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ABSTRACT

The Granite Wash Mountains lie on the Intersection 
of a northeast and a north-north west regional trend. The 
rooks consist of a sequence of regionally metamorphosed sed
iments that were Intruded by granitic rooks during the Cre
taceous (?•).

The Intrusion of the granitic rooks deformed the 
metasediments and caused the existing structures. The meta- 
sediments consist of three basic types* and the mechanical 
properties of each rook type determined how It deformed.
The paragnelsses,. paraschlsts and paraphyllltes deformed plas
tically. The marble deformed plastically and brlttlely. The 
quartzites deformed brlttlely. The metasedlments have glided 
very slightly northward and northeastward off a formerly 
positive area In the southwestern part of the map. A half 
dome structure marks the vicinity of this positive area.

The original Intrusion was granodlorlte, but potash 
metasomatism has altered It to quartz monzonlte. Prior to 
the metasomatism, alasklte Intruded the granodlorlte and 
then both rock types were metaaomatlsed. The metasomatism 
also extended outward Into the metasediments. This has resulted 
In the development of mlerocline metacryate In the Igneous 
and metamorphlo rocks.

Beginning In the Cretaceous (?) and probably continu
ing Into the Quaternary, basalt and diabase dikes have been
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Intruded along north-northwest trending faults. Rhyolite 
dikes were Intruded along these same faults during the 
Miocene (?),

Pyraaetasonalle ore deposits hare developed In the 
metasediments as a result of the Intrusion.



INTRODUCTION

Location of Area

The Granite Wash Mountains are on the western end 
of the Harcuvar Mountain Range in northeastern Yuma County. 
The area studied is 45 miles southeast of Parker, Arizona 
on state highway ?2 and 5 miles north of McVay. The size 
of the area mapped is approximately 3£ square miles (fig.
1); it is connected with McVay by a 5 mile unimproved dirt 
r.oad.

The nearest community is McVay, an uninhabited 
railroad loading spur of the Atchison Topeka and Santa Fe 
railroad. The nearest inhabited community is Vicksburg,
11 miles from the area mapped. Parker, with a population 
of 1600, is the nearest important town.

Climate and Tonography

The mean annual temperature is 70°F, with a max
imum and minimum temperature of 127°F and 20°F. The aver
age annual precipitation is 7 inches, with most of the 
precipitation occurring during the summer.

The topography varies from 1500 feet to 2500 feet 
in elevation.
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PLATE 3 The front of the Granite Wash Mountains looking
east toward the area mapped.



Regional Trends

Two regional trends Intersect In the area. The 
N40°W trend Is dominant In the Granite Wash Mountains and 
the region to the southwest. The K50°E trend Is dominate 
In the Harcuvar Mountains and the region to the northeast. 

Both trends are apparent In the area mapped, and they are 
a algnTflcant feature on the Tectonic Map of the United 
States.

Drainage patterns In the area are of two types 
determined by lithologic and structural control. The 
quartz monzonite, because of Its uniform resistance and 
lesser number of faults, has developed a dendritic drain
age pattern. The'metamorphic country rocks have a rect
angular drainage pattern mainly controlled by faulting 
and to a lesser extent by lithology.

Purpose of Investigation
%

This study was conducted to determine if the 
quartz monzonite was an intrusive rock and if it caused 
the resulting structures. Locally ore bodies have dev
eloped in the country rooks. The ore controls were 
sought so that the information gained could be used in 
exploration for possible new ore bodies.



Method of Investigation
5

The field work began in February 1964 and contin
ued until May 1964. The geologic mapping was originally 
done on aerial photos. Then the geology was transferred to 
a topographic base map, that was prepared from aerial photos 
and was provided by Mr. Clarence R. King. The control points 
used in transferring the data were; road and stream inter
sections, buildings, section comers and bench marks.

The rocks were studied in 94 thin sections and 12 
polished sections of the ore minerals. Rose diagrams of the 
orientation of mlcrocline porphyroblasts and the "A" axis of 
drag folds were also constructed.

Previous Work

Willis T. Lee (1908) conducted a geologic reconnais
sance of part of western Arizona. The Lee survey was the first 
significiant work in the area. He briefly described the indi
vidual mountain ranges and major valleys; giving the location, 
topography, structure, lithology and geologic age for each.

Howland Bancroft (1911) surveyed the ore deposits of 
northern Yuma County. He visited most of the mines, then in 
operation in the area, and briefly described each. He also 
included a complete bibliography of all publications on the 
area prior to 1911. Except for Lee's report, they consist of 
brief descriptions of individual mines in mining Journals.
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Clyde P. Ross (1923) prepared the first water supply 

paper on the southwestern part of Arizona. Ross was mainly 
concerned with the location of desert watering places, but 
he also included a brief summary of the regional geology.

N. H. Carton (1925) makes special mention of the 
geology of the Harcuvar Mountains and surrounding area. He 
was first to report fossils in the sediments of the area.

D. G. Metzger (1951) Investigated the ground water 
resources of the Ranegras Plain area, and he included a 
report on the geology of the surrounding mountains.

William Kam (1961) surveyed the ground water resources 
of the McMullen Valley. Kam's report includes a description 
of the geology of the Granite Wash and Harcuvar Mountains,
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PETROLOGY

Met amorphic Ro®ka

The oldest rooks In the area mapped consist of a 
thick sequence of regionally metamorphosed sediments of doubt
ful age. The metamoiphic rooks may be Precambrl&n or possi
bly Paleozoic in age. The consensus of opinion, of those who 
have studied the region, is In agreement with this; Lee 
(1908, p.15)J Bancroft (1911, pp.22-25); Tovote (1918, p.20); 
Darton (1925, P.23 & p.223); Lasky and Webber (1949, pp.14-15)$ 
Metzger (1951. P.4) and Kam (1961, p.14).

The sequence of metamorphlc rocks in the area has not 
been given a formal name or correlated with any other rock 
units. Neither the upper nor the lower boundaries of these 
rocks have yet been found. They consist of a thick sequence 
of paragneisses, paraschists, and paraphyllites with inter- 
bedded quartzites and marble.

The greenschlat facies is the metamorphlc facies of 
the Harcuvar Group. Bancroft (1911, p.34) believed the 
regional metamorphism was Precambrlan. The Cretaceous (?) 
rocks have not been regionally metamorphosed, indicating that 
the metamorphism was prior to the Cretaceous. Barton (1925) 
found fossils of Carboniferous age in limestones, that appeared 
to have undergone the same degree of metamorphism as the
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rocks In the Granite Wash Mountains, which suggests the 
metamorphism was post Carboniferous.

Paragnelss, Paraschist and Paraphyllite 

Paragnelss - megascopic description:

The paragnelsses range from very finely crystalline 
to coarsely crystalline In grain size with most of the grains 
of the paragnelsses In the 1 mm. to 3 mm. size range. In one 
exposure, the original gneiss was a quartz pebble conglomer* 
ate, but the bulk of the gneiss appeared to originally have 
been a pelitic sediment. The color range, on a fresh 
surface, is pale brown 5YR 7/2 to dark greenish gray 5GY 4/1, 
with the range greenish gray 5GY 6/1 to dark greenish gray 
5GY 4/1 making up the bulk of the paragnelss. The majority 
of the gneisses are augen gneisses with quartz and/or mlcro- 
cline augen. The foliation in the gneisses Is well pronounced 
and parallels the bedding.

Paragnelss - petrographic description:

Thirteen thin sections were made from paragnelsses 
collected throughout the area mapped. The texture of the 
specimens Is medium to fine grained, inequigranular with 
larger crystals of quartz and microcllne forming augen in a 
finer grained groundmass. Plagioclase may occasionally fora 
augen, but this Is the exception rather than the rule. The

8



9

table I

Mineral Composition of Five Representative 
Parasnelsaea Given In Percentagea

Al B2 . C3 D1 2 * 4 e5

Quartz 54 49 40 51 63
Microcline & Perthlte 19 28 20 15 7
Plagloclase 4 17 20 4 14
Chlorite & Blotite — 2 10 10 8
Muscovite 20 3 10 4
Epidote — 5 8 2
Opaques 1 <1 1 <1 X
Sphene 1 <1 •2 <1
Caleite 1 —  . 2 1 1
Apatite <1 <1 mm mm

1 Specimen 2/26/64/1 was collected northeast of the south
east corner of section 24.

2 Specimen 4/10/64/2 was collected 1700 ft. northwest of 
the adit to the Yuma Mine.

^ Specimen 4/12/64/1 was collected 400 ft. northeast of 
the adit to the Yuma Mine. ■

^ Specimen 5/11/64/2 was collected on the measured section.
^ Specimen 5/11/64/5 was collected on the measured section.



finer groundmass of the sllties la composed of quartz, 
muscovite, feldspar, epldote, chlorite and with lesser 
amounts of aphene, caloite, and opaques including magnetite 
and pyrite. '

The quartz shows evidence of strain and the contacts 
between grains are sutured.

The microcllne Is metasomatlc in origin, and it is 
more prevalent and well developed as the contact of the 
intrusion is approached. Microcllne can be observed in all 
states of development from rims around plagloclase crystals 
to well developed porphyroblasts. Perthlte also occurs in 
many alikes and it has been included with the microcllne 
when computing percentages.

The plagloclase is usually relict and shows replace
ment by microcllne. In the vicinity of the Yuma Mine, where 
alteration is more intense, there is fresher plagloclase

The chlorite is developed from blotite and therefore 
chlorite and blotite percentages were computed together.

Porphyroblastic paragnelss - megascopic description;

The porphyroblastic paragnelss is a highly metasoma- 
tised paragnelss. Occurrences of this rock are confined to 
the vicinity of the intrusive contact.

The porphyroblastic paragnelss consists of a very

10



11
finely crystalline to coarsely crystalline grounds ass. 2he 
mlcrocllne porphyroblasta are as large as 3 cm.. The color 
ranges from greenish gray 5GY 6/1 to dark gray N3 with pink
ish gray 5YR 8/1 porphyroblasta.

Porphyroblastlc paragnelss - petrographic description:

Six thin sections were prepared of the porphyroblastlc 
paragnelsses. The mlcrocllne porphyroblasta have formed at 
the expense of any plagloclase that was present. The slides 
show evidence of deformation and a cataclastlc texture Is 
evident In sane of the slides. The porphyroblasta tend to be 
fractured with secondary quartz along the fractures Indicating 
post metaaomatlo deformation.

A set of slides was made from porphyroblastlc para
gnelss across the contact to paragnelss without porphyroblasta. 
The thin sections showed mlcrocllne developed as scattered 
patches In optical continuity becoming more completely develop
ed as the porphyroblastlc paragnelss was approached.

Silllmanlte gneiss:

In the southwestern part of the map, there Is a zone 
of highly metamorphosed silllmanlte gneiss. This gneiss Is 
porphyroblastlc with both mlcrocllne and plagloclase (An^) 
porphyroblasts. The plagloclase indicates possible soda meta
somatism. Texturally the rock differs considerably from the
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table II

Mineral Composition of Four Representative
Porphyroblastlc Paragnelsses Given In Percentages

a6 B7 C8 D9
Quartz 67 35 48 60
Microcline & Perthlte 20 40 25 15
Plagloclase 2 2
Chlorite & Siotite 1 4 9 5
Muscovite 2 15 15 16
Epidote 4 — 2 3
Opaques <1 1 1 1
Dlopslde — 2
Calolte 3 1
Apatite —  trace <1
Zircon trace trace

^ Specimen 3/3/64/1 was collected 1400 ft. northeast of 
the southeast corner of section 24.

7 Specimen 3/11/64/1 was collected near the road north
west of the Three Musketeer*s Mina.

Q
° Specimen 4/8/64/1 was collected on the quartz aonzonite 

contact on the east edge of the map.
 ̂Specimen 4/9/64/2 was collected near specimen 4/8/64/1 

in footnote #8.



other paragneisaea. The megascopic texture Is granoblastic 
while microscopically a gneissic texture can be discerned.

Alteration is not confined to the gneiss, but is 
evident in the silioifled marble immediately to the west.
The most logical explanation for the observed relationships 
is that they represent a contact effect produced by an unex- 
posed intrusive possibly an apopysis from the quartz monzonite.

Granltlzed gneiss:

Along the western edge of the quartz monzonite contact, 
there is a fairly wide zone in which the paragneiss has been 
granltlzed by the intrusion. Texturally the granltlzed gneiss 
strongly resembles the quartz monzonite, but the original 
gneissic foliation can still be discerned where the granltlzed 
gneissic grades over into ordinary paragneiss.

Within the quartz monzonite intrusion, there are a 
number of areas where the rock is lighter in color than the 
quartz monzonite and does not contain porphyroblasts. These 
areas strongly resemble the granltlzed gneiss both petro
graphic ally and megascopically. They probably represent roof 
pendants that projected down into the quartz monzonite intru
sion, where erosion has exposed them as "islands” within the 
quartz monzonite.

13
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Granltized gneiss - megascopic descriptions

Megascopic ally the granitlzed gneiss is medium grained 
and equlgranular with a granoblastlc texture. The color is 
very light gray N8 grading. In the less highly granitlzed 
areas, to medium gray N5. There are remnant foliation 
structures that can be observed in the highly granitlzed gneiss.

Granitlzed gneiss - petrographic description:

Five thin sections were prepared of the granitlzed 
gneiss. The mineral content indicates the original paragnelss 
origin of the granitlzed gneiss. The quartz content is higher 
than would be found in a normal igneous rock. The quartz 
content decreases as the gneiss becomes more highly granitlzed. 
In the roof pendants, which are the most highly altered areas, 
the quartz content approaches that for a normal igneous rook. 
The mlcrocline does not form porphyroblasts as it does in the 
paragnelss and the quartz monzonite. The plagloclase is of 
more than one type, but the An content could only be deter
mined for one type. The other plagioclases are too altered 
for the An content to be determined. The An content ranges 
from Angg to An-^ in the fresh plagloclase. Some of the 
plagloclase crystals are zoned and there appears to be more 
than one type of zoning. A few of the plagloclase crystals 
exhibit alblte rims which may indicate soda metasomatism.

Table III contains data on three specimens collected
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Mineral Composition of Four 3-ranltlzed 
Gneisses Given In Percentages

AlO p H  C12 pi3

TABLE III

Quartz 35 40 39 26
Microcline & Ferthite 9 25 42 33
Plagloclase 37 25 14 39
Chlorite & Biotite 2 1 2
Muscovite 15 2 3 —
Epidote — <1
Opaques <1 1 1 <1
Caloite <1 —  trace
Apatite <1 <1 1 —
Zircon trace — —  —
Sphere 1 <1 <1 trace

10 Specimen 5/13/64/3 was 
granltized gneiss contact.

collected along the paragnelss-

/I ^g4yP®cimen 5/13/64/4 was collected east of specimen

12 Specimen 5/13/64/5 was 
5/13/64/4.

collected east of specimen

specimen 5/8/64/1 was collected in the eastern most 
large roof pendant.
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in the granitlzed gneiss along the western contact of the 
quartz monzonite. The first specimen is nearest the para- 
gneiss and the third specimen is nearest the quartz monzo
nite. The fourth specimen is from the eastern most large 
roof pendant, This table shows a marked decrease in quartz 
in the granitized gneiss when compared to the paragneiss.
The mlcrocllne content tends to increase in the more highly 
granitized areas while at the same time the plagioclase 
content is quite erratic.

Paraschist - megascopic description:

In the field, the paragneisses and paraschists 
grade into one another and they are difficult to distin
guish. The paraschists range from medium to very finely 
crystalline and are strongly foliated aggregates of quartz, 
muscovite, chlorite and epidote. The color ranges from 
greenish gray 5GY 6/1 to greenish black 5G 2/1.

Paraschist - petrographic description:

A total of eight thin sections was prepared of the 
paraschists. The majority of paraschists in the area are 
quartz, muscovite, chlorite schists; but two additional spe
cial types are also present. The first is a greenstone 
schist which, in the field, shows a cross cutting dike-like 
relationship to the metasediments. The greenachlst was a
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basic dike Intruded Into the metnsedlments prior to meta- 
morphism. The other special type schist is a knotensohiefer 
or spotted schist. This specimen was collected at the north
ern edge of the map due north of the Yuma Mine. The spotted 
texture is due to porphyroblastlc chloritoid and concentra
tions of muscovite in a more quartz rich groundmnss. The 
spotted texture is supposed to be indicative of thermal meta- 
morphism in the outer parts of contact aureoles (Heinrich, 
1956 pp. 190-193) & (Moorhouse, 1959 PP. 420-421). The 
quartz monzonite contact lies to the north of the spotted 
schist making this explanation feasible.

The mineral compositions of columns A and C in 
Table IV are representative of the paraschlsts of the area 
and indicate low grade regional metamorphlsm.

Paraphylllte - megascopic and petrographic description:

The paraphyllites are very slmlliar to the para- 
schists both megascopically and petrographically. The only 
major difference between the two is that the paraphylllte 
is much finer grained and more evenly textured.

Marble

Marble - field and megascopic description:

Only one marble unit is present in the area mapped. 
No formal name has been assigned to the marble. The marble.
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TABLE IV

Mineral Composition of Three Paraschlets 
Given In Percentages

Al4 Bl5 016

Quartz 61 44 40
Muscovite 6 36
Chlorite & Chlorltold 10 14 31
Epldote 18 3 18
Opaques 1 3 1
Microcline 4 —
Plagloclase « * « # 10

^  Specimen 4/5/64/5 was collected 700 ft, southwest 
of the northeast corner of section 25.

Specimen 4/12/64/4 is spotted schist, collected 
due north of the Yuma Mine on the edge of the map.

^  Specimen 5/11/64/1 was collected on the measured 
section.
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has deformed both plastically and brittlely, and for this 
reason no stratigraphic thickness can be given.

The lower part of the formation consists of an im
pure marble containing thin schistose laminae. The impure 
marble is approximately 12 feet thick on the measured section 
and is underlain by paragnelss. The impure part of the marble 
tends to be darker in aspect than the overlying pure marble, 
which makes up the bulk of the unit. The Impure marble grades 
into the overlying pure marble which is 98 feet thick on the 
measured section, but the thickness tends to vary considerably 
throughout the region. The marble is overlain by a quartzite 
unit.

Megascopically the marble can be described as of two 
types: the undeformed marble and the deformed marble. The 
undeformed marble is finely to medium crystalline. The color 
on a fresh surface is light brown pYR 6/4 and on the weather
ed surface Is pale brown 5YR 5/2. Iron staining in sane 
areas tends to produce mottling.

The deformed marble is confined to areas of intense 
plastic deformation. It is finely to medium crystalline.
The color ranges from white N9 to bluish white 5B 9/1 on a 
fresh surface and is yellowish gray 5Y 8/1 on the weathered 
surface.

&
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. Marble - petrographic description:

Seven thin sections were prepared of the marble xhlch 
Is a medium to finely crystalline mixture of calcIte and 
tremolite. The marble also shows the following special types 
of alterations The marble has been slllclfled In the south
western part of the map In the area west of the sllllmanlte 
gneiss. The marble has been strongly deformed and dolomitlzed 
2400 feet S29°S of the northeast section corner of section 25. 
Skarn zones are developed at various places In the marble.
A skarn zone Immediately west of the adit to the Yuma Mine Is 
one of the best developed. It consists mainly of garnet with 
lesser amounts of epldote. Wollastonlte is developed in the 
marble along contacts with diabase dikes. Serpentine is 
developed In the marble at various places along the eastern 
part of the quartz monzonite contact.

Quartzite

Quartzite - field and megascopic description*

There are two main quartzite units, although thinner 
quartzites exist that have been included within the para- 
gneisses. The lower quartzite unit crops out only to the 
east of the Jordan fault. The quartzite units have deformed 
brittlely and are not continuous along their strike. This will 
be discussed more fully under the structural geology section.



The lower quartzite unit Is underlain by a serlclte 
schist and overlain by a paragneias. The stratigraphic thick
ness is 72 feet. The quartzite has been completely recryst
allized and no relict sedimentary structures remain. The 
color varies from very light gray U8 to light gray 5G- 8/1.
The color of the weathered surface is light brown 5%R 5/6.

The upper quartzite unit makes up the bulk of the 
outcrops within the area. It is underlain by the marble 
unit and overlain by paragneiss. The actual thickness is 
unknown, because the quartzite was not observed without 
faulted upper and lower contacts. The quartzite tends to 
thicken westward as does the marble. The exposure on the 
measured section appears only as a small faulted wedge that 
disappears along the strike.

Megascopic ally the upper quartzite is indistinguish
able from the lower unit.

Quartzite petrographic description:

The quartzite appears to be very uniform in the field 
and for this reason only four thin sections were prepared. 
These are fine to medium grained in texture, with the inter
granular contacts varying from concavo-convex to sutured.
The quartzites are very pure containing no more than l£ 
opaques and varying amounts of serlclte up to 2%,

One thin section of the quartzite was taken from the
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contact with the quartz monzonlte. This thin section showed 
epidote and hornblende in the quartzite being gradually 
changed over to a pure microcline and quartz assemblage.
The quartz occurred as blebs in the microcline giving a 
poiklloblastic texture.

Igneous Rocks

There are six types of Igneous rocks present in the 
area mapped. They are: quartz monzonlte, alasklte, apllte
dikes, quartz veins, basalt and diabase dikes, and rhyolite 
dikes. Except for seme basalt and diabase dikes all the 
igneous rocks are Cretaceous (?) or younger. The intrusions 
are all structurally controlled.

Quartz Monzonlte

Quartz monzonlte - field and megascopic description:

In the field, the quartz monzonlte is more suscept
ible to weathering than any of the other rock types. The 
quartz monzonlte is a coarse grained porphyritlc rook that 
is somewhat friable. At some outcrops, the rock appeared 
to be weakly lineated. I could not be certain of the exsist- 
ence of lineation. The mapped lineation is only probable 
and not certain. The lineation appears to conform to the 
orientations of the microcline porphyroblasts, some of which 
were originally phenocrysts of plagioclase.
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PLATE 4 Contact between the quartz monzonite on the left 
and the quartzite on the right. The head of the 
hammer lies on the contact.



PLATE 5 Contact between quartz monzonit© on the 
left and paragnelss on the right.





The color of the quarts monsonlte varies from white 
N9 to pinkish gray 5YR 8/11 with the weathered surface be
ing grayish orange pink 5YR 7/2.

The contact of the quarts monsonlte with the country 
rook is not very well exposed. The contact with the quartz
ite is quite sharp and discordant and with the paragnelsses 
it varies from gradational on the west to fairly sharp and 
discordant on the east.

Inclusions within the quartz monsonlte are rare, ex
cept ,for erosional remnants of granltlzed gneiss. A thin 
section of one dark inclusion revealed a relict diabasle tex
ture. There are sane dark areas within the quarts monsonlte 
that appear to have been diabase dikes. The diabase dikes 
were being assimilated by the quarts- monsonlte. They contain 
a high percentage of quartz, microcline, plagloclase and 
biotite in a faint diabasle texture. They are confined to 
the north central part of the map.

Quartz monsonlte - petrographic description:

Six thin sections wore prepared of the quartz monzon- 
ite. Table V lists the mineral composition of four of these 
thin sections chosen for their spread within the mapped area.

The feldspar ratios Indicate that the composition of 
the quartz monsonlte is near the granodiorite end of the 
quartz monsonlte range. The low content of dark minerals
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Mineral Copposition of Four Quartz 
Monzonltea Given In Percentaftes

Al? Bl8 019 I>20

Quartz 15 14 20 20
Mlcrocline & Ferthlte 43 34 27 27
Plagloclase 30 47 41 44
Biotlte altering to Chlorite 7 3 6 5
Sphere 1 .1 1 <1
Opaques 1 <1 3 1
Muscovite <1 —
Apatite 1 <1 -- <1
Zircon trace — trace
Hornblende trace -- <1
Monazite — — trace —
Epidote secondary — — — 1 <1
Calclte secondary 1

■̂7 Specimen 4/26/64/1 was collected 150 feet north of 
the western most contact between the quartzite and quartz 
monzonite.

^  Specimen 5/7/64/2 was collected where the east-west 
trending fault dipping 44° south intersects the Jordan Fault.

**■9 Specimen 5/9/64/2 was collected at the north edge of 
the map 300 feet east of the Jordan Fault.

20 Specimen 5/14/64/1 was collected at the northern most 
and western most rose diagram.



tends to label properly some of the specimens as leueoquartz 
monzonite. The original Intrusive was probably more basic 
than the present composition Indicates. There Is strong 
evidence In the quartz monzonite, Just as In the metamorphlc 
rocks, of potash metasomatism. The potash metasomatism has 
led to the development of mlcrocllne at the expense of 
plagloclase. Kloroollne frequently has relict plagloclase 
cores enclosed x-dtiiln it. The plagloclase, in scxae Instances, 
Is overgrown with mlcrocllne or perthite rims. The large 
mlcrocllne porphyroblasta, In some cases, have relict plaglo
clase zoning indicating that originally seme of the porphyro- 
blasts were plagloclase phenocrysts.

The plagloclase has an A n ^  to An^ content. There 
are well developed alblte rims, on some of the plagloclase, 
indicating albltlzation. A few originally more oalcie 
plagloclase crystals were completely converted to alblte.

The alteration that exslsts within the section vras 
due to weathering. The quartz monzonite is so deeply 
weathered that fresh specimens could not be obtained.

Deuterlo alteration is indicated by the development 
of myrmekltes and albltlzation, but it is difficult to deter
mine what alteration is deuterlc and what is metasomatlc In 
origin.

The quartz shows evidence of strain which is express
ed by Boehm lamellae and strain shadows.
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The quartz monzonite occasionally shows a different 
composition, texture and color -which may Indicate assimila
tion of country rock. Tho assimilation is expressed in the 
gradational contacts. On the north central edge of the map*, 
there are some dark linear areas having a granodiorite com
position. These appear to be assimilated diabase dikes and 
the texture is faintly dlabasia in aspect. The location of 
these dikes Indicates that they were at one time overlain by 
the quartz monzonite - par&gneiss contact. The.contact must 
have been immediately above the present surface of the land. 
The diabase dikes were probably not assimilated as readily 
as the paragnelsses, which have a composition nearer that of 
the quartz monzonite.

28

Metasomatism

Throughout this paper reference has been made to 
potash metasomatism and also to possible soda metasomatism.
The soda metasomatism, if it occurred, Is less strongly indic
ated. The evidence for soda metasomatism consists of fresh 
plagioclase in the paragnelss associated with altered plag- 
ioclase, but this can also be explained as forming under 
metamorphism. Albltizatlon of the plagioclase in the quartz 
monzonite may Indicate soda metasomatism or denteric altera
tion.

The potash met as can at ism is clearly evident. The 
country rocks contain an Increasing percentage of mloroellne
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PLATE 6 Diabase dike intruding the quartz monzonite.
The diabase dike is cut by an aplite dike.
The pencil points to a microcline porphyroblast 
growing in the diabase.
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augen as the quartz monzonite is approached. The areas of 
highest alteration contain a higher mlcrocline content. At 
various points around the quartz monzonite contact the mlcro- 
cllne porphyroblasts can be seen in various stages of develop
ment. The porphyroblasts are up to 3 cm. in size. Mlcrocline 
has formed in both the country rock and the quartz monzonite 
clearly replacing plagioclase. One diabase dike in the quartz 
monzonite is cut by an aplite dike and contains large mlcro
cline porphyroblasts within the diabase (Plate 6). Along the 
quartz monzonite - quartzite contact, the quartzite grades 
over into mlcrocline with poikloblastic quartz Intergrowths.

The evidence of potash metasomatism could be used as 
an argument favoring a metasomatic origin for the quartz 
monzonite. The differences in texture, between the granltized 
gneiss and the quartz monzonite, are in opposition to a meta
somatic origin. The quartz monzonite is porphyritlc with 
mlcrocline replacing plagioclase phenocrysts. The mlcrocline 
porphyroblasts, that occur in the paragneiss, do not occur in 
the granltized gneiss. The mlcrocline porphyroblasts in the 
paragneisses also tend to be larger and not as elongated as . 
the replaced phenocrysts of tho quartz monzonite.

A further argument against a metasomatic origin la 
that the contact tends to follow a structural trend. If the 
intrusion were metasomatic the quartzite and marble would be 
expected to project outward into the quartz monzonite



relatively unchanged, while the paragneiaa, paraschists and 
paraphyllltes would be more readily converted to quarts 
monzonite.

The strongest argument against a metasomatlc origin 
for the quartz monzonite Is that the metasomatism occurred 
after the intrusion of the quartz monzonite. The quartz 
monzonite has been metasomatized as was discussed earlier. 
There la also a post Intrusion diabase dike, that cuts the 
quartz monzonite, containing mlcrocllne porphyroblasts.

Apllte Dikes

A few apllte dikes Intrude the area. They average 
1 to 2 Inches thick, with the largest being 1 foot thick.
The dikes tend to be intruded at right angles to the lineatlon 
along the MQ” direction. The aplites are very light gray N8, 
equlgranular, fine grained dikes that tend to resist weather
ing and form tiny ridges In the quartz monzonite. Petrograph
ic ally the aplites have a typical micrographic texture. They 
tend to be higher In quartz and mlcrocllne and lower In plag- 
ioclase than the quartz monzonite.

Alasklte

Alasklte - field and megascopic description:

In the northeastern part of the map, there is an 
Intrusion of a very light gray N8, fine grained, equlgranular.

31
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PLATE 7 The pencil rests on the contact aureole of 
blotite that surrounds the lighter alaskite 
on the right.
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t a b l e VI

• .Alasklte and Apllte Mineral Composition Given in Percentages

Alasklte Apllte
Quartz 21 44
Mlerocline 56 45
Plagloclase 20 5
Sphene <1 <1
Opaques <1 <1

Muscovite <1 1

Blotlte 2 1

Apatite <1 <1
Zircon trace trace
Hornblende 1
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leucogranite or alaskite. The Intrusion has a very sharp 
contact with a surrounding blotlte rich contact aureole.
The alaskite is much more resistant to weathering than the 
quartz monzonlte. In the field, the alaskite strongly resem
bles the apllte dikes and they probably are closely related 
in age and origin.

Alaskite petrographic description:

Two thin sections of the alaskite and one section of 
the contact aureole were prepared. Texturally there Is a 
strong resemblance between the alaskite and the apllte dikes. 
The two rocks differ in composition as is shown in Table VI.
The apllte has a considerably higher quartz content and a lower 
microcline and plagloclase content than the alaskite.

The contact aureole has a high blotlte content that 
decreases outward from the alaskite. The contact aureole has 
a granite composition at the contact that changes to a quartz 
monzonlte beyond the aureole. The alaskite shows evidence of 
potash metasomatism. The microcline contains relict plaglo
clase crystals and plagloclase crystals that are being convert
ed to microcline. The metasomatism has produced the higher 
microcline content in the immediate contact aureole.

Quartz Veins

Numerous large north and northwest trending quartz 

veins occur throughout the area mapped. Some of the quartz
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veins were worked on a small scale for soheellte, tut the 
tenor of the ore appears to have been low. Slderite, pyrlte 
and gold also occur In the quartz veins.

Basalt and Diabase Dikes

Basalt and diabase dikes - field and megascopic description:

Basalt and diabase dikes have been Intruded In the area
1

since before the period of regional metamorphlsm up until the 
Recent. The premetamorphic basic rocks have been described 
In the section on metamorphlc rocks. Nonmetamorphosed basalts 
and diabases have been Intruded In the area since shortly after 
the Intrusion of the quartz monzonlte and before the emplace
ment of the apllte dikes and the; metasomatism. This Is proven 
by a diabase dike In the quartz monzonlte that Is cut by an 
apllte dike and Is metasomatlsed (Plate 6). The dikes all 
trend northward and have been emplaced along the north - 
south fault system. Exposures of the basic dikes are poor, 
because the dikes weather easily. The dikes vary considerably 
In color, texture, and composition. There are numerous 
varieties and I did not attempt to distinguish the various 
types. The basalts tend to be dark greenish gray 5GY 4/1 to 
grayish black N2, aphanltlc rocks. Some of the basalts have 
a plsolitlc texture. Hie diabases are holocrystalllne and 
hypocrystalllne, medium to fine grained, porphyrltlc and non- 
porphyrltlc rocks. The color of the diabases Is quite



variable $ some representative colors are dusky yellow green 
5GY 5/2, dark gray N3 and grayish brown 5YR 3/2.

Basalt and diabase dikes - petrographic description!

Fourteen thin sections of the basalt and diabase dikes 
were studies. Only two sections were prepared of the basalt, 
which contained plagloclase laths in an aphanltle ground- 
mass. The plagloclase laths tended to form small clusters 
and showed no alignment due to flow. Indicating crystallization 
in place.

The remainder of the thin sections were of the dia
bases, which are of more than one type. The diabases are 
composed of plagloclase In the Andeslne to Labradorite range. 
The other minerals common to the diabases include augite, 
hornblende, chlorite, magnetite, and oaloite. All the dikes 
exhibit a well developed dlabasic texture. Zoned plagloclases 
are very common in the diabases. Two types of zoning, dis
continuous normal and reversed, are quite common. The 
zoning Indicates a change In the equilibrium conditions as 
crystallization occurred. One large plagloclase showed nine 
reversals of zoning.

Mention has been made of metasomatism of some diabase 
dikes within the quartz monzonite. Thin sections of one of 
these dikes showed Introduction of both potash and silica.
The silica metasomatism is illustrated by myraeklte

56
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TABLE VII

Mineral Composition of a Metaaomatlsed 
Diabase Dike Given In Percentages

Center
of

Dike
Contact of Dike 

and
Quartz Monzonlte

Quartz 10 5
Mlcrocline & Perthlte 16 56
Plagloclase Angy 35 5
Blotite altering to Chlorite 27 27
Muscovite 2 2

Opaques 1 1
Apatite <1 1

Sphene 1 ——
Hornblende altering to Chlorite 7 — —
Calcite in secondary veinlets 1 1



Intergrowths of plagioclase and quartz. The quartz and 
mlerocllne are interstitial to the other minerals. The 
mlcrocllne developed at the expense of plagioclase.

Rhyolite Dikes

The rhyolite dikes fora conspicuous northward trend
ing features. Some of these dikes can be traced for miles, 
as ridges within the quartz monzonlte (Plate 8). They extend 
into the country rock where they are not as conspicuous, 
because of the slmlllar weathering characteristics of the 
rhyolite and the metamorphics. Two of the rhyolite dikes 
measured are 28 and 30 feet thick. The rhyolites do not ex
tend westward beyond the center of the map, which is the 
western edge of the Intrusion of rhyolite in the region.
The rhyolites extend northward and eastward. Lasky and 
Webber (1949) report slmlllar rhyolite dikes intruded along 
probable faults in the Artillery Mountains, 34 miles to the 
northwest. The dikes in the Granite Wash Mountains appear 
to belong to the same dike system as those in the Artillery 
Mountains, which Lasky and Webber believe to be of probable 
Miocene age.

Megascopically, the rhyolite consists of medium 
grained crystals in an aphanitic groundmass. The color varies 
from medium light gray N6 to light olive gray 5% 6/1 in color.
A prominent laminar flow structure, parallel to the dike walls.

38
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PLATE 8 Prominent ridges formed by the rhyolite dikes
in the quartz monzonite.
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PLATE 9 Inclusions of diabase in the rhyolite. The 
steeply dipping parting surface, parallel to 
the pencil, is parallel to the flow structure
in the dikes
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can be seen (Plate 9). The rhyolite contains as inclusions, 
fragments from older basic dikes and also is cross cut by 
younger diabase dikes.

Five thin sections of the rhyolite showed the rock 
to be composed mainly of a cryptocrystalline groundmass that 
is in part spherulitic. Minor amounts of quartz, sanidine, 
plagioclase, chlorite, muscovite and opaques make up about 
10# of the rock. The sanidine often forms the nucleus of a 
spherulitic mass. The feldspars tend to be. altered to seri- 
cite. The lack of metasomatism, in the rhyolites, indicates 
the metasomatism was probably pre-Miocene.



STRUCTURAL GEOLOGY

Regional Trends

Hie Granite Wash Mountains are located on the inter
section of two regional trends. The trend to the southwest 
is a northwest trend. The trend to the northeast is a north
east trend. Both trends are evident on the Tectonic Map of 
the United States and on Figure 1.

The northeast trend appears to be the older, but 
this cannot be definitely established. The two trends prob
ably have existed contemporaneously throughout geologic time, 
with one trend or the other being dominant at different 
times. The northeast trend was dominant prior to the Cretace
ous (?), while the northwest trend has been dominate since 
the Cretaceous (?),

The structural features that follow the northeast 
trend are: the northeast trending fault system; the general
outcrop pattern of the metamorphic rocks; the orientations of 
the mlcrocllne porphyroblasts; and the topographic trend of 
the Harcuvar Mountains. The northwest trending structural 
features are: the north-northwest fault system, that offsets
the northeast fault system; the rhyolite, basalt and diabase 
dikes; the topographic trend of the Granite Wash Mountains; 
and the submaxima of some of the rose diagrams.
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Fig. 2 MEASURED S T RAT I GRAP HI C  S E C T I O N
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Stratigraphy

A complete stratigraphic section Is not exposed with
in the area mapped. Tracing the marble unit eastward, beyond 
the map edge most of the local section is exposed. Figure 2 
is a measured section taken two-fifths of a mile beyond the 
eastern edge of the map. Stratigraphic thicknesses are not 
representative, because of deformation and faulting of the 
section. The marble unit tends to thicken westward and thin 
eastward. The upper quartzite unit has been faulted in and 
out of the section, when traced along its strike. The 
relative positions of the stratigraphic units is accurate.

The possibility exsists that the section, measured 
on the eastern side of the Jordan Fault, is not the same as 
the section exposed on the western side of the Jordan Fault. 
Except for the increasing thickness westward, there are no 
differences between the units on either side of the fault.

Foliation

The foliation, in the metamorphic rocks, follows the 
original bedding of the rock. The one exception, to the 
rule that the foliation follows the bedding, is in the marble. 
Zones in the marble, where there has been plastic deformation, 
have produced a foliation different from that of the bedding. 
Foliation, due to plastic deformation, was not mapped.
Another area, where foliation and bedding do not conform, is
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In the ailiclfled marble. The foliation, as mapped In the 
slllclfled marble, Is a foliation produced by alllclfIcatlon. 
The slllclfIcatlon followed tension fractures and produced a 
planar structure.

The foliation Is not prevalent In the quartzite. The 
quartzite foliation appears as slight color changes or as a 
parting surface along serlcite seams.

The paragnelsses, paraschlsta and paraphyllltes have 
a very pronounced foliation, due to platy minerals and to 
alternating 1 aminea of platy minerals and lamlnea of quartz 
and feldspar.

The foliation originated during the Pre-Cretaceous (?) 
regional metamorphism.

Structure of the Quartz Monzonlte

Structurally, the quartz monzonlte Is a discordant 
Intrusive In the area mapped. Metzger (1951. PP.8-9) reports 
the structure, to the east of the map, to be a laccolith. He 
says the rocks strike N70°W and dip 55 to 40°NE under the 
granite (?)^. The overlying sediments, according to Metzger, 
are highly metamorphosed and difficult to distinguish from 
the granite. His description, of the highly metamorphosed 
sediments, Is slmlllar to that of the granltlzed gneiss that

21 The question mark Is mine.
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I have mapped.

The quartz monzonite probably underlies the metaaedl- 
mente, within the area of the map. The major part of the 
intrusive lies to the east of the map. A considerable de
crease in thickness of the marble, to the east, is probably 
due to deformation during emplacement of the quartz monzonite.

The metasomatism, produced during the late stage of 
the intrusion, has destroyed most of the primary structures 
in the quartz monzonite. A faint linear parallelima could 
be discerned, with seme difficulty, at a few outcrops. The 
lineation was mapped, but its origin is in doubt.

Joints appear occasionally within the quartz mon
zonite. One Joint set tends to parallel the lineation and is 
labeled the "s” direction for longitudinal Joints. A second 
Joint set is perpendicular to the lineation and is labled the 
’’Q" direction for cross Joints. The aplite dikes tend to 
follow the "Q," direction and were obviously emplaced along 
this Joint set.

The orientation of the mlcrocllne porphyroblaets was 
analyzed by the construction of rose diagrams. Each rose 
diagram represents 50 to 100 readings. The diagrams are 
placed on the map at the point where the readings were taken. 
The strike of the long dimension of the porphyroblaets was 
recorded. The strike follows a general northeast to east 
orientation. The rose diagrams also show submaxima with a
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north-northwest to north orientation.

The cause of the porphyroblaat orientations is not 
known. The orientations may possibly parallel the original 
lineation of the quarts monzonlte. There is a correlation 
between structures in the country rocks and the porphyroblaat 
orientations. A rose diagram (Figure 3) was constructed of 
the ’’A" axis of drag folds in the country rocks. The readings 
were taken from drag folds, in the north central area of the 
map, which indicate the direction of transport of the country 
rocks. The simillarlty of this rose diagram and the rose dia
gram of porphyroblaat orientations, in the area Immediately 
to the north, suggests a correlation. The drag folds in the 
country rooks were formed during intrusion. As the quartz 
monzonlte was emplaced, the country rocks tended to glide 
outward off slightly positive areas. The displacements pro
duced, by this slight gliding, were small. The gliding tend
ed toward the northeast direction, which is the direction of 
least pressure. The porphyroblaats tend to crystallize with 
their long dimension parallel to least pressure, so they also 
were oriented northeastward. The submaxima tend to follow 
the north-south direction, which is roughly the direction of 
north-northwest faulting. The submaxima were somehow caused 
by the forces that caused the north-northwest direction of 
faulting.

The quartz monzonlte was intruded by alaskite that is
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THE ORIENTATION OF THE "A" AXIS OF DR A G  FOLDS 
IN THE NORTH CENTRAL PART OF THE MAR.

A COMPILATION OF ALL T H E  ROSE DIAGRAMS OF 
PORPHYROBLAST ORIENTATIONS IN THE QUARTZ 
MONZONITE.

FIG. 3



essentially structureless. The alaskite contact Is probably 
steep on the south and gentle on the north. The contact Is 
very sharp, with a blotlte-rleh contact zone surrounding the 
alaskite. . The alaskite shows evidence of potash metasomatism 
but It contains no porphyroblasts. The alaskite must have 
Intruded the quartz monzonlte shortly after Its emplacement.

Structure of the Country Rooks 

Mechanical Properties of the Country Rocks

The mechanical properties of the country rocks, at the 
time of deformation, have determined the structures within 
these rooks. Billings (1954, pp.18-27) lists the following 
factors as being important in rock deformation: confining
pressure, temperature, time, solutions, isotropy vs. aniso
tropy and homogeneity vs. Inhomogeneity.

At the time of the intrusion, the confining pressure 
and temperature must have been high. The time factor can not 
be determined and its significance in geology is not yet 
clearly established. The structures of the country rooks 
Indicate sufficient time elapsed for deformation in the plas
tic state to occur. Solutions must have been present within 
the country rocks, and additional fluids were probably deriv
ed from the Intrusion. The presence of considerable recry- 
stalllzation indicates the major role of solutions. The 
anisotropy and Inhomogeneity of the various rock types have

49
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been Important In their behavior.

The paragneiaaea, paraschlata and paraphyllitea de- 
formed plastically at the time of intrusion. The anisotropy 
and inbomogenelty of these rocks was important in their mode 
of deformation. The main mechanism of deformation appears to 
have been Intergranular movements parallel to the foliation.
The thin sections of the paragnelsses show rotation and 
granulation of grains. Micro drag folds, within the laminae, 
are further evidence of movement. Most of the deformation has 
occurred by these mechanisms.

The marble has deformed both plastically and brlttlely. 
The most pronounced evidence of plastic deformation is a thick 
zone of white recrystallized marble. The zone of plastic 
deformation has a pronounced laminar structure produced by 
the plastic deformation(Plate 12). Quartzite boudins, drag- 
folds, and drawn out seams of chlorite are evidence of the 
movement that has occurred (Plates 10 & 11). The zone of 
plastic deformation in tho marble has been traced throughout 
the area mapped.

The complete recrystallization of the marble has 
obliterated all tho structures present prior to recrystalliza
tion. The role of Intergranular and Intragr&nular slip in 
deformation is unknown, because of recrystallization.
Recrystallization must have had a dominant role in the deform
ation of the marble. The evident thickening and thinning



51

PLATE 10 Boudinage structure produced when brittle 
quartzite strata did not yield at the same 
rate as the plastic marble.



PLATE 11 Drag folds produced by gravity gliding.
V

The drag folds are In the plastically 
deformed marble.
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PLATE 12 Laminar structure, dipping to the lower right, 
produced by gravity gliding of the plastically 
deformed marble.
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wag probably largely accomplished by recrystalllzation.

The zone of plastic deformation in some localities 
occurred throughout the entire thickness of the marble. At 
other localities, the zone of plastic deformation is confined 
mainly to the base of the marble unit. This is especially 
true in the western part of the map, where the base of the 
marble deformed plastically and was overlain by brittle 
marble. The deformation in the brittle marble occurred by 
fracturing. The fractures apparently merge into the zone of 
plastic deformation.

The quartzite always deformed brlttlely. In the 
field, zones of shearing and shattering of the quartzite are 
common. On the eastern part of the map, one unit of quartzite 
has been t o m  apart. The pieces of quartzite are strung out 
along the strike like beads on a string. This is a large 
scale boudlnage structure where the quartzite yielded 
brlttlely in surrounding plastic rocks. At many places large 
outcrops of isolated quartzite are seen. These quartzite 
blocks have behaved as huge boudins and represent the in
ability of the quartzite to yield plastically at the same 
rate as the surrounding rocks. Unfortunately, it was not 
possible to show this boudiage structure of the quartzite in 
the structure sections of plate 2, because a lack of informa
tion makes an accurate depiction of unexposed boudins 
impossible. Generally it can be stated that the large
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quartzite boudlna begin near the Jordan Fault and continue 
eastward. To the west of the Jordan Fault the quartzite has 
generally maintained its continuity.

The position of the boudlne and general thinning of 
the marble eastward toward the main intrusive contact 
indicates a stretching as the intrusive was emplaced.

Structures Produced in the Country Rocks by the Intrusion

The emplacement of the quartz monzonite caused a 
stretching of the overlying country rocks. The mechanical 
properties of the rocks and their relative position with 
respect to the intrusion determined their structural behavior. 
The lower units were nearer to the Intrusion and they were 
able to deform plastically at a greater rate than the overly
ing more brittle rocks.

On the map the large headed arrows show a general 
northeast direction of plastic deformation and gravity glid
ing. This is toward the intrusive contact and is the opposite 
direction than would be expected. There must have been 
uplift to the south and southwest during the emplacement of 
the quartz monzonite.

In the southwestern corner of the map there is an 
exposure of sillimanite gneiss. The sllllmanite gneiss has 
a granoblastlc texture. This rock represents a higher grade 
of metamorphism than the surrounding paragnelsses. I believe
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a possible explanation, for this higher grade of metamorphiam, 
is that an unexposed apophysis of the quartz monzonlte or 
possibly the alaskite lies below the silllmanite gneiss.

To the north of the silllmanite gneiss there are 
radial and concentric faults that appear to have been pro
duced by uplift. Within the marble, silicification followed 
closely spaced tension fractures formed during uplift. This 
silicification has produced a foliation in the sillcifled 
marble.

The overall structure is a half dome. Wisser (I960, 
pp. 19-26) describes two simlllar half dome structures at the 
Ophir district in Utah and the Matehuala district in Mexico. 
The half dome structure is formed by faulting of the dome on 
the southeast side. To the north and west of the silllmanite 
gneiss, the structure elements of the half dome are radial 
and concentric faulting and tension fractures.

Uplift of the half dome structure during the intru
sion of the quartz monzonlte could have been the cause of 
the gravity gliding to the northeast. The country rocks 
would have been sufficiently plastic at that time to have 
glided off the uplift. It is necessary to remember that the 
relative elevations of the various units in different parts 
of the map are not the same as the elevations of the units 
at the time of gliding. Since gliding occurred there has 
been uplift to the east along the north-northwest trending 
faults.
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Faulting

The two major directions of faulting are northeast 
and north-northwest.

The northeast trending faults are primarily reverse 
or thrust faults. They represent only minor displacements 
of brittle rocks and they formed at the time of intrusion.

The north-northwest trending faults are nearly 
vertical dipping normal faults. They are post-Cretaceous (?) 
to pre-Miocene in age and they may have been active into the 
Recent. The Jordan Fault has an apparent displacement of 
approximately 750 feet. There are other large faults beyond 
the map. The front of the Granite Wash Mountains on the 
western edge of the map may be bounded by a large north- 
northwest trending fault.



PLATE 13 The Jordan Fault as It Is seen looking
to the south. The upper photo was taken 
while standing on the Jordan Fault, 3000 
feet south of the northern edge of the 
map. The lower photo was taken where 
the Jordan Fault crosses the quartz mon- 
zonite contact.
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the north.



HISTORICAL GEOLOGY

I have revised and added to the account by Metzger 
(1951, pp. 4-5) of the historical geology of the region.

The oldest rocks of the region are in the Freeambrian 
gneiss and schist found In the Plan03a Mountains to the west 
and the Bouse Hills to the North. These rocks were intruded 
by Free ambrian granite. Following intrusion of the Free am
brian granite there was a period of erosion. Advancing seas 
covered the area and a thick sedimentary deposit was formed. 
Diabases intruded these sediments. Following this the sed
iments were regionally metamorphosed to the paragnelsses, 
paraschists, paraphyHites, quartzites and marble of the 
Granite Wash Mountains.

The next account as given by Metzger deserves fur
ther explanation. The rocks he refers to may possibily be 
correlated with the metasediments of the Granite Wash Mount
ains. MAt the end of the Freeambrian the area was a region 
of low relief and advancing seas deposited the quartzite and 
limestone of Paleozoic (?) age found in the Plomosa Mount
ains, Bouse Hills, and the Harquahala Mountains.” If the 
Paleozoic rocks could be correlated with the metasediments 
of the Granite Wash Mountains,, then the metasediments of the 
Granite Wash Mountains would be of Paleozoic Age.
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Rooks of the Triassic and Jurassic Periods are not 

found in the region.
During the Cretaceous (?) the granitic rocks of the 

Granite Wash Mountains were emplaced. The first rock type 
Intruded was granodiorite. Alasklte was next intruded; fol
lowed shortly by the beginning of a long period of intrusion 
of basalt and diabase dikes. Shortly after the first diabase 
dikes were intruded, a period of potash metasomatism began.
The granodiorite was metasomatically converted to a quartz 
monzonlte and metasomatism of the country rocks occurred.

The region was below sea level at the end of the 
Mesozoic and conglomerate, shale and limestone were deposited. 
These deposits outcrop in the Plomosa Mountains. Tuff depos
its are interbedded with these sediments and this indicates 
contemporaneous volcanic activity.

Volcanic activity predominated from the Cretaceous 
(?) through the Tertiary. The volcanic activity was mainly 
of the fissure type, but some deposits also indicate explosive 
activity. The volcanic rocks vary in composition from rhyo
lite to basalt. The rhyolite was Intruded during the Miocene 

(?).
Faulting and uplift occurred contemporaneously 

with the volcanic activity. The fissure volcanlcs followed 
the faults. Prior to the Cretaceous (?) the direction of 
faulting was northeast. After the Cretaceous (?), the
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faulting trended north-northweat. The Tertiary faulting 
resulted from the uplift of the mountains of the region. 
Accompanying the uplift was erosion and deposition of con
glomerates along the mountain fronts.

In the vicinity of the communities of Bouse and 
Salome,, there are estuarine or lacustrine deposits of late 
Tertiary age. Interbedded'with these sediments are water 
deposited ash and bentonitic clay Indicating explosive 
voleanisra.

Volcanism of diminishing activity continued Into 
the Quaternary. Quaternary flows may have been tilted by 
continuing earth movement. The tilting may represent the 
actual surface on which the flows were deposited.

i

The alluvial surface was probably higher during 
the Pleistocene. Alluvial ridges form remnants of the 
original surface. Erosion has reduced this surface to Its 
present position.



ECONOMIC GEOLOGY

The mining activity in the region began about 1900. 
The height of the mining activity occurred in the district at 
the beginning of this century and ended with the depression 
of the 1930's. The major production during this period was 
in copper and gold. Bancroft (1911) visited most of the 
mines in operation in 1909 and he describes each one.

At present there is no active production in the 
region. Development Is currently in progress at the Yuma 
Mine, on the eastern edge of plate 1.

Yuma Mine

The Yuma Mine, a copper property, is owned by 
Clarence R. King of Florence, Arizona. The initial work 
was begun in 1909 at the time of Bancroft's visit to the 
district. At present the Yuma Mine consists of approximate
ly one mile of underground workings. The ore is 1% to 2% 
copper.

The Yuma Mine is a pyrometasomatlc deposit in marble. 
The ore mineral is chalcopyrlte with pyrite, magnetite and 
specular hematite in a quartz, calclte and siderite gangue.

Hie Yuma vein is only a few inches thick at the sur
face and It parallels the marble bed both along the strike
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PLATE 15 Buildings and surface development at the Yuma 
Mine. The adit to the Yuma Mine is behind the 
buildings on the left.
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PLATE 16 Adit to the Yuma Mine showing the vein dipping
to the lower left
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and dip. The vein thickens considerably with depth and the 
extent of the ore body is still unknown. The location of 
the Yuma ore body, within the only steeply dipping segment 
of the marble unit, indicates mineralization favored the 
steep dip. A map of weak zones of alteration showed two 
trends of alteration which Intersect at the Yuma Mine. The 
concentration of alteration at this point was also respon
sible for the location of the Yuma ore body.

Figure 4 is a sketch of a polished section of ore 
from the Yuma Mine'. The par agenesis of the ore was deter
mined from polished sections. Suhederal pyrite and amhed- 
ral to subhederal quartz were the first minerals to form 
in the calcite and siderite gangue. Magnetite formed next 
within the calclte and siderite gangue; subsequently it 
has partially altered to specular hematite. A period of 
slight fracturing has apparently proceeded the chalcopyrite 
which formed in fractures within the pyrite, quartz and other 
minerals.

Three Musketeers1 Mine

The Three Musketeers* Mine, in the northwest part 
of the map, is a tungsten property. The mine is inactive, 
but a posted notice states the assessment work is being done. 
The ore is sheellte in bull quartz veins. The larger veins 
average about 5 feet thick, but the scheelite content appears 
to be too low to be economic at present.



P Y R I T E QUARTZ
C A L C I T E  9 S I D E R I T E

C H A L C  0 P Y R I T E

Fig. 4 SKETCH OF A POLISHED SECTION OF 
AN ORE S P E C I ME N  FROM THE YUMA MINE
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Economic Potential of the Area

The economic potential of the area Beams not to 
be great. There is no significant area of alteration to 
indicate a major ore body. The occurrence of magnetite 
in the ore bodies would favor the use of magnetics for 
exploration in the area. The half dome structure in the 
southwest corner of the map may perhaps have some economic 
potential. There are copper oxide minerals in the marble 
of the half dome and the structure favors the possible 
presence of an ore body.



SUMMARY

The geology of the Granite Wash Mountains Is very 
complex and still largely unmapped. The earliest rocks are 
probably Precambrlan metasediments. The metasediments were 
Intruded by granitic rocks during the Cretaceous (?) and a 
period of metasomatism followed shortly afterward.

The Intrusion of the granitic rocks caused the meta
sediments to deform in various ways depending on the mechani
cal properties of the various rock types. The paragnelsses, 
paraschlsts and paraphyllites deformed plastically. The 
marble deformed plastically and brlttlely. The quartzite 
deformed brlttlely.

Following the intrusion of the granitic rocks and 
prior to the metasomatism, basalt and diabase dikes were 
Intruded. The basalt and diabase dikes continued to be 
intruded along faults during the Tertiary. Rhyolite dikes 
were Intruded, along the same direction of faulting* during 
the Miocene (?). The basalt and diabase intrusion continued 
into the Quaternary.
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