminated. The siltstones surrounding the cores show marked 

compaction phenomena. The host strata along the lower sides of a fill 

are truncated; additionally they commonly warp abruptly downward 

where they terminate against the core material (fig. 8). In many ex

amples the thinly laminated host siltstones are so intricately folded 

where they impinge against the cores that details of the minute folds 

are difficult to trace. The siltstone strata arch gently over the cores 

and are not truncated against them. The effects of compaction com

monly persist, through the laminated or thinly bedded siltstones, for 

distances of several inches or even a few feet above and below the fills. 

Secondary shaly partings, developed abundantly in weathered exposures 

of the siltstones, emphasize the draping effects of compaction.

In the fraction of an inch of siltstone that is  arched immediately
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over many of the sandstone cores shrinkage cracks commonly exist in 

abundance. These mud crack-like features are somewhat irregular in 

outline, but grossly all are crudely alined normal to the axis of the 

cores. Possibly these shrinkage cracks also are partially or wholly 

effects of compaction."

Where the scour-and-fill features are particularly abundant 

the "cigars" commonly impinge one on another. An earlier deposited 

fill was partly scoured away before the deposition of a parallel second 

core, and both of these may have been modified in the formation of a 

third core. Invariably, such multiple cores are separated by thin 

seams of siltstone. Several examples of multiple cores exist in the 

view shown in figure 8, but the intervening siltstone seams are not suf

ficiently weathered out so that the individual cores can be readily seen 

in the photograph. In some beds, also, separate fills  may be joined 

along the bedding by thin tabular units of sandstone. The bottom of 

such connecting sandstone units is  commonly undulant in cross section 

(see fill at bottom of pick handle, fig. 8).

In longitudinal section the scour-and-fill features are incon

spicuous, as is  shown in figure 9. In fact, unless outcrops are ex

amined closely and the cores identified and traced laterally, these 

features commonly will be overlooked. As a prominent joint set in the 

upper member ordinarily parallels the "cigars," longitudinal sections 

are more commonly exposed by erosion than cross sections. Therefore,



FIGURE 9

SCOUR-AND-FILL STRUCTURES OF DRIPPING SPRING 
QUARTZITE VIEWED IN LONGITUDINAL SECTION

Both ends of pick are against scour fills. Same 

locality as figure 8.
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the scour-and-fill features ordinarily are not noted in the abundance that 

they exist. Many examples of apparent undulant bedding, such as that 

depicted in figure 7, are actually exposures of outcrops along a vertical 

face that is  neither normal nor parallel to the trend of the scour-and- 

fill structures. All irregular bedding cannot be ascribed, however, to 

such features..

The scour-and-fill structures commonly exist through strati

graphic intervals of 20 to 100 feet, and may characterize the entire 

lower siltstone unit. They have not been noted in the upper siltstone 

unit. They have been seen as far south as the latitude of Superior. I 

have not given particular heed to this part of the section farther south, 

and other geologists have not reported them. Very likely the scour- 

and-fill structures do exist much farther south, but whether they exist 

throughout the region of outcrop of the Dripping Spring remains to be 

determined.

The thin-bedded strata of the upper part of the Dripping Spring 

quartzite have usually been regarded as gradational into the basal lime

stones of the overlying Mescal formation. As will be shown in the next 

section, however, the contact between the Dripping Spring and the 

Mescal is  everywhere sharp and represents an erosional unconformity.
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Mescal Limestone

The Mescal limestone, as herein redefined and described, in

cludes several features and variations that have not previously been 

considered integral aspects of the formation. The Mescal was de

scribed by Ransome (1919, p. 42-43) as "composed of thin beds that 

have a varied range of color but are persistently cherty. The siliceous 

segregations as a rule form irregular layers parallel with the bedding 

planes, and on weathered surfaces these layers stand out in relief and 

give the limestone the rough, gnarled banding that is  its most char

acteristic feature." He further described the formation as including 

limestones and dolomitic limestones with or without chert. Darton 

(1932) indicated that the formation includes "a large amount of algal 

material, " and Wilson (1928, p. 30) noted that "the upper portion of 

most sections***contains a massive, algal member***that is  an im

portant horizon m arker." In most descriptions, however, the forma

tion has been typified as a hard, thin-bedded, cherty, dolomitic lim e

stone, paraphrasing Ransome* s early descriptions.

The Mescal limestone is  divisible into three readily distin

guished members: a thin- to thick-bedded lower carbonate member 

(150-270 feet thick); a stromatolite-bearing, in part massive-cropping 

middle member (40-130 feet thick); and a siliceous argillite upper 

member as much as 100 feet thick. In many areas south of the Gila
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River, the Mescal formation is  entirely missing owing to destruction 

during one or more of the erosional episodes that resulted in the un

conformities that bound overlying formations of Precambrian of 

Paleozoic age. The middle and lower members persist wherever the 

Mescal is  remnant, though a part of the middle member is commonly 

missing owing to pre-Troy erosion. The upper member is  apparently 

absent everywhere south of the latitude of Roosevelt Dam.

The carbonate members of the Mescal are comprised, in dif

ferent areas, of three distinctly different lithologies, two of which re

flect modifying geologic processes after the carbonate rocks wereTithi- 

fied. The original carbonate units were cherty dolomites, which are 

now very subordinate in quantity in most areas. Next, as a consequence 

of deep leaching before and during the time of deposition of the Troy 

sandstones, the dolomitic members were completely silicified in some 

areas and at least in slight degree rendered more siliceous throughout 

the region of present outcrops. The last— excepting surficial weather

ing phenomena of late Cenozoic tim e— and regionally most pervasive 

modification is  the metamorphic effect caused by emanations from dia

base sills , which inflated the Mescal almost everywhere. This meta

morphism, the last Precambrian ev«it recorded in the rocks, caused 

the sections of cherty dolomite and dolomitic sections only partially 

silicified to be converted to sections wholly or almost wholly of silicate

bearing calcite limestone. Bedding characteristics were in part
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obscured by the metamorphism. Therefore the metamorphosed carbon

ate sections are of different aspect than the unmetamorphosed sections, 

and are described separately in the following pages.

Few extensive outcrops of cherty dolomites are known. Un- 
, . : , • . . 

metamorphosed Mescal occurs through an area of about 30 square m iles

that extends north and west from Sombrero Butte along the east side of

Cherry Creek (see McFadden Peak quadrangle for location). Much
' - • . ■ ■■ ■' • . ' : ' •

smaller areas of cherty dolomite exist in the vicinity of Bull Canyon at 

the south end of the Sierra Ancha (McFadden quadrangle), immediately 

north of McFadden Peak in the central part of the Sierra Ancha, along 

the upper reaches of Haigler Creek 10 m iles north of Young, in the 

vicinity of Roosevelt Dam, and in a narrow belt that extends about 12 

m iles southeast from U. S. Highway 60 along the south rim of the 

Natanes Plateau. The following descriptions are drawn largely from 

these examples. Farther south only a few very small areas of unmeta

morphosed cherty dolomite have been recognized. Those known to the 

writer are on the southeast flank of the Apache Mountains, at widely 

scattered localities in the Mescal Mountains, and along the east flank 

of the Vekol Mountains. Ransome's descriptions and map of the Dripping 

Spring Mountains suggest that a few scattered outcrops may exist in that 

range. Most other exposures of the Mescal are partly or entirely of 

metamorphic limestones— ordinarily the latter.



70

Stratigraphy of unmetamorphosed sections

The sequence of units shown in table 3 is  quite representative 

of the sequence as seen regionally. The lower member of this particu

lar section is  possibly the thickest, however, of any section seen to 

date. The middle member of table 3 is  somewhat thicker than in the 

average section, but thicker sections exist. The section is  further 

atypical in that it was measured in one of the three small areas where 

a basalt flow separates the middle and upper members of the Mescal.

Lower member ; ' ; •

The lower member of the Mescal, where not metamorphosed, 

is  composed of dolomite; most, but not all, beds of this member include 

sparse to abundant chert as thin, irregular, discontinuous bands that 

parallel bedding. The dolomite is  dense to fine-grained and ranges 

from yellowish brown through pale red to grayish red; brownish hues 

dominate most sections, but some are mostly of reddish dolomite. The 

chert ranges from white to black in color; that most abundant is  light to 

medium gray: In general the dark hues of chert are in the lower half of 

the member; upward in the lower and middle members the chert general

ly is  light in color and more massive, and may occur in relatively thick, 

irregular bands, nodules or lenticular aggregates of nodules that only 

grossly mark bedding. The dark-colored chert is  that formed
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contemporaneously or nearly contemporaneously with the deposition of 

dolomite; much of the light-colored chert is  that formed contemporane

ously with the development of karst topography and other features of 

leaching. The chert etches out of the dolomite on weathering resulting, 

as others have noted previously, in a very rough irregular banding of 

outcrops. Throughout the region individual units of the lower member 

are distinctive in distribution and habit of included chert and in bedding 

features, so that the stratigraphic position of a given outcrop can be 

determined within narrow lim its.

According to Ransome (1916, p. 138) in the upper part of the 

Dripping Spring quartzite ’’the beds become thin, flaggy, and rusty, 

with a tendency to grade into the Mescal lim estone." Generally, the 

boundary between the formations has been accepted as gradational, and 

some indecision has existed as to the stratigraphic horizon that should 

be used as a cartographic boundary between the formations. Actually 

the two formations are separated, for all practical purposes every

where, by a distinctive sandstone unit. Furthermore, the base of this 

sandstone unit marks an unconformity, and the sandstone is  genetically 

a part of the Mescal formation.

This basal sandstone probably averages 5 to 6 feet in thickness; 

in a few places it is  only a few inches thick or does not exist, in others 

it is  as much as 15 feet thick. The sandstone is  ill-sorted; it is  gen

erally medium-grained, but coarse to very coarse, well-rounded grains
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of clear vitreous quartz and smoky opalescent chert are characteristic 

as abundant individual grains and irregular aggregates. In places the 

sandstone is  thinly crossbedded, in other places slump structures are 

, common, and in still other areas the unit is  massive and essentially 

structureless. The composition varies! Ordinarily the unit is  a 

moderately well cemented arkose, but in places it is  a hard quartzite 

virtually free of feldspar. The sandstone is  slightly dolomitic— or 

calcitic, if metamorphosed adjacent to diabase. Reddish-brown limonite 

abundantly mottles and veins the outcrops of arkose.

The contacts between this sandstone and the overlying and 

underlying units are both sharp. In many places, but only along short 

lateral intervals, the sandstone overlies a breccia, 6 to 30 inches thick, 

of angular chips of siltstone or quartzitic arkose, obviously derived 

from the uppermost beds of the Dripping Spring formation after it was 

lithified. This breccia has a matrix of dolomitic sandstone. Rarely 

angular fragments from the Dripping Spring are found in the sandstone 

overlying the erosional unconformity or even in the dolomite that over- 

lie s  the sandstone.

The large distinctive grains of quartz and chert, the carbon

ate content and poor sorting cause the separating sandstone to be quite 

different from any unit in the Dripping Spring. These features, the 

breccia that locally marks its base, and the feldspathic material that 

represents— at least in part— eroded and redeposited material from
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the Dripping Spring indicate that the sandstone unit should be considered 

the genetic equivalent of a basal conglomerate of the Mescal limestone.

Almost everywhere the poorly sorted sandstone unit crops out 

as a massive, rounded ledge, which conspicuously separates the Dripping 

Spring and Mescal formations. Where the sandstone is  thin, as along 

much of the canyon of Salt River east of Canyon Creek, the unit may 

not be readily recognized.due to a cover of debris shed from overlying 

units. Because the unit is  everywhere thin and crops as a ledge, as a 

practical matter, no appreciable cartographic error is  made if the base 

of the overlying carbonate unit is  mapped as the contact between forma

tions.

Immediately above the basal sandstone of the Mescal is a 

breccia of dolomite, which is  generally 15 to 40 feet thick but may be 

thinner or much thicker. Typically this unit is  comprised of cherty 

dolomite blocks, ranging in dimensions from small chips to slabs 5 by 

10 by 20 feet, in a structureless matrix of pale red or grayish-red to 

grayish-orange silty dolomite. The blocks are grossly similar to the 

cherty dolomites of the next higher unit. And in areas where the 

breccia unit is  thick, certain slabs can be correlated— by peculiarities 

of the individual chert bands, or the sequence of banding or bedding 

features— with flat-lying beds that overlie a thin unit of the breccia in 

adjacent areas. In fact, in places along the upper margins of the 

breccia some slabs, surrounded by typical matrix material, are



74

separated only a few inches from their original bedding position. The 

blocks, in which the bedding may be approximately horizontal or in 

diverse orientations up to vertical, may be sparsely distributed in the 

matrix or closely spaced with comparatively little matrix. Small frag

ments are most abundant in the basal part of the breccia, and the matrix 

material may comprise a large part of this portion of the breccia. Very 

large blocks may be found anywhere in the breccia, but generally are 

most numerous near the top. No voids exist in the breccia. The matrix 

of the basal few feet of the unit commonly includes abundant coarse 

grains of quartz and chert like those that characterize the basal sand

stone; and in many places such grains are sparsely distributed through 

the matrix of the greater part of the breccia.

The breccia ordinarily weathers to a smooth relatively gentle 

slope; the fragments and blocks of dolomite do not etch into relief and 

are distinguished from the matrix only on careful observation. Further

more the slopes collect much debris. Because of poor exposures and 

because weathering tends to obscure rather than define the breccia, but 

does emphasize the silty and sandy nature of the matrix, in most ex

posures the breccia would be identified as a dolomitic mudstone. CM 

metamorphism the sedimentary structures in the breccia blocks were 

partially obliterated, and the quartz grains and chert were partly or 

completely converted to silicate minerals. Unless excellent exposures 

exist, this material also would be identified in the field as a
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metamorphosed mudstone. Everywhere, .good exposures on cliffs or in 

fresh cuts through the unit, whether it is  metamorphosed or not, belie 

this identification and reveal the breccia characteristics. The origin of 

this breccia will be considered after some features of the next two dis

tinctive stratigraphic units are described.

In the canyon of the Salt River, between the mouth of Canyon 

Creek and U. S. Highway 60, the breccia is thin or missing, and in the 

one basal section seen by the writer in the Vekol Mountains there is no 

breccia; Everywhere else, if this part of the section has been afforded 

careful attention, the breccia has been recognized. In and near the 

Sierra Ancha it is  about 100 feet thick in a few places. The overlying 

cherty dolomite unit is  relatively thin where the breccia is  thick, and 

vice.versa. Data collected to the present, however, are inadequate to 

generalize that the thicknesses of the two units are strictly in inverse 

proportions. In the McFadden Peak quadrangle these two units com

prise roughly the lower one-fourth of the lower member.

The breccia is  transitional upward, by less  brecciation and 

le ss  diversity in orientation of the blocks, into flat-bedded, m assive- 

cropping, thin- to thick-bedded (1-5 feet) pale brown, or pale red to 

grayish-red dolomite that includes abundant chert, which usually is  

dark colored ., Very irregular layers of brownish-gray to black chert 

are l/2 0  inch to 4 inches thick and appear, in the prominently etched 

outcrops, to comprise 20 to .60 percent of each bed. In most places



76

this very cherty dolomite crops out as a slope; in steep - walled canyons 

the unit commonly forms cliffs.

The next overlying unit is  of thin to thick (1-6 feet) beds of 

dolomite that alternate with beds of cherty dolomite of comparable 

thicknesses. Some beds include appreciable chert only through the 

upper one-third to one-half of their thicknesses. The cherty beds are 

much like those lower in the section. In unmetamorphosed sections 

this 20- to 30-foot thick group of beds is  a striking marker due to the 

alternation of cherty and chert-free beds. The abundance and distribu

tion of silicate minerals in some metamorphosed sections suggest that 

locally most of the beds included chert, and that such an alternation of 

beds may not be typical of all sections. This unit ordinarily occurs 

within the interval 50-85 feet above the base of the Mescal.

The unit last described, and the cherty dolomite unit that inter

venes between it and the dolomite breccia locally exhibit slump features 

or slight brecciation. • Bedding laminae may be slightly distorted or 

actually disrupted, and bedding details are "blurred" or vague, as though 

slumping occurred before the carbonate mud was completely lithified.

In other outcrops breccia fragments have sharp outlines but, unlike the 

basal breccia, are in a matrix of dolomite indistinguishable from that of 

the fragments. One of the commonest manifestations of such disruption 

is  seen in the dark chert bands, which appear to be pulled apart as 

angular blocks and the narrow spaces between the blocks filled with
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dolomite. The resulting band of chert is  actually a train of small angular 

blocks that parallels the bedding. In many instances the blocks are only 

slightly or not perceptibly reoriented.

Commonly the slump and minor breccia features are confined 

to one bed and are not necessarily found in the beds immediately above 

or below, though at a locality not far away the adjacent beds may include 

similar features. Furthermore, in.a few areas where the unit of alter

nating cherty dolomites and chert-free dolomites exhibits numerous ex

amples of slumping and brecciation, the top of each disrupted bed is  

marked locally by an intraformational conglomerate, a few inches thick, 

of subangular granules or small pebbles of chert similar to that in under

lying beds. The sharp edges of these chert gravels generally are only 

slightly rounded by abrasion. Pebbles of dolomite, which are rarely 

seen, ordinarily are well-rounded but of poor sphericity. In some ex

amples in which the chert fragments show no abrasion, it can be rec

ognized that they were derived from the bed on which they lie, indicating 

that the chert bands existed in the underlying bed befor e the next bed of 

cherty carbonate was deposited. Furthermore, the excellent preserva

tion of delicate bedding details in the beds and in the reworked dolomite 

sand matrix of the conglomerates suggests that the beds initially, or 

almost initially, were comprised of dolomite." If the beds had been laid 

down as limestones, which were dolomitized and recrystallized at a still 

later time, the details of original bedding probably would have been
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obscured.

The lenses of Intraformational conglomerate have been noted 

only in a few localities in northern Gila County, but where they are con

spicuous the beds of the interval 30-50 feet below exhibit numerous—  

though perhaps widely spaced— examples of local slumping or breccia- 

tion. Thus there is  some suggestion that the cherty dolomite beds de

scribed to this point, immediately after lithification or perhaps in part 

during lithification, slumped in varying degrees. But, because the sea  

floor on which the carbonate muds were being deposited was above cur

rent or wave base, any irregularities produced by this settling were 

smoothed out by truncation of the last deposited bed or beds, and the 

eroded materials were redeposited as lenses of chert gravels in a 

clastic dolomite matrix.

Because certain peculiar features of some of the dark colored 

cherts provide additional information on the environment of sedimenta

tion, and because they suggest an interpretation of the above described 

slump features and the odd basal breccia of the Mescal, I digress here 

to consider the significance of these features.

Many of the layers of dark gray to black chert, in the strati

graphic units described to this point, include innumerable molds and 

casts that can be reasonably interpreted as pseudomorphs of halite 

(common salt) crystals. In most of the cherts the molds are equidimen

sional pits, 1 to 5 millimeters across, so rounded in outline that the
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cubic forms of halite crystals cannot readily be distinguished. Or the 

■cubic outlines are distorted and could be visualized as almost rhombic. 

Such pits, ordinarily filled with brown dolomite, are sparse in some 

chert layers and constitute more than half the volume of other layers.

On weathered outcrops, in which the fillings have been leached out, the 

highly pitted chert bands are suggestive of vesicular basalt. Such dis

tinctive chert layers characterize the lower one-third of the lower mem

ber everywhere. Although most of the pits do not show outlines diag

nostic of an original halite filling, on careful search cubic outlines can 

be found in most chert layers, and in some areas some of the cherts 

copiously exhibit cubic molds. More diagnostic, however, are larger 

sharply outlined molds and casts, which typify fewer chert layers but 

can be seen in almost every well-exposed section. These molds and 

casts, which range from 5 m illimeters to 30 m illimeters in diameter, 

have the hopper-shaped skeletal forms typical of halite crystals in many 

salt deposits (see, for descriptions, Shrock, 1948, p. 146-148; Dellwig, 

1955, p. 89-95; Brooks, 1955). , Early-formed dolomite is commonly 

associated with evaporite deposits, therefore the recognition of salt 

crystals reinforces the premise that the dolomites are essentially pri

mary. --

In all features the basal dolomite.breccia of the Mescal suggests 

the collapse of consolidated and almost consolidated cherty dolomite 

beds into a mud or mush-like material that once underlay them. Or



80

visualized another way, owing to a lack of support from below a natural 

sloping action occurred; as this stoping progressed upward, slabs and 

blocks of relatively competent strata were dropped into a matrix so in

competent that it flowed readily to fill all voids. A soft mud-like base, 

mostly of dolomite, that would persist in unconsolidated form while 

higher dolomite strata were lithified then loaded by still higher strata 

to cause collapse, is  difficult to conceive. Moreover, the intraforma- 

tional conglomerates not far above the breccia indicate that the breccia- 

tion took place while carbonate muds were still depositing and before a 

great thickness had accumulated. And the distribution of the lesser local 

slump and brecciation features in relation to the intraformational con

glomerates of that part of the section indicate that like collapse occurred 

bed by bed as the strata accumulated. By like tokens, the breccia did 

not form after the entire dolomite section was deposited, lithified, up

lifted, and then exposed to the leaching process that will be described 

on later pages. The variable thickness of the basal breccia and the 

lesser  degrees of reorientation and movement of the slabs and blocks 

in the highest parts of the breccia negates the possibility that the 

breccia is of sedimentary origin. The breccia is  a stratigraphic entity 

throughout an area of at least 4,000 square m iles. As such it is  not 

likely a tectonic breccia, because no traces of related tectonic struc

tures are seen in beds higher and lower in the Apache sequence.

The occurrence of halite and its stratigraphic distribution
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suggests an explanation for the breccia and the slump features. The 

pseudomorphs of halite are particularly abundant in the cherts of the 

blocks and slabs in the breccia and in the cherty dolomite that over- 

lies  the breccia in most places. Fewer of the chert layers in the unit _ 

of alternating beds of dolomite and cherty dolomite include casts and 

molds, and only an occasional chert layer in still higher beds shows 

these pseudomorphs; The breccia and slump structures are distributed 

in a somewhat similar pattern. Slump features, like those noted higher 

in the section, are common in the larger blocks of the basal breccia, 

and where the breccia unit is  thin are even more striking in contorted 

strata that are lateral equivalents of the breccia. Fifty to one hundred 

feet up in the section contorted strata are not as abundant, and healed

fractures are the more common minor structural features. The basalo
breccia,* in typical 15- to 40-foot thicknesses, is, mainly confined to the 

interval in which,halite was especially abundant. In its thickest expres

sion of about 100 feet, the breccia includes blocks from the unit of 

alternating dolomite and cherty dolomite, which was probably deposited 

in a le ss  saline environment than the underlying units. It is  here postu

lated that the basal few tens of feet of the carbonate section once in

cluded a much greater amount— and perhaps variety— of evaporite salts 

than is  now apparent. With the freshening of the sea waters as higher 

strata were deposited, these salts were largely leached away, leaving 

a carbonate mush into which the higher strata collapsed. In most places
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only a few tens of feet of the overlying strata were broken, but in some 

places at least 100 feet of the section was brecciated. The minor slump 

features noted in the highest units described to this point were formed 

at different times, because slumping that affected one bed did not neces

sarily affect the next bed higher, which also may exhibit slump features. 

As these strata accumulated the sea waters were probably alternately 

highly saline and less  saline. Whether the main breccia was formed 

as a consequence of recurrent leaching is  not known. In any case, the 

unit to be described next was not affected by slumping, and it is  likely 

that the basal breccia had formed by the time the deposition of the lower 

part of this next higher unit was complete.

The fourth distinctive stratigraphic unit crops as a cliff, 

topographically the most prominent outcrop of the lower member—  

where it is  not metamorphosed— and comprises most of the middle 

one-third of the member. The basal 15- to 25-foot part of the cliff 

former is  of dense, virtually structureless, clayey dolomite, which 

may crop as ledges but as a rule is covered by debris from the cliff. 

Except for detrital granules and small pebbles, this dolomite is  free of 

chert. The cliff portion generally is  comprised, of thin beds, but in

cludes beds as much as 5 feet thick. These beds are alternately of 

very cherty dolomite (chert as much as 80 percent) and of moderately 

cherty dolomite (chert 10 to 25 percent). On weathering the chert is  

particularly emphasized, and most of it etches out as wispy or
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coalescing, irregular and highly porous bands, many of which are less  

than 1/4 inch thick. A surface coating of black oxides is  characteristic 

of these weathered cherts.

Although the early formed chert, which is  mostly dark colored, 

does exist in higher carbonate units of the Mescal, this is  generally the 

highest unit in which it is  the prevalent chert. This also is  the highest 

unit in which pseudomorphs of halite crystals have been seen. The 

chert of still higher units is  generally light gray to brownish gray and 

exists in considerably different amounts in different sections, so that 

the dolomites of the upper one-third of the member are difficult to 

typify as to chert content. As will be shown, this lighter colored chert 

is  largely of secondary origin. Except where the entire Mescal section 

has been subjected to later silification such chert is  not common in the 

lower two-thirds of the member.

Next above the cliff-forming, cherty dolomites is  a unit com

posed of 1- to 5-foot beds of dolomite with occasional interbeds that 

include chert. This unit, 50 to 70 feet in thickness, crops as prominent 

ledges on a slope. It differs from the lower two-thirds of the member 

in that the dolomite tends to be in light hues of brown, rather than dark 

shades of brown or red, and the chert is  mostly light gray and weathers 

whitish. Exceptions to these generalizations are known. Chert gen

erally is  in relatively small amounts in the lower one-third or one-half 

of the unit, but in some localities is  very abundant in the upper part.
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Typically, chert makes up the tops of the beds. Laterally the chert con

tent varies greatly. In places only the uppermost few inches of a few 

beds are cherty; in other places all beds of at least the upper half of the 

unit include chert, and two or three thin layers of chert may coalesce 

laterally to one zone of chert as much as 10 feet thick. Such lateral 

variation may, in extreme examples, occur in a distance of a few 

hundred feet. Chert nodules, ranging from a fraction of an inch to 3 

feet in longest dimension, are abundant in some of the most cherty 

sections. ’ •

Lenses of sandstone, which parallel or are discordant to ■ 

bedding, are rare in the Mescal section but exist in greater abundance 

in this unit than in any other. These lenses, their origin and spatial 

relations to concentrations of chert are considered further in a later 

section of this report. v

The uppermost group of beds, a unit 20  to 30 feet thick, is  

very like the group just described except that it is  thin-bedded and 

slabby partings are prominent in the slope-forming outcrops. The 

light colored chert layers range from paper-thin laminae to layers 6 

inches thick. Compared with other units of the lower member, chert 

ordinarily comprises little of the volume of this unit.

Although the beds of upper two units of the member are lateral

ly variable in lithology, largely as a result of late silicification, the 

sequence of beds is  remarkably uniform from the Vekol Mountains to
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the Mogollon Rim. • ' ■"

, The contact between the middle and lower members, except 

where both members are remnant as karst breccias, is  everywhere 

sharp and easily determined. The dolomites below the contact are 

flat-bedded and are thin beds with a slabby parting; those immediately 

above include relicts of algae colonies and form massive outcrops.

Algal member

The middle or algal member, in most areas 50 to 100 feet 

thick, consists, of two units: a lower, thick-bedded, cliff-forming unit 

characterized by fossil forms (stromatolites) relict of the gross out

lines of colonies of algae, and an upper, slope-forming, thin-bedded 

unit largely devoid of algaloid structures. The algal structures grade 

out upward in the basal 10 feet of the upper group of beds. The algal 

colonies are not in mounded or true reef like m asses (bioherms), but 

are in a regularly bedded blanket-like deposit known as a biostrome 

(Cumings, 1932; Link, 1950). North of the latitude of Globe the 

biostrome is  fairly uniformly 50 to 60 feet thick, and generally com

prises the lower one-half to two-thirds of the member. Farther south 

like thicknesses probably exist, but in many places the biostrome is  

only 30 to 35 feet thick. Throughout the region the upper unit is locally 

only a few feet thick or is  missing, owing to one of the episodes of 

erosion that preceded the deposition of the Troy quartzite.
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j Where not metamorphosed the middle member is  composed of 

grayish-red to yellowish-brown dolomites; the brown dolomites weather 

brownish to yellowish gray. Light gray to gray chert, in many places 

tinted by minute flecks of red hematite, occurs— generally sparsely—  

throughout the member. In each unit the chert content increases up

ward. In the massive biostrome small, irregular lenses of chert, a 

fraction of an inch to a few inches in thickness, are typical. Toward 

the top of the upper unit closely spaced chert nodules may locally com

prise zones 1 to 4 feet in thickness, and in most localities the top few 

inches to few feet of the member is  almost completely silicified. The 

contact with overlying rock units is  everywhere sharp.

From the Salt River south as far as Globe bedding planes 

within the massive lower unit are rarely less  than 6 feet apart. In 

other areas, bedding planes are from 6 inches to 6 feet apart, and 

typically are at intervals of about 4 feet. The beds are thinnest toward 

the top of the algal unit.

Fossil forms such as those characteristic of the lower part 

of the member preferably should be termed ’’stromatolites, " rather 

than "fossil algae” (Rezak, 1957). Stromatolites are present through

out the basal unit of the middle member of the Mescal, and exist 

laterally wherever this part of the section was not eroded prior to 

deposition of younger rock units. In plan the structures appear as 

flattened hemispheres or inverted saucer-like disks outlined by
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concentric laminae. The "saucers" are 2 to 30 inches in diameter. 

Figure 10A shows a typical grouping, in plan, of the individual colonies. 

In cross section the laminae, marked by chert or silt, etch out prom

inently on weathering as flattened "sine waves" (fig. 10B). The ampli

tude of the "waves” ranges from l /4  inch to 5 inches. Ordinarily the 

structures are 5 to 10 inches in diameter and 1 to 1-1/2 inches in 

amplitude, and in any given outcrop are fairly uniform in dimensions. 

Richard Rezak (oral communication, April 19, 1956) of the Geological 

Survey has identified these forms as Collenia frequens Walcott, and 

has noted (Rezak, 1957, p. 133, 136-140) that they are common

stromatolites in the younger Precambrian Belt series of northwestern
■ - - • ‘ '■ -

Montana.

Upper member

Through much of northern Gila County an upper member, com

prised mostly of argillite and subordinately of fine-grained mudstone, 

unconformably overlies the middle member of the Mescal. South of the 

latitude of Roosevelt Dam this member apparently is  everywhere missing 

owing to erosion prior to deposition of the Troy quartzite (see fig. 3 for 

area of outcrop). Farther north to about the 34th Parallel, though 

locally missing for the same reason, the member ordinarily ranges 

from 25 to 100 feet in thickness; a thickness of 50 to 80 feet is typical 

for large areas. In three small areas remnants of basalt flows, like



FIGURE 10

STRUCTURES TYPICAL OF THE STROMATOLITE BEDS 
OF THE MIDDLE MEMBER OF THE MESCAL 

LIMESTONE

Stromatolites Identified as Collenia frequens 

Walcott. From cliff above Regal Mine, Blue 

House Mountain quadrangle.

> ■

View of upper surface.

B

Cross-sectional view,
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those that overlie the Mescal, intervene between the middle and upper 

members of the Mescal formation. Throughout most of the area north 

of the 34th Parallel the Troy quartzite rests directly on the middle or 

lower members of the Mescal.

In the Sierra Ancha and eastward to Canyon Creek this upper 

member is  dominated by yellowish-brown to reddish-orange, minutely 

laminated, but flaggy- to massive-parting, siliceous argillites inter- 

bedded with subordinate units of medium gray to black argillite, which 

are somewhat le ss  siliceous and commonly exhibit a shaly parting. The 

sediments originally deposited apparently were entirely of materials of 

le ss  than silt size, and may have been of fine clay sizes. But now these 

argillites are very hard and dense rocks that everywhere exhibit in

cipient recrystallization, which obscures their original mineralogy and 

texture. The least recrystallized examples are abundantly spotted with 

minute aggregates, 0. 2 to 3 m illimeters in diameter, of mica or 

amphibole plus other minerals so fine-grained as to be difficultly re

solvable under the microscope. The upper and lower boundaries of the 

member were particularly favored horizons for the intrusion of diabase 

sills . And adjacent to the intrusions many of the argillite beds may be 

coarsely mottled throughout with aggregates of sim ilarly fine-grained 

minerals.

The average radioactivity of the argillites, as determined by 

airborne scintillometer in and near the Sierra Ancha, is  higher than
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that of all other units of the Apache group except the upper member of 

the Dripping Spring quartzite, which it roughly equals in radioactivity 

(Magleby and Mead, 1955, p. 9). This characteristic led to consider

able prospecting of the member during 1954-55, but the prospecting ap

parently resulted in the discovery of only a few insignificant showings 

of uranium-bearing material. One typical specimen of comparatively 

little-recrystallized argillite, submitted for analysis by semiquantita- 

tive spectrographic methods, contained potassium in excess of 10  per

cent (Neuerburg and Granger, 1960, p. 766). Judging only from the 

one sample, the argillites may have an abnormally high potassium con

tent comparable to that of the upper member of the Dripping Spring.

And this content, in large part, may account for the abnormal radio

activity.

North of the Salt River the basal unit of the upper member is  

composed of chert and typically is  a few inches to 10  feet in thickness. 

This unit in some places is  a laminated or thinly bedded chert; more 

commonly it is  a breccia of small angular chert fragments in a matrix 

of chert, and in still other places it is  a conglomerate of well-rounded 

chert pebbles in a matrix of silty chert. In a few small areas the con

glomerates are as much as 40 feet thick. This chert unit overlies an 

erosion surface on the middle member. The chert breccias and con

glomerates apparently were derived by the breaking up and reworking 

of the bedded chert, and are not mainly of detritus derived from the
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underlying member. Locally, however, small amounts of chert from 

the underlying algal member are incorporated in the basal few inches 

of these rocks. In many areas, the chert unit crops as a prominent 

ledge and is  a striking marker separating the upper and middle mem

bers. The basal chert unit is  absent in only a few places north of the 

Salt River, but elsewhere is  commonly absent. r

In a few places in the Sierra Ancha one or two limestone units,

6 inches to 8 feet thick, are enclosed within the argillite. These lim e

stones apparently are lenticular, because they have been seen in only 

a few sections. Nowhere have these carbonate beds been seen in a 

section free of the metamorphism caused by the diabase intrusions. 

Judging from the forms and distribution of included aggregates of 

silicate minerals, the limestone beds in the unmetamorphosed state 

were silty and moderately cherty dolomites.

East of the longitude of Canyon Creek.and south of the Salt River 

the upper member is  not everywhere present. The lowest 20 to 30 feet 

of the member tends to be of shaly or crumbly, greenish-gray to dark 

gray mudstone, which crops poorly and in most places is concealed by 

debris from overlying siliceous argillites; These argillites, which 

are like those described above, comprise the rest of the member.. 

Calcareous or siliceous concretions, as much as 3 inches in diameter, 

occur at least locally in the nonresistant friable mudstone. The basal 

chert bed of the member exists only locally and is  thin. But the
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uppermost 1 to 4 feet of the underlying algal member are almost every

where completely silicifled and reddened by abundant hematite, and 

might be mistaken for this resistant basal bed. ; - r

Late-formed chert in the Mescal

In at least two extensive areas, outlined approximately on 

figure 3, and in several small areas the dolomite members of the Mescal 

were completely or almost completely converted to chert in Precambrian 

time. And in several areas of a square mile or le ss  all the middle mem

ber and the upper part of the lower member were silicified. Also, 

some individual dolomite beds throughout the region were at least par

tially silicified. This chertification was part of a process of leaching 

and solution of the dolomites that resulted in the formation of karst 

topography in certain areas and in genetically related massive collapse 

breccias in other areas. The deposition and distribution of silica  can 

be best described and understood if the sections that include the lesser  

amounts of secondary silica  are considered first.

In most areas the upper member seemingly is  concordant with 

the underlying carbonate beds, and the only indication of unconformity 

is  the silicification of the uppermost strata of the algal member. Sim

ilar concentrations of chert along contacts between formations have long 

been recognized (Leith, 1925) as suggestive of an unconformity. In a 

few localities pebbles and angular fragments, obviously derived from
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the topmost silicified beds of the algal member but now incorporated in 

the basal strata of the argillite member, further substantiate an ero- 

sional hiatus. Truncation of the beds of the algal member by the uncon

formity can be recognized in a few areas, if the contact is  observed 

along a considerable length. The thinning caused by this mechanical 

erosion and the silicification immediately below the contact are cer

tainly subordinate phenomena, however, compared with the solution 

thinning and silicification that affected some areas of dolomitic rock.

In widely separate localities, massive bed-like bodies of sand

stone or quartzite are sparsely scattered through the carbonate section; 

most are in the upper one-third of the lower member. For a consider

able time these "beds" were seen only in limestone terranes, where 

relations are obscure owing to metamorphic effects. These sandstones 

were puzzling because they exist only in certain areas, do not occur 

everywhere at the same stratigraphic horizon, most are devoid entirely 

of features that can be construed as sedimentary structures, and all 

were apparently lenticular. Recently these "beds” and related sand

stone "dikes” have been observed in well-exposed outcrops of dolomite, 

in forms readily recognized as filled solution cavities. Especially in 

the central part of the McFadden Peak quadrangle, rubble-filled sink

holes and solution enlargements of joints have now been observed in the 

algal member, and in this area some solution openings and sandstone 

fillings have been traced downward almost to the bottom of the lowest
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planes are abundant phenomena.

The solution features pre-dated, at least in part, the deposition 

of the argillite member, as is  indicated by the geometric relations of 

some cavities to the erosional unconformity. Some chert incorporated 

in the basal beds of the upper member is  similar to chert spatially con

centrated in the vicinity of the sinkholes. The collapse breccia of a few 

sinkholes is in an unbrecciated matrix of argillite like that of the upper 

member. Also, solution voids along bedding planes are commonly 

rendered prominent by a thin filling of reddish-orange argillite (see de

scriptions of units 7 and 11, table 3). Locally the bedding of the basal 

part of the argillite member is  undulatory and crudely approximates in 

cross section the configuration of underlying dolomite beds that subsided 

locally as a result of partial leaching. Such undulations were apparently 

formed while the argillites were still plastic; they have not been found 

away from sinkhole areas.

Collapse and probably additional solution continued during the 

extrusion of the basalt flows that overlie the upper member; certainly 

such effects occurred during the deposition of the lower parts of the 

Troy formation. Angular blocks of argillite, broken after lithification, 

are noted in some sinkholes. Rare apophyses of basalt that extend 

downward from an overlying flow and partly fill tabular voids in the 

carbonate rocks have been seen. The prevalent filling, however, is of

94
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sandstone identical with that of the middle member of the Troy. In a 

few examples— those best exposed are 1 to 2 m iles southwest -of Gun- 

sight Butte in the north-central part of the McFadden Peak quadrangle— 

the roofs of sinkholes collapsed, allowing plug-shaped m asses of the ( 

lower and middle members of the Troy to drop and fill the sinkholes. 

Within these m asses most vestiges of bedding were destroyed, but 

brecciation is  not apparent. Therefore the collapse must have occurred 

while these sandstones were unconsolidated. Comparatively few bedding- 

plane cavities are filled with arkose like that of the lower member of the 

Troy. The quartzitic fillings are sandstones that were indurated adja

cent to diabase intrusions.

The chert content is  much higher in beds that exhibit abundantly 

the above described effects of solution than in stratigraphically equiva

lent sections that show little leaching.

Cherts of two generations occur in the dolomites of the Mescal. 

As already described, the older cherts—best represented by the dark 

colored, thin layers or the irregularly, wispy layered dense cherts 

particularly characteristic of the lower two-thirds of the lower mem

ber— were formed penecontemporaneously with the dolomites. Chert 

of the later generation is  mostly light in color, much of it is  flecked 

with hematite, and it ordinarily— but not necessarily— occurs in 

thicker and more irregular m asses than the older and denser chert. 

Because the later chert occurs in greatest quantities in dolomites that
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exhibit solution phenomena, and because in detail particular concentra

tions border and extend outward from solution cavities, this chert 

formed after the lower and middle members were completely lithified.

In sections mostly of dolomite the younger chert is  largely confined to 

the middle member and the upper one-third of the lower member.

Where the later chert is  particularly concentrated in such sec

tions, lens-shaped aggregates of ellipsoidal nodules of chert in a matrix 

of chert and carbonate locally take the place of one or more carbonate 

beds. On outcrops the carbonate of the matrix and the relict unreplaced 

carbonate within the nodules weathers away, so the nodules appear to be 

"punky" and in a vuggy matrix. Some beds were more susceptible to 

leaching and silicification than others. Some include little secondary 

chert; other beds exhibit numerous discrete nodules of such chert. The 

chert nodules or aggregates of nodules are ordinarily concentrated in 

the upper portions of individual beds. These nodular chert zones are 

those that vary considerably in thickness, and a sequence of beds that 

includes much chert may also show striking lateral variations in thick

ness. Typical variations might be as follows. In an ordinary section a 

2 0 -foot sequence of sparsely silicified beds may be capped and under

lain by 1 -foot zones of nodular chert. If traced a mile one direction the 

nodular zones of secondary chert virtually pinch out and the equivalent 

sequence may be 22-24 feet thick. Thus overall there is  only a modest 

variation in thickness and in chert content. But in the opposite direction
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the chert and solution thinning of the intervening dolomites may increase 

to a, consider able degree, so that in a distance of a mile the two chert 

zones may coalesce and the equivalent stratigraphic interval is.only 6 

to 10 feet thick. In exceptional instances, as noted earlier, such a 

change of chert content and thickness can be seen in a lateral distance 

of a few hundred feet. In such places some brecciation, caused by 

slump on solution of the dolomite, can usually be observed in individual 

beds. Voids in the secondary chert zones may or may not be filled with 

Troy-type sandstone. Owing to solution and settling the carbonate mem

bers, and especially the upper one-third of the lower member, thin con

siderably in some areas.

Fragments of early chert incorporated in the secondary chert 

can be recognized in many places. Such recognition is  made difficult 

because on leaching much of the older chert was bleached to a light 

color and rendered somewhat porous. Thin bands of the early chert 

were completely bleached, and the borders of thick bands or thick frag

ments were bleached. Without doubt a considerable part of the volume 

of the zones of secondary chert represents relicts of the early-formed 

cherts mechanically concentrated by the removal of the dolomite. In

deed, in some examples of completely silicified sections individual beds, 

on close inspection, are seen to be comprised of angular fragments of 

the early chert in a matrix of the late chert. In a notable occurrence 

along the south flank of Shell Mountain, 8 m iles east of Young, the
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sequence of thick and thin beds in the upper half of the lower member 

and the basal 30 feet of the algal member is  so perfectly preserved that 

detailed stratigraphic correlations are readily made. This sequence 

and in general the individual beds, however, are only about one-third 

the thicknesses of the equivalent intervals in nearby little silicified sec

tions. ' ■ ' - ■- -■

Where the carbonate section is  metamorphosed, ordinarily no 

distinctions can be made between the early and the late chert. Silicate 

aggregates that pseudomorph the zones of closely packed nodular chert, 

characteristic of the late chert, are readily recognized by their gross 

outlines, " v  ' - ..v".

All gradations from dolomite sections that include little sec

ondary chert to those that are almost entirely of chert exist. In a few 

places the algal member was completely silicified  during the develop

ment of solution cavities. The resulting unit is  a massive-cropping 

silica-cemented chert rubble in which angular blocks of silicified  

stromatolites can be recognized. Occasional blocks, of unaltered dolo

mite can sometimes be found in this breccia. The best examples in 

which relations to the surrounding carbonate terrane can be observed 

have been seen in the "central and northwest parts of the McFadden Peak 

quadrangle. There a zone of rubble, containing recognizable relicts of 

the entire middle member, may be as little as 20  feet thick; but one- 

half mile away a little leached equivalent dolomite section may be as
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much as 100 feet thick. In such areas of silicification commonly the 

uppermost 20 to 30 feet of the lower member is  sim ilarly silicified, 

and the siliceous breccia of the middle member merges with that of the 

lower member, obscuring the usual sharp contact between members. 

Cavity fillings of sandstone or quartzite occupy the place of a few of the 

uppermost beds of the relatively little leached dolomite section imme

diately below such rubble zones. Sandstone fillings are probably more 

abundant in such settings than in any other.

Also completely silicified sections of both dolomite members 

in which the entity of individual beds is  preserved grade laterally into 

sections comprised entirely of a heterogeneously agglomerated collapse 

breccia. The latter commonly is  a coarse breccia very like that seen  

in individual sinkholes, and it was probably formed— with long continued 

leaching— by the coalescence of sinks developed in the dolomite terrane. 

In areas adjacent to those in which karst topography was being formed 

beds were leached le ss  actively, but were gradually thinned and s ilic i

fied to such a degree that large-scale collapse, typical of the areas in 

which sinkholes abound, was no longer possible. Thus, locally within 

karst areas that generally now display only rubbly remnants of the 

Mescal, the stratigraphic sequence of whole units is  still preserved as 

at Shell Mountain. ''.: : . :

The most extensive areas of chertification, and those in which 

silicification of the dolomite members is virtually complete, are those
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in which the upper member of the Mescal and the basalt that overlies it 

were removed by pre-Troy erosion. Additionally, they are areas where 

the middle member of the Troy, not the lower member, rests directly 

on the middle or lower members of the Mescal. The converse, that the 

carbonate rocks displaying such relations to the Troy are everywhere 

thoroughly silicified, however, is  not true.

The largest known area in which the dolomite members of the 

Mescal were pervasively silicified is  encompassed by that portion of 

the drainage basin of Canyon Creek north of the 34th Parallel (see fig.

3). In this belt the Mescal was thinned by erosion prior to deposition 

of the Troy, so in places the middle member of the-Troy rests on the 

lower member of the Mescal. Dolomite comprises a large part of some 

exposures in this belt, but almost invariably such sections exhibit much 

collapse breccia like that formed in the sinkholes. In many places the 

only part of the section that, was not subjected to brecciation as a con

sequence of late solution phenomena, was the older massive breccia 

that is  the basal dolomite unit of the Mescal formation. This breccia 

lacked the bedding planes that were favored channel ways for solution, - 

and apparently was therefore somewhat less  affected.

Another large belt of silicified Mescal, exposed for a width of 

1 to 3 m iles, extends from U. S. Highway 60 southeast about 13 miles 

along the southern margin of the Natanes Plateau (fig. 3). In this area 

the Mescal was considerably thinned by pre-Troy erosion, and locally
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the middle member of the Troy even rests on the Dripping Spring quartz

ite. - : ' : • . .. . • . , ;

Immediately east of and just within the northeast corner of the 

Globe quadrangle, through an area possibly not exceeding 6 square 

m iles, only 60 to 120 feet of thoroughly silicified Mescal intervenes be

tween the Dripping Spring and Troy quartzites. Although there are other 

areas of like extent, this one exhibits particularly well some notable 

features. The thinning of the carbonate members in this area appears 

to be largely a solution phenomena. Little large-scale jumbling.of 

breccia blocks, as occurred in the karst areas, i s  seen and stratigraphic 

units representative of all of the lower member and part of the middle 

member can be recognized. In contrast, exposures of the dolomite 

members 1 to 2 m iles to the east are little silicified and the sections 

there exceed 300 feet and possibly approach 400 feet in thickness. This 

silicified belt includes comparatively little hematite, whereas abundant 

hematite is  characteristic of large parts of the two cherty belts noted 

above. Nor is  the basal part of the overlying Troy formation abundantly 

reddened by detrital hematite as is  common in the more northern areas. 

In several other areas all or considerable parts of the Mescal section 

were silicified; these silicified sections exhibit features like or inter

mediate to those exhibited in the three areas described above.

; Where the carbonate members are thoroughly brecciated and

silicified the breccia, particularly in its upper part, includes much
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sand in its matrix. Also the matrix, remnant blocks of dolomite and 

the beds of the basal 10 to 50 feet of the Troy commonly are highly hem- 

atitic. Some hematite concentrations are large enough and of high 

enough iron content to have been prospected (Burchard, 1931; Stewart, 

1947). The basal one-half to two-thirds of the silicified Mescal forma

tion may or may not be darkened by ferruginous material.

v Because sand in the breccia matrix increases upward, because 

the basal conglomerate of the Troy may be largely of locally derived 

angular breccia fragments, and the abundant hematite tends to obscure 

internal structures of both formations, in a few places the contact be

tween the Troy and the silicified Mescal is somewhat difficult to deter

mine. The angular pebble conglomerate at the base of the Troy, how

ever, generally includes some well-rounded pebbles of foreign deriva

tion and shows stratification indicative of lateral transport. Thus in 

most areas it is  readily distinguished from the angular collapse breccia 

of the underlying Mescal.

Lithology of the metamorphosed Mescal

Diabase s ills  ordinarily inflated the lower member of the Mescal 

along one to five horizons, and diabase also commonly was intruded 

along the contact between the algal and argillite members; as a conse

quence the areas in which the Mescal can be found in a.totally unmeta

morphosed state are few and small. Areas in which the entire carbonate
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section or a large part of it were completely silicified are also relative

ly few and restricted. It seem s well in this discussion of stratigraphy 

of the Mescal, therefore, to describe— at least in general term s— the 

metamorphic limestones that comprise the Mescal of most areas.

Mineralogic changes in the carbonate sections were brought 

about largely through recombination, induced by heat from the diabase 

intrusions, of the constituents in the cherty dolomites. The silica and 

small amounts of alumina in the strata combined with the magnesia of 

the dolomite to form very fine-grained mixtures of silicates, in aggre-

x gates that pseudomorph the original concentrations of chert and other 

impurities. The carbonate relict after this process of dedolomitization 

is  the calcite that comprises the bulk of the reconstituted strata. With 

few exceptions these calcitic limestones are very fine-grained and of 

sugary, texture. The principal silicates through most of the section are 

diopside, tremolite, talc in small amounts, and serpentine. The first 

three silicates, with calcite, occur in mixed aggregates that pseudomorph 

the original concentrations of chert. Dense serpentine, which replaces 

these minerals and chert and is by far the most abundant of the silicates, 

generally also is  pseudomorphic; but in part this mineral also occurs 

along fractures and faults. Thus, the silicates have the same strati

graphic distribution and are roughly of the same volume as chert in the 

pre-metamorphic dolomites. These silicates are largely light colored

minerals, which are whitish-weathering. They do not etch out
x
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prominently on the outcrops, as does chert; therefore, their abundance

in the metamorphic limestones is  generally underestimated. Where

secondary chert existed in zones 1- 1 / 2  feet or more in thickness, the

zones of silicate minerals may include relicts of unreplaced chert.

Otherwise chert is  largely missing in the metamorphic limestones.

Where the dolomites included an abundance of argillie or silty material,

the strata were metamorphosed to a dark greenish-gray soft rock, which

apparently is  a very fine-grained aggregation of serpentine, chlorite(?)

and calcite. Other metamorphic minerals occur in the metamorphic

limestones, but in amounts too small to modify the over-all lithology of

interest here.  ̂ f - v . .  -

The metamorphic limestones of the lower two-thirds of the

lower member7—those beds up to and including the strata that form the 
/

major cliff in unmetamorphosed sections— are nonresistant rocks that 

erode to moderate or gentle slopes. The basal sandstone of the Mescal 

appears little different in outcrop, except that calcite rather than dolo

mite occurs in the matrix and limonite stains on the weathered outcrops 

are generally more abundant. The ar gillie, sandy matrix of the over- 

lying dolomite breccia ordinarily is  a greenish-gray rock that is  mas

sive and the included dolomite slabs may exhibit prominent shaly part

ings. The dolomite of the blocks in the breccia were metamorphosed to 

calcite and the borders of the blocks obscured by gradation into a meta

morphic product like the matrix. The dark chert bands that occur in
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the interior of blocks more than a foot thick commonly exhibit surpris

ingly little reconstitution to silicates. The strata that overlie this 

breccia and constitute the rest of the lower two-thirds of the member 

were converted to limestones that are parted at intervals ranging from 

paper thin to 30 inches; most partings are at intervals of 2 to 12 inches. 

Chert was ordinarily completely reconstituted, but the silicate minerals 

in this part of the section will not be noticed except on close inspection. 

The dolomites that included the least chert or included chert only in thin 

wispy bands are those that metamorphosed to shaly limestones. The 

massive-bedded silty dolomite unit (unit 6 of table 3) that underlies the 

main cliff-former midway in the member, for example, is  everywhere 

a shaly limestone in metamorphosed sections. Those beds that included 

the most chert in the form of dense bands are the limestones with the 

fewest partings. The thin partings strongly suggest bedding, but most 

are bedding cleavages imposed during metamorphism. The thicker 

•’pseudo-beds" are commonly very friable where moderately weathered, 

and are separated from similar "beds" by a fraction of an inch to several 

inches of shaly limestone. The layered rocks of this part of the section 

are subject to slope creep, and only locally are outcrops of a section 

adequately in place so that all details can be appreciated. A few weak 

ledges of the more resistant limestones usually crop out on the lower 

portions of slopes. Otherwise this part of the member is  generally 

covered by debris from higher in the formation.
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The upper 50 to 70 feet of the lower member was modified to 

thin- to thick-parting units of white to medium gray limestone separated 

by thin units of shaly limestone. Details of original bedding and of the 

stratigraphic sequence of beds are mimicked more faithfully in these 

limestones than in strata lower in the member. Some concentrations 

of secondary chert between some of the thicker dolomite beds were 

metamorphosed to dense aggregates of silicates, which literally "weld" 

the separate beds together. As a consequence some silicated limestone 

"beds" of this part of the section appear more massive than their dolo

mite counterparts. Ordinarily, however, some silty material was con

centrated along the solution planes between beds; and oh metamorphism 

the dolomite adjacent to such material was rendered shaly. The shaly- 

parting limestone that separates the thicker crystalline limestones be

comes chalky and etches out on weathering. The upper part of the lower 

member therefore tends to outcrop as rounded ledges on a steep slope.

If the basal breccia of the Mescal was particularly thin, as in exposures 

along the Salt River Canyon east of Canyon Creek, the lower part of the 

section exhibits .similar units of thicker-parted limestone. Otherwise 

relatively thick-parting limestones are not seen in metamorphosed sec

tions of the lower member.

The metamorphic limestones of the lower unit of the middle 

member reflect faithfully original details of bedding and stromatolite 

structures, and the unit remains a massive cliff-former. The upper

106
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unit metamorphosed to limestones much like those in the upper 50 feet 

of the lower member-. Chert is  rarely observed except in the top few 

inches to few feet of the metamorphosed member, where partially ser-  

pentinized relicts are abundant.

Past descriptions of the Mescal that typified the formation as 

of dolomitic limestones and limestones possibly were based on observa

tions of partially metamorphosed sections. More likely they were de

scriptions of silicated limestones in which the whitish-weathering 

silicates were not recognized. Observations of metamorphosed lim e

stones also influenced descriptions that characterize the Mescal as 

thin-bedded. Most sections are entirely of one lithologic type or the 

other; that is , entirely of thin- to thick-bedded, brownish to reddish 

cherty dolomite, or entirely of silicate-bearing, whitish-weathering 

limestone that is  largely thin-parted or even shaly.

Where metamorphosed and unmetamorphosed examples can be 

compared in adjacent areas, the thicknesses of the carbonate members 

seem to decrease toward the area of metamorphism. All stratigraphic 

features—-such as degree of solution and chertification or of erosion at 

the top of the sections— being comparable, no metamorphosed section 

has been seen that is  as thick as the equivalent unmetamorphosed sec

tions. The lower member of cherty dolomite shown on table 3, for ex

ample, is  269 feet thick; but seemingly equivalent metamorphosed sec

tions within a 1 -m ile radius northwest, north, and northeast of this
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section are about 220 feet thick. This and other comparable examples 

suggest that metamorphosed sections are 15 to 20 percent thinner than 

equivalent cherty dolomite sections. Other processes also contribute 

to lateral thinning, and present information is  too incomplete to prove 

that dedolomitization during metamorphism caused such shrinkages in 

stratigraphic thicknesses. Evidence of loss of volume on dedolomitiza

tion has recently been reaffirmed (Cooper, 1957, p. 582-588) for a 

comparable instance of metamorphism, and the possibility of such 

shrinkage certainly should be entertained for the Mescal occurrences.

Thickness

Owing to erosion after lithification and thinning of the dolomite 

members by solution and perhaps by metamorphism, the Mescal ex

hibits considerable variations in thickness. If only those sections af

fected least by erosion and solution are considered, apparently the 

carbonate members were once fairly uniform in thickness throughout 

the region.

Limestone or dolomite sections of the lower member in the 

Sierra Ancha and east to Canyon Creek range from 200 to 270 feet in 

thickness. Southeast, in the Salt River Canyon and south as far as 

Chrysotile the lower member ranges from 150 to slightly more than 

200 feet in thickness. Interestingly, in this area the carbonate strata 

are thoroughly reconstituted everywhere. Farther south little silicified
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or eroded sections exceed 180 feet and typically are 220 to 250 feet 

thick. Everywhere the thickest sections are those that exhibit little or 

no metamorphic effects.

Generally the thickness of the middle member is dependent on 

the extent to which it was eroded, either prior to deposition of the upper 

member or later, before deposition of still younger formations. Along 

the north edge of the McFadden Peak quadrangle the upper flat-bedded 

unit of the member is  mostly missing, so that the thickness at that 

latitude is  50 to 60 feet; farther south in the quadrangle thicknesses of 

as much as 105 feet have been measured. Along the canyon of Salt River 

east of Canyon Creek, most sections probably exceed 60 feet; thicknesses 

of 85 to 100 feet are common; and one section of 130 feet was measured 

near the Regal mine, which is  on the south rim of the canyon and 5-1/2  

m iles west of U. S. Highway, 60. Farther south the upper unit is  thin or 

missing in many areas, and the member is  ordinarily 50 to 70 feet 

thick.

Thicknesses of the upper argillite member depend on two vari

ables; the amount of slumping, due to solution of the underlying dolo

mite strata, and the amount of erosion prior to deposition of the Troy 

quartzite. In some areas—■ ordinarily of one square mile or less-— 

slumping of the dolomite members caused basins in which basal beds 

of the argillite member accumulated in greater thicknesses than in ad

jacent areas. Local increases in thickness of not less than 30 feet are
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attributable to this cause. Throughout large areas in which a basalt 

capping is  remnant on the upper member, thicknesses are fairly uni

form except for those places in which underlying strata subsided. A 

basalt cover persists through most of the McFadden Peak quadrangle 

and the upper member is  typically 45 to 60 feet thick in the quadrangle; 

locally, however, it is  at least 100 feet thick. As already noted the 

upper member is  missing outside the area outlined on figure 3, and 

locally missing within that area, owing to pre-Troy erosion. Whether 

the member ever extended far beyond the outlined outcrop lim its is  not 

known. ' ' ■ -  -  • ' ■ - •

In a few areas, as along the south rim of the Natalies Plateau 

south of Sawmill, in a small-area 2 m iles north of Globe, and also in an 

area possibly of considerable extent at the southeast end of the Mescal 

Mountains, the Mescal formation was eroded entirely and the Troy 

quartzite rests directly bn the Dripping Spring quartzite. In some areas 

it was also eroded prior to deposition of either the Cambrian or the 

Devonian formations. In areas of abundant silicification the formation 

is  commonly le ss  than 100 feet thick. In the McFadden Peak quadrangle, 

where the lower members are largely of carbonate and the upper mem

ber generally comprises a part of the total thickness, the formation 

ranges from 350 to 420 feet in thickness. Along the canyon of the Salt 

River in the Blue House Mountain quadrangle, where the upper member 

is  thinly remnant, from correlations of partial sections the formation is
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estimated to range from 250 to 350 feet in thickness. From the Natanes 

Plateau south at least to the Mescal Mountains the combined two lower . 

members are generally 250 to 350 feet thick. Farther south little eroded 

occurrences are probably of the same order of thicknesses. Along the 

east face of the Vekol Mountains, for example, the formation is  about 

300 feet thick. In several southern areas, however, the Mescal is  

missing by pre-Troy or pre-Bolsa erosion.

Stratigraphic nomenclature

Obviously the lower and middle members of the Mescal lime

stone are distinctive units that can be grouped together as a formation.

But in view of the erosional unconformity between the upper and middle 

members and because of the distinct lithologic differences between these 

two members, formational designation for the upper member would be 

well within the principles of stratigraphic nomenclature accepted by 

American geologists (Ashley, and others, 1933, p. 427-439). Indeed, 

in the only previous published note on the argillite unit, formational 

status has been proposed by Hinds (1935, p. 32), who says: "At and 

near Roosevelt Dam, there are present locally above the vesicular ba

salt a maximum of 30 feet of chert and dark reddish and purplish siliceous 

shales which I include in the Apache group***and propose to call the
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Roosevelt member."

It seem s preferable to designate the unit as the uppermost mem

ber of the Mescal limestone— as a practical expediency. The primary 

considerations in this reasoning are: the unit is  characteristically thin; 

it crops mainly in cliffs, as a cartographic unit too narrow to depict ex

cept on large-scale maps; and almost certainly it will not be recognized 

and separately defined except within an area of about 800 square m iles 

in northern Gila County. East of the area of outcrop outlined on figure 

3 the Apache group is  deeply buried by younger formations. West of the 

longitude of Roosevelt Dam, where additional outcrops of the argillite 

member may yet be recognized, a few remnants of the Apache group 

exist. North and south of the area of outcrop of the upper member 

shown on figure 3, observations have already indicated that additional 

outcrops are unlikely. Thus the argillite unit is  best considered a mem

ber— only locally remnant— of the Mescal limestone.

Limestone, though of metamorphic rather than sedimentary 

origin as previously conceived, makes up the bulk of all exposures.

Other lithologic facies are of little significance volume-wise. Therefore 

the designation "Mescal limestone" may well be retained. .

° Hind s here used the term "member" in a formational sense.
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Basalt Flows

Throughout much of the region of Apache outcrops the Troy 

quartzite is  separated from the upper or middle members of the Mescal 

by one or more flows of basalt. Generally this basalt formation ranges 

from 40 to 90 feet in thickness. Within areas in which the flows are 

ordinarily a part of the section basalt may locally be missing; and in a 

few extensive areas, as north of the 34th Parallel and along the Salt 

River Canyon east of Canyon Creek, the basalt is  largely absent owing 

to pre-Troy erosion. But in a few areas, as along the mountain front 

1 to 3 m iles south of Superior, the basalt exceeds 200 feet in thickness; 

in one place 10 m iles east of Globe a basalt sequence 375 feet thick was 

measured. Individual flows are 50 to 125 feet thick. In the usual sec

tion only one flow is  seen, but where the basalt formation is  thick four 

flows have been distinguished; with le ss  certainty a fifth flow may be 

present in a few sections.

In the Sierra Ancha and east to Canyon Creek the basalt rests  

on the upper member of the Mescal limestone, is  present in thicknesses 

ranging from 20 to 100 feet, and generally is  not le ss  than 50 feet thick. 

As already noted the basalt is  generally missing in the Salt River Canyon, 

but 5 m iles south in the vicinity of Chrysotile outcrops are again prom

inent. About one-half mile south of Chrysotile is  a section, slightly 

more than 100 feet thick, that is  unusual in that two flows are separated
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by 10 to 12 feet of silty limestone. Only in one other area, between 

Cherry and Canyon Creeks, has a sedimentary unit been noted between 

flows; there a few inches of laminated argillite locally separates two 

flows. Southeast from Chrysotile along the Natanes Plateau the basalt 

is  generally missing, but in an area 16 to 20 m iles to the southeast one 

flow is locally remnant in thicknesses of at least 110 feet. Southward in 

the Apache Mountains the basalt is  missing, but along the low chain of 

hills that extends 12 m iles southeast from the Apache Mountains the 

basalt is  commonly more than 250 feet thick. Farther south where 

complete sections of the middle member of the Mescal exist the basalt 

ordinarily is  also remnant, and it exceeds 50 feet in thickness in most 

sections that have come to my attention.

The basalts are generally grayish-red to blackish-red or 

brownish-black on both fresh and weathered surfaces. If the color is  

modified by weathering, pale brown to dark yellowish-brown hues pre

vail. Hematite is  abundantly disseminated through the rock in every 

locality, so that a blackish-red color dominates most exposures. An 

intersertal or intergranular texture, defined by laths of plagioclase 0.1  

to 0 .3  millimeters in length, is  obvious in most handspecimens. The 

rock has been altered to such a degree that microscopic identification 

of the original plagioclase has not been possible. Under the microscope 

the original minerals prove to be altered aggregates of albite, calcite, 

serpentine, quartz, and chlorite; in some specimens magnetite, epidote,
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apatite are abundant in some of the basalt.

Particularly striking in many outcrops are sparse to abundant 

tabular phenocrysts of plagioclase. These crystals, in a groundmass of 

typical texture and grain size, are plates that range mostly from 0. 5 to 

2 millimeters in thickness and from 5 to 20 millimeters in diameter. 

Crystals as much as 40 millimeters across have been observed, and 

rarely the phenocrysts comprise as much as 40 percent of the rock.

The basalt of some outcrops is  not porphyritic, that of others is  only 

partly porphyritic. In particularly hematitic examples the phenocrysts 

are commonly moderate to dusky red and not conspicuous. The vesicular 

portions of some flows include the greatest abundance of phenocrysts.

The basalt is  characteristically amygdaloidal. Amygdules are 

especially abundant in the tops and bottoms of flows. Partly filled  

elongate vertical vesicules (pipe vesicules) are observed locally in the 

bottoms of flows. Flow breccia may be conspicuous at the tops and 

bottoms of flows, and is  observed at a few places within flows. Rarely 

the basal few feet of a flow is  a breccia that includes fragments derived 

from the upper (argillite) member of the Mescal. Variolitic basalt, a 

few inches to a few feet thick, rarely comprises the basal part of the 

lowest flow, Vesicules and voids in the breccias are filled by calcite, 

quartz, specular hematite, and an unidentified grayish-green to grayish- 

olive, soft mineral. In many outcrops the quartz amygdules have a thin



116

rind of an unidentified pale green to grayish-green material. In a few 

localities blue1-green oxide copper minerals coat weathered joint and 

fracture faces.

All structural features of the basalts indicate that they formed 

as subaerial flows; no features suggest submarine flows. In some areas 

the flow breccias that ordinarily top a flow were eroded away, and a 

planar surface of erosion was formed before extrusion of the next flow. 

Such planation and the two isolated examples of sedimentary strata be

tween flows suggest inundation of the region by waters between out

pourings of lava. But these waters need not have been marine waters.

Basalt that separates the upper and middle members of the 

Mescal has been observed only in three localities: (1) along the southern 

front of the Sierra Ancha, through an area of not le ss  than 9 square 

miles; (2) south and east of the junction of Ash Creek and Cherry Creek 

(north-central McFadden Peak quadrangle), over an area of about one 

square mile; and (3) in the vicinity of Roosevelt Dam. This basalt dif

fers in no aspect from that described above, except that the porphyritic 

variety has not been observed in these occurrences. The lower basalt 

of the southern Sierra Ancha and of the Roosevelt Dam localities is as 

much as 50 feet thick, and that near Ash Creek is  as much as 110 feet 

thick. ■ ' • ' ' -

The Apache basalt described in the geologic literature is  said 

to separate the limestone portion of the Mescal from the Troy; south of
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the latitude of Ghrysotile most of the basalt is  in this relation to the two 

formations. Thus the basalt at this position in the Apache group in the 

vicinity of Globe, Superior, and Ray, in the Mescal and Dripping Spring 

Mountains, and even as far southwest as the Vekol Mountains, could 

correlate with the lower basalt of the Sierra Ancha. At present, how

ever, this corr elation cannot be made with any assurance. Obviously 

the upper basalt overlies the argillite member of the Mescal along its 

southern and thinner extremities, and could also be the basalt unit that 

overlies the middle member farther south.

Troy Quartzite

The Apache group was differentially warped on a broad scale 

and eroded to different depths in various parts of the region before depo

sition of the Troy quartzite. In general the pre-Troy unconformity was 

planar, but in at least a few places local erosional relief on this surface 

exceeded 100 feet. Additionally in the northwest part of Gila County the 

eastern part of a structural basin a few hundred feet lower than the 

general surface can be reasonably interpreted as existent at the start of 

Troy deposition. Although variations in elevation of the surface of depo

sition affected the thicknesses of Troy accumulation as shown on figure 

11, post-depositional events were much more effective in determining 

the thicknesses of the formation now available for view (compare figs.

11 and 16). The Troy quartzite was differentially uplifted, largely
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owing to inflation by diabase s ills , and variously eroded prior to depo

sition of Cambrian strata; and in the northern part of the region the Troy 

was again exposed to erosion before Devonian strata were deposited.

As a consequence the formation is  missing below the basal Paleozoic 

strata in some areas and is  at least 1,200 feet thick in others. Thick

nesses are of a considerable range in some relatively small areas.

Details of stratigraphy and lithology of the Troy quartzite are 

somewhat different in different parts of the region of outcrop. Lateral 

variations are well enough understood to be certain that all are variant 

aspects of one formation.- In the Sierra Ancha the Troy can be readily 

divided into three members: the lowest member is  a reddish arkose, 

the middle member a white sandstone, and the uppermost a grayish 

quartzite. The section described on table 4 is  one of the most complete 

yet found in which the usual features of the three members are readily 

seen. As indicated in the table, each member is  of distinctive lithology 

and each includes sedimentary structures that are characteristic. The 

differences between members are most conspicuous in the part of the 

region north of the Salt River; therefore the stratigraphy of that area 

is  considered first in describing each of the three members.

Arkose Member

The lowest member of the Troy is a fine- to medium-grained, 

firmly cemented arkose. Most bedding units are thick or very thick,
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fine grained and .of remarkably uniform sorting. Most of the arkose is  

pale red to grayish-red on both fresh and weathered surfaces, but light 

to pale brown colors, as reported in table 4, are common also. In 

handspecimen this rock is  somewhat like the arkoses of the lower mem

ber of the Dripping Spring formation. But the latter arkose is  ordinarily 

of an orange-pink or reddish-orange hue, is  somewhat less  uniform in 

texture, and is  so .firmly cemented that it breaks with a quartzitic frac

ture— across rather than around individual grains. In outcrop the two 

arkoses are strikingly different. Regardless of the topographic form of 

outcrop, large- or very large-scale, low- to high-angle cross-stratifica- 

tion is very conspicuous through much of the member, owing to erosional 

etching or prominent parting along the inclined planes. Sets of cross

strata range from a few tens to several hundreds of feet in length be- „ 

tween horizons of truncation. In contrast, the cross-stratification of 

the lower member of the Dripping Spring is mostly of small to medium 

scale; individual sets are generally le ss  than 15 feet in length; and 

weathering rarely etches out the cross-stratification for easy observa

tion.

Outcrops of the arkose member of the Troy now exist through 

an area of only a few hundred square m iles at most, and abundant out

crops exist through an area of le ss  than 150 square m iles. In the highest 

parts of the Sierra Ancha, within 2 to 4 m iles of the section shown on 

table 4, the member is  400 to 450 feet thick. To the north, east and
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south it thins rapidly by lapping against successively higher parts of the 

pre-Troy surface. Within a radius of 12 to 15 m iles in these directions 

from Aztec Peak the middle member becomes the basal member of the 

Troy. The arkbse member can be traced into areas in which it is  le ss  

than 100 feet thick. But, owing to Tertiary or Recent erosion, the Troy 

is  largely missing along the line of complete lapout. Therefore the 

limit of the member as shown on figure 3 is an extrapolated line: to 

the east of the line isolated remnants of the middle member rest directly 

on Apache strata, to the west outcrops of the lower member are known. 

North of the Salt River and west of the 1110 Meridian erosional remnants 

of the Troy formation are also few, and are widely scattered. Unfor

tunately none of these exposures has been examined. Judging from the 

pattern of thickening, the lower member might be as thick or even thick

er to the west. West of Tonto Creek, of course, all younger Precambrian 

formations are missing. So generalizations concerning the paleogeographic 

significance of the arkose member must be derived largely from outcrops 

within the McFadden Peak quadrangle.

Where thickest, the arkose member generally rests on the 

upper basalt of the Apache group, and the basal part of the member is  

not conglomeratic or is  only sparsely pebbly. Below this contact, in 

most places, the upper part of the basalt is firm and no fossil soil re

mains between the two formations. In some places, however, a residual 

fossil soil, a few inches to a few feet thick, mantles the basalt. Some
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of this basaltic soil with partially decomposed fragments of the basalt 

was incorporated in the basal few feet of the arkose, causing the beds 

of this interval to be dark in color. Wherever the arkose member is  

considerably thinned it has a basal conglomerate or conglomeratic 

sandstone. Included pebbles of the underlying formations of the Apache 

group distinguish this conglomerate from the Barnes and Scanlan con

glomerates, which may exhibit a similar arkosic matrix.

Most sections of the lower member exhibit very large-scale  

cross-stratification practically throughout. So that the description 

cited as typical in table 4 will not seem at variance with this statement, 

it requires explanation. Where the arkose member is  thickest, its  

lower parts are comprised of tabular beds that generally range from 3 

to 10 feet in thickness (see units 1 and 2, table 4). These beds do not 

display the extremely large-scale crossbedding. But comparable beds 

do not exist, except in the basal few feet, where the member thinned 

appreciably by lapout. So an arkose bedded like that of units 3 and 4 

of the Center Mountain section comprises very large parts of most
* I

sections. The very large-scale cross-stratification, in all outcrops 
o o

examined, dips 7 to 22 eastward. The prevalent angles of these 

cross-strata are 18° to 20°.
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Chediski Sandstone Member

North of the Salt River the middle member of the Troy is  

mostly a pinkish-gray, loosely to moderately well cemented, very 

poorly sorted, porous sandstone, which erodes to rounded slopes sur

mounted by rounded knobs and hoodoos bizarrely sculptured by erosion. 

Outcrops viewed from a distance are mostly whitish, in striking con

trast to the reddish or brownish hues of the lower member. This colora

tion and the m assive outcrops studded with distinctive erosional forms, 

also contrast with the somewhat darker colored cliff-forming quartzites 

of the upper member.

In 1929 E. F. Bur chard (1931, p. 54, 56-57) recognized the 

white sandstone as a very distinctive stratigraphic unit, and termed it 

the "Chediski white sandstone member" of the Troy quartzite. The 

type locality was designated as Chediski Mountain, a prominent mesa 

on the west side of Canyon Creek 23 m iles north of the Salt River. The 

member forms an almost horizontal, conspicuous and typical outcrop 

along the east face of this mesa. Burchard described only the outcrop 

characteristics of the member, and south of the Salt River the member 

is  not as distinctively whitish nor as singular in its erosional forms. 

Therefore this part of the Troy has been distinguished as a separate 

member only in the vicinity of iron deposits near the headwaters of 

Canyon Creek. Less obvious features of the member set it apart



123

everywhere, however, and it could well be designated the Chediski 

member or Chediski sandstone member throughout the region of Troy 

outcrops.

Between the Salt River and the latitude of Young the middle 

member is generally, about 250 feet thick. Farther north the member 

probably thins. Along the northern reaches of Canyon Creek thicknesses 

variously reported range from 20 to 270 feet; apparently most sections 

are le ss  than 150 feet. Whether the thinner intervals everywhere rep

resent sections overlain by the upper member of the Troy or some sec

tions are those truncated prior to deposition of Devonian strata is  not 

known to the writer. Along the NaegelinRim sections that are only 75 

to 100 feet thick are capped by the upper member of the Troy.

North of the Salt River the sandstone is  mostly of subrounded 

to well-rounded, but pitted and frosted clear quartz grains, which range 

from fine to very coarse in size. Thin lenses of white quartz granules 

are common. Sand grains of medium- to coarse-grain sizes dominate 

most bedding units. The matrix of the sandstone is  of sericite and a 

whitish clay; in much of the member sericite is  very abundant. Clay 

aggregates that have the outlines of cleavage fragments of feldspar are 

occasionally noted. And rarely cleavage fragments of orange-pink 

feldspar are seen. Throughout the region feldspar can generally be 

found if the coarser-grained beds are searched carefully. In such beds 

grqins of granule size are sometimes seen, but generally feldspar grains
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and angular clay aggregates apparently relict after feldspar are only a 

fraction of the size of the quartz grains. Under the microscope potas- : 

slum feldspar can be seen in some sandstones that megascopically ap

pear devoid of the mineral. Chemically the sericitic sandstone is  prob

ably equivalent to a feldspathic sandstone.

The contact between the middle member and the lower member 

is  sharp, and where seen in cliff exposures obviously truncates the cross- 

strata of the lower member. This surface commonly shows local ir 

regularities ranging from a few inches to as much as 2 feet. In many 

places outcrops of the middle and upper members are so subdued in 

profile that these relations are not manifest.

Where it overlies the lower member, the basal beds of the 

middle member may be pebbly, as illustrated by unit 5 of table 4, or 

may not be pebbly. Fragments from the lower member have not been 

identified in the middle member. Where the Chediski sandstone is  the 

basal member of the formation the basal 2 to 40 feet of the member is  

a pebble to cobble conglomerate or a very conglomeratic sandstone. 

Ordinarily the conglomerate is  le ss  than 20 feet thick. Throughout most 

of the region the gravels of this conglomerate are very like those of the 

Barnes conglomerate, except that sparse pebbles of basalt and silicified  

dolomite from the Mescal can ordinarily be found. Northward the rounded 

pebbles and angular fragments from these Apache units and from the 

argillite member of the Mescal exist more abundantly in the conglomerate.
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And north of the Salt River the gravels locally are almost monolithic, 

being of one or the other of these units. Such almost monolithic gravels 

are especially conspicuous where the conglomerate overlies a terrane 

of thoroughly silicified, highly hematitic dolomite rubble, and the 

gravels are largely of such rubble in a matrix of hematitic sandstone.

In the Sierra Ancha and north and east of that range the sand

stone of the 25- to 60-foot interval immediately overlying the basal con

glomerate is  sparsely pebbly and includes lenses of granule, pebble, or 

occasionally even cobble conglomerate. Unit 5 of table 4 is  fairly typical 

of many such intervals. This unit is  massive and generally crops as a 

gentle slope only partly exposed. Bedding features are vague and defined 

mostly by discontinuous thin lenses of very coarse sandstone and con

glomerate, which suggest irregular but grossly horizontal stratification. 

Discontinuous lenticular beds of cross-stratified sandstone are seen 

rarely. Pebbles in this unit are mostly of fine-grained vitreous quartz

ite like the quartzites in the older. Precambrian .terrane. Quartz pebbles 

are also abundant and in some areas predominant; a part of these differ 

from quartz pebbles higher in the section in being reddish or brownish 

rather than white. Pebbles of other lithologies, noted in the basal con

glomerate, are generally rare in this interval. Some of the quartzose 

gravels, especially those of the larger sizes, exhibit polished facets 

characteristic of wind-worn pebbles or ventifacts (Bryan, 1931, p. 29- 

36). In some sections ventifacts are fairly common; in others they are
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rare. ■

In sections exceeding 200 feet, roughly the upper one-third of 

the Chediski member is  cross-stratified on medium to large scales.

The lower two-thirds of the member, excepting the basal portion just 

described, locally exhibits like crossbedding but mainly is  a very mas

sive unit in which bedding features are obscure.

: Pre-consolidation slump features characterize the massive

middle unit of the Chediski member. Textural variations in the sand

stone cause the slump structures to be conspicuous on close view. The 

sandstone is  largely of medium-grain, but it is  very poorly sorted. 

Before slumping it apparently included some thin lenses and thin more 

or le ss  tabular beds mostly of coarse sand. The most abundant m ani-. 

festations of slumping are contorted or swirl-form mixtures of variously 

sized sands, as though the sands of the different layers had been gently 

stirred together. More prominent in topographic expression are parts 

of the differentially sorted sand layers that survived slumping as 

crudely lenticular m asses. Commonly such lenses are roughly saucer- 

or bowl-shaped in cross section; others are intricately contorted and 

thickened and thinned by folding. Where the sands slumped no more 

than a foot or two arid abundant vestiges of original bedding persist, 

several saucer-shaped lenses may be alined laterally so that a crude 

scalloped effect is  seen in cross section. The coarser-grained lenses 

of slumped sandstone are generally more firmly cemented than the
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surrounding sandstone. These lenses etch out on weathered surfaces, 

to accentuate the slump features.

Seemingly the slump structures in this unit formed while the 

sandstone was being deposited. Tabular subunits, ordinarily 10 to 50 

feet thick, are defined by inconspicuous horizontal (or originally hori

zontal) planes. In a given outcrop these planes may show little modifica

tion by slumping. A few of the massive slump-marked subunits are 

separated by prominently cross-stratified beds, 1 to 2 feet thick, uni

formly tabular and sharply bounded top and bottom. These planar fea

tures suggest that a subunit of sand was deposited, slumped, then was 

eroded at the top before the next like subunit was laid down. Further

more, particularly where a bed of cross-stratified sandstone intervenes 

between m assive slump sandstones, the relations suggest that once a 

set of beds slumped no additional soft-rock deformation occurred.

Though grossly applicable, the latter supposition is  partly refuted by 

some details. If the thin cross-stratified beds and the planes that 

separate tabular m asses of slumped sandstone are traced laterally a 

few hundred feet, almost invariably both features are seen to be 

eradicated locally by slumping. Thus in one outcrop the slumped beds 

appear as fairly well-defined units 10 to 20 feet thick, but in a nearby 

outcrop equivalent sandstones are separated by planes as much as 50 

feet apart.

North of the Salt River the lower one-quarter to one-half of
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the slumped unit commonly includes pebbles or cobbles very sparsely 

distributed (see unit 6, table 4). Outcrops have been seen in which 

single cobbles, 6 to 8 inches in diameter, are isolated at intervals of 

15 to 50 feet along the exposure, in sandstone that is  otherwise not peb

bly. The upper part of the unit is  generally pebble-free.

Probably more characteristic of the lower part of the contorted 

sandstone unit is  a dark color: In many areas the basal 10 to 80 feet of 

the Chediski member is grayish-red to grayish-red purple. A part of 

the sandstone of these colors is  mottled or streaked by reduction spots 

generally of the whitish hues of the greater part of the member. In some 

examples the mottled part of the sandstone is  light brownish-gray to 

light greenish-gray. Commonly the coarser-grained streaks and layers, 

or the boundaries between sandstones of different grain size are mottled 

in preference to the remainder of the unit. Thus the swirl-form slump 

structures, even if not etched out by erosion, may be strikingly outlined 

by differences in color. In some areas the basal pebbly sandstone unit 

is  largely devoid of red-purple coloration, owing to reduction of iron 

oxides. In many such examples the lower part of the overlying slumped 

unit retains the color, so that in cliff exposures a band of reddish sand

stone a few tens of feet above the base of the member is  conspicuous.

In areas of high relief the contorted sandstone unit is  the part 

of the member that erodes to fluted cliffs or hoodoos. But in areas of 

low relief such erosional features are wide-spaced and rounded massive
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outcrops are typical. These rounded outcrops are smooth except for 

V-shaped furrows or etched-out joints, which penetrate the outcrop to 

a depth of only a few inches at most. The furrows generally occur in 

two sets of about equal spacing, and together the sets form a reticulate 

pattern. One outcrop may be marked by furrows 6 inches to 1 foot 

apart; another by furrows 2 to 3 feet apart. Such outcrops have some 

similarity in appearance to rock walls built of crudely squared but 

tightly matching blocks. In relatively few outcrops the ’’block” outlines 

are of 5 or more:sides, rather than 4 -sided. The reticulate patterns of 

furrows particularly characterize subunits in which the contorted layers 

are not too different from the enclosing sandstone in grain size.

Approximately the upper one-third of the Chediski member is  

of sericitic sandstone, which is  coarse- to very coarse-grained but 

otherwise very like the sandstone of the lower units. This sandstone is  

in thick beds, which are grossly tabular and internally are tangentially 

cross-stratified on medium to large scales. The dips of the cross-strata  

generally exceed 10° and commonly approach or slightly exceed 20°. In 

any one outcrop the directions of dip are various; no dominant direction 

of dip can be ascertained from information collected to date. In some 

areas the beds are mostly 3 to 10 feet thick; in others most beds range 

between 10 and 20 feet in thickness. Although in a given outcrop indi

vidual beds appear to be tabular, if traced laterally many prove to be 

subtly wedge-shaped or lenticular. The bedding structures of some
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outcrops are not seen except on close inspection (unit 8 of table 4 is an 

example), but in most outcrops the bedding features etch out in bold re

lief. In many areas the contact between this strongly crossbedded unit 

and the underlying contorted sandstone unit is  so poorly exposed that the 

nature of this boundary is indeterminate. In at least a few areas the 

boundary between the two units is  planar and sharp, and probably rep

resents an intraformational surface of erosion.

In typical sections of this upper crossbedded unit perhaps half 

of the beds are sparsely pebbly throughout. Most of the pebbles are of 

white quartz; pinkish quartz is common, and reddish-brown jasper peb

bles are rare. Pebbles of other compositions are practically nonexistent. 

The pebbles are well rounded and as much as 2 inches in diameter; most 

are of diameters le ss  than 3 /4  inch. Pebbles gradually become more 

abundant upward, and in the upper half of the unit are particularly con

centrated in the upper few inches of individual beds. Only rarely do 

concentrations of pebbles, exist at the bottoms of beds. In the upper 25 

to 35 feet of this unit characteristically the uppermost 2 to 6 inches of 

each bed is  very conglomeratic. And the uppermost 1 to 6 feet of the 

member is  everywhere a conglomerate or conglomeratic sandstone.

The contact between this conglomeratic bed and the upper member is  

sharp and planar. The positions of the pebble layers suggest that the 

finer constituents of the top parts of each sparsely pebbly bed were 

winnowed away leaving behind only the coarser fractions. The relative
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increase upward in numbers of pebble layers and in concentrations of 

pebbles in the layers indicates that such winnowing became increasingly 

more effective and prevalent as successive beds were deposited.

North of the Salt River the upper crossbedded unit is  the only 

part of the member, for practical purposes, that is  appreciably quartz- 

itic. The lower part of the unit is  commonly very friable, but this is  

not everywhere true. Upward the clay or sericitic matrix decreases 

in amount, in general the grain size of individual beds increases, and 

the sandstones are more firmly cemented by quartz. In some sections 

a bed or two of quartzite can be found in the upper part of the unit. Oc

casionally all voids of a coarse-grained lens in the contorted sandstone 

unit are completely filled by quartz. Where the matrix is  somewhat 

le ss  abundant than usual, anywhere in the member, clusters of minute 

needle-like quartz crystals— seen only under a microscope— may 

penetrate the clay-sericite matrix; these needles are not attached to the 

clastic quartz grains. Indeed, excepting the minor quartzitic examples 

noted, a singular characteristic of these sandstones is  that the individual 

sand grains do not exhibit— in the slightest— overgrowths of quartz.

East of Canyon Creek in the vicinity of the canyon of Salt River 

some of the features of the middle member so conspicuous in the Sierra 

Ancha gradationally become le ss  obvious, and the member becomes 

dominantly quartzitic. The easternmost exposures, known to the writer, 

of the middle member in its typical light-colored friable form are along
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the lower reaches of Cibecue Creek. Farther east and south onto the 

Natanes Plateau quartzitic sections range from pinkish-gray or light 

brownish-gray to grayish-red. The darker colors, which reflect an 

abundance of hematite in the matrix, are dominant. The fine- to coarse

grained quartzite and quartzitic sandstone beds are crudely tabular and 

range from 1 to 20 feet in thickness. Medium-scale tangential cross

stratification is  conspicuous in some beds. Small pebbles and granules 

are notable through much of the member. Pebbles do exist sparsely 

scattered through the quartzites, but they are most abundant as lenticular 

concentrations, generally 3 to 6 inches thick, bordering or separating 

beds. Some conglomeratic lenses as much as 3 feet thick have been 

noted." The conglomerate lenses commonly fill channels in the under

lying beds. The middle part of the member is  the least pebbly. The 

massive-cropping quartzitic strata of this area are quite like those that 

Ransome (1916, p. 139-141 and pi. 27A) described and illustrated as 

typical of the lower and middle parts of the Troy in the Ray quadrangle.

Farther south but within the structural bounds of the Colorado 

Plateau, principally in exposures in the vicinity of the mining camp of 

Chrysotile and southeast along the southern margin of the Natanes 

Plateau, the member is  again dominantly of sandstone. These sand

stones are in a sequence very like that of the Sierra Ancha, and litho

logically are grossly comparable except that most are highly hematitic 

and grayish-red to dusky red in color. Only west of U. S. Highway 60
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do light-colored sandstones form an appreciable part of the member.

These sections of reddish sandstone and those of reddish quartz

ite, in the adjacent Salt River Canyon area, possibly are thinner and 

were deposited on a surface topographically somewhat higher than those 

in most areas to the northwest and south. Because parts of the sequence 

were displaced by diabase intrusions and therefore details of stratigraphic 

sequence are obscure, and because the upper part of the member was 

eroded away in some parts of this northeastern area prior to deposition 

of Devonian strata, such generalizations concerning lateral variations in 

thickness cannot be made with great assurance.. In some isolated out

crops the Chediski member is  at least 200 feet thick, but in some other 

areas where complete it is  probably considerably thinner than 200 feet. 

Where seemingly thinnest the member laps across different parts of the 

Apache formations; in places the Troy rests on thin remnants of the 

algal member of the Mescal; in other places it rests on the lower mem

ber of the.Mescal or even on the Dripping Spring quartzite. In this part 

of the region the lower part of the Chediski member is  distinctly more 

tabular bedded than the lower part of the member in the Sierra Ancha, 

and cross-stratification is  common. Also the interval that displays 

contorted bedding is  thinner and le ss  conspicuous in outcrop. The upper 

prominently cross-stratified unit of the member, however, is  compa

rable— except for coloration— to that described for sections to the

northwest.
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Farther south, throughout the portion of the region structural

ly a part of the Basin and Range province, the Chediski member is  

largely quartzitic in certain areas of a.few square, m iles, and is  partial

ly quartzitic through still broader areas. Quartzite sections particularly 

notable are in the vicinity of the abandoned mining camp of Troy— near 

the type locality of the formation— and in and near the northeastern part 

of the Globe quadrangle, where Hansome probably first studied extensive 

outcrops of the Troy. In both of these areas considerable parts of the 

quartzite section are light colored and except for feldspar and pebble 

contents are grossly very like the upper quartzite member. Through 

most of the region south of the Natanes Plateau, however, the member 

is  mostly of sandstone.

Thicknesses of the Chediski member have not been determined 

in many places in the southern part of the region. Wherever, between 

the Apache Mountains and the Gila River the member is  overlain by the 

upper member, and therefore remnant in full, thicknesses of 250 to 300 

feet appear to be common. In a few places, thicknesses more than 300 

feet may exist, suggesting that the member thickens slightly southward. 

However, in its southernmost exposures along the San Pedro River, in 

the vicinity of Holy Joe Peak and Aravaipa Creek, thicknesses of 180 

and 210 feet have been measured (M. H. Krieger, written communication). 

Perhaps variations noted in the southern part of the region reflect local 

relief on the pre-Troy erosion surface, rather than a significant regional
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variation in thicknesses of accumulation.

South of the Natanes Plateau the Chediski member is  best de

scribed by comparisons with the conspicuous sandstones north of the 

Salt River. The sandstones of the southern facies are compositionally 

grossly similar to those of the northern area. Well-rounded quartz 

grains, ranging from fine sand size to granule size comprise the bulk 

of the clastic materials. The matrix is  similarly dominated by sericite  

and clay. Orange-pink feldspar is  much more abundant in the southern 

facies, and in the coarser-grained beds occasional granule-size grains 

of potassium feldspar are conspicuous. These commonly are compound 

grains that include quartz, and are very similar to the coarse detritus 

derived from the granitoid rocks that underlie the Apache group. In 

some localities coarse muscovite, which fills interstices between quartz 

grains, is  very abundant in a few beds. Such muscovite is  so rare in 

the northern facies as to be atypical.

The southern sandstones are mostly yellowish-gray or light 

brownish to medium dark gray or pale red, and although not particularly 

dark colored over-all they do not contrast with the adjacent stratigraphic 

units as do the whitish outcrops of northern Gila County. Some beds of 

medium light gray to medium dark gray color contrast with adjacent beds 

of brownish or reddish hues. The dark gray sandstones owe their color 

to abundant minute aggregates of black hematite, which partly fill the 

voids between quartz grains. Similar aggregations of blackish hematite
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and the consequent grayish hues of sandstone beds have not been noted 

in the northern area, although the reddish sandstones of that area— 

especially in the basal part of the member— do owe their color to 

abundant hematite. In some places in the southern part of the region 

the basal 25 to 120 feet of the member also ranges from pale red to 

grayish-red or grayish-red purple. In most areas, however, sand

stones of dark reddish color are subordinate.

South of the Natanes Plateau the Chediski sandstone is  every

where poorly sorted. As any given section is  traversed stratigraphical- 

ly individual beds are noted to be quite variable in the degree of sorting 

exhibited. Although poor sorting is  also characteristic of sections far

ther north, in contrast, about the same degree of sorting characterizes 

stratigraphic units 30 to 100 feet thick. South of the Natanes Plateau 

this contrast in sorting is  emphasized because granules, pebbles and 

even cobbles, compositionally in variety like those restricted largely 

to the basal conglomerate north of the Salt River, are seen throughout 

the member. In the northern area the upper half of the contorted sand

stone unit is  virtually pebble-free; in the southern area pebbles are 

fewest within the comparable stratigraphic interval, whether that in

terval is  comprised largely or only in small part of slumped sandstones. 

Angular to rounded fragments derived from the resistant formations of 

the Apache group are not confined to the basal conglomerate, as in the 

northern area, but can be found sparsely throughout the lower half of
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the member. Very rarely, in lenses of conglomerate, fragments of 

schist and pebbles of granitoid rocks like those that underlie the Apache 

group are seen. Also, within the same part of the member, some 

quartzose pebbles derived from pre-Apache formations show polished 

facets and shapes like brazil nuts— features that characterize ventifacts. 

Such pebbles are rare, and have not been noted in many places. In most 

sections^ however, some pebbles show flat faces and rounded edges 

separating the faces, as though wind-worn pebbles of typical '’brazil- 

nut" forms had been subjected to subaqueous abrasion that rounded the 

sharp ridges between adjacent facets. The coarser constituents of the 

upper part of the member show regional sim ilarities. In the northern 

part of the region virtually all pebbles of the cross-stratified upper unit 

are of white quartz; in the southern part of the region like quartz pebbles 

are predominant in the gravels of the upper part of the section.

South of the Natanes Plateau the stratigraphic interval 100 to 

150 feet above the basal conglomerate of the Chediski member is  of 

crudely tabular beds, which mostly range between 6 inches and 4 feet 

in thickness. Farther north roughly the upper half of the equivalent in

terval exhibits massive units of contorted sandstones, and in the lower 

half individual beds are not as distinctly separable. Some of the tabular 

beds are tangentially cross-stratified on small to medium scales; others 

are horizontally stratified. The upper parts of many beds were 

channeled prior to deposition of the next higher beds. Lenses of
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conglomerate or conglomeratic sandstone, 6 inches to 3-1/2  feet thick, 

commonly fill the channels. As seen in cross section, many slightly 

undulant partings between beds are marked by trains of granule-size 

gravels. In other examples somewhat coarser gravels sparsely litter 

such planes, and in extreme examples individual cobbles, 3 to 8 inches 

in diameter, are noted at intervals ranging from a few inches to several 

feet along the bedding planes. Owing to vagaries of intraformational 

erosion, some beds wedge out as traced laterally. And gravel lenses or 

layers, separated by one or more beds of sandstone at a particular 

locality, may coalesce as traced laterally along the outcrop.

In the southern part of the region the sandstone unit that ex

hibits slump structures generally is  probably not as thick as the contorted 

sandstone unit in the northern areas. In some southern areas such units 

are not more than 50 feet thick, though in others slumped beds aggregat

ing at least 125 feet have been seen. At least in some areas the tabular 

beds that exhibit slump structures are somewhat thinner (8 to 15 feet) 

than in the northern part of the region; slumping may only slightly modify 

the original sedimentary structures and individual beds of contorted 

sandstone may be conspicuously defined, top and bottom, by layers of 

pebbles. Such generalizations cannot be made for all southern examples, 

however, because in some localities slumping occurred to such a degree 

that individual beds within a m assive outcrop are difficult to distinguish. 

The reticulate weathering pattern noted for the northern outcrops is
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also a common feature of the southern outcrops of contorted sandstone.

Tabular beds of cross-stratified medium- to very coarse

grained sandstone typify the upper part of the member in the southern 

part of the region, as in the northern part. Unfortunately, I have not 

taken specific heed of this part of the section in very many areas.

And if the sandstones of the northern and southern parts of the region 

are especially different in comparison, as are lower units, I am not 

aware of the differences. Southward from the latitude of Globe coarse 

grains of detrital feldspar are obvious in all of the outcrops of these 

beds that I have seen. Everywhere in the southern part of the region 

this uppermost unit tends to be quartzitic. If overgrowths of quartz 

completely fill voids between the detrital quartz grains, this part of the 

section forms massive light gray outcrops in which bedding features are 

obscure. Grossly these outcrops of quartzite are not very different 

from the quartzite of the upper member, and locally the contact be

tween members may be difficult to define.

Quartzite Member

The upper member of the Troy is everywhere of quartzite beds. 

The slightly different units in the vertical sequence are probably rather 

uniform in characteristics through the region. These quartzites lack 

unusual features that would particularly distinguish them from any other 

sequences of fairly clean quartzites. From observations over the region
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no great amount of detail can be added to the description of table 4, 

which cites one of the thickest sections in northern Gila County.

Although light gray or yellowish gray hues are dominant in 

some localities, and in some sections beds of dark values of grayish- 

red or grayish-red purple are conspicuous, generally the quartzites 

are grayish-pink to pale red. Weathering accentuates the reddish 

colors. And where the formation is  weathered deeply, detached slabs 

of thinner parting portions of the member may be rendered somewhat 

porous and be stained throughout in various shades of rusty brown.

Such extremes of weathering discoloration are seen mostly where the 

slabby parting upper part of the member is  exposed on mesa tops. In 

other exposures or on m esas where lower parts of the member are ex

posed such decomposition is  not ordinarily seen. Indeed, the colors of 

the grayish quartzites, which include very little iron, ordinarily are e s 

sentially unmodified on weathering.

The quartzites are mostly medium- to coarse-grained and re

markably free of detrital grains other than clear quartz. Compared 

with any part of the middle member, individual beds and commonly se 

quences of beds several tens of feet thick are uniformly of a very narrow 

range of grain sizes. Rare beds include scattered grains of orange-pink 

feldspar. Granules and small pebbles, or concentrations of such gravels 

are extremely rare, and for practical description can be considered non

existent. Beds that include feldspar or pebbles are somewhat more
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common in the latitudes south of Globe. In handspecimens the quartz 

grains appear to be angular and through the bulk of the member the 

grains fit tightly against one another. Thin sections show that these 

are well-rounded detrital grains locked together by overgrowths of 

quartz that generally fill completely the voids between original grains.

A thin dust of hematite(?), which marks the rounded outlines of the 

original detr ital grains, and minute aggregates of hematite, sparsely 

distributed and tightly held along the boundaries between overgrowths, 

cause the reddish colors in the quartzites. .

Outcrops of some localities are abundantly pitted, owing to the 

weathering free of aggregates of sand that are not as firmly cemented 

as most of the rock. These "pock-marks," ordinarily not more than 1 

inch in diameter, seem to be prevalent in certain beds. The "pock

marked beds" appear to have no use as stratigraphic marker units, ex

cept perhaps locally. In some localities they are found high in the mem

ber, in others low in the member; the bulk of the outcrops are devoid of 

these features. Only a lithologic correlation can be suggested. The 

"pock-marked beds" are ordinarily within a sequence of light colored 

vitreous quartzite beds, most of which are so firmly cemented that the 

internal bedding structures and even some of the planes between beds 

are difficult to distinguish. . :

The quartzite of the basal several tens of feet of the upper mem

ber commonly is  coarse-grained; some sections include beds of very
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coarse grain. Individual grains appear quite angular in handspecimen, 

and generally the interstitial voids are only partly filled by overgrowths. 

The porosity and coarseness of grain distinguish this unit from any other 

of comparable thickness in the member. Commonly this unit is  gray

ish-red or grayish-red purple, but in places it is  very light colored. 

Light gray or yellowish-gray quartzites seem to be common in the 

southern part of the region.

The overlying unit is  150 to 200 feet thick, medium-grained, 

tightly cemented, and ordinarily the most vitreous quartzite in the mem

ber. It is  comprised of tabular beds, which range from a few inches to 

6 feet in thickness but are mostly 1 to 2 feet thick. These beds are 

cross-stratified on small to medium scales, but in a great many out

crops the internal bedding details are obscure. The underlying coarse

grained unit exhibits very similar details of bedding. With the medium

grained unit it commonly crops as a steep ledge-studded slope, or in 

areas of much relief the two units crop as a single cliff.

The contact between the medium-grained unit and the slabby 

parting unit next above is  commonly marked by a topographic bench at 

the top of this cliff. As the upper part of the medium-grained unit tends 

to part more readily and is  somewhat less resistant to erosion than the 

lower quartzites, in many areas a step-like transition zone of ledges 

exists between the bench and the top of the cliff.

The highest unit of the upper member is  also mostly medium

/
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grained, but these quartzites are not as well sorted as those of the two 

lower units. Some beds are coarse-grained, and a scattering of coarse 

grains is  common in the medium-grained beds. This unit differs from 

those lower in the section mostly in that it is  thinly bedded, bedding 

structures etch out distinctly, and flaggy to slabby parting of the out

crops is  everywhere characteristic. The beds are tabular and range 

from 2 to 30 inches in.thickness; most of the beds are 3 to 12 inches 

thick. Some beds are horizontally stratified; most are tangentially 

cross-stratified on small to medium scales. Locally some of the more 

prominent partings between beds are undulant. Where this unit is  exposed 

in thicknesses of more than 100 feet, it generally crops on a steep slope 

that merges downward with the bench previously noted and merges up

ward into ragged cliffs. The outcrops of the lower part of the unit are 

commonly covered by flaggy and slabby talus from higher in the section.

In the Sierra Ancha the upper member is  readily recognized 

from a distance by its distinctive topographic profile of two prominent 

cliffs separated by a steep slope and a bench. In the higher parts of the 

range (within the west half of the McFadden Peak quadrangle) the slabby

parting upper unit of the member is  remnant in thicknesses of 150 to 200 

feet. Elsewhere north of the latitude of Globe the slabby unit i s  thin or 

missing, even where Paleozoic formations overlie the Troy, and the 

distinctive topographic profile is  not characteristic. Farther south the 

slabby-parted unit or equivalent quartzites are generally missing owing
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to pre-Paleozoic erosion. Only in the Holy Joe Peak quadrangle, to the 

best of my knowledge, can definite exception be made to this generaliza

tion. Most exposures of younger Precambrian rocks in this quadrangle 

are of Apache strata or included diabase sills , both of which are direct

ly overlain by Cambrian formations. But in certain small areas, be

tween Aravaipa Creek and Holy Joe Peak, as much as 700 feet of Troy 

quartzite intervenes between the Apache strata and the Bolsa quartzite 

of Cambrian age (M. H. Krieger, written communication). Eleven 

m iles to the west, near the mouth of Camp Grant Wash, comparable 

thicknesses of Troy quartzite probably exist but owing to Cenozoic fault

ing and poor exposures the relations between formations are not as 

readily seen. These various Troy sections are preserved in structural 

blocks that were depressed relative to the Troy of surrounding areas, 

and therefore survived the erosiona! planation that preceded deposition 

of the Bolsa quartzite. Near the head of Skeleton Canyon, about a mile 

west and northwest of Holy Joe Peak, the upper member of the Troy is  

slightly more than 500 feet thick, or about the same as the thickest sec 

tions in the Sierra Ancha. Over-all these sections of the upper member 

are lithologicaUy quite like those in the Sierra Ancha except that the 

upper 200 feet, corresponding roughly to the slabby parting thin-bedded 

uppermost unit, is  much thicker bedded and forms massive outcrops. 

This part of the member is  of light gray or yellowish-gray quartzite in 

tabular beds, 1 to 8 feet thick, in which internal bedding structures are
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obscure.

In typifying and illustrating the lower and middle parts of the 

Troy as massive-cropping conspicuously crossbedded and pebbly quartz

ite, Ransome (1916, p. 139-141 and pi. 27A; also 1919, p. 44) drew oh 

observations, particularly from the vicinity of Globe and Ray, of the 

Chediski member where sections are especially quartzitic. The upper 

member does not include similarly conspicuous features. Furthermore, 

it is  thin or missing in most of the areas mapped by Ransome. And 

sandstone sections of the middle member do not crop out as conspicuous

ly as the quartzitic sections. Therefore neither the sandstones nor the 

pebble-free quartzites were accorded much prominence by Ransome.

Diabase

Form and Distribution of Intrusions

Diabase, in the form of dikes and sills , mainly inflated the 

sedimentary formations of the younger Precambrian, and in many areas 

the intrusions are restricted largely to the Apache group. But extensive 

diabase bodies were also emplaced in the older Precambrian formations. 

Paleozoic formations rest unconformably on the diabase. Only the 

broader outcrops of diabase are outlined on figure 2. The large diabase 

intrusions of southern Arizona are coextensive with the younger P re

cambrian sedimentary rocks. Cartographic limitations notwithstanding,
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figure 2 serves well to illustrate this.

Sills greatly predominate in volume; dikes are relatively few 

and insignificant. Sills range from a few inches to 1, 200 feet in thick

ness, and individual s ills  spread laterally for distances of a few feet to 

at least 20 miles. Thicker s ills  have been reported, but these are very 

likely composite sheets comprised of two or more separately injected 

sills . The s ills  are remarkably persistent; examples only one foot thick 

have been observed to crop out laterally for more than a mile. Dikes 

are relatively narrow; a range in width of a few inches to a few tens of 

feet would include most dikes. Some tabular bodies that connect a con

cordant s ill at one horizon with a like sheet at another horizon are 50 to 

800 feet in width; these m asses can be considered discordant portions of 

the s ills  rather than dikes. Some dikes, 10 to 30 feet wide, can be 

traced for a few miles; these are rare. The sedimentary host rocks, 

which are virtually horizontal in the Plateau portion of the region and 

ordinarily dip less than 25° in the Basin and Range portion, tend to 

erode as cliffs and the le ss  resistant diabase erodes as slopes. There

fore the s ills  have extensive outcrops of great prominence in most land

scapes that expose younger Precambrian formations.

The s ills  are remarkably concordant, in general, but each s ill 

if traced carefully along its outcrop proves to be in part discordant.

Many discordancies are in the form of high-angle, abrupt steps, up or 

down through the stratigraphic section. The height of these steps ranges
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from a few inches to several hundred feet and commonly varies along 

the strike of a given discordancy. A second common, but le ss  obvious, 

type of discordance is  low angle;, the contact between diabase and sedi

mentary rocks is  a gently undulant plane that transects the bedding 

planes of the host rocks at a low angle. Most s ills  transgress from one 

stratigraphic horizon to another along a devious route, rather than by 

simple tabular dike-like connections. Discordant portions of s ills  that 

can be traced in cross section or along the strike for some distance— a 

few hundred yards to several m iles— ordinarily are not simple high- 

angle or low-angle discordancies but a combination of the two types.

That is , as a contact conformable with bedding is  traced in section, it 

may cut sharply up across bedding at a high angle, then flatten to con

form locally with bedding or transect bedding at a low angle, steepen 

abruptly again, then flatten to make the connection between concordant 

portions of s ills . Along the strike of a discordancy, also, the contact 

between diabase and sedimentary rocks may change from high to low 

angle. In this report, if the contacts of a tabular body are in general 

conformable on a regional scale with the enclosing sedimentary rocks, 

the term concordant sill will be used. Where a tabular sheet is  locally 

concordant but through large areas has contacts that transect the bedding 

of the host formations it will be referred to as a discordant sill, or where 

the relations to a concordant s ill can be demonstrated as the discordant 

part of a sill. : ‘
O
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Emphasis, here and elsewhere in the report, on the discordant 

parts of s ills  should not be construed to suggest that such features are 

everywhere characteristic. Though discordant contacts are numerous, 

they encompass only a small part of the total volume of diabase in s ills .

The shape of the s ills  in plan cannot be characterized from 

present knowledge, because only rarely is  the termination of a sheet 

observed, and the edges that have been seen represent only a very ; 

small part of the perimeter of an intrusion. Some thin s ills , clearly  

apophyses from thicker sills , wedge out gradually. Other thin sills  

and some thick s ills  terminate abruptly against high-angle faults. Also, 

s ills  cannot be readily described in plan because a given sill is  not 

everywhere at one stratigraphic horizon and therefore is  not exposed 

uniformly in relation to topography. A given s ill may occur at one 

stratigraphic horizon through an area of a few tens of square m iles, 

and via discordant connections exist in like volumes at horizons several 

hundreds of feet higher or lower in adjacent areas. Such extremes of 

stratigraphic position for different parts of one s ill seem to be more 

characteristic of one area than another.

In the Salt River Canyon diabase inflated the section as multiple 

intrusions, but in the Sierra Ancha multiple injections apparently were 

rare. Where U. S. Highway 60 crosses the canyon three separate in

jections of diabase can be observed readily, and from widely separated 

observations the writer speculates that not le ss  than five separate
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injections might be demonstrated. Throughout most of the McFadden 

Peak quadrangle only one stage of intrusion has been recognized; in a 

very few localities two injections have been seen. Probably multiple 

intrusions are not typical of this area, but are characteristic of the 

Salt River Canyon and the area 5 to 10 m iles south of the canyon.

The cumulative volume of diabase s ills  varies considerably in 

the region. In the Salt River Canyon the ratio of diabase to exposed pre- 

Paleozoic strata is  about 1:1, or slightly greater. Because the sedi

mentary rocks tend to occur as narrow outcrops in plan and the diabase 

as broad outcrops, on a detailed map of the south half of the Blue House 

Mountain quadrangle the sedimentary rocks would appear as blocks and 

slivers engulfed in a sea of diabase. In the Sierra Ancha, in contrast, 

sedimentary formations greatly predominate over diabase in volume.

Certain stratigraphic units were more susceptible to inflation 

by diabase s ills  than others. In most areas the Mescal formation was 

inflated at more horizons and now encompasses a greater volume of 

diabase s ills  than the other Precambrian formations. The Pioneer 

formation commonly was intruded by two or more sills , but these are 

usually thin. Sills are locally prominent in the Dripping Spring and 

Troy quartzites, and are few in the Dripping Spring and are even fewer 

in the Troy. Through much of the Sierra Ancha southeast of McFadden 

Peak one sill, ranging between 300 and 1,000 feet in thickness, splits 

the Dripping Spring. In many other areas in northern Gila County s ills



150

in the Dripping Spring are le ss  than 200 feet thick, but south of the Apache 

Mountains s ills  200 to 500 feet thick exist in this part of the section.

Most s ills  in the Dripping Spring are in the upper member and apparently 

no s ills  of appreciable thickness or lateral extent occur in the lower 

member. In a few localities s ills  in the Troy formation are thick— as in 

the vicinity of Aztec Peak, where a s ill 800 to 1,200 feet thick splits the 

formation; in several areas s ills  in this formation are between 30 and 

200 feet in thickness, and in many places diabase intrusions are scanty 

or missing in the Troy. If the Troy, and any included diabase, had not 

been removed over large areas by pre-Paleozoic erosion perhaps dia

base would be seen more abundantly in the higher parts of the formation. 

Thin sheets of diabase are common, and in some areas widespread, in 

the upper 300 feet of the older Precambrian granite. These sheets ap

proximately parallel the bedding of the overlying Apache group, and ap

parently inflate joints developed parallel to the pre-Apache surface. . At 

depths more than 500 feet below the base of the Apache group diabase 

intrusions of appreciable extent are practically nonexistent. Thus 

where granitoid or schistose formations without included diabase are 

widely exposed, it seem s reasonable to postulate that a considerable 

thickness of these formations was eroded and that remnants of the Apache 

group are not likely to be found in the vicinity. In summary, thin sills  

can be considered characteristic of the upper part of the pre-Apache 

formations, the Pioneer formation, and generally— but with prominent
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exceptions— of the Dripping Spring and Troy formations; the Mescal is  

characteristically inflated by. several sills , which may be thick or thin.

Most s ills  were intruded along horizons defined by striking 

differences in the competency of the rocks above and below the horizons 

of intrusion. Good examples are the s ills  commonly in the Mescal lim e

stone at or near the contact between the middle member— a thick-bedded, 

massive unit— and the lower member— a thinner-bedded, le ss  competent 

unit. In a comparable example, s ills  ordinarily split the siltstone units 

of the.upper member of the Dripping Spring adjacent to the subordinate 

but more competent feldspathic quartzite units within the member, or 

at a horizon not far above the contact between the siltstone member and 

the massive, quartzitic lower member. Diabase commonly was intruded 

along all unconformities in the Apache section except that between the 

Mescal and Dripping Spring formations. Where s ills  do not occur at 

the contact between competent and relatively incompetent stratigraphic 

units, they are largely along horizons in the incompetent unit but within 

a few feet of the competent beds. Seldom is  a sill observed in the middle 

part of an incompetent unit. Nor do many s ills  that occur along a horizon 

within competent units occupy these horizons for considerable lateral 

distances. Massive stratigraphic elements that do not part readily 

rarely are hosts for diabase. The basal breccia of the Mescal lim e

stone, the laterrformed massive solution breccias that comprise the 

Mescal in some areas, and the massive parts of the Troy are virtually
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free of diabase sills . Dikes or discordant dike-like connections between 

s ills  do penetrate these units.

Tabular plates of Mescal or Dripping Spring strata, seemingly 

completely isolated from one another and from thicker m asses of strata 

by diabase, provide particular information on the mode of diabase in

trusion. Examples of such plates 5 to 300 feet thick, at least 2 m iles 

long and not le ss  than 1/2 mile wide are exposed in the Salt River Can

yon. Some plates wedge out, others end abruptly against a steep dis

cordant contact. The bedding within most of the slabs virtually parallels 

that of strata above and below the enclosing diabase bodies. Where a 

discordant part of a s ill terminates a plate the beds of the plate are noted 

to match perfectly in thickness and sequence the beds against the other 

wall of the discordant mass. As this implies, and as can be confirmed 

on close inspection, none of the sedimentary rock has been assimilated  

in the diabase magma. No discernible warping may be apparent, even 

though the plate is  only 10 feet thick and of the least competent strata.

In some canyon walls only one such plate is  seen, in other localities 

several plates are separated by tabular layers of diabase.

On casual observation these plates might seem to be huge 

xenoliths dropped into a sill before it solidified. Closer inspection, 

however, proves that most such plates intervene between s ills  injected 

at somewhat different times. As shown diagrammatically on figure 12, 

a simple s ill— perhaps largely concordant— first inflated the section.
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A second intrusion, following the same general path as the first, locally 

deviated to pry from the wall of the first s ill a plate or plates of sedi

mentary rock like those described above. Invariably, if outcrops are 

of adequate geometry, large plates completely surrounded by diabase 

are seen to be of this origin. The second sill, as shown by its chilled 

margins and in some examples by displacement of the first sill, was in

truded after the first sill had crystallized. Excellent exposures of one 

sill, with chilled margins, inflating another can be viewed along the part 

of U. S. Highway 60 that traverses the north wall of the Salt River Can

yon. The contact between the s ills  of this particular exposure is  gen

erally planar, but locally undulant; everywhere it is  practically con

cordant. And locally lenses only inches thick of limestone, the host 

rock for the two s ills , indicate that the magma of the second sill was 

insinuated essentially along the contact between the first sill and its 

sedimentary host. In some areas there were at least three separate 

injections of diabase; the complex geometric pattern of displaced plates 

in some areas, which have not been studied, suggests that additional in

trusions might be proved for these localities. No features have been 

seen that suggest injection of a later s ill before the earlier intrusion had 

chilled throughout.

Some plates of sedimentary rock not widely separated by dia

base from the main mass of sedimentary rock are shown, by lateral 

tracing, to be plates that connect with the main mass. The diabase
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separating the two plates of strata is  a minor wedge-shaped apophysis 

from a larger diabase sill. This apophysis commonly represents a 

later diabase sill that wedges out, but this is  not everywhere true.

The features described above have been seen on all scales, 

from examples in which the intervening s ills  are hundreds of feet thick 

to examples in which they are only inches thick. Everywhere the dia

base was insinuated into the host rock without causing appreciable fold

ing of the strata. Actually some very sm all-scale deformation, de

scribed on a later page, did occur.

Detailed mapping has shown that multiple intrusions of diabase 

are uncommon in parts of the Sierra Ancha, and reconnaissance in more 

southerly parts of the region suggests that such may be characteristic of 

other areas. From mere casual observations it is  certain, however, 

that multiple intrusions are typical of other large areas than that ex

posed in the Salt River Canyon. In much of the Basin and Range portion 

of the region, Cenozoic faulting obscures the geometric relations be

tween diabase and the rocks that it intruded. Owing to pervasive altera

tion in Tertiary time, and consequent poorer outcrops, relations are 

particularly obscure in the vicinity of the base-metal districts of the 

region. Nevertheless, applying knowledge of the characteristic habits 

of the diabase obvious in the northern part of the region, reasonable 

interpretations of some puzzling structural relations involving diabase

can be made.
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Petrology

The diabase bodies are mostly of dark-colored, holocrystal- 

line rock that is  fine- to coarse-grained, but generally medium-grained, 

and is  mainly of ophitic or subophitic texture. This rock will be desig

nated the "typical" or "normal" diabase to distinguish it from the more 

feldspathic or "red rock" types: diabase pegmatite, aplite, and 

granophyre. These red rock facies are conspicuous because of lighter 

colors and differences in texture, but comprise only a minute part of 

the intrusive material.

The normal diabase is  a tough, medium gray to dark gray rock. 

The minerals readily visible to the unaided eye are plagioclase, black 

pyroxene, and in the coarser phases black ilmenite-magnetite and clear 

needles of apatite. In much but not all of the rock biotite is obvious, 

and rusty-weathering, yellowish-brown olivine can be seen in some 

diabase with the aid of a hand lens. In deuterically altered diabases a 

dark, greenish hornblende is  readily seen. Large grains of pyroxene 

are particularly noticeable on firm outcrops, because cleavage faces 

flash in the light and mottle the surface of the outcrop. These pyroxene 

grains are crowded with laths of plagioclase; and on weathered surfaces 

these ophitic aggregates characteristically protrude, resulting in the 

knobby or warty surfaces typical of many diabases.

Normal diabase weathers light olive gray to moderate yellow

ish-brown as observed at close range, and can ordinarily be distinguished
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at a distance by the characteristic greenish or olive gray hue of the parts 

of slopes barren of vegetation. Spheroidal weathering to rounded, 

lumpy- or warty-surfaced boulders is  common. The rock disintegrates 

to a light brown or yellowish-brown granular soil that commonly, but 

not invariably includes abundant kernels (fig. 13) that represent the 

relatively resistant oikocrysts of pyroxene.

In many localities conspicuous light- or dark-colored ribs, 

ordinarily le ss  than l / 4  inch in width project a small fraction of an inch 

to two inches above the weathered surface of the diabase. The light- 

colored, usually pinkish ribs represent concentrations of albite along 

joints or minute fractures in the diabase; the dark ribs are like con

centrations of hornblende, biotite, and chlorite. These ribs ordinarily 

mark diabase that was deuterically altered to a considerable degree.

Correlation of thin section studies with field observations in

dicate that the bulk of the normal diabase is  composed largely or 

labradorite and clinopyroxene. Olivine may be absent, sparse, or 

abundant but exists in appreciable amounts in so much of the rock that 

this facies of the normal diabase can be characterized, and has been 

(Ransome, 1919, p. 54), as olivine diabase. Albite, rather than 

labradorite, is  the plagioclase of a texturally similar facies of the 

normal diabase that occurs in much lesser volume. Either pyroxene or 

amphibole may dominate the mafic mineral content of the albite diabase, 

which does not contain olivine. This diabase or diabase with the calcic
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FIGURE 13

OUTCROP OF DIABASE SHOWING CHARACTERISTIC 
EFFECTS OF DISINTEGRATION CAUSED 

PRIMARILY BY WEATHERING

Small residual pebbles are ophitic aggregates, little 

decomposed and of typical sizes.
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plagioclase but with the pyroxenes partly altered to amphibole seem to 

have been described as hornblende or augite-hornblende diabase 

(Peterson and others, 1951, p. 34; Short and others, 1943, p. 36).

Thin sections of little altered olivine diabase show that labrador- 

ite (Angg-An^y) comprises 45 to 65 percent of the rock, clinopyroxene 

10 to 25 percent, olivine 5 to 20 percent, biotite and hornblende each 

comprise 1 to 5 percent, and ilmenite-magnetite, apatite and sparse 

grains of sphene aggregate 2 to 8 percent. Most of the plagioclase is  

subhedral; the laths in the usual medium-grained olivine diabase range 

from 1 to 4 m illimeters in length, and commonly the outer one-third of 

the crystals is  normally zoned. A sm all part of the clinopyroxene in 

some thin sections is  clear pigeonite (2V 30°), but clear or slightly 

brownish or pinkish augite is  the more prevalent and in many speci

mens the only pyroxene identified. Grains of augite range from a frac

tion of a millimeter to 40 millimeters in diameter and are commonly 5 

to 20 m illim eters. In many thin sections these grains include plagioclase 

grains subophitically rather than ophitically, as would be judged from 

the handspecimen. An orthopyroxene, which is  hypersthene in many 

instances and probably in most, has been observed in small amounts 

in some specimens. The olivine, indicated to be about FoggFa^Q in 

composition from refractive indices of a very few examples (see method 

of Deer and Wager, 1939, p. 21), occurs as small rounded grains or 

clusters of rounded grains. Biotite, most of which is  strongly
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pleochroic from yellow to reddish brown, is  widely distributed, but is  

an abundant constituent in comparatively little of the slightly altered 

olivine diabase. Pyrite is  sparsely distributed through most of the 

normal diabase, and in some specimens chalcopyrite can be identified.

Much of the olivine diabase shows considerable effects of late 

magmatic or deuteric alteration. Olivine, the most unstable mineral 

in most specimens, is  replaced by chlorite or by serpentine; the latter 

includes the trains of fine granules of magnetite, commonly found in 

serpentinized olivine. In some specimens the olivine was also con

verted to talc, iddingsite, or bowlingite. In the diabase of many 

localities the outlines of the mafic minerals have been completely ob

literated: olivine is  absent, and from the outlines of alteration minerals 

it cannot be said unequivically that any are pseudomorphic after olivine. 

But from studies of suites of specimens of typical diabase, olivine is  

suspected to have existed in many localities in which it or pseudomorphic 

alteration products are not now apparent. Augite was ordinarily re

placed by green hornblende and chloritic products; in some specimens 

stilpnomelane is  abundant, and tremolite has been observed in some.

The reddish-brown biotite, at least in part, occupies the earlier position 

of both olivine and pyroxene. Greenish biotite occurs in diabase so 

thoroughly altered that the original mafic minerals are difficult to 

identify. Epidote, in abundance, takes the spatial positions of both 

mafic minerals and plagioclases in the diabase of a few areas, but in
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most localities epidote is  absent. The cores of the labradorite laths 

were commonly converted to fine-grained aggregates of sericite, clay 

minerals, and chlorite, and the rim s were rendered turbid by altera

tion products generally too fine grained to be resolved under the micro

scope. In large parts of some specimens the turbid rims are albite. 

Prehnite replaced the plagioclase, especially the cores of the laths, 

of some of the diabase. Leucoxene is  associated with skeletal aggregates 

of ilmenite-magnetite and is  seen particularly in the coarser variants of 

the diabase.

Much of the rock that might be termed a hornblende diabase in 

the field and some of the albite diabase is  coarser than the average 

normal diabase. Some is very coarse grained and includes labradorite 

or albite laths 5 to 25 m illim eters in length and augite crystals, which 

may be slightly to largely altered to gray-green hornblende, as much 

as 50 m illim eters in length. In some of this coarser-textured rock the 

augite tends to fracture as curved blades; many of these grains are 

twinned. Where the hornblende is  obvious in handspecimen it is  fibrous 

and under the microscope much appears plumose. Biotite tends to be 

more abundant in such rocks than in the average olivine diabase. Apa

tite needles are larger and seemingly more abundant, and skeletal 

crystals of ilmenite-magnetite are readily seen in handspecimens.

Albite and quartz, as graphic intergrowths on a microscopic 

scale, occupy interstices between plagioclase laths in some of the
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diabase that is  seemingly of typical texture in the handspecimen. This 

micropegmatite does occur sparsely in otherwise non-albitic diabase 

and has been observed in little altered olivine diabase, but occurs most 

commonly and abundantly in albite diabases. Not all alb it e diabases, 

however, include micropegmatite.

All variations of mineral content between that of olivine diabase 

and that of an albite diabase appear to exist in some sills . Thus diabase 

that lacks olivine, but has labradorite as the plagioclase may include 

abundant blue-green hornblende as does much of the albite diabase. Or 

albite diabase, without vestiges of labr adorite, may be texturally similar 

to the ophitic olivine diabase; in such examples olivine is absent but the 

augite may be largely unaltered and hornblende sparse. Olivine diabase 

grades into diabase without olivine and into diabase with micropegmatite. 

All of these transitions are subtle and not easily determined in the field. 

In contrast, though these varieties do grade into the red rock types, the 

transition is  relatively abrupt and ordinarily takes place through a zone 

a few inches to a few feet in width. Exceptionally the zone between 

normal diabase and large m asses of the coarse pegmatite or granophyre 

is  only a few inches in width, and some of the highly feldspathic dike-
I

like m asses— for instance, some aplites— have sharp boundaries with 

the normal diabase.

Gravity differentiation certainly occurred in some of the thicker 

s ills  of the Sierra Ancha, but the effects of gravity differentiation have
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not been observed in all diabases. In some thick s ills  certain layers 

are more feldspathic, others more olivine-rich than the average normal 

diabase. Olivine, however, is  not largely restricted to a zone low in a 

sill, as for the classic well-studied Palisade diabase s ill of New Jersey 

(Walker, 1940, p. 1067), but may be an varietal mineral through much 

of a particular thick sill. Where olivine is  particularly abundant, com

monly in the middle one-third of a thick sill or through a like interval 

slightly lower, certain fairly conspicuous layers may include coarser 

grains of olivine than the remainder of the sill. These layers are not 

sharply defined but are gradational into the rock above and below.

Enough hints of layering phenomena are known to indicate gravity dif

ferentiation has occurred in some s ills  and to suggest that future care

ful study of the mineral species and.their relative concentration could 

result in recognition of subtle mineralogic differences in nstratigraphic" 

zones in the s ills  and a systematic sequence of layers. Suggestions of 

gravity differentiation have not been noted in s ills  le ss  than 500 feet 

thick.

Of the red rock facies the diabase pegmatite is  the most 

abundant. Diabase pegmatite occurs most widely as irregular m asses 

a few inches to a few tens of feet in diameter, and as lenses or crudely 

lenticular dikes a few inches to a few feet in width. Such m asses may 

be found in any part of a sill, and occur in many areas throughout the 

region. In some sills , however, they are sparse or seemingly absent.
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Some roughly tabular m asses, a few feet to a few tens of feet thick and 

a few tens to several hundreds of feet— and exceptionally a few thousands 

of feet— in outcrop length, roughly parallel and are proximate to sill 

boundaries, but are within the sills . Volume-wise such m asses locally 

comprise the bulk of the rock of this type, but such m asses are rela

tively few and have been noted only in certain parts of the region.

Characteristic of the pegmatites is  an extreme coarseness of 

grain and an irregular or blotchy aggregation of light and dark minerals. 

That is , a cluster of mafic minerals may be surrounded by clusters of 

plagioclase that are separated by but include little mafic material, and 

vice versa. In a like manner clusters of coarse but stubby crystals of 

plagioclase may exist adjacent to aggregates of very coarse elongate 

laths of plagioclase. Plagioclase laths 1/8 to 1/4 inch across and 1/2  

to 1-1/2 inches in length are common, and laths of like breadth and 3-1/2  

inches in length have been seen. Augite grains 1/2 to 2 inches across 

are common, and crystals as much as 4 inches in maximum dimension 

occur. These large augite crystals, which surround plagioclase in siib- 

ophitic fashion, commonly also include abundant skeletal grains of 

ilmenite-magnetite. •' '

The diabase pegmatites vary from a dark-colored rock with 

abundant augite and ilmenite-magnetite through a pinkish-gray rock 

with abundant dark greenish-gray fibrous hornblende, but little other 

essential mafic mineral, to a coarse- to very coarse-grained
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yellowish- or pinkish-gray rock that is  95 percent or more of feldspar. 

A particular mass may include this entire range or be relatively uni

form in mineralogy. Probably the most abundant variety of diabase 

pegmatite is  composed almost entirely of albite and hornblende. Most 

of the plagioclase of the pegmatitic facies is  turbid, light gray to gray

ish-orange pink albite.

Owing to pervasive decomposition, seldom are outcrops 

adequate to determine the form of the granophyre bodies, but this rock 

type probably occurs mostly as irregularly tabular bodies a few feet, 

to a few tens of feet thick and a few tens to a few hundreds of feet in 

horizontal dimensions. Some pegmatite bodies include small m asses 

of gr anophyr e. More or le ss  equidimensional grains of orange-pink 

feldspar, intergrown graphically with quartz, give the gr anophyr e a 

predominantly orangish hue. Euhedral or subhedral quartz'-grains can 

ordinarily be observed with the aid of a hand lens, and in some occur

rences the graphic inter growths of feldspar and quartz is readily seen 

in handspecimen. Under the microscope the weathered feldspar avail

able for study is  abundantly charged with hematite and limonite and so 

clouded as to make mineral identification difficult. A large part of the 

feldspar is  albite, but potash feldspar may comprise a part of the rock. 

The feldspar grains ordinarily range from 1 to 10 millimeters in diam

eter. Some of the granophyre with a high content of quartz is almost 

lacking in mafic minerals; other occurrences include 10 to 25 percent
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of a rusty-weathering, fibrous gray-green amphibole and abundant thin 

plates of ilmenite-magnetite. Transitional facies between granophyre 

and normal diabase include augite.

The diabase aplite occurs principally as narrow veins, a frac

tion of an inch to 6 inches in width, in fine- to medium-grained diabase. 

These veins are characterized by vague, gradational borders. The 

transitional zones from aplite to normal diabase range from one-tenth 

of an inch to a few inches in width. Quite in contrast are rarer dikes 

of identical composition that are as much as two feet in width and have 

sharp boundaries with normal diabase. The aplite is insignificant in 

volume but is  a conspicuous facies throughout the region because of the 

equigranular texture and pink color which contrast with the normal dia

base. Aplite is  not observed in every outcrop but does occur somewhere 

in most s ills . Where innumerable veins of aplite occur the host diabase 

commonly is albitic.

The aplites are composed mainly of pink feldspar, which con

stitutes 80 to 95 percent of the rock. The anhedral equant feldspar 

grains typically range from 0.05 millimeter to 2 m illim eters in diam

eter; in any given vein or dike the grain size is  fairly uniform. Clay

like alteration products cloud and make determination of the feldspar - 

difficult. Nor is  it certain that the albite that has been identified in a 

few thin sections is  representative of all occurrences; potash feldspar 

may exist. Most of the albite is  not twinned. Typically the aplite is
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mottled with concentrations of gray-green hornblende and commonly 

with yellowish-green epidote; both of these minerals are interstitial to 

grains of albite. In the narrow transitional borders between aplite veins 

and typical diabase the equigranular texture of the former appears to be 

superimposed on the intergranular texture of the latter, resulting in a 

salt-and-pepper textural appearance. This transitional border looks 

much like the usual aplite except that the mafic mineral content is  

higher. These borders include abundant chlorite and brown biotite.

A quartzose aplite, which has been seen only in and close to the 

Sierra Ancha, occurs at or near the margins of diabase sills . Quartz 

that is  micrographically inter grown with feldspar comprises a few per

cent to more than 50 percent of this aplite. In many though not all speci

mens minute rounded grains of diopside, seen only under the microscope, 

are scattered through the rock. Biotite and chlorite have been seen in 

some thin sections but, as a generality, quartz as a principal constituent 

and diopside as an accessory are the minerals that set this aplite apart 

from the ordinary non-quartzose aplite.

The quartzose aplites occur mostly as irregular bodies, crudely 

lenticular in form and a few inches to several feet thick. These bodies 

mainly parallel contacts between diabase and the upper member of the 

Dripping Spring, and in this association may have outcrop lengths of 

several hundred feet, but ordinarily are much less  extensive. Like 

lenses of lesser extent border contacts between the argillite member of
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the Mescal and diabase, and a few very small bodies have like relations 

to the basalt. The quartzose aplites have not been seen in association 

with host rocks of other lithologies. Some quartz aplite layers form a 

transitional zone between hornfelsed host rock and other varieties of 

diabase. Secondarily these aplites occur as dikes, a few inches to 5 

feet wide, that are in diabase s ills  but are not far from the s ill border 

or are in the host formation.

With the exception of the sharp boundaried quartz-free aplite 

dikes, pyrite has been observed in all of the red rock facies. It is  

sparse to abundant and sporadically distributed in the pegmatites and 

in most of the aplites. Most of the quartzose aplite includes much 

pyrite; thus outcrops of this aplite and of some m asses of pegmatite 

are rendered conspicuous by abundant limonite stain. Most of the 

granophyres also include abundant pyrite, the leaching of which is  a 

factor in the pervasive decomposition of the outcrops.

Fine-grained to aphanitic borders, caused by rapid chilling of 

the magma against the host rock, are characteristic of the normal dia

base. Most of these selvages are fine grained, rather than aphanitic, 

and are thin. They are rarely more than 3 feet thick and most are 6 to 

18 inches. The effects of chilling can commonly be observed for 15 to 

30 feet away from the contact, however, because a slightly finer than 

average grain size prevails through this interval. Rarely a part of a 

sill border does not exhibit chilling against sedimentary rocks. In
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these occurrences the grain size of the igneous rock-—which is  quartz- 

ose aplite, granophyre, diabase pegmatite, or rarely normal diabase 

that includes micropegmatite— decreases little or not at all as the con

tact with the host rock is  approached. Nevertheless, except for the 

gradational boundaries of many quartzose aplites, the contacts between 

igneous and sedimentary rocks are sharp.

The red rock facies, without doubt, are various aspects of 

residual differentiates segregated from the diabase magma. Some 

sharp-boundaried dikes of aplite and relatively sharp-walled veins and 

lenticular m asses of aplite and pegmatite were definitely intrusive and 

emplaced after consolidation of most of the diabase. Other segregations, 

entirely surrounded by and gradational into diabase of normal texture, 

do not suggest by their forms any migration from the sites of residuum 

accumulation. The spatial relations of the red rock facies indicate that 

none represent later and independent acidic intrusions from a different 

source than the diabase magma. Instead, these facies can be visualized 

as crystallized from accumulations of the volatile-rich residuum derived 

from the particular intrusion of which they are now a part. In some 

places only a meshwork of crystals had formed before the feldspathizing 

residuum accumulated to fill inter-crystal interstices. But for the bulk 

of each diabase intrusion consolidation was so complete that normal 

diabase was competent to sustain fractures along which some of the 

residuum was injected as discrete dikes.
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Certain tabular m asses of the quartzose varieties of the dif

ferentiates are only at the tops of s ills , are particularly thick and ex

tensive, and include abundant feldspathic xenoliths. The association 

seem s particularly significant. ..

Xenoliths have been found only at a few sills , and are numerous 

in still fewer places. Only a small proportion of the xenoliths exceed one 

foot in maximum dimension; in most areas where they have been found, 

none exceed this dimension. Most xenoliths are of host rocks that also 

are characteristically shattered much adjacent to faults. Most xenoliths 

are found in the border portion of the discordant part of a sill. Where 

not obviously adjacent to a discordant contact, the xenoliths are at sites  

not far removed from a major discordancy, and there they are less  

numerous. Some discordant diabase bodies obviously were intruded 

along pre-existing faults or sheared zones, and it is  not unlikely that 

most of the larger-scale discordant bodies were emplaced along such 

lines of weakness. As a corollary, along some faults the host rock had 

been shattered and along discordant, as contrasted with concordant con

tacts, was more readily plucked loose and dropped into the diabase 

magma as xenoliths.

Without significant exception the rock surrounding feldspathic 

xenoliths is  one of the quartz-bearing red rock differentiates. Quartz

ose aplite is  the most prevalent host of xenoliths, and in this association 

is  in tabular m asses that border a sill: Apophyses from such m asses
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commonly extend as narrow dikes into the upper member of the Dripping 

Spring formation. From many such dikes thin sill-like tongues of 

similar aplite extend along bedding in the enclosing siltstones or arkoses, 

which in this setting close to diabase ordinarily are recrystallized to 

fine-grained hornfels. These tongues, as much as 6 inches thick but 

mostly le ss  than 1 inch thick at their junction with a dike, extend a few 

inches to several feet away from the dike before wedging out. Many 

aplite tongues merge gradationally into the hornfelsed sediments, and 

within the aplite minute bedding details of the delicately laminated strata 

are pseudomorphed, indicating that dilation did not occur. Further

more, where the dike crosses a bedding unit that includes several aplite 

tongues, the dike may be somewhat wider than elsewhere, suggesting 

that it in part was also of metasomatic origin. Within some tabular 

m asses of aplite the relict bedding of the included xenoliths, all of which 

may have vague boundaries, seem s without exception to parallel the 

bedding of the bordering sedimentary rocks. Such features suggest that 

the quartzose aplites all could be metasomatic in origin.

Other quartz aplites tend to partially invalidate the above sug

gestion. Although inclusions of siltstone or arkose commonly have 

vague boundaries and most are recrystallized, somewhere in most 

tabular m asses of aplite some xenoliths have sharp boundaries and in 

some places all are randomly oriented. Furthermore some dikes of 

aplite do dilate bodies of the coarser differentiates, typical diabase and
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the host sedimentary rocks. A few examples of xenoliths caught in 

granophyre are cut cleanly and offset by aplite dikes. The quartzose 

aplite in some part is  material formed in place by soaking feldspathic 

host rocks with magmatic fluids. But in considerable part it must rep

resent a melt formed by reaction between xenoliths and some fraction 

of the diabase magma, and injected as discrete dikes into a variety of 

host rocks.

In viewing some occurrences, the impression cannot be 

avoided that feldspathic fragments settled differentially, perhaps partly 

as a function of size (Lovering, 1938) and partly as a function of im

pedance offered by different strata of the crystallizing magma through 

which they settled. And in contaminating the magma, which was prob

ably somewhat enriched by late-stage residual material, the existence 

of xenoliths in different sizes, numbers, and surface areas in different 

parts of the crystallizing magma must have had a considerable effect on 

the characteristics of the rock that finally crystallized.

Additionally suggestive of localization owing to contamination, 

quartz-bearing facies have not been found except in proximity to highly 

feldspathic host rocks. Rare xenoliths of limestone or quartzite are 

simply included in the typical diabase; such inclusions are meta

morphosed; but are sharp-walled and show no sign of assimilation. 

Large bodies of the quartzose aplites and the granophyres are adjacent 

only to feldspathic strata of the upper member of the Dripping Spring.
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Empirically, they might be-expected also adjacent to the arkoses of the 

lower member or of the Pioneer formation, but these units are not hosts 

to the thick s ills  seemingly requisite for the formation of the red rock 

facies. Lesser bodies of the quartzose facies do exist along the walls 

of s ills  intruded into the potassium-rich argillite member of the Mescal 

and into the basalt flows.

The quartz-bearing facies, though conspicuous, comprise only 

a small part of the red rock facies. Indeed, examples are comparative

ly so scarce that the quartzose varieties should be considered only 

minor varieties and atypical. And possibly a mode of origin applicable 

to these cannot be ascribed to the varieties that exist in greater amounts.

Common in many s ills  are the small bodies of pegmatite and 

the narrow dikes and gradationally bordered veins of non-quartzose 

aplite, all of which may be found in any part of a sill. Most abundant, 

and in aggregate possibly the most voluminous of all, are the narrow 

albite veinlets that rib the weathered surfaces of many diabase out

crops. These albite ribs are merely sm all-scale manifestations of the 

thicker veins and dikes of quartz-free aplite. The dark-colored horn

blende veinlets of similar habit must be related to the albite veinlets in 

origin.

Many of the small randomly distributed pegmatite bodies are 

narrow and elongate. With the dikes, veins and veinlets of aplitic ma

terial, these bodies obviously were emplaced along joints, fractures.
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and faults opened after the diabase had crystallized enough to sustain 

fractures. Apparently volatile-rich material, residual when consolida

tion was almost complete, migrated to fill and crystallize in and near 

the fracture openings. The form and distribution of the small bodies of 

pegmatite and aplite indicate that they could not have been products of 

magma contamination, as speculated for the quartzose differentiates.

The thick extensive bodies of diabase pegmatite are found only 

in the upper parts of thick sills . These bodies also are not numerous, 

though they are much more common than the similarly disposed masses 

of the quartzose facies. Some tabular bodies as much as 20 feet thick 

border the upper contact of a sill, and normal diabase does not intervene 

between the pegmatite, and the host rock. In other localities, a few feet 

to as much as 80 feet of ordinary diabase intervenes between the top of 

the sill and a thick body of pegmatite. In a few places two thick layers 

enclosed in normal diabase have been seen in the upper 60 to 90 feet of 

a sill. Where a zone or zones of pegmatite lie  some distance below the 

top of a sill small irregular lenses of pegmatite may be abundant in the 

diabase that separates layers of pegmatite or separates a layer of 

pegmatite and the top of the sill. These lenses lie roughly parallel to 

the layers. The diabase that includes these lenses and that of the in

terval several tens of feet below the lowest extensive pegmatite mass 

ordinarily exhibits much deuteric alteration. Some pegmatite layers 

are fairly uniform in thickness along several hundred feet of outcrop;
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others pinch and swell or lens out locally. The borders of some layers 

are interrupted by subparallel apophyses, which are separated from the 

main mass by thin wedges of normal diabase.

Xenoliths have not been noted in the pegmatite facies. In view 

of this lack, and in view of the forms and distribution of the smaller 

bodies and the association with deuterically altered diabase, the larger 

m asses of diabase pegmatite are probably best visualized as segrega

tions of residual melt concentrated in the upper parts of s ills  during the 

late stages of magma crystallization. Further, it might be suggested 

that the quartzose facies were formed only where partially crystallized  

diabase magma, in which the residuum was accumulating, was seeded 

by feldspathic xenoliths.

The quartzose aplite bodies invariably border the tops of sills; 

granophyre and related coarse-grained bodies, and the thickest and only 

widely persistent bodies of diabase pegmatite occur at or near the tops 

of sills . Not all s ills  include these sizable m asses, however, nor are 

they prevalent everywhere at the tops of s ills  in which they do occur. 

Where such m asses exist the tops of sills  tend to be of albitic diabase; 

elsewhere the upper parts of s ills  may or may not be albitic. The ac

cumulation of residual fluids at certain sites seemingly was accompanied 

by the albitization of the normal-textured diabase in adjacent areas.

Most of the larger m asses of the differentiates are along or not far re

moved from a major discordant contact. In many places thin
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discontinuous dikes of pegmatite and dikes and veins of quartz-free 

aplite are numerous along the border of a steep discordancy. The mere 

generalization that particular concentrations of the red rock facies occur 

at the tops of s ills  is  only partially definitive for the diabase province of 

southern Arizona. The writer would suggest that these concentrations 

are most prevalent near large feeder dikes to the thicker s ills  and along 

the tabular discordant connections between the concordant portions of 

thick s ills  which were intruded at different stratigraphic levels; the 

larger concentrations are near the tops of sills , but in addition are 

largely restricted to the vicinity of discordancies. Even in such struc

tural associations, the red rock facies may be missing.



LATE PRECAMBRIAN DEFORMATION 

Pre-diabase Deformation

The first deformation, of several that affected the structural 

disposition of younger Precambrian rocks as seen today, was the subtle 

upwarping of the Mescal limestone and older formations before the Troy 

was deposited. To the best of present information, no faulting accom

panied this folding and for practical purposes the pre-Troy formations 

remained virtually horizontal. Therefore this mild deformation, con

sidered on earlier pages, will not be discussed further.

After the Troy was lithified, but before diabase intrusion, Troy 

and Apache strata were strongly deformed along widely spaced, narrow 

belts; between these belts the formations remained horizontal. The 

structural belts observed in northern Gila County are characterized by 

both folds and faults. None positively determined to predate the dia

base is  le ss  than 5 m iles in length, and some have been traced 20 to 

40 m iles before being hidden beneath a cover of rocks that postdates the 

structures. Some of the belts are sinuous in plan, but all are grossly  

of north or north-northwest trend. Certain of these were loci along 

which erosion has been particularly effective. Thus they ultimately

177
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defined the geographic position of some of the major elements of the 

drainage pattern tributary to the Salt River; the canyons of Cherry Creek 

and Canyon Creek are examples.

The somewhat sinuous structural belt followed by Cherry Creek 

along its course through the McFadden Peak quadrangle includes some , 

features not seen in other belts, but also includes all features typically 

associated with these belts. A single fault or in places a zone, 1,000 

to 5, 000 feet in width, of subparallel faults has been traced along the 

west wall of the canyon of Cherry Creek. South of the quadrangle and , 

north within it, along a length of 10 m iles, several faults, individuals 

of a faulted zone almost a mile in width, strike N. 5o-10° W. Through 

the central part of the quadrangle, for a distance about 8 m iles, the 

zone of faults is  very narrow or is  represented by one fault that strikes 

N. 30° W. Along the northernmost 3 m iles within the quadrangle and 

where observed north of the quadrangle a single fault, inflated by a 

wide and steeply discordant dike-like apophysis from a diabase sill, 

strikes N. 10° E. Thus, along a 23-mile length, major segments of 

this fault belt differ in strike by as much as 40°.

This faulting did not result in displacements noticeable on 

either side of the belt. Stratigraphic horizons west of the canyon are, 

if one ignores local displacements caused by diabase inflation, at about 

the same altitude as equivalent horizons in the plateau east of the canyon. 

Away from the north-northwest-trending belt on either side of the canyon
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the formations are virtually horizontal. At places along the length of 

and within the belt, however, stratigraphic displacement caused by a 

combination of faulting and folding locally exceeds 1, 500 feet.

East of Cherry Creek, in a zone about a mile wide and persist

ent the observed length of the structural belt, the formations were folded 

into a monocline of westward dip. The transition from the horizontal 

attitude of the strata east of the monocline to the 3° W. to 10° W. dips 

characteristic of most of the monocline is  gradual. As Cherry Creek 

is  closely approached the dip of the strata increases rapidly, and where 

the monocline terminates against the fault or narrow zone of faults in a 

few places beds are almost vertical in attitude. Along parts of the can

yon a part of the displacement downward to the west is  caused by par

allel or sub-parallel normal or reverse faults, of north or north-north

west strike, as well as by monoclinal folding. In other words, steep 

northerly-trending faults step narrow blocks of strata successively  

downward to the west. Thus in places along its length the eastern two- 

thirds of the Cherry Creek structural belt suggests one-half of a graben.

The west border of the monocline is  approximately defined by 

the fault that extends the length of the Cherry Creek structural belt, or 

where the belt includes a zone of several faults the principal fault of the 

zone— ordinarily one near the west border of the zone— can be con

sidered the defining fault. The principal fault and the subsidiary faults 

of the faulted zones are intricately intruded by dikes or dike-like
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discordant portions of s ills  along most of the length of the belt. There

fore the monocline generally terminates against a dike-like body of dia

base rather than a fault.

. Immediately west of the principal fault of the belt beds in general 

dip steeply west along the entire length of the belt. Along considerable 

lengths of this fold the formations are nearly vertical in attitude; in 

many places the strata that are within a few hundred feet of the fault 

are even overturned steeply to the east, and in a few places the over

turned formations exhibit an easterly dip of le ss  than 50°. This intense 

folding affects only a narrow zone; 500 to 2,000 feet west of the principal 

fault the formations are virtually horizontal and continue so westward 

into the Sierra Ancha. The Troy quartzite, the Apache group and the 

granite that underlies the Apache group are involved in this fold. As 

some of the formations are very competent and as the stratigraphic thick

ness (about 3,000 feet exposed) of this sequence was too great to be ac

commodated in such a tight fold, the section is  thinned by shearing in 

the narrow belt of intense folding. In places parts of formations are 

missing, and in a few places parts are duplicated along a shear zone 

that parallels in gross attitude the attitude of the steep fault that bounds 

the fold on the east. Pending additional study, no interpretation of the 

origin of the overturned fold will be attempted.

Other north to north-northwest structural belts are similar, 

except in details, to that of Cherry Creek, but few are as wide or show
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as intense folding. In general the belts are separated by intervals of 

several miles; within these intervals the formations are practically 

horizontal. Reconnaissance along Canyon Creek indicates that this 

stream follows a north-northwest belt, similar to that in Cherry Creek, 

from the northern border of the Blue House Mountain quadrangle to the 

junction with Salt River, a distance of 13 miles; southward this belt can 

be traced an additional 19 m iles before being covered by.Cenozoic gravels 

that fill the trough occupied by Sevenmile Wash east of U. S. Highway 60. 

South of the Salt River, minor fault displacements apparently of Cenozoic 

age were noted locally, but there.can be no doubt that the principal def

ormation along the 32-mile length noted was pre-diabase. Another nar

row belt, of north-northeast trend, has been traced from roughly the 

southwest corner of the McFadden Peak quadrangle to within 4 m iles of 

Young, a distance of 20 miles. A fault is  continuous the length of this 

belt, except perhaps across the east flank of McFadden Peak where an 

east-dipping monocline defines the structure. Along much of its length 

north of McFadden Peak the fault .is dilated by a diabase dike(?), 300 to 

1,000 feet in width. Narrow belts of sharply folded strata border the 

dike. South of McFadden Peak the position of the fault is  marked by the 

discordant portion of a thick diabase sill. Casual knowledge, gained by 

crossing similar structural features at widely separated intervals, sug

gests that other like north or north-northwest trending structural belts 

of considerable length probably exist east and west of the area
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encompassed by the McFadden Peak and Blue House Mountain quad

rangles. i

The narrow but persistent zones of intensely folded strata that 

border these structural belts, and others of lesser length, suggest drag 

adjacent to major faults. But these zones are so intimately associated 

with dike-like bodies of diabase that some might visualize them as the 

result of forceful injection of diabase magma. Except for minor super

imposed details, it is  wholly unlikely that the folds can be explained in 

this way. Although open folds and associated bedding and thrust frac

tures are common adjacent to discordant diabase intrusions throughout 

the region, these features are of small scale and local distribution and 

in no way comparable to the folds and sheared zones observed on a 

regional scale. The usual tendency toward concordant intrusions, the 

great lateral extent of many thin s ills , the general lack— except very 

locally— of distortion of even the thinnest layers of incompetent sedi

mentary rocks partly or completely enclosed in diabase, and the lack of 

brecciation of the host sediments along the borders of intrusions refute 

the possibility that the magma was a viscous mass, which punched its 

way along faults or other lines of weakness and aggressively folded the 

wall rocks away from the plane of intrusion. Rather the diabase magma 

must have been a very fluid material, which insinuated its way along 

splitting planes or fractures. This deduction is  supported by direct 

evidence. In a few localities within the structural belts diabase
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intrusions do not exist at the outcrop; and the complete lack of thermal 

metamorphism, especially in rock types particularly susceptible to re

constitution, indicates that subterranean bodies of diabase are spatially 

remote if present at all. Thus the major faults and folds existed prior 

to the intrusion of diabase.

Other features, which do reflect inflation by diabase intrusions, 

are corollary to this conclusion. Along a part of a belt the sharp folds 

reflect the drag that would be expected from the vertical displacement 

along the principal fault of the belt. The direction noted along other 

lengths is  opposite that expected. The latter elements of a belt, if 

adequately exposed in the vertical dimension, invariably are noted to 

be inflated by diabase sills , which terminate abruptly against the fault 

that bounds the fold or merge with the dike that followed the fault (fig.

14). These s ills  caused displacement opposite to the direction of original 

throw (fig. 14B). Other s ills  caused additional movement in the same 

direction as the original throw (fig. 14C). Locally the fold adjacent to 

the fault may be discordantly split by the sill (see horizon y, fig. 14B), 

indicating that the fold was pre-existent. In places the folds below the 

sill dip in a sense compatible with the direction of displacement on the 

lower part of the fault; those above the sill dip in a sense reverse that 

of the stratigraphic displacement (fig. 14C). In such examples the 

stratigraphic displacement caused by diabase inflation was opposite 

and greater than that along the pre-diabase fault. Such features
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Arrows in d ica te  d ir e c tio n  of r e la t iv e  displacem ent

co
4^
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indicate, again, that diabase intrusion was not a factor in causing the 

folds.

It can be speculated, but is  not yet conclusive, that the dikes 

so prevalent along the northerly trending structural belts represent the 

principal feeder conduits for the s ills  of the northern part of the region. 

These are only sites where thick dike-like bodies can be inferred to 

cross from well down in older Precambrian rocks up through entire 

sections of younger Precambrian strata.

The areal distribution of s ills  that join with the possible feeder 

dikes is  particularly noteworthy. Thick or extensive s ills  that exist on 

one side of a structural belt commonly terminate abruptly against the 

principal fault, or merge with a dike that occupies the fault. On the 

opposite side of the belt— say the east side— sills  may be insignificant 

or missing. Elsewhere along the strike of the belt the relations may be 

reversed; that is , thick s ills  may inflate strata on the east side of the 

structural belt but be absent on the west side. Furthermore, s ills  on 

one side of a structural belt commonly were intruded along different 

horizons than those on the opposite side. Perhaps such spatial relations 

of s ills  to the structural belts can be considered clues to the existence 

of such belts, especially where details of structures are largely obscured 

in areas farther south.

Whether the northerly trend of the pre-diabase structures is  

typical of like structures farther south cannot yet be judged. It is  of
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interest to note that the Cherry Creek belt, if projected south, could ex

tend into the northeast corner of the Globe quadrangle; there the fault 

patterns mapped by Peterson (1954) are similar to patterns noted along 

the east wall of Cherry Creek Canyon. And Peterson has indicated that 

some of the northwest-trending faults do predate the diabase intrusions.

Deformation Associated With Diabase Intrusion

High-angle normal or reverse faults, which displace younger 

Precambrian strata but not Paleozoic formations, are common through

out the region. Although some faults antedate the diabase, mid some of 

these owe a part of their displacement to diabase inflation, far more 

numerous are the faults that owe their dislocation entirely to diabase 

inflation. The latter are the Precambrian faults most commonly seen. 

Some interrelations between inflation faults and diabase s ills  are shown 

on figure 15, which is  idealized from obvious examples in the Sierra 

Ancha and the Salt River Canyon. ,

For most of these faults the stratigraphic throw closely ap

proximates or is  equal to the thickness of the inflating sills . Sills com

monly terminate against faults. Where a part of the stratigraphic section 

above and below the s ills  cannot be seen in an area of high relief or 

otherwise interpreted, the causative relation of faulting to diabase in

trusion might not be fully appreciated. By wedging apart the strata a 

sill may have caused the fault against which it terminates. And the sill
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ordinarily exhibits a normal chilled border against the part of the fault 

that it contacts. In the vertical dimension some faults obviously terminate 

either at the top (see locality A, fig. 15) or bottom (locality D, fig 15) of 

a sill. Because the throw of such faults equals the thickness of the sill, 

the entire displacement can be demonstrated to be the result of inflation 

(compare intervals x and x*, fig. 15). The throw along a fault may be 

only a few inches if the inflating sill is  thin or on the order of a thousand 

feet if the sill is  thick. Faults of like origin are particularly seen where 

sills  step discordantly from one horizon to another (locality C, fig. 15). 

The footwall contact of a s ill may be concordant but a discordant step 

and fault may offset concordant parts of the hangingwall (locality B, fig. 

15). The throw of the fault in such an example is  not the.thickness of 

either adjacent part of the sill but the height of the step (the difference 

between y and_yr, fig. 15). As a consequence of inflation at different 

horizons a fault may be displaced in one sense along its upper part and 

in the opposite sense along a lower part (see locality A, fig. 15). Where 

more than one sill inflated a sedimentary section or multiple s ills  were 

intruded along approximately the same horizons the relations between 

intrusions and faults can be more complex, in that a later sill offset 

the first s ill and may have displaced structures formed adjacent to the 

first intrusion as well as caused additional faults. :

In any given small area in the Colorado Plateau portion of the 

region a conjugate system of two sets of joints is  dominant. If
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prominent inflationary faults, dikes or highly discordant parts of sills  

exist in the same area, ordinarily they occur in only one alinement, 

parallel to one of the joint sets. Subordinate faults and intrusions com

monly parallel the complementary set of joints, but just as commonly 

follow the trend of some other set. Cursory analysis of many observa

tions indicates that two distinctive systems of joints exist, and leaves 

the strong impression that two systems of the larger-scale structures 

also exist. Detailed mapping, however, suggests that the faults of 

northerly trends may not be rigorously separable into two sets.

The conjugate sets of one system of joints strike N. 10°-25OE. 

and N. 70o-85° W .; the sets of the other system strike N. 5o-30°W. and 

N. 45o-60°E . These four sets characterize all strata of younger Pre- 

cambrian age, and also exist in the diabase. In any particular area, 

one of these system s strongly dominates the joint pattern in the host 

rocks. As northerly trending sets of high-angle inflationary faults, 

and in some localities individual faults, are followed along strike they 

commonly deviate in trend from north-northwest to north-northeast. 

Structures of the northeast or west-northwest trends may or may not 

be coupled with the northerly trend that is complementary. That is, in 

one locality a prominent northeast fault may exist in the vicinity of a 

north-northwest fault— its complement. In another area the trend of 

the northerly faults may be north-northeast, but instead of the expected 

complementary structures of west-northwest strike, again the northeast
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structures prevail. Apparently the sinuous pre-diabase belts set the 

pattern for later northerly striking inflationary faults, which are hap

hazardly coupled distribution-wise with faults of either of the other 

prominent trends. Only the latter, of northeast and west-northwest 

direction, are individually definitive.

In the northern part of the region, individual inflationary faults 

range from a few tens of feet to more than 10 m iles in length. An out

standing example of a fault of N. 70° W. strike has been traced westerly 

from the northwestern corner of the Blue House Mountain quadrangle to 

a point on Cherry Creek two m iles north of the McFadden Peak quad

rangle. The fault probably continues even farther east and west. 

Throughout the known length of 11 m iles the fault is  occupied by the dis

cordant part of a diabase sill. From a point about one-half mile south of 

McFadden Peak another fault extends east to Cherry Creek Canyon.

This fault strikes about N. 85° W., is  downthrown on the north about 

1,000 feet, and terminates a diabase sill in exactly the manner shown 

at locality D of figure 15. Eastward this fault ends abruptly against the 

principal northerly trending fault of the Cherry Creek structural belt; 

south of McFadden Peak the throw of the fault decreases abruptly at its 

intersection, with a northeast-trending discordancy, and not far to the 

west the fault probably dies out. Most faults of west-northwest to west 

strike are le ss  conspicuous; these two examples indicate, however, that 

such faults are significant on a regional scale. Inflation faults of N.
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30O-60° E. strike are numerous, but compared with faults of northerly 

strike and some of west-northwest strike they are apparently short and 

ordinarily of small throw.

Small-scale monoclines, synclines, anticlines, and domes have 

been given particular attention by me, because they were prime struc

tural factors in the localization of the chrysotile-asbestos deposits.

These folds are numerous. Many are so subtle that they are recognized 

only by detailed mapping on mine scales, and they are in no way analogous 

to the folds of regional extent that predate the diabase. ; These small folds 

are seen particularly adjacent to discordant portions of intrusions. Such 

folds do not occur everywhere along or near discordancies, and it cannot 

be assumed that they characterize discordant contacts.

In addition to the sm all-scale high-angle faults that are minia

tures of those of regional scale, small bedding-plane faults, thrust 

faults and near vertical strike-slip faults are locally abundant in strata 

adjacent to discordant diabase bodies. They are particularly abundant 

where the folds, noted in the above paragraph, exist. The sm all-scale  

faults, generally of only a few inches to a few feet horizontal displace

ment, and the folds represent mild structural adjustments that occurred 

during and immediately following the emplacement of diabase, as is  

testified by their geometric relations to successive intrusions of diabase.

The faults and folds of small scale are most apparent in the 

least competent units of the stratigraphic sequence: the lower member
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of the Mescal limestone, the lower two-thirds of the upper member of 

the Dripping Spring quartzite, and the tuffaceous strata of the Pioneer 

formation.

Presumably the PreCambrian structural features, characterized 

above for the Colorado Plateau portion of the region, are similar and 

equally as abundant in the southern part of the region. Certainly, in 

widely separate parts of the latter area, several examples of large- 

scale younger Precambrian structures can be readily recognized. In 

the Basin and Range portion deformation that was superimposed in 

Cenozoic time, and possibly that of late Cretaceous time, particularly 

obscured the structures that antedated and were induced by diabase in

flation. Hock faulting and tilting of the block faults were characteristic 

of this late deformation; folding was generally negligible. In applying 

geologic studies to the metal-mining districts of southern Gila County 

and surrounding areas, it would seem particularly worthwhile to dis

tinguish the faults of younger Precambrian age from those of more 

recent origin. An understanding of the habits of diabase s ills  will fa

cilitate prediction of the disposition of the strata displaced by the in

trusions. Of more significance, most faults of inflationary origin are 

literally without "roots." They are not faults, then, that are likely to 

be reopened; nor do they extend to such depths that they would likely tap . 

sources of metal-bearing solutions. Thus most of these dilation faults 

were probably not significant in the localization of metal deposits, and



192

they should be distinguished from later faults of seemingly similar 

geometry that were effective as channelways for ore-bearing solutions.



RELATIONS OF PALEOZOIC FORMATIONS TO 
PRECAMBRIAN ROCKS

The unconformities that define the base of the Paleozoic sec

tions of the region everywhere truncate the structures and the variously 

displaced formations of younger Precambrian age. South of a line that 

extends from the south flank of the Pinal Mountains northwest toward 

but not to Roosevelt Dam and that trends southeast to the vicinity of San 

Carlos Lake, as shown on figure 3, the younger Precambrian formations 

are generally overlain by the Bolsa and Abrigo formations of Cambrian 

age. As drawn, this line depicts the northern lim its of Cambrian out

crops. But in the vicinity of this line, also, the unconformity that 

separates Cambrian and Devonian formations farther south in turn 

truncates the unconformity that defines the base of the Cambrian sys

tem. In part this line does approximately define the intersection of the 

two unconformities; in part that intersection— now destroyed, owing to 

Cenozoic erosion— must be interpreted as being somewhere to the north. 

Certainly the intersection was nowhere more than a few m iles to the 

north, however, because where Paleozoic formations are next seen the 

Martin limestone of Devonian age is  the basal formation of the Paleozoic 

sequence. On north as far as the Mogollon Rim remnants of the Martin

193
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directly overlie the younger Precambrian formations.

These relations are shown on figure 16, which is an idealized 

reconstruction of the north-south geologic section that must have existed 

at the end of Devonian time. This much simplified section can be v is

ualized as a composite of the north-south sections, which could be re

constructed in a belt 10 m iles wide on either side of a line extending 

south from the Mogollon Rim through Young, then southeasterly along 

the crest of the Sierra Ancha to Globe and Winkelman, and along the 

San Pedro Valley to the Little Dragoon Mountains. By use of a com

posite illustration, features cited in various parts of this report are 

projected into and can be identified with the idealized section. For ex

ample, the reasons for variations in the thickness of the Troy formation 

can be seen on the section.

To visualize the deformation that affected the younger Pre

cambrian formations before Paleozoic time this illustration can be 

compared with figure 11. The latter is  a reconstruction of the terrane 

after deposition of the Troy quartzite, but before it was deformed.

Because certain features depicted on figure 16 were not ap

preciated until recently, the Bolsa quartzite has been considered cor

relative with the Troy quartzite. Actually, certain sandstone facies of 

the Abrigo have been identified with the Troy— though unknowingly, be

cause they were presumed to be Bolsa strata. And in a few areas locally 

thick basal sandstones of the Martin formation have been termed Troy
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quartzite. What is  presently known of north-south lateral variations of 

the Cambrian formations will be described in another report now in 

preparation. Therefore the stratigraphy of the Cambrian system is  not 

detailed in the following. Rather, emphasis is  placed on the structural 

relations of these strata to the Precambrian rocks, and on criteria for 

distinguishing between formations lithologically somewhat similar.

Relations of the Bolsa and Abrigo Formations

As originally defined in the Bisbee area by Ransome (1904, p. 

28-30), and as demonstrated by Gilluly (1956, p. 14-15, .24) and by 

Cooper and Silver (report in preparation) to persist northward into the 

northwest corner of Cochise County of interest here, the Bolsa quartzite 

is  comprised of medium- to coarse-grained pebbly quartzite. This 

quartzite occurs in tabular beds that range from a few inches to 10 feet 

thick, but perhaps average 2 to 4 feet (Gilluly, 1956, p. 15); the beds 

ordinarily are cross-stratified. In the Dragoon quadrangle and south to 

Bisbee, as reported in the above references, the formation generally 

ranges between 390 and 480 feet in thickness. Locally, where deposited 

on a surface of some relief the Bolsa is  thinner. A basal conglomerate 

is  characteristic. Upward, by an increase in sandy shale layers and in 

micaceous sandstones or quartzites, the massive-cropping Bolsa is  

transitional into the Abrigo limestone.

Again for the belt of outcrops between Bisbee and the Little
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Dragoon Mountains, Ransome (1904, p. 30-33; 1916, p. 145-148) and 

Gilluly (1956, p. 16-25) have described the typical lithology of the Abrigo 

limestone, and have noted a range in thickness from 700 to 844 feet. 

Above the basal transition zone, limestone dominates the lithology. 

Dolomite becomes increasingly abundant and sand increases toward the 

top of the Abrigo. Commonly a thin unit of quartzite or sandstone caps 

the formation. The Abrigo is  distinguished by thin bedding, beds marked 

by distinctive edgewise conglomerates, numerous units that exhibit ir 

regular partings, and irregularly anastomosing layers of silty and sandy 

material that separate irregularly rounded lenses of sandy carbonate. 

Worm-trails and fucoidal markings are abundant. Beds of massive 

limestone form a few ledges, and occasional beds of quartzite, sand

stone or sandy shale are variously distributed through the sequence. 

Northward from the type locality near Bisbee the amount of sand in

creases (A. R. Palmer, in Gilluly, 1956, p. 20).

Ransome (1904, p. 30) originally considered the Bolsa quartz

ite as Middle Cambrian in age on account of its conformable relation 

with the overlying Abrigo, from which fossils  then assigned to the 

Middle Cambrian had been found. No diagnostic fossils have yet been 

found in the Bolsa, but in recognition of the transitional relations be

tween the two formations the original designation is  accepted generally. 

F ossils of both Middle and Late Cambrian age have long been recognized 

in the Abrigo (Stoyanow, 1936, p. 466-481). The implications of the
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several faunal zones have been concisely summarized by A. R. Palmer 

(in Gilluly, 1956, p. 20-24).

The main aspects of Bolsa quartzite and Abrigo limestone sec

tions generally considered typical of southwestern Arizona have been 

considered above. Of more interest here, because of problems in 

recognition, are some atypical facies that exist farther north.

In the northern part of the Santa Catalina Mountains Stoyanow 

(1936, p. 476-477) recognized a lithologically different Abrigo section. 

This section, measured as 750 feet thick by Stoyanow, includes con

siderably more sandstone, shale, and quartzite than sections farther 

south. The lower 400 feet, separately designated the Santa Catalina 

formation by Stoyanow, is  dominated by rusty-weathering, thin and ir 

regularly bedded micaceous mudstones and quartzitic sandstones, which 

are intercalated sparsely with thin layers of dolomite. This unit, in the 

section measured by Stoyanow, is  capped by a conspicuous ledge-forming 

unit of clean quartzite, which he termed the Southern Belle quartzite.

The latter is  25 to 30 feet thick along the upper canyon of Pepper sauce 

Wash, but is  only locally existent elsewhere in Cambrian sections of the 

northern Santa Catalina Mountains (S. C. Creasey, oral communication, 

November 1960).

These units undoubtedly are gradational southward by loss of 

clastic constituents into sections dominantly of carbonate beds. As an 

example, the Santa Catalina formation of Stoyanow can be readily



198

identified lithologically with the lowest of three members of the Abrigo 

recognized by Cooper and Silver (report in preparation) in the Dragoon 

quadrangle. From south to north in that quadrangle this lowest member 

becomes increasingly sandy. In the northwestern part of the Dragoon 

quadrangle this lower member has similar bedding characteristics and 

includes mudstones and sandstones like those of Stoyanow's Santa Catalina 

formation, but includes considerably more brown-weathering dolomite. 

The lower member of the Abrigo in the northwestern part of the Dragoon 

quadrangle is  capped by a unit of quartzite, which thins out southward 

and is  everywhere inconspicuous compared with the Southern Belle 

quartzite of Stoyanow. Stoyanow defined the Santa Catalina and Southern 

Belle units as Middle Cambrian and the overlying strata below the Martin 

limestone (Devonian) were defined as Late Cambrian. Similarly, fossils  

locally notable in the Dragoon quadrangle essentially define the boundary 

between the lower and middle members of that area as the boundary be

tween strata of the Middle and Late Cambrian age (A. R. Palmer, oral 

communication, November 1960).

Stoyanow proposed that Ransome’s terminology should every

where be revised. Overlying the Southern Belle quartzite of Stoyanow 

in the Pepper sauce Wash area is  a unit, almost 300 feet thick, of thin- 

bedded sandy limestone with intercalated thin sandstone beds; intervening 

between this unit and the Martin limestone of Devonian age is  a thin (20- 

to 25-foot) unit of sandstone and quartzite. Stoyanow (1936, p. 465-481)
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restricted the designation ”Abrigo formation" to the limestone unit and 

to paleontologically equivalent sections farther south. The capping sand

stone unit he also designated as a separate formation, the Peppersauce 

Canyon sandstone. Other formational designations were also proposed 

for southerly limestone equivalents of the Peppersauce Canyon and Santa 

Catalina units. The proposed subdivisions, difficult of lithologic defini

tion except locally, comprise an apparently unbroken sedimentary se 

quence. For reasons already concisely enumerated by Palmer (in 

Gilluly, 1956, p. 24), there is  no objective way of distinguishing 

Stoyanow* s formational .units as fundamental map units over broad areas. 

Therefore Ransome's original usage, which applied the term Abrigo to 

all Cambrian strata between the Bolsa quartzite and.the overlying Martin 

limestone, is  to be preferred.

Stoyanow* s contribution in dating by faunal zones the clastic 

units in the Abrigo of the northern Santa Catalina Mountains provides 

the background for recognizing more northerly Abrigo facies, which in

clude an even greater content of the coarser elastics. Briefly stated, a 

quartzite unit similar to the Bolsa quartzite and in the relative position 

of the Southern Belle quartzite thickens northward, at the expense of 

thin-bedded fine-grained strata like those of Stoyanow* s Santa Catalina 

unit. At Zapata Mountain, 1-1/2  m iles northwest of Holy Joe Peak, for 

example, rather typical Bolsa quartzite, 160 feet thick, is  overlain by a 

170-foot thin-bedded unit of Santa Catalina aspect, and this in turn is
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overlain by 110 feet of cliff-forming quartzite beds very like the Bolsa 

quartzite of the same area (M. H. Krieger, written communication).

The upper 60 to 70 feet of the thin-bedded unit that underlies the South

ern Belle lithologic equivalent, and at least 100 feet of the immediately 

overlying interval includes many ledge-forming quartzite beds like those 

in the principal quartzite unit. The uppermost 100 feet of the Abrigo at 

this locality includes carbonate beds, which are missing from lower parts 

of the Abrigo section. Where Abrigo sections have been observed north 

of the Holy Joe Peak quadrangle entire sections are comprised of Bolsa- 

like quartzite units and thin and irregularly bedded units of fine-grained 

micaceous sandstone and mudstone. Except for a dolomite cement 

sparsely noted in some of the thin-bedded units carbonate is  missing 

from the most northerly sections.

The "layers of fine-grained unevenly colored brown, pink, and 

green quartzite, an inch or two thick, separated by film s of olive-gray 

shale whose cleavage surfaces are ridged and knotted with numerous 

worm ca s ts ," which Ransome (1919, p. 44) considered th e ’'most 

characteristic material” of the thin-bedded upper quartzites of the Troy 

of the Ray quadrangle, undoubtedly have their equivalents in these north

ern facies of the Abrigo formation. The lithology that Ransome described 

is  noted particularly in the thin-bedded sandstones just above the Bolsa 

quartzite.

Throughout the region of Cambrian outcrops north of the Santa
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Catalina Mountains primitive phosphatic brachiopods of Cambrian aspect, 

but not diagnostic of the Cambrian, are abundant locally. These brachi

opods occur particularly in the uppermost beds of the Bolsa quartzite, in 

the friable sandstones immediately overlying the Bolsa and in like sand

stones above the cliff-forming quartzite unit higher in the Abrigo forma

tion. Fragments of trilobites occur rarely in the brown-weathering 

micaceous sandstones; those noted at scattered localities from the Santa 

Catalina Mountains north into the Mescal Range, during a 5-day field 

trip in November 1960, were definitely of Cambrian age (A. R. Palmer, 

oral communication). In collections of trilobites made earlier by C. R. 

Willden in the southeastern part of the Mescal Mountains (at Poverty 

Flat, 5 m iles southwest of Coolidge Dam— see Christmas quadrangle) 

an association of bolaspidellid and marjumiid forms generally character

istic of the upper Middle Cambrian has been recognized (A. R. Palmer, 

written communication to C. R. Willden, August 5, 1960). This con

firm s the earlier suggestion by Darton (1925, p. 255) that "brown to 

greenish-gray shales and soft earthy sandstone" of this locality should 

be correlated with the Abrigo limestone. Specimens of Billingsella, a 

brachiopod that characterizes the uppermost parts of the Abrigo lime

stone in more southerly sections, were identified by A. R. Palmer in 

the Zapata Mountain section, indicating that at least that far north no 

great part of the Abrigo formation was eroded prior to deposition of 

Devonian strata.
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The increase in coarse elastics, particularly quartzite, and 

the decrease in carbonate content northward from the region of typical 

Abrigo outcrops cause the northernmost outcrops to be grossly similar 

to the Bolsa quartzite. Moreover, in many places the Bolsa quartzite 

rests on the Troy quartzite in seeming conformity and the contact be

tween the two formations is not conspicuous. In other areas the Troy 

quartzite is entirely missing and the combined Bolsa-Abrigo sections, 

which occupy the same relative stratigraphic position, are approximately 

the thickness of the Troy noted elsewhere in the southern part of the re

gion. For want of recognized diagnostic features that would distinguish 

Cambrian strata from those of the Precambrian, by default the two se 

quences have been considered equivalent.

Fortunately in places the Bolsa quartzite clearly rests in angular 

or erosional unconformity on the Troy quartzite, formations of the 

Apache group and the included diabase intrusions. In these examples, 

not subject to misinterpretation, criteria for distinguishing Precambrian 

sandstones and quartzites from those of Cambrian age can be recognized. 

These diagnostic features are summarized on table 5, which also high

lights some features not mentioned in the preceding generalized descrip

tions. Details of relative positions in the sequences of quartzite and 

sandstone, differences in textures of the sandstones, the common oc

currence of Scolithus in the Cambrian quartzites, and of worm casts in

the fine-grained Cambrian sandstones are particularly noteworthy. By
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the use of such criteria, for instance, the so -ca lled ’'Troy quartzite’1 

of the northern Santa Catalina Mountains (Ransome, 1916, p. 144; 

Stoyanow, 1936, ,p. 473-477) clearly should be redesignated Bolsa 

quartzite.

Northward from the Santa Catalina Mountains the Bolsa quartz

ite generally is  thinner than in the areas farther south, but in other 

aspects it is  not notably different. In places it is  not as well cemented 

as in the usual southerly outcrops, and in these places it might be de

scribed as quartzitic sandstone or a sequence of alternating quartzite 

and sandstone beds. Northward, also, the Bolsa rests on a somewhat 

irregular erosion surface, which variously truncates the formations of 

younger Precambrian age. Such features are especially well illustrated 

in the mapping now (1961) being done by M. H. Krieger in the Holy Joe 

Peak quadrangle.

In some additional localities it may ultimately be shown that 

Abrigo strata rather than Bolsa quartzite directly overlie the Precambrian 

formations. Krieger has already clearly defined examples at Brandenburg 

Mountain by mapping. Cooper and Silver have noted that the Bolsa thins 

to as little as 14 feet on the surface of relief in the Little Dragoon Moun

tains. Along the west edge the Inspiration quadrangle and in places 1/2 

to 1-1/2 miles north of Superior (localities seen under the guidance of 

N. P. Peterson and D. W. Peterson) thin-bedded, friable finely mica

ceous sandstones, more like parts of the Abrigo formation farther south
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than like the Bolsa quartzite, rest directly on formations of the Apache 

group.  ̂ -

Wherever Cambrian strata overlie diabase the latter is  decom

posed through thicknesses generally ranging from 2 to 25 feet. In this 

interval below the unconformity the diabase is  platy or shaly parting and 

generally is grayish red. Ordinarily there is no indication that any of the 

regolith below the contact was reworked and transported. In a few places 

the decomposed diabase is  greenish gray; in such outcrops, in particular, 

the original textures of the diabase are observed to be relict up to the 

contact with the Cambrian strata. Although diabase soil incorporated in 

the basal part of the Bolsa commonly causes several feet of the strata to 

be dusky red, fragments of diabase in the basal conglomerate of the Bolsa 

are rare. In a few localities the diabase debris below the contact is  

bedded.

In the northern Santa Catalina Mountains a locally thick unit of 

distinctive grayish-purple sandstone conformably underlies the quartzite 

formation now known to be Bolsa rather than Troy quartzite. Stoyanow 

(1936, p. 477) relegated this unnamed unit to the Apache group. S. C. 

Crpasey has shown the writer a locality where the basal 2 feet of the 

purple sandstone includes angular fragments of diabase, which is  here 

intruded into the Dripping Spring quartzite. Creasey (oral communica

tion, November 1960) additionally noted that in adjacent areas this sand

stone rests on an unconformity that truncates both Apache formations
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and the pre-Apache formations and the pre-Apache granite. Like sand

stone has not been recognized elsewhere in the region. The unit in the 

Santa Catalina Mountains could represent a local basal "pocket” filled  

with clastic material reworked from the older reddish formations.

Relations of the Martin Limestone

The Martin limestone generally overlies the Cambrian forma

tions in the southern part of the region and, except as absent because of 

post-Paleozoic erosion^ everywhere overlies the younger Precambrian 

formations in the northern part of the region. The Martin is  mostly of 

limestone and dolomite but does include beds of shale and sandstone; re

gionally the formation is  quite variable in lithology (see Huddle and 

Dobrovolny, 1952, p. 73-76, 83-85; Gilluly, 1956, p. 26-29). The 

Martin has generally been considered wholly of Late Devonian age. But 

recently Teichert and Schopf (1958, p. 213-215) have suggested that 

plant remains indicate that the lower part of the Martin in northern Gila 

County is  probably not younger than Middle Devonian, and do "not rule 

out the possibility of assignment to the Early Devonian. "

The hiatus between the Cambrian and Devonian is  represented 

in southeasternmost Arizona, by a disconformity. Channeling is  not ap

parent in the underlying Abrigo limestone (Gilluly, 1956, p. 25-26). As 

the unconformity is  followed northward from Cochise County, however, 

it is  evident that pre-Martin erosion was increasingly more effective in
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stripping the existing formations. And in the northern part of the re 

gion channels of considerable extent were cut below the general plane of 

the erosion surface". Between Canyon Creek and Payson in particular a 

surface of moderate relief exists, so that in different localities different 

strata of the Martin formation lap against the Precambrian formations.

In most places south of the Pinal Mountains Cambrian strata probably 

intervene between the Martin limestone and the Precambrian formations. 

But at least locally the Martin rests on the Troy quartzite or on forma

tions. of the Apache group. .. .

As a generality, north of the line that defines the northern limit 

of Cambrian outcrops the Martin limestone ordinarily overlies the Troy 

quartzite. In some areas of as much.as a few square m iles, however, 

the Martin limestone rests on the Mescal limestone or the Dripping Spring 

quartzite, or on diabase s ills  intruded into these formations. Along the 

foot of the Mogollon Rim, where the Apache group was already thin as a 

consequence of lapout on a pre-Apache high, and northwest from Haigler 

Creek the pre-Martin unconformity progressively truncates lower strata 

in the Apache group. Ultimately at Christopher Mountain, northwest of 

Young, the Martin laps against older Precambrian formations. Farther 

west at this latitude younger Precambrian strata are not known to intervene 

between the Martin and the older Precambrian formations.

The pre-Martin unconformity truncates the younger Precambrian 

formations and the Precambrian structures that affected these formations
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in the same manner as the pre-Bolsa unconformity. In the Colorado 

Plateau portion of the region the structural relations are most readily 

seen? because the pre-Devonian unconformity is  virtually a horizontal 

plane that can be traced for m iles without disruption caused by post- 

Paleozoic deformation. Where slivers or plates of Apache strata are 

included between sheets of diabase and were tilted slightly, the uncon

formity commonly truncates the strata at angles of a few degrees. 

Angular discordances of as much as 30° have been seen, but in most 

areas the Martin strata appear to be concordant with the Apache strata.

A regolith zone quite similar to that described below, the pre-Bolsa un

conformity everywhere characterizes the diabases that immediately 

underlie the pre-Martin unconformity. . / . ^

In the northern part of the region a dolomitic sandstone unit, a 

few inches to 20 feet thick, is  characteristic of the Martin. In a few 

widely separate localities,: this sandstone merges downward with a much 

thicker sandstone. These thicker sections of the basal sandstone fill the 

extensive channels noted previously. The channels range from a few 

feet to at least 250 feet in depth and from a few hundred feet to as much 

as one-half m ile in width. At least two of the sandstone channels known 

to me exceed 5 m iles in length. This sandstone generally has.been 

casually included with the Troy.

The geometric relations of the sandstone-filled channels to the 

underlying formations clearly indicate that these sandstones should be
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considered Paleozoic rather than Precambrian in age. The paleochannels 

are generally broader and least steep-sided where they were eroded in 

diabase or other non-resistant rock. Where eroded into the Troy the 

channels tend to be steep-walled, and subrounded to angular blocks of 

Troy may be incorporated in the basal beds of the fills. Only in a few 

localities, where channels are in the quartzite member of the Troy, has 

a conspicuous conglomerate composed of gravels of cobble or boulder 

size been noted at. the base of these sandstones. In many places lenses 

of granules or small pebbles exist but are not conspicuous in the basal 

sandstones of the channel fills . In some localities the walls of the 

channels truncate the virtually horizontal bedding of the Troy at angles 

of 20° to 30°. Where a channel is  in the Chediski member of the Troy 

these channel relations may be the most distinctive feature that can be 

used in distinguishing the two units. Most of the so-called "Troy quartz

ite" exposed near the south abutment of Roosevelt Dam is  probably 

Devonian sandstone derived from the Chediski member.

In many localities medium-grained sandstones dominate the 

channel fills; in others the sandstones are mostly coarse grained or 

very coarse grained; in every occurrence many beds are of very poorly 

sorted sands and scattered small pebbles and lenses of granular con

glomerate are typical. The sandstones are generally very friable.

Most are in tabular beds, a few inches to 10 feet thick, in which sm all- 

to lar  ge-scale cross-stratification etches out prominently. Shaly-parting
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thin layers of sandy siltstone, local in areal extent, may separate some 

sandstone beds. Commonly a few beds are highly feldspathic, and rare 

beds are cemented by dolomite or calcite. In some places the sand

stones range in color from almost white to dusky red; but generally, 

particularly as viewed from a distance, the sandstones.are yellowish 

brown to reddish brown. In perhaps 4 out of 5 occurrences certain 

layers are conspicuously marked by abundant hematite-cemented con

cretions; these concretions are ordinarily in the upper parts of the fills. 

Thus, even in isolated outcrops, the over-all aspect of these channel 

sandstones is  wholly different from any sandstones of the Troy, Bolsa, 

or Abrigo formations'. The way in which these sandstones grade into 

the basal carbonate beds of the Martin clearly indicates that they are 

genetic parts of that formation.



GEOLOGIC HISTORY OF THE YOUNGER 
PRECAMBRIAN FORMATIONS

The following summary of younger Precambrian events is  pre

sented to highlight some of the laterally persistent features and the 

lateral variations. Where possible, some of the genetic implications 

of these features are also interpreted, in the hope that recognition of 

like or related geologic phenomena may one day aid in correlating the 

Apache and Troy strata with those of younger Precambrian age in sur

rounding regions. The reasons for the interpretations are discussed 

more fully in the preceding sections, where the necessarily rather 

dogmatic expressions of this summary are also qualified.

Prior to deposition of the Apache formations the older Pre

cambrian metavolcanic and metasedimentary formations and the granit

ic m asses, which had intruded them in batholithic proportions, were 

deeply eroded, leaving an exposed terrane largely of granitic rocks as 

source material for later incorporation into Apache sediments, hi an 

area not now c lo s e d  considerable volumes of quartzites, like those 

that now very locally underlie the Apache group, must also have been 

available as source rocks. The pre-Apache surface is  generally of low 

relief. Only in the northwestern part of the region of present Apache

outcrops did the surface stand above the rest of the region, and exhibit
210
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local topographic features of notable relief. The surface probably rep

resents a peneplain, additionally smoothed and swept clean of most of 

its residual rock debris by marine abrasion.

As the first sea of Apache time encroached across the region 

wave and current action must have been vigorous. The bulk of the basal 

gravels of this first transgression are well rounded and of highly re

sistant quartzite; some of these are of cobble dimensions and were de

posited a minimum of several tens of m iles from any quartzite outcrops 

likely to have been sources. During this first marine transgression 

across a prevalently granitic terrane a moderately thick blanket deposit 

of arkose much like that comprising the lower member of the Dripping 

Spring, might be expected to accumulate. Such arkoses do make up the 

lower part of the Pioneer in many areas, but even the cleanest beds of 

arkose— those comprised essentially of quartz and feldspar— are com

monly separated by thin layers of tuffaceous siltstone, and in many 

areas fine-grained tuffaceous sediments immediately overlie the basal 

conglomerate. Thus voluminous and extensive falls of ash, from a 

source as yet unrecognized, may have literally flooded out the arkosic 

strand deposits of the encroaching sea. Because the bulk of the forma

tion is  of siltstone and mudstone delicately laminated and cross-lam i

nated, a more probable explanation is  that wave and current action were 

not vigorous enough to transport arkosic debris during much of Pioneer 

time. The lack of abrasion of the delicate glass shards tends to confirm
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this interpretation. ,

An erosional episode intervening between the deposition of the 

Pioneer and the deposition of the Dripping Spring must be inferred. The 

contact between the Pioneer formation and the overlying Barnes con

glomerate is  sharp and seemingly concordant. Rare shallow channels 

along the contact are the only direct indication of pre-Barnes erosion. 

Nevertheless, the Barnes conglomerate and the overlying m assive- 

bedded arkoses, entirely lacking in tuffaceous material, strongly mark 

a break in sedimentation and herald a new cycle of sedimentation in a 

different environment. The thin, reasonably uniform layer of gravels 

comprising the Barnes conglomerate is  not readily explained except as 

deposits of a transgressive sea. At the time the Barnes was deposited, 

local sources of gravels were buried by the Pioneer. Thus the Barnes 

conglomerate, even more than the Scanlan, forces the conclusion that the 

well-rounded and in part very coarse gravels were products transported 

long distances, and implies vigorous marine erosion at the start of 

Dripping Spring time. In a few areas, arkoses are found at the top of 

the Pioneer section. - Possibly these are remnants of coarser deposits 

laid down during regression of the first Apache sea.

The lithology and bedding features of the lower (arkose) mem

ber of the Dripping Spring quartzite suggest vigorous erosion of a gra

nitic terrane to provide elastics rapidly accumulated in a shallow 

transgressing sea. Rather uniform grain size through thick units of
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cross-stratified tabular beds implies considerable winnowing by tidal 

or wave action competent to spread the sorted sand widely in thick 

sheets. Toward the top of the member feldspar decreases, the grain 

size increases slightly and scattered small pebbles are included in the 

beds. Perhaps these features are hints of the termination of this period 

of shallow marine sedimentation.

. The thin and irregular bedding, abundant scour-and-fill struc

tures, occasional large-scale channels, and abundant ripple marks and 

mud cracks, which characterize the upper member of the Dripping 

Spring, collectively indicate deposition at sites subject to shallow sub

aqueous erosion and at times to subaerial exposure. A feasible explana

tion for the consistent northerly alinement of the scour-and-fill features 

cannot yet be suggested. At least part of the material was repeatedly 

exposed or reworked and therefore aerated. Deposition must therefore 

have been rather rapid; otherwise carbonaceous material and the sul

fates now represented in pyrite would not have been preserved. The 

muds of the upper member probably accumulated on broad tidal flats of 

a shallow sea that sporadically advanced on a granitic terrane of low 

relief.

The significance of the rather abrupt change from fairly well- 

sorted arkose of the lower member to relatively ill-sorted but finer- 

grained muds of the upper member is presently a subject of specula

tion. Perhaps the environment of the source area at the beginning of
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upper Dripping Spring time was modified abruptly. Or maybe the abrupt 

change marks a hiatus in deposition, for which other indicators have 

not yet been recognized. * •

The Dripping Spring sediments were indurated and thereafter 

eroded before the Mescal was disconformably deposited. The thin basal 

sandstone of the Mescal limestone was derived in large part by rework

ing of the upper part of the Dripping Spring quartzite, but is  in part of 

rounded coarse sand derived from another source. Like coarse sand 

was additionally supplied during early stages of carbonate sedimenta

tion in the Mescal sea; otherwise little clastic debris, was contributed.

During the early stages of carbonate deposition circulation in 

the Mescal sea must have been restricted, to cause high salinity favor

able to the precipitation of halite and perhaps other evaporites not now 

recognized. Such an environment would also favor the deposition of 

dolomite or the penecontemporaneous conversion of calcitic limestone 

to dolomite. Features indicative of restrictive barriers have not been 

seen; therefore such barriers must have existed outside of the present 

outcrop area of the Mescal. The sea floor was so shallow that wave 

turbulence was effective in partially and repeatedly reworking carbonate 

strata previously laid down. After about one-third of the lower member 

had accumulated, dolomite beds, which were fairly well lithified, col

lapsed to form the peculiar breccia characteristic of the lower part of 

the Mescal. Salt pseudomorphs decrease upward in the section and
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particularly are fewest in beds about at the top of the interval of col

lapse. On freshening of the sea waters perhaps some leaching of the 

evaporites in the lower parts of the section occurred, causing the odd 

collapse breccia. The Mescal sea remained sufficiently saline there

after, however, to favor the continued formation of dolomite.

During the deposition of the algal member of the Mescal the 

sea floor must have been remarkably stable and of uniform depth 

throughout the 15,000 square mile area now included in the area of 

Apache outcrops. Otherwise the stromatolites would probably occur 

in mounded m asses (bioherms) rather than as a biostrome (see Link, 

1950). Although possibly of different depth, the sea floor must have 

been similarly stable during accumulation of the upper one-third of the 

lower member. The beds of at least the upper 50 feet of this member 

exist in an.almost invariable sequence recognized throughout the region.

The carbonate members of the Mescal were elevated above sea 

level, at least briefly, and eroded before additional formations were 

laid down. At this time solution cavities, enlarged later, began to 

form. Basalt flows, now possibly relict only in very small areas, 

flowed out on this erosional surface and were in turn largely eroded 

away. At least the northern part of the region then subsided and very 

fine-grained siliceous muds and subordinate carbonate muds accumu

lated in a quiet body of water. Following another episode of erosion 

several thin basalt flows were extruded as a very fluid magma and
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crystallized with remarkably similar characteristics throughout the 

region. No dikes or volcanic necks, from which these flows might 

have issued, have yet been recognized. .

During the period of minor instability that followed the deposi

tion of the carbonate members of the Mescal the Apache strata were 

broadly warped, and during the erosional planation that preceded depo

sition of the Troy quartzite the several formations of the Apache group 

were variously exposed. The enlargement of solution cavities in the 

dolomites of the Mescal had continued with each preceding episode of 

erosion, and with the pre-Troy episode, solution effects were wide

spread. Few, if any, of the dolomite sections of the Mescal completely 

escaped the effects of solution: in many areas only a few joints and 

bedding partings were widened by solution; in addition in some areas 

a few large sinkholes developed; and in fewer areas part or all of the 

dolomite section was converted to a massive rubble. In part such 

rubble formed by the coalescence and collapse of solution caverns; in 

part it resulted from the gradual thinning of beds by solution along 

bedding partings, and the subsidence of individual beds to fill the voids 

thus formed. Wherever solution features were developed concentrations 

of chert, in part mechanically concentrated residues, were formed. In

cidental to these solution processes hematite, probably derived by the 

laterization of the basalt flows, was concentrated—particularly in 

certain areas. Collapse of the dolomites in the sinkhole areas continued
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during deposition of the Troy.

The first sea of Troy time transgressed across a surface that 

was generally planar.but that did locally have some relief. At least in 

the northwestern part of the present area of outcrops a structural basin 

a few hundred feet deep existed during early stages of Troy sedimenta

tion. Arkosic sands, which had been fairly well sorted during some 

earlier stage in their development, were literally ’’poured" into this 

basin. The prevalent easterly dips of the large-scale cross-stratifica

tion suggests transport from the west. The arkoses visible today, how

ever, likely represent only a small part of one fringe of a large deltaic 

deposit. Therefore, probably no great significance should be attached 

to bedding attitudes that can be observed in the lower member of the 

Troy.

At present it is  not clear whether the sharp contact between 

the arkose member and the Chediski member of the Troy reflects a 

significant erosional hiatus, or merely a minor break in sedimenta

tion. Throughout most of the region the base of the Chediski sandstone 

is  marked by a conglomerate unit, which is similar to the conglomerates 

that commonly comprise the basal sediments of quartzese sandstones 

deposited in a transgressive sea. Regardless of interpretations of 

environment, comparisons of lithologies and sedimentary structures of 

the two members indicate that the Chediski member represents an 

episode in sedimentation quite different and perhaps separate from that
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of the lower member. . ' ■

The sands of the ChedisM member of the Troy are quite dif

ferent from any deposited previously in the younger Precambrian se 

quence and no part of the member, except certain included gravels of 

small volume, could have been derived from these older strata. If the 

sands were derived from a granitic terrane, as their composition sug

gests, much rounding of quartz grains and destruction and winnowing 

of feldspar grains must have occurred before the sands became avail

able for incorporation into a mar ine(?) deposit.

- The excellent rounding and characteristic pitting (frosting) of

the quartz grains, and the moderate- to high-angle cross-stratification, 

noted especially in outcrops of the region north of the Salt River, might 

if only casually viewed be considered suggestive of eolian deposition. 

The massive contorted sandstone units, which comprise the bulk of the 

member in the northern part of the region, then might be regarded as 

dune deposits that slumped when saturated by waters of an encroaching 

sea. Pebbles of characteristic ventifact forms certainly confirm an 

eolian stage in the formation of the sands; it should be recognized that 

ventifacts are sparse, show signs of later abrasion, or are seemingly 

missing in many of the southern sections of the Chediski.

Other features negate an interpretation that the Chediski sand

stone is an eolian deposit. According to Pettijohn (1949, p. 232-236) 

modern dune sands tend to be fine-grained and well-sorted; apparently
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no diagnostic differences in size, sorting or sphericity have been estab

lished in comparing modern beach and dune sands; and fluvial deposits—  

of the environments that may be applicable here— show the greatest 

ranges of grain sizes. The coarse fractions of the Chediski sandstone 

are definitely atypical of eolian deposits. The southern outcrops of the 

Chediski member, except for the degree of rounding and the abundant 

pitting of the grains, are virtually lacking in features suggestive of 

eolian origin. Irregular bedding, channeling, and lenses of conglom

erate between beds could be indicative of fluviatile deposits. Many of 

the conglomerate lenses appear to be lag gravels concentrated by the 

winnowing of the sands from the tops of beds on which the gravels rest. 

These gravels tend to exist in sheets rather than as local small channel 

fills, suggesting concentration on a sea bottom. While these gravels 

were being deposited the upper formations of the Apache group were 

being vigorously eroded somewhere outside of the region of present out

crops, or coarse Apache debris previously formed was being transported 

into the area. Pebbly sandstone is  common in the northern part of the 

region, but discrete layers or lenses of conglomerate are common only 

in the southern part of the region. The southern sandstone sections^ 

taken as a whole, include le ss  clay and sericite in the matrix. The 

variation in these aspects is  gradational from north to south.

All features considered, the Chediski sandstone is  possibly 

best visualized as a deposit laid down in a transgressing sea, which
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encroached from south to north and was so abundantly supplied with 

coarse quartz-feldspar sand that only crude partial sorting could be ac

complished. Great volumes of sand and subordinate amounts of small 

gravels, rounded, mechanically etched and partially sorted as to com

position by the action of wind, must have been available for deposition 

into this sea. And the sea bottom must have been a site of considerable 

agitation, to cause spreading of individual beds as extensive sheets and 

to form a blanket deposit of the extent of the Chediski member.

The quartzite member of the Troy offers still a different 

paleogeographic aspect. Throughout most of the region its contact with 

the Chediski member is sharp. The only seeming contradiction of this 

statement is  seen in the southernmost outcrops of the Troy, where the 

feldspar and clay content of the upper part of the Chediski decreases 

and this part is  also quartzitic. The quartzite member may well have 

had a source of elastics in common with the Chediski member. If so, 

these elastics were subjected to considerable transport and sorting, 

and accumulated in a marine environment as thin layers of well-rounded, 

well-sorted quartz sand, virtually free of other mineral constituents.

There is  no sound basis for judging the additional thicknesses 

of younger Precambrian strata that once overlay the Troy quartzite in 

southern Arizona. If the Apache group and Troy are correlative with 

the Unkar group of the Grand Canyon, as Darton (1925, p. 36) surmised, 

thicknesses on the order of 10,000 feet may have been removed.
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Certainly an additional cover of appreciable thickness once existed; 

otherwise thick s ills  of diabase now seen in the uppermost parts of the 

thickest sections of Troy quartzite would not have been emplaced in 

their usual forms.

After lithification of the Troy, the younger Precambrian strata 

were locally.faulted and folded; thereafter extensively intruded and dis

placed by diabase intrusions, then uplifted regionally and deeply eroded 

in Precambrian time. Despite this long history of deformation the bulk 

of the younger Precambrian strata were essentially flat-lying when the 

first Paleozoic seas encroached across the region, and for most of the 

region that has been discussed in some detail they remained almost 

horizontal until the Laramide revolution. During Tertiary time the 

younger Precambrian formations, with their cover of Paleozoic and 

Mesozoic formations, were extensively faulted and tilted throughout 

the Basin and Range portion of the region. Farther north, in the 

Plateau portion, these strata remain almost horizontal to the present 

time. Only since the Lar amide orogeny has erosion again exposed the 

Troy and Apache formations.

The bedding features and other internal structures and for 

some units the composition indicate that the Troy quartzite and the 

sedimentary formations of the Apache group were deposited on a shal

low fairly stable continental shelf. Formations and even member units 

of the sequence are individually quite different one from another.
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suggesting abrupt changes in the environment of deposition, in the en

vironment of the source of materials, or in the mode of transport.

Some of the abrupt changes are marked by unconformities; in retrospect 

perhaps additional unconformities are yet to be recognized. In any 

case, the sequence suggests accumulation of geologic units over a very 

long period of time.



AGE OF THE YOUNGER PRECAMBRIAN FORMATIONS

In the southern part of the region the Troy quartzite, the Apache 

group, and the included diabase intrusions are separated from Middle 

Cambrian strata by an unconformity so profound their assignment to the 

Precambrian is quite reasonable. In the northern part of the region, 

though by analogy similar age designations can be made (Shride, 1958), 

direct stratigraphic relations prove only that the diabase is  pre-Devo

nian.

The absolute age that can now be estimated is  determined in 

relation to the diabase. Some question has existed as to whether the 

diabase intrusions are all of the same age, therefore a brief review of 

the critical diabase examples is  worthwhile. For reasons stated in the 

introduction to this report, the age of the extensive diabase intrusions 

has been variously recognized or inferred to be (1) Precambrian, (2) 

questionably Precambrian, (3) post-Cambrian but pre-Devonian, (4) 

post-Pennsylvanian and probably early Mesozoic or late Paleozoic (the 

original age designation of Ransome), or (5) Late Cretaceous or early 

Tertiary. The last age designation, based on inferred relations in the 

structurally complex mineral-bearing belts in and near southern Gila 

County, has been that most widely accepted. In these areas, where

223
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exposures of contacts are commonly not the best and faults and shear 

zones commonly obscure relations, large m asses of Paleozoic strata 

are seemingly "foundered” in some of the larger sills . Also large 

diabase bodies that underlie Paleozoic strata locally show step-like 

discordant contacts with the Paleozoic formations, and faults associ

ated with these steps suggest offsets attributable to inflation by diabase. 

Such features alone are not diagnostic, as has been presumed, of in

trusive relations.

Where such features have been observed by me the discordant 

contacts between the Paleozoic formations, and diabase are either obvious 

fault contacts or are not exposed adequately so that their nature could be 

directly determined. Nowhere have diabase s ills  both overlain and under

lain by Paleozoic formations been recorded; this lack of a s ill habit is  

atypical— wherever large m asses of diabase adjoin or engulf Apache or 

Troy strata, s ills  in these formations are apparent. Where Paleozoic 

rocks are reportedly intruded by diabase, the Martin limestone is  the 

formation most commonly in contact with the igneous rock. The Martin 

is  partly of cherty dolomite beds, which are comparable to the cherty 

dolomites of the Mescal and should be converted pervasively to silicate

bearing limestones if intruded by diabase. Where intruded by quartz 

monzonite, siliceous dolomites of the Martin have proved quite amena

ble to such silication (Cooper, 1957, p. 582-587). But the siliceous 

dolomites of the Martin—-even where exposed within a few inches of
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diabase— are completely lacking in contact-metamorphic minerals. For 

some such examples, careful search for fully exposed contacts in adja

cent areas has resulted in proof that the Martin rests in sedimentary 

contact with the diabase body that supposedly intrudes it. I have not 

found a single example of a chilled selvedge where a diabase body abuts 

against Paleozoic rocks, yet fine-grained selvedges may be quite ap

parent where diabase of the same body is  against Apache rocks in the 

same area. The engulfed blocks of Paleozoic strata are everywhere 

most plausibly interpreted as blocks faulted against diabase, rather 

than blocks torn loose from their original position on invasion by a 

diabase magma. No large m asses of diabase have yet been conclusively

demonstrated to post-date any of the Paleozoic rocks, and abundant
■ *

evidence exists that they antedate the Paleozoic formations in all reaches 

of the region.

Ransome (1919, p. 53, 56) clearly stated that small dikes of
- . . . - - ■ •'*

diabase cut into Paleozoic formations in only a few places, and that in

assigning a post-Paleozoic age to the diabase he "supposed" these dikes 

"to represent parts of the same magma that solidified in the larger 

m asses."  Darton (1925, p. 254) for at least one locality confirmed 

Ransome’s observations of dikes intrusive into Paleozoic strata, but he 

took exception to Ransome’s correlation of these dikes with the large 

diabase sills . Darton suggested that the small dikes were feeders for 

some of the Cenozoic basalt flows of the region. Such dikes must be
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extremely rare. I have made a particular effort to confirm reported 

examples, and have yet to find in a Paleozoic host rock a dike that com- 

positionally or texturally resem bles diabase.

The Precambrian age of the diabases in the northern part of 

the region has recently been confirmed by lead isotope determinations.

In 1955 H. C. Granger and others of the Geological Survey collected 

specimens of uraninite and galena for isotopic analyses from four 

localities in the Sierra Ancha. The uraninite and galena occur mainly 

as veinlets in the Dripping Spring quartzite, but some of the veinlets 

sampled transect quartzose aplite dikes associated with the principal 

diabase s ill of the Sierra Ancha. Traced laterally, this s ill is  readily 

observed to transect the highest parts of the Troy quartzite, and to be 

overlain by Devonian strata. On the basis of Pb^^/Pb^®  ratios, de

termined from both galena and uraninite, L. R. Stieff (written com

munication to H. C. Granger, January 26, 1956; Neuerburg and Granger, 

1960, p. 775-776) estimated the age of the occurrences to be 1,100 

million years. It is  of interest regionally that this age coincides with 

those determined similarly from uraninite occurring in the younger 

Precambrian Belt series of Idaho (L. R. Stieff, oral communication,

May 1958). By independent determinations of Pb^^^/Pb^^^ ratios in 

uraninite from Workman Greek (locality 3-1/2 m iles northwest of Aztec 

Peak, McFadden Peak quadrangle) and like ratios in zircons collected 

from a granitic differentiate on Reynolds Creek, L. T. Silver (1960;
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and oral communication, November 1960) confirmed S tieffs estimate 

as a minimum age. Silver postulates an age of 1,200 million years or 

more for the diabase. Thus, throughout southern Arizona the large 

s ills  of diabase and minor intrusions that are positively apophyses from 

these s ills  predate the Cambrian considerably, and the Troy and older 

formations may be considerably older than 1,200 million years.
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Table 2♦•■R epresentative acction  o f  Dripping Soring q u a rtz ite

/Measured on west w all o f Deep Creek canyon, 3000 f t  north of ju n ction  of Deep Creek 
and Bull Canyon, in SW£, SW ,̂ s e c . 18 (unsurveyed), T. 5N., R. l5EJm/

Thickness
Mescal lim estone: ( f e e t )

Dolomite b recc ia , in  sandy dolom ite m atrix - - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - 204-

Arkose, pale  yellow ish-brow n, m ostly medium-grained but contains well-rounded quartz 

grains o f very coarse-sand s iz e ;  fe ld sp ar content about 40 percent, d o lo m itic , 

firm ly cemented; gen era lly  c r o s s - s t r a t i f ie d  on large s c a le  in  tabular beds 6 to 24 

in . th ick , but thinner beds c r o s s - s t r a t i f le d  on sm all s c a le ;  crops as m assive ledge
t '

w ith i l l - d e f in e d  partin gs a t 1 /2  to  3 - f t  in t e r v a ls ; weathers moderate yellowish-brown  

w ith  lu sterou s black coa tin g  in r ecesses  between g r a in s . In adjacent areas i s  4 to 9 

f t  th ick  and forms ledge that is  prominent below slope-form ing dolom ite b reccia ; . 

lo c a lly  outcrop i s  vuggy; con tact w ith  overly in g  unit everywhere sharp - - - - - - -  11

Unconformity.
I

Dripping Spring q u a rtz ite :

Upper member: .
• - 

9. Arkose, p a le  yellowish-brown to  grayish-orange pink, f in e -  to medium-grained, th in -

bedded (2-36  I n .) ;  inclu des some beds of fe ld sp a th ic  q u a rtz ite ; medium-scale planar

c r o s s - s t r a t i f ic a t io n  weathers out prominently; weathers pale  to dark yellow ish-brow n,

black surface coa tin gs and grayish -red  s ta in s  common; mudcracks and asymmetric

ripplemarks common. Lower o n e-h a lf thicker-bedded (1-3  f t ) ,  coarser-gra in ed , le s s

fe ld sp a th ic  than upper h a lf and i s  c lif f - fo r m e r ;  upper on e-h a lf crops as ledges on

slop e; top 15 f t  inclu des th in  beds o f s i l t s t o n e  l ik e  u n it 8 - - - - - - - - - - - -  99

8. S i l t s t o n e , dusky yellow -green  to very dark gray, h igh ly  fe ld sp a th ic , laminated and

th in ly  laminated and cross-lam in ated ; e t y lo l i t e s  abundant, mudcracks common; shaly

to elabby unduiant or irregu lar  p a rtin g s, 0 .1  to 6 in . apart, ch ara cter ize  ou tcrop s;

weathers pale yellow ish-brow n to  grayish -red ; weathering obscures o r ig in a l textu re;

p y r ite  or minute yellow -green  spots from which p y r ite  has leached abundant. Basal

33 f t  includes interbeds o f arkose l ik e  u n it 7. Basal! 20 to  30 f t  crops as ledge or

sm all c l i f f ;  s i l t s to n e *  above exposed in a s lo p e , which steep en s upward so that

uppermost 40 f t  crops as a c l i f f  or steep  ledge-studded slo p e  - - - - - - - - - - -  117

7. Arkose, pale to dark yellow ish-brow n, w eathering s l ig h t ly  darker and w ith  black

coating  common; very fin e-g ra in ed ; low -angle, medium-scale, planar cross-lam in ation

etches out poorly on w eathering; outcrops part conspicuously  a t 2 - in . to  6 - f t

in te r v a ls ; "pockmarks", 1 /2  to  3 in . In diameter, on weathered surfaces are

accentuated by black co a tin g . Crops out as v e r t ic a l  face in  recess below p ro tec tiv e

c l i f f . ...................................................... - .......................................................................................................... 14

6 . S il t s to n e  w ith  subordinate th in  beds and scour f i l l s  of arkose, l ik e  un ite  8 and 7

r e sp e c tiv e ly  in  tex tu re , com position, and co lo r; both rock types sp a rse ly  m icaceous,

th in ly  laminated to  thin-bedded; many beds c r o s s - s t r a t if ie d  on small s c a le ;  'channels,

3 to  24 in . w ide, scoured in to  s i l t s t o n e  and f i l l e d  w ith s l ig h t ly  coarser arkose

are abundant; slabby parting# a t  2- to 10- in ; in ter v a ls  prominently defined by shaly

seams; most partin gs are undulatory and r e f le c t  s p l i t t in g  along minor cross-lam inae and

along bedding planes folded by compaction adjacent to  channel f i l l s  in preference

to s p l i t t in g  along p rin cip a l bedding p lanes; shaly  p artin g  common in  s i l t s t o n e  beds;
■i . - •

s t y lo l i t e s  abundant; weathered arkose* and s i l t s t o n e s  assume porcelaneous tex tu re .

Weathered s la b s , s ta in ed  grayish  red, th ick ly  cover moderate s lo p e , which steepens  

upward Locally to almost v e r t ic a l c l i f f  - - - - - - - - - - - - - - - - - - - - -  54

5. Arkose, l ik e  u n it 7, w ith  minor beds o f s i l t s t o n e  l ik e  u n it 8, except moderately 

micaceous. Basal 6 f t  o f dusky red w eathering, e sp e c ia lly  micaceous thin-bedded  

arkose, which grades upward in to  shaly  s i l t s t o n e  that dominates in terv a l 6-14 f t  

above base. In terv a l 14-23 f t  above base of abundantly h em atite-fleck ed  ( in  outcrop) 

arkose in  beds 6 to  30 in . th ick . Upper 27 f t  of 2- to 8- in . beds o f arkose, 

w ith subordinate th inner beds o f s i l t s t o n e ;  both ex h ib it abundant s t y lo l i t e s ;  

th is  subunit forms prominent hacky fractured ledge that caps slope-form ing  

basal 23 f t - - - - - - - - - - - - - - - - - - - - - - - -

Thickness of upper member (u n its  5-9) - - - - - - - - -

Lower member:

4 . Q u artzite , fe ld sp a th ic , grayish-orange pink to pale yellow ish-brow n, medium-grained; 

weathers pale yellow ish-brow n; crops as massive rim-forming c l i f f  the surface of 

which is  s l ig h t ly  etched to su ggest la r g e -sc a le , low -angle chin c r o s s - s t r a t i f ic a t io n ;  

poorly defined partin gs a t in te r v a ls  2 to  15 f t  (average 6 f t )  suggest tabular  

bedding uni t s ,  otherw ise bedding stru ctu re  obscure. Outcrops of basal 10 f t  and 

uppermost 20 f t  tend to be "pockmarked". Bottom 8 f t  and top 12 f t  s l ig h t ly  le s s  

fe ld sp a th ic  than r e s t .  White quartz p eb b les, up to 1 /2  in . diam eter, and irregu lar  

d isks o f w hite-w eathering ch ert, as much as l  in . diam eter, sparse In in terv a l 

20 to 30 f t  above base; in  adjacent areas l ik e  pebbles e x is t  through th icker in te r v a l.

Contact w ith upper member sharp and planar - - - - - - - - - - - - - - - - - - - -  65

3. Arkose, l ig h t  brown to pale  reddish-brown, fin e-g ra in ed , in th in ly  laminated s e t s  

of beds 4 to 6 in . th ick ; breaks w ith  q u a r tz it ic  fractu re; com position l ik e  

un it 2 , but appears more v itreo u s on fresh  fractu re; crops everywhere as steep  

to v e r t ic a l  c l i f f  that e x h ib its  partin gs a t in ter v a ls  of 1 in . to  15 f t  (most a t 

in ter v a ls  greater than 6 f t ) ;  weather pale red to pale  reddish-brown, on fresh  

break weathered arkose e x h ib its  minute patches of yellow ish-orange c lay  (? ) .

Within top 8 f t  medium-scale, low -angle c r o s s - s t r a t if ic a t io n  noted; p o ss ib ly  

obscure apparent fla t-b ed d in g  o f e n tir e  un it represents la r g e -sc a le , low -angle  

c r o s s - s t r a t i f ic a t io n  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  81

2. Arkose, moderate reddish-orange, f in e -  to medium-grained, th in - to thick-bedded  

(1 to  4 f t ) ,  breaks with q u a r tz it ic  fractu re; sm all- to  medium-scale s tr a ig h t  

and concave planar c r o s s - s t r a t i f ic a t io n  etched out lo c a lly ;  concave cress-bedding  

noted p a r tic u la r ly  in  upper 20 f t ,  s tr a ig h t cross-bedding apparently dominant in  

lower 50 f e e t ;  asymmetric r ip p le  marks sparse. Crops as bare rounded ledge*  

w ith  prominent partin gs a t  51, 116, and 134 (top ) f t  above base of u n it; slop e  

of upper 80 f t  steep er  than that o f lower 50 f t ;  in  lower 50 f t  of outcrop 

obscure parting* a t  in ter v a ls  o f 2 in . to 4 f t  (m ostly l a t t e r ) ; obscure partings  

of upper 80 fe e t  a t  in te r v a ls  o f 1 to  8 f t  ( ty p ic a lly  a t 4 to  6 f t ) .

Comprised of angular to  subrounded grains o f c lear  quartz and reddish-orange  

p otash -fe ld sp ar (30-40 percent of r o ck ); sca ttered  minute aggregates o f hem atite  

common; minute patches (seen  w ith  hand le n s) of porous, dark yellow ish-orange  

lim onite or lim o n lt ic  c la y  ch ara cter ize  m atrix o f fr e sh ly  broken weathered rock -  134

l .  Conglomerate (Barnes bed), o f w ell-rounded pebbles and cobbles ranging from 1/2 to  

8 in . in diameter (average 3 i n . ) in  m atrix o f coarse- to  very coarse-gra in ed , 

l ig h t  brown to  grayish -red  arkose. Gravels mainly o f dark gray to  grayish-orange  

and dusky red , fin e -g ra in ed , v itreo u s  q u a r tz ite , pebbles o f  w hite quartz fleck ed  

w ith hem atite common, pebbles o f reddish-brown jasper and v o lca n ic  rock (a n d esite? ) 

rare. Sparse len ses  of matrix sandstone e x is t  w ith in  u n it . Crops as one m assive 

ledge; to  e a s t  across canyon u n it from 1 to 8 f t  th ick . Contact w ith  Pioneer

shale  shape and s l ig h t ly  unduiant 18

Thickness o f  lower mes&er (u n its  1 -4 ) 298

Thickness o f Dripping Spring q u a rtz ite  - - - - - - - - - - -  632

Unconformity.

Pioneer sh a le;

S i l t s t o n e , grayish-red  w ith yellow ish -gray  to l ig h t  brown reduction spots, abundantly 

tu ffaceous la s  seen in  th in -s e c t io n ) , forms steep  slop e; top 2 f t  shaly

parting  ann bleached l ig h t  green ish  gray - - -  - -  - -  - -  - -  - -  - -  - -  - -  - 304-
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Troy q u a rtz ite
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Dripping Spring quartzite

Pioneer shale
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FIGUIiE 15. IDEALIZED GEOLOGIC SECTION SHOWING RELATIONS OF FAULTS TO DIABASE INTRUSIONS AND TO PRE-PALEOZOIC UNCONFORMITIES

Note vertical exaggeration. Diagram is greatly simplified; ordinarily two or more sills inflate the Apache 
section and several minor discordant steps, too small to depict here, would exist along s il l  boundaries.
See text for additional explanation.

11
,0

00
 f

e
e
t 

I



£ 9 7 ? /
t?6/
/??

~o6/t2



Table $ .—C riter ia -fo r  d istingu ish ing quartzites and sandstones o f the Bolsa and Abrigo formations from those o f the Troy formation^/

S tra ta  o f younger Precambrian age S tra ta  of Middle and Late Ca$b rian age

Q u artzite  member of Troy Chediski sandstone member of Troy Q uartzites of B olsa and Abrigo formations Sandstones o f B olsa and Abrigo form ations

P o s it io n  in  

Sequence

At top o f  Troy. I f  remnant, th is  member 

i s  o r d in a r ily  in  con tact with B olsa  

q u a r tz ite .

B asal part o f  Troy; g en era lly  comprises 

most and in  p la c e s  a l l  o f Troy where 

Cambrian s tr a ta  are o v er ly in g .

B olsa q u a rtz ite  a t base o f  Cambrian s e c t io n .  

Like q u a rtz ite s  approxim ately in  raid- 

sec tio n  o f Abrigo are separated from 

B olsa by sh a ly -p artin g  send sto n e s .

B olsa gradation al up in to  Abrigo by in crease  

in  th in  sh a ly  sandstone and micaceous 

sandstone beds. Like sand stones underlie  

and o v e r lie  q u a rtz ite s  o f Abrigo.

L ith o logy

W ell-sorted  c lean  q u a r tz ite , p r a c t ic a lly  

fr e e  of fe ld sp a r  and peb b les. Basal 

u n it  coarse-grained; r e s t  m ostly  

medium-grained.

Very poorly  sorted  pebbly sandstone of w e l l -  

rounded, m inutely p it te d  (fr o s te d )  quartz 

grains in  s e r ic i t e - c la y  m atrix . Weakly 

to  f ir m ly  cement e d . Coarse fe ld sp a r  

grains may be conspicuous. L ocally  

in c lu d es coarse m uscovite.

Medium- to  coarse-gra in ed , m oderately w e ll  

to  poorly sorted  "gritty*1 q u a r tz ite .  

Granules and small pebbles abundant in  

some sec tio n s  o f  B olsa , which has 

conspicuous b asa l conglom erate.

F ine-grained , f in e ly  micaceous sandstone or 

sandy mudstone c o n stitu te  much of Abrigo. 

Dolomite cement rare except in  part of 

region south of Aravalpa Greek. Coarser 

sandstones te x tu r a lly  somewhat l ik e  Bolsa  

may be f  eld spath ic and f r ia b le .

Bedding and 

r e la ted  fea tu res

Tabular beds th in  t o  th ic k ;  cro se -  

s t r a t i  H  ca tio n  may net be conspicuous 

and i s  net d ia g n o stic  t o  d is tin g u ish  

Troy from B olsa .

Ir r e g u la r ily  bedded; tops o f  many beds 

channeled and marked by sca tter e d  pebbles 

or th in  la y ers  or le n s e s  of conglomerate. 

Slump stru c tu res  common in  middle part of 

most s e c t io n s . Uppermost beds c r o ss -  

s t r a t i f ie d  on la rg e  sc a le . Where q u a r tz !tic  

the bedding stru ctu res  are obscure.

In  tabular beds gen era lly  1 -4  f t  th ic k .
-  ,1

P artings between beds etch  out much 

mere conspicuously  than those o f  Troy.

Thinly and somewhat ir r e g u la r ily  bedded. 

Shaly partings common.

Color

L i$ i t - c o lc r e d . G enerally p in k ish  gray 

to  l i g h t  gray; may be l ig h t  brownish 

gray to  medium gray.

V ariable. M ostly y e llo w ish  gray or l ig h t  

brownish gray, but in c lu d es beds or. u n its  

of me d im  dark gray in  some a rea s . L oca lly  

pale to  grayish  red . Outcrops not lim o n ite -  

sta in ed  except where lo c a l ly  of q u a rtz ite  

and o f  co lo rs  lik e  q u a rtz ite  member.

L igh t-co lored  lik e  Troy q u a r tz ite , but 

everywhere conspicuously sta in ed  

reddish  brown on weathered su r fa c es .

Most fin e-g ra in ed  s tr a ta  are pale ye llo w ish  

brown to red d ish  brown and rusty-w eathering . 

But in  some areas sev era l u n its  are  

yellow ish  gray to dark green ish  gray.

Coarser sandstones tend to  be l ig h te r  

c o lo r s .

F o s s i ls

None.

•V

None. S co lith u s  sparse to  abundant in  upper 

part o f  B olsa , and in  many p laces  

ch aracter ize  q u a rtz ite s  o f Abrigo. 

Phosphatic lin g u lo id  brachiopods 

abundant in  tr a n s it io n  zone between 

Bolsa a id  Abrigo.

Sm all worm e a sts  and phosphatic brachiopods 

sparse in  some s e c t io n s , abundant in  o th ers. 

Fucoidal markings o f  la rg er  sca le  

o c ca s io n a lly  seen in  green ish  gray or 

coarser grained sandston es. T r ilo b ite  

fragments too rare  to be d ia g n o stic  part 

o f l i th o lo g y .

Remarks

G enerally more v itr e o u s  aid m assive-  

cropping than Cambrian q u a r tz ite s .

Where q u a rtz !tic  i s  d is tin g u ish ed  by 

m assive outcrops, poor so r t in g , 

pebble co n ten t, and sp arse  coarse  

g ra in s o f  orange-pink fe ld sp a r .

In  some a reas, but net g e n e ra lly  in  

area where o v e r lie s  Troy, B olsa i s  

v itr e o u s  and m assive-cropping.

F ine-grained sand ston es and f in e ly  micaceous 

sandstones have no counterparts in  Troy.

1 /  These d escr ip tio n s  apply only  t o  part o f  r eg io n  where B olsa and Abrigo form ations o v e r lie  Troy q u a r tz ite
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MATERIALS FOR LATE PRECAMBRIAN SEDIMENTATION
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T a b le  1 . P re -D ev o n ia n  fo r m a tio n s  o f  s o u t h e a s te r n  A rizon a

Age G roup, f o r m a t io n ,  and member T h ic k n e s s  ( f e e t ) L i t n o l o g y  and rem ark s

P a l e o z o ic

L a te  and 

M id d le (? )  

D e v o n ia n

L a te  and  

M id d le  

C am brian

M artin  l im e s t o n e

E r o s io n a l  u n c o n fo r m ity

A b r ig o  fo r m a t io n

3 0 - 4 0 0

I n te r b e d d e d  l i m e s t o n e s , d o l o m i t e s , s n a l e s  and s a n d s t o n e s .  C a rb o n a te

s t r a t a  d o m in a n t , b u t l i t h o l o g y  v a r i e s  r e g i o n a l l y .  N orth w ard  from  G lobe  

u n c o n fo r m ity  a t  b a se  b ecom es i n c r e a s i n g l y  I r r e g u l a r  and b a s a l  s a n d s t o n e , 

o r d i n a r i l y  l e s s  tr.an 20  f e e t  t h i c k ,  l o c a l l y  t h ic k e n s  to  more th a n  200  

f e e t .  The t h i c k  s a n d s to n e s  f i l l  p a le o c h a n n e l s  a s  much as 1/2  m ile  w id e .

0-840

In  a r e a  s o u th  o f  S a n ta  C a t a l in a  M ou n ta in s th in -b e d d e d  s i l t y  and sa n d y  

l im e s t o n e s  d o m in a te  s e c t i o n s , w h ich  in c lu d e  b ed s  o f  m a s s iv e  l im e s t o n e  

and o c c a s i o n a l  b ed s  o f  q u a r t z i t e , d o lo m it e  and sa n d y  s h a l e .  Becom es 

i n c r e a s i n g l y  san d y  and d o lo m i t i c  n o r th w a r d  and n o r th  o f  S a n ta  C a t a l in a  

M o u n ta in s  s e c t i o n s  a r e  d o m in a te d  by t h in  and i r r e g u l a r i l y  b ed d ed  f i n e 

g r a in e d  m ic a c e o u s  s a n d s t o n e s  and by q u a r t z i t e s  o f  B o ls a  a s p e c t .  G e n e r a l ly  

m is s in g  n o r th  o f  P in a l  M o u n ta in s o w in g  t o  p r e -M a r t in  e r o s i o n .

M id d le

C am brian

Y oun ger PreC am brian

5o
6C
<D
Oada«c

O ld e r  P r e ca m b r ia n

B o ls a  q u a r t z i t e

U n c o n fo r m ity

D ia b a se

0 -4 8 0

T h in -  to  t h ic k - b e d d e d ,  m edium - to  c o a r s e - g r a i n e d ,  c r o s s - s t r a t i f i e d  q u a r t z i t e .  

B a s a l c o n g lo m e r a te  t y p i c a l .  W ith  in c r e a s e  in  s h a ly  s a n d s to n e  and m ic a c e o u s  

s a n d s to n e  beds g r a d e s  upw ard i n t o  A b r ig o  f o r m a t io n .  N orth  o f  S a n ta  C a t a l in a  

M o u n ta in s  t h in s  and r e s t s  on i r r e g u l a r  s u r f a c e .  G e n e r a l ly  m is s in g  n o r th  o f  

P in a l  M o u n ta in s  o w in g  to  p r e -M a r t in  e r o s io n ;  o v e r l i e s  y o u n g e r  P reca m b r ia n  

f o r m a t io n s  f a r t h e r  s o u t h .

I n t r u s i v e  c o n t a c t

T roy

q u a r t z i t e

Q u a r t z i t e  member

C h e d is k i  s a n d s to n e  

member

0 - 5 0 0

0 -3 0 0

A rk ose  member

E r o s io n a l  u n c o n fo r m ity

B a s a l t  f lo w s

E r o s io n a l  u n c o n fo r m ity

co-p
«
P

r-4
cdor

2E

Upper member

0 - 14.50

0 - 1 , 2 0 0

M a in ly  o l i v i n e  d ia b a s e  in  narrow  d ik e s  and in  s i l l s  or s h e e t s , a fe w  in c h e s  

to  1 ,2 0 0  f e e t  t h i c k .  W ith in  t h e s e  i n t r u s i o n s  a r e  s m a ll  d i f f e r e n t i a t e d  

b o d ie s  o f  d ia b a s e  p e g m a t i t e ,  g r a n o p h y r e , and a p l i t e .  S i l l s  a r e  l a t e r a l l y  

e x t e n s i v e  in  a l l  o ld e r  f o r m a t io n s .

L i g h t - c o l o r e d ,  m edium - to  c o a r s e - g r a i n e d ,  t h i n -  t o  t h ic k - b e d d e d ,  t a n g e n t i a l l y  

c r o s s - s t r a t i f i e d  q u a r t z i t e ,  v i r t u a l l y  f r e e  o f  p e b b le s  and f e l d s p a r .  

I n d iv i d u a l  u n i t s  w e l l - s o r t e d .

P o o r ly  to  m o d e r a te ly  w e l l - c e m e n t e d ,  v e r y  p o o r ly  s o r t e d ,  p e b b ly  s a n d s to n e  o f  

w e l l - r o u n d e d ,  m in u t e ly  p i t t e d  q u a r tz  g r a in s  in  c l a y  and s e r i c i t e  m a t r ix .  

N o rth  o f  S a l t  R iv e r  i s  c o n s p ic u o u s  o w in g  t o  v e r y  l i g n t  c o l o r ,  m a s s iv e  

u n i t s  w itn  ab u n d an t slum p s t r u c t u r e s  and odd e r o s i o n  fo r m s . F a r th e r  s o u th  

i s  d a r k e r  c o l o r e d ,  l e s s  c o n s p ic u o u s , i r r e g u l a r i l y  b e d d e d , more f e l d s p a t h i c  

and l o c a l l y  q u a r t z i t i c .  Has c o n s p ic u o u s  b a s a l  c o n g lo m e r a te  and i s  b a s a l  

member o f  ^ ro y  o v e r  m ost o f  r e g i o n .

0 - 3 7 5

M o st ly  f i n e - g r a i n e d  w e l l - s o r t e d  a r k o s e , c o n s p ic u o u s ly  c r o s s - s t r a t i f i e d  on  

v e r y  l a r g e  s c a l e . R e s t r i c t e d  in  d i s t r i b u t i o n  t o  n o r th w e s te r n  G ila  C o u n ty .

0 -1 0 0

E r o s io n a l  ___
u n c o n fo r m ity

B a s a l t  
( l o c a l )

M id d le  ( a l g a l ) 
member

0 - 1 1 0

Lower
member

U n c o n fo r m ity
®4->
•H
►3
-Pucfl
3cr
60 
C —<
k
aco
tcc
P.a

Upper
member

Lower
member

U n c o n fo r m ity

P io n e e r

fo r m a t io n

N o n c o n fo r m ity

14 .0 -130

0<XJ
1oin

<\j

One t o  f o u r  f lo w s  o f  v e r y  h e r a a t l t i c ,  a m y g d a lo id a l  b a s a l t ;  c o n s p ic u o u s ly

p o r p h y r i t i c  In many l o c a l i t i e s .  R e s t s  on m id d le  member o f  M esca l s o u th  o f  

l a t i t u d e  o f  C h r y s o t i l e .

F la g g y  to  m a s s iv e - c r o p p in g ,  r e d d is h - o r a n g e  t o  b la c k , s i l i c e o u s  a r g i l l i t e  and  

s u b o r d in a t e  m u d sto n e ; l o c a l l y  in c l u d e s  t h i n  l e n s e s  o f  s i l i c a t e d  l i m e s t o n e ; 

t y p i c a l l y  a t h in  u n i t  o f  c h e r t  c o n g lo m e r a te  or  b r e c c i a  i s  a t  b a s e .  Member 

i s  b e s t  d e v e lo p e d  in  McFadden Peak q u a d r a n g le , and i s  a b s e n t  s o u t h  o f  

N a ta n e s  P l a t e a u .

1 5 0 -2 7 0

2 0 0 - 3 7 0

2 0 0 -3 5 0

oo

i\

■p
c
®65
e
&
03c
o

—I
-p
c5
EL
O

rHrHcd

£
cc
*

o
0xO
rH
1oi ncxj

B a s a l t  f lo w  l i k e  t h o s e  ab ove M e s c a l .  P r e s e n t  o n ly  l o c a l l y ,  in  two s m a l l  a r e a s  

In  McFadden Peak  q u a d r a n g le  and a t  R o o s e v e l t  Dam.

C om p rised  o f  two u n i t s ,  o f  a b o u t e q u a l t h i c k n e s s :  a lo w e r  m a s s I v e -b e d d e d  

s t r o m a t o l i t e  u n i t ,  and an u p p er  s lo p e - f o r m in g  f l a t - b e d d e d  u n i t  d e v o id  o f  

a l g a l  s t r u c t u r e s .  Upper u n i t  com m only t h in n e d ,  o w in g  t o  p r e -T r o y  e r o s i o n .  

B oth  u n i t s  a r e  o f  d o lo m ite  o r  s i l i c a t e d  l i m e s t o n e . O n ly  up per u n i t  to w a rd  

to p  o r d i n a r i l y  i n c lu d e s  ab u n d an t c h e r t .

T h in -  to  t h lc k - >  e d d e d , c h e r t y  d o lo m it e  o r i g i n a l ;  in  some a re  is t h o r o u g h ly

s i l i c i f l e d  d u r in g  fo r m a t io n  o f  k a r s t  b r e c c i a ;  i n  m ost a r e a s  nas b e e n  m eta 

m orp h osed  to  c a l c i t e  l im e s t o n e  w ith  ab u n d an t s i l  c a t e  m i n e r a l s . In  m ost o f  

r e g io n  basa^L 1 5  t o  100  f e e t  i s  a c o a r s e  b r e c c ia  o'* c a r b o n a te  r o c k .

1 5 0 - 5 0 0

T h in - p a r t e d  f e l d s p a t h i c  s i I t s t o n e  and s u b o r d in a t e  q u a r t z i t i c  a r k o s e .  S i l t s t o n e  

I s  t h i n l y  la m in a te d  and c r o s s - l a m i n a t e d ;  m u d c r a c k s , s c o u r - a n d - f i l l  f e a t u r e s ,  

and s t y l o l l t e s  are  a b u n d a n t. I s  u r a n i f e r o u s  and g e n e r a l l y  p y r i t l c .

M a s s iv e - c r o p p in g  f e l d s p a t h i c  q u a r t z i t e  and f ir m ly - c e m e n t e d  o r a n g is a  a r k o s e . 

C r o s s -b e d d in g  c h a r a c t e r i s t i c  b u t in c o n s p i c u o u s .  B a sa l B a rn es c o n g lo m e r a te  

b e d , m a in ly  o f  q u a r t z i t e  p e b b le s  in  an  a r k o s i c  m a t r ix ,  r a n g e s  from  0 t o  4 0  

f e e t  in  t h i c k n e s s  in  m ost a r e a s .

Granitoid rocks

Intrusive c o n t a c t

P in a l  s c a i s t  and  

e q u i v a l e n t  m e ta s e d im e n ta r y  

and m e t a v o lc a n ic  r o c k s

Predominantly grayish-red tuffaceous s iIts tone or s i l ty  mudstone. Lower half 

includes units of arkose; arkose content greatest in thick sections. Basal 

Scanlan conglomerate bed, 0 to 20 feet th i ck ,  is mostly of quartzite pebbles 

In a matrix that ref lects  composition of underlying rocks. Conglomerate is 

absent or is a thin arkose with sparse pebbles through lartre areas. Forma

tion and basal part of Dripping Spring lap out against topograpnlc nigh in 

northwest Gila County.

Mostly coarse, porpnyritic quartz monzonite and granodiorite. Is principal 

basement rock of region.

R e l a t i v e l y  s m a ll  p e n d a n ts  o f  f o l i a t e d  F in a l  s c h i s t  in  g r a n i t e  in  s o u t n e r n  p a r t  

o f  r e g i o n .  P o o r ly  f o l i a t e d  m e ta s e d lm e n ta r y  and m e t a v o lc a n ic  r o c k s ,  w h ic h  

in c lu d e  p r o m in e n t q u a r t z i t e  u n i t s  i n c r e a s e  i n  ab u n d an ce in  n o r th  p a r t  0 '' Apacne  

o u t c r o p  a r e a .
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T<;hl e ^ . - • S e c t i o n  o f  Troy cu^rcz itv .  r v p l c a l  of  t!ic :>v?rr::> Avoha

/M<!<uuived aXong v a s t  facti  of  Cenrcr Mountain; l o v e r  ntxnbvr d e s c r i b e d  l o r y e l y  fvcm exposures  in 
NE; s e c ,  l  A; middle member ^ensured in SW> s e e .  15. and N’£< S K/- s e e .  16; upper number 
dearc l o t  ions  f ron?« SE^ sec  > 16, H££ &cc. 21 and \7^}: s e c . ?.'2; 7 .  6 X. „ H >

ThickvcbS
( f e e t )

Troy q u a r t z i t e :

Quart r i t e  itteeb^r;

Top e r o d e d . The sequence  d e s c r i b e d  j s  b e l i e v e d  to be one of  the t h i c k e s t  remnants o f  the q u a r t z i t e  

meT.bnr in the S i e r r a  Anch,^.

H ,  Q u a r t z i t e ,  dominant 1 medium l i g h t  gray but many beds p a l e  red to  g r a y i s h - r e d  p u r p l e ; moutly  

m^divm-yrained vir.h sp ar se  c o n t e n t  o f  c o a r s e  g r a i n s ;  a few beds c o a r s e - g r a i n e d ; in tabular  

beds 3 to 12 in ,  th ic k  ( o a s t  A re S i n . ) ;  sc^e beds h o r i z o n t a l l y  s t r a t i f i e d ,  moat c r o s s -  

s t r a t i f i e d  on small  to  medium s c a l c c ;  f l a g g y  to s la b b y  p a r t i n g  everywhere c o n s p i c u o u s . G e n e r a l iy  

lower part  crops  as 5 reap s l o p e  n a r t l v  covered  w i t h  t a l u s ;  upward s l o p e  marges i n t o  f l a b b y -  

p a r t i n g  c l i f f s  as  orach a?? 150 f t  h ig h .  Where d e e p ly  weathered# as on benches cr mosa tope 7 

detached  s l a b f  c h a r a c t e r i s t i c a l l y  are s t a i n e d  moderate brown to very dusky red throughout  

and e x h i b i t  knobby nr pock-marked s u r f a c e s  250

10. Q u a r t z i t e ,  v e r y  l i g h t  gray  to p a l e  red p u r p le ,  r>edivei-grainedt in  tabu lar  beds 4 In.  t o  

3 f t  (m o s t ly  l  to  ?. f t )  t h i c k ;  more v i t r e o u s  tbvar. u n i t  11* and i n t e r n a l  s t r a t i f i c a t i o n  

obscure ;  outcropa tend to s t a i n  s l i g h t l y  to p a le  to  node-rate rvddifih-brcwn; j o i n t s  m y  bv 

t h i n l y  coated  by 1 Irani  r e ,  o t h e r w i s e  w e a the r ing  c o l o r s  as  in f r e s h  r ock .  Forms c l i f f  

w i t h  narrow to broad bench a t  top;  upper 80 f t  not  as r e s i s t a n t  a& lower part  185

9. Q u a r t z i t e ,  p a l e  red to  g r a y i s h - r e d  p u r p l e , c o a r s e - g r a i n e d ;  v o id s  between rounded gra in s  

imperfec t  t y f i l l e d  by q u a r t z  o v e r g ro w th * . O therwise  l i k e  u n i t  10.  and crops an s t e e p

1 edgy  ̂lope  or cl i f f  coa t in u c u a  w i t h  t iwit o f  u n i t  1 0 - - - - - - - - - - - - - - - - - -  60

Thickness  o f  upper member ( u n i t s  9 - 1 1 )  remnant - - • •  ̂  ̂ • 495

Chcdiokl  sandstone  member:

5 . Sandstone ,  v e r y  l i g h t  gray to  p i n k i s h - g r a y ,  m o st ly  c o a r s e - g r a i n e d ,  ncme hvds v e r y  c o a r s e 

gra in ed;  fijnd gr a in  and c a t r i x  c h a r a c t e r I jbt i c s  as  in  u n i t  6; tabu lar  beds 3 to 8 f t  t h i c k  

c r o s s - s  t re. t i J i ed on rtrdiuni e c a l t .  Some hedst in c lu d e  s p a r s e  w e l l - r o u n d e d  pebbles  ( up to !*■ 

in** g e n e r a l l y  let>£; than l  in * )  o f  w h i t e  to pink quartz and rare  pebble*  of  reddish-brow n  

Jasper;  like; pebb les  are c o n c e n tr a t e d  in uppermost l to  2 in ,  of  many in d i v id u a l  b e d s .

Pebbles  most, abundant in upper 30 f t ,  and topnoat  bed c o n s p i c u o u s l y  cong lom erat ic*  Lover

44 f t  f r i a b l e :  upper 30 f t  tends to be q u a r r z l t l c ,  and a few of  th in ner  very  c o a r s e - g r a i n e d

beds arc q u a r t z i t e s .  Crops as  s t e e p  s l o p e  of  m s s i v u  rounded l e d g e s , in which bedding

s t r u c t u r e s  avo p o o r ly  d i s p l a y e d  . . . . . .  74

7. Sandstone* l i g h t  gray t o  p i n k i s h - g r a y ,  not  pebbly;  o t h e r w is e  l i k e  u n i t  6 - - - - - - -  80

6.  Sandatone,  p i u k i a h - g r a y  to  g r a y i s h  red p u r p l e , p r o g r e s s i v e l y  darker and more m o t t l e d  bv 

r e d u c t io n  s p o t s  upward, f i n e -  to  c o a r s e - g r a i n e d  ( n e a r l y  r -edU r^-gra ined) , f r i a b l e ;  of  

p o o r ly  s o r t e d , w e l l - r o u n d e d ,  m in u te ly  p i t t e d  quartz  g r a in s  in m atr ix  o f  s e r f  c i t e  and c l a y ,

Slump l i t ruc turea  prominent t h r o u g h o u t , r e s u l t i n g  in rv is s ive  o u tc ro p s  th a t  d i s p l a y  l i t t l e  

c o n t i n u i t y  o f  bedding* Bedding u n i t s  seen  l o c a l l y  arc  m o s t ly  10 to  30 f t  t h i c k .  A few 

ch in  (2 f t  tis x Mr i n )  Tabular b e d s , w i t h  medium- to  large-acalc*  t a n g e n t i a l  c r o s s -  

s t r a t i f i c a t i o n ,  s e p a r a te  beds w i t h  s lu r p  s t r u c t u r e s . In c lu d e s  p ebb les  l i k e  t h o s e  in u n i t  5 ? 

but so s p a r n c ly  d i s t r i b u t e d  that  o n ly  i  or 2 pebbles  are s e en  in each 100-300  aq f t  o f

ourcrop* Unit  crops  ns g e n t l e  to s t e e p  s l o p e , l o c a l l y  surmounted by hoodoos 67

5. Conglomerat ic  s a n d s to n e ,  l i g h t  b r o w n is h - g r a y , p oor ly  to  f i r m l y  cemented,  bedding obscure  

hut dominant ly  h o r i z o n t a l ;  m o s t ly  c o a r s e - g r a i n e d . but par t  v e r y  c o a r s e - g r a i n e d ;  in c lu d e s  

l e n s e s  o f  granule  a 1 ze .  Sand g r a in s  w e l l - r o u n d e d ,  m in u te ly  p i t t e d ,  m ost ly  of  q u a r t z ; 

rare  granu les  o f  o r a n g e -p in k  fe ldapar  c o n s p i c u o u s . Pebbles  nx?stly o f  w h i t?  t o  moderate  

red quarti^about 20 percent  are  of  p a l e  ye l low ish -b r ow n  to g r a y i s h - r e d .  f i n e - g r a i n e d  

v i t r e o u s  q u a r t z i t e ;  a few o f  f e l d s p a t h i c  q u a r t z i t e ,  reddish-brown j a s p e r , or r h y o l i t e .

Moht p ebb les  w e l l - r o u n d e d  and o f  d iam eters  l e a s  than 3/4 I n . ;  son# up to  3 in .  roxinnun 

d i a m e t e r . Manv p e b b l e s r and p o s s i b l y  5 perc en t  of  those  e x c e e d i n g  1 in .  diameter  * 

e x h i b i t  p o l i s h e d  f a c e : *  and forms c h a r a c t e r i s t i c  of  vent i f a c t a . Unit  crops  as m ass ive

l e d g e s  or small  c l i f f  67

T hickness  o f  middle menber ( vn i t  a 5 -8 )  - - - - - - - - « - 260

Arkoee member:

4 ,  Arkoac, l i g h t  brown to pal e br^zn or r>ale rv-d ( l a t t e r  d r n i n a n t ) ,  medium-grained,  f i r m ly  

cemented,  m ost ly  in t h ic k  t ab u lar  beds i 7 to y t r ) that  <>>.hibi c \ cr o

a r r « t i  ttc.-.t i o n ; av<r.n beds wedge- torn ;  frrrs-5 cl  i f  f? . Croe.s-> t rat  i f  i c a t i o n  tru n c a te d  a t  

s h a r p , s l i g h t l y  i r r e g u l a r  c o n t a c t  wi t h  unit  5 - - -  - -  - -  - -  - -  - -  - -  - -  - -  -

3 .  Avkose.  p a le  brown to  t;rayi s h - r e d , f lnc-%ruinod,  ; i m l  y cv.monted, c r o . s s - s t r a t  i f l e d  on
f,

very  la r g e  s c a l e : h o r i z o n t a l  p lanes  seoarr.t  (nv tobular bedding s e t s  o r d i n a r i l y  tens  

of  f e e t  a p a r t , so more than cn<? such plane  i s  r a r e l y  seen in a s i n g l e  outcrop; u n i t  

s lab by  p a r t i n g ;  detached s l a b s  as  lal- 'a  t r a i n s  cover  a l l  outcrop# excep t  th ose  narrow 

hoodoo-studded p r e c i p i e o u s  r id g e s  between p r i n c i p a l  r av in os  

2.  A th o s e ,  l i k e  u n i t  1 e x c ep t  in  tabular  bed* 4 i u . to  3 f t  t h i c k . Seme beds s e p a r a te d  by 

s i l t y  seams t h a t  p r e s e r v e  muderseks and, v n c o w o n l y . r ip p lc m arks .  Crops as r e c e d in g  

c l i f f  o f  mass ive  ledger  - - - - - - - - - - - - - - - - - - - - -

l .  Arkoae, p a le  brown, f i n e - g r a i n e d ,  very  f i r m ly  cemented,  m o s t ly  in wedge-shaped bedding  

s e t s  ( l i  to  8 f t  th ic k  at  t h i c k e s t  p a r t ) c r o s s - s t m  t i f  i c.d on medium to l a r g e  s c a l e s . 

Lower 15 f t  c r o s s - s t r a t i f i e d ,  but in ta b u la r  s e t s  4 to  18 in .  t h i c k .  Basal  6 to 13 to .  

in c lu d e s  abundant fragmenta l  d e b r i s  f r on w .V er ly ing  b a s a l t*  Unit  for  ns ragged c l i f f  -

T h ickness  o f  lover  rvrxh«>r ( u n i t s  1 - 4 )  -  - -  - -  - -  - -  - -  

Thickness  o f  Troy nvar fcztte

. U n c o n f o r m i t y ,

Basalt  f l o w ;

no

165

60

1 0 *.

4 4 )

1,19#

Da&alt, b l a c M s h - r e d ,  f i n e - g r a i n e d ,  p o r n h v r i t l c ,  &ny%daloUKl; crops^ a* s t e e p  s lo p e  or c l i f f  - 6 Of
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17. ht e 4̂ . - - S e c t i o n  o f  Troy cur r c z i  t v. c v p l c a l  o f  th e  Sr^ r ra  - r h , i

/Measured a lon g  eaat  o? Center Mountain; tower mtunbi'r d e s c r i b e d  l a r g e l y  fvcm exposures  In
NC.t- ^ec v 16; middle rtc^nbcr messured f n SW ;y s e e ,  15 and NE* SEf s e e .  16; unoer member
detirr i p t i o n s  fro^SE-J s e c , 16,  ME/ s e c . 21 nnd t7̂ s e c . 7.21 T . 6 N , R. t7 /

Troy q u a r t z ! t e :

Thickness
(feet)

Q v i r t r i t e  member:

Top e r o d e d . The sequence  d e s c r i b e d  i s  b e l i e v e d  to be one o f  the t h i c k e s t  remnants o f  the q u a r t z i t e  

aiCT.ber in  the S i e r r a  Ancha.

LI, Q u a r t z i t e ,  dominant l y w^diura l i g h t  gray  but nvany beds p a l e  red t o  g r a y i s h - r e d  purple ;  m ost ly  

rred inn-grained w i th  s p a r s e  c o n t e n t  o f  c o a r s e  g r a i n s ;  a few beds c o a r s e - g r a i n e d ;  in tabular  

beds 3 to  12 in .  th ic k  (most 4 ro 8 i n . ) ;  serve beds h o r i z o n t a l  ly  s t r a t i f i e d ,  m-is t c r o s s -  

s t r a t i f i e d  on s o a l l  to tsediun s c a l e s ;  f l a g g y  to  s la b b y  p a r t i n g  everywhere c o n s p ic u o u s .  G e n e r a l ly  

lower c a r t  crops  as s reep s l o p e  par t  1v covered  w i t h  t a l u s ;  upward s l o p e  merges i n t o  sLibby-  

p a r t i n g  c l i f f s  as  much an l 50 f t  h ig h .  Vherfc d e e p l y  weathered ,  as on benches or aaaa Cope, 

detach ed  atnhF c h a r a c t e r i s t i c a l l y  arc a t a in e d  moderate brown to  vary dusVy red throughout  

and e x h i b i t  knobby or pock-narked s u r f a c e s  - - - - - - - - - - - - -  - - - - - - - - - - -  250

10. Q u a r t z i t e ,  v e r y  l i g h t  gray  to p a l e  red p u r p l e t nc*divtn-grained, in  t ab u lar  beds 4 i n .  to  

3 f t  ( # 0 8 t l y  l to  ? f t )  t h i c k ;  ruore v i t r e o u s  than u n i t  11. and i n t e r n a l  o t m e i f i c a c i o n  

o b s c u r e ;  ou tc rop s  tend to s t a i n  s l i g h t l y  to p a l e  to  moderate reddifiri -brcvn; j o i n t s  m y  be

t h i n l y  c o a te d  by 1 i r o n ! r e ,  o t h e r w i s e  w ea ther ing  c o l o r s  as in f r e s h  rock .  Forms c l i f f

w i t h  narrow to  broad bench a t  top;  upper 80 f t  no t  as  r e s i s t a n t  as  l o v e r  part  -  185

9. Q u a r t z i t e ,  p a l e  red to  g r a y !s h a r e d  p u r p l e , c o a r s e - g r a i n e d ; v o id s  between rounded gr a in s  

im per fec t  1y f i l l e d  by q u a r t z  overgrowth *.  O th erwise  l i k e  u n i t  10. and crops as s t e e p  

1 edgy k l c p e  or cl  i f f  c o o t in u c u a  v i t h  t huit o f  unit. iO - - -  - -  - -  - -  - -  - -  - -  - -  - 60

T hickness  o f  upper mesiber ( u n i t s  9 - 11) rennant - - - - - - - 495

Chcdlokt sands tone rcember;

8 . Sand s tone ,  v e r y  l i g h t  gray to  p i n k i s h - g r a y ,  c o s t l y  c o a r s e - g r a i n e d ,  reme beds ve r y  c c n r s e -  

g r e in e d ;  sand gr a in  and c a t r i x  c h a r a c t e r i s t i c s  h s  in  u n i t  6 ;  tabu lar  beds 3 to  3  f t  t h i c k  

c r o 3 s - s t r a t i i f e d  on mrdiun e c a l e .  Some bed% i n c lu d e  sp a r s e  w e l l - r o u n d e d  p ebb les  (up to 1  ̂

i n . ,  g e n e r a l l y  less* chan l  I n . )  o f  w h i te  to pink quartz  and rare  pebble#  o f  reddish -brown  

j a s p e r ; U k 6  pebb les  are c o n c e n tr a t e d  in uppermost 1 to  2 in ,  of many i n d i v id u a l  b e d s .

Pebbles  most abundant in  t:pper 30 f t ,  and ropnoat bed c o r a n ic u n u a ly  c o n g l o m e r a t i c .  Lover  

4a f t  t r i a b l e :  upper 30 f t  tends  to be q u a r t z ! t i c ,  and a few of  rhinner very  c o a r s e - g r a i n e d  

beds arc  q u a r t z i t e s . Crops as  s t e e p  s l o p e  of  m ass ive  rounded l e d g e s ,  in which  bedding  

s t r u c t u r e s  at  n p o o r ly  d i s p l a y e d  - - -  - -  - -  74

7. San d s ton e ,  l i g h t  gray t o  p ink i s  h - g r a y , not  pebbly;  o t h e r w is e  l i k e  u n i t  6 - - - - - - -  80

6 . S and s tone ,  p l u k i a h - g r a y  t o  g r a y i s h  red p u r p l e , p r o g r e s s i v e l y  darker and nore m o t t l e d  by 

r e d u c t i o n  s p o t s  upward, f i n e -  to  c o a r s e - g r a i n e d  ( n e a r l y  c e d t u n - g r a i n e d ) ,  f r i a b l e ;  of  

p o o r l y  s o r t e d ,  v e i l  - rou nded , n i n u t c l y  p i t t e d  q u a r t s  g r a in s  in  m atr ix  o f  s e r l r . i t e  and c l a y .

Slump s t r u c t u r e s  prominent t h r o u g h o u t , r e s u l t i n g  in nvtssIve. ou tc rop s  th a t  d i s p l a y  l i t t l e  

c o n t i n u i t y  of  b e d d in g . Bedding u n i t s  s e en  l o c a l l y  arc  m o s t l y  10 to 30 f t  t h i c k .  A f c v  

chin  (2 f t  aaxirasn) Tabular b e d s , wf ch medium- co l a r g e - s c a l v  t a n g e n t i a l  c r o s s -  

s t r a t i f i c a t i o n ,  s e p a r a t e  beds w i t h  s i w p  s t r u c t u r e s . i n c l u d e s  p ebb les  l i k e  th o s e  in u n i t  5, 

hut so  s p a r s e l y  d i s t r i b u t e d  that  on ly  i  or 2 p e b b le s  are  s e e n  in each 100-300  gq f t  of  

o u t c r o p ♦ U n it  crops  ns g e n t l e  to s t e e p  s l o p e , l o c a l l y  surmounted by hoodoos 67

5. Conglomeratic  sa n d s t o n e ,  l i g h t  b r o w n is h - g r a y , p o o r l y  to  f i r m l y  cemented,  bedding obscure  

but domin antly h o r i z o n t a l ;  m o s t l y  c o a r s e - g r a i n e d . but p a r t  v e r y  c o a r s e - g r a i n e d ; i n c lu d e s  

lens-ea o f  granu le  .s i /«•.. Sand g r a in s  w e l l - r o u n d e d ,  m in u te ly  p i t t e d ,  m o s t ly  of  quar tz ;  

rare  g r a n u le s  o f  o r a r g e - p i n k  f e l d s p a r  c o n s p i c u o u s . P ebb les  nx?stly c f  w h i t e  to  moderate  

red quart^about 20 percent  are  o f  p a l e  ye l lo w i s h -b r o w n  to  g r a y i s h - r e d ,  f I n o - g r a i n e d  

v i t r e o u s  q u a r t z i t e ;  a nrw o f  f e l d s p a i h i c  q u a r t z i t e ,  reddish -brown J a s p e r , or r h y o l i t e  t 

Moat p e b b le s  w e l l - r o u n d e d  and o f  d i a n e t e r s  l e s s  than 3 /4  i n . ;  sot..c up t o  3 in .  maximum 

diam e te r .  Manv p e b b l e s ,  and poygi b l y  5 p e r c en t  of  th ose  e x c e e d i n g  1 In.  d i a m e t e r , 

e x h i b i t  n o ) i s h e d  facer*  and foros  c h a r a c t e r i s t i c  of  v t n t i f a c t a . Uni t  crops  as m ass ive

ledges  or email 67

T hickness  o f  middle menbrr ( u n i t s  5 -8 )  » • » * * • • • » -  260

Arkose member:

4 .  Arkosr., l i g h t  brown to p a l e  br^wn or p a l e  red ( l a t t e r  dominant:), med ium-gra ined# f i r m ly  

cementod, frw«8tly in th ic k  t nbulnr hvds i 7 to ■ * ) tha t  «*h ib i  t l cro  r%-

srvnri  < o n ; 9c<r.n bed* w,•dye-form; form# cl I f f *  . r a t i f i c a t i o n  tru n c a te d  # t

sharp ,  s l i g h t l y  i v r e y u l a r  c o n t a c t  w i th  uni?

3.  Arkooe. p a l e  brown to  g r a y i s h - r e d , f i n c - g r a i n e d ,  f i r n l y  ctzucnied, c r o s ty - s t r a t  i f l ed  on 

very  l a r g e  s c a l e : h o r i z o n t a l  p lanes  s e n a r c t i n y  tabu lar  bedding %ets o r d i n a r i l y  tens  

o f  f e e t  a p a r t ,  so  mnr*» than one suer pl-sne in r a r e l y  yean in a s i n g l e  outcrop; u n i t  

s lab b y  p a r t i n g ; de tached  s l a b s  as  t a l u s  t r a i n s  c over  a l l  ou tcrop s  e xcep t  t h o s e  on narrow 

hoodoo-s tudded p r e c i p i t o u s  r i d g e s  between p r i n c ip a l  r a v in e s

2.  A r k o s t ,  l i k e  u n i t  l exc ep t  in  tabu lar  beds 4 In. to  3 ft; t h i c k .  Seme beds se p a r a te d  by 

s i l t y  scans  th a t  p r e s e r v e  muderseks and, uncor.^noly, r ip p le ^ a r k B . Crops as r e c e d in g  

c l i f f  o f  massive 1 edges

I* Arkose ,  p a l e  brown, f i n e - g r a i n e d ,  very  f ir m ly  cemented , ^vastly in go-shaped bedding  

s e t s  ( 1 |  to  8 f t  t h i c k  a t  t h i c k e s t  p a r t ) c r o s s - s t r a t l f l c d  on medium to l a r g e  s c a l e s . 

Lower 15 f t  c r o s s - s t r a t i f i e d ,  but in tab u lar  s e t s  4  to  18 in .  t h i c k .  Basal  6 to 18 in .  

i n c lu d e s  abundant frarm enta l  d e b r i s  f ron  w .d e r l y in g  b a s a l t .  Unit  f e r n s  ragged c l i f f  -

Th ickness  o f  Inver renbor ( u n i t s  1- 4)  -  - - -  -  - - -  - - - 

Thickness  o f  Troy q u a r t e t t e  -

U n con form ity»

B a s a l t  f low;

B i i t i l t ,  b l a c k i s h - r e d ,  f i n e - g r a i n e d ,  p o r p h v r i c i c ,  asiyjjd■<l o i d a l  : crons  as  s t e e p  slope or  c l i f f

110

108

4 4 )

1.191

4 0 f
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Quadrangles in  which younger Precaebrian  
form ations have been or are being  

stu d ied

(M odified from county g eo lo g ic  maps published by 
A risons Bureau of Mines 1958-60)

I I— l —l — L , 1_ J— L. J  t  1
4 0  Miles

FIGURE 2. MAP SHOWING OUTCROPS OF YOUNGER PRECAMBRIAN STRATA AND COEXTENSIVE DIABASE INTRUSIONS IN

SOUTHEASTERN ARIZONA
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/Measured on west slop e  of Pendleton Mesa, (X6 m ile north o f Horse Tank Creek, In 
~SUh s e c . 11, T. 7 N ., R. 14E. (unsurveyedK?

Troy q u a rtz ite:

Conglomerate overlain by pale red conglomeratic arkose - - - - - - - - - - - - - - - - - - -

Unconformity.
Mescal limestone: >

Upper member:

13. S il ic e o u s  a r g i l l i t e ,  grayish  orange-pink to moderate yellowish-brown; poorly exposed on 

g en tle  d e tr itu s-co v ered  s lo p e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

B asalt flow:

12. B a sa lt , h em a titic , part m egascopically  d iab asic  in  tex tu re , v e s ic u la r . F o s s i l  b a sa lt ic  

s o i l  1-3 f t  th ick  a t top - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Unconformity.
Middle (algal) aen*er:

’ • .
11. D olom ite, p a le  red or yellowish-brown to medium lig h t  gray, f in e ly  c r y s ta l l in e ,  th in -

bedded (^ to  f t ) ; s tro m a to lite  stru ctu res  of u n it 10 grade out in basal 10 f t  of u n it 11.

Gray ch er t, in  th in  layers and le n s e s , in creases in  abundance upward; along bedding c lo se ly  

crowded h em atite-fleck ed  chert nodules lo c a l ly  occur in  ir reg u la r ly  le n tic u la r  zones 

2 to  4 f t  th ick . Several bedding partings marked by th in  layers o f grayish-orange  

a r g i l l i t e .  Topmost bed very cherty , and contact w ith  b a sa lt  s l ig h t ly  irreg u la r  - - -  28

10. S t r c o a t o l i t ic  dolom ite, p a le  red to grayish-red  a t base grading to medium lig h t  gray 

and yellowish-brown a t to p , f in e ly  c r y s ta ll in e , th in - to thick-bedded (£-6  f t ,  average 

4 f t ) .  S trom ato lites o f Inverted cone forms mark basal 4 f t ;  form sp ec ie s  C ollenia  

frequens throughout r e s t  of u n it . Small (£—3 in . across) p in k ish  to median gray chert 

m asses, of very irregu lar  o u t l in e s , sparse throughout, but most abundant toward top.

Dolomite weathers brownish to yellow ish -gray , w ith  extrem ely rough, lo c a l ly  flu ted  

su r fa c e s ; bottom 60 fe e t  crops as c l i f f ,  remainder as le d g e s . Very l ig h t  gray but grayish- 

orange weathering c lay eto n e , in le n ticu la r  layers l to 15 in . th ick , caps beds at 4 , 13,

50, 60, and 67 f t  above base; layer a t  60 f t  lo c a l ly  inclu des coarse, well-rounded

quartz grains - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  22
Thickness of middle member (units 10-11) - - - - - - - - -  105

Table 3.--Section of unmeeamorpho*ed M*#cal limemtone

Thickness
( f e e t )

20+

44

52

Lower member:

9. Dolomite w ith  sparse chert; dolom ite pale yellow ish-brow n, weathers grayish-brown to  

rough, flu ted  su rfaces on which s i l t y  laminae etch  ou t. Chert l ig h t  to medium gray, 

dense; weathers grayish-orange; occurs as thin layers and len ses (£-4  in . th ic k ) . Unit 

thin-bedded (8-24 in . )  w ith  slabby parting; crops as th in  ledges on p a r tly  covered s lo p e .

Contrasts w ith  lower un ite in contain ing l i t t l e  chert - - - - - - - - - - - - - - - -  27

8 . Dolomite interbedded sp a rse ly  w ith  cherty dolom ite; dolom ite pale yellowish-brown, dense 

to f in e ly  c r y s ta l l in e ,  weathers pale yellowish-brown to brown with s i l t y  surface; chert 

m ostly l ig h t  gray, weathers ye llow ish  to brownish gray w ith  brownish-black oxide coating  

common but not prevalent on prominently etched out su r fa c es . Beds 1 to 5 f t  th ick , slabby 

to massive p artin g , crop as ledges on steep  s lo p e . Chert occurs in  some beds as th in  wavy 

p a r a lle l la y ers , but is  mainly as secondary chert len ses that cap ind iv idual beds and 

p roject very Irregu lar ly  l  to  8 in . down in to  dolom ite. Chert sparse in  lower 34 f t ,  

becomes abundant in upper part of u n it . Conspicuous secondary chert zones in in terv a ls  

37 to  40, 47^ to 50, and 57 to 60 f t  above base o f u n it o n s i s c  of crowded irregu lar  

nodules that include fragmented early  formed chert; these zones crop prominently and vary 

in th ickness and chert content la t e r a l ly .  In p laces 3 - in . to 2 - f t  th ick  len ses  o f  

yellow ish -gray  to w hite q u a r tz it ic  sandstone, comprised of well-rounded quartz grains of 

medium-sand to granule s i z e s ,  p a r a lle l the tops or bottoms o f one or more o f these chert 

zones or cut d ik e - lik e  through chert zones and separating  dolom ite beds. A few beds 

in upper h a lf o f un it are capped by le n tic u la r  la y e rs , paper-thin to 8 in . chick, of 

reddish-orange s i l ic e o u s  a r g i l l i t e  - - - - - - - - - - - - - - - - - - - - - - - - - -  68

7, Interbedded dolom ite and cherty  dolom ite; dolom ite grayish-orange, yellowish-brown and 

pale red-brown, dense to very f in e ly  c r y s ta l l in e , in  beds 2 to 4£ f t  th ick ; includes  

c la y  and f in e  s i l t ;  weathers yellow ish-orange to yellow ish -gray  and smooth. Chert m ostly  

medium gray, in f in e ly  spongy to " v esicu la r" co a lesc in g  layers (commonly £ - in . to 1 - in , 

th ick ) that etch  out prom inently, w ith black co a tin g s , and comprise 10 to 80 percent of 

in d iv id u al beds. Hopper-shaped molds a fter  h a li te  c r y s ta ls , as much as 1 in . a cro ss , 

occur in  chert layer 13 f t  below top o f u n it; in  lower ch erts  cubic molds are ill- fo r m e d ,
«
Unit crops as prominent dark-colored c l i f f  - - - - - - - - - - - - - - - - - - - - -  47

6. Dolom ite, gray ish -red , dense, includes much c la y  and fin e  s i l t ;  weathers reddish  to
;

yellow ish  brown w ith  smooth surface and Inconspicuous s p l i t t in g  planes a t  2- to 8 - f t  

in ter v a ls ;  breaks con ch oid ally ; bottom 6 f t  forms ledge, top 13 f t  smooth c l i f f  w ith  f l a t  

slop e  between. Top 6 in . Includes small poorly rounded to angular, l ig h t  gray chert 

pebbles; in terv a l 4 to f t  above base Includes granules and sm all pebbles of l ik e  chert

and sparse coarse grains of v itreo u s quartz - - - - - - - - - - - - - - - - - - - -  22

5. Dolom ite, g ra y ish -red , s l ig h t ly  s i l t y ;  weathers to very rough surface m ottled grayish

orange to grayish  p ink. S in g le  bed - - - - - - - - - - - - - - - - - - - - - - - -  3

4 . Calcareous dolom ite; dolom ite gray ish -red , very f in e ly  c r y s ta l l in e ,  some beds s i l t y  ' 

and cross-lam in ated; weathers pale  brown to pale  red w ith  s i l t y  su rface; th in - to th ick -  

bedded (1-54 f t ) ;  f iv e  beds include s h e a f- lik e  im pressions. Chert brownish-gray to  

w h ite, in th in  irregu lar  layers that weather brownish black and etch  out prom inently; 

some layers include abundant sm all s a l t  molds. Massive beds of top h a lf grade from 

ch e r t-fr ee  dolom ite at bottom to very cherty dolom ite at top of bed, and crop as ledges

! on otherw ise steep  s lo p e . A ltern atin g  sequence of dolom ite and cherty dolom ite makes
I
' un it a s tr ik in g  marker

k 3. Dolom ite, p a le  red Co grayi#h~red, thick-bedded, m aeslve-perting , weather# brown to

grayiah brown; chert brownish-gray to black in very irregu lar "vesicular" layers  

(1-4  in . th ick ) comprises 25 to 50 percent o f each bed; chert etches out prominently 

r esu lt in g  in very rough steep  outcrop, lo c a l ly  ledge-studded. Beds lo c a l ly  show 

slump and b recc ia tio n  fea tu res , and chert layers commonly broken in  angular fragments. 

Chert layers o f  basal 4 f t  include abundant hopper-shaped molds and c a sts  a fte r  h a l i t e .

A 1 5 -in . zone 4 f t  below top of u n it Includes numerous laminae o f w hite chert - - - - -  

2. Dolomite b recc ia , o f fragments o f pale red to grayish-red  dolom ite w ith layers of

chert l ik e  u n it 3 , in m atrix of grayish-orange, s i l t y  and lo c a l ly  calcareous dolom ite. 

Breccia fragments range from minute chips to blocks 1 by 3 by 3 f t ;  large s iz e s  most 

abundant in  upper p a r t. Bottom 3 f t  includes abundant coarse sand grains as in  u n it 1, 

which dim inish in abundance upward. Unit weathers pale  to yellow ish-brow n, to s i l t y  

or g r i t t y  surface w ith  rough b locky, b lack-m ottled p r o je c tio n s ; u n it exposed on p a rtly  

covered slop e

1. Arkose, grayish-orange pink to  pale  brown, fin e-g ra in ed ; has d o lo m ltic , c layey  

m atrix; breaks w ith  q u a r tz it ic  fractu re; includes coarse to  very coarse grains o f  

c le a r , v itreou s quartz. S in g le  m assive bed forme prominent ledge abundantly 

veined by lim o n ite . Contact w ith  Dripping Spring q u a rtz ite  planar - - - - - - - - -

Thickness o f lower member (u n ite  1 -9 ) . . . .

Thickness o f Mescal formation (u n its  1-11, and 13, b asa lt  

om itted)

Unconformity.

Dripping Spring q u artzite:

Upper member:

Arkose sod s i l t e t o n e ,  p a le  red to pale  yellow ish-brow n, th in ly  cross-lam inated  to  

thin-bedded (up to 30 i n . ) ,  very firm ly  cemented, slabby p artin g  ( |  to 15 in . ) ;  

a t y lo l i t e s  abundant in cross-lam inated  p a r ts . Top 10 f t  m ostly o f s iI t s to n e  -  - -  -

29

44 §•

23

269

418

32-+


