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ABSTRACT

A nearly complete section of Permian marine strata 
totalling about 3000 feet crops out in the eastern Empire 
Mountains 35 miles southeast of Tucson, Arizona. These 
rocks include in ascending order: Earp Formation (un
measured) ; Colina Limestone (345 feet); Epitaph Dolomite 
(1005 feet); Scherrer Formation (575 feet); Concha Lime
stone (515 feet); and Rainvalley Formation (150+ feet). 
Cretaceous conglomerates and redbeds unconformably overlie 
the Paleozoic rocks. These sediments were deposited in 
the northwest part of the northwest-trending Pedregosa 
Basin. The Tertiary Sycamore Stock uplifted, tilted, 
folded, faulted, and mineralized these formations. Cienega 
and Total Wreck ridges trend northeast and the rocks dip 
75 to 35 degrees southeast.

A deltaic environment influenced the diversified 
sedimentation of the Earp. The transgressive Colina lime
stones, dolomites and marls were deposited in a warm, 
shallow water environment. Then the water periodically 
became hypersaline and dolomite and gypsum were deposited 
with siltstones and limestones in the Epitaph. Regressive 
seas deposited bimodally sorted beach sands and sandy, 
near-shore dolomites in the Scherrer. Fossiliferous,

x



commonly very che.rty microsparites of a deeper, non- 
turbulent water characterize the dark gray, resistant 
Concha and Rainyalley formations. The latter contains 
some clastic and dolomite beds. Clastic source areas 
were to the north and northwest and the Sonoran geosyn 
cline existed to the southeast.



INTRODUCTION

General Statement
Thick Permian strata crop out in the Total Wreck 

Ridge area located in the eastern Empire Mountains of south 
eastern Pima County, Arizona. No detailed stratigraphic 
sections of the Colina Limestone and Epitaph Dolomite of 
this area were available before this study. The Permo- 
Pennsylvanian Earp Formation has been strongly contact 
metamorphosed in the thesis area and was not described. 
Bryant (1955) measured and described the Scherrer, Concha, 
and Rainvalley formations in the Total Wreck Ridge area.
The writer has measured and described the same formations 
in a locality about one-half mile southwest of Bryant's 
section.

The results of the field and laboratory data were 
applied toward a synthesis of stratigraphic and environ
mental relationships with other Permian sections of south
eastern Arizona. Trends of the isopach maps were extrap
olated to east-central Arizona with unpublished data 
provided by a fellow graduate student, Virginia Passmore, 
of the Department of Geology. Another graduate student, 
Richard B. Lodewick, furnished the author updated unpub
lished data on the Earp Formation. Information on the

1
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Epitaph Dolomite section in the Tombstone Hills was ob
tained from Susan Patch.

Field work was done in the fall of 1967 and the 
spring of 1968. Different phases of laboratory work con
tinued from the summer of 1968 into the summer of 1969.

Location, Access and Physiography 
The Empire Mountains are located in southeastern 

Pima County, southeastern Arizona. The area of investiga
tion, Total Wreck Ridge of the eastern Empire Mountains, 
is about 35 miles southeast of Tucson, Arizona (Fig. 1). 
Portions of the following township sections were included 
in this thesis: secs. 3, 4, 8, 9, 10, 17 and 18 of T. 18
E., R. 17 E.; and secs. 33 and 34 of T. 17 S., R. 17 E.
This area is included in the U. S. Geological Survey Empire 
Mountains 15 minute Quadrangle, Arizona (1958).

Access to the thesis area may be gained several 
ways. Mr. E. P. Hilton maintains a good dirt and gravel 
road, about eight miles south of route 80, that extends 
four miles from highway 83 eastward through Jordan Valley 
to the thesis area. Although a truck is best to enter the 
thesis area, any vehicle with a "high center" may be able 
to traverse the road. To reach the northern end of Total 
Wreck Ridge via Hilton Wash a vehicle with four wheel drive 
is necessary. A jeep trail does exist in Hilton Wash, but



Figure 1. Index map of southeastern Pima and adjacent counties.
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it is not maintained and is no better than driving in the 
creek bed.

To enter the study area from the north one must 
first obtain permission and a key to the gate from Mr. Roy 
Siemond, owner of the Empirita Ranch. The road is not well 
marked. Access is gained about three-fourths of a mile 
west of the Pantano Underpass on route 80. Although the 
writer never used this road it is probably the best route 
because it is well maintained by the El Paso Natural Gas 
Company. The company built the road to parallel their 
pipeline. Another trail not recommended for even truck 
passage begins at the Empirita Ranch. This jeep trail 
winds its way south along Cienega Creek and then turns west 
towards the Total Wreck Mine. Eagle Bluff, a conspicuous 
cliff one mile northwest of Total Wreck Ridge, can be 
reached by means of a jeep trail that begins several miles 
north of Mr. Hilton's road on route 83.

Two currently non-operational mines that have been 
referred to throughout the thesis, serve to delineate the 
thesis area boundaries. The Total Wreck Mine marks the 
eastern limit and its precise location is marked on Fig.
2. The Lone Mountain Mine near the southern boundary is 
located in NW% NE% SE% SEk of sec. 8, T. 18 S., R. 17 E.

Although the Empire Mountains are not fault-block 
mountains, their tectonic origin is associated with the
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Tertiary igneous activity of the Basin and Range Physio
graphic Province in which they are located. The northeast
ern Empires are two parallel north-northeast trending 
ridges separated by an erosional valley (Fig. 3). Cienega 
Ridge to the northwest attains an elevation of over 5300 
feet and the highest elevation on Total Wreck Ridge to the 
southeast is 5423 feet. The total relief of the area is 
approximately 1000 feet (Fig. 4). All drainage is to the 
southeast, east and northeast into Cienega Wash which flows 
north and northwest into Rillito Creek. Rolling foothills 
connect the Empire Mountains with the higher Santa Rita 
Mountains to the southwest (Fig. 5).

Dendritic drainage patterns developed in the non- 
resistant, homogeneous quartz monzonite mark the outcrop 
area of the Sycamore Stock. This stock borders the western 
edge of the thesis area. Trellis drainage patterns have 
developed in Hilton Wash, on Total Wreck Ridge and in 
Cienega Valley. A variety of vegetation with notably large 
trees thrives best in the soil developed on the quartz 
monzonite. Elsewhere, the ocotillo, Fouquieria splendens, 
indicates a calcium carbonate-rich soil and the "shin- 
stabber", Agave lechuguilla, grows best in a silica-rich

5
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Fig. 3. Aerial photograph of the eastern Empire Mountains.
Top is downdip toward the southeast. Total Wreck Ridge is in the 
center. Formations include the Earp Formation (PIPe), Colina Limestone 
(Pc), Epitaph Dolomite (Pe), Scherrer Formation (Ps), Concha Limestone 
(Pen), and Rainvalley Formation (Prv).
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Fig. 4. Aerial photograph of Hilton Wash.
Total Wreck Ridge to the left. View to the 
southwest.

Fig. 5. Access road in Jordan Valley from Davidson Canyon 
to thesis area.
Northern Santa Rita Mountains in background. View 
to the west.
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Purpose and Scope of Investigation 

The purpose of this investigation was threefold; 
to prepare a detailed stratigraphic section of the Permian 
rocks of the Total Wreck Ridge area; to map the geology 
of the thesis area using updated stratigraphic terminology; 
and to relate the Permian section at Total Wreck Ridge to 
other Permian sections of southeastern Arizona in order 
to determine the environments of deposition and other 
stratigraphic relationships.

Field Methods and Laboratory Techniques 
A geologic map was prepared before any stratigraphic 

sections were measured. This allowed the writer to examine 
the entire thesis area thoroughly before selecting the best 
locations for more detailed study. Geologic contacts were 
placed on a U. S. Geological Survey 15 minute topographic 
quadrangle map that had been enlarged four times. Two sets 
of commercial aerial photographs, one set taken in 1936, and 
the other within the last 10 years, were purchased and en
larged by the writer to the same scale as the topographic 
map. The writer also examined and photographed the Empire 
Mountains from the air on two different occasions. Combin
ing the geology extracted from the aerial photographs with 
traverses made in the field the contacts, faults and struc
tures were determined. Although numerous attitudes were
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taken, only the most significant ones were placed on the 
geologic map.

Stratigraphic sections were measured using a Brun- 
ton compass and a Jacob's staff. The section for the Epi
taph Dolomite is a composite of three different areas. The 
non-resistant nature and faulting within the lower 800 feet 
of the Epitaph necessitated the description of three partial 
sections. Observations in the field included lithology, 
weathered color, structure, topographic expression, bedding, 
and thickness of each unit. Color was described in ac
cordance with the Rock Color Chart (Goddard, 1948). Ter
minology for bedding and stratification types is after 
McKee and Weir (1953).

At least one fist-size sample was taken from 
each sedimentation unit. As many as 30 to 40 samples were 
taken from each fossiliferous unit. The writer, for sup
plementary study, also collected sand samples from creek 
beds in four different localities that drain the Empire 
Mountains. A heavy mineral analysis was performed on these 
samples.

Laboratory analysis involved the preparation and 
detailed description of thin-sections for each unit. Thin- 
sections were prepared every 40 to 50 feet for the very 
thick clastic units in the Epitaph and Scherrer formations. 
Hand specimens, especially the poorly consolidated ones,
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were viewed using the binocular microscope. Fresh color 
surfaces were also observed in the laboratory. Other 
techniques used to study the rock samples included: the
determination of the percentage of insoluble residue; 
staining using alizarine red S to determine calcite and 
dolomite percentages; peels to determine texture; the etch
ing of carbonate surfaces; maceration to concentrate pollen 
and spores; X-ray diffraction to identify clay minerals and 
other acid insoluble minerals; one pipette analysis to 
determine grain size distribution; and the dissolving of 
fossils from carbonate blocks. Folk's (1959) classification 
of carbonate rocks was used exclusively in the study of 
thin-sections.

Previous Work 
In 1879 ore was discovered in what is now the Total 

Wreck Mine in the eastern Empire Mountains. Its operation 
for the next 35 years was sporadic but productive. Schrader 
(1915) and Feiss (1929) described the ore deposits and op
eration of this mine. R. A. Wilson (1934) was the first to 
provide an explanation to the structure of the Empire 
Mountains. He concluded that the mountains were part of 
a thrust block. Gillingham (1936) found Permian limestones 
in the California Mine area southeast of the Andrada Ranch 
that Wilt (1969, p. 45) thought might be Colina Limestone.
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The gypsum of the Epitaph Dolomite cropping out in Hilton 
Wash and south of the Andrada Ranch was first formally 
noted by B. S. Butler and G. P. Sopp in 1937 (Stoyanow,
1942, p. 1275).. A year later Alberding (1938) mapped the 
Paleozoic and Cretaceous rocks in the vicinity of the Total 
Wreck Mine and Eagle Bluff. He also studied the mine.

Alberding1s thesis plus all other stratigraphic 
work prior to 1954 used stratigraphic terminology that is 
now considered invalid by the subsequent formal definition 
of type and reference areas (Gilluly, Cooper and Williams, 
1954; Bryant and McClymonds, 1961). The fossiliferous 
Snyder Hill Limestone of previous authors is now referred 
to as the Concha Limestone and the Rainvalley Formation 
which are both Permian. Blue-gray limestones interbedded 
with quartzites, once assigned to the San Andres, are 
equivalent to the Scherrer Formation and the upper carbon
ate member of the Epitaph Dolomite. Marls, gypsums, lime
stones and shales were assigned to the Yeso Formation and 
included within the Manzano Group of Girty and Lee of New 
Mexico (Stoyanow, 1936). These Permian rocks are now called 
the Colina Limestone and Epitaph Dolomite. Strata that 
cropped out stratigraphically between the Snyder Hill Lime
stone and the Pennsylvanian Naco Formation have also been 
referred to as the Cienega beds (Sopp, 1940). Before this 
study the rocks now assigned to the Earp, Colina and Epitaph



Formations in the Empire Mountains had been included in 
the Andrada Formation.

Sears (1939) mapped the Pantano Hill area that 
Galbraith (1959, p. 128) considered to be composed of the 
Epitaph, Scherrerf Concha, and Rainvalley formations. The 
Lead Mountain area southwest of the writer's thesis area 
was mapped by Alexis in 1939. Other reconnaissance-type 
theses were done by Mayuga in 1940, Sopp in 1940, and 
Marvin in 1942. Mayuga studied the Jordan Valley area 
west of Empire Peak. Sopp described the geology north
west of Total Wreck Ridge and west of Eagle Bluff in the 
Montana Mine area. The Hilton Ranch area, including the 
southern end of Total Wreck Ridge, was mapped by Marvin.

Galbraith has published (1940a, 1940b, 1949 and 
1959) reports describing aspects of gypsum occurrences, 
the general geology, and structure of the Empire Mountains. 
His lithologic descriptions are very general and the 
thicknesses of his units are extremely vague. Galbraith 
was a proponent of the thrust-block origin of the Empires.

Stoyanow (1942) collected fossil assemblages from 
the Snyder Hill Formation, as did McKee (1947). Feth 
(1948, p. 97) measured 400 feet of Andrada Formation at 
Eagle Bluff. However, Bryant (1955, p. 82) found and 
measured 1600 feet of Andrada Formation near the Andrada 
Ranch. Between 1951 and 1953, Shell Oil Company geologists

12
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did reconnaissance work in the Empire Mountains (Bryant, 
1955). This included the measuring of the Permian section 
exposed on Cienega Ridge and Total Wreck Ridge.

E. D. Wilson (1941, p. 36; 1951) reviewed the ore 
deposits of the Total Wreck Mine and its vicinity. De
tailed stratigraphic sections of the Scherrer, Concha and 
Rainvalley formations of the Empire Mountains were first 
made available by Bryant (1955), and Bryant and McClymonds 
(1961). Schafroth (1964) very briefly reported on expo
sures of Permian strata underlying the Cretaceous rocks 
that he mapped south of the Empire Mountains. T. L. Finnell 
of the U. S. Geological Survey is including the Empire 
Mountains as part of the geological mapping in which he 
is currently engaged (personal communication).



GENERAL GEOLOGY

Stratigraphy
Five conformable Permian formations are recognized 

in the eastern Empire Mountains. In ascending order they 
are: Colina Limestone; Epitaph Dolomite; Scherrer Forma
tion; Concha Limestone; and, Rainvalley Formation. The 
Permo-Pennsylvanian (Virgil to Wolfcamp) Earp Formation is 
conformably subjacent to the Colina Limestone. Fusulinids 
aid in the delineation of this time boundary. The first 
appearance of Pseudoschwagerina marks the lower boundary 
of the Permian System. This fusulinid ranges through the 
Wolfcamp Stage.

As a result of severe contact metamorphism by the 
Sycamore Stock, the Earp Formation was not described in 
detail. Within the upper Earp the limestones have been 
recrystallized to marbles, the terrigenous sediments have 
a hornfelsic texture and epidote is very common.

Age assignments for the Permian formations are not 
certain. The Colina Limestone may be Late Wolfcamp to 
Early Leonard, the Epitaph Dolomite probable lower Leonard, 
and the Scherrer Formation Early to Middle Leonard in age 
(Bryant, 1968, p. 39). Parafusulina empirensis, indicative 
of Leonard age (Sabins and Ross, 1963, p. 363), occurs 45

14
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feet below the Concha-Rainvalley contact. Sediments above 
the Parafusulina zone but below the Rainvalley-Glance un
conformity are probably of the Early Guadalupe Stage 
(Bryant, 1968, p. 42). Most of the generic identifications 
of fauna from the Concha Limestone are designated as Wolf- 
camp, Leonard, and Guadalupe in age by Shimer and Shrock 
(1944).

Large and small brachiopods, large planispiral and 
small turreted gastropods, crinoid columnals, echinoid 
fragments, bryozoans, Porifera, conodonts, and algae are 
all represented in the upper 660 feet (Concha and Rain- 
valley) of the measured section. A more precise time 
reference for the faunal assemblage is desirable. A 
thorough study of the conodonts from the fusulinid-bearing 
Concha Formation in southeastern Arizona would contribute 
to the stratigraphic zonation.

Sponges, large brachiopods, Chonetes, and small 
crinoid columnals were found commonly in the cherty lime
stones of the Concha. Echinoids, bryozoans, large crinoid 
columnals, small brachiopods, Euomphalus and small turreted 
gastropods inhabited an almost silica-free limestone sub
stratum.

Evidence that the epeiric Concha seas were gradually 
beginning to withdraw from the continent is indicated by 
the sediments of the Rainvalley Formation. Bedding became
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thinner, sediments were dolomitized and burrowed, intra
clasts were formed, and terrigenous influxes increased.
The advent of the Triassic period in Arizona commenced with 
a complete subaerial exposure and subsequent erosion of 
the land surface (Wilson, 1962).

Structure
Cienega Ridge and Total Wreck Ridge, separated by 

Hilton Wash, are parallel, tilted blocks trending N. 40° E. 
The rock units of Cienega Ridge dip southeast at about 70 
degrees, whereas the rocks in Hilton Wash dip about 10 to 
30 degrees less. Total Wreck Ridge is a subtle S-shaped 
fold. The beds on top dip southeast at 35 degrees. The 
spur-forming flatirons on the east side dip between 45 and 
55 degrees, but they flatten out within a short distance 
to less than 20 degrees.

A major sinistral tear fault, the Andrada Fault, 
truncates the northern end of Total Wreck Ridge, Hilton 
Wash, and Cienega Ridge (Fig. 6). The rocks that now 
compose Eagle Bluff moved west relative to the rocks of 
Total Wreck Ridge. No field mapping was done north of the 
east-west public land survey line separating T. 17 S. and 
T. 18 s. Faults in this northern area were recognized by 
aerial photographs. •
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Fig,.6. Andrada Fault,
Cretaceous rocks on north side (right)of sinistral 
fault and Paleozoic rocks to the south. Eagle 
Bluff, Paleozoic rocks, in right background. View 
looking northwest.

Fig."7. Reverse faults in the SW% of sec. 9.
Scherrer middle member at left, vertical Scherrer 
orthoquartzite upper member in middle. Drag- 
folded basal Concha beds at right dipping NW.
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Fig. 6

Fig.
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The southern end of the thesis area has also been 

faulted by a northwest-trending dextral fault, the Hilton 
Fault. Although formation contacts are not shown on the 
geologic map in this area (Fig. 2), a narrow slice of lower 
Paleozoic sediments is wedged between the Hilton Fault to 
the extreme southwest and the southern-most mapped Permian 
outcrops. The third and last major fault is a reverse, 
dip-slip fault exposed within and paralleling Hilton Wash. 
Uplift and compression caused the incompetent beds of the 
lower Epitaph Dolomite to fault. Although for the most 
part poorly exposed, the fault plane dips to the northwest 
(Fig. 8).

Some unrecognized bedding plane faults might exist 
as the rock units of the thesis area dip from moderate 
to high angles. One such fault that was recognized, be
cause of some distortion to the underlying and overlying 
beds, can be .seen within the lower orthoquartzite member 
of the Scherrer Formation 900 feet south of the Lone 
Mountain Mine (Fig. 9). Reverse faulting parallel to the 
strike between the Concha Limestone and Scherrer Formation 
is responsible for the thinning of the upper orthoquartzite 
member of the Scherrer in the southern portion of the study 
area (Fig. 7) where the basal beds of the Concha have been 
anticlinally drag-folded. This fault plus other intra- 
formational reverse faults trend north 50 to 60 degrees 
east in the SW% of Section 9.
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Fig. 8. Reverse fault in Hilton Wash.
Hammer in center below fault. Colina Limestone 
(Pc) over Epitaph Dolomite (Pe).
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Fig. 9. Bedding plane fault.
Fault zone in lower orthoquartzite of Scherrer Formation, unit 1.
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Crumpled strata of the Colina Limestone are quite 

apparent in the NE% NE% of sec. 4, and the SW% SW% of sec.
34. Complex faulting accompanying the folding probably 
occurred during the intrusion of Sycamore Stock. Dis
placement on many of the faults is difficult to determine 
and further study would be required to do so. The fault 
pattern in the Total Wreck Mine area has been modified from 
Alberding (1938) who had the opportunity of studying the 
mine when it was operating.

Two alternative explanations, referred to as the 
sliding and tilting theories, are developed against the 
thesis that Total Wreck Ridge is a thrust block. Others 
have proposed that Total Wreck Ridge is a block which was 
thrust from the southeast (Galbraith, 1941; Wilson, 1934). 
However, to explain the present structure of Total Wreck 
Ridge, the author favors a simpler tectonic origin. One 
objection to the thrusting theory is that the sediments 
of the Colina Limestone and Epitaph Dolomite are too in
competent to be thrust over long distances. The sliding 
alternative to the thrusting theory is that the Paleozoic 
rocks of Cienega Ridge, Hilton Wash and Total Wreck Ridge 
are incorporated within a gravity slide block. Uplift and 
tilting were initiated by the forceful emplacement of the 
Tertiary Sycamore Stock. After tilting, the upper Paleozoic
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formations slid over Cretaceous rocks to the southeast 
where they are presently exposed.

If, on the other hand, Cretaceous sediments were 
part of the tectonically disturbed block, then the magni
tude of the total sliding movement was insignificant. In 
this second theory the Permian and Cretaceous formations 
are regarded as uplifted and tilted and no Cretaceous rocks 
exist under the ridges. The youngest Permian formation, 
abutted against the Cretaceous rocks, was compressed, syn- 
clinally folded, and reverse-faulted.

Evidence supporting the tilting-only alternative 
is derived from the fact that there is no apparent omission 
of Cretaceous beds which the sliding alternative requires. 
If the sliding theory is true, then perhaps the Glance 
Conglomerate would have been over-ridden by the Total Wreck 
Ridge block. Furthermore, many of the transverse faults 
that cut Total Wreck Ridge can be traced continuously to 
the east where they also cut the Cretaceous sediments. 
This supports the alternative tilting theory, except in 
the case where faulting could have been post-tilting. If 
Total Wreck Ridge had slid over Cretaceous rocks then 
structural attitudes should be discordant. In some areas 
the dips of the Paleozoic and Cretaceous rocks are appar
ently uniform. Beds closest to the stock have been tilted 
most steeply. In other areas, such as the southern end of
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Total Wreck Ridge, dips are discordant and the sliding 
theory is favored. Of course an angular unconformity be
tween the Paleozoic and Mesozoic strata could most likely 
have a pre-Tertiary origin. A disturbed conglomerate bed 
is also found in the southern end which may indicate that 
sliding did occur.

In both alternatives the Sycamore Stock is respon
sible for the dip of the rock units. Thrusting is not 
required. The general character and thicknesses of the 
sediments of the study area seem compatible to the paleo- 
geographical environment in which they were deposited.
This fact, in addition to the fortuitous existence of such 
a large intrusive stock immediately bordering a supposed 
thrust block, militates against the thrusting origin. 
Finally, the faulting and folding pattern within the study 
area can best be explained by a forcefully intrusive stock 
and not by a stoping action. Drag on northeast striking 
faults suggests that the blocks closest to the stock have 
moved up (Fig. 10). Faulting and folding are also more 
intense nearest the stock (Fig. 11).
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Fig. 10. Drag folds.
Colina Limestone beds at left, nearest stock, 
have moved up relative to Colina beds on right.

Fig. 11. Complexly folded and faulted beds of the Colina 
Limestone at the base of Cienega Ridge.
Hilton Wash at left.



DISCUSSION OF LITHOLOGIC UNITS

Colina Limestone
Sediments of the Colina Limestone in the Empire 

Mountains are much more diversified than they are in the 
type section in the Tombstone area. The major lithologies 
in the Empire Mountains include recrystallized limestones, 
limestones partially to completely dolomitized, and chlorit 
ic marls. Limestone comprises almost the entire Colina in 
the Tombstone area. A complete 343-foot section of Colina 
Limestone crops out in the study area. All of the Colina 
Limestone sediments are unfossiliferous and were deposited 
in a very shallow to shallow marine basin. Only one small 
unidentified gastropod was found in the entire section. 
Low-grade contact metamorphism may have obliterated any 
fossils that were present.

The conformable contact between the sandstone of 
the upper Earp Formation and the limestone of the lower 
Colina Limestone is knife sharp (Fig. 12). Sedimentation 
from the Colina Limestone into the Epitaph Dolomite is 
conformably transitional and the contact is arbitrarily 
picked but considered to be correct within a range of 30 
feet stratigraphically. In this transitional zone,

25
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Fig. 12. Contact between non-resistant sandstone of Earp 
Formation (PIPe), and more resistant limestone of 
Colina Limestone (Pc).
Circled hammer near contact.

Non-resistant marl bed one foot above hammer.
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argillaceous limestones of the Colina grade upward into 
calcitic dolomites of the Epitaph.

Fresh surfaces of the carbonate rocks are various 
tones of gray— mostly alternating light to medium gray with 
shades of green, brown, yellow and pink. Weathered sur
faces are mostly light gray but some are pinkish, orange 
and yellowish gray. Marl beds are orange, yellow, brown 
and gray. Most beds average about one foot thick or less 
(Fig. 13). Bedding tends to be thinner and less resistant 
to weathering within the upper one-half of the formation 
(Figs. 14 and 15). The Colina Limestone can be recognized 
from a distance by its topographic expression— low, gently 
rolling hills (Figs. 16 and 17). The alternating light and 
medium gray carbonate beds also seem to be diagnostic.

Nearly all of the formation has been recrystallized. 
The lower 40 feet of the section contains dolomitic lime
stones Whereas the upper 300 feet has been more completely 
dolomitized to calcitic dolomite and dolomite. Two gypsum 
beds occur in the upper 50 feet and a dolomitic limestone 
breccia bed 1.2 feet thick is 68 feet below the upper con
tact. With an influx of less saline water evaporite min
erals may have been dissolved which caused the superjacent 
beds to settle. Such a process could be responsible for the 
origin of this presumed collapse-breccia. Marly and argil
laceous beds occur commonly in two zones. One zone



Fig. 14. Upper Colina Limestone variegated marl bed.
Bed, to left of hammer, is covered on slopes.

Fig. 15. Disturbed very thin beds of upper Colina Limestone. 
Beds overlie non-resistant marl.
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Fig. 14. Upper Colina Limestone variegated marl bed.
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Fig. 16. Topographic expression of Colina Limestone (Pc).
Epitaph Dolomite (Pe) in foreground. Earp Forma
tion (PIPe), Sycamore Stock and Hilton Ranch in 
background. Faults not shown.

Fig. 17. Typical gentle hill of steeply dipping Colina 
Limestone.
Base of measured section at left.
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comprises the lower 60 feet of the section. The second 
zone is from 68 feet to 134 feet from the top contact. The 
collapse-breccia unit marks the upper boundary and a ripple- 
laminated and desiccation-cracked bed marks the lower bound
ary of the second zone. Some rock units above the breccia 
are argillaceous but are not marly. The laminated, desic
cation-cracked bed may be stromatolitic in origin (Fig. 18). 
Several metamorphosed beds containing white diopside are 
scattered throughout the Colina Limestone in the measured 
and described area. These beds are easily recognized by 
the megascopic radiating acicular crystals that weather out 
with noticeable relief on the surface (Fig. 19).

Epitaph Dolomite
The type section of the Epitaph Dolomite was orig

inally described and measured by Gilluly (ijn Gilluly,
Cooper and Williams, 1954) in the Tombstone area on the dip 
slope of Colina Ridge. The type section is about 750 feet 
thick and is incomplete. The upper beds have been removed 
by pre-Glance erosion. The Epitaph-Colina boundary has 
been defined where the limestone of the Colina grades up
ward into dolomite. . This contact is easy to pick at Colina 
Ridge, in the Whetstone Mountains and east of the Whetstone 
Mountains but is not well established in the Waterman 
Mountains, the Santa Rita Mountains and the Empire Mountains.
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Enlargement 1.5x.

Fig. 19. Acicular radiating diopside on weathered surface 
of Colina Limestone, unit 16,
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The Colina-Epitaph boundary is conformable and gradational 
in the Total Wreck Ridge area.

Previous to this study the Epitaph Dolomite had been 
part of the Andrada Formation which also included the Earp 
Formation and Colina Limestone. The Empire Mountains is 
the type area of the Andrada Formation but with detailed 
stratigraphic descriptions now available for the three 
formations the term Andrada Formation is no longer strati- 
graphically useful.

That the Epitaph Dolomite is facies controlled, 
being the dolomitized and gypsum-bearing facies of the 
Colina Limestone is generally accepted by most geologists 
in.southern Arizona. Localized conditions responsible for 
dolomitization made it practical to establish the Epitaph 
Dolomite as a formal stratigraphic entity in the Tombstone 
area. One should not draw conclusions concerning the geom
etry of the Pedregosa Basin solely from the thicknesses 
of the various Epitaph Dolomite sections without including 
the Colina Limestone. Although one was not prepared, an 
isopach map of the Epitaph Dolomite would indicate a basin 
with an apparent axis in the vicinity of the Empire Moun
tains; this, however, is not the case. The deepest part of 
the Pedregosa Basin was in southeast Cochise County.

The sharp and conspicuous conformable Scherrer- 
Epitaph contact in the Empire Mountains is where the



limestone and dolomitic limestone of the upper Epitaph 
underlies the lowest orthoquartzite unit of the Scherrer. 
The complete Epitaph Dolomite section is 1005 feet of 
shallow water marine sediments. It is unfossiliferous but 
can be divided lithologically into four informal members.

Limestone, dolomite and gypsum characterize the 250 
feet of sediments in the lower member. About 45 feet of 
gypsum occurs in the upper part. Siltstone and marl are 
interbedded throughout. Bedding is generally very thin to 
thin and some of the sediments are notably argillaceous. 
This member is non-resistant and weathers to a gentle slope 
(Fig. 20). The gypsum which delineated the upper portion 
is much thicker in the Whetstone Mountains but only about 
four feet thick in the Tombstone Hills on Colina Ridge.

The lower middle member, 240 feet of hornfelsic 
siltstone, is exposed on the northwest side of Hilton Wash. 
This unit is easily recognized by its fresh dark green 
color that weathers reddish-brown. Characteristically the 
beds are very dense, hard and separated by thin calcareous 
clay" partings (Fig. 21). Thinner similar siltstone beds, 
but not with the obvious metamorphism, are present in the 
Epitaph Dolomite in the Whetstone Mountains, Tombstone 
Hills and Pedregosa Mountains. This siltstone member 
pinches out to the northeast. West and northwest of the 
Empire Mountains this member is inseparable from the
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Fig. 20. Slope-forming lower member of Epitaph Dolomite 
Bedding is 10 inches and less thick.

Fig. 21. Hornfelsic siltstone of lower middle member of 
Epitaph Dolomite.
Six inch pencil at lower left. Unit 32.
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subjacent member. A small road-materials quarry is located 
in the basal beds of this unit.

Three hundred fifty feet of predominantly inter
calated dolomite, hornfelsic siltstone, marl and gypsum 
constitute the upper middle member. Approximately 90 feet 
of this member is gypsum. The rocks are thinly bedded, 
incompetent and non-resistant. They weather to form gentle 
slopes and have been deeply incised by recent erosion.
This member is poorly exposed in Hilton Wash. Thick al
luvium covers most of the outcrop on the southeast side of 
Hilton Wash (Fig. 22). Correlation of the upper middle 
member to similar rocks in the Whetstone Mountains and 
Helvetia area of the Santa Rita Mountains is possible.
This member may also be present in the Waterman Mountains 
but without the gypsum beds that determine its boundaries.

The upper member consists of about 180 feet of dark
>

gray limestone that is thick-bedded and resistant to 
weathering (Fig. 23). Eight feet below the upper contact 
a localized intraformational breccia crops out as a two- 
foot bed. The middle beds of this member contain siltstone 
and the upper beds are dolomitic. This member comprises the 
base of the northwest slope of Total Wreck Ridge. The site 
of the Lone Mountain Mine is in this member (Fig. 24). 
Although the amount of limestone and dolomite varies, the 
upper member can be found in the same stratigraphic position
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Fig. 23. Upper member of Epitaph Dolomite (Pe) north- 
northeast of Lone Mountain Mine.
Scherrer Formation (Ps) in background.



View to the northwest. Surface is the Epitaph 
Dolomite.

Fig. 24, Abandoned Lone Mountain Mine.

Fig. 25. Thick irregular-weathering gypsum bed character
istic of the Epitaph Dolomite in the Empire Moun 
tains.



37

Fig. 24. Abandoned Lone Mountain Mine.

Fig. 25. Thick irregular-weathering gypsum bed character
istic of the Epitaph Dolomite in the Empire Moun
tains .



38
in the Waterman Mountains, Santa Rita Mountains, Whetstone 
Mountains, Tombstone Hills, Gunnison Hills, and Chiricahua 
Mountains.

In addition to the characteristic gypsum beds 
(Fig. 25) and the four distinct members of the Epitaph 
Dolomite, two marker beds have been recognized in the 
Empire Mountains. Nodular quartz blebs are abundant and 
restricted to the upper part of the upper member. Other 
Epitaph Dolomite sections in southeastern Arizona contain 
these quartz knots. An eight-foot thick bed of oolitic 
dolomite was also found to be a good local marker. The 
dark gray to black color of this oolite and its resistance 
to weathering make it very noticeable in the field. Its 
exact stratigraphic position is 379 feet below the Scherrer- 
Epitaph contact. Oolitic dolomite has also been reported 
from the Epitaph in the Quimby Ranch area of the Guadalupe 
Mountains (Dirks, 1966).

Many of the beds in the upper middle member and 
lower member have been contact-metamorphosed by the em
placement of the Sycamore Stock. Talc-pyrophyllite, ser
pentine and tremolite become increasingly abundant towards 
the base of the formation which is also in the direction 
.of the stock. Tremolite and diopside occur most commonly 
in limestones, calcitic dolomites and dolomites, whereas 
talc, chlorite and septechlofite are found in the marl beds.
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Tremolite, diopside, talc and serpentine are the most fre
quently observed metamorphic minerals. A six-foot wide 
diabase dike has intruded into the lower member of the 
Epitaph Dolomite in the NW% SE% of sec. 8.

Scherrer Formation
The Scherrer Formation is the most easily recog

nized formation in the Empire Mountains because of its 
orange color, resistance to weathering, and homogeneity.
The orange-colored outcrop can be seen from miles away as 
a continuous band on the steep northwest slope of Total 
Wreck Ridge. A total of 573 feet of nearshore marine 
orthoquartzite and unfossiliferous dolomite are assigned 
to the three members of the Scherrer Formation in the Empire 
Mountains. With the exception that no red siltstone or 
dolomite beds are in the lower portion, the sequence of 
beds at Total Wreck Ridge is similar to the Scherrer in 
the type area in the Gunnison Hills. Previously the re
ported thickness of the Scherrer Formation in the Empire 
Mountains was 408 to 660 feet (Bryant, 1955, p. 83).

A very thick, resistant, gray to orange ortho
quartzite bed marks the base of the Scherrer Formation. 
Calcitic dolomite of the Epitaph Dolomite conformably 
underlies the orthoquartzite unit. The Concha Limestone 
overlies the Scherrer Formation with a sharp, conformable
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contact. Light brownish gray orthoquartzite crops out sub
jacent to thin dolomite beds of the Concha Limestone at 
this contact. These dolomite beds grade upward to cliff
forming cherty biosparites within a few feet stratigraphic- 
ally. For the purpose of basin analysis the Scherrer- 
Concha contact is considered to be a "time-line” in this 
study (Fig. 27). It is a contact well established, easy to 
locate in the field, and one that commonly occurs in the 
Permian outcrops of southeastern Arizona.

Ten described units have been assigned to the three 
members into which the Scherrer Formation has been divided. 
A single 360-foot unit of orthoquartzite is designated as 
the lower member. It is similar to the upper orthoquartz
ite member except for color and sorting. The sand in the 
lower member has been bimodally sorted and ranges from 65 
to 80 percent very fine sand to 15 to 30 percent medium 
sand. About five percent is of fine sand size. Grains are 
also more rounded than in all superjacent units. Except 
for the fact that medium sand increases by about 15 percent 
in the upper part, notable vertical differences in texture 
could not be found within the lower member. However, not
able color differences were observed. The fresh color of 
the upper one-half has a more pronounced red and orange 
tone to its dominantly gray color. The gray color of the 
lower one-half has a brown to reddish purple tone. Laminae
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and low angle cross-stratifications exist throughout the 
unit. The thickest known exposure of the lower member in 
southeastern Arizona is at Total Wreck Ridge..

About 111 feet of sandy aphanocrystalline dolomite 
are assigned to the middle member of the Scherrer Formation. 
The beds of this member, units 2 through 9, all contain 
coarse silt or sand ranging from 2 to 50 percent of the 
total unit. The beds in the upper 59 feet are generally 
sandier than those below, except for the basal nine-foot 
unit which contains enough sand to be called a dolomitic 
sandstone. The angularity of much of the sand probably 
indicates that either the distance of transport was short 
or the time in which the sediments were subjected to a high 
energy beach environment was limited.

Petrographic analysis indicates three stages of 
diagenesis for these beds of the middle member. Presumably, 
sediments were initially deposited to form a sandy pelmic- 
rite. Subsequently, quartz replaced sparite that recrystal
lized from fossil debris. Thirdly, dolomite has replaced 
nearly all of the micrite and some of the quartz. Obscured 
aphanocrystalline dolomitic pellets were observed in beds 
near the base and top of the member. Another more hypo
thetical explanation of origin might be that the aphano
crystalline dolomite is dolomicrite (Folk, 1965, p. 159). 
This means that the dolomite is primary in origin and the
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calcite represents de-dolomitization. However, adequate 
evidence is not available to support this origin. Further
more, the existence of primary dolomite is currently an un
solved problem among carbonate petrographers.

Dark to medium brownish grays are representative 
colors of the middle member. Colors on weathered surfaces 
are generally lighter. A local two-foot marker bed about 
55 feet below the upper boundary contains brown-weathering 
chalcedony knots (Fig. 26). Apparent bedding is thin on 
deeply weathered surfaces. However, the true bedding is 
thick when exposed on fresh surfaces. This member is less 
resistant to weathering than the upper member.

The middle members that crop out in the Whetstone 
Mountains (Tyrrell, 1957) and Helvetia area of the Santa 
Rita Mountains (Bryant, 1955) are thicker. A thinner ex
posure has been measured in the Waterman Mountains (Mc- 
Clymonds, 1957). Sabins (1957, p. 496) believed that the 
middle member does not exist in the Chiricahua Mountains. 
However, Shell Oil Company geologists (Bryant, 1955) have 
assigned about 165 feet of limestone to the middle member 
in the Chiricahuas. The author disagrees with the Scherrer 
Epitaph contact picked by both Sabins and the Shell Oil 
geologists. A logical Scherrer-Epitaph contact, conforming 
to clastic ratio, carbonate ratio and isopach maps, is 
chosen 380 feet below the contact questionably picked by
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Fig. 26. Chalcedony knots occurring in a two-foot bench 
in the middle member of the Scherrer Formation, 
unit 6.
Pencil is six inches.
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the Shell Oil geologists. As a result, the middle member 
acquires a thickness of about 270 feet (Fig. 27). Also as 
a result of the revised contact, the echinoid Permocidaris 
is assigned to the middle member of the Scherrer where it 
is commonly found elsewhere in Scherrer outcrops of south
eastern Arizona. It is doubtful if this member crops out 
in the Peloncillo Mountains of southwestern New Mexico.

The upper member is one unit— 102 feet of pale 
brown orthoquartzite. Sand grains comprising this unit are 
nearly all very fine sand-size quartz. A nearshore origin 
is suggested by the low angle tabular-planar cross-strat
ifications exhibited by these sub-rounded grains. Foreset 
deltaic and foreshore beach are possibly environments of 
deposition as suggested by the low angle cross-stratified 
structures. The upper member gradually thickens eastward 
into the Chiricahua Mountains. In addition, the Waterman 
Mountains, Helvetia area of the Santa Rita Mountains,
Canelo Hills, Helmet Peak, Whetstone Mountains, Mustang 
Mountains, Gunnison Hills, and Peloncillo Mountains contain 
outcrops of this member.

Concha Limestone
Sedimentation continued gradationally from the 

upper Scherrer elastics to the two feet of dolomite at 
the base of the Concha. Above the dolomite the Concha is
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predominantly 513 feet of marine fossiliferous limestone 
with several very cherty zones. Clastic sediments are al
most non-existent except for a minor silt constituent of 
some basal units. The limestone is aphanocrystalline to 
finely crystalline, thickly bedded, dark to medium gray on 
fresh surfaces and medium to light gray on weathered sur
faces. The upper contact with the Rainvalley Formation is 
conformable and is picked where limestone grades upward 
into dolomitic limestone and in addition is well marked 
by fossil evidence. Several thick beds below and above 
this contact are very fossiliferous. Approximately two 
feet below the contact the beds contain a Composita zone. 
Above the contact the beds contain abundant Dictyoclostus 
occidentalis, solitary corals, large and small gastropods, 
and bryozoans.

Very cherty limestones within the Concha aid in 
its field identification. The most resistant, cherty, 
cliff-forming sequence of beds in the study area cap Total 
Wreck Ridge (Fig, 28). Eighty one feet of beds, 73 to 154. 
feet above the Scherrer-Concha contact, contain chert 
nodules ranging up to 25 percent. Dictyoclostus is also 
abundant in this zone. Fossil sponges of the species 
Actinocoelia meandrina are distributed throughout the basal 
55 feet of the Concha Limestone (Figs. 29 and 30). A 
second cherty zone, 38 feet thick, crops out from 136 to
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Beds in foreground are very cherty.
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Fig. 29. The sponge Actinocoelia meandrina in the cherty 
lower Concha Limestone, unit 3.

Fig. 30, Actinocoelia meandrina, unit 3.
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174 feet below the upper Concha contact. Chert content 
approaches 75 percent in some beds and weathers light 
brown. This unit has been referred to as the "tan chert 
zone" (Bryant, 1955, p. 83). It makes an excellent guide 
in the field. . The "tan chert" was apparently a widespread 
deposit in the Concha sea and it may represent either.the 
deepest or the most reducing (Krumbein and Carrels, 1952) 
Permian sea that transgressed southeastern Arizona. Aver
age water depth was probably not more than 60 feet in the 
Pedregosa Basin throughout Late Leonard and Early Guada
lupe times.

Much of the poorly washed biogenic limestone was 
churned up by scavenger animals and has been recrystallized 
as microsparite and sparite. Fossil allochems are mostly 
fragments of productid brachiopod shells, echinoid spines 
and plates, crinoid stems, bryozoans, small turreted 
gastropods, and foraminifera. A two-foot bed containing 
extremely abundant Parafusulina empirensis, dated as Late 
Leonard or Early Guadalupe in age (Sabins and Ross, 1963, 
p. 363) crops out 45 feet below the Rainvalley-Concha con
tact. Another similar fusulinid zone was found 29 feet 
below this zone on .the spur about five-eights of a mile to 
the northeast (Bryant, 1955). Neospirifer accommodated to 
a compatible ecological niche, and hence forms a marker 
zone, in the sediments 76 feet below the fusulinid zone
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found by the author. Table 1 lists the fauna of the Concha 
Limestone according to sedimentation unit.

It is not known at the time of this writing how 
prolific conodonts were in the Permian seas of southeastern 
Arizona. One sample of unit 10 containing common echinoid 
debris was analyzed for conodonts with positive results. 
Although not identified, it was apparent that several genera 
were present. An attempt was also made to extract pollen 
from unit 14— the Parafusulina zone. In addition to frag
ments of pollen and spores, plant cuticles and wood (?) 
fragments, the green alga Pia was identified. The author 
is certain that with additional work better pollen samples 
could be concentrated not only from this zone but from 
other resistant and unmetamorphosed limestone beds in the 
study area.

The thickness of the Concha Limestone throughout 
southeastern Arizona is fairly uniform. The best complete 
exposures are at the supplementary reference area in the 
Mustang Mountains, at Total Wreck Ridge, on Helmet Peak, in 
the Waterman Mountains, and in the Chiricahua Mountains.

Rainvalley Formation
An incomplete 146-foot section of normal marine 

sediments of the Rainvalley Formation was measured on the 
southeast dip slope of Total Wreck Ridge. As much as 250
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Table 1, Faunal list of the Concha Limestone

Fossil taxon Unit number

Aclisina sp.............. ..
Actinocoelia meandrina , . . . .  .
A n a n i u s .................. ..
Archaeocidaris . .................
Avonia ...........................
Baylea.................... .. . .
Bellerophon . . .  ..............
Bryozoa . , ....................
Chonetes . . ............. ..
Cibecuia  .......... .. . . .
Composita mexicana ........  . . .
Composita subtilita
conodonts . . . . . . . . . . . .
crinoids (round columnals) . . . . 
crinoids (star-shaped columnals) .
Dictyogjostus bassi ............
Dictyoclostus occidentalis . . . .
Euomphalus pernodosus ..........
foraminif e r a ............ .. . . .
Fistulipora..................   .
Lophophyllidium ................
Meekella .........................
Meekella grandis . ..............
Meekospira..............   .
Naticop.sis .......................
Neospirifer pseudocameratus . . .
Orthonema .......................
Parafusulina empirensis . . . . ' .
Phricodothyris ................  .
Polypora .........................
Prorichthofenia uddeni . . . . . .
rhynchonellids ..................
Shansiella .......................
Wellerella .......................

10
3,11
10
16
10
10
3,

4, 6, 9

13
13, 16 
4, 6, 10

12
10
15
16 
10
12, 13, 14, 
10

11, 16

15, 16
4, 9, 10, 11, 
4, 9, 10, 13,
10,
10
4,
4,13
9
15
9
13 
9,14 
9, 
9,4
4,10
16

15
10, 11
6, 11, 14,

11
13, 15, 16 
10
13

13,
15,

15,

15,
16

16

16
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feet.of Rainvalley may exist in this area and possibly a 
greater thickness may crop out to the northwest (Bryant,
1955). The upper part of the formation has been synclinally 
folded, reverse faulted and covered by a thin veneer of 
talus (Fig. 31). The southeastern-most exposures of Rain- 
valley are repeated beds as a consequence of this faulting.

Topographically, the Rainvalley Formation crops out 
as small flatirons and knobby spurs. The beds of the 
flatirons dip southeast between 40 and 50 degrees. In
dividual beds form sharp benches and slopes. Two- to 
seven-foot thick gray and black limestone and dolomite ex
posures alternating with three orthoquartzite beds identify 
the middle portion of the Rainvalley. This interval is 
about 40 feet thick. These beds which are readily noted in 
the field have been incorrectly identified by T. L. Finnell 
(personal communication) as the base of the formation.

'The Rainvalley-Concha contact is picked primarily 
on lithologic units and secondarily on paleontological . 
criteria. It is delineated by a thin distinctive Composite 
zone 2.2 feet below the contact. The lower chert-free 10 
feet of the Rainvalley is slightly dolomitic and includes 
Dictyoclostus occidentalis, solitary corals, gastropods, 
and bryozoans. (See Table 2 for a complete list of fauna 
in the Rainvalley Formation.) The upper Concha Limestone is 
somewhat cherty and has not been dolomitized.
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Fig. 31. Flatirons of the Rainvalley Formation.
Beds in the foreground have been synclinally 
folded and reverse faulted in the right fore
ground.
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Table 2. Faunal list of the Rainvalley Formation

Fossil taxon Unit number

Bellerophon
Chonetes
Composite arizonica........ .. . . .
Composite m e x i c a n a ........ .. . . ♦
crinoids (round columnals) ........
Dibunophyllum ......................
Dictyoclostus bassi ..............  .
Dictyoclostus occidentalis ........
Euomphalus . . 
Fistulipora . . 
Lophophyllidium 
Meekella . . . 
Flagioglypta 
rhynchonellids

1
fault block 
(lower Rainvalley ?) 
1
fault block 
(lower Rainvalley ?) 
3 
1
1, fault block 
(lower Rainvalley ?) 
1, fault block 
(lower Rainvalley ?) 
1 
1 
1 
1 
1
fault block
(lower Rainvalley ?)

Cretaceous siltstone redbeds and limestone conglom
erates .unconformably rest on and fill erosion valleys in 
the limestones. The limestone conglomerates have been 
assigned to the Glance Conglomerate which is Early Cre
taceous in age (Hayes and Drewes, 1968, p. 55). Clasts 
within the Glance reach boulder size and reflect the lime
stone terrain from which they were eroded (Fig, 32). An
other striking feature of the conglomerate beds is their 
lateral variability. A two-foot bed was noted to grade 
into a siltstone within five feet. In the SW% NW% of
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Fig. 32. Boulder-sized limestone clasts within the Glance 
Conglomerate near the Total Wreck Mine.

t >•
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Fig. 33. Burrowed (?) and dolomitized, silty packed bio- 
micrudite of the Rainvalley Formation, unit 3.
Sparite fossils are black.
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sec. 16, of the study area, these Cretaceous beds are 
steeply dipping. A 30-foot wide zone of distorted conglom
erate crops out between the Cretaceous and Paleozoic sedi
ments. Whether this zone belonged to the Glance or if it 
was a fault zone related to the block-sliding of Total Wreck 
Ridge could not be determined. It may be both.

Resistant fpssiliferous microsparite, totaling 105 
feet, conformably overlies the Concha Limestone. This unit 
is characterized by large euomphalids, bellerophontids, 
crinoid columnals, echinoid spines, solitary corals, and 
Dictyoclostus. Dolomitic zones were not well established, 
but field observations did indicate that some scattered 
zones were present.

As noted above, the upper 40 feet of the measured 
section is quite variable. Usually two distinct grain 
size groupings can be distinguished within the ortho
quartzites. This fact may indicate that some of the silty 
and sandy Epitaph Dolomite sediments which also have been 
bimodally sorted may reflect the same source area or areas. 
The quartz grains in the Rainvalley are predominantly of 
very fine sand size. It is noted that the black-colored 
beds of the 40-foot interval are aphanocrystalline dolo
mites. The medium gray-colored beds consist of limestones 
that are commonly slightly cherty. Fossils are uncommon 
in this interval. Small brachiopod valves and crinoid



56
columnals occur in thin beds and pockets as hash in the 
lower eight feet (Fig. 33). Apparently the environment was 
too silty for good growth. About 10 to 12 feet below the 
top of the last measured unit a very thin intraclastic 
dolomite was noted. Within the distance of one inch of 
sediment the effects of subaerial or near subaerial ex
posure can be observed. Black dolomite was ripped up from 
the sea floor, oxidized to a dark red and lithified as an 
intraclastic dolomite,

Isopach trends of the Rainvalley are indeterminate 
because pre-Glance and Recent erosion have removed unknown 
thicknesses of beds from all outcrops. The thickest sec
tions of Rainvalley are at Helmet Peak, Total Wreck Ridge, 
Canelo Hills, Chiricahua Mountains and the Mustang Mountains 
where the type area has been established (Bryant and Mc- 
Clymonds, 1961).



STRATIGRAPHIC RELATIONS AND ENVIRONMENTAL 
INTERPRETATIONS OF THE PERMIAN SYSTEM 

IN SOUTHEASTERN ARIZONA

The Permian System in southeastern Arizona and 
southwestern New Mexico is divided into three intervals for 
the purpose of this study. Stratigraphically from bottom 
to top these intervals include, first, the Earp Formation; 
second, the Colina Limestone and the Epitaph Dolomite; and 
third, the Scherrer Formation and the Concha Limestone. The 
Earp Formation which is of Virgil and Wolfcamp age crosses 
the Pennsylvanian-Permian time boundary. The second inter
val is of late Wolfcamp to possibly middle Leonard age and 
the third, the Scherrer-Concha, is middle or late Leonard 
to Guadalupe (?). The youngest Permian strata, the Rain- 
valley Formation, was not included in this study because of 
sparse outcrops and incomplete sections. The Pennsylvanian 
part of the Earp Formation was treated as being Permian and 
included because the exact time boundary is almost impossible 
to find at all outcrops and most of the Earp is Permian.
The Pennsylvanian-Permian boundary cannot be picked on 
lithologic criteria. One problem encountered in the study 
was the correlation of the upper Horquilla Limestone of New 
Mexico to the lower Earp Formation of Arizona. Zeller
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(1965) has extended the stratigraphic range of the Hor- 
quilla Limestone through Wolfcamp time. However, in south
eastern Arizona the Earp Formation which conformably over- 
lies the Horquilla is assigned to Virgil and Wolfcamp.

Sedimentation in the Earp Formation was influenced 
by a shifting deltaic environment— prodeltaic to possibly 
quiet water lagoonal— on an unstable shelf. The Pedregosa 
Basin was a salient feature at that time and streams from 
the northwest were washing fine elastics into it. Facies 
patterns parallel the northwest trending basin axis.
Sabins (1957, p. 501) suggested that the source for the 
Supai deltaic sediments— correlated with the Earp Forma
tion— was the Uncompahgre-San Luis uplift area in southwest 
Colorado. This may be true as shown by the high clastic 
ratio north of the Pedregosa Basin in Leonard time. How
ever, thick, highly clastic sediments also increase to the 
northwest of the study area (Fig. 34). The pattern of 
clastic distribution is that of a radiating distributary 
channel leading to a marine basin. This indicates a pos
sible source area in southwestern Utah. The Uncompahgre 
appears to have been too far away to contribute so much 
.clastic material. The elastics in the lower Earp may have 
been derived from a source to the south to southwest in 
Mexico according to Rea and Bryant (1968, p. 809). The 
Permian rocks of Sonora, Mexico, are mainly clastic in
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nature (personal communication, Dr. W. D. Pye, .1969) and 
the Earp Formation seemingly pinches out in southwestern 
Pima County. These facts could indicate a source area to 
the southwest. On the other hand, intertonguing and facies 
changes could present a deceptive isopach trend which does 
happen in southwestern New Mexico. The red chert-pebble 
conglomerate of the middle Earp is believed by Rea and 
Bryant (1968, p. 809) to have come from erosion of the Naco 
Formation in the Winkelman area in southern Gila County.
The Earp isopach map (Fig. 35) confirms the idea that the 
Winkelman area received fewer sediments than the surrounding 
areas.

The Earp elastics are mainly silts and shales de
posited in a northwesterly-trending belt. They grade into 
shales and carbonates to the east. The deepest part of the 
Pedregosa Basin at this time could have been in northeastern 
Cochise County where more than 1600 feet of mainly non- 
clastic sediments were deposited. Rea (1966, p. 101) re
ported that about 1150 feet of Earp crops out in the Whet
stone Mountains. Although the clastic ratio is reasonable 
for this area, the total thickness is anomalous by about 
350 feet on the plus side. Sediments thin northeastward 
toward the Florida positive area in New Mexico. This area 
is not a major source area. Sediments also thin to the 
southwest which was probably a platform or shelf. Its im
portance as a source of sediments remains uncertain in the
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author’s opinion. The Defiance positive area north of the 
study area was below wave base during Virgil and Wolfcamp 
time and hence was not a source area. Nevertheless, minor 
tectonic fluctuations of the Defiance were an important 
factor in controlling sedimentation patterns in south
eastern Arizona.

The area where Cochise, Santa Cruz, and Pima 
Counties meet is suggested by evidence of increased sedi
mentation to have been an area of subsidence. This area 
is a small semi-constricted extension of the Pedregosa 
Basin. Current direction at this locality was from the 
northeast and responsible for the increased lobe-shaped, 
deltaic sedimentation. Rea and Bryant (1968, p. 817) re
ported tabular-planar cross-bedding readings in the Earp 
Formation of the Whetstone Mountains as N. 630-72° E. 
Throughout the Pedregosa Basin, in the Earp Formation, 
completely dolomitized sediments were in much lesser quan
tity than the incompletely dolomitized sediments.

All isopach lines of the Earp Formation are re
garded as being depositional and not erosional. There are 
no apparent widespread unconformities but many minor dia- 
sterns might be present. The writer believes that the 
Pedregosa Basin was connected to the East-Central Arizona 
Basin (McKee, 1967, p. 204) by a shallow seaway. The East- 
Central Arizona Basin became hypersaline during the time
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represented by the Earp sediments. Evaporites were con
sequently deposited in this basin. They were again pre
cipitated in both the Pedregosa and East-Central Arizona 
Basins during the time represented by the Epitaph Dolomite. 
The Earp environment was not hypersaline. Normal marine 
fossils such as fusulinids within the lower Earp and crin- 
oids are relatively common. Sea level fluctuated rapidly 
during Earp time and the sediments are quite variable. The 
seas transgressed and regressed in a general northwest- 
southeast direction. Intertidal mudflats may have developed 
in some areas west of the Pedregosa Basin during these 
advances and withdrawals of the sea.

The deltaic influences began to cease as the trans
gressive Colina Limestone was conformably deposited on the 
Earp sediments. The Colina was deposited in a shallow, 
quiet water environment in eastern Pima County and in 
shallow*intermittently agitated water in Cochise County. 
Stromatolitic (?) algal-banded sediments, unfossiliferous 
banded limestones, desiccation features, marls, and gypsum 
beds are found in the Colina Limestone in the Empire Moun
tains. These features indicate a shallow-water lagoonal 
pan (Kinsman, 1969, p. 839) or an intertidal environment 
(Laporte, 1967; West, Brandon and Smith, 1968, p. 1092). 
Also, argillaceous sediments suggest that this area could 
have been near the mouth of a river which was contributing
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clay-size material. Because.the climate was subtropical 
to tropical (DuBois, 1964), these clays were probably kao- 
linites (Turekian, 1968, p. 42) or montmorillonites, de- . 
pending on the amount of continental leaching. Either 
marine diagenesis in a lagoonal or near shore environment 
has converted these river clays into chlorites (Folk, 1965, 
p. 95) or subsequent metamorphism has converted them 
(Weaver, 1958).

The environment fluctuated between hypersaline and 
normal marine in the upper Colina and Epitaph times. Two 
factors contributed to the high rate of evaporation which 
resulted in the saline conditions. The climate was warm 
and the area was located within the trade-wind belt. Very 
little mixing with relatively less salty marine water also 
could have caused lagoonal areas to remain more saline.
The basin could have been constricted to the northeast and 
southwest, as shown by the isopach map (Fig. 36).

In the west-central part of the Pedregosa Basin 
gypsum grades both laterally and vertically with dolomite. 
This supports the idea that gypsum must be precipitated 
initially to reduce the Ca/Mg ratio in sea water before 
dolomite can crystallize. The gypsum was almost entirely 
restricted to that part of the subsiding basin which is now 
in the vicinity of the empire and Whetstone mountains where 
it comprises one to three hundred feet of the total
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Colina-Epitaph sediment. Lesser amounts are found to the 
east in the Tombstone area and Big Hatchet Mountains. 
Lithologic associations suggest that the gypsum is of a 
basin margin origin (Krumbein and Sloss, 1963, p. 524- 
529) .

The mottled dolomite of the Epitaph and Colina is 
thought to be a seepage refluxion dolomite. A refluxion 
dolomite is penecontemporaneous or early diagenetic dolo
mite formed in a protected shallow water environment (llling 
Wells and Taylor, 1965). Supratidal dolomite may have 
formed in the northwestern part of the Pedregosa Basin.
This origin is only a possibility because adequate evidence 
does not exist to substantiate the idea. As shown in Fig. 
37, the abundance of dolomite plus gypsum increases north
westward toward shore over the Earp deltaic sediments. 
Dolomites in the deeper southeastern part of the basin are 
probably of late diagenetic origin.

The lower middle clastic member of the Epitaph 
Dolomite represents a minor regression possibly in con
junction with a rapid filling of the Pedregosa Basin, If 
the basin were constricted, then the silts of the lower 
middle member might have caused it. This regression with 
subsequent transgression allowed many of the upper Epitaph 
sediments to feel wave base. Many of the Epitaph dolomites 
contain ihtraformational breccias. Storm activity may be



MARICOPA COUNTY
/ -S ta te  line 

/ -  County line 

* Permian outcrop

o-Well\ r
30 40

miles

PINAL COUNTY

PIMA COUNTY GRAHA M COUNTY

COCHISE COUNTY

\ \ V!\ \ MN> \ \ N

j SANTA CRUZ COUNTY

h id a l g o  c o u n t y  \
X .-------V

M EXIC O

W.C BUTLER. 1969

Fig. 37. Limestone to dolomite plus gypsum ratio map of the Colina Limestone and 
Epitaph Dolomite.

-j



68
responsible for this ripping up of the sea floor. The 
Colina represents intermittently agitated, quiet water con
ditions to the west. Rare small scale, tabular-planar 
cross-stratifications (Fig. 38) in the Colina of the Empires 
may represent the effect of tidal currents (Laporte, 1967, 
p. 73). Abundant oolites in the Colina and rare oolites 
in the Epitaph in the central and southern Pedregosa Basin 
could be evidence for somewhat stronger current action. 
However, Wilt (1969, p. 24) believed that the abundance 
of micrite matrix and unabraded fossils in the oolitic 
limestones suggested a lack of winnowing action. Clastic 
sediments increase to the north, which again indicate a 
northerly source area (Fig. 39). Conformable clastic 
sedimentation continued into the Scherrer Formation during 
retreating seas.

The isopach map of the Scherrer and Concha forma
tions delineates a trough with a northwest-southeast axis 
(Fig. 41). The clastic supply rate from the north was 
rapid. This caused the northern end of the Pedregosa Basin 
to fill and the trough-like character to be obscured. The 
southeastern part of the basin was also receiving thick 
sediments, but these were overwhelmingly normal marine shelf 
limestones (Fig. 41). The Scherrer Formation of mixed 
marine to continental environment.is correlated with the 
eolian Coconino Sandstone to the north. A littoral
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Fig. 38. Low angle tabular-planar cross-stratifications 
in the Colina Limestone, unit 28.
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environment must have existed in the northern part of the 
Pedregosa Basin with minor deltaic redbeds extending to 
the south. The Scherrer Formation exhibits bimodal sort
ing in the outcrops of the Empire Mountains. This may in
dicate two distinct drainage systems that supplied the 
sediment that formed the beaches. The transgressive middle 
member of the Scherrer Formation is mainly a shallow water 
deposit consisting of a sandy aphanocrystalline dolomite in 
Pima County. If the dolomite is primary in. origin then it 
probably formed in a warm, penesaline, semi-evaporitic 
lagoon (Folk, 1965, p. 159). The middle member is a deeper 
water limestone in Cochise County.

According to Gillerman (1958, p. 31), the Epitaph 
Dolomite does not crop out in the Peloncillo Mountains of 
New Mexico (Fig, 27). He assigned the 500 feet of lime
stone and siltstones cropping out below the Scherrer to the 
Colina Limestone. The author advocates assigning this 500 
feet of sediments to the Epitaph Dolomite. Limestones of 
the Epitaph Dolomite occur directly below the base of the 
Scherrer Formation in many places in southeastern Arizona. 
This limestone referred to as the Colina Limestone by 
Gillerman may be limestone in the upper Epitaph. It is 
also possible that the upper part of this 500-foot interval 
in the Peloncillos may be equivalent to the lower member 
of the Scherrer Formation.
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Seas once again regressed as a large influx of sand 

from the north was transported south (Fig. 42). This sand 
represents the upper member of the Scherrer Formation.

The conformable Concha Limestone was subsequently 
deposited in a widespread transgressive sea of normal 
salinity. Slight amounts of carbonaceous material which 
render the Concha Limestone a dark gray color indicated 
that slightly reducing conditions existed in order to pre
serve the organic matter. Brachiopods, coelenterates, 
crinoids, bryozoans, molluscs, sponges, echinoids, conodonts, 
algae,and fusulinids have all been found in the Concha 
Limestone where many of the groups thrived in abundance.
They are commonly in association with nodular and pseudo- 
bedded chert. Epeiric currents were weak because delicate 
'fauna can be found unabraded in the unwinnowed micritic 
sediments. Water depth was moderate, not more than 200 
feet at* the greatest, and averaging about 40 to 60 feet. 
Dolomite is almost absent. The well-defined Concha Lime
stone of southern Arizona has been referred to as the 
Chiricahua Limestone in New Mexico (Gillerman,.1958, p.
41) where it includes both the Concha and the Rainvalley 
formations.

The restored Permian isopach map clearly outlines 
the Pedregosa Basin (Fig. 43). A small subsidiary basin is 

‘ apparent in northwestern Cochise County but the area of
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major sedimentation was in southeastern Cochise County, 
Arizona, and southwestern Hidalgo County, New Mexico. A 
shallow area to the north, perhaps the Deming Axis, is be
lieved to have been a tangible feature during the Permian 
period. Also the thickening of sediments to the northwest 
is evident and indicative of a major source area. The 
cross-section of Fig. 27 shows the major lithologies of the 
basin. Facies and tectonic relationships can be inferred 
from this section. The Pedregosa Basin may have had molasse 
basin characteristics in Wolfcamp time but tended more 
toward the open end basin model during Leonard time (Potter 
and Pettijohn, 1963, p. 232, 236). These basin types are 
suggested by the arrangement and type of fill. Facies 
patterns of the Earp Formation parallel the basin axis. 
However, facies patterns of the Colina and Epitaph forma
tions, and even more so the Scherrer and Concha formations, 
are perpendicular to the tectonic strike of the Pedregosa 
Basin. For the major part of Permian time the seas were 
shallow enough that slight changes in sea level were re
flected by the composition, texture, and structure of the 
sediments. Fig. 44 shows the localities where data for the 
stratigraphic maps were obtained. Table 3 lists the 
references referring to these localities.
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Table 3. Permian map data references

Location
Number* * Reference

1 . . . . McClymonds (1959b)
2 . . . . Luepke (1967); McClymonds (1957)
3 . . . . Bryant (1955)
4 . . . . Bryant (1955); Luepke (1967)
5 . . . . Layton (1957)
6 . . . . Bryant (1955); Johnson (1941); Jones (1941)
7 . , . . Bryant (1955); Luepke (1967)
8 . . . , Bryant (1955) modified from Shell Oil reports
9 . . . , this report

10 . . , , Wilson, Moore and O' Haire (1960)
11 . . .  . Luepke (1967)
12 . . .  . Wilson, Moore and O'Haire (1960)
13 . . .  . Bryant (1955)
14 . . .  , Wilson, Moore and O'Haire (1960)
15 . . .  . Bryant (1955)? Luepke (1967); Tyrrell (1957)?

Wilt (1969)
• 16 . . .  . Wilson, Moore and O'Haire (1960)

17 . . .  . Luepke (1967)
18 . . .  . Bryant (1955)
19 . ... . Bryant (1955; Luepke (1967)
20 .... . Wilson, Moore and O'Haire (1960)
21 . . .  . Bryant (1955); Rea (1967); Tyrrell (1957);

Wilt (1969)
22 . . .  . Luepke (1967); Tyrrell (1957)
23 . . . . Bryant (1955); Graybeal (1962); Rea (1967)
24 . . . . Wilson, Moore and O'Haire (1960)
25 . . .  . Wilson, Moore and O'Haire (I960)
26 . . .  . Wilson, Moore and O'Haire (I960)
27 . . .  . Luepke (1967)
28 . . .  . Bryant (1955); Gilluly (1956); Wilt (1969)
29 . . .  . Gilluly (1956); Luepke (1967)
30 . . .  . Arizona Bureau of Mines, 1959 .
31 . . . . Bryant (1955); Micklin (1969); Gilluly (1956)
32 . . .  . Arizona Bureau of Mines, 1959
33 . . .  . Wilt (1969)
34 . . .  . Bryant (1955); Patch (personal communication,

1969); Wilt (1969)
35 . . .  . Wilt (1969)
36 . . .  . Wilt (1969)
37 . . . . Dubin (1964)
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Table 3, (Continued)

Location
Number* Reference

38 .
39 .
40 .
41 .
42 .
43 .
44 .
45 .
46 .
47 .
48 . 
.49 .
50 .
51 .
52 .
53 .
54 .
55 .
56 .
57 .
58 .
59
60 . 
61 . 
62 . 
63 . 
6.4 .
65 .
66 .
67 .
68 .
69 .
70 .
71 . .73 .
74 .

Arizona Bureau of Mines, 1959 
Dubin (1964)
Arizona Bureau of Mines, 1959 
Arizona Bureau of Mines, 1959 
Hayes and Landis (1965); Wilt (1969)
Bryant (1955)
Bryant (1955)
Gillerman (1958); Luepke (1967); Sabins 
1957b); Wilt (1969)
Luepke (1967); Wilt (1969)
Luepke (1967); Wilt (1969); Sabins (1957b) 
Arizona Bureau of Mines, 1959 
Wilt (1969)
Bryant (1955)Lodewick, Richard (personal communication, 
1969)Gillerman (1958); Wilt (1969)
Bryant (1955); Epis (1956); Lodewick, Richard 
(personal communication, 1969); Wilt (1969) 
Bryant (1955); Luepke (1967); Wilt (1969) 
Bryant (1955); Luepke (1967); Wilt (1969) 
Dirks (1966)
Kelly (1966)
Dirks (1966); Wilt (1969)
Wilt (1969); Zeller (1965)
Bryant (1955)
Bryant (1955)
Layton (1957)
Alexis (1949)
Alexis (1949)
Rea (1966)
Rea (1966)
Rea (1966)
Rea (1966)
Zeller (1965).
Bryant (1955)
Dirks (1966)
Tyrrell (1957)
Denny (1968)

*From Figs. 27 and 45
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COLINA LIMESTONE

Base of section 1300 feet N. 45° E. of center of sec.
8, T. 18 S., R. 17 E., Empire Mountains Quadrangle.
Top of section about 500 feet north of water well at 
W% NW*$ NE% SE% of sec. 8. Section measured between 
road to the NE and creek to the SW. Attitude N. 50° 
E., 470-53° SE.

PERMIAN
Epitaph Dolomite:
Quartzose siltstone, banded moderate brown (5YR4/4) 
and light brownish gray (5YR6/1), weathers very light 
gray (N8); medium silt, well sorted, subangular, iron- 
stained, well indurated; interbedded with calcitic 
dolomite, pinkish gray (5YR8/1); very finely to finely 
crystalline; very thinly bedded.

Colina Limestone; Feet
59. Argillaceous recrystallized limestone, 

slightly dolomitic, banded medium light 
gray (N6) and yellowish gray (5Y8/1) to 
dark greenish gray (5GY4/1) and white 
(N9), weathers pinkish gray (5YR8/1); 
very finely to finely crystalline, one 
percent disseminated hematite blebs; 
lower and upper part thinly bedded, 
middle very thinly bedded; two 0.5 foot 
silt lenses in upper part..................... 12.0

58. Dolomite, white (N9), speckled moderate 
red (5R5/4), weathers grayish orange 
pink (10R8/2) to pale red (10R6/2), 
finely to medium crystalline; uncommon 
vugs with calcite lining; insoluble 
residue seven percent consisting of 
talc with minor chlorite, quartz and 
illite; some zones slightly friable; 
massive, bedding indistinct............     4.5
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57. Argillaceous calcitic dolomite, very 

light gray (N8) to medium gray (N5), 
weathers light gray (N7); very finely 
crystalline; clay occurs as isolated 
patches and thin laminae with calcite 
envelopes; one percent very finely dis
seminated pyrite; thinly bedded below 
to very thinly bedded towards top. . . .  . . 3.0

56. Gypsum, very pale orange (10YR8/2) to 
moderate orange pink (10R7/4), very 
porous, brittle, massive, irregular 
vuggy-like weathering. . . . . .  ..........  7.5

55. Argillaceous calcitic dolomite, mottled 
pale red purple (5RP6/2) and light 
brownish gray (5YR6/1), weathers gray
ish orange pink (5YR7/2); mostly very 
finely crystalline to finely crystal
line; thinly bedded, mostly three inch 
beds; interbedded with 4-8 inch beds of 
marl, grayish orange pink (5YR7/2), 
with silt-size aggregates, poorly con
solidated, very porous, non-resistant. . . .  7.5

54. Argillaceous limestone, mottled very
dark red (5R2/6) and pinkish gray (5YR8/1), 
weathers grayish pink (5R8/2); common 
consolidated carbonate inclusions and 
small iron-rich nodules; insoluble resi
due 27 percent of serpentine with rare 
tremolite; soft greasy texture, very 
porous, iron-stained; one bed, stratif
ication indistinct within unit.............  1.0

53. Calcitic dolomite, light gray (N7),
weathers same; finely crystalline; rare 
clay minerals; tremolite with calcite 
rims; obscure low angle tabular-planar 
cross-stratification; thinly bedded........  6.5

52. Argillaceous dolomitic limestone, light 
olive gray (5Y6/1), weathers yellowish 
gray (5Y8/4); aphanocrystalline to 
medium crystalline; rare pyrite, clay 
replacing allochem ghosts, grain bound- . 
aries very irregular; thinly bedded; 
interbedded with gypsum, white (N9),



84
weathering dark gray (N3); very friable, 
occurs in beds of 2.0, 0.5, 0.5 and 8.0 
feet thick at the base, lower middle, 
upper middle and seven feet from the 
top, respectively; forms slope............. 26.0

51. Argillaceous calcitic dolomite, moder
ate red (5R5/4) and grayish orange pink 
(10R8/2), weathers moderate pink (5R7/4); 
finely crystalline; preferred orienta
tion of grains; very thinly bedded.........  1.0

50. Intraformational breccia, dolomitic 
limestone intraclasts, dark reddish 
brown (10R3/4), weathers very pale 
orange (10YR8/2) to pale yellowish 
brown (10YR6/2); aphanocrystalline to 
very finely crystalline; calcite matrix 
and cement, white (N9), coarsely to very 
coarsely crystalline; one bed..............  !♦2

49. Calcitic gypsum and marl, very pale 
orange (10YR8/2); soft, bedding in
distinct, grades into subjacent unit. . . .  7.5

48. Calcitic dolomite, slightly argil
laceous, variegated yellowish gray 
(5Y7/2), white (N9) and light gray 
(N7), weathers pinkish gray (5YR8/1); 
very finely to finely crystalline; 
very thinly bedded; weathered surface 
rough. . ...................................  5.5

47. Argillaceous calcitic dolomite, light
olive gray (5Y6/1), weathers light gray 
(N7); very finely to finely crystalline; 
thinly bedded; grades upward into di- 
opsidic limestone, medium gray (N5) 
which weathers yellowish gray (5Y8/1); 
aphanocrystalline to very finely crystal
line; one percent pyrite and hematite 
blebs; thinly bedded........................10.0

46. Chloritic marl, grading vertically to 
sandy silty mudstone, very pale orange 
(10YR8/2), weathers dark yellowish brown 
(10YR4/2); common rounded carbonate 
intraclasts, rare dolomite, quartz and
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serpentine; very porous; interbedded 
with 2.5 feet of recrystallized lime
stone, mottled very pale orange (10YR8/2), 
medium light gray (N6) and pinkish gray 
(5YR8/1), weathers pale yellowish brown 
(10YR6/2), finely to medium crystalline; 
common antigorite, one percent hematite; 
thickly bedded.............................. 9.0

45. Argillaceous calcitic dolomite, very 
light gray (N8), dark greenish gray 
(5GY4/1) and pinkish gray (5YR8/1), 
weathers light gray (N7) to very pale 
orange (10YR8/2); dolomite finely 
crystalline, calcite finely to medium 
crystalline; rare tremolite, 10-20 percent 
clay, 10-20 percent calcite, rare hema
tite; thinly bedded, upper part with 
rare calcite druses.........................15.0

44. Argillaceous diopsidic limestone, banded
dark gray (N3) and brownish gray (5YR4/1), 
weathers medium gray (N5) and very pale 
orange (10YR8/2); finely to medium crys
talline; one percent hematite; thinly 
bedded; interbedded with 7-8 feet of 
diopsidic marl; zones with insoluble 
residue up to 70 percent consisting of 
diopside, wollastonite, chlorite, septe
chier ite, and palygorskite (?); unit 
poorly consolidated towards top; several 
very thin hornfelsic siltstone inter- 

• beds. ............................. .. 16.5
43. (?) Stromatolitic argillaceous limestone,

slightly dolomitic, banded dark greenish 
gray (5GY4/1), greenish black (5G2/1) 
and light gray (N7), weathers same to 
yellowish gray (5Y8/1); very finely to 
finely crystalline; insoluble residue 
of palygorskite, chrysotile, talc and 
diopside; one bed; ripple-laminae,
laminae, and desiccation cracks............  1.5

42. Calcitic dolomite, medium gray (N5) 
and light greenish gray (5GY8/1), 
weathers very light gray (N8); mostly 
finely to lesser medium crystalline,
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dolomite 10-30 percent; sparite coarsely 
crystalline, rare tremolite and pyrite
cubes, 10-20 percent antigorite; thinly !'
bedded except thickly bedded in middle. . . 9.0

41. Argillaceous dolomitic limestone alter- j
nating with calcitic dolomite, laminated 
medium light gray (N6), greenish gray 
(5GY6/1) and medium gray (N5), weathers 
medium gray (N5) to pinkish gray (5YR8/1); 
mostly very finely to lesser finely 
crystalline; insoluble residue 33 per
cent of chlorite, antigorite, illite 
and quartz, one percent pyrite; dolomite 
laminae weather with relief on surface; 
interbedded with dolomitic chloritic 
marl...................................... .. 8.0

40. Calcitic dolomite, medium gray (N5), 
weathers, light gray (N7) to grayish 
orange (10YR7/4); finely crystalline; 
rare diopside, one percent disseminated 
pyrite; thinly bedded becoming very 
thinly bedded towards top. Upper 2.0 
feet is chloritic limestone, slightly 
micaceous, soft and poorly consoli
dated.......................................10.0

39. Very argillaceous limestone, medium
dark gray (N4) to very light gray (N8), 
weathers medium light gray (N6) to 

. yellowish gray (5Y8/1); finely to
coarsely crystalline; one percent hema
tite, up to 30 percent septechlorite, 
also with chlorite and mica; drusy; 
some beds poorly consolidated; very 
thinly bedded......................... . . 3.5

38. Dolomitic limestone, mottled medium 
dark gray (N4) and light gray (N7), 
weathers very light gray (N8); very 
finely crystalline; one percent pyrite,
3-5 percent mica and septechlorite;
thinly bedded............ ..................  2.0

37. Marl, very pale orange (10YR8/2),
weathers medium dark gray (N4); friable, 
case-hardened, porous.................. 1.0
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'36. Dolomitic limestone, medium gray (N5) 

and light gray (N7), weathers same; 
mostly very finely to lesser medium 
crystalline, one percent disseminated 
pyrite, 5-10 percent diopside, laths 
up to 3 mm. in length; interbedded with 
calcitic dolomite, pale-yellowish brown 
(10YR6/2), fine to medium crystalline; 
very porous; 0.5 foot well cemented 
silt bed near base; very thinly to thinly 
bedded; weathers to rough surface and 
forms gentle slope. .  ...................23.5

35. Dolomite, pinkish gray (5YR8/1), weathers 
‘ very pale orange (10YR8/2); finely crys

talline, 1-3 percent calcite; thinly 
bedded; intercalated with marl, very 
pale orange (10YR8/2); friable, non- 
resistant.  .................. .. 2.5

34. Calcitic dolomite, light gray (N7),
weathers yellowish gray (5Y8/1); very
finely to finely crystalline; calcite
allochems filled by medium crystalline
dolomite; one percent tremolite, one
percent pyrite, rare small calcite
geodes; thinly bedded.................. .. . 5.5

33. Calcitic dolomite, medium dark gray
(N4), weathers very pale orange (10YR 
8/2); very finely to finely crystalline;
15 percent calcite, rare acicular clay 
minerals finely disseminated, incom
pletely dolomitized around clay; 1-2 
percent pyrite and hematite; thickly 
bedded at base, thinly bedded at top. . . .  5.6

32. Dolomite, banded dark gray (N3) and
medium gray (N5), weathers light gray 
(N7); finely crystalline; elongated 
grains with preferred orientation; one 
percent hematite; small cavities; one 
bed.........................................  2.0

31. Dolomite, pinkish gray (5YR8/1),
weathers pale yellowish brown (10YR6/2); 
finely to medium crystalline; 3-5 per
cent calcite; somewhat soft; one bed. . . . 2,0
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.30. Dolomite, dark gray (N3), with elongated 

wisps of light gray (N7), weathers pale 
yellowish brown (10YR6/2); predominantly 
finely to lesser medium crystalline, 
scattered patches of sparite (three per
cent) ; thinly bedded, non-resistant........  2.5

29. Recrystallized limestone, banded medium 
dark gray (N4) and light gray (N7), 
weathers light olive gray (5Y6/1); 
medium to mostly coarsely crystalline, 
slightly iron-stained; thinly bedded 
except for one 3.0 foot bed 12.0 feet 
above base; prominent banding 6.0 feet 
from base; interbedded with calcitic 
dolomite, black (Nl), weathers medium 
gray (N5); finely crystalline; two per
cent pyrite and hematite, two percent 
quartz, five percent acicular tremolite; 
resistant................................... 20.0

28. Recrystallized limestone, banded medium 
dark gray (N4) and very light gray (N8), 
weathers dark gray (N3) to brownish gray 
(5YR4/1); coarsely crystalline; very 
thickly bedded with horizontal to tabular- 
planar cross-stratifications............. .. 8.0

27. Dolomitic limestone, medium light gray
(N6), weathers yellowish gray (5Y8/1) to 
light gray (N7), finely to medium crys
talline; 2-5 percent clay, two percent 
tremolite, 1-2 percent hematite and 
pyrite; thickly bedded................. .. . 8.0

26. Recrystallized limestone, medium light 
gray (N6), weathers very pale orange 
(10YR8/2) and grayish orange (10YR7/4); 
finely to medium crystalline; common 
chrysotile, one percent iron-rich 
opaques; rare small calcite goedes; 
thinly bedded. .............................  3.5

25. Calcitic dolomite, banded medium dark 
gray (N4) and light gray (N7), mottled 
yellowish gray (5Y8/1), weathers same; 
finely crystalline; one percent pyrite,
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calcite 30 percent, clay five percent;
dolomite weathers with slight relief
on surface; thinly bedded..................  3.0

24. Calcitic dolomite, light gray (N7), 
weathers yellowish brown (10YR4/2), 
finely crystalline, 5-10 percent clay,
40-50 percent calcite, rare pyrite,
sparite veinlets; rare calcite geodes;
one bed. ................................. 4.0

23. Recrystallized limestone, light gray 
(N7), weathers grayish orange pink 
(5YR7/2) to light olive gray (5Y6/1);

• finely to coarsely crystalline; grains 
with preferred orientation, rare clay; 
thinly bedded; beds weather smooth and 
rounded.....................................  3.6

22. Recrystallized limestone, slightly
dolomitic and silty, medium light gray
(N6), weathers moderate yellowish brown
(10YR5/4); finely to mostly medium
crystalline; 7-10 percent mica, quartz
and dolomite, one percent pyrite; one
bed..................................... .. 3.0

21. Argillaceous calcitic dolomite, medium 
. light gray (N6) to yellowish gray 
(5Y8/1), weathers grayish orange (10YR 
7/4); finely to medium crystalline; 15 
percent clay, one percent pyrite, 40-50 
percent calcite; thinly bedded to very 
thinly bedded and non-resistant towards 
top................................... 6.5

20. Serpentine limestone, mottled dark gray 
(N3) to light gray (N7), weathers very 
pale orange (10YR8/2) to pale yellowish 
brown (10YR6/2); finely crystalline;
25-40 percent insoluble residue of ser
pentine (antigorite) with minor chlorite 
and talc, rare hematite and pyrite
blebs; very thinly to thinly bedded........  9.0

19. Hornfelsic silty mudstone, grayish
brown (5YR3/2), weathers moderate brown 
(5YR4/4); aphanocrystalline; 5-7 percent
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hematite; iron-stained, non-calcarecusf
shaly splitting; grades upward into
coarsely recrystallized limestone. . . . . . 1.5

18. Recrystallized limestone, very pale
orange (10YR8/2), weathers medium dark
gray (N4); granular texture about medium
sand-size; rare tremolite and quartz;
soft and friable; non-resistant. . . . . . . 4.0

17. Marly limestone, very light gray (N8)
to medium dark gray (N4), weathers light 
olive gray (5Y6/1) to yellowish gray 
(5Y7/2); silt-size aggregates; poorly 
consolidated; non-resistant................  5.5

16. Diopsidic limestone, light gray (N7),
weathers very pale orange (10YR8/2) and
very light gray (N8); calcite aphano-
crystalline; 55 percent diopside in
radiating lath-like crystals up to 15
mm. in length, common clino-chrysotile,
wollastonite, and illite with minor
quartz; diopside weathers with relief
on surface; thinly bedded..................  3.0

15. Argillaceous recrystallized limestone,
medium light gray (N6), weathers yellow
ish gray (5Y8/1); finely to medium 
crystalline; rare diopside, 15 percent 
clay; thinly bedded......................... 1.5

14. Dolomitic limestone, very light gray
(N8), weathers same to very pale orange 
(10YR8/2); finely to coarsely crystal
line; 25 percent antigorite with rare 
mica, rare pyrite; thinly bedded; poorly 
exposed.......... ................ .......... 3.0

13. Argillaceous dolomitic limestone, medium 
gray (N5) and dark gray (N3), weathers 
pinkish gray (5YR8/1); predominantly 
finely crystalline with lesser medium 
crystalline; 15 percent clay, one per
cent pyrite; thinly bedded. . .............  3.5

12. Argillaceous dolomitic limestone, banded 
light gray (N7) and yellowish gray
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(5Y8/1), weathers pale yellowish brown
(10YR6/2); medium crystalline; up to
20 percent septechlorite, one percent
hematite; thinly bedded. . . .............• . 3.5

11. Recrystallized limestone, yellowish
gray (5Y8/1), weathers medium dark gray
(N4); medium to coarsely crystalline;
two percent clay, thickly bedded; ob-.
scure turreted gastropod. . . ............. 3.6

10. Dolomitic limestone, medium gray (N5),
weathers pale yellowish brown (10YR6/2); 
calcite aphanocrystalline to medium crys
talline, dolomite medium crystalline; 
rare diopside; thinly to thickly bedded. . . 4.4

9. Argillaceous limestone, pale olive 
(10Y6/2) and yellowish gray streaks 
(5Y8/1), weathers light olive gray 
(5Y6/1); very finely to coarsely crys
talline; up to 25 percent clay, one 
percent hematite; thinly bedded; caps 
gentle hill........................... 5.1

8. Dolomitic limestone, mottled yellowish 
gray (5Y8/1) and very light gray (N8), 
weathers grayish yellow (5Y8/4) to light 
gray (N7); finely to mostly medium crys
talline; 50 percent dolomite, one percent 
hematite; thinly bedded....................  2.0

7.* Marl, white (N9) to very pale orange 
(10YR8/2), weathers grayish orange 
(10YR7/4); friable silt-size aggre
gates.............. ........................  1.5

• 6. Dolomitic limestone, identical to unit 8. . 1.5
5. Dolomitic limestone, mottled yellowish 

gray (5Y8/1) and very light gray (N8), 
weathers yellowish gray (5Y7/2) to medium 
gray (N5); calcite aphanocrystalline, 
dolomite finely to medium crystalline;
15-20 percent serpentine, rare mica and
quartz; thickly bedded; one foot of marl
at top, very pale orange (10YR8/2),
poorly consolidated......... ............ .. 4.0
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4. Dolomitic limestone, banded medium gray 

(N5) and light greenish gray (5GY8/1); 
medium crystalline; one percent pyrite 
and hematite; thinly bedded at base and 
top, thickly bedded in middle; cal
careous partings. . ,................  7.7

3. Recrystallized limestone, very light
gray (N8), weathers same to light green
ish gray (5GY8/1); medium to coarsely 
crystalline, sugary texture; thinly 
bedded; 0.3 foot calcareous parting at 
top................ .................... .. . 1.8

2. Dolomitic limestone, banded medium gray 
(N5) and light greenish gray (5GY8/1), 
weathers yellowish gray (5Y8/1); medium 
crystalline; 1-2 percent iron-rich 
opaques; thickly bedded at base to thinly 
bedded at top; calcareous parting at top. . 4.2

1. Argillaceous silty limestone, yellowish 
gray (5Y8/1) and greenish gray (5GY6/1), 
weathers same to pale orange (10YR8/2); 
finely to medium crystalline; about 30 
percent insoluble residue of talc, 
chlorite, and quartz, one percent hema
tite; very thinly bedded; marly partings.
yellowish gray (5Y7/2); non-resistant. . . . 1.5

Total Colina Limestone ......................... 342.6

PENNSYLVANIAN-PERMIAN;
Earp Formation;
Sandstone, light olive gray (5Y6/1), weathers yellowish 
gray (5Y7/2); very fine sand, pressure-solutioned grain 
contacts, 10 percent calcite; well cemented but friable 
on weathered surface, non-resistant, forms saddle.



EPITAPH DOLOMITE

Base of section about 1350 feet N. 60° E. of the center 
of sec. 8, T. 18 S., R. 17 E., about 500 feet north of 
water well at W% NW% NE% SE% of sec. 8. Section meas
ured S. 30° E. down dip slope to fault contact. Atti
tude N. 62° E., 550-65° SE.

PERMIAN
Scherrer Formation:
Orthoquartzite, lower beds are light brownish gray 
(5YR6/1), weather light brown (5YR5/6), upper beds 
are grayish orange (10YR7/4), weather reddish brown 
(10R4/6); bimodal rounded sand, 65-80 percent very 
fine sand-sized quartz, 15-30 percent medium sand
sized quartz; laminated to cross-stratified; forms 
a steep slope.

Epitaph Dolomite:
81. Dolomite, light gray (N7), weathers

same; very finely to finely crystalline; 
seven percent calcite, five percent silt 
size quartz, rare disseminated hematite; 
one bed............ ....................

80. Dolomite, banded grayish black (N2) and 
very light gray (N8), very finely to 
mostly finely crystalline, three percent 
calcite, three percent silt-size quartz; 
veinlets of calcite, dolomite and quartz; 
thinly bedded............................... 5.0

79. Conglomerate, moderate brown (5YR4/4), 
weathers pale yellowish brown (10YR6/2) 
and medium dark gray (N4); aphanocrys- 
talline to very finely crystalline cal
cite and dolomite matrix, conglomerate 
inclusions of carbonate, silt- and sand- 
size quartz and clay (?) minerals; angu
lar intraclasts of siltstone; vuggy;

Feet

3.0
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weathers into small blocky angular frag
ments ; forms a resistant bench near 
stream bed. . . ................... .. 2.0

78. Hornfelsic siltstone, mottled moderate 
brown (5YR4/4) and medium gray (N5), 
weathers light brownish gray (5YR6/1); 
aphanocrystalline to finely crystalline; 
up to three percent disseminated hema
tite; iron-stained, well-cemented, 
quartz recrystallized; one bed. Fault
ed (?) ................. ....................  2.5

77. Silty recrystallized limestone, banded 
dark yellowish orange (10YR6/6), gray
ish red purple (5RP4/2), light olive 
gray (5Y6/1) and white (N9), weathers 
light gray (N7) and dark yellowish 
brown (10YR4/2), finely to medium crys
talline; 10-25 percent silt; friable 
in part; non-resistant; bedding in
distinct. . . . . . * ......................  5.5

76. Calcitic dolomite, slightly silty,
mottled white (N9) and very pale orange 
. (10YR8/2), weathers pale yellowish 
brown (10YR6/2); very finely crystalline; 
seven percent silt-size quartz, 15 per
cent calcite, one percent disseminated 

• hematite; sparite veinlets, numerous 
nodular quartz blebs and geodes; thinly 
bedded. . .................................  5.0

75. Dolomite, slightly silty, mottled white 
(N9) and dark gray (M3), weathers light 
gray (N7); very finely crystalline; 
seven percent silt, three percent cal
cite, abundant quartz knots, one percent 
disseminated euhedral hematite, rare 
bedded chert in very thin layers; inter- 
bedded with silty calcitic dolomite, 
mottled light gray (N7), very pale 
orange (10YR8/2) and grayish orange 
(10YR7/4), weathers pinkish gray (5YR 
8/1); very finely to finely crystalline;
15-20 percent silt, very abundant quartz 
blebs; thinly to thickly bedded. . . . . 13.5
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74, Dolomite, mottled white (N9) and'grayish 

black (N2), weathers light gray (N7) and 
medium light gray (N6); aphanocrystalline 
to very finely crystalline; five percent 
quartz as matrix, inclusions and cavity 
linings, three percent calcite in matrix 
but up to 30 percent as sparite patches, 
one percent euhedral hematite associated 
with calcite; lower part very thinly to 
thinly bedded, lower middle thickly 
bedded, upper middle thinly bedded and 
upper thickly bedded. .................... 20.0

73. Biosparrudite, mottled white (N9) and 
grayish black (N2), weathers medium 
dark gray (N4), finely crystalline, 
slightly carbonaceous, zones with up to 
40 percent quartz, as small irregular 
blebs; mostly thinly to occasionally 
thickly bedded. Uncommon unidentified 
fossils probably Bryozoa, Gastropoda and 
Coelenterata................................44.0

72. Calcitic dolomitic chert, banded grayish 
black (N2) and very light gray (N8), 
weathers medium gray (N5); chert aphano
crystalline to very finely crystalline, 
carbonates very finely to medium crys
talline; dolomite as scattered rhombs;

• sparite and quartz veinlets; very thinly 
and irregularly bedded; crinkled
weathering appearance......................  1.5

71. Calcitic siltstone, slightly carbon
aceous, medium dark gray (N4) to grayish 
black (N2), weathers medium gray (N5); 
calcite very finely to medium crystalline; 
quartz grain contacts pressure-solu- 
tioned; calcite varies from 10-40 percent 
in the area of a single thin-section; 
common quartz knots and calcite veins; 
thinly bedded.  .................... 22.0

70. Recrystallized limestone, mottled gray
ish black (N2) and white (N9), weathers 
light gray (N7)? very finely to finely 
crystalline; 10 percent quartz in vein- 
lets and as inclusions; massive at base 
and at top, thinly bedded in middle. . . , . 11.0
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69, Biomicrosparite, slightly silty, medium 

dark gray (N4) to medium gray (N5), 
weathers medium light gray (N6); aphano- 
crystalline to finely crystalline; allo- 
chem ghosts; quartz 2-3 percent, rare 
diopside; partings of silty limestone, 
pale red (5R6/2), weathers same, minor 
amounts of very fine sand; very thinly 
to thinly bedded; slightly less resistant 
than superjacent and subjacent units. . . . 3.5

68. Recrystallized limestone, banded grayish 
black (N2) and very light gray (N8), 
weathers medium dark gray (N4); finely 
to medium crystalline; about 2.5 percent 
carbonaceous material, two percent 
quartz, rare chlorite, mica, septe- 
chlorite, and disseminated hematite 
blebs, common coarsely crystalline spar- 
ite stringers and patches; thinly to 
thickly bedded at base, a two-foot zone 
of very thin iron-stained beds in
middle and thinly bedded at top. . . . . . .  17.0

67. Silty microsparite, banded very light 
gray (N8) and dark gray (N3), weathers 
pale yellowish brown (10YR6/2); very 
finely crystalline; 10-25 percent quartz; 
calcite replacing quartz; rare dissem
inated hematite; slightly non-resistant 
and conspicuous by a row of trees; one 
bed................................. .. 1,0

66. Micrite, slightly silty, dark gray (N3), 
weathers medium light gray (N6), micro
texture appears to be "foliated", 2-3 
percent silt-size quartz, sparite vein- 
lets and blebs; irregularly and thinly 
bedded. . . . .  ............  . . . . . . .  3.5

65. Silty micrite, banded grayish black
(N2) and light gray (N7), weathers same, 
finely crystalline quartz, coarsely 
crystalline vein calcite, 10 percent 
strained quartz, rare disseminated 
iron; massive, bedding planes in and out; 
ledge former............................ 8.5
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'Section offset about 1500 feet in a E-NE direction 
from m k  SE% SW% SE^ of sec. 8 to NW^ SE^ NE% SEk 
of sec. 8. Section measured in a S-SE direction 
in creek bed. Attitude N. 40° E., 52° SE.
64, Silty biomicrite, dark gray (N3),

weathers medium light gray (N6), calcite 
aphanocrystalline; 5-7 percent silt- 
size quartz; shell hash; massive; 
partially covered.................. ..

63. Calcitic dolomite, grayish black (N2),
weathers medium light gray (N6) and pale 
yellowish brown (10YR6/2); very finely 
crystalline; one percent disseminated 
hematite blebs, one percent disseminated 
quartz, sparite veinlets; thinly bedded. . .

62. Hornfelsic argillaceous siltstone, light 
brownish gray (5YR6/1) to brownish gray 
(5YR4/1); medium silt; metamorphosed 
recrystallized quartz; three percent 
hematite; interbedded with argillaceous 
calcitic silty dolomite, white (N9) to 
pinkish gray (5YR4/1); 5-10 percent 
silt-size quartz, iron-stained, 37 per
cent insoluble residue; porous, chalky 
texture; bedding indistinct. . . .  ........

61. Dolomite, grayish black (N2), weathers 
medium light gray (N6); very finely 
crystalline; five percent sparite as 

• large blotches being replaced by quartz 
Which totals about three percent; one 
bed.........................................

60. Hornfelsic siltstone, mottled dusky red 
(5R3/4), pale red (10R6/2) and grayish 
orange (10YR7/4), weathers pale brown 
(5YR5/2); medium silt, pressure-solu- 
tioned grain contacts and recrystallized 
quartz; one percent disseminated hema
tite, mottled iron staining; small scale 
cross-stratifications; very thinly bedded.................................. .. .

59. Silty dolomite, pinkish gray (5YR8/1), 
weathers grayish orange pink (5YR7/2); 
insoluble residue 26 percent, very

8.5

2.0

10.0

1.0

8.5
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porous, chalky friable texture; bedding 
indistinct; interbedded with 3.0 feet of 
dolomite near middle of unit, medium 
gray (N5), weathers light brownish gray 
(5YR6/1) and yellowish gray (5Y8/1); 
very finely crystalline; two percent 
calcite, one percent hematite, numerous 
calcite veinlets that weather as furrows 
on surface in a cross-hatched manner; 
very thinly b e d d e d . .................. .. . 16.

58. Calcareous gypsum, banded yellowish gray 
(5Y8/1), grayish yellow green (5GY7/2) 
and pinkish gray (5YR8/1), weathers 
brownish gray (5YR4/1) and greenish gray 
(5GY6/1); well consolidated, vaguely 
laminated; hummocky weathering............. 12.

57. Calcitic silt, light brown (5YR6/4); 
loosely consolidated, very porous; 
eight percent clay, 76 percent silt,
16 percent sand; insoluble residue 83 
percent, heavy minerals.of hematite and 
very minor garnet and pyroxene; bedding 
indistinct, very immature soil develop
ing on surface of outcrop..................  4.

56. Gypsum, grayish orange (10YR7/4),
weathers grayish orange pink (5YR7/2); 
calcite cementing flattened nodules or 
intraclasts (?) of gypsum; minor amounts 
of (?) argillaceous quartzose siltstone 
mottled light olive gray (5Y6/1) and 
greenish gray (5GY6/1); one percent 
euhedral hematite; brittle, porous, 
honeycomb weathering; banded to mas
sive........... ............................ 11.

55. Argillaceous silty calcitic dolomite, 
banded yellowish gray (5Y8/1), light 
gray (N7) to white (N9), weathers gray
ish pink (5R8/2) and pale red (5R6/2); 
very finely crystalline carbonate, 
medium silt; minor amounts of sub-rounded 
medium sand, minor chlorite, illite and 
septechlorite, quartz about 30-35 percent, 
one percent disseminated euhedral hema
tite; some beds silty dolomite, other 
beds silty dolomitic limestone; friable,

0

0

0

0
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very porousr laminated; insoluble resi
due 42 percent; grades vertically into 
silt-size aggregates of calcite, white 
(N9) , chalky, very friable.................  8.0

54. Dolomite, pinkish gray (5YR8/1) to light 
gray (N7) weathers same to white (N9); 
very finely crystalline; three percent 
silt-size quartz, five percent calcite 
as grains and veinlets, one percent 
disseminated hematite; vaguely laminated 
within thin beds. . . .....................  6.0

53. Dolomite, medium light gray (N6) weathers 
light gray (N7) and pinkish gray (5YR 
8/1); very finely crystalline; 1-3 per
cent calcite, rare euhedral hematite,
1-2 percent quartz; very thickly bedded
at base to thinly bedded at top............  5.5

52. Calcitic dolomite, slightly argillaceous, 
yellowish gray (5Y8/1) and very light 
gray (N8) weathers light brownish gray 
(5YR6/1); very finely to finely crystal
line; clay minerals restricted to sparite 
veinlets; rare euhedral hematite; very 
thinly bedded; interbedded with horn- 
felsic quartzose siltstone, light brown
ish gray (5YR6/1), weathers dusky red 
(5R3/4); coarse silt to fine sand; two 
percent hematite with some iron staining 
along bedding planes, well cemented; 
grades upward into silty dolomite, very 
light gray (N8), finely crystalline, 
porous; thinly to thickly bedded. . . . . . 1 2 . 0

51. Calcitic siltstone conglomerate, mottled 
grayish orange (10YR7/4), pale olive 
(10Y6/2), moderate red (5R5/4) and pale 
pink (5RP8/2) weathers pale yellowish 
brown (10YR6/2); medium silt to fine 
sand; sparite matrix, secondary (?) 
quartz and fluorite, 30-50 percent trans
lucent grayish olive green (5GY3/2) and 
grayish green (10GY5/2); argillaceous 
siltstone inclusions, grayish red
(5R4/2), rounded, friable; fractured (?). . 8.0
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'I

50. Marl, very pale orange (10YR8/2),
weathered color unknown; common talc, 
chlorite and serpentine, very calcareous, 
rare quartz; very porous, loosely con
solidated; bedding indistinct..............  8.0

49. Dolomite, dark gray (N3) and light brown 
(5YR5/6), weathers light gray (N7); 
aphanocrystalline to very finely crys
talline; five percent calcite, sparite 
veinlets replaced by clay minerals, rare 
hematite; thinly bedded....................  1.0

48. Calcitic dolomite, mottled yellowish
gray (5Y7/2), moderate red (5R5/4) and 
very light gray (N8), weathers pinkish 
gray (5YR8/1) and dark gray (N3); cal
cite allochem ghosts, possibly a bio
calcar enite before dolomitization; very 
finely to finely crystalline, lower 1.0 
foot very silty, pale red (10R6/2); 
indistinct bedding.......................... 5.5

47. Hornfelsic quartzose siltstone, dusky
green (5G3/2) to greenish gray (5GY6/1), 
weathers light olive gray (5Y6/1) and 
light brownish gray (5YR6/1); medium 
and coarse silt; matrix "aphanocrystalline, 
well cemented, interbedded with calcitic 

• silt, pinkish gray (5YR8/1). One bed in 
upper part a collapse breccia or intra
clasts (?), moderate red (5R5/4) to very 
dark red (5R2/6); botryoidal-like clay 
in bands replacing calcite, euhedral 
quartz up to 5+ mm. in length, coarsely 
and very coarsely crystalline, (?) 
clasts of argillaceous siltstone, light 
red (5R6/6) and dusky red (5R3/4), strong
ly iron-stained with 3-4 percent hema
tite; some epidote coatings................ 28.0

46. Microsparite, mottled brownish gray 
(5YR4/1), yellowish gray (5Y7/2) and 
brownish black (5YR2/1), weathers dusky 
yellow brown (10YR2/2), aphanocrystalline 
to finely crystalline but predominantly 
very finely crystalline; two percent dis
seminated hexagonal hematite, iron-stain
ed; thinly to thickly bedded; resistant. . . 9.0
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•45. Hornfelsic quartzose siltstone, mottled 

grayish green (5GY6/1) and olive gray 
(5Y4/1) 't weathers greenish gray (5GY6/1) 
to dusky yellow green (5GY5/2); medium 
silt, aphanocrystalline matrix; very 
thinly bedded; interbedded'with silty 
sparite, white (N9) and pinkish gray 
(5YR8/1), weathers pale yellowish brown 
(10YR6/2); chalky texture; bedding in
distinct ................... .. ............ .. 18.0

44. Silty dolomitic limestone, slightly
argillaceous, very pale orange (10YR8/2) 
weathers yellowish gray (5Ŷ 8/1) ; finely 
crystalline; very porous, loose to un
consolidated; insoluble residue 37 per
cent consisting of quartz, and chlorite 
with minor tremolite, talc and serpen
tine; bedding indistinct. . . . . . . .  5.0

43. Calcareous gypsum, banded white (N9) 
and grayish orange (10YR7/4) weathers 
very pale orange (10YR8/2) and pale 
yellowish brown (10YR6/2); massive; 
hummocky and cavernous-like weathering. . . 15.5

42. Calcitic dolomite, yellowish gray
(5Y8/1), weathers light greenish gray 

• (5GY8/1) in basal four feet but grayish 
orange (10YR7/4) and black (Nl) in upper 
two feet; one percent hematite blebs; 
silty unconsolidated texture where 
weathered, otherwise somewhat friable 
and slightly case-hardened, porous with 
poor soil developing where exposed; 
bedding indistinct.......................... 6.0

41. Dolomite, mottled grayish brown (5YR3/2), 
moderate yellowish brown (10YR5/4) and 
yellowish gray (5Y8/1), weathers dusky 
yellowish brown (10YR2/2); very finely 
crystalline; five percent calcite, 
strongly iron-stained, dense appearance; 
thinly bedded at base becoming very 
thinly bedded at top; micro-faults in 
hand specimen; grades upward into dolo
mitic limestone, grayish yellow (5Y8/4) 
and dark yellowish orange (10YR6/6); 
finely crystalline; undulatory laminae. . . 4.0
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40, Marlr slightly silty, medium light gray 

(N6) at base and grayish orange (10YR7/4) 
at top, weathers light red (5R6/6) and 
dull black (Nl); mostly silt-sized but 
somewhat sandy; insoluble residue 23 
percent consisting of chlorite with minor 
talc, quartz, and serpentine; white 

. acicular tremolite crystals up to 3 mm. 
long in some zones; porous, loose to 
unconsolidated, immature soil developing 
on outcrop; bedding indistinct.............  4,5

39. Oolitic dolomite, banded grayish black
(N8) , weathers dark yellowish brown ::
(10YR4/2); aphanocrystalline to finely 
crystalline; oolites from 0.016 to 0.800 
mm. in diameter; dolomite also in vein- 
lets; thickly bedded but bedding planes 
not always distinct; basal 3-4 foot 
weathers with "elephant hide" appearance; 
resistant. A good marker bed..............  8.0

Section offset about 100 feet SW to NW% SW% SW% SEh 
of sec. 8. Section measured up steep hill. Attitude 
N. 63° E., 53° SE.
38. Argillaceous dolomitic limestone, yellow

ish gray (5Y8/1), weathers pinkish gray 
(5YR8/1), black (Nl) and pale yellowish 
orange (10YR8/6); very finely to finely 
crystalline; insoluble residue 30 percent 
consisting of talc, chlorite, serpentine 

• and minor quartz; most beds are crumbly, 
porous and case-hardened, other beds are 
poorly to moderately consolidated and 
cross-cut by many sparite veinlets; poor ' 
soil developed on outcrop. Interbedded 
with silty hornfels, light brown (SYR 
5/6), weathers grayish red (5R4/2); 
aphanocrystalline to very finely crys
talline; 10 percent quartz, medium and 
coarse silt-size, subangular, iron- 
stained; grades vertically to hornfelsic 
quartzose siltstone, light brown (5YR 
5/6) to light gray (N7), weathers pale 
olive (10Y6/2) and yellowish gray 
(5Y8/1), thinly bedded; contact with 
superjacent unit, somewhat irregular 31.5
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37, Dolomitic limestone, pinkish gray (5XR 

8/1) to pale red purple (5RP6/2), 
weathers pale yellowish brown (10YR6/2) 
and medium dark gray (N4); very finely 
crystalline grading to medium and 
coarsely crystalline in the area of a 
thin-section; rare clay minerals, 
sparite in veinlets and lining vugs, one 
percent disseminated hexagonal hematite 
blebs; very thinly bedded..................  2.0

36. Marl, slightly silty, grayish orange 
(10YR7/4), weathers very pale orange 
(10YR8/2); frequent cone-shaped radiating 
tremolite crystals; minor quartz and 
chlorite; porous, soft, loosely con
solidated; indistinct bedding..............  5.5

35. Calcareous siltstone, interbedded with 
very thin hornfels, grayish yellow 
green (5GY7/2), weathers grayish orange 
pink (5YR7/2) and dusky red (5R3/4); in
soluble residue 85 percent consisting 
of quartz with minor chlorite and ser
pentine; unconsolidated to friable to 
well cemented; small siliceous nodules 
or grains and hornfels lumps occur 
throughout silt matrix; bedding indis
tinct; major slope former of south
western Hilton Wash.............. .. 35.0

34. Covered interval, probably gypsum and/or
• marl; slope former............. ............ 45.0

33. Gypsum, pinkish gray (5YR8/1), weathers 
very pale red (10R6/2) and black (Nl); 
porous and brittle where weathered; 
massive................................. 10.0

32. Hornfelsic quartzose siltstone, banded 
grayish green (10GY5/2) and light gray 
(N7) to greenish gray (5G4/1) and green
ish black (5G2/1), weathers initially 
to a pale yellowish brown (10YR6/2) to 
a moderate brown (5YR4/4), moderate 
reddish brown (10R4/6) and dusky red 
(5R3/4); finely crystalline; two percent 
hematite, uncommon tremolite and chlorite; 
pressure-solutioned grain contacts;
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laminated to very thinly bedded, laminae 
Within beds of 2-4 inches; micro-faults 
in some hand specimens; dense and non- 
porous; frequent calcareous clay part
ings, yellowish gray (5Y7/2); very re
sistant but forms gentle slope probably 
due to thin beddedness. Small road- 
materials quarry in basal part.............  240.0

31. , Silty marl, banded grayish orange pink 
(10R8/2) and moderate orange pink 
(10R7/4); insoluble residue 23 percent 
consisting of quartz, talc, chlorite and z 
serpentine; iron-stained, loose to un
consolidated, porous; massive. ............  12.5

30. Argillaceous micrite, grayish yellow
(5Y8/4), weathers dark yellowish brown
(10YR4/2); insoluble residue 25 percent,
one percent disseminated hematite blebs
which are centers of iron stains; clay
aggregates up to 0.5 mm. in length as
sheaths in radiating pattern; thinly
bedded...........    3.5

29. Gypsum, pinkish gray (5YR8/1), weathers 
very pale red (10R6/2) arid dull black 
(Nl), porous and brittle where weathered; 
massive.....................................  6.0

28. Quartzite, banded light brownish gray
(5YR6/1) and grayish orange pink (5YR7/2),

• weathers light brownish gray (5YR6/1) and 
light gray (N7); medium silt; sub-angular 
concave-convex grain contacts; calcareous 
silt partings, pale red (10R6/2); very 
thinly to thinly bedded...........   4.0

27. Argillaceous micrite, banded light brown
ish gray (5YR6/1) and very light gray 
(N8), speckled light olive gray (5Y6/1) 
and very dusky red purple (5RP2/2), 
weathers pale red (10R6/2); mostly 
aphanocrystalline to lesser very finely 
crystalline; two percent disseminated 
hematite blebs; interbedded with calcitic 
tremolite, light greenish gray (5GY8/1) 
to greenish gray (5GY6/1), weathers "
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light gray (N7), tremolite crys
tals up to coarsely crystalline; some 
quartz present; calcitic silt partings, 
pale red (10R6/2); thinly bedded. . . . . .  4.0

Section offset about 200 feet across road in a SW 
direction about 50 feet NW of the road-materials 
quarry at NE% NW% SW% SE^ of sec. 8. Section meas
ured SE following gulley. Attitude N. 44° E ., 47°SE.
26. Calcareous gypsum, white (N9), weathers 

medium dark gray (N4) and grayish pink 
(5R8/2); very brittle and porous;
massive. . . . ......................... .. 3.0

25. Quartzose siltstone, light olive gray
(5Y6/1), weathers pinkish gray (5YR8/1) 
and light gray (N7); medium silt; sub- 
angular, pressure-solutioned grain con
tacts, slightly calcareous, rare hematite
blebs; one bed.............................. 1.5

24. Gypsum, identical to unit 26......... .. . . 6.0
23. Quartzose siltstone, identical to unit

25. . ....................... ..............  3.0
22. Covered interval, probably gypsum..........  4.0
21. Silty recrystallized limestone, white 

(N9) to moderate red (5R4/6), weathers 
light red (5R6/6) and black (Nl); finely 
crystalline; one percent hematite, 11 
percent insoluble residue; vuggy and
porous; thinly and irregularly bedded. . . .  15.5

20. Argillaceous calcitic dolomite, mottled 
light red (5R6/6) and light gray (N7), 
weathers pinkish gray (5YR8/1); very 
finely crystalline to finely crystalline; 
rare hematite, sparite veinlets; dense, 
grades vertically to dolomitic limestone; 
lower four feet is thinly bedded, upper 
5.5 feet is thickly bedded; two feet of 
white silty calcitic gypsum in middle. .... 11.5
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.19, Gypsum, white (N9) , weathers pinkish 

gray (5YR8/1), grayish orange pink 
(5YR7/2) and grayish orange (10YR7/4); 
contains siliceous (?) clasts, pale 
greenish yellow (10Y8/2) which weather 
grayish red (10R4/2); up to several 
centimeters in size, very angular; 
gypsum partially iron-stained, very 
brittle and very porous where weathered; 
irregular hummocky weathering; massive; 
slope former.  ................  23.5

18. Marl, banded pale red (10R6/2) and grayish 
orange pink (10R8/2), weathers black 
(Nl); silt-size, minor very coarse
grained rounded quartz; insoluble residue 
45 percent consisting of talc with minor 
septechlorite and rare quartz; iron- 
stained; very soft and chalky; bedding 
indistinct.......................... 12.0

17. Siliceous beds, very light gray (N8) to 
light gray (N7), weathers grayish orange 
pink (5YR7/2); aphanocrystalline to 
finely crystalline; weathered surface 

.irregularly pitted; middle portion 
interbedded with microsparite, pale pink 
(5RP8/2) to very light gray (N8),

. speckled grayish red purple (5RP4/2), 
weathers pale red (10R6/2) and black (Nl); 
aphanocrystalline to very finely crystal
line; rare quartz, one percent dissem
inated hematite; crumbly appearance, 
small vugs; grades vertically with"argil
laceous dolomite, pinkish gray (5YR8/1),
10 percent insoluble residue of pyro- 
phyllite (?); friable, porous, chalky 
texture; very thinly to thinly bedded 
where distinguishable.......................12.0

16. Marl, identical to unit 18......... .. 16.0
15. Argillaceous tremolitic limestone, 

mottled yellowish gray (5Y8/1), 
weathers very pale orange (10YR8/2) 
and black (Nl); aphanocrystalline; 
tremolite occurs as splintery blades, 
rare hematite; very thinly bedded; top
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bed contains abundant tremolite crystals
in cone-shaped laths up to 3-4 cm. in
length; accessory minerals of talc,
septechlorite, chlorite and dolomite?
silt partings. . . ............. 6.0

14. Mottled dolomitic limestone and calcitic 
dolomite, pale red purple (5RP6/2) to 
very light gray (N8), weathers grayish 
orange pink (5YR7/2); gradation is rapid, 
mostly very finely crystalline to lesser 
finely crystalline; rare hematite, 
sparite veinlets; thinly bedded; calcitic 
silt partings, pale reddish brown 
(10R5/4) ...................... .. ........... 5.0

13. Silty dolomite, very light gray (NS),
weathers pale yellowish orange (10YR8/6);
very finely crystalline; friable, very
porous; insoluble residue 22 percent;
thinly bedded. . .......... .. 4.0

12. Tremolitic limestone, very light gray
(N8) to medium light gray (N6), weathers 
same to light gray (N7); aphanocrystal- 
line to very finely crystalline; grades 
upward into tremolitic dolomitic lime
stone, mottled very light gray (N8) and 
yellowish gray (5Y8/1), weathers same; 
very finely crystalline, one percent 
hematite; very thinly bedded; pitted 
weathering appearance with tremolite 
showing relief on surface; acid etched 
surface reveals laminated beds 1 to 2 
inches thick................................ 6.5

11. Tremolitic dolomite, slightly argil
laceous, banded grayish orange (10YR7/4) 
and very light gray (N8), weathers very 
light gray (N8) at base to grayish 
yellow (5Y8/4) at top; very finely to 
finely crystalline; thinly bedded.......... 7.0

10. Marl, very pale orange (10YR8/2); some 
silt-size grains; 45 percent insoluble 
residue; unconsolidated, porous; bedding 
indistinct. ...........................   3.0
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9, Argillaceous calcitic dolomite, mottled 

very pale orange (10YR8/2), pale yellow
ish orange (10YR8/6) and speckled light 
gray (N7); weathers very light gray (N8) 
and grayish orange (10YR7/4); aphano- 
crystalline to very finely crystalline; 
accessory minerals of talc, tremolite, 
chlorite, illite and septechlorite; very 
thinly to thinly bedded....................  4,

8. Argillaceous dolomitic microsparite, 
laminated grayish orange (10YR7/4) and 
very pale orange (10YR8/2), weathers 
very light gray (N8) and grayish yellow 
(5Y8/4); aphanocrystalline to very finely 
crystalline; minor illite, quartz, ser
pentine and polygorskite (?); one percent 
hematite; porous; distinctly laminated. . . 2.

7. Calcitic dolomite, slightly argillaceous, 
white (N9), weathers very light gray 
(N8) to grayish black (N2) and grayish 
yellow (5Y8/4) to black (Nl); finely 
crystalline; calcite veinlets; one per
cent hematite; friable chalky texture; 
upper three feet cross-stratified, high 
angle (30-45 degrees) tabular-planar; 
thinly bedded at base with slight crenu- 
lations to indistinct bedding upwards. . . .  4,

6. Argillaceous tremolitic limestone,
mottled grayish yellow (5Y8/4) and light 

* gray (N7), weathers dark yellowish brown 
(10YR4/2) and very light gray (N8); 
calcite aphanocrystalline; one percent 
hematite; lath-like to fibrous radiating 
tremolite crystals up to 5 mm. in 
length; interbedded with tremolitic dolo
mitic limestone and calcitic dolomite, 
grayish orange (10YR7/4) and very light 
gray (N8), weathers brownish black 
(5YR2/1) and grayish yellow (5Y7/2); 
rare hematite; base of unit very thinly 
bedded becoming thinly bedded upward; 
all beds with thin calcitic silt part
ings..............................

0

0

0

6.5
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5. Dolomite,, very light gray (N8) to yellow

ish gray (5Y8/4), weathers grayish 
yellow (5X8/4) and grayish black (N2); 
finely crystalline, slightly friable 
sugary texture; rare calcite in veinlets 
and associated with .rare fibrous tremo- 
lite, rare hematite; massive; bedding 
indistinct......... ........................ 12.0

4. Dolomite, slightly silty, mottled pale 
yellowish orange (10YR8/6), dark yellow
ish orange (10YR6/6) and greenish gray 
(5GY6/1), weathers grayish yellow (5Y8/4) 
and dusky yellow (5Y6/4); finely to 
medium crystalline, rare calcite; in
soluble residue eight percent of tremo- 
lite, quartz, talc or pyrophyllite, and 
chlorite; thinly bedded....................  1.0

3. Dolomite, light gray (N6) and light
olive gray (5Y6/1), weathers yellowish
gray (5Y7/2); finely crystalline; minor
amounts of calcite which weather out
forming vugs and irregularly pitted
surface; thinly to thickly bedded..........  6.0

Section offset in a S. 30° W. direction from SW^ SW%
SE% NE% to NW% NE% SE% SWk of sec. 8. Section measured 
in a SE direction in gulley. Attitude N. 45° W., 52° 
SE.
2. Silty calcitic dolomite, very light gray 

(N8), yellowish gray (5Y8/1), light 
brownish gray (5YR6/1), pale red purple 
(5RP6/2), light olive gray (5Y6/1) and 
grayish orange pink (10R8/2), weathers 
very pale orange (10YR8/2); finely 
crystalline; granular to acicular clay 
minerals; interbedded with dolomitic 
limestone, argillaceous, moderate orange 
pink (10R7/4); finely crystalline; very 
friable; comprises 35-45 percent of 
total unit; iron-stained; very thinly 
bedded; gentle slope former................ 33.0

1. Quartzose siltstone, banded moderate 
brown (5YR4/4) and light brownish gray 
(5YR6/1), weathers very light gray (N8);
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medium silt, well sorted, sub-angular 
pressure^solutioned grain contacts from 
concave-convex to sutured; iron-stained; 
well indurated; interbedded with cal- 
citic dolomite, pinkish gray (5YR8/1), 
weathers very light gray (N8), dark gray 
(N3) and grayish orange -(10YR7/4); very 
finely to finely crystalline; grains with 
preferred orientation; sparite veinlets,
vuggy; very thinly bedded.  ............ .. 11.5

Total of complete Epitaph Dolomite........ .. . .1005.0

PERMIAN
Colina Limestone:
Argillaceous recrystallized limestone, slightly dolo- 
mitic, banded medium light gray (N6) and yellowish gray 
(5Y8/1) to dark greenish gray (5GY4/1) and white (N9), 
weathers pinkish gray (5YR8/1); very finely to finely 
crystalline, one percent hematite blebs; lower and 
upper part thinly bedded, middle very thinly bedded; 
two 0.5-foot silt lenses in upper part.



SCHERRER FORMATION

Base of section about 2000 feet S. 37° E. of NW corner 
of sec. 9, T. 18 S. R. 17 E. Section measured up hill 
in a S. 63° E. direction to the base of the cliff
forming limestone on top of Total Wreck Ridge. Atti
tude N. 370-45° E., 43° SE.

PERMIAN
Concha Limestone:
Dolomite, medium light gray (N6), weathers dark yellow
ish brown (10YR4/2) to dark gray (N5); medium crystal
line; three percent calcite, one percent clay; one 1.0- 
foot bed.

Scherrer Formation: Feet
10. Orthoquartzite, banded light brownish 

gray (5YR6/1) and pale reddish brown 
(10R5/4), weathers moderate reddish 
brown (10R4/6), 98 percent very fine 
sand-size quartz, two percent medium 
sand-size quartz, well sorted, sub? 
rounded, pressure-solutioned grain con- 

. tacts; minor disseminated iron-rich
opaques; laminated to low angle tabular-
planar cross-stratified; very resistant.
one thin bed of calcitic dolomite near
middle, very finely crystalline............ 101.2

; 9. Sandy pellet dolomite, laminated light 
brownish gray (5YR6/1), pale brown 
(5YR5/2) and pale reddish brown (10R5/4), 
weathers pinkish gray (5YR8/1) to light 
olive gray (5Y6/1); 15-25 percent very 
fine sand-size angular quartz, very 
finely crystalline dolomite, pellets 
aphanocrystalline; one percent hema
tite, 3-4 percent calcite, rare fossil 
allochem ghosts; indistinct bedding to 
very low angle tabular-planar
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cross-r-stratification; sand laminae show
relief on weathered surface;: calcite
druses, , . , , ............. 8,8

8, Sandy recrystallized limestone, grayish 
black (N2), weathers medium dark gray 
(N4); finely to coarsely crystalline, 
seven percent very fine sand- and coarse 
silt-size quartz; rare disseminated 
hematite; thinly bedded..................... 6,3

7. Sandy recrystallized limestone, slightly 
carbonaceous, medium gray (N5) to medium 
dark gray (N4), weathers medium light 
gray (N6) and light brown (5YR5/6); 
mostly very finely crystalline, some 
medium crystalline grains; 10 percent 
very fine sand- and coarse silt-size 
quartz, sub-angular to sub-rounded; one 
percent hematite; sparite veinlets; 
poorly exposed............................ . 8.8

6. Sandy aphanocrystalline dolomite,
medium gray (N5) with blotches of white 
(N9), weathers light gray (N7) and 
yellowish gray (5Y8/1); 15 percent sub
rounded very fine sand-size quartz, two 
percent calcite, rare hematite; abundant 
round chalcedony knots up to 1 cm. in 
diameter partially replaced by calcite, 
shows relief on weathered surface;
thinly bedded; resistant....................35.2

5. Dolomite, mottled black (Nl) to dark
gray (N3), dark reddish brown (10R4/6), 
and grayish orange (10YR7/4), weathers 
medium light gray (N6) and brownish 
gray (5YR4/1); aphanocrystalline to very 
finely crystalline; five percent cal
cite, two percent quartz, iron-stained; 
thinly bedded; forms slope. ..............  25.4

4. Aphanocrystalline dolomite, grayish 
black (N2) with white (N9) blebs, 
weathers light olive gray (5Y6/1); two 
percent angular silt-size quartz, one 
percent calcite; thinly bedded; forms 
slope 9.6
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3. Silty aphanocrystalline pellet dolomite, 

dark gray CN3) with blebs of white (N9), 
weathers medium gray (N5) and light 
olive gray (5Y6/1); 15 percent coarse 
silt-size quartz, sub-angular to sub
rounded; two percent patchy sparite 
replaced by coarse-grained quartz before 
dolomitization; rare opaques; pellets 
obscure; thinly bedded; forms slope........  8.0

2. Very sandy aphanocrystalline dolomite, 
dark gray (N3), weathers light gray (N7) 
and moderate brown (5YR4/4); 30-50 per
cent very fine sand-size quartz, sub- 
angular to sub-rounded; 1-2 percent 
calcite; thickly bedded; forms slope. . . .  9.0

1. Orthoquartzite, lower part is light
brownish gray (5YR6/1) to mottled medium 
light gray (N6) and grayish red purple 
(5RP4/2), weathers light brown (5YR5/6) 
to pale red (10R6/2); the upper part is 
medium gray (N5) with bands of very 
light gray (N8) and grayish orange 
(10YR7/4) to very dark red (5R2/6), 
weathers light brownish gray (5YR6/1) 
and reddish brown (10R4/6); 65-80 per
cent very fine sand-size quartz, five 
percent fine sand-size quartz, 15-30 
medium sand-size quartz; quartz is bi- 
modal and rounded; medium sand more 
abundant in upper part; pressure-solu- 
tioned grain contacts, concave-convex 
grain boundaries; rare heavy minerals; 
laminated to low angle tabular-planar 
cross-stratified; weathers to form a
resistant steep slope. . ...................  360.0

Total complete Scherrer Formation......... .. . . 572.3

PERMIAN
Epitaph Dolomite:
Dolomite, light gray (N7), weathers same; very finely 
to finely crystalline; seven percent calcite, five per
cent silt-size quartz, rare hematite; one 3.0-foot bed.



CONCHA LIMESTONE

Base of section about 1500 feet N. of center of sec. 9, 
T. 18 S., R. 17 E. at the base of the cliffs near the 
top of the southern end of Total Wreck Ridge. Section 
measured up cliffs and down dip slope onto spur in a S. 
50° E. direction. Minor offsets to the SW. Attitude 
N. 53° E., 36° SE.

PERMIAN
Rainvalley Formation:
Fossiliferous microsparite, grayish black (N2) to dark 
gray (N3), weathers medium gray (N5); slightly dolo- 
mitic in some zones; Dictyclostus occidehtalis, solitary 
corals, large and small gastropods and bryozoa mostly 
in lower one-half with basal 10 feet very fossiliferous; 
thickly bedded; forms rounded spur on dip slope.

Concha Limestone; Feet
16. Biosparite, black (Nl), weathers medium 

dark gray (N4); finely crystalline; 
variable chert content which is mostly 
white to brown and black; fossils in
clude Dictyclostus occidentalis,
Meekella, Phricodothyris, pelecypods, 
crinoid stems, echmoid spines. Bellero- 
phontid gastropods, bryozoans, corals, 
and a distinctive Composita marker zone 
2.2 feet below the upper contact; thick
ly bedded; raspy weathering................ 10.0

15. Biointrasparite to microsparite, medium 
dark gray (N4), weathers medium gray 
(N5); very finely to finely crystalline 
with some medium- to coarse-grained 
sparite allochem ghosts growing with a 
reduction in volume; sub-rounded to 
rounded calcite intraclasts; 3-5 percent 
insoluble residue of quartz, mica and 
chlorite; rare euhedral hematite;
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slightly carbonaceous; a six-foot pink 
to brown nodular chert zone near middle 
of unit; upper one-half of unit with 
crinoid stems; Dictyclostus occidentalis, 
corals and gastropods; thickly bedded; 
weathers rough. . . . . ................. .. 35.

14. Fusulinid biomicrite to biolithite,
medium dark gray (N4), weathers medium 
light gray (N6); Meekella, Parafusulina 
empirensis, horn corals, crinoid stems, 
pugnoid brachiopods; contains green 
algae Pia, fragments of pollen and 
spores, plant cuticles and wood frag
ments (?); microscopic laminae; one bed. . . 2.

13. Biomicrosparite, cherty, medium dark 
. gray (N4), weathers medium gray (N5); 
dolomitic towards base; an average of 
5-10 percent white, pink, brown and 
black nodular chert in upper one-half of 
unit but with zones up to 25 percent;
Neospirifer zone 12.3 feet above base.
A 1.0-foot fusulinid zone found 29 feet 
below upper boundary in laterally con
tinuous outcrop 5/8 mile to NW. Meekella, 
horn corals, Dictyclostus, sponges, 
bellerophontids and crinoids; thickly 
bedded...................................... 88.

12. Very cherty dolomitic limestone, medium 
dark gray (N4), weathers light gray (N7)

* to light brownish gray (5YR6/1); chert 
is pale red (5R6/2) to black (Nl), 
weathers moderate brown (5YR4/4); mostly 
very finely crystalline to finely crys
talline; 30-50 percent dolomite, zones 
with up to 75 percent nodular and bedded 
chert, microcrystalline quartz dis
seminated throughout; abundant small 
delicate brachiopod valves, Chonetes (?); 
crinoids; basal six feet less resistant 
than upper part; thickly bedded; a good 
marker bed............... .................. 38.

11. Biomicrosparite, medium dark gray (N4), 
weathers medium gray (N5); dark gray to 
black chert 2-5 percent; abundant horn

0

0

5

0
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corals( brachiopods and bryozoans in
upper beds; thickly, bedded. , , . , . . . 15.0

10. Biosparite, slightly cherty. and silty, 
dark gray (N3), weathers medium gray 
(N5); very finely to finely crystalline; 
very finely crystalline quartz replacing 
coarse-grained sparite rhombs and fossils,

. 2-3 percent chert, 3-5 percent sub- 
angular silt-size quartz, slightly 
carbonaceous, rare chlorite, rare heavy 
minerals of barite and hematite; for- 
aminifera, conodonts, euomphalids,
Dictyoclostus and abundant Archeocidaris
spines and plates in the lower middle
portion; corals and bryozoans in middle
part; thickly bedded to massive; lower
part resistant, middle forms slight
saddle and upper weathers to rounded
bench............... ...................... 173.0

9. Packed brachiopod biomicrudite, cherty, 
medium dark gray (N4), weathers medium 
gray (N5); 15-25 percent nodular and 
finely disseminated chert, dark gray 
(N3), weathers moderate yellowish brown 
(10YR5/4); abundant Dictyoclostus in 
upper lower part, scattered bryozoans 
and Actinocoelia, rare Meekella; thinly 
to very thickly bedded; very resistant 
and forms sharp bench at top of Total 
Wreck Ridge; interbedded with a three- 
foot silty cherty recrystallized lime
stone bed 43 feet above the lower con
tact, medium dark gray (N4), weathers 
pale yellowish brown (10YR6/2) to mod
erate yellowish brown (10YR5/4); very 
finely to finely crystalline; 2-10 per
cent silt, 40 percent disseminated 
chert................................. 81.0

8. Silty brachiopod biomicrite, medium
gray (N5) with pale red (10R6/2) tinge, 
weathers medium light gray (N6) to 
light gray (N7); 50 percent silt-size 
quartz, sub-rounded, well sorted; three 
percent chert; thickly bedded to massive; 
less resistant than superjacent unit. . . . 14.7
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7. Cherty recrystallized limestone, light 

gray" (N7), weathers same; 30-50 percent 
chert, light brownish gray (5YR6/1) 
and black (Nl); two percent silt-size 
quartz, sub-angular; rare euhedral 
opaques; one bed......... ..................  3.5

6. Cherty biosparite, medium light gray
(N6) , weathers medium gray (N5)'; finely 
crystalline; chert 10-15 percent with 
some rare carbonaceous inclusions;
Dictyoclostus, corals, Bryozoa, and
Meekella; Actinocoelia as chert centers;
one bed. . ..................... .. 2.5

5. Microsparite, medium gray (N5), weathers 
medium light gray (N6); two percent 
chert, two percent silt-size quartz, 
rare opaques; thickly bedded...............  5.5

4. Cherty brachiopod biosparudite, medium 
gray (N5) with pale red (5R6/2) tinge, 
weathers same; finely crystalline; 
irregular laminae of chert about 10-15 
percent in upper five feet and about 
two percent below; large and small 
brachiopods, sponges and solitary 
corals; thickly bedded; resistant cliff- 
former............. ........................  9.0

3. Silty Actinocoelia biomicrosparite,
light brownish gray (5YR6/1) to grayish 
black (N2), weathers medium light gray 
(N6); up to 20 percent chert as nodules, 
brownish gray (5YR4/1) and yellowish 
gray (5Y7/2)? 10 percent medium silt;
Actinocoelia meandrina as centers of
some pinkish gray chert nodules; poorly
exposed..................................... 35.8

2. Dolomite, dark gray (N3), weathers
olive gray (5Y4/1) to medium gray (N5); 
very finely to medium crystalline; five 
percent calcite; rare pyrite cubes; one bed 1.0



• lt Dolomite, medium light gray (N6),
weathers dark yellowish brown (10XR 
4/2) to dark gray (N5); medium crys
talline; three percent calcite; one
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bed............................. I. 0
Total of complete Concha Limestone. . , . , . . . 515.5

PERMIAN
Scherrer Formation:

i
Orthoquartzite, light brownish gray (5YR6/1) and pale 
reddish brown (10R5/4), weathers moderate reddish brown 
(10R4/6); 98 percent very fine sand-size quartz; lam
inated to low angle tabular-planar cross-stratified; 
very resistant.



RAINVALLEY FORMATION

Base of section about 1000 feet"NJ 50° E. of the center 
of sec. 9, T. 18 S. , R. 17 E. , on top of SE'-trending 
spur. Section measured down the dip slope of Total 
Wreck Ridge in a S. 45° E. direction. Attitude N. 51° 
E., 47° SE.

CRETACEOUS
Glance Conglomerate (not measured):
Siltstone redbeds to limestone conglomerate, pale red 
(5R6/2), grayish red (5R4/2) and grayish red purple 
(5RP4/2); well sorted siltstone, medium to coarse silt- 
size angular quartz grains, cemented with abundant cal- 
cite, floating grain contacts; 2-3 percent hematite; 
grades laterally to limestone conglomerate filling 
paleo-channels, very silty, rare sub-rounded coarse 
sand-sized quartz, rounded carbonate intraclasts from 
sand- to boulder-size; some siltstone intraclasts; well 
cemented.

UNCONFORMITY
PERMIAN

Rainvalley Formation; Feet
11. Limestone, medium to light gray,

weathers same; folded, faulted and 
poorly exposed (not measured).

10. Orthoquartzite, pale red (10R6/2), 
weathers moderate brown (5YR4/4) to 
pale brown (5YR5/2); bimodal sorting,
10 percent medium sub-rounded sand- 
size quartz, 75 percent very fine sand 
with concave-convex boundaries, 15 per
cent calcite cement, one percent eu-
hedral hematite; two-foot beds........... .. 7.0

9. Aphanocrystalline dolomite, dark gray 
(N3), weathers medium gray (N5); two 
percent calcite; six-inch beds. . ........  2.5
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8, Orthoguartzite, pinkish gray (5YR8/1), 

weathers light brownish' gray C5YR6/1); 
very fine sand, sub-angular to sub
rounded, moderately well sorted; ce
mented in part by 5-7 percent calcite; 
other beds with bimodally sorted very 
fine sand- and medium sand-size quartz; 
low angle cross-stratified. Inter
calated with aphanocrystalline intra- 
clastic dolomite and aphanocrystalline 
dolomite, dark reddish brown (10R4/6) 
to black (Nl) and grayish red (10R4/2), 
weathers pale red (5R6/2); 2-3 percent 
silt-size quartz, 1-2 percent calcite, 
two percent euhedral hematite; strongly 
iron-stained; intraclasts of black 
dolomite; forms gentle slope...............  5.8

7. Cherty recrystallized limestone, medium 
dark gray (N4) to dark gray (N3), 
weathers medium gray (N5); very finely 
to finely crystalline; common pink 
chert nodules; 1.5 foot beds. . . . . . . .  5.5

6. Dolomitized intraclastic dismicrite, 
black (Nl), weathers dark gray (N3) 
and pale yellowish brown (10YR6/2);
40 percent very finely crystalline
dolomite; thinly bedded....................  3.5

5. Packed biomicrite, slightly silty,
light brownish gray (5YR6/1) and dark 

• gray (N3), weathers medium gray (N5); 
five percent poorly sorted, sub-angular 
to sub-rounded, medium silt- to medium 
sand-size quartz; bedded shell hash 
with micro-laminae; grades into super
jacent unit; one-foot beds........... .. 2.0

4, Orthoquartzite, pale red (5R6/2) to
light brownish gray (5YR6/1), weathers 
same; very fine sand-sized quartz, rare 
medium sand-sized quartz; concave-convex 
to straight grain boundaries; one percent 
subhedral hematite blebs; non-resistant;
1.0-foot beds............................... 6.5
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'• 3, Polomitized, silty, packed biojnic^udite, 

jnaedium; gray CN5) , weathers pale yellow
ish brown (,ipyjR6/2) ; 25-4 0 percent cal- 
cite, 45 percent aphanocrystalline dolo
mite, 15-30 percent moderately sorted 
silt- and very fine sand-size quartz, 
sub-angular; fossil hash replaced by 
coarsely crystalline sparite which 
weathers out conspicuously darker than 
cement; common calcite geodes; small 
brachiopods and crinoid stems; one bed. . . 3.0

2. Biomicrosparite, dark gray (N3) to gray
ish black (N2), weathers medium dark gray 
(N4); two percent sub-angular silt-size 
quartz, up to five percent finely dis
seminated chert replacing sparite; 
slightly carbonaceous; rare iron blebs; 
massive, ....................... ............ 5.0

1. Fossiliferous microsparite to micro- 
sparite, grayish black (N2) to dark 
gray (N3), weathers medium gray (N5); 
slightly dolomitic in zones; Dictyo- 
clbstus occidentalis, solitary corals, 
large and small gastropods and bryozoans 
mostly in lower one-half with basal 10 
feet very fossiliferous; thickly bedded;
forms rounded spur on dip slope........ .. . 105,0

Total of incomplete Rainvalley........  . . . . . 145.8
Total of incomplete Permian........... .. . . . .2581.2

PERMIAN
Concha Limestone:

Biosparite, black (Nl), weathers medium 
dark gray (N4); finely crystalline; vari
able chert content which is mostly white 
to brown and black. Fossils include 
Dictyoclostus occidentalis, Meekella, 
Phricodothyns, pelecypods, crinoid stems, 
echinoid stems and plates. Bellerophontid 
gastropods, Bryozoa, corals, and a dis
tinctive Composite marker zone 2.2 feet 
below upper contact; thickly bedded; 
raspy weathering.
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Fig. 45. Dictyoclostus occidentalis.
All illustrations lx unless noted otherwise. 
#2, 0.8x; #3, 0,5x; #5, 0.7x; #8, 0.5x;
#12, 1.2x; #15, 0.8x; #16, 0.8x; #17, 0.7x; 
#18, 0.7x; #21, 1.3x.
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Fig. 45. Dictyoclostus occidentalis.



Fig. 46. Dictyoclostus bassi.
All illustrations lx unless noted otherwise, 
#1, 0.8x; #2, 0,6x; #3, 0.5x; #4f 0.8x;
#5, 0.7x; #8, 1.2x; #9, 0.7x? #10, 1.2x;
#11, 1.2x.
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Fig, 46. Dictyoclostus bassi.



Fig. 47. Composita and Phricodothyris.
All illustrations lx unless noted otherwise.
#lf Composite arizonica;
#2-3, Composite subtilita, #3, 0.6x;
#4, Composite mexicana;
#5-14, Composita subtilita, #5, 1.3x; #6, 1.3x: 
#9, 2.Ox; #10, 1.2x; #13, 1.2x; #14, 1.3x;
#15-16,Composite mexicana, #16, 1.2x;
#17, Composita subtilita;
#18-24, Composite mexicana, #18, 1.2x; #19, 
1.2x; #20, 1,8x; #21, 1.6x; #22, 1.8x; #23,
2.Ox; #24, 2.Ox;
#25-33, Phricodothyris, #30, 1.3x,
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Fig. 47. Composita and Phricodothyris.



Fig. 48.
All illustrations lx unless noted otherwise.
#1, Archaeocidaris spines, scale is 7 cm.?
#2-3, Archaeocidaris plates, scale is 6 cm.;
#3, 3x;
#4-8, rhynchonellid brachiopods, #6, 1.5x;
#7, 1.2x; #8, 1.4x?
#9, Avonia;
#10, Prorichtofenia uddeni on bryozoan, 3x;
#11, Dictyoclostus bassi (top) attached to 
Meekella grandis, 0.5x;
#12, Meekella grandis;

Archaeocidaris, Meekella, and small brachiopods.

#13-14, Meekella.
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Fig. 48. Archaeocidaris, Meekellaf and small brachiopods.



Fig. 49. Bryozoans.
All illustrations lx unless noted otherwise. 
#1-4, Fistulipora? #3, 0.7x;
#5-6, Polypora;
#7-16, Fistulipora; #8, 0.4x; #9, 0,5x; #14, 
3.Ox; #15, 0.5x.
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Fig. 49. Bryozoans.



All illustrations lx unless noted otherwise. 
#1-6, Parafusulina empirensis,. all 7-9x?
#7, Actinocoelia meandrina;
#8-10, Dibunophyllum (?);

Fig. 50, Fusulinids, sponge, and corals.

#11-20, Lophophyllidium, #11, 1.2x; #12, l,2x.
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Fig. 50. Fusulinids, sponge, and corals.



Crinoid columnals and gastropods.
All illustrations lx unless noted otherwise. 
#1-4, Star-shaped crinoid columnals, 2.5x?
#5-7, Round crinoid columnals;
#8, Aclisina sp., 2x;
#9-10, Baylea, #9, 3x; #10, 2.5x;
#11, Meekospira (?), 3x;
#12-13, Cibecuia, both 2.5x;
#14., Shansiella, 3x;
#15, Ananius, 3x;
#16, Orthonema (?):
#17-22, Euomphalus pernodosus, #20, 0.5x;
#23-27, bellerophontid gastropods, #23, 0.7x; 
#26., 1.3x.
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Fig. 51. Crinoid columnals and gastropods.
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