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ABSTRACT

The central Dome Rock Mountains lie in Yuma County, Arizona, 15 

miles (24 km) east of Blythe, California.

The oldest rocks in the study area are the lower to middle 

Jurassic Dome Rock metamorphics. This metamorphic formation is divided 

into three members— quartz-albite schist, quartz-K-feldspar-muscovite 

schist, and phyllite. The Dome Rock metamorphics are intruded by the 

Jurassic Middle Camp quartz monzonite and are unconformably overlain by 

the Livingston Hills Formation. Intruding the Dome Rock metamorphics 

and the Middle Camp quartz monzonite is the Diablo quartz monzonite.

The study area is cut by several major faults, most of which 

appear to have been strike-slip faults. The slightly negative free-air 

gravity anomaly in the area indicates that the landward extension of the 

present-day East Pacific Rise lies to the west in California. Chemically 

the metamorphics are similar to Andean calc-alkaline volcanics.

Gold, copper, mercury, and manganese have been mined in the 

Dome Rock Mountains. Magnetite specular hematite, molybdenum and 

alunite are present, but are of little economic interest.

viii



CHAPTER 1

INTRODUCTION

The Dome Rock Mountains are located in west-central Yuma 

County, Arizona, approximately 15 miles (24 km) east of Blythe, Cali

fornia and 8 miles (13 km) west of Quartzsite, Arizona (Figure l).

Much of the access to the central portion of the range is from 

Interstate Highway 10, which traverses the range. Two natural gas 

pipelines, owned by El Paso Natural Gas, also provide excellent access 

to the southern part of the range. Numerous smaller roads, most of 

which are not maintained, lead to abandoned mine workings and provide 

additional access to this rugged range. However, few roads exist to 

provide access to unmineralized areas, which comprise the main mass of 

the Dome Rock Mountains.

Previous Work

The earliest work in the Dome Rock Mountains was done by 

Howland Bancroft (1911). Bancroft visited many of the then active 

mining properties in the area and discussed the general geology in 

northern Yuma County. The gold deposits of the area were discussed by 

Jones (1916). Another regional study was accomplished by Ross (1922), 

but the study was limited to the lower Gila River region, which included 

the Dome Rock.Mountains. Darton (1925) mentions the geology of the 

range briefly. The alunite deposits were studied by Heineman (1935)•

1
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The most detailed map of the region, the Geologic Map of Yuma 

County, was compiled by Wilson (i960). The Geologic Map of Arizona 

(Wilson, 1969) differs little from the Yuma County map. No other publi

cations have dealt directly with the Dome Rock Mountains.

Hamilton (1964) published a geologic map of a portion of the 
Big Maria Mountains, in California (Figure 1), just northwest of the 

Dome Rock Mountains. Miller (196?) and Miller and McKee (1970 and 

1971) studied the geology and structure of the Flomosa Mountains, 10 

miles (16 km) to the east (Figure 1) of the study area, and Miller 

(1967) described and defined the type-section of the Livingston Hills 
Formation in the Plomosa Mountains.

Leon T. Silver, at the California Institute of Technology, has 

radiometrically dated several rocks in the Flomosa and Dome Rock Moun

tains. Silver’s work will be discussed in the stratigraphy section of 

this study.

Purpose and Scope of Study

The primary objective of this study was to ascertain the 

geologic and tectonic setting in which the metamorphic rocks of the 

Dome Rock Mountains were deposited. The metamorphics may originally 

have been derived from an actively subducting lithospheric plate and 

emplaced as volcanics in an ancient island arc or Andean environment, 

or they may have been volcanics emplaced on the craton by non-plate 

tectonic mechanisms.



A secondary, but quite significant, objective of this study was 

to generate the first detailed geologic map of the central Dome Rock 

Mountains (Figures 2 and 3» in pocket).

Geologic mapping included delineation of stratigraphic, litho

logic and structural features in the Dome Rock Mountains. However, a 

detailed structural analysis was not included in this study. Since the 

stratigraphy of the Livingston Hills Formation had been treated in an 

earlier study (Miller, 1967)» the present study deals mostly with the 

lithology and stratigraphy of the metamorphic and plutonic rocks. 

Mineralization and alteration are studied only as they relate to the 

general geology of the range, and are not subjects of major concern.

Collection and Treatment of Data

Topographic maps published by the U.S. Geological Survey were 

used as field maps and as base maps for the final geologic map (Figure 

2). The maps used were:

7 ir minute La Paz Mtn., Ariz.-Calif.

M " Dome Rock mts., SW, Ariz.

" " Middle Camp Mtn., Ariz.

” M Cunningham Mtn., Ariz.

Cross sections were prepared from the data presented on Figure 2 and 

appear in Figure 3»

Thin sections were made of 48 outcrop samples and seven samples 

destined for whole-rock chemical analysis. All sections were stained



5
with sodium cobaltinitrate to facilitate more rapid identification of 

K-feldspar. This staining proved to be somewhat counter-productive 

due to the amount of stain absorbed by clays and mica, thereby confus

ing and not expediting mineral identification.

All thin sections were scanned with a petrographic microscope 

for the purpose of identifying major and accessory minerals. Sections 

made of the metamorphic rocks were examined more closely in order to 

further subdivide and describe, if possible, the rather uniform meta

morphic formation. Appendix A contains complete petrographic descrip

tions of the thin sections made of the rocks which underwent whole-rock 

chemical analysis.

Skyline Labs of Tucson performed whole-rock chemical analysis 

on seven samples for the following elements: silicon, aluminum,

magnesium, calcium, sodium, potassium, ferrous and ferric iron, and 

manganese. Silicon was analyzed by both wet chemical and atomic 

absorption techniques, the remaining elements being analyzed by atomic 

absorption only. Oxide percentages were calculated and the results of 

these calculations appear in Table 1. typical analyses of volcanic 

rocks from other erogenic areas, as presented by Jakes and White (1972), 

are tabulated in Table 2 for comparison.



Table 1. Chemical Analyses of Samples from the Dome Rock Metamorphic Formation. —  (Values 
__________ in WT percent)._________ __________________________________________________________

Sample
No.

Rock Name Si°2 A12°3 MgO CaO Na20 k20 FeO Fe2°3 MnO

3-11-1 Quartz-Albite 
Schist

69.6 14.2 1.1 2.0 3-5 4.8 1.3 2.7 .08

3-11-2 Quartz-K-feldspar 
Schist

66.1 14.4 1.4 2.3 2.8 5.4 1.4 2.7 .05

3-H-3 Quairtz-K-feldspar 
Muscovite Schist

68.2 12.5 0.85 2.4 2.0 4.1 0.10 2.8 .03

3—11—4 Quartz-Albite 
Schist

66.4 14.7 1.5 2.5 3-4 3.5 1.3 3.0 .06

3-11-5 Quartz-Albite
Schist

67.4 14.4 1.1 2.1 1.6 6.4 0.14 3.3 .06

3-11-6 Quartz-Albite
Schist

67.3 14*4 1.2 2.6 3.2 3.7 1.4 2.3 .06

3-12-1 Quart z-Albite-K- 
feldspar Schist

67.2 14.4 1.3 2.9 4.0 2.5 1-5 2.9 .03
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Table 2. Chemical Analyses of Volcanic Hocks from Orogenic Areas
(JakeS" and White, 1972) and Average Analysis of Dome Rock 

__________Metamorphics. —  (Values in WT percent)*_________________

Island Arc
Tholietic
Dacite

Island Arc
Calc-Alkaline
Dacite

Dome Rock 
Metamorphics

Si02 79.20 66.80 67.5
a i2o3 11.10 18.24 14.1
MgO .36 1.50 1.2

CaO 2.06 3.17 2.3
Na20 3.40 4.97 2.9

K2° 1.58 1.92 4-3
FeO .90 1.02 1.0

Fe2°3 .52 1.25 2.8

MnO 0 .06 .05



CHAPTER 2

STRATIGRAPHY

The central Dome Rock Mountains are made up of several distinct 

stratigraphic units, none of which are older than lower Mesozoic. The 

stratigraphic column (Figure 4)» shows the different rock units and the 

general relationships between these units. The oldest rocks in the 

study are the lower to middle Jurassic Dome Rock metamorphics, which are 

intruded by the Jurassic Middle Camp quartz monzonite. The metamorphics 

are unconformably overlain by the upper Cretaceous to lower Tertiary 

Livingston Hills Formation. Tertiary Diablo quartz monzonite intrudes 

the metamorphics and the Jurassic quartz monzonite, but is never ob

served intruding the Livingston Hills Formation. Tertiary and Quater

nary detrital deposits are found throughout the area.

Dome Rock Metamorphic Formation

The informally named Dome Rock metamorphic formation is made up 

of three members— quartz-albite schist, quartz-K-feldspar-muscovite 

schist and phyllite. The contact between quartz-albite schist and the 

quartz-K-feldspar-muscovite schist is, in most cases, gradational, 

whereas the contact between the phyllite and quartz-K-feldspar-muscovite 

schist is usually sharp.

The combined thickness of the Dome Rock metamorphics. is approxi

mately 17,250 feet (5260 m).

8
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Alluvium and Talus

Livingston Hills 
Formation ‘unconformity

basalt

phyllite 
quartz- K -fe ldspar  

muscovite schist
Dome Rock 

metomorphicsquartz-albite schist

pyroxene granulite

Middle Camp 
quartz monzonite

Figure 4» Generalized Stratigraphic Column of Rocks Exposed in the 
Central Dome Rock Mountains.



10
In several places in the central, Dome Rock Mountains, rocks are 

found which are either texturally or mineralogically anomalous, but 

still are obviously part of the metamorphic pile. These anomalous rocks 

are referred to as mu, or undifferentiated metamorphics, on Figures 2 

and 3»

In Section 36, T4N, R21W, interbedded schists and metamorphosed 
clastic sediments form a ridge north of the interstate highway. The 

rocks making up this ridge probably fall within the quartz-albite schist 

member of the Dome Rock metamorphics. The clastic sediments (?) may 

represent intraformational breccias.

In Section 23, 26, 27, TAN, R20W two areas of hydrothermally 

altered metamorphics are associated with Middle Camp quartz monzonite 

and Diablo quartz monzonite. The metamorphics were altered when the 

Diablo quartz monzonite was emplaced. Most or all of the schists origi

nal texture was destroyed by this alteration.

South of Granite Mountain, at the eastern edge of Figure 2, 

what appear to be Dome Rock metamorphics overlie the Middle Camp quartz 

monzonite of Granite Mountain.

Quartz-Albite Schist

The quartz-albite schist member of the Dome Rock metamorphic 

formation occupies an outcrop area of 15-20 square miles (39-42 sq. km) 

in the central Dome Rock Mountains. Hereafter, the quartz-albite 

schist will be referred to by that name, or as the qa member. As the



oldest rock treated in this study, it forms the basal unit of the 

metamorphics. The thickness may be approximately 13»000 feet (3960 m).

Viewed from a distance, the most striking feature of the 

quartz-albite schist is a uniform ’'bedding" which appears to dip to the 

north or northeast (Figure $). This apparent layering is the result of 

the prominent foliation in the weakly metamorphosed rocks. At the scale 

at which the quartz-albite schist is mapped in this study, however, the 

quartz-albite schist is very homogeneous and unstratified.

Hand specimens from widely separated outcrops of the quartz- 

albite schist are remarkably similar to one another. The most common 

phase is a dark to medium gray-green, fine to medium grained porphyro- 

blastic quartz-albite schist. The porphyroblasts are predominantly 

1-2 mm plagioclase (albite) with scattered 2-5 mm rounded quartz eyes. 

Viewed megascopically, the groundmass appears to consist of chlorite, 

epidote veinlets, and occasional small aggregates of biotite. The 

texture of the qa member is quite variable. Along the ridge line of 

Sawtooth Mountain and in the vicinity of Sugarloaf Peak, it is quite 

phyllitic.

The degree of schistosity or cleavage of the quartz-albite 

schist is the most variable feature of this rock unit. Where more 

strongly foliated, the quartz eyes become more rounded, the percentage 

of micaceous minerals increases, and the plagioclase porphyroblasts are 

all but obliterated.

11
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Figure 5* Foliation in Quartz-albite Schist (Looking Northeast). —  
The quartz-albite schist is the dark rock in the left- 
middle and foreground.



No basal units of the quartz-albite schist were observed. The 

quartz-albite schist is apparently conformably overlain by the quartz- 

K-feldspar-muscovite schist member of the metamorphic formation.

Quartz-K-Feldspar^-Muscovite Schist

Overlying the quartz-albite member of the Dome Rock Mountains 

metamorphics is the massive, weakly metamorphosed quartz-K-feldspar- 

muscovite schist, hereafter referred to by name or as the qk member.

The qk member may have a maximum thickness of approximately 4000 feet.

Megascopically, the qk member is a light to medium-gray to 

pinkish-gray, medium to fine grained, porphyroblastic quartz-K-feldspar^ 

muscovite schist, containing a minor amount of albite. The quartz eyes 

are rounded and are 2-5 mm across, and are the most prominent feature of 

the quartz-K-feldspar-muscovite schist.

The contact between the qa member and the qk member, where not 

faulted, is apparently conformable and gradational. The contact which 

can be traced to the southwest from the central portion of Section 10, 

T3N, R20W has been drawn where albite and biotite become minor consti

tuents of the rock, and quartz, K-feldspar, and muscovite become more 

common. In outcrop, the quartz-K-feldspar-muscovite schist is lighter 

in color than the uniformly dark quartz-albite schist.

Vihereas the qa member appears stratified, the qk member appears 

less stratified. The strike and dip of foliation is similar in both 

the quartz-albite schist and the quartz-K-feldspar muscovite schist.

13



Conformably overlying the quartz-K-feldspar-muscovite schist is 

the phyllite member of the metamorphic sequence.

Phyllite

Overlying the quartz-K-feldspar-muscovite schist is a weakly 

metamorphosed unit of variable texture and composition. For the most 
part, the unit is a light gray phyllite, displaying distinct bedding and 

occasional graded bedding. Graded bedding found in Section 15, T3N,

R20W, indicates that the unit is not overturned. A rare feature of the 

phyllite is the presence of limonite pseudomorphs of pyrite cubes, which 

are up to 1 cm across. These pseudomorphs have been seen only in two 

areas. They may be found in the northeast l/4 of Section 15, T3N, R20W 

near the contact of the metatuff and basalt and along the trail to the 

airway beacon south of LaCholla Mountain and west of Section 22, T3N, 

R20W.

Petrography

In hand specimen, the members of the Dome Rock metamorphics 

are easily distinguished by color, texture and mineralogy. Mien 

studied in thin section, these distinguishing characteristics seem to 

all but disappear. The phyllite is still quite distinct, but differ

ences between the quartz-albite schist and quartz-K-feldspar-muscovite 

schist are very minor.

Although all but one of the sample points of metamorphics on 

Figure 2 are in the quartz-albite schist, some of the samples were taken 

of boulders of what appeared to be quartz-K-feldspar-muscovite schist.

14
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All of the thin sections of the qa member and qk member show 

broken crystals and some display flow alignment of phenocrysts and 

relics of glass shards (Appendix A, Sample Nos. 3-11-1, 2 and 5)•

In the qa and qk members, porphyroblasts of quartz plagioclase, 

averaging An^, orthoclase and hypersthene predominate. In the ground- 

mass, quartz and orthoclase are most abundant, with muscovite, biotite, 

plagioclase, and epidote less abundant. Calcite occurs in several 

sections. Accessory minerals include apatite, magnetite, hematite and 

rarely calcite. In some thin sections (Appendix A, Samples 3-11-2 and 

3-11-5) i elongate lenses (1 -g- - 2 mm) in length) of sericite plus 

lesser quartz, K-feldspar and epidote comprise up to 30% of the rock.
I

These lenses may represent altered glass shards.

In Appendix A, a full description of a thin section of the 

phyllite may be found (Sample No. 2-19-3)• The phyllitic texture evi
dent in hand specimen is due to the presence of very fine lepidoblastic 

muscovite in a finely granoblastic matrix of abundant quartz and lesser 

alkalai feldspar. Foliation seems to lie at an angle of 50 degrees with 

the sedimentary structures. Graded bedding is evident in thin section 

as well as in hand specimen.

Interpretation of Petrographic Data. In thin section, quartz- 

albite schist and the quartz-K-feldspar-muscovite schist members of the 

Borne Rock metamorphics appear to have been derived from volcanic rocks.

Several sections of the rocks chemically analyzed in this 

study contain relict glass shards, as well as a preponderance of 

broken crystals, suggesting a pyroclastic origin for the volcanics.
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Some weakly foliated hand specimens of the qa and qk members 

appear very similar to porphyritic volcanic rocks. Using the modal 

mineralogy, (Appendix A), the Travis (1955) classification scheme and 

considering muscovite as K-feldspar, Sample 3-11-1 would be a dacite 

porphyry and Sample 3-11-3 would be a quartz latite porphyry.

Metamorphism in the Dome Rock 
Metamorphic Formation

Regional metamorphism is manifested in the Dome Rock metamorphic 

formation as changes in mineralogy and moderate to strong foliation. 

Foliation is discussed in some detail in the structure section of this 

study.

Metamorphic changes in the original mineralogy of the Dome Rock 

metamorphic formation have been weak in most cases. Plagioclase has 

been altered to calcite, sericite, sericite plus calcite, epidote or 

epidote plus calcite. Orthoclase, when altered, has been replaced by 

epidote or calcite. Hypersthene is altered, variously, to epidote, 

epidote plus calcite and/or epidote plus biotite. Chloritization of 

mafics has been minor. Quartz has remained largely unchanged during 

metamorphism.

The mineralogy and fabric of the Dome Rock metamorphic formation 

indicates that their source rocks underwent very weak greenschist facies 

regional metamorphism (Miyashiro, 1973)•

Turner and Verhoogen (i960, p. 534) list three subfacies of the 

greenschist facies, defined by the mineral assemblages below.
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a. Quartz-albite-muscovite-chlorite

b. Qaartz-albite-epidote-biotite
c. Qaartz-albite-epidote-almandine

The quartz-albite schist member of the Dome Rock metamorphic 
formation falls in subfacies b, while the quartz-K-feldspar-muscovite 

schist member falls in subfacies a.

The age of this regional metamorphism is uncertain. As will be 

noted in later sections of this study, the Diablo quartz monzonite has 

not been metamorphosed, but both the Middle Camp quartz monzonite and 

the Livingston Hills Formation display some evidence of regional meta

morphism. Thus the age of this regional metamorphic event must be 

older than the Diablo quartz monzonite and younger than the phyllite 

member of the Dome Rock metamorphic formation.

Whole Rock Chemistry

Seven rocks from the Dome Rock Mountains were subjected to 

whole rock chemical analysis. Outcrops of Dome Rock metamorphics ex

hibited deep weathering. Therefore, fragments of stream boulders 

derived from metamorphic outcrops were submitted for chemical analysis. 

These boulders represented the least weathered samples of the meta

morphic formation. Sample locations can be found in Figure 2.

The results of the whole rock chemical analysis are presented in 

Table 1. In Table 2, the average chemical composition of rocks from 

this study is shown, and compared with typical analyses of volcanic
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rocks from orogenic areas (Jake^T and White, 1972). Tables 3 and 4 

contain the CIFW normative mineralogy (Barth, 1962) for the analyses in 

Tables 1 and 2, respectively. Table 5 compares whole rock modal 

mineralogy to CIPW normative mineralogy for two samples of Dome Rock 

metamorphics, (Samples 3-11-1 and 3-11-3 in Appendix A), and gives the 

names of each rock, according to Travis (1955)* Table 6 lists the 

Suite Indices, Differentiation Indices, KgO/Na^O ratios and Total 

Fe/MgO ratios for analyses of rocks in Table 2. Table 7 summarizes 

the chemical differences between calc-alkaline volcanic rocks from 

island arcs and calc-alkaline continental margin (Andean) volcanic 

rocks, as modified from JakesT and White (1972).

From Table 2, it is apparent that the average chemical composi

tion of the Dome Rock metamorphic formation is very similar to the 

composition of the island arc calc-alkaline dacite (JakeS and White, 

1972). The general dissimilarity between the chemical composition of 

the island arc tholeitic dacite and the composition of the Dome Rock 

metamorphic formation is obvious.

On the Rittman Plot (Figure 6), the island arc calc-alkaline 

dacite and the Dome Rock metamorphics plot at nearly the same point 

and hence have approximately the same Suite Index. With a Suite Index 

of 2.12, and assuming that the rocks, which subsequently became the 

Dome Rock metamorphics, were volcanics, the rocks of the Dome Rock 

metamorphic formation fall in the medium calc-alkalic group of the 

calc-alkaline series (Figure 6).



Table 3. CIPW Normative Mineralogy for the Analyses in Table 1.

CIPW
Normative
Minerals 3-11-1 3-11-2 3-H-3 3-11-4 3-11-5 3-11-6 3-12-1

Quartz 23.1 21.0 34.6 24.9 26.1 26.1 24.6

Orthoclase 29.0 33-5 26.5 21.5 40.0 23.0 15.5
Albite 32.0 26.5 19.5 32.0 15.0 30.0 37.5
Anorthite 8«8 11.0 13.0 13.0 11.0 13.5 14.5
Corundum 0.6 0.9 1.2 0.5
Magnetite 1.5 1.6 1.1 3-3 1.1 1.6 1.8

Hematite 0.9 0.9 2.0 2.3 0.6 0.9
Enstatite 3.2 4-0 2.6 4.4 3.2 3.6 3.8

Ferrosilite 1.0 1.1 0.1 0.1 1.1 1.2

Wollastonite 0.5 0.4 0.2

H
xO



Table 4» CIPW Normative Mineralogy for the Analyses in Table 2.

CIPW
Normative
Minerals

Island Arc 
Tholetic Dacite

Island Arc 
Calc-Alkaline Dacite

Dome Rock 
Metamorphics

Quartz. 45.3 19.5 26.7
Orthoclase 9.5 11.5 27.0
Albite 31.5 44.5 27.5
Anorthite 10.5 16.0 12.0
Corundum 0.1 2.3 0.5
Magnetite 0.6 1.3 2.4
Hematite 0.5
Enstatite 1.0 4.2 3.4
Ferrosilite 1.0 0.7
Wollastonite
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Table 5» Comparison of Modal Mineralogy to 01PW Normative Mineralogy

for Dome Rock Metamorphics.

Sample 3-11-1
CIPW Norm Mode

q 23.1% q 33%
or 29.0 or 12

ab 32.0 Pi 31
an 8.8 muse 3
mt 1.5 bio 16

hm 0.9 hy 3
WO 0.5 acc 2

en 3.2 name:: dacite porphyry .

fs 1.0

name: quartz latite

Sample 3—11—3

q 34.6% q 36%
or 26.5
ab 19.5
an 13.O or 6
cor 0.6 Pi 29
mt 1.1 muse 22
hm 2.0 cc 6
en 2.6 acc 1
fs 0.1

name: quartz latite name: quartz latite
___________________________________________________porphyry
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Table 6. Chemical Indices and Ratios of Analyses in Table 2.

Suite
Index

Differentiation
Index

K20/Na20
Fe (Total)/MgO

Island Arc
Tholetic
Dacite .69 86.8 •46 3.94
Island Arc
Calc-Alkaline
Dacite 1.99 75-45 .39 1.51
Dome Rock 
Metamorphics 2.12 81.80 1.48 3.17
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Table ?• Generalized Differences between Calc-Alkaline Volcanic Rocks 
of Island Arcs and Those of Continental Margins. —  Modified 
after Jakes and White, 1972.

Range of SiOg 

Fe + FegO^/MgO 

K20/Na20

Continental Margin 
(Andean)__________

56 to 75 percent 

higher than 2.0 

.60 to 1.1

Island Arc 

50 to 66 percent

lower than 2.0

less than 0.8
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Variation diagrams of Na^O, CaO and K^O versus SiOg (Figure 7), 

show that the average rock of the Dome Rock metamorphic formation is, 

with respect to SiOg, enriched in potassium, and slightly depleted in 

calcium and sodium, as compared to the average island arc tholeitic 

dacite and island arc calc-alkaline dacite.

By comparing the analyses in Table 2 using the Differentiation 

Index as the independent variable (Figure 8), the enrichment or deple

tion of certain elements is more clearly shown than in Figure ?• The 

Differentiation Index is the sum of quartz- + orthoclase + albite + 

nepheline + leucite = kalsilite (CIPW normative mineralogy). Of the 

six minerals used in the calculation only quartz, orthoclase and albite 

occur in the normative mineralogy as shown in Tables 3 and 4* For 

simplicity, only the data in Tables 2 and 4 were used to construct 

Figure 8.

The enrichment of the Dome Rock metamorphic formation in potas

sium and ferric iron over the tholeitic dacite and the island arc calc- 

alkaline dacite is obvious in Figure 8. Sodium is depleted in the Dome 

Rock metamorphics, as is calcium. Magnesium shows slight enrichment, 

while aluminum and ferrous iron show no pronounced depletion or enrich

ment in the Dome Rock metamorphics. Total iron reflects the same ei>- 

richment as ferric iron.

Jakes and White (1972) compiled a table of generalized differ

ences between calc-alkaline volcanic rocks of island arcs and calc- 

alkaline volcanics of continental margins (Andean volcanics). Table 7
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is a modified version of Jakes and White’s work. The average silica 

content of the Dome Rock metamorphic formation falls withing the Con

tinental Margin range, as does the Fe (Total)/MgO ratio. The I^O/Na^O 

ratio is high for the Dome Rock metamorphics as compared to JakeS and 

White’s criteria. The ratio of ^O/Na^O is in all samples greater than 
unity (Table 1).

Interpretation of Whole Rock Chemical Data. Jake'S and White 

(1972, p. 35) state that in major element chemistry, continental margin 

(Andean) calc-alkaline rocks have equivalents in high potassium calc- 

alkaline rocks of island arcs. As we have seen in Figures 7 and 8, the 

rocks in £he Dome Rock metamorphic formation are enriched with potassium 

as compared to the calc-alkaline island arc dacite. Petrographically, 

the rocks of the Dome Rock metamorphic formation appear to have been 

derived from phyoclastic volcanic rocks. They contain many broken 

crystals and relict glass shards. The rock name which would apply to 

the "average” formation, as determined from the CIFW normative 

mineralogy in Table 4> would be a quartz latite porphyry (Travis, 1955).

The enrichment of ferric iron in the Dome Rock metamorphics 

may be a reflection of strong oxidizing conditions in the rocks as they 

crop out today. Total iron, as well as ferrous iron are depleted in 

Samples 3-11-3» and 3-U-5. In thin section, these rocks contained 

very few mafic minerals. They (3-11-3 and 3-11-5) may represent some 

mafic mineral-poor phase of the original volcanic rocks.
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Age, Correlation, and Tectonic Implications

The rocks of Dome Rock metamorphic formation are very similar 

to metavolcanics mapped by Miller and McKee (1970) in the ELomosa 

Mountains. Miller and McKee mapped these metavolcanics as Precambrian, 

but in a note he states that L. T. Silver has dated similar or correla

tive rocks in the Dome Rock Mountains and has assigned them an age of 
upper Triassic to lower Jurassic. L. T. Silver (personal communication, 

1976) has further refined this age of the Dome Rock metamorphic forma

tion to lower to middle Jurassic.

Hamilton (1969) states that metavolcanics and metaclastics are 

widespread in the region near Blythe, California. He further states 

that the metavolcanics consist predominantly of dacite, but include 

andesite and rhyolite. The metavolcanics which he describes appear to 

be similar to rocks of the Dome Rock metamorphic formation.
Hamilton believes that the volcanics are the extrusive products 

of batholith-producing magmas. In the Dome Rock Mountains, the meta- 

morphics are chemically similar to calc-alkaline Andean volcanics, and 

may owe their origin to continental margin (Andean) tectonics.

An extension of Burchfiel and Davis' (1972) Mesozoic plutonic- 

volcanic arc appears to pass through the area discussed by Hamilton 

(1969) and through the area of this study. They characterize this 

plutonic-volcanic arc as being of Andean type.
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Middle Camp Quartz Monzonite

Intrusive into the quartz-albite schist member of the Dome 

Rock metamorphic formation is the porphyritic Middle Camp quartz mon

zonite. Along most of the schist/Middle Camp quartz monzonite contacts 

are zones containing chloritized xenoliths. The contacts on Figure 2 

are arbitrarily drawn where the percentage of quartz monzonite in the 

rock is greater than the percentage of xenoliths. Generally, these 

inclusion zones occur topographically high in the Middle Camp quartz 

monzonite outcrop area, always near outcrops of quartz-albite schist, 

and crop out scattered across the south face of Middle Camp Mountain.

Several small dikes of probable Middle Camp quartz monzonite 

have been mapped in and near Section 6, T3N, R2W, near the crest of 

Sawtooth Mountain. These dikes may represent the most southerly ex

posure of Middle Camp quartz monzonite in the range.

In outcrop and hand specimen, the Middle Camp quartz monzonite 

appears light to dark green-brown. In hand specimen the most distinct

ive feature is the presence of large (.5-1 cm) K-feldspar phenocrysts. 

These larger phenocrysts are set in a medium-grained matrix of quartz, 

K-feldspar, plagioclase, and biotite. Some of the biotite may be 

secondary after hornblende.

In several areas throughout the central Dome Rock Mountains, 

Middle Camp quartz monzonite is sheared and mylonitized. In both the 

Mariquitta and Diablo Pass areas, Sections 22 and 23, TAN, R20W, Middle 

Camp quartz monzonite is extensively sheared and chloritized.
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In Goodman Wash and in the vicinity of the Goodman Mine,

Sec. 25, T4N, R20W, Middle Camp quartz monzonite is cut by a major nor

mal fault. Along the trace of the fault, the Middle Camp quartz mon

zonite is strongly mylonitized and is intensely chloritized. The zone 

of mylonite is approximately 60 m vd.de and grades from non-sheared Mid

dle Camp quartz monzonite on the valley flanks to a chloritic mylonite 

in the valley bottom.

In thin section, the Middle Camp quartz monzonite consists of 

phenocrysts of plagioclase, perthitic microdine/orthoclase, quartz, 

and mafic minerals consisting of biotite and probably hornblende. The 

groundmass, which makes up 60$ of the volume of the rock is composed 

of orthoclase, quartz, biotite, hornblende and minor plagioclase, with 

some accessory magnetite and apatite. Plagioclase has been altered to 

sericite or sericite plus epidote, and orthoclase. Hornblende has been 

altered to biotite or more rarely biotite plus magnetite. Metamorphism 

has slightly modified the texture of the rock, giving rise to a myrem- 

kitic texture in the quartz phenocrysts. The green tinge noted in 

hand specimen and outcrop is due to the green, pleochroic hornblende 

and epidotized plagioclase. A complete petrographic description of the 

Middle Camp quartz monzonite appears in Appendix A (Sample No. 3-15-1)•

The Middle Camp quartz monzonite may be correlative with the 

Scadden Mountain quartz monzonite described by Miller (1967). Miller 

describes the Scadden Mountain quartz monzonite as containing



relatively large perthitic orthoclase phenocrysts, and pendants of what 

he classified as pre-Cambrian metavolcanics. His description closely 

resembles the description of Middle Camp quartz monzonite.

The age of the Middle Camp quartz monzonite is tied to the age 

of the Dome Rock metamorphics, into which it intrudes. If the Dome 

Rock metamorphics are lower to middle Jurassic in age, the Middle Camp 

quartz monzonite then can be no older than lower to middle Jurassic. 

Nowhere does the Middle Camp quartz monzonite intrude any rock unit 

younger than the Dome Rock metamorphics, implying that it is no younger 

than the Upper Cretaceous to Lower Tertiary Livingston Hills Formation.

Pyroxene Granulite

In the northeast comer of Section 34> T4N, R21W, a block of 

pyroxene granulite is intimately associated with Middle Camp quartz 

monzonite and quartz-albite schist.

In hand specimen, the pyroxene granulite is nearly white in 

color and is fine- to very fine-grained. It contains what appear to be 

small tourmaline crystals, as well as scattered light blue needles of 

kyanite(?).

In thin section, the major minerals are quartz, hypersthene, 

orthoclase and muscovite. The accessory minerals are kyanite, tourma

line and a trace of zircon. A complete section description can be 

found in Appendix A, Sample 3-15-2.

The above mineral assemblage is indicative of a complex crystal- • 

lization history. The assemblage hypersthene + orthoclase + quartz is

32
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indicative of high temperature pyroxene granulite-facies metamorphism, 

while the presence of kyanite suggests high pressures. Muscovite is 

probably a secondary or retrograde alteration produced after hypersthene.

This pyroxene granulite displays far stronger metamorphism than 

the Dome Rock metamorphic formation. The granulite may represent a 

block of basement rock of unknown age which was rafted into its present 

position during intrusion of Middle Camp quartz monzonite.

Livingston Hills Formation

In apparent depositional contact with the upper units of the 

Dome Rock metamorphics is a sedimentary formation tentatively correl- 

lated with the Livingston Hills Formation in the ELomosa Mountains.

The Livingston Hills Formation may be as much as 15»300 feet (4663 m) 

thick in the Dome Rock Mountains. The section displays many small 

angular unconformities, which suggest that the section may have been 

thickened by unmapped relatively flat faults. The type section as de

fined by Miller (196?) is located in the southern Plomosa Mountains,

10 miles (16 km) to the southeast.

Miller (196?) describes the Livingston Hills Formation as being 

composed of three members. The lower member is a conglomerate made up 

of large angular boulders and abundant rounded quartzite cobbles.

Cobbles of limestone, dolomite, quartz monzonite and mudstone are less 

common. In the Dome Rock Mountains, the lowest unit of the Livingston 

Hill Formation is composed of a quartzite cobble conglomerate. The



34
quartzite cobbles are by far the most abundant type of clast in this 

member, with limestone, dolomite, and mudstone cobbles and pebbles much 

less common. The complete lack of clasts similar to the Dome Rock 

metamorphics both in the Plomosa Mountains and in the Dome Rock Moun

tains suggests that the metamorphics were covered by younger rocks at 

the time the conglomerate was deposited (Miller, 1967, p. 63). The 

matrix of the conglomerate is, in most cases, an arkose.

Miller (196?» p. 6l) discusses a prominent, near horizontal 

cleavage in the conglomerate member which he attributes to thrust 

faulting in the area. This cleavage is also present in the Livingston 

Hills Formation of the Dome Rock Mountains, although not as prominent 

as in the Plomosa Mountains.

The middle and upper members of the Livingston Hills Formation 

are well described by Miller (1967). These members make up the pre

dominant lithologies of the sedimentary rocks exposed in the study area. 

The middle member is a conglomeratic graywacke and the upper member is 

predominantly a siltstone. In this study, no attempt was made to sub

divide the Livingston Hills Formation into the three members.

Near Copper Bottom Pass, west of Section 27, T3N, R20W, folding 

in the upper members is quite common. Most of the folds are recumbent 

or overturned. In the noses of several folds, copper carbonates have 

been deposited. Several small mines have worked these copper deposits 

in the past (Figure 9)»
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Figure 9* Folds in the Livingston Hills Formation at the Copper 
Bottom Mine.
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Miller (196?) assigns an age of upper Cretaceous to lower 

Tertiary to the Livingston Hills Formation in the Flomosa Mountains and, 

hence, this is the inferred age of the Formation in the Dome Rock 

Mountains. Nowhere in the Dome Rock Mountains is the Livingston Hills 

Formation intruded by any plutonic or volcanic rocks. Miller (196?) 

postulates that the formation was probably deposited in a marine envir

onment of moderate depth.

Hamilton (1969) states that there are sediments similar to the 

Livingston Hills Formation in the mountain ranges near Blythe, 

California. He feels that the sedimentary rocks in these ranges 

probably are correlative with the Livingston Hills Formation.

Diablo Quartz Monzonite Intrusives

Intruding both the Dome Rock metamorphics and the Middle Camp 

quartz monzonite is the Diablo quartz monzonite (Figures 2, 3)« The 

contacts with both older units are primarily sharp with little associa

ted alteration.

In outcrop, the Diablo quartz monzonite displays no foliation or 

cleavage, and is generally fresh in appearance. In hand specimen, the 

rock is a fine- to medium-grained, tan quartz monzonite. Unlike the 

older Middle Camp quartz monzonite, the Diablo quartz monzonite contains 

relatively fresh K-feldspar and plagioclase, and minor fresh biotite.

The Diablo quartz monzonite appears to have intruded the promi

nent northwest-trending fault zones north of Interstate 10. West of
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Section 22, T/«N, R20W and east of Section 24, T/jJJ, R20W is an area of 

east-west trending outcrops of Diablo quartz monzonite. The Diablo 

quartz monzonite also occurs as intrusive plugs and masses, especially 

in an area immediately north of Section 32, T4N, R20W.

In hand specimen the rock appears fresh, but the thin section 

shows that the Diablo quartz monzonite has undergone very weak altera

tion, appreciably less than the Middle Camp quartz monzonite.

In thin section, the Diablo quartz monzonite is a very weakly 

altered micrographic quartz monzonite. The dominant texture is 

xenographic-granular with micrographic intergrowths of quartz and 

alkalai feldspar. The average grain size is l/2 to 1 mm. Plagioclase 

has been altered to sericite and minor epidote, and to orthoclase in 

some instances. Any hornblende present originally has been altered to 

biotite. For a complete description see Appendix A (Sample No. 3-21-3)• 

The Diablo quartz monzonite is intrusive into both the Middle 

Camp quartz monzonite and the quartz-albite schist member of the Dome 

Rock metamorphics. It displays neither the pervasive shearing nor the 

relatively stronger metamorphism seen in the Middle Camp quartz-monzonite 

near the faults in Mariquitta Pass, Diablo Pass, Sections 22 and 23,

T4N, R20W. There appears to be no brecciation near contacts with in

truded rocks as there is in the Middle Camp quartz monzonite.

The Diablo quartz monzonite must be younger than the upper 

Cretaceous to lower Tertiary Livingston Hills Formation. A Tertiary 

age.is tentatively assigned to the Diablo quartz monzonite. On the



Geologic Map of Yuma County (Wilson, I960) the Diablo quartz monzonite 

appears to have been mapped as Laramide granite.

Basalt

Basalt(?) crops out in two places in the central Dome Rock 

Mountains. One exposure, west of Section 15, T3N, R20W was not avail

able for study, due to prohibited access. The other exposure in the 

central portion of Section 15, T3N, R20W was available for study.

In hand specimen, the basalt (?) is very fine grained, weakly 

foliated and chloritized, and contains 1-2 cm nodules of siderite.

The age of the basalt(?) is difficult to ascertain. In appar

ent conformable contact with the phyllite member of the Dome Rock meta- 

morphic formation, the basalt(?) can be no older than the phyllite.

The chloritization in hand specimen may be related to the regional 

metamorphic event which affected the Dome Rock metamorphic event which 

affected the Dome Rock metamorphics. An upper age limit is unclear for 
the basalt(?).

38

Upper Tertiary and Quaternary Deposits 
Several rock units in the Dome Rock Mountains are upper Tertiary 

and Quaternary deposits. Grouped into one lithologic category on 

Figures 2 and 3 are travertine deposits, recent alluvium and talus.

Young hornblende andesite dikes occur in three localities.

The hornblende andesite dikes, designated Ta in Figures 2 and 3t 

are intrusive into both the Middle Camp and Diablo quartz monzonites.
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These dikes are dark green in outcrop, and in hand specimen the only 

visible minerals are the l/3 to 1 cm hornblende needles. The age of 

the dikes is bracketed by the Diablo quartz monzonite as the older 

limit and recent alluvium as the younger.

Recent alluvium and talus includes sands and gravels in minor 

washes and gullies and the more extensive alluvial fan deposits. The 

alluvium and talus have historically been significant placer gold 

producers in the Dome Rock Mountains.

Travertine, found cementing recent alluvium along the western 

margin of the range, has been mined for its manganese content in sev

eral small open pits. The travertine probably was deposited by waters 

rising along the postulated basin and range fault trace on the Dome 

Rock Mountain’s western flank.

Colorado River gravels are included in the Quaternary alluvium 

and talus shown in Figure 2. These gravels lie in the western-most 

part of the study area.



CHAPTER 3

STRUCTURE

The major faults which modify the geology of the Dome Rock 

Mountains trend northwest-southeast. The foliation or schistosity in 
the Dome Rock metamorphic formation also strikes northwest-southeast.

One major reverse fault and numerous small normal and reverse 

faults occur throughout the range. Undoubtedly, several faults of 

limited displacement have gone undetected in this study. Thrust faults, 

so common in the Flomosa Mountains (Miller and McKee, 1971)» have not 

been observed in the central Dome Rock Mountains.
Folding, except where associated with gravity sliding in the 

Livingston Hills Formation, is not common in the central Dome Rock 

Mountains. No evidence has been found for any folding in the Dome 

Rock metamorphic formation.

Strike-Slip Faults

Occupying the most topographically prominent, straight valleys 

in the range are strike-slip faults, (Figure 10). These strike-slip 

faults may also have had dip-slip movements associated with them.

The fault, whose trace occupies La Paz Arroyo and passes 

immediately south of Copper Bottom Pass, west of Section 27, TAN, R20W, 

is characterized by weak shearing in outcrops along its trace. Much

40
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Figure 10. Fault Trace Valley, Copper Bottom Pass and La Paz Arroyo 
(Looking Southeast).
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of the fault trace is buried by gravels in La Paz Arroyo. The most 

recent movement along the fault appears to have been left-lateral, 

offsetting the contact between the Livingston Hills Formation and the 

quartz-albite schist member of the Dome Rock metamorphics. Earlier 

movement may have been vertical. This possibility is raised by the 

observation that south of the fault, the phyllite member of the Dome 

Rock metamorphics has been deposited directly upon the quartz-albite 

schist, whereas, north of the fault, the phyllite has been deposited 

upon quartz-K-feldspar muscovite schist. The lack of quartz-K-feldspar- 

muscovite schist south of the fault suggests that the fault may have 

been active as early as middle Jurassic time.

Two sub-parallel faults, one traversing Mariquitta Pass, Section 

22, TAN, R20W, and the other crossing Diablo Pass, Section 23, TAN,

R20W, cut a terrain of foliated Middle Camp quartz monzonite intruded 

by dikes and plugs of unfoliated Diablo quartz monzonite, (Figures 2 

and 3» cross section A-A’). In this area, the foliation in the Middle 

Camp quartz monzonite is relatively strong and parallels the fault traces. 

In a few places the shearing is strong and locally mylonitization has 

occurred. The Diablo quartz monzonite shows no foliation or shearing 

which could be attributed to movement along these faults. Miller and 

McKee (1971) state that these faults in the Dome Rock Mountains are 

northwest continuations of right-lateral strike-slip faults in the 
Flomosa Mountains 16 km to the southeast. The last movement of these
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faults in the Flomosa Mountains displaced Livingston Hills Formation, 

and has been dated as being post-middle Miocene, on the basis of offsets 

in a rhyodacite flow not exposed in the central Dome Rock Mountains 

(Miller and McKee, 1971, p. 721).

Normal and Reverse Faults

Normal and reverse faults of limited displacement occur through

out the Dome Rock Mountains. Only one reverse fault appears to have had 

any appreciable displacement along its trace. The fault, which lies in 

Section 18, T3N, R20W, and extends approximately 4 km to the east 

(Figure 2), has moved the quartz-albite schist structurally above the 

quartz-K-feldspar muscovite schist. The age of faulting can be no 

younger than the fault in La Paz Arroyo, where the reverse fault is cut 

off.

Complex block faulting appears to have taken place in and 

around Section 36, T4N, R21W (Figure 2). Just northeast of this area of 

complex faulting is an extension of the fault zone in which the veins 

of the Goodman Mine, Section 25, T4N, R20W, were deposited. Mylonitiza- 

tion along the trace of this fault from the Goodman Mine toward the 

southeast has been intense. Shearing strikes parallel to the fault and 

dips 35 degrees to the northeast. Limited folding in the mylonite 

suggests normal fault movement. Numerous quartz gash veins can be found 

in the mylonite zone along the fault. A lower age for this faulting 

of post-intrusion of Middle Camp quartz monzonite is suggested. No 

Tertiary or Quaternary deposits are offset by this fault.
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Thrust Faults and Gravity Faults

Miller and McKee (1971) cite several examples of thrust fault

ing in the Flomosa Mountains. Hamilton (1964) also discusses thrust 
faulting which has taken place in the Big Maria Mountains. In the 

Central Dome Rock Mountains no unequivocal evidence for thrust faulting 

has been found. Thrusting in the Flomosa Mountains and Big Maria Moun

tains involves Paleozoic carbonate rocks (Miller and McKee, 1971 and 

Hamilton, 1964)• No Paleozoic rocks are exposed in the central Dome 

Rock Mountains.

The contact between Livingston Hills Formation and the Dome 

Rock metamorphics is unconformable and depositional, and displays no 

evidence of faulting (Figure 3» cross-section B-B*). No low angle 

faults were detected in the outcrop area of the Dome Rock metamorphics, 

but some evidence for low angle faulting has been found in the 

Livingston Hills Formation.

Gravity sliding seems to have been common within the sections 

of Livingston Hills Formation mapped in this study. Most of the sliding 

has resulted in minor angular unconformities within the section, with 

the exception of the area around the Copper Bottom Mine, west of Sec

tion 27, T3N, R20W. The gravity sliding in this locale resulted in 

several closely spaced overturned synclines and anticlines. The noses 

of these folds contain the copper carbonates mined at the Copper Bottom

Mine
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Foliation in the Dome Rock Metamorphic Formation

In the phyllite member of the Dome Rock met amorphic s, fine 

slaty cleavage intersects original bedding and graded bedding at a high 

angle (50°), The cleavage is represented by a preferred orientation of 

muscovite mineral grains parallel to the cleavage direction. In Sec

tion 15, T3N, R20W, the graded bedding is oriented right side up.

Foliation in the quartz-K-feldspar-muscovite schist is not as 

pronounced as is the cleavage in the phyllite. No evidence for a struc

tural break can be found between the phyllite and the quartz-K-feldspar- 

muscovite schist member.

Foliation is not strong in the quartz-K-feldspar-mus covite 

schist and does not give the rock a layered appearance in outcrop.

In the quartz-albite schist, foliation is stronger than the 

foliation in the quartz-K-feldspar-muscovite schist. The foliation is 

prominent and gives the rock a layered appearance. Original bedding is 

not recognizable in the quartz-albite schist. The contact between the 

quartz-albite schist and the quartz-K-feldspar-muscovite schist is 

gradational. Also gradational, the layered appearance of the rocks 

becomes more pronounced as one passes from the qk member to the qa mem

ber. The strike and dip of the foliation in the qa member, although 

locally variable, generally is the same as the slaty cleavage in the 

phyllite and the foliation in the quartz-K-feldspar-muscovite schist.

Thus, the section of Dome Rock metamorphics appears to be 

right side up and dipping to the southeast. This makes the
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quartz-albite schist the oldest member of the Dome Rock metamorphic 

formation and implies that the metamorphic foliation cross-cuts 
original stratigraphy.

Geophysics and Plate Tectonics

The regional free-air gravity anomaly map (Figure 11) shows a 

slightly negative anomaly all over southwestern Arizona. The -10 to 

-20 mgal contour essentially corresponds to the exposed bedrock limits.

Sumner, Schmidt and Aiken (1976) suggest that this average 

negative free-air gravity anomaly over southwestern Arizona means that 

the area is probably out of isostatic equilibrium. According to Sumner, 

Schmidt and Aiken (1976), this lack of isostatic equilibrium may be due 

to the presence of the East Pacific Rise in the Gulf of California and 

the San Andreas Fault in southern California, indicating that the area 

is still working toward tectonic stability. In southeastern Arizona, 

the average regional free-air gravity anomaly is zero, indicating that 

southeastern Arizona is tectonically older and more stable.

Coney and Reynolds (1977) suggest that a magmatic arc related 

to an east dipping subduction zone existed along the southwestern edge 

of the North American continent from 160 Myr to 15 Myr before present. 

This suggestion puts a volcanic/plutonic arc in the vicinity of the 

Dome Rock Mountains from middle Jurassic to latest Tertiary. The 

volcanic rocks which are now part of the Dome Rock metamorphic forma

tion may have been emplaced in the earliest stages of development of
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Figure 11. Regional Free-air Gravity Anomaly Map of Southwestern 
Arizona. —  Modified after Sumner, Schmidt and Aiken, 
1976.
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this subduction zone/magmatic arc. Coney and Reynolds* magmatic arc 

probably corresponds with the Mesozoic plutonic/volcanic arc of 
Burchfiel and Davis (1972).

Chronology of Structural Events

Vertical movement along the fault in La Paz Arroyo probably 

occurred sometime in Jurassic time, while the rocks which now make up 

the Dome Rock metamorphics were being deposited. Following the em

placement of the Middle Camp quartz monzonite and the subsequent meta

morphism of both the Middle Camp quartz monzonite and the Dome Rock 

metamorphics, the strike-slip faults in Mariquitta Pass and Diablo Pass 

prepared the ground for the intrusion of the Diablo quartz monzonite. 

Perhaps concurrently with the emplacement of the Diablo quartz monzonite, 

the Livingston Hills Formation, still not fully indurated, underwent 

intra-formational gravity sliding. The fault which controls the mineral

ization at the Goodman Mine probably was active following the intrusion 

of the Diablo quartz monzonite. At the same time, the complex block 

faulting occurring in the vicinity of Section 31, T4N, R20W, was taking 

place. The final fault movements before Basin and Range faulting 

occurred as left-lateral strike-slip movements along the fault in La 

Paz Arroyo.

Normal faulting associated with the formation of the Basin 

and Range geomorphic province in western Arizona probably was the latest 

structural event to affect the central Dome Rock Mountains. Manganifer- 

ous travertine was deposited on the surface along the western margin
/



of the Dome Rock Mountains. The springs which deposited the travertine 

were probably rising near and along the postulated marginal fault on 
the west side of the range.
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CHAPTER 4

MINERALIZATION AND HYDROTHERMAL ALTERATION

In 1862 the Dome Rock Mountains were the site of one of the 

first gold discoveries in Arizona (Jones, 1916). Manganese was extrac

ted from shallow open pits on the west side of the range, and copper 

has been mined principally in the area around Copper Bottom Pass, west 

of Section 27, T3N, R20W. Among the other commodities occurring in the 

central Dome Rock Mountains in large or small quantities are molybdenum, 

lead, alunite, magnetite, mercury, and specular hematite.

Gold

At the time field work was completed for this study, only a 

few individuals were working the extensive placers around the Dome Rock 

Mountains. These operations are small, and all employ small dry 

washing machines to concentrate the gold.

In the early days, the placers of the Dome Rock Mountains were 

worked extensively (Bancroft, 1911 and Jones, 1916). Due to the ex

treme lack of water in the area, all concentrating of the gold was done 

by dry methods. The most complete description of the mines and 

recovery methods may be found in Jones (1916).

The origin of the placer gold in the Dome Rock Mountains has 

been attributed to the existence of minute auriferous quartz gash veins
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in the various rocks of the range (Bancroft, 1911). The two largest 
gold placers occur in La Paz Wash, Section 26, T4N, R20W, and Farrar 

Gulch, Section 36, T4N, R21W. An area of Middle Camp quartz monzonite 
is drained by the washes in which these two placers occur. The area 

drained is also the site of the Goodman Mine, the richest lode gold mine 

in the Dome Rock Mountains. The Goodman deposit occurs as quartz veins 

in mylonitized Middle Camp quartz monzonite in Section 25, TAN, R21W.

The underground workings at the mine were inaccessible at the time of 

this study.

Several other washes in the area contain numerous old pits and 

trenches which indicate that some placer gold mineralization is present 

throughout the area. These washes drain areas of both Middle Camp and 

Diablo quartz monzonite. This suggests that the origin of the placer 

gold may be related to a mineralizing event of post-Diablo quartz mon

zonite intrusion.

Base Metals and Associated 
Hydrothermal Alteration

Traces of base metals occur throughout the Dome Rock Mountains. 

Generally, the occurrences are small and are not of economic interest. 

Copper is by far the most abundant base metal, with lead and molybdenum 

occurring only in trace quantities in geochemical surveys.

The most widespread copper occurrence in the range is as traces 

of chalcopyrite in scattered small quartz gash veins. These gash veins 

occur in nearly all rock types, with the majority occurring in the



Middle Camp and Diablo quartz monzonites. Alteration of the wall rocks 

surrounding these gash veins is weak and generally confined to bleach

ing of the rocks in close proximity to the gash veins.

Copper, as trace chalcopyrite, is also associated with the 
larger gold-quartz veins at the Goodman Mine and at the Mariquitta Mine, 

Section 22, TAN, B20W, but is not of economic value. Hydrothermal 

alteration at the Goodman Mine is very limited and is confined to weak 

sericitization of the Middle Camp quartz monzonite outside the area of 

chloritic mylonite. At the Mariquitta Mine, the sericitization associa

ted with the mineralization is strong in both the Middle Camp and Diablo 

quartz monzonite.

At the Copper Bottom Mine, 3000 ft. (915 m) west of Section 27, 

T3N, R20W, copper occurs as malachite deposited in the noses of over

turned folds in the Livingston Hills Formation. Negligible hydrothermal 

alteration is associated with the Copper Bottom deposit, except for weak 

sericitization of the Livingston Hills Formation immediately south of 

the mine in the valley bottom. No source for the copper has been recog

nized. The possibility exists, however, that the copper was present in 

trace amounts in a particular horizon of the Livingston Hills Formation, 

a marine sedimentary formation of moderate depth, and that the copper 

was concentrated by groundwater movement into the dilated noses of the 

overturned folds. The copper occurrences at the Yellow Dog and 

Yum-Yum Mines are very similar to the Copper Bottom deposit.
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In Section 36, TAN, R21W, a copper prospect has been actively 

explored for several years by Ken>-McGee Corporation. The mineraliza

tion occurs in an intensely faulted and fractured section of quartz- 
albite schist intruded by Diablo quartz monzonite. In outcrop, the 
copper occurs as chrysocolla on fractures.

Quartz-sericite-pyrite hydrothermal alteration is intense in 

both the Diablo quartz monzonite and the quartz-albite schist. The 

quartz-albite schist also contains minor secondary tourmaline and 

K-feldspar. Both alteration and mineralization terminate on the south 

and southwest against a fault. The strong alteration and the structural 

complexity of.the immediate area around the prospect has obscured the 

origin of the deposit.

For several square miles around Sugarloaf Peak, Section 3,

T3N, R20W, intense hydrothermal(?) quartz-sericite-pyrite alteration 

of the Dome Rock metamorphic formation is ubiquitous. Lead, molybdenum, 

bismuth, tungsten and tin geochemical anomalies have been reported from 

this large altered area. Nowhere at the surface does any mineralization 

reach economically interesting levels, but several anomalies have been 

drilled in the recent past. Very strong secondary silicification of the 

quartz-K-feldspar-muscovite schist present at the top of Sugarloaf 

Peak, with an area containing possibly economic quantities of alunite 

occurring immediately beneath this silicic cap and on surrounding slopes 

(Heineman, 1935)• This mineralization and alteration is cut off on the 

south and southwest by faulting of mineralized and altered quartz-albite
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schist against non-mineralized and unaltered quartz—albite schist. On 

the north, the alteration intensity tends to diminish with distance 
from Sugarloaf Peak area.

Miscellaneous Commodities

On the western margin of the Dome Rock Mountains, several 

travertine deposits occur which formerly contained economic quantities 

of manganese. These deposits were mined during World War II using open 

pit methods. No records of this mining activity are available. The 

travertine probably was deposited by several springs which occurred 

along the postulated basin and range marginal fault on the range’s 

west side.

As stated previously, possible commercial quantities of 

alunite occur near Sugarloaf Peak. Heineman (1935) favorably compares 
the Sugarloaf deposits to those of the Marysvale, Utah district.

Southeast of Sugarloaf Peak, there occur numerous small pods 

and stringers of occasionally jewel-quality specular hematite. These 

pods and stringers are found in the quartz-albite schist member of the 

Dome Rock metamorphic formation.

Just north of Interstate 10, Section 31, T4N, R20W, the Middle 

Camp quartz monzonite appears to be cut by a 1 to 2 foot (.3-.6 m) dike 

of magnetite. This is the only major occurrence of massive magnetite 

in the area.

Mercury has been mined at the Cinnabar Mine, which lies just 

south of the mapped area. The ore is very silicious and occurs in a



fault zone. The principal gangue minerals are calcite and siderite, 

with the amount of magnetite in the wall rocks increasing in proximity 

to the ore zone. Bancroft (1911) discusses the Cinnabar Mine in some
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CHAPTER 5

GEOLOGIC HISTORY

The rocks which make up the Dome Rock metamorphic formation 

were deposited as pyroclastics and flows in lower to middle Jurassic 

time. They were emplaced above an actively subducting lithospheric 

plate and were derived from magma generated along the Benioff zone.

The volcanics were part of a plutonic/volcanic arc, (Burchfiel and 

Davis, 1972, and Coney and Reynolds, 1977), and are chemically similar 

to volcanics emplaced in Andean (continental margin) environments.

Perhaps while the upper members of the Dome Rock metamorphics 

were being emplaced, vertical tectonics were active and the Middle Camp 

quartz monzonite was intruding the lowest member of the metamorphic 

formation.

In middle to upper Cretaceous, the entire section of Dome 

Rock metamorphics was submerged in marine waters and deposition of the 

Livingston Hills Formation was started. At this time, perhaps related 

to higher than normal heat flow above the Benioff zone, the Dome Rock 

metamorphic formation was subjected to weak greenschist facies meta

morphism.

At the conclusion of this metamorphic event, several strike- 

slip faults traversed the area, and were the most prominent loci for 

intrusion of the Diablo quartz monzonite. During this intrusive event,
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the Dome Rock metamorphics and Middle Camp quartz..jnonzonite underwent 

strong hydrothermal alteration in and around Section 36, TAN, R21W 

and near Sugarloaf Peak, Section 3» T3N, R20W. This alteration appears 

to have carried with it trace amounts of copper, molybdenum, lead, mag

netite, bismuth and mercury. Alunite was a product of this alteration 

event at Sugarloaf Peak. Concurrent with the intrusion of the Diablo 

quartz monzonite, complex block faulting occurred in the vicinity of 

Section 31, TAN, R20W.

Strike-slip faults were again active after middle Miocene. 

Basin and range faulting was the final structural event in the central

Dome Rock Mountains



CHAPTER 6

SUMMARY AND CONCLUSIONS

Petrographic and chemical data support the hypothesis that the 

Dome Rock metamorphic formation was deposited originally as a volcanic 

pile in a continental margin (Andean) environment. The volcanics ranged 

in composition from quartz latites to dacites and for the most part 

were pyroclastics. The oldest rocks of the formation were dacitic and 

the volcanics became more silicic toward cessation of volcanic activity.

Second, the age of the Dome Rock metamorphic formation is lower 

to middle Jurassic, an age which corresponds to postulated plutonic/ 

volcanic arcs in western North America (Burchfiel and Davis, 1972;

Coney and Reynolds, 1977)• This magmatic activity is attributed to an 

underlying subduction (Benioff) zone which started an easterly migra

tion in lower to middle Jurassic time. The Dome Rock metamorphic 

formation is tentatively correlative with metavolcanics in the Big 

Maria Mountains in California and with the metavolcanics in the Flomosa 

Mountains. The age of the metamorphic event which metamorphosed the 

Dome Rock metamorphic formation can be no younger than the age of the 

upper Cretaceous to lower Tertiary Livingston Hills formation.

The Jurassic Middle Camp quartz monzonite may also have been 

emplaced in the above mentioned plutonic/volcanic arc.
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Both vertical and strike-slip tectonics have been documented 

in the central Dome Rock Mountains. Large offsets do not appear to 

have been common, but intense shearing is common throughout the range 

along major fault traces. Southwestern Arizona is still potentially 

tectonically active, due to the proximity of the East Pacific Rise in 

the Gulf of California and the active San Andreas Fault system in 

southern California.

Economic quantities of gold, manganese and copper have been 

extracted from the Dome Rock Mountains. Extensive placer gold deposits 

probably still remain unworked in the washes draining the range. 

Scattered anomalous shows of molybdenum, alunite, copper and gold indi

cate that possible economic quantities of these materials may still 

exist in the range.



APPENDIX A

THIN SECTION DESCRIPTIONS

Sample No.: 3-11-1 Quartz-albite schist

Lithologic unit: Dome Rock metamorphics, quartz-albite schist member

Location: NE l/4 SE l/4 Section, T3N, R20W (unsurveyed)

I. Phenocrysts (40% of total)

Plagioclase 35% albite (An6); generally euhedral crystals 0.5-4*0 
mm in length; several relict glomerocrysts; no apparent 
zoning.

Quartz 2%; anhedral to rounded crystals of varying size up to 4 mm 
in length; usually embayed or corroded.

Orthoclase 1%; subhedral to anhedral crystals it appears as a par
tial replacement of plagioclase.

Hypersthene(?) 2%; euhedral mafic phenocrysts to 3 mm in length; 
not completely altered to epidote or epidote + calcite.

II. Groundmass (60% of total) (* dominant minerals)

*Quartz Plagioclase Calcite
#Orthoclase Epidote Chlorite
*Biotite Muscovite

III. Accessory minerals

Apatite

Magnetite
Secondary

Chlorite

IV. Alteration 

Or -* Ep

El -> Sericite or sericite + calcite
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more rarely PI K-spar 

Hy(?) -» Ep, Ep + calcite, Ep + Biot 

Biotite -> Chi (rare)

V . Texture
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Dominantly porphyritic. Phenocrysts of plagioclase, quartz, 
hypersthene, and orthoclase are set in a granular, recrystallized 
matrix of quartz, orthoclase, and biotite, with lesser amounts of 
plagioclase, epidote, and chlorite. One small veinlet consists of 
granular quartz and calcite.

There is some suggestion of flow alignment among the 
phenocrysts, but the evidence is not strong. Phenocrysts and micro- 
phenocrysts display substantial size variation due to the presence of 
a significant proportion of broken crystals. The broken crystals 
plus the evidence for flow alignment suggests that this rock might 
have been originally deposited as a pyroclastic flow.•

VI. Point Count

Phenocrysts Matrix

PI 289 Q 275
Q 56 K-spar 120
Hy 31 Biot I64
K-spar 1 PI 20

Muse 25
Ep 9
Cc 7
Chi 3

Sample No.: 3-U-2 Quartz-K-feldspar-muscovite schist

Lithologic unit: Dome Rock metamorphics, quartz-K-feldspar-muscovite
schist member

Location: NE l/4 ME l/4 Section 7, T3N, R20W (unsurveyed)

I. Phenocrysts (slightly less than 25$ of total) size variable to 3*5 
mm maximum.

Quartz 10-12$; generally resorbed and embayed.
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Orthoclase 10J&; euhedral to subhedral and slightly embayed.

Anorthoclase 1 crystal; minute tartan twinning.

Plagioclase 2^; completely altered to epidote.

Sanidine(?) few crystals as microphenocrysts

- Significant feature is the lack of mafic phenocrysts.

II. Groundmass (45$ of total) (* dominant)

■’•Quartz Epidote
’•Orthoclase Biotite

(30$ of the rock is composed of sericitized, elongate, lens-shaped 
features, which appear to be as relict glass shards.)

III. Accessory minerals

Magnetite
Calcite (secondary) vug fillings and replacement of fids.

IV. Alteration
PI Ep or calcite

Glass sericite + lesser quartz, Kspar, and epidote.

V. Texture

Dominantly porphyritic. Phenocrysts of quartz and ortho
clase are set in a fine, re-crystallized, heteroblastic-granular 
matrix of quartz and orthoclase, with lesser biotite and epidote. 
Elongate lenses of sericite plus lesser quartz, Kspar, and epidote 
compose 30$ of the rock and are 1 1/2-2 mm in length. These may 
have been glass shards originally. They are aligned and somewhat 
flattened, and may represent a small degree of original welding. 
Hie size variation in the phenocrysts is due to a large proportion 
of broken crystals. The broken crystals and aligned, lens-shaped, 
relict shards provide strong evidence that this rock was deposited 
from a pyroclastic flow.

Sample No.: 3-11-3 Quartz-K-feldspar-muscovite schist

Lithologic unit: Dome Rock metamorphics, quartz-K-feldspar-muscovite
schist member
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Location: NE l/4 SE l/4 Section 9» T3N, R20W (unsurveyed)

I. Phenocrysts (30% of total)

Plagioclase 20% sodic oligoclase (An 12); generally euhedral
crystals average 1 l/2 run in length; substantially pseudo- 
morphed by calcite.

Quartz 5%i anhedral and embayed crystals average 1 l/2 mm in length; 
some replacement by calcite.

Orthoclase $%; subhedral crystals less than 2 mm in length; partial 
replacement by calcite.

- no mafic phenocrysts

II. Groundmass (* dominant)

*Quartz Plagioclase(?)
^Muscovite Epidote
•J(Orthoclase Calcite

III. Accessory minerals

Magnetite
Apatite

Hematite (secondary)

IV. Alteration 

PI Calcite 

Or -» Calcite 

Mt Hm

V. Texture

Dominantly porphyritic. Phenocrysts of plagioclase, ortho- 
clase, and quartz are set in a very fine-grained matrix of re
crystallized granular quartz, feldspar, and calcite, with fascicular 
epidote and muscovite. Muscovite is quite abundant in the matrix.
A substantial portion of the phenocrysts appear broken, suggesting 
explosive eruption. The phenocrysts are randomly oriented and ex
hibit no flow structure. The rock is a crystal tuff, probably of 
rhyodacitic composition.
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VI. Point count

Phenocrysts Groundmass
PI 254 Q 330
Or 21 Muse 224
Q 23 FI 36

Or 39
303 Cc 62

Ep 6

697

Sample No.: 3-11-4 Quartz-albite schist

Lithologic unit: Dome Rock metamorphics, quartz-albite schist member

Location: NE l/4 SE l/4 Section 9, T3N, R20W (unsurveyed)

I. Phenocrysts (45$ of total)

ELagioclase 30$» Albite (An/); euhedral to subhedral crystals to 
3 mm in length; substantial alteration.

Quartz 9$; subhedral to rounded crystals up to 3 mm in length;
embayed and corroded; few patches of coarse granoblastic 
quartz.

Orthoclase 3$» subhedral and anhedral cyrstals to 3 mm in length; 
slightly perthitic.

%rpersthene(?) 3$» euhedral to subhedral crystals up to 1 mm in
length; completely altered to epidote and epidote + calcite.

II. Groundmass (55$ of total) (* dominant)

*Quartz Epidote
*Biotite
^Orthoclase

III. Accessory minerals

Magnetite

Apatite
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IV. Alteration

Hy -> Ep or Ep + Calcite

PI -> Sericite, sericite + calcite, lesser epidote 

Biot Chlorite

V. Texture

Cominantly porphyritic. Phenocrysts of plagioclase, quartz, 
orthoclase, and hypersthene are set in a very fine granular ground- 
mass of quartz and alkali feldspar. Abundant biotite and veined 
secondary muscovite tend to show an incipient foliation. Plagio
clase phenocrysts have a few biotite inclusions. There is a sub
stantial size variation among the phenocrysts due to a high 
proportion of broken crystals, suggesting explosive eruption.

VI. Point count

Phenocrysts PI 294
Q 94
Or 26
Hy 31
Mt 2

Groundmass _ ^ 3
1000

Sample No.: 3-11-5 Quartz-albite schist

Lithologic unit: Dome Rock metamorphics, quartz-albite schist member

Location: NE l/4 SE l/4 Section 9, T3N, R20W

I. Phenocrysts (35% of total)

Plagioclase 20%; Albite (An^); subhedral crystals to 2 mm in length; 
intense alteration.

Quartz 10%; anhedral crystals to 3 l/2 mm are corroded and embayed; 
many display mosaic strain shadowing.

Orthoclase(?) 2%; subhedral crystals to 2 mm in length; may result
from piecemeal replacement of plagioclase.



66
Hypersthene(?) 3^5 euhedral crystals approximately 1 l/2 mm in 

length; completely altered to epidote and magnetite.

Amphibole (Hbld?) 1%; euhedral crystals 1 mm across display
characteristic amphibole cross-section; completely altered 
to epidote + magnetite.

II. Groundmass (* dominant)

*Quartz Calcite
♦Muscovite
♦Kspar (lesser)

III. Accessory minerals

Magnetite

Hematite

IV. Alteration

PI •> sericite, calcite, epidote 

Hy epidote + magnetite 

Amphibole •> Ep + calcite + Hm + Mt 
Mt -> dichroic Hm 

Unknown mafic -> magnetite

V. Texture

Dominantly porphyritic. Phenocrysts of plagioclase, quartz, 
orthoclase, hypersthene, and hornblende are set in a dense, re
crystallized matrix of quartz and alkali feldspar, partly felted by 
abundant sericite, epidote, and calcite. There are abundant relict 
glass shards, now re-crystallized to sericite, quartz, and alkali 
feldspar. The long axes of the phenocrysts and relict shards are 
generally aligned, suggesting some flow structure. Along with the 
high proportion of broken crystals, this provides strong evidence 
that the rock was originally deposited from a pyroclastic flow.

Sample No.: 3-11-6 Quartz-albite schist

Lithologic unit: Dome Rock metamorphics, quartz-albite schist member

Location: SE l/4 SW l/4, Section 9» T3N, R20W (unsurveyed).
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I. Phenocrysts (45$ of total)

Plagioclase 36$ albite (An,); euhedral to subhedral crystals 
ranging to 3 nm in length; moderate sericitization.

Quartz 5$j subhedral to anhedral crystals up to 2 mm in length; 
corroded and embayed.

Hypersthene 3$» enhedral crystals average 1 mm; complete altera
tion to epidote.

Orthoclase 1$; subhedral crystals average 12 mm.

II. Groundmass (55$ of total) (* dominant)
*Quartz
*Sericite

Alkali feldspar 
Biotite

III. Accessory minerals

Magnetite (probably secondary)

17. Alteration

PI -> Calcite and sericite (not intense)

Hy •> Ep or Ep + calcite

V. Texture

Dominantly porphyritic. Phenocrysts of plagioclase, quartz, 
hypersthene, and orthoclase are set in a re-crystallized groundmass 
of quartz and sericite, with lesser alkali feldspar and biotite.
One included clast may be relict plagioclase glomerocryst, now 
pseudomorphed by calcite. There are substantial size variation among 
the phenocrysts due to a large proportion of broken crystals. This 
suggests a pyroclastic origin for the rock prior to metamorphosis.

VI. Point count 

Phenocrysts PI 356
Q 48
Hy 34
Ksp 8
Mt 5

_ % 9
1000

Groundmass
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Sample No.: 3-12-1 Quartz-albite-K-feldspar schist.

Lithologic unit: Dome Rock metamorphics, quartz-albite schist member.
Location: NE l/4 SW l/4 Section 9» T3N, R20W (unsurveyed).
I. Phenocrysts (48% of total)

Flagioclase 25^j albite (An. ̂ ) 5 euhedral to subhedral crystals up 
to 2 1/2 mm in length; extensive alteration to seriate or 
epidote— in a few grains orientation of epidote crystals 
seems to define original polysynthetic twin lamellae.

Quartz 12$; subhedral to anhedral crystals up to 3 l/2 mm in
length; corroded and embayed; mosaic extinction pattern due 
to strain.

Orthoclase 10$; generally anhedral with few subhedral microcline 
crystals; size range to 2 mm in length; few crystals are 
slightly perthitic; some of the K-feldspar is microcline.

Hypersthene(?) 1$; subhedral crystals 1 mm; completely altered to 
epidote and biotite.

II. Groundmass (52$ of total) (* dominant)

**Quartz Calcite
*Biotite Epidote
^Muscovite

III. Accessory minerals

Magnetite
Calcite v. minor
Apatite

IV. Alteration

FI ■> sericite or Ep

Hy-> Ep + Biotite

V. Texture
Dominantly porphyritic. Phenocrysts of quartz, plagioclase, 

and orthoclase are set in a very fine groundmass of abundant quartz, 
some biotite, muscovite, and alkali feldspar, with lesser calcite 
and epidote. More coarsely granular quartz, calcite, and minor
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epidote fill a minute fracture and appear to be associated with 
some of the quartz phenocrysts. This may be due to incipient meta- 
morphic re-crystallization of the quartz phenocrysts. The rock has 
no apparent flow orientation, but has a high percentage of broken 
crystals, suggesting explosive eruption.

Sample No.: 2-19-3 Bedded phyllite
Lithologic unit: Dome Rock metamorphics —  phyllite member

Location: SE l/4 NE 1/4 Section 15, T3N, R20W
This section encompasses four bands or layers, distinctive 

either mineralogically or texturally. I will give a gross over
view of the mineralogy, and then describe the bands.

I. Crystals

Quartz - subhedral to anhedral crystals; generally less than l/2 
mm, but rarely reaching 2 mm; some fine mt dusting.

Epidote - euhedral crystals 1 mm in length; pseudomorphic after
hypersthene, or hornblende, or both; some show characteris
tic amphibole cross-section small epidote crystals 
(though still larger than the matrix) are scattered 
throughout, difficult to discern origin.

Calcite - euhedral to subhedral crystals generally l/2 mm in length; 
abundantly sericitized and few have fine dusting of 
magnetite; probably pseudomoyshic after plagioclase; also 
occurs as replacement of quartz grains.

II. Matrix

Quartz - finely granoblastic

Muscovite - including some segregations of finely lepidoblastic 
muscovite in very elongate lenses.

III. Accessory minerals

Chlorite

Hematite

Magnetite

Actinolite - rare; fine needles with yellow-green pleochroism.
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IV. Whole rock percentages 

Quartz 55%
Muscovite 25%

Calcite 15%
Other (ep, chi, etc.) 3%

Magnetite 2%

V. Layering (4 bands)

(1) Coarse grained crystal-rich layer. Resorbed quartz (to 2 mm), 
epidote pseudomorphs (l/2 mm) after hypersthene, calcite 
pseudomorphs (l 1/2 mm) after plagioclase and sericitized 
plagioclase, and possibly lithic fragments reside in a fine 
patchy matrix of very fine granoblastic quartz and muscovite 
(with lesser epidote and calcite. Crystals plus lithic 
fragments compose 50% of this layer. There are a few grano
blastic quartz fragments being replaced by calcite. There is 
some secondary deposition of a zeolite, possibly analcime.

(2) Finer grained crystal-rich layer (most crystals 0.25 mm).
This layer has less resorbed quartz, calcite pseudomorphs after 
plagioclase, epidote pseudomorphs after hypersthene, and 
scattered ore minerals (mt) in a very fine matrix of grano
blastic quartz and lepidoblastic muscovite. One small frac
ture is filled with a zeolite (analcine).

(3) Thin magnetite layer (<2 mm) - subhedral magnetite grains are <.25 mm across; the layer parallels the bidding surface; also 
present are admixed quartz grains of subequal size, and both 
lie in, a matrix of quartz and muscovite.

(4) This layer is similar to (2), but slightly less crystal-rich.

VI. Texture and origin

Very fine lepidoblastic muscovite defines a phyllitic 
foliation in an otherwise finely granoblastic matrix of abundant 
quartz and lesser alkali feldspar. This metamorphic foliation lies 
at an angle of 50 degrees with the sedimentary bedding as defined 
by:

a. Layers of differing grain size (possibly graded beds?)

b. A small horizon (<2 mm thick) of segregated magnetite.

Originally a sedimentary rock. The angularity of many grains, and 
the euhedral form of some suggests original rapid sedimentation 
and burial.
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Sample No.: 3-15-1 Metamorphosed Porphyritic quartz monzonite

Lithologic unit: Middle Camp quartz monzonite

location: NE l/4 SE l/4 Section 30, T4N, R20W (unsurveyed)
I. Phenocrysts (40̂  of total)

Plagioclase 25%; too highly altered for reliable composition esti
mate; euhedral to subhedral crystals 2-4 mm in length; 
concentric sericitization suggests relict zoning; some 
crystals in various stages of alteration to K-spar.

Microcline + orthoclase 10%; subhedral crystals to 1 cm in length, 
average 3 mm; somewhat perthitic; poikilitic in some cases, 
enclosing plagioclase and, less commonly, quartz.

Quartz 3%; subhedral to anhedral crystals up to 3 mm in length;
strain shadowed; weak myrmekitic texture on some grains.

Mafics 2%; biotite and amphibole; subhedral to anhedral crystals 
range from 2 l/2 mm in length, merging to groundmass size. 
Hornblende is green, pleochroic, and in various stages of 
breakdown to biotite or hm (rare).

II. Groundmass (60% of total)

Orthoclase 25%

Quartz 25%

Biotite + hornblende 10%

Minor plagioclase

III. Accessory minerals

Magnetite

Apatite

IV. Alteration

PI sericite or sericite + Ep

Pl-» Or

Hbld -» Biot or Biot + Hm (more rarely)
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V. Texture

The rock displays porphyritic texture. Phenocrysts of K- 
spar, quartz, biotite, hornblende, and abundant zoned plagioclase 
are set in a xenomorphic-granular groundmass of quartz, orthoclase, 
biotite, hornblende, and minor plagioclase. The average grain size 
of the groundmass is ~0.3 mm. The texture has been slightly modi
fied by the metamorphism. The weak myrmekitic texture in the quartz 
phenocrysts is almost certainly a product of metamorphism.

Sample No.: 3-21-3 Micrographic Quartz monzonite
lithologic unit: Diablo quartz monzonite

Sample location: SE l/k NE l/4 Section 21, TAN, R20W (unsurveyed)
I. Mineralogy

Plagioclase UOfo] parallel extinction pins the composition tightly 
at An21 (oligoclase)j better crystal form than the other 
minerals— euhedral to subhedral cyrstals to 3 l/2 mm in 
length; larger grains are intensely sericitized; generally 
altered to sericite + minor epidote; some replacement by 
orthoclase.

K-spar (orthoclase and microcline) 35%; mostly somewhat perthitic 
microcline with perthitic orthoclase; microcline crystals 
reach 5 mm in length.

Quartz 20%; occurs as auhedral crystals to 1 l/2 mm in length; and 
as micrographic intergrowths with alkali feldspar.

Mafics 5%; amphibole (hornblende?) and biotite, most of hornblende 
has gone to biotite.

II. Accessory minerals 

Magnetite 

Apatite (tr)

Zircon (tr)

III. Alteration

PI sericite + minor Ep

P I *  Or
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Hbld ♦Biot 

Mt •> Hm (rarely)

IV. Texture

The dominant texture is xenomorphic-granular with micrograph
ic intergrowths of quartz and alkali feldspar. The average grain 
size is slightly greater than l/2 mm. There is only a hint of amphi- 
bole among the mafic phases; textural relations suggest that it 
has altered to biotite. Both hornblende and biotite were probably 
present initially, however. One grain shows a "core" of plagioclase 
surrounded by a large orthoclase crystal containing quartz blebs.
This reaction is common in low grade metamorphism of silicious 
igneous rocks. The micrographic intergrowths of quartz and alkali 
feldspar probably represent late stage eutectic crystallization.

Sample No.: 3-15-2 Pyroxene Granulite

Lithologic unit:

Location: NW l/4 NE 1/4 Section 34, T4N, R21W
Major phases

Quartz 65$
Hypersthene 20%

Orthoclase 8%

Muscovite 4%
II. Accessory phases 

Kyanite 2^

Tourmaline 1%

Zircon (tr)

Quartz size range 0.2-2 mm; strain shadowed; mortar texture.

Bypersthene 2V = 60°; size range 0.2-3 mm; generally elongate,
fractured grains; deformation twinning; quartz and tourma
line inclusions.

Orthoclase generally smaller grains <0.3 mm; not abundant.



Muscovite variable size range from fine grained felted masses along 
grain boundaries to discrete grains l/2 mm in length; 
probably secondary or the result of a retrograde effect; 
some grains show Hy -> Muse reaction.
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III. Texture

The rock is xenoblastic and mortar-textured; it may have 
originally been granoblastic or homfelsic. The mortar texture and 
strain shadowing of the quartz, and the deformation twinning in the 
hypersthene suggests that it has been subjected to a high degree 
of directed stress, though no preferred orientation is observed.

The rock displays a mineral assemblage indicative of high 
temperature pyroxene granulite facies metamorphism.
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