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ABSTRACT

The detailed geology of the Eagle Peak-Hells Gate area, located 

30 miles east of Tucson, Arizona, on the east flank of the Rincon 

Mountains, is described in this report. The mapped area covers about 6 

square miles of rocks ranging in age from older Precambrian to Recent.

Three structural blocks are contained in the mapped area. Block 

1 forms the western part of the area and is composed of Precambrian (?) 

Happy Valley Quartz Monzonite. Block 2 forms the central part of the 

area and contains Catalina Gneiss and metamorphosed Apache Group rocks 

and Paleozoic marbles. Block 3 forms the eastern part of the area and 

contains the Happy Valley Quartz Monzonite overriden by an unmeta

morphosed section of Paleozoic formations.

During Late Cretaceous to Middle Tertiary time, large blocks of 

Apache Group and Paleozoic rocks which form structural Block 2 were 

down-faulted into a higher temperature and pressure environment where 

they were metamorphosed and deformed. Northward fault emplacement of 

the Catalina Gneiss has caused imbricate east-west, southward dipping 

reverse faults in Block 2. In places, slices of Paleozoic marble have 

been trapped and sheared between these reverse faults to form arcuate 

slices and irregular outcrops of marble. The lineations and foliations 

in the Precambrian metasediments. Paleozoic marbles, and the Catalina 

Gneiss have roughly parallel attitudes with moderate plunges and dips 

to the east which indicate that the structures in these rocks were

produced by the same tectonic event.
viii



Pegmatites have intruded Paleozoic marbles and older rocks in 

Block 2. Diabase dikes, pods, and sills have intruded Paleozoic marbles 

and in one place cross-cut one of the pegmatites.

The unmetamorphosed rocks that form Block 3 were probably 

emplaced by gravity gliding from a topographically and structurally 

higher location to the west in the Rincon Mountains.
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INTRODUCTION

Purpose of Report

As the area encompassed by this study has never been formally 

mapped except in large scale surveys, the purpose of this report is to 

present a moderately detailed geologic map of the area and to describe 

the rock types and their structural interrelationships.

Location

The area of this study, thirty miles directly east of Tucson, 

Arizona (Figure 1), is included in the Happy Valley quadrangle approxi

mately six miles east of the main ridge of the Rincon Mountains and 

immediately north of Happy Valley and the Little Rincon Mountains. The 

area lies in northeastern Cochise County. The Pima County-Cochise 

County line forms the western border of the area studied.

Six square miles were mapped including part of or all of the 

following sections: 28, 29, 30, 31, 32, and 33, T. 14 S., R. 19 E. and 

sections 4, 5, and 6, T. 15 S., R. 19 E. The area may be reached by 

traveling twenty-three miles north on county roads from the Mescal Turn

off of Interstate Highway 10.

Drainage and Landfonns

High relief and excellent exposure of the various rock types are 

characteristic of this area. The principle drainages are nearly linear 

and reflect fault control of the stream channels. This is seen by the

1
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course of Bear Canyon which favors a channel whose path is parallel to 

a major fault (Plate 1).

Except for a small area east of Eagle Peak and Gardner Mountain, 

all drainages within the area mapped flow into Paige Creek which flows 

northeast through the area to eventually join the San Pedro River. In 

the central part of the area, Paige Creek flows through the steep-walled 

narrow canyon of Hells Gate. Run-off from most of the eastern flank of 

the Rincon Mountains drains through this canyon.

Invariably, either carbonate formations or quartz-rich units 

form the higher ridges, whereas homogeneous granitoid rocks and schists 

occupy the topographically lower areas. The low areas are usually hum

mocky, gently rounded hills with dendritic drainage patterns, whereas 

the higher areas form cuestas or hogback ridges of dipping sedimentary 

rocks. Maximum relief is approximately 2200 feet with Eagle Peak being 

the highest point at 5173 feet.

Method of Investigation

Field mapping commenced in February 1967 and was completed during 

May 1967. Soil Conservation Service aerial photographs enlarged to a 

scale of 1:7,920 were utilized for control during field mapping. The 

field data was transferred to an enlarged, reversed sepia print, scale 

1:7,920, of that portion of the Happy Valley quadrangle being mapped.

Petrographic thin sections were prepared of the igneous, meta- 

morphic, and sedimentary rocks. A composite stratigraphic section of 

the Cambrian Abrigo Formation and of the Devonian Martin Formation was

3



measured as an aid to future stratigraphic studies and for correlation 

of metamorphic formations.
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Previous Work

Prior to this study, the detailed geology of the Eagle Peak- 

Hells Gate area had not been reported. The regional geology is shown 

on the Geologic Map of Cochise County, Arizona (1959) but some of the 

major formations and structures of this area are omitted. Cooper and 

Silver (1964) have mapped the Dragoon quadrangle to the east of Happy 

Valley. They presented a comprehensive study of the geology of north

eastern Cochise County.

One mile to the north, in the Lecheguilla Peak area, Miles 

(1965) mapped low to medium grade, regionally metamorphosed sediments 

ranging in age from older Precambrian through upper Paleozoic. Miles 

proposed the name Happy Valley Quartz Monzonite for the light pink, 

medium to coarse grained granitic rock that forms the floor of Happy 

Valley although the quartz monzonite does not crop out in his disser

tation area. He assigns the rock a Jurassic (?) age.

Rocks similar to those in the Eagle Peak-Hells Gate area are 

located 10 to 15 miles to the northeast in the Bullock Canyon-Buehman 

Canyon (Raabe, 1959) and the Piety Hill (Broderick, 1967) areas.

Pilkington (1962), Peirce (1958), and DuBois (1959a, 1959b) 

have discussed the structural and metamorphic evolution of the 

Catalina-Rincon Range.



GENERAL GEOLOGIC SETTING

The Santa Catalina, Tanque Verde, and Rincon Mountains as a unit 

form one of the many ranges in the Desert Region of the Basin and Range 

Province of southern Arizona. The greatest part of this mountain range 

is composed of a gneissic complex called the Catalina Gneiss. This rock 

varies in textural habit from that of a banded augen gneiss to that of a 

granite gneiss and has a composition that varies from a granite to a 

quartz monzonite (DuBois, 1959a).

Flanking the Santa Catalina-Rincon Range to the north, northeast, 

and east are metasediments and sediments ranging in age from older Pre- 

cambrian to Recent.

Overlying the older Precambrian granite and schist is a sequence 

of conglomerates, sandstones, and mudstones; all metamorphosed to 

schistose equivalents. These metamorphic rocks represent the younger 

Precambrian Apache Group of formations. The Paleozoic section, composed 

of a transgressive marine sequence of quartzites that grade upward to 

mudstones, shales, and finally to carbonates, overlies the Apache Group 

of sediments with an angular unconformity. Mesozoic strata deposited 

disconformably upon the Paleozoic strata, consist of terrigenous sedi

ments such as arkoses, conglomerates, and volcanics, and in places con

tain papery bedded limestones. Great thicknesses of Cenozoic gravels 

fill the intermontaine basins.
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Local Setting

The western division of the mapped area is underlain by a Pre- 

cambrian (?) granitoid rock which is in reverse (?) fault contact to the 

east with metamorphosed younger Precambrian rocks and undifferentiated 

Paleozoic marbles. Along the eastern border of the area, between Eagle 

Peak and Gardner Mountain, unmetamorphosed Paleozoic sediments overlie 

the Precambrian granitic mass.

Kinematic metamorphism and partial granitization of the younger 

Precambrian Apache Group of sediments in the southwest quadrant of the 

mapped area produced a gneissic complex which is considered by the 

writer to be a variety of the Catalina Gneiss.

A Precambrian metadiabase sill crops out throughout the central 

part of the area. Paleozoic limestones are intensely recrystallized 

into marbles with abundant calc-silicate minerals. Most sedimentary 

structures and all fossils have been destroyed by regional shearing that 

accompanied marbleization.

Only minor amounts of metallic mineralization occur within the 

perimeter of the thesis area, although small amounts of copper have been 

mined from the area immediately to the north.



ROCK DESCRIPTIONS

General Statement

As shown on the geologic map (Plate 1), rocks of Precambrian 

age occupy a large area of outcrop in the central part of the Eagle 

Peak-Hells Gate area. The following formations have been assigned to 

the Precambrian: the Happy Valley Quartz Monzonite, Pinal Schist,

Pioneer Formation, Dripping Spring Quartzite including the Barnes 

Conglomerate Member, and a large metadiabase sill.

Rocks of Cambrian, Devonian, Mississippian, and Pennsylvanian 

ages crop out in the Eagle Peak-Hells Gate area. The best exposures of 

unmetamorphosed Paleozoic rocks occur along the east-west ridge of which 

Eagle Peak is a part and along the cuesta that trends north from Eagle 

Peak to Gardner Mountain. A composite measured section of the Cambrian 

Abrigo Formation and the Devonian Martin Formation is in the Appendix. 

Because of structural complications, the other Paleozoic formations were 

not measured.

Metamorphosed Paleozoic limestones, now marbles, crop out as 

marbles along the north side of Bear Canyon and at localities in the 

central part of the mapped area. Tertiary rocks are represented by the 

Catalina Gneiss and several small diabase intrusions. Alluvium of prob

able Quaternary age is restricted in exposure and occurs as small out

crops along valley bottoms.

7
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Older Precambrian Rocks 

Happy Valley Quartz Monzonite

Miles (1965) gave the name Happy Valley Quartz Monzonite to a 

quartz monzonite that forms the floor of Happy Valley. The most norther

ly outcrops of the Happy Valley Quartz Monzonite occur one-half mile 

south of the area that Miles mapped. At these northern outcrops, the 

quartz monzonite has a uniform granitic texture and an average compo

sition of a quartz monzonite. Miles mistakenly applied the name Happy 

Valley Quartz Monzonite to another rock, a granite gneiss, that forms a 

quarter of a square mile of outcrop in the south-central part of the 

area he mapped. The granite gneiss does not resemble the quartz monzo

nite.

As the granite gneiss forms a small outcrop in comparison to the 

quartz monzonite which underlies an area greater than 30 square miles, 

it is recommended that the name Happy Valley Quartz Monzonite be re

stricted to the quartz monzonite with the characteristics of that oc

curring in Happy Valley and it will be thus used in this paper.

The outcrop of granite gneiss in the south-central part of the 

area that Miles mapped is better referred to as a variety of the Catalina 

Gneiss.

Within the Eagle Peak-Hells Gate area, outcrops of the Happy 

Valley Quartz Monzonite occur in the basin-like central part of Section 

32, in the extreme western part of the mapped area, and as a thin band 

in the extreme southeast part of the mapped area.
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The quartz monzonite weathers to topographic lows characterized 

by small gently rounded hills set apart by dendritic drainage. Deep, 

pervasive weathering of this rolling terrain is typical of the local 

.quartz monzonite outcrops, and yields a grus-covered landscape. The 

rock is highly fractured and jointed.

Viewed from a distance, the quartz monzonite is moderate red.

Hand specimens are moderate pink to light gray. Fresh chipped surfaces 

are grayish orange pink, light gray, and white. (All color terms are 

taken from the Rock-Color Chart [Goddard, ed., 1948].)

The Happy Valley Quartz Monzonite is a holocrystalline phanerite 

with a hypidiomorphic granular, seriate texture containing quartz 20-35%, 

orthoclase 20-30%, plagioclase 24-40%, and mafic minerals 5-10%. These 

percentages were determined by the Bailey and Stevens (1960) staining 

technique for K-feldspar which differentiates orthoclase from plagioclase 

in the hand specimen. Based upon the percentages of the various minerals, 

the modal composition of the rock varies between that of a quartz monzo

nite and a granodiorite and averages that of a quartz monzonite.

Quartz occurs as anhedral medium to coarse grains or as proto- 

clastic grains 0.25-0.50 mm in diameter. The coarse grains are usually 

embayed with granulated interstitial finer quartz grains. Minute in

clusions of quartz or feldspar are common in the coarser quartz grains. 

Most quartz grains are uniaxial but some have undulose extinction and 

give a biaxial figure.

As up to 50% of the feldspar grains are altered to sericite and 

clay, identifying the feldspars with the petrographic microscope is
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nearly impossible because the feldspar twinning is obscured. The rare 

plagioclase crystal that still retains distinctive albite twinning is 

of approximately oligoclase-andesine composition. In some of the hand 

specimens, saussuritic alteration of the plagioclase has produced a 

light green color.

Accessory minerals are predominantly biotite with minor amounts 

of chlorite (variety penninite), magnetite, ilmenite (?), and sparsely 

scattered grains of epidote and sphene. The sphene is highly fractured 

and altered.

Mylonitic varieties of the quartz monzonite are commonly found 

adjacent to fault contacts. One sample of mylonite collected 15 feet 

west of the Happy Valley Fault at the western base of Driscoll Mountain 

contained fine grained, angular quartz in a schistose groundmass of 

sericite and clay. The feldspars, which are intensely altered, ap

parently were the first minerals to be granulated during faulting, 

thereby supplying the necessary material for the groundmass. The fault 

zones themselves are composed of a white, punky gouge which contains 

well-rounded fragments of quartz monzonite that range in diameter from 

less than an inch to more than a foot.

Aplite veins of quartz monzonite composition cut the Happy 

Valley Quartz Monzonite and vary in width from a few inches to a maximum 

of about two feet. They occur sparsely but are widespread in the quartz 

monzonite.

The quartz monzonite is highly shattered for up to one hundred 

feet from the Happy Valley Fault. Fault breccia occurs but good
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exposures are not common. Only under optimum conditions are slicken- 

sides preserved, as in the Paleozoic marbles immediately south of Bear 

Canyon and east of the Happy Valley Fault. This fault surface is undu

lating and is plastered with angular, carbonate-cemented fragments of 

Paleozoic marble.

The Bolsa Quartzite most commonly overlies the quartz monzonite 

and has no discernible evidence of contact metamorphism. The individual 

sand grains in the quartzite remain unbleached and undeformed but in

tensely shattered zones are common. A foliation within the Happy Valley 

•Quartz Monzonite occurs at several locations and is usually within 50 

feet of the contact with the Catalina Gneiss.

Field evidence of faulting of the Happy Valley Quartz Monzonite 

after crystallization is: (1) well-developed gouge and mylonite zones

with accompanying brecciated and shattered zones of quartz monzonite; 

and, (2) everywhere in fault contact with other formations. Field evi

dence that may aid in determining the age of the quartz monzonite is:

(1) no apophyses of quartz monzonite cutting country rock; (2) no meta- 

morphic effects attributable to quartz monzonite; and, lastly, (3) undu- 

lose extinction of quartz grains and, in places, a foliated fabric that 

is attributed to some degree of metamorphism of the quartz monzonite.

The outcrops of the Happy Valley Quartz Monzonite and the Rincon 

Valley Granite are about 10 miles apart. Samples of the Rincon Valley 

Granite collected near the southwest border of the Rincon Mountains by 

J. P. McLain and L. C. Arnold, both graduate students at the University 

of Arizona, are very similar to the Happy Valley Quartz Monzonite. It
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is impossible to separate mixed specimens of the Rincon Valley Granite 

and the Happy Valley Quartz Monzonite by either modal count or megascopic 

features. Petrographic descriptions recorded by Layton (1958, p. 21) and 

Acker (1958) are nearly identical to those of the Happy Valley Quartz 

Monzonite. The age of the Rincon Valley Granite has been given as either 

Precambrian or Cretaceous (Moore and Tolman, 1941, p. 7). They stated 

that the Cambrian Bolsa Quartzite rests in depositional contact upon the 

Rincon Valley Granite, but two pages further in their report they stated 

that the Rincon Valley Granite is intrusive into Cretaceous rocks.

Arnold (personal communication, 1967) is isotopically dating 

the Rincon Valley Granite which may aid in evaluating the age of the 

Happy Valley Quartz Monzonite. As the Happy Valley Quartz Monzonite is 

pervasively weathered, age dating of this rock may be difficult or 

impossible.

Twelve miles east of Happy Valley in the Dragoon quadrangle, the 

Johnny Lyon Granodiorite has been assigned a Precambrian age on the basis 

of structural and stratigraphic evidence (Cooper and Silver, 1964, p.

32). This rock is slightly more mafic than the Happy Valley Quartz 

Monzonite; but, nonetheless, both of the granitic rocks could be phases 

of the common Precambrian granites found in southern Arizona. The 

Johnny Lyon Granodiorite is isotopically dated by the uranium-lead 

method at 1,660 _+ 30 million years (Silver and Deutsch, 1961).

The age of the Happy Valley Quartz Monzonite has not been es

tablished definitely by correlating it with other "granites" in the 

general area. However, the writer is in favor of assigning a Precambrian 

(?) age to the Happy Valley Quartz Monzonite because: (1) in all
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localities where rocks overlie the quartz monzonite (Plate 1), the 

rocks are Cambrian age or younger; (2) there are no apophyses of the 

quartz monzonite in the Apache Group or Paleozoic rocks; (3) the meta

morphism of the country rock can not be attributed to the quartz monzo

nite; and (4) mylonite zones and wide shattered zones of quartz monzonite 

near major faults such as the Happy Valley Fault indicate that the quartz 

monzonite was a cool, solid, crystalline rock at the time it was faulted 

to its present position. The Happy Valley Quartz Monzonite is shown as 

Precambrian (?) on the geologic map (Plate 1).

Pinal Schist

The name "Pinal schists" was applied to crystalline schists that 

are exposed in the Pinal Mountains, Arizona (Ransome, 1903, p. 23).

Pinal Schist has become the accepted name for all of the older Pre

cambrian quartz-sericite schists throughout southern Arizona.

In the southeastern corner of the mapped area, a well-foliated 

quartz-muscovite schist which displays intricate micro-folding forms 

several low lying rounded hills. This rock is assigned as a unit of the 

Pinal Schist. The outcrop of the Pinal Schist continues south of the 

mapped area; the northern limit of its outcrop is marked by a vertical, 

east-west fault (Plate 1). The schist is a moderate reddish brown (rust 

colored) on a weathered surface and is medium gray on a freshly broken 

surface.

The Pinal Schist is composed of muscovite 40%, quartz 55%, 

magnetite 3-5%, and chlorite less than 1%. The rock is a fine grained, 

holocrystalline, lepidoblastic (preferred alignment of platy minerals)
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granular schist. Planar parallelism of the tabular muscovite crystals 

marks the well-developed foliation. Micro-chevron folding is formed by 

alternating layers of quartz and muscovite, the muscovite grains being 

warped at the crests of minor folds. Euhedral to subhedral magnetite 

grains, less than 0.125 mm in diameter, are evenly scattered through 

the schist (Figure 2).

Clusters of biotite flakes intermittently spaced through the 

Pinal Schist impart a knotted texture to local surfaces of the schist. 

Biotite may be as much as 7-10%. Irregularly spaced clusters of 

micaceous minerals may be an indication of higher grade metamorphic 

minerals that have subsequently altered to low-grade, stable products 

such as muscovite.

The Pinal Schist was assigned an older Precambrian age because 

the exposures of this quartz-muscovite schist have foliations that are 

very steeply dipping and have a general strike at right-angles to the 

strike of the foliations in the Apache Groups of metasediments located 

to the north. No stratigraphic relationships could be determined for 

the Pinal Schist as it is in fault contact with other rocks.

In this area, the Pioneer Formation and Pinal Schist may be 

nearly identical lithologically because of metamorphism and for this 

reason are inseparable without stratigraphic control. Therefore, there 

is the possibility that the topographically lowest exposures of quartz- 

muscovite schist adjacent to the Happy Valley Fault may be, in part, 

Pinal Schist and not Pioneer Formation as they are herein mapped.
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FIGURE 2. MICRO-FOLDING IN PINAL SCHIST.
Muscovite and elongate quartz grains define 
foliation; black spots are magnetite; thin 
section cut orthogonal to lineation; plane 
light.
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Younger Precambrian Apache Group Rocks

A north-south band approximately one mile wide in the central 

part of the mapped area is formed by outcrops of the younger Precambrian 

Apache Group of metasediments (Plate 1). At the Salt River Canyon area 

(Shride, 1961), the Apache Group of sediments consists of Scanlan Con

glomerate, Pioneer Formation, Dripping Spring Quartzite including the 

Barnes Conglomerate Member, and the Mescal Limestone. The basal Scanlan 

Conglomerate and the Mescal Limestone do not occur in the Eagle Peak- 

Hells Gate area. Large areas of the central part of the mapped area are 

underlain by a Precambrian metadiabase.

Pioneer Formation

The Pioneer Shale was named by Ransome (1903, p. 31) for 

exposures at the old mining camp of Pioneer, south of Globe, Arizona. 

Subsequently, the name was changed to Pioneer Formation to include the 

many sedimentary and metamorphic variations that are encountered 

throughout sourthern Arizona (Shride, 1961).

Within the mapped area, the Pioneer Formation is typically a 

well-foliated quartz-muscovite schist that forms gently rounded hills 

or moderate slopes. Weathered surfaces are grayish brown to moderate 

brown and light brownish white. Fresh surfaces are moderate brownish 

gray.

Two quartzite layers, each 10 to 30 feet thick crop out along 

the west slope of Driscoll Mountain. The original fine to medium 

grained quartz grains are still evident but the shapes of the grains 

are altered to ellipsoids 0.25-0.5 mm long. Up to 40% muscovite and 

sericite occur in the quartzite bands.
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Petrographic examination revealed the following composition 

for the quartz-muscovite schist: quartz 30-50%, muscovite 50-70%, and

magnetite 5-10%. Interlocking, fine grained, anhedral quartz occurs 

as minute eyes 0.5-2.0 mm long between matted muscovite crystals. Two 

distinct sizes of muscovite were identified, the larger being rounded 

porphyroblastic grains 0.5-3.0 mm long and the smaller 0.25-0.5 mm long. 

Overlapping folia of fine grained muscovite form a braided pattern that 

imparts an excellent foliation to the schist.

At several locations along the west slope of Driscoll Mountain, 

staurolite porphyroblasts 3 to 10 mm long and 0.5 to 2 mm wide occur in 

the schist. If in abundance, the staurolite porphyroblasts impart a 

knotty, spotted appearance to the Pioneer Formation when seen in hand 

specimen. The staurolite grains occur as subhedral to euhedral poikil- 

oblastic crystals which are prisms. Included minerals within the 

staurolite crystals are microscopic tabular ilmenite (?) crystals and 

subrounded quartz blebs, both aligned parallel to the long dimension of 

the host staurolite crystals.

Dripping Spring Quartzite

Barnes Conglomerate Member. Ransome (1903, p. 31) first 

recognized the Barnes Conglomerate in the Globe quadrangle as a con

glomerate one to 15 feet thick of well-rounded pebbles of quartz and 

red jasper immediately overlying the Pioneer Formation. Shride (1961) 

in his study of the younger Precambrian sediments of southeastern 

Arizona has suggested that the basal conglomerate of the Dripping Spring



Quartzite be called the Barnes Conglomerate Member of the Dripping 

Spring Quartzite, rather than giving to it formational status.

The Barnes Conglomerate Member is recognized in the Eagle Peak- 

Hells Gate area as a stretched quartz-pebble conglomerate that con

formably overlies the Pioneer Formation and forms the basal member of 

the Dripping Spring Quartzite. Exposures of the conglomerate are rare 

but they serve as an excellent stratigraphic marker and as an aid to 

structural interpretation. Thicknesses prove to be highly irregular; 

varying from 5 to 30 feet depending upon the degree of stretching the 

conglomerate has undergone during metamorphism.

Both weathered and fresh surfaces range in color from light gray 

to very dusky purple but from a distance the rock appears dusky brown.

The conglomerate is very resistant and usually forms a small cliff or 

distinct ledge. A unique and distinguishing feature of the Barnes Con

glomerate Member is the presence of well-rounded white quartz and red 

jasper pebbles that attain a diameter of 2 or 3 inches. The Scanlan 

Conglomerate has angular rather than well-rounded pebbles in the Dragoon 

quadrangle and should not be confused with the Barnes Conglomerate 

(Cooper and Silver, 1964, p. 39).

All outcrops of the Barnes Conglomerate in the Eagle Peak-Hells 

Gate area contain quartzite pebbles that show varying degrees of stretch

ing.

In the mapped area and areas immediately to the north, the 

Barnes Conglomerate Member of the Dripping Spring Quartzite has been 

subjected to varying stresses associated with regional metamorphism.

18
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The result is a deformational sequence ranging through undeformed well- 

rounded pebbles, well-rounded elliptical forms, elongated lenticular 

shapes, tabular shapes, and finally to the complete disappearance of 

any recognizable pebble outlines (Figure 3A, B, and C).

Long axis to short axis ratios, that is the ratio of elongation 

to flattening, varies from 2:1 to greater than 20:1. Locally the 

stretching has been so severe as to mask entirely the identity of 

any pre-existing pebble forms. In the area are several outcrops that 

are probably Barnes Conglomerate but in which extensive shearing has 

caused the pebbles to appear either as quartzite layers or in forms no 

longer recognizable as pebbles.

In thin section the pebbles in the conglomerate are seen to be 

completely recrystallized into a network of fine grained anhedral 

quartz grains. Elongation of the individual quartz grains imparts a 

moderate to well-developed foliation. Original pebble boundaries are 

commonly preserved by concentrations of euhedral magnetite crystals with 

lesser amounts of hematite, sericite, and chlorite.

Dripping Spring Quartzite. The Barnes Conglomerate Member 

grades upward into the Dripping Spring Quartzite and was named by 

Ransome (1903, p. 31-32) in the Globe area. In the Eagle Peak-Hells 

Gate area, this resistant quartzite weathers to prominent ledges, ridge 

cappings, or massive blocks. Because of faulting, a complete section 

of the quartzite does not occur in the area; however, the thickness 

varies from 30 to 100 feet.

t



FIGURE 3
PEBBLE DEFORMATION IN THE BARNES CONGLOMERATE:

A. UNDEFORMED PEBBLES. Boulder of Barnes 
Conglomerate located two miles north 
of mapped area in Deer Canyon (SE1/4NW1/4, 
Sec. 19, T. 14 S., R. 19 E.)

B. MODERATELY STRETCHED PEBBLES. Well- 
developed lensoid and elliptical forms 
(NW1/4SW1/4, Sec. 31, T. 14 S., R. 19 E.)

C. ADVANCED STRETCHING OF PEBBLES. Most 
pebble outlines destroyed; large lensoid 
pebble in lower right; location 10 feet 
from B.
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FIGURE 3. PEBBLE DEFORMATION IN THE BARNES CONGLOMERATE.
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On weathered surfaces, the Dripping Spring Quartzite is usually 

colored a mottled dark yellowish brown, but light gray, white, and light 

yellow brown variations are common. Internal dark gray to black bands 

less than 0.125 mm wide may occur. These bands, which are commonly 

convergent, have been interpreted as preserved boundaries of cross

stratification (Figure 4).

The rock consists of 60-99% quartz, 0-10% biotite, 0-20% seri- 

cite, and 0-2% opaques. The quartz occurs as elongated grains with 

strongly sutured boundaries. The grains are less than 0.25 mm in the 

longer dimension and define the foliation. Micas are very fine grained, 

disseminated through the quartzite, and oriented parallel to the foli

ation.

Metadiabase

Within the Eagle Peak-Hells Gate area, a massive, well-foliated 

metadiabase (amphibolite) forms extensive outcrops between the Pioneer 

Formation and the Dripping Spring Quartzite in sections 29, 30, 31, and 

32. It weathers readily to rounded, smooth sloped hills. Where capped 

by quartzite or quartz-mica schist, the amphibolite forms precipitous 

canyons of which Hells Gate is an example. Aerial photographs can be 

used to advantage when mapping the upper contact of the very dark 

metadiabase with the much lighter colored contrasting rock types such 

as quartzite, marble, and quartz-mica schist.

As the lower contact of the amphibolite is not exposed, only 

minimum thicknesses can be given for the amphibolite in the mapped area. 

A thickness of more than 400 feet is exposed along Paige Creek. The
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FIGURE 4. CROSS-STRATIFICATION IN DRIPPING SPRING QUARTZITE. 
(NE1/4NE1/4, Sec. 31, T. 14 S., R. 19 E.)
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upper contact of the metadiabase dips to the east at an average rate of 

10° to 15°. This is approximately 10° less than the average dip to the 

east of the Apache Group of metasediments. As this dip is maintained, 

the metadiabase cuts the Pioneer Formation and the Dripping Spring 

Quartzite.

Hand specimens of the metadiabase are schistose or may have a 

weakly developed augen texture that has the appearance of finely 

textured, knotty wood with the knots being clusters of hornblende 

crystals. Locally, the amphibolite is thinly banded with layers of 

plagioclase and hornblende. Both the fresh and weathered surfaces are 

greenish black.

Petrographically, the metadiabase is a fine to medium grained, 

holocrystalline, nematoblastic (aligned needle-shaped crystals) granular 

schist (Figure 5). Essential minerals of the schist are hornblende 50% 

and plagioclase 40%. The remaining 10% is composed of augite, sphene, 

biotite, quartz, and magnetite.

Hornblende occurs as acicular, euhedral, prismatic crystals with 

the long dimension aligned to form an excellent lineation imparting the 

nematoblastic texture (Figure 5). The hornblende is peculiar in that it 

is anomalously pleochroic from moderate blue green to light yellow brown. 

These are anomalous colors for hornblende. In the Johnson Camp area, 

Cooper and Silver have reported a similar pleochroic variety of horn

blende from a Precambrian metadiabase (1964, p. 20). Hornblende crystals 

are 0.125 to 0.50 mm wide and 1.0 to 3.0 mm long.
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FIGURE 5. LINEATION OF ACICULAR HORNBLENDE CRYSTALS IN 
PRECAMBRIAN METADIABASE.

Light colored areas of plagioclase; nematoblastic 
texture; plane light.
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Plagioclase (An^g) occurs as fine grained to aphanitic, anhedral 

crystals. They form the bulk of the interstitial material between the 

needles of hornblende.

Anhedral grains of augite are scattered throughout the amphibo

lite and vary in size from 0.1 to 1.0 mm with the smaller sizes pre

dominating. Most of the pyroxene grains are intergrown with or adjacent 

to hornblende grains, indicating that the hornblende is an alteration 

product from augite. The existence of scattered augite grains pre

supposes a relict igneous texture. Therefore, the massive amphibolite 

is assumed to be the product of regional metamorphism of a pre-existing 

large younger Precambrian diabase intrusion that intruded the younger 

Precambrian Apache Group of sediments.

The foliations of the Precambrian metadiabase roughly parallel 

those in the Pioneer Formation and Dripping Spring Quartzite.
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PALEOZOIC ROCKS 

Cambrian System

Bolsa Quartzite

The name Bolsa Quartzite was proposed for the Cambrian quartzite 

in the Bisbee area by Ransome (1904, p. 28). Subsequently, a basal 

Paleozoic quartzite has been recognized throughout southeastern Arizona 

and has been correlated with the type Bolsa Quartzite of Middle Cambrian 

age in the Bisbee area.

Within the Eagle Peak-Hells Gate area, the Bolsa Quartzite forms 

a steep slope at the base of the Paleozoic sequence of strata. It forms 

a very conspicuous conical shaped hill and forms part of a ridge; these 

are located southeast and south of Eagle Peak.

The Bolsa Quartzite is an orthoquartzite with alternating light 

and dark color bands. Fresh and weathered surfaces are the same color, 

the light bands pale red and the dark bands dark reddish brown. The 

quartzite is thick bedded with the individual beds composed of sets of 

tabular cross-laminations.

Quartz grains are fine to very coarse grained, very poorly 

sorted but well-rounded. In places, the orthoquartzite is conglomeratic. 

Cement consists of secondary overgrowths of silica.

Because of faulting, the thickness of the Bolsa Quartzite was 

not measured in the area. However, the thickness of the quartzite 

section ranges from as thin as 50 feet to as great as 400 feet in the
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Eagle Peak area. As the sandstone was deposited upon the deeply dis

sected terrain of the Precambrian granitoid rocks and the Apache Group 

of sediments, it can be expected to be of quite varied thickness.

Based upon work of Cooper and Silver (1964, p. 45) in the nearby Dragoon 

quadrangle, a possible range for the thickness of the formation would be 

from 100 to 500 feet in the Eagle Peak area.

In a normal, structurally undisturbed section of Bolsa, there is 

a thin but conspicuous basal conglomerate which consists of fragments of 

the underlying Precambrian rocks (Cooper and Silver, 1964, p. 44). This 

conglomerate does not occur in the Eagle Peak area. The Bolsa Quartzite 

does not occur in depositional contact with the Precambrian (?) Happy 

Valley Quartz Monzonite, but is always in fault contact. It is probable 

that the basal conglomerate is absent from the Eagle Peak area because 

it has been faulted out, although its absence may be the result of non

deposition.

The Middle Cambrian Bolsa Quartzite grades upward into the over- 

lying Abrigo Formation. This gradation is marked by the appearance of 

shale intercalations in the top 50 feet of the Bolsa Quartzite. The 

top of the Bolsa is picked at the top of the last massive sandstone bed.

The Bolsa Quartzite is interpreted as a beach deposit of the 

blanket sand variety.

Abrigo Formation

The name Abrigo Limestone was proposed by Ransome (1904, p. 30) 

for the Middle to Upper Cambrian limestone overlying the Bolsa Quartz

ite in the Bisbee area. Recent investigations in other areas of
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southeastern Arizona have shown that this formation is not typically a 

limestone as in the Bisbee area, but normally is composed of inter- 

bedded shales, siltstones, sandstones, and clastic-bearing carbonates. 

Therefore, the name Abrigo Formation has become the accepted termi

nology.

Within the area of study, the Abrigo Formation forms a gentle 

slope starting with a saddle or marked lessening of slope angle 

immediately above the Bolsa Quartzite. The continuity of the slope is 

broken by two narrow, dark bands which form small cliffs on the normal 

slope. These bands are sandy, cross-bedded dolomites. A measured 

section is given in the Appendix. The total measured thickness of the 

Abrigo Formation is 725.5 feet. The thickness recorded to the east in 

the Little Dragoon Mountains (Cooper and Silver, 1964, p. 50) is 

approximately 800 feet.

The Abrigo Formation is readily divided into three major 

depositional units, each of which grades upward into the next. The 

beds in the lower unit contain abundant sand-size quartz grains, 

numerous beds of intraclasts, and have a total thickness of approxi

mately 60 feet. The beds in the middle unit comprise shales, silt- 

size terrigenous elastics such as quartz, and numerous dolomite 

horizons. Approximate thickness for the middle unit is 400 feet.

The beds in the upper unit of the Abrigo Formation contain less silt 

and sand-size terrigenous material than the middle or lower units. 

Oolites, dolomite-coated grains, and glauconite are common in the upper 

unit (Figure 6). The upper, oolite-bearing unit has a total thickness
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FIGURE 6. INTRABIOSPARRUDITE IN THE ABRIGO FORMATION.
Intraclasts of coated grains lower left, sponge 
spicule (?) center, and algal fragments; silty; 
from the top unit in the Abrigo Formation; cross- 
nicols.
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of approximately 250 feet. Recrystallized dolomites composed of inter

growths of euhedral dolomite rhombs are common throughout the Abrigo 

Formation (Figure 7).

A sandstone which is reported at the top of the Abrigo in the 

Dragoon quadrangle (Cooper and Silver, 1964, p. 48) was not found in 

the Happy Valley area. Either this sandstone was not deposited in the 

Happy Valley area or it was eroded during the long hiatus between Late 

Cambrian and Devonian time. The contact with the overlying Devonian 

Martin Formation is marked by a wavy surface with 0.5 to 1.0 feet of 

local relief.

Primary sedimentary features such as cross-laminations, 

imbrication in flat pebble conglomerates, and the abundance of oolites 

in the upper unit indicate that the Abrigo Formation was deposited in 

a very shallow, warm sea in which the depth of water was often less 

than wave base. The Abrigo Formation is considered a transgressive- 

regressive sequence of rocks deposited on a continental shelf; that is, 

the lower unit and upper unit were deposited near-shore or in shallow, 

agitated marine waters, whereas the cleaner dolomites in the middle 

represent a deeper marine environment not under the immediate influence 

of shoreline activity.

Devonian System

Martin Formation

Ransome (1904, p. 33) introduced the name Martin Limestone for 

the limestone of Devonian age at Mount Martin near Bisbee, Arizona.
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FIGURE 7. SANDY RECRYSTALLIZED DOLOMITE (RHOMBS) IN THE 
ABRIGO FORMATION.
Silt and medium to coarse sand upper left; 
intraclast boundary from upper right to lower 
left (dashed line); cross-nicols.



Since this formation is composed of terrigenous clastic sediments as 

well as impure dolomites in the Eagle Peak-Hells Gate area, the name 

Martin Formation is more applicable.

The Martin Formation is composed of four distinctive units all 

of which are easily recognized at the outcrop. The first and third 

units are clastic-bearing dolomites that weather to conspicuous ribs on 

the slope. The second and fourth units are clastic units with minor 

amounts of dolomite. These clastic units form depressions or saddles. 

The topographic expression of these four units is a stepped slope.

The resistant dolomite units weather medium gray to moderate 

yellowish brown whereas the less competent clastic units which are 

composed of silt and very fine grained sand-size particles weather 

moderate reddish brown to dark yellowish brown. In places, the top of 

the second dolomite has a moderate reddish brown dolomite bed three 

feet thick that is visible from as far away as half a mile. This bed 

is a leasing patch reef that has been built on a framework of coral 

colonies of Syringopora. The measured thickness of the Martin for

mation is 157 feet (Appendix).

A wavy surface with vertical relief of 0.5 to 1.0 feet marks 

the disconformable contact between the uppermost oolitic limestone unit 

of the Upper Cambrian Abrigo Formation and the lower dolomite unit of 

the Upper Devonian Martin Formation. As this wavy surface represents a 

time gap of approximately 150 million years with no appreciable erosion 

in the Happy Valley area, it is assumed that this area was remarkably 

quiescent and very near the ultimate base level of the Cambrian seas

32
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throughout Ordovician and Silurian time. The top of the Devonian Martin 

Formation is selected at the top of the upper clastic unit and below a 

yellowish brown, massive bedded dolomite which is recognized as the base 

of the overlying Mississippian Escabrosa Limestone. The contact between 

the Martin Formation and Escabrosa Limestone appears gradational and 

conformable.

The sequence of dolomite and siltstone-sandstone-shale, which 

occurs twice, represents two transgressive-regressive periods of depo

sition during the Devonian period in the Happy Valley area.

The outcrop width of the Abrigo and Martin Formations does not 

remain-constant, especially along the ridge betwen Eagle Peak and 

Gardner Mountain, even though the strike and dip remain essentially 

unchanged. The thinning and thickening of these two formations is a 

mark of the structural incompetence of the formations and a reflection 

of their tendency to be planes of slippage during low angle faulting.

Mississippian System

Escabrosa Limestone

Ransome (1904, p. 42) designated the limestone of Mississippian 

age that forms Escabrosa Ridge near Bisbee, Arizona, the Escabrosa 

Limestone. The resistance to erosion of this carbonate is shown by the 

sheer cliffs, hogbacks and cuestas that it forms. Conspicuous outcrops 

of Escabrosa Limestone form the caprock of Eagle Peak and occur along 

the ridge between Eagle Peak and Gardner Mountain.
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In the Eagle Peak-Hells Gate area the Escabrosa section is 

remarkably similar to that measured by Cooper and Silver (1964, p. 57) 

in the Gunnison Hills. However, Ransome's type section has little or 

no dolomite as is found in the lower 150 feet of the Eagle Peak section 

and the Gunnison Hills section.

The Escabrosa Limestone is characterized by thick bedded, medium 

crystalline, medium gray dolomites in the lower one-third of the section 

and by fossiliferous, thick bedded, dark gray micritic limestones in the 

upper two-thirds of the section. Nodular, lensoidal chert horizons 

occur irregularly in the Escabrosa.

Because of faulting a complete section of the Escabrosa Lime

stone does not occur in the Eagle Peak area, but an incomplete section 

of Escabrosa Limestone measured 174.7 feet (Appendix).

Pennsylvanian System

Black Prince Limestone (?)

A shale and limestone formation that was originally considered 

of questionable Mississippian age that overlies the Mississippian Esca

brosa Limestone was named the Black Prince Limestone for exposures in 

the Gunnison Hills (Gilluly, 1956, p. 13). Recent work with micro

fossils (Nations, 1963, p. 1260) has proven a Pennsylvanian age for the 

Black Prince Limestone.

In the Eagle Peak-Hells Gate area, the equivalent units of the 

Black Prince Limestone were not recognized; however, a grayish purple 

shale less than 20 feet thick rests upon the Mississippian Escabrosa



Limestone. This shale may or may not be equivalent to the lowermost 

unit of the Black Prince Limestone in the Gunnison Hills. In this 

report, the base of the Pennsylvanian is taken at the bottom of this 

grayish purple shale and the shale is mapped as a part of the Horquilla 

Limestone.

Horquilla Limestone

Medium to thick bedded limestones with thin interbeds of shale 

were named the Horquilla Limestone of Pennsylvanian age by Gilluly (1956, 

p. 16). The Horquilla Limestone forms the ridge that extends from 

Gardner Mountain. Most of the exposure in this area is formed by dip 

slopes that dip 25° to 30° to the east. Approximately 30 miles to the 

southeast in the Gunnison Hills, there are nearly 1600 feet of Horquilla 

Limestone. Within the Eagle Peak-Hells Gate area the maximum exposed 

thickness of the Horquilla is estimated at 500 feet.

The Horquilla Limestone is a light gray to medium gray fossili- 

ferous limestone that weathers to a series of rib-like ridges. This 

characteristic rib-like slope aids in differentiating the Escabrosa and 

the Horquilla Limestones.

Numerous nodular chert layers and several fusulinid zones were 

found in the exposures of the Horquilla Limestone immediately east of 

the Happy Valley Quartz Monzonite and about 1000 feet south of Gardner 

Mountain. In this area, the section has been repeated by low angle 

faulting.

The Horquilla Limestone was not measured because of the 

incomplete section and structural repetition of units within the section

35



36
Paleozoic Undifferentiated 

Undifferentiated Marbles

North of Bear Canyon, outcrops of light colored marble form a 

conspicuous ridge that is limited to the west by the Happy Valley Fault 

and to the east by the Eagle Peak Thrust. An irregular band of un

differentiated Paleozoic marbles roughly outlines the contact between 

the Catalina Gneiss to the south and the large block of Precambrian 

Apache Group of metasediments to the north. Further south several small 

outcrops of marble occur along the contact between the Catalina Gneiss 

and the Precambrian (?) Happy Valley Quartz Monzonite (Plate 1.).

The marble is resistant to weathering and forms topographically 

high ridges and hills that are bounded by precipitous slopes or cut by 

gorges. Where Bear Canyon cuts through marbles, the canyon is only a 

few feet wide with nearly vertical walls rising more than 50 feet. An 

estimated stratigraphic thickness of more than 400 feet of marble is 

exposed north of Bear Canyon.

Included within the undifferentiated marbles are several minor 

outcrops of quartzite too small to be mapped at the scale of the geologic 

map. The marbles weather light gray or white with streaks and thin bands 

of pale red distributed through the massive units. Fresh surfaces are 

white but may show streaks of light pink coloration. Impure varieties of 

marble weather to several colors: light to moderate brown, light yellow

green (with epidote), and light and dark gray.

Differential weathering of alternating silicate-rich layers and 

calcite layers imparts a rough, banded texture to many of the outcrops
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of marble. These weathered surfaces may be very rough and jagged with 

local relief more than 2 cm. Micro-folded silica-rich bands are very 

common in the marbles and stand out because of differential weathering. 

Light gray chert zones up to 10 cm in thickness occur in the form of 

kidney or lens-shaped bodies that weather to irregular, raised surfaces.

The marbles may be subdivided into (1) pure meta-carbonates,

(2) marble composed of alternating quartz and calcite layers (3) marbles 

rich in calc-silicates such as epidote, and (4) marbles that have been 

altered adjacent to diabase intrusions.

Pure meta-carbonate, which is the most abundant variety of un

differentiated Paleozoic marble, is composed of more than 99% calcite 

and contains widely scattered angular silt-size quartz grains. Ir

regularly shaped chert bodies may be intermittently scattered through 

the pure marbles. Calcite is thoroughly recrystallized into a mass of 

anhedral grains ranging in diameter from 0.008 to 0.016 mm. The normal 

aphanitic texture is altered by numerous eyes of recrystallized calcite 

with the long dimension oriented parallel to a well-developed foliation. 

Within these eyes, the grains of calcite are anhedral, have excellent 

rhombohedral cleavage traces, and vary in size from 0.05 to 0.50 mm in 

diameter.

Marbles composed of alternating quartz and calcite layers appear 

banded on fresh surfaces and also in the petrographic thin section.

These light and dark bands vary in width from 1 to 20 mm. The light 

colored layers are composed of anhedral, rccrystallized calcite with 

sparsely scattered quartz grains. Quartz grains range in diameter from
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coarse silt to fine grained sand, and may make up 5 to 10% of the light 

colored layers. Individual quartz grains commonly have secondary over

growths. The dark colored layers are composed of predominantly fine 

grained quartz grains and disseminated magnetite crystals that impart 

the dark color. Euhedral epidote grains averaging 0.10 mm in diameter 

compose 1 to 10% of the dark layers.

Marbles rich in calc-silicates are thinly laminated with alter

nating layers of calc-silicates and calcite. Calc-silicates predominate 

and may be as much as 90% of the rock volume. Clinozoisite (?) and 

epidote occur as euhedral grains usually less than 0.05 mm in diameter.

The grains may be widely scattered or so concentrated that the individual 

crystal boundaries are touching or are intergrown. Less than one per

cent authigenic orthoclase is noted in the marbles. The calc-silicates 

are preferentially grouped into thin layers that alternate with lime rich 

layers of calcite. This alternating sequence may indicate pre-metamorphic 

silica-rich layers and possibly dolomite layers, suggesting that the 

layering is relict bedding.

The fourth variety of undifferentiated Paleozoic marbles occurs 

as skarn replacement adjacent to Tertiary diabases. The contact meta- 

morphic aureole produced by a diabase dike or pod that cuts the marbles 

may extend for 10 to 20 feet from the intrusive contact. Tremolite is 

the most common alteration mineral adjacent to the diabases and occurs in 

stellate clusters of bladed, white crystals. The individual clusters are 

from 2 to 5 cm across and in places overlap. Also associated with this 

local skarn are massive intergrowths measuring 6 to 12 inches of
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vesuvianite and thulite crystals. Vesuvianite crystals, identified 

petrographically and by X-ray diffraction, are light grayish olive 

prisms up to 1 cm wide by 3 cm long. Pink thulite (aanganian zoisite) 

fills space between the vesuvianite grains. It does not show good 

crystal outlines.

Age of Marbles. Marbleization occurred during the regional 

metamorphism at the time of the development of the Catalina Gneiss of 

Oligocene-Miocene age (Damon, et al., 1963). Most primary sedimentary 

structures and all fossils in the marbles were destroyed by the defor

mation that accompanied regional metamorphism. The Middle Cambrian 

Bolsa Quartzite does not crop out in the section of marbles in this 

area. However, one-half mile north of the area in Deer Canyon, a 

bleached, medium gray, cross-stratified quartzite considered to be the 

meta-equivalent of the Bolsa Quartzite is found. The stratigraphic 

position of this quartzite is at the base of the thick marble outcrop 

that begins along the northern side of Bear Canyon and continues through 

Deer Canyon. Based upon this field evidence, the undifferentiated 

marbles in the northern part of the mapped area are considered Paleozoic 

in age. Because the marbles in this area cannot be traced to their 

unmetamorphosed equivalents and because of structural complications, the 

marbles were not subdivided into specific Paleozoic formations.

A petrographic comparison of the marbles with the rock types in 

the measured section of the Cambrian Abrigo Formation, Devonian Martin 

Formation, and the incomplete section of the Mississippian Escabrosa 

Limestone reveals several similarities. For example, the Abrigo



Formation, in several units, has alternating layers of sand and dolo

mite. Furthermore, the sand grains are well rounded and well sorted. 

These same features are recognized in several of the thin sections of 

the marble. Both the Abrigo and Martin Formations contain sufficient 

clay and iron oxides to furnish the necessary aluminum and iron required 

for the growth of epidote in the marbles during metamorphism.
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TERTIARY ROCKS 

Catalina Gneiss

DuBois (1959a) named the gneissic complex that forms the bulk 

of the Catalina-Rincon Range the Catalina Gneiss. In this paper the 

gneissic complex will be referred to also as the Catalina Gneiss, al

though it is composed of several lithologies. They include cataclastic 

augen gneiss, granite gneiss, quartz-mica-schist, patches of homblende- 

biotite schist, contaminated border zones, and intrusive aplites and 

pegmatites. Miles (1965) ascribed a Jurassic (?) age to the small out

crop of granite gneiss in the south central part of the area he mapped 

though the granite gneiss is best referred to as a variety of the 

Catalina Gneiss.

The Catalina Gneiss is the principal rock in the southwest 

quadrant of the Eagle Peak-Hells Gate area and also forms a band a few 

hundred feet wide in the southeast corner of the area. It erodes to low, 

rounded hills that weather to a sandy gravel (grus). The color of a 

typical weathered surface is moderate yellowish brown to very pale orange 

with local variations to greenish black and dusky brown. Fresh surfaces 

are usually very Tight gray to medium light gray.

On the geologic map (Plate 1), the Catalina Gneiss is shown as a 

homogeneous gneiss which includes several textural and mineralogical 

varieties. The most common variety is that of granite gneiss which 

occurs as a fine to very coarse grained holocrystalline, hypidioblastic 

to xenoblastic granular gneiss exhibiting cataclastic textures.
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Percentages of essential minerals in stained hand specimens are 

quartz 15-30%, orthoclase 35-50%, plagioclase 15-30%. The principal 

accessory mineral is muscovite, 5-10%.

Anhedral quartz occurs as fine grains surrounding porphyroclasts 

of orthoclase and as elongated coarse grains which are embayed with 

adjacent quartz grains. These elongated quartz grains accentuate the 

foliation. Orthoclase persists as moderately fractured and subrounded, 

ellipsoidal, medium to coarse grained porphyroclasts, as subhedral to 

anhedral grains within the matrix, or as euhedral to subhedral porphyro- 

blasts which may display Carlsbad twinning. Microcline occurs rarely. 

Albite plagioclase occurs as fine to medium grained subhedral to an

hedral grains that commonly have warped or sheared twin lamellae. Sub

hedral muscovite and biotite, commonly altered to chlorite, also form 

the foliation.

The cataclastic augen gneiss variety of the Catalina Gneiss has 

an advanced cataclastic fabric of subhedral, coarse to very coarse 

grained orthoclase and plagioclase porphyroclasts up to 20 mm in longest 

dimension (Figure 8). Euhedral porphyroblasts of orthoclase may show 

few effects of crushing. A well developed foliation is shown by 

stretched, strained quartz, aligned micas and ellipsoidal feldspars with 

long axes parallel to the plane of foliation (Figure 8). Alternating 

light and dark mineral layers 2 to 5 mm thick impart a weakly developed 

banding to the gneiss. Mineralogically, the cataclastic augen gneiss is 

similar to the granite gneiss.

A specimen of the very fine to medium grained schists that 

weather rust colored is composed of 50% quartz, 13% muscovite, 15%
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FIGURE 8. PORPHYROCLAST OF ORTHOCLASE IN CATACLASTICALLY 
DEFORMED AUGEN GNEISS OF CATALINA GNEISS.
Foliation defined by stretched quartz grains 
and elongate feldspar; minor fault cuts top of 
porphyroclast; cross-nicols.
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sericite, 10% chlorite, 7% magnetite, and 5% orthoclase. The schists 

occupy a quarter of a square mile in the western part of the Catalina 

Gneiss outcrop in Section 31. These schists are considered to be meta

morphosed shales of the younger Precambrian Pioneer Formation. Dis

continuous patches of quartz-mica schist and hornblende-biotite schist 

crop out within the main granite gneiss mass, no doubt representing 

areas that have been incompletely granitized within the parent gneissic 

body.

Border zones along the intrusive contact of the Catalina Gneiss 

with adjacent metasediments may have a much higher percentage of mafic 

minerals than the normal granite gneiss; that is, mafics such as bio- 

tite, chlorite and epidote collectively may comprise 40% of the total 

rock. Probably this contamination of the normal quartzofeldspathic 

mineral assemblage is caused by incorporation of country rock during 

dynamothermal metamorphism that produced the Catalina Gneiss in this 

area. Such contaminants could be derived from the Cambrian Abrigo 

Formation,which has a highly varied lithology of magnesium-rich carbon

ates, green shales, and sandstones; from the Pioneer Formation, or from 

the Pinal schist which all contain considerable mafic material.

At one location south of Eagle Peak, the Dripping Spring Quartz

ite is a highly sheared, feldspathized quartz-mica schist with a quartz 

content of 80% which can be construed as a partially granitized meta

sediment incorporated within a border area of the Catalina Gneiss.

Apophyses of aplite, pegmatite, and cataclastic granite gneiss 

are intrusive phases of the Catalina Gneiss. The best exposures of the
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Catalina Gneiss where it intrudes country rock are located in the 

northern half of Section 7. Here the younger Precanbrian Pioneer 

Formation has been extensively cut by dikes of cataclastic granite 

gneiss, aplite, and pegmatite. The aplites are very fine grained, well- 

foliated, light colored dike rocks containing up to 90% orthoclase and 

about 10% muscovite. The mica crystals are well aligned occurring as 

isolated, non-connecting minute books less than 0.5 mm long. Red garnet 

porphyroblasts compose less than one percent of the rock.

A sill-like pegmatite (Figure 9), which has a gross lensoid 

shape, has been forcefully injected into Paleozoic marbles approximately 

200 feet east of the mouth of Bear Canyon. It has a maximum thickness 

of 50 feet. The essential mineral composition is quartz, feldspar, and 

muscovite of very coarse grain size commonly with a graphic granite tex

ture (Figure 10). That the pegmatite was forcefully injected is shown 

by the granitic texture, by a 16-inch thick undulatory shear zone at the 

contacts, and because it is within a carbonate formation. Minor amounts 

of metallic mineralization associated with the pegmatite are now in the 

form of irregularly shaped rings of hematite with chrysocolla centers. 

Shattered, medium grained, red garnets are scattered throughout the sill

like body. The pegmatite contains no evidence of shearing or folding as 

is found in the surrounding marbles. It is not metamorphosed and is 

assumed to be younger than the period of marbleization that accompanied 

regional metamorphism. This pegmatite is interpreted as an apophysis of 

the nearby Catalina Gneiss. Pegmatites are more common a few thousand 

feet north of the area where they also cut Paleozoic marbles and older

formations.
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FIGURE 9. LENS-SHAPED PEGMATITE INTRUSIVE WITHIN 
UNDIFFERENTIATED PALEOZOIC MARBLE.
Reentrant at base of pegmatite is foliated 
shear zone approximately two feet thick. 
(SE1/4NW1/4 Sec. 30, T. 14 S., R. 19 E.)
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FIGURE 10. GRAPHIC GRANITE TEXTURE IN PEGMATITE OF 
FIGURE 9.
Dots are air bubbles; cross-nicols.
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Tertiary Diabase

To the north of Bear Canyon and immediately east of the Happy 

Valley Quartz Monzonite, several diabase pods, sills, and dikes transect 

the undifferentiated Paleozoic marbles. One of the larger pods with 

adjoining feeder dikes is pictured in Figure 11. At the northern limit 

of the Happy Valley Fault in the mapped area, a diabase dike has in

truded conformably to the fault surface. Within the fault zone the rock 

is well-foliated but to the east within the marble, a distance less than 

10 feet from the fault zone, the rock has not been sheared and has a 

diabasic texture. This same diabase dike cuts across the sill-like 

pegmatite in the undifferentiated Paleozoic marbles described above. 

Further south along the Happy Valley Fault, the diabase is brecciated.

Minor diabase bodies within the Paleozoic marbles have been 

sheared and folded with the marbles. Stretching of diabase bodies with

in the Paleozoic marbles during dynamotheraal metamorphism has produced 

boudinage structures (Figure 12). The shear plane separating the indi

vidual boudins contains angular fragments of diabase that have broken 

from the main mass of diabase as it failed during stretching.

The age of the diabase intrusives was contemporaneous with, or 

after the metamorphism that produced the Paleozoic marbles. Some dia

base bodies are deformed and others are not; some are metamorphosed, 

others are not. Diabase intrusion was also contemporaneous with fault

ing that occurred along the Happy Valley Fault as shown by the local 

occurrence in the fault zone of schistose and brecciated areas of the 

diabase and some was also of post-pegmatite age.
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FIGURE 11. DIABASE POD WITH IRREGULAR FEEDER DIKES IN 
UNDIFFERENTIATED PALEOZOIC MARBLE.
Arrows indicate feeder dikes. (NW1/4NE1/4
Sec. 30, T. 14 S., R. 19 E.)
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FIGURE 12. BOUDINAGE— STRETCHED LAMPROPHYRE IN UNDIFFERENTIATED 
PALEOZOIC MARBLE.
Resistant white areas are chert. (SE1/4NW1/4 Sec. 30,
T. 14 S., R. 19 E.)
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QUATERNARY ROCKS

Alluvium of older than Recent age and Recent stream gravels 

have been grouped as one lithologic unit on the geologic map (Plate 1).

In several localities, a poorly cemented alluvium of cobble 

size rock fragments rests with angular unconformity upon older rocks. 

The alluvium consists of rounded to subrounded pebbles, cobbles, and, 

in places, boulders. The gravel is composed predominantly of the 

lithologies that crop out at topographically higher areas near the al

luvium. Much of the alluvium lacks a cementing agent; however, re

sistant ledges of caliche-cemented alluvium are commonplace but cannot 

be traced laterally for more than a few hundred feet. As they are 

located topographically higher than the modern stream sediments, this 

older alluvium is interpreted as remnants of alluvial fan deposits that 

once filled greater parts of the valleys.

Recent stream deposits of unconsolidated silt, sand, and gravel 

occur along stretches of Paige Creek. Many of the canyon bottoms, for 

example Hells Gate, are too narrow and of such high gradient as to 

prohibit deposition of stream carried detritus.



STRUCTURAL GEOLOGY

Structural Setting

The Eagle Peak-Hells Gate area is divisible into three dis

tinctive structural blocks (Figure 13). Block 1 is defined by and 

limited to the western exposures of the Precambrian (?) Happy Valley 

Quartz Monzonite. Block 2 comprises the wide, central band of meta

morphosed Precambrian and Paleozoic sediments and contains the Catalina 

Gneiss. Block 3 forms the eastern part of the mapped area and contains 

the Happy Valley Quartz Monzonite overlain by an unmetamorphosed section 

of Paleozoic sediments.

Micro-structures

Lineations

A lineation may be defined as any preferred orientation of a 

linear feature within a rock. Perhaps the best lineation is displayed 

by the parallel alignment of crests and troughs of minor chevron folds 

in the Pinal Schist (Figure 2). These minor shear folds may be the re

sult of fracture cleavage associated with regional stressing during meta

morphism (Hills, 1963, p. 288).

Alignment of acicular hornblende crystals is a common form of 

lineation in the Precambrian metadiabase (Figure 5). Quartz pebbles in 

the Barnes Conglomerate may be elongated in a preferred direction; how

ever, flattening of the quartz pebbles has been so severe that the long
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FIGURE 13. STRUCTURAL BLOCKS IN THE EAGLE PEAK-HELLS GATE AREA.
Block 1 Precambrian (?) Happy Valley Quartz Monzonite. 
Block 2 Metamorphosed Precambrian Apache Group rock 

and undifferentiated Paleozoic marbles.
Block 3 Happy Valley Quartz Monzonite overlain by 

unmetamorphosed Paleozoic sediments.
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pebble axes are not distinguishable from the short pebble axes. The 

severe flattening of pebbles masks a preferred orientation and thus 

prohibits an accurate measurement of a preferred direction in the Eagle 

Peak-Hells Gate area. Perhaps the most spectacular lineation occurs as 

boudinage structures of lamprophyre bodies that have failed because of 

stretching during the plastic deformation of undifferentiated Paleozoic 

marbles (Figure 12). Elongate eyes of recrystallized calcite in places 

form a lineation as has been mentioned in the discussion of undifferenti

ated Paleozoic marbles.

Lineations in the metamorphic rocks of structural Block 2 have a 

moderately shallow plunge, 10° to 25°, in an easterly direction. An 

easterly plunge for the lineations is probably related to the emplacement 

of the Catalina Gneiss which will be discussed later in the report.

Foliations

Micaceous minerals, elongate quartz grains, and thinly banded 

mineral layers form foliations in the metamorphosed rocks of Block 2. 

Foliations strike between N20°W and N50°W and have a moderate dip to the 

northeast. Marble outcrops have highly irregular foliations, possibly 

because of the susceptibility of these rocks to local deformation. 

Foliations in the Pinal Schist have attitudes that differ in strike by 

nearly 50° from the adj acent Apache Group of metasediments. This strike 

may be an inherited older Precambrian structural trend. Foliations in 

the Catalina Gneiss parallel those in the Precambrian Apache Group rocks 

and the Paleozoic marbles which suggests that the present structures of 

these metamorphic rocks were imposed by the same deformation.
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Macro-structures

Folds

In the Eagle Peak-Hells Gate area, folding is not a major form 

of deformation. The Paleozoic undifferentiated marbles were more 

susceptible to plastic deformation than other rock types during regional 

dynamothermal metamorphism, so they display the best developed folded 

structures.

The most common variety of folding in the marbles is small-scale, 

asymmetrical shear folding (Figure 14), but minor recumbent isoclinal 

folds are also present. In one location north of Bear Canyon, a 2 foot- 

thick carbonate bed is folded into a series of recumbent isoclinal folds. 

The amplitude of these recumbent folds varies from 10 to 25 feet. The 

ends of the fold limbs could not be traced, thus leaving open the possi

bility that there is more repetition of units than was observed. Re

cumbent zig-zag folds of light brown hands in the marble are common in 

Bear Canyon. In general, the minor fold axes in the marble plunge N60eE 

with moderately shallow angle.

Along the western edge of the Catalina Gneiss there is a general 

reversal of dip in the gneiss from easterly to westerly which also occurs 

in one location in the marbles north of Bear Canyon next to the Happy 

Valley Quartz Monzonite. The resulting structure at both locations is an 

asymmetric anticline with a shallow dipping western limb and a moderately 

to steeply dipping eastern limb. This anticlinal structure may be the 

result of drag folding during fault emplacement of the Catalina Gneiss.
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FIGURE 14. ASYMMETRICAL SHEAR FOLDS OF SILICA BANDS IN 
UNDIFFERENTIATED PALEOZOIC MARBLE.
Note shear lineation. (NW1/4NE1/4 Sec. 30, 
T. 14 S., R. 19 E.)
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Faults

Two major trends of faults occur in the Eagle Peak-Hells Gate 

area, an east-west, and a north-south. East-west faults are high angle 

reverse or normal. A major east-west reverse fault dipping 55° to 60* 

to the south is located north of Bear Canyon. Precambrian metadiabase 

forms the hanging wall and undifferentiated Paleozoic marble forms the 

footwall of this fault.

South of the main central block of Precambrian metasediments in 

structural Block 2 are a series of subparallel, imbricate reverse faults 

that, in general, dip steeply to the south. These east-west reverse 

faults probably are also genetically related to the emplacement of the 

Catalina Gneiss. If the Catalina Gneiss were emplaced such that the 

major lateral component of movement were to the north, then reverse 

faults of this description could be developed because southern blocks 

would be faulted upward and above northern blocks.

These reverse faults juxtapose undifferentiaed Paleozoic marbles 

and Precambrian metasediments. In places, sheared slices of marb1e have 

been trapped along a fault zone such that the marble slices are now 

between blocks of Precambrian metadiabase or Pioneer Formation. The 

slices of marble may be only 20 feet wide and arcuate in shape (NE1/4 

sec. 31) with the foliation in the marble parallel to the bordering 

fault planes. This attests to the plastic nature of the carbonate dur

ing deformation, and indicates that temperatures at the time of this 

reverse faulting were elevated, possibly because of the nearby Catalina 

Gneiss otherwise the marble would not have deformed plastically.
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It is noted again that the Bolsa Quartzite has not been found 

in contact with the marbles in the mapped area. To the north of the 

area in Deer Canyon (NE1/4 sec. 19), the Bolsa Quartzite conformably 

underlies the thick marble sequence. The Bolsa Quartzite probably has 

been faulted from the metasediments in Block 2 of the mapped area or 

possibly occurs in the subsurface adjacent to the Happy Valley Fault and 

underlying Bear Canyon.

Pinal Schist is faulted into contact with the Apache Group of 

metasediments in the southeast corner of the area by a nearly vertical 

normal or reverse fault that strikes S80°E.

South of Eagle Peak, a major east-west vertical fault with trans

verse movement offsets the Paleozoic section of rocks (Figure 15). Five- 

hundred feet of horizontal displacement along this fault was calculated 

graphically. Other faults similar to this occur along the ridge between , 

Eagle Peak and Gardner Mountain.

Also in the area, but of less magnitude than the aforementioned 

east-west faults, are numerous normal faults striking N10°W to N40°W 

that vary in dip from nearly vertical to very steeply dipping to the 

east. Much of the repetition of the Precambrian Apache Group of for

mations and offsetting of undifferentiated Paleozoic marble is the result 

of movement on these northwesterly faults.

The Happy Valley Fault is considered to be one of the major 

structures on the east side of the Rincon Mountains. It trends N10°E 

with a steep dip 60° to 85° to the west, and separates structural Block 

1, Happy Valley Quartz Monzonite, from Block 2, metamorphic rocks of
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FIGURE 15. TRANSVERSE VERTICAL FAULT OFFSETTING PALEOZOIC 
ROCKS (WITH OVERLAY).

Looking north at Eagle Peak.
Me Mississippian Escabrosa Limestone
Dm Devonian Martin Formation
€a Cambrian Abrigo Formation
€b Cambrian Bolsa Quartzite
pCps Precambrian Pinal Schist
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Precambrian and Paleozoic ages. Based upon estimated thicknesses of the 

Precambrian and Paleozoic rocks in structural Block 2, the vertical 

displacement of the Happy Valley Fault may be greater than 2,000 or 

3,000 feet. Fault gouge, brecciation, and fracturing of the quartz 

monzonite near the fault delineate the fault for nearly a mile and a 

half within the area. The fault can be traced for approximately 3,000 

feet to the north of the area and can be projected by aerial photographs 

2 to 3 miles to the southwest. The Happy Valley Fault is probably of 

Precambrian age with recurrent movement occurring since then.

Repetition of bedding by low angle faulting is evident in the 

Horquilla Limestone immediately east of the Happy Valley Quartz Monzonite 

and 1,000 feet south of Gardner Mountain. Two prominent ledge-forming 

limestone beds in the Horquilla Limestone strike subparallel and are 

approximately 100 feet apart. These beds coalesce at an acute angle 

through a horizontal distance of one half mile. That there has been low 

angle faulting, subparallel to bedding planes, within the Horquilla 

Limestone is apparent.

In the eastern half of the area, Precambrian (?) Happy Valley 

Quartz Monzonite and the overlying unmetamorphosed Paleozoic section of 

formations rest upon the metamorphosed rocks of Block 2 as the result of 

either thrust faulting or gravity gliding. Evidence for low angle fault

ing without implying a mode of genesis is: (1) in several locations the

Bolsa Quartzite is crumpled with highly irregular attitudes— more con

spicuous where the Bolsa Quartzite underlies the Escabrosa Limestone;

(2) structurally incompetent units such as the Abrigo and Martin
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Formations commonly are removed by faulting; (3) bedding plane faulting 

was observed in the Horquilla Limestone; (4) strike-slip movement may 

have occurred in the Paleozoic plate with southern blocks moving easterly 

relative to the northern blocks (Plate 1); (5) thick gouge zones, 2 to 8 

feet thick, with accompanying brecciation are beneath the Paleozoic 

section; (6) brecciated, gouge, and mylonitized zones occur at the bottom 

of the quartz monzonite; (7) no metamorphism in the Paleozoic section 

implies that the quartz monzonite was a cooled, solid, crystalline rock 

when its present structural position was attained.

Conclusions

In review, structural Block 2 contains metamorphosed Paleozoic 

marbles and Precambrian metasediments; in contrast, structural Block 3 

contains unmetamorphosed Precambrian (?) Happy Valley Quartz Monzonite 

and an unmetamorphosed section of Paleozoic rocks. The rocks in Block 

2 were down-faulted against the Precambrian (?) Happy Valley Quartz 

Monzonite of Block 1. The rocks in Block 2 were dynamothermally meta

morphosed in this down-faulted location. Northerly movement of the 

Catalina Gneiss in the south central part of Block 2 during its fault 

emplacement appears to have caused the undifferentiated Paleozoic marbles 

to become highly sheared, folded, and, in places, faulted between Pre

cambrian metasediments. Lineations and foliations in the marbles are 

approximately parallel to those in the Precambrian Apache Group and the 

Catalina Gneiss, but not to those in the Precambrian Pinal Schist. This 

parallelism indicates that these structural features were produced by the



same tectonic event, the metamorphism and fault emplacement of the 

Catalina Gneiss.

The unmetamorphosed rocks that compose structural Block 3 

probably were emplaced by gravity gliding from a location higher on the 

east flank of the Rincon Mountains to their present structural location* 

but thrust faulting is not ruled out as a possible mechanism for the 

positioning of structural Block 3.

On the geologic map (Plate 1) and the geologic sections (Plate 

2), these low angle faults are represented by the conventional thrust 

fault symbol.
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TERTIARY METAMORPHISM

General Statement

Low to medium grade metamorphic rocks occur in a wide band in 

the central zone of the area in structural Block 2, and along the 

southern part of the area. Precambrian Apache Group metasediments, 

undifferentiated Paleozoic marbles, and the Catalina Gneiss comprise 

the bulk of these metamorphic rocks. They are the product of regional 

metamorphism and the deformation that accompanied this metamorphism. 

Metamorphic temperature grade varies from uppermost greenschist facies 

through lowermost almandine-amphibolite facies of regional metamorphism. 

Temperatures of 460° to 560°C were necessary to create mineral as

semblages within the above mentioned facies (Winkler, 1965, p. 168).

Contact metamorphic mineral assemblages occur locally in 

Paleozoic undifferentiated marbles adjacent to Tertiary diabase 

intrusions. Contact metamorphic rocks are insignificant in areal extent 

as compared with regionally metamorphosed rocks in the mapped area.

Lineations, foliations, and micro-folding appear conspicuously 

in the metamorphic rocks of structural Block 2.

Conditions of Regional Metamorphism

Within the Eagle Peak-Hells Gate area, metamorphic rocks reflect 

temperature" and pressure conditions that range between the quartz- 

albite-epidote-almandine subfacies of the greenschist facies, and the
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staurolite-almandine subfacies of the almandine-amphibolite facies of 

regional metamorphism (Turner and Verhoogen, 1960; Winkler, 1965).

Calcareous rocks that have been extensively sheared, such as 

the marble north of Bear Canyon, have mineral assemblages that consist 

of calcite-epidote-quartz, and locally tremolite. This mineral as

semblage may persist through a wide range of temperature and pressure 

conditions and in itself does not pin-point a particular metamorphic 

facies. However, the mineral assemblages of hornblende-plagioclase 

(andesine) of the basic Precambrian metadiabase and staurolite- 

muscovite-quartz of the Pioneer Formation are diagnostic of the 

staurolite-almandine subfacies of the almandine-amphibolite facies of 

regional metamorphism (Turner and Verhoogen, 1960).



GEOLOGIC HISTORY

The oldest exposed rock in the mapped area is the Pinal Schist 

of older Precambrian age. The formation may be quite varied with inter- 

bedded arkoses, graywackes, shales, siltstones, small lenses of con

glomerate, and, in places, volcanic rocks (Cooper and Silver, 1964). 

Subsequent low-grade regional metamorphism may have been accompanied by 

intrusion of the Happy Valley Quartz Monzonite.

The next event was uplifting and erosion of the older Pre

cambrian terrain which, in places, completely removed the Pinal Schist 

and exposed granitic rocks. The younger Precambrian Apache Group of 

sediments were then deposited unconformably upon the older Precambrian 

rocks.

No basal Scanlan Conglomerate is found in the area probably 

because of non-deposition, but the Apache Group of sediments began with 

the Pioneer Formation, followed by Dripping Spring Quartzite including 

the basal Barnes Conglomerate Member. The balance of the Apache Group 

of rocks is missing because of either non-deposition or faulting.

Gentle upwarping, minor faulting, and erosion followed the deposition 

of the Apache Group of sediments (Cooper and Silver, 1964, p. 43).

In Middle Cambrian time seas transgressed upon the eroded land

scape of southeastern Arizona as a part of the Sonoran geosyncline in 

Mexico (McKee, 1951). The basal formation, the Bolsa Quartzite, was a 

beach deposit produced by the northwest migrating strand. As the
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Cambrian seas advanced, mixed sediments of shale, sandy dolomite, and 

oolitic dolomites were deposited conformably on the Bolsa Quartzite to 

form the Abrigo Formation. Primary sedimentary structures, fossils, 

and rock types in the Abrigo Formation are all indicative of deposition 

in very shallow, agitated, warm, marine waters. The Middle Cambrian 

seas which occupied southeastern Arizona had regressed into northern 

Mexico by Late Cambrian time. A glauconite-bearing, oolitic limestone 

unit at the top of the Abrigo Formation may represent this regression 

in this area of northwestern Cochise County.

As no channeling or other erosional forms occur at the top of 

the Abrigo Formation in the Eagle Peak-Hells Gate area, this area is 

assumed to have remained stable and near sea level from Late Cambrian 

to Late Devonian time.

Two transgressive-regressive sequences of rocks, in that order, 

then were deposited to form the Martin Formation in the Eagle Peak area. 

The Late Devonian Martin Formation rests disconformably upon the Abrigo 

Formation. The Mississippian Escabrosa Limestone consisting of massive, 

chert-bearing carbonates was deposited with apparent conformity on the 

Martin Formation. Carbonate deposition continued through the Pennsyl

vanian and probably Permian; although only the lower 600 feet of the 

Pennsylvanian Horquilla Limestone remains in this area. The uppermost 

Pennsylvanian and Permian rocks that crop out in nearby areas are missing 

in this area because of faulting or erosion.

Regional deformation occurred in the interval between the 

Permian and Cretaceous periods. Erosion ensued and the basal Glance



Conglomerate was deposited throughout much of southern Arizona. Creta

ceous sediments are absent in the Eagle Peak-Hells Gate area, but are 

in other areas on the east flank of the Rincon Mountains, indicating 

that these rocks probably once covered the mapped area but subsequently 

have been completely eroded away.

Intense deformation commenced near the end of the Late Cretaceous 

epoch and continued with interruptions through Middle Tertiary time.

"Old faults were reactivated and modified and new folds and thrust faults 

were formed on a major scale." (Cooper and Silver, 1964, p. 104).

During the latter part of this period of intense deformation, the 

present-day structures of the Santa Catalina-Rincon Range and of this 

area were developed.

Structural Block 2 was faulted down into an environment of 

higher temperature and pressure. Regional stressing in the Santa 

Catalina-Rincon Range, synchronous with granitization and remobilization 

of Precambrian granitoid rocks as well as possibly the Pinal Schist and 

younger sediments, produced a gneissic complex, the Catalina Gneiss. 

Dating of this thermal event that produced the gneissic complex by the 

K-Ar method concurs with geologic evidence giving a range of 24 to 32 

million years or from Upper Oligocene through Lower Miocene (Damon, et 

al., 1963). The rocks in structural Block 2 were metamorphosed and de

formed at this time.

The sill-like pegmatite found in Bear Canyon was intruded into 

Paleozoic marbles. Following pegmatization, small diabase bodies 

intruded the marble section and in one place cut the sill-like pegmatite.
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Diabase intrusion occurred prior to movement along the Happy Valley 

Fault and continued during movement. Approximately at the same time as 

movement was occurring along the Happy Valley Fault, the fault emplace

ment of the Catalina Gneiss in a northerly direction with accompanying 

east-west reverse faulting occurred in structural Block 2 of this area. 

Thrust faulting, or more probably gravity gliding, occurred about this 

time, superposing a plate of Precambrian (?) Happy Valley Quartz Monzo- 

nite and unmetamorphosed Paleozoic rocks upon the metasediments of 

Block 2.

Quaternary alluvium was deposited unconformably upon older 

rocks, but most of the alluvium has been removed from this area by 

erosion. Recent erosion dissected the area to form the present-day 

topography.
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APPENDIX

Measured Section

A composite measured section of the Cambrian Abrigo Formation 

and the Devonian Martin Formation with an incomplete section of the 

Mississippian Escabrosa Limestone was measured in the vicinity of Eagle 

Peak. The nomenclature of R. L. Folk (1965) is utilized in the classi

fication of carbonate rocks throughout this measured section. Carbonate 

rocks were stained using the techniques of Dickson (1965). Rock colors 

are standardized by employing the Rock-Color Chart (Goddard, ed., 1948).

Location; Southwestern slope of ridge that trends southeast from Eagle 
Peak, SWT/4, Sec. 4, T. 15 S., R. 19 E., Happy Valley Quadrangle,
Cochise County, Arizona.

Mississippian: Escabrosa Limestone (incomplete)

Unit Thickness
(feet)

Top of Escabrosa faulted out.

(Strike N20°W, Dip 73°NE)
6 Micrite and dolomitic intrasparite: micrite, medium dark

gray(N3.5), weathers medium dark gray(N4), to light gray 
(N7); contains sparsely scattered eyes of medium crystal
line dolomite; elephant hide weathering, very thick bedded, 
forms cliff; dolomitic intrasparite, medium dark gray(N3.5), 
weathers medium dark gray(N4) to light gray(N7); intraclasts 
fine grained, well rounded, well sorted; Vesiculophyllum...22

5 Dolomite, medium dark gray(N4), weathers medium dark gray 
(N4) to light gray(N7); medium crystalline; uniformly 
thick bedded; weak ledge................................... 33
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Unit Thickness(feet)
4 Sandy dolomite, pale yellowish brown(10YR6/2) to 

mostly light olive gray(5Y6/l); medium crystalline

7*

dolomite with quartz grains, fine grained, sub-
angular to rounded, poorly sorted, floating in
dolomite................................................... 1.7

3 Nodular chert zone, chert mottled light gray(N7)
and white(N9) ; in dolomite as in Unit #2.................. 5.0

2 Dolomite, medium dark gray(N4), weathers light 
gray(N7); fine to medium crystalline; chert nod
ules, 1-4 inches long, shattered, recrystallized, 
white (N9) to light gray(N7); scattered crinoid 
hash; sparry calcite replaced by dolomite; chert- 
replaced corals near middle of unit; very thick 
bedded; elephant hide weathered surface.................. 23.0

1 Dolomite, pale red(5R5/2, weathers pale yellowish 
brown(10YR6/2); fine to medium crystalline; highly 
fractured, thick bedded, rough weathered surface
forming weak ledge....................................... 90.0

Total incomplete Escabrosa Limestone.................... 174.7

Conformable contact between Martin Formation and Escabrosa Limestone.

Devonian: Martin Formation

4 Sandstone, moderate grayish red(5R5/2), weathers dark 
yellowish brown(10YR5/2) ; very fine grained to medium 
grained, subangular to rounded, poorly sorted; cement 
of silica overgrowths and medium crystalline dolomite, 
dolomite 15%; winnowing action increased toward top of 
unit as shown by less dolomite and more rounded, quartz 
grains; forms grassy slope between dolomite ribs......... 17

(Strike N20eW, Dip 73°NE)
3 Dolomite, moderate yellowish brown(10YR5/4) to 

medium gray(N5), weathers pale yellowish brown 
(10YR6/2); medium crystalline; thick bedded, forming 
prominent rib on slope; in places a 2-1/2 foot thick 
bed of dolomite, dark brown(5YR2/4), weathering 
moderate reddish brown(10R4/6); medium crystalline; 
abundant Syringopora; is a leasing patch reef............ 52
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Unit Thidktiess(feet)
2 Silty dolomite to dolomite, dark reddish brown 

(10R3/4), weathers moderate reddish brown(10R4/6) 
to mostly pale reddish brown(10R5/5); silt very 
coarse, angular to subangular, well sorted; fine 
to medium crystalline dolomite, dolomite: silt
3.5:1; shale partings are common; forms depression...... 61

1 Intcrbedded very silty dolomite and sandy intra- 
sparite: very silty dolomite, grayish red(10R4/2)
weathers dark yellowish brown(YR4/2); silt, coarse, 
angular to subangular, well sorted; medium crystal
line dolomite, dolomite: silt 1:1; sandy intra-
sparite (mainly in lower 10 feet), medivra dark gray 
(N4), small areas moderate reddish brown(10R4/6), 
weathers medium gray(N5.5); quartz, very fine 
grained, well rounded, fair sorting; intraclasts 
micrite, very fine to fine grained, well rounded, 
fair sorting; oolites present, derived from the 
underlying Abrigo Formation; well washed, thin 
bedded to laminated; cross-stratified, cross-strata 
1-3 cm thick. This unit becomes increasingly silty
and more dolomitic upward; prominent ledge.............. 27

Total Martin Formation..................................157

Disconformity--wavy surface with 1/2 to 1 foot relief.

Abrigo Formation



n

Location: On slope north of conical-shaped hill of Bolsa Quartzite and
on ridge trending northeast of Eagle Peak, NE1/4, NW1/4, Sec. 5, T. 15 
S., R. 19 E., Happy Valley Quadrangle, Cochise County, Arizona.

Martin Formation

Disconformity

Cambrian: Abrigo Formation

Unit Thickness
(feet)

17 Fossiliferous oosparrudite, very dusky purple(5P3/2), 
weathers mostly light brownish gray(5YR6/2) with 
streaks of dark yellowish brown(10YR5/2); intraclasts 
of micrite, glauconite grains, micrite 20%; thick 
bedded....................................................33

16 Sandy oolitic dolomite, grayish red(10R4/2), weathers 
moderate yellowish brown(10YR4/2) to moderate brown 
(5YR3/4); oolites, medium grained, well rounded, well 
sorted, with goethite cores ringed by dolomite, 
goethite possibly after glauconite; single ledge
forming bed................................................2

15 Intreformational conglomerate of silty biosparrudite, 
medium gray(N5), weathers moderate yellowish brown 
(10YR5/4) to grayish brown(5YR3/2); pebbles tabular, 
thinly laminated, 1-2 inches long; minor fossil hash; 
thinly bedded............................................ 40

14 Interbcdded sandy oolitic dolomite and sandy dolomite:

sandy oolitic dolomite, grayish red(10R4/2), weathers 
moderate yellowish brown(10YR4/2); oolites, medium 
grained, well rounded, fair sorting, altered cores of 
goethite, possibly after glauconite, ringed by radiating 
dolomite, medium to coarsely crystalline; glauconite 
sand layers 0.5-0.75 cm thick; thin beds or laminations 
within sandy dolomite.

sandy dolomite, grayish red(10R4/2), weathers moderate 
yellowish brown(10YR5/40); quartz sand, coarse to very 
coarse grained, well rounded, fair sorting; floating in 
coarsely crystalline dolomite; tabular planar cross
stratification, imbrication of intraclasts; forms a 
prominent dark cliff 38



Unit Thickness 
(feet)

13 Interbedded shales and fossiliferous carbonates:

shale, light olive gray(5Y5/1), weathers dusky red 
(5R3/4) to pale yellowish brown(10YR6/2); micaceous, 
highly silty; fair fissility; fucoidal markings.

intraformational conglomerate of silty biosparrudite, 
medium gray(N5), weathers moderate yellowish brown 
(10YR5/2); pebbles thinly laminated, tabular 1-3 
inches long; some fossil hash.

glauconitic dolomitic intrasparrudite, grayish red 
(10R4/2), weathers dark yellowish brown(10YR4/2); 
intraclasts of coarsely crystalline ferroan dolomite,
1-3 mm long, well rounded in ferroan calcite; thin 
bedded.

slightly silty fossiliferous micrite, dark gray(N3), 
weathers medium gray(N5); ferroan calcite intraclasts, 
tabular, 2-8 cm long, in lime mud; fossil hash of 
indeterminate shell fragments; thin bedded; the four 
previously described rock types are intermixed in this
unit; slope former...................................... 122

12 Sandy dolomite, as in Unit 15; forms cliff.............. 12

11 Interbedded shales and fossiliferous carbonates as
in Unit 13...............................................219

10 Shale, pale olive(10Y6/2), grayish olive(10Y4/2) to 
grayish orange(10YR7/4); sericitic; excellent 
fissility; forms slight reentrant and slope............. 20



Unit ntic**w*
(feet)

9 Interbedded shale and fossiliferous carbonates:

glauconitic dolomitic intrasparrudite, grayish red 
(10R4/2), weathers dark yellowish brown(10YR4/2); 
intraclasts of coarsely crystalline dolomite 1-5 mm 
long, well rounded, in ferroan calcite.

silty fossiliferous intramicrudite, dark gray(N3), 
weathers medium to light gray(N5-N7); tabular 
shaped intraclasts in ferroan calcite mud up to 3 
inches long; fossil hash of unidentified shell 
fragments; shale parting common.

shale, light olive gray(5Y5/l), weathers dusky red 
(5R3/4) to pale yellowish brown(10Y6/2); sericitic; 
highly silty; occasional trilobite fragment; load 
casts and fucoidal markings; moderately fissile; 
silt: carbonate, 1:4.

intraformational conglomerate of silty biosparrudite, 
medium gray(N5), weathers moderate yellowish brown 
(10YR5/2); flat pebbles, thinly laminated 1-2 inches; 
fossil hash possibly algal; imbrication of pebbles.
The four previously described rock types are inter
mixed to form Unit 9.................................... 43.S

Lamprophyre sill, grayish olive green(5GY3/2), 
weathers dusky green(5G3/2) to light yellowish 
green(5GY6/4); basaltic hornblende 35%, plagio- 
clase 39%, quartz less 5%, chlorite 12%, calcite 
5%, epidote 2%, and opaques 2%; phaneritic central 
area with aphanitic chilled borders 2-5 inches; 
weathers to a reentrant; thickness 18 feet.

8 Intraformational conglomerate of siltstone and dolomite, 
light brown(5YR5/5), weathers moderate yellowish brown 
(10YR5/3); intraclasts of siltstone, very coarse grained, 
angular to subangular, fair sorting; interstitial ferroan 
dolomite cement and minor fine grained quartz sand; 
tabular pebbles 1/2-2 inches long; dolomite, very 
coarsely crystalline, rhombs of ferroan dolomite with 
dolomite centers, replacement after lime mud; shale: 
carbonate 1:9; load castes; thin bedded; forms slopes.. ...37.5



Unit
"

Thickness 
(feet)

7 Very silty dolomite, dusky yellow green(5GY5/2), 
weathers moderate brown(5YR3/4); silt floating in 
coarsely crystalline dolomite; alternating silt- 
rich and ferroan dolomite layers, thinly laminated 
to laminated; shale partings common; thin bedded;
forms slope................................................20

Lamprophyre sill, thickness 3.8 feet

6 Same as Unit 7............................................ 33

Lamprophyre sill, thickness 4 feet

5 Same as Unit 7............................   12

Lamprophyre sill, thickness 2 feet 

4 Same as Unit 7............................................ 32

3 Dolomitic glauconitic sandstone, moderate yellowish 
. brown(10YR5/4), weathers grayish brown(YR3/2) to dark 
yellowish brown(10YR4/2); very fine to medium grained, 
subangular to subrounded, fair sorting; medium crystal- 
• line ferroan dolomite and secondary quartz overgrowths 
as cement; shale intercalations and increasing shale 
toward top of Unit; weathers nodular-knotty forming 
several ledges........................................... 40

2 Orthoquartzite, pale red(5R6/2) to light brownish 
gray(5YR6/l), weathers dark yellow orange(10YR6/6), 
dark reddish brown(10R3/4) to mostly pale red(5R6/2); 
very fine to medium grained, subangular to subrounded, 
fair sorting; sparry calcite 7%; forms a resistant 
ledge..................................................... 1.5

1 Interbedded ferruginous sandstone and claystone:

sandstone, moderate yellowish brown(10YR5/4), weathers 
grayish brown(5YR3/2) to dark yellowish brown(10YR4/2); 
very fine to medium grained, subangular to subrounded; 
cement of silica, with clay 10-15%, hematite staining; 
very thin to thin bedded.

claystone, pale grayish orange(10YR8/4), weathers
same; moderate fissility; laminated; forms slope........ 32

Total thickness Abrigo Formation........................737.5



(Strike N55*W, Dip 38*NE)

Bolsa Quartzite in conformable contact with Abrigo Formation.
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GEOLOGIC SECTIONS IN THE EAGLE PEAK— HELLS GATE AREA, 

HAPPY VALLEY QUADRANGLE, COCHISE COUNTY, ARIZONA
See Plate 1 for Explanation 
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