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ABSTRACT 

The McCoy Mountains Formation is a Mesozoic metasedimentary se

quence exposed in six mountain ranges in southeastern California and 

southwestern Arizona. Over 7.3 km thick, it consists of siliciclastic 

rocks deposited on and interbedded at the base with a Jurassic volcanic 

sequence and is intruded by undeformed upper Cretaceous(?) plutons. 

Measured sections in all major exposures and detailed petrographic anal

ysis show that the terrane has internally consistent stratigraphy over 

a distance of 120 km. The rocks were deposited by fluvial processes in 

an elongate west-northwest basin. Analysis of paleocurrent indicators 

distributed vertically and laterally in the basin show currents to the 

south. Sandstone consists of quartz, feldspar, and lithics and has a 

distinct composition in each stratigraphic interval. Source evolved 

from a volcanic-sedimentary to a plutonic-sedimentary composition with 

time. Much thinner, laterally equivalent clastic sequences (Apache Wash 

Formation) are now known on the craton adjacent to the basin's northern 

margin. 

The metasedimentary terrane is south-dipping, overturned, and 

thrust onto itself along its southern margin by a north-verging fault 

system with sympathetic south-dipping cleavage. The northern part of 

the terrane is cut by north-dipping cleavage sympathetic to a north

bounding thrust fault system, separating the volcanic and metasedimentary 

terranes from the North American craton. 

xv 



Poorly preserved fossil wood collected throughout the terrane 

had been the basis of a Cretaceous age assignment. New age constraints 

come from paleomagnetic data which fail the fold test at both regional 

and local levels. These data indicate that the paleomagnetism was pro

duced by a post-folding metamorphic event. The resulting paleomagnetic 

pole at 58.9°N, 114.6°E falls on the North American apparent polar wan

der path very near a pole from the Callovian Summerville Formation. 

These data imply that Callovian is a minimum age for the metamorphism 

and that the proto1ith is older. 
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INTRODUCTION 

Outline of Goals. 

Twenty years of research have failed to provide understanding of 

the McCoy Mountains Formation, a previously undated Mesozoic sedimentary 

terrane exposed in at least six mountain ranges in southeastern Cali

fornia and southwestern Arizona (figure 1). These Mesozoic clastic sedi

mentary rocks are monotonous in lithology, exceedingly thick, and are 

very different from the classic Mesozoic sequence exposed on the Colo

rado Plateau, only 250 km to the northeast. Furthermore, they have not 

been included in any regional tectonic syntheses of southwestern North 

America. 

The results of a multi-disciplinary attack on this major tectonic 

problem are presented here using methods from stratigraphy, sedimentary 

petrology, regional tectonic analysis, structural analysis, and paleo

magnetism. Specifically, the following questions are explored. 

1) What is the geographical extent of the McCoy Mountains Formation? 

2) What is the stratigraphy of the McCoy Mountains Formation and 

how is it related to other Mesozoic clastic sequencf'.~ exposed 

nearby? 

3) What are the detrital modes of clastics within the sedimentary 

terrane and what do they imply concerning provenance? 

4) What was the deposystem of the terrane and how is it reflected 

in basin morphology and contact relationships of the terrane? 

What tectonic settings could have created such a deep sedimen

tary basin? 

1 
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5) What is the nature of deformation of the McCoy Mountains Forma

tion, characterized by different foliation-bedding relationships 

in various parts of the terrane? 

6) What are the age constraints on the McCoy Mountains Formation? 

7) What is the relationship of the McCoy Mountains Formation to 

other Mesozoic sequences found in the Mojave Desert, Sonora 

(Mexico), the Papago Indian Reservation of south-central Arizona, 

the Mesozoic of southeastern Arizona, and the Colorado Plateau? 

What is its role in the evolution of southwestern North America? 

Methods of Study 

This study, investigating one of the last geologic frontiers in 

southwestern North America, relied heavily on classical methods of field 

geology, methods of basic sedimentologic and stratigraphic analysis, 

methods of structural and tectonic analysis, and paleomagnetic analysis. 

Effort was concentrated in the McCoy and Palen Mountains, California and 

the Dome Rock Mountains, Arizona. These data were then integrated with 

data of Harding (1978) from the southern P1omosa Mountains and Livingston 

Hills, Arizona. 

Complete stratigraphic sections were measured by Jacob staff in 

the McCoy, Palen, and Dome Rock Mountains where the most continuous and 

undeformed sequences are exposed. Samples were collected at 75 m or less 

intervals for detailed petrographic analysis. 

Information on the deposystem and provenance is based on paleo

current indicators, overall stratigraphic trends, and analysis of de

trital modes using the methods of Dickinson (1970).; Graham, Ingersoll, 
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and Dickinson (1976); and Dickinson and Suczek (1979). Great lateral 

variation of facies could be expected in any coarse clastic deposystem 

but close stratigraphic correlation between the exposures is possible 

using sandstone composition, outcrop characteristics, and basic lithology 

as guides. 

The structural setting of the McCoy Mountains Formation is pre

sented as a tectonic map and structure sections at a scale of 1:250,000. 

Data for the map come from: 1) foliation and bedding orientation data 

collected within the terrane in this study; 2) reconnaissance by the 

author in critical areas marginal to the terrane; 3) maps of previous 

workers, most notably Wilson (1960), Miller (1966, 1970), Pelka (1973a), 

and LeVeque (1981); and 4) communication with other workers, particu

larly Gordon Haxel, J. Dillon, and R. LeVeque. The preliminary nature 

of the map and structure sections must be stressed. 

The problem of age of the McCoy Mountains Formation had remained 

unresolved using classical paleontologic and stratigraphic methods. New 

collections of fossil pollen and wood have not narrowed previously pub

lished age constraints (Miller, 1970; Pelka, 1973a). Paleomagnetic data 

of Harding, Butler, and Coney (1980) shed light on the age and history 

of the Mesozoic sedimentary terrane, and additional data collected in the 

Dome Rock Mountains have substantiated these results. 

FinalJ~, analysis of the data collected during this study has led 

to a possible plate tectonic setting for the McCoy Mountains Formation 

within the evolution of southwestern North America. Relationships be

tween the McCoy Mountains Formation and the geology of the North American 

craton; the Orocopia Schist and related rocks; and Mesozoic rocks of the 
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Papago Indian Reservation, southeastern Arizona; and the western Mojave 

Desert can be reevaluated within this new tectonic setting. 

Geographic Extent of 
the McCoy Mountains Formation 

The term McCoy Mountains Formation is here redefined to include: 

1) the McCoy Mountains Formation of Miller (1944), Greene (1968), and 

Pelka (1973a) as exposed in the McCoy, Palen, and Coxcomb Mountains, 

California; 2) formally unnamed but equivalent strata in the Dome Rock 

Mountains, Arizona (informally referred to as Livingston Hills Forma-

tion by Crowl, 1979); 3) the continental red bed deposits of Miller 

(1970) exposed in the area near Crystal Hill of the New Water Mountains, 

Arizona (also called Mesozoic "Red Beds" by Robison, 1979, 1980); and 4) 

some of the exposures of Miller's (1970) Livingston Hills Formation (in-

cluding all exposures in the Livingston Hills, Arizona). The reason for 

this change in nomenclature and descriptions of the characteristics of 

the newly divided stratigraphy is discussed at the beginning of the 

chapter on stratigraphy of the McCoy Mountains Formation. As redefined, 

the McCoy Mountains Formation is thus exposed in the Coxcomb, Palen, and 

McCoy Mountains, California and in the Dome Rock, southwestern Plomosa, 

and New Water Mountains and Livingston Hills, Arizona (figure 1). Pos-

sibly related rocks are exposed in the Granite Wash Mountains and Black 

Rock Hills, Arizona about 50 km east of the study area. 

The McCoy Mountains Formation consists of sequences over 7.3 km 

thick of distinctive Mesozoic clastic sedimentary rocks. The presently 

known exposures of McCoy Mountains Formation occupy a broad west-

northwest trending band 140 km long by 25 km wide. McCoy Mountains 



Formation rocks have not been found north, south, or west of this band 

but may extend to the southeast into Mexico. 

Previous Work 

6 

Only in the last 15 years have any detailed geologic maps and 

reports been published on the region occupied by the McCoy Mountains 

Formation and related rocks. Earliest workers i~ southeastern California 

and southwestern Arizona (e.g., Lee, 1908; Bancroft, 1911; Jones, 1916a, 

b; Ross, 1922; Darton, 1925) were concerned with describing and document

ing natural resources, mapping the physiography, and describing general 

lithologic units. Wilson (1933) systematically described Yuma County, 

Arizona and published (1960; Wilson, Moore, and Cooper, 1969) a map of 

the entire region, which is still the best guide to this part of Arizona. 

l1il1er (1944) systematically named and mapped rock units (including the 

McCoy Mountains Formation) in Riverside County, California. McKee (1947) 

measured a section of McCoy Mountains Formation in the New Water Moun

tains. Hoppin (1954) provided the first detailed look at the McCoy Moun

tains and Palen Formations. Wider recognition of the presence of a thick 

sedimentary and volcanic terrane in southeastern California was achieved 

in an abstract by Hazzard, Gardner, and Mason (1938). Similar rocks 

(thought at the time possibly to be directly correlative) were described 

by Huber and Rinehart (1965) and Rinehart, Ross, and Huber (1959) near 

the Devi1's Postpi1e in the southeastern Sierra Nevada Mountains. 

Jennings (1967) compiled the first and only regional map of southeastern 

California. Hamilton (1964a,b, 1969, 1971, 1978) and Hamilton and Myers 

(1966) were the first to recognize the potential geologic importance of 
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the region as well as to attempt to explain the tectonic significance of 

the thick sedimentary sequence. Inspired by Hamilton's work in the Big 

Maria Mountains, just across the northeastern boundary of the terrane, 

several students chose thesis problems in the area. Greene (1968) mapped 

Mesozoic sedimentary rocks (McCoy Mountains Formation) in the Coxcomb 

Mountains, California; Shk1anka (1963) in the Little Maria Mountains, 

California; Ciacane11i (1965) in the western Granite Wash Mountains, 

Arizona; and Jemmett (1966) in the northern P1omosa Mountains, Arizona. 

The first detailed study in southwestern Arizona was that of Miller 

(1966, 1970), who accurately and thoroughly mapped and described the 

geology of the southern P1omosa and New Water Mountains and Livingston 

Hills. He provided the first stratigraphic age constraints and column 

of the McCoy Mountains Formation. Miller (1966), Miller and McKee 

(1971), and Hamilton (1964a,b, 1982) described intense structural defor

mation along the northern boundary of the McCoy Mountains Formation, the 

significance of which is still not completely understood. Pelka's 

(1973a,b) study of the McCoy and Palen Mountains, California provided 

some radiometric age constraints on the McCoy Mountains Formation as well 

as a description of the deposystem. During the last few years students 

from The University of Arizona have written many theses and papers on 

different aspects of the Mesozoic sedimentary terrane and related rocks. 

Varga (1976, 1977) worked on structural deformation in cratonic Paleozoic 

and Mesozoic rocks exposed along the northern boundary of exposures of 

McCoy Mountains Formation. Harding (1978, 1980) worked on the stratig

raphy and petrology of the Livingston Hills Formation (now McCoy Moun

tains Formation). Crowl (1979) mapped a portion of the McCoy Mountains 
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Formation and its contact with underlying Jurassic volcanic rocks in the 

central southern Dome Rock Mountains. Descriptions of all exposures of 

Mesozoic sedimentary rocks from Wilson's (1960) map of Yuma County are 

included by Marshak (1979, 1980, 1981). Robison (1979, 1980) worked on 

the stratigraphy and petrology of the continental red bed deposits (now 

McCoy Mountains Formation) of Miller (1970). Reynolds (1980) provided a 

synthesis of geologic framework for western Arizona. Structural deforma

tion along the northern boundary of exposures of McCoy Mountains Forma

tion is discussed in Reynolds, Keith, and Coney (1980). The most re

cently completed work, LeVeque (1981, 1982), quantified the structure, 

stratigraphy, and petrology of the Palen Formation--probab1y part of the 

Jurassic volcanic sequence. Work i.s in progress (Richard, 1982a,b) on 

structure and stratigraphy of Paleozoic rocks and Mesozoic rocks in the 

Little Harquaha1a Mountains, Arizona. The Mesozoic rocks may be in part 

laterally equivalent to the McCoy Mountains Formation. 

Access and Logistics 

Permission was obtained by writing to the Commander, U.S. Army 

Proving Ground, Attn: STEYP-FEP and Mr. Will Robinson, Yuma, Arizona 

85364 for limited access to the Dome Rock Mountains on the Yuma Proving 

Ground. The process took about six months. Otherwise, access to expo

sures of the Mesozoic sedimentary terrane was impeded only by the limit 

of roads. A four-wheel drive vehicle is locally necessary; air photo 

coverage (series GS-VELF and GS-VCMM) was the greatest help in finding 

local access routes. 



GEOLOGIC SETTING OF 
THE McCOY MOUNTAINS FORMATION 

General Statement 

The McCoy Mountains Formation includes all of the thick sequences 

of clastic rocks exposed in the Coxcomb, Palen, McCoy, Dome Rock, and 

New Water Mountains and Livingston Hills. Exposures of the McCoy Moun-

tains Formation define a narrow, elongate west-northwest trending basin 

now bounded on the north and south by thrust faults. Similar but thinner 

sections of Mesozoic clastic rocks are found outside the basin on the 

north but not on the south. The present-day geometry of the McCoy Moun-

tains Formation and its bounding faults is illustrated in figures 2 (in 

tube), 3, 4, and S. The McCoy Mountains Formation, underlying Juras-

sic volcanic rocks, plutons in the Coxcomb and northern Dome Rock Moun-

tains, and igneous and metasedimentary rocks in the northern Dome Rock 

Mountains are herein jointly referred to as rocks of the McCoy basin. 

The boundaries of the McCoy basin are the northern- and southern-bounding 

thrust faults of figure 2. The McCoy basin thus consists of the lower 

plate rocks to both bounding thrust faults. The following discussion is 

the result of mapping and reconnaissance by the author, P. Coney, and R. 

Butler and of discussions with workers in nearby areas including J. 

Dillon, G. Haxel, R. LeVeque, S. Marshak, R. Powell, S. Reynolds, S. 

Richard, and L. Silver. 
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Geology in the McCoy Basin 

Within its deep, narrow basin the McCoy Mountains Formation is 

deposited on a 3-5 km thick volcanic terrane. This contact is locally 

both disconformable and nonconformable but nowhere is angular unconform

ity observed. Only two age determinations are known from the underlying 

volcanic terrane: a U-Pb, upper Triassic or lower Jurassic apparent age 

assignment from the central part of the southern Dome Rock Mountains by 

L. Silver cited in Miller (1970) and several K-Ar determinations on pla

gioclase from the Palen Mountains, the oldest of which is 176 m.y., by 

Pelka (1973a). In addition, the Permian guide fossil sponge, Actino

coe1ia, was found in a boulder of volcaniclastic sandstone in the cen

tral part of the southern Dome Rock Mountains. Actinocoelia is a guide 

fossil to the Kaibab Limestone and appears to be confined to shallow

water shelf or shell-bank deposits (Finks, Yochelson, and Sheldon, 1961). 

The distribution of Actinocoelia, as shown by Finks et al. (1961), ap

pears to be confined to platform rocks and follows the boundary between 

the ancient Paleozoic continental shelf and the Cordilleran suspect ter

ranes of Coney, Jones, and Monger (1980). The significance of this find 

is uncertain and a Jurassic age for the volcanic terrane seems probable 

at this time. The volcanic terrane hereafter will be referred to as the 

Jurassic volcanic terrane, which ranges from basaltic to rhyolitic in 

composition (Marshak, 1979). Basement to the Jurassic volcanic rocks 

and Palen Formation locally exposed beneath the Jurassic volcanic rocks 

is nowhere exposed and thus is unknown. However, there is no evidence 

to suggest that the Palen Formation and Jurassic volcanic rocks do not 

rest on Paleozoic rocks. Volcanic rocks of two main types appear to lie 
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directly beneath the basal sediments of the McCoy Mountains Formation. 

Most common is a coarse-grained quartz-rich porphyritic igneous rock 

called a quartz porphyry by Miller (1970), probably correlative to the 

rhyodacite porphyry of Pelka (1973a). This porphyry (if both are the 

same) is both intrusive and extrusive in its exposures in the southern 

Plomosa Mountains and is interbedded with basal sediments of the McCoy 

Mountains Formation in many exposures. The other lithology commonly 

found beneath the McCoy Mountains Formation is a dark green chlorite

rich aphanitic volcanic rock which was probably originally andesitic in 

composition. This lithology is most commonly found along the deformed 

southern basin margin. 

Thick exposures of the Jurassic volcanic sequence are found on 

the western margin of the southern Plomosa and New Water Mountains and 

in the northern half of the southern Dome Rock Mountains, Arizona and 

in the northern McCoy and Palen Mountains, California. Thinner over

turned exposures of the Jurassic volcanic sequence interleaved with rocks 

from the McCoy Mountains Formation are found in the southernmost Dome 

Rock Mountains, Arizona and the southern McCoy, Palen, and Coxcomb Moun

tains, California. Thus, the Jurassic volcanic terrane is seen to under

lie the McCoy Mountains Formation wherever the contact between them is 

exposed. 

The McCoy Mountains Formation is intruded by an undeformed plu

ton of apparent upper Cretaceous age (71-65 Ma, K-Ar, biotite) in the 

Coxcomb Mountains (Armstrong and Suppe, 1973; Calzia, 1982). Upper Cre

taceous plutons (66 Ma, K-Ar, biotite) intrude the Jurassic volcanic 

rocks in the Palen Mountains (Pelka, 1973a). 
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Middle Tertiary volcanic rocks rest with angular unconformity 

on the McCoy Mountains Formation in the Livingston Hills, Arizona 

(Miller, 1966). 

Geology on the 
North Margin of McCoy Basin 

In direct contrast to the monotony of rocks within the McCoy ba-

sin, mountain ranges on the north side of the basin contain recognizable 

Precambrian, Paleozoic, and early Mesozoic rocks of the North American 

craton. These rocks have long been known to be structurally complex 

(Hamilton, 1964a,b; Miller, 1966, 1970; Miller and McKee, 1971; Pelka, 

1973a; Varga, 1976) and recently have been recognized to be part of a 

south- or southeast-verging fault system (Hamilton, 1978, 1982; Howard, 

1980; Krummenacher et al., 1981; LeVeque, 1981, 1982). Structural geom-

etry on both sides of the northern McCoy basin boundary suggest this 

fault is a north- to northeast-dipping, south-verging thrust fault, plac-

ing Paleozoic rocks above younger Jurassic volcanic rocks and Palen For-

mation, and rocks of the McCoy Mountains Formation (Harding, Coney, and 

Butler, 1982). The thrust relationship is particularly well portrayed in 

the Italian Wash and Apache Wash areas in the southern Plomosa Mountains 

(Miller, 1970), in Boyer Gap in the northern Dome Rock Mountains, and in 

Palen Pass in the northern Palen Mountains (LeVeque, 1981, 1982). t~so-

zoic(?) plutons are involved with the thrusting in all three areas 

mentioned. 

At some time during the deposition of the McCoy Mountains Forma-

tion, sediments usually confined to the basin underlain by thick Jurassic 



volcanic rocks were deposited on Paleozoic and underlying Precambrian 

rocks of the North American craton to the north of the McCoy basin. 
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These sections of the Mesozoic clastic rocks have a minimum thickness of 

2 km, in contrast to the minimum 7.3 km thickness of the McCoy Mountains 

Formation within the major basin, and have different internal stratig

raphy and petrology as well. They occur in the southern Plomosa Moun

tains (Miller, 1970; Harding, 1978), in the Little Harquahala Mountains 

(Richard~ 1982a,b), and possibly in the Granite Wash Mountains (Marshak, 

1979). As discussed in the next chapter, these apparently thinner later

al equivalents to the McCoy Mountains Formation have been renamed the 

Apache Wash Formation (formerly Livingston Hills Formation). In the 

southern Plomosa Mountains, the Apache Wash Formation is deposited dis

conformably on Paleozoic Kaibab(?) Formation and is interbedded at its 

base with an intrusive-extrusive quartz porphyry (1uller, 1970), prob

ably equivalent to the upper part of the Jurassic volcanic terrane. The 

quartz porphyry is intrusive into the Paleozoic Kaibab(?) Formation. 

These complex but clearly exposed relationships occur in a thrust plate 

which is overlain by allochthonous crystalline rock and underlain by 

McCoy Mountains Formation and Jurassic volcanic rocks of the McCoy basin. 

Preliminary data (Harding et al., 1980) suggest that some of the defor

mation may be Middle Jurassic in age. Low-angle normal faulting of mid

dle Tertiary age that is well developed to the north along the Colorado 

River (Anderson, 1971) may be present in the complex structures of the 

southern Plomosa Mountains as well. Flat-lying volcanic rocks isotopic

ally dated as about 19 m.y. (Eberly and Stanley, 1978) form prominent 

mesas within the southern Plomosa Mountains. 



Geology on the South Margin 
of the McCoy Basin 
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With the exception of mid-Tertiary volcanics and associated sedi-

mentary rocks, rocks exposed to the south of the McCoy basin have no 

known counterparts either within or to the north of the McCoy basin. 

The fault boundary between the McCoy basin and rocks to the south is a 

southwest-dipping, northeast-verging fault. The northeast vergence is 

sympathetic to: 1) the south-dipping homoc1ina1 exposures of the McCoy 

Mountains Formation in the Palen, McCoy, and Dome Rock Mountains and 

Livingston Hills; 2) the overturning and thrusting of the McCoy Mountains 

Formation and underlying Jurassic volcanic terrane onto themselves at the 

southern ends of these ranges; and 3) a south-dipping penetrative c1eav-

age in the McCoy Mountains Formation and underlying Jurassic volcanic 

rocks. 

Several south-dipping zones of mylonite are exposed in the Mule 

Mountains separating rocks of the Jurassic volcanic terrane (lower plate) 

from meta-plutonic crystalline rocks (upper plate) to the south. The 

meta-plutonic crystalline rocks are of unknown age and affinity but may 

correlate with the crystalline rocks of the San Gabriel and Joshua Tree 

terranes of Powell (1981). Because of the lack of age control on the 

crystalline rocks, the relationship with underlying Jurassic volcanic 

rocks and the McCoy Mountains Formation cannot properly be called a 

thrust fault. This southern-boundir.g fault has been informally referred 

to as the Mule Mountains Thrust and is currently being studied by R. M. 

Tosda1 (Tosda1 and Haxe1, 1982). 
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The assemblage of rocks exposed on the southern basin margin is 

referred to in figure 2 as the Mojave-Sonora Complex. This name was 

suggested by L. T. Silver (~ersonal communication, 1982) and includes 

rocks of the San Gabriel, Joshua Tree, and Orocopia Schist terranes and 

the Vincent Thrust. 

Summary 

The McCoy Mountains Formation and underlying Jurassic volcanic 

rocks are presently exposed in a west-northwest trending band separating 

rocks of cratonic North America to the north from rocks of unknown af

finity to the south. The basement to the Jurassic volcanic rocks within 

the McCoy basin is unknown. Boundaries of the basin are presently thrust 

fault systems with opposing senses of vergence: the northern-bounding 

fault verges south and the southern-bounding fault verges north. Thus, 

both of the fault systems placed rocks onto the McCoy basin, making the 

McCoy Mountains Formation and underlying Jurassic volcanic terrane a 

lower plate to both thrust faults (figure 2). 



STRATIGRAPHY OF THE 
McCOY MOUNTAINS FORMATION 

Introduction 

The similarity of stratigraphy in exposures of the McCoy Moun-

tains Formation throughout southeastern California and southwestern 

Arizona is striking. Allowing for substantial Basin and Range extension 

(Stewart, 1978), similarity of exposures of a coarse clastic sedimentary 

sequence over 140 km of distance is remarkable. This sedimentary se-

quence is exposed in the McCoy, Palen, and Coxcomb Mountains, California 

and in the Livingston Hills and Dome Rock, southern Plomosa,. and New 

Water Mountains, Arizona. Using the Jacob staff method, detailed sec-

tions now have been measured and described in the Livingston Hills 

(Miller, 1966; Harding, 1978); New Water Mountains (Robison, 1979); and 

Dome Rock, McCoy, and Palen Mountains (Harding, this work). Thicknesses 

of the measured sections are tabulated in Table 1. In review, the McCoy 

Mountains Formation, locally as thick as 7.3 km, was deposited on a thick 

volcanic sequence of Jurassic age. Deformation of probable Jurassic age 

(see discussion of age) and Tertiary Basin and Range faulting have left 

the Mesozoic sedimentary terrane exposed in a series of north-south 

trending mountain ranges. The rocks in the ranges dip homoclinally to 

the south, southeast, or east by southeast. In the Livingston Hills, 

Dome Rock, McCoy, Palen, and Coxcomb Mountains the top of the sequence 

(exposed at the southern end of each of these ranges) is structurally 

overturned onto itself in the form of a large isoclinal fold. The over-

turned limb of the fold in each exposure contains McCoy Mountains 
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Table 1. Thickness of the McCoy Mountains and Apache Wash Formations in their different 
exposures. 

LOCATION THICKNESS* 
(m) BASE* TOP* REFERENCE 

McCoy Mountains Formation, 
HcCoy Mountains 7340 depositional reverse fault this study 

McCoy Mountains Formation, 
Palen Mountains 4630 depositional covered this study 

McCoy Mountains Formation, 2000 
Coxcomb Mountains (estimated) depositional intrusion this study 

McCoy Mountains Formation, 
Dome Rock Mountains 5510 depositional syncline core this study 

McCoy Mountains Formation, 
Livingston Hills 2880 fault syncline core this study 

McCoy Mountains Formation, 
New Water Mountains 168 covered covered Robison (1979) 

Apache Wash Formation, 
southern P1omosa Mountains 1996 depositional fault Harding (1978) 

Apache Wash Formation, 
Little Harquaha1a Mountains 750 depositional covered Richard (1982b) 
*At location where section was measured. 
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Formation rocks overlain by volcanic rocks, similar to those forming the 

basement to the sedimentary terrane, and therefore are probably Jurassic 

in age. Cleavage is present throughout the McCoy Mountains Formation 

and underlying Jurassic volcanic terrane and is locally very penetra

tive. Cleavage in the northern part of the McCoy basin dips to the 

north; in the southern part of the basin, cleavage dips south (figure 2). 

Metamorphic grade is greenschist facies, low enough to preserve many de

trital textures in the rocks but high enough to form large amounts of 

metamorphic minerals (chlorite, sericite, epidote, biotite, and garnet) 

from some of the less stable detrital modes. The following description 

of the McCoy Mountains Formation looks through both a metamorphic screen 

of secondary minerals and penetrative cleavage which often obscures pri

mary internal structure of beds. 

The McCoy Mountains Formation is described separately for each 

mountain range, and the description should be accompanied by both the 

stratigraphic column for the mountain range (figures 6, 7, Ba,b, all in 

tube) and by the tectonic map (figure 2, in tube). The section has 

been divided into six mappable units which are present in nearly every 

exposure of the McCoy Mountains Formation, unless part of the sequence 

is miSSing due to later deformation. From bottom to top these map units 

have been called Basal Members 1 and 2, the Phyllite Member, the Con

glomerate Member, the Sandstone Member, and the Siltstone Member. The 

names Conglomerate Member, Sandstone Member, and Siltstone Member are 

based on Miller's (1966) division of the Livingston Hills Formation into 

Conglomerate, Graywacke, and Siltstone Members. The term Sandstone has 
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been substituted for Graywacke to avoid any genetic connotation. Figure 

9 summarizes the stratigraphic units of the McCoy Mountains Formation 

and their thicknesses. 

New Stratigraphic Nomenclature 
for the McCoy Mountains Formation 

The results of detailed stratigraphic analysis (measured sec-

tions accompanied by sandstone petrography) indicate that the thick 

clastic sequence, named McCoy Mountains Formation for its type exposures 

in the McCoy Mountains by W. J. Miller (1944), is exposed in other ranges 

as well. Some of these exposures were recognized as correlative with 

the McCoy Mountains Formation and correctly named as such: Greene (1968) 

in the Coxcomb Mountains and Pelka (1973a) in the Palen Mountains. Ari-

zona exposures of the clastic sequence were not previously known to be 

correlative with the McCoy Mountains Formation of Miller (1944) and were 

given different names--continental red bed deposits and Livingston Hills 

Formation--by F. K. Miller (1966, 1970). In addition, Miller (1966, 

1970) also applied the name Livingston Hills Formation to a second clas-

tic sequence that differs in petrology, stratigraphy, and thickness from 

the type McCoy Mountains Formation. The different names applied to 

Miller's (1944) McCoy Mountains Formation rocks and their stratigraphic 

equivalents are summarized in figure 10. The geographic extent, contact 

relationships, and internal stratigraphy and petrology of both Mesozoic 

sequences are now known (Harding, 1978, this work; Richard, 1982b). As 

a result, it is appropriate to propose a new nomenclature for the Meso-

zoic clastic rocks now included in the names McCoy Mountains Formation, 

Livingston Hills Formation, and continental red bed deposits. 
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The subject of this work, the McCoy Mountains Formation, is 

hereby defined to include all of the thick sequences of Mesozoic clastic 

rocks now known to be exposed in the Coxcomb, Palen, McCoy, Dome Rock, 

southern Plomosa, and New Water Mountains and Livingston Hills (figure 

2). These exposures are all contained within the McCoy basin, the lower 

plate to both the northern- and southern-bounding thrust faults of fig

ure 2. 

The second Mesozoic clastic sequence, discussed previously in 

the section on the geology of the northern margin of the McCoy basin, is 

herein renamed the Apache Wash Formation with the type exposure in Apache 

Wash, south-central Plomosa Mountains. ·Studied by Miller (1966, 1970), 

Harding (1978, 1980), and Richard (1982b), the Apache Wash Formation ex

posed in the Apache Wash and Ramsey Mine arc!as of the southern Plomosa 

Mountains and in the Little Harquahala Mountains is believed to be stra

tigraphically equivalent to the McCoy Mountains Formation. The decision 

to separate the Apache Wash Formation from the McCoy Mountains Formation 

was made for several reasons: 1) the two formations are easily distin

guished as two distinct mappable units, even when structurally imbricated 

with each other, as in the southwestern Plomosa Mountains (Miller, 1970); 

2) there are two ways to correlate between the two sequences with neither 

scheme presently preferred above the other (figure 11); and 3) there ex

ist differences in sandstone composition, paleocurrent directions, pres

ently exposed thickness and geographic distribution, and contact rela

tionships (Harding, 1978, this work). 

Both the Apache Wash and McCoy Mountains Formations are interbed

ded at their bases with a porphyritic volcanic rock (quartz porphyry of 
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interbedded at base. 
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Miller, 1970; rhyodacite porphyry of Pelka, 1973a). The porphyry ap

pears to have a similar composition in all of its exposures (at the 

bases of the clastic sequences) but no detailed petrography or radiomet

ric age dating has been done to establish this correlation. The Apache 

Wash Formation is exposed in depositional contact on Paleozoic Kaibab(?) 

Limestone, with the porphyritic volcanic rock clearly intrusive into the 

Paleozoic rocks (Miller, 1970). Thus a correlation can be made between 

the McCoy Mountains and Apache Wash Formations on the basis of the in

terstratification of porphyritic volcanic and sedimentary rocks at their 

bases. 

The petrology of.basal sediments interstratified with the vol

canics is different in the McCoy and Apache Wash Formations. The pe

trology of basal Apache Wash Formation is quite similar to that of the 

Conglomerate Member of the McCoy Mountains Formation. Discussed subse

quently, Conglomerate Member rocks occur at least 2.5 km above the base 

of the McCoy Mountains Formation. Indeed, the petrology and stratigraphy 

of the Apache Wash Formation (conglomerate to sandstone to siltstone suc

cession) is similar to the upper three members of the McCoy Mountains 

Formation (Conglomerate, Sandstone, and Siltstone Members) (Miller, 

1970). However, the conglomerate, sandstone, and siltstone of the 

Apache Wash Formation are easily distinguished in the field from the 

Conglomerate, Sandstone, and Siltstone Members of the McCoy Mountains 

Formation (Harding, 1978). Differences in sandstone petrology between 

the two formations include: 1) presence of chert in the Apache Wash 

Formation (not yet found in the McCoy Mountains Formation), and 2) the 

presence of orthoclase in the Apache Wash Fcrmation (McCoy Mountains 
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Formation sandstone contains K-feldspar only as perthite or microcline). 

Petrologic data from the Apache Wash Formation of Harding (1978) are not 

included in this work. 

In summary, a correlation between the Apache Wash and McCoy Moun

tains Formations can be made on either the similarity of volcanic inter

beds at their bases or the similarity in stratigraphy between the upper 

three members of the McCoy Mountains Formation and the entire Apache Wash 

Formation. Nondeposition or deposition and subsequent erosion of rocks 

petrologically equivalent in the lower three members of the McCoy Moun

tains Formation in the Apache Wash sequence are both possible but do not 

explain the different petrologies of rocks interbedded with the volcan

ics. Age control on the volcanic rocks would help solve this problem in 

correlation. Rocks transitional to the Apache Wash and McCoy Mountains 

Formations have not yet been found. Due to this and to the lack of age 

control, the possibility exists that the two sequences are not the same 

age or were deposited in unrelated tectonic settings. 

Conglomerate exposed near Crystal Hill (assigned to the Conglom

erate Member of the Livingston Hills Formation by Miller, 1970) has been 

an object of confusion in sorting out the stratigraphy of the Mesozoic 

sequences. This conglomerate has a clast and matrix lithology similar 

to the Basal Member 1 (equivalent to Miller's (1966, 1970) continental 

red bed deposits) but has not been found associated with other exposures 

of Basal Member 1 in the Dome Rock, McCoy, or Palen Mountains. It was 

believed to correlate with the basal exposures of the Livingston Hills 

Formation in the Livingston Hills by both Miller (1966, 1970) and Robison 

(1979, 1980). As shown in figure 9, the conglomerate from the Livingston 
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Hills correlates with the Conglomerate Member of the McCoy Mountains 

Formation, which is almost 3 km above the base of the section. The 

Crystal Hill conglomerate is more likely: 1) a locally derived conglom

erate of the same age as Basal Member 1 of the McCoy Mountains Formation 

with restricted distribution (Harding, 1978); or 2) is younger and pos

sibly is associated with the severe deformation to which Basal Member 1 

has been subjected in the vicinity of Crystal Hill. 

McCoy Mountains Stratigraphy 

The McCoy Mountains is the type section of the McCoy Mountains 

Formation, originally named by Miller (1944). The McCoy and Palen Moun

tains are the site of Pelka's (1973) mapping and preliminary strati

graphic work. Pelka estimated the section in the McCoy Mountains to be 

over 6 km thick, with a repeated section about 1.3 km thick. Detailed 

stratigraphic and petrologic analysis revealed that the section is no

where repeated and that the total preserved thickness of the McCoy Moun

tains Formation in the McCoy Mountains is 7.3 km. Figure 2 shows the 

location of the measured section. The generalized stratigraphy of the 

McCoy Mountains Formation in the McCoy Mountains is shown in figure 12. 

Basal Contact 

The base of the McCoy Mountains Formation rests on a rhyodacite 

porphyry, whjch yielded a Jurassic age in the Palen Mountains (173 m.y., 

K-Ar, plagioclase in Pelka, 1973a), with both disconformity and noncon

formity (figures 12, 13). Where disconformable, relief between a volcan

iclastic rhyodacite porphyry phase with sedimentary structures (small

scale cross-beds defined by magnetite horizons, incorporated quartzite 
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Figure 12. Generalized stratigraphic column of the type section of the 
i'lcCoy l'.1ountains Formation, McCoy Hountains, California. 



Figure 13. Basal contact of the McCoy Mountains Formation on the 
Jurassic volcanic rocks in the northern McCoy Mountains. 
View to the east from the Palen Mountains. 
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clasts) and the basal quartz-rich sandstones of the McCoy Mountains For

mation is at most 3 m. ~nere nonconformable, the rhyodacite porphyry 

unit is internally structureless and again shows a maximum of 3 m of re

lief along the surface on which the McCoy Mountains Formation is depos

ited. Nowhere is there angular unconformity along the basal contact of 

the McCoy Mountains Formation. 

Basal Members 1 and 2 

Basal Members 1 and 2 comprise the lowest 1620 m of the McCoy 

Mountains Formation in the McCoy Mountains and roughly correspond to 

Units 1, 2, and 3 of Pelka (1973a). The position of the contact between 

Basal Members 1 and 2 varies from range to range, but together the two 

members have a constant thickness of about 1600 m. Basal Member 1 thins 

to the west and is entirely absent in the Coxcomb Mountains, the western 

limit of the Mesozoic sedimentary terrane. Basal Member 2 is much less 

distinctive in the eastern exposures of the basin and was not found at 

all in the Crystal Hill area of Robison (1979, 1980). There is some 

section missing in the Crystal Hill area, so it cannot be said that 

Basal Member 2 disappears completely. 

Basal Member 1 is 560 m thick and consist~ of a sequence of in

terbedded conglomerates, sandstones, siltstones, and mudstones. Near its 

base the sequence is interstratified with several distinct horizons of 

rhyodacite porphyry. The quartzofeldspathic mineralogy of the rhyodacite 

porphyry is only slightly mixed with the interstratified basal quartz

rich sandstones, suggestive of a flow origin for the volcanics. Basal 
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Member 1 is laterally equivalent to the continental red bed deposits of 

Miller (1966, 1970). 

The conglomerate, sandstone, siltstone, and mudstone of Basal 

Member 1 are arranged in fining-upward cycles. 5-20 m thick similar to 

those described by Robison (1979, 1980). Conglomerate is present at the 

base of a cycle about 25% of the time. The conglomerate contains clasts 

of quartzite, sandstone, and carbonate rocks but no clasts of volcanic 

rocks. The base of each cycle is marked by an erosional surface. The 

top unit of a cycle quite commonly is calcareous--whether sandstone, 

siltstone, or mudstone. Sandstone commonly contains medium-scale fes

toon or trough cross-beds. Cut-and-fill structures are common, as are 

laminated layers of pebbly gravels with much interstratified silt and 

sand. Sorting within beds is quite variable, both good and poor. Fresh 

exposures of sandstone and the matrix of the conglomerate are light tan 

to pink-tan when iron oxide and calcareous cement are present. Where 

the cement is mostly silica, the rocks are light to medium gray. Both 

lithologies take a dark brown desert varnish. The sandstone and con

glomerate are interbedded with purple-gray and gray-green siltstone and 

mudstone. The siltstone and mudstone everywhere exhibit a penetrative 

north-dipping (~45°) cleavage that obscures primary internal structures 

in the beds (figure 14). They contain elongate (east-west) calcic pods 

coated with green mica and may be the remnants of caliche pods. Cores 

for paleomagnetic study were taken from the purple-gray siltstone and 

mudstone lithology. 

About 560 m above the base of the section, sandstone and cement 

composition change, which marks the contact between Basal Members land 



Figure 14. Bedding and cleavage relationship, quartz-rich sandstones 
(pink) and siltstones (gray), Basal Member 1, northern 
McCoy Mountains. 
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2. The contact is gradational, for quartz-rich sandstones occur as much 

as 200 m above the contact. Siltstone and mudstone lithologies remain 

unchanged. Sandstone of Basal Member 2 is rich in feldspar and lithic 

grains. Volcanic lithic fragments and zoned plagioclase grains are com

mon. The sandstone is cemented with silica. As a result, the section 

is resistant to weathering and forms a higher ridge crest with steeper 

slopes (figure 15). The compositional change does not affect the fining

upward cycles of conglomerate, sandstone, siltstone, and mudstone; al

though less conglomerate is present above 600 m. Sandstone above 560 m 

is medium gray (fresh), dark brown from desert varnish on exposed sur

faces, and commonly internally structureless. However, paleocurrent di

rections were obtained from one beautifully cross-bedded exposure of 

sandstone and conglomerate with a distinctive green chloritic matrix. 

Clasts in this conglomerate include white, tan, gray, and red-brown 

quartzite, phyllitic chloritic mudstone and, for the first time, silicic 

volcanic rocks. The green conglomerate and sandstone mark the top of 

Basal Member 2 in the McCoy and Palen Mountains but are not found in the 

Dome Rock Mountains. As a result, the mappable contact between Basal 

Member 2 and the overlying Phyllite Member should be consi.dered to be 

the base of the Phyllite Member rather than the top of the green conglom

erate and sandstone horizon. 

Petrology of Basal Member 1. Sandstone of Basal Member 1 is 

quartz-rich and has an average composition of QSlF7L12 (terminology by 

Rodgers, 1950, as suggested by Dickinson, 1970). Interstitial material 

(7% of total rock) consists of calcite and silica. The feldspar is 
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Figure 15. Basal Member 2 forming high, resistant ridge crest, northern 
McCoy Mountains. -- View to the west from the main wash 
draining the northern McCoy Mountains. 
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entirely plagioclase which sometimes shows albite twinning. Lithic 

grains are wholly sedimentary in origin--quartzite and quartz-sericite 

(silt-sand). No volcanic lithic fragments or zoned plagioclase crystals 

were seen in thin section. 

Petrology of Basal Member 2. Basal Member 2 contains sandstone 

with an average composition of Q41F24L3S. Both volcanic and sedimentary 

lithic grains are common along with euhedral, zoned plagioclase. No K

feldspar is present in this interval. Volcanic lithic grains are micro-

1itic and felsitic in composition (terminology from Dickinson, 1970). 

Sedimentary lithic grains consist of quartzite and quartz-sericite (silt

sand). Interstitial material (silica and sericite) accounts for 5% of 

the total rock. 

Phyllite Member 

The Phyllite Member (1620-2410 m from base) of the McCoy Moun

tains Formation is characterized by silvery gray phyl1itic siltstones 

and mudstones interbedded with rare sandstone and pebble or gravel con

glomerate horizons exposed on monotonous low rounded hills. Only the 

sandstone and conglomerate lithologies are covered with the dark brown 

desert varnish. The Phyllite Member is exposed in low rounded hills due 

to the lack of resistance of the phy11itic siltstones and mudstones. 

Gray sandstone beds (0.1-1 m thick) occur every 20-100 m in the section 

and commonly have a 1-2 m thick channel conglomerate at their bases. 

The sandstone beds are lenticular and can be followed along strike for 

as much as 1 km. Grain size in the sandstone beds decreases upwards. 
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Poor exposures--partly due to secondary features such as limon

ite after pyrite, sericite, and iron oxide staining--render the sand

stone internally structureless except in the freshest exposures in wash

es. In these exposures a few small-scale fluvial cross-beds were found. 

The phyllitic mudstones and siltstones are gray, or tan where stained 

with iron oxide, and are penetratively foliated by a north-dipping 

cleavage. Locally the phyllitic rocks are cut by quartz and calcite 

veins. Blebs of chlorite a few centimeters in diameter are commonly 

present in the foliation plane of the phyllitic mudstones. 

Petrology of the Phyllite Member. The sandstone of the Phyllite 

Member has an average composition of QS1F14L35' similar to the sandstone 

of Basal Member 2. The quartz is monocrysta1line and of probable igne

ous origin. The feldspar is entirely plagioclase, partly zoned, and 

euhedra1. Lithic grains consist of microlitic and fe1sitic volcanic 

grains and quartzite and quartz-sericite (silt-sand) grains. Sericite 

and calcite interstitial material combined total 14% of the rock. 

Conglomerate Member 

The Conglomerate Member (2410-4045 m from base) of the McCoy 

Mountains Formation is exposed in the central part of the McCoy Moun

tains and has a minimum thickness of 1635 m. The top of the Conglomerate 

Member ends in alluvium where the section was measured. The alluvium 

covers about 300 m of section. The Conglomerate Member begins abruptly, 

-with light brown interbedded conglomerate and sandstone deposited on gray 

phyl1itic siltstone and sandstone of the Phyllite Member. The entire 



section is heavily coated with dark brown desert varnish. The brown 

conglomerate and sandstone (Pelka's Unit 5, 1973a) grade up into blue

gray interbedded conglomerate and sandstone (Pelka's Unit 6, 1973a). 
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The brown conglomerate, a mappable unit, was lumped with the blue-gray 

conglomerate in this study because: 1) the sandstone petrologies of the 

two conglomerates are indistinguishable, and 2) the brown conglomerate 

is not found in the Livingston Hills but is exposed in the Palen and 

Dome Rock Mountains. 

The brown conglomerate consists of interbedded sandstone and 

conglomerate with only minor amounts of siltstone. The brown color is 

derived from the presence of limonite after pyrite in the matrix and 

concentrated in bedding planes. Pelka (1973a) interpreted the concen

trations of limonite after pyrite in bedding planes to be replaced fos

sil wood. Bedding in the sandstone and conglomerate is lenticular and 

can be followed for ~ km or less along strike. Cut-and-fill structures 

are found in nearly every outcrop. One exposure of large slightly asym

metric ripples suggestive of antidunes was found. Pebbles in the brown 

conglomerate consist of quartzite, sandstone and, rarely, siliceous 

volcanics. 

The blue-gray conglomerate begins about 2835 m above the base of 

the McCoy Mountains Formation and, like the brown conglomerate, consists 

of sandstone, conglomerate, with rare siltstone. The blue-gray conglom

erate locally shows exfoliation structures. These sheets tend to be 

coated with desert varnish, but much of the rock has been recently ex

posed by exfoliation and is not coated with desert varnish. Interbedded 

with the blue-gray sandstone and conglomerate are horizons 10 cm to I m 
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thick of brown to purple sandstone, which occur every 100 m or so in the 

section. The brown and purple sandstones are commonly mixed with the 

blue-gray sandstone to form intermediate colors. The lateral persis

tence of these intervals, along with their contrasting color, is sugges

tive of a volcanic origin. The lack of volcanic lithic grains or zoned 

plagioclase in thin sections from these sandstones, however, does not 

favor a volcanic source. Their origin is unknown. Similar horizons, 

which do have volcanic mineralogies, are found in the Palen and Dome 

Rock Mountains and Livingston Hills Conglomerate Members. 

The blue-gray conglomerate and sandstone exhibit lenticular bed

ding which can be followed about 500 m along strike. Beds are poorly 

sorted with respect to grain size, 2-3 m thick, and pinch out laterally. 

Internal sandstone bed structure is observable when defined by magnetite 

horizons. Locally magnetite layers define small-scale fluvial cross

beds. Conglomerate layers typically cut channels into underlying sand

stone. The conglomerate fines upward into sandstone as well. The pro

portion of sandstone relative to conglomerate increases up-section. The 

clasts of the Conglomerate Member consist of quartzite, sandstone, gran

ite, and siliceous volcanic rocks, with the percentage of volcanic 

clasts generally increasing up-section. Data from the conglomerate 

clast counts are presented in the chapter on sedimentary petrology. 

Cleavage is rarely present in the Conglomerate Member in the McCoy 

Mountains. 
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Petrology of the Conglomerate Member. Sandstone composition of 

the Conglomerate Member reflects, both megascopically and microscopical

ly, composition of the dominant granitic clast type: a distinctive 

phaneritic quartz monzonite with purple quartz, light green microcline 

and perthite, and white plagioclase feldspar. Up-section the granitic 

clasts are less distinctive and possibly are from a different source, 

but the composition of the sandstone (QS3F46Ll) remains unchanged. Pla

gioclase accounts for only 42% of the total feldspar. K-feldspar con

sists of both microcline and perthite. Plagioclase feldspar shows albite 

twinning. Lithic grains consist of quartzite and quartz-sericite (sand

silt). No volcanic lithic grains were found in this entire interval of 

section. Mica accounts for about 1% of the framework grain total. In

terstitial material averages about 10% of the total rock. 

Sandstone Member 

The Sandstone Member (4365-5850 m from base) is mineralogically 

similar to the underlying Conglomerate Member but can be separated from 

it on the basis of: 1) conglomerate present in only minor amounts; and 

2) a stratigraphically narrow interval (less than 90m7) with sandstone 

containing a high percentage of lithic fragments, which occurs at the 

top of the section where conglomerate predominates. Typically both 

Sandstone and Conglomerate Members contain a very low percentage of 

lithic grains. This interval with a high lithic grain content is present 

in the Palen and Dome Rock Mountains as well as in the McCoy Mountains, 

and its significance is not understood. 
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The Sandstone Member corresponds to Pelka's (1973a) Units 7 and 

8 along with the units Pelka believed to represent a repeat in the sec

tion. No evidence for this repeat in section has been found following 

analyses of petrologic, stratigraphic, and structural data from this 

part of the section. Indeed, a repeat in the section according to 

Pelka's (1973a) interpretation leads to highly improbable structural 

configurations of the rocks. 

The basal third of the Sandstone Member consists of siltstone, 

sandstone, calcareous mudstone, and conglomerate. Sandstone, conglomer

ate, and siltstone are heavily coated with desert varnish but are medium 

gray when fresh and are commonly stained with hematite of vein origin. 

The calcareous mudstones are light gray on fresh surfaces but weather to 

an unusual light orange-brown. The mudstone occurs both as discrete 

horizons and as elongate pods (20-30 cm long, 10-15 cm wide, 2-4 em 

thick) oriented within the foliation plane. The sandstone is similar in 

composition to sandstone in the underlying Conglomerate Member and con

tains numerous chips of phyllitic mudstone. Conglomerate clasts are 

highly variable in composition. They consist mainly of siliceous vol

canic rocks but clasts of quartzite, sandstone, marble, chert or opal, 

and phyllitic mudstone rocks are also present. Evidence of bedding is 

found mainly in grain size changes. This part of the section is heavily 

veined with quartz and calcite, brecciated, foliated, and lineated. It 

is not resistant to weathering, typically forming steep rubble-covered 

slopes, and is exposed only for a short distance along the ridge crest. 
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The upper two-thirds of the Sandstone Member consist of predomi

nantly sandstone and conglomerate with more minor amounts of siltstone 

and only rare calcareous mudstone. The sandstone is gray, friable, 

medium- to coarse-grained, and does not take desert varnish well. Con

glomerate occurs in horizons 0.5-3 m thick every 25 m, constituting 

about 5% of the section. Conglomerate clasts consist of pebbles (3-10 

cm) of siliceous volcanic, quartzite, carbonate, phyllitic mudstone and, 

rarely, granitic rocks. Cleavage orientation is variable throughout 

this part of the section. Fossil wood, in an exposure not found by 

Pelka (1973a), occurs about 5500 m above the base of the section (figure 

16). 

Petrology of the Sandstone Member. The Sandstone Member has a 

petrology similar to that of the underlying Conglomerate Member: 

Q62F33L5. The feldspar is 84% plagioclase, none of which is zoned. The 

K-feldspar (16% of feldspar) consists of micro cline and perthite. Lith

ics include hypabyssal and fels~tic volcanic, quartz-sericite (silt

sand), quartzite, and metasedimentary grains. Sericite cement consti

tutes about 14% of the rocks. 

Siltstone Member 

The Siltstone Member (5850-7340 m, top) of the McCoy Mountains 

Formation has a similar sandstone petrology throughout but was broken 

into 6 units by Pelka (1973a), only some of which show lateral persis

tence greater than ~ km. The lower part of the Siltstone Member (5850-

6370 m from base) is correlative with the Siltstone Member of the 

Livingston Hills. Rocks above 6370 m from the base have no exposed 



Figure 16. Dark brown fossil wood (angiosperm?) log encased in light 
gray cleaved sandstone, upper Sandstone Member, McCoy 
Mountains Formation, southwestern McCoy Mountains. 
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lateral equivalents within the Mesozoic sedimentary terrane, the McCoy 

Mountains section being the thickest known exposure of the terrane. 
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At the base of the Siltstone Member is exposed a section of si

liceous siltstone and fine-grained sandstone (Pelka's Unit 9, 1973a) by 

which the Siltstone Member of the McCoy Mountains Formation is character

ized. The gray sandstones and siltstones are interbedded and interlami

nated. The siltstones are siliceous, form resistant ledges, and are 

coated with brown desert varnish. Unlike the Siltstone Member of the 

Livingston Hills where beautiful exposures of climbing asymmetric trans

verse ripples were found, the Siltstone Member of the McCoy Mountains 

yielded almost no paleocurrent indicators. The section is highly frac

tured and cleaved, and very monotonous. A vesicular texture to the 

siltstone appears to be only a surface weathering phenomenon. 

Above the fine sandstone and siliceous siltstone, 6370 m from 

the base, is a medium-scale trough cross-bedded sandstone (20 m thick) 

which contains beautiful exposures of silicified fossil wood (figures 17 

and 18), described by Pelka (1973a). The cross-beds are of the trough 

variety and are 1-2 m in amplitude. They are defined by layers of mag

netite sand which has been altered to limonite. The fossil wood is in 

the form of logs, ~-l m in diameter and ~-3 m in length. The logs are 

composed mainly of black siliceous material and stand out against the tan 

cross-bedded sandstone background. 

The section above the fossil wood-bearing sandstone consists of 

sandstone with subordinate amounts of conglomerate and siltstone. Sand

stone is gray to gray-white, medium- to coarse-grained, and takes a 

desert varnish. Conglomerate contains clasts of silicic volcanic, 
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Figure 17. Black fossil wood (angiosperm?) log, Siltstone Member, McCoy 
Mountains Formation, southern McCoy Mountains. 



Figure 18. Cross sections of black fossil wood (angiosperm?) logs, 
Siltstone Member, McCoy Mountains Formation, southern 
McCoy Mountains. 
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granite, quartzite, carbonate, and biotite-hornfels rocks flattened into 

the foliation plane. Sericite is present in one interval in such large 

amounts that the rock appears white from the distance. Large amounts of 

secondary biotite are present in all the sandstones. Conglomerate chan

nels can be seen cutting into sandstone beds, but sedimentary structures 

of other types are very hard to find. The section is penetratively fo

liated (figure 19). 

Petrology of the Siltstone Member. The sandstone of the Silt

stone Member contains elements of everything previously described within 

the sandstone of the McCoy Mountains Formation. Average composition is 

Q36F40L24. K-fe1dspar in the form of microc1ine accounts for 12% of the 

feldspar total. Lithics include quartzite, quartz-sericite grains of 

sedimentary origin and hypabyssal, fe1sitic and ~~cro1itic grains of 

volcanic origin. Interstitial material accounts for 25% of the rock. 

Top of the Section 

The McCoy Mountains Formation is truncated 7340 m from its base 

by a south-dipping reverse fault which places conglomerate and sandstone 

of the Conglomerate Member onto the Siltstone Member. To the south the 

Conglomerate Member is overlain by sandstone and phyllitic siltstone of 

the Basal Member and volcanic rocks, probably equivalent to the rhyoda

cite porphyry which forms the basement for the McCoy Mountains Formation. 

Bedding and foliation relationships within the conglomerate and overlying 

volcanic rocks suggest that the section, though highly contorted, is 
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Figure 19. Conglomerate with pebbles flattened into foliation plane, 
upper Siltstone Member, McCoy Mountains Formation, southern 
McCoy Mountains. 
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upside down. South of the reverse fault, cleavage dips uniformly to the 

southeast at a low angle (5-15°). Bedding dips are variable and range 

from 15° to vertical. As discussed later, this overturned relationship 

is found at the south end of every exposure of the Mesozoic sedimentary 

terrane. 

Palen Mountains Stratigraphy 

The Mesozoic sequence exposed in the southern Palen Mountains 

was correlated to the type section of the McCoy Mountains Formation in 

the McCoy Mountains by Pelka (1973a) and is indeed very similar. Total 

thickness of the Palen Mountains section is 4630 m. The Basal, Phyllite, 

and Conglomerate Members of the McCoy Mountains Formation are present in 

the Palen Mountains. The bulk of section is homoclinal, as in the McCoy 

Mountains, and southeast-dipping. At the southern end the section is 

overturned onto itself in a large, northeast-verging isoclinal syncline. 

Cleavage throughout the northern part of the section dips to the north. 

At the southwestern tip of the Palen Mountains, cleavage dips to the 

south and southwest. Access is very poor into the Palen Mountains, al

lowing only one choice of traverse in which to measure the section. Lo

cation of section traverse is shown on figure 2. 

Basal Contact 

The contact between the McCoy Mountains Formation and the under

lying Jurassic rhyodacite porphyry volcanic unit in the Palen Mountains 

is disconformable (figure 20). Relief along the contact is less than 

1 m. As in the McCoy Mountains, rhyodacite porphyry is interbedded with 

the basal strata of the McCoy Mountains Formation. Sedimentary 



Figure 20. Basal contact of McCoy Mountains Formation on the Jurassic 
volcanic rocks, west-central Palen Mountains. -- View to 
east. 
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structures in the rhyodacite porphyry include small-scale cross-beds de

fined by magnetite sand and "floating" quartzite clasts and indicate 

that it is volcaniclastic in origin. Interstratified with the volcani

clastic rhyodacite porphyry is quarcz-rich sandstone of Basal Member 1. 

As in the McCoy Mountains, no grains of porphyry-derived material were 

seen in thin sections cut from the quartz-rich sandstone. 

Basal Members 1 and 2 

As in the McCoy Mountains, Basal Members 1 and 2 (0-1570 m from 

base) consist of: quartz-rich sandstone, siltstone, calcareous mud

stone, and conglomerate arranged in fining-upward cycles; interbedded 

with 2) sandstone with a higher lithic and fe1dspathic component inter

bedded with mudstone; overlain by 3) distinctive green ch10ritic sand

stone, conglomerate, and siltstone. 

The light tan basal sandstones of Basal Member 1 are quartz-rich 

and are interbedded with purple-gray siltstone and mudstone and tan con

glomerate. The siltstone contains calcareous tan pods flattened into 

the foliation plane. Foliation dips north between 45 and 75°. Bedding 

dips southeast at about 30°. This part of the section, equivalent to 

the Basal Member 1 in the McCoy Mountains and Dome Rock Mountains and to 

the continental red bed deposits of Miller (1966), is 300 m thick in the 

Palen Mountains. It is poorly exposed and further obscured by desert 

varnish. Fining-upward cycles consist of a basal conglomerate horizon 

(usually less than 50 cm thick) grading up into sandstone, siltstone, 

and calcareous mudstone. The entire cycle ranges from 10 to 20 m in 

thickness. Conglomerate or sandstone forms the base of the cycle, 
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erosional into underlying siltstone or mudstone. Perhaps due in part to 

the calcareous cement of the cyclic rocks, they form nonresistant slopes 

and a characteristically low ridge crest. 

Interbedded with and exposed above the quartz-rich basal sands 

are poorly exposed interbedded gray, tan sandstone, purple-gray and 

green-gray siltstone, siliceous gray siltstone, and highly fractured 

gray mudstone of Basal Member 2. The beds in this part of the section 

are internally structureless, heavily coated with desert varnish, and 

appear to be arranged in crude fining-upward cycles. The upper part of 

Basal Member 2 consists of green-gray sandstone, green conglomerate, 

purple and gray-green siltstone, and gray mudstone. The sandstone of 

both parts of Basal Member 2 is similar in composition and rich in feld

spathic and lithic components. Cut-and-fill structures are common in 

the conglomerate and sandstone, and bedding is lenticular. Some of the 

gray-green siltstone has an internal structure similar to that of flow 

banding of rhyolite. It is possible that this part of the section is 

partly volcaniclastic. Unfortunately, volumetrically large amounts of 

secondary minerals (calcite, chlorite, epidote, and sericite) obscure 

most of the original textures in thin section. 

Pe;rology of Basal Member 1. Tan sandstone at the base of Basal 

Member 1 (interbedded with the quartz porphyry) has an average compo

sition of Q92F4L4. Calcite and sericite make up 15% of the rock in this 

part of the section. Lithic fragments are all quartz-sericite grains 

of sedimentary origin. Feldspar is unzoned, commonly albite-twinned 

plagioclase. No K-feldspar is present in this part of the section. 
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Petrology of Basal Member 2. Interbedded with and exposed above 

the more quartz-rich tan sandstone are the gray and gray-green sand- . 

stones of Basal Member 2. The average composition of the sandstone is 

Q19F5lL30. Feldspar is entirely plagioclase, very commonly (in some 

thin sections entirely) zoned and euhedral. Lithics include hypabyssal, 

felsitic, and microlitic volcanic grains (70% of all the lithics) and 

quartzite and quartz sericite grains (30% of lithics). Calcite, chlor

ite, epidote, and sericite of metamorphic origin constitute 17% of the 

rock. 

Phyllite Member 

The Phyllite Member (1570-2650 m from base) consists of south

dipping gray siltstone and mudstone interbedded at regular intervals 

with thin horizons of sandstone and conglomerate. The siltstone and 

mudstone are locally phyllitic but are commonly dull gray. Internal 

structure consists solely of a penetrative north-dipping closely spaced 

cleavage. Sandstone and conglomerate horizons have an erosional base, 

are medium gray, and occur every 20-100 m in the section in groups of 2 

or 3 beds separated by siltstone or mudstone. Thickness of the sand

stone and conglomerate beds ranges between 50 cm and 10 m. Commonly 

sandstone beds have a layer of conglomerate 10-50 cm thick at the base. 

The sandstone also contains pebble stringers and small-scale fluvial 

type cross-beds defined by magnetite sand. The sandstone beds are len

ticular and pinch out laterally over a distance of ~-l km. Conglomerate 

clasts consist of quartzite, silicic volcanic, and phyllitic mudstone 
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rocks. As in the McCoy Mountains, the Phyllite Member forms distinctive 

silvery gray low rounded hills and a relatively low ridge crest. 

Petrology of the Phyllite Member. Average sandstone composition 

of the Phyllite Member is Q43F20L37. Calcite, sericite, and minor 

amounts of iron oxides and epidote account for 18% of the rock. Feld

spar is all plagioclase with zoned-euhedral, albite-twinned, and un

twinned varieties present. Lithics include hypabyssal, felsitic, and 

microlitic volcanic grains and quartzite and quartz-sericite grains. 

Conglomerate Member 

The Conglomerate Member (2650-4600 m from base) in the Palen 

Mountains consists of southeast-dipping, interbedded light brown to tan 

pebbly calcareous sandstone interbedded with gray phyllitic siltstone 

which grades upwards into medium gray sandstone, conglomerate, and dark 

gray coarse sandstone intervals of possibly tuffaceous origin. The me

dium gray sandstone is commonly medium- to coarse-grained; there is no 

interbedded fine-grained material. Small-scale fluvial cross-beds de

fined by magnetite sand are common. Bedding ranges from a few centi

meters to 2 m in thickness but is extremely variable in thickness along 

strike. Sandstone beds are all cut by subsequent sandstone or conglom

erate beds. The conglomerate appears to be roughly stratified from a 

distance, but because of the erosional and lenticular nature of its 

strata, accurate bedding orientations are difficult to obtain. The 

conglomerate is medium gray, with clasts ranging in size from 5. to 50 cm 

in diameter. Clasts are moderately well sorted with respect to size 

within a single strata. Conglomerate clasts consist of siliceous 
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volcanic, granitic, carbonate (marble), and gneissose rocks. Trends in 

conglomerate clast lithologies are not at all clear-cut in the Palen 

Mountains. Percentage of granitic and volcanic clasts together is quite 

high in the upper two-thirds of the Conglomerate Member, but the per

centage of volcanic clasts alone fluctuates. Complete data on conglom

erate clast lithology counts are presented in the subsequent chapter. 

Bedding throughout the Conglomerate Member is lenticular and can 

be followed along strike for 500 m or less. Beds range in thickness 

from 50 cm to 5 m. Percentage of sandstone increases up-section. In

t(-rbedded with the sandstone and conglomerate are dark gray sandy hori

zons, similar to the brown to purple sandy. horizons found in the Con

glomerate Member in the McCoy Mountains. In thin section these horizons 

contain a lot of zoned-euhedral plagioclase, as does sandstone through

out the Conglomerate Member. Again, a volcanic source is suspected for 

these horizons but cannot be proved. Cleavage in the Conglomerate Mem

ber dips to the northeast at about 25°. South-dipping cleavage was not 

present where the section was measured but is found in the southwestern 

tip of the range. 

Petrology of the Conglomerate Member. Sandstone from the Con

glomerate Member has an average composition of Q63F30L7. Sericite, cal

cite, biotite, chlorite, and epidote--all of secondary origin--make up 

31% of the rocks. This large amount of cement and pseudomatrix makes 

original model determinations of these rocks impossible and comparisons 

of them to other rocks difficult. Feldspar consists of both plagioclase 

and K-feldspar. The plagioclase is zoned-euhedral or albite-twinned 
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anhedral or untwinned, presumably representing both volcanic and pluton

ic origins. K-feldspar is found in only two thin sections in this in

terval but in both cases represents about 38% of total feldspar present. 

Overall K-feldspar accounts for only 17% of the feldspar total. K

feldspar consists of both microcline and perthite varieties. Lithics 

include quartz sericite and quartzite grains (70%); hypabyssal, felsitic, 

and microlitic volcanic grains (24%); and metamorphic/metasedimentary 

grains (6%). Unlike the Conglomerate Member of the McCoy Mountains, 

volcanic lithic fragments and plagioclase of volcanic origin are present 

in this part of the section. As in the McCoy Mountains, the top of the 

Conglomerate Member is marked by a sandstone interval unusually rich in 

lithic grains. 

Sandstone Member 

The top 30 m (4600-4630 m) of the Palen Mountains exposure of 

McCoy Mountains Formation consist of gray sandstone and interbedded peb

ble and cobble conglomerate very similar in appearance to the underlying 

rocks of the Conglomerate Member. This interval was divided from the 

Conglomerate Member on the basis of the lithic-rich composition of its 

sandstone. 

Petrology of the Sandstone Member. The sole sandstone sample 

(P93) collected from the top of the Palen Mountains section has a 

lithic rich composition (Q47F32L31) unlike the sandstone of the underly

ing Conglomerate Member. Lithics consist of volcanic and quartz

sericite (silt-sand) grains and lesser amounts of quartzite grains. 



Interstitial material accounted for 23% of the rock. This lithic-rich 

interval may correlate with the lithic-rich interval found between the 

Sandstone and Conglomerate Members in the McCoy Mountains. 

Top of the Section 
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The Conglomerate and Sandstone Members exposed only in the 

southeastern part of the Palen Mountains where the section was measured, 

end covered by alluvium. The Palen Mountains section thickens consid

erably to the west, as noted by Pelka (1973a), and there is found over

turned and thrust onto itself as in the other ranges. 

Dome Rock Mountains Stratigraphy 

The rocks of the Mesozoic clastic sequence exposed in the Dome 

Rock Mountains have not been formally named previously. They were in

formally correlated with the Livingston Hills Formation of the Livings

ton Hills 10 km to the east by both Marshak (1979, 1980) and Crowl 

(1979). As defined by Miller (1970), the Livingston Hills Formation of 

the Livingston Hills represents an incomplete exposure of the Mesozoic 

clastic sequence (2880 m thick) containing only Conglomerate, Graywacke 

(termed Sandstone in this study), and Siltstone Members (divisions from 

Miller, 1966, 1970). The Dome Rock Mountains exposure of the Mesozoic 

clastic sequence is much more complete, containing Basal, Phyllite, Con

glomerate, Sandstone, and Siltstone Members for a total thickness of 

5510 m. As discussed previously, the Mesozoic clastic sequence exposed 

in the Dome Rock Mountains is stratigraphically equivalent to the McCoy 

Mountains Formation of the McCoy Mountains. It is proposed, therefore, 
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that .the Mesozoic clastic sequence of rocks in the Dome Rock Mountains 

be named the McCoy Mountains Formation. 

Sections in the Dome Rock Mountains were measured both on the 

north and south sides of the pipeline road through Copper Bottom Pass 

just north of Cunningham Mountain (figure 8a,b). Locations of these 

sections are plotted in figure 2. The section to the north of the 

pipeline road is short (1715 m) but was measured to establish the equiv

alency of rocks on both sides of the pip~line road. The section which 

began on the south side of the pipeline road is the major section in the 

Dome Rock Mountains and extends to their southern limit. 

Exposures of' McCoy Mountains Formation in the Dome Rock Moun

tains are the most metamorphosed within the Mesozoic clastic sequence. 

This alteration is manifested in large amounts of metamorphic minerals 

present in thin section and in a thoroughly penetrative cleavage present 

in nearly every outcrop (figures 21, 22). This cleavage is closely 

spaced (0.25-2 cm), resulting in a critical lack of primary sedimentary 

structures in the rocks. Only a few paleocurrent indicators were found 

in the Dome Rock Mountains. 

Basal Contact 

The contact between underlying Jurassic volcanic quartz porphyry 

and the McCoy Mountains Formation in the Dome Rock Mountains is discon

formable. Relief along th·~s suriace is less than 1 m. The volcani

cl~ctic nature of the quartz porphyry is characterized by conglomeratic 

horizons within the porphyry (quartzite and phyllitic mudstone clasts), 



Figure 21. Bedding and cleavage relationship, Basal Member 1, McCoy 
Mountains Formation, Copper Bottom Pass, south-central 
Dome Rock Mountains. 
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Figure 22. Penetrative cleavage totally obscuring bedding, Phyllite 
Member, McCoy Mountains Formation, southern Dome Rock 
Mountains. 
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small-scale fluvial-type cross-beds defined by magnetite, and lamination 

of sand-size porphyry material. The volcaniclastic beds of coarse 

quartz porphyry are interbedded with fine-grained sandstone of more 

quartz-rich composition with no mixing between the sandstone and porphyry 

porphyry. 

Basal Members 1 and 2 

Basal Member 1 (0-800 m from base) in the Dome Rock Mountains 

consists of southeast-dipping interbedded conglomerate, sandstone, silt

stone, and mudstone arranged in fining-upward cycles 5-15 m thick. The 

conglomerate occurs commonly in a thin layer at the base of a sandstone 

unit (less than 50 cm thick) but rarely as horizons 1-2 m thick. Clasts 

consist of quartzite and phyllitic mudstone and are commonly rotated and 

flattened into the northeast-dipping foliation plane. Beds are clast 

supported. Sandstone and conglomerate matrix are gray, white-gray, and 

pink when fresh and commonly have a calcite cement. Desert varnish 

covered the coarser lithologies. Pink color is derived from secondary 

iron oxide. Locally limonite after pyrite cubes to 5 cm in diameter 

weather out of the rocks. Siltstone and mudstone are blue-gray, gray, 

gray-green, and pink. They are penetratively foliated and commonly con-

tain chlorite blebs a few centimeters long in the foliation plane. Lo

cally the siltstone is calcareous. Siltstone and mudstone of the blue-

gray and gray noncalcareous varieties were sampled for paleomagnetic 

study with mixed results. Sandstone, siltstone, and mudstone beds range 

in thickness from 1 to 5 m. From a distance sandstone bedding can be 

observed to be lenticular; bedding is continuous along strike for about 



1 km. Rarely the sandstone beds show faint medium-scale trough cross

stratification. Cut-and-fill structures are quite rarely seen. Basal 

Member 1 is laterally equivalent to Basal Member 1 in the McCoy Moun

tains and Palen Mountains and also to the continental red bed deposits 

of Miller (1966, 1970). 
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Basal Member 2 (800-1560 m from base) is distinguished from 

Basal Member 1 by the absence of tan quartz-rich cross-bedded sandstone 

and by an overall decrease in abundance of coarse-grained sandstone and 

conglomerate in favor of fine-grained sandstone, siltstone, and mud

stone. Sandstone, siltstone, and mudstone are gray to blue-gray and 

have a phyllitic.sheen due to large amounts of sericite in the rock. 

Several conglomerate horizons with quartzite, granite, siliceous volcan

ic, and phyllitic mudstone clasts occur in Basal Member 2, but the green 

chlorite-rich sandstone and conglomerate present at the top of Basal 

Member 2 in the McCoy and Palen Mountains are not found in the Dome 

Rock Mountains. The contact between Basal Member 2 and the overlying 

Phyllite Member is defined on the basis of the change from the high 

ridge crest characteristic of Basal Member 2 to the low ridge crest and 

typically low rounded hills characteristic of the Phyllite Member. The 

contact is not accompanied by a strong lithologic or petrologic break as 

it is in the Palen and McCoy Mountains, although the amount of phyllitic 

mudstone and siltstone is much greater in the Phyllite Member than in 

Basal Member 2. 
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Petrology of Basal Member 1. Sandstone from Basal Member 1 in 

the Dome Rock Mountains has an average composition of QS7F6L7. Feldspar 

is entirely plagioclase, commonly albite twinned. Lithics consist of 

quartz-sericite (sand-silt) grains with minor occurrences of quartzite 

and felsitic volcanic grains. Interstitial material consisting of c~l

cite, sericite, and chlorite constitutes 9% of the rock. 

Petrology of Basal Member 2. Basal Member 2 sandstone has an 

average composition of Q43F2SL29. Zoned-euhedral plagioclase feldspar 

is common; no K-feldspar is present. Lithic grains include both volcan

ic and sedimentary types. Interstitial material is present in amounts 

averaging 6% and consists of calcite, sericite, and chlorite. 

Phyllite Member 

The Phyllite Member (1560-2350 m from base) in the Dome Rock 

Mountains consists of phyllitic mudstone and siltstone interbedded with 

minor sandstone and rare conglomerate. Layers of pure silvery white 

sericite are also present (figure 23). The phyllitic siltstone and mud

stone are commonly gray when fresh and weather brown. Silver gray phyl

litic mudstone is also locally present. Sandstone commonly has a white 

or gray phyllosilicate matrix and is heavily cleaved along with the 

finer grained material. Conglomerate clasts of all compositions--quartz

ite, granite, mudstone, silicic volcanic--are surrounded by phyllosili

cate cement and are flattened and rotated into a north-dipping foliation 

plane. Green chloritic blebs commonly occur in the foliation plane in 

sandstone, siltstone, and mudstone rocks. Mudstone and siltstone account 
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Figure 23. Horizon consisting of pure sericit~, Phyllite Member, McCoy 
Mountains Formation, southern Dome Rock Mountains. 
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for about 90% of the section. Sandstone beds occur every 10-30 m in 

groups of two or three. They commonly are between 1 and 3 m thick. The 

rocks are arranged in fining-upward cycles: conglomerate (if present), 

sandstone, siltstone, mudstone, pure sericite. It is not known what 

lithology the sericite has replaced. Primary sedimentary structures are 

not at all preserved in this part of the section. Bedding is seen to 

have been transposed on a local scale within the Phyllite Member. 

Petrology of the Phyllite Member. Sandstone composition from 

the Phyllite Member averages Q39F27L34' Feldspar is entirely plagio

clase, which is both zoned-euhedral and albite twinned. Lithic grains 

include both volcanic and sedimentary types. Calcite, sericite, bio

tite, and epidote are present as interstitial material in the amount of 

22%. The percentage of quartz in this exposure of the Phyllite Member 

is higher than in the .Palen or McCoy Mountains exposures and may be due 

to an apparent increase in the percentage of quartz as lithic grains are 

being recrystallized into interstitial material. This Phyllite Member 

exposure is more highly cleaved and has more sericite present in all 

lithologies than the other exposures. 

Conglomerate Member 

As in the McCoy and Palen Mountains, the Conglomerate Member 

(2350-3985 m from base) consists of light brown to tan pebble conglomer

ate interbedded with brown sandstone and silvery-gray phyllitic silt

stone which grades vertically up into gray cobble conglomerate and sand

stone. Also similar to the McCoy and Palen Mountains, the brown conglom

erate is not resistant to weathering, forming low rounded hills and 
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ridge crests are more like those of the underlying Phyllite Member than 

the overlying, resistant gray conglomerate. Exposures of brown conglom

erate along the section line are so weathered and friable that no sam

ples suitable for petrographic analysis were collected from the interval. 

Better exposures of brown conglomerate are found in Weaver Pass three 

miles to the west. Subsequent structural analysis in Weaver Pass expo

sures of Phyllite Member and brown conglomerate of the Conglomerate Mem

ber show transposed bedding, suggesting that thicknesses measured along 

this part of the section line are only approximately correct. 

The brown conglomerate derives its color from the presence of 

limonite after pyrite in matrix. Its pebbles are commonly stretched 

along a WNW-ESE axis and consist of quartzite, carbonate, sandstone, 

mudstone and, rarely, granitic clasts. Only about 10% of the brown con

glomerate horizon is conglomerate. Sandstone makes up 40% of the inter

val and phyllitic siltstone and mudstone about 50%. The interval was 

included within the Conglomerate Member because the conglomerate hori

zons are thick (3-10 m), because ~50% of the interval consists of sand

stone or conglomerate compared to 10-20% coarse clastics typically found 

in the Phyllite Member below, and because the lateral equivalent of the 

brown conglomerate in the McCoy Mountains is petrologically indistin

guishable from the overlying gray conglomerate interval. The brown con

glomerate interval is not exposed in the Livingston Hills 15 km to the 

east. 

The brown and gray intervals of conglomerate in the Dome Rock 

Mountains are separated by a deep saddle (figure 24) accentuated by the 

imposiug east-west strike ridge in which the gray conglomerate is 
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Figure 24. Contact between brown and gray conglomerate within the Con
glomerate Member, McCoy Mountains Formation, Dome Rock 
Mountains. -- View to the east towards Weaver Pass. 
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exposed. The gray conglomerate consists of ~80% coarse-grained sand

stone and ~20% pebble and cobble conglomerate. Stratification within 

the east-west strike ridge appears rough, and slopes look hummocky from 

a distance. Outcrops are rounded and the rock is weathering into exfo

liation sheets. The rock has a desert varnish where the sheets are well 

developed; otherwise it is light gray. Accurate bedding orientations 

are difficult to find on the outcrop due to the lenticular nature of the 

bedding. Cut-and-fill structures are common, along with gravel and peb

ble horizons within sandstone. Bedding dips to the south at about 30°. 

The sandstone and conglomerate are medium gray, foliated throughout, and 

contain no magnetite horizons which, in other ranges, have helped to de

fine paleocurrent indicators. Interbedded with the light gray sandstone 

are several horizons of dark gray sandstone which may be tuffaceous in 

origin. Similar horizons have been found in the Conglomerate Member in 

the other mountain ranges. The conglomerate contains quartzite, sand

stone, marble, phyllitic mudstone, schist, granite, and silicic volcanic 

clasts. Volcanic clasts increase at the expense of other clast litholo

gies up-section. Data from the conglomerate clast studies are presented 

in the subsequent chapter. Clasts are not flattened into the foliation 

plane but are sometimes rotated into parallelism with the shallow north

dipping cleavage. Clasts range in size from a few centimeters up to 

30 cm, making the clasts generally smaller than in the neighboring McCoy 

Mountains and Livingston Hills. Bedding in the conglumerate ranges from 

2-5 cm thick for medium-grained sandstone horizons to 1-3 m thick for 

conglomerate and coarse-grained sandstone beds. 
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Petrology of the Conglomerate Member. Sandstone of the Conglom-

erate Member has an average composition of QS6F29L1S. Interstitial ma

terial consisting of calcite, biotite, epidote, chlorite, and sericite 

accounts for 32% of the total rock. Lithics consist of both sedimentary 

and volcanic grains. K-feldspar is present for the first time in the 

section and consists of 41% of the total feldspar. K-feldspar is pres

ent only as micro cline and perthite. Plagioclase grains of both the 

twinned albite and zoned-euhedral types occur. 

Sandstone Member 

The Dome Rock Mountains Sandstone Member (398S-5070 m from base) 

is characterized by internally structureless sandstone and mudstone with 

locally near-vertical structural attitudes. Sandstone and mudstone are 

dark gray; locally the sandstone is friable. Cleqvage cuts through. the 

ste~ply dipping rocks at about 30° to the south, suggesting that local 

overturning may be present within the Sandstone Member. Strata of the 

overlying Siltstone Member are, without a doubt, at least partially 

right side up, based on paleocurrent data obtained from beautiful expo

sures of climbing ripples. The rocks are stained with iron oxides lo

cally. The mudstone about 4900 m above the base of the section has a 

strange hackly appearance and contains iron oxide specks replacing lith

ic grains. Near the top of the Sandstone Member, a few siliceous gray 

siltstone layers characteristic of the overlying Siltstone Member are 

fOUUG, suggesting a gradational contact between these two members. The 

Sandstone Member contains only about 40% sandstone in this exposure. 

Siltstone and mudstone make up the other 60% of the section. 
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Petrology of the Sandstone Member. The average composition of 

sandstone from the Sandstone Member is Q39F56L5. Interstitial material 

(calcite, sericite, biotite, chlorite, and epidote) is present in the 

amount of 25%. The atypically low percentage of lithic grains may be 

due to the high amounts of interstitial material altering from the un

stable lithic grains. Feldspar is nearly all plagioclase; one thin sec

tion contained 15% K-feldspar, present as microcline and perthite only. 

All volcanic lithic grains are microlitic. Quartz-sericite (silt-sand) 

and quartzite grains are also present. One thin section contained 80% 

zoned euhedral plagioclase and 20% monocrystalline quartz set in a ma

trix of alteration products as listed above. This sample probably rep

resents an air-fall tuff. 

Siltstone Member 

The Siltstone Member (5075 m to top, 5510 m from base) of the 

Dome Rock Mountains consists of siliceous gray siltstone and interlami

nated gray sandstone with much primary internal structure in the rocks 

still preserved. Characteristic of this interval are beautiful expo

sures of climbing ripples which yielded the bulk of the paleocurrent 

data obtained from the Dome Rock Mountains. The ripples are transverse 

and slightly asymmetric. The siltstone is identical in appearance to 

the siltstone from the Siltstone Member in the Livingston Hills 10 km to 

the east. It commonly has a vesicular appearance which seems to be only 

a surface weathering phenomenon. Beds in the siltstone range in thick

ness from 5 to 15 cm. Where internal structures are less well preserved, 



72 

lithologic bedding ranges up to 2 m in thickness but may consist of sev-

eral depositional units. 

Petrology of the Siltstone Member. In thin section the charac

teristic siliceous siltstone of the Siltstone Member consists of silt

size angular grains of quartz and feldspar in a fine-grained matrix of 

calcite, iron oxide, chlorite, biotite, sericite, and epidote. No analy

ses of detrital modes of sandstone were made on the Siltstone Member be

cause of the large amounts (~60%) of alteration products present. 

Top of the Section 

At the location where the section was measured, the McCoy Moun

tains Formation ends in a north-verging overturned syncline. The core 

of this syncline is taken as the top of the section. To the west the 

section does not end in an overturned fold but instead is truncated by 

a low-angle mylonitized fault zone placing interleaved volcanics and 

Basal Member sandstones and siltstones on top of the section. Cleavage 

throughout the southern end of the Dome Rock Mountains where this north

verging fault system is exposed dips shallowly to the south. 

Coxcomb Mountains Stratigraphy 

Due to the incompleteness of exposure of the McCoy Mountains 

Formation in the Coxcomb Mountains (Greene, 1968), a stratigraphic sec

tion was not measured there. Mapping reconnaissance and petrologic 

study did establish that the sedimentary sequence exposed there is the 

McCoy Mountains Formation and that the Basal Member 2 and Phyllite Mem

ber are present. Quartz-rich Basal Member 1 is missing, not 
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unexpectedly, because of its westward thinning trend (figure 9). Basal 

Member 2 is well exposed in disconformable contact on Jurassic volcanic 

rocks. This contact is overturned at the southeastern tip of the 

range. 

About 2 km of section are exposed in a simple south-dipping 

homocline, intruded at the north end by the Coxcomb Pluton and over

turned into a north-verging syncline along its southern margin. The 

Coxcomb Pluton is not foliated. In addition, it is the only pluton 

which intrudes known rocks of the McCoy Mountains Formation and has 

yielded apparent upper Cretaceous ages of 71-65 Ma (K-Ar, biotite) 

(Armstrong and Suppe, 1973; Calzia, 1982). The deformation fabric of 

the McCoy basin is cut by the Coxcomb Pluton and therefore is older. 



SEDIMENTARY PETROLOGY OF THE 
McCOY MOUNTAINS FORMATION 

Data Presentation 

The petrology of the McCoy Mountains Formation was studied to 

provide information about the source of the terrane and to confirm cor-

relation between exposures which extend over a distance of 120 km. From 

more than 400 samples, 200 of which were made into thin sections, 94 

were point counted with a minimum of 400 points per thin section. The 

point counts are from samples distributed vertically and laterally 

throughout the terrane. The point count data in Table 2 are based on 

the format of Dickinson (1970) and Graham et ale (1976). Table 3 (after 

Dickinson, 1982) explains the grain parameters used in construction of 

the triangular composition diagrams (figures 25-35). Figure 36 is a 

stratigraphic presentation of the point count data from the McCoy, 

Palen, and Dome Rock Mountains along with data from Harding (1978) from 

the Livingston Hills. 

Secondary minerals present in thin section include s~ricite, 

calcite, albite chlorite, epidote, sphene, biotite, garnet, and specu-

lar hematite and commonly account for up to 50% of the volume of the 

rock (I, interstitial material in Table 2). Thin sections with the 

least amounts of secondary interstitial material (1) were chosen for 

point counting, but in order to achieve a distribution of data from the 

entire thicknesses of sections, thin sections with more than 20% I some-

times had to be counted. 
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Table 2. Point count data from the McCoy Mountains For-
mation. -- M = McCoy Mountains, P = Palen 
Mountains, D = Dome Rock Mountains, Bl = Basal 
Member 1, B2 = Basal Member 2, PH = Phyllite 
Member, C = Conglomerate Member, SA = Sand-
stone Member, SL = Siltstone Member. 

Saa.ple NUllber .J!L ..l!L -l!!... .-@ .l!ll 2Q! ~ ~ !Q..ll !:!ill. ..m. ~ ..1!2! 
% Total Bock 

2 0 1 1 10.5 19 7 1 8 7 11 13 27 17 
% Total Pramework 

0 0 0 0 0 H 0 0.5 1 0 1 0 0 1 
%QFL 

70 87 77.5 85 4& 80 Q 8& 44 48.5 43 62 78 63.5 F 4.5 2.5 8.5 4 8 15 18 56 48.5 5& 8 22 24.5 L 9.5 27.5 4.5 18.5 7 39 2 0 3 1 30 0 12 
% Lt 11 36 4.5 19 7 44 2 2 4 2 45 4 13 1. Vo1canic-felaitic 0 0 0 ,0 0 0 0 0 0 0 7.5 0 0 2. Vo1canic-m1cro1itic 0 0 0 0 0 0 0 0 0 0 0 0 0 3. Vo1c:an1c-lathwork 0 0 0 0 0 0 0 0 0 0 0 0 0 4. Volcanic-hypabyssal 0 0 0 0 0 0 0 0 0 0 7.5 0 9 5. Clastic-quartz sericite 85 76 100 95 100 89 100 0 75 50 51.5 0 73 &. Quartzite 15 24 0 5 0 11 0 100 25 50 33.5 100 9 7. Chalcedony 0 0 0 0 0 0 0 0 0 0 0 0 0 8.· Tectonite-metased1mentary 0 0 0 0 0 0 0 0 0 0 0 0 9 9. Indeterminate 0 0 0 0 0 0 0 0 0 0 0 0 0 
% (Lt-9) 

24 0 5 0 11 0 Qp (6+7) 15 100 25 50 33.5 100 9 x.. (5+8) 85 76 100 95 100 89 100 0 75 50 51.5 0 82 Lv (1+2+3+4) 0 0 0 0 0 0 0 0 0 0 15 0 9 
Grain parameters 

1 1 1 1 1 PIF 1 1 .35 .29 .49 1 .94 .80 V/L 0 0 0 0 0 0 0 0 0 0 .15 0 .09 
Indicator Grains 

Vo1canic-micro1itic 
Feldspar-zoned plagioclase X X 
Clastic-quartz sericite X X X X X X X X X X X X FeldBpar-microc1ine perthite X X X X X X 

Meters from base . 0 25 165 300 375 622 1125 3750 3915 4035 4438 4&19 4885 
Mountain range, member H,B1 H,B1 H,B1 H,1I1 H,B1 M,B2 M,B2 H,e M,e M,e M,L M,SA M,SA 





!!!Qi ~ ~ !:£,ll !a!2. ~ Kl25 ~ 
.1!ll 2Ql .Jill. ~ ~ ~ ~ ~ ~ ~ ,!g 

27 17 7 5 4 8 15 27 
17 4 0 2 9 20 25 5 24.5 6 

0 1 2 1 0.5 0 0 
0 0 0.5 0.5 0 0 0 2 0.5 1 

78 63.5 58 48 52.5 59 63 72 
22 24.5 38.5 48 42.5 36 32 26 29 15 73 58 53 55 39 62.5 74 48 4~ 
0 12 3.5 4 5 5 5 2 38.5 41 1 11 12 21 12 35.5 26 50.5 5' 

32.5 44 26 31 35 24 49 2 0 1.5 
4 13 4 6 5 5.5 6 3 
0 0 25 0 0 0 0 0 44.5 48 27 35 52 26 61 3 0.5 3 
0 0 0 0 0 0 0 11 28 0 0 29 33 -'0 0 0 0 
0 0 0 0 0 0 0 0 16 39 0 0 12.5 5 20 0 0 0 
0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 73 15 50 80 80 80 50 0 0 0 0 0 0 0 0 0 0 I 

00 9 25 33 0 10 10 25 46 24 96 84 23 52 30 33 0 33 2, 
0 0 0 0 0 0 0 0 24 9 4 14.5 33.5 10 20 33 100 67 5 
0 9 25 17 20 10 10 25 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 33 0 0 

3 0 0 1.5 1 0 0 0 0 0 1 

00 9 25 33 0 10 10 25 
0 82 50 67 100 90 90 75 25 9 4 15 34 10 20 33 100 67 6 
0 9 25 0 0 0 0 0 47 24 96 85 24 52 30 67 0 33 3 

28 67 0 0 42 38 50 0 0 0 

.94 .80 .66 .33 1 1 1 1 
0 .09 .25 0 () 0 0 0 1 1 1 1 1 1 1 .55 .36 .43 

.28 .67 0 0 .42 .38 .50 0 0 0 

X X X X X X 
X X X X X X X X X X X 

X X X X X X X X X X X X X 
X X X 

619 4885 5190 5260 5383 5485 5712 5768 
1175 1392 1575 1918 2025 2128 2332 2692 2925 3008 

l,SA M,SA M,SA M,SA M,SA M,SA M,SA' M,SA 
M,B2 M,B2 M,B2 M,PS M,PH M,PH M,PH M,e M,e M,e 
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Ml19 Ml21 !rui Ml26 
K27 ...m .2Q.? ~ M43 ~ ~ M56 ~ Ml36 Ml41 !!ill. 

4 8 15 27 
17 4 0 2 9 20 25 5 24.5 6 3 18 

0.5 0 0 
0 0 0.5 0.5 0 0 0 2 0.5 1 '0 1 

52.5 59 63 72 
42.5 36 32 26 29 15 73 58 53 55 39 62.5 74 48 45 62 

5 5 5 2 38.5 41 1 11 12 21 12 35.5 26 50.5 54 37 
32.5 44 26 31 35 24 49 2 0 1.5 1 1 

5 5.5 6 3 
0 0 0 0 44.5 48 27 35 52 26 61 3 0.5 3 3.5 4 
0 0 0 11 28 0 0 29 33 30 0 0 0 0 0 
0 0 0 0 16 39 0 0 12.5 5 20 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

80 80 80 50 0 0 0 0 0 0 0 0 0 0 0 0 
0 10 10 25 46 24 96 84 23 52 30 33 0 33 28 33 
0 0 0 0 24 9 4 14.5 33.5 10 20 33 100 67 57 67 

20 10 10 25 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 33 0 0 0 0 

3 0 0 1.5 1 0 0 0 0 0 15 0 

0 10 10 25 
100 90 90 75 25 9 4 15 34 10 20 33 100 67 67 67 

0 0 0 0 47 24 96 85 24 52 30 67 0 33 33 33 
28 67 0 0 42 38 50 0 0 0 0 0 

1 1 1 1 
0 0 0 0 1 1 1 1 1 1 1 .55 .36 .43 .44 .43 

.28 .67 0 0 .42 .38 .50 0 0 0 0 0 

X X X X X X 
X X X X X X X X 

X X X X X X X X X X X 
X X X X X 

5383 5485 5712 5768 
1175 1392 1575 1918 2025 2128 2332 2692 2925 3008 3295 3534 

M,SA M,SA M,SA M,SA 
M,B2 M,B2 M,B2 M,PH M,PH M,PH M,PH M,C M,C M,C M,C M,C 





Table 2--Continued 

Sample Number Ml29 !Q1.! Ml34 -'ill. H77 M86b ~ -1!2! ..!L P10 ~ .!ll ~ 
% Total Rock 

I 17 36 24 48 18 10 31 15 21 9.5 8 22 10 

% Total Framework 
M 0 0 0 0 0 0 0 0 0 0 0 0 0 

%QFL 
Q 36 56 28 40 27 34 35 34 90· 93 15 3 34 
F 40 30 43 40 48 29 36 54 6 3 60 76 26 
L 24 14 29 20 25 37 29 12 4 4 25 21 40 

%Lt 34 25 30 23 29 39 30 14 4 4 27 21 49 
1. Vo1canic-fe1sitic 25 19 30 27.5 38 37 24 67 0 0 40 24 27 
2. Vo1canic-micro1itic 14 12.5 30 18 4 6 10 8 0 0 24 29 23 
3. Vo1canic-lathwork 0 0 0 0 0 0 0 0 0 0 0 0 0 
4. Volcanic-hypabyssal 11 0 0 0 0 17 38 0 0 0 16 47 7 
5. Clastic-quartz sericite 21 25 35 45.5 41 34 24 8 100 100 12 0 25 
6. Quartzite 29 43.5 5 9 13 6 4 17 0 0 8 0 18 
7. Chalcedony 0 0 0 0 0 0 0 0 0 0 0 0 0 
8. Tectonic-metasedimentary 0 0 0 0 4 0 0 0 0 0 0 0 0 
9. Indeterminate 0 0 0 0 0 0 0 0 0 0 0 0 0 

%(Lt-9) 
Qp (6+7) 29 43.5 5 9 41 6 4 17 0 0 8 0 18 
Ls (5+8) 21 25 35 45.5 17 34 24 8 100 100 12 0 25 
Lv (1+2+3+4) 50 31.5 60 45.5 42 60 72 75 0 0 80 100 57 

Grain Parameters 
P/F .85 1 1 1 1 .58 1 .61 1 1 1 1 1 
V/L .50 .315 .60 .46 .42 .60 .72 .75 0 0 .80 1 .57 

Indicator Grains 
Vo1canic-micro1itic X X X X X X X X X X X 

Feldspar-zoned plagioclase X X X X X X X X X X X 

Clastic-quartz sericite X A • X X X X X X X X X X 

Fe1dspar-microc1ine perthite X X X 

Meters from base 6005 6093 6280 6430 6469 6833 6988 7091 151 288 325 465 817 

Mountain range, member M,SLS M,SLS H,SLS M,SLS H,SLS M,SLS H,SLS H,SLS P,B1 P,B1 P,B2 P,B2 P,B2 





.!Y ...!!& ~ ...ili. .-m. ...!!!i 2!:1. 
ill P50 P52 lli P55 !tl .lli !ZQ. .ill P73 P77 

22 10 24 19 10 26 12 
23 20 3 18 30 50 12 35 19 16 40 

0 0 0 0 0 0 0 
0 0 0 0 0 0.5 0.5 0.5 2 1 0 

3 34 36 9 30 34 63 

76 26 33 58 18 28 7 36 46 27 52.5 54 50 43 70 56 56 55 
21 40 31 33 52 38 30 26 15 31 13 23 10 48 26 37 41 42 

38 39 42 34.5 23 39 9 4 6 3 3 
21 49 59 34 59 43 32 

24 27 11 32 25 34 11 39 41 49 39 24 40 10 8 8 4 5 
29 23 29 46 17 22 3.5 80 24 33 25 0 22 0 0 0 0 0 

0 0 0 0 0 0 0 3 0 4 0 0 5 0 0 0 0 0 
47 7 9 11 30 6 14 0 0 0 0 0 0 0 0 0 0 0 

0 25 2 7 17 25 68 7 9 19 12.5 0 0 35 0 50 0 0 
0 18 48 4 11 13 3.5 7 61 29 50 97 68 59 40 33 66 33 
0 0 0 0 0 0 0 3 6 15 12.5 3 5 6 40 17 17 33 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 20 0 17 33 

0 0 0 0 0 0 0 0 0 0 0 

0 18 48.5 7 11 13 3.5 

0 25 2 4 17 25 68 3 6 15 12.5 3 5 6 40 17 33 33 
100 57 49.5 89 12 62 28.5 7 61 29 50 97 68 59 60 33 67 67 

90 33 56 37.5 0 22 35 0 50 0 0 

1 1 1 1 1 1 1 

1 .57 .50 .89 .12 .62 .29 1 1 1 1 1 1 .58 1 .63 1 1 
.90 .33 .56 .38 0 .22 .35 0 .50 0 0 

It X X X X X X 

X X X X X X X X X X 

X X X X X X X X X 
X X X X X X X X X X X 

X X 

465 817 1067 1505 1587 1692 1891 
1957 2012 2168 2287 2413 2765 2864 3108 3439 3520 3662 

P,B2 P,B2 P,B2 P,B2 P,PH P,PH P,PH 
P,PH P,PH P,PH P,PH P,PH p,e p,e p,e p,e p,e p,e 
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ill. ~ 2£ 
lli P50 ill. P54 W. P61 .lli ill P72 P73 ill P81 

.0 26 12 
23 20 3 18 30 50 12 35 19 16 40 41 

0 0 0 
0 0 0 0 0 0.5 0.5 0.5 2 1 0 0.5 

10 34 63 
L8 28 7 36 46 27 52.5 54 50 43 70 56 56 55 74 
;2 38 30 26 15 31 13 23 10 48 26 37 41 42 23 

38 39 42 34.5 23 39 9 4 6 3 3 3 
i9 43 32 
a5 34 11 39 41 49 39. 24 40 10 8 8 4 5 5 
L7 22 3.5 80 24 33 25 0 22 0 0 0 0 0 0 
0 0 0 3 0 4 0 0 5 0 0 0 0 0 0 

30 6 14 0 0 0 0 0 0 0 0 0 0 0 0 
17 25 68 7 9 19 12.5 0 0 35 0 50 0 0 0 
II 13 3.5 7 Sl 29 50 97 68 59 40 33 66 33 33 
0 0 0 3 6 15 12.5 3 5 6 40 17 17 33 50 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 ~n .. v 0 17 33 17 

0 0 0 0 0 0 0 0 0 0 0 0 

II 13 3.5 
17 25 68 3 6 15 12.5 3 5 6 40 17 33 33 50 
72 62 28.5 7 61 29 50 97 68 59 60 33 67 67 50 

90 33 56 37.5 0 22 35 0 50 0 0 0 

1 1 1 
.72 .62 .29 1 1 1 1 1 1 .58 1 .63 1 1 1 

.90 .33 .56 .38 0 .22 .35 0 .50 0 0 0 

X X X 
X X X X X X 
X X X X X X 

X X X X X X X X X X X X 
X X 

1587 1692 1891 
1957 2012 2168 2287 2413 2765 2864 3108 3439 3520 3662 3820 

P,PH P,PH P,PH 
P,PH P,PH P,PH P,PH P,PS p,e p,e p,e p,e p,e p,e p,e 





Table 2--Continued 

Sample Number P87 m m ru D29 D31 .!@ D38 D40 D21 ..E D52 D56 ~ 
% Total Rock 

I 18 41 34 23 13 24 6 2 9 1 7 6 15 19 

% Total Framework 
M 2 0 0.5 0 0 0 0 0 0 0 0 0 0 0 

%QFL 
Q 71 81 75 47 99 83 86 80 84 88 89 43 38 41 
F 28 15 24 32 1 0 12 8 10 8 3 28 24 25 
L 1 3 1 21 0 17 2 12 6 4 8 29 39 34 

%Lt 1.5 3 2 23 0 29 2 12 6 4 8 30 41 34.5 
1. Volcanic-felsitic 0 0 0 0 0 0 0 0 0 22 0 68 26 50 
2. Volcanic-micro1itic 0 0 0 0 0 0 0 0 0 0 0 21 6 0 
3. Volcanic-1athwork 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4. Volcanic-hypabyssal 0 0 0 44 0 0 0 0 0 0 0 0 6 0 
5. C1astic-qusrtz sericite 50 100 0 44 0 59 100 100 100 78 100 11 57 46 
6. Quartzite 50 0 67 11 0 41 0 0 0 0 0 0 6 2 
7. Chalcedony 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8. Tectonic-metasedimentary 0 0 0 0 \J 0 0 0 0 0 0 0 0 0 
9. Indeterminate 0 0 33 0 0 0 0 0 0 0 0 0 0 2 

%(Lt-9) 
Qp (6+7) 50 0 100 11 0 41 0 0 0 0 0 0 6 2 
Ls (5+8) 50 100 0 44 0 59 100 100 100 78 100 11 57 47 
Lv (1+2+3+4) 0 0 0 44 0 0 0 0 0 22 0 89 38 51 

Grain Parameters 
P/F .56 1 .88 1 1 1 1 1 1 1 1 1 1 
V/L 0 0 0 .44 0 0 0 0 .22 0 .89 .38 .51 

Indicator Grains 
Volcanic-microlitic X X X X X X 
Feldspar-zoned plagioclase X X X X 
Clastic-quartz sericite X X X X X X X X X X X X X X 
Feldspar-microcline perthite X X 

Meters from base 4194 4418 4565 4632 148 270 525 614 757 767 797 1312 1568 1649 

Mountain range, member P,C P,C P,C P,L D,Bl D,B1 D,Bl D,Bl D,Bl D,Bl D,Bl D,B2 D,PH D,PH 





D56 D59 D66 ~ D72 m! ill ~ DB3 D91 D93 D95 D98 D101 D103 .!!!Q! D110 ~ D116 D1: 

15 19 17 20 28 33 19 35 35 30 27 45 18 23 52 36 31 24 20 3: 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

38 41 31 48 31 46 57 70 75 51 49 50 41 56 51 60 42 39 20 4l 
24 25 34 31 37 8 12 15 3 37 38 40 43 32 40 39 39 38 80 5( 
39 34 35 21 32 46 31 15 22 11 13 10 16 12 9 1 19 23 0 

41 34.5 41 21 43 52 31 18 23 11 21 11 16 12 10 2 20 25 0 1( 
26 50 47 88 10 17 0 0 0 38 26 17 11.5 11 0 0 0 0 0 ( 
6 0 3 0 32 0 0 0 0 0 6 0 11.5 0 80 0 14 5 0 41 
0 0 0 0 0 0 0 0 0 62 32 0 0 0 0 0 0 0 0 C 
6 0 0 0 0 0 0 0 0 0 0 17 0 56 0 0 79 74 0 41 

57 46 35 12 32 71 100 87 93 0 0 50 77 28 10 0 0 10.5 0 ( 
6 2 15 0 26 12 0 13 7 0 36 8 0 0 10 50 7 10.5 0 ( 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ! 
0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 50 0 0 0 ( 
0 2 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 ( 

6 2 15 0 26 12 0 13 7 0 36 9 0 0 10 50 7 10.5 0 
57 47 35 12 32 71 100 87 93 0 0 55 77 33 10 50 0 10.5 0 
38 51 50 88 42 17 0 0 0 100 64 36 23 67 80 0 93 79 0 9, 

1 1 1 1 1 1 1 1 1 .42 .36 .68 .57 1 1 1 1 1 1 .f 
.38 .51 .47 .88 .42 .17 0 0 0 1 .64 .36 .23 .67 .80 0 .93 .79 .9 

X X X X X X X X X X X X X 
X X X X X X X X X X X X 
X X X X X X X X X X X X X X X 

X X X X X 

1568 1649 1891 2063 2150 2300 2545 2700 2854 3190 3343 3464 3643 3744 3907 4080 4212 4293 4509 47f 

D,PH D,PH D,PH D,PH D,PH D,PH D,C D,C D,C D,C D,C D,C D,C D,C D,C D,L D,L D,L D,SA D,S 
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)71 m P1i D79 ~ D83 D91 D93 D95 D98 D101 1?1Ql D108 D110 ~ .!ill& D120 ~ 

!O 28 33 19 35 35 30 27 45 18 23 52 36 31 24 20 33 22 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.8 31 46 57 70 75 51 49 50 41 56 51 60 42 39 20 41 56 
11 37 8 12 15 3 37 38 40 43 32 40 39 39 38 80 50 38 
!1 32 46 31 15 22 11 13 10 16 12 9 1 19 23 0 9 5 

!1 43 52 31 18 23 11 21 11 16 12 10 2 20 25 0 10 5 
18 10 17 0 0 0 38 26 17 11.5 11 0 0 0 0 0 0 0 
0 32 0 0 0 0 0 6 0 11.5 0 80 0 14 5 0 46 25 
0 0 0 0 0 0 62 32 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 17 0 56 0 0 79 74 0 46 75 
.2 32 71 100 87 93 0 0 50 77 28 10 0 0 10.5 0 0 0 
0 26 12 0 13 7 0 36 8 0 0 10 50 7 10.5 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 
0 0 0 0 0 0 0 0 0 0 5 0 50 0 0 0 0 0 
0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 

0 26 12 0 13 7 0 36 9 0 0 10 50 7 10.5 0 8 0 
.2 32 71 100 87 93 0 0 55 77 33 10 50 0 10.5 0 0 0 
',8 42 17 0 0 0 100 64 36 23 67 80 0 93 79 0 92 100 

1 1 1 1 1 1 .42 .36 .68 .57 1 1 1 1 1 1 .85 1 
88 .42 .17 0 0 0 1 .64 .36 .23 .67 .80 0 .93 .79 .92 1 

X X X X X X X X X X X X 
X X X X X X X X X X X 

X X X X X X X X X X X X 
X X X X X 

63 2150 2300 2545 2700 2854 3190 3343 3464 3643 3744 3907 4080 4212 4293 4509 4782 4888 

PH D,PH D,PH D,C D,C D,C D,C D,C D,C D,C D,C D,C D,L D,L D,L D,SA D,SA D,SA 
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Table 3. Explanation of grain parameters in triangular 
diagrams. -- After Dickinson (1982). 

composition 

TRIANGULAR UPPERMOST LOWER LEFT 
DIAGRAM POLE POLE 

Q-F-L Q F 
quartzite and mono
crystalline quartz 
grains (Qp + <lm) 

<lm 
monocrystalline 
quartz grains 

Qp 
quartzite grains 
(no chert in these 
samples but would 
ordinarily be in
cluded here) 

all feldspar 
grains (P + K) 

F 
all feldspar 
grains (P + K) 

Lv 
all volcanic 
lithic grains 
(including 
hypabyssal) 

LOWER RIGHT 
POLE 

L 
volcanic lithic 
grains and sedimen
tary/metasedimentary 
lithic grains ex
cluding quartzite 
(L + L ) 

v s 

L t 
all lithic grains 
plus quartzite 
(~ + Lv + Ls) 

Ls 
sedimentary and meta-
sedimentary grains 
(mainly quartz
sericite) 
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Figure 25. 

F 
Qm 

Q 

a. 

Point count d~ta, McCoy Mountains Formation, McCoy Moun
tains. -- a. Q-F-L plot. b. Qm-F-Lt plot. c. Qp-Lv-Ls 
plot. 
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F 
Qm 
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Q 

a. 

Figure 26. Point count data, McCoy Mountains Formation, Palen 
Mountains. -- a. Q-F-L plot. b. Qm-F-Lt plot. c. Qp-Lv-Ls 
plot. 
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Figure 27. Point count data, McCoy Mountains Formation, Dome Rock 
Mountains. -- a. Q-F-L plot. b. Qm-F-Lt plot. c. Qp-Lv-Ls 
plot. 
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Q 

a. 

Figure 28. Point count data, McCoy Mountains Formation, Livingston 
Hills. -- Harding (1978). a. Q-F-L plot. b. Qm-F-Lt plot. 
c. Qp-Lv-Ls plot. 
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Figure 29. 

F 
Qm 

Q 

a. 

Point count data, Basal Member 1, McCoy Mountains Forma
tion, all mountain ranges. -- a. Q-F-L plot. b. Qm-F-Lt 
plot. c. Qp-Lv-Ls plot. 
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F 

F 
Om 

Q 

a. 

Figure 30. Point count data, Basal Member 2, McCoy Mountains Forma
tion, all mountain ranges. -- a. Q-F-L plot. b. Qm-F-Lt 
plot. c. Qp-Lv-Ls plot. 
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F c. 

Figure 31. Point count data, Phyllite Member, McCoy Mountains Forma
tion, all mountain ranges. -- a. Q-F-L plot. b. Qm-F-Lt 
plot. c. Qp-Lv-Ls plot. 
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Figure 32. Point count data, Conglomerate Member, McCoy Mountains For
mation, all mountain ranges. -- a. Q-F-L plot. b. Qm-F-Lt 
plot. c. Qp-Lv-Ls plot. 
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Figure 33. Point count data, lithic-rich interval between Conglomerate 
and Sandstone Members, McCoy Mountains Formation, all moun
tain ranges. -- a. Q-F-L plot. b. Qm-F-Lt plot. c. Qp-Lv
Ls plot. 
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Figure 34. Point count data, Sandstone Member, McCoy Mountains Forma
tion, all mountain ranges. -- a. Q-F-L plot. b. Qm-F-Lt 
plot. c. Qp-Lv-Ls plot. 
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Figure 35. Point count data, Siltstone Member, McCoy Mountains Forma
tion, all mountain ranges. -- a. Q-F-L plot. b. Qm-F-Lt 
plot. c. Qp-Lv-Ls plot. 



Figure 36. Stratigraphic presentation of point count data, McCoy Mountains Formation. 
Bl = Basal Member 1, B2 = Basal Member 2, PH = Phyllite Member, CGL = 
Conglomerate Member, SA = Sandstone Member, SLS = Siltstone Member. 
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The Matrix Problem 

Two attempts were made to figure out which grains might have 

been altered to form the large amounts of secondary minerals present in 

many of the thin sections. First, each thin section was checked for the 

presence of four grain types diagnostic of source lithology. Indicator 

grains chosen were: 1) micro1itic volcanic (quartz-feldspar grains of 

volcanic origin with well-defined plagioclase laths); 2) zoned plagio

clase (often euhedra1 as well and assumed to be indicative of a volcanic 

origin); 3) quartz-sericite (composite clastic grain consisting of 

sand-size quartz in a sericite "matrix"); and 4) microc1ine-perthite 

(plutonic origin, chosen because K-fe1dspar of any type is present only 

in very limited quantities). Results of the indicator grains study are 

included in Table 2. In all members except the Sandstone Member, indi

cator grains, if present in a particular member, have a volume large 

enough to be counted in at least one thin section from that member. For 

example, micro1itic volcanic grains are not present in all thin sections 

from the Phyllite Member. However, in those thin sections where present 

as indicator grains, micro1itic volcanic grains are also present in suf

ficient quantities to be counted. In the Sandstone Member micro1itic 

volcanic grains are present as indicator grains but not in sufficient 

quantities to be counted. Fe1sitic volcanic grains are present and 

countable, so the volcanic component of this member is still represented. 

The Sandstone Member contains an average of 14% interstitial material in 

the McCoy Mountains, 28% in the Dome Rock Mountains, and 23% in the 

Palen Mountains. It is possible that some of the interstitial material 
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was formed from microlitic volcanic grains and, as a result, this grain 

type is under-represented in the thin section point counts from the 

Sandstone Member. Why only the Sandstone Member is affected in this way 

is not known. As a result of these findings, grain indicators were 

judged only moderately successful in solving the problem of what grains 

dissolved to form the interstitial material. 

Second, correlation coefficients between I and the grain param

eters Q, F, L, Qm, Lt, Qp, Lv, and Ls were calculated within each mem

ber, using data from all ranges. Correlation coefficients are too low to 

be significant and therefore are not reported here. However, correlation 

appears to be fairly consistently positive or negative for an individual 

grain parameter, and these results are summarized in Table 4. Q and Qm 

increase as the amount of I increases. This result might be expected, 

since Q and Qm represent mainly monocrystalline quartz, a mineralogic-

ally stable phase, whose relative abundance should increase as less 

stable grains are converted into I. Feldspar and lithic grains, with 

the exception of Qp (quartzite), decrease in abundance as I increases. 

These data suggest that ! is being formed from feldspar and the less 

stable lithic grains. Larger correlation coefficients would have al

lowed interpolation back to percentages of individual lithic and feld-

spar modes at fixed! values, increasing confidence in the original de

trital composition. The problem of what grains were altered to form the 

interstitial matrix was therefore only generally solved. 

Point count data from an entire mountain range plotted on a 

Q-F-L, Qm-F-Lt, or Qp-Lv-Ls diagram (figures 25-28) are too scattered 

to be very useful. However, when the point count data are collected 
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Table 4. Sign of correlation coefficient between amount of interstitial 
material, ~, and the grain parameters of Q, F, L, Qm, Lt, Qp, 
LV z and Ls. 

INTERVAL BI B2 P C Sa SIs 

Q + + + + + + 

F + 

L + 

Qm + + + + + 

Lt + + + 

Qp + + + + 

Lv nd* + 

Ls + 

*No data. 
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into the stratigraphic intervals described previously (figures 29-35) 

each stratigraphic interval has a limited range of composition which is 

different from those intervals which bound it. 

Basal Member 1 

Sandstone from the Basal Member 1 interval (figure 29) is quartz

rich, contains a moderate sedimentary lithic component and a small 

amount of unzoned plagioclase feldspar. The rocks contain no K-feldspar 

and almost no volcanic lithic fragments or zoned plagioclase. Samples 

plot within the "continental block" and "recycled orogen" provinces of 

Dickinson and Suczek (1979) (figure 37a). The source is interpreted to 

be reworked cratonic sediments and underlying crystalline basement, the 

basement being the source of the monocrystalline quartz and the cratonic 

sediments the source of the sedimentary lithic grains and quartzite. 

The plagioclase feldspar came either from the basement or from a vol

canic terrane. 

Conglomerate clast analysis from the McCoy Mountains contains 

quartzite, sandstone, and marble clasts ranging in size up to 15 cm. 

The clast compositions support a component of Paleozoic cratonic sedi

mentary rocks within the source region. 

Point count data collected by Robison (1979) from the continen

tal red bed deposits of Miller (1970) fall into the same fields of tri

angular diagrams as the data collected here from Basal Member 1. This 

similarity of point count data further substantiates the stratigraphic 

correlation proposed here between the continental red bed deposits and 

Basal Member 1 of the McCoy Mountains Formation. 
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Figure 37. Point count data from volcanic-rich lower members of the 
McCoy Mountains Formation. -- Plotted onto summary ~F-Lt 
plot from Dickinson and Suczek (1979). a. Basal Member 1. 
b. Basal Member 2. c. Phyllite Member. 
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Basal Member 2 

In contrast to the quartz-rich sandstone exposed at the base of 

the McCoy Mountains Formation, sandstone immediately above has a very 

different, feldspatholithic composition. Feldspar is entirely plagio

clase and very commonly zoned and euhedral. Quartz content ranges be

tween 5 and 50%. Lithic grains are most commonly volcanic or sedimen

tary (quartz-sericite) in origin. Compositions are not well grouped 

(figure 30) but fall in the "magmatic arc" province of Dickinson and 

Suczek (1979) (figure 37b). These data suggest that the source consist

ed mainly of a dissected volcanic arc with subordinate exposures of 

sedimentary rocks and basement(?) to provide the quartzite and quartz 

sericite component and possibly some of the quartz. Counts of conglom

erate clast lithologies from this member in the Palen Mountains contain 

quartzite, sandstone, marble,schist, silicic volcanic, and granitic 

clasts ranging in size to 8 cm in diameter. The mixed clast litholo

gies support a geologically complex source area. 

Phyllite Member 

The Phyllite Member (figure 31) contains sandstone of a quartzo

lithic composition with much less feldspar than in the member below. 

Lithics consist of both volcanic and sedimentary grains. The sandstone 

plots within the recycled orogen province and between the "magmatic arc" 

and "recycled orogen" provinces of Dickinson and Suczek (1979) (figure 

37c). These data again suggest a complex source area containing a dis

sected volcanic arc diluted with cratonic sedimentary rocks with some 

underlying basement exposed. The volcanic arc would have supplied the 



plagioclase and volcanic rock fragments. The cratonic cover and base

ment source would have provided most of the quartz and all of the 

quartzite and other sedimentary lithic grains. 

Conglomerate Member 
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The Conglomerate Member (figure 32) has a very distinctive pe

trology due to: 1) the appearance of K-feldspar in the section for the 

first time, and 2) a distinctive lithic grain population that varies 

greatly between mountain ranges. The Palen Mountains Conglomerate Mem

ber contains a lithic population consisting mainly of quartzite and 

quartz-sericite grains but rarely contains hypabyssal and micro1itic 

volcanic grains. The Conglomerate Member from the McCoy Mountains con

tains exclusively quartzite and quartz-sericite lithic grains. The 

Dome Rock Mountains Conglomerate Member contains volcanic lithic grains 

of all types along with quartzite and quartz-sericite grains. K

feldspar is present only as either microcline or perthite, suggestive of 

a deep crustal (basement) source. Detrital mica is common throughout 

this interval. The sandstone consists mainly of quartz and feldspar and 

falls in the "continental block" province of Dickinson and Suczek (1979) 

(figure 38a). The source may have contained eroding basement with rug

ged fault block relief, a big change from the dissected arc plus cratonic 

'cover source of the underlying Phyllite Member. This petrologic change 

may signal a change in the tectonic setting of the McCoy basin as well. 

The lower three members may be related to a magmatic arc setting; the 

Conglomerate and above members may be related to a rhombochasmic basin. 
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Figure 38. Point count data from basement-derived upper members, McCoy 
Mountains Formation. -- Plotted onto summary Qm-F-Lt plot 
from Dickinson and Suczek (1979). a. Conglomerate Member. 
b. Sandstone Member. c. Siltstone Member. 
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Conglomerate Member Clast Data 

Although volcanic lithic grains are not present in all exposures 

of the Conglomerate Member, siliceous volcanic clasts are cammon in the 

interval. Other clast lithologies include quartzite, carbonate (marble), 

mudstone, chert, sandstone, granite, gneiss, and schist. Results of the 

clast counts from the Conglomerate and other members are in Table 5. 

Figure 39 portrays the clast data from the Conglomerate Member in two 

ways: 1) granitic, sedim~ntary, and metamorphic clasts are grouped and 

plotted against volcanic clasts, assuming a common origin for the gran

itic, sedimentary, and metamorphic clasts (basement plus cratonic cover); 

and 2) granitic cl~?ts ,,,::::~ &":ollped ~.rith volcanic clasts and are plotted 

against sedimentary and metamorphic clasts, assuming a common source for 

the granitic and volcanic clasts. This latter method was used in the 

Conglomerate Member from the Livingston Hills which yielded a dramatic 

change in ciast lithologies from sedimentary to igneous over a strati

graphic interval of 25 m (Harding, 1978). No similarly dramatic change 

was found in any of the other Conglomerate Member exposures using either 

plotting method. In the Dome Rock Mountains, the nearest neighbor to . 

the Livingston Hills, volcanic and granitic clasts increased steadly at 

the expense of sedimentary and metamorphic clasts. Volcanic clasts also 

increased as granitic, sedimentary, and metamorphic clasts decreased, 

suggesting that the volcanic and granitic curve increase comes mostly 

from its volcanic component rather than its granitic component. Granitic 

and quartzite clasts remained steady in percentage, while sedimentary 

and metamorphic clasts decreased. Thus the different behavior of the 



Table 5. Conglomerate clast count data, McCoy Uountains Formation. 
Bl • Basal Member 1, B2 • Basal l~er 2, PH • Phyllite 
Member. C • Conglomerate lfember. 
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Figure 39. Cumulative plots of Conglomerate Member clast data, McCoy 
Mountains Formation. -- V = volcanic clasts, G = granitic 
clasts, S = sedimentary clasts, M = metamorphic clasts, 
V+G+S+M = 100%. Columns are hung on the base of the Con
glomerate Member in each mountain range. 
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granitic and volcanic clasts suggests that they may have come from dif

ferent source terranes. 

In the McCoy Mountains Conglomerate Member volcanic clasts in

crease at the expense of granitic and sedimentary clasts. Volcanic and 

granitic clasts hold steady against the decrease in sedimentary clasts, 

the increase in volcanic clasts being offset by the decrease in granitic 

clasts. No metamorphic clasts are present in the McCoy Mountains. 

Again, due to the different behavior of granitic and volcanic clasts, it 

is suggested that their source differs in some way. 

The Palen Mountains conglomerate contains a high but uneven 

level of volcanic clasts throughout the Conglomerate Member; all other 

clast lithologies including granite are present only sporadically, caus~ 

ing bumps in the curves. The fact that granitic clasts are only sporad

ically present while volcanic clasts are always present suggests that 

the source area containing the volcanic rocks did not contain granitic 

rocks. 

Conglomerate clast data from the Palen, McCoy, and Dome Rock 

Mountains were not as useful in interpreting source petrology of the 

Conglomerate Member as was the data from the Livingston Hills of Harding 

(1978). Granitic clast levels seem to be independent of volcanic clast 

levels, suggesting that the two lithologies are not closely associated 

in one source terrain. Abundance of granitic clasts more closely paral

lels that of the sedimentary and metamorphic clasts, suggesting that 

these lithologies are spatially associated in the source area, possibly 

a cratonic terrane with both basement and cratonic cover exposed. This 
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type of source would fit with the observation that all of the K-feldspar 

present is microcline or perthite, minerals more characteristic of deep 

crustal plutons rather than shallow intrusives. 

Maximum clast sizes within the conglomerate members vary--in the 

Livingston Hills, 1 m was the maximum clast diameter found, 30 cm was 

the maximum diameter in the Dome Rock Mountains, 1 m in the McCoy Moun

tains, and 65 cm in the Palen Mountains. In general the clasts of the 

Conglomerate Member are large enough and widespread enough (interbedded 

with 5-50% sandstone interbeds) to suggest a nearby source region (fig

ure 40). 

Lithic-rich Sandstone Interval 

Between the Conglomerate Member and the overlying Sandstone Mem

ber there exists in the Palen, McCoy, and Dome Rock Mountains an inter

val containing sandstone very rich in lithic grains (figure 33). This 

lithic-rich interval acts to divide the conglomerate from the petrolog

ically similar overlying sandstone interval. The interval contains 

predominantly volcanic and sedimentary lithic grains and falls within 

the "magmatic arc" province of Dickinson and Suczek (1979). It probably 

shows local (residual arc piles?) sources during a period of predomi

nantly basement erosion. 

Sandstone Member 

Petrologically similar to sandstone from the Conglomerate Mem

ber, sandstone from the Sandstone Member is quartzofeldspathic (figure 

34). Lithic grains are mainly of sedimentary origin in the McCoy Moun

tains, of volcanic origin in the Livingston Hills, and of both volcanic 
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Figure 40. Distinctive hummocky outcrop appearance of the Conglomerate 
Member, McCoy Mountains Formation, Livingston Hills. -- View 
to the northeast. 
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and sedimentary origin in the Dome Rock Mountains. Zoned plagioclase 

feldspar is present in the Dome Rock Mountains and Livingston Hills sec

tions but not in the McCoy sections. K-feldspar is present in all sec

tions except the Dome Rock Mountains. The data fall in the "continental 

block" province and between the "magmatic arc" and "continental block" 

provinces on Dickinson and Suczek's (1979) (figure 38b) diagrams. These 

data suggest continued complex uplift and/or a larger source area. 

Siltstone Member 

Sandstone from the Siltstone Member contains roughly equal 

amounts of quartz, feldspar, and lithic grains (figure 35). Lithics 

consist of quartzite, quartz sericite, and volcanic grains. K-feldspar 

and zoned plagioclase are present. The McCoy Mountains yield the only 

available data. The points lie between the "continental block," "mag

matic arc," and "recycled orogen" provinces of Dickinson and Suczek 

(1979) (figure 38c), suggesting a geologically complex source area con

taining magmatic arc rocks, uplifted basement, and cratonic cover 

sediments. 

Summary of Petrologic Constraints 

A model for depOSition of the McCoy Mountains Formation must 

consider the following petrologic characteristics. First of all, the 

sandstone of the basin contains elements of three very different source 

terranes: volcanic, possibly magmatic arc rocks, basement plutonic 

rocks, and cratonic sedimentary rocks. These different sources are 

each, during a specific interval, the dominant contributor to the sand

stone of t.he basin but never is one source the sole contributor. For 
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example, cratonic cover rocks are the dominant source of the quartz-rich 

Basal Member 1 of the McCoy Mountains Formation; magmatic arc rocks are 

the dominant source of the overlying Basal Member 2; and deep-seated 

basement plutonic rocks are the dominant source of the Conglomerate Mem

ber. Other intervals contain a more even mixture of material from two 

or three of the different source terranes. A proper basin model must 

incorporate this complex geology of the source region. 

Secondly, the stratigraphic intervals chosen as map units within 

the McCoy Mountains Formation have distinct petrologic characteristics 

which are different from the petrologic characteristics of overlying 

and underlying intervals. Assuming a source for the McCoy Mountains 

Formation to the north (based on paleocurrent data presented in the fol

lowing chapter), the east-west consistency of sandstone petrology records 

the depositional strike of the basin. Importantly, over about 100 km of 

distance along the present northern basin rim, the composition of the 

source area changed evenly, exposing similar lithologies and proportions 

of lithologies--at the same time producing the discrete stratigraphic 

intervals. 

The third characteristic of the McCoy Mountains Formation to con

sider is the relative immaturity of the sandstone composition and the 

overall coarseness of the clastic sequence. Roughly 75% of the sequence 

is either sandstone or conglomerate. With the exception of the quartz

rich Basal Member 1, the sequence does not appear to be reworked. The 

source was probably close to the present northern rim of the basin and 

at times there must have been substantial topographic relief between the 

source and the basin. 
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Fourthly, and difficult to account for, are the problems of the 

absence of K-feldspar from the lower 40% of the section and the large 

percentages of secondary minerals as interstitial material in the sand

stones. The lack of K-feldspar in the lower part of the section appears 

to be real. Every thin section or slab from which the thin sections 

were made was, stained for K-feldspar according to the methods of Laniz, 

Stevens, and Norman (1964). The sudden appearance of abundant K

feldspar within the Conglomerate Member in all mountain ranges and its 

erratic presence in rocks above the Conglomerate Member suggest that it 

was not in the source area prior to the uncovering of the basement source 

of the Conglomerate Member rather than having been selectively altered 

as in the Great Valley Sequence (Dickinson, 1982). Alteration would be 

expected to result in either absence of K-feldspar in the entire section 

or erratic distribution of altered K-feldspar throughout the section. 

Amounts of interstitial material increase according to the following 

pattern within the sections. Discussed in detail subsequently, cleavage 

in the northern parts of the ranges dips north and in the southern parts 

of the ranges dips south. These two cleavages are never seen to cut one 

another; instead, the cleavage slowly rolls from one orientation to the 

other. This cleavage orientation change takes place in the Phyllite Mem

ber in the Dome Rock Mountains, in the Sandstone Member in the McCoy 

Mountains, and did not occur along the section line in the Palen Moun

tains. This cleavage transition zone may be considered to be the core 

of the structure developed in the McCoy Mountains Formation. Within 

this core are found locally transposed bedding and the largest amounts 
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of secondary minerals in thin section. In addition, almandine garnet is 

found, indicative of upper greenschist facies metamorphism. 

Possibly related to the problem of large amounts of interstitial 

material is the lack of consistency of the Qp-Ls-Lv plots. These plots, 

which record the composition of lithic grains in the sandstone, do not 

show good grouping for any stratigraphic interval within the McCoy Moun

tains Formation or for any single mountain range, with the possible ex

ception of the Palen Mountains. Plots are commonly high in quartzite 

(Qp) , probably due to selective alteration of less stable sedimentary 

and volcanic lithic grains. Plots also show inconsistent, unstable 

lithic grain populations within an interval. For example, the Qp-Ls-Lv 

plot of the Phyllite Member (figure 43) shows sandstones from the Palen 

Mountains as having Qp3LS97LvO(P55) and Qp3Ls7Lv90 (P48) with lithic 

grains present in amounts of 23% (P55) and 39% (P48), respectively. 

With a low percentage of lithic grains, these population irregularities 

might be due to the small number of lithic grains available for count

ing. It is not known whether these irregulatiries are due to selective 

alteration during metamorphism or to original compositional differences. 



ANALYSIS OF BASIN CHARACTERISTICS 

Paleocurrent Analysis 

Data for paleocurrent analysis were collected in the McCoy, 

Palen, and Dome Rock Mountains. In the Palen and McCoy Mountains all 

data points are from high-angle (>13°) cross-stratification. Thirteen 

degrees was chosen as the minimum angle for recording reliable cross

bedding current directions based on a study of the Eocene Simsboro 

Sandstone of Texas by McGowan and Garner (1970). They recorded as 13° 

the minimum dip of trough-fill (festoon-type) cross strata. The major

ity of cross-bedding measured within the McCoy Mountains Formation was 

of the festoon type. It is believed that a 13° dip requirement for data 

from the McCoy Mountains Formation will eliminate spurious results and 

show a true paleocurrent pattern. All ripple data are included. In the 

Dome Rock Mountains, 11 of the 15 data points are from asymmetric trans

verse ripples with the remaining points from high-angle (>13°) cross

stratification. Clast imbrication data are not included in this study 

because conglomerate clasts show stretching and reorientation in a pene

trative cleavage fabric within much of the terrane. Cross-stratification 

is not thought to be greatly affected by the cleavage because, in expo

sures containing a penetrative cleavage, no primary sedimentary struc

tures are visible. Paleocurrent indicators were found in every member 

of the McCoy Mountains Formation except the Sandstone Member. The data 

are presented by mountain range in figure 41 and by stratigraphic inter

val in figure 42. In each case the data show paleocurrents to the south, 

southeast, or southwest. These d~ta compare favorably with data 
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Figure 41. Paleocurrent data, McCoy Mountains Formation, showing directions in which 
currents were flowing. -- Data are segregated by mountain range and are from 
high-angle cross-strata and asymmetric ripple marks. 
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collected from the Siltstone Member in the Livingston Hills (Harding, 

1978) and from Basal Member 1 in the New Water Mountains of Robison 

(1979) (continental red bed deposits of Miller, 1970). 
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Patterns from the Palen and Dome Rock Mountains are unidirec

tional. A slightly bidirectional pattern is found in the data from the 

McCoy Mountains. The north-directed currents responsible for the bidi

rectional pattern in the McCoy Mountains are evenly distributed among 

the different members. Thus no one member is responsible for the bi

directional current pattern, and the pattern cannot be interpreted as 

local bidirectional currents superimposed on unidirectional currents. 

Bidirectional patterns were found by Harding (1978) in the Siltstone 

Member of the Livingston Hills and by Robison (1979) in the Basal Member 

1 of the New Water Mountains. It is now known that some of the paleo

current data from the Livingston Hills were collected from overturned 

strata, probably accounting for its bimodal pattern. This may also be 

the case for strata from the New Water Mountains. The unidirectional 

pattern is most widespread within the McCoy Mountains Formation and fits 

best with the inferred fluvial origin of the strata, to be discussed 

next. Overall, paleocurrent directions were to the south, both vertic

ally and laterally, within the basin. 

Environment of Deposition 

Sedimentary structures are not easily found within the McCoy 

Mountains Formation due to very penetrative cleavage affecting many of 

the outcrops and the dark brown desert varnish coating most of the rest. 
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The quartz-rich Basal Member 1 of the McCoy Mountains Formation 

is almost surely fluvial in origin, as described by Robison (1979). It 

consists of conglomerate, sandstone, siltstone, and mudstone arranged in 

fining-upward cycles 10-25 m thick. Sandstone and conglomerate horizons 

commonly have erosional bases. Clasts are found concentrated in wedge

shaped beds (0.1-0.5 m thick) (channel lag deposits?) or floating in 

sand matrix. Festoon cross-bedding is common in the sandstone (thus the 

large amount of paleocurrent data from the Basal Member) and may repre

sent point bar deposits. The Basal Member thus probably represents a 

meandering stream environment. Interbedded with the quartz-rich Basal 

Member are coarse volcaniclastic rocks similar to those of the underlying 

Jurassic arc terrane. A meandering stream environment would almost 

surely mix the feldspar-rich volcanics with the quartz-rich sediments, 

were the volcanic rocks being slowly eroded from a nearby source. The 

quartz-rich sandstone of the Basal Member has almost no feldspar, indi

cating little or no mixing between the volcanics and sandstones. It is 

therefore suggested that the volcanic rocks were deposited as tuffaceous 

units from a nearby volcanic source and are contemporaneous in age with 

the initial deposits of the McCoy Mountains Formation. 

Basal Member 2 interfingers with Basal Member lover 100 m of 

stratigraphic thickness. The two members together maintain a semi

constant thickness, with Basal Member 1 thickest in the eastern expo

sures of the McCoy Mountains Formation and Basal Member 2 thickest in 

the western exposures. Basal Member 2 consists of 1ithofe1dspathic 

medium- and fine-grained sandstone and siltstone. Exposures are poor. 

Sandstone and siltstone are internally structure1ess, penetrative1y 
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cleaved, and intensely fractured. No erosional bases to the sandstone 

are seen. Rare interbedded quartz-rich sandstone and conglomerate and 

distinctive purple or green mudstone of Basal Member 1 suggest that the 

fluvial processes of Basal Member 1 may still be in effect but that they 

are being diluted with finer grained material of a different lithology. 

The top 75 m of Basal Member 2 in the Palen and McCoy Mountains consist 

of several coarsening-upwards sequences of interbedded green lithofeld

spathic sandstone and conglomerate. Clasts in the conglomerate consist 

of quartzite, fossiliferous carbonate, sandstone, and mudstone despite 

the lithofeldspathic composition of the sandstone. Conglomerate is ex

posed in clast-supported lenticular beds ~-l m thick and in pebbly, 

tabular cross-stratified beds. Sandstone interbedded with the conglom

erate is laminated or in tabular cross-bed sets less than 1 m thick. 

Roughly laminated sandy gravel is also present. The coarsening-upwards 

sequences may represent lacustrine fan deltas. In the Palen Mountains, 

interbedded with the conglomerate and sandstone, are thick (1-3 m) silt

stone layers containing internal structure similar to the flow banding 

of rhyolites. In thin section no hint of volcanic origin is found due 

to the large volume (90%) of alteration products, and the siltstone may 

be lacustrine in origin. 

The Phyllite Member in all mountain ranges consists of internally 

structureless phyllitic mudstone and siltstone (20-100 m thick) inter

bedded with thinner «2 m thick) sandstone, pebbly sandstone, or conglom

erate beds that occur in groups of 2 to 5 over an interval of up to 20 m. 

The sandstone intervals are lenticular and can be followed along strike 

for ~ km. The rare paleocurrent indicators found in the Phyllite Member 
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came from small-scale ( 10 em thick), fluvial-type cross-strata within 

the sandy intervals. There is little evidence to indicate the environ

ment of deposition of the Phyllite Member. It is suggested that the 

Phyllite Member was deposited in part by a fluvial system due to the few 

fluvial cross-strata observed and because members below and above the 

Phyllite Member show evidence of fluvial deposition. The fine-grained 

nature of the Phyllite Member may suggest a lacustrine environment. 

The contact between the Phyllite Member and overlying Conglom

erate Member is sharp, occurring over a stratigraphic interval of less 

than 5 m. The Conglomerate Member consists of interstratified pebble, 

gravel, and cobble conglomerate with coarse- and medium-grained sand

stone. No fine-grained sandstone or finer material is present. The 

sandy matrix to the conglomerate reflects the composition of granitic 

and gneissose clasts, locally completely so. Lithic grains are limited 

to only a few percent in the sandstone. Conglomerate and sandstone are 

arranged in poorly sorted wedge-shaped depositional units. Conglomerate 

beds have an erosional surface at their bases but commonly do not grade 

up into sandstone. They are clast-supported and rarely show internal 

stratification or imbrication. Clasts within a bed are moderately sort

ed in size, but neighboring strata do not necessarily have similar clast 

size populations. Beds can be followed along strike for a maximum dis

tance of ~ km, commonly less. Sandstone interbeds are usually either 

laminated or contain fluvial cross-bedding (figure 43). Paleocurrents 

obtained from the Conglomerate Member come from these sandstone inter

beds. Sandstone beds commonly contain pebble stringers. The coarse

grained nature of the Conglomerate Member, the lenticular irregular 
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Figure 43. Cross-stratification in sandstones and pebble conglomerates, 
Conglomerate Member, McCoy Mountains Formation, western 
McCoy Mountains. 
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bedding, and the reflection of clast lithology in the sandy matrix sug

gest that it represents a sediment flood in the form of a series of 

braided stream deposits. 

The Sandstone Member (figure 44) overlying the Conglomerate 

Member is poorly exposed, highly fractured and cleaved, and yielded no 

paleocurrent data. Gravel and pebble conglomerate is fairly common, es

pecially at the base of sandstone beds, suggesting fining-upward trends 

within beds. Interbedded phy11itic mudstone is common. Most sandstone 

is massive. The only strong evidence for a fluvial environment is that 

the underlying Conglomerate Member and overlying Siltstone Member con

tain evidence of fluvial deposition. One fossil wood log was found 

preserved in the upper part of the Sandstone Member in the southwestern 

McCoy Mountains by the author (figure 16). 

The Siltstone Member of the McCoy Mountains Formation consists 

of inter1aminated siliceous siltstone and sandstone at its base (figures 

45, 46), grading up into sandstone and conglomerate. The basal silt

stone and sandstone contain transverse asymmetric climbing ripples. The 

ripples were formed in sand and were covered by siltstone which preserved 

them. Some of the inter1aminated sandstone is clearly graded. Inter

lamination is on the scale of ~-5 cm. A deltaic or lacustrine environ

ment is suggested for the lower Siltstone Member based on fresh-water 

branchiopods found in the Siltstone Member in the Livingston Hills, the 

inter1aminated silt and sand, graded bedding, and climbing ripples (fig

ures 47, 48). 

Abundant fossil wood logs deposited in large-scale trough cross 

strata (figures 17, 18) present the clearest evidence of fluvial origin 



Figure 44. Roughly defined bedding typical of the Sandstone Member, 
McCoy Mountains Formation, southern Livingston Hills. 
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Figure 45. Interlaminated silt and fine-grained sand, Siltstone Member, 
McCoy Mountains Formation, southern Dome Rock Mountains. 



Figure 46. Interbedded siliceous siltstone (resistant strata) and 
sandstone typical of the Siltstone Member, McCoy Mountains 
Formation, southern Livingston Hills. 
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Figure 47. Asymmetric climbing ripples, Siltstone Member, McCoy 
Mountains Formation, southern Dome Rock Mountains. 
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Figure 48. View to the southeast of McCoy Mountains Formation in the 
Livingston Hills. -- The light gray horizon yielded nonage
specific branchiopods and marks the contact between Sand
stone and Siltstone Members. 
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(point bar deposits?) of the upper part of the Siltstone Member. The 

bulk of the sequence consists of fining-upward cycles composed of con

glomerate, sandstone, and siltstone. Sandstone rarely shows internal 

structure except at the fossil wood locality, found by Pelka (1973a). 

Conglomerate in this interval shows flattening of clasts into the foli

ation plane. The beds containing the fossil wood can be traced over 

2 km laterally, although it thins from 10 to ~ m in thickness. 

S~aIT 

Evidence, although locally quite scanty, points to a fluvial and 

lacustrine environment of deposition for the McCoy Mountains Formation. 

Some of the fluvial processes may have taken place on alluvial fans pro

grading to the south from the northern source area. Southerly paleocur

rents and east-north-east depositional strike and basin elongation indi

cate that many small streams and drainages contributed to the deposi

tional process. 



DISCUSSION OF BASIN GENESIS AND 
THE ROLE OF A MOGOLLON 

HIGHLAND AS A POSSIBLE SOURCE 

Basin Analysis 

Basins found in various plate tectonic settings have different 

physiological, petrological, stratigraphic, and structural characteris-

tics (e.g., Dickinson, 1976). It should be possible, therefore, once 

the basic characteristics of the McCoy MOuntains Formation are known, to 

give it a probable tectonic origin. 

The original extent of the McCoy MOuntains Formation is unknown 

and probably unknowable; however, its present geographic extent is con-

fined to a narrow west-northwest trending area (the McCoy basin) bounded 

on the north and south by thrust faults (figure 2, in tube). Rocks 

within the McCoy basin probably have counterparts exposed on the north-

ern margin of the McCoy basin (McCoy Mountains and Apache Wash Forma-

tions, rhyodacite porphyry and quartz porphyry). None of the Mesozoic 

and older rocks of the McCoy basin and North American craton have ~een 

found within the terrane exposed to the south of the McCoy basin but may 

be present beneath the southern-bounding thrust fault. Using the termi-

nology of Coney (1981), the boundary between the McCoy basin and the 

rocks to the south can thus be called a terrane boundary. The bounda-

ries of the McCoy basin presently are thrust faults (figures 3-5). Un-

fortunately, later deformation of the McCoy basin has obscured the orig-

inal nature of the faults. 

The basement to the McCoy Mountains Formation and underlying 

Jurassic volcanic rocks and Palen Formation is nowhere exposed. Data 
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which suggest that the McCoy basin may have a North American cratonic 

basement include roof pendants of a Paleozoic protolith exposed within 

the Middle Camp Mountain quartz monzonite pluton intruded into the Ju

rassic volcanic terrane in the northern Dome Rock MOuntains (figure 3). 

Quartzite and marble clast lithologies of McCoy conglomerates suggest a 

proximal cratonic source throughout deposition but say nothing about 

basement lithology of the basin. LeVeque (1981) suggests that the Palen 

Formation may correlate with the lower Mesozoic stratigraphy of the 

western Mojave Desert of Grose (1959), Novitsky-Evans (1978), Marzolf 

(1981), and Miller and Carr (1978). These workers break out three units 

within the lower Mesozoic sequence: 1) Lower Triassic Moenkopi Forma

tion represented by a heterogenous section of limestones, siltstones, 

shales, and evaporites (possibly present in the Little Maria Mountains, 

figure 1); overlain by 2) volcanic rocks of the Soda Mountains Formation 

and equivalents; overlain by 3) Jurassic(?) Aztec Sandstone. The lower 

and middle members of the Palen Formation may correlate with the Soda 

Mountains Formation and Aztec Sandstone, respectively (LeVeque, 1981). 

If this correlation is correct then it seems likely that the rocks of 

the McCoy basin are genetically linked to the North American craton, and 

the speculation that the McCoy Mountains Formation is allochthonous has 

no basis. 

The ratio of length-to-width in the McCoy basin (deformed strata) 

is about 3:1, similar to dimensions of many basins of rhombochasmic ori

gin (Aydin and Nur, 1981). Paleocurrent directions are to the south, 

perpendicular to the present east-west long axis of the McCoy basin. 

This relationship between paleocurrents and basin axis causes great 
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vertical stratigraphic consistency in the east-west direction of the ba

sin stratigraphy (figure 9). Consistency of basin stratigraphy in a 

north-south direction is not known due to lack of suitable ,exposures in 

this dimension. 

Sandstone petrology of the Basal and Phyllite Members of the 

McCoy Mountains Formation may reflect a magmatic arc source (figure 37). 

These rocks could represent downfaulted pre-rift sediments, now overlain 

and thus preserved by later rift-fill. Their original extent could have 

been much greater. The petrology of the Conglomerate, Sandstone, and 

Siltstone Members may reflect the onset of block faulting and resultant 

high relief, possibly related to the development of a rhombochasm(figure 

38). Of course, initial development of the rhombochasm may be partly 

reflected in the lower members as well. 

The characteristics of the McCoy basin, as reviewed above, all 

permit the basin to be interpreted as a rhombochasm, the boundaries of 

which were later modified by deformation. A rhombochasm that developed 

along a major strike-slip fault would be expected to separate rocks of 

very different affinity, as is the case with the McCoy basin,but could 

be floored by North American basement. If the McCoy Mountains Formation 

was deposited in a rhombochasm, its original boundaries of deposition 

still could not be predicted accurately. A rhombochasm which formed a 

ponded basin within a regional north-south slope might fill, causing 

McCoy Mountains Formation to "spill" onto the terrane to the south of 

the basin. Or, if the rhombochasm subsided as fast as it was filled, 

the McCoy Mountains Formation might have been largely confined to the 
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area in which it is now exposed. There is no evidence for a McCoy 

Mountains Formation source to the south of the present basin area (con

trary to evidence presented by Pelka, 1973a) nor have rocks correlative 

to the McCoy Mountains Formation been found elsewhere in the Cordillera. 

Thick sedimentary sequences demand basement subsidence during 

accumulation (Dickinson, 1981). Accumulation of the 7.3 km (minimum) 

thick McCoy Mountains Formation is easily accounted for by the initial 

subsidence model of McKenzie (1978) and the isostatic (Airy) loading 

subsidence model of Steckler and Watts (1978). Using the equations of 

Steckler and Watts (1978), between 60 and 80% of the subsidence of the 

McCoy Mountains Formation is isostatic in origin. In order to get the 

remaining 1.5-3 km of non-loading (initial) subsidence, e must be be

tween 1.7 and 5 using the equations of LePichon and Sibuet (1981). The 

non-loading subsidence is instantaneous. e is defined as the factor by 

which the surface area of the lithosphere below the basin is increased. 

Crust and lithosphere should decrease in thickness by a factor of lie if 

stretching is rapid and lithospheric volume is conserved. The study by 

Sc1ater and Christie (1980) of the North Sea Graben suggested a range 

of 8 values between 1.5 and 4.0, similar to the roughly calculated val

ues for the McCoy Mountains Formation. 

Mogollon Highland 

The term "Mogollon Highland" was first proposed by Harshbarger, 

Rep enning , and Irwin (1957) to refer to an inferred positive area in cen

tral Arizona during Mesozoic time. The concept of this Mesozoic and 

possibly Paleozoic and Cenozoic highland in central Arizona had been 
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mentioned previously by Schuchert (Ensenada Land) and Eardley (Trans

continental Arch extension in McKee, 1947 and Peirce, 1976). Reference 

to the Mogollon Highland had always been made with respect to evidence 

for it in the rocks of the Colorado Plateau to the north. Robison (1979) 

first referred to the geometry of the Mogollon Highland with respect to 

the rocks of the McCoy Mountains Formation basin to the south. The 

most comprehensive discussion of the evidence for the Mogollon Highland 

is by Cooley and Davidson (1963), and little can be added to their 

treatment even today. A discussion of the evidence for the Mogollon 

Highland, its proposed geographic extent, and a possible reason for its 

existence seem appropriate to include here because of the difficulty of 

defining a plate tectonic setting for the McCoy Mountains Formation and 

the enigmatic nature of its source terrane. 

The Mogollon Highland was first recognized on the basis of iso

pach maps for Paleozoic and Mesozoic rocks by McKee (1947). These iso

pach maps showed that although thickness of different systems varied 

considerably, zero isopach lines were consistent in their location. The 

zero isopach lines, of course, can be used to define a region of nondepo

sition or erosion, and it is difficult to differentiate between the two. 

Mogollon Highland was the name applied to a northwest-trending zero iso

pach area in central and west-central Arizona. Paleocurrent directions 

and petrology were also factors used as evidence for the existence of 

the Mogollon Highland (reviewed by Cooley and Davidson, 1963). The 

Moenkopi Formation, usually considered to be the youngest deposit in the 

Cordilleran miogeocline, contains at its base a conglomerate with Paleo

zoic clasts. The clasts are inferred to have come from the south 
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(location of the Mogollon Highland) because everywhere to the North 

Moenkopi Formation rests conformably on the Paleozoic section. In dis

conformable contact above the Moenkopi Formation is the Chinle Formation 

with its basal conglomerate member, the Shinarump. Clasts in the Shina

rump are quartzite and limestone (Paleozoic source?) and volcanic. 

Other conglomeratic horizons within the Chinle suggest phases of oro

genic activity. A proposed source for the volcanic clasts of the Chinle 

Formation is the Mogollon Highland to the south and southwest. After 

the end of deposition of the Chinle Formation, the influence of the 

Mogollon Highland is temporarily lost--Wingate, Moenave, and Kayenta 

Formations all appear to have been derived from the Uncompadre Uplift to 

the northeast. The Navajo Formation was probably derived from the 

northwest. Thus during the lower half of Triassic time the influence of 

a Mogollon Highland was felt. Middle and Upper Jurassic rocks are de

posited on successively older rocks in a south and southwest direction, 

suggesting arching to the south (at the position of the Mogollon High

land) (Cooley and Davidson, 1963). This erosional unconformity most 

v.!.obably envelops the time of depOSition of the McCoy Mountains Forma

tion. The underlying early or middle Jurassic volcanic terrane is too 

young to have been a source for the volcanic clasts within the Chinle 

Formation. Paleocurrents from Morrison Formation streams (from the 

south and west) suggest a continued presence of a Mogollon Highland. 

No record of lower Cretaceous rocks is found on the Colorado 

Plateau. However, the Dakota Formation transgresses south and southwest 

across Jurassic to Permian rocks, as did the middle and late 
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Jurassic-age rocks, and paleocurrents from the south-southwest again 

suggest the presence of a Mogollon Highland as a source for the Creta

ceous clastic rocks. 

Mesozoic rocks exposed to the south of the area occupied by the 

Mogollon Highland, which may have counterparts in the northern Mojave 

Desert, include deformed Moenkopi Formation in the Little and Big Maria 

Mountains (Hamilton, 1978) and lower and middle members of the Palen 

Formation (correlated by LeVeque, 1981) to the Soda Mountains Formation 

and Aztec Sandstone. The Mogollon Highland probably occupied the area 

underlain today by the Mogollon Rim and a narrow strip of Basin and 

Range territory to the south of the rim. Its boundaries may have 

changed somewhat during different periods of time, but it is generally 

believed to have been a northwest-southeast trending band between 75 and 

150 km wide through central and west-central Arizona. 

The Triassic record of the Mogollon Highland might be related 

to the Sonoma Orogeny of western Nevada. The Jurassic manifestation of 

the Mogollon Highland may be due to a thermal disequilibrium associated 

with the well-known Jurassic arc terrane in southeastern California and 

southwestern and south-central Arizona. The upper Cretaceous record of 

the Mogollon Highland may be due to thermal uplift associated with onset 

of the Peninsular-Sierran magmatic arc system. 

In summary, the Mogollon Highland was a nearby Mesozoic feature 

which lay to the north of the McCoy basin. McCoy Mountains Formation 

sediments were shed from a nearby northern source and therefore can be 

considered to have been shed from the Mogollon Highland. 



STRUCTURAL GEOLOGY OF 
TnE McCOY MOUNTAINS FORMATION 

General Statement 

During the earliest stages of work on the McCoy Mountains Forma-

tion, its structural characteristics had the greatest allure. Range 

after range was seen to contain seemingly endless exposures of homoclin~ 

al, southeast-dipping sedimentary rocks. Most of the exposures subse-

quently examined in detail contained a penetrative north-dipping,mineral 

cleavage. The southernmost tips of the ranges appeared to have over-

turned south-dipping rocks. In the context of this work, primarily of a 

stratigraphic nature, these structural characteristics are now generally 

understood. The following discussion is based on structural data col-

lected both within and outside the confines of the McCoy Mountains For-

mation and includes observations by other workers which could not, until 

recently, be put into a broad regional framework. 

Structural Characteristics of the 
Basin Assemblage of Rocks 

The basin assemblage of rocks is defined to include rocks now 

exposed within the basin into which the McCoy Mountains Formation was 

deposited. In addition to the McCoy Mountains Formation, the basin as-

semblage contains the underlying Jurassic volcanic rocks and Palen For-

mation (LeVeque, 1981), plutons, and unnamed metasedimentary rocks, pos-

sibly equivalent to the McCoy Mountains or Palen Formations. Figures 

3, 4, and 5 are preliminary structure sections through the basin assem-

blage in the Dome Rock, McCoy, and Palen Mountains. 
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The bulk of the McCoy Mountains Formation is exposed as a south

or southeast-dipping homoc1ine with its uppermost strata deformed into a 

north-verging, overturned, synclinal fold. The unfo1iated Coxcomb Plu

ton intrudes the McCoy Mountains Formation in the Coxcomb Mountains 

(Greene, 1968) and has yielded an apparent age of 66 Ma (K-Ar, biotite, 

Armstrong and Suppe, 1973). The underlying Jurassic volcanics .consist 

of south- and southeast-dipping volcaniclastic ro~ks at their tops where 

they interfinger with basal McCoy Mountains Formation. (In the main 

they consist of shallow intrusive rocks with rare structural control on 

their present vs. original orientations). The Palen Formation of Pelka 

(1973a) and LeVeque (1981) is intruded by Jurassic hypabyssal rocks. On 

the basis of this relationship, the Palen Formation is believed to be 

older than the McCoy Mountains Formation (Pelka, 1973a). The Jurassic 

volcanic rocks are intruded by the Middle Camp Quartz Monzonite pluton 

of unknown age in the north~centra1 Dome Rock Mountains (Wilson, 1960; 

Crowl, 1979). 

Cleavage orientations in the McCoy Mountains Formation and basin 

assemblage rocks can be divided into two elongate west-northwest trending 

cleavage domains (figure 2). The northern domain begins at the northern

bounding thrust fault zone in each range and goes south to midway within 

the homoc1ina1 McCoy Mountains Formation. The southern domain extends 

from the southern-bounding fault zone in each range north to the mid

section of the McCoy Mountains Formation. These cleavage domains divide 

the rocks of the basin assemblage into two west-northwest trending 

strips. 
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The northern cleavage domain contains exclusively north-dipping 

cleavage orientations superimposed on the south-dipping McCoy Mountains 

Formation, underlying Jurassic volcanic rocks and Palen Formation, the 

Middle Camp Quartz Monzonite pluton, and the unnamed metasedimentary 

rocks exposed in the northern Dome Rock Mountains (figure 2). Cleavage 

in the Jurassic volcanic rocks is so penetrative as to appear to be 

stratification from a distance. 

The southern cleavage domain contains south-, southeast-, and 

southwest-dipping cleavage orientations superimposed on south- and 

southeast-dipping McCoy Mountains Formation. Figures 49 and 50 summa

rize bedding and cleavage data from the Palen, McCoy, and Dome Rock 

Mou~tains. The Coxcomb Mountains exposures of McCoy Mountains Formation 

belong entirely to the southern cleavage domain. 

The cleavage in both southern and northern cleavage domains is 

predominantly a mineral cleavage with a clear recrystallization fabric 

(figures 21, 22). Minerals responsible for the foliation include seri

cite, chlorite and, rarely, biotite. In quartz-rich sandstone litholo

gies the cleavage has characteristics of a fracture cleavage (figure 14). 

In the Dome Rock Mountains, where most carefully observed, the north

and south-dipping cleavages were never seen to cut one another. Instead, 

the boundary between the cleavage domains is characterized by an approx

imately 1 km wide transition zone wherein the north-dipping cleavage 

passes into the south-dipping cleavage by a gradual change in structural 

attitude. This cleavage transition zone contains rocks affected by up

per greenschist facies metamorphism, the highest metamorphic grade ob

served within the McCoy Mountains Formation. The boundaries of the 
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Figure 49. Poles to bedding orientations, McCoy Mountains Formation. 
a. Palen Mountains. b. McCoy Mountains. c. Dome Rock 
Mountains. 
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Figure 50. Poles to cleavage orientations, McCoy Mountains Formation. 
-- a. Palen Mountains. b. McCoy Mountains. c. Dome Rock 
Mountains. 
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transition zone are not sharp and do not follow a stratigraphic horizon. 

The transition zone occurs within the Phyllite Member in the Dome Rock 

Mountains and in the Sandstone Member in the McCoy Mountains. Through

out the change in cleavage orientation, bedding remains south- or 

southeast-dipping. The mineral cleavage is clearly cut by the Coxcomb 

Pluton (figure 51) and therefore has a minimum age of 66 Ma. The Cox

comb Pluton also appears to have disrupted original foliation orienta

tions of the McCoy Mountains Formation (figure 52). 

Attendant to the mineral cleavage is a lineation (figure 53) 

which plunges moderately to the northwest in the northern cleavage do

main and mode~ate1y to the southeast in the southern cleavage domain. 

The lineation consists of mineral streaking in sandstone and siltstone, 

of long axes of stretched pebbles in conglomerate, and of fold hinges in 

folds to which the cleavage is axial planar. Later folds, discussed 

subsequently, are observed to fold the foliation and have axes trending 

north-northeast. The trend of the lineation is the same in both cleav

age domains (figure 53). The change in lineation plunge occurs within 

the cleavage transition zone: the lineation plunge rolls from northwest 

to southeast as cleavage changes from north- to south-dipping. 

Folds to which the mineral cleavage is axial planar occur in 

both northern and southern cleavage domains. These folds are best ex

posed near the northern and southern basin boundary faults. In the 

southern cleavage domain the folds verge to the north; in the northern 

cleavage domain the folds verge to the south. Examples of the north

verging folds are well displayed in the southern Livingston Hills, 



137 

Figure 51. The Coxcomb Pluton intruding and cutting foliation in the 
McCoy Mountains Format~on, southeastern Coxcomb Mountains. 
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Figure 52. Folding of foliation in the McCoy Mountains Formation, 
southeastern Coxcomb Mountains. -- Folding may be related to 
intrusion of the Coxcomb Pluton. View to the west. 
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Figure 53. Trend and plunge of mineral lineations, McCoy Mountains 
Formation, all mountain ranges. 

139 



140 

southern Dome Rock Mountains, southern Palen Mountains, and southern 

Coxcomb Mountains (figures 54-56). In each of these localities the 

McCoy Mountains Formation (and the underlying Jurassic volcanic rocks 

as well in the Coxcomb Mountains) is folded into a north-verging over

turned syncline. South-verging folds within the northern cleavage do

main are well exposed in the northern Dome Rock Mountains (figure 57) 

and in the northern Palen Mountains (LeVeque, 1981). 

In addition to the deformation caused by folding and sympathetic 

cleavage and lineation described above, the basin assemblage is deformed 

by later brittle folding and faulting (so interpreted because cleavage 

is folded and faulted). The folding is both small and large in scale. 

Small brittle folds clearly fold the foliation in crystalline rocks of 

the northern upper plate and appear to preserve the vergence associated 

with the older deformation (figure 58). The little data that have been 

collected on this later deformation consist of kink fold axes and rodding 

that appear to have a fairly consistent north-northwest orientation. 

Structural data with similar orientation are found in the Little Harqua

hala Mountains and Granite Wash Mountains (Marshak, 1979; Reynolds et 

al., 1980), suggesting that the deformation may be of regional extent. 

In the McCoy Mountains the McCoy Mountains Formation is deformed 

by large-scale open folds with north-northwest axes (Pelka, 1973a) (fig

ure 59). These folds fold the cleavage. Their relationship to all 

other deformation is unknown. 

High-angle faults trending northwest in the Dome Rock and New 

Water Mountains, north-northwest in the Palen and McCoy Mountains and 

Livingston Hills, and east-west in the Livingston Hills deform the basin 
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Figure 54. Overturned, north-verging, synclinal fold in the uppermost 
strata of the Siltstone Member, McCoy Mountains Formation, 
Livingston Hills. -- View is to the east. 
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Figure 55. Overturning of the McCoy Mountains Formation, southwestern 
Palen Mountains. -- The dark hills in the foreground contain 
overturned, south-dipping rocks from Basal Member 1, McCoy 
Mountains Formation, and are separated by a north-verging 
thrust fault from the higher peaks forming the main part of 
the range (see figure 5). View to the northeast. 
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Figure 56. Overturned, north-verging, synclinal fold of McCoy Mountains 
Formation and underlying Jurassic volcanic rocks, southern 
Coxcomb Mountains. -- View to the west. 
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Figure 57. South-verging folds in Paleozoic (light orange) and under
lying Precambrian (gray-green) rocks, upper plate of 
northern-bounding thrust fault, Boyer Gap, northern Dome 
Rock Mountains. -- The northern-bounding thrust fault trace 
follows the topographic low of Bover Gap. View to the north. 
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Figure 58. Fold folding foliation in Precambrian(?) crystalline rocks, 
Boyer Gap, northern Dome Rock Mountains. -- View to the east. 
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Figure 59. Large-scale folds in the McCoy Mountains Formation. -- Fold 
axes trend north-northwest. View to the southeast. 
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assemblage. Regardless of orientation these faults are brittle in na

ture. Both left and right separation with a maximum of 2 km are seen on 

the faults. The differing senses of separation of the faults suggest 

that the faults are normal faults. The faults have most commonly been 

interpreted as strike-slip faults (e.g., Miller and McKee, 1971; Crowl, 

1979). 

Despite the cleavage, folding, and faulting affecting the basin 

assemblage, deformation of rocks is not severe. Bedding is only locally 

transposed. Throughout most of the McCoy Mountains Formation primary 

sedimentary structures are still visible. Sandstone commonly contains 

less than 20% interstitial material, allowing accurate determinations of 

detrital modes. Most of the rocks in the Palen and McCoy Mountains 

have been metamorphosed only to lower greenschist facies. The Dome Rock 

Mountains alone contain rocks of upper greenschist facies. 

Northern-bounding Thrust Fault 

The basin assemblage of rocks is bounded to the north by a thrust 

fault (figure 2). This boundary is exposed in the northern Palen and 

Dome Rock Mountains and in the southern Plomosa Mountains. The northern

bounding fault is a thrust relationship by definition, placing Mesozoic, 

Paleozoic, and underlying crystalline rocks onto the Jurassic volcanic 

rocks and Palen Formation. The fault zone is complex (Miller, 1970; 

Harding, 1981, northern Dome Rock and southern Plomosa Mountains; 

LeVeque, 1981, Palen Mountains) and may be locally overprinted by later 

low-angle faulting. Continuation of this fault zone to the east and 

west of the study area on figure 2 is unknown. Vergence of the 
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northern-bounding thrust fault is to the south or southeast. The amount 

of movement along the fault zone is unknown but could be substantial. 

The upper plate of the northern-bounding thrust fault contains 

Mesozoic Apache Wash Formation and a Paleozoic section floored by prob

able Precambrian basement (Miller, 1970). None of these rocks are found 

in contact with the basin assemblage of rocks except along the northern

bounding thrust fault zone. An exception to this observation must be 

made in the central Dome Rock Mountains where a roof pendant of carbon

ate (Paleozoic?) rocks is found intruded by foliated Middle Camp quartz 

monzonite pluton (Harding, 1981). The significance of the roof pendant 

is that it may represent basement to the basin assemblage of rocks which 

is otherwise never exposed. If the carbonate rocks included in the plu

ton are indeed Paleozoic in age, then the basin assemblage may have a 

Paleozoic and Precambrian(?) North American(?) basement. Paleomagnetic 

data, discussed subsequently, suggest that the McCoy Mountains Formation 

and, by extension of structural fabric data, the entire basin assem

blage, was metamorphosed and deformed adjacent to North America. The 

pa1~omagnetic data do not give constraints on the location of deposition 

of the McCoy Mountains Formation. Paleocurrent data and sandstone and 

conglomerate clast analyses support a North American cratonic source for 

the McCoy Mountains Formation but do not give data on basement composi

tion. It seems likely that the McCoy Mountains Formation was deposited 

and deformed adjacent to North America. In fact, the basement to the 

McCoy Mountains Formation and associated basin assemblage of rocks is 

unknown. 
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The Hercules Fault of Reynolds et a1. (1980) exposed in the 

Little Harquaha1a Mountains places crystalline rocks of unknown age in 

low-angle faulted contact above Mesozoic(?) sedimentary rocks. Recon

naissance work by S. Richard and S. Reynolds suggests that Mesozoic 

sedimentary rocks possibly equivalent to the Apache Wash and/or McCoy 

Mountains Formations are structurally below the Hercules Thrust in the 

Granite Wash Mountains and that Apache Wash Formation exposed in the 

Little Harquaha1a Mountains is structurally above the Hercules Thrust. 

Overall structural relationships along the Hercules Thrust are grossly 

similar to structural relationships along the northern-bounding thrust 

fault. The relationship of the Granite Wash Mountains Mesozoic metasedi

mentary rocks to the stratigraphy within the basin assemblage is also 

not yet understood. 

Southern-bounding Fault 

Structural deformation related to the southern-bounding fault 

system is exposed at the southern end of the Coxcomb (figure 56), Palen 

(figure 55), McCoy, and Dome Rock Mountains and Livingston Hills (figure 

54) as well as in the northern end of the Mule Mountains (figure 60). 

An entire cross section of the belt of deformation is nowhere exposed, 

but based on the map distance between northernmost and southernmost 

structures related to the fault system in the Mule and McCoy Mountains, 

respectively, the belt is presently about 12 km wide. The southern

bounding fault (the Mule Mountains Thrust Fault of Vedder, Howell, and 

McLean, in press) places crystalline rock onto interleaved rocks of 
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Figure 60. The southern-bounding thrust fault (Mule Mountains Thrust of 
Vedder, Howell, and McLean, in press) which places crystal
line rocks of the Mojave-Sonora Complex onto overturned 
Jurassic volcanic rocks. -- See figure 4. View to the west 
of the northern Mule Mountains. 
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both the Jurassic volcanic terrane and the Basal Members of the McCoy 

Mountains Formation. Affinity and age of the crystalline rocks are un

certain. The crystalline rocks are here placed into the Mojave-Sonora 

Complex, a name suggested by L. T. Silver (personal communication, 

1982). The Mojave-Sonora Complex as used here includes the San Gabrie1-

Joshua Tree and Orocopia Schist terranes and the related Vincent Thrust. 

As with the northern-bounding fault, the southern-bounding fault cannot 

at present be traced to the east or west. Powell (1981) suggests that 

the extension of the southern-bounding fault to the west may have been 

obliterated by intrusion of Mesozoic plutons. 

The southern-bounding fault has a characteristic geology as de

scribed below. The uppermost strata of the south- and southeast

dipping McCoy Mountains Formation are typically exposed in a north

verging, overturned, synclinal fold marking the top of the measured sec

section. This fold is overlain by a north-verging fault which places 

upside down Basal Member rocks and Conglomerate Member rocks onto the 

top of the McCoy Mountains section. It is noteworthy that these two 

members have the most distinctive petrologic and lithologic character

istics of all members of the McCoy Mountains Formation. Volcanic rocks 

of affinity similar to the Jurassic volcanic rocks (onto which the McCoy 

Mountains Formation was deposited) are then found structurally above and 

interleaved with the upside down McCoy Mountains Formation in both de

positional and faulted contact (figure 61). Rocks of the Mojave-Sonora 

Complex are exposed structurally above the Jurassic volcanic rocks, 

separated by several zones of my10nitized rock. 
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Figure 61. Interleaved Jurassic volcanic rocks and McCoy Mountains 
Formation in a mylonitized fault zone, separating the ex
posed top of the McCoy Mountains Formation from the over
turned fold limb. -- See figure 3. View to the east in the 
southwestern Dome Rock Mountains. 
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Structural Interpretations 
of the Basin Assemblage of Rocks 

The basin assemblage of rocks is affected in its northern half 

by a north-dipping penetrative cleavage and in its southern half by a 

south-dipping.penetrative cleavage. A narrow transition zone within the 

homoclinal McCoy Mountains Formation separates the two cleavage domains. 

The cleavage transition is achieved by a gradual rolling of the cleav-

age from one orientation to the other. The two cleavages have not been 

seen to cut one another. The fact that the transition from north- to 

south-dipping cleavage occurs within uniformly south- or southeast-

dipping McCoy Mountains Formation indicates that the different cleavage 

orientations are not the result of folding of the cleavage after it was 

formed. Paleomagnetic data from the southern cleavage domain are now 

being collected in order to apply a cleavage fold test. All paleomag-

netic data collected to date and described subsequently are from the 

northern cleavage domain. 

The cleavage in both northern and southern domains is a mineral 

cleavage and is commonly accompanied by a mineral lineation. This line-

ation has similar trends in both cleavage domains but plunges to the 

northwest in the northern domain and to the southeast in the southern 

domain (figure 53). The similarity of fabric textures and lineation 

trends ill both domains and the lack of interpenetration of the two fab-

ricks suggest that the fabrics are the same age. 

Paleomagnetic data collected from the homoclinal McCoy Mountains 

Formation is late Middle Jurassic (Callovian) in age. Fabric data col-

lected throughout the basin assemblage and bounding upper plates imply 
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that the cleavage, tilting, and folding of the basin assemblage are 

sympathetic to the northern- and southern-bounding faults. This corre

lation of the structures in the basin assemblage to the northern- and 

southern-bounding faults further suggests that the major deformation of 

the McCoy Mountains Formation and associated basin assemblage rocks is 

late Middle Jurassic. These results are preliminary and somewhat start

ling. The correlation is based on reconnaissance work; however, no 

evidence of major disruption of the basin fabric by the northern- or 

southern-bounding faults has been found. It must be emphasized that in 

addition to the major deformation of Jurassic(?) age, evidence of later 

deformation is common. The later deformation(s) appear to have affected 

the basin assemblage and both upper bounding plates but have resulted in 

only minor disturbances of the earlier fabric. No evidence of major 

faulting associated with later deformation of the basin assemblage and 

bounding upper plates has been found. 



PALEOMAGNETISM OF THE McCOY MOUNTAINS 
FORMATION AND RESULTING AGE CONSTRAINTS 

Stratigraphic and Structural Age Constraints 

The McCoy Mountains Formation is exposed in depositional con-

tact on probable Jurassic volcanic rocks in the Coxcomb Mountains (this 

report); Palen and McCoy Mountains (Pelka, 1973a); Dome Rock Mountains 

(Miller, 1970; Crowl, 1979;'Marshak, 1979); and New Water Mountains 

(Miller, 1970). It is intruded by late Cretaceous plutons in the Cox-

comb Mountains (Armstrong and Suppe, 1973); Palen Mountains (Pelka, 

1973a); and Granite Wash Mountains (Reynolds, 1980). Stratigraphy and 

isotopic dating combined thus have constrained the McCoy Mountains For~ 

mation to be younger than the Jurassic volcanic rocks on which it was 

deposited and older than the undeformed late Cretaceous(?) plutons 

which intrude it. 

Paleontologic Age Constraints 

Nonage-specific fresh water branchiopods were collected by the 

author from the Siltstone Member of the Livingston Hills and identified 

by N. J. Silberling, U.S. Geological Survey, Denver. The Siltstone Mem-

ber of the Livingston Hills also yielded nonage-specific fresh water 

ostracods collected and identified by K. Howard, U.S. Geological Survey, 

Menlo Park. 

Fossil wood, possibly angiosperm (Hamilton, 1969; Hayes, 1970; 

Pelka, 1973a), has been collected from several localities within the 

terrane but is usually in a poor state of preservation (figures 16-18). 
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This fossil wood has been used to place a late Cretaceous or Paleocene 

age (Miller, 1970; Pelka, 1973a; Robison, 1979, 1980) on the McCoy Moun-

tains Formation. New collections of the wood have recently been exam-

ined by several workers including R. Scott, U.S. Geological Survey, 

Denver and S. Ash, Weber State College, Provo, Utah. These collections 

have been reidentified as angiosperm by Ash (written communication, 

1981). However, it is understood that there exists considerable dis-

agreement regarding the geochronologic limits of angiosperm wood. The 

dissent concerns: 1) disagreement as to the age of the oldest angio-

sperm pollen, 2) discrepancies between the age of the oldest angiosperm 

wood and angiosperm pollen, 3) lack of fossil angiosperm wood available 

for examination, and 4) the sudden appearance of angiosperm wood in the 

fossil record without evolutionary predecessors (Raven and Axelrod, 1974; 

Walker, 1976; Doyle, 1977, 1978; Hickey and Doyle, 1977). Therefore, 

even if the fossil wood from the McCoy Mountains Formation is angiosperm, 

the traditional Barremian (Walker, 1976) and younger age range for anei-

osperm wood may not hold. In conclusion, it is believed that the age 

constraints for the McCoy Mountains Formation are not confined to the 

late Creta=eous and PalEocene, as is commonly thought, but may extend 

through most of the Mesozoic. 

Introduction 

Paleomagnetism of the 
McCoy Mountains Formation 

In an effort to constrain the age of the sedimentary terrane, a 

preliminary paleomagnetic study was done on the rocks of the McCoy 
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Mountains Formation in the McCoy Mountains and the results were reported 

by Harding et a1. (1980). The study was then enlarged to include data 

gathered from the Palen and Dome Rock Mountains, with all data and re

sults from both studies presented here. 

A total of 79 oriented cores were collected from 11 sites in the 

McCoy Mountains and 55 oriented cores from 6 sites in the Dome Rock 

Mountains. The sites in the McCoy Mountains were evenly spaced within 

the lowest 1300 m of section; in the Dome Rock Mountains the lowest 

1200 m of section were evenly sampled. Aerial distance between collect

ing localities in the McCoy and Dome Rock Mountains is about 60 km. 

Cores were taken using the standard coring techniques of Doell and Cox 

(1967). A Brunton compass was used to orient the cores. Paleomagnetic 

sites were restricted to purple and gray siltstone units. Four addi

tional sites in the Dome Rock Mountains and ten sites in the Palen Moun

tains were also cored. The data from these sites were rejected due to 

failure to isolate a characteristic natural remanent magnetization (NRM) 

direction for any of the sites. 

Natural remanent magnetization (NRM) was measured on a cryogenic 

magnetometer (ScT C-102). Alternating field (AF) demagnetization was 

performed with a single-axis demagnetizer (Schonstedt GSD-1) and thermal 

demagnetizations were done in a mu metal shielded furnace. All thermal 

demagnetizations were done in air. The residual magnetic field in the 

cooling chamber was less than 10 gammas (1 gamma = 1 nanotes1a). 
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Stability of NRM 

NRM of all samples were measured before progressive demagneti

zation experiments. Intensities of NRM ranged from 10-6 to 10-4 gauss. 

Representative samples from each site were subjected to progressive AF 

and thermal demagnetization. Two different responses to demagnetization 

were observed, leading to rejection of many of the sites. 

In the sites in which a characteristic NRM was isolated, pro

gressive AF demagnetization up to 600 oe peak alternating field did not 

affect the NRM direction or intensity. Samples from these sites were 

then subjected to progressive thermal demagnetization. The results of 

the thermal demagnetization showed that the NRM contained almost no 

low blocking temperature secondary components of magnetization. Only a 

small fraction of the blocking temperature spectrum was below 580°C 

(Curie temperature of magnetite), and many samples retained more than 

50% of their original NRM after thermal demagnetization to 640°C. Fig

ure 62 is a vector demagnetization diagram of response to thermal demag

netization of a typical sample from a site in which the characteristic 

NRM was isolated. The high blocking temperatures and high coercivity 

indicate that hematite is the dominant ferromagnetic mineral present. 

Figure 63a,b shows typical within-site grouping of sample NRM directions 

after thermal demagnetization treatments. 

The sites which were rejected showed a different response to the 

demagnetization techniques. Samples from the discarded sites in the 

Dome Rock Mountains displayed anomalously weak NRM (10-7 gauss) intensi

ties and scattered NRM directions that changed erratically during pro

gressive AF or thermal demagnetization. The discarded sites in the 
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Figure 62. Vector demagnetization diagram of response to thermal demag
netization of a sample from site MC034 which exhibited a 
characteristic NRM at 640°C. 
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Figure 63. Thermally cleaned NRM directions for samples from two sites. 
-- a. Site MC002. b. Site MC006. 
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Palen Mountains showed NRM directions parallel to present field direc

tions. The NRM decreased in intensity when subjected to both AF and 

thermal demagnetization but did not change direction or improve in clus

tering. Figures 64 and 65 are vector demagnetization diagrams of a 

typical sample from a discarded site while being subjected to AF and 

thermal demagnetization. This response suggested that both hematite and 

magnetite are present as ferromagnetic minerals. The sites were dis

carded because a characteristic NRM could not be isolated. The complex 

opaque mineralogy of these sites is discussed below. 

Although no significant secondary components were present in the 

progressive demagnetization experiments from the sites which were fina1~ 

1y included in this study, all samples were thermally demagnetized to 

640°C. No significant change of site mean direction resulted from this 

treatment for most of the sites. Within-site grouping of NRM vectors 

was significantly improved by the thermal demagnetization treatment. 

Table 6 lists site mean directions of NRM following thermal demagneti

zation along with statistical parameters. The site mean directions in 

Table 6 are not corrected for structural tilting. 

Fold Test 

The fold test of Graham (1949) was applied to determine whether 

the NRM of the rocks was acquired before or after formation of structur

al tilting between sites. If the NRM was acquired before the relative 

structure between the sites was formed, site mean directions should con

verge when sites are corrected for structural tilting and show poorer 

grouping when not corrected for bedding attitude. If the NRM was 
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Figure 64. Vector demagnetization diagram of response to thermal demag
netization of a sample from site MC039, a site from which a 
characteristic NRM was not isolated. 
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Figure 65. Vector demagnetization diagram of response to AF demagneti
zation of a sample from site MC039, a site from which a 
characteristic NRM was not isolated. 
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Table 6. Site mean directions of NRM. -- N, R, k and a95 are statisti-
cal parameters of Fisher .(1953). 

SITE I D a95
0 

k N R ATTITUDE OF BEDDING 
MC001 24.80 339.85 3.5 707.2 4 4.00 285°, 75° 

MC002 23.31 336.98 2.5 484.1 8 7.99 285° , 75° 

MCOO3 23.67 342.59 1.6 1165.5 8 7.99 285° , 75° 

MC004 22.68 353.56 7.1 306.6 3 2.99 280° , 65° 

MC005 22.05 347.95 3.1 328.1 8 7.98 280° , 65° 

MC006 21. 77 341. 39 11.0 31.0 7 6.81 280° , 65° 

MCOll 19.51. 344.43 7.7 52.2 8 7.87 259° , 23° 

MC012 16.51 357.81 9.5 34.7 8 7.80 259° , 23° 

MC013 41.14 347.43 10.7 24.2 9 8.67 259° , 23° 

MC014 9.49 338.82 10.2 30.3 8 7.77 186° , 26° 

MC015 16.39 337.53 23.9 6.3 7 6.89 186° , 26° 

MC030 21.23 316.80 5.1 118.45 8 7.94 338° , 26° 

MC033 46.36 335.53 9.2 34.1 8 7.81 228° , 53° 

MC034 12.25 337.43 3.1 325.73 8 7.98 345° , 37° 

MC035 25.70 304.99 9.3 36.33 8 7.81 217°, 35° 

MC036 1.46 318.15 8.3 45.64 8 7.85 352°, 23° 

i1C037 5.54 321.04 6.5 72.66 8 7.90 185° z 27° 



acquired after the relative structures between the sites were formed, 

site mean directions should cluster when not corrected for structural 

tilting and scatter upon correcting the directions for structural 

tilting. 
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The formation mean direction was calculated by computing the 

mean direction of the 17 site mean directions both before (uncorrected) 

and after (corrected) restoring the beds to horizontal at each site. 

The best estimate of the Fisher (1953) precision parameter (k) was cal

culated for both uncorrected and corrected formation mean directions. 

The statistical significance of the fold test was evaluated by the 

method of Watson (1956), using the tabulated F-ratio tables of McElhinny 

(1964). The k1 (uncorrected) to k2 (corrected) ratio is 4.21. A ratio 

of kl /k2 greater than 2.32 for a test with 17 directions indicates that 

the fold test is significant at the 99% confidence level. This test 

indicates that the magnetization of the McCoy Mountains Formation was 

acquired after the deformation which produced the relative structural 

tilting between the sites. The paleomagnetic data thus indicate that 

the magnetization was acquired after deposition and deformation of the 

McCoy Mountains Formation and was produced by precipitation of hema~ite 

in response to a mild metamorphism. 

Opaque Mineralogy 

Polished thin sections cut from typical sites from which a char

acteristic NRM was isolated and from typical sites which were discarded 

due to failure to isolate an original NRM were examined by R. F. Butler, 

Department of Geosciences, University of Arizona with assistance from 
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D. Elston and M. Marshall. Their findings indicate a difference in the 

opaque mineralogy of the included and excluded sites, which leads to an 

understanding of the different magnetic behavior of the sites. The 

following discussion is based on their findings. 

Microscopic examination of polished thin sections of representa

tive samples from sites in which a characteristic NRM was isolated indi

cates that specular hematite is the only opaque mineral present in abun

dance. Textural evidence further indicates that the specular hematite 

was formed by post-depositional precipitation. Grains of specular hema

tite invade solution pits in adjacent silica grains and often have deli

cate growths which could not have been transported. No rounded specular 

hematite grains were observed, and almost all grains had sharp corners 

resulting from having filled angular voids between detrital grains. 

These observations are fully consistent with the paleomagnetic observa

tions of very high coercivity with most blocking temperatures exceeding 

the 580°C Curie temperature of magnetite. The textural evidence indi

cating post-depositional precipitation of the specular qematite is also 

consistent with the results of the fold test. The opaque mineralogy 

thus indicates that the NRM is a chemical remanence acquired during in 

situ precipitation of specular hematite. 

Samples from the sites which were discarded due to the inability 

to obtain a characteristic NRM have a different opaque mineralogy. Un

like the previously described samples, these samples are rich in detrital 

magnetite grains which are all replaced in the amount of 70-80% by specu

lar hematite. Specular hematite is also present in the material inter

stitial to the detrital grains. The magnetic behavior of hematite 
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partly replacing magnetite is unpredictable. It is presumed that the 

NRM measured from the sites containing only specular hematite is the 

component which was present at the time of oxidation of all iron oxides 

to specular hematite. In sites containing two oxidation states of iron 

oxides (hematite and magnetite), isolation of the component present at 

the time of partial oxidation is difficult. In addition, thermal demag-

netization of the samples in air has an uncertain effect on the NRM. 

The easily observed petrologic and compositional differences of 

the two types of sites give solid evidence .for their behavioral differ-

ences and justification for exclusion of the sites with anomalous mag-

netic behavior from the data set. 

Both the opaque mineralogy and the fold test indicate that the 

magnetization of the McCoy Mountains Formation was acquired in response 

to a mild in situ metamorphism following deposition and deformation. As 

a result the site mean directions in Table 6 are in situ directions 

which have not been corrected for structural tilting. The formation 

mean direction and associated statistical parameters in Table 7 are ob-

tained from the in situ site mean directions in Table 6. Figures 66 and 

67 are equal-area stereonet projections of the site mean directions be-

fore and after correction for structural tilting, respectively. 

Discussion 

The mean direction of magnetization (I = 21.3°, D = 336.5°, 

a95 = 7.63°) of the McCoy Mountains Formation from exposures in the McCoy 

and Dome Rock Mountains yields a paleomagnetic pole at ~p = 58.9°N, AP = 

ll4.6°E with a95 = 7.63° (Table 7). As shown in figure 68, this pole 
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Table 7. Formation mean NRM results. -- I, D are mean inclina
tion, declination, N is number of sites. R, k, a95 are 
statistical parameters of Fisher (1953). As' ~s (Ap ' 
~p) are latitude, longitude of collection locality 
(pole position). 

I = 21.3 

D = 336.5 

a95 = 7.63 

k= 22.8 

N= 17 

R = 16.3 

Ap = 58.9°N 

~p 114.6°E 

As 33.5°N 

~s = 245.4°E 
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Figure 66. Site mean, mean of the site mean directions of magnetiza
tion, not corrected for structural tilting. 
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SITE MEAN DIRECTIONS (CORRECTED) 
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Figure 67. Site mean, mean of the site mean directions of magnetiza
tion, corrected for structural tilting. 
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MCCOY AND OTHER POLES 

Figure 68. Position of the McCoy pole (MC) on the Jurassic apparent 
polar wander path of North America. -- See Table 8 for data 
from which this plot was constructed. C = Cane10 Hills vol
canics, S = Summerville Formation, M1 and M2 = lower and 
upper Morrison Formation, K = Cretaceous pole. 
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falls adjacent to the North American apparent polar wander path very 

near a pole from the Summerville Formation (Steiner, 1978). Data for 

figure 68 are summarized in Table 8. It is believed that the well 

clustered and stable magnetization directions from the McCoy Mountains 

Formation and positioning of the resultant pole on the North American 

apparent polar wander path is not by chance. Instead, these data pro

vide important age constraints on the age of the McCoy Mountains 

Formation. 

The results of the fold test clearly indicate that these sedi

mentary rocks were magnetized after the development of their relative 

structures. The opaque mineralogy yields data confirming that the specu

lar hematite resulted from post-depositional precipitation. This precip

itation could likely have been in response to the metamorphism associ

ated with the deformation that produced the structural tilting. The 

placement of the pole position from the McCoy Mountains Formation so 

close to the pole position from the Summerville Formation indicates that 

the magnetization of the McCoy Mountains Formation occurred at about the 

same time as deposition of the Summerville Formation. The magnetization 

of the McCoy Mountains Formation is post-depositional, and therefore the 

paleomagnetic data can only provide a minimum age constraint for the 

time of deposition of the McCoy Mountains Formation. 

The Summerville Formation is dated as probably middle Callovian 

(late Middle Jurassic) (Pipiringos and Imlay, 1979; Imlay, 1980). Ac

cording to the Jurassic time scale of Van Hinte (1978), this represents 

an absolute age of about 150-155 Ma; according to Armstrong (1978), it 
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Table 8. Paleomagnetic poles illustrated in figure 68. -- ~p and Ap are 
pole latitude, longitude. A95 is the radius of confidence 
surrounding the mean Cretaceous pole. dp and dm are the semi
minor and semimajor axes of the 95% confidence ovals around 
the paleomagnetic poles. 

POLE 

McCoy Mountains 
Formation 114.6 58.9 

Summerville 
Formation 110.6 67.5 

Canelo Hills 130.3 62.2 

Lower Morrison 
Formation 142.2 61.4 

Upper Morrison 
Formation 161.8 67.5 

Cretaceous 187 64 6 

3.2 5.4 

4.1 7.4 

4.0 6.5 

3.5 5.0 

REFERENCE 

this work 

Steiner (1978) 

Kluth et al. (in 
press) 

Steiner and Helsley 
(1975) 

Steiner and Helsley 
(1975) 

McElhinny (1973) 
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represents an interval of time 165-162 Ma. The Summerville Formation is 

unfossiliferous in its exposures on the San Rafael Swell, the site of 

Steiner's (1978) paleomagnetic studies, and its geologic age is assigned 

by inference drawn from regional stratigraphic correlation (i.e., 

Pipiringos and O'Sullivan, 1978). Based on these stratigraphic consid-

erations, a middle Callovian age of magnetization of the McCoy Mountains 

Formation is proposed. An absolute age of this metamorphic event prob-

ably cannot be confined any better than between 165 and 150 Ma. The 

McCoy Mountains Formation protolith is older than its magnetization 

and, therefore, is pre-middle Callovian (late 11iddle Jurassic). 

Knowledge of the North American 
Jurassic Apparent Polar Wander Path 

There may exist some question as to the validity of assigning a 

Jurassic age to the McCoy Mountains Formation on the sole basis of the 

positioning of the Callovian Summerville Formation pole. Indeed, until 

recently, the polar wander path between firmly established upper Tri-

assic and lower Cretaceous pole positions was not well determined 

(McElhinny, 1973). Based on early work of Collinson and Runcorn (1960), 

who sampled the Jurassic Kayenta and Carmel Formations of Arizona, the 

Jurassic pole position was erroneously believed to be similar to the po-

sition of the present axial dipole. Their work was done before the 

techniques of AF and thermal demagnetization were commonly employed. 

Opdyke and Wens ink (1966) obtained data from the White Mountain plutonic-

volcanic series of New England which had yielded Jurassic apparent ages 

of about 180 Ma with K-Ar, Rb-Sr, and U-Pb techniques. Their study re-

vealed a mixed polarity within the series--rocks of normal polarity 
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showed present pole positions--whereas rocks of reversed polarity showed 

pole positions streaked out along a great circle connecting the Creta

ceous pole position, the present pole position, and northern Europe. In 

addition, monzonites of the series tended to be normally magnetized and 

gabbros reversely magnetized. There may have been igneous activity 

spread out over a period of time, or intrusion and subsequent cooling 

over a long period of time, or possibly the monzonites were not stabley 

magnetized. J. deBoer (1967, 1968) collected paleomagnetic data on 

Mesozoic dike swarms which cut Triassic and older rocks in the Appala

chian Mountains. The resultant pole position fell midway between the 

known Triassic and Cretaceous pole positions, suggesting that the dikes 

were Jurassic in age. Although this was the first indication that the 

Jurassic apparent polar wander path might be a smooth arc connecting the 

upper Triassic and lower Cretaceous pole positions, no known Jurassic 

rocks had yet yielded a pole position. The Topley Intrusions of central 

British Columbia, studied by Symons (1973), yielded upper Jurassic-lower 

Cretaceous K-Ar apparent ages and a pole position between the Triassic 

and Cretaceous poles on the apparent polar wander path. This area has 

been tectonically active since early Mesozoic time and is not part of 

the North American craton. Therefore the significance of these results 

is unpredictable. 

In fact, if consideration is restricted to paleomagnetic studies 

of Jurassic rocks which: 1) possess a well-determined characteristic 

natural remanent magnetization, as evidenced by thorough magnetic clean

ing experiments, and have no component of the present field direction; 

2) are well-dated on isotopic, stratigraphic, or paleontologic evidence; 
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and 3) are located with the stable North American craton, then only the 

results from the Summerville and Morrison Formations of Steiner (1978) 

and Steiner and Helsley (1975) and from the Canelo Hills Volcanics of 

Kluth et ale (in press) can be considered. The Summerville and Morrison 

Formations have loose absolute age constraints due to uncertainty in the 

Jurassic time scale. The Cane10 Hills Volcanics have yielded several 

K-Ar and Rb-Sr apparent ages of about 150 Ma but, being unfossiliferous, 

cannot be assigned to a particular stage within the Jurassic. However, 

together these three formations have yielded four points on the Jurassic 

apparent polar wander path (the Morrison yielded points from both lower 

and upper members) which define a smooth arc between the well-established 

Triassic and Cretaceous pole positions. Because these data alone met 

the rigid criteria applied to the entire Jurassic pole position data 

set, it is believed that they accurately portray the motion of the Ju-

rassic apparent polar wander path for North America. Pole positions ob-

tained from these formations are in Table 8, and figure 68 is a stereo-

net projection of their positions along with the McCoy Mountains Forma-

tion pole. Therefore, although the pole from the McCoy Mountains 

Formation falls close to the Summerville Formation pole, it also falls 

on a well-defined path determined by other Jurassic rocks and can be 

safely assigned a Jurassic age. 

Post-magnetization Rotations 
and Uniqueness of the Solution 

Using paleomagnetic data to provide geochronologic information 

on the McCoy Mountains Formation raises the question of the uniqueness 

of the solution, especially since fossil evidence has always suggested 
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a much younger age than Callovian. Although the above paleomagnetic 

solution is not unique, it is ~ far the simplest. Multiple solutions 

are allowable by the fact that post-magnetization rotations of the McCoy 

and Dome Rock Mountains could have caused the pole position to rotate 

from anywhere desired on the North American apparent polar wander path 

to its present Jurassic position. However, geological and geophysical 

constraints can eliminate many of these rotations. Since the conclusion 

that the McCoy Mountains Formation was magnetized in late Middle Juras

sic is controversial, several types of rotations which would allow for 

younger age assignments will be discussed. 

Vertical rotations of the McCoy Mountains-Dome Rock Mountains 

block would cause the pole position to rotate in a small circle path 

centered on the collecting locality. Examination of figure 68 shows that 

if the McCoy Mountains Formation pole is rotated about a vertical axis 

centered on the collecting locality, only the Jurassic portion of the 

apparent polar wander path will be intersected. Thus rotations of the 

McCoy Mountains Formation about a vertical axis will not allow an age 

assignment other than Jurassic. The positioning of the McCoy Mountains 

Formation pole near the Summerville Formation pole was not caused by 

post-magnetization rotations about a vertical axis. 

Post-magnetization rotations about horizontal or inclined axes 

cannot be so easily dispensed with. There exists a rotation which would 

bring the paleomagnetic data into agreement with the Cretaceous age sug

gested by the fossil wood data. The observed mean direction of magneti

zation from the McCoy Mountains Formation is I = 21.3°, D = 336.5°. The 
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expected Cretaceous magnetic field direction at the collecting locality 

is I = 63°, D = 343° (calculated from the average Cretaceous pole of 

McElhinny, 1973, at 64°N, 187°E). Rotation of the observed mean direc

tion of magnetization into the expected Cretaceous magnetic field direc

tion requires 44° of rotation to the north about a horizontal axis with 

strike of N62°E. This rotation, accomplished by exactly following the 

sequence of events outlined below, is the only way to allow the Creta

ceous age assignment for the McCoy Mountains Formation as wished by some 

workers. 

The events needed to allow a Cretaceous age assignment on the 

McCoy Mountains Formation are in order as follows: 1) the sediments 

comprising the McCoy Mountains Formation were deposited and subsequently 

deformed, producing not only the minor relative structures between the 

sites but also the 45° difference in strike of bedding between the Dome 

Rock and McCoy Mountains; 2) during the Cretaceous the sedimentary rocks 

were metamorphosed and specular hematite was precipitated as a response 

to the metamorphism; and 3) the tilting of both localities was achieved 

by overthrusting along the southern-bounding fault, rotating both locali

ties into Jurassic magnetic field directions. Note that although orien

tations of bedding strike and fold axes associated with the southern

bounding fault differ slightly in each range (figure 2), the rotation 

must be such as to make the directions of magnetization for each range 

consistent. 

The problems with this pathologic scenario are obvious. First of 

all, the required axis of rotation (N62°E) is not parallel to bedding or 

fold axes in the Dome Rock Mountains and is parallel to only some of the 
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bedding axes but again none of the fold axes in the McCoy Mountains. 

Therefore it would have been difficult for the deformation associated 

with the southern-bounding fault to have caused the exact N62°E rotation 

needed. Secondly, the 44° of rotation needed are greater than the dip 

of the bedding in all of the sites in the Dome Rock Mountains and many 

of the sites in the McCoy Mountains. The deformation predating the 

precipitation of hematite described in the above paragraph would have 

had to include tilting the Dome Rock Mountains section 10-20° to the 

northwest. There is no evidence of two separate periods of tilting. 

Thirdly, the entire scheme requires hematite to be precipitated at a 

limited and critical time rather than over the entire period of meta

morphism and deformation. And lastly, geologic evidence, including bed

ding and mineral cleavage orientations sympathetic to the southern

bounding fault, suggests that the deformation caused by the southern

bounding fault was attendant to (rather than subsequent to) the 

metamorphism of the McCoy Mountains Formation. 

A combination of two rotations about vertical and horizontal 

axes could allow the McCoy Mountains Formation to be magnetized during 

the Cretaceous yet still exhibit a Jurassic pole position. In addition 

to becoming extremely contrived, these rotations would suffer the same 

problems as the one outlined above. 

Now that a substantial portion of the North American Cordillera 

is believed to be allochthonous (Coney et al., 1980), this idea must be 

discussed with respect to the McCoy Mountains Formation and its underly

ing volcanic terrane. Although the basement to the McCoy Mountains 
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Formation and unde~lying volcanic terrane is never seen, rocks believed 

to be correlative with the McCoy Mountains Formation, the Apache Wash 

Formation, are in depositional contact on Paleozoic rocks of the North 

American craton. In addition, clasts from conglomerates throughout the 

McCoy Mountains Formation consist of quartzite and fossiliferous Paleo-

zoic carbonate rocks and were derived from the north based on paleocur-

rent studies. There is little doubt that the McCoy Mountains Formation 

is closely tied to the North American craton. The most reasonable con-

clusions which can be drawn from the paleomagnetic data from the McCoy 

Mountains Formation are that the rocks were magnetized adjacent to North 

America during the late middle Jurassic and that their protolith is 

older. 

Stratigraphic Correlation of the 
McCoy Mountains Formation 

If the McCoy Mountains Formation was deposited in a rhombochasm 

that developed along a strike-slip fault in pre-late Middle Jurassic 

time, it doubtlessly has time-correlative strata but may have no strat-

igraphically equivalent strata within the southwestern Cordillera. Al-

ternate interpretations of age and tectonic setting would allow for dif-

ferent interpretations of rock correlations. 

The Orocopia Schist terrane is the most often mentioned strati-

graphic equivalent to the McCoy Mountains Formation (e.g., Robison, 

1979). The reasons for this correlation include: 1) the geographic 

positioning of the Orocopia Schist to the south of the McCoy Mountains 

Formation; 2) south-directed paleocurrents within the McCoy Mountains 

Formation pointing towards the Orocopia Schist as a distal facies; 
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3) the fluvial facies of the McCoy Mountains Formation and the marine(?) 

facies of the Orocopia Schist as a possible proximal-distal facies pair; 

4) the uncertain age of the Orocopia and, until recently, of the McCoy 

Mountains Formation; and 5) the possibility of an arc, fore arc basin, 

trench deposits relationship of the Jurassic arc terrane, overlying 

McCoy Mountains Formation, and Orocopia Schist Terrane. The problems 

with this correlation are several: 1) the San Gabriel-Joshua Tree ter

rane thrust over the Orocopia Schist along the northeast-dipping Vincent

Chocolate Mountains thrust is also thrust over the McCoy Mountains For

mation along the south-dipping southern-bounding fault, also known as 

the Mule Mountain Thrust (e.g., Vedder et al., in press); 2) although 

not completely understood, the age of metamorphism of the Orocopia Schist 

seems to be lower Tertiary (Haxel and Dillon, 1978) as opposed to the 

Jurassic metamorphism of the McCoy Mountains Formation (this work); and 

3) the Orocopia Schist and the probably correlative Rand and Pelona 

Schists are exposed throughout the Mojave Desert in contact with a va

riety of different aged rocks, precluding an exclusive fore arc-basin 

trench relationship with the McCoy Mountains Formation. 

Another commonly stated correlative to the McCoy Mountains For

mation is the lower Cretaceous Bisbee Group of southeastern Arizona, 

southwestern New Mexico, Sonora, and Chihuahua. The Bisbee Group is be

lieved to represent a rift transgression related to tectonics in the 

Gulf of Mexico (Biledeau, 1978). Age constraints from paleomagnetic 

data make this correlation unlikely. However, despite age differences 

of the Bisbee Group and McCoy Mountains Formation other problems with the 
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correlation remain, including a 350 km distance between Bisbee Group and 

McCoy Mountains Formation exposures with Mesozoic sedimentary rocks of 

unknown affinity of the Papago Indian Reservation exposed inbetween. 

The Winterhaven Formation of Haxel and Dillon (1978) is depos

ited on the rocks of the Orocopia Schist and overlying Precambrian(?) 

crystalline terranes. Rocks of Winterhaven Formation affinity are ex

posed to the south of the Livingston Hills in the north-central Kofa 

Mountains (author, reconnaissance mapping) and seemingly are deposited 

onto overturned deformed rocks of the McCoy Mountains Formation (figure 

2). This relationship, along with a possible Cretaceous(?) or younger 

age of the Winterhaven Formation, makes it a' poor candidate for corre

lation with the McCoy Mountains Formation. 

The Jurassic volcanic terrane exposed beneath the McCoy Moun

tains Formation is probably a little older than the Canelo Hills Volcan

ics and related rocks of Kluth (1982) and Kluth et ale (in press), but 

both terranes represent a southeastern extension of the well-known Ju

rassic arc terrane of the southern Sierra Nevada M~untains (Armstrong 

and Suppe, 1973) into Arizona and Sonora. The McCoy Mountains Formation 

may be time-equivalent to part of the Canelo Hills volcanics, but since 

it is not of magmatic arc origin, it is not stratigraphically equivalent. 

Mesozoic volcanic and sedimentary rocks of the Papago Indian 

Reservation (Haxel et al., 1980) and of the Mojave Desert (Grose, 1959; 

Bowen and VerPlanck, 1965; Miller and Carr, 1978) represent an assem

blage too poorly dated and understood to be definitively correlated with 

anything at present. However, none of these rocks has affinities very 

similar to the clastic McCoy Mountains Formation. 
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It would not be surprising to find rocks similar to the McCoy 

Mountains Formation to the southeast in Mexico, if the McCoy Mountains 

Formation was deposited in a rhombochasm along a Jurassic strike-slip 

fault. In conclusion, rocks stratigraphically equivalent to the McCoy 

Mountains Formation are not expected to be found much outside the pres

ently known confines of the McCoy basin. 



CONCLUSIONS 

The rocks of the McCoy Mountains Formation are exposed as a 

large Mesozoic metasedimentary terrane in the McCoy, Palen, and Coxcomb 

Mountains, California and in the Dome Rock and southern Plomosa Moun

tains and Livingston Hills, Arizona. The McCoy Mountains Formation is 

at least 7.3 km thick and is very different from the classic Mesozoic 

sequence of the Colorado Plateau 250 km to the northeast. Presently 

exposed in a narrow west-northwest trending basin, the siliciclastic 

McCoy Mountains Formation rests disconformably and nonconformably on and 

is interbedded at its base with Jurassic volcanic rocks. The McCoy 

Mountains Formation and underlying Jurassic volcanic rocks physically 

separate in outcrop Paleozoic and Precambrian rocks of the North 

American craton from rocks of the Mojave-Sonora Complex terrane (a com

posite terrane which includes the Joshua Tree and San Gabriel terranes 

of Powell (1981) and the Orocopia Schist and Vincent Thrust of Haxe1 

and Dillon (1978), as suggested by L. Silver). A Mesozoic clastic se

quence laterally equivalent to the McCoy Mountains Formation and herein 

named the Apache Wash Formation is exposed on the northern but not on the 

southern margin of the McCoy basin. 

The McCoy Mountains Formation consists of sandstone, conglomer

ate, siltstone, and mudstone and has been divided into six map units, 

each containing internally consistent petrology and stratigraphy. De

tailed petrographic analysis of the sandstone, metamorphosed to green

schist facies, suggests that the McCoy Mountains Formation was derived 

184 



185 

from a geologically heterogenous source area containing plutonic, vol

canic, and sedimentary rocks. The proportions of these three source 

constituents changed irregularly with time. Paleocurrent indicators 

consisting of high-angle (>13°) cross-strata and asymmetric ripple 

marks, distributed laterally and vertically within the McCoy Mountains 

Formation, indicate south-flowing paleocurrents. Sparse sedimentary 

structures--including cross-strata, ripple marks, channels, wedge

shaped depositional units, and fining-upwards sequences, along with 

unidirectional paleocurrent patterns--indicate a fluvial environment of 

deposition. Application of models of basin genesis suggest that the 

McCoy Mountains Formation was deposited along a northwest-trending 

strike-slip fault in a rhombochasm. 

The McCoy Mountains Formation is homoclinal and south- or 

southeast-dipping. The top of the section is folded into an overturned, 

north-verging syncline. A penetrative south-dipping mineral cleavage 

sympathetic to the overturned syncline is present in the southern expo

sures of McCoy Mountains Formation. The northern exposures of McCoy 

Mountains Formation and underlying Jurassic volcanic rocks contain a 

similarly penetrative, north-dipping mineral cleavage. The two cleav

ages are never seen to cut one another. Instead, one cleavage gradually 

rolls into the other. Sympathetic to the north- and south-dipping cleav

ages are the northern- and southern-bounding thrust faults, respec~ively. 

The northern-bounding thrust fault places Paleozoic and Precambrian 

rocks of the North American craton onto the Palen Formation and Jurassic 

volcanic rocks. The southern-bounding thrust fault places crystalline 
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rocks of the Mojave-Sonora Complex terrane onto overturned Jurassic vol

canic rocks interleaved with basal McCoy Mountains Formation. The McCoy 

Mountains Formation and underlying Jurassic volcanic rocks thus are 

overthrust along both the northern and southern margins. 

Age constraints on the McCoy Mountains Formation were confined 

to the upper Cretaceous and Paleocene on the basis of poorly preserved 

fossil angiosperm(?) wood collected throughout the sequence. New age 

constraints come from paleomagnetic data which yielded a metamorphic 

paleomagnetic pole position adjacent to the North American polar wander 

path very near a pole position from the Callovian (upper Middle Juras

sic) Summerville Formation of the Colorado Plateau (Harding et al.,' 

1980). Paleomagnetic data reported here come entirely from the north

ern cleavage domain. Additional data from the southern cleavage domain 

and overturned fold limb are being processed. The data fail the fold 

test, indicating that the magnetization of the McCoy Mountains Forma

tion was acquired in response to in situ metamorphism following deposi

tion and deformation. The pole position of the McCoy Mountains Formation 

near the Summerville Formation pole indicates that magnetization took 

place at or near the time of Summerville deposition. Therefore the data 

imply that at least some of the deformation of the McCoy Mountains For

mation took place during or earlier than Callovian time and that the 

protolith is older. 

The McCoy Mountains Formation has been thought to be equivalent 

to the Bisbee Group of southeastern Arizona or the Orocopia Schist ter

rane of the Mojave Desert on the basis of its previous Cretaceous age 
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assignment. If deposited into a rhombochasm along a major Jurassic 

strike-slip fault, possibly related to the opening of the Gulf of 

Mexico, the McCoy Mountains Formation may not have any correlative 

strata and indeed none are known outside the immediate region of expo

sure. Similar rocks may exist to the southeast in Sonora or Chihuahua, 

Mexico or possibly beneath the thrust plates bounding the McCoy basin. 
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Sandstone, feldspatholithic, conglomerate, feld~patholithic matrix, 
and minor amounts of mudstone, all interbedded a sa~ndstone is 
dark gray, s1!iceous, and massive, and light gray, friable and 
massive, conglo .. rate matrix is light gray, friabl~' clasts are 
entirely volcanic and granitic, and are flattened into foliatio·, 
plane; mudstone is dark gray near base, light green and phyl11tic 
near top, conglomerate beds are resistent ~nd form ridge5 which 
are separated by less resistent sandstone and mudstone Ijtholo~1es: 
all lithologies are penetratively cleaveda sandstona and con~lomerat~ 
cont~in secondary biotite in matrix to 1 111m in diametEr; bedding in 
conglomerate and sandstone 1s bet~~en ~ ~~n 5 m thick; mudstone is 
present in interbeds to 1 m thick 

Siltstone a"ld mudstone, interbedded, B_ght gray and phyllitic, 
poorly exposed and locally stained with hematite; limonite after 
pyrite cubes to 5 mm in diameter are common; both litholo~les are 
internally massive and panetratively cleaved 

Sandstone, feldspa tholi thic, and conglomera t.e, feldspa thol i thic 
matrix, interbedded; both are light gray, fresh, dark brown 
and coated with desert varnish when weathered; sandstone is 
highly foliated, resistent, and poorly sorted, containing 
pebble and cobble stringers, laminated pebble gravels, conglomer
ate occurs at base of sandstone beds and contains volcanic and 
fine-grained ganitic clasts; bedding in sandstone 1-10 m thick, 
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highly foliated, resistent, and poorly sorted, containing 
pebble and cobble stringers, laminat~d pebble gravels. conglomer
ate occurs at base of sandstone beds and contains volcanic and 
fine-grained ganitic clasts; bedding in sandstone 1-10 m thick, 
in conglomer~te 1-3 m thick; sandstone is internally massive 

Siltstone and mudstone; light green; highly foliated; internally 
structureless 

Conglomerate, lithofeldspathic, at base, grading up into sandstone, 
lithofeldspathlcr both are gray, stained brown locally with iron 
oxides and locally coated with a heavy crust of dark brown desert 
varnish; sandstone is coarse, massive; conglomerate contains clasts 
of silicic volcanic and granitic rocks, flattened into foliation plan~ 
• 
Conglomerate, quartzofeldspathic matrix, intebeddec with sandstone, 
quartzofeldspathic; both are gray, stained locally with iron oxides: 
heavily coated with desert varnish; conglomerate clasts are silicic 
volcanic, ~ranitic, quartzite, biotite hornfels and carbonate, all 
flattened into foliation plane; sandstone is coarse or medium 
grained a~ occurs as interbeds in the conglomerate 1-2 ~ thick: 
conglomerate beds 2-4 m thick; tops of some conglomerate beds are 
marked by li~ht gray phyllitic mudchip horizons 

,-

Sandstone, quartzofeldspathic, conglcmerate, quartzofeldspathic matrix 
and phylli tic mudstone interbedded; horizon stands out as a distinc
tive light gray band on the hillside; all lithologies are phy1l1t1c 
and contain up to 30~ secondary sericite and clay material; conglomer
ate clasts are granitic and siljcic volcanic and are flattened into 
foliation plane; bedding t-2 m thick; interval is heavily veinec witt 
dark brown coarse-~rained calcite veins 

Sandstone, lithofeldspathic, interbedded with minor amounts of 
mudstone, siltstone and conglomerate, lithofeldspathic ~trix; 
sandsto~e is both medium gray, fine-grained. and siliceous, and 
~ray-green. medium-grained, and cross-beddedr cross-bedded sandstonr 
at base is laterally equivalent to sandstone in which fossil 
angiosperm( 7) wood was found; s11 tstone and mudstone are gray or 
gray-green, phyllitic, and contain cubes of pyrite after limonite 
thorughout; very minor conglomerate occurs at base of sandstone 
beds and contains silicic volcanic and granitiC clasts; interval 
also contains minor red-brown calcareous siltstone and silty lime
stone, highly defomred and veined with calcite; interval is hetero
genous with bedding between t and 2 m thick 

Mudstone, gray-green, highly cleaved, phyllit1c 

Siltstone and fine-grained sandstone, interbedded;both are blue-gray, 
fresh, commonly coated with desert varnish along ridge crests; 
siltstone is siliceous and forms resistent ridges, sandstone is less 
resistent and is poorly exposed in washes developed between the 
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Siltstone and fine-grained sandstone, interbedded;both are blue-gray, 
fresh, commonly coated with desert varnish along ridge erests; 
siltstone is siliceous and forms resistent ridges; sandstone is less 
resistent and is poorly exposed in washes developed between the 
ridges; no internal structure to the rocks seen with the exception 
of onl~ exposure of laminated sandstone defined by lIl8'Snetite horizons; 
sandstone and 511 tstone are interbedded on a 1-4 m scale but. locally 
are il1terlaminated on a 10-30 em scale. siltstone contains bulbuous 
roundnd structures to )0 em in diameter similar to algol material 
but probably just weathering phenomena here 

Siltstone and interlaminated sandstone as described above I siltstone 
and sandstone have more even weathl!ring characteristics, with neither 
lithology forming resistent ridges: intervening sandstone interval 
consists of medium gray, medium-grained lithofeldspathic sandstone, 
internally structureless and with no interlaminated siltstone 

Sandstone, feldspathic and conglomerate, feldspathic matrix, inter
bedded, with minor amounts of mudstone and siltstone, sandstone and 
conglomerate are gray to brown-gray and heavily coated with desert 
varnish; clasts are boulder and pebble sized and are quartzite, 
carbonate, silicic volcanic and granitic in composition; mudstone anrl 
siltstone are silvery gray, phyllitic, are rarely contains second
ary biotite to 1 mm in diameter; sandstone is friable, internally 
structuraless and coarse- or medium-grained: several calcareous 
mudstone intervals present near top: fossil angiosperm(7) wood 
found within phyllitic siltstone bed 3 kill west of section line; 
bedding in conglomerate t-1 m thick: bedding 1n sandstone 1-5 m thick; 
siltstone and mudstone form thin (10-30 c~ thick) interbeds within 
the sandstone 
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Sandstone, lithic and lithofeldspathic interbedded with minor 
conglomerate, siltstone, and mudstone; sandstone is light anc dark 
gray; dark gray sandstone is tuffaceous in origin; con~lomerat~ 
contains a lithofeldspathic m~trix; clasts are silicic volcanic, 
quartzite, carbonate, phyllitic mUdstone and rarely granitic in 
composition;condomerate, mudstone, and siltstone are li?-,ht gr~;YI 
all lithologies contain secondary biotie to t mm in diameter and 
ar€ penetratively foliated; no ~edimentary structures were observed 
but litholo~ies are arranged in fining upward cycles 10-30 m thick; 
rocks are heaVily coated with desert varnish 

Sandstone, feldspathic, siltstone, calcareous siltstone anc mud~tone, 
and conglomerate, feldspathic matrix, all interbedded; sandstone 
is gray or green-gray, commonly stained with hematite of vein origin, 
mecium- and coarse-grained, contains chips of phyllitic mudstone, 
and is highly fractured with almost no internal structures visibl~ 
except [or a rare pebble horizon, siltstone is medium gray, phylljti~. 
and internalJ.y structureless; calcareous s11 tstone and mudstone are 
gray, fresh, weather to a distinctive orange-brown, and occur both 
as discreet horizons to 2 m thick and as elongate pods (2~.~ em 
long, 10-15 em wide, 2-4 cm thick) oriented wi thin foliation plane 
with long axes aligned parallel to regional lineation direction; 
conglomerate contains clasts of silicic volcanic, quartzite, s,!lndsto!1f' 
carbonate, chert or onal, and phyllitic mudstone, with most clasts 
cobble and pebble sized; mudstone is phyllitic; section is pen'B
tratively foliated; evidence of bedding preserved mainly in grain 
size changes; entire interval is heavily veined with quartz and 
calcite and is heavily fractured 
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Sandstone, feldspathic, and con~lomerate (5~ of section), feldspathic 
matrix I both lithologies are gray or green-gray: sandstone contains 
lots of trough cross-bedding, bedding to 2 m thickl clasts in 
conglomerate are quartzite, volcanic and rarely granitic in compo
sition, pebble and cobble si~edr interval characterized qy anomalous 
north-south strike of bedding and generally poorer exposures; at 
top of interval penetratively foliated siltstone, gray, phyllitic, 
occurs On tops of sandstone bedsl sandstone 1s commonly coarse- and 
medium-grained and poorly sorted within bedsl laminated pebble 
gravels are common I interval 1s well coated with desert varnish 
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Conglomerate, feldspathic matrix, and sandstone, feldspathic, inter
bedded, both lithologies are green-gray, friable, interbedded with 
purple to brown layers of reworked, water-laid tuff 10 cm to 1 m thicl 
beds are wedge-shaped with only rare channels with relief over 10 cm 
seen: proportion of sandstone to conglomerate increases upsection 
to 95~ at top of interval, bedding in conglomerate and sandstone 
1-5 m thick, tuffaceous layers occur every 25-50 m, no fine .• grained 
material, sandstone is coarse-grained, poorly sorted and commonly 
contains pebble stringers or floating clasts, conglomerate is clast
supported, poorly sorted within beds, clasts 'Ire cobble and boulder 
sized, granitic, volcanic, quartz1t1c in 'compc)s1tion 

Conglomerate, feldspathic matrix, sandstone, feldspathic, and vater
laid tuff, interbedded, conglomerate and sandstone are light green 
and rarely coated with desert varnish: tuff is purple to brown and 
mixed with the sandstone which dilutes its color: no fine-grained 
material present in this intervallsandstone and matrix of conglomeratE 
appear to have the same composition as the dominant clast type in the 
conglomerate, consisting of light purple quartr., light green micro .. 
cline. and white plagioclase feldspar; sandstone is mainly coarse
grained and rarely without pebbles or gravel sized clasts; where 
pure sand. magnetite-rich horizons define small scal e cross-beddinl~ 
of fluvial origin; sandstone content increases from 1~ to 5~ up-
section; conglomerate clastes are cobble and boulder sized to a 
maximum of 50 cm in diameter, commonly subrounded to rounded, and 
consist of quartzite, granite, quartzose sandstone, silicic volcanic; 
conglomera te is clast-supported. peorly sorted wi thin a bed, wi til 
beds 1-5 m thick, much of the conglomerate consists of laminate! 
pebble horizons to )0 em thick; rare channels of co·tglolllerate 
in sandstone are seen but bedding is dominantly lenticular 0 'er' a 
distance of several hundred meters 
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Sandstone, feldspathic, and conglomerate, feldspathic matrix, inter
bedded, brown-gray fresh weathering to distinctive orange-brown, 
sandstone comprises 5~ of the interval and is interbedded at the 
base with gray sandstone and phylli Uc s11 tstone of the interval 
below; throu~hout inte~al mudstone and siltstone present in the 
B.mount of 2-~ of section; sandstone is medium- and coarse-grainec, 
not resistent to weathering, interbedded with conglomeratic horizons 
on a 10-)0 cm scale; conglomerate clasts are quartzite, quartzose 
sandstone, orange-brown calcareous siltstone, fine-grained granites 
conglomerate is clast-supported; clasts are cobble and pebble sized, 
subrounded; bedding in sandstone and conglomerate 30 cm to 2 m thick; 
sandstone contains horizons rich in limonite after pyrite; interval 
is veined with calcite and most lithologies contain large amounts of 
calcite in matrix 

Siltstones, mudstones, with subordinate amounts of lithofeldspathic 
sandstone and conglomerate; siltstones and mudstones are li~ht to 
medium gray, highly cleaved, locally phyllitic, thinly bedded where 
bedding is visible; sandstone and conglomerate (5~ of section) occu
every 20-30 m in a group of 4 or 5 beds, 50 cm to 2 m thick; con~lom
erate clasts are quartzite, silicic volcanic, pebble sized, And well 
rounded; sandstone and conglomerate are light gray, friable, commonly 
coated with desert varnish 
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Sandstone, lithofeldspathic, conglomerate, 11thofeldspathic matrix, 
and siltstone, all as described above; present in equal amounts; 
medium bedded; conglomerate clasts are quartzite, silicic volcanic, 
and siltstone, 2-3 cm in diameter 

Siltstone, mudstone, with subordinate amounts of lithofeldsp3thic 
sandstone and conglomerate, lithofeldspathic matrix, interbedded; 
all lithologies are medium to light gray fresh, sandstone and 
conglomerate are coated with desert varnish; mudstones are locally 
phyllit1cI bedding in mudstone and conglomerate is 10 cm to 1 m. 
in sandst~ .~ eonglomerate 50 cm to 2 m; conglomerate clasts are 
quartzite, a111c1e volcanic, pebble sized, vell rounded, interval 
crops out in low rounded hills and a lower than usual ridge crest 
rare magnetite horizons define small-scale fluvial cross-bedding 

Sandstone, 11thofeldspathic, siltstone, and conglomerate, litho
feldspathic matrix, arranged i~ cocrsening upwards cycles 15 m thick; 
rocks are a distinctive gray-green frb~h, heavily coated with 
desert varnish: conglomerate clasts are silicie volcanic, quartzite, 
mudstonp, well-rounded, pebble sized 

Siltstone and sandstone, lithic, interbedded; conglomerate at 1390 m 
has a lithic matrix, quartzite, silicic volcanic, mudstone clasts~ 
rocks are medium to dark ~ray, resiste~t to weathering; siltstone is 
siliceous, containes chlorite blebs; sandstone is f1ne- and med1um
grained, locally entirely feldsp8thic (plar-ioclase) in composition; 
bedding in siltstone 2-10 m thick, in sa~dstone 1-5 m thick: sandstone 
is heavily coated with desert varnish 
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Siltstone; medium gray; siliceous; well developed fract.ure cleavage, 
chlorite blebs to 1 em in length; internally structureless; 
locally coated with desert varnish 

Sandstone, lithofeldspathic, siltstone, with subordinate amounts of 
quartzose sandstone and purple mudstone, interbedded: sandstone and 
siltstone are medium gray, siliceous, internally structureles!, 
penetratively fractured; sandstone is fine-grained: siltstone contains 
chlori te blebs; tnn sandstone and purple mudstone occur together 
in groups of two I)r three beds every 50-75 m 

Sandstone, feldspathic, and siltstone; both are medium gray; silt
stone is siliceous; rare interbeds of. green and purple mudstone; beds 
are internally structureless; rocks are penetratively foliated; 
rare sandstone has a calcareous matrix 

Sandstone. feldspathic; internally structureless; medium gray: 
densely fractured; rare siliceous siltstone which weathers to 
a sMooth, rounded surface; feldspar in sandstone is entirely 
plagioclase 

Sandstone. lithofeld!;pathic, interbedded with sandstone. tan quartzose. 
phyllitic mudstone, quartzite pebble stringers, calcareous siltston~ 
and mudstone; lithofeldspathic sandstone is .eciium gray, resistent. 
internally massive; quart~ose sandstone is friable, non-resistent. 
la~inated and cross-bedded; distinctive yellow-brown sandy carbonat.e 
horizon at 775 m contains large (20-30 cm long) pods wi~h a green 
chloritic coating and an orange-brown interior; calcareous siltstone 
and mudstone are light gray fresh, weathering to tan; phyllitic 
mudstone is light gray fresh and weathered; interval is medium to 
thickly bedded; lithologies are arranged in fining upward seq'lences 

Sandstone, quartzose and lithofeldspathic, interbedded as described 
above with quart~ose sandstone constituting 50~ of the section; 
quartzose sandstone is light tan, commonly cross-bedded, non-resistent 
to weathering, locally calcareous, mediua- to coar •• -«ralned. and 
ca.monly contains qUArt~1te pebbles; lithofeldspathlc sandstone is 
__ "4,,_ ... _ ... 4 .. + ....... "",,, ..... .,""i" .... f"i,,.._a .... in ... n_ .... .,i .. t .... nt. t.n WAAt.h ..... inD 
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Conglomerate, quartzose sandstone matrix, grading upwards ln~o coarse 
quartzose sandstone; matrix is coarse-~rained; pebbles are 98~ 
quartzite, remaindpr are fossiliferous limestone (Paleozoic?), 
mudstone, and quartzose sandstone; conglomerate is clast-suoportec: 
clasts are rounded, to 25 cm in diameter; persistent along strike 
for over 1 km 

Sandstone, quartzose, tan, interbedded with sandstone, lithofeld
spathic, medium gray; bedding 2-3 m thick 

cliff-forming. 

Sandstone, quartzose, siltstone, mudstone, and conglomerate, 
quartzose matrbt, interbedded and arranged in fining upward 
cycles; also rarely present is lithofeldspathic sa~dstone; 
quartzose sandstone is light tan, friable, medium_ to coarse
grained, cross-bedded or laminated, locally calcareous, beds to 
7 m thick, crOS3 beds to 1 m thick: conglomerate occurs at base 
of sandstone beds with matrix similar to quartzose sandstone, 
contains quartzite, carbonate, mudstone clasts to 5 cm in diameter: 
siltstone and mudstone are purple or green, locally calcareous, 
locally phyllitic, internally structureless, commonly interbedded 
with quartzose sandstone on a scale of 10-30 cm; l1thofeldspathic 
sandstone is medium gray, massive, fine-grained, not present 

o m r:. ;'. f ".1 .' +:'. v .... i":V.: *'::2:: .*?'.- 'i'.1 
at all until 165 m above base of interval: interbedded at base of 
interval are layers of rhyodacite porphyry volcanic: the porphyry ts 
very coarse-grained, consists of quartz. plagioclase feldspar awl Jurassic 

volcanic rocks 
al tera tion products (calcite, seriei te, iron oxides, magnetite) 
and 1s not mixed with the quartzose sandstone interbedded with it; 
the porphyry is light gray to light tan: locally contains quartzite 
pebbles, magnetite horizons, suggestive of slight reworking 

Figure 6: Detailed stratigraphic column of the McCoy Mountains Formation, 

McCoy Mountains,California 

Lucy E, Harding Ph.D. dissertation University of Arizona 
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bt'lJJ 1 .f! no· vls:ble in sa"ldst,r,p i~; phyl' ·e. ~o~~lomp~dte beds 

,c; a,,\~1 .: a~t.-.,up~ .rOp <; .. l"t.: 1M inlv voll~a.nic < nr 

Sa.n:t.tone. f dspath1.C', interbedded with siltston~. J.'~I.lll1t1 ; 
<; ·~>tcne io; 11~~·-t-"~wn fre~~ .• d rk-l)ro'lO'1 "·"IPI" d. s1 1t c;tol'le 
ie, " rY-f!.ray rres~ "ad lip''''t-pr V weat.hered; sUt~to,..p ce.n
t In. brown calca reol'S pod, .,.. :() em 1n ~P'1f!.t~ flatte"led \!lto 
rol1.atio~ plan~: slJ.~stone is i"atern:tl1y stru("tu:rt'}ess.p.~s to 
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tCI e. fe~dspathjc. interbedded with s 
, ."!f1 tone i'3 1. • -b,. ... wn fresh. oa rk-bro1O''l 
1~ v ry-gray fres~ "~d 11 . -pr y weat~ • 
+ n, brown cal ca reo J5 pod. • (> : i cm 1 n :e' 
foliation planp.: ")8.~!'tone is i'lterMl1y l 

~ ~11 ~to bprl~ t~ ~ ~ thick; ral 

",pn' l:r d. 
'';,,! er rrti~h, ; 
ant1 re \ 'It . rnally -; J r.1 _1" I 

- r l' ~ ,,1 .. Y r 

"" 17'1 .p laver 

irturb ~de~ ~it ~. 

a'lo rnu c;t(\n~ a r 
s ~itlh..·-t7ray rr c;h. ( 

s 1 tsto . ., "'. !T'u:4 tc')p ~ 

~ tru·~".ur'" ftr,s; '!"Ic' + t)t1~ 

ir • I, • . "l and irt> 1 
,,~pr r ., •• strn ta 

a '1~ 5 t ""l f> ~f' :. 'ire 1.T ""r"" 
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Sen dspatn1c, interbedded with iltstOM. r1111itl ; 
> ·'i!.tcne i-; 11 ·-t-r~wn fresh. d rj.:-~l"o'lO"l ""strlP-rd, s1.1tstCll'le 
i) ~ v ry-grav fres"t a"lrl 11l'1t'1t-pr y wellt~er d; U t"tO'lP cen
t in, bro\."n caleareOl'5 pod, .,.. :n cm 1?'t ~p~?:t~ flatte"led into 
!olhtion plane: se.~s·one is i"lternally stru{"t.ur lpss. e-is to 
~ ~ 'lck. ~11 "to"lC be~s t,.. ~ ~ thick, rare la~inAte p(.~1 Iv 

r vels 

S1':..t ."!'i(' and lIl'ldst"'l'Je. 1r.t(~rb ,-iderl with "'inar sll"tdston .fpl _ 
spatk~ t"tic: ~tlt~ 0"1 and mu.s·~ne are Li~h'- ray fres~ and 
~pn· tred. ~"t~stO"lP s li~h'-~rav rr "h. ~ark-bro~~ wpa1heren 
f,-j ('r v r"li'i~); s ltsto t 1 , !\"u"lsto~'" 'It'f' oP'Jly 1c",.lly phyllit1c 

r1<' re l"'lt rnally stru .. ·.ur~.les,; & .,(1<:+0"'l(> he"!,> o":c-1.1" 1'1 ,,!'C':Jps C'f 
-, " .. , ,"-!(\" 11' ir .. " •• "l and' ro> t-3 m t"t1Clq sl;"dstofle 

~nl. al' r..~,b~V 4r "f"ers r - trnta ( .. are) defiPlpd by 
~.V?'t •• laver: a"ltst~.,e e ~ ~re w 1~ -s~aped 
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s ~.~t~ne is internally struC'tureless . sa~

bpd. re 1-1 m thick, r r ty 18m! tp {~~r 
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~~---------------------------~ •• ithi .... O'1glomfl ah~ U. lith!: 
~yd I·"n~. d volcanir(1) Al' 1"' r edd~d: 
~d m); 'o~ ar both ]irht-~r V A~d ~r y-~ 
rc: • wP1. t h r d: vo eaf1.ic nd con~lOft!er te 

d rk-trnwn weathered; ~ray ~andstono and 51 
'1d <; ton(> n<l L. t 5 t 0'1(> a 

• ro~k~ l" t'i ]. ,a."r!E"d with in; 
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4'1 ",_I- nr!!n • and 15 very a.l. tAred and penct 
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'l~ci~' )~t". feld:;patholithic • .1."lC ("O""ldO!Y1I'·t'"8tt'. fe.ld
p;·,h 'If"l.l:! matri,;, intcrbe~'IE'd; .,iHstonn 1-=; f."rI1Y. pryllltl(". 
a' 'oJ' "'Ie 'l'l~ c:mr.amer :s te arp lir.;ht - p; r ay f re sh, " ark-hrown 
eaH,,,,,,,,d (desert varnish); ~i1tstone c:on+.ains c~lor-1~t' blobs 

!'Hltte .d i"1~.o folla-ir')n planE": C"O"l lO1l!f'rate is cll1st supported 
and ,')nOal"): coLhl'" sized quartzite, l.'"ranitlC'. 'in"! volca.nic cla~t5t 
slil' t~,e is internally stru~tureless , S3"lCstOr,p a~ con~lomarate 
bed:, 1r(' 1-, m thick, rarPl'y :8mi1'l.1+,(>d (.,a"1(1sto'1e) or 1mbdcated 

""""'-- (congloMerat(l) 

~~-----------------------------------------SUI .I~ ",.~. ;,ithir'~ ~Oflillol!lf'!"ah~ ..nth lithic l'IlstriX~ siltstclfIt. 
II'tJd,,"nrJ(>. lnci V'olc 'l nic(?) all j 1"1 t<>rbeddpd: sandstone. si 1 tst.one 

'ld !t lrl "onp are both 11pht-~,..av 8:'ld !!ray-;:"ref'n. fresh. dal"k
hn'W'l'. W'e~. t herpd: vclC'4fl.lc and conltlo",era te ar\"' ] ie'~t ~ree'tl fr"!5n. 
ca rk-trnwn w~a t:.hcl'e(i; f';rav sandston» 11 nd s11 t~~ O'l~ rcspmbl e un! t s 
,~ VI. ··l{-~r~en ~andstn,e ,nd ~.ltstnne Are tvpl~31 of units 
hpJ h; .1. r0~ks· r tu~ly L .i~@d with lron-oxi~ps: vnlcatlic is 
.'f"~ l"Je-:;.orai!Ld. contab5 wflatherf"d bio"1te(7). !I\.'l,Y s'rtcw ri~1tC't 
flc.r.h'mdin€. and 15 vory altered and pen~tr&tivf'l.v fractu,oed; 
• 'tl - ,:,. r'l">-lil')'O. 1Wl.rtzi"f' sn,~ vc!ca'1),c ~lasts: ~I"'i"pn sa".4. 
c;t "'. L .p"lolJII- 1)1" '{)J1r",p~ raL"od • .,ray 5at'ldstone j5 fil1e- or 
mpd. J'T_/r:"'111.-",d: 1!'u.,-lst0ne ,Ph' 5'!·, tp'1E' art' p.,<>'1f?tr:l!ivelv fracture' I 

:. r" :y\,,-' last5 +", :('\r-C1Q s ze. poorly sortp.~. p\')~c;it-1n ccarSP1-
,)'!' 1~1t'1 ,,~qIJPl1~.s within (C'''\~lol'leriitl'l~ bedclil"Jv in alll1tho)"'~ " 

L &~~ 2 m '~l~k; vol~R~ r ~ yers to Ij M thick 

• 1 it.hie matrix. 511 tstnn£> .~nrl Mudft 
7:0i'Tlt>r:tte, !'ji1tC;~Oi"lH lip'ht gray-

• ~p~; mU~S·0nA ~p~lum-gray r~es~ 

T'''adu('~'d; of~prwi5e simil a r to J.b~ve 
fra(~ur,..t 1l"ld ~~cavt'd: i. ... tE''I'''1al1il strlJ·:t,ure. 
t IpD Ian·' 

n -lark fr, r a, 4"}' r-c;!" 811'; :.r~llh~""cl'edJ 

-J~ ~rele&s: r "uvh f~~cturp rl eava~e 

• r,glOml'rah. l1thl(' mat'·\'x, in~er-
to .11:~ ~r -.",' "i 'n'£, '.~!'! )r<1;of'l. 'W'NI.'/.)...t>T'eri; ~on'·loMel"·.te 

~l(' ~ pf.'bble ""1Z~i rr-.ani~".'" ouart1.!.t.ic" mudst.one .1~st5: mucistone 
't ... l'"')\I'rj 'Io""'a'"rt r:"'~ ('"'1(' q. ~~l1ds, not 11atte.e·i; siltstolt).., 

k 'IX 5tru'~ rpl~ I~i ~1 j ."~. ~~d con~lom~rate b~d~ ~-? ~ th j ~k 
l" ".ll.~h ran- ,andstor1'" ~l o')glol'll"ratl" 'in"",rbcds: !t.I.l~:!CJl'1le 15 

~. L~pve, l-:it!.~· 'r"'{,,'!.JI"~ .. ~ .l"" p~a+v. an,;! dark e:rIiV. sili"'eou5, 
8.~' lTl <; 1v ; i'e>th ·~\'pcs '\;l:.'~. ". e>rp·p bl ... 5 an: t,pbbit" it,..- e:tlc-Ilreolls 

t:'t! ~r'ie '1r'\d 'O"~~0,'I'J ", I'" 1 ~ ..... ::-; t"1c\~r· (?) f'Bb~1(''5 
~~ ____ r ________ I _) _" _~_~ __ ~_~ __ \_~ ___ '_o_~_?_~_!_)m_e __ r _a_' ______________________________________________ _ 

c. _ _ ..... _ 
"I .. .&. L .... 
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.' ~i"'. s11 tst. 
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ourp ,-.·r y. 17ray-rreen; muas· f) e 15 (tray 01 
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H,ereLI pyri t CU~P5 to 1 cm 1'"1 d1 
~ l-' m. muds·o e a'"ld 511 stone 

ilt ·on(> art> C'''!~c8reous: s1 ~ 

fo ... iation r4 "Ie 

L co', or; r\{c 12C1 te porphyr 
'1 rt?:,.. e 8'1 ~- L .• anC' p .rp1yry o('cur "WH' 

(' e 'lW·~ ~ '1fo C', 'I')"" I"~ .hE" rh,Yt 
( ~ 1ro in.crpl)ra.tt'd r '\ p(1 11.1l}"tzi te c-la"t 

Lucy E. Harding Ph,D.dissertation Univ 
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• 11 t '-11.: anl1 '1uart~" • f "'1c, si 1 t.st emf'. MlJdstc1'lf'. a?);;1 minor 
r I't, •• Jw.~l(,!1il'rllte: sar.d 'rr is :i;;rht tflO. 01" lig-h t I7ray: silts tone 
1s r>lZ" .. ('I-gray 02' Itght grJ"_ . 'pe'" SOlt!' sl1 •. sto~p is 5"i1i~(.>O~lS a'1d 
~~('.. • • ~.JO ne lS mediuM rray nd pf"nE'tr'!nvely fl"actuf"~d. 
tr.ay b If" "., v': C'llf'.;; 17 ";:1~; r")ck.., 'If<e po"rlv l!xposec :l!l1c! 

WtO" .tf'l."''':11 ,"rt..~ I.re. 'tpl~in~ vlsiHe d'le' c''lltnl?f)!> ill 
•• '} an..' rnrolPS i:'et"'t're j . ~nd !... I': v)Ylck: fi>'lE'r grainpd roC'·ks ;ll"e 

'" rf '':'1 t e 1 led 

~a"d5tone. 1t.l"~ZO.,e. silt.,tnl', muristone. w1"th qJ'lrtzqc "ebtle 
C'Cni,.}Oll',el"a dt i:'ase arra!'\g'e i r} fininl! uPW'U" '; cveJe5: sa ... dstol'le 1S 
tar: 0- ~ray. ·r",·~p-r ~nd f,..."tc"'~ ;:r)<:c_t,p'.k'",,; f"11t<:;t""'e 1~ f"t':ty, 

t'urp.l -n·av. ~rllY-E!'reen: rnuO~·('I"1'8 1S ft,ray or gray-~ree • ~i.ghly 
""'t'\ .... rt\.'1! ,tdlir,;., rar'(" q·J~rtf,-rl{'~ S8'ld strinp-:ers. 11: rc,cKs 
~·t'''I' 1~ wea·.'1~!rel..1 pyrite CJhps '" 1 err. 11'\ C!i!lmJ:"'(er; l"'0""K5 inb"rbedded 
on a <;C' lp f 1~1 1'". !l"udsto, -e 8.'1d si1t.,ton~ hl"ervlls "0 '0 1'1 thick; 
.,and..,t!l 8 r • i:t~to"\(> ar ... ca'careous; Sil'!:,stO'1e cor'+:liI15 tal) cll)csr-
rous pod!. n fol1atio'1 p ... ane 

L1<J"~ r '''~'Nl!hle CC"'ltac-t rm r: (...,.ja~lt(J porphyry volca.nic; ~ .... tp!"bedded 
ql..ar'tz(<;c &Elltld tv" ane porr1yr-y occur over '1 strat'"f' r'tt1.r- Ln*p!'val 
.... ;: it "ll ·,e~r.", '(I)" f' T.~a{'t; ·omf' 04"' t~(> rhyoda.cH porphyry "10","5(7) 
~~~·al" 1'1:~rpor&tpd r"'~ p~ ~'l~tzitp clasts 

Lucy E, Harding Ph.D, dissertation University of Arizona 1982 
r' l 

U.ll'v' 11\i1Y. 
111l': ), [, r,\ II N 

COII.J.,.\":1 v.~. 1!f i 
1 f l.. M CUt i l'''ormation. Pal('n Jo'!ountap)<;, La 1 or!1 a [,e~'i11ed strntirraptlic; co U'lln () t'le ,c oy ,',oun a ns 
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STRATIGRAPHIC COLUMN OF 
·THE McCOY MOUNT AI_NS FORMATION, 

DOME ROCK MOUNTAINS 

5510 m alluvium 
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Sandstone. lithofeldspathic, interlaminated with siliceous silt.stone; 
both 11 thologies are medium gray. weathering to gray-brown: inteJ'
laminated on a 2-10 cm scale; sandstone is medilm- to fine-grainec, 
commonly graded; section is not penetrat1vely foliated and is well 
exposed 

Siltstone; dark gray fresh, weathering to gray-brown; beautifully 
laminated~ la~inat1ons t to 5 cm thick; excellent exposures of 
climbing ripples within siltstone and fine-grained sandstone bed~ 

Sandstone, quartzose(7), interlam1nated with siltstone and mudstone; 
medium to dark gray fresh, weathering to gray-brown; mudstone drape!' 
on sandstone reveal beautiful climbing ripples; ripples are asYM
metric, transverse, 10-30 cm long, t-1 cm in amplitude; interbedded 
1n this interval is a dark gray, aphanitic, hackly volcanic(?)\ with 
he~atite replacing mafic grains in the groundmass I 

Sandstone. l1thofelcspathic, interbedded with siltstone, minor 
mudstone. and volcan1cs(7): sandstone, siltstone are medium gray 
~eathering to gray-brown and heaVily coated with desert varnish; 
sandstone is poorly sorted, contains almost no visible beddin~ 
except at a distance; mudstone is dark gray, phyllitic; volcanic 
rock is dark gray, aphanitic, hackly, and contains hematite grains to 
1 mx in diameter which may be replacing mafic ·grains; some of the 
h.~klv. Anhaniti~ ro~k may be un~oliated mudstone{?), interval is 
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~Acep~ aL a u~~Lancei mUU~Lone 4~ o.r~ gray, pny4~~~4ci V04can~c 
rock is dark gray, aphanitic, hackly, and contains hematite grains to 
1 ~ in diameter which may be replacing mafic ·grains; some of the 
hackly, aphanitic rock may be unfoliated mudstone(?); interval is 
penetratively foliated and deformed 

--------------------------------------------------------------------------Volcanic(?): dark gray, aphanitic, hackly texture: hematite grains 
to 1 mm in diameter replacing mafic grains 

Sandstone, lithofeldspathic, locally entirely composed of zoned, 
euhedral plagioclase feldspar and micro11tic volcanic rock fragment~, 
interbedded with siltstone; sancstone is medium gray fresh and 
heavily coated with desert varnish: siltstone is dark gray fresh; 
bedding is visible only from a distance, interval is penetrat~vely 
foliated, defo~~ed, and poorly exposed: siltstone is siliceo~s 

Sandstone, lithofeldspathic: resistent: medium gray fresh, coatec 
with desert varnish; gray mudstone interbeds 

Sandstone, lithofeldspathic, with minor phyllitic siltstone and 
mudstone, siliceous siltstone, and conglomerate; sandstone is 
badly weathered and stained with iren oxides: when freshest, san~~~~~~ 
is blue-g~ay, fine- to medium-grained, weathering to brown and 
orang~-brown: phyllitic siltstone and mudstone are blue-~rav, fres~ .• 
gray-brown, Weathered, siliceous siltstone is dark gray fresh 
weathering to gray-brown: conglomerate consists mainly of stringers 
of aphanitic volcanic clasts at the base of sandstone bAd~! hAnni~~ 
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oaa~y wea~nerea ana s~~neo ~~n ~rcn ox~aeSI wnen Iresnes~, sanr~~~~' 

is blue-gray, fine- to medium-grained, weathering to brown and 
orangp-brown: phyllitic siltstone and mudstone are blue-~rav, fres~. 
gray-brown, weathered; siliceous siltstone is dark gray fresh 
weathering to gray-brown: conglomerate consists mainly of stringers 
of aphanitic volcanic clasts at t~e base of sancstone beds; bedd1n~ 
in sandstone is 2-5 m thick and in siltstone and mudstone is -
slightly thicker: rocks are penetrat1vely foliated, deformed; 
sandstone 1s massive 

Sandstone, felcspathic, interbedded with small pebble conglomerate. 
phyllitic mudstone. and tuffaceous sandstone; sandstone is m~~ium 
gray, coarse- a~ medium-grained, commonly laminated, and interbedded 
with very dark gray sandstone which appears to be tuffaceous; mudstonl 
is light gray and occurs in layers and as clasts within the sandstone 
pebbly layers of conglomerate consist of quartzite, granite, and 
silicic volcanic clasts; bedding in sandstone is 1-3 m thick, mudston4 
is )0 cm to 1 m thick, tuffaceous sandstone 30 cm thick 

Conglomerate, felcspathic matrix, interbedded with sandstone, felc
spathic: sandstone and conglomerate are friable. medium gray, medium 
bedded; sandstone is laminated, contains floating pebbles: conglomer
ate clasts are silicic volcanic, granite. quartzite, schist 

Sandstone, feldspathic, medium gray; coarse- to medium-grained, 
penetratively foliated, ~Assive: bedding 1-3 m thick 
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Sgnestone, feldspathic, medium gray; coarse- to medium-grained, 
penetrgtively foliatee, massive; bedding 1-3 m thick 

Sandstone, feldspathic, interbedded with conglomerate, feldspathic, 
and sandstone, tuffaceous; feldspathic sgndstone and conglomerate are 
medium gray fresh amd weather in exfoliation sheets which are 
heavily coated with desert varnish; tuffaceous sandstone is dark ~ray 
and mixed wi th the feldspathic sandstone; bedding in sandstone t-2 m 
thick; conglomerate beds to J m thick; conglomerate comprises JO~ of 
section and is clast-supported; clasts are quartzite, granite, schist 
minor quartzose sandstone and silicic volcanic; clasts are sub
rounded, mainly cobble sh.ed with rare clasts to )0 cm in diameter; 
clasts are moderately sorted within beds; beds are lenticular with 
channel conglomerate horizons at the base of some of the sandstone 
beds; section is roughly foliated, well expos~d 

Siltstone, phyll1tic, interbedded with sandstone and pebble 
conglomerate: siltstone is silver-~ray, ~l1etratively foliated; 
sandstone and conglomerate are lithofeldspathiC, heavily altered, 
medium brown fresh, weathering to dark brown, calcareous; bedding 
is contorted throughout this interval but 1s probably 1-5 m thick; 
conglomerate clasts are mainly quartzite, phyllitic mudstone; 
se~tion is penetratively foliated and contains locally transposed 
beds 5 km west of the section line 
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Sandstone, feldspathic, interbedded with phylli tic siltstone, mudston 
pure sericite layers, a~d small pebble con~lornerate, f~ldspathic 
matrix; no internal structure remains in beds: interval contains 
transposed bedding 5 km west of section line: sanestone and con~lompr 
ate are light brown weathering to dark brown: ,~iltstone and mudstone 
are light silver-r,ray weathering to dull gray; sericite is white 
wi th grains to 2 mill in diameter and may be replacing mudstone( 1): 
beds 1-3 m thick with small pebble conglomerate occuring at base of 
sandstone beds; pebbles are quartzite, well rounded, 1-5 cm in 
diameter; interval is stained with iron oxides and intruded with 
white and brown calcite veins; section consists of 20~ san~stone and 
conglomerate, 80~ siltstone, mudstone, and sericite 

Sandstone, lithofeldspathic. interbedded with siltstone, mudstone, 
and rare conglomerate; sandstone is light gray fresh weatherin~ to 
medium brown and coated with desert varnish. friable, badly weatherec:' 
massive; siltstone and mudstone are phyllitic, .. light gray fresh, dull 
gray weathered, locally completely replaced by sericite and calc1te; 
section is stained with iron oxides;' sandstone is about 4~ matr1~ 
due to alteration; lithologies are interbedded on a 1-3 m scale; 
section is penetratively foliated and lineated, no bedding exposed 

- -Mudstone; light gray; phyllitic; sericite and chlorite blebs; 
badly weathered; no bedding exposed 

Sandstone, lithofeldspathic, and conglomerate, lithofeldspathic 
matrix, interbedded; light gray fresh. heavily coated with desert 
varnish; rocks are friable, stained with iron oxides, penetratively 
foliated I bedding t-l m thick; sandstone is coarse •. grained; con,lcrn~~ 
ate clasb are granite, quartzite, flattened into foliation plane, 
2-10 cm in diameter 

Sandstone, lithofeldspathic, siltstone, and mudstone, interbedded: 
siltstone, mudstone are phyl1itic, light gray fresh, weathering to 
Mllll ItI"'Mhllll "'.,.IlV! ~Ilnd~t.one i~ liSlht Slrav fresh. heavily coated witI') 
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Sandstone, lithofeldspathic, and conglomerate, lithofeldspathic 
matrix, interbedded: light gray fresh, heavily coated with desert 
varnish: rocks are friable, stained with iron oxides, penetratively 
foliatedl bedding t-1 m thick: sandstone is coarse-grained: eon~lcm~l 
ate clasts are granite, quartzite, flattened into foliation plane, 
2-10 cm in diameter 

Sandstone, lithofeldspathic, siltstone, and mudstone, interbedded: 
siltstone, muostone are phyllitic, light gray fresh, weathering to 
dull medium gray: sandstone is light ~ray fresh, heavily coated wit~ 
dark brown desert varnish: matrix to sandstone is phyllitic and 
contains sericite blebs to 2 cm in length, giving the sandstone the 
appearance of a phyllite pebble conglomerate; sandstone is coarse
grained, laminated, beds to 1 m thick, siltstone and mUdstone 
contain black calcite pods and calcareous silt pods to 10 cm in 
length, oriented within foliation plane; no visible bedding in 
siltstone and mUdstone: interval is heavily veined with quartz 

~udstont~, sil tstcne, interbedded with rare feldspathic sandstone a.,:l 
flattenEld clast conglomerate: mudstone and siltstone are phyllitic, 
light gny fresh, dull gray. weathered, contain brown-weathering 
calcareous silt pods with dark gray interiors, oriented in foliation 
plane, nt) visible bedding: sandstone and conglomerate are light gray 
fresh wea.thering to orange-gray and are heavily coated with desert 
varnish: clasts are quartzite, granite, phyllitic mudstone, siliceou! 
volcanic; clasts are 5-10 cm in length; bedding 1n· sandstone and 
conglomerate to 2 m thick: sandstone and conglomerate occur every 
20-50 m in a group of 2-4 beds 

SandstonE!, feldspathic, conglomerate, feldspathtc matrix, siltstone, 
interbedded: sandstone is medium- and fine-grained, light gray-greE:~ 
forms resistent ledges, contains sericite and chlorite in matrix, 
has pebble stringers at base of many beds, beds 1-3 II! thick, interna: 
massive I conglomerate contains quart~~i te. granite, phyl11 tic mudstcnl 
silicic 'lTolcanic clasts.., flattened clasts are 2-10 cm long; con~lOlr:f>l 
ate occurs as beds 1-2 m thick thinning laterally into pebble 
horizons at the base of sandstone beds, siltstone overlies sandstone 
and is light gray, phyllitic, contains no internal bedding, occurr. 
in hori!.ons 1-3 m thick: beds are lenticular and are arra.n~ed in 
fining upward sequences 10-15 m thick: section is well bedded 

~udstone, siltstone, rare sancstone, interbedded; mudstone and 
siltstone are phyllitic, light gray, blue-gray, green-gray, 
and show no internal beddin£: sandstone is li£ht £rav. lithoreld_ 
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and show no internal bedding; sandstone is light gray, lithofeld
spathic, fine-grained, and also light tan, quarh.ose, medium-grained 
and rarely laminated;siltstone a~d mudsto~. co~tain chlorite blebs: 
sandstone is moderately r •• l.tent, formin" ledges; bedding in 
sandstone 1-3 • thick; mudstone and siltst~ .. 1~t.~vAls 2_4 m thick 

Conglomerate, quart~-chlorite matrixi pebble sized clasts are 
quartzite a~d silicic volcanic, not flattened; laminated pebble 
gravel 

Mucstone, siltstone, rare quartzose sancsto~e, interbedded: mudstonE' 
a~d siltstone are phyllitic, llpht. gray, green-p:ray, with no visible 
becdin~; sandstone is light tan, mediuM-~ra1nec, laminated; siltsto~ 
and mudstone contain chlorite blebs and brown calcareous silt pods 
oriented 1~ foliation plane; beddinp: in sandsto~e to 1 m thick 

Sandstone, lithofeldspathic, interbedced with siltstone; sandstone 
is fine-grained, medium gray, ceMented with silica, massive, beds tc 
2 m thick, locally coated with dark brown desert varnish; siltstone 
is cark gray, siliceous, may locally be partly tuffaceous in crip:i~; 
beJli~g well exposed between sandstone and siltstone; cleavage not 
well developed i~ this interval; siltstone beds to 2 m thick 

Sandsto~e, quartzose, interbedded with phylli tic mudstone a~d silt·· 
stone;sa~dstone is light tan, pink-tan, laminated, cross-bedded, 
medium- a~d coarse-grained I cross beds to 1 m thick, sandstone 
in~ervals to 9 m thick; siltstone and mudstone are maroon, light 
blue-gray, light green-gray, 1-3 m thick beds 

Siltsto~e a~d mudstone; phvllitic, light gray, blue-gray, preen-gray 
no visible bedding; con~ain brown calcareous silt pods and green 
chlorite blebs: siliceou~ siltstone at f30 m, not foliated, dark ~ra 

Sandst.one, quartzose, interbedded wi+,h phy11itic siltsto"le and 
mudstone; sandstone 15 medium- and coarse-grained, pink-tan, cal
careous matrix, 1ami"lated and cross-bedded; cross beds 1-3 m t~ick: 
siltstone a"ld mudstone are gray, maroon, light blue-gray, contain 
no ,.isible beddi!'\g; sandstone intervals 1-5 m thick; sil tstone and 
mudstone intel~als to 4 m thick; beddin2 is lenticular; sandstone 
forms resistent ledges: interval is heavily veined with quartz 

Sandstone, qua~tzose, interbedded with phyllitic siltstone and 
mudstone: sandstone is pink-tan and light gra,Y; gray sandstone is 
fine-grained, massive, beds to 1 m thick, pink-tan sandstone is 
medium- or coarse-grainp.d, laminated and cross-bedded, beds to 
3 m thick: siltstone and mudstone are light gray or white, locally 
are almost pure sericite, contains limonite after pyrite cubes: 
sa!,\dstone forms resistent ledges; bedding is lenticular 

Sa~dstone, quartzose; pink-tan, medium- and coarse-grained. 
cross-bedded with cross beds to ) m thick; quartzite pebble 
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mudstohe; sandstone is medium- a~d coarse-grained, p1~k-tan, cal
careous matrix, lami~ated and cross-bedded; cross beds 1-3 m t~ick; 
siltstone a~d mudstone are gray, maroon, light blue-~ray, con~ain 
no visible beddi~g; sandstone intervals 1-5 m thick; siltstone and 
mudstone intervals to 4 m thick; bedr.in~ is lenticular; sandsto~e 
forms resistent ledgps: interval is heavily veinled with quartz 

Sandstorle, qua!"tzose, i~terbedded with phyl1itie siltstone and 
muclst.c . i sllndstone is pink-tan and light gray: gray sandstone is 
fine-grain.~d, massive, beds to 1 m thick; pink-tan sandstone is 
medium- or cr~rse-grained, laminated and cross-bedded, beds to 
3 m thick: s1.1 tstone and mudstone are light gray or white, locally 
are almost p~re sericite, contains limonite after pyrite cubes; 
sa~dstone forms resistent ledges; bedding is lenticular 

Sandstone, quartzose: pink-tan, medium- and coarse-grained, 
cross-bedded with cross beds to 3 m thick; quartzite pebble 
con~lomerat.e at base; calcareous matrix; iron oxide staining 

Mudstone; phyllitic; blue-gray and tan; calcareous, limonite alte~ 
~ pyrite cubes; no visible bedding 

Sandstone, quartzose, conglomerate, quartzosE> matrix, phylli tic 
mudstone and siltstone, interbedded; sandstone is ll~ht ~ray. 
laminated, medium-grained, contal~s layers of phyllltic mudstone, 
beds to 2 m thick; conglomerate contains quart~ite pebbles, occurs 
at basp of sandstone beds; mudstone and s11 tstone are li~ht purple 
and blue-gray, no visible bedding; beds in interval are lenticul.qr, 
extend 500-1000 m and are 2-10 m thick: sandstone forms resistent 
ledges between the non-resistent phyllites; fining upward cycles 
10-15 m thick 

Sbndston~, quartzose, interstratified with rhyodacite porphyry; 
sandstone is light gray, m.ecium grained, laminated and cross-bedded 
a~ described above: porphyry is coarse-grained, quartzofeldspathic, 
massive, except for rare floatin~ quartzite pebbles 

Figure 8b: Detailed stratigraphic column of the McCoy Mountains Formation, 

Dome Rock Mountains, Arizona: south side of Copper Bottom Pass 

Lucy E. Harding Ph.D. dissertation University of Arizona 






