
Devonian stratigraphy and paleogeography in Gila,
Graham, Greenlee, and Pinal Counties, Arizona

Item Type text; Dissertation-Reproduction (electronic); maps

Authors Pine, Gordon Leroy, 1938-

Publisher The University of Arizona.

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

Download date 24/05/2023 20:15:40

Link to Item http://hdl.handle.net/10150/565166

http://hdl.handle.net/10150/565166


DEVONIAN. STRATIGRAPHY AND PALEOGEOGRAPHY IN 
GILA, GRAHAM, GREENLEE, AND PINAL COUNTIES, ARIZONA

by
Gordon Leroy Pine

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF GEOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College

THE UNIVERSITY OF ARIZONA

1968



THE UNIVERSITY OF ARIZONA

GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my

direction by Gordon Lerov Pine________________________
entitled Devonian Stratigraphy and Paleogengraphy in

Gila, Graham. Greenlee, and Pinal Counties; Arlynna 
be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy_____________________________

/s\ /l&r

After inspection of the dissertation, the following members 

of the Final Examination Committee concur in its approval and 

recommend its acceptance:*

*This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination.



STATEMENT BY AUTHOR

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at 
The University of Arizona and is deposited in the 
University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this dissertation are 
allowable without special permission, provided that 
accurate acknowledgment of source is made. Requests 
for permission for extended quotation from or reproduction 
of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the 
Graduate College when in his judgment the proposed use 
of the material is in the interests of scholarship. In 
all other instances, however, permission must be obtained 
from the author.

SIGNED: If



ACKNOWLEDGMENTS

The support'that the writer received from various 
individuals and companies during this investigation is 
greatly appreciated. Field expenses during the spring 
and summer of 1966 were defrayed by Miami Copper Company, 
Miami, Arizona; and while at the University of Arizona, 
the writer received the Bert S. Butler Scholarship and 
a National Science Foundation Summer Traineeship.

Dr. Joseph F. Schreiber, Jr., directed this in
vestigation and aided in the final preparation of this 
manuscript and photomicrographs. Drs. D. L. Bryant, E. B. 
Mayo, W. D. Pye, and R. F. Wilson also critically read 
and reviewed the manuscript. Dr. H. W. Pierce, Arizona 
Bureau of Mines, provided the author with well logs and 
additional information. The writer had frequent dis
cussions with other faculty members and fellow graduate 
students; their assistance is greatly appreciated.

The writer is indebted to K. E. Ford, R. B. 
Lodewick, D. V. Perry, and M. H. Summers for their 
companionship and help during field examinations, and 
to F. L. Anderson who aided in the preparation of thin 
sections. To my wife Tobi, for her constant and valuable 
assistance and patience, I will be forever grateful.

iii



TABLE OF CONTENTS

LIST OF ILLUSTRATIONS............................... vii
LIST OF TABLES................... ..................  ix
ABSTRACT................. ..........................  X
INTRODUCTION. ..................... ..................  1

Area and Purpose of Investigation........... 1
PREVIOUS WORK AND DEVELOPMENT OF NOMENCLATURE......  5
FIELD METHODS AND LABORATORY TECHNIQUES............  10

Field Methods............................... 10
Laboratory Techniques................ ...... 11

Description.... .......................  11
Staining............................... 14
Insoluble residue...................... 16
X-ray diffraction.......... ........... l6
EDTA (versenate titration)............  17

STRATIGRAPHY OF THE MARTIN FORMATION. . .............. 19
General Statement...........................  19
Nature of the Lower Contact................  20
Beckers Butte Member........................ 22

General description and petrology...... 22
Origin and mode of deposition.........  30

Fetid Dolomite Unit of the Jerome Member.... 34
General description and petrology.....  34
Origin and mode of deposition.........  38

Page

iv



V

Aphanitic Dolomite Unit of the Jerome
Member................................    45

General description and petrology.....  45
Origin and mode of deposition............  54

Upper Unit of the Jerome Member...............  63
General description and petrology........ 63
Origin and mode of deposition...;........ 75

Nature of the Upper Contact...................  88

STRATIGRAPHY OF THE MORENCI • SHALE...................... 90

General Statement.............................  90
Nature of the Lower and Upper Contacts.....  9°
General Description and Petrology.............. 92
Origin and Mode of Deposition.................  97

AGE AND CORRELATION............................  100
PALEOGEOGRAPHY........................................  115

General Statement.............................  115
Devonian Paleogeologic Map............... . . 117
Stratigraphic Cross Sections........;......  118

Devonian Isopach Map Excluding Beckers
Butte Member........................  120

Lithofacies Maps..............................  121
General statement........................  121
Lithofacies and distribution of the

Beckers Butte Member................... 122

TABLE OF CONTENTS--Continued

Page



Page

Percent terrigenous material in 
Devonian strata excluding Beckers
Butte Member............   124

Percent limestone to total carbonate 
in Devonian strata excluding Beckers
Butte Member..................   126

Sand-shale ratio in Devonian strata
excluding Beckers Butte Member......  128

Summary............    130
APPENDIX. LOCATION AND DESCRIPTION OF STRATIGRAPHIC

SECTIONS............................... 139
REFERENCES CITED....................................  296

vi
TABLE OF CONTENTS--Continued



LIST OF ILLUSTRATIONS

1 Index Map Showing Area of Study and
Locality of Stratigraphic Sections.......  2

2 Relationship of MgO and Insoluble Residue
Content of the Beckers Butte Member and
the Fetid Dolomite Unit..................  29

3 Photomicrographs: Beckers Butte Member
and Fetid Dolomite Unit..................  32

4 Photomicrographs: Fetid Dolomite Unit
and Aphanitic Dolomite Unit................ 37

5 Photomicrographs: Aphanitic Dolomite Unit
and Upper Unit............................ 50

6 Relationship of MgO and Insoluble Residue
Content of the Aphanitic Dolomite Unit
and the Upper Unit........................ 53

7 Photomicrographs: Upper Unit...............  66
8 Photomicrographs: Upper Unit...............  69

9 Photomicrographs: Upper Unit...............  78

Figure Page

10 Relationship of MgO and Insoluble Residue
Content.of the Morenci Shale............ . 9^

11 Relationship of MgO and Insoluble Residue
Content of the Martin Formation..........  132

Plates

1 Devonian Paleogeologic Map in
pocket

vii



viii

Plates

2 Lithofacies and Distribution of the Beckers
Butte Member......... ....................  inpocket

3 Stratigraphic Cross Section A-A1    .......  in
pocket

4 Stratigraphic Cross Section B-B'...........  in
pocket

5 Devonian Isopach Map Excluding Beckers
Butte Member..............................  inpocket

6 Correlation of Devonian Strata in Central
and Southern Arizona...............   inpocket

7 Percent Terrigenous Material in Devonian
Strata Excluding Beckers Butte Member....  inpocket

8 Percent Limestone to Total Carbonate in
Devonian Strata Excluding Beckers Butte
Member............    inpocket

o Sand-Shale Ratio in Devonian Strata
Excluding Beckers Butte Member...........  in

pocket

LIST OF ILLUSTRATIONS--Continued



LIST OF TABLES

1 Carbonate Terminology............ .......... 11
2 Modifying Terrigenous Terms for Impure

Carbonates, Conglomerates, Sandstones,
and Finer Grained Rocks................ .. -13

Table Page

ix



ABSTRACT

Twenty four localities were examined for 
Devonian strata in east-central Arizona. At these 
localities the Devonian strata present were measured, 
described, and samples collected for subsequent labora 
tory studies.

The study indicates that a topographic high 
separates the Devonian strata in the study area into 
eastern and western portions. The predominantly 
terrigenous Morenci Shale occurs in the eastern half 
while the predominantly carbonate (dolomite) Martin 
Formation occurs in the western half of the area.

Carbonate beds locally occur at the base of 
the Morenci Shale, but no formational name is given . 
to these beds. The Martin Formation includes a lower 
Beckers Butte Member and an upper Jerome Member. The 
Jerome Member is divisible into a fetid dolomite unit, 
an aphanitic dolomite unit, and an upper unit.

The Morenci Shale, which ranges from 140 to 
about 225 feet in thickness, overlies the Cambrian 
Abrigo Formation and Ordovician Longfellow Limestone, 
and is overlain by the Mississippian Modoc Limestone.
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The Martin Formation, which ranges from 80 to 460 feet 
in thickness, overlies the Cambrian Abrigo Formation 
and Bolsa Quartzite in the south, and the Precambrian 
Troy Quartzite and Dripping Spring Quartzite in the 
north. The Martin Formation is overlain by the 
Mississippian Escabrosa Limestone. Both lower and 
upper contacts of the Devonian strata, with one exception, 
have no relief. The Martin Formation thins to the east 
and south and is also thinner near Globe, whereas the 
Morenci Shale thins to the west because of the topographic 
high which divides the study area.

The Martin Formation represents a gradual marine 
transgression, probably from the west, as indicated by 
the change from a possible supratidal and intertidal 
(fetid dolomite unit) to a subtidal (upper unit) environ
ment. The seas transgressed a region characterized by 
low relief except for a few local areas of high relief.
The abundance of material that was formerly a carbonate 
mud indicates the environment of deposition was prob
ably a warm shallow sea with little current activity or 
turbulence. The Morenci Shale was probably deposited 
in a subtidal environment, and represents an influx of 
terrigenous material from the Defiance Positive area.



All dolomite in the Devonian strata was produced 
by the replacement of original aragonitic or calcitic 
material, and is therefore considered secondary dolomite. 
The original carbonate material was probably dolomitized 
by seepage of magnesium-rich waters. Magnesium enrich
ment of sea water is produced by evaporation and also 
precipitation of calcium.

Sources of terrigenous material occurred within 
and north of the study area. The highs in the vicinity 
of Bylas and Globe supplied some terrigenous material. 
Another high may have existed close to the northwestern 
border of the study area. The Defiance Positive area 
and its associated highs were probably the main source 
of terrigenous material in the. study area. The majority 
of the material is clay-, silt-, and very fine sand-size, 
which implies sources of low relief.

The oldest Devonian strata are in east-central 
Arizona while the youngest strata are close to the Arizona- 
New Mexico border near Clifton-Morenci. The Martin Forma
tion ranges from Middle Devonian to Upper Devonian 
(Chemung Age); the Martin Limestone is of Fingerlake 
and Chemung Age. Thus, the Martin Limestone in south
eastern Arizona is equivalent only to the upper portion
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of the Martin Formation in the east-central part of the 
state. The Morenci Shale may be equivalent to the Box 
Member of the Percha Shale of southwestern New Mexico.
If this is so, the Morenci Shale represents the youngest 
Devonian rocks (at least Cassadaga and probably Conewango 
Age) in east-central and southeastern Arizona.



INTRODUCTION

Area and Purpose of Investigation

The Devonian strata studied in this investiga
tion occur in an area whose northern boundary is a few 
miles north of Globe-Miami, whose southern boundary is 
a few miles north of Mammoth, whose eastern boundary 
is a few miles east of Morenci, and whose western bound
ary is a few miles west of Superior, Arizona (Figure l). 
This area is between those studied by Wright (1964) in 
southeastern Arizona and Teichert (1965) in central 
Arizona.

Prior to 1964, most of the work dealing with 
regional correlation of Devonian strata in Arizona had 
been done without extensive petrographic analyses.
This work was also done prior to much of the now pub
lished data on carbonate deposition and diagenesis.
The present study is primarily a petrographic investiga
tion of the Devonian strata in the area of interest.

One of the most controversial subjects in Arizona 
geology is the extent or even existence of a landmass of 
Paleozoic age in central Arizona proposed and named

1



Figure 1 Index Map Showing Area of Study and 
Locality of Stratigraphic Sections

1. Apache Trail 13. Kelly Camp
2 . Arnett Creek 14. Morenci (Stargo)
3. Calva 15. Pinal Creek
4. Castle Dome VOH Point of Pines
5. Coolidge'Dam £ Putnam Wash
6 . Copper Reef Mountain 18. Ranch Creek
7. Globe Hills 19. Ray
8. Highway 77 dCVJ Roblas Canyon
9. Highway 666 2 1. San Francisco 

River
1 0. Holy Joe Peak 2 2. Sleeping Beauty
1 1. Jim Thomas Wash 23. Steamboat

Mountain
1 2. Job Corps Camp 24. Superior
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Mazatzal Land by Stoyanow (1936, p. 462). EardleyL(1951, 
Plate 3) Indicated that Devonian strata were deposited 
in almost all of Arizona except for the extreme south
western, northeastern, and eastern portions of the 
state. The plate indicated only that the strata were 
less than 1000 feet thick. Eardley proposed the name 
Arizona Sag for that portion of central Arizona that 
received sediments in Devonian time. McKee (1951> p.
487) stated that contour patterns fail to indicate 
that a Devonian landmass existed in central Arizona. 
However, he also stated that in the region some ancient 
hills project completely through Cambrian rocks and 
into deposits of Devonian and Mississippian age. Huddle 
and Dobrovolny (1952, p. 8l) concluded that during 
Devonian time a large island with three prongs extend
ing in a northeasterly direction existed in central- 
Arizona. LeMone (1959, p. 6l) stated, "It [Matzatzal 
Land] probably represents only a few islands in-the 
Devonian sea lying off the west coast of the positive 
of major proportions in the general Four Corners region". 
Eardley (1962, Fig. 6 .5) changed his interpretation of 
Devonian paleogeography in Arizona. He showed that 
most of Arizona received less than 500 feet of Devonian 
sediments, and proposed the existence of a positive



area in the northeastern part of the state. An island 
(Mazatzal Island) was indicated in the central part of 
the state near Phoenix. Teichert (1965, p. 9 6) denied 
the existence of any landmass in central Arizona during 
Devonian time; however, his work indicated that two 
small islands existed, one near Pine and the other a 
few miles north of Young.

In his area of study, Wright (1964, p. 9 0) _
stated that the percent terrigenous material increased 
in the northern and. far western portions. Teichert 
(1965, p. 9 7) mentioned that the probable source of 
the terrigenous material at his Theodore Roosevelt Dam 
and Windy Point localities was to the east or south
east.

It is the purpose of this report to determine 
if any landmass in central Arizona influenced Devonian 
sedimentation in the study area. An attempt is also 
made to locate source areas or highs, and to show-the., 
stratigraphic relationships of the Devonian strata in 
east-central and southeastern Arizona.



PREVIOUS WORK AND DEVELOPMENT OF NOMENCLATURE

Most of the previous work done in the area has 
been concerned primarily with economic mineral deposits, 
or mapping and geologic interpretation of a quadrangle 
associated with a mineralized district.

Ransome (1903, p. 39) was the first to recog
nize Devonian strata in the region. He proposed the 
name Globe Limestone for predominantly carbonate strata 
above the older quartzites; these carbonates were be
lieved to be of Devonian and Mississippian age. Ransome 
(1916, p. 142), after his study of the Ray and Miami 
areas, extended the name Martin Limestone into these 
areas from Bisbee, and proposed that the lower portion 
of the Globe Limestone be called the Martin Limestone.

Stoyanow (1936, p. 489) proposed the names 
Lower Ouray Limestone (upper 54 feet) and Martin Lime
stone (remainder of the section) for the Devonian strata 
exposed along Pinal Creek (section 15 of this study) 
that had previously been described by Stauffer (1928). 
However, Stoyanow (1936, p. 492) doubted the applic
ability of the term "limestone" because of the arena
ceous nature of the strata. Stoyanow (1936, p. 489)

5
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mentioned the occurrence of Spirifer iowensis Owen in 
limestone, and fish teeth in quartzitic sandstone beneath 
the Martin Limestone at Superior. He implied that these 
beds should be called the Picacho de Calera Formation.

Short and others (1943, p. 26) used the name 
Martin Limestone for the Devonian strata in the Superior 
area. They divided the limestone into: a lower dolomite,
a middle yellow limestone, and an upper yellow shale: 
member. Harshman (in Short and others, 1943, p. 2?) 
proposed that the lower portion of the Martin Limestone 
be called the Crook Formation, with the remaining middle 
and upper members called the Martin Limestone. This 
nomenclature has not been followed.

Peterson, Gilbert, and Quick (1951, p. 19) used 
the name Martin Limestone for the Devonian rocks near 
the Castle Dome Mine. Although they noted that the 
limestone could be subdivided into units which occurredd 
throughout the area, they made no formal subdivisions.
They also noted that the thickness of the Devonian 
strata was quite varied, but they only worked near'-the 
Castle Dome Mine. ' ; InV-c

Huddle and Dobrovolny (1952, p. 73), in their 
investigation of Devonian strata in east-central Arizona, 
used the name Martin Formation rather than Martin Limestone



because of the varied lithology. They divided the 
Martin Formation into three members: a lower member
composed mostly of dolomite; a middle member of sand
stone, limestone, and dolomite; and an upper member 
of terrigenous and carbonate material.

Bromfield and Shride (1956), in their investi
gation on the San Carlos Indian Reservation, used the 
name Martin Limestone for Devonian strata. They made 
no detailed investigations of the sedimentary rocks 
of the reservation because they were mainly interested 
in an evaluation of the mineral resources of the re
gion.

LeMone (1959)> in his regional study of Devonian 
rocks, used the term Martin Formation. He divided the 
formation into calcareous and dolomitic facies; the 
.dolomitic facies occurs in the area covered by this 
study. LeMone noted that the dolomitic facies contained 
terrigenous material and also some limestone.

Willden (1964, p. 22), in his study of the 
Christmas quadrangle, used the name Martin Formation 
for the Devonian strata. He divided the formation into 
two units: a lower unit composed predominantly of
dolomite with some limestone and sandy dolomite, and 
an upper unit composed of shale. Because he was



concerned with the Christmas quadrangle only, Willden 
made no regional investigations of the Martin Formation.

Conrad (196A) studied the nature of the older 
rock-Devonian contact in Gila County. Conrad examined 
and measured the lowermost portion of the Martin Forma
tion at four localities. He did not examine or measure 
the carbonate strata overlying the lowermost terrige
nous material, and based his correlations on previously 
published data.

Teichert (1965) studied the Devonian strata in 
central Arizona. His work included only one locality 
in the area of this study, but he did use previously 
described sections in the region for his final inter
pretation. Teichert (1965, p. 16) used the name Martin 
Formation for Devonian strata. He divided the forma
tion into the Beckers Butte Member and the Jerome Member. 
The Jerome Member was divided into three units: a fetid
dolomite unit, an aphanitic dolomite unit, and an upper 
unit composed of both terrigenous and carbonate strata. 
Teichert1s nomenclature is followed by the writer in 
this investigation.

Lindgren (1905, p. 6 6) used the term Morenci 
Shale for the Devonian rocks exposed in and near Clifton- 
More nci. Since then no additional work dealing primarily
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with the terrigenous and carbonate Devonian strata near 
Clifton-Morenci has been published. In the eastern 
portion of the present study area, Lindgren's termino
logy is used.



FIELD METHODS AND LABORATORY TECHNIQUES 

Field Methods

In this study, 24 localities were examined for 
exposures of Devonian strata (Figure l). One of these 
contained no Devonian strata, and three contained only 
incomplete Devonian sections; the remaining 20 were 
complete sections.

The stratigraphic sections were measured using 
a Jacob’s staff and clinometer. The usual procedure 
was to measure a stratigraphic thickness of 25 feet 
marking each five foot increment, and flagging every 
25 foot increment.

Samples were collected using the five foot in
crement markers as guides. Samples were taken from 
each distinct lithologic unit; however, if a unit was 
rather thick (25 feet) several samples were obtained 
at 10 to 15 foot intervals. Approximately 1100 samples 
were collected for laboratory analyses. Each sample 
was marked with a strike and dip symbol which was used 
in cutting slabs for thin sections at right angles to 
the strike and also in determining stratigraphic top.

10



If possible both fresh and weathered samples
were collected. Only weathered samples generally could 
be collected in the less resistant rocks.

Description

The classification used in this investigation 
is essentially the one proposed by Folk (1959) with a 
few minor additions. The reader is referred to the 
original and subsequent articles (Folk, 1959# 1962, and 
1965) as no attempt will be made to summarize Folk's 
classification.

Since the composition of the carbonate content 
of the rocks in the Devonian strata is extremely varied, 
the terminology used must signify this variation (Table 
l). If the rock is a dolomitic limestone or calcitic

Laboratory Techniques

Table 1 Carbonate Terminology

Percent Calcite Name
95-10CK
90-9550-90
10-505-10
>0-5

Very slightly dolomitic limestone 
Slightly dolomitic limestone 
Dolomitic limestone 
Calcitic dolomite 
Slightly calcitic dolomite 
Very slightly calcitic dolomite



dolomite, the actual percentage of dolomite or calcite 
is given in the description of measured sections 
(Appendix). Of course, if the rock contains only one 
carbonate mineral, then no modifying term is used.

Folk considers all carbonates with less than 
10 percent terrigenous material as pure carbonates, and 
rocks with 10 percent to 50 percent terrigenous material 
as impure carbonates. For impure carbonates, the car
bonate term is modified by the appropriate terrigenous 
name. For example, a limestone or dolomite containing 
more than 10 percent but less than 50 percent sand-size 
quartz, is called a sandy limestone or sandy dolomite.

In this investigation the terrigenous material 
in impure carbonates is grouped into classes depending 
on percent and grain size (Table 2). In all samples - 
where the terrigenous percentage is between 10 percent 
and 50 percent, the actual percentage is given in the 
description of measured sections (Appendix). If a car
bonate rock contains no terrigenous material, then no 
modifying term is used.

Folk's classification of terrigenous rocks is 
also used in this investigation. Again, the names are 
modified with an appropriate term depending on the per
cent of the various size components present following
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Table 2 Modifying Terrigenous Terms for Impure 

Carbonates, Conglomerates, Sandstones, 
and Finer Grained Rocks.

Grain Size Percent Terrigenous Material
>0-5 5-10 10-50

Conglomerate Very
slightly
conglom
eratic

Slightly
conglomeratic

Conglom
eratic

Sand Very
slightly
sandy

Slightly
sandy

Sandy

Silt Very
slightly
silty

Slightly
silty

Silty

Clay Very
slightly
clayey

Slightly
clayey

Clayey

the scheme in Table 2. In those samples where the rock 
contains between 10 percent and 50 percent of the modify
ing clastic material, the actual percentage is given in 
the description of measured sections (Appendix).

Approximately TOO thin sections were prepared. 
Traverses of thin sections were spaced 2.0 mm apart, and 
the distance between points along a traverse was 0 .5 mm. 
Initial work indicated that only 200 points were required 
to give satisfactory statistical sampling. Four to 
eight traverses usually produced the desired number



of points. With some thin sections, the traverse dis
tance was reduced to 1.0 mm to obtain the desired number 
of points.

The thin sections were examined for composition 
and textural features. Thin sections of homogeneous 
composition were not point-counted for composition; 
they were examined for textural features only. On some 
thin sections, two point-counts were made on a single 
thin section; one for composition, and the other for 
textural features. All compositional counting was done 
with high magnification, whereas textural studies were 
done with low, medium, and high magnification depending 
on the characteristics of the specimen.

The rock descriptions and names in the appendix 
are based primarily on the binocular and petrographic 
examinations.

Staining

The optical properties of calcite and dolomite 
are very similar, thus staining seemed necessary to 
permit easy identification of the minerals. Ideally, 
to prevent the obliteration of minute textural fea
tures, one should use a stain which is specific for
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the least abundant mineral. However, because Gerrard 
(1964, p. 6 2) had difficulty using dolomite-specific 
stains, no attempt was made to use such a stain.

Friedman (1959) and Warne (1962) have discussed 
methods used in staining carbonate minerals. In this 
investigation the staining technique of Dickson (1965) 
was used. The method consists of three steps: 1. acid
etching, 2. staining with an acidic solution of alizarine 
red-S and potassium ferricyanide, and 3. staining with 
an acidic solution of alizarine red-S.

Fifty ml beakers were partially filled with the 
solutions and served as receptacles for the thin sec
tion during acid etching and staining. The solution 
levels were maintained at such a point that about one- 
fourth of the thin section remained above the fluid sur
face and was unstained. This was done so that both 
stained and unstained parts of the thin section could 
be examined if desired.

Dickson’s (1965) staining technique seems better 
than that of Friedman because it is not calcite specific. 
After staining calcite is pink to red, ferroan calcite 
is mauve to purple to royal blue, dolomite is colorless, 
and ferroan dolomite is pale to deep turquoise. The 
color differentiation greatly aided textural analysis
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because fossil fragments (usually calcite) were easily 
distinguished from the matrix (usually ferroan calcite, 
dolomite, or both), and cavity fillings and crystal 
growths were very pronounced.

Insoluble residue

Approximately 100 samples were treated for in
soluble residue content. About 30 gras of the specimens 
to be analyzed were broken up; the carbonate was dis
solved using 10 percent hydrochloric acid.

Because the majority of the insoluble residue 
was very fine grained, binocular microscope examina
tion was impractical. The residues were examined by 
using petrographic slides, with the grains mounted in 
water, and a standard Lietz polarizing microscope.
The samples were sieved using a 4 phi sieve. The mate
rial passing through the sieve was analyzed by X-ray 
diffraction methods.

X-ray diffraction

Approximately l80 samples were analyzed by X-ray 
diffraction techniques employing a Norelco X-ray dif
fraction unit with a scanning goniometer. All samples 
were analyzed under the following conditions: Ni-filtered,
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copper radiation at 40 kilovolts and 20 milliamps, slit 
system of 1°, and a scanning rate of 2° 2 theta per 
minute.

Samples analyzed included silt-size and finer 
grained insoluble residue, slabs of the fine-grained 
terrigenous rocks, oriented slides of clay-size frac
tions, whole rock samples crushed and sieved to silt- 
size and less, and a few thin sections. The slabs were 
prepared by dry sanding one side of a small chip (about 
1 cm by 1 .5 cm by 4 mm) with coarse sandpaper, then 
No. 400 emery paper, until a smooth flat surface was 
obtained.

The X-ray diffraction technique using the methods 
of Warshaw and Roy (1961) were used in a qualitative 
manner only. An attempt was made to determine insoluble 
residue content by comparing whole rock diffraction 
patterns and insoluble residue data from acid treatment. 
Although the results were not satisfactory, a general 
trend did occur on a graph of peak intensities of quartz 
plus illlte-like clay versus insoluble residue content.

EDTA (versenate titration)

Approximately 135 samples were analyzed for CaO 
and MgO content using the versenate titration technique.



The technique used in this investigation follows that 
of Cheng, Kurtz, and Bray (1952, p. 1640); however, a 
few minor changes were made after checking the technique 
of Bisque (1961).

These changes included the addition of a few 
drops of hydroxylamine hydrochloride solution and a few 
drops of potassium cyanide solution to the beaker after 
addition of the appropriate buffer solution. The 
hydroxylamine hydrochloride and potassium cyanide either 
reduce or complex interfering elements to prevent them 
from reacting with the EDTA solution. The indicator 
used for the calcium determination was CalVer II rather 
than a mixture of potassium sulfate and murexide.



STRATIGRAPHY OP THE MARTIN FORMATION 

General Statement

The Devonian Martin Formation is exposed in 
the western portion of the study area. Outcrops are 
present in elongate belts on the flanks of mountain 
ranges. The Martin Formation has a low resistance to 
weathering; therefore it generally forms a slope be
tween more resistant underlying PreCambrian and Cambrian 
rocks and overlying Mississippian rocks.

In the area of study the Martin Formation ranges 
from 80 to 460 feet in thickness. This extreme range 
in thickness is a reflection of the relief of the sur
face upon which Devonian sediments were deposited, and 
not a reflection of erosion after deposition. Only the 
upper unit of the Jerome Member of the Martin Formation 
occur in the south-central and southwestern parts of 
the study area. Locally the upper unit may also be 
absent.

The Martin Formation is composed predominantly 
of dolomite. Although limestone and terrigenous strata 
are present, they are generally not very thick and are
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subordinate. An exception to this is the mud-shale 
unit in the extreme upper portion of the formation 
throughout the region.

Nature of the Lower Contact

The Martin Formation overlies rocks that range 
in age from Younger Precambrian to Cambrian (Plate l). 
Although the time gap between the Devonian and under
lying strata is quite long, in most places there is 
very little or no structural discordance between the 
rocks. The relief of the contact, where well exposed, 
is almost everywhere negligible except in a few places 
noted below.

Short and others (ig43, p. 26) reported that 
near Superior, Arizona, in the Donkey Canyon area at 
an elevation of 3950 feet, "...Martin limestone rests 
on an old irregular boulder-strewn surface of Troy 
quartzite".

Peterson, Gilbert, and Quick (1951* P. 18) 
reported that at Sleeping Beauty (section 22 of this 
study) the Martin Limestone ranges in thickness from 
150 to 350 feet; this variation occurs in a horizontal 
distance of 2000 feet. They also noted that where the 
limestone is thin all lithologic units are recognizable.



although correspondingly thinner, and most of the 
thinning occurs in the lower half of the limestone.
Also mentioned was the occurrence of a basal conglome
rate in places where the Martin Limestone is thick.

Huddle and Dobrovolny (1952, p. 77) reported 
that the basal sandstone at Gold Gulch (near section 
4 of this investigation) averages 20 feet in thickness 
but locally may be as much as 200 feet thick in places 
where the sandstone fills a pre-Martin valley. Thus, 
"The pre-Martin surface must have had a local relief 
of at least 180 feet”.

The placing of the contact between the Devonian 
and underlying strata was based on lithologic changes 
rather than faunal evidence because of the paucity of 
fossils. The Martin Formation overlies Precambrian 
and Cambrian orthoquartzites north of Winkelman, except 
at Castle Dome, where a conglomerate of the Beckers 
Butte Member overlies a diabase sill. The grain size, 
sorting, and shape of the grains of the underlying 
older orthoquartzites are quite varied; however, they 
all have silica cement. The older orthoquartzites• 
contrast markedly with the impure carbonates and 
dolomitic cemented orthoquartzites of the Beckers 
Butte Member of the Martin Formation. In addition to



the lithologic change, the Beckers Butte Member is gen
erally less resistant to weathering than the underlying 
Precambrian and Cambrian orthoquartzites.

The Martin Formation overlies the Abrigo Forma
tion south of Winkelman. The Abrigo Formation consists 
of impure dolomite and dolomitic orthoquartzite. These 
strata contrast markedly with the mud-shale and finer 
crystalline carbonate rocks of the overlying upper unit 
of the Jerome Member.

Beckers Butte Member 

General description and petrology

The Beckers Butte Member of the Martin Forma
tion does not occur at all localities where Devonian 
strata are exposed (Plate 2). The member is present 
only north of Winkelman and northwest of Coolidge Dam. 
North of Winkelman, the member is absent at the 
Coolidge Dam, Copper Reef Mountain, and Globe Hills 
localities, and is only questionably present at the 
Apache Trail locality. The presence of the Beckers 
Butte Member could not be determined at the Pinal 
Creek locality because the lower portion of the Martin 
Formation is covered.



The fresh and weathered color of the member is 
quite varied; red, orange, yellow, and brown hues are 
dominant (5R, 5Y, 5YR, 10R, 10Y, and 10YR) (Goddard 
and others, 1951). The most common colors on fresh 
surfaces are grayish red (5R 4/2), moderate red (5R 
5/4), and pale red (10R 6/2). The dominant colors of 
weathered surfaces are pale red (10R 6/2), grayish 
orange (10YR 7/4), and grayish red (5^ 4/2).

The member is characterized by thin and very 
thin bedding (bedding terminology follows that of McKee 
and Weir, 1953). Relative resistance to weathering 
differs markedly among strata in the member, and ranges 
from low to high. Most of the strata have low to 
moderate resistance, and are only moderately well ex
posed. In this investigation the writer's own termi
nology is used to express resistance to weathering. 
Strata of low resistance form slopes, whereas highly 
resistant strata form cliffs, and moderately resistant 
strata give rise to intermediate topographic forms.

The thickness of the Beckers Butte Member in 
the study area is quite variable; minimum and maximum 
thicknesses are 15 and 90 feet. Generally the member 
is from 20 to 30 feet thick.
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The greater thickness of the Beckers Butte Mem

ber at Castle Dome, Sleeping Beauty, and Steamboat 
Mountain suggests that the member at these localities 
consists of channel-fill deposits similar to those 
reported by Teichert (ig6$, p. 21). Perhaps the best 
exposed channel fill crops out just north of the study 
area east of Theodore Roosevelt Dam. At this location 
the channel, which is 90 feet deep and steep-sided, 
has cut through the Troy Quartzite and Mescal Limestone 
into underlying basalt.

Tahmazian (1964) studied the lowermost Devonian 
rocks and the underlying rocks on the west side of 
Theodore Roosevelt Dam. He (1964, p. 7, Figure l) showed 
that about 120 feet of predominantly quartzitic material 
crops out; the upper 80 feet was considered Devonian and 
called the Martin quartzite unit. Tahmazian (1964, p.
86) concluded that the Devonian rocks were deposited in 
a marine environment, and he did not mention that the 
rocks may have been a channel-fill deposit.

The range in thickness of the Devonian rocks 
at Sleeping Beauty has already been mentioned in the 
section dealing with the nature of the lower contact 
of the Martin Formation. At Castle Dome, the Beckers 
Butte Member thins to a few tens of feet from a maximum



thickness of 86 feet over a horizontal distance of 
about 1500 feet. However, the fact that the member 
overlies a diabase intrusion complicates the interpre
tation because some- of the thinning may be caused by 
assimilation of previously existing material. At 
Steamboat Mountain, the Beckers Butte Member also thins 
from a point of maximum thickness, but because of poor 
exposures, no exact numerical values were obtained.

At Castle Dome, the Beckers Butte Member con
sists of conglomerate and orthoquartzite. The frag
ments in the conglomerate are as much as 18 inches in 
diameter, but average 0.5 inch. The fragments are 
quartz, quartzite, and jasper. The orthoquartzite is 
fine to very coarse grained, moderately sorted, and 
subrounded, cemented by silica in the lower two-thirds 
and by carbonate in the upper one-third of the member.

At Sleeping Beauty, the only portion of the 
Beckers Butte Member exposed is an orthoquartzite. The 
orthoquartzite has a dolomite cement, and is very fine 
to coarse grained, well rounded to subrounded, and 
moderately sorted.

At Steamboat Mountain, the Beckers Butte Mem
ber is not well exposed, but the exposed strata include



orthoquartzite, sandy dolomite, and siltstone. The 
orthoquartzite that is exposed has a dolomite cement, 
and is very fine to coarse grained, well rounded to 
subrounded, and poorly sorted. Locally, the dolomite 
may exceed 50 percent of the rock. No stratification 
is visible, thus the member has the appearance of one 
massive orthoquartzite. The upper one-fourth of the 
Beckers Butte Member consists of sandy dolomite and 
siltstone. The lithology of the upper part is similar 
to the lithology of the member in areas where no channel 
filling occurs.

Teichert (1965, p. 22) stated that the carbon
ate content of the Beckers Butte Member is greater in 
the upper portion than in the channel-fill deposits.
In the area studied this relationship is also true.
Where the member is from 20 to 30 feet thick, which 
indicates the absence of channel-fill deposits, car-* 
bonate rocks are dominant, and orthoquartzite units 
generally contain a high amount of carbonate cement. •

The amount of terrigenous material in samples 
from the Beckers Butte Member is quite varied. Acid 
treatment and EDTA analyses show that insoluble resi
due content ranges from 13.5 to 8l percent. The channel 
fill deposits generally contain more than 50 percent



terrigenous insoluble material, and where the member 
is from 20 to 30 feet thick the insoluble material is 
less than 50 percent of the rock.

At the localities where the Beckers Butte Member 
is between 20 and 30 feet thick, the lowermost stratum 
is generally a 1- to 2-foot-thick orthoquartzite. This 
stratum is very fine to very coarse grained, moderately 
and poorly sorted, well rounded to subrounded, and has 
10 to 40 percent dolomite cement. However, at Roblas 
Canyon, the lower 16 feet of the member is a fine grained, 
well sorted, well rounded to subrounded orthoquartzite 
with dolomite cement. At the Job Corps Camp, the lower
4.5 feet of the member, is a very finely crystalline 
dolomite with about 35 percent silt- and sand-size 
quartz.

The rocks above the basal orthoquartzite are 
predominantly aphanocrystalline to finely crystalline 
dolomite that contains varied amounts of silt- and 
sand-size quartz. In places an interbedded orthoquartz
ite stratum exists in the dolomite. At Ray and Superior, 
the strata above the basal orthoquartzite are unique 
because they consist predominantly of calcitic dolomite 
and dolomitic micrite.
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EDTA analyses (Figure 2) show two interesting 

features. The strata above the basal orthoquartzite 
have relatively low MgO contents (about 9 to 13 per
cent) and high insoluble residue contents (about 25 

to 46 percent). The low MgO content is due to the 
high insoluble residue content, and even though the 
rocks contain such low MgO values, they are still 
called a dolomite with a modifying terrigenous term 
or terms. This usage differs slightly from that of 
Guerrero and Kenner (1955)♦ Calculations indicate 
that the maximum amount of calcite in the strata, ex
cluding the Ray and Superior localities, and assuming 
that all excess calcium occurs as calcite, is less than 
8 percent; the average is slightly less than 4 percent. 
Some of the calcite can be accounted for by the occur
rence of calcite veinlets, but the lack of visible cal
cite in thin sections suggests that the dolomite contains 
excess calcium. However, the presence of ferroan dolomite 
indicated by staining may be the cause of the lack of 
visible calcite in thin sections. The calculations were 
made assuming that the dolomite contained no iron sub
stituting for magnesium in the dolomite structure, and 
the excess calcite was calculated from the total magnes
ium content.
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BECKERS BUTTE MEMBER FETID DOLOMITE UNIT
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Figure 2 Relationship of MgO and Insoluble Residue Content of the Beckers Butte Member and 
the Fetid Dolomite Unit



The quantity of insoluble residue in the sam
ples determined from acid treatment and EDTA analyses 
are significantly higher than values obtained from 
point-counts of thin sections. The excess insoluble 
residue is probably due to clay- and very fine silt- 
size impurities that are included in the dolomite.

X-ray diffraction studies of the insoluble 
residue indicate that only a few minerals are present. 
The most abundant mineral is quartz, followed by an 
illite-like clay, and very minor amounts of feldspar.
At Ray and Superior, the Beckers Butte Member contains 
a unique insoluble residue of talc and minor amounts 
of chlorite and quartz. The abundance of talc is prob
ably because of metamorphism produced by the proximity 
of the stratigraphic sections to sites of igneous acti
vity at these two localities.

Origin and mode of deposition

The exact original extent of the Beckers Butte 
Member cannot be determined because of the lack of expo
sures; however, Plate 2 shows the most probable distribu 
tion of the member. The present work suggests that the 
younger overlying strata extend beyond the limits of 
deposition of the Beckers Butte Member. The reduction



in thickness of the Devonian strata in the vicinity 
of high areas was the result of nondeposition of the 
lower portion of the Martin Formation and not of erosion 
after deposition (Plates 3, 4, and 5).

Teichert, after his study of the Beckers Butte 
Member north of this study area, stated (1965, p. 28- 
29):

The universal presence of cross bedding, 
absence of marine fossils, and occurrence 
of the psilophyte flora near the tops sug
gest that the Beckers Butte Member is 
mostly of fluviatile origin; it was at 
first laid down in larger river channels, 
and as these filled up, it spread as a 
comparatively thin sheet over the entire 
area.

He further concluded that at the end of the deposition 
of the member there was a continuous sandy silty plain 
with a few high areas protruding above it.

The writer found no evidence to suggest a simi
lar origin for the Beckers Butte Member. The rocks in 
the region are predominantly carbonate with varied 
amounts of terrigenous material except for the basal • 
orthoquartzite, a few interbedded orthoquartzites, and 
channel-fill deposits (Figure 3). At Ray the member 
contains probable marine fossil debris in a dolomite 
(Figure 3). No transition from fluviatile to marine 
sediments was seen in the northern part of this study



Figure 3 Photomicrographs: Beckers Butte
Member and Fetid Dolomite Unit

A. Sandy dolomite showing range in size and shape 
of quartz. Dolomite is very finely crystal
line. Unit 4 at Steamboat Mountain, Beckers 
Butte Member; plain light; 17.5%.*

B. Calcitic dolomite showing fossil debris (?) 
in a finely crystalline dolomite. Unit 2 at 
Ray, Beckers Butte Member; plain light; 17.5^.

. C. Dolomite with abundant algal (?) fragments. 
Unit 6 at Ranch Creek, fetid dolomite unit; 
plain light; 17.5X.

D. Dolomite showing a styolite. Unit 3 at
Superior, fetid dolomite unit; plain light; 
50X.*

*With a 1 7. magnification 1 cm on the 
photomicrograph equals 790 microns; 50X 
equals 305 microns.
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Figure 3 Photomicrographs: Beckers Butte
Member and Fetid Dolomite Unit



area. Teichert did not mention a transition in the 
southern part of the area he studied. The transition 
must have occurred in a very short horizontal dis
tance, and because of the distance between exposures 
the exact position of the transition zone may never 
be located.

After deposition in local channels the study 
area was probably covered by a shallow sea that had 
very little wave activity or turbulence. No evidence 
of scour and fill structures, intraclastic, or intra- 
formational material is visible. The initial mate
rial deposited was probably a carbonate mud, composed 
of aragonite or calcite, or both, that was subse
quently dolomitized. Dolomitization was produced by 
permeation of the sediments by denser magnesium-rich 
waters. The enrichment in magnesium was produced by 
evaporation of sea water and precipitation of cal
cium as calcite. Such a mechanism of dolomitization 
is similar to that proposed by Adams and Rhodes (i960) 
The subject of dolomitization will be discussed in 
greater detail later in this manuscript.



Fetid Dolomite Unit of the Jerome Member 

General description and petrology

" The fetid dolomite unit of the Jerome Member 
occurs north of Winkelman, Arizona, and west of 
Coolidge Dam. The fetid dolomite unit is not present 
at the Globe Hills locality and is only questionably 
present at the Apache Trail locality. Presence of 
the unit at the Pinal Creek locality could not be deter
mined because the lower portion of the Jerome Member is 
covered. The fetid dolomite unit is present at one 
locality where the Beckers Butte Member is absent; the 
Jim Thomas Wash locality.

The colors of the fresh and weathered surfaces 
of the fetid dolomite unit are usually gray, with or 
without a brown or yellow tint (N3 to N7 , 5Y, 5YR, and 
10YR). The most common fresh surface colors are medium 
dark gray (N4) and medium gray (N5). The colors of 
the weathered surfaces are between medium dark gray 
(N4) and light gray (N7 ) or pale yellowish brown (10YR 
6/2). The unit is predominantly thinly bedded, has a 
high resistance to weathering, and is well exposed.

The fetid dolomite unit ranges from about 6 

to 26 feet thick. The unit is less than 10 feet thick



at Apache Trail and is between 10 and 15 feet thick 
at Highway 77, Ranch Creek, and Ray.

The fetid dolomite unit is a very finely to 
coarsely crystalline dolomite, but is predominantly 
finely and medium-crystalline. Crystals are generally 
anhedral and subhedral but some are euhedral (Figure 
3)v

■. Probably the most characteristic feature of 
the fetid dolomite unit is the occurrence of laminae 
on the weathered surface; however, they are not present 
.throughout the entire unit at each locality. These 
laminae, which are parallel to stratification, are also 
visible in thin sections, and apparently owe their 
origin to alternating light and dark zones of dolomite 
in the rock. Thin section examination also shows fine 
laminae of dark brown material that is essentially 
parallel to stratification, is quite wavy, and has the 
appearance of small amplitude styolites (Figure 3).
The dark brown material is probably organic. Breger 
(in Teichert, 1965, p. 32) examined organic material 
from the fetid dolomite unit north of the study area; 
he concluded that the material was derived primarily' 
from marine organisms, and that there was no contribu
tion from land plants.



The fetid dolomite unit contains few fossils.
At several localities algal material (?) is present, 
and brachiopods occur at the Sleeping Beauty locality. 
The brachiopods are dolomitized, and contain dolomite 
crystals inside the valves (Figure 4).

Most of the unit produces a fetid odor when 
broken or dissolved in acid. Vugs are locally present 
in the unit, and commonly are partially filled with 
subhedral dolomite. Chert was noted only at the Castle 
Dome and the Steamboat Mountain localities. At Castle 
Dome the chert occurs as an irregular discontinuous 
zone as much as 1.25 feet thick; while at Steamboat . 
Mountain, chert exists as nodules whose maximum dimen
sions are 2 by 6 inches.

EDTA analyses (Figure 2) indicate the MgO con
tent of the fetid dolomite unit ranges between 18 and
23.5 percent, except for one sample which contains 
about 12 percent MgO. Assuming all calculated excess 
calcium occurs as calcite, the calcite content of all 
samples analyzed is less than 10.5 percent, and usually 
less than 5 percent, except for one sample (12 percent 
MgO) which is about 44.5 percent calcite. The calcite 
percentage values are maximum values, and because cal
cite does not appear to be abundant in thin sections



Figure 4 Photomicrographs: Fetid Dolomite
Unit and Aphanltic Dolomite Unit

A. Dolomite with algal (?) and brachiopodal 
debris. Unit 1 at Sleeping Beauty, fetid 
dolomite unit; plain light; 17.5^.

B. Dolomite composed of aphanocrystalline 
dolomite and birds-eye dolomite. Unit 4 at 
Coolidge Dam, aphanltic dolomite unit; plain 
light; 50X.

C. Dolomite composed of very finely crystalline 
dolomite and birds-eye dolomite. Unit 4 at 
Superior, aphanltic dolomite unit; plain 
light; 17.5X-.

D. Dolomite showing intraclasts and quartz 
grains, and also different crystal sizes of 
dolomite. Unit 2 at Pinal Creek, aphanltic 
dolomite unit;, plain light; 17.5X.
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Figure 4 Photomicrographs: Fetid Dolomite
Unit and Aphanitic Dolomite Unit
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either as veinlets or fossil debris, the dolomite must 
contain excess calcium. As previously stated, iron 
substituting for magnesium may account for the lack of 
calcite in thin sections.

Compared to other units of the Martin Formation, 
the insoluble residue of the fetid dolomite unit is 
very low; usually less than 10 percent (Figure 2). The 
insoluble residue consists of a dark organic matter and 
quartz; no clay minerals were detected by X-ray diffracto
meter analysis.

Origin and mode of deposition

The present distribution of the fetid dolomite 
unit probably approximates the original area of deposi
tion. This investigation suggests that the younger 
strata of the Martin Formation extended farther than 
the older strata, and that the different thicknesses 
of the formation reflect the presence of topographic 
highs during deposition.

Any consideration of the origin of the fetid 
dolomite unit must explain the following features: 
relatively uniform thickness, wide areal distribution, 
origin of the laminae, and dolomitization.



Teichert (1965, p. 32) stated that the fetid 
dolomite unit was initially a lime mud that was lithi- 
fied to form an aphanitic limestone. This was followed 
by recrystallization and formation of lenses of finely 
crystalline calcite and then dolomitization.

Proctor and Clark (1956) discussed the occur
rence of a very finely and finely crystalline laminated 
limestone in central Utah west of Provo. The laminated 
limestone is the Curley Limestone, which is in the 
middle of the Lower Mississippian Gardner Dolomite. The 
laminae form anticlinal domes and synclinal troughs, and 
there is a gradual transition away from the domes and 
troughs to flat-lying laminae. Although not specifically 
mentioned by Proctor and Clark, their descriptions and 
figures indicated the Curley Limestone was of stroma- 
tolitic origin. According to Johnson (in Proctor and 
Clark, 1956, p. 320) the laminae are produced by the 
seasonal growth of algae. The algae had.thread-like 
hairs, and sedimentary material adhered to their sur
faces. Calcium carbonate precipitated on the older pieces, 
and after death the porous calcareous carbonate mass could 
be easily altered by permeating fluids.

Proctor and Clark (1956, p. 317) noted that the 
limestone is locally dolomitlzed. The dolomitization
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does not change the megascopic appearance of the bed, 
but the color is slightly lighter, has a brown or 
blue tint, and the grain size is increased. The in
tensely altered rock contains 21.6 percent MgO, and 
less than one percent excess calcite. These values 
agree quite closely with data from the EDTA analyses 
of the fetid dolomite unit samples.

Laporte (1967) discussed a laminated dolomite 
and dolomitic limestone from the Devonian Manlius 
Formation of New York which is very similar to the 
fetid dolomite unit. He stated that the laminae are 
composed of either finely crystalline dolomite or 
pelmicrite with a few dolomite rhombs. A thin organic 
film frequently occurs between the laminae, and may 
represent the remains of an algal stromatolite mat. 
According to Laporte, this rock was formed in a supra- 
tidal environment. Logan (1961, p. 527) also mentioned 
the possibility of algal stromatolite mats occurring 
in a supratidal environment.

In the supratidal environment the laminae are 
produced by periodic flooding by unusually high tides. 
Carbonate mud settles out and mixes with the existing 
material. An algal stromatolite mat may develop over 
the wet.sediments; the mat and sediments will harden



and crack during exposure and desiccation. A similar 
environment may account for the laminae in the fetid 
dolomite unit.

The fetid dolomite unit probably represents 
an algal stromatolite structure. If this is true, this 
unit is slightly different from other reported occur
rences of algal stromatolite material because of the 
apparent lack of mounds and wavy or irregular laminae. 
As previously stated, the laminae in the fetid dolomite 
unit are not wavy or contorted, and they are parallel 
to stratification.

The fetid dolomite unit may represent a slight 
modification of the laterally linked hemispheroid 
structure proposed by Logan, Rezak, and Ginsburg (1964, 
p. 77). The only modification necessary is the lack 
of the hemispherical mounds. Perhaps a slightly dif
ferent environment may be the cause for the lack of 
hemispherical mounds in the fetid dolomite unit.

In their discussion, Logan, Rezak, and Ginsburg 
(1964, p. 77) stated:

Type LLH, laterally linked hemispheroid 
structure is characteristically developed 
in continuous mats and algal-bound sedi
ments from the marine, intertidal mud-flat 
environment, mainly in protected locations 
of re-entrant bays and behind barrier 
islands and ridges where wave action is 
usually slight.



Davis (1966, p. 918) also concluded that the laterally 
linked hemispheroids were produced on intertidal mud 
flats and in protected bays.

Textoris and Carozzi (1966, p. 1383) described 
a unit of flat stromatolite-constructed dolomite from 
Cayugan (Silurian) strata in Ohio. Descriptions of 
the unit indicated a close resemblance to the fetid 
dolomite unit. They stated that the lack of crinkling 
and distortion suggested that the algal stromatolite 
mats were not subjected to long periods of exposure • 
to the atmosphere. Therefore, Textoris and Carozzi 
stated (1966, p. 1383), "Thus, the environment prob
ably was intertidal but closer to the low tide mark 
than that of the hemispherical mats".

According to Shinn and Ginsburg (1964) and 
Shinn, Ginsburg, and Lloyd (1965), dolomitization may 
be caused by the production of an interstitial magnes
ium-rich brine in the upper few centimeters of sub- 
aerially exposed carbonate sediments. Capillary action 
produces a constant supply of fluids, and the magnesium 
content increases relative to calcium because of precipi 
tation of calcium as gypsum or calcium carbonate cement 
(Deffeyes, Lucia, and YJeyl, 1964). Flood waters be
come enriched in magnesium because of precipitation



of calcium carbonate and evaporation. These waters 
would flow downward through the sediments because of 
their high density in a manner similar to the seep
age refluxion principle proposed by Adams and Rhodes 
(i960). These magnesium-rich waters will provide 
additional magnesium, and possibly allow dolomitiza- 
tion to occur.

Kinsman (1965) has described a somewhat simi- . 
lar situation along the Trucial Coast in the Persian 
Gulf. At this location, recent carbonate sediments 
have partially filled in a lagoon. The surface of the 
predominantly aragonitic sediments lies just above 
normal high water. Evaporation from the sediment sur
face causes a movement of lagoonal water. Gypsum is 
precipitated from the water, increasing the magnesium 
to calcium ratio. Because of this increase, dolomitizar 
tion occurs.

One problem that must be explained is the lack 
of gypsum and other evaporites in the fetid dolomite 
unit. Shinn, Ginsburg, and Lloyd (1965) proposed.that 
the gypsum and evaporites may be continually washed: away 
by storm tides and rain. :•

The area in which the fetid dolomite unit was 
deposited was very flat but probably did have a few



topographic highs or islands whose relief was several 
hundred feet. Most of the surface on which the fetid 
dolomite unit was deposited was probably between low 
and high tide (intertidal). Laminations and algal mats 
would be developed in a manner similar to that pre
viously discussed.

Initially the sediments were probably mostly 
aragonite and high magnesium calcite (Stehli and Hower, 
1961; Friedman, 196*1). These minerals are unstable, 
and are converted to low magnesium calcite with the 
liberation of magnesium during diagenesis.

Dolomitizatlon of the sediments would occur 
in the manner previously discussed. The reason for 
the complete dolomitizatlon of the fetid dolomite 
unit and only partial dolomitizatlon of the Curley 
Limestone and Manlius Formation is difficult to explain. 
Perhaps the initial sediments of the fetid dolomite 
unit contained a higher percentage of magnesium that 
could be used in subsequent dolomitizatlon. Possibly 
the fetid dolomite unit was in a geological environ
ment more conducive to dolomitizatlon. This might be 
caused by longer time of refluxing, a higher concentra
tion of magnesium, or greater porosity and permeability 
of the sediments.
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The paucity of other types of fossils in algal 

stromatolite deposits and the fetid dolomite unit 
presents a problem. The proposed intertidal or possibly 
supratidal environment does not contain an abundant 
fauna. Perhaps salinity is a factor also because Logan, 
in his study of Shark Bay, Australia (1961, p. 520), 
noted that algal-laminated sediments were confined to 
the hypersaline bay-head environment.

Aphanitic Dolomite Unit of the Jerome Member 

General description and petrology

The aphanitic dolomite unit crops out in the 
northwestern portion of the study area. The approxi
mate boundaries are north of Winkelman, Arizona, and 
northwest of a northeasterly bearing line between 
Coolidge Dam and the Copper Reef Mountain locality.
The aphanitic dolomite unit overlies the fetid dolomite 
unit at all localities except Coolidge Dam, at which 
place the aphanitic dolomite unit rests on the Bolsa 
Quartzite. Conrad (1964, p. 10) concluded that Devonian 
rocks overlie Precambrian Troy Quartzite at Coolidge 
Dam. The writer believes that, the sand-size and coarser 
strata which overlie the Troy quartzite and are about 200 
feet thick should be called the Bolsa Quartzite.
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The unit is characterized by light colors on 

both fresh and weathered surfaces. Fresh surfaces are 
gray or gray with a brown, olive, or red tint (N3 to 
N7, 5Y, 5YR, 10R, and 10YR). The three most abundant 
colors are medium dark gray (N4), light brownish gray 
(5Y 6/l), and pale yellowish brown (10YR 6/2). Weath
ered surfaces are gray or gray with an orange, pink, 
or yellow tint (N5 to N7 , 5Y, 5YR, 10Y, and 10YR). The 
most abundant colors of weathered surfaces are very 
pale orange (10YR 8/2), grayish orange (10YR 7/4), grayish 
orange pink (5YR 7/2), pale yellowish brown (10YR 6/2), 
and yellowish gray (5Y 7/2 ând 5Y 8/l).

Because of the color and stratification char
acteristics the aphanitic dolomite unit is easily 
recognized in the field. The unit is predominantly 
thinly bedded, has high resistance to weathering, and 
is well exposed at all localities.

The aphanitic dolomite unit ranges from 12.5 
to 188 feet in thickness in the study area. The unit 
is relatively thin, less than 40 feet, at two locali
ties, Apache Trail and Jim Thomas Wash, but is gener
ally between 100 and 150 feet thick. The unit is absent 
at the Globe Hills locality.



This unit is predominantly dolomite composed
mostly of very finely crystalline equidimensional 
crystals. Some of the strata in the unit are aphano- 
crystalline (Figure 4), and fewer are finely crystal
line. A few of the beds have subhedral crystals, and 
some contain a large proportion of euhedral crystals. 
Generally, the subhedral and euhedral crystals occur 
in the coarser crystalline strata...

Birds-eye dolomite is common in the unit 
(Figure 4). The birds-eye dolomite ranges from finely 
to coarsely crystalline but is predominantly medium- 
crystalline. The crystals are' mostly subhedral; some 
are zoned. Birds-eye dolomite is not present in all 
beds, but ranges to as much as 15 percent.

Some of the. strata contain intraclastic mate
rial (Figure 4). The intraclasts are darker and finer 
crystalline than the surrounding dolomite. The intra
clasts are usually rounded and average "fine- and medium 
sand-size. Commonly the intraclastic dolomites contain 
quartz that is about the same size or smaller than the 
intraclasts; the quartz is generally well rounded to 
subrounded. The intraclasts are always much more abun
dant than the quartz. A typical intraclastic dolomite



contains about 25 percent intraclasts, but their per
centage ranges from about 5 to 6 0.

Some strata of the aphanitic dolomite unit 
contain silt- and sand-size quartz. The strata that 
contain more than 10 percent quartz are only a few 
feet thick, and they never exceed 8 feet in thickness.
The maximum quantity of quartz present is 35 percent.
The quartz ranges from very fine to very coarse grained, 
but is generally medium- or finer sand-size. Sorting 
and roundness are extremely varied.

Quartz is most abundant at the Arnett Creek,
Castle Dome, Roblas Canyon, and Sleeping Beauty locali
ties. In fact, at Roblas Canyon, a 0.5-foot-thick or
thoquartzite is in the upper portion of the aphanitic 
dolomite unit. The units containing significant amounts 
of quartz are generally coarser crystalline than units 
containing no quartz.

.Thin, flat, and ellipsoidal chert nodules are 
present near the base of the aphanitic dolomite unit 
at about half the localities. The maximum size of the 
nodules is 0 .2 5 by 1 inch; the long dimension is parallel 
to stratification. The nodules exist in units ranging 
in thickness from 9*5 to 24 feet. At Superior they are 
present in two 2-foot-thick beds that are 16 feet apart.
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The nodules occur in units that rest directly on or 
may be up to 27 feet above the base of the fetid dolo
mite unit. Large chert nodules and relatively con
tinuous layers of silica as thick as one foot crop out 
sporadically throughout the aphanitic dolomite unit.
The chert probably formed by replacement of dolomite.
Thin section examination showed that one of the nodules 
has a surrounding zone, about the same thickness as the 
nodule, that contained a mixture of chert and dolomite. 
This zone probably represents an area where the chert 
has not completely replaced the dolomite. Many silica 
veinlets are at the Job Corps Camp locality; locally 
at some of the other localities silica forms a mosaic 
where it has apparently replaced birds-eye dolomite.

Except for local brecciation, very few struc
tures are present in the aphanitic dolomite unit. Thin 
section examination does reveal a crude stratification 
caused by a slight difference in color, change in 
crystal size, or change in abundance of birds-eye 
dolomite (Figure 5 ).

At some localities, particularly in the group 
from Roblas Canyon to Steamboat Mountain, calcite is 
present in the aphanitic dolomite unit. However, dolo
mite is still more abundant than the calcite. Generally



Figure 5 Photomicrographs: Aphanitic Dolomite
Unit and Upper Unit

A. Dolomite showing stratification caused by a 
difference in crystal size and abundance of 
birds-eye dolomite. The surface between the 
two zones is irregular. Unit 9 at Job Corps 
Camp, aphanitic dolomite unit; plain light; 
50X.

B. Micrite containing birds-eye calcite and 
fossil (?) material. Unit 3 at Apache Trail, 
aphanitic dolomite unit; plain light; l?.5%.

C. Dolomite containing fossil (?) material. 
Compare this with Figure 5 B. Unit 9 at■Ranch 
Creek, aohanitic dolomite unit; plain light; 
17.5X.

D. Finely and medium-crystalline silty dolomite 
with euhedral and subhedral crystals. Many 
crystals have dark rhomb-shaped cores. Unit 
29 at Castle Dome, upper unit; plain light;
17.5%.
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Figure 5 Photomicrographs: Aphanitic Dolomite
Unit and Upper Unit
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the calcite exists as small patches of micrite or 
microsparite in the predominantly dolomitic rock.
Locally, coarser crystalline calcite or dolomite occur 
as more or less elliptical patches; these patches are 
brachiopod (?) or ostracod (?) remnants. Except for 
a dolomitic brachiopodal biomicrosparite at the Arnett 
Creek locality, and the above mentioned fossil rem
nants, the aphanitic dolomite unit is essentially un- 
fossiliferous.

Data from insoluble residue and EDTA analyses 
indicate that the insoluble residue of the aphanitic 
dolomite unit ranges from 1 to 44 percent. Most of 
the samples contain.between 5 and 20 percent insoluble 
residue. X-ray diffraction analyses of the insoluble 
residue indicate that quartz is the most abundant 
terrigenous mineral; in fact, in some samples, quartz 
is the only insoluble mineral present. Other insoluble' 
minerals are an illite-like clay, feldspar, and chlor
ite. At the Ray locality, the insoluble residue is 
unique because the unit contains no quartz; the most 
abundant minerals are talc, chlorite, illite-like clay, 
and feldspar (?). In all samples the amount of insoluble 
residue visible in thin section examination was less 
than the amount determined by acid treatment and EDTA



analyses. The discrepancy is probably caused by clay- 
and very fine silt-size quartz and illite-like clay 
included in the carbonate.

Results of EDTA analyses shown in Figure 6 indi
cate that most of the aphanitic dolomite unit contains 
between 15 and 20 percent MgO. Calculations indicate 
that the unit generally contains between 3 and 7 per
cent excess calcite; however, in some samples the excess 
calcite may exceed 10 percent. The strata containing 
more than 10 percent excess calcite are generally iso
lated occurrences, but at some localities, they are 
quite abundant. These localities are Arnett Creek,
Ray, Roblas Canyon, Steamboat Mountain, and Superior.
At the localities containing greater than 10 percent 
excess calcite, the calcite is visible in thin sec
tions. However, in most other thin sections, no cal
cite or only a few calcite veinlets are visible, 
suggesting that the dolomite must contain some excess 
calcium. Iron substituting for magnesium in the dolo
mite may be the reason why calculations indicate an 
excess of calcium, and yet very little *or no calcite 
is visible in thin sections.
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Origin and mode of deposition

The factors that must be considered in dis
cussing the origin and environment of deposition of 
the aphanitic dolomite unit are areal extent and thick
ness, grain size, lack of fossil material, and lack of 
sedimentary structures. The present distribution of 
the aphanitic dolomite unit is probably about the same 
as the original area of deposition. The unit has a 
slightly greater area of deposition than the underlying 
fetid dolomite unit as is indicated by the absence of 
the fetid dolomite unit below the aphanitic dolomite 
unit at the Coolidge Dam locality.

If the unit were deposited in very shallow 
water as proposed by Teichert (1965, p. 82), then the 
initial material deposited was probably a carbonate 
mud. This mud was composed of aragonite or high magnes
ium calcite or a mixture of both (Stehli and Hewer,
1961; Friedman, 1964). Since these minerals are un
stable, they would be altered quite easily during 
diagenesis.

Many early workers and Cloud (1962) assumed 
almost all carbonate muds were originally composed of 
aragonite needles. Several different origins have



been proposed for these needles. Lowenstam (1955, p. 
270) stated that after death certain algae disaggregate 
to form aragonite needles. The needles are similar in 
shape and size to needles previously attributed to 
physicochemical precipitation from sea water. Cloud 
(1962, p. 104) stated that physicochemical precipita
tion produced about 75 percent of the aragonite forming 
west of Andros Island in the Bahamas. Stockman, 
Ginsburg, and Shinn (1967, p. 633) concluded after 
their studies in south Florida that the lime mud in 
that area was the result of skeletal disaggregation 
and size reduction. Most of the material was probably 
originally algal.

However, recently the idea of lime muds com
posed predominantly of aragonite needles has been 
challenged (Matthews, 1966). Matthews' studies indi
cated that a significant portion of the lime mud may 
be derived from the size reduction of organic carbon
ate material by"organic and inorganic means. The fine 
carbonate material would be transported to areas of 
minimum turbulence, and might possibly be mixed with 
carbonate mud forming in place. Diagenesis, particu
larly dolomitization, hinders and sometimes prevents



an interpretation about the original composition of 
the carbonate mud.

At the Apache Trail locality. Unit 3 —  a 
micrite —  contains patches of medium-crystalline cal- 
cite, and a few bivalved fossils (?) that may be 
brachiopods or ostracods (Figure 5). Similar features 
appear in a dolomite at the Ranch Creek locality (Figure 
5). This suggests that the originally deposited mate
rial was probably a carbonate mud that was subsequently 
dolomitized. As stated before, at some localities the 
aphanitic dolomite unit contains minor amounts of cal- 
cite. The calcite is micrite and microsparite, and 
suggests that the initially deposited material may have 
been a carbonate mud.

Several features suggest that the aphanitic 
dolomite unit was deposited in a warm, shallow, quiet, 
but occasionally turbulent, marine environment. Per
haps one of the most important features is that thick 
accumulations of modern carbonate mud, either organic 
or inorganic origin, are formed only in warm marine 
waters.

Folk (1965, p. 147) stated, “Some microcrystal
line rocks have been disturbed either by boring organisms 
or by soft-sediment deformation, and the resulting
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openings are filled with irregular ‘eyes' of sparry 
calcite". If such a rock were subsequently dolomit- 
ized, the rock produced would be similar to the birds- 
eye dolomite described in this investigation. Laporte 
(1967, p. 8l) mentioned birds-eye type features pro
duced by filling in of desiccation cracks in the 
supratidal facies of the Manlius Formation. If the 
birds-eye in the aphanitic dolomite unit was produced 
in a similar manner, then the unit probably was sub
jected to subaerial desiccation.

The intraclastic texture of some strata indi
cate that at certain times there was enough agitation 
to erode and transport formerly deposited material.. 
Sand-size quartz grains associated with the intra- 
clasts are too large to have been transported by sus
pension in air. The quartz must have been transported 
either by saltation across a subaerial carbonate mud 
surface or in a turbulent marine environment. The 
similarity in size of the quartz and intraclasts sug
gests that the intraclasts were quite well indurated 
before transportation occurred.

Hobbs (1957> p. 36) stated that:
Calcium carbonate mud which is not ex
posed [subaerially] is believed to gain 
coherence and harden slowly. However,



if flocculation has been complete, unex
posed carbonate mud is believed to be firm 
and compact.

Hobbs (1957, p. 27 and 34) also stated that pellet 
structures are produced by flocculation processes, and 
if particles of calcium carbonate are not flocculated 
a finely granular mud will form. No evidence of pellet 
structures was found in the aphanitic dolomite unit. 
Apparently, parts of the original carbonate mud were 
exposed to subaerial desiccation, and indurated enough 
to form intraclastic material.

.Whether or not the intraclasts were calcitic 
or dolomitic during transportation cannot be determined. 
In some rocks where ghost intraclasts occur, it.is 
possible that the original transported material was 
calcitic, and subsequent dolomitization has partially 
obliterated the original texture.

The lower half of Unit 15 at Roblas Canyon 
exhibits contorted laminations. In this unit, the 
alternating strata of dolomite and dolomite containing 
quartz average about one-half-inch-thick. The dolomite 
is very finely crystalline, and the quartz is very fine 
to coarse grained, bimodal, moderate to poorly sorted, 
and well rounded to subrounded. Coleman and Gagliano 
(1965, p. 139) stated that such features are produced



by the shear stress on sediments at the sediment-water 
interface set up by moving fluids. Such an origin 
might also account for the abundance of sand-size 
quartz in the unit because the currents were probably 
strong enough to transport sand-size material.

Teichert (1965> p. 34) reported that north of 
the study area the dolomite strata of the aphanitic 
dolomite unit especially in the lower part are separated 
by layers of shale as thick as 2 inches. The shale, as 
well as the dolomite, very commonly shows mud cracks.
In addition, according to Teichert, invertebrate trails 
are present locally in the shale. The above informa
tion suggests that the aphanitic dolomite unit was 
exposed to the subaerial environment at certain times.
No dolomite-shale interbedding occurs in the study 
area; thus the source of the shale must have been north 
of Teichert1s area.

Brecciation is not uncommon in the aphanitic 
dolomite unit (Teichert, 1965, p. 34). However, in • 
the study area brecciation is not common, and was ob
served at only one locality. The presence of brec
ciation suggests a shallow water and possibly subaerial 
environment.



The occurrence of bivalved organisms, possibly 
brachiopods and/or osfcracods, is significant. The 
shells are not oriented, and they are very delicate, 
which suggests little or no turbulence. The shells 
contain coarser crystalline dolomite between the valves 
than outside the valves, suggesting that there was no 
carbonate mud inside the valves at the time of deposi
tion. It seems impossible that such delicate hollow 
valves could withstand much turbulence.

Although the aphanitic dolomite unit is pre
dominantly thinly bedded, stratification is rarely seen 
in thin sections. The intraclastic- and quartz-con
taining zones are parallel to stratification. Figure 
5 shows stratification caused by a change in crystal 
size of the dolomite. The contact between the two areas 
of different crystal sizes is irregular, suggesting 
some material was removed before deposition of the over- 
lying material.

The literature about the origin of dolomite is 
voluminous. Perhaps the best studied region where 
dolomite is forming today is the Coorong region of 
southeast Australia. After intensive studies the ' 
consensus is that dolomite is forming (Alderman, 1965; 
Alderman and Skinner, 1957; Skinner, 1963; von der



Borch, 1965a and 1965b; and von der Borch, Rubin, and 
Skinner, 1964). However, the question of the time and 
mechanism of dolomite formation remains unsettled.
Most workers believe that dolomite is formed penecon- 
temporaneously or during early diagenesis. All agree 
that the high magnesium to calcium ratio and high pH 
of the water are very significant in dolomite formation. 
Also most workers agree that optimum dolomite forming 
conditions occur during the spring and early summer 
when vegetation is most abundant.

No evidence was found to indicate that the 
aphanitic dolomite unit was a primary dolomite. The 
dolomitized fossil material and lack of associated 
evaporitic material suggests that the dolomite is 
secondary.

The.time and mechanism of dolomitization of 
the carbonate mud have not been determined. The fact 
that the delicate bivalved fossils have not been 
crushed indicates that dolomitization occurred after ■ 
lithification of the carbonate mud or after precipita
tion of coarser crystalline carbonate inside the 
valves. If dolomitization took place before lithifi
cation and precipitation inside the valves, the



resulting reduction in volume and subsequent compaction 
probably would have crushed the fossils.

The magnesium necessary for dolomitization 
could have been derived from both the original high 
magnesium carbonate and permeating fluids. Because 
the originally deposited carbonate muds were probably 
occasionally exposed to the subaerial environment, 
during times of submergence the overlying water must 
not have been very deep. The sea water would become 
enriched in magnesium because of evaporation and re
moval of calcium by precipitation of calcite and/or 
gypsum. Once the sea water had become enriched in 
magnesium and therefore denser, it would permeate 
through the underlying sediments in a manner similar 
to that discussed in the preceding section on the fetid 
dolomite unit.

Several possible explanations exist for the 
paucity of fossil material in the aphanitic dolomite 
unit. If fossils were initially present, other or
ganisms may have broken their shells and reduced the 
original particles to several microns in size. Per
haps fossil fragments were crushed and broken during 
lithification and dolomitization. Whether the destruc
tion was organic or inorganic, it does not seem possible



that all material would have been reduced to a uni
form size with no trace or very little evidence of 
any fossil material. If the unit were deposited in 
shallow water and were somewhat restricted, the evapo
ration would increase the salinity of the water.
These saline waters probably would not contain an 
abundant fauna.

Upper Unit of the Jerome Member 

General description and petrology

The upper unit crops out in the entire western 
portion of the study area. The approximate eastern 
boundary of the unit is Bylas, Arizona. Generally, 
the upper unit overlies the aphanitic dolomite unit, 
but in the southern part of the area it overlies the 
Cambrian Abrigo Formation.

The upper unit is characterized by extremely 
varied colors. Fresh surfaces are gray or some shade 
of red, orange, yellow, green, or brown (N4 to N8 , 5R, 
5Y, 5YR, 10R, 10Y, and 10YR). The most common colors 
of fresh surfaces are pale yellowish brown (10YR 6/2), 
pale red (5R 6/2 ), grayish orange (10YR 7/4), medium 
gray (N5 ), light brownish gray (5YR 6/1), light olive



gray (5Y 6/1), pale red (10R 6/2), and brownish gray 
(5YR.4/1). Weathered surfaces are also gray or some 
shade of red, orange, yellow, or brown (N5 to N9 , 5R, 
5Y, $YR, 10R, and 10YR). The most common weathered 
surface colors are grayish orange (10YR 7/4), light 
gray (N7 ), grayish orange pink (5YR 7/2), pale yellow
ish brown (10YR 6/2), yellowish gray (5Y 7/2), light 
brownish gray (5YR 6/l), light brown ($YR 6/4), and 
pale red (10R 6/2).

Stratification of the upper unit is quite 
varied, and ranges from laminated to thickly bedded. 
Most strata are very thinly and thinly bedded. The 
upper unit is the least resistant to weathering of all 
units of the Jerome Member.'

The thickness of the upper unit of the Jerome 
Member ranges from about 70 to 255 feet. At most 
localities, the upper unit is more than 175 feet thick. 
Localities where the unit is less than 175 feet thick 
are Coolidge Dam, Copper Reef Mountain, Globe Hills, • 
Kelly Camp, Putnam Wash, and Steamboat Mountain. All 
of these localities except Globe Hills are in the 
southern and southeast-central portion of the area 
studied. Of course, the upper unit is not present at 
the Calva locality where Devonian strata are absent.



The upper unit is characterized by extremely 
varied lithology, but as with the other units of the 
Jerome Member, carbonates are the most abundant rock 
type. These rocks are commonly mixtures of dolomite 
and calcite, and many contain terrigenous impurities.

The nonfossiliferous carbonate rocks are pre
dominantly dolomite except for a few micrites and 
microsparites, and range from aphanocrystalline to 
medium-crystalline; most are finely crystalline. The 
crystals are generally subhedral or euhedral, and 
many crystals may have a dark rhomb-shaped core (Figures 
5 and 7). Some of the crystals are zoned. Thin sec
tion examinations indicate that most of the rocks con
tain some terrigenous material; this is mostly quartz. 
The quartz is silt- and sand-size, and the grains are 
subrounded to subangular. All sizes of silt are 
present, but only finer grained sand-sizes are present.

At several of the localities, intraclastic 
dolomite occurs near the base of the upper unit•of the 
Jerome Member. The intraclastic dolomite is very simi
lar to that described in the discussion of the aphanitic 
dolomite unit. The dolomite surrounding the intraclasts 
is coarser crystalline in the upper unit than in the 
aphanitic dolomite unit. Unit 16 at the Ranch Creek



Figure 7 Photomicrographs: Upper Unit

A. Finely crystalline dolomite with subhedral 
and.euhedral crystals. Unit 11 at Coolidge

. Dam; plain light; 50X.
B. Very slightly silty dolomitic brachiopodal 

biomicrite. Brachiopodal fragments possibly 
form a framework. Unit 11 at Jim Thomas 
Wash; plain light; 17.5%.

C. A solitary coral in a "pod" of dolomitic 
microsparite. The "pod" is in a biospar- 
rudite. Euhedral dolomite crystals have 
dark rhomb-shaped cores. Unit 20 at- Castle 
Dome; plain light; $0X.

D. Calcitic dolomite consisting of crinoidal 
debris in a matrix of finely crystalline 
subhedral and anhedral dolomite. Unit 5 
at Kelly Camp; plain light; 17.5X.
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locality is unique because the maximum dimension of the 
intraclasts is as much as 4 inches; average maximum 
dimension is about three-fourths of an inch. Intra
clasts comprise 60 to 70 percent of Unit 1 6; the 
intraclasts are not spherical, and their longest di
mension is aligned parallel to stratification.

The fossiliferous carbonate rocks are composed 
mostly of crinoidal and brachiopodal debris. Rocks 
with fossil debris surrounded by a finer crystalline 
matrix (biomicrite and biomicrosparite) are more abun
dant than rocks of fossil debris cemented by sparry 
calcite (biosparite and biosparrudite). The percentage 
of fossil debris in biomicrites and biomicrosparites 
is extremely varied, ranging from a rock with only a 
few fossils to one in which the fossil debris almost 
forms a framework, and in a few instances, does form 
a framework (Figure 7 ). The biomicrites and biomicro- 
sparites contain some dolomite. This dolomite occurs 
as very finely crystalline anhedral material or as 
larger euhedral crystals that commonly have dark cores 
(Figure 7 ). Dolomite content in the rocks may be as 
much as 50 percent of the total carbonate content.

Some rocks contain only a few fossil fragments 
surrounded by a finer crystalline matrix of subhedral
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dolomite (Figures 7 and 8). Such rocks are called 
dolomite with the appropriate modifying term based 
on the percentage of calcite if the fossils are cal- 
citic. In thin sections, it is frequently difficult 
to distinguish between dolomite and microsparite.
Crystals are commonly about the same size and shape, 
and staining gives a purplish brown color to the 
ferroan calcite that makes it difficult to distinguish 
from the dark dolomite.

Terrigenous material in the biosparites and 
biosparrudites is silt- and sand-size quartz; sand- 
size quartz is more abundant than silt-size. The quartz 
ranges from very fine to coarse grained, but is predomi
nantly very fine grained. Terrigenous material is 
moderately well to well sorted, and is well rounded 
to subrounded. Biomicrites and biomicrosparites also 
contain terrigenous silt- and sand-size quartz. However, 
in these rocks silt-size is more abundant than sand- 
size quartz. The majority of the quartz is medium and 
coarse silt-size. The grains are moderately well 
sorted, and are generally subrounded. The amount of 
terrigenous material in the fossiliferous carbonates 
rarely exceeds 10 percent, although in some rocks the 
quantity may be as much as 40 percent.



Figure 8 Photomicrographs: Upper Unit

A. Silicified Atrypa sp. fragments in a matrix 
of finely crystalline euhedral and subhedral 
dolomite. Unit 34 at Apache Trail; plain 
light; 17.5X.

B. Very fine grained orthoquartzite with calcite 
and dolomite cement. The variation in car
bonate content may cause a variation in 
resistance to weathering. Unit 24 at Arnett 
Creek; plain light; 17.5^.

C. Rock showing a silty biosparite overlain by 
a slightly silty dolomitic microsparite.
Unit 33 at Roblas Canyon; plain light; 17.5%.

D. Crinoid fragments, probably forming a frame
work, surrounded by a matrix of dolomitic 
microsparite. Thin zone near basal part of 
Unit 29 at Superior; plain light; 17.5^.



69

Figure 8 Photomicrographs: Upper Unit



Rocks composed of more than 50 percent terrig
enous material are not abundant in the upper unit.
Where present, they are very rarely more than 10 feet 
thick, and are generally about 5 feet or less in- thick
ness; the mud-shale that is commonly between 30 and 
70 feet thick is an exception.. The coarser grained 
terrigenous strata are concentrated in the lower por
tion of the upper unit.

All of the coarser grained terrigenous rocks 
are orthoquartzites. Thin section examinations indi
cate an extreme paucity of feldspar, in fact, many 
thin sections contain no feldspar; the remainder con
tain only one or two grains. The orthoquartzites 
usually have a carbonate cement, predominantly dolo
mite, that represents 10 to 45 percent of the total 
rock content. A few of the orthoquartzites have silica 
cement; at the Jim Thomas Wash locality, all ortho
quartzites have silica cement.

The orthoquartzites consist of very fine to • 
very coarse grain quartz. Almost all the orthoquartz
ites contain very fine grain quartz which is usually 
the dominant size; about half of the orthoquartzites 
contain only very fine grain quartz. Some of the 
orthoquartzites have a bimodal size distribution. In



these rocks the quartz is usually very fine and medium 
or coarse sand. The majority of the orthoquartzites 
are well or at least moderately sorted. A few strata 
contain all five sand-size divisions; these strata 
are poorly sorted. The quartz grains range from well 
rounded to subangular. As expected, the larger grains 
are better rounded than the finer ones; most of the 
finer ones are subrounded.

The quartz particles in the orthoquartzites 
are single grains and exhibit straight or slightly 
undulose extinction. Inclusions and bubbles are very 
rare in the quartz. Secondary quartz overgrowths are 
also quite rare. A few of the orthoquartzites that 
contain a calcite cement also contain fossil fragments 
these fragments are probably crinoidal debris.

In some strata the weathered surfaces of the 
orthoquartzites show laminae that have a varied resist 
ance to weathering. This feature is probably caused 
by the varied amount of carbonate and quartz in the 
laminae (Figure 8). Cross-stratification and cross
lamination occur in a few of the orthoquartzites. The 
cross-strata are usually the simple type, wedge or 
tabular shape, straight or slightly concave upward, 
dip 10 degrees or less, and are less than 3 feet long.



Cross-stratification terminology used in this study 
is that proposed by McKee and Weir (1953).

A mud-shale stratum occurs in the upper por
tion of the upper unit north of Winkelman and east
ward for a short unknown distance beyond Coolidge Dam. 
Southeast of Coolidge Dam, the mud-shale is the lower
most stratum of the upper unit, and it overlies the 
Cambrian Abrigo Formation. South of Winkelman, the 
mud-shale stratum may rest directly on the Cambrian 
Abrigo Formation, or there may be about 40 feet of 
carbonate strata between the mud-shale and Cambrian 
rocks. .

The thickness of the mud-shale, which is quite 
varied, ranges to a maximum of 140 feet. At most of 
the localities the mud-shale is between 30 and JO feet 
thick, and is never more than 77 feet thick except at 
the Holy Joe Peak locality (140 feet).

X-ray diffraction of slabs of the mud-shale 
indicate that only a few minerals are present. Quartz, 
the most abundant mineral, and an illite-like clay are 
present in all analyzed samples. Other minerals pres
ent are feldspar, dolomite, calcite, and chlorite.
The illite-like clay is usually the second most abundant
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mineral. Calcite and chlorite occur only in two samples, 
and in very minor amounts. .

Insoluble residue and EDTA analyses of upper 
unit samples show insoluble residue content ranging 
from about 1.5 to 67 percent. Only samples that appeared 
to be composed mostly of carbonate were analyzed; rocks 
appearing to be orthoquartzites from megascopic examina
tion were not analyzed.

X-ray diffraction analyses of the insoluble 
residue indicate that quartz is by far the most abun
dant mineral in all but a few samples. An illite-like 
clay is present in subordinate amounts in almost all 
samples. Feldspar and chlorite occur in subordinate 
amounts in a few of the samples. The insoluble resi
due at the Globe Hills locality is unique. Unit 8 is 
composed of mostly quartz with some illite-like clay 
and a minor amount of talc. Units 12, 14, and 15 con
tain more talc than any other insoluble mineral and 
also minor quantities of quartz and chlorite. Unit .12 
is unique because it contains an abundant amount of a 
clay tentatively identified by X-ray diffraction as 
corrensite. Except for the Globe Hills locality, the 
insoluble residue from the carbonate rocks consists 
of the same minerals as those in the mud-shale. A



similar relationship was noted by Terriere (1963, p.
107) for Pennsylvanian limestones in central Texas.

In predominantly carbonate rocks an interest
ing feature was noted when comparing the insoluble 
residue percentage obtained by acid treatment and EDTA 
analyses with thin section point-counts. Invariably 
the percentages of insoluble material obtained from 
thin section examinations is less than that from acid 
treatment and EDTA analyses. Examination of the insol
uble residue indicates that it is very fine and fine 
silt-size quartz,and dark tabular aggregates of quartz 
and probably illite-like clay. The quartz is probably 
included in the carbonate, and the aggregates may also 
be included or represent parts of the darker material 
causing zoning in the dolomite.

EDTA analyses are shown in Figure 6. The MgO 
content of the samples analyzed ranges from almost 
nothing to about 20 percent. This wide range of MgO 
and insoluble residue percentage mentioned above was 
expected from samples of the upper -unit because of 
the extremely varied lithology. Because thin section 
examination shows that most of the samples contain 
both calcite and dolomite, no attempt was made to esti
mate the amount of excess calcium in the dolomite.



Origin and mode of deposition

The upper unit covers a greater area than 
any other unit of the Martin Formation. In the area 
studied the present distribution of the upper unit 
is probably equivalent to the original area of depo
sition. Noticeable thinning of the unit occurs in the 
vicinity of topographic highs, but since the mud-shale 
stratum is present at all localities except one, the 
thinning is probably caused by nondeposition of the 
lower portion of the upper unit.

Evidence for the interpretation of the origin 
and mode of deposition of the upper unit is not abun
dant. Sedimentary structures other than stratification 
and brecciation were not noted, and subsequent dolomi- 
tization has altered the original material and obliter
ated primary structures.

One of the most significant features in any 
good classification or interpretation of carbonate 
rocks is the abundance or absence of carbonate mud.
• Carbonate mud can be disturbed by relatively mild tur
bulence, and once in suspension, is susceptible to 
long-distance transport (Baars, 1963, p. 103). Thus 
the presence of carbonate mud is indicative of very



mild energy conditions. Carbonate mud does not imply 
anything about water depth; however, it does imply low 
turbulence and current activity. A source of carbon
ate mud probably existed in all carbonate depositional 
environments, and an absence of the mud means either 
removal or nondeposition because of water turbulence 
(Baars, 1963, p. 103). Dunham (1962) has discussed 
the significance of carbonate mud and the percentage 
of fragmental material and their relationships to depo
sitional textures. According to Baars (1963, p. 105), 
broken shells do not necessarily imply a turbulent 
environment, and most breakage is probably caused by 
organisms. Organisms may also be important in the 
distribution of shell fragments.

The abundance of relatively finely crystalline 
dolomite and calcite suggest that the upper unit was 
probably deposited in a zone of very little water tur
bulence.

Biosparite samples indicate that there must • 
have been periods of turbulence, or at least local 
areas where turbulence and currents were strong enough 
to carry away or prevent deposition of carbonate mud. 
Figure 8 shows a slightly silty dolomitic microsparite



overlying a biosparite. Alignment of brachiopod frag
ments in some samples also indicates the existence of 
current activity.

In general, the fossil content of the dolomitic 
biomicrites and biomicrosparites is low, and the fossil 
debris does not form a framework. However, fossil 
debris does form a framework in some strata- and possibly 
forms a framework in others (Figures 7, 8, and 9). If 
the interpretation of a fossil debris framework is cor
rect, the presence of the dolomitized micrite and 
microsparite must be explained. Apparently, the rela
tively strong currents that winnowed out or prevented 
deposition of the carbonate mud, and aligned the fossil 
debris, were of short duration. Once the turbulence 
was reduced or ceased, carbonate mud filtered into the 
voids in the framework. A few thin sections indicate 
that all voids were not completely filled with carbon
ate mud, and an open space remained under fossil debris. 
These open spaces have been subsequently filled with • 
a mosaic of calcite that is finely to coarsely crystal
line. Figure 9 shows a similar situation where the 
lower portion of a brachiopod shell contained a car
bonate mud, and the empty upper portion was later filled 
with a mosaic of calcite.



Figure 9 Photomicrographs: Upper Unit

A. Brachiopod shell with a mosaic of medium 
crystalline calcite overlying a microsparite. 
Unit 21 at Arnett Creek; plain light; 17.5^.

B. Oolitic hematite in a matrix of quartz, 
dolomite, and hematite. Unit 24 at Job 
Corps Camp; plain light; 17.5^.



Figure 9 Photomicrographs: Upper Unit



The intraclastic dolomite in the lower part 
of the upper unit indicates that occasionally there 
was enough current activity to. erode previously depo
sited sediments. .A discussion about intraclastic 
material was given earlier in the section on the apha- 
nitic dolomite unit.

. The writer believes that the relatively finely 
crystalline.dolomite in the upper unit was originally 
a carbonate mud that was subsequently dolomitized. In 
most biomicrite and biomicrosparite samples that con
tain, dolomite, little, if any, difference exists in 
the shape and size of dolomite and carbonate grains.
This.seems to imply that dolomite is replacing the car
bonate material. Zen (i9 6 0), stated that deposition of 
carbonates in open seas, with exchange between sea 
water and sediments should:result in one-carbonate 
deposits. He further concluded that two-carbonate 
rocks, if deposited in warm, shallow, a'nd open seas, 
are not the product of direct chemical precipitation, 
but the result of alteration of the original material. 
These ideas may not apply to.the.Martin Formation be
cause of the usage of the term open sea. If by this Zen 
meant normal marine salinity, then they do not apply



because the seas in this study area probably had higher 
than normal salinity.

Unit 30 at the Roblas Canyon locality shows 
unquestionable evidence of secondary dolomite. This 
unit consists of about 35 percent calcite and 65 per
cent dolomite. The calcite is crinoid stems that may 
be as long as a foot and one inch in diameter. The 
material surrounding and inside the stems is now 
finely and medium-crystalline dolomite. Originally, 
this unit must have looked like loosely packed thick 
spaghetti surrounded by a carbonate mud. The mud 
was subsequently dolomitized, whereas the crinoid 
stems were unaltered.

In carbonate sediments of various grain sizes, 
the finer particles are more susceptible to dolomitiza- 
tion. The literature on this subject is voluminous, 
and includes Sherman and Thiel (1939)> Hobbs (1957)> 
Murray (i960), Lucia (1962), and Asquith (1967). Sando 
(1957> p. 43) stated, "Dolomitization apparently 
operated throughout....acting on certain areas of the 
sediment, which may have been more susceptible because 
of differences in mineral composition, original magne
sium content, organic content, or texture".



Thin section examinations do not provide ex
tensive evidence concerning the time or mechanism of 
dolomitization. Therefore, all statements about dolo- 
mitization are only speculation. As mentioned earlier, 
the dolomite is probably secondary. No anhydrite or 
other evaporite minerals, nor casts nor molds of such 
minerals are visible. However, these minerals could 
have been dissolved before compaction and dolomitiza
tion which would have obliterated any molds remaining 
after the mineral dissolved.

Asquith (1967) studied the Mifflin Member of 
the Plattville Limestone (Ordovician) in southwestern 
Wisconsin. His descriptions of the dolomitized bio- 
micrite facies indicated a similarity to many of the 
strata in the upper unit. Asquith does not mention 
the presence of any evaporite minerals.

If the material was initially deposited on a 
flat, shallow, marine shelf, relatively warm water 
temperatures could be expected. Under these condi- • 
tions, precipitation of calcium carbonate and evap
oration would take place; the remaining sea water 
would become enriched in magnesium, and its density 
increased. The sea water might seep through the



carbonate muds, as proposed by Adams and Rhodes (i960), 
causing dolomitization.

Many dolomites in the upper unit contain either 
none or only a few fossil remnants, and no micrite or 
microsparite. Yet the majority of the biomicrites and 
biomicrosparites contain micrite and microsparite and 
some quantity of dolomite. All proportions of carbon
ate and dolomite crystals exist in the finer crystal
line material surrounding the fossil debris. A possible 
reason for this feature might be the fact that carbon
ate mud would undergo more compaction during diagenesis 
than carbonate mud containing fossil debris. If this 
is true, then the amount of.compaction a sediment 
undergoes during diagenesis must affect the degree to 
which the original sediment is dolomitized. This also 
implies that the magnesium derived from fossil debris 
is probably not an important source of additional 
magnesium required for dolomitization; many samples 
containing no fossil material are entirely dolomite. 
Perhaps the greater porosity of a carbonate mud, com
pared to a carbonate mud with fossil fragments, also 
affects dolomitization.

Several studies have shown a correlation be
tween quantity of dolomite and insoluble residue in



some Paleozoic rocks. Bisque and Lemish (1959) showed 
that in the Devonian Cedar Valley Formation of eastern 
Iowa there was an increase in insoluble residue as 
MgO content increased. Samples with 5 percent MgO 
contained about 5 percent insoluble residue, whereas 
those with 20 percent MgO contained about 15 percent 
insoluble residue. Murray (i960, p. 75) noted that 
samples of the Mississippian Midale beds of the 
Charles Formation in Saskatchewan that contained less 
than 3 percent insoluble residue were not dolomitized, 
but samples that contained more than 20 percent dolo
mite consisted of 2 to 18 percent insoluble residue. 
The insoluble residue in the Midale beds was clay- 
and silt-size quartz. Murray (i960, p. 75) stated 
that the fine residue suggested that quiet-water car
bonate mud was preferentially dolomitized. Murray's 
comparison may not be valid for this work because 
his rocks included both carbonate mud and sand.

In the upper unit of the Jerome Member there • 
does not appear to be any correlation between insol
uble residue and amount of dolomite. Figure 6 indi
cates that samples containing low quantities of MgO 
may contain as much or possibly more insoluble residue 
than samples containing large amounts of dolomite.



The reason for the lack of agreement of this work with 
the work of Bisque and Lemish (1959) and Murray (i960) 
is not known; perhaps it has something to do with the 
number, distribution, and rock type of sediment sources 
for the region in Devonian time.

Evidence of dedolomitization is present in the 
upper unit of the Jerome Member at several localities. 
These localities are Apache Trail, Pinal Creek, and 
Putnam Wash. At Apache Trail several of the units 
show dedolomitization, whereas only one unit does so 
at the other two localities. The evidence for dedolo
mitization in all thin sections is the complete replace
ment or partial replacement by calcite of dolomite 
rhombs with dark cores.

Friedman and Sanders (1967, p. 30l) stated 
that dedolomitization occurs when sulfate ions combine 
with dolomite forming MgSO^ and calcite. The source 
of the sulfate is evaporation of interstitial brine or 
oxidation of sulfide minerals.

Lucia (1961, p. 1107) noted the occurrence of 
dedolomitization of a dolomitized lime mud containing 
a few fossil fragments. The sulfate was derived from 
anhydrite or gypsum. Lucia (1961, p. 1109) stated:



The association in both time and space 
of the lacy networks of replacement cal- 
cite with areas of leached anhydrite 
strongly suggests a genetic relation
ship between the leaching of the anhy
drite and the formation of the replacement 
calcite.
In both references the association of sulfate 

has been mentioned. No occurrence of any sulfate 
minerals and only a few sulfide minerals were noted 
in the Martin Formation. These sulfide minerals were 
not at the localities where dedolomitization occurred. 
No source of the sulfate, assuming sulfate was instru
mental in dedolomitization, was found during this 
investigation.

The source of the orthoquartzite and mud-shale 
in the upper unit is a critical factor in interpreta
tion of Devonian pale©geography. Plate 3 shows the 
existence of an orthoquartzite or several orthoquartz
ite strata at or near the base of the upper unit.
These orthoquartzites are very fine to very coarse 
grained, moderately and poorly sorted, predominantly 
rounded and subrounded, and have dolomite or dolomite 
and calcite cement. The absence of all the Martin 
Formation except the upper unit of the Jerome Member 
at the Globe Hills locality suggests that there was a 
source area in the vicinity of Globe. Perhaps this is



the same source that Teichert (1965, p. 9 7) mentioned 
in his discussion of the Theodore Roosevelt Dam and 
Windy Hill localities.

The rest of the orthoquartzites, with a few 
exceptions, are in the lower half of the upper unit 
and are generally very fine or fine grained, well 
sorted, subrounded and subangular, and have a dolo
mite cement.• The exceptions are at the Castle Dome 
and Sleeping Beauty localities where the orthoquartz
ites contain very fine to medium grains. The presence 
of the coarser terrigenous material in the lowermost 
orthoquartzite at the Roblas Canyon locality may indi
cate the existence of one or more additional sources 
whose location is not known.

Very fine and fine-grained quartz is present 
in all the orthoquartzites. The source for the fine- 
grain quartz might possibly be the Defiance Positive 
area, whereas the coarser quartz might be derived 
locally from smaller sources. The three northernmost 
stratigraphic sections of Plate 4 seem to substantiate 
this. The coarser quartz in the orthoquartzites at 
the base of the upper unit was probably derived from 
the high in the vicinity of Globe, whereas the finer 
quartz was derived from the Defiance Positive area.



Plate 3 shows that a possible source of the 
mud-shale strata is the high in the vicinity of the 
Calva locality near Bylas. Plate 4 shows that the 
source of the mud-shale was to the north, probably 
the Defiance Positive area.

Approximately 4 miles west of the Ranch Creek 
locality, Willden (i960, p. 21) reported the occur
rence of an oolitic hematite unit whose maximum thick
ness is 7 feet, and that is exposed for a length of 
2500 feet. The oolitic hematite occurs at the base 
of the mud-shale. Willden (i960, p. 23) stated that 
hematitic nodules occur in the carbonate underlying 
the mud-shale, or a hematitic cemented sandstone, 
separates the carbonate from the mud-shale where no 
oolitic hematite is present.

Two units, totaling 1.25 feet in thickness, 
containing oolitic hematite crop out at the Job Corps 
Camp locality (Figure 9 ). Exposures are poor, but 
the oolitic hematite is at or near the base of the 
mud-shale. The units also contain very fine and fine 
grained quartz and medium-crystalline dolomite. Borchert 
(1965# p. 196) stated that limonitic oolites associated 
with terrigenous material form in shallow marine waters 
that have relatively high circulation velocities. He



also stated that the water associated with the forma
tion of the oolites shows normal Eh and pH values.
The oolitic hematite units in the upper unit of the 
Martin Formation were probably formed in a similar 
environment.

Nature of the Upper Contact

Short and others (1943, p. 27) reported that 
at Superior the Escabrosa Limestone overlies the 
Devonian strata with apparent conformity. Huddle and 
Dobrovolny (1932, p. 8l) stated that the top of the 
Martin Formation is not easily recognized, and even 
though the contact has insignificant relief, a break 
in deposition probably exists between the Martin Forma
tion and Escabrosa Limestone.

The contact between the Devonian Martin Forma
tion and the Mississippian Escabrosa Limestone is not 
well exposed because of the low resistance to weathering 
of Devonian rocks and to a cover of talus from the over- 
lying carbonates. Where the contact is visible, the 
relief between the Devonian and Mississippian strata 
is insignificant.

The position of the Devonian-Mississippian con
tact, particularly in the southern part of the area



west of Bylas is more difficult to determine than 
the Devonian-younger rock contact in the same area. 
The lowermost beds of the Mississippian Escabrosa 
Limestone, in the northern part of the area of Martin 
Formation exposures, are limestone (biosparite, bio- 
microsparite, or pelsparite), whereas in the southern 
part of the area the beds are dolomite. Generally, 
the Mississippian strata are thicker stratified, not 
as brightly colored, and contain less terrigenous 
material than Devonian strata. At the localities 
in the southern part of the area, the Devonian- 
Mississippian contact was not confidently located 
until after thin section examinations to determine 
the quantity of terrigenous material in the rocks.



STRATIGRAPHY OP THE MORENCI SHALE 

General Statement

The Morenci Shale occurs in the eastern half 
of the study area (Figure l). Devonian outcrops east 
of Bylas, Arizona, are scarce because of concealment 
by Cenozoic extrusive volcanic rocks and alluvium; 
therefore only four stratigraphic sections were exam
ined and measured.

The Morenci Shale ranges in thickness from 
140 to about 225 feet. At two localities, the Morenci 
Shale consists of terrigenous strata overlying carbon
ate strata; at the other two localities only terrigenous 
strata are present.

Nature of the Lower and Upper Contacts

The lower contact of the Morenci Shale is ex
posed only at the Highway 666 and San Francisco River 
localities. At these localities insignificant relief 
exists between the Devonian rocks and the underlying 
Ordovician Longfellow Limestone (Plate 2). Where 
observed, the Longfellow Limestone is a finely and
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medium-crystalline dolomite. The dolomite is thinly 
and thickly bedded, has both moderate and high resist
ance to weathering, and locally contains very minor 
amounts of terrigenous material. The lithology of the 
Longfellow Limestone is quite distinct from the mud- 
shale and carbonates (dolomitic microsparite, dolo- 
mitic biomicrite, and very finely crystalline dolomite) 
of the Morenci Shale.

The upper contact of the Morenci Shale is ex
posed at three localities east of Bylas; the contact 
is.covered at the Point of Pines locality. At the 
three localities, and probably at Point of Pines also, 
the Morenci Shale is overlain by the Mississippian 
Modoc Limestone. At the Highway 666 and Morenci . 
(Stargo) localities, the Modoc Limestone apparently 
is conformable with the Morenci Shale; however, at 
the San Francisco River locality the contact has a 
relief of about 5 feet in a horizontal distance of 35 

feet.
There is a marked contrast in lithology between 

the upper part of the Morenci Shale and the lower part 
of the Modoc Limestone. The upper part of the Morenci 
Shale is either siltstone or mud-shale, whereas the 
lower part of the Modoc Limestone is fossiliferous



limestone (biosparite, biosparrudite, or biomicrospar- 
ite) or finely crystalline dolomite.

General Description and Petrology

At the Morenci (Stargo) and San Francisco 
River localities the lower portion of the Morenci 
Shale consists of carbonate strata. At Morenci (Stargo), 
fresh surfaces of carbonate strata are some shade of 
gray, green, red, or yellow (N4, $R, 10R, and 5Y). The 
most common fresh surface colors are yellowish gray 
(5Y 7/2), moderate red (5R 5/4), pale red (10R 6/2), 
and olive gray ($Y 4/1). Weathered surfaces show less 
color variation and are some shade of red or yellow 
(5R, 5Y, 5YR, and 10R). The dominant colors of weath
ered surfaces are yellowish gray (5Y 7/2), pale red 
(10R 6/2), and light olive gray (5Y 6/l). Fresh and 
weathered surfaces of the carbonate strata at the San 
Francisco River locality are some shade of brown, gray, 
pink, red, or yellow (N5 , 5R, $Y, 5YR, and 10YR); shades 
of brown are dominant on fresh surfaces, but no color 
is dominant on weathered surfaces.

At the San Francisco River and Morenci (Stargo) 
localities, the carbonate strata are 56 and 105 feet 
thick respectively. The thickness of the individual



strata are quite varied; they range from laminated to 
thinly bedded. Resistance to weathering, which is 
closely related to bed thickness, ranges from low to 
high, but is predominantly moderate.

The most abundant rock type of the carbonate 
strata is dolomitic biomicrosparite, followed by 
dolomitic biomicrite, calcitic dolomite, and dolomite. 
Thin section examinations indicate that the rocks 
usually contain less than 10 percent silt-size quartz. 
The calcitic dolomite and dolomite consist of pre
dominantly equidimensional crystals that range from 
aphanocrystalline to very finely crystalline.

Because of the limited number of outcrops, 
only a few samples have been analyzed for insoluble 
residue and MgO content (Figure 10). The analyses 
indicate that insoluble material ranges from 44 to 62 

percent, and MgO content ranges from almost zero to 
about 11 percent. Such a range in the MgO percentage 
was expected because of the varied lithology; however, 
the insoluble material percentage greatly exceeds the 
value expected according to thin section examinations. 
Calculations indicate that the dolomite samples con
tain excess calcium, yet thin sections show very little 
calcite. This indicates that the dolomite must contain
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Figure 10 Relationship of MgO and Insoluble Residue Content of the Morenci Shale



excess calcium; the effect of iron substituting for 
magnesium has already been mentioned. The additional 
insoluble material probably is the result of clay- 
and very fine silt-size material included in the car
bonate. X-ray diffraction analyses indicate that the' 
insoluble material is predominantly quartz and minor 
amounts of an illite-like clay.

Terrigenous strata occur at all four localities 
of the Morenci Shale exposures. With the exception 
of 10- and 15-foot-thick siltstone units at the San 
Francisco River and Highway 666 localities, respectively 
all of the terrigenous units are mud-shale. Fresh sur
faces of the mud-shale are some shade of brown, green, 
or red (5Y, 5%, 10R, and 10YR), whereas weathered sur
faces are some shade of brown, green, orange, red, or 
yellow (5Y, 5%, 10R, and 10YR). The mud-shale shows 
extremely varied colors, particularly at the San 
Francisco River locality, where no one color dominates. 
Fresh and weathered surface colors of the siltstone are 
some shade of brown or orange (10YR). Fresh surfaces 
do not have a dominant color; however, weathered sur
faces are predominantly grayish orange (10YR 7/4).

The terrigenous units of the Morenci Shale 
range in thickness from about 100 feet at Point of



Pines to 140 feet at Highway 6 6 6. The maximum value 
may be low because both lower and upper contacts are 
not exposed at the Point of Pines locality where an 
estimated 120 feet of covered stratigraphic section 
occurs. The greater part of this covered section is 
probably mud-shale of the Morenci Shale. The mud- 
shale is predominantly laminated although a few inter
vals are very thinly bedded, whereas the siltstone 
is very thinly bedded. Both mud-shale and siltstone 
have low resistance to weathering.

X-ray diffraction of slabs indicate that the 
mineralogy of the mud-shale is very simple. Quartz 
is the most abundant mineral; the only other terrig
enous minerals are an illite-like clay and feldspar; 
the latter was noted only in two samples. Dolomite 
is present in minor amounts in almost all samples.
Very minor amounts of calcite are present in a few 
samples, but dolomite and calcite occur together in 
only one sample. The mineralogy of the siltstone is 
even simpler than that of the mud-shale; the siltstone 
is composed of quartz with subordinate amounts of cal
cite and an illite-like clay.



Origin and Mode of Deposition

The surface on which the carbonate rocks of 
the Morenci Shale were deposited must have been irreg
ular. This is suggested by the more than 50 foot 
difference in thickness and the complete absence of 
carbonate rocks at three localities relatively close 
together. The mud-shale probably was deposited on a 
surface of less irregularity than the carbonate rocks 
because the low areas had been completely or partially 
filled in by carbonate muds.

The abundance of dolomitic biomicrosparite 
and dolomitic biomicrite imply an environment that 
initially contained a large quantity of carbonate mud. 
Such an environment would be one of low turbulence and 
low current activity. The carbonate mud suggests a 
shallow, warm water environment.

Most of the larger calcite fragments are silt- 
size single crystals. Although some do suggest an 
organic origin, many’ do not; however, these are tenta
tively called fossil debris in the investigation.
Only rarely could the type of the organic material be 
determined. A few of the weathered surfaces did show 
unmistakable brachiopod and crinoid debris. Material



identified as fossil debris is not abundant in most 
of the strata, and those strata containing abundant 
fossil debris are only 1 or 2 feet thick.

The material tentatively identified as fossil 
debris may represent material that has been reduced to 
silt-size fragments by organic or inorganic activity. 
Shape and size of the material would probably be 
altered by chemical activity. It is possible that 
these larger pieces of calcite may represent an in
crease in grain size because of recrystallization.

The lack of alignment of the larger calcite 
pieces, if one assumes they are organic, indicates an 
environment with little or no turbulence or current 
activity. If the larger calcite was produced by re
crystallization, a similar environment probably existed 
because the original.material was undoubtedly a carbon
ate mud. The absence of any biosparite in the carbonate 
strata of the Morenci Shale also indicates an environ
ment with little or no current activity.

The question of mechanism and time of dolomitiza 
tion of the carbonate strata is unanswerable, and all 
ideas are based on speculation only. Thin section 
examinations do not confirm or deny the existence of 
primary dolomite; however, the writer believes the
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dolomite is probably secondary. The origin of the 
dolomite is probably similar to that discussed earlier, 
in which the magnesium content of water is increased 
either by evaporation of sea water or precipitation 
of calcium. The more dense magnesium-rich water would 
seep through the underlying carbonate mud providing 
the magnesium necessary for dolomitization.

Stratigraphic cross section B-B1 (Plate 4) 
shows that a possible minor source of the mud-shale 
is the topographic high in the vicinity of the Calva 
locality. The Defiance Positive area probably contributed 
most of the terrigenous material in the mud-shale and 
siltstone of the Morenci Shale.



AGE AND CORRELATION

See Plate 6 for correlation of Devonian strata 
in this and surrounding areas. Williams (in Ransome, 
1903, p. 40) stated that fossils collected from expo
sures along Pinal Creek (section 15 of this study) 
were early neo-Devonian (Fingerlake Age). Kindle (in 
Ransome, 1916, p. 142) concluded that the fossils 
from the Martin Limestone collected in the Ray district 
were of Late Devonian age, and that the faunal assem
blage of.the Pinal Creek section was of the same age 
as the Ray district assemblage. Ransome (1916), after 
his study, proposed that the name Martin Limestone, 
instead of Globe Limestone, be used for the Devonian 
strata in the Ray and Miami districts.

Stoyanow (1936, p. 489) proposed the names 
Lower Ouray Limestone (upper 54 feet), and Martin 
Limestone (remainder of the section) for the Devonian 
rocks exposed along Pinal Creek, that had previously 
been described by Stauffer (1928). Stoyanow based 
his opinion on the occurrence of Camarotoechia endlichi 
Meek, and correlated the Lower Ouray Limestone with
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the lower portion of the Ouray Limestone and the under
lying Elbert Formation of Colorado. Teichert (1965, 
p. 15) examined the Pinal Creek section and found no 
Camarotoechia endlichi Meek; therefore, he assumed 
the fossil was not present, and Stoyanow* s correlation 
invalid. Teichert considered the strata under discus
sion as part of the upper unit of the Jerome Member 
of the Martin Formation.

Stoyanow (1936, p. 489) stated "...that lime
stone beds with Spirifer iowensis Owen and thin-bedded 
layers of light, coarse-grained quartzitic sandstone 
with fish teeth have been found below the Martin 
limestone in the Devonian section near Superior,
Arizona". He implied that these beds were equivalent 
to the Picacho de Calera Formation which he tenta
tively correlated with the Cedar Valley Limestone of 
Iowa.

Short and others (1943, p. 29) divided the 
Martin Limestone into three members. These members 
were correlated as follows: upper or yellow shale
member equivalent to the Lower Ouray Formation of 
Colorado; middle or yellow limestone member equiva
lent to the Martin Limestone at Bisbee and the Hackberry 
Shale of Iowa; and the lower or dolomite member equivalent
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to the Cedar Valley Limestone of Iowa. They stated 
that lithologically there is little doubt of the cor
relation between the papery shale and overlying lime
stone at Superior, Arizona, and Lower Ouray Formation 
at the Pinal Creek locality examined by Stoyanow. As 
stated earlier, Teichert claimed that the correlation 
of the upper part of the Devonian strata at Pinal 
Creek with the Lower Ouray Limestone of Colorado was 
erroneous.

Huddle and Dobrovolny (1952, p. ?l) used the 
name Martin Formation for the Devonian strata in east- 
central Arizona. They divided the formation into a 
lower, a middle, and an upper member. Huddle and 
Dobrovolny (1952, p. 85) stated that the lower beds 
of the Martin Formation (Stoyanow*s Picacho de Calera 
Formation) are not distinctive enough either faunally 
or lithologically to justify separation into a forma
tion.

Huddle and Dobrovolny (1952, p. 86) also 
stated that their lower member contained very few 
fossils; however, their middle member contained many 
stromatoporoids. They concluded that possibly the 
lower and middle members include all or part of the 
Stromatopora zone of Merriam's Devils Gate Formation



in the Roberts Mountain region, Nevada. They further 
stated that the Phillipsastrea (Pachyphyllum) zone 
was probably present in their upper member of the 
Martin Formation and that the typical Martin Forma
tion fauna also occurs in their upper member. The 
precise correlation of this fauna with the Hackberry 
Shale, according to Huddle and Dobrovolny (1952, p.
86), is overemphasized.

In the region south of this study area Williams 
(in Ransome, 1904, p. 42) concluded that fossils from 
the Martin Limestone in the vicinity of Bisbee,
Arizona, were Middle Devonian. However, Kindle (in 
Ransome, 19l6 , p. 142) restudied the same fossils, 
and additional ones, and concluded that the Martin 
fauna was of Late Devonian age.

Stauffer (1928, p. 429) stated that in the 
Santa Rita Mountains about 1500 feet of dark bluish 
to black limestone and calcareous shale underlies 
typical Upper Devonian Martin Limestone. He proposed 
the name Santa Rita Limestone for these rocks and 
concluded that they were Middle Devonian in age. His 
conclusion of such a great thickness of Devonian rocks 
has not been substantiated by later investigations, 
and the name Santa Rita Limestone is no longer used.



Stoyanow (1936, p. 48%) stated that from the 
Bisbee area as far north as the Santa Rita Mountains, 
Devonian strata are represented by the Martin Lime
stone only. However, north of the Santa Rita Mountains 
rocks older and younger than the Martin Limestone 
appear. Stoyanow proposed the names Picacho de Calera 
and Lower Ouray Limestone, respectively, for these 
rocks older and younger than the Martin Limestone.

Stoyanow (1936, p. 488), in his discussion 
of the Picacho de Calera Formation from the Picacho 
de Calera Hills, 25 miles northwest of Tucson, stated 
that the nature of the fish fauna precluded the possi
bility of the formation being older than Upper Devonian. 
The fauna of the formation was similar to the Cedar 
Valley Limestone of Iowa. In Peppersauce Canyon, 
Stoyanow (1936, p. 489) noted the presence of the 
Lower Ouray Formation above the Martin Limestone. He 
concluded (1936, p. 491-492) that the formation was 
"...between the high Devonian (Martin limestone - i.e., 
Hackberry shale) and the lower Kinderhookian", and that 
it was equivalent to the Elbert Formation and lower 
part of the Ouray Formation of Colorado.

The name Portal Formation was proposed by 
Sabins (1957, p. 475) for the predominantly fine



terrigenous sequence of strata in southeastern Arizona 
near Portal. The lower portion of the formation is 
Late Fingerlake Age and the upper portion is Late 
Chemung Age. Sabins stated that the Portal Formation 
is probably equivalent to the Swisshelm Formation and 
the Morenci Shale.

Epis, Gilbert, and Langenheim (1957, p. 2244) 
proposed the name Swisshelm Formation for the Devonian 
strata in the Swisshelm and Pedregosa Mountains. The 
fossil assemblage indicates a Late Devonian (Senecan) 
age. The lower portion contains fossils reported 
from the Independence Shale and the Sly Gap Formation, 
and suggests a Late Fingerlake or Early Chemung Age. 
The fossils in the middle and upper parts of the Swiss 
helm Formation are similar to those in the Martin 
Limestone which is equivalent to the Hackberry Shale 
of Chemung Age. Epis, Gilbert, and Langenheim also 
stated that the Swisshelm Formation is equivalent to 
the Percha Shale (Ready Pay Member), Portal Formation, 
and Morenci Shale.

North of the study area, Reagan (1903, p. 278) 
recognized Devonian strata on the Fort Apache Indian 
Reservation. He concluded that the chert and flint 
strata, very fossiliferous marble limestone, and grit



were of Devonian age because fossils collected cor
respond "...very much to the Devonian formation at the 
falls of the Ohio".

Ransome (1916, p. 151) recognized Devonian 
strata at Theodore Roosevelt Dam. Kirk (in_Ransome, 
1916, p. 152) identified the fossils collected by 
Ransome, and concluded that the strata were equiva
lent to the Martin Limestone of Bisbee, Arizona, and 
the Ouray Limestone of Colorado.

In the Pine-Payson region near the East Verde 
River, Ransome (1916, p. 160) noted 110 feet of basal 
sandstone overlying granite; he stated, "...there can 
be no reasonable doubt of the identity of this sand
stone with the Tapeats ("Tonto") sandstone of the Grand 
Canyon section". He also noted 350 feet of predomi
nantly limestone strata of which at least part were 
Devonian in age. More will be said about this region 
later.

At Jerome, Arizona, Ransome (1916, p. l6l) 
recognized approximately 500 feet of Devonian strata. 
Kindle (iti Ransome, 1916, p. l6 l) identified fossils 
from Jerome, Arizona, as Upper Devonian and stated,
"... it'is the fauna of the Martin limestone". However,



Ransome did not give a formational name to these 
Devonian strata.

In the Pine-Payson region near the East Verde 
River Lausen and Wilson (1925* p. 12) reported the 
occurrence of a coarse-grained quartz sandstone cemented 
by iron oxide and calcite. Fish fossils from finer 
grained layers are Upper Devonian age according to 
Stoyanow (in Lausen and Wilson, 1925* p. 13). Lausen 
and Wilson (1925* p. 12) stated that Stoyanow would 
propose the name Sycamore Creek Sandstone for these 
strata. However, Stoyanow (1926, p. 315) proposed the 
name Sycamore Creek Formation. Overlying the sandstone 
beds are carbonate rocks that Stoyanow (in Lausen and 
Wilson, 1925* p. 13) concluded had a closer relation
ship "...to the Ouray limestone of Colorado than to 
the Martin limestone of southern Arizona".

In his discussion of Devonian strata at Jerome 
Stoyanow (1936, p. 497) mentioned an Arthrodiran 
sandstone that occurs about 150 feet above the base 
of the Devonian carbonate rocks. He implied that the 
Arthrodiran sandstone should be called the Sycamore 
Sandstone Member of the Jerome Formation. At the same 
time, Stoyanow stated that in the East Verde River 
region, the Arthrodiran sandstone was 50 to 75 feet



thick, and overlies-the lowermost limestone of his 
Jerome Formation. The limestone is only 20 feet thick 
at Jerome.

Stoyanow (1942, p. 1268, and PI. 1, Figure l) 
indicated that near the East Verde River the basal 
Paleozoic sandstone is the Cambrian Tapeats Sandstone, 
and it is conformably overlain by limestone of the 
Jerome Formation. He did not mention the name Sycamore 
Creek Formation or Sycamore Creek Member. These lat
ter names have not been used in the literature since 
Stoyanow's last discussion; because some confusion 
exists as to their exact stratigraphic position, and 
because Teichert stated (1965, p. 15) that, "...the 
name is preoccupied by the Sycamore Limestone of Taff 
(1903)", the names will not be formally recognized in 
this manuscript.

Stoyanow (1930, p. 316) proposed the name 
Jerome Formation for the Devonian strata in the north
ern part of Arizona. He (1936, p. 495) described the 
section of the Jerome Formation at Jerome and stated, 
"This Upper Devonian fauna is of approximately the 
same age as the Martin limestone, and the latter forma
tion may be tentatively correlated with the upper, 
arenaceous portion of the Jerome formation".



Twelve miles northeast of Jerome, Stoyanow 
(1936, p. 500) described a sandy facies in the upper 
portion of the Jerome Formation; he proposed the 
name Island Mesa beds for this unit. Telchert (1965, 
p. 15) stated that Stoyanow traced the Jerome Forma
tion southeastward as far as the Payson region, and 
that he also recognized the Island Mesa beds in the 
Payson region. The writer cannot find any statement 
about Island Mesa beds in the Payson region in 
Stoyanow's paper (1942). Teichert (1965, p. 15) 
stated that no Devonian strata crop out in the area 
12 miles northeast of Jerome, and that the tnolluscan 
fauna Stoyanow reported (1936, p. 500) actually occur 
in a sacchroidal dolomite. Therefore, Teichert (1965, 
p. 15) concluded that the name Island Mesa beds should 
not be used.

The work and correlations of Huddle and 
Dobrovolny (1952) were discussed earlier. In their 
work, they studied Devonian strata in the study area 
and also to the north. Anderson and Creasey (1958, 
p. 49) in their investigation around the Jerome dis
trict, divided the Devonian strata into four units 
(lower, lithographic, middle, and upper). They used 
the name Martin Limestone, but gave no new information



about correlation; however, the writer gets the impres
sion that they agree with the work of Huddle and 
Dobrovolny (1952). Lehner (1958, p. 523), in his in
vestigation of the Clarkdale quadrangle, divided the 
Devonian strata into four units (A, B, C, and D). These 
units were equivalent to those of Anderson and Creasey, 
and Lehner agreed with the correlations proposed by 
Huddle and Dobrovolny (1952).

Teichert and Schopf (1958) have reported an 
Early or Middle Devonian psilophyte assemblage from 
the Beckers Butte Member in an outcrop just outside of 
the study area. They consider a Middle Devonian age 
for the Beckers Butte Member more accurate because of 
stratigraphic relationships with overlying strata.

Teichert (1965, p. 90)> in his discussion of 
the Jerome Member, stated, "...no precisely datable 
fossils occur in the lower part of the upper unit or 
in the aphanitic dolomite and fetid dolomite units 
of the member...". He also stated that the uppermost 
150 feet of the upper unit contained many abundantly 
fossiliferous beds with stromatoporoids, corals, and 
brachiopods being the most abundant groups. Oliver 
(iti Teichert, 1965,.?. 90) assigned a Fingerlake Age 
to the upper part of the upper unit. He studied the
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fauna of the upper part of the upper unit from Teichert's 
area, and was primarily interested in corals. Cloud 

. (iri Teichert, 1965, p. 9 0) studied representative 
brachiopod fossils from the upper part of the upper 
unit of Teichert's Jerome Member, and indicated a 
Chemung Age for the fauna. According to Glenister (in 
Teichert, 1965, p. 9 0), conodonts from the upper part 
of the upper unit were Chemung and possibly Fingerlake 
Age.

Paleontological evidence seems to indicate ■
that the upper part of the upper unit of the Jerome
Member is Chemung and Fingerlake (?) Age. Teichert
(1965, p. 9 1) stated that:

Since the entire upper unit represents 
one unified stratigraphic and sedimen- 
tal complex despite its facies different
iation, all its rocks are probably at 
least Frasnian (Fingerlake and Chemung) 
and possibly late Frasnian (Chemung) in 
age.

He also mentioned that no paleontological criteria 
existed for correlation of the fetid and aphanitic 
dolomite units. Because of this, the position of the 
Middle-Upper Devonian contact cannot be determined at 
this time.

Lindgren (1905, p. 6 6) collected fossils from 
the carbonate strata underlying dark shale at Morenci,



Arizona. Williams (in Lindgren, 1$05, p. 6 9) stated 
that the fossils are probably Devonian age, and even 
though typical species of the Globe and Bisbee quad
rangles are not present, the strata in the three 
regions contain the same general fauna.

Stevenson (1945, p. 24l) divided the Percha 
Shale of New Mexico into two members: the lower Ready
Pay Member, and the upper Box Member. He also stated 
that the Box Member becomes more calcareous to the 
west, and mentioned that northwest of Silver City, New 
Mexico, interbedded massive limestone strata attain a 
maximum thickness of 16 feet. The occurrence of 
carbonate strata in the Morenci Shale in the Clifton- 
Morenci district suggests that the Morenci Shale is 
at least lithologically equivalent to the Box Member 
of the Percha Shale. Stevenson (1945, p. 244) cor
related the Box Member with Stoyanow's Lower Ouray 
Formation.

Stainbrook (1947, p. 297) studied the brachio- 
pods in the Percha Shale, and stated that evidence for 
a Devonian age is very weak. However, studies of 
Bryozoa suggest a Devonian age, and age determinations 
from Mollusca and Coelenterata are inconclusive.



Kelly and Silver (1952, p. 77) stated that
the Onate and Sly Gap Formations proposed by earlier 
workers in southwestern New Mexico are not distin
guishable lithologically, and are only faunal zones. 
They (1952, p. 7 8) proposed that the name Percha 
Formation should be used for the predominantly ter
rigenous strata of Middle Devonian (?) to Early 
Mississippian (?) age in the Caballo Mountains, New 
Mexico.

Kottlowski and others (1956, p. 27) used 
Onate, Sly Gap, Contadero, and Percha Formations for 
the Devonian strata in New Mexico. The Onate Forma
tion was designated as Middle Devonian (?), Sly Gap 
Formation as Lower Chemung, Contadero Formation as 
Upper Chemung, and Percha Formation as Cassadaga and 
Conewango Age. The Percha Formation was divided into 
a lower Ready Pay and an upper Box Member.

Correlations indicate that no equivalent of 
the Middle Devonian Beckers Butte Member exists in 
southeastern Arizona. The Martin Limestone of south
eastern Arizona is equivalent only to the upper part 
of the Martin Formation in the central part of the 
state. The Morenci Shale of the Clifton-Morenci dis
trict may be equivalent to the Box Member of the Percha



Shale of New Mexico. If this is true, the Morenci 
Shale represents the youngest Devonian rocks in the 
state.



PALEOGEOGRAPHY 

General Statement

The maps and stratigraphic cross sections in 
this manuscript show data obtained by the writer in 
the study area, and data from other sources. These 
other sources are Anderson and Creasey (1958), Lehner 
(1958), Simons (1964), Wright (1964), Teichert (1965), 
and Perry (1968). The data from exploration oil tests 
were obtained from the Arizona Bureau of Mines, Tucson, 
Arizona.

These other sources were used to supply addi
tional data north and south of the study area, and 
show the stratigraphic relationships of the Devonian 
strata in eastern Arizona. The maps were also used 
in the interpretation of the geologic history and 
paleogeography of the eastern part of the state during 
Devonian time.

The accuracy and reliability of any isopach or 
facies map is dependent on the quality and distribu
tion of data. Unfortunately, the data for Devonian
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strata in Arizona do not satisfy these necessary re
quirements for accurate and reliable maps.

The writer has no reason to doubt the accuracy 
and quality of the data obtained from other sources. 
However, the fact must be pointed out that in geologic 
studies there will always be differences of opinion 
concerning the location of contacts, rock description 
and classification, identification of fossils, correla
tion, etc. Another factor affecting quality of data 
is metamorphism that alters both thickness and lithology 
of the original rocks.

South of the Mogollon Rim, Devonian strata crop 
out on the flanks of elongate mountain ranges. Data 
can be obtained from outcrops within the ranges but 
many of the individual ranges are several miles apart.
The rocks between the mountains are usually Tertiary 
to Recent valley fill. Commonly Devonian strata are 
covered by younger sedimentary or volcanic rocks, as in 
the Holbrook, Show Low, Springerville, and Clifton 
areas. In these areas, exploration oil tests are the 
only source of data for Devonian strata.
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Devonian Paleogeologic Map

Two features are quite apparent on the Devonian 
paleogeologic map (Plate l). One of these is that 
south of Winkelman Devonian strata are underlain by 
only two formations, the Cambrian Abrigo Formation 
or the Ordovician El Paso Limestone. The El Paso Lime
stone probably represents a younger easterly phase of 
the Abrigo Formation. The presence of only two units 
underlying Devonian strata suggests that the surface . 
on which the sea encroached may have been one of low 
relief.

North of Winkelman, Devonian strata were de
posited on rocks ranging in age from Cambrian to Older 
Precambrian. The number of formations and rock types 
underlying Devonian strata is also greater north of 
Winkelman than to the south. The map also shows more 
irregularity in the distribution of rocks underlying 
Devonian strata north of Winkelman than to the south.
In fact, along the Mogollon Rim, formations under 
the Martin Formation may differ from one locality to 
the next adjacent one. However, the Martin Formation 
generally overlies older rocks from the Salt River to 
Camp Verde. The age of the diabase underlying the 
formation is thought to be Younger Precambrian.
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The distribution and pattern of the under

lying strata suggests that the Devonian sea encroached 
on a more irregular surface in and north of the study 
area than in southeastern Arizona.

Stratigraphic Cross Sections

On the two stratigraphic cross sections (Plates 
3 and 4), all correlations are based on lithology only. 
The cross sections indicate that in the study area 
very little change in the lithology of the fetid dolo
mite and aphanitic dolomite units of the Jerome Member 
of the Martin Formation takes place. Lithologic varia
tion in the Beckers Butte Member and upper unit of the 
Jerome Member are obvious.

Stratigraphic cross section A-A1 shows the 
thinning of Devonian strata at the Globe Hills locality 
and also the absence of Devonian rocks at the Calva 
locality. This thinning is caused by nondeposition of 
the lower part of the Martin Formation rather than 
deposition and subsequent erosion. The cross section 
also shows that the high at the Calva locality separates 
the predominantly carbonate Martin Formation from the 
predominantly terrigenous Morenci Shale. Two probable 
source areas are shown; these are in the vicinity of
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the Globe Hills and "Calva localities. Another notice
able feature on stratigraphic cross section A-A1 is 
the increase in the calcite content of the Martin 
Formation westward.

Stratigraphic cross section B-B1 shows the 
thinning of Devonian strata south of Winkelman at the 
Kelly Camp and Putnam Wash localities. The cross sec
tion shows very plainly that the thinning of the strata 
is because of nondeposition of the lower part of the 
Martin Formation rather than deposition and subsequent 
erosion. The mud-shale that is generally near the top 
of the upper unit of the Jerome Member can be traced 
southward to the Kelly Camp and Holy Joe Peak locali
ties at which places it is the lowermost unit of the 
Martin Formation. At these two localities, the mud-shale 
overlies the Cambrian Abrigo Formation. The high shown 
in the cross section between Mammoth and Winkelman must 
have been a source area when the first Devonian sedi
ments were being deposited. Cross section B-B1 shows 
the pinching out of the mud-shale south of the high 
between Mammoth and Winkelman. Although the change is 
not as noticeable as in cross section A-A.1, there does 
appear to be a slight increase in calcite content of the 
Martin Formation southward.



Devonian Isopach Map Excluding 
Beckers Butte Member

The Devonian isopach map excluding the Beckers 
Butte Member shows several interesting features in and 
bordering the study area (Plate 5). In the central 
part, a northeasterly trending ridge or high divides 
the study area in half. A high exists near Globe that 
is slightly elongated in a northeastern direction.
These two highs are essentially parallel to a north
easterly trending high in the southern part of the 
map.

North of T. 5 N., the isopachs have a north
western trend. This trend is shown by the rapid 
thinning of strata and by islands north of Young in 
the approximate position of the Mogollon Rim. The 
zero isopach where Devonian strata pinch out against 
the Defiance Positive area also has a northwestern 
trend.

The isopachs in the vicinity of Holbrook and 
Show Low would be less regular if more data were avail
able. Perhaps they would be as irregular as those 
between Camp Verde and Young where the strata range 
from zero to more than 450 feet thick in a horizontal 
distance of a few miles.
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The Devonian isopach map shows that south of 

Mammoth the strata range from 150 to 380 feet in thick
ness. Even with this range, the original surface was 
probably one of relatively low relief as exhibited by 
the smoothness and evenness of the isopach contours. 
North of Mammoth, Devonian rocks may be absent or as 
much as 550 feet thick. The pattern of the isopach 
contours suggests an irregular pre-Devonian surface 
with high local relief.

Lithofacies Maps

General statement

Lithofacies maps were constructed to aid in the 
interpretation of the paleogeography of the study area. 
Other data, particularly from Wright (1964) and Teichert 
(1965), were also used to extend trends and provide 
information to the north and south. The lithofacies 
maps were constructed in as simple a manner as possible. 
This was done for several reasons. Lithofacies maps 
that show two or more types of data are frequently 
confusing or cluttered with too much information, and 
therefore hard to interpret. The lithofacies maps 
were constructed using rock descriptions and data from
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three different writers. Because no two geologists 
see exactly the same thing or will describe a rock in 
exactly the same manner, the writer feels that simple 
lithofacies maps are better than more complex ones.
The areal distribution of the data is far from optimum 
to permit good contouring. If and when more data are 
available, newly constructed lithofacies maps probably 
will not be drastically different; however, local 
changes may be quite significant.

A map showing the distribution and characteris
tics of the Beckers Butte Member of the Martin Forma
tion was constructed because of the unique lithology 
and limited areal extent. Data for the other maps, 
except the paleogeologic one, include information from 
the Jerome Member of the Martin Formation and the Martin 
Limestone only.

Lithofacies and distribution of the Beckers Butte Member

As previously stated, the Beckers Butte Member 
of the Martin Formation has a limited distribution, an 
extremely varied thickness, and is composed of predomi
nantly terrigenous material north of the study area 
(Plate 2). The Beckers Butte Member is predominantly 
dolomite with minor amounts of terrigenous material.



Several exceptions occur in the study area where 
the member consists of terrigenous channel-fill depo
sits.

The map of the Beckers Butte Member was con
structed for several reasons. The distribution of 
the member shows that the oldest Devonian strata 
were of limited areal extent. A drastic difference 
in lithology exists between the rocks in the vicinity 
of Globe and the rocks to the north. These features 
and the varied thickness of the member are not appar
ent when maps are constructed using data obtained 
from all of the Devonian strata.

No attempt was made to construct an isopach 
map for the Beckers Butte Member because of the varied 
thickness, lack of data, and poor distribution of 
data.

The lithofacies map shows the change from 
predominantly terrigenous material in the north to 
predominantly carbonate (dolomite) in the south. This 
change takes place in a distance of a few miles; how
ever, the exact location of the transition from fluvi- 
atile terrigenous to marine carbonate material may 
never be located because of lack of outcrops. Most 
of the carbonate contains some terrigenous material.



Some of this material was probably derived locally 
from the highs in the vicinity of Globe and east 
and south of Winkelman.

An interesting feature occurs in the area 
of predominantly carbonate material south and west 
of the high near Globe. This area may represent a 
mound or ridge similar to a submarine bank that did 
not receive as much terrigenous material as the lower 
surrounding areas. The mound is generally thinner 
than the surrounding areas.

The map clearly shows that the initial 
Devonian seas were of very limited areal extent. The 
glauconite (?) in the orthoquartzite in Teichert1s 
stratigraphic section in T. 2 N., R. 17 E. (unsurveyed) 
suggests that the Devonian sea may have extended as 
far north as T. 3 N. and possibly as far east as R. 19
E. Encroachment, at least in east-central Arizona, 
was from west to east.

Percent terrigenous material in Devonian strata 
excluding Beckers Butte Member

Plate 7 shows the percentage of terrigenous 
material in the Devonian strata excluding the Beckers 
Butte Member. The values used in calculations were



obtained from petrographic descriptions only. Because 
most of the samples contain more insoluble material 
than is visible in thin sections, the percentages, at 
least in the central portion of the map, are lower than 
actual values.

The map shows that the Devonian strata are pre
dominantly carbonate rocks except in a few places.
The most noticeable exception is the more or less cir
cular area in the east-central part of the map. Other 
exceptions are the small circular patches north of 
Young and along the southwestern edge of the Defiance 
Positive area; however, very little data are available 
for the latter area.

The general pattern of the map is similar to 
that of the isopach map; easterly and northeasterly 
trends exist in the southern half, whereas a north
westerly trend exists in the northern half. The 
southwest trending bulge of a high percentage of 
terrigenous material northwest of Globe may be related 
to the high near Globe, or to the Defiance Positive 
area.

The island between Camp Verde and Young and 
the high north of Young, do not appear to alter the 
general pattern of the map. In fact, these highs



appear to have supplied a very small quantity of ter
rigenous material. The high near Globe may have been 
a significant source during deposition of the Beckers 
Butte Member, but does not appear to have supplied 
much terrigenous material during later deposition.
The Defiance Positive area was above sea level dur
ing Devonian time, and therefore was a source during 
deposition of Devonian strata. The quantity of mate
rial from the Defiance Positive area probably exceeds 
that from all other sources, whereas the quantity 
derived from the island near Bylas cannot be deter
mined because of lack of data. This high may have 
been a minor source for the terrigenous material in 
the more or less circular area in the east-central 
part of the map.

Percent limestone to total carbonate in Devonian strata 
excluding Beckers Butte Member

Plate 8 shows the percent limestone of the 
total carbonate content of Devonian strata excluding 
the Beckers Butte Member. As is easily seen, dolomite 
is the dominant carbonate present in the Devonian 
strata. Small areas where limestone is more abundant 
than dolomite occur in the southeastern part of the map



east of Young and north of Show Low. The pattern on 
this map is similar to that on the isopach and other 
ones. In the south both easterly and northeasterly 
trends exist, whereas a northwesterly trend is present 
in the north.

The small islands and topographic highs do not 
seem to have had much effect on the type of carbonate 
present. Friedman and Sanders (1967, p. 320) stated 
that where dolostone formations pass laterally into 
limestone units, the dolostone formed closer to the 
ancient shoreline than the limestone. The map shows 
an increase in dolomite towards the Defiance Positive 
area. There is also an increase in dolomite from the 
west towards Bylas; this increase is shown on strati
graphic cross section A-A* also.

The map indicates that no limestone occurs 
for 50 to 75 miles east, northeast, and south of 
Bylas; however, most of the Devonian strata in this 
area are terrigenous material. The high dolomite 
percentage is because dolomite is so much more abun
dant than calcite in the terrigenous material.



Sand-shale ratio in Devonian strata excluding Beckers 
Butte Member

Plate 9 was constructed using the ratio between 
sand-size and coarser material and silt-size and finer 
material. Most of the terrigenous material in the 
Devonian strata is silt-size and finer; however, in 
several localities and places, sand-size and coarser 
material are more abundant. These are the Arnett Creek, 
Jim Thomas Wash, and Theodore Roosevelt Dam localities, 
in a northwestern trending zone near the Mogollon Rim, 
and along the Defiance Positive area northeast of Show 
Low.

In the north a northwestern pattern exists as 
it does on the other maps. Easterly and northwesterly 
trends occur in the south; the northwesterly trend is 
almost at right angles to the trends shown on the other 
maps.

The thinness and lack of mud-shale at Jim 
Thomas Wash and Arnett Creek is the reason for the 
high sand-shale ratio at these localities. The mud- 
shale may have been removed and/or thinned by erosion. 
If this is true, the sand-shale ratio at these local
ities is higher than that of the originally deposited



strata, and the map cannot reflect this. The sand- 
shale ratio at Theodore Roosevelt Dam is probably 
correct because mud-shale is present and is overlain' 
by sandstone. The sand-size and coarser material in 
the Jerome Member of the Martin Formation probably 
was derived from several sources. This is suggested 
by the varied position of the sand-size and coarser 
material at the localities of interest. Some terrig
enous material must have been derived from the south
western portion of the high that divides the study 
area in half. The Defiance Positive area probably 
also supplied sand-size and coarser terrigenous mate
rial; the high near Globe also supplied some coarse 
terrigenous material.

The island near Bylas apparently did not 
supply any sand-size and coarser terrigenous material 
as indicated by the lack of this material at the 
localities closest to the island. The island between 
Camp Verde and Young is at the northwestern end of 
the northwestern zone of high sand-shale ratios. This 
island and.the surrounding area must have been a 
source of coarser terrigenous material. The reason 
for the difference in the size of material from the 
two islands (Camp Verde-Young, and Bylas)' is not known.
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It may be related to source rock type; crystalline rocks 
in the northern island and sedimentary rocks in the 
southern one.

Summary

The Devonian strata in this study area are 
separated by a topographic high located near Bylas, 
Arizona. East of Bylas, the strata are predominantly 
terrigenous (Morenci Shale) whereas west of Bylas, the 
Devonian strata are predominantly dolomite (Martin 
Formation).

The Martin Formation overlies the Cambrian 
Abrigo Formation in .the southern part of the area, and 
the Cambrian Bolsa Quartzite, Precambrian Troy Quartzite 
and locally the Precambrian Dripping Spring Quartzite 
in the northern part. In the east the Morenci Shale 
overlies the Cambrian Abrigo Formation (?) and the 
Ordovician Longfellow Limestone. The Mississippian 
Escabrosa Limestone overlies the Martin Formation and 
the Mississippian Modoc Formation overlies the Morenci 
Shale. Both lower and upper contacts of the Devonian 
rocks have insignificant relief and are apparently con
formable at all localities visited; one exception



occurs where the upper contact shows a small amount of 
relief.

The Martin Formation is divided into two mem
bers; a lower Beckers Butte Member and an upper Jerome 
Member. The Jerome Member is divided into a fetid 
dolomite unit below, an aphanitic dolomite unit, and 
an upper unit. The Beckers Butte Member consists of 
impure carbonate rocks (predominantly dolomite) and 
local channel-fill deposits. The fetid dolomite unit 
and aphanitic dolomite unit consist of dolomite with 
minor quantities of calcite and terrigenous matter.
The upper unit consists of both carbonate and terrig
enous rocks. Dolomite is the dominant carbonate, 
whereas clay- and silt-size is more abundant than 
sand-size and coarser terrigenous material. Figure 
11 shows the relationship between MgO and insoluble 
residue content in the Martin Formation at three dif
ferent localities. The lower half of the formation 
generally contains more MgO and less insoluble residue 
than the upper half. The insoluble residue is mostly 
quartz and an illite-like clay.

The Morenci Shale consists of a mud-shale 
that may or may not be overlain by a siltstone. Car
bonate rocks may or may not underlie the mud-shale.
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The carbonate is both calcite and dolomite," and is 
mostly very finely crystalline. The MgO content of 
these carbonate rocks is quite varied and the insol
uble residue high (Figure 10). The insoluble residue 
is mostly quartz and an illite-like clay.

All members and units of the Martin Formation 
are not present at the localities west of Bylas. The. 
Beckers Butte Member, fetid dolomite unit, and apha- 
nitic dolomite unit pinch out because of a topographic 
high in the eastern and southern portion of the 
western half of the study area. The lower part of 
the upper" unit may be missing also. Only part of the 
upper unit is present at the Globe Hills locality 
and no Devonian strata are present at the Calva local
ity.

In the study area and also to the north, the 
age of the upper unit of the Jerome Member of the 
Martin Formation is probably Fingerlake and Chemung, 
and the age of the Beckers Butte Member is probably 
Middle Devonian. The position of the contact between 
the Middle and the Upper Devonian cannot be determined 
at this time because of lack of fossils. The Morenci 
Shale is probably Cassadaga or Conewango Age. The 
Martin Limestone in southeastern Arizona is probably



Fingerlake and Chemung Age. The oldest Devonian sedi
ments were deposited in the area between Globe-Miami 
and Young; these sediments extended a short distance 
east of these towns, and for an unknown distance to 
the west. Eventually most of southern and east-central 
Arizona, except for a few islands, was covered by a 
shallow marine sea; the last part of the state to be 
covered was around Clifton-Morenci. Encroachment of the 
sea was probably from the west in east-central Arizona, 
and from the south or southwest in southern Arizona.

The great quantity of sediments that were for
merly carbonate mud undoubtedly were intially depos
ited in a warm, shallow, marine environment. The 
predominantly carbonate portion of the Beckers Butte 
Member probably was deposited in a shallow marine 
environment in the' subtidal zone. Land areas were not 
far distant as indicated by the abundance of terrig
enous material; The marine waters may have had higher 
than normal salinity which may account for the lack of 
fossils in the member. -

The Jerome Member was deposited on a surface 
of large areal extent and generally low relief. The 
member represents a gradual marine transgression as 
indicated by the change from an intertidal and possibly



supratidal to a subtidal environment. The older fetid 
dolomite unit represents an intertidal and possible 
supratidal environment, the aphanitic dolomite unit 
both intertidal and subtidal environments, and the 
upper unit a subtidal environment. Current activity 
and turbulence were very low during deposition of 
most of the Devonian strata as indicated by the abun
dance of material that was formerly a carbonate mud. 
Local or occasional turbulence is indicated by align
ment of fossil debris and also; winnowing of the fines 
to produce a concentration of fossil debris that was 
subsequently cemented with sparite.

The dolomite in the Martin Formation formed 
by the replacement of original carbonate (aragonite or 
calcite), and is not primary. The dolomitization was 
probably the result of evaporation of sea water pro
ducing enrichment of magnesium and an increase in 
density, and subsequent permeation by the magnesium- 
rich marine waters. The dolomitization of the Martin 
Limestone was probably produced in a similar manner.
An additional source of magnesium in the fetid dolo
mite unit may have been the evaporation and capillary 
action in the upper few centimeters of the sediment.
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Several sources exist for the terrigenous 

material in the Devonian rocks. The Defiance Positive 
area probably was above sea level and thus acted as a 
source throughout Devonian time'. Some areas, such as 
those near Bylas, along the Mogollon Rim, and near 
Globe were islands or topographic highs and sources 
during all or part of Devonian time. An increase in 
particle size of orthoquartzites at the Castle Dome, 
Roblas Canyon, and Sleeping Beauty localities suggests 
an additional but yet unknown source northwest of the 
Castle Dome and Roblas Canyon localities. The greater 
quantity of terrigenous material in the aphanitic dolo
mite unit at the Arnett Creek, Castle Dome, Roblas 
Canyon, and Sleeping Beauty localities substantiate 
this suggestion.

Stoyanow (1942, p. 1266 and PI. 5f) indicated 
that there were three separate basins in Arizona dur
ing Late Devonian time..* He stated that Late Devonian 
seas entered Arizona from the northwest and southeast 
and that the seas were'never connected because of the 
high area termed Mazatzal Land, but the seas almost 
joined in the vicinity of Payson.

Eardley (1951, Plate 3) showed that all of 
Arizona except the extreme northeastern and southwestern



portions v;as . covered-, by Devonian seas. The Devonian 
sediments deposited:.in :Arizona v/ere less than 1000 feet 
thick except in the extreme northwestern portion of the 
state. The same plate suggested that the seas entered 
Arizona from the northwest or southeast; possibly they 
entered from both directions and eventually joined.

Eardley (1962, Fig. 6 .5 ) showed an island 
(Mazatzar Island) in central Arizona during Devonian 
time .■'vThe^northeastern portion of the state was a 
positive area;: the Devonian sediments throughout most 
of the": state v;ere less than 500 feet thick. Encroach
ment was probably from the northwest and possibly 
south. - ■■ v:; .

. McKee: (1951, p. 485) stated that during most 
of the Paleozoic Era positive areas existed in north
eastern and southwestern Arizona, and that, "...contour 
patterns fail to indicate a Devonian landmass in.this 
area [central Arizona] ...". Encroachment of the seas 
was probably from the northwest and southeast.

Schuchert (1955, Maps 37 and 3 8) showed the 
initial Devonian transgression from north to south 
with the. southern three-fourths of Arizona above sea 
level. Subsequent encroachment from the east and north 
east left the southwestern and western part of Arizona
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above sea level. Several "land prongs" in central 
and northern Arizona extended almost to the New Mexico 
border.

Data from this and other investigations indi
cate that Stoyanow was incorrect in his interpretation 
of Mazatzal Land. By the close of Devonian time all 
of southeastern and east-central Arizona south of the 
Defiance Positive area, except for a few small islands, 
was covered by marine waters. Encroachment was apparently 
from the west in the western half of the study area, and 
from the east or southeast in the eastern half. South 
of the study area encroachment was probably from the 
south and southwest, and north of the study area encroach
ment was probably from the south and west.
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APACHE TRAIL

NW 1/4 NE 1/4 SE 1/4 sec. 19, T. 2 N., R. 15 E. Expo
sures are on westerly and northerly facing slopes along 
and just west of Arizona Highway 8 8. Strike N. 40° W. 
to N. 15° E.; dip. 18° 2-  75° E.
Top of unit is not exposed; uppermost units form a dip- 
slope into Pinal Creek.
Devonian:

Martin Formation: ... . . ....
Jerome Member:
Upper unit:

Unit : v -  Thickness Cumulative
No. in feet thickness

in feet
38 Sandy dolomitic brachiopodal 

crinoidal biomicrosparite: 
grayish red (10R 4/2); weathers 
pale yellowish brown (10YR 6/2) 
and grayish orange pink .(5YR ...
7/2 ); thinly bedded; moderate 
to .high resistance; contains 
about 30^ dolomite and 12^
sand-size quartz......;.......  1 1 .0 225.9+

37 Sandy dolomitic biomicrospar
ite : ; pale reddish brown (10R 
5/4); weathers grayish orange 
pink. (5YR 7/2); thinly bedded; 
moderate to high resistance; ; 
contains about 40$ sand-size
quartz and 15^-200 dolomite.... 7 .0  214.9+

36 Very slightly, silty, calcitic ... .
dolomite: dark reddish brown
(10R 3/4) and moderate reddish 
brown (10R 4/6); weathers gray
ish orange pink (5YR 7/2); 
finely crystalline; thinly bedded; 
moderate to high resistance; con
tains about 15$ calcite and also
some slllcified Atrypa sp...... • 5 .0  207.9+
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Unit Thickness Cumulative
No. in feet thickness

in feet
35 Slightly sandy dolomitic

biomicrite: grayish red (10R
4/2); weathers light gray (N7 ) 
and grayish orange pink (5YR 
7/2); thinly bedded; moderate 
to high resistance; contains :
150-20%) dolomite; weathered
surface shows wavy irregular
laminae..... ..................  7 .0

34 Very slightly silty calcitic 
dolomite: dark reddish brown
(lOR 3/4) and moderate red
dish brown (10R 4/6); weath
ers grayish orange pink (5YR 
7/2); finely crystalline; 
thinly bedded; moderate to 
high resistance; contains 
about 150 calcite; contains 
abundant silicified Atrypa 
sp........... ......... ...... .• 1 0 ,0

33 Very - slightly silty very 
slightly sandy dolomitic 
crinoidal biomicrosparite: . 
grayish red (lOR 4/2), medium 
gray (N5 ) and pale reddish 
brown (10R 5/4); weathers 
light gray. (N7 ), grayish 
orange pink (5YR 7/2), and . . ;
pale reddish brown (lOR 5/4); 
very finely to medium- 
crystalline; thinly bedded; 
high resistance; contains ' 
about 100 dolomite............. 1 6 .0

32 Orthoquartzite: moderate red
(5R5/4): weathers pale red 
(10R 6/2);.calcitic and dolo
mitic cement;. very fine to 
coarseTgrained; bimoda1, very 
fine and coarse-grained; 
moderately sorted; well rounded 
to subrounded; thinly bedded;

202.9+

195.9+

185.9+
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Unit
No.

Thickness Cumulative
in feet thickness

in feet
32 high resistance; contains 

about 300 calcite and 150
dolomite....................... 2.0 169.9+
The section between unit 31 and 
32 is covered and probably also 
faulted. No attempt was made 
to measure any thickness in this 
area.

31 Slightly silty dolomitic
brachiopodal crinoidal bio- 
microsparite: grayish red
(10R 4/2); weathers grayish 
orange pink (5YR 7/2) and 
light gray (Ny); thinly bedded; 
high resistance; contains 
200-300 calcite rhombs which 
are finely crystalline, about 
200 dolomite, and about 200
fossil debris..  .......... .. 8.0 167 .9

30 Silty calcitic dolomite: pale
reddish brown (10R 5/4); weath
ers grayish orange pink (5YR 
7/2); finely and medium- 
crystalline; thinly bedded; 
moderate to high resistance; 
contains about 350" calcite and
250 silt-size quartz..........  3.0 159*9

29 Orthoquartzite: medium gray.
(N5 ) and moderate red (5R 
5/4); weathers light gray (N7 ) 
and moderate reddish orange 
(10R 6/6 ); calcitic and dolo- 
mitic cement; very fine to 
coarse-grained; mostly fine-, 
and medium-grained; moderately 
sorted; well rounded to sub
rounded; thinly bedded; high 
resistance; contains about 
35$ calcite and 100 dolomite;
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Unit Thickness Cumulative
No. in feet thickness

in feet
29 some of the calcite is

probably fossil remnants......  1 2 .5

28 Orthoquartzite: grayish
orange pink (10R 8/2 ); weath
ers pale reddish brown (10R 
5/4); silica and dolomitic 
(?) cement; very fine to 
coarse-grained; mostly fine- 
and medium-grained; moderate- . 
ly sorted; well rounded to 
subrounded; thinly bedded; 
high resistance; contains
5^-10^ dolomite.......... ..... 1.5

27 Covered......... ..............  9*5
26 Dolomitic crinoidal brachio-

podal biomicrosparite: grayish
red (5R 4/2); weathers pale
red (10R 6/2); thinly bedded;
moderate to high resistance;
contains 10/2-20^ dolomite.....  0 .5

25 Orthoquartzite: pale reddish
brown (10R 5/4); weathers the 
same; dolomitic and calcitic 
cement; very fine to very 
coarse grained; bimodal, very 
fine and coarse-grained; 
poorly sorted; well rounded 
to subrounded; thinly bedded; 
moderate to high resistance; 
contains 30^ dolomite and 
10^ calcite; has alternating 
zones of fine-grained quartz 
only and fine- and coarse
grained quartz together.......  2 .2

156.9

144.4
142.9

133.4

132.9
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Unit
No.

24

23

22

21

Thickness 
in feet

Slightly sandy dolomitic 
biomicrosparite : grayish 
red f10R 4/2); weathers pale 
red (10R 6/2) and moderate 
red (3R 5/4); very finely 
crystalline; thinly bedded; 
moderate to high resistance; 
contains 40^-45$ fossil 
debris and about 10^ dolo
mite...........................
Orthoquartzite: grayish red
(5R 4/2); weathers pale red
dish brown (10R 5/4); calcitic 
and dolomitic (?) cement; very 
fine to very coarse grained; 
bimodal, very fine-grained 
and coarse- and very.coarse 
grained; poorly sorted; well 
rounded to subrounded; thinly 
bedded; moderate to high re
sistance; contains about 20/» 
calcite and dolomite (?) 
cement; coarser grained mate
rial tends to be concentrated 
in certain zones........ .

Slightly sandy dolomitic bio- 
micrite: grayish red (5R
4/2); weathers pale red (10R 
6/2); thinly bedded; moderate 
to high resistance; contains 
15^-20/6 dolomite..... ........
Siltstone: pale red (5R 6/2);
weathers pale reddish brown .
(10R 5/4); calcitic and dolo
mitic cement;•thinly bedded; 
moderate to high resistance; 
contains about 25^ calcite 
and 20fo dolomite.............

0.8

3.7

0.8

5.5

Cumulative 
thickness 
in feet

130.7

129.9

126.2

125.4
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Unit
No.

Thickness 
in feet

19
18

Very slightly sandy slightly 
dolomitic biomicrosoarite ; 
grayish red (5R 4/2) and 
moderate red (5R 5/4); weath
ers light brownish gray (5YR 
6/l) and pale red (10R 6/2); 
thinly bedded; high resist
ance; contains about 50$ 
fossil debris............... .
Covered,
Dolomitic crinoidal brachio- 
podal biomicrosparite: pale
red (5R 6/2) and grayish red 
(5R 4/2); weathers pale red 
(10R 6/2) and light brownish 
gray (5YR 6/1); thinly bedded; 
moderate to high resistance; 
contains about 50$ fossil 
debris, about 30$ dolomite, 
and a few silt-size quartz 
grains.......... ..............
Sandy dolomitic recrystallized 
limestone: grayish red (5R
4/2); weathers pale reddish 
brown (10R 5/4); very finely 
and finely crystalline; thinly 
bedded; moderate to high re
sistance; contains about 45$ 
sand-size quartz and 10$ dolo
mite...... .......... ..........
Silty calcitic dolomite: 
moderate reddish orange (10R 
6/6); weathers light brown 
(5YR 5/6 ); finely crystalline; 
thinly bedded; low to moderate 
resistance; contains about 
45$ silt-size quartz and 15$ 
calcite...... ...........

6.0
3.0

6.0

1.5

2.0

Cumulative 
thickness 
in feet

119.9
113.9

110.9

104.9

103.4
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Unit Thickness Cumulative
No. in feet thickness 

in feet
15 Slightly silty dolomitic

biomicrosparite: brownish
gray (5YR 4/l) and light 
brownish gray (5YR 6/l); 
weathers light brownish gray ,
(5YR 6/1) and light gray (NT); 
thinly bedded; moderate to 
high resistance; fossil 
debris more abundant in lower 
portion of unit, ranges from 
io% to 4C$; contains about 
10$ dolomite and a few
patches of biosparite.........  1 1 .0 101.4

14 Silty dolomitic recrystallized 
limestone: grayish red (5R
4/2); weathers light brown 
(5YR 5/6) and light gray (N7 ); 
medium-crystalline; thinly 
bedded; moderate resistance; 
contains about 25$ dolomite 
and 20$ silt-size quartz; 
large calcite fragments are 
probably fossil material; 
fragments tend to be concen
trated in zones rather than 
distributed throughout the
unit........................... 0.7 90.4

13 Slightly silty dolomitic bio
microsparite: pale red (5R
6/2), light brownish gray 
(5YR 6/1), and medium gray 
(N5); weathers pale red (10R 
6/2), light gray (N7 ), and 
grayish orange (10YR 7/4); 
very thinly and thinly bedded; 
moderate resistance; contains 
20$-30$ dolomite and 25$ fossil 
debris; fossil debris is more 
abundant in the lower portion, 
dolomite is more abundant in 
the lower portion, and quartz 
is less abundant in the lower
portion........................ 1 7 .8 89 .7
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Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

12 Slightly silty dolomite: pale
red (10R 6/2 ); weathers gray
ish orange (10YR 7/4); medium- 
crystalline; thinly bedded; 
moderate to high resistance.... 2.5 71.9

11 Slightly sandy dolomite: pale
red (10R 6/2); weathers light 
brown (5YR 6/4); medium- 
crystalline; thinly bedded; 
moderate to high resistance.... 1.7 69.4

10 Orthoquartzite: pale red
(10R 6/2); weathers moderate 
reddish brown (10R 4/6 ); 
silica cement; very fine to 
coarse-grained; moderately 
sorted; rounded and subrounded; 
thickly bedded; high resist
ance; may contain some dolo
mite and calcite.............. 1 .8 67.7

9 Orthoquartzite: pale red
($R 6/2) and light brown (5YR
5/6 ); weathers grayish orange
(10YR 7/4) and dark yellowish
orange (10YR 6/6 ); dolomitic
and calcitic cement; very
fine to very coarse grained;
mostly medium-grained; well
sorted; well rounded and
rounded; thinly bedded;
moderate resistance; contains . . .
about 30^ dolomite and 10$-25$
calcite; locally dolomite and
calcite exceed 50/& of the unit;
lower 3 inches contains a few
quartz grains up to 4 mm in
diameter and several tabular
pieces of quartzite, maximum
dimension 2 cm.......... ...... 3.7 6 5 .9
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Unit
No.

8

7

6

Thickness Cumulative 
in feet thickness 

in feet
Very slightly sandy dolomite:
brownish gray (5YR 4/1);
weathers pale yellowish brown
(10YR 6/2); finely and
medium-crystalline; thinly
beddedj high resistance.......  0 .3

Orthoquartzite: grayish red
(10R 4/2) and light brown (5YR 
6/4); weathers moderate brown 
(5YR 4/4) and light brown ($YR 
6/4); dolomitic and calcitic 
cement; very fine to medium
grained; well sorted; rounded 
to subangular; thinly bedded; 
high resistance; contains 20^- 
35$ dolomite and 2$-5$ cal- 
cite, lower half of unit is 
finer grained and contains
more cement...................  5 .2
Total of upper unit...........  169.2+

62.2

6 1 .9

Aphanitic dolomite unit:
Dolomite: pale red (10R 6/2 )
and pale reddish brown (10R. .
5/4); weathers grayish orange 
(10YR 7/4) and grayish orange 
pink (5YR 7/2); very finely and 
finely crystalline; thinly 
bedded; high resistance; con
tains a few silt- and sand-size
quartz grains...... ........... .1 3 .2 56.7
Slightly sandy dolomite: pale.
reddish brown (10R 5/4) and 
light red (5R 0/6 ); weathers 
grayish orange pink (5YR 7/2)» 
moderate orange pink (5YR 8/4), 
and light brown *(5YR 6/4); 
very finely crystalline; lower 
half thinly bedded, moderate to 
high resistance; upper half 
thickly bedded, high resistance;
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Unit Thickness
No. in feet

Cumulative 
thickness 
in feet

contains patches of finely 
and medium-crystalline dolo
mite; sand-size quartz more 
abundant in upper 1 .5 feet; 
well rounded infraclast 
ghosts present in the lower 
portion........................ 14.5
Dolomite: pale red (10R 6 /2 )
and moderate brown (5YR 4/4); 
weathers grayish orange pink 
(5YR 7/2) and light brown 
(5YR 5/6 ); aphanocrystalline; 
thickly bedded; high resist
ance; contains a few patches 
of finely and medium-crystalline 
dolomite.........    3 .0

Micrite: light gray (N7 );
weathers very light gray (N8); 
very thinly and thinly bedded; 
moderate resistance; contains 
a few patches of finely
crystalline calcite........... 5.0
Total of aphanitic dolomite
unit.............................  35 .7

43.5

2 9 .0

2 6 .0

Fetid dolomite unit:
2 Dolomite: grayish orange

pink (5YR 7/2); weathers the 
same; finely and medium- 
crystalline; thinly bedded; 
low resistance; upper half
very poorly exposed...........  5 .8  2 1 .0
Total of fetid dolomite unit... 5.8
Total of Jerome Member........  210.7+

Beckers Butte Member:
1 Very slightly sandy dolomite: 

pale reddish brown (10R 5/4),
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Unit
No.

Thickness Cumulative 
in feet thickness 

in feet
1 pale red (10R 6/2, and

moderate yellowish brown 
(10YR 5/4); weathers very 
pale orange (10YR 8/2) and 
grayish orange pink (5YR 
7/2 ); aphanocrystalline and 
very finely crystalline; 
thinly bedded; high resist
ance; occasional sandy 
zones may contain up to 40$
sand-size quartz..............  1 5 .2 1 5 .2
Total of Beckers Butte Member.. 15.2
Total of Martin Formation.....  225.9+

Precambrian:
Dripping Spring Quartzite (unmeasured):

Orthoquartzite: very pale orange (10YR 8/2);
weathers light olive gray (5Y 6/1) and dark 
yellowish orange (10YR 6/6 ); silica cement; 
very fine grained and silt-size; moderately well 
sorted; subrounded and subangular; thinly bedded; 
high resistance.
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ARNETT CREEK

N 1/2 SW 1/4 SW 1/4 sec. 32, T. 2 S., R. 13 E. Expo
sures are on westerly facing slopes one-half to three- 
quarters of a mile east of Arizona Highway 177. Strike 
N. 50 - 20° E.; dip 40° - 48° E.
Mississippian:

Escabrosa Limestone (unmeasured):
Calcitic dolomite: light brownish gray (5YR
6/l); weathers light olive gray (5Y 6/1 ); very 
massive; no stratification visible; low to 
moderate resistance; contains about 30/£ calcite, 
10^ crinoidal debris, and a few solitary corals.

Devonian:
Martin Formation: 
Jerome Member: 
Upper unit:

Unit Thickness Cumulative
No. in feet thickness 

in feet
35 Covered; probably similar to 

underlying unit..... .......
34 Very slightly silty dolomite: 

light brown (5YR 6/4); weath
ers the same; very finely and 
finely crystalline; very 
thinly and thinly bedded; low 
to moderate resistance; con
tains a few sand-size quartz 
grains__.....'...............

33 Very slightly silty dolomite: 
moderate red.(5R 5/4); weath
ers light brown (5YR 6/4) and 
pale reddish, brown (10R, 5/4); 
finely crystalline; thinly 
bedded; high resistance; con
tains many large broken 
brachiopod fragments, a few 
crinoid fragments, and a few 
solitary corals.............

9.0 379.0

4.8 370.0

4.0 365.2
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Unit
No.

Thickness 
in feet

32 Very slightly silty dolomite: 
moderate red (5R 5/4) and pale 
red (5R 6/2 )j weathers pale 
reddish brown .(10R 5/4) and 
light brown (5YR 6/4); finely 
crystalline; very thinly bedded; 
low to moderate resistance.....

31 Slightly sandy calcitic dolo
mite: pale red (5R 6/2 ),
medium gray (N5 ), and moderate 
reddish brown (10R 4/6 ); weath
ers light brownish gray (5YR • 
6/1) and grayish orange pink 
(5Y R 7/2); finely crystalline; 
thinly bedded; moderate to 
high resistance; contains 
40^-45/3 calcite which is mostly 
fossil debris and a few patches 
of microsparite...... .........

30 Very slightly silty dolomite: 
pale reddish brown (10R 5/4) 
and moderate red (5R 5/4); 
weathers light brown (5YR 
6/4) and grayish orange pink. 
(5YR 7/2); very finely and 
finely crystalline; very 
thinly and thinly bedded; 
moderate resistance...........
Silty dolomite: dusky yellow
(5Y 6/4); weathers grayish 
yellow (5Y 8/4); very finely 
and finely crystalline; very 
thinly bedded; low resist
ance; contains 10^-20$ silt- 
size quartz..................

21.7

2.0

7.5

36.0

Cumulative 
thickness 
in feet

361.2

339.5

337.5

330.0
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Unit Thickness
No. in feet

28 Dolomitic crinoidal biospar- 
ite: light brownish gray
f5YR 6/lT, brownish gray 
(5YR 4/1), and pale brown 
(5YR 5/2); weathers medium 
gray (N5 ) and light olive 
gray (5Y 6/1); thinly bedded; 
high resistance; contains 
about 15# dolomite, a few 
patches of microsparite, and 
also chalcedonic quartz; may 
be up to 40$ chalcedonic 
quartz in certain zones.......  24.0

27 Silty dolomitic biomicrospar- 
ite: brownish gray (5YR 4/l)
and light brownish gray ($YR 
6/l); weathers yellowish 
gray (5Y 8/1); thinly bedded; 
high resistance; contains 
20$-25$ silt-size quartz and 
15$-20$ dolomite; fossil con
tent quite variable; ranges 
from 20$-60$; lower portion 
not as silty as the upper . 
portion........ ...............  2 8 .0

26 Very slightly silty slightly 
dolomitic biomicrosparite: 
light olive gray (5Y 6/l); 
weathers light gray (N7 ); very 
thinly and thinly bedded; 
moderately resistance; contains 
60$-70$ fossil debris.........  6 .0

25 Crinoidal brachiopodal bio-
sparite: pale brown (5YR 5/2)j
weathers pale yellowish brown 
(10YR 6/2); thinly bedded; 
high resistance; many of the 
brachiopod fragments as much 
as 1 inch in length........

Cumulative 
thickness 
in feet

294.0

270.0

242.0

2.0 236.0
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Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

Orthoquartzite: light brown
ish gray (5YR 6/1), pale red 
(5R 6/2), and pale yellowish 
brown (10YR 6/2); weathers 
light olive gray (5Y 6/1), 
grayish orange pink (5YR 7/2), 
and light brownish gray (5YR 
6/l); calcitic and dolomitic 
cement; very fine grained; 
very well sorted; subrounded; 
very thickly bedded; moderate 
to high resistance; contains 
about 250 calcite and 10^ 
dolomite; much of the cal
cite may be fossil debris; 
unit appears to be one massive 
strata with laminae visible 
on weathered surface; lower 
one foot does not show laminae; 
cross-laminated in places; 
simple; wedge or tabular shape; 
straight; dip 5°; length 1 -2  
feet........................
Very slightly silty dolomitic 
biomicrite: brownish gray
(5YR 4/l) and olive gray (5.Y 
4/l); weathers light gray 
(N7 ); very thinly and thinly 
bedded; moderate resistance; 
contains about 300 fossil 
debris and 15^-20^ dolomite....
Slightly silty dolomitic 
biomicrosparite: pale red
(10R 6/2); weathers grayish 
orange pink (5YR 7/2); finely 
crystalline; very thinly 
bedded; low resistance; con- 
.tains about 300 dolomite and 
100-200 fossil debris includ
ing a few large crinoid frag
ments..........................

14.0 234.0

5.0 220.0

10.3 215.0
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Unit
No.

Thickness 
in feet

21 Very slightly silty slightly 
dolomitic brachiopodal 
crlnoidal biomicrosparrudite: 
light brownish gray f$YR 6/l); 
weathers light gray (N7 ) and . 
grayish orange pink (5YR 7/2); 
thinly bedded; moderate 
resistance; fossils show . .
fair alignment parallel to 
stratification................

20 Microsparite: brownish gray
(5YR 4/l) and grayish orange 
(10YR 7/4); weathers light 
brownish gray ($YR 6/l) and 
grayish orange (10YR 7/4); 
very thinly bedded; low resist
ance; contains sporadic zones, 
with up to 400 brachiopodal 
and crlnoidal debris......... .

19 Slightly silty dolomitic
brachiopodal biomicrosparrud- . 
ite: brownish gray (5YR .4/1);
weathers light gray (N7 ); 
thinly bedded; moderate resist
ance; contains about 450 dolo
mite; fossils are well aligned 
parallel to stratification.....

18 Orthoquartzite: pale red
(10R 6/2); weathers light 
brown (5YR 6/4); dolomitic 
and calcitic cement; very
fine grained; very well .....
sorted; subrounded; thinly 
bedded; moderate resistance; 
contains about 250 dolomite 
and 30 calcite, some of which 
may be fossil remnants, and 
about 200 silt-size quartz....

0.2

2.5

1.0

Cumulative 
thickness 
in feet

204.7

204.5

202.0

6.0 201.0
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Unit
No.

Thickness 
in feet

17 Orthoquartzite: light brown
ish gray (5YR 6/l); weathers 
grayish orange (10YR 7/^); 
calcitic cement; very fine to 
fine-grained; well sorted; 
rounded and subrounded; thinly 
bedded; moderate resistance; 
contains about 10# calcite....  4.5

l6 Dolomitic brachiopodal bio-
microsparite: brownish gray
(5YR 4/l); weathers light 
gray fM7) and light brownish 
gray (5YR 6/l); very thinly 
bedded; moderate to high resist
ance; contains 45^-50^ dolomite; 
fossils are well aligned parallel 
to stratification.............  0.7

15 Micrite: olive gray (5Y 4/1);
weathers light gray (N7); 
thinly and very thinly bedded; 
moderate to high resistance.... 1.3
Total of upper unit...........  190.5

Aphanitic dolomite unit:
14 Very slightly silty dolomite: 

pale red (10R 6/2); weathers 
grayish orange pink (5YR 7/2); 
very finely crystalline; 
thinly bedded; moderate to 
high resistance; has a few 
circular patches of medium- 
crystalline dolomite.... ...... 1.5

Cumulative 
thickness 
in feet

195.0

190.5

1 8 9 .8

188.5
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Unit Thickness Cumulative
No.

13 Very slightly silty very

in feet thickness 
in feet

slightly sandy dolomite: 
light brownish gray ($YR 
6/1); weathers pale yellow
ish brown (10YR 6/2); very 
finely crystalline; thinly 
bedded; high resistance; con
tains about 150 patches of 
medium- and coarsely crystal- • 
line dolomite; contains 
about equal amounts of silt-
and sand-size quartz........... 4.0 187 .0

12 Very slightly silty very
slightly sandy dolomite: pale
red (10R 6/2) and grayish 
orange pink (5YR 7/2); weath
ers very pale orange (10YR 
8/2); very finely crystalline; 
thinly bedded; high resist
ance; contains about equal 
amounts of silt- and sand-size 
quartz; thin sections show a 
few intraclast ghosts; 8 .5 feet 
above base a 4-inch-thick zone 
contains 250-350 sand-size
quartz......................... 15.5 183.0

11 Sandy dolomite: pale red
f5R 6/2): weathers pale red 
(10R 6/2); finely crystalline; 
thinly bedded; moderate to 
high resistance; contains
100-150 sand-size quartz......  2.5 167 .5

10 Dolomite: pale red (5R 6/2);
weathers yellowish gray (5Y- 
8/1) and grayish orange pink 
(5YR 7/2); very finely and 
finely crystalline; thinly 
bedded; moderate to high resist
ance; contains a few silt- and 
sand-size quartz grains; thin 
sections show some intraclastic 
material....................... 14.0 165.O



153
Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

9 Dolomite: 
and light

pale
gray

red (5R 6/2) 
(N7 ); weath-

ers very pale'orange (10YR 
8/1) and yellowish gray (5Y 
8/2 ); very finely crystal
line; thinly bedded; moderate 
to high resistance; contains 
a few patches of finely and
medium-crystalline dolomite.... 1 1 .0 151 .0

‘8 Dolomitic brachiopodal bio-
microsparite: light brownish
gray (5YR 6/1) and olive gray 
(5Y 4/l); weathers light 
olive gray (5Y 6/l), light 
gray (N7 ), and light brown 
(5YR 5/6 ); thinly bedded; 
moderate to high resistance; 
contains about 35/»-45^ dolo
mite; brachiopods show fair 
alignment parallel to stra
tification; 16 feet above 
base have 1-foot-thick chert
and silica rich zone..........  2 1 .0 140.0

7 Dolomite: light brownish
gray (5YR 6/1 ); weathers very 
pale orange (10YR 8/2) and 
yellowish gray (5Y 7/2); very 
finely to medium-crystalline; 
thinly bedded; moderate to 
high resistance; contains 
30^-35^ finely and medium- 
crystalline dolomite which 
occurs in indistinct patches
and zones...................... 3 3 .0 119 .0
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Unit Thickness
No. in feet

6 . Dolomite: light brownish
gray ($YR 6/lT and brownish 
gray ($YR 4/1); weathers 
yellowish gray ($Y 7/2) and 
(5Y 8/l); very finely crystal
line ; thinly bedded; moderate 
to high resistance; contains 
many thin elliptical-shaped 
chert nodules which are 
elongated parallel to stratifi
cation; occur in discontinuous 
stringers; maximum size 1/4 x .
1 inch......... ...............  10.0

5 Dolomite: brownish gray (5YR
4/l); weathers Dale yellowish 
brown (10YR 6/2); aphanocrystal- 
line; very thinly bedded; 
moderate to high resistance; 
slightly fetid; 3.5 feet above 
base have 6-inch-thick cherty 
zone similar to overlying unit;
19 feet above base have 1-foot-
thick zone containing about
10$ sand-size quartz..........  27.5
Total of aphanitic dolomite 
unit..........................  140.0

Fetid dolomite unit:
4 Calcitic dolomite: medium

gray (N5 ); weathers very pale 
orange (10YR 8/2), pale yellow
ish brown (10YR 6/ 2), and 
medium light gray (N6); very 
finely to medium-crystalline; 
thinly bedded; moderate to 
high resistance; lower portion 
is coarser crystalline than 
the upper portion; fetid; 
weathered surface shows 
laminae; contains 15$-30$ 
calcite which occurs as
patches and veInlets. .... .. 15.5
Total of fetid dolomite unit... .15.5

Cumulative 
thickness 
in feet

86.0

7 6 .0

48.5



Unit
No. Thickness Cumulative 

in feet thickness 
in feet

160

Total of Jerome Formation.....  346.0
' Beckers Butte Member:
3 Very slightly silty sandy

dolomite: moderate red (5R
5/4) and pale red f5R 6/ 2)1 
weathers pale red (10R 6/2); 
very finely crystalline; 
very thinly bedded; low to 
moderate resistance; contains 
about .15/» sand-size quartz; 
lower portion contains much 
less silt- and sand-size
quarts......................... 14.0 3 3 .0

2 Sandy dolomite: grayish red
(5R 4/2) and moderate red (5R 
5/4); weathers pale red (10R 
6/2 ); very finely crystalline; 
thinly bedded; moderate to 
high resistance; contains
about 150 sand-size quartz....  5 .0  1 9 .0

1 Very slightly silty sandy 
dolomite, grading downward 
to orthoquartzite: dark red
dish brown (10R 3/4) and 
pinkish gray (5YR 8/1); 
weathers moderate reddish 
orange (10R 6/6 ) and pale 
reddish brown (10R 5/4); 
thinly bedded; moderate 
resistance; very slightly 
silty sandy dolomite: very 
finely crystalline; contains 
150-200 sand-size quartz; 
orthoquartzite: dolomitic 
cement; very fine to coarse
grained; moderately sorted; 
well rounded to subrounded; 
contains 100-150 cement; has 
zones several millimeters 
thick that contain only very 
fine and fine-grained quartz... 14.0 14.0
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Unit Thickness CumulativeNo.

Total of Beckers Butte

in feet thickness 
in feet

Member.., 33.0
Total of Martin Formation..., 379.0

Precambrian:
Troy Quartzite (unmeasured):

Orthoquartzite: grayish orange pink ($YR 7/2);
weathers the same; silica cement; very fine to 
coarse-grained; well sorted; well rounded to 
subrounded; thinly bedded; moderate resistance; 
highly fractured.



CALVA

S 1/2 SW 1/4 sec. 20, T. 2 S., R. 22 E. Exposures are 
on southerly facing slopes. Strike E.-VJ. (approx.); 
dip 10° N.
Mississippian:

Escabrosa Limestone (unmeasured):
Biomicrite: medium gray (N5); weathers pale
yellowish brown (10YR 6/2); very thickly bedded; 
moderate resistance; contains about 50^ silt- 
size fossil debris (?).

Devonian:
Martin Formation:

Absent.
Precambrian (?):
Troy (?) Quartzite (unmeasured):

Orthoquartzite: very light gray (N8); weathers
pinkish gray (5YR 8/l); silica cement; very fine 
to very coarse grained; mostly fine- and medium
grained; some silt-size grains present; poorly 
sorted; rounded to subrounded; thinly bedded; 
moderate to high resistance.
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CASTLE DOME

S 1/2 HE 1/4 SW 1/4 and N 1/2 SE 1/4 SW 1/4 sec. ig, 
T. IN., R. 14 E. (unsurveyed). Exposures are on. 
northeasterly facing slopes on the southwestern side 
of Gold Gulch. • Strike N. 55° - 60° ¥,j dip 44° - 53° 
SW.
Mississippian:

Escabrosa Limestone (unmeasured):
Crinoidal biosparite: medium gray (N5); weath
ers light brownish gray (5YR 6/1)j thickly 
bedded; high resistance. -

Devonian:
Martin Formation: 
Jerome Member: 
Upper unit: .

Unit Thickness Cumulative
No. . . in feet thickness

in feet
35 Very slightly sandy dole- -

mite: pale red (5% 6/2)
and grayish red (5R 4/2);
weathers pale red ($R 6/2);....
finely crystalline; thinly • 
bedded; moderate to high
resistance. ..... . 10.5 368.5+

34 Slightly silty dolomite:
pale red (10R 6/2); weathers grayish orange pink •••-••
(5YR 7/2); finely crystal
line; very thinly and thinly 
bedded; moderate resist
ance ........................ 1 5 .0 3 5 8.0+

33 Mud-shale: pale reddish
brown (10R 3/4); weathers 
pale red (5R 6/2); lamin
ated and very thinly bedded; 
low resistance............. 37.0 343.0+
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Unit
No.

32

31

30

29

Thickness 
in feet

Slightly silty calcitic dolo
mite : olive gray (5Y 4/1) and
moderate red (5R 5/4); weath
ers light gray (N7) and 
moderate reddish orange (10R 
6/6); finely crystalline; 
very thinly and thinly bedded; 
low to moderate resistance; 
contains about 25^ calcite 
with 5/̂  calcitic fossil debris 
which is mostly brachiopodal 
but some crinoidal material.... 17.0
Sandy dolomitic recrystallized
limestone: grayish orange - " ' 1
(10YR 7/4); weathers light
brownish gray (5YR 6/l); very
finely to finely crystalline;
thinly bedded; moderate to
high resistance; contains
about 30̂ $ dolomite and 20/»
sand-size quartz; weathered
surface shows wavy very thin .
beds or laminae........   4.5
Slightly sandy dolomitic
biosparite: medium dark gray
(N4); weathers light gray
(N7); thinly bedded; moderate
to high resistance; contains
about 20$ dolomite............. 5.0
Silty dolomite: light brown-
(5YR 6/4); weathers the same;
finely and medium crystalline;
very thinly and thinly bedded;
low resistance; contains
about 15$ silt-size quartz....  5.5

Cumulative 
thickness 
in feet

306.0+

289.0+

284.5+

279.5+
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Unit
No.

Thickness 
in feet

Slightly sandy dolomitic cri- 
noidal biosparite: medium
gray (N5 ); weathers medium 
light gray (N6 ); thinly 
bedded;, high resistance; 
contains about 20% dolo
mite .............
Sandy slightly dolomitic 
crinoidal biosparite: pale
red (5R 6/2 ); weathers pale 
yellowish brown (10YR 6/2); 
thinly bedded; moderate 
to high resistance; contains 
20^ sand-size quartz.........
Orthoquartzite: pale reddish
brown (10R 5/4) and grayish 
pink (5R 8/21; weathers pale 
reddish brown (10R 5/4) and 
grayish orange pink (5Y R 7/2); 
dolomitic cement; very fine 
grained to coarse-grained; 
bimodal with most of the 
material' either very fine or 
coarse-grained; poorly sorted; 
well rounded to subangular; 
lower 2 feet very thinly . . , , 
bedded and low resistance; 
remainder of unit is thinly 
bedded and moderate resist
ance; contains about 25/» 
dolomite..................... .
Dolomitic crinoidal biospar-, 
ite: pale red (10R 6/2);
weathers pale yellowish brown 
(10YR 6/2); thinly bedded; 
high resistance;, contains 
about 15$ dolomite...........

6.0

2.0

8.0

4.5

Cumulative 
thickness 
in feet

274.0+

268.0+

266.0+

258.0+
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Unit Thickness
No. in feet

24 Sandy slightly dolomitic
crinoidal biosparite: light
brownish gray (5YR 6/1 ) j
weathers the same and light
gray (Nf); thinly bedded;
high resistance; contains
about 40$ sand-size quartz;
sand occurs in laminae;
lower 4 inches are very fine
grained quartz and dolomite;
contains about 40$ dolomite.... 2.5

23 Very slightly sandy dolomitic 
crinoidal bio spa rrudite: pale
red (10R 6/2 ); weathers gray
ish orange pink (5YR 7/2); 
thinly bedded; high resist
ance; contains about 30$ 
dolomite.. .................. 1 2 .0

22 Siltstone: pale reddish
brown (10R 5/4); weathers the 
same and moderate reddish 
orange (10R 6/6 ); dolomitic 
cement; very thinly bedded; 
upper 2 feet thinly bedded;
high resistance; contains ....
350-40$ dolomite. ............  4.5

21 Silty dolomitic microsparite:
brownish gray (5YR 4/1); 
weathers pale yellowish brown 
(10YR 6/2); very finely crystal
line; very thinly bedded; 
moderate resistance; contains 
zones rich in crinoidal and 
brachiopodal debris, 20$-25$ 
dolomite, and 10$ silt-size 
quartz........... .............  6 .0

Cumulative 
thickness 
in feet

253.5+

251.0+

239.0+

234.5+
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Unit
No. Thickness Cumulative 

in feet thickness
in feet

20 ‘ Very slightly silty dolomitic 
crinoidal biosparrudite: 
medium gray (Nfj); weathers 
pale yellowish brown (10YR 
6/2); thinly bedded; moderate 
to high.resistance; contains 
20/-25/» dolomite and a few 
intraclasts derived from
underlying unit.........  1 .2 228.5+

19 Silty dolomitic microsparite:
brownish gray • (5YR 4/1); weath
ers light gray (N7 ); very' 
finely crystalline; laminated 
and very thinly bedded; mod
erate resistance; contains 
zones rich in crinoidal and 
brachiopodal debris, about 
25^.dolomite, and 10$ silt-
size quartz.............  1 .5 227.3+

18 Very slightly sandy dolomitic 
crinoidal biosparite: medium.
gray (N5 ); weathers the same; 
thinly bedded; moderate to 
high resistance; contains
about 15$ dolomite.............. . 1 .3 225.8+

17 Orthoquartzite: light brown •
(5YR 6/4); weathers light 
brown (5YR 5/6 ); dolomitic 
and calcitic cement; medium- 
and coarse-grained; well 
sorted; rounded; thinly 
bedded; moderate to high 
resistance; contains 15$-20$
dolomite and 5^-10$ calcite.... 5 .5  224.5+

16 Orthoquartzite: pale red (10R
6/2); weathers the same; dolo
mitic and calcitic cement; 
very fine grained; well sorted; 
subrounded and subangular; lam
inated and very thinly bedded; 
low to moderate resistance;
contains about 10$ cement...... 5 .0  219.0+
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Unit Thickness Cumulative
No. in feet thickness 

in feet
15 Orthoquartzite: pale red

(10R 6/2); •weathers grayish 
orange pink ($YR 7/2); cal- 
citic and dolomitic cement; 
very fine to very coarse 
grained; mostly fine
grained; moderately sorted; 
rounded to subangular; 
thinly bedded; low to 
moderate resistance; con
tains about 10^ cement........  $ .0  214.0+
Total of upper unit.......... 163.5

Aphanitic dolomite unit:
14 Dolomite: grayish pink (5R

8/2 ); weathers very pale 
orange (10YR 8/2); very 
finely and finely crystal
line ; thinly bedded; high . 
resistance; contains a few 
patches of medium- and . 
coarsely crystalline dolo
mite............. ............. 6 .0  205.0+

13 Sandy dolomite: moderate
orange pink (10R 7/4) and 
pale red (10R 6/2); weathers 
grayish orange pink (5YR 7/2); 
very finely and finely 
crystalline; thinly bedded; 
moderate resistance; contains
20^-25$ "sand-size quartz........ 2.5 199.0+

12 Dolomite: grayish orange
pink (10R 8/2), medium gray 
(N5), and grayish pink (5R 
8/2); weathers moderate 
orange pink (5YR 8/4) and 
very pale orange (10YR 8/2); 
very finely crystalline; 
thinly bedded; moderate re
sistance; contains a few 
patches of medium-crystalline 
dolomite; lower portion con
tains a few laminae.of sand-.. 
size quartz.................... 31.5 196.5+
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Unit
No.

11

10

Thickness Cumulative 
in feet thickness 

in feet
Dolomite: pale yellowish
brown (10YR 6/2); weathers
yellowish gray (5Y 7/2 ),
grayish orange (lOYR 7/4),
and moderate yellowish brown
(10YR 5/4); very finely
crystalline; thinly bedded; .
moderate to high resistance;
contains patches of.finely. .
to coarsely crystalline
dolomite; contains 2-inch-
to 3-inch-thick cherty zones
1, 25, and 2 5 .5 feet above
base; lower 5 feet contains.
sandy zones; zones are less
than 1-inch-thick and may
contain up to 50^ sand-size
quartz; dolomite associated
with these sandy zones is
finely crystalline.............  3 8 .5

Dolomite: medium dark gray
(N4) and pale yellowish.....
brown (10YR 6/2); weathers
pale yellowish brown (10YR
6/2), light olive gray (5Y
6/l), and moderate reddish
orange (10R 6/6 ); very finely
crystalline; thinly bedded;
moderate to high resistance;
fetid; has 3 -inch-thick chert
zones 1 and 3 feet above
base; contains veinlets of
chalcedonic quartz............  3 .5

Sandy dolomite: . light brown
ish gray (5YR 6/1); weathers 
grayish orange (lOYR 7/4); 
very finely and finely crystal
line; very thinly and thinly 
bedded; moderate to high resist
ance; contains 25^-30^ sand-size 
quartz, however quartz tends 
to be concentrated in cer
tain zones which may contain 
up to 40%) quartz...........

I6 5.O+

126.5+

8.0 123.0+
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Unit
No.

Thickness 
in feet

8 Dolomite: light olive gray
(5Y 6/1) and olive gray ($Y 
4/l)j weathers pale yellow
ish brown (10YR 6/2); very 
finely crystalline; thinly 
bedded; moderate to high
resistance; slightly fetid....  5.0
Total of aphanitic dolomite
unit..... .....................  95.0

Fetid dolomite unit: ....... ...
7 Slightly sandy dolomite:

medium dark gray (N4); - weath- • 
ers pale yellowish brown 
(10YR 6/2); finely and 
medium-crystalline; thinly 
bedded; moderate to high 
resistance; fetid; weathered 
surface shows laminae; dis
continuous chert zone with 
maximum thickness 1.25 feet 
11 feet above base...... 21.0
Interbedded dolomite and 
orthoquartzite: dolomite:
brownish gray (5YR 4/1) and 
pale yellowish brown (10YR 
6/2); weathers pale yellowish 
brown (10YR 6/2) and olive 
gray (5Y 4/l); very finely 
crystalline; very thinly and 
thinly bedded; moderate to 
high resistance; ortho
quartzite; grayish red (5%
4/2) and light brown (5YR 
6/4); weathers moderate red 
(5R 5/4) and pale yellowish 
brown (lOYR 6/2); dolomitic 
cement; very fine to very coarse 
grained; mostly fine- and 
.medium-grained; moderately

Cumulative 
thickness 
in feet

115.0+

110.0+
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Unit Thickness CumulativeNo. in feet thickness 

in feet
6 sorted; subrounded and sub- 

angular; very thinly and
thinly beddedj moderate to 
high resistance; contains 
about 15$ dolomite and a 
few quartz fragments up to 
3/4 of an inch in size; 
dolomite predominates in 
the upper .part of the unit 
and orthoquartzite in the
lower part................... 3 .0  8 9.0+
Total of fetid dolomite unit... 24.0
\ - . .. ...........  . ' ,Total of Jerome Member........  282.5

Beckers Butte Member:
5 Pebble conglomerate and con

glomeratic brthoquartzite: . 
light brownish gray (5YR 6/l) 
and grayish red (5R 4/2); 
weathers pale red (10R 6/2); 
calcitic and dolomitic cement; 
very thickly bedded; high 
resistance; fragments up to "
6 inches in diameter, but 
average only 1 inch; fragments 
predominantly quartz, quartzite, 
with some jasper; lower half of 
the unit contains more than 
50$ large fragments whereas 
upper half contains less than 
500 large fragments; ortho- 
quartzite is fine- to very 
coarse grained, predominantly 
medium-grained; moderately :
sorted; subrounded......... 3 6 .0 8 6.0+

4 Orthoquartzite: " "grayish red 
(5R 4/2); weathers the same; 
silica cement; fine-grained; 
well sorted; subrounded; thinly 
bedded; moderate resistance.... 9.5 50.0+
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Unit
No.

3

2

Thickness Cumulative 
in feet thickness 

in feet
Pebble conglomerate: pale
red (5R 6/2) and grayish red 
(5R 4/2); weathers the-same; 
very thickly bedded; high 
resistance; fragments up to 
6 inches in diameter, but 
average 1 inch in diameter; 
contains-about 60^-70^ large 
fragments; remainder of 
material is orthoquartzite; 
fine- to very coarse grained; 
poorly sorted; subrounded;
rich in magnetite.............  5 .5  40.5+
Orthoquartzite: moderate red
(5R 5/4); weathers pale red
dish brown (10R 5/4); silica 
cement; fine- to very coarse 
grained; moderately sorted; 
rounded and subrounded; very 
thinly and thinly bedded; 
moderate resistance; has a 
few pebble-sized fragments
in upper half of the unit.....  J.O 3 5.0+
Pebble conglomerate:. pale red 
(5R 6/2) and grayish red (5R 
4/2); weathers the same; thick
ly and very thickly bedded; 
high resistance; fragments up 
to 18" inches in diameter,■ 
average 2 inches' in diameter;
60^-75^ large-fragments; re- •
mainder is orthoquartzite;
silica cement; fine- to very
coarse grained; poorly sorted;
rounded and subrounded; -rich
in magnetite..................  2 8 .0 2 8.0+
Total of Beckers Butte.Member.. 86.0+
Total of Martin Formation.....  368.5+
Base of unit is not exposed; rests on a diabase 
intrusion.
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COOLIDGE DAM

E 1/2 NW 1/4 Sec. 17, T. 3 S., R. 18 E. Exposures 
are on easterly and northerly facing slopes adjacent 
to the highway on the western side of Coolidge Dam. 
Strike N. 40° W.; dip 25° SW.
Mississippian:

Escabrosa Limestone (unmeasured):
Dolomite: light olive gray (5Y 6/1); weathers
yellowish gray (5Y 8/1); finely crystallinej 
thickly bedded; high resistance; has a few silt- 
size quartz grains.............

Devonian:
Martin Formation: 
Jerome Member: 
Upper unit:

Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

11 Dolomite:' dusky yellow
(5Y 6/4), pale red (5R 
6/2), and grayish orange 
(10YR 7/4); weathers yellow
ish gray (5Y 7/2), grayish : 
orange pink (5YR 7/2), and 
light brown (5YR 6/4); ;
finely crystalline; thinly : 
bedded; low to moderate 
resistance; contains about 
Vfo silt-size quartz in the - 
upoer portion................. 15.0 138.0

10 Mud-shale:' dusky yellow
(5Y 6/4); weathers yellow
ish gray (5Y 7/2); lamin
ated and very thinly 
bedded; low resistance........ 35.0 123.0
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Unit
No.

9 Dolomite: light brown
f5YR 6/4), dusky yellow 
(5Y 6/4), and moderate 
yellowish brown (10YR 
5/4); weathers grayish 
.orange (lOYR 7/4) and 
grayish orange pink (5YR 
7/2); very finely and 
.finely crystalline; thinly 
bedded; low to moderate 
resistance............. .

8 Sandy dolomite: dark yellow
ish orange (10YR 6/6 ); weath
ers pale yellowish orange 
(10YR 8/6 ); finely and medium- 
crystalline; thinly bedded; 
moderate resistance; con
tains about 30/£ sand-size
quartz. ......... ..... 1.5 73.5

7 Orthoquartzite: pale yellow
ish brown (10YR 6/2); weathers
moderate yellowish brown (10YR 
5/4); dolomitic cement; very 
fine to very coarse grained; 
poorly sorted; well rounded 
to subrounded; thinly bedded; 
moderate to high resistance;
contains about 40$£ dolomite.... 2 .0 7 2 .0

6 Orthoquartzite: pale yellow
ish brown (10YR 6/2); weathers
moderate yellowish brown 
(10YR 5/4); dolomitic cement; 
very fine to coarse-grained; 
moderately sorted; well 
rounded to subrounded; thinly 
bedded; moderate resistance;
contains about 200 dolomite.... 1 .0 7 0 .0
Total of upper unit............ 6 9.0

Thickness Cumulative 
in feet thickness 

in feet

111 R 8 8 .0
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Unit' Thickness Cumulative
No. • in feet thickness

in feet
Aphanitic dolomite unit:

5 Dolomite: moderate brown
(5YR 4/4) and moderate 
yellowish brown (10YR "5/4); 
weathers■grayish orange 
(10YR 7/4); very finely 
crystalline; thinly bedded; 
moderate resistance; con
tains a few silt- and sand-
size quartz grains. . . . . . 1 4 . 0 6 9.0

4 Dolomite: pale yellowish......
brown (10YR 6/2) and brown
ish gray (5YR 4/l); weath
ers grayish orange (10YR '
7/4), very pale orange 
(10YR 8/2), and yellowish 
gray (5Y 7/2); aphanocrystal- 
line; thickly and very 
thickly bedded; high resist- .
ance........................... 32.5 5 5 .0

3 Sandy dolomite: pale brown-......
(5YR 5/2); weathers very 
pale orange (10YR 8/2 ) and 
moderate yellowish brown 
(10YR 5/4); very finely 
and finely crystalline; 
thickly bedded; high resist
ance; contains 30^-35^ sand-
size quartz......... .......... 2 .0 22.5

2 Dolomite: brownish gray
(5YR 4/l); weathers grayish 
orange (10YR7/4); very 
finely crystalline; thickly 
bedded; high resistance; 
fetid; contains a few 
patches of medium-crystal- 
line dolomite............ 10.5 20.5
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Unit
No.

1 Intraclastic dolomite:
medium gray (N5); weath
ers pale yellowish brown 
(10YR 6/2); finely crystal
line; thickly bedded; high 
resistance; fetid; contains 
about 20$ intraclastic 
material which is very
finely crystalline........
Total of aphanltlc dolomite 
unit.................. 6 9.O
Total of Martin Formation.....  138.0

Cambrian:
Bolsa Quartzite (unmeasured):

Orthoquartzite: yellowish gray (5Y 8/l); weath
ers very pale orange (10YR 8/2 ;; silica cement; 
very fine to coarse-grained; moderately well 
sorted; rounded to subrounded; thinly bedded; 
moderate to high resistance; has some dark 
yellowish orange (10YR 6/6 ) spots less than 
1 mm in diameter, on weathered surfaces.

Thickness 
in feet

Cumulative 
thickness 
in feet

in n in n
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COPPER REEF MOUNTAIN

NE 1/4 SE 1/4 sec. 21, T. 4 Si, R. 19 E. Exposures are 
on northerly facing slopes. The upper part of the 
section is poorly exposed because of low resistance . 
and vegetation. Strike N. 40° - 55° W* J dip 20° - 29° SW. . .
Misslssippian:
Escabrosa Limestone (unmeasured):

Very slightly silty dolomite: medium dark gray
(N4); weathers grayish orange (10YR 7/4); finely 
crystalline; thinly bedded; moderate to high 
resistance.

Devonian:
Martin Formation: 
Jerome Member:
Upper unit:

Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

2 Covered: probably mud-shale
similar to. unit 1 ............ 49.0 8 0 .0

1 Mud-shale: light olive gray
(5Y 5/2); weathers moderate 
yellowish..brown. (10YR.5/4); . . . 
laminated and very thinly
bedded; low resistance.......
Total of upper unit..... .....

31.0
8 0 .0

3 1 .0

Total of Martin Formation.... 8 0 .0

Cambrian:
Abrigo Formation, (unmeasured):

Dolomite: yellowish gray ($Y 7/2) and light olive
gray ($Y 5/2); weathers yellowish gray (5Y 7/2) 
and moderate yellowish brown (10YR 5/4); medium- 
and coarsely crystalline; thinly bedded; low to 
moderate resistance. .



1?8
GLOBE HILLS

S 1/2 NW 1/4. NW 1/4 sec. 13, T. 1 N., R. 15 E. Expo
sures are on northerly and westerly facing slopes. 
Thickness and lithology not too accurate in lowermost 
30 feet of the section due to faulting and poor expo
sures. Strike N. 60° - 7 5° E.; dip 25° - 35° S.
Mississippian:

Escabrosa Limestone (unmeasured):
Crinoidal biosparite: light gray (N7 )j weathers
grayish orange (10YR 7/4); thinly and thickly 
bedded; high resistance.

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit. Thickness
No. in feet

18 Mud-shale: pale olive (10Y
6/2) and dusky yellow (5Y 
6/4); weathers yellowish 
gray (5Y 7/2); laminated and 
very thinly bedded; low re
sistance; upper portion may 
be silt-shale... ............... 3 0 .0

17 Dolomitic recrystallized
limestone: moderate yellow
ish brown.(10YR 5/4); weath
ers grayish orange (10YR 
7/4), medium-crystalline; 
thinly bedded; moderate re
sistance; contains about 
40$S dolomite and about 7^ 
quartz which occurs as 
patches of individual grains 
less than 3 microns; patches 
200 microns maximum dimen
sion; much of the calcite - ■
may be fossil debris..........  3 .0

Cumulative 
thickness 
in feet

170 .0

140.0
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Unit Thickness
No. in feet

16 Covered. V..................... 5.5
15 Very slightly calcitic dolo

mite : dark yellowish brown
flOYR 4/2) and grayish orange 
(10YR 7/4); weath'ers grayish 
orange (10YR 7/4); medium- 
crystalline; thinly bedded;
high resistance; contains....
about 5^ quartz as patches 
up to 150 microns maximum . 
dimension; patches are com
posed of individual grains 
less than 3 microns in size; 
contains about 10$ talc;
calcite is probably.fossil.....
remnants....................... 1 .5

14 Slightly silty calcitic dolo
mite: grayish yellow (5Y 8/4);
weathers, the same; finely 
crystalline; very thinly and 
thinly bedded; low resistance; 
contains about 35$ calcite; 
also has a few patches of. . 
quartz with individual .
grains less than, 10. microns....
in size; may contain up to
25$ talc.......... ......... 14.5

13 Very slightly calcitic dolo
mite : moderate yellowish.
brown (10YR 5/4); weathers 
pale yellowish brown (10YR 
6/2); finely and medium-. .......
crystalline; thinly bedded; 
high resistance; calcite 
is probably fossil remnants; 
contains a few quartz 
patches in which the indivi
dual grains are less than 
3 microns...................... 2.5

Cumulative 
thickness 
in feet

137.0

131.5

130.0

115.5
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Unit Thickness Cumulative
No. in feet thickness 

in feet
12 Clayey slightly calcitic

dolomite: grayish yellow
(5Y 8/4)j weathers the 
same; very finely crystal
line; very thinly bedded; 
low resistance; very 
poorly indurated; contains 
20^-30^ clay and also
talc (25$)...... ..............  1 8 .0 113 .0

11 Very slightly silty dolomite: 
yellowish gray (5Y 7/2); 
weathers the same; finely 
and medium-crystalline; 
thinly bedded; moderate to 

. high resistance...............  5 .0  9 5 .0

10 Slightly silty very slightly 
sandy calcitic dolomite: 
brownish gray (5YR 4/1); 
weathers moderate yellowish 
brown (10YR 5/4); medium- 
crystalline; thinly bedded; 
high resistance; contains 
about 14$ calcitic material 
which is probably fossil
debris..... ................. . 5 .5 9 0 .0

9 Sandy dolomitic biosparite:
light brownish gray *(5YR 6/1); 
weathers yellowish gray (5Y 
7/2); thinly bedded; moderate 
to high resistance; contains 
40^-45/» sand-size quartz, 
and about 15$ dolomite....... 84.51.0
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Unit
No.

8 Siltstone: yellowish gray
(5Y 8/l); weathers grayish 
yellow (5Y 8/4); dolomitic 
and calcitic .cement; 
laminated and very thinly - 
bedded; low resistance; 
contains 25^-30/ dolomite,
3/&-10$ calcite, and a 
small amount of talc; may . . . 
be somewhat altered; con
tains 3-inch-thick ortho-' 
quartzite 1 9 .3 and 2 2 .3 feet 
above base and 6 -inch- 
thick orthoquartzite 20.5 feet above base; medium 
light gray (N6 ); weathers 
yellowish gray (5Y 7/2); 
calcitic and dolomitic 
cement; fine-grained; well 
sorted; rounded and sub
rounded;. contains 40^-45^ 
calcite, some of .which may . 
be fossil material, and 
about.50 dolomite........ . 23.0 83.5

Thickness Cumulative 
in feet thickness 

in feet

7 Orthoquartzite: grayish
orange (10YR 7/4); weathers 
yellowish.gray (5Y 7/2); 
dolomitic cement; very fine 
grained; very well sorted; 
subrounded and.subangular; 
thinly bedded; moderate to 
high resistance; contains 
about 100 dolomite.............

6 Very slightly sandy dolomitic
crinoidal. biosparite: , medium . . 
light gray (N6 ); weathers 
light olive gray (5Y 6/l); 
thinly bedded; moderate to 
high resistance; contains 
about 250 dolomite............

1.0 60.5

4.5 59.5
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Unit
No.

5

4

Thickness Cumulative 
in feet thickness 

in feet
Orthoquartzite: pale red
(10R 6/2); weathers gray-, 
ish orange.(10YR 7/4); dolo- 
mitic cement; very fine 
grained; well sorted; sub
rounded and subangular; 
thinly bedded; low to 
moderate resistance; con
tains 40^-45^ dolomite........  8 .0 5 5 .0

Dolomite: pale red (10R 6/2)
and light olive gray (5Y 6/l); 
weathers pale red (10R 6/2) 
and yellowish gray (5Y 7/2); 
very finely and finely 
crystalline; laminated and 
very finely bedded; low 
resistance; contains 55^ 
insoluble material which 
is included in dolomite 
rhombs; may be somewhat
altered........................ 7 .0  47.0

Very slightly silty dolomitic 
biomicrosparite: medium gray
(N5 ) and medium light gray 
(N6 ); weathers light gray 
(N7 ); .thinly bedded; moderate 
resistance; contains 25$- 
400 dolomite; fossil mate
rial predominantly crinoidal 
and brachiopodal; fossil 
material very abundant in 
the following zones above 
the base: 0 -1 foot, 3-3 .3
feet, 1 0.5-1 1 .5 feet, and
12.5-13.5 feet................  1 9 .0 40.0
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Unit Thickness Cumulative
No. in feet thickness 

in feet
2 Slightly sandy dolomite: .

yellowish gray (5% 8/l) and 
light brownish gray (5YR -•

. .6/1) j weathers grayish 
orange (10YR7/4); finely 

■ and medium-crystalline;
thinly bedded; moderate 
to high resistance; con
tains 5^-10^ intraclastic
material.................. . : 7 .0  . 2 1 .0

1 Dolomite: pale yellowish .
brown (10YR 6/2 ) and medium 
dark gray (N4); weathers 
grayish orange (10YR 7/4) 
and very pale orange (10YR 
8/2); very finely crystal
line; thinly bedded; 
moderate to high resistance; 
contains patches of finely 
to coarsely crystalline
dolomite.................    14.0 14.0
Total of upper unit...........  170.0
Total of Jerome Member........  170 .0

Precambrian:
Troy Quartzite (unmeasured):

Pebbly orthoquartzite: greenish gray ($GY 6/l);
weathers grayish orange (10YR 7/4); calcitic 
and clayey cement; fine- to very coarse grained; 
poorly sorted; subrounded; thinly bedded; high 
resistance; large fragments composed mostly of 
dark gray chert or chert-like material, average 
6 -8 mm and equal 10^-20^ of the unit.
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HIGHWAY 77

S 1/2 SW 1/4 NW 1/4 and E 1/2 NW 1/4 SW 1/4 sec. 10,
T. 3 S., R. 15 E. (unsurveyed). Exposures are on 
northerly and westerly facing slopes just east of 
Arizona Highway 77. Strike N. 55° - 80° W,; dip 20° - 
25° S.
Mississippian:
Escabrosa Limestone (unmeasured):

Dolomitic crinoidal biomicrosparite: brownish
gray (5YR 4/1) and light olive gray (5Y 6/1); 
weathers light olive gray (5Y 6/1); thickly 
bedded; high resistance; contains about 20^ dolo
mite and less than 10$ fossil material.

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

Calcitic dolomite: yellow
ish gray (5Y 7/2) and. light 
brownish gray (5YR 6/1); 
weathers grayish orange 
(10YR 7/4) and yellowish 
gray (5Y 7/2); finely crystal
line; thinly bedded; moderate 
resistance; contains 15$-20$ 
calcite; upper portion con
tains a few crinoid and 
brachiopod fragments.........
Mud-shale: moderate yellow
ish brown (10YR 5/4); weath
ers light olive gray (5Y 5/2) 
and yellowish gray (5Y 7/2); 
laminated and very thinly 
bedded; low resistance......

10.0 409.5

76.7 399-5
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Unit Thickness
No. in feet

21 Silty dolomite: pale
yellowish brown (10YR 6/2); 
weathers the same; finely 
crystalline; very thinly 
and thinly bedded; low to 
moderate resistance; con
tains about 35/̂ silt-size 
quartz............... ......... 2 .3

20 Orthoquartzitepale
yellowish brown (10YR 6/2); 
weathers moderate yellowish 
brown (lOYR 5/4); dolomitic 
cement; bimodal; silt-size 
to very fine grained and 
medium- and coarse-grained; 
poorly sorted; well rounded 
to subangular; very thinly 
and thinly bedded; low 
resistance; contains about ....
20^ dolomite and 10^-150  
fossil debris, predominant
ly bryozoan with some 
brachiopodal and crinoid- 
al...................... ....... 1.5

19 Very slightly silty dolo
mite: pale yellowish brown
(lOYR 6/2) and light olive
gray (5Y 6/l); weathers ......
grayish orange (lOYR 7/4)
and yellowish gray (5Y........
8/1); finely crystalline;
laminated to thinly bedded;
low to moderate resistance;.... 1 6 .7

Cumulative 
thickness 
in feet

322.8

320.5

319.0
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Unit Thickness Cumulative
No. in feet thickness 

in feet
18 • Very slightly silty dolo-

mite: light olive gray
(5Y 6/1 ) and olive gray 
(5Y 4/1); weathers grayish 
orange (10YR 7/4); finely 
crystalline; very thinly 
and thinly bedded; low 
resistance; l6. and 36 feet 
above base have slightly 
silty dolomitic biomicro-; 
sparite approximately 1 .5  
feet thick: light olive
gray (5Y 6/1) and medium'. . .  
dark gray (N4); weathers 
grayish orange flOYR 7/4) 
and light gray (N7 ); thinly 
bedded; low to moderate 
resistance; contains 50^- 
60$6 fossil debris and
about 25$ dolomite............  63.3 302.3

17 Slightly, silty dolomitic.....  .
brachiopodal biomicrospar- 
ite: pale yellowish brown
(10YR 6/2); weathers light 
olive gray (5Y 6/l); thinly . 
bedded; moderate to high 
resistance; contains about 
40$ fossil debris and 25$
dolomite..............    1 .5 239.0

16 Covered............    1.7 237.5
15 Slightly sandy dolomitic.....

biomicrosparite: medium
gray (N5); weathers light 
olive gray (5Y 6/l); 
thinly bedded; moderate to 
high resistance; contains 
about 45$ fossil debris
and 30$ dolomite......... ..... 0 .8 235.8

14 Covered.................. 235.0
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Unit
No.

13 Orthoquartzite: pale
yellowish brown (10YR 6/2) 
and grayish orange (10YR 
7/4); weathers moderate 
yellowish brown (10YR 5/4) 
and grayish orange (10YR 
7/4)j dolomitic cement; 
very fine grained; well 
sorted; subrounded and ' 
subangular; thinly bedded; 
moderate to high resist
ance ; contains about 30^ 
dolomite..................

12 Silty calc.itic dolomite:
light olive gray (5Y 6/1); 
weathers the same; finely 
crystalline; laminated to 
thinly bedded; low resist
ance ; contains about 250 
calcite and 120 silt-size 
quartz....... ............

Thickness 
in feet

7.0

1 8 .0

11 Dolomitic brachiopodal bio-
microsparite: light brownish
gray (5YR 6/l); weathers light 
gray (N7 ); finely crystal
line; thinly bedded; moderate 
resistance; contains about 
300 dolomite and 250 -300  
fossil material, predominant
ly brachiopodal with some 
crinoidal "and unidentifi
able fossil debris............. 0 .5

10 Dolomitic crinoidal brachio
podal biosparite: light
olive gray (5Y 6/l); weathers 
the same; thinly bedded; 
moderate resistance; contains 
about 250 dolomite

Cumulative 
thickness 
in feet

234.0

227.0

2 0 9 .0

0.7 208.5
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Unit
No.

9

8

Thickness 
in feet

Orthoquartzite: light
olive gray (5Y 6/1); 
weathers grayish orange 
(10YR 7/4); dolomitic 
cement; very fine grained; 
moderately sorted; sub
rounded and subangular; 
thinly bedded; high re
sistance ; contains about 
25$ dolomite; upper sur
face has brachiopod
impressions....................  1 .8

Slightly sandy dolomite: 
light olive gray (5Y 6/1), 
yellowish gray (5Y 8/1), 
and yellowish gray (5Y 7/2); - 
weathers grayish orange 
(TOYR 7/4) and pale '
yellowish orange (10YR 
8/6 ); very finely to 
medium-crystalline; very . 
thinly and thinly bedded; 
moderate to high resistance; 
slightly less resistance in 
upper portion; contains 
stringers and patches of 
medium-crystalline dolomite, 
stringers are parallel to 
stratification; lower por- ■ 
tion contains intraclastic
material......... ......... 2 5 .2
Total of upper unit.   .......  218.7

Aphanitic dolomite unit:
Dolomite: pale reddish brown
(10R 5/4) and pale red (10R
6/2); weathers moderate orange
pink (10R 7/4) and (5YR 8/4);
very finely crystalline; very
thinly and thinly bedded;
moderate resistance............ $ .0

Cumulative 
thickness 
in feet

2 0 7 .8

2 0 6 .0

180.8
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Unit
No.

Thickness Cumulative 
in feet thickness

in feet
6 Dolomite: light olive

gray (5Y 6/1) and brown
ish gray (5YR 4/l); weath
ers pale yellowish brown 
(10YR 6/2) and very pale 
orange (10YR 8/2); aphano- 
crystalline and finely 
crystalline; thinly bedded; 
high resistance; contains 
patches of finely to
coarsely crystalline dolo- ...
mite; somewhat vuggy 4?
feet above base; contains.....
2-foot-thick silica zone 
65 feet above base, and 
6-inch-thick cherty zone
86 feet above base.............  9 0 *8 171.8

5 . Dolomite: light olive gray
(5Y 6/l) and brownish gray 
(5YR 4/l); weathers pale 
yellowish brown (10YR 6/2) 
and very pale orange (10YR 
8/2); very finely crystal
line; thinly bedded; high 
resistance; slightly fetid;
6 -inch-thick cherty zone 26 
feet above base similar
to the chert in the under- . .. _
lying unit..................... 2 8 .0 8l.O

4 Dolomite: light olive gray
(5Y 6/1) and brownish gray 
(5YR 4/l); weathers pale 
yellowish brown (10YR 6/2) 
and very pale orange (10YR 
8/2 ); very finely crystal- . .
line; thinly bedded; high 
resistance; slightly fetid;
11 feet above base have many 
l/l6th-inch- to 1/2-inch- 
thick chert discs parallel
to stratification.............  20.0 53.0
Total of aphanitic dolomite
unit 147.8
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Unit 
No..

Thickness 
in feet

Fetid.dolomite unit:
3 Dolomite: light brownish

gray ($YR 6/1);: weathers 
pale yellowish brown (10YR 
6/2); finely crystalline; 
very thinly and thinly, 
bedded; high resistance; 
fetid; contains vugs partial
ly filled with dolomite...... . 11.5
Total of fetid dolomite unit... 11.5
Total of Jerome Member........  388.0

Beckers Butte Member:
2 Silty dolomite: light olive

gray (5Y 6/1) and moderate 
yellowish brown (10YR 5/4); 
weathers yellowish gray 0 Y  
7/2) and grayish orange (lOYR 
7/4); very finely crystal
line; very thinly and thinly 
bedded; moderate resistance; 
contains about 10$ silt-size 
quartz and minor amounts of 
sand-size quartz from the 
base to 5.5 feet, and 17 to 
18 feet..........    19 .7

1 Orthoquartzite: moderate
yellowish brown (10YR 5/4); 
weathers the same; silica 
cement; very fine to coarse
grained; poorly sorted; well 
rounded to subangular; thinly 
bedded; moderate resistance.... 1.8
Total of Beckers Butte Member.. 21.5

Cumulative 
thickness 
in feet

33.0

21.5

1.8

Total of Martin Formation 409.5
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Unit Thickness Cumulative
No. in feet thickness 

in feet
Cambrian:
Bolsa Quartzite (unmeasured):

Orthoquartzite: pinkish gray (5YR 8/l); weathers 
very pale orange (10YR 8/2); silica cement; fine
grained; very well sorted; rounded and subrounded; 
thickly bedded; high resistance.
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HIGHWAY 666

SW 1/4 NW 1/4 and NW 1/4 SW 1/4 sec. 16, T. 3 S.,
R. 29 E. Exposures are on westerly facing slopes just 
west of Arizona Highway 666. The section is poorly 
exposed on the slopes because of low resistance and 
vegetation. However, part of the section is well ex
posed in a readout on the west side of the highway.
Strike N. 70° W. to N. 85° E.j dip 20° - 27° N.
Mississippian:

Modoc Limestone (unmeasured):
Dolomitic biomicrosparite: grayish red (5R 6/2);
weathers the same; thinly bedded; moderate to 
high resistance; contains about 30$ dolomite and 
25^-30$ fossil debris.

Devonian:
Morenci Shale:

Unit Thickness Cumulative
No. in feet thickness

in feet
2 Siltstone: grayish orange

(10YR 7/4); weathers the 
same; laminated and very 
thinly bedded; low resist
ance; contains 15$-20$ 
dolomite, quartz less than
10 microns.... ................  15.0 140.0

1 Mud-shale: grayish red
(5R V2) and (10R 4/2); 
weathers the same; lamin
ated; low resistance; 
has a few l/8-inch-thick
gypsum veinlets...............  125.0
Total of Morenci Shale........  140.0

125.0
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Unit Thickness CumulativeNo. in feet thickness

in feet
Ordovician:

Longfellow Limestone (unmeasured):
■

Very slightly silty very slightly sandy very 
slightly calcitic dolomite: pale red (10R
6/2); weathers the same and grayish orange 
(10YR 7/4); finely crystalline; thinly bedded; 
moderate resistance; calcite is probably 
fossil remnants.
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HOLY JOE PEAK

SE 1/4 sec. J, T. 7 S., R. l8 E. Exposures are on 
southwesterly facing slopes and the entire section is 
very poorly exposed, except for the extreme upper 
portion, because of low resistance. Strike N. 10o - 
25° W,; dip 24° _ 37o g.
Mississippian:
Escabrosa Limestone (unmeasured):

Dolomite: pale red (10R 6/2); weathers the same;
finely crystalline; thinly bedded; moderate to 
high resistance.

Devonian:
Martin Formation':........... .
• Jerome Member:

Upper unit:
Unit Thickness Cumulative
No. in feet thickness

in feet
10 Dolomite: grayish yellow

(5Y 8/4); weathers yellow
ish gray (5Y 7/2); finely 
and medium-crystalline;
"thinly bedded; moderate 
resistance;' contains a few 
silt- and sand-size quartz
grains............ ............  4.5 2 1 8 .0

9 Calcitic dolomite: grayish
orange pink (5YR 7/2); 
weathers very pale orange 
(10YR 8/2); finely crystal
line; thinly bedded; 
moderate resistance; con
tains 10^-150 calcite which 
is fossil debris.  .... 7 .0 213.5
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Unit
No.

Thickness 
in feet

8 Very slightly sandy dolo- 
mitic biomicrite: medium
gray (N5 ); weathers light 
olive gray (5Y 6/l); 
thinly bedded; moderate 
resistance; contains 
about 50^ fossil debris 
and 30^-40/5 dolomite; 
also contains a few silt- 
size quartz grains and a 
few spherical: quartz nod
ules to 3 .Inches in diam
eter.... ...................... 3 .5

7 Dolomitic biomicrosparite: 
pale red (5R 6/2); weath
ers grayish orange pink 
(5YR 7/2) and light gray 
(h*7 ); very thinly and 
thinly bedded; moderate 
resistance; contains 
about 30$ dolomite, 200- 
250 fossil debris, and a 
few spherical quartz 
nodules up to 3 inches
in diameter........... ........ 5 .0

6 Calcitic dolomite: gray
ish orange pink (5YR 7/2); 
weathers the same; finely 
crystalline; very thinly 
and thinly bedded; mod
erate resistance; contains,
100-150 calcite which is
crinoidal debris............. . . 2 .0

5 Same as unit 7 ................. 6.0

Cumulative 
thickness 
in feet

206.5

203.0

1 9 8 .0

1 9 6 .0
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Unit
No. Thickness 

in feet

4 Dolomitic crinoidal bio- . 
sparite: pale yellowish
brown (10YR 6/2); weathers 
grayish orange pink (5YR 
7/2) and light olive gray 
(5Y 6/l); thinly bedded; 
moderate resistance; con
tains about 30^ dolomite 
and a few spherical quartz 
nodules up to 6 inches in 
diameter;.locally may con
tain crinoidal fragments 
in a matrix of dolomite 
and microsparite........ ...... 2 .0

3 Dolomite: yellowish gray
(5Y 7/2), moderate red (5R
5/4), and grayish,yellow .....
(5Y 8/4); weathers yellow
ish gray (5Y 7/2), grayish 
orange pink (5YR 7/2), and . 
grayish yellow (5Y 8/4); 
aphanocrystalline and very 
finely crystalline; thinly 
bedded; low to moderate re
sistance; contains a few 
spherical quartz nodules up 
to 6' inches in diameter; 6 
feet above base have 3-inch- 
thick very slightly silty 
dolomitic crinoidal bio- 
micrite; contains 650-70/? 
crinoidal debris and about 
250 dolomite................... 13.0

2 Interbedded siltstone (600) 
and dolomitic microsparite 
(400): .light olive gray 
(5Y 5/2) and olive gray (5Y 
4/l); weathers yellowish 
gray (5Y 7/2); siltstone: 
average less than 20 mi
crons; dolomitic and cal- 
citic cement, predominantly

Cumulative 
thickness 
in feet

190.0

188.0
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Unit
No.

dolomitic; up to 45^ cement; 
very thinly bedded; low 
resistance;- dolomitic micro- 
sparlte: thinly bedded; low
to moderate resistance; 
contains 30^-35^ dolomite; 
entire unit contains spheri
cal quartz nodules up to 6 
inches in diameter.........

Thickness 
in feet

Cumulative 
thickness 
in feet

35.0 175.0
Mud-shale: light olive gray
(5Y 6/1); weathers yellowish 
gray (5Y 7/2); laminated and 
very thinly bedded; covered 
and low resistance; upper 
portion of the unit may be 
gradational to siltstone of
unit 2 ......................... 140.0
Total of upper unit...........  218.0
Total of Martin Formation.....  218.0

140.0

Cambrian: . ,
Abrigo Formation (unmeasured):

Slightly sandy dolomite: light olive gray (5%
6/1); weathers pale yellowish brown (10YR 6/2 ); 
medium- and coarsely crystalline; very thinly 
and thinly bedded; low to moderate resistance; 
contains a few flakes of glauconite.



•JIM THOMAS WASH
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W 1/2 SE 1/4 SW 1/4 and E 1/2 SW 1/4 SW-1/4 sec. 19,
T. 5 S., R. 14 E. Exposures are on easterly facing 
slopes. The strata are overturned. Strike N. 10° - 
150 E.; dip 58° - 62° W.
Mississippian:
Escabrosa Limestone (unmeasured):

Dolomite: medium gray (N5 ); weathers pale
yellowish brown (10YR 6/2); medium-crystalline; 
thinly and thickly bedded; high resistance.

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit Thickness Cumulative
No. in feet thickness

in feet
19 Mud-shale: yellowish gray

(5Y 7/2); weathers the same;
laminated; low resistance.....  1 5 .0 245.0

18 Very slightly silty dolomite: 
pale yellowish brown (10YR 
0/2) and light olive gray 
(5Y 5/2); weathers pale 
yellowish brown (10YR 6/2); 
very finely and finely ... 
crystalline; very thinly 
bedded; low to moderate
resistance....................... 2 8 .0 230 .0

17 Very slightly silty dolomite:
light olive gray (5Y 6/l) 
and yellowish gray (5Y 7/2); 
weathers yellowish gray 
(5Y. 7/2) and grayish orange 
pink (5YR 7/2); very finely 
crystalline;, laminated to 
thinly bedded; low resist
ance.............................  6l.O 202.0
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Unit
No.

Thickness Cumulative 
in feet thickness

in feet
l6 • Very slightly silty dolo-

mitic crinoidal biosparite: 
medium gray (N$); weathers 
pale yellowish brown (10YR 
6/2); very thinly and 
thinly beddedj moderate 
to high resistance; con
tains about 25^ dolomite......  4.5 141.0

15 Sandy calcitic dolomite:...
pale yellowish brown (10YR- 
6/2); weathers moderate 
yellowish brown (10YR 5/4); 
medium-crystalline; very 
thinly and thinly bedded; 
moderate to high resist
ance ; contains about 450 
sand-size quartz and about 
250 calcite which is prob
ably fossil debris............. 3.5 136.5

14 Sandy dolomitic biomicro-
sparite: olive gray (5Y 4/l);
weathers pale yellowish 
brown (10YR 6/2); finely 
crystalline; very thinly 
and thinly bedded; moderate 
to high resistance; con
tains about 300 dolomite, ......
150 sand-size quartz, and
100-150 fossil debris.........  4.0 1 3 3 .0

13 Slightly silty dolomitic
biomicrosparite: medium dark
gray (N4) and pale red (10R 
6/2); weathers medium gray 
(N5 ) and pale yellowish 
brown (10YR 6/2); thinly-
bedded; moderate resist- • ......
ance; contains 400-500 
fossil debris and 250-300
dolomite...... ................  9.5 1 2 9 .0
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Unit Thickness Cumulative
No. in feet thickness 

in feet
12 Sandy very slightly calcitic

dolomite: light brown
(5YR 6/4); weathers the 
same; finely and medium- 
crystalline; very thinly 
bedded; moderate resist
ance; contains 45^-50^ 
sand-size quartz; the 
calcite is probably fossil
debris......................... 3.5 119 *5

11 Very slightly silty dolo-
mitic biomicrite: olive gray
(5Y 4/1), brownish gray (5YR 
4/1), and medium dark gray 
(N4); weathers light olive 
gray (5Y 6/l), light brown
ish gray (5YR 6/1), and 
light gray (Ny); very thinly 
and thinly, bedded; moderate 
resistance; contains 15$- 
25% dolomite and 10^-20^ 
fossil debris; 1.5 feet 
above base have 6-inch-thick 
zone very rich in brachio- 
podal debris; the shell 
fragments are crudely aligned
parallel to stratification....  20.5 1 1 6 .0

10 Slightly silty dolomite:
pale yellowish brown (10YR 
6/2); weathers grayish 
orange (10YR 7/4); medium- 
crystalline; very thinly 
bedded; low to moderate 
resistance; weathered sur
face shows a few crinoid
fragments...................... 6.0 95.5



201
Unit Thickness Cumulative
No. in feet thickness 

in feet
9 Orthoquartzite: pale

. yellowish brown (10YR 
0/2); weathers the same; 
silica cement; very fine 
to' very coarse grained; 
poorly sorted; well 
rounded and rounded; 
very thinly bedded; low 
to moderate resistance; 
contains a few:patches 
of dolomite cement; highly
fractured.................... 1.0 8 9 .5

8 Dolomite: pale yellowish
brown (10YR 6/2 ) and medium 
dark gray (N4); weathers 
grayish orange (10YR 7/4) 
and light gray (N7 ); 
aphanocrystalline; thinly 
bedded; moderate resist
ance; locally may be" very
slightly sandy................  1 3 .5 8 8 .5

7 Sandy dolomitic microsparite:
light olive gray (5Y 6/1); 
weathers light gray (N7 ); 
thinly bedded; moderate 
resistance; contains about 
45$ sand-size quartz and
10^-15^ dolomite. .... . 5 .0  7 5 .0

6 Orthoauartzite:, pinkish gray
(5YR S/l) and very light 
gray (N8); weathers white 
(N9 ), very light gray, (N8),. 
and grayish orange pink 
(5YR 7/2); upper portion 
has spots up to 10 cm in 
diameter which are pale red 
(5R 6/2 ); silica cement; 
very fine to coarse-grained; 
moderately sorted; well 
rounded and rounded; very 
thinly bedded; moderate 
resistance; highly fractured... 7.5 70.0
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Unit
No.,

5 Dolomitic biomicrosparite:
pale.red ($R 6/2); weath
ers grayish orange pink - 
(5YR 7/2)j very thinly 
and thinly bedded; moderate 
resistance; contains about 
20^ dolomite and about 10^ 
fossil debris...... .........

4 Orthoquartzite: pinkish gray
(5YR 8/l); weathers the same; 
silica cement; very fine to 
coarse-grained; mostly fine- 
and medium-grained; moder
ately well sorted; well 
rounded and rounded; thinly 
bedded; low to moderate 
resistance;, highly frac-....
tured. ..... . 24.5 59 • 5
Total of upper unit...........  210.0

Aphanitic dolomite unit:
3 . Dolomite: olive gray.(5Y :

4/l); weathers light olive 
gray (5% 6/l); very finely . 
crystalline; thinly bedded; . 
moderate to high resist
ance; contains a few patches 
of finely and medium-crystal
line dolomite and a few 
pieces of calcite which is
probably fossil debris........  12.5 35.0
Total of aphanitic dolomite
unit........................... 12.5

Thickness 
in feet

Cumulative 
thickness 
in feet

? n

Fetid dolomite unit:



203
Unit Thickness Cumulative
No. in feet thickness 

in feet
2 Dolomite: light brown

(5YR 6/4) and pale yellow
ish brown (10YR 6/2); weath
ers pale yellowish brown 
(10YR 6/2); medium-crystal
line; thinly bedded; mod
erate to high resistance; 
weathered surface, shows 
dolomite rhombs.....-......... . 3.5 22.5

1 Dolomite: medium dark gray
(N4); weathers light brown
ish gray (5YR 6/1) and medium 
dark gray (N4); medium- 
crystalline; thinly bedded; 
high resistance; fetid; 
weathered surface shows
laminae........................ 1 9 .0 1 9 .0
Total of fetid dolomite unit... 22.5
Total of Martin Formation.....  245.0

Cambrian:
Abrigo Formation (unmeasured):....

Orthoquartzite: pinkish gray (5YR 8/l); weathers
•the same; silica cement; fine- to coarse-grained; 
mostly medium-grained; well sorted; well rounded 
and rounded; thinly bedded; low to moderate 
resistance.
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JOB CORPS CAMP

NE 1/4 SW 1/4 sec. 35, T. IN., R. 17 E. (unsurveyed). 
Exposures on northwesterly facing slopes located about 
3/4 mile northeast of the Job Corps Camp on the San 
Carlos Apache Indian Reservation. . Strike N.„30° - 80° .
E.; dip 18° - 28° SE.
Mississippian:

Escabrosa Limestone (unmeasured):
Crinoidal biosparite: medium gray (N5)j weathers
pale yellowish brown (10YR 6/2); thinly and thickly 
bedded; high resistance; slightly fetid; may be 
slightly dolomitic.

Devonian:
Martin Formation: •
Jerome Member:
Upper unit:

Unit Thickness
No. in feet

25 Covered.: probably mud- .. .
shale..........................  6 2 .2

24 Sandy dolomitic oolitic
hematite.: moderate brown
(5YR 3/4); weathers the 
same; thinly bedded; mod
erate resistance; contains 
25/3-30^ medium-crystalline 
dolomite and about 20$ 
sand-size q u a r t z .  .....  0 .8

23 Oolitic hematite in a mix
ture of quartz and dolomite: 
moderate brown (5YR 4/4); 
weathers moderate.brown 
(5YR 3/4); thinly bedded; .. 
moderate resistance; contains 
350-40$.oolitic material,, 35$- 
40$ very fine grained quartz, 
and 25$-30$ medium-crystal
line dolomite.............. .. 0 .5

Cumulative 
thickness 
in feet

436.0

373.8

373.0
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Unit . • Thickness
No. in feet

22 Covered: probably similar
to very;thinly bedded
part .of underlying unit. ......  1 1 .5

21 Silty dolomite: pale
red (5R 6/2), moderate 
yellowish brown (10YR 
5/4), and light brown . . . . . .
(5YR 5/6 ); weathers 
grayish orange (lOYR 
7/4) and dark yellowish 
orange (10YR 6/6 ); finely 
crystalline; the follow
ing intervals above the 
base are thinly bedded 
and moderate, resistance: 
a.5-7.5, 20-33, 55-59;the following intervals 
are very thinly bedded 
with low to moderate 
resistance: 0 -2 .5 ,
7.5-20, 33-55; contains
10^-15p silt-size quartz.... . 5 9-O

20 Slightly silty dolomitic, . 
biomicrosparite: light
brown (5YR 6/4), pale brown 
(5YR 5/2), and grayish 
orange (10YR 7/4);.weathers 
gravish orange pink (5YR 
7/2), pale yellowish brown 
(10YR 6/2), and grayish 
orange (10YR 7/4); thinly 
bedded; moderate to high 
resistance; less silt-size 
material in upper portion 
than in lower part; contains 
30^-40$ dolomite; extreme • 
lower portion predominantly 
brachiopodal fossil mate
rial........................... 1 1 .0

Cumulative 
thickness 
in feet'

372.5

361.0

302.0



206
Unit Thickness Cumulative
No.

19 Sandy dolomitic biomicro- ;

in feet thickness 
in feet

sparite: pale red (5R 6/2);
weathers grayish orange 
pink (5YR 7/2); thinly 
bedded; moderate to high 
resistance; contains 
about 35$ dolomite and
12$ sand-size quartz..........  3.5 291 .0

18 . Very slightly silty very
slightly sandy calcitic dolo
mite:' pale red ($R 6/2); 
weathers pale red (10R 6/2); 
finely crystalline; very 
thinly bedded; low resist- - 
ance; contains about 30$
calcite... ..... ....... 10.5 287 .5

17 . Slightly silty dolomitic 
biosparitepale red (5R 
6/2); weathers grayish 
orange pink (5YR 7/2); 
thinly bedded; low to mod
erate resistance; contains
about 30$ dolomite............. 0 .5  277 .0

16 Silty calcitic dolomite:
pale red (10R 6/2) and mod
erate pink (5R 7/4); weath-. 
ers pale red (5% 6/2 ), 
grayish orange pink (5YR 
7/2 ), and grayish orange 
(10YR 7/4); finely and 
medium-crystalline; upper - 
half very thinly bedded 
and low resistance; lower 
half -thinly bedded and 
low to moderate resistance; 
contains 25$-30$ calcite 
and about 20$ silt-size
quartz...................... . 21.5 276.5
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Unit Thickness
No. in feet

15 Sandy dolomitic biosparite: 
dark yellowish brown (10YR 
4/2) and-medium gray (N5 ); 
weathers pale, yellowish 
brown.(10YR 6/2) and mod
erate yellowish brown (10YR 
5/4); thinly bedded; high 
resistance; .contains 15^- 
30^ dolomite and 15$-20$ 
sand-size quartz; upper . 
foot contains more sand- 
size quartz than remainder 
of unit................. ....... 5 .0

14 Slightly silty caleitic dolo
mite: pale red (5R 6/2);
weathers pale red (10R 6/2); 
medium crystalline; thinly 
bedded; low resistance; con
tains 30^-350 calcite; 13.8 
feet above base have 6 -inch- 
thick orthoquartzite: mod
erate yellowish brown (10YR 
5/4);. weathers the same; 
dolomitic cement; fine- to 
very coarse grained; predom
inantly coarse-grained; mod
erately well sorted;. well 
rounded to subrounded; thinly 
bedded; low to moderate 
resistance; has a few chert 
fragments up to 7 mm in diam
eter; contains about 30$ 
dolomite.......................  1 7 .2

13 Orthoquartzite: pale yellow
ish brown (10YR 6/2); weathers 
the same and grayish orange 
(10YR 7/4); dolomitic cement; 
very fine to very coarse 
grained; predominantly coarse
grained; well sorted; well 
rounded to subrounded; thinly 
bedded; moderate to high re
sistance; contains 15$-20$
dolomite.............. ........ 2 .0
Total of upper unit...........  205.2

Cumulative 
thickness 
in feet

255.0

250.0

232.8
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Unit
No.

Thickness 
in feet

Aphanitic dolomite unit:
12 Dolomite: pale brown (5YR

5/2) and pale yellowish 
brown (10YR 6/2); weathers 
pale yellowish brown (10YR 
6/2) and pale yellowish 
orange (10YR- 8/6 ); very, 
finely crystalline; thinly 
bedded; moderate to high 
resistance; contains a few 
patches of medium- to very 
coarsely crystalline dolo
mite. ......... ................  2 3 .8

11 Dolomite: medium dark
gray (N4); weathers very 
pale orange (10YR 8/2) and 
light olive gray (5Y o/l); 
very finely crystalline; 
thinly bedded; moderate 
to high resistance; con
tains 10^-15^ medium- and 
coarsely crystalline dolo
mite which occurs in more 
or less circular patches; 
many fractures filled with 
silica occur from 5 .5 -8  
feet above base; fractures 
always less than 1 mm
thick................. ......... 23.0

10 Dolomite: pinkish gray
(5YR 8/l), light brownish 
gray f5YR 6/1 ), brownish 
gray (5YR 4/1), and pale 
yellowish brown (10YR 
6/2); weathers grayish 
orange pink (5YR 7/2), 
very pale orange (10YR 
8/2), and very light gray 
(N8); aphanocrystalline
and very finely crystal- .....
line; thinly bedded; high

Cumulative
thickness
in feet

230.8

207 .0
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Unit Thickness Cumulative
No. in feet thickness 

in feet
10 resistance; vuggy in

places; have 1-foot- and 
2-foot-thick zones with 
fractures filled with 
silica 19 .5 and 3 6 .5 feet 
above base, respectively; 
fractures less than 1 mm
thick. . V....................... 5 8 .0 184.0

9 Dolomite: brownish gray
(5YR 4/1} and medium dark 
gray (N4); weathers pale 
yellowish brown (10YR 6/2) 
and grayish orange (10YR 
7/4); very finely crystal
line; thinly bedded; high . 
resistance; contains 
silica-filled fractures
from 7-11 and 40-51 feet.......
above base;- fractures less 
than 1 mm thick; contains 
patches of medium- and 
coarsely crystalline dolo
mite; may be 5^-10^ of the
total rock............. . 6l.O 126 .0

8 Dolomite: medium dark
gray (N4)weathers pale 
yellowish brown (10YR 6/2); 
aphanocrystalline and very 
finely crystalline; thinly
bedded; high resistance;.....
contains patches of medium- 
to very coarsely crystal
line dolomite;' associated • 
with these patches is 
chalcedonic quartz; contains 
many 1/8 -inch- to 1/4-inch- 
thick chert discs; chert 
discs are more abundant in 
the lower portion of the 
unit and are parallel to
stratification................  2 2 .0 6 5 .0
Total of aphanitic dolomite
unit.... .......... ............  1 8 7 .8
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Fetid dolomite unit':
7 Dolomite: medium dark

gray (N4) and dusky yellow
ish brown (10YR 2/2); 
weathers pale yellowish 
brown (10YR 6/2) and light 
brownish gray (5YR 6/1); 
very finely and coarsely 
crystalline; coarsely 
crystalline 2 -10 feet above 
base; thinly bedded; high 
resistance; fetid;. upper. . .
portion is somewhat vuggy; 
weathered surface shows

Unit Thickness Cumulative
No. in feet thickness

in feet

laminae.......................  2 6 .0 43.0
Total of fetid dolomite unit... 26.0
Total of Jerome Member........  419.0

Beckers Butte Member:
6 Orthoquartzite: pale brown

(5YR 5/2); weathers mod- 
• erate yellowish, brown (10YR .
5/4); dolomitic cement; 
very fine to medium-grained; . 
moderately well sorted; well 
rounded to subrounded; 
thinly bedded; high resist
ance; contains about 40$
dolomite............. .........'. 3 .0  1 7 .0

5 Silty slightly sandy dolo
mite: pale red (10R 6/2):
weathers pale red (5R 6/2); 
very finely crystalline; 
very thinly bedded; mod
erate resistance;, contains ,
15$-20$ silt-size quartz.... . 5 .0  14.0
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Unit
No. Thickness Cumulative 

in feet thickness
in feet

4 ■ Orthoquartzitelight
red (5R 6/6); weathers ■ 
pale red (10R 6/2); 
silica and dolomitic 
cement; very fine to 
coarse-grained; mostly 
very fine and fine-grained; 
moderately sorted; well 
rounded to subrounded; very 
thinly to thinly bedded; 
moderate to high resist
ance; contains about 5^
dolomite....................... 1.2 $.0

3 Silty dolomite: pale red
dish brown (10R 5/4); 
weathers pale red (10R 
6/2) and grayish red (10R 
4/2); very finely crystal
line; laminated and very 
thinly bedded; moderate 
resistance; contains 10$- 
15^ silt-size quartz; con
tains minor amounts of sand-
size quartz.................... 2.0 7.8

2 Same as unit 4................. 1.3 5.8
1 Silty sandy dolomite: pale

brown (5YR 5/2); weathers 
moderat ellowish brown
crystalline; thinly bedded; 
moderate to high resistance; 
contains about 35$ silt- and 
sand-size quartz; 75$-80^ 
of this material is silt- 
and very fine grained sand-
size........................... 4.5 4.5
Total of Beckers Butte Member.. 17.0

(10YR 5 ; very finely

Total of Martin Formation 436.0
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Precambrian: : . ;
Troy Quartzite (unmeasured):

Orthoquartzite: very pale orange (10YR 8/2 );
. weathers the. same; silica cement; fine-grained; 
very well sorted; subrounded; thinly bedded; 
moderate resistance; shows crude cross- 
stratification; simple; probably wedge shaped; 
concave up; dip 10°; length 1 -2 feet.

Unit Thickness Cumulative
No. in feet thickness

in feet
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KELLY CAMP

NW 1/4 sec. 1, NE 1/4 sec. 2, T. 6 S.', R. 16 E. Expo
sures are on southerly and southwesterly facing slopes. 
Strike.N. 55° W.; dip 10° NE.
Mississippian:

Escabrosa Limestone (unmeasured):
Dolomite: grayish orange (10YR 7/4) and yellow
ish gray (5Y 7/2); weathers the same; finely 
crystalline; thinly bedded; moderate resistance.

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit ..........  Thickness Cumulative
No. in feet thickness

. in feet
6 Very slightly silty dolo

mite: pale red (5R 6/2) and
grayish orange (10YR 7/4); 
weathers the same; finely 
crystalline; thinly bedded; 
moderate resistance; has a 
few crinoid (?) fragments
that are limonite.   ..... .. 2 .5 108 .0

5 Calcitic dolomite: pale
red (lOR 6/2); weathers 
grayish orange pink (5YR 
7/2); finely crystalline; 
thinly bedded; moderate 
resistance; contains about 
25$ calcitic fossil mate
rial, predominantly crinoids,
brachiopods and byrozoan. ....  5 .0  105 .5
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4 Very slightly silty dolo
mite : pale red (5R 6/2 )
and grayish orange (10YR 
7/4); weathers the same; 
finely crystalline; thinly 
bedded; moderate resist
ance; upper portion has a
few crinoid fragments.........  1 5 .0 100 .5

3 Slightly silty dolomite: .
light brown (5YR 6/4); 
weathers the same; finely 
crystalline; very thinly 
and thinly bedded; mod
erate resistance..............  6 .5  8 5 .5

2 . Very slightly silty dolo
mite: pale yellowish
brown (10YR 6/2) and light 
brownish gray (5YR 6/1); 
weathers the same, yellow
ish gray (5Y 7/2), and 
grayish orange (10YR 7/4); 
finely crystalline; very 
thinly and . thinly bedded; 
low to moderate resist
ance..________________________  1 6 .0 7 9 .0

1 Mud-shale: light olive
gray (5Y 5/2); weathers 
the same; laminated and 
very thinly bedded; low
resistance.....................  6 3 .0 6 3 .0
Total of upper unit............  108.0
Total of Martin Formation......  108.0

Cambrian:
Abrigo Formation (unmeasured):

Sandy glauconitic dolomite: grayish red (5R 4/2);
weathers light brown (5YR 6/4) and pale brown 
(5YR 5/2); coarsely crystalline; thinly bedded; 
moderate resistance; contains about 35^ quartz; 
very fine grained; well sorted; rounded to sub
rounded; cross-stratified; tabular (?)-straight; 
dip 10°; length 1 -2 feet.

Unit Thickness Cumulative
No. in feet thickness

in feet
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E 1/2 sec. 21, T. 4 S., R. 29 E. Exposures are on 
easterly and southerly facing slopes and are very 
poorly exposed because buildings and roads cover much 
of the outcrop. Strike N. 15° - 45° E.; dip 10o - 23°
NW.
Mississippian:

Modoc Limestone (unmeasured):
Crinoidal brachiopodal biosparite: light brownish /
gray (5YR 6/l); weathers the same; thickly bedded; 
high resistance.

Devonian:
Morenci Shale:

Unit Thickness Cumulative
No. ............ ....... ' in feet thickness

in feet
13 Mud-shale: light olive

gray (5Y 5/2); weathers 
the same; laminated and 
very thinly:bedded; low 
resistance; 9 6 .3 feet above 
base have .7 5-foot-thick, 
dolomitic microsparite: 
pale yellowish brown (10YR 
6/2); weathers dark yellow
ish orange (1QYR 6/6); 
thinly bedded; low to 
moderate resistance; con
tains 20^-30$ dolomite;
82 feet above base have 
1.5-foot-thick zone which 
is quite calcitic and 
silty; also contains a 
few crinoid; fragments..... 105 .0 210.0+
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Unit
No.

Thickness Cumulative 
in feet thickness

in feet
12 Slightly silty dolomite: 

moderate red (5R 5/4) and 
moderate reddish brown 
(10R 4/6)j weathers pale 
reddish brown (10R 
and pale red (10R 6

laminated to thinly 
beddedj.moderate to high 
resistance; 20 feet above 
base have 3-inch-thick 
zone of about 75$ hematite,
15$ chert-like material,...... 1
and 10$ sand-size quartz; 
overlying this is a 1- 
inch-thick chert-like
stratum........................  23.0 105.0+

11 Very slightly silty cal- 
citic dolomite: moderate
red f5R 5/4): weathers pale 
red (10R 6/2); very finely 
crystalline; thinly bedded; 
moderate resistance; con
tains about 30$ calcite.  ....  1 2 .0 8 2.0+

10 Very slightly.silty dolo-,_ 
mitic biomicrosparite: gray
ish red (5% 4/2); weathers 
pale red (10R 6/2); thinly 
bedded; moderate to high 
resistance; contains about 
35$ fossil debris (?) and
25$-30$ dolomite..............  1 .0 70.04

9 Very slightly silty calcitic 
dolomite: pale red (10R
6/2 ); weathers the same; 
aphanocrystalline and very 
finely crystalline; lamin
ated and very thinly bedded; 
low resistance; contains 
about 20$ calcite; inter- 
bedded very slightly

very finely crystalline;
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Unit
No.

9

8

7

6 
. 5

Thickness 
in feet

dolomitic biomicrosparite 
similar to unit 10 which 
represents about 10$ of
the unit....................... 1 8 .0

Slightly silty dolomitic
biomicrite: light olive *
gray (5^ 5/2); weathers
yellowish gray (5Y 7/2);
thinly bedded; moderate
resistance; contains about
25$ dolomite and 10$ fossil
debris.........................  2.0
Slightly.silty dolomitic
microsparite: yellowish
gray (5^ 7/2); weathers
the same; laminated to .
thinly bedded; low resist- ...
ance; contains 20$-30$
dolomite; interbedded
slightly silty dolomitic
biomicrite similar to
unit 8 which represents
about 25$ of the unit.......... 9.0
Covered........................ 9.0
Very slightly silty dolo
mitic biomicrosparite: 
olive gray (5Y 4/l); 
weathers light olive gray 
(5Y 6/1); thinly bedded; 
moderate resistance; con
tains 15$-20$ dolomite and
about 15$ fossil debris (?).... 2.0
Covered......... .............. 11.2

Cumulative 
thickness 
in feet

6 9.O+

5 1.0+

49.0+
40.0+

31.0+
29.0+
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Unit
No.

Thickness Cumulative 
in feet thickness 

in feet
3 Interbedded very slightly 

silty dolomitic biomicrite 
(70$) and slightly silty 
dolomitic microsparite (30^):• 
very slightly silty dolo
mitic biomicrite: olive
gray (5Y 4/1); weathers light 
olive gray (5Y 6/1 ); contains 

• about 300 fossil debris (?) 
and 15# dolomite; slightly 
silty dolomitic microspar
ite: yellowish gray (fjY
7/2); weathers the same; 
contains 20$-30$ dolomite; 
very thinly and thinly 
bedded; low and moderate 
resistance; biomicrite is 
more resistant than micro
sparite........................ 8 .8 1 7.8+

2 Dolomitic microsparite: 
yellowish gray (5Y 7/2); 
weathers the same; very 
thinly bedded; low resist
ance; contains about 25%
dolomite....................... 4.0 9 .0+

1 Very slightly silty dolo
mitic micrite (50%) and 
slightly silty dolomitic 
microsparite (50%): very
slightly silty dolomitic 
micrite: medium dark
gray (N4); weathers light 
olive gray (5Y 6/1); very 
thinly and thinly bedded; 
moderate resistance; 
fetid; contains about 15% 
dolomite; slightly silty 
dolomitic microsparite: 
pale red f10R 6/ 2) and yellow
ish gray (5Y 7/2); weathers
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Unit ■ Thickness Cumulative
No.

•
in feet thickness 

in feet
1 the same; very thinly 

bedded; low to moderate 
resistance; contains 300-
450 dolomite............ .
Total of Morenci Shale.....

5.0
210.0+

5.0+

Base of section is not exposed because of buildings 
and roadway.
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PINAL CREEK

W 1/2 NW 1/4 SE 1/4 sec. 10, T. IN., R. 15 E. Located 
on northerly and northeasterly facing slopes on the 
south side of Pinal Creek. Strike N. rJ2° - 77° E.; dip 
22° - 30° SE.
Mississippain:
Escabrosa Limestone (unmeasured):

Crinoidal- biosparite: medium dark gray (N4);
weathers medium light gray (N6 )j thickly bedded; 
high resistance.

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit
No.

26 Calcitic dolomite: gray
ish orange (10YR 7/4); 
weathers the same; finely 
crystalline; very thinly 
and thinly bedded; moderate 
resistance; contains about 
30/ calcite............... .

25 Mud-shale: dusky yellow
(5Y 6/4), and moderate 
yellow (5Y 7/6 ); weathers 
yellowish gray (5Y 7/2); 
laminated and very thinly 
bedded; low resistance....

24 Very slightly silty dolo
mite : dark yellowish brown
(10YR 4/2); weathers mod
erate yellowish brown 
(10YR 5/4); finely crystal
line; very thinly to thinly 
bedded; high resistance; 
contains a few brachiopod 
fragments............. ..

Thickness Cumulative 
in feet thickness in feet

16.0 281.0+

33.5 2 6 5.0+

4.5 231.5+
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Unit
No.

Thickness. Cumulative 
in feet thickness

in feet
23 Dolomitic crinoidal bio- 

sparite: medium light
gray (N6) and grayish 
orange (10YR 7/4); weath
ers light olive gray (5Y ■ ■ - ■ • ■ -
6/1); thinly bedded; 
moderate to high resist
ance; contains about 30^ 
dolomite, some brachio- 
pod fragments, and a few
solitary corals.  ..........  6.5 227.0+

22 Calcitic dolomite: grayish
orange (10YR 7/4) and pale 
yellowish brown (10YR 6/2); 
weathers grayish orange - - - 
(10YR 7/4); finely crystal
line; thinly bedded; mod
erate to high resistance; 
contains many silicified 
Atrypa sp.; contains about
25^ c'alcite.     ......  4.5 220.5+

21 Calcitic dolomite: grayish
orange (10YR 7/4); weathers 
the same; finely crystal
line; laminated to very 
thinly bedded; moderate 
resistance; 9-inch-thick 
zone 13.5 feet above base 
contains many crinoidal 
fragments; crinoids and 
fossil debris reoresent.......
20^-25^ of the unit...........  1 5 .5 216.0+

20 Dolomitic crinoidal bio- 
sparite: light brownish
gray (5YR 6/1) and light 
olive gray (5Y 6/1); 
weathers medium light ■-
gray (N6) and light olive 
gray (5Y 6/l); thinly bedded; 
high resistance; upper one 
foot contains chalcedonic
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Unit
No. Thickness 

in feet

20 quartz cementing the
organic fragments rather 
than calcite and dolo
mite ; consists of about 
20$ dolomite..................  6 .2

19 Silty calcitic dolomite:
grayish orange (10YR 7/4); 
weathers the same; finely 
crystalline; very thinly
and thinly bedded; low to.....
moderate resistance; 
contains about'20$ cal
cite which may be fossil 
remnants and about,12$
silt-size- quartz.  ..........  6 .3

18 Silty calcitic dolomite:
light olive gray (5Y 6/1) and
brownish gray (5YR' 4/1)';' ....
weathers grayish orange (10YR 
7/4), yellowish gray f5Y
7/2), and light gray (N7 );....
finely to medium-crystalline;
very thinly to thinly bedded;
moderate to high resistance;
upper portion very thinly
bedded and less resistant;
calcite content 40$-45$ in
lower portion, decreases up-'
ward; calcite may be fossil
remnants; contains 10$-15$
silt-size quartz..............  2 1 .0

17 Sandy crinoidal biosparite: 
medium gray,(N5); weathers 
grayish orange (10YR'7/4); 
thickly bedded; high re
sistance; contains 15$ . 
sand-size quartz......

Cumulative 
thickness 
in feet

200.5+

194.3+

188.0+

2.5 167.0+
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16

Unit
No.

15

14

13

12

Thickness 
in feet

Cumulative 
thickness 
in feet

Orthoquartzite: pale
yellowish brown (10YR 
6/2)j weathers,the same; 
silica and dolomitic 
cement; very fine to 
fine-grained; well sorted; 
subrounded; very thinly 
bedded; high'resistance; 
contains 10/-15$ dolo
mite. ... ............ '......... 4.0 164.5+
Silty'dolomite: dark
yellowish orange (10YR 
6/6); weathers the same; 
finely crystalline; 
laminated and-very•thinly - • 
bedded; low resistance; 
contains about ;20^ silt- 
size quartz. ................. . 5.5 160.5+
Covered: probably similar 
to overlying unit.... . ...... 15.0 155.0+
Slightly silty dolomite: 
dark yellowish orange (10YR 
6/6); weathers the same; 
finely crystalline; thinly 
bedded; moderate to high 
resistance................... 5.0 140.0+
Dolomitic crinoidal bio- 
sparite: medium dark gray
(N4) and medium light gray 
(N6); weathers light olive 
gray (5Y 6/l) and grayish 
orange (lOYR 7/4); thinly 
bedded; high resistance; 
contains 30$-35$ dolomite.... 4.7 135.0+
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Unit
No.

11

10

9

8

Thickness 
in feet

Orthoquartzite: moderate
yellowish brown (10YR 
5/4); weathers dark yellow
ish orange (10YR 6/6) and 
grayish orange (10YR 7/4); 
dolomitlc cement; very fine 
grained; well sorted; sub
rounded and subangular; 
laminated and very thinly 
bedded; high resistance; 
contains 30/2-40^ dolomite; 
somewhat silty; very thinly 
cross-stratified; base 
probably flat; dip less 
than 5°; maximum length 3 
feet........ .................. 1.5
Orthoquartzite: light
brown (5YR 6/4) and pale 
yellowish brown (10YR 
6/2); weathers grayish 
orange (10YR 7/4); dolo- 
mitic cement; very fine 
grained; well sorted; sub- 
rounded and subangular; 
very thinly bedded; low 
to moderate resistance; 
contains about 45$& dolo
mite..... .....................  2.8
Dolomite: grayish orange
(10YR 7/4); weathers the
same; finely crystalline;
laminated and very thinly
bedded; low to moderate
resistance........ ............  11.0
Very slightly silty slightly 
dolomitic crinoidal biospar- 
ite: medium gray (N5);
weathers medium light gray 
(N6); thinly bedded; mod
erate resistance............. 0.7

Cumulative 
thickness 
in feet

130.3+

128.8+

126.0+

115.0+
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Unit
No..

7

6

Thickness Cumulative 
in feet thickness 

in feet
Slightly silty dolomitic 
recrystall!zed limestone: 
medium dark gray (N4) 
and light olive gray (5Y 
6/1); weathers yellowish 
gray (5Y 8/1) and gray
ish orange (10YR 7/^); 
very, finely crystalline; 
laminated and very thinly 
bedded; moderate resist
ance; contains about 25^ - •
dolomite; some of the cal- 
cite may be crinoidal
debris................... . 13.3 114.3+
Orthoquartzite: yellowish :
gray (5Y 7/2); weathers.....
grayish orange (10YR 
7/4); calcitic and dolo
mitic cement; very fine' 
grained; well sorted; 
subrounded; laminated 
and thinly bedded; mod
erate; resistance; contains 
about 25^ calcite and 10^dolomite......................  9 .0  101.0+
Orthoquartzite: very light
gray (N8); weathers the 
same; silica cement; very 
fine to coarse-grained; 
bimodal, very fine grained 
and medium- to coarse
grained; moderately ...... •
sorted; rounded to sub- 
angular; thinly bedded; 
moderate resistance; con
tains small amounts of 
dolomite; very thinly 
cross-stratified in places; 
dip less than 10°; maximum
length 3 feet.................  1 0 .0 9 2.0+
Total of upper unit...........  I9 9.O



226
Unit
No.

Aphanitic dolomite unit:
4 Slightly silty dolomite: 

grayish orange (10YR 7/4) 
and pale yellowish brown 
(10YR 6/2); weathers pale 
yellowish brown (10YR 
6/2); very finely and 
finely crystalline; 
thinly bedded; moderate 
resistance....................  1 .5 8 2.0+

3 Dolomite: medium gray........
(N5 ); weathers light olive
gray (5Y 6/l);. finely .....
crystalline; thinly bedded;
high resistance.... ...........  2.0 8 0.5+

2 Slightly sandy slightly 
calcitic dolomite: very
pale orange (10YR 8/2) 
and pale yellowish brown 
(10YR 6/2); weathers the 
same; very finely crystal
line; thinly bedded; high 
resistance; quartz is con
centrated in thin zones 
and patches rather than 
being distributed through
out the unit; contains 
patches of coarsely crystal
line dolomite; intraclasts 
(?) or pellets (?) are also
visible in thin section.......  2 5 .5 7 8 .5+

1 Dolomite: light gray (N7 )
and light brownish gray 
(5YR 6/l); weathers very 
light gray (N8) and 
yellowish gray (5Y 8/l); 
upper 20 feet is pale red 
(10R 6/2) and pale yellow
ish brown (10YR 6/2);

Thickness Cumulative 
in feet thickness 

in feet
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Unit
No.

1

Thickness 
in feet

weathers pale red (10R 
6/2) and very pale orange 
(10YR 8/2); very finely 
crystalline; thinly and 
thickly bedded; high re
sistance; contains a few 
patches of medium- to 
coarsely crystalline dolo 
mite; ghost intraclasts 
occur in the lowermost
portion of the unit....... . 53.0
Total of aphanitic dolomite
unit.....................   8 2.0+
Total of Martin Formation.....  2 8 1.04-
Base of section is not exposed; covered by 
material of Pinal Creek.

Cumulative 
thickness 
in feet

53.04-

stream



228
POINT OF PINES

SW 1/4 sec. 20, SE 1/4 sec. 19, NW 1/4. sec. 29, and 
NE 1/4 sec. 30, T. 2 S., R. 26 E. (unsurveyed). Expo
sures are on southerly facing slopes and are very 
poorly exposed because of low resistance, and vegetation. 
Strike N. 40° - 50° W.; dip 10° - 20° NE.
Mississippian: .

Modoc Limestone (unmeasured):
Very slightly silty dolomite: light brown (5YR
6/4); weathers the same; finely crystalline; very 
thickly bedded; high resistance.

Devonian:
Morenci Shale:

Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

3 Covered: probably similar
to unit 2 .................... 5 0 .0 225 .0

2 Mud-shale: pale reddish
brown (10R 5/4); weathers 
pale red (10R 6/2); lamin
ated; low resistance........ 100 .0 175.0

1 Covered: probably similar
to unit. 2........:..... .......
Total of Morenci Shale......

75.0
225 .0

75.0

Cambrian (?):
Abrigo Formation (?) (unmeasured):

Dolomite: grayish red (5R 4/2) and grayish orange
pink (5YR 7/2); weathers light brown (5YR 6/4); 
medium- and coarsely crystalline; thinly bedded; 
moderate resistance; dolomite rhombs are visible 
on weathered surfaces; locally may contain some 
silt-size quartz.
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PUTNAM WASH

NE 1/4 NW 1/4 sec. 8, T. 7 S., R. 16 E. Exposures are 
on south face approximately 1000 feet east of water tank 
at the lime and silica quarry of Magma Copper Company. 
Strike N. 28© - 52° W.; dip 41° - 50° NE.
Mississippian: .

Escabrosa Limestone (unmeasured):
Dolomite: pale yellowish brown (10YR 6/2) and
pale brown ($YR. 5/2); weathers pale yellowish 
brown (10YR 6/2); finely and medium-crystalline; 
thinly bedded; moderate to high resistance.

Devonian:
Martin Formation: 
Jerome Member: 
Upper unit:

Unit
No.

Thickness 
in feet

Cumulative
thickness
in feet

9 Slightly silty calcitic 
dolomite: pale red (5%
6/2); weathers grayish 
orange pink (5YR 7/2); finely crystalline; 
thinly bedded; moderate 
resistance; contains about 
300 calcitic fossil mate
rial, predominantly
crinoidal ................. 7 .0  164.0

8 Interbedded dolomitic
crinoidal biosparite (20$) ...
and very slightly silty 
dolomitic microsparite 
(80$): dolomitic crinoidal
biosparite: light brownish
gray (5YR 6/l) and grayish 
orange pink (5YR 7/2); 
weathers light gray (N7 ) 
and grayish orange pink 
(5YR 7/2); thinly bedded;
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Unit
No.

.8 low resistance; contains 
about 20$ dolomite; very 
slightly silty dolomitic 
microsparite: : grayish 
orange pink (5YR 7/2); 
weathers the same; finely 
crystalline; very thinly •
and thinly.bedded;.low ......
resistance; contains up 
to 35$ dolomite and a few 
crinoid fragments........

7 Very slightly silty dolomite: moderate orange pink
(IOR 7/4); weathers the same; finely, crystalline; thinly bedded; low to • moderate resistance; contains a few crinoid frag
ments. .......................  3.5 151.0

6 Dolomitic crinoidal bio-
mlcrosparite: pale red........
(5R 6/2) and grayish red 
(5R 4/2); weathers grayish 
red (5R 4/2). and grayish 
orange pink (5YR 7/2 ); 
very;thinly and thinly 
bedded; lower portion 
thinner bedded; moderate ; 
to high resistance; con
tains about 45$ dolomite 
and about.25$ fossil mate
rial. ......... ................  24.5 147.5

5 Dolomite: very slightly......
silty in upper portion; 
light brown (5YR 6/4) and 
grayish orange (10YR7/4); 
weathers the same; very 
finely to finely crystal
line; finely crystalline in 
upper portion; thinly bedded; 
moderate to high resistance.... 1 8 .0

Thickness Cumulative 
in feet thickness 

in feet

123.0



231
Unit
No.

4 Mud-shale: pale yellow
ish brown;(10YR 6/2). 
light brown (5YR 6/4), 
and pale brown (5YR 5/2); 
weathers pale brown (5YR 
5/2); laminated and very 
thinly bedded; low resist
ance. ..................... .

Thickness Cumulative 
in feet thickness 

in feet

6 9 .5 1 0 5 .0

3 Orthoquartzite: moderate
yellowish brown (lOYR 5/4);
weathers moderate brown.......
(5YR 3/4); calcitic and . ....
dolomitic cement; fine- 
to very coarse grained, .... 
mostly medium-grained; 
moderately sorted; rounded 
and' subrounded;, thinly 
bedded; moderate resist
ance; contains 25$-30$ cal- 
cite and 15/9-20% dolomite; .. 
has a few glauconite flakes
and hematite oolites........... 0.5 35.5

2 Dolomite: slightly cal
citic and slightly silty 
at base; pale brown (5YR 
5/2); weathers light brown 
(5YR 6/4); finely and 
medium-crystalline; finely 
crystalline in upper por- 

, tion; thinly bedded; 
moderate to high resist
ance; a few crinoid and 
brachlopod fragments visible 
on weathered surface....... 9.0 35.0
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Unit ' Thickness Cumulative
No. in feet thickness

in feet
1 Dolomitic recrystallized 

: limestone: moderate
brown (5YR 4/4) and pale 
reddish brown (10R 5/4);

. weathers pale yellowish 
brown (10YR 6/2) and 
light brown (5YR 6/4); 
medium-crystalline; 
thinly bedded but quite 
variable; moderate to ' . ■ ,
high resistance; con
tains 35$-40$ dolomite........  2 6 .0 2 6 .0
. Total of upper unit...........  164.0
Total of Martin Formation...... 164.0

Cambrian:
Abrigo Formation (unmeasured):

Slightly pebbly orthoquartzite: moderate brown
(5YR 4/4) and pale yellowish brown (10YR 6/2); 
weathers moderate yellowish brown (10YR 5/4); 
dolomitic (predominantly) and calcitic cement; 
fine- to very coarse grained; poorly sorted; 
rounded; thinly bedded; moderate resistance; 
contains some brachiopodal fragments; cross- 
stratified; tabular or wedge-shaped; straight 
to slightly concave; dip 10°; length 2 -3 feet.
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RANCH CREEK

E 1/2 NW 1/4 SW 1/4 sec. 10, T. 2 S., R. l6 E. (unsur
veyed). Exposures are on northerly facing slopes.
Strike N. 50° - 70° W,; dip 18° - 40° SW.
Mississippian:

Escabrosa Limestone (unmeasured):
Calcitic dolomite: light brownish gray (5YR 6/1);
weathers the same; thickly bedded; high resist
ance; contains about 25$ calcite; calcite occurs 
as fossil remnants and microsparite.

Devonian:
Martin: Formation: 
Jerome Member: 
Upper unit:

Unit 
No. .

Thickness 
in feet

Cumulative 
thickness 
in feet

Dolomite:. grayish orange 
(10YR 7/4), moderate pink 
(5% 7/4), and' light brown
ish gray (5YR 6/l); weath
ers moderate pink (5R 7/4), grayish orange (10YR 7/4), 
and pale yellowish brown
(10YR 6/2); finely, and.....
medium-crystalline; thickly 
bedded; low to moderate 
resistance; lower,portion 
contains a few silt- and 
sand-size quartz,grains...., 15.0 365.0
Mud-shale: moderate
olive brown (5Y 4/4); 
weathers yellowish gray 
(5Y 7 /2); laminated; low , . 
resistance................ 40.0 350.0
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Unit Thickness Cumulative
No.

27 Very slightly, silty dolo-

in feet thickness 
in feet

mite: dusky yellow (5Y
6/4), dark yellowish 
orange (10YR 6/6 ), and 
pale reddish brown (10R ,
5/4); weathers grayish 
yellow (5Y 8/4), grayish 
orange (10YR 7/4), and 
pale reddish brown (10R ...
5/4); very, finely crystal
line; very thinly and 
thinly bedded; low resist
ance. ....... ....... ........... 4 5 .0 310.0

26 Very slightly silty very . 
slightly sandy dolomitic 
biomicrosparite: light
olive gray (5Y, 5/2), pale.....
yellowish brown (10YR 6/2), 
and moderate red (5R 5/4); 
weathers light olive gray 
(5Y 6/1) and grayish 
orange (lOYR 7/4); thinly 
bedded; moderate to high 
resistance; contains about 
20$ dolomite and equal 
amounts of silt- and sand-
size quartz....... . 5.0 265.O

25 Slightly' silty calcitic .......
dolomite: grayish orange
(lOYR 7/4); weathers very 
pale orange (lOYR 8/2); 
finely crystalline; very 
thinly bedded; low resist
ance; contains 25$-30$ 
calcite which may be
fossil debris.  ........  4.2 2 6 0 .0
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Unit Thickness Cumulative
No.

24 Slightly sandy dolomitic

in feet thickness 
in feet

biomicrite: brownish
gray (5YR 4/1); weathers 
light gray (N7); thinly 
bedded; moderate to high 
resistance; contains
about 20fo dolomite............  0.8 255.8

23 Very slightly silty dolo- 
mitic biomicrosparite: 
light olive gray (5Y 6/1); 
weathers yellowish gray 
(5Y 7/2); very finely and 
finely crystalline; very 
thinly and thinly bedded; 
low resistance; contains 
about 50$ fossil debris
and 20$-25$ dolomite..........  10.0 255.0

22 Dolomitic biomicrosparite: 
brownish gray (5YR 4/l); 
weathers light olive gray 
(5Y 6/1); very finely and 
finely crystalline; very 
thinly and thinly bedded; 
moderate resistance; con
tains about 20$ dolomite 
and some interbedded silty 
calcitic dolomite similar
to underlying unit.  ......  7.0 245.0

21 Silty calcitic dolomite:
grayish orange (10YR 7/4); 
weathers the same; finely 
crystalline; thinly ....
bedded; low resistance; 
contains 30$-35$ calcite 
and about 30$ silt-size
quartz......................... 7.5 238.0
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Unit
No.

Thickness 
in feet

20 Siltstone: pale yellow
ish' brown (10YR 6/2) and 
very pale orange (10YR 
8/2); weathers dusky yellow 
(5Y 6/4); dolomitic cement; . 
thinly bedded; low. resist
ance; contains 25^-30^ 
dolomite........ ...........

19 Dolomite: grayish . .
orange pink (5YR 7/2); 
weathers very pale 
orange (lOYR 8/2); very 
finely crystalline;. ...
thinly bedded; moderate 
to.high resistance; con
tains a few patches of 
medium- and coarsely 
crystalline dolomite........

l8 Very slightly sandy dolo- .. 
mite: light brownish gray
f5YR 6/l) and medium gray 
(N5); weathers very pale 
orange (10YR 8/2) and light 
olive gray (5Y 6/l); very 
finely crystalline; thinly 
bedded; moderate resistance;
contains patches.and...
stringers of medium- and 
coarsely crystalline dolo
mite; sand-size quartz 
tends to be; concentrated 
in layers and.more abun
dant in;the upper portion...

17 Very slightly silty dolo
mite: pinkish gray (5YR
8/1) and light brownish 
gray (5YR 6/l); weathers 
grayish orange (10YR 7/4); 
very finely crystalline; 
thinly bedded; moderate to 
high resistance; contains 
some" intraclastic material, 
probably less than 5$ ......

7.5

4.0

14.5

Cumulative 
thickness 
in feet

230.5

223.0

219.0

204.52.7
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Unit Thickness Cumulative
No. in feet thickness 

in feet
16 Intraclastic dolomite: 

pinkish gray (5YR 8/1)j 
weathers.very pale 
orange (10YR 8/2); very 
finely crystalline; 
thinly bedded; high 
resistance; maximum di
mension of the intra
clasts is 4 inches, average 
is about 3/4 inch; intra- 
clasts tend to be lined up 
parallel to stratification 
and compose 60$-70$ of the
unit.............    1 .0 2 0 1 .8

15 Dolomite: grayish, pink
• (5R 8/2); weathers very
pale orange (lOYR 8/2); 
very finely crystalline; 
thinly bedded; high
resistance......   2 .8  2 0 0 .8

14 Dolomite: moderate pink
(5R 7/4); weathers grayish 
orange pink (5YR 7/2); 
very.finely crystalline; 
very thinly and thinly 
bedded; low to moderate
resistance..................... 2 .5 I9 8.O

13 Slightly silty dolomite:
pale olive (10Y 6/2); . 
weathers yellowish gray 
(5Y 7/2); very finely 
crystalline; very thinly 
bedded; low resistance.. 2.0 195.5
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Unit Thickness CumulativeNo., in feet thickness 

in feet
12 Slightly silty dolomite:

pale red (10R 6/2) and 
yellowish gray (5Y 7/2);
weathers grayish orange 
pink (5YR 7/2) and yellow
ish gray (5Y 7/2); finely 
crystalline; very thinly 
and thinly bedded; low to 
moderate resistance..... . 10.5 193.5Total of upper unit.........

Aphanitic dolomite unit:
11 Dolomite: yellowish

gray (5Y 7/2), light 
brownish gray (5YR 6/l), 
and grayish orange pink 
(5YR 7/2); weathers 
yellowish gray (5Y 8/1) 
and very pale orange 
(10YR 8/2); very finely

1 8 2 .0

crystalline; thinly 
bedded; moderate to 
high resistance; lower 
portion contains a few 
patches and stringers of 
finely and medium-crystal
line dolomite..... .......... 2 8 .0 1 8 3 .0

10 Dolomite: pale brown
(5YR 5/2), light brown
ish gray (5YR 6/1), and 
medium gray (N5 )j weath
ers very pale orange 
(10YR 8/2)3 aphanocrystal- 
line; thinly bedded; mod
erate to high resistance; 
upper 5 feet contains 
about 20$ patches of finely 
to coarsely crystalline 
dolomite; from 4-7 feet 
above base have many silica-
filled fractures and some .........
evidence of brecciation.......  3 3 .0 1 5 5 .0



239
Unit
No.

Thickness Cumulative 
in feet thickness 

in feet
9 Dolomite: light brownish

gray ($YR 6/1 ); weathers 
very, pale orange (10YR 8/2) 
and yellowish'gray (5Y 8/1 ); 
aphanocrystalline in the 
upper 1/4, and very finely 
crystalline in the lower 3/4; 
thinly bedded; moderate to 
high resistance; contains a 
few patches of finely and
medium-crystalline dolomite.... 45.0 1 2 2 .0

8 Dolomite: light brownish
gray (5YR 6/lT and medium 
dark gray (N4); weathers very 
pale orange (10YR 8/2) and 
yellowish gray (5Y 8/1); very 
finely crystalline; thinly 
bedded; moderate to high re
sistance; contains many chert 
nodules parallel to stratifica
tion; maximum dimensions of 
nodules 1/4 x 1-1 /2 inch; 
contains a few patches and 
veinlets of finely and medium-
, crystalline dolomite..... ..... 24.0 7 7 .0

7 Dolomite: pale yellowish -
brown (10YR 6/2); weathers 
light olive gray (5Y 6/1) 
and yellowish gray (57.7/2); 
very finely crystalline; 
thinly bedded; high resist
ance; fetid; consists of 
irregular light and dark 
patches; light-colored is
coarser grained than the........
darker; 7 and 10 feet above 
base have 1-foot-thick and 
.6 -inch-thick chert-like
zones, respectively...........  1 1 .0 5 3 .0
Total of aphanitic dolomite
unit..._____ __________________  141.0 -
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Unit
No. Thickness 

in feet

Fetid dolomite unit:
6 Dolomite: medium gray

(N5); weathers light 
gray (N7 ); very finely 
to medium-crystalline; 
thinly bedded; high re
sistance; fetid; contains 
light and dark zones; 
the light zones are 
coarser grained; darker
zones are stringy and .....
parallel to stratifica
tion...........................  8 .0

5 Dolomite: medium gray
fN5); weathers light gray 
(N7 ); medium-crystalline; 
thinly bedded; high re
sistance; fetid; somewhat 
vuggy; weathered surface
shows laminae................. 6 .0
Total of fetid dolomite unit... 14.0
Total of Jerome Member........  337.0

Beckers Butte Member:
4 Slightly silty slightly 

sandy dolomite: light
olive gray (5Y 6/1); 
weathers yellowish gray 
(5Y 7/2); very finely 
crystalline; thinly bedded; 
low to moderate resistance....  8 .0

3 Covered....................
2 Slightly sandy dolomite:

light brown (5YR 5/6); 
weathers very pale orange 
(10YR 8/2); very finely 
crystalline; thinly bedded; 
moderate resistance.......

15.0

Cumulative
thickness
in feet

42.0

34.0

28.0
20.0

3.5 3.0



241

1 Orthoquartzite: pale
yellowish brown (10YR 
6/2); weathers light brown- -
ish gray (5YR 6/1) and 
grayish red ($R 4/2); 
silica and dolomitic cement; 
fine- to. very coarse grained; 
moderately sorted; well 
rounded to subrounded; thinly 
bedded; moderate to high re
sistance; contains about 10$

Unit Thickness Cumulative
No. in feet thickness

in feet

dolomite......................  1 .5 1.5
Total of Beckers Butte Member.. 28.0
Total of Martin Formation.....  265.0

PreCambrian:
Troy Quartzite (unmeasured):

Orthoquartzite: very light gray (N8); weathers
very pale orange (10YR 8/2) and grayish orange 
(10YR 7/4); silica cement; fine- to very coarse 
grained; moderately sorted; well rounded to sub
rounded; thinly bedded; high resistance; locally 
shows cross-stratification; simple or planar 
type; wedge-shaped; concave; dip 10°; length 2 -3  
feet.
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RAY

N 1/2 SVJ 1/4 sec. 13, T. 3 S., R. 13 E. Exposures are 
on northwesterly facing slopes. Thicknesses may not 
be too accurate because of folding and faulting in the 
upper half of the section. Strike N. 65° - 80° E. and
N. 35° - 50° W,; dip 5° - 15° SE and 22° - 35° SW.
Mississippian:

Escabrosa Limestone (unmeasured):
Slightly calcitic dolomite: medium dark gray
(N4); weathers medium gray (N5); finely and 
medium-crystalline;.thickly.bedded; high resist-. 
ance; fetid; contains nodules of chert and clay
like material; very irregular shaped; maximum 
dimensions 6 x .18 inches; calcite is probably 
fossil debris. .

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit 
No.

25 Very,slightly silty
slightly sandy dolomite: 
yellowish gray (5Y 7/2) 
and light brownish gray 
(5YR 6/1); weathers 
yellowish gray (5Y 8/1) 
and pale yellowish brown 
(10YR 6/2); finely 
crystalline; thinly 
bedded; low to moderate 
resistance; may be 
slightly calcitic in 
the upper portion..............  1 5 .0 417.8

Thickness Cumulative 
in feet thickness 

in feet
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24 Mud-shale: dark reddish
brown (10R 3/4) and gray
ish orange (10YR 7/4); 
weathers pale red (10R 
6/2) and pale yellowish 
brown (10YR 6/2)j laminated 
and very thinly bedded; 
low resistancej.unit shows. 
varied attitudes, probably 
caused by folding and .
faulting......................  2 9 .8 402.8

23 Very slightly silty dolo
mite: pale brown (5YR 5/2),
pale yellowish brown (10YR 
6/2), grayish red (5R 4/2), 
and pale red (10R 6/2)j 
weathers light brown (5YR 
6/4), grayish orange (10YR.
7/4), pale red (pR 6/2), 
yellowish gray (5Y-7/2), 
grayish orange pink (5YR 
7/2), and dark yellowish 
orange (10YR 6/6 ); very 
finely and finely crystal
line ; very thinly and 
thinly bedded; moderate 
resistance; a few strata 
show moderate to high re
sistance; contains a few 
patches of medium- and 
coarsely crystalline dolo
mite in the extreme lower 
portion; locally, particu
larly about 52 feet above...
base may contain more silt- 
size quartz, 10^-13^, and 
a few percent sand-size
quartz grains.................. 7 8 .0  3 7 3 .0

Unit Thickness Cumulative
No. . in feet thickness

in feet

22 Covered: probably very
slightly silty dolomite.......  10.0 295.0
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24 Mud-shale: dark reddish
brown (10R 3/4) and gray
ish orange (10YR 7/4); 
weathers pale red (10R 
6/2) and pale yellowish 
brown (10YR 6/2); laminated 
and very thinly bedded; 
low resistance;-unit shows 
varied attitudes, probably 
caused by folding and
faulting.......................  2 9 .8 402.8

23 Very slightly silty dolo
mite: pale brown (5YR 5/2),
pale yellowish brown (10YR 
6/2), grayish red (5R 4/2), 
and pale red (10R 6/2); 
weathers light brown (5YR 
6/4), grayish orange (10YR 
7/4), pale red (5% 6/2), 
yellowish gray (5Y 7/2), 
grayish orange pink (5YR 
7/2), and dark yellowish 
orange (10YR 6/6 ); very 
finely and finely crystal
line; very thinly and 
thinly bedded; moderate 
resistance; a few strata 
show moderate to high re
sistance; contains a few 
patches of medium- and 
coarsely crystalline dolo
mite in the extreme lower 
portion; locally, particu
larly about 52 feet above 
base may contain more silt- 
size quartz, 10^-15^, and 
a few percent sand-size
quartz grains.................  7 8 .0  3 7 3 .0

Unit Thickness Cumulative
Ho. . in feet thickness

in feet

22 Covered: probably very
slightly silty dolomite.......  10.0 295.0
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Unit Thickness Cumulative
No.

21 Very slightly silty very

in feet thickness 
in feet

slightly calcitic dolo
mite : pale brown ($YR
5/2)j weathers grayish 
orange (10YR 7/4); finely 
crystalline; thinly bedded; 
moderate to high resist
ance. .................. .......  2 .0 2 8 5.0.

20 Dolomitic biomicrosparite: 
medium gray fN5 ); weathers 
medium gray (N5 ) and light 
olive gray (5Y o/l); thinly 
bedded; high resistance; 
contains about 50% fossil 
debris and 400 dolomite; . 
weathered surface shows 
brown wavy irregular
laminae and very thin beds....  2 8 .5 283 .0

19 Silty slightly sandy dolo
mitic biomicrosparite: 
medium gray (N5) and 
medium dark gray (N4); 
weathers light olive 
gray (5Y 6/1) and medium 
light gray (N6 ); thinly 
bedded; high resistance; 
contains about 550 fossil 
debris, 300 dolomite, and 
100-150 silt-size quartz; 
weathered surface shows 
brown wavy irregular 
laminae and very thin 
beds........... ...... 14.5 254.5
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Unit
No. Thickness 

in feet

18 Silty dolomitic crinoidal 
biomicrosparite: medium
gray (N5 ), light olive 
gray (5Y 6/l), and medium 
dark gray (N4); weathers 
light gray (NT), grayish 
orange (10YR 7/4), and •
medium gray (N5 ); thinly 
beddedj high resistance; 
contains 30^-40^ fossil 
debris, 10^-25^ dolomite, 
and 12^ silt-size quartz; 
lower portion contains less 
dolomite and silt-size 
quartz, and a few sand-size 
quartz grains.................  1 8 .5

17 Very slightly silty cal-
citic dolomite: light olive
gray (5Y 6/l); weathers the
same and yellowish gray (5Y
7/2); finely crystalline;
very thinly bedded and thinly
bedded; moderate resistance;
contains about 15# calcite
which is probably fossil . . .
debris............. ........... 1 5 .5

16 Dolomitic brachiopodal bio-
microsparrudite: lower
half is slightly silty; 
light olive gray (5Y 5/2), 
olive gray (5Y 4/1), and 
yellowish gray (5Y 7/2); 
weathers light olive gray 
(5Y 6/l) and yellowish 
gray (5Y 7/2); very thinly 
and thinly bedded; moderate 
to high resistance; con
tains 15#-30# dolomite and 
5#-25# large brachiopodal 
debris; brachiopods are 
bi-valved and single valves.

Cumulative 
thickness 
in feet

240.0

221.5
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Unit ThicknessNo. in feet

16 and are well aligned 
parallel to stratifica
tion; also contains
small calcite pieces 
which might be fossil
debris.....................
Total of upper unit....... --- 239.8

Aphanltic dolomite unit:
15 Dolomite: pale yellowish

brown (10YR 6/2) and mod
erate yellowish brown 
(10YR 5/4); weathers gray
ish orange (10YR 7/4) and 
very pale orange (10YR 8/2); 
aphanocrystalline and very 
finely crystalline; thinly 
bedded; moderate to high
resistance; contains a few...-
patches of medium-crystal-
line dolomite and also a
few calcite veinlets;
extreme upper portion con- •
tains a few sand-size quartz
grains............. ........... 2 0 .0

14 Dolomite: light olive gray
(5Y 6/1) and medium gray •
(N5 ); weathers yellowish
gray (5Y 8/l) and (5Y 7/2),
and pinkish gray (5YR 8/l);
aphanocrystalline and very
finely crystalline; thinly
and thickly bedded; high
resistance; contains a few
patches of finely and medium-
crystalline dolomite; lower
9 inches contains up to 25$
silica which occurs as more
or less circular patches and
wavy short stringers with no
preferred orientation.........  2 1 .0

Cumulative 
thickness 
in feet

2 0 6 .0

178.0

158.0
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Unit Thickness
No. in feet

13 Slightly silty clayey dolo- 
mitic microsparite: light
olive gray ($Y 6/l)j weath
ers yellowish gray (5Y 8/l); 
thinly bedded; low to mod-- 
erate resistance; contains 
about 20^ dolomite and 10^- 
15^ clay............... ....... . 4.0

12 Very slightly calcitic 
dolomite: medium dark
gray fN4) and light olive 
gray (5Y 5/2); weathers 
yellowish gray ($Y 7/2) 
and grayish orange (10YR 
7/4); aphanocrystalline 
and very finely crystal
line; thinly bedded; high 
resistance; calcite occurs • 
in patches and veinlets.......  1 3 .0

11 Calcitic dolomite: medium
dark gray (N4) and medium 
gray (N$); weathers yellow
ish gray ($Y 7/2); very 
finely and finely crystal
line; thinly bedded; high 
resistance; contains 25$- 
30$ calcite .... . 1 2 .0

10 Dolomite: dark gray (N3);
weathers yellowish gray (5Y 
8/1); aphanocrystalline and 
very finely crystalline; 
thinly bedded; high resist
ance; 8 feet above base have
6 -inch-thick chert- and.....
silica-rich zone; lower por
tion of unit contains patches 
and veinlets of medium- and 
coarsely crystalline dolomite 
and calcite..................

Cumulative 
thickness 
in feet

137.0

133.0

120.0

11.0 108.0
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•Unit
No.

9

8

Thickness Cumulative 
in feet thickness 

in feet
Calcitic dolomite: yellow
ish gray f5Y 7/2); weathers 
the same ($Y 8/1); aphano- 
crystalline and very finely 
crystalline; thinly bedded; 
high resistance; contains ..
400-4$^ calcite; extreme 
lower portion may be dolo-
mitic micrite.................. 1 0 .0 9 7 .0

Dolomite: yellowish gray
(5Y 7/2) and verv pale 
orange (10YR 8/2;; weathers 
yellowish gray (5Y 8/1) and 
(5Y 7/2); aphanocrystalline; 
thinly bedded; low resist
ance; contains patches and 
stringers of medium-crystal
line dolomite and calcite.....  9 -0 8 7 .0

Dolomite: medium dark gray
(N4) and medium gray (N5 ); 
weathers yellowish gray 
(5Y 7/2X  light grav (N7 ), 
and medium gray (N5); very 
finely crystalline; thinly 
bedded; high resistance; 
contains a few patches and 
stringers of medium-crystal
line dolomite; in the lower 
portion calcite and silica 
are associated with these 
stringers; 4.5 feet above 
base have 6 -inch-thick chert
layer......... ................  45.0 78 , 0
Total of aphanitic dolomite
unit  ....................... 145.0
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Unit
No.

Thickness. Cumulative 
in feet thickness 

in feet •
Fetid dolomite unit:

6 Dolomite: medium dark gray
fN4); weathers medium gray 
(N5 ); medium-crystalline; 
thinly bedded; high resist
ance; fetid; weathered sur
face shows laminae; contains
a few vugs....................  1 1 .0
Total of fetid dolomite unit... 11.0
Total of Jerome Member........  395.8

Beckers Butte Member:
5 Dolomite: dark gray (N3);

weathers light olive gray 
(5Y 6/1); very finely 
crystalline; thinly bedded; 
high resistance...............  1 .0

4 Dolomitic micrite: grayish
yellow (5Y 8/4), dark yellow-, 
ish orange (10YR 6/6 ), 
yellowish gray (5Y 8/l), 
dusky yellow (5Y 6/4), and 
grayish orange (10YR 7/4); 
weathers grayish orange 
(10YR 7/4), grayish yellow 
(5Y 8/4), and yellowish 
gray ($Y 7/2); laminated to 
thinly bedded; low resist
ance; very poorly indurated; 
contains a few zones of as 
much as 300 sand-size quartz, 
about 250 dolomite, and some 
talc........................

33.0

22.0

14.5 21.0
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Unit Thickness CumulativeNo. in feet thickness 

in feet
3 Orthoquartzite: pale yellow- -

ish brown (10YR 6/2); weath
ers grayish orange (10YR 
■7/4); silica cement; very 

• ‘ fine to very coarse grained; ; 
poorly sorted; well rounded 
to subrounded; thinly bedded;
moderate resistance............ 2 .0 6 .5

2 • Calcitic dolomite: light
olive gray (5Y 6/1); 
weathers yellowish gray (5Y 
8/1 ); finely crystalline; 
thinly bedded; low resist
ance; contains about 250 
calcite which is probably 
fossil debris and talc; 
locally shows silicifica-
tion....... ................... 3.5 4.5

1 Orthoquartzite: grayish
yellow (5Y 8/4); weathers 
yellowish gray (5Y 8/l); 
calcitic cement; very fine ; 
to very coarse grained; ...
poorly sorted; well 
rounded to subrounded; 
thinly bedded; low to 
moderate resistance; con
tains about 150 calcite........ 1 .0 1 .0
Total of Beckers Butte Member.. 2 2 .0

Total of Martin Formation.....  417.8
Precambrian:

Troy Quartzite (unmeasured):-
Orthoquartzite: pinkish gray (5YR 8/1); weathers
very pale orange (10YR 8/2), and pale red (5%
6/2); silica cement; very fine to very coarse 
grained; bimodal, very fine and coarse-grained; 
poorly sorted; well rounded to subrounded; thinly 
bedded; high resistance.
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ROBLAS CANYON

S 1/2 NE 1/4 SW 1/4 sec. 13, T. IS., R. 11 E. (unsur
veyed). Exposures are on westerly facing slooes. 
Strike N. 40° - 80° E.; dip,22° - 54° SE.
Mississippian:

Escabrosa Limestone (unmeasured):
Pelsparite: brownish gray (5YR 4/l)j weathers
light gray (N?); thinly bedded; high resistance.

Devonian:
Martin Formation: 
Jerome Member: 
Upper unit:

Unit
No.

Thickness Cumulative 
in feet thickness 

in feet
49 Dolomite: grayish orange

(10YR 7/4) and pale red 
(5R 6/2); weathers gray
ish orange (10YR 7/4) and 
pale red (10R 6/2); finely 
crystalline; thinly bedded;
high resistance .... ..........  11.3 459*7

48 Very slightly.sandy dolo- 
mitic recrystallized lime
stone: moderate yellowish
brown (10YR 5/4) and dark 
yellowish orange (10YR6/6); 
weathers grayish orange (10YR 
7/4); finely crystalline; 
thinly bedded; high resist
ance; contains about 450
dolomite. ..................... 5.0 448.4
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Unit
No. Thickness 

in feet

47 Mud-shale: moderate red
(5R 5/4), pale reddish 
brown (10R 5/4), and 
dusky yellow (5Y 6/4); 
weathers pale red (10R 
6/2) and dusky yellow •
(5Y 6/4); laminated and 
very thinly bedded; low 
resistance..... ...............  51.0

46 Dolomite: pale reddish
brown (10R 5/4) and mod
erate red (5R 4/6); 
weathers light brown 
(5YR 6/4) and pale red- . 
dish brown (10R 5/4); 
finely crystalline; 
thinly bedded; high 
resistance; contains 
10^-150 sllicified 
fossil material, pre
dominantly brachiopods........  7.0

45 Very slightly sandy dolo- 
mitic biosparite: pale
red (5R 6/2); weathers 
light brownish gray (5YR 
6/l); thickly bedded; high
resistance; contains about....
25^ dolomite; weathered
surface appears very thinly
bedded.... ....................  3.0

44 Dolomitic crinoidal blo-
microsparrudite: moderate
red (lOR 5/4); weathers 
pinkish gray (5YR 8/1); 
thickly bedded; high re
sistance; contains about 
30$ dolomite; crinoidal. 
debris very abundant from 
2.2-3.2 feet above base.......  5.3

Cumulative 
thickness 
in feet

443.4

392.4

355.4

382.4
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Unit
No. Thickness Cumulative 

in feet thickness 
in feet

43 Interoedded silty dolomite 
and dolomitic biomicro- .’ 
sparite:' silty dolomite: 
light brown (5YR 6/4), 
moderate red (5R 5/4), 
and grayish orange (10YR
7/4); weathers light .......
brown (5YR 6/4), pale 
red (10R 6/2 ), and gray
ish orange (10YR 7/4) ';........finely and medium-crystal
line; very thinly and thinly 
bedded; moderate to low re
sistance; contains about 
20$ silt-size quartz; dolo
mitic biomicrosparite: 
medium gray (N^); weathers 
light gray (NT); very 
thinly and thinly bedded; 
low to moderate resistance; 
contains 20$-50$ dolomite; ' 
most of the fossil debris 
is probably crinoidal;, 
entire unit contains about 
equal amounts of silty dolo
mite and dolomitic biomicro
sparite except for the upper 
7 feet which is predominantly
silty dolomite................  1 9 .7 3 7 7 .1

42 Silty dolomite:, moderate 
red (5R 5/4) and grayish 
orange (IOYR7/4 ); weath
ers pale red (10R 6/2) and 
grayish orange (10YR 7/4); 
finely and medium-crystal- 
line; very thinly and thinly 
bedded; low to moderate 
resistance; contains about 
20$ silt-size quartz.... . 19.5 357.4
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Unit Thickness Cumulative
N°. in feet thickness

in feet
4l Dolomitic biomicrosparite: 

light olive gray (5Y 6/l); 
weathers light gray (N7 ); 
thinly bedded; high re
sistance; contains about 
30/» dolomite and a few
sand-size quartz grains...... 1.5 337.9
Covered:
dolomite.,

probably silty
3.5 336.4

39

38

Dolomitic crinoidal brachio- 
podal biomicrosparite: 
light brownish gray (5YR 
6/l); weathers light gray 
' (N7 ); thinly bedded; mod
erate resistance; contains 
about 45$ dolomite......... .
Covered: probably silty
dolomite..............

0.5

11.0

332.9

332.4
37 Very slightly sandy dolo

mitic crinoidal biosparite: 
pale yellowish brown (10YR 
6/2), moderate red (5^5/4), 
and medium gray (N5); weath
ers pale yellowish brown 
(10YR 6/2)/pale red (10R 
6/2), and light olive gray 
(5Y 6/1); thinly bedded;
high resistance; contains....
15$-25$ dolomite; lower 2 .5  
feet contain 5$-10$ sand-
size quartz....................  13.5 321.4

36 Orthoquartzite grading down
ward to sandy dolomite: 
orthoquartzite: moderate
red (5R 5/4); weathers pale 
red (10R 6/2) and light 
brown (5YR 6/4); dolomitic 
cement; very fine grained;
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Unit
No. Thickness 

in feet

well sorted; rounded and 
subrounded; very thinly 
and thinly bedded; low 
resistance; contains about 
45^ dolomite;, sandy dolo
mite : light brown (5YR
6/4); weathers pale yellow
ish brown (10YR 6/2); finely 
and medium-crystalline; 
very, thinly and thinly 
bedded; low resistance; ......
contains 40/6-45$ sand-size 
quartz grains....... .
Sandy dolomitic biomicro- 
sparite: light brown
(5YR 5/6 ), pale red (5R.
6/2), and medium gray 
(N5 ); weathers light 
brown (5YR 5/6) and light 
brownish gray (5YR 6/1 ); 
very finely crystalline; 
thinly bedded; low to 
moderate resistance; con
tains 15$-20$ sand-size 
quartz, 15$-20$ dolomite 
(dolomite percentage may 
be higher in the lower 
portion), and about 40$ 
fossil debris, predominant
ly crinoidal...............
Dolomitic crinoidal brachio- 
podal biosparrudite: light.
gray (N7 ); weathers light 
brownish gray (5YR 6/1 ); 
thinly bedded; moderate to 
high resistance; contains 
about 10$ dolomite........

28.5

10.5

1.5

Cumulative 
thickness 
in feet

307.9

279.4

268 .9
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Unit 
No.

33 Slightly silty dolomitic 
microsparite: grayish
red (5R 4/2); weathers 
grayish orange (10YR 7/4); 
very thinly and thinly 
bedded; low resistance; 
contains 40/3-45$ dolo
mite; weathered surface 
shows laminae; have a 
few zones where fossil 
material is concentrated..

32 Covered: probably similar
to unit 33........... ......... 6.3 264.4

31 Crinoidal biosparite:
moderate yellowish brown
(10YR 5/4); weathers light ....
gray (N7 ); thinly bedded; 
moderate to high resist
ance; contains a few large
brachiopods. ..... . 0 .7 2 5 8 .1

30 Calcitic dolomite: moderate
red (5R 5/4); weathers pale 
reddish brown (10R 5/4); 
finely and- medium-crystal- 
line; thinly bedded; mod
erate to high resistance; • 
contains about 35$ calcite 
which is. crinoidal debris; 
some of the crinoid stems 
are up to 1 foot long and
1 inch in diameter............. 1 .0. 257.4

Thickness 
in feet

Cumulative 
thickness 
in feet

3.0 267.4
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Unit Thickness CumulativeNo. in feet thickness

29 Silty sandy dolomite;
in feet

moderate red (5% 5/4); 
weathers pale reddish 
brown (10R 5/4); finely 
and medium-crystalline; 
predominantly finely -
crystallinej upper half 
thinly bedded; high re
sistance; lower half .....
very thinly bedded; mod
erate resistance; upper 
half contains about 10$ 
silt- and about 25$ sand- 
size quartz, lower half 
contains more silt- and 
much less sand-size
quartz................   9*5 256.4

28 Very slightly silty dolo-
mitic crinoidal brachiopodal 
biomicrosparite: brownish
gray (5YR 4/1); weathers 
light gray (N7 ); very thinly ■ 
and thinly bedded; moderate 
resistance; contains 10$-15$
dolomite......... ............. 3 .0 246.9

27 Covered........  . . v. 2.0 243.9
26 Crinoidal brachiopodal bio-

sparrudite: medium gray
(N5 ); weathers light gray 
(N7 ); thinly bedded; mod
erate resistance..............  0 .5  241.9

25 Slightly silty dolomitic
biomicrosparite: brownish
gray (5YR 4/1) and pale 
red (5R 6/2 ); weathers 
light gray (N7 ) and pale 
red (10R 6/2); very finely 
crystalline; thinly bedded; 
moderate resistance; contains
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Unit Thickness
No. in feet

25 30^-40$ fossil:debris and
about 20$ dolomite; laminae
present on weathered sur
faces in upper foot; many 
large bivalved brachiopods 
occur in lower 3 inches.......  4.3

24 Covered: probably similar
to unit 22.....................  9 .0

23 Slightly silty calcitic 
dolomite: pale red (10R
6/2); weathers the same; 
medium-crystalline; very 
thinly bedded; moderate 
resistance; contains.15$--- - 
20$ calcite; calcite is 
probably fossil remnants; 
weathered surface shows 
laminae..... ............. ..... 0 .7

22 Slightly silty dolomite:
pale reddish brown (10R 
3/4); weathers the same; 
medium-crystalline; thinly -■ 
bedded; low resistance; 
contains l$-2$ calcite 
fossil fragments. .... ........ 5 .0

21 Orthoquartzite: grayish
orange pink (5YR 7/2); 
weathers light brown (5YR 
6/4); dolomitic cement; 
very fine to very coarse 
grained; poorly sorted; 
well rounded to subrounded; 
thinly bedded; high resist
ance; contains about 35^ 
dolomite; upper foot shows 
simple cross-stratification; 
wedge shape; concave; 10° 
dip; length 1 -3 feet..........  3 .0

Cumulative 
thickness 
in feet

241.4

237.1

2 2 8 .1

227.4

222.4
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Thickness Cumulative 
in feet thickness 

in feet

3.4 219.4
19 Very slightly sandy slightly

calcitic dolomite: brownish
gray (5YR 4/l) and pale red 
(5R 6/2 ); weathers light 
gray (N7 ) and light brown 
(5YR 5/6); medium-crystalline; 
thinly bedded; high resist- :
ance........................... 1 .3 2 1 6 .0

18 Slightly pebbly orthoquartz
ite: grayish orange pink
(5YR 7/2); weathers light 
brown (5YR 6/4); dolomitic 
cement; fine- to very coarse 
grained; poorly sorted; 
rounded and subrounded; 
thinly bedded; high resist
ance; contains about 20$ 
dolomite and 5^-10$ quartz
2 -1 0 mm in diameter..... . 4.3 214.7

Unit
No.

20 Orthoquartzite: grayish
orange pink (5YR 7/2); 
weathers very pale orange 
(10YR 8/2); dolomitic and 
calcitic cement; fine- 
and medium-grained; very 
well sorted; rounded and 
subrounded; very thinly 
bedded; moderate to high 
resistance; contains about 
10$ dolomite and calcite; 
weathered surface shows 
alternating resistant and 
non-resistant areas 
approximately l/2-l inch
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Unit
No.

17 Sandy dolomite: pale red
dish brown (10R 5/4); weath
ers light brown (5YR 6/4); 
finely and medium-crystal
line; thinly bedded; 
moderate.to high resistance; 
contains about 45$ sand-
size quartz................
Total of upper unit.........

Aphanitic dolomite unit: ■ -
16 Very slightly sandy dolo

mite: light brown (5YR
6/4); weathers grayish 
orange (10YR 7/4); very 
finely crystalline; thinly 
bedded; high resistance; 
contains localized patches 
and stringers of finely 
and medium-crystalline 
dolomite.....

Thickness Cumulative 
in feet thickness 

in feet

5 .0  210.4
254.3

8.7 205.4
15 Sandy intraclastic dolomite: 

light brown (5YR 6/4); 
weathers grayish orange 
pink (5YR 7/2); very finely 
crystalline; thinly bedded; 
high resistance; contains 
about 15$ sand-size quartz,
10$-15$ localized patches 
and stringers of finely 
crystalline dolomite, and 
10$-15$ intraclastic mate
rial; surface shows dis
torted laminations............  2 .5 196 .7
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Unit
No.

14

13

12

11
10

Thickness 
in feet

Very slightly silty dolo
mite : light brown (5YR
6/4); weathers grayish 
orange (10YR 7/4); very 
finely crystalline; high 
resistance; contains 5^- 
10$ finely crystalline 
dolomite as patches; 6 
feet above base have 6 - 
inch-thick zone rich in 
sand-size quartz............ .
Very slightly silty dolo
mite : pale yellowish
orange (10YR 8/6 ) and 
pale red (10R 6/2); weath
ers grayish orange (10YR 
7/4) and pale yellowish 
orange (10YR 8/6 ); very 
finely crystalline; very 
thinly and thinly bedded; 
low resistance.............
Orthoquartzite: moderate
orange pink (10R 7/4); 
weathers grayish orange 
pink (5YR 7/2); silica 
cement; very fine to 
coarse-grained; mostly 
medium-grained; well 
sorted; well rounded; 
thinly bedded; moderate 
resistance..................
Covered.....................
Dolomite: pale yellowish
brown (10YR 6/2); weathers 
very pale orange (10YR 8/2); 
aphanocrystalline; thinly 
bedded; moderate resistance; 
contains a few patches of 
finely crystalline dolomite.

8.7

13.8

0.5
1.2

Cumulative 
thickness 
in feet

194.2

185.5

171.7
171.2

6.3 170.0
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Unit
No.

9

8

Thickness 
in feet

Dolomite: moderate orange
pink (10R 7/4); weathers 
grayish orange .pink.(5YR 
7/2 ); aphanocrystalline; ■ 
thinly bedded; moderate 
resistance; contains a 
few stringers and patches • 
of finely and medium-
crystalline dolomite..........  3 .0

Very slightly calcitic 
dolomite: pale red (5R
6/2 ); weathers grayish 
orange (10YR 7/5); finely 
crystalline; very thinly .......
bedded; low to moderate
resistance; contains about ....

calcite which is prob
ably fossil debris; this 
debris is concentrated in 
zones rather than dis
tributed throughout the 
unit........................... 1 1 .2

Dolomite: light brownish
gray (5YR 6/1 ), medium gray
fN5 ), and yellowish gray
(5"Y 7/2 ); weathers very
pale orange (10YR 8/2);
aphanocrystalline; thinly
bedded; high resistance;
contains patches of finely
and medium-crystalline
dolomite, may be up to 15$
of the rock, usually much
less than this in the lower
portion of the unit; around
23.5 feet above base this
finely and medium-crystalline .
dolomite has been replaced by '
quartz; in the lower 10-15
feet there are fossil ghosts
of possible brachiopodal
material; 3 -6 inch chert
nodules occur sporadically
from 1 8 .5 feet above base to
the top of unit...............  5 3 .0

Cumulative 
thickness 
in feet

163.7

160.7

149.5
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Unit
No.

6 Dolomite: brownish gray
(5YR 4/1); weathers very 
pale orange (10YR 8/2) and 
pale yellowish brown (10YR 
6/2 ); very finely crystal
line; thinly bedded; high 
resistance; upper half con
tains a few sand-size 
quartz grains; contains a 
few patches of finely and 
medium-crystalline dolo
mite; from 5 .5-15 feet 
above base have many 1/4- 
inch-thick discontinuous
chert discs...............
Total of aphanitic dolomite 
unit.......................

Thickness Cumulative 
in feet thickness 

in feet

42.0 9 6 .5

150.9
Fetid dolomite unit:

5 Very slightly calcitic
dolomite:" brownish gray 
(5YR 4/1); weathers pale 
yellowish brown (10YR 
6/2); finely crystalline; 
thinly bedded; high re
sistance; fetid; calcite
is probably fossil remnants___  8 .7 54.5

4 Slightly calcitic dolomite: 
medium gray (N5); weathers 
light olive gray (5Y 6/l) 
and brownish gray (5YR 
4/l); medium-crystalline; 
thinly bedded; high resist
ance; fetid; upper two- 
thirds of unit shows
laminae on weathered surface... 8.3 45.8
Total of fetid dolomite unit__ 17.0
Total of Jerome Member 422.2
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Unit
No. Thickness Cumulative 

in feet thickness 
in feet

Beckers Butte Member:
3 Slightly sandy dolomite:

grayish orange (10YR 7/4) 
and grayish orange pink 
(5YR 7/2); weathers the 
same; very finely and 
finely crystalline; thinly 
bedded; low to moderate 
resistance; lower 4 feet 
contains about 15^ sand-
size quartz. .. ..... ........... 2 1 .5 3 7 .5

2 Orthoquartzite: moderate
olive brown M Y  4/4) and 
grayish red (5R 4/2); 
weathers pale olive (10Y 
6/2) and moderate reddish 
orange (10R 6/6 ); clayey 
and calcitic cement; fine
grained; very well sorted; 
well rounded to subrounded; 
thinly bedded; low resist
ance; contains 10^ clay
and 5$ calcite................  6 .5  1 6 .0

1 Orthoquartzite: pale red
M R  6/2 ) and grayish red 
(lOR 4/2); weathers light 
brown (5YR 6/4) and grayish 
red (10R 4/2); dolomitic 
cement; fine-grained; well 
sorted; well rounded to 
subrounded; very thinly 
bedded; low resistance;
contains about 35$ dolomite.... 9*5 9 *5
Total of Beckers Butte Member.. 37.5
Total of Martin Formation.....  459*7
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Unit Thickness CumulativeNo. in feet thickness

Pre cambrian: ••
» -

in feet

Troy Quartzite (unmeasured): •

Pebbly orthoquartzite: pinkish gray (5YR 8/1)
and moderate yellowish brown (10YR 5/4); weathers 
grayish orange (10YR 7/4) and pale yellowish 
brown (10YR 6/2); silica cement; fine- to very 
coarse grained; somewhat bimodal; fine- and very 
coarse grain predominate; poorly sorted; rounded 
to subrounded; thinly bedded; high resistance; 
contains about 15/& quartz greater than 2 mm; shows 
crude cross-stratification; planar; concave; dip 
10°; length 2 -3 feet.
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SAN FRANCISCO RIVER

E 1/2 SW 1/4 and W 1/2 SB 1/4 sec. 5, T. 4 S., R. 30 E. 
Exposures are on southerly and westerly facing slopes 
about 1/4 mile southeast of the river. Strike N. 80° W. to N. 550 E.; dip 12° - 19° N.
Mississippian:

Modoc Limestone (unmeasured):
Crinoidal biosparrudite: very light gray (N8)j
weathers the same; thickly bedded; moderate to 
high resistance; weathered surface appears 
brecciated.

Devonian:.
Morenci Shale:

Unit Thickness Cumulative
No. in feet thickness

in feet
3 Siltstone: moderate yellow

ish brown (10YR 5/4) and dark 
yellowish orange (10YR 6/6 ); 
weathers grayish orange 
(10YR 7/4); grains about 
10 microns; very thinly 
bedded; low resistance; contains 
25/5-30^ calcite and dolomite,
mostly dolomite...............  10.0 I7 6 .O

2 Mud-shale: pale red (5R
6/2), dusky yellow (5Y 6/4),
and moderate yellowish 
brown (10YR 5/4); weathers 
pale red (10R 6/2), pale 
yellowish brown (10YR 6/2), 
pale reddish brown (10R 
5/4), dusky yellow (5Y 6/4),
grayish red (10R 4/2), mod
erate reddish brown (10R 
4/6), very dusky red (10R 
2/2 ), and grayish orange 
(10YR 7/4); laminated and 
very thinly bedded; low 
resistance............ 110.0 1 6 6 .0
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Unit
No. Thickness Cumulative 

in feet thickness
in feet

1 Very slightly silty
dolomitic microsparite: 
moderate' brown (5YR 
4/4), dusky yellow (5Y 
- 6/4), moderate yellow
ish brown (10YR 5/4), pale 
brown (5YR 5/2), medium 
dark.gray (N4), moderate 
red (5R 5/4), medium gray 
(N5 ), and grayish orange 
pink (5YR7/2); weathers

grayish orange pink (5YR 
7/2), moderate red (5R 
5/4), and very light 
gray (N8); very thinly 
and thinly bedded; mod
erate resistance; contains 
15/5-30^ dolomite; higher 
percentages occur in the. 
upper half of the unit; 
weathered surfaces occa
sionally show crinoidal
debris....... ............. 5 6 .0 5 6 .0
Total of Morenci Shale......... 176 .0

Ordovician:
Longfellow Limestone (unmeasured):

Dolomite: medium light gray (N6 ); weathers the
same; medium-crystalline; thickly bedded; high 
resistance; contains a few vugs that are partially 
filled with calcite.



268
SLEEPING BEAUTY

E 1/2 SVJ 1/4. SB 1/4 sec. 1, T. IN., R. 14 E. Exposures 
are on easterly facing slopes in the canyon north of the 
Cooper Cities ooen oit mine. Strike N. 35° - 65° W.; 
dip 27° - 55° SW.
Mississippian:

Escabrosa Limestone (unmeasured):
Crinoidal biosparite: light brownish gray (5YR
6/l); weathers the same; very thickly bedded; 
high resistance.

Devonian:
Martin Formation: 
Jerome Member: 
Upper unit:

Unit
No.

37 Very slightly silty very
slightly sandy dolomite: 
yellowish gray (5Y 7/2); 
weathers pale yellowish 
brown (10YR 6/2); finely • 
crystalline; thinly bedded; 
moderate resistance........ . 5 .0  423.0+

36 Mud-shale: light olive
gray (5Y 5/2); weathers 
light olive gray (5Y 
6/l); laminated; low
resistance....... ............. 48.0 4l8.0+

35 Very slightly silty dolomite: 
pale yellowish brown (10YR 
6/2); weathers the same; 
finely and medium-crystal
line; thinly and thickly 
bedded; moderate to high 
resistance;'contains about 
10^ silicified Atyroa sp.; 
fossils show fair alignment 
parallel to stratification.

Thickness Cumulative 
in feet thickness 

in feet

20.0 370.0+
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Unit Thickness
No. in feet

34 Covered. ................ 19.0
33 Dolomitic biomicrosparite: 

yellowish gray (5Y 7/2); 
weathers the same; very 
thinly‘and thinly bedded; 
moderate resistance; 
contains about 25^ dolo- 
mite; weathered surface 
shows a few crinoidal ' 
fragments........ ..........

32 Covered................. .. .
31 Very slightly silty sandy 

calcitic dolomite: light
brown (5YR 6/4); weathers 
grayish orange pink (5YR 
7/2 ); finely and medium- 
crystalline; thinly bedded; 
moderate to high resistance; 
contains about 250 calcite, 
most of which is probably 
fossil debris and about 
120 sand-size quartz..........  2 .5

30 Orthoquartzite: medium
dark gray (N4); weathers 
medium gray (N5 ) and gray
ish orange (10YR 7/4); 
calcitic and dolomitic 
cement; very fine to medium' 
grained; well sorted; well 
rounded to subrounded; 
thinly bedded; high resist
ance; contains 30^-350  
calcite and 100-150 dolo- • 
mite; much of the calcite 
is probably fossil debris, 
however, there is some 
microsparite; quartz is 
more abundant in certain 
zones

1.0
1.5

Cumulative 
thickness 
in feet
350.0+

331.0+
330.0+

328.5+

5.5 326.0+
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Unit Thickness
No. in feet

29 Silty dolomite: dusky
yellow (57 6/4 ); weathers 
grayish orange (10YR 7/4);

• finely and medium-crystal
line ; thinly and thickly 
bedded; low to moderate 
resistance; contains about 
14^ silt-size quartz........... 1 6 .0

28 Orthoquartzite: moderate
yellowish brown (10YR 
5/4); weathers grayish 
orange (10YR 7/4); dolo- 
mitic cement; very fine 
to coarse-grained; poorly 
sorted; well rounded to 
subrounded; thinly bedded; 
low to moderate resistance; 
contains about 40/ dolo
mite; upper 6 inches
similar to unit 23............  4.0

27 Silty calcitic dolomite: 
moderate yellowish brown 
(10YR 5/4); weathers gray
ish orange (10YR 7/4); 
finely and medium-crystal
line; thinly and thickly 
bedded; low to moderate 
resistance; contains up to 
30/ calcite and IO/-15/ 
silt-size quartz; may not 
contain as much calcite in 
upper portion.................. 8 .0

26 Very slightly sandy dolo-
mitic crinoidal biosparite: 
medium light gray (N6 ) 
and pale yellowish brown 
(10YR 6/2 ); weathers light 
olive gray (5Y 6/l); thinly 
bedded; high resistance; 
contains about 12/ dolomite....

Cumulative 
thickness 
in feet

320.5+

304.5+

300.5+

7.5 292.5+



Unit
No.

271
Thickness 
in feet

25 Orthoquartzite: pale . . . .
yellowish brown (ioYR 
6/2); weathers moderate 
yellowish brown (10YR 
5/t); dolomitic and 
calcitic cement; very 
fine grained; very well 
sorted; subrounded; 
thinly bedded; high re- 
sistance; contains 400- 
450 dolomite and about 
50 calcite; has alter
nating zones richer in 
quartz; weathered surface 
of upper 1 /3 of the unit 
shows laminae and cross
laminae; simple; slightly 
concave; dip 5O-100J up 
to 1 .5 feet long..............  9 .0

24 Silty slightly sandy
dolomite: dusky yellow . .....
(5Y 6/4) and grayish 
orange (10YR 7/4); weath
ers grayish orange (10YR :
7/4); finely and medium- 
crystalline; very thinly 
and thinly bedded; low to 
moderate resistance; con
tains 150-200 silt-size
quartz; sand-size quartz . ...
is more abundant in the
lower portion......... ........ 1 9 .0

23 Orthoquartzite: brownish
gray (5YR 4/1); weathers 
grayish orange (IOYR 7/4); 
silica cement; very fine 
to very coarse grained; 
moderately sorted; well 
rounded to subrounded; 
thinly bedded; moderate 
resistance; contains a 
few dolomite rhombs...........  1 .0

Cumulative 
thickness 
in feet

285.0+

276.0+

257.0+
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Unit
No.

22 Same as unit 24. . ........
21 Dolomitic crinoidal bio-

sparite: pale yellowish
brown (10YR 6/2); weath
ers light olive gray (5Y 
6/l); thinly bedded; 
high resistance; contains 
200-250 dolomite.....  ...

20 Silty sandy dolomite: . .
grayish orange (10YR 7/4); 
weathers the same; finely 
and medium-crystalline; 
very thinly and thinly 
bedded; low to moderate 
resistance; silt- and 
sand-size quartz about 
equally abundant, and , 
total about 250..........

Thickness Cumulative
in feet thickness

in feet
1 1 .0 256.0+

5•5 245.0+

2.5 239.5+
19 Same as unit 25 3.0 237.0+
18 Silty calcitic dolomite:

grayish orange (IOYR7/4 ); 
weathers the same; finely 
crystalline; very thinly 
and thinly bedded; low to .... 
moderate resistance; con
tains 150-200 silt-size
quartz and 100-150 calcite..... 6.0 234.0+

17 Slightly silty dolomitic 
biomicrosparite: medium
gray fixT5), medium dark 
gray (N4), and light brown 
(5YR 6/4); weathers light 
olive gray f5Y 6/l) and 
light gray (N7 ); very 
thinly and thinly bedded; 
low and moderate resist
ance; contains 150-200 
dolomite; silt-size quartz
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Unit
No.

1? content quite variable;
ranges .from. and is.
more abundant in the upper 
portion; fossil content 
extremely varied; ranges 
from 10£>-60/j; contains a 
few zones of silty dolo- 
mitic biosparite in the 
lower portion; only a few 
strata are exposed; rest 
of the unit is covered......

16 Sandy microsparite: medium
light gray fNo); weathers 
light gray (N7 )'; very finely 
crystalline; thinly bedded; 
moderate to high resistance;

: contains about 20$ sand- 
size quartz................ .

Thickness 
in feet

17.5

2.0
15 Slightly silty slightly

sandy very slightly cal- 
citic dolomite: moderate
orange pink (10R 7/4); 
weathers pale red. (10R 
6/2); finely crystalline; • 
thinly bedded; moderate 
to high resistance............ 3 .5

14 Orthoquartzite: light
brown (5YR 6/4) and pinkish 
gray (5YR 8/l); weathers 
light brown (5YR 5/6 ) and 
moderate orange pink (5YR 
8/4); calcitic and dolo- 
mitic cement; very fine to 
very coarse grained; mostly 
medium-grained; moderately 
sorted; well rounded to sub
rounded; thickly bedded; 
high resistance; contains'
10$-15$ calcite and about 
5$ dolomite; upper 1 foot 
is finer grained and better 
sorted

Cumulative 
thickness 
in feet

228.0+

210.5+

208.5+

10.0 205.0+



Thickness 
In feet

Very slightly silty dole- '• 
mitic recrystallized lime
stone grading downward to 
sandy dolomitic recrystal
lized ■ limestone : grayish
orange (10YR 7/4) and light 
brown ($YR 6/4); weathers 
very pale orange (10YR 
8/2 ); finely crystalline; 
thinly bedded; high re-' * ■ 
sistance; contains 20^-30^
dolomite and 10^-15^ sand- 
size quartz in the lower
portion.. ......................  1 0 .5
Total of upper unit.... ....... 238.5

Aphanitic/dolomite unit:
Slightly silty dolomite: 
grayish orange pink (5YR 
7/2 ) and pale yellowish 
orange (10YR 8 /6 ); weath
ers grayish orange pink 
(5YR 7/2) and very pale 
orange (10YR 8/2 ); very 
finely crystalline; 
thinly bedded; high re
sistance...... ................  1 3 .0

Sandy dolomite: grayish
orange pink (5YR 7/2 ); 
weathers the same; very 
finely and finely crystal
line; thinly bedded; high 
resistance; contains about 
15$ sand-size quartz; 
quartz is concentrated in 
zones rather than dis
tributed throughout the 
unit............ .............. 2 .5

Cumulative
thickness
in feet

195.0+

184.5+

171.5+



Unit
No.

10
9

8

7

6
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Covered...............y .......  14.0 1 6 9.0-i*
Calcitic dolomite: grayish
orange (10YR 7/4); weathers 
very pale orange (10YR 
8/2); very finely and 
finely crystalline; thinly 
bedded; moderate to high 
resistance; contains about
45/5 calcite...................  6 .0  155.0+
Very slightly sandy intra- 
clastic dolomite: grayish
orange pink (5VR 7/2 ) and 
grayish orange (10YR 7/4); 
weathers very pale orange 
(10YR 8/2), grayish orange 
pink (5YR 7/2), and pinkish
gray (5YR 8/1);. aphano-.....
crystalline to finely 
crystalline; thinly bedded; 
moderate to high resistance; 
lower 15 feet high resist
ance ; intraclasts range 
from 5/5-50̂ 5; localized 
zones may have as much as
30/y sand-size quartz........ . 54.0 14$.0+

Thickness Cumulative
in feet thickness

in feet

Sandy, dolomite: pale red
(5R 0/2); weathers pale 
red (10R 6/2 ); very finely 
crystalline; thinly 
bedded; moderate to high 
resistance; contains about
30^ sand-size quartz..........  5 .0  9 5.0+
Sandy dolomite: yellowish
gray (5Y 7/2); weathers 
yellowish gray (5Y 8/l); 
very finely crystalline; 
thinly bedded; moderate 
resistance; contains 10ĵ -
15/5 sand-size quartz..........  5 .5  9 0.0+
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Unit
No. Thickness Cumulative 

in feet thickness
in feet

5 Very slightly sandy dolo
mite : pale red (10R
6/2), yellowish.gray 
(5Y 7/2), and pal ellow-
ish brown (10YR 6 ;
pink (5YR 7/2), grayish 
orange (10YR 7/4), and 
very pale orange (10YR 
8/2 ); aphanocrystalline 
and very; finely crystal
line ;. thinly bedded; 
stratification is not 
distinct; moderate re
sistance; 2 .7 feet above 
base have 1-foot-thick 
zone of alternating 
dolomite and quartz-rich

4 Dolomite: light olive
gray f5Y 5/2) and olive
gray (5Y 4/1); weathers....
light olive gray (5Y 
6/l); finely crystalline; 
thinly bedded; high re
sistance; fetid.........    4.3 7 6 .3+
Total of aphanitic dolomite
unit..... ................   112.5

Fetid dolomite unit:
3 Sandy dolomite: pale

brown (pYR 5/2); weath-. 
ers grayish orange (10YR 
7/4); very finely crystal
line; thinly bedded; high 
resistance; contains about .
30$ sand-size quartz; 
slightly fetid; weathered
surface shows laminae.........  1 .0 7 2 .0+

weathers grayish orange.

dolomite 8.2 84.5+
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2 Dolomite: pale red (5R
6/2 ); weathers the same; 
finely and medium-crystal
line; thinly bedded; high 
resistance; weathered sur
face shows laminae............  5 .0  7 1 .0+

1 Very slightly calcitic 
dolomite: light olive
gray (5Y 5/2); weathers 
yellowish gray (5Y 8/1)

- and light olive gray (5Y 
-6/l); very finely to 
medium-crystalline; thinly 
bedded; high resistance; 
slightly fetid; weathered 
surface shows wavy laminae 
and very thin beds; con
tains some brachiopodal

Unit . Thickness Cumulative
No. in feet thickness

in feet

material................ ...... 1 6 .0 6 6.0+
Total of fetid dolomite unit_ 2 2 .0

Total of Jerome Member..........  373.0
Beckers Butte Member:

Below unit 1 there are no exposures for 45 feet;
45 feet below unit 1 there is a 5-foot-thick dolo- 
mitic cemented orthoquartzite; this unit probably 
belongs.to the basal part of the Martin Formation. 
Below the orthoquartzite there are no exposures 
for 40 feet. The contact between the Martin Forma 
tion and Precambrian Dripping Spring Quartzite 
occurs in this covered interval.
Total of Beckers Butte Member.. 50.0+
Total of Martin Formation.....  423.0+
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STEAMBOAT MOUNTAIN

E 1 /2 SE 1/4 sec. 12, T. 4 S., R. 14 E. Exposures are
on westerly facing slooes. Strike N. 10° W. to
N. 45° S.; dip 6° - 21° E.
Mississippian:

Escabrosa Limestone (unmeasured):
Dolomite: light olive gray (pY 6/l); weathers
yellowish gray (5Y 7/2)j finely crystalline; 
thinly and thickly bedded; high resistance.

Devonian: - .........
Martin Formation:
Jerome Member:
Upper unit:

Unit Thickness Cumulative
No. in feet thickness

in feet
35 Very slightly silty dolo

mite : light brownish gray
(5YR 6/l); weathers yellow
ish gray (5Y 8/1); very 
finely crystalline; thinly 
bedded; moderate resist
ance........................... 3 .5  3 8 6 .0

34 Very slightly sandy dolo- 
mitic crinoidal biosparite: 
brownish gray ($YR 4/1): 
weathers light gray (N7 ); 
thinly bedded; moderate 
resistance; contains 
about 40%, crinoidal debris 
which is not uniformly 
distributed in the unit
and about 350 dolomite........  1 .0 3 8 2 .5

33 Very slightly silty dolomite: 
light brownish gray (5YR 
6/1); weathers yellowish gray 
(5Y 8/1); finely crystalline; 
thinly bedded; high resist
ance ....................... 2.5 381.5



Unit 
No.

279

32 Very slightly silty cal-
citic dolomite.: pale red ,
(10R 6/2); weathers gray
ish orange pink ($YR 7/2); 
finely crystalline; thinly 
bedded; moderate resist
ance; contains about 15^ •
calcite which is crinoidal 
debris...;.... ...........

31 Covered.....................
30 Very .slightly silty dolo

mite : pale red (5R 6/2);
weathers pale red (10R 
6/2 ); finely crystalline; 
thinly bedded; moderate . 
resistance; weathered sur
face shows some crinoidal 
and brachlopodal debris 
which is altered to hematite 
and/or limonite...............  1 2 .5 3 7 1 .0

29 Very slightly silty cal-
citic dolomite: pale red
dish brown (10R 5/4); 
weathers moderate yellow
ish brown (10YR 5/4); 
finely crystalline; thinly 
bedded; moderate to high- 
resistance; contains 25%- '
30% calcite which is 
crinoidal debris; has a 
few patches of quartz 
with individual grains 
5 -1 0 microns in diameter, 
mostly replacing fossil 
debris.................

Thickness Cumulative 
in feet thickness 

in feet

4.0 379.0
4.0 375.0

1.5 358.5
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Unit
No. Thickness 

in feet

Silty dolomite: moderate
yellowish brown (10YR 5/^); 
weathers yellowish gray 
(5Y 7/2); finely crystal
line; very thinly bedded; 
low resistance; contains 
about 13$ silt-size quartz.
Mud-shale: dark yellowish
brown (10YR 4/2) and light 
olive gray (5Y 5/2); 
weathers pale yellowish 
brown (10YR 6/2), light 
olive gray (5Y 5/2 ), and 
olive gray (5Y 3/2); 
laminated-and very thinly 
bedded; low resistance....
Very slightly silty dolo
mite: pale yellowish brown
(10YR 6/2 ), grayish red 
(5R 4/2), olive gray (5Y 
4/l), and medium dark gray 
(N4); weathers grayish 
orange (10YR 7/4), pale 
yellowish brown (lOYR 
6/2), and moderate - yellow
ish brown (10YR 5/4); 
finely crystalline; very 
thinly and thinly bedded; 
moderate resistance; very 
thin beds less resistant 
than thin beds............. .

5.0

50.0

32.0
Very slightly silty dolomitic 
crinoidal biomicrosparite: 
olive gray (5Y 4/1); weathers 
pale yellowish brown (lOYR - 
0/2); thinly bedded; mod
erate resistance; contains 
about 40$ dolomite and 150- 
20^ fossil debris........... .

Cumulative 
thickness 
in feet

357.0

352.0

302.0

270.01.0
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Unit Thickness
No., . in feet

24 Silty dolomite: light ■
olive gray (5Y 5/2), mod
erate brown (5YR 4/4),. 
and light brown (5YR 
6/4); weathers light 
olive gray (5Y 6/1), gray
ish orange (10YR 7/4), 
and light brown (5YR 6/4); , .
very finely and finely 
crystalline; very thinly 
and thinly bedded; mod
erate resistance; very 
thin beds less resistant 
than thin' beds; contains 
about 10$ silt-size
quartz......................... 1 9 .5

23 Slightly silty very slightly 
sandy dolomitic biosparite: 
dark yellowish brown (10YR 
4/2) and medium dark gray 
(N4);:weathers grayish 
orange (10YR 7/4). and medium 
gray (N5 ); thinly bedded; 
high resistance; contains 
50$-60$ fossil debris and 
about 25$ dolomite.......... 12.0

22 Interbedded dolomitic brachio- 
podal biomicrite (25$) and 
dolomitic micrite (75$): 
very thinly and thinly bedded; 
low resistance; dolomitic 
brachiopodal micrite: medium
dark gray (N4); weathers light 
gray (N7 ); contains about 30$ 
fossil debris and about 20$ 
dolomite; dolomitic micrite: 
yellowish.gray (5Y. 7/2); 
weathers the same; contains 
about 20$ dolomite...........

Cumulative 
thickness 
in.feet

269.O

249.5

9.0 237.5
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Unit Thickness
No. in feet

21 ' Silty dolomite: pale red
(5R 6/2 ); weathers light 
brown (5YR 6/4); medium- 
crystalline; thinly bedded; 
high resistance; contains 
about 300 silt-size quartz 
and a few sand-size quartz 
grains......................

20 Sandy intraclastic dolomite: 
moderate brown ($YR 4/4); 
weathers grayish orange 
(10YR 7/4); finely crystal
line; thinly bedded; 
moderate to high resistance; 
contains about 25$ intra
clasts which contain very 
little quartz, and 15$-20$ 
sand-size quartz...........

19 Micrite: olive gray (5Y
4/l); weathers medium light 
gray (N6 ); very thinly and 
thinly bedded; moderate 
to high resistance; 
weathered surface shows 
laminae in places..........

18 Same as unit 20............
Total of upper unit........

Aphanitic dolomite unit:
17 Dolomite: pale brown

(5YR 5/2); weathers light 
brown (5YR 6/4); very 
finely crystalline; thinly 
bedded; moderate resist
ance........................

3.5

3.0

1.0
8.0

173.0

Cumulative 
thickness 
in feet

2 2 8 .5

225.0

222.0
221.0

16.0 213.0
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Unit
No. Thickness 

in feet

16 Very slightly silty dolo
mite : medium light gray
(N6 ) and light olive gray 
(5Y 6/l); weathers yellow
ish gray (5Y 7/2) and 
grayish orange (10YR7/4); 
aphanocrystalline and 
very finely crystalline; 
thinly and thickly bedded; 
high resistance; lower 
portion contains intra
clasts. ................... . 13.5

15 Calcitic dolomite: olive
gray (5Y 4/1); weathers 
yellowish gray (5Y 8/1 ); 
very finely and finely 
crystalline; thinly and 
thickly bedded; high re
sistance; contains about 
450 calcite.................... 4.0

14 Dolomite: light brownish
gray (5YR 6/1), light brown
(5YR 6/4), and olive gray
(5Y 4/l); weathers grayish
orange (10YR 7/4), grayish
orange pink (5YR 7/2), and
yellowish gray (5Y 8/l);
finely crystalline; thinly
and thickly bedded; high
resistance; from 0 -2  and
5-8 feet above base the
unit is olive gray and may
contain up to 250 calcite..... 14.5

13 Calcitic dolomite: light •
brownish gray (5YR 6/1 ); 
weathers very light gray (N8); 
finely crystalline; thinly 
bedded; moderate resistance; 
contains 250-30$ calcite....

Cumulative 
thickness 
in feet

197.0

183.5

179.5

2.0 165.0
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Unit
No.

12

11

10

Thickness Cumulative 
in feet thickness 

in feet
Between unit 12 and 13 there 
is a diabase sill. The sill 
is about 75 feet thick, how
ever this thickness is not 
added into the total thick
ness column. It is assumed 
that there has been no loss 
of section due to the in
trusion of the sill.
Silicified dolomite: light
brown (5YR 5/6); weathers 
the same and light gray 
(N7 ); finely and medium- 
crystalline; silica aver
ages 20 microns in diam
eter; thinly bedded; 
moderate to high resist
ance; locally may exceed
50$ silica.......................  5 .0  1 6 3 .0

Dolomite: pale reddish
brown (10R 5/4); weathers 
light brown (5YR 6/4); 
very finely and finely 
crystalline; thinly bedded;
moderate to high resistance.... 3 .0  158 .0

Dolomite: dark gray (N3)
and medium dark gray (N4j; 
weathers medium gray (N5 ) 
and light gray (N7 ); 
aphanocrystalline; thinly 
bedded; moderate to high 
resistance; contains patches 
of medium- and coarsely 
crystalline dolomite which 
amounts to 50-10$ of the
unit.............................  35.0 155.0



Unit
No.

9

8

Thickness Cumulative 
in feet thickness 

in feet

285

Dolomite: moderate yellow
ish brown (10YR 5/4); 
weathers dark yellowish 
orange (10YR 6/6 ); finely 
crystalline; thinly bedded; 
moderate to high resist
ance........................... 5 *0 120 .0

Dolomite: pale yellowish
brown (10YR 6/2), medium 
dark gray (N4), and yellow
ish gray (5Y 7/ 2); weathers 
grayish orange (10YR 7/4) and 
very pale orange (10YR 8/2); 
very finely crystalline; . 
thinly bedded; moderate to 
high resistance; contains 
a few patches of medium- 
and coarsely crystalline 
dolomite; lower portion 
contains a few chert nodules; 
maximum dimensions 2 x 6
inches......................... 2 8 .0 115 .0

Dolomite: brownish gray
(5YR 4/l) and medium dark 
gray (N4); weathers gray
ish orange (10YR 7/4) and 
pale yellowish brown 
(10YR 6/2); aphanocrystal- 
line; very thinly bedded; 
moderate to high resistance;
contains many elliptical 
chert nodules; maximum di
mensions 1 /4  x 1 inch.........  1 2 .0 8 7 .0
' Total of aphanitic dolomite <"
unit...........................  1 3 8 .0
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Unit Thickness
No. • in feet

Fetid dolomite unit:
6 Dolomite: dark gray fN3)

and medium dark gray (N4); 
weathers medium dark gray 
(N4) and medium gray (N$); 
finely and medium-crystal
line; thinly bedded; high 
resistance; fetid; weathered 
surface shows laminae in . 
some places; contains a few 
chert-like nodules; maximum
dimensions 2 x 6" inches.......  2 1 .0
Total of fetid dolomite unit... 21.0
Total of Jerome Member........  332.0

Beckers Butte Member:
5 Siltstone: moderate red

(5R 5/4); weathers light 
brown (5YR 5/6 ); calcitic 
and clayey cement; very 
thinly and thinly bedded; 
low to moderate resistance; 
contains about 15^ calcite 
and clay and some limonite (?); 
some of the quartz is fibrous.. 7 .0

4 Sandy dolomite: pale brown
(5YR 5/2); weathers grayish 
orange (10YR 7/4); very 
finely crystalline; thinly 
bedded; moderate to high 
resistance; contains about
25$ sand-size quartz........ .. 4.0

3 Covered........................ 12.0

Cumulative 
thickness 
in feet

75.0

54.0

47.0
43.0
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Unit Thickness Cumulative
No. in feet thickness

in feet
2 Orthoquartzite: light

brown (5YR 6/4), moderate 
red (5R 5/4), and pale red 
(10R 6/2); weathers grayish 
orange (10YR 7/4), grayish 
orange pink (5YR 7/2), and 
light brown (5YR 5/6); dolo- 
mitic cement; very fine to 
coarse-grained; poorly 
sorted; well rounded to 
subrounded; very thickly 
bedded; stratification is 
indistinct; moderate to 
high resistance; contains 
about 40$ dolomite; locally
dolomite may exceed 50$ .......  22.0 31.0

1 Covered........................ 9 .0  9.0
Total of Beckers Butte Member.. 54.0
Total of Martin Formation.....  386.0

Precambrlan:
Troy Quartzite (unmeasured):

Orthoquartzite: white (N9 ); weathers very pale
orange (10YR 8/2); silica cement; fine- to very 
coarse grained; mostly medium- and coarse-grained; 
very well sorted; well rounded to subrounded; 
thickly bedded; moderate resistance.
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SUPERIOR

N 1/2 SW 1/4 sec. 36, T. IS., R. 12 E. Exposures are 
on easterly facing slopes just north of Queen Creek. 
Strike N. 10° - 22° W.; dip 28° - 36° E.
Mississippian:

Escabrosa Limestone (unmeasured):
Dolomitic crinoidal biosparite: medium gray (N5 );
weathers medium light gray (N6 ); thickly bedded; 
high resistance; contains about 10# dolomite; has 
a few solitary corals.

Devonian:
Martin Formation:
Jerome Member:
Upper unit:

Unit
No.

Thickness 
in feet

Cumulative 
thickness 
in feet

31 Mud-shale: pale yellowish
brown (10YR 6/2); weathers 
grayish orange (10YR 7/4); 
laminated and very thinly 
bedded; low resistance...... 2 7 .0 379.0

30 Slightly silty dolomite:
pale red (5R 6/2); weathers 
grayish orange (10YR 7/4) 
and light brown (5YR 5/6 ); 
finely crystalline; thinly 
bedded; moderate to high 
resistance; contains a few 
silicified brachiopod
shells......................... 1 6 .0 3 5 2 .0

29 Crinoidal biosparite: light
brownish gray (5YR 6/l); 
weathers pale yellowish brown 
f10YR 6/2) and light gray 
(N7 ); thinly and thickly 
bedded; high resistance; 
lower portion is dolomitic; 
contains up to 40# dolomite.... 2 1 .0 336.0



Unit
No. Thickness 

in feet

28 Dolomitic biosparite: 
medium dark gray (N4) and 
light brownish gray (5YR 
6/1 )j weathers light gray . 
(N7 ) and grayish orange. 
(lOYR 7/4)j thinly and 
thickly bedded; high re
sistance; contains 20$-30$ 
dolomite; slightly sandy 
at the base; upper portion 
contains wavy laminae" of 
dolomite.................... 44.5

27 Sandy dolomite: grayish
orange (10YR 7/4) and pale 
reddish brown (10R 5/4); 
weathers grayish orange 
(10YR 7/4) and dark yellow
ish orange (10YR 6/6 ); medium- 
crystalline; very thinly and 
thinly bedded; moderate to 
high resistance; contains 
about 35^ sand-size quartz 
and some silicified Atrypa 
sp........... .................  7-5

26 Orthoquartzite: pale yellow
ish brown (lOYR 6/2): weathers 
light brown (5YR 5/6); dolo
mitic cement; fine-grained; 
contains a few coarse- 
grains; well sorted; rounded; 
thickly bedded; high resist
ance; contains about 35$ 
dolomite........ .......

Cumulative 
thickness 
in feet

289

315.0

270.5

4.0 263.0
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Unit
No.

25

24

23
22

21
20

Thickness 
in feet

Slightly sandy calcitic 
dolomite: light brown
(5YR 6/4); weathers gray
ish orange (10YR 7/4); 
very finely crystalline; 
very thinly bedded; low to 
moderate resistance; con
tains about 30$ calcite 
which is crinoidal and 
brachiopodal material.......... 3 .0

Sandy dolomitic crinoidal 
biosparite: light brown
ish gray (5YR 6/1); weath
ers light gray (N7 ); very 
thinly and thinly bedded; 
moderate to high resist
ance; contains about 25$ 
sand-size quartz and 20$-
25$ dolomite..................  2 .0

Covered........................ 12.0
Orthoquartzite: pale red
(10R 6/2) and moderate 
orange pink (10R 7/4); 
weathers grayish orange 
(10YR 7/4); dolomitic 
and calcitic cement; very 
fine grained; well sorted; 
subrounded; thinly bedded; 
low to moderate resist
ance; contains about 10$
dolomite and 2$ calcite........ 1 .5

Covered........................ 2.5
Brachiopodal crinoidal bio
sparite : medium light gray
(N6 ); weathers light gray 
(N7 ); very thinly bedded; 
moderate resistance.......

Cumulative 
thickness 
in feet

259.0

256.0
254.0

242.0
240.5

0.5 238.0



291
Unit
No. Thickness Cumulative 

in feet thickness
in feet

19 Covered 5.5 237.5
18 Slightly sandy dolomitic

crinoidal biosparite: light
brownish gray (5YR 6/1) and 
brownish gray (5YR 4/1); 
weathers pinkish gray (5YR 
8/l); thinly bedded; moderate 
resistance; contains about 
13$ dolomite; quartz is con
centrated in laminae..........  0 .5 232.0

17 Orthoquartzite: light brown
f5YR 5/6 ) and moderate brown 
(5YR 4/4;; weathers light 
brown (5YR 6/4); dolomitic 
cement; very fine grained; 
well sorted; subrounded; 
laminated and very thinly 
bedded; low resistance;
contains about 45$ dolomite.... 1.5 231.5

16 Covered........................  6 .5  230.0
15 Slightly silty dolomitic

microsparite: medium dark
gray (N4) and medium gray 
W ) ; weathers light gray 
(N7 ) and very light gray 
(N8); thinly and thickly 
bedded; high resistance; 
contains about 20$ dolomite; 
lower 2 feet contains some 
crinoidal and brachiopodal
material....................... 2 5 .5 2 2 3 .5

14 Dolomite: pale reddish brown
(10R 5/4) and light brown 
(5YR 5/6 ); weathers moderate 
orange pink (10R 7/4); medium- 
crystalline; very thinly 
bedded; low to moderate re
sistance................... 13.0 198 .0



Unit
No.

292
Thickness Cumulative 
in feet thickness 

in feet
13 Orthoquartzite: moderate

orange pink (10R 7/4); 
weathers pale reddish 
brown (10R 5/4); silica 
cement; fine- to very 
coarse grained; poorly 
sorted; well rounded to 
subrounded; thinly bedded;
moderate to high resistance.... 2 .7 I8 5.O

12 Orthoquartzite: moderate
orange pink (5YR 8/4); 
weathers moderate orange 
pink (5YR 8/4) and light 
brown (5YR 6/4); dolomitic 
cement; very fine grained; 
well sorted; subrounded and 
subangular; thinly and 
thickly bedded; moderate 
to high resistance; contains
about 30$ dolomite............  5.3 182.3

11 Orthoquartzite: moderate
orange pink (5YR 8/4); 
weathers pale reddish 
brown (10R 5/4); silica 
cement; medium- and coarse
grained; well sorted; 
rounded; thinly bedded;
moderate to high resistance.... 3.5 1 7 7 .0

10 Slightly calcitic dolo
mite: moderate orange

. pink (10R 7/4) and pale 
reddish brown (10R 5/4); 
weathers moderate orange 
pink (5YR 8/4); finely 
crystalline; very thinly 
and thinly bedded; mod
erate to high resistance 12.2 173.5



293
Unit
No.

9 Orthoquartzite: light red
(5R 6/6 ) and moderate pink 
(5^7/4); weathers pale 
red (10R 6/2) and moderate 
orange pink (10R 7/4); 
dolomitic cement; very 
fine to coarse-grained; 
mostly medium-grained; 
moderate sorting; rounded 
and subrounded; thinly 
bedded; moderate resist
ance; contains 15^-20%
dolomite.................
Total of upper unit......

Thickness Cumulative 
in feet thickness 

in feet

1.3 161.3
2 1 9 .0

Aphanitic dolomite unit:
8 Slightly calcitic dolo

mite: pale red (10R 6/2 );
weathers grayish orange 
(10YR 7/4); very finely 
crystalline; thinly bedded;
high resistance...............  1 7 .0 1 6 0 .0

7 Dolomite: light olive gray '
(5Y 6/l) and very light 
gray (No); weathers pale 
yellowish brown (10YR 6/2) 
and pale yellowish orange 
(10YR 8/6 ); very finely 
crystalline; thinly bedded; 
moderate to high resistance; 
has patches of coarsely
crystalline dolomite..........  2 8 .5 143.0

6 Dolomite: medium light gray
(N6 ); weathers yellowish 
gray (5Y 8/1); very finely 
crystalline; thinly bedded; 
high resistance; lower 4 
feet contains chert which 
is nodular, lense, and
dumbe 11-shaped................  1 2 .0 114.5



Unit
No.

Dolomite: light gray
fN7 ) and yellowish gray 
(5Y 7/2)j weathers pale 
yellowish brown (10YR 
6/2 ) and grayish orange 
(10YR 7/4); very finely 
crystalline; thinly bedded; 
upper 2 .5 feet very thinly 
bedded; high resistance....

Thickness Cumulative
in feet thickness

in feet ■

18.5 102.5
Dolomite: dark gray (N3)
to light gray (N7 ); weath
ers moderate brown (5YR .....
4/4) and light gray (N7 ); 
very finely crystalline; 
very thinly and thinly 
bedded; high resistance; 
contains 1/4-1/2-inch- 
thick chert ellipsoids 
from 9 -1 1 and 25-27 feet
above base............. .......
Total of aphanitic dolomite 
unit...........................

Fetid dolomite unit:
Dolomite: dusky yellowish
brown (10YR 2/2); weathers 
dark yellowish brown (10YR 
4/2); upper portion finely 
crystalline; lower portion 
medium-crystalline; thinly 
bedded; high resistance; 
fetid; weathered surface
shows laminae..................
Total of fetid dolomite unit...

44.0
120.0

84.0

17.7
17.7

40.0

Total of Jerome Member 356.7



Unit
No.

295
Thickness Cumulative 
in feet thickness 

in feet
Beckers Butte Member:

2 Calcitic dolomite and
dolomitic limestone: yellow
ish gray (5Y 7/2) and pale 
yellowish brown (10YR 6/2); 
weathers greenish gray. (5GY 
6/l) and light brown (5YR 
6/4); finely crystalline; 
laminated and thinly bedded; 
low to moderate resistance; .
has a few thin interbedded 
shale and sandy shale units; 
contains some chlorite and
talc.... ............. ......... 21.3 22.3

1 Orthoquartzite: moderate
reddish orange (10R 6/6 ); 
weathers light brown (5YR 
5/6 ); dolomitic cement; 
medium- to very coarse 
grained; moderately sorted; 
well rounded and rounded; 
thinly bedded; low to mod
erate resistance; contains
about 40$ dolomite cement...... 1 .0 1 .0
Total of Beckers Butte Member.. 22.3
Total of Martin Formation...... 379.0

PreCambrian: -
Troy Quartzite (unmeasured):

Orthoquartzite: pinkish gray (5YR 8/1); weathers
yellowish gray ($Y 7/2 ) and blackish red (5R 2/2); 
silica cement; very fine and fine-grained; well 
sorted; subrounded and subangular; thinly bedded; 
high resistance; rich in magnetite.
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CORRELATION OF DEVONIAN STRATA IN CENTRAL AND SOUTHERN ARIZONA
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