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ABSTRACT

A description of a sequence of igneous rocks south of Twentynine
“Palms has been undertaken for the purpose of describing and determining
the origin of the major textural variations within individual igneous
bodies. The work involved field mapping and sampling, petrographic

‘study, and spectrochemical analysis.

The Pinto gneiss, a middle rank metamorphic rock, is the oldest
formation in the area. It is intruded by a sequence of plutonic rocks
including (in chronologic order) the Gold Park gabbro-diorite (oldest
intrusive rock), Palms guartz monzonite, monzonitic porphyry, and
White Tank quartz monzonite. Other igneous rocks include basalt and
silicic and basic dikes. The major rocks, and the ones most intensively
studied, are the Palms quartz monzonite~monzonitic porphyry complex
and the White Tank quartz monzonite.

The Palms quartz monzonite is divided into three units on the
basis of slight differences in mineralogy and texture. Most of the
guartz monzonite is characterized by very complex, irregular inter-
growths between potash feldspar and plagioclase; these intergrowths
are possibly the result of crystallization from a relatively dry melt
during the latter stages of formation of the rock. Widespread reaction
between the gquartz monzonite melt and portions of the Pinto gneiss has
caused the formation of a monzonitic porphyry along some contacts between
quartz monzonite and gneiss. Plots have been made of mineral composi-
tions and grain sizes of a sequence of rocks from gneiss through porphyry
to quartz monzonite. Potash and soda have been added to the gneiss by
the melt, and development of coarse crystals of potash feldspar in the
porphyry is caused by incorporation of solid gneiss in the melt. Some
contacts (ranging from relatively abrupt to broadly gradational) between
quartz monzonite and gneiss do not exhibit development of porphyry.

The White Tank quartz monzonite is divided into four units, two of
which have two separate facies. The units are distinguished by dif-
ferences in mineralogic composition and texture. The different facies
and units are grouped into two differentiation sequences: the trend
in each sequence is toward a more silicic rock, but one sequence
results in the formation of large crystals of microcline, whereas
the other sequence resulis in the formation of muscovite and garnet.
The trace element content of potash feldspar varies throughout each
sequence roughly in accordance with differentiation trends previously
established by other workers. Measurements of the grain sizes of potash
feldspar (in the field) and quartz and plagioclase (in thin section)
also reflect the sequence of differentiation. The White Tank quartz
monzonite is believed to have formed by the intrusion, differentiation,
and solidification of a magma.
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INTRODUCTTION

I. Purpose: ; .

As partial fulfillment of the requirements for a Ph. D. degree at
the California Institute of Technology, the writer undertook a study of
- textural variation in the igneous, or apparently igneous, rocks south
of Twentynine Palms, California. The investigation was directed toward
determining, insofar as possible, the physical and chemical causes of
the textural variations observed within individual rock units exposed
in the area.

Specifically, the principal objectives were

1. The explanation of the differences in texture and composition
among the four separate units of White Tank quartz monzonite exposed
in the thesis area. Also the explanation of the vertical wvariation
in the largest unit.

2. The explanation of the differences in texture and composition
among the three types of Palms quartz monzonite.

3« Determination of the relations between the monzonitic porphyry
and both the Palms quartz monzonite and the Pinto gneiss,

In the study of these major problems, some time was spent on minor
textural details such as myrmekite and perthite. These special textures
were not, however, studied exhaustively in the manner of Alling's study
of perthite (Alling, 1938), or Drescher-Kaden's study of myrmekite and
‘graphic granite (Drescher-Kaden, 1948). Individual textural features
are considered only in relation to the major variations in and among

rock units. For example, the distribution of various types of
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myrmekite in the White Tank and Palms quartz monzonites was studied

in detail, but a comparison with myrmekite in other rocks throughout
‘the world, necessary for a complete understanding of the formation of
myrmekite, was not made. Thus, the primary problem considered in

this thesis is the, origin of large scale textural variations in igneous
rocks. The writer chose to study this problem because he felt that
textural variation, although far less understood than compositional

variation, is a very important feature of igneous rocks.

IT. Location and Desirability of Area:

The area studied in detail is shown on the index map (Fig. 1). At
present it is almost entirely included within Joshua Tree National
Monument, and in fact, includes those portions of the Monument most
frequently visited by tourists.

Few areas considered by the writer as possible locations for the
study of igneous rocks offered as many advantages as Joshua Tree
National Monument. A study of the area by Miller (1938), had out-
lined the general features of the geology. Four major plutonic rock
units are present: two quartz monzonites, a monzonitic porphyry, and
a gabbro-diorite. Basic and rhyolitic dikes and one basalt (possibly
a plug) complete the list of igneous rocks. The region mapped is
surrounded on three sides by large areas of Pinto gneiss which, thus,
delineate a region of igneous activity. Outcrops are abundant owing
“to the lack of soil and plant cover, which, in turn, is primarily the
result of the desert environment. Therefore, in many places, it was

possible to find the exact contact between rock units, and a detailed
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study of the relations at these contacts afforded evidence for many
of the conclusions drawn in this thesis.

Unfortunately, granitoid rocks in the desert tend to undergo

,granuiar disintegration to depths of many feet. Thus, although map

. units are easily distinguishable in the field, procurement of reasonably

fresh specimens of the major rock types was very difficult. The gabbro-
diorite is generally so completely weathered that it appears as a black

soil. The gneiss is the most resistant of the major rock types.

IIT. Topography of Area Studied:

Topographically, the area is extremely varied. The mountains
south of Twentynine Palms rise abruptly along a line parallel to, but
approximately one fourth mile south of, the Pinto Mountain fault (Hill,
1928). The principal mountain mass is south of Twentynine Palms and
extends south to Queen Mountain, the highest point in the map area
(elevation of 5676 feet)s The high central portion of this mountain
mass is bordered by valleys and an outer rim of hills. The south side
of Queen Mountain is an abrupt face (Fig. 2) that forms the north side
of Queen Valley. There is some evidence for believing that this face
is a fault scarp.

A low divide separates Queen Valley from a surface that slopes
gently southward to Squaw Tank. To the west of Queen Valley and this
southward slope are the Lost Horse Mountains. The area mapped for
this investigation is bordered on the east by the Pinto Mountains, on

the south by the Hexie and Lost Horse Mountains, on the west by Lost
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Fige 3 O‘on’céct between White Tank quartz monzonite and
Pinto gneiss in lost Horse Mountains.
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Horse Valley, and on:the north by the valley in which Twentynine Palms
is situated.

In general, the mountains are composed of gneiss, Palms quartz

‘monzonite, or monzonitic porphyry, whereas the broad valleys consist

largely of the White Tank quartz monzonite. Intrusive contacts (e. g,

Fig. 3) between gneiss and remnants of the quartz monzonite high on the
slopes of the Pinto, Hexie, and Lost Horse Mountains indicabe that the
relief is not caused by faulting along the contact between the two
rocks. Probably the iocal relief is caused by differential erosiocn,
the disintegrated quartz monzonite being easily eroded.

The valleys in the White Tank quartz monzonite are studded with
monoliths of the rock (e. ges Fige. L4), up to several hundred feet high
and a half mile in diameter. Each monolith is cut into many large

joint blocks, and the resulting grotesque appearance has led to such

descriptive names as “Wonderland of Rocks" and “Jumbo Rocks.%

IV. Previous Work:

The only detailed work done previously in the area mapbed by the
writer was that of W. J. Miller in 1938. He gave the original names
to all rock units in the region (although the present writer has seen
fit to modify two of his names). Miller's conclusions as to the
origins of the various rocks are discussed separately along with each
rock described in this thesis.

Although textures are mentioned briefly by most writers who dis-

cuss igneous rocks, comprehensive analyses of textural variations in

- one rock unit are rare. OSpecific references to most of these reports



Fige lie Well jointed moroliths of White Tank quartz
monzonite in Lost Horse Valley.
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are made at appropriate points throughout the thesis, and it is unneces-
sary to discuss them fully in this section. Some of the more important
'papers concerning textural variations in igneous rocks are van Biljon,

.1939;.Sargent, 1925; Mackie, 19093 and Walker and Mathias, 19h6.

V..Procedure:

The infestigation involved work of three types: field mapping
and sampling; petrographic study of 300 thin sections; and spectro-
chemical study of trace element distribution in potash feldspars from
2l; localities in the White Tank quartz monzonite.

A. Field Mapping and Sampling:

Mapping was done on aerial photographs obtained from the U. S.

Air Force, Photographic Records and Services Division. The photographs
covered part of a region designated by the Air Force as the Pine Knot
Area., The scale of the photographs was 3000 feet to the inch, and the
planimetric map made from them, by projection through a SalzmanvPro—
jector onto a control grid, was on the same scale.

In making the planimetric map, a horizontal control of eight
points throughout the entire 175 square mile area was obtained from
maps prepared by the U., S, Land Office in 1912 at a scale of one half
mile per inch. The con£r01 was extended by means of a mechanical
templet. Owing to the lack of good horizontal control, no great
accuracy can be claimed for the map prepared by the writer, but it
does serve to illustrate the geologic features important for the thesis.
The final map (Plate I) is on a scale of one mile to the inch. Some of

the geology on this map was adapted from Miller's work of 1938.
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One phase of the field work involved measurement of the relative
sizes of potash feldspar grains both in the White Tank quartz monzonite
 and in the monzqnitic porphyry. ' The method was simply to measure the
maximum dimension of grains on the oubtcrop. Repeated measurements
on the same and neighboring outcrops at different times and using
different numbers of grains showed that measurement of 25 grains gave
a size value reproduciple within 1.0 millimeters for grains six to
eight millimeters dong. Data concerning the reproducibility of these
measurements are presented in Table l.

The area represented by one set of grain size measurements is,
of course, smallest in portions of the rock where the textural variation
is the most abrupt (near contacts, for example).

In order to determine roughly the percentage of potash feldspar
in an outcrop, a rapid point count was made in the field by laying a
ruler on the rock along a series of parallel lines and counting the
grains under the half-inch marks. Approximately one hundred points
gave results reproducible within five percent for a rock containing
L0 percent potash feldspar.

Rock samples were taken and immediately placed in individual,
new paper bags, thus preventing contamination in the field of speci-
mens used for trace element analysis,

Be. Petrographic Study:

For maﬁy sections, estimates of the mineral percentages and grain

sizes were sufficient, but for some sections, quantitative data were
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Tabie 1. Reproducibility of Field Measurements of Size of Potash Feldspar
Grains in White Tank Quartz Monzonite:

Number of grains Size

Iocation measured (maximum dimension)

central part of Unit L, 25 , 10.6 mm.

northwest of Anaconda Mine 25 11.2
25 11,2
50 9.9
upper part of Unit 1, 50 . Te9
east of Jumbo Rocks 50 . Teb
. central part of Unit 2, 25 6e3
near Cap Rock 25 6e6
edge of Unit 2, near gneiss 25 6.6
east of Cap Rock 25 5e8
middle part of Unit 1, 50 6ol
near White Tank 25 6.3
lower part of Unit 2, 25 S5el
near Indian Cove 25 5eb

All measurements in a group were made in essentially the same place at
different times.
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needed. In such cases, mineral percentages were determined by a point
count of 1000 to 1500 points. The average grain size of each mineral
was determined by measuring the meximum diameter of 25 grains of the
mineral as shown in section.” The number used to represent the "grain
size' of a mineral was the average of these 25 measurements.

The composition of the plagioclase in most rocks was determined
by the Michel-Levy method. In specimens of particular importance,
these compositions were checked by measurement of indices in immersion
oilse The composition of untwinned plagioclase was determined by index
measurements.

C. Spectrochemical Study:

Determinations of trace element content were made on 2l potash
feldspar samples and one biotite sample from the White Tank quartz
monzonite. The analysis of the biotite was made in order to determine
the effect of contamiﬂatioﬁ of the feldspar by small amounts of biotite
impossible to remove before analysis.

The first five specimens analyzed (numbers 37, 83, 90, 127, and
133) constituted a preliminary study to determine the best procedure
to be used and the accuracy to be expected. Each rock sample was
broken into two portioné and the separate pieces prepared and analyzed
individually, as shown below, to determine the variation within one
' hand specimen. All of these specimens had been sawed for thin sections
before the writer anticipated using them for trace element analysis,
and it was feared that the sectioning process may have introduced some

- contamination. (Later comparison of results from sectioned and non-

# See Feniak (194)1) for a slightly different method of measuring “grain
' size, "
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sectioned samples from the same portion of the rock indicates that
sectioning has little effect on the purity of the potash feldspar.)
A1l of the sections showed less than five percent alteration (kaolini-
zation) of the potash feldspar.

These five rocks were first broken into centimeter-sized fragments
by pounding them with a hammer on a steel plate. Next, the samples
were crushed in a diamond mortar, and clean cleavage flakes of potash
feldspar were picked out under a binocular microscope. These grains
were crushed again in a diamond mortar, sieved through a silk screen
to remove all material finer than 200 mesh (to prevent dust from
accumulating in the Frantz separator), and passed through a Frantz
Electromagnetic Separator (Model 506). The separator was set for 1.6
amperes and a 10° forward and 10° side tilt. Biotite and muscovite
were removed by the separators

An examination, in index oils, of the samples at this stage of
preparation showed that most samples had a contamination of plagioclase
up to 10 percent, and sample 133, which originally contained the lowest
proportion of potash feldspar, had about 25 percent plagioclase.
Biotite was less than 0.1 percent. Owing to the difficulty of removing
any more plagioclase by further hand picking, the samples were analyzed
without further preparation.

Analysis for most of the elements involved first mixing the samples
. with an equal weight of "iron quartz," which is otherwise pure quartz
containing two percent ferric oxide by weight. Twenty-five milligram

: duplicates of each sample were then placed in one-quarter inch pure



-13 -

graphite electrodes (which served as anodes during the burn), and were
analyzed with the following exposure conditions:
Spectrograph: Jarrell-Ash 21 ft. diffraction grating instrument
| with a dispersion of 5.2 X/hm in the first order.
Excitation: 15 ampere DC arc. Sample as the znode. lum .
analytical gap magnified five times and focussed
on the slit. Central 2 mm used with a slit width
of 25 microns.
Wavelength range: 2300-4800 ﬁ, first order.
Plates: Bastman Kodak ITI-O developed at 20° C for four minutes
in DK-50.
Densitometer: Applied Research Laboratory (ARL) model no. 2250.
Each plate of ten (duplicate) unknown samples was calibrated by
measuring iron lines of known intensities in four pegmatite standards,
burned two at the top of the plate and two at the bottome. From measured
transmission percentages and known intensities of the iron lines, a
curve was plotted which permitted réading intensities of the lines of
other elements from transmission readings made on them. Then the
measured intensities could be converted to concentrations of the ele-
ments from standard curves,already prepared by Mr. Chodos for the
spectrograph. and the densitometer used. Lines so dense that they
showed less than five percent transmission were measured by clocking
- the time needed for the densitometer motor to scan through the range
below five percent. Comparing these times with the time needed to

~ scan the standard Fe LLO5 % 1ine in the pegmatite standards gave a
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time value for the uwmknown which could be translated from prepared
curves into concentration of the element.

Analysis for the alkali elements was made on samples prepared
by mixing 90 percent feldspar and ten percent Specpure sodium carbonate.
Duplicate 25 milligram samples were burned for five seconds past the
last visible alkali volatilization with the following exposure condi-
tionss’

Spectrograph: Same as for other elements.

Excitation: Same as for other elements. Red filter added.

Wavelength range: 6100-8700 &, first order.

Plates: Eastman Kodak I-L.

Densitometer: Same as for other elements.

In all burns the bead was lost by its popping out of the electrode
after the alkalies were completely removed. Standards from 0.000012
percent to 1.0 percent of each alkali were burned on each plate and
provided the calibraﬁion for determining the concentration of slkalies
in the unknown.

Although the spectrographic procedure was identical for all samples,
the methods used in preparing the last 19 samples were different from
those used with the first five. Specimens 1l, 102, 169, 356, 358,

502, 503, 50L, 505, 506, 507, 508, 509, 510, 512, and 513 were not
prepared in duplicate samples from different parts of the hand specimen.
,Instead the whole specimen was ground in a rotating mill set to pass
0.2-millimeter-sized fragments, and the powder was then treated as one

it



There were three reasons for adopting a different procedure for
the last 19 samples than for the first five. First, the agreement
‘between results from two parts of the same hand specimen was so good
tha£ it was believed Justifiable to analyze the specimen as a whole.
Second, it was believed that the heavy liquidmseparation of potash
feldspar (used for all but the pegmatites in the last 19 samplesj
would provide a betﬁer separation of potash feldspar and plagioclase
than hand pickinge. Third, it was- desired to compare the two methods
of preparation by analyzing samples from the same parts of the rock
by both methods.

Following the grinding of the rock, the next step in the prepara-
tion of these samples was a screening out (with a silk screen) of all
powder less than 200 mesh size. The remaining powder was then placed
in a tetrabromoethane~acetone mixture of specific gravity 2.60, which
Just floated the perthitic potash feldspar and allowed sodic plagioclase
to sink., The first separation was made in a beaker, and material which
floated in it was decanted into a separatory funnel where the final
separation was made. Investigation of the light material in immersion
oils showed that it was more than 99 percent potash feldspar (perthitic)
in all cases. This final separate was then passed through the Frantz
Separator and, finally, was hand cleaned under a binocular microscope
to remove the last traces of dark impurity. After this procedure the
remaining contaminants were largely plagioclase and quartz.

The pegmatite samples, L9, 388, and 501, were prepared by hand~-
'Picking the feldspar cleavage fragments. The analyzed samples were

entirely perthite.
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Afte?-completing the analysis of all 19 samples, two of the
feldspar powders which had not been completely used up in the investi-
‘gation were chosen by a person not conmnected with the work and renum-
.bered so that the writer could not identify them. These were then
prepared and analyzed by the same methods used previously (the spectro-
graphic work being done by Mr. Chodos) and the results used to check
 the reproducibility of the results previously obtained. The repro-
ducibility is shown in Table 2, -

Contamination by various elements was unavoidably introduced at
various stages during the analytical process. Ferro-alloy elements
were added by the different steel tools used during the separation
process. Copper was added by the Frantz Separator. Vanadium and
some titanium came from the electrodes. Thus, the only elements which
gave significant figures were Ii, Rb, Mn, Ca, Ba, Sr, Pb, Ga, Zr, Y,
and Yb. Manganese may be an indication of contamination by biotite.
Zirconium is undoubtedly introduced by small grains of included zircon.
Calcium and part-of the strontium are probably present in the plagioclase
part of the perthite or in plagioclase contamination. The effect of
contamination by as much as one percent biotite may be judged by the
analysis of "502 biotite" given in Table 3. Inasmuch as the content
of biotite was less than one percent in all analyzed samples, its
effect is believed to be negligible, with the possible exception that
‘the presence of biotite accounts for the ytterbium and yttrium reported
in two samples. The elements of major importance in this study, then,

‘are barium, lead, rubidium, lithium, and gallium.
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Table 3. Trace Element Content of Biotite from Seample 5023

element concentration
in parts per million

Ba 6000

Ca 10000

Co 30

Cr 7

Cu 20
Ga . 50
Ia 1000
Mn ;000

Pb 100

Sb 100

Sn | Q0

Sr 100

Ti 25000

v 100

Y 700

Yo Lo

Zr 1000
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The full significance of the results will be found in the discus-
sion of the White Tank quartz monzonite, but a few general remarks as
to the reproducibility of results may be appropriate here. The
correspondenée between two parts of a hand specimen may be seen by
comparing the A and B parts of the first five specimens listed in
Table 2, Comparison of sample A with sample 509 and sample B with
sample 50l indicates the reproducibility obtained upon repeating the
entire preparation and analysis procedure. Trace element concentrations
are reported only to ome significant figure except in cases where the
measured value is midway between two figures.

On the basis of correlation between the various duplicate analyses,
it is believed that a’difference in composition of more than one in
the first figure for any element is significant. The degree of certainty
as to whether or not a given difference is significant, of course,

increases with the difference,
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THE PROBLEM OF TEXTURE

As with all scientific terms, the word texture should be defined
before it can be discussed. The writer proposes the following
definition: "Texture is a lithologic property comprising all relations
whiéh exist between individual grains and which may be described
independently of the entire rock mass.® By way of distinction, a
structﬁral property is a pattern of movement or feature of orientation
whiéh must be defined in its relation to the rock mass as a whole.
This concept and definition of texture and the distinction betﬁeen
texture and structure are similar to definitions and distinctions
adopted by many other petrographers. In the writer's opinion, the
best summary of previous thought on texture and structure was made by
Johannsen in 1948 (pp. 32-3L).

The following examples are given for the purpose of clarifying the
distinction between structure and texture.

l. If a petrofabric analysis be made on quartz in a granite, it
may be found that the optic axes will bear some constant relation to
the contact between the granite and wall-rock, This relation is a
structural property inasmuch as it may be described only by relation
to the contact between the two rocks, which is a feature of the entire
granite mass rather than of its individual grains. A similar petro-
fabric analysis, however, on the quartz in a graphic granite may show
'that, within a given feldspar crystal, all of the quartz grains have
a single optic orientatione Inasmuch as this orientation may be

lrelated to a single feldspar crystal, and need bear no relation to
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any other érains in the rock or to the rock contact, it is a textural
feature according to the definition given above. To carry this example
a bit further, if all of the feldspar crystals are so oriented that the
optic éxes of the included graphic quartz grains show a uniform
orientation with respect to the granite contact, then the quartz
orientation is also a structural feature.

2. A fault cutting and offsetting a granite body is a structural
feature related te the rock as a whole. A fractured feldspar grain
filled by a veinlet of quariz is a textural feature related only to
the feldspar grain and to the quartz. If a large number of feldspar
grains were broken, and the fractures were consistently oriented, then
the individual fractures would also be structural features.

Although structure certainly may not be ignored, this thesis is

primarily concerned with texture.

Texture may be subdivided into several parts. In the writer!s
opiﬁion, the best classification of texture is the one made by Cross,
Iddings, Pirsson, and Washington in 1906. The broad subdivisions of
this classification are

1. Crystallinity: +the degree to which a rock is crystalline

or glassy.

2+ Granularity: the size of the grains.

3. Fabric:

A+ Relative sizes of parts: equigranular or inequigranular,

B. Shape: euhedral signifies a grain bounded entirely by
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 crysta1 faces; subhedral signifies some crystal faces;
and anhedral signifies the absence of crystal faces.
Co Arrangement: the orientation and distribution of different
gfains with respect to each other.

- The writer, in modifying the CIPW classification for his own use,
has found it desirable to add a few factors. The modified classifica-
tion is given below, and a discussion of it follows.

1. Crystallinity.

2+ Granularitye.

A. Average grain size of each mineral.

B. Range in grain sizes of each mineral.

3 Fabrice.

A. Shape.
ls The grain surface in detail.
2+ The general form of the graine.

B. Arrangement.
1. The distribution of each mineral throughout the rock.
2+ The optical orientation of the grainse.
3. The morphologic orientation of the grains.

1. The concept of crystallinity is the same as in the CIPW
classification. All of the rocks dealt with in this thesis are
completely crystalline.

2+ The granularity of a rock is very difficult to describe.
Ideally, the size of a grain is its volume, but measurement of grain

‘volume appears impossible for most igneous rocks. The writer has
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devised vafious methods (see pages 9-11) for determining relative grain
sizes in various rocks, but no method of measuring absolute sizes has
been found. Naturally, the average size and size range will generally
bevdifferent'for different minerals within the same rock, and separate
data (both average size and range) should,be recorded for each mineral
measurede The difference in grain sizes among the separate minerals
 in the same rock indicates that the “grain size of a rock" is only an
approximate quantity.
3. Fabric is even more difficult to describe than granularity.

In some rocks studied by the writer, potash feldspar grains up to six
inches long appeared megascopically to be well-formed crystals. In
thin section, however, it was apparent that many of these grains did
not have good crystal faces, but rather had very irregular borders which
were shaped around neighboring, smaller, grains. Thus, although these
crystals are certainly subhedral to euhedral in any normal usage of the
term, they do not satisfy the original definition (made by CIPW), that
euhedral crystals must be bordered by crystal faces. The writer does
not propose to make any change in the normal usage of the terms
"euhedral," "subhedral," and "anhedral," but he feels that a descrip-
tion of the shape of a grain should mention both the general outline
and the detailed surface features.

| The arrangement of minerals in an igneous rock involves both the
distribution of the minerals throughout the rock and the orientation
of the minerals. Certainly an igneous rock in which all of the quartaz

grains are randomly distributed among the other minerals is different
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from a roék in which quartz is in muliti-grain aggregates; but the
writer can find no good guantitative measurement to describe this
" difference. Both morphologic and optical orientation of grains must
_alse be conéidered, for the two types of orientation do not always

occur together, .



GENERAL GECLOGY

The area consists entirely of crystalline rocks of unknown age.
The major types present are a gneiss and a series of silicic plutonic
rocks.

The oldest formation in the area is the’Pinto gneiss. It is a
middle~rank metamorphic rock characterized by a well~-developed foliation
and a2 mineral assemblage of guartz, plagioclase, and biotite, with
minor muscovite, hornbleﬁde, and potash feldspar. The foliation trend
is generally north to northwest, and the dip is highly irregular but
commonly nearly vertical. The layered appearance, shown best in the
Iost Horse Mountains, and the high content of quartz (about 50 percent)
indicate that the gneiss is largely o metasediment. In places the
gneiss is intimately mixed with granitoid material and grades into
the Palms quartz monzonite.

The Gold Park gabbro-diorite occurs in small, isolated masses
scattered through the gneiss and Palms quartz monzonite. It is a
fine to coarse grained rock consisting primarily of plagioclase and
hornblende with local concentration of olivine, biotite, and possibly
pyroxene. Iis age with regard to the Pinto gneiss cannot be determined
definitely.

The Palms quariz monzonite apparently formed later than the
gnelss, but its age with regard to the gabbro-diorite is uncertain.
The quartz monzonite to the north of Queen Mountain is a coarse to
lfine grained, inequigranular, seriate rock consisting of approximately

equal amounts of quartz, potash feldspar, and plagioclase, with
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scattered giotite and hornblende and a characteristic assemblage of
sphene, magnetite, apatite, and members of the epidote group. The
IQnartz monzonite south of Queen Mountain and in the western part of
Tost Horse Valley is a fine grained, approximately equigranular, rock
of the same general mineralogical composition. °

The monzonitic porphyry grades into the Palms quartz monzonite in
| some places, into the gneiss in other places, and has sharp ccntacts
against either rock in some areas. The porphyry is characterized by
large, highly poikilitic, potash feldspar crystals, which may attain
a length of six inches. Slightly smaller and non-poikilitic plagio-
clase phenocrysts are about as abundant as potash feldspare. The
other major minerals are quartz and either (rarely both) greenish
hornblende or greenish-brown biotite. The accessory minerals are
identical with those of the Palms quartz monzonite. The groundmass
of the porphyry generally comprises about ten percent of the rock and
consists of fine grained, highly intergrown, plagioclase, quartz, and
potash feldspar. Most portions of the porphyry are massive, but in
places there is a definite planar structure broadly parallel to the
contacts,

Dikes of Palms quartz monzonite cut the monzonitic porphyry and
vice versa. This evidence, together with their gradational contacts,
suggests that the two rocks are essentially synchronous,

The White Tank quartz monzonite is the youngest plutonic rock
in the area. Contacts with the adjacent rocks are invariably sharp.

The rock is a coarse grained, equigranular to inequigranular, massive
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quartz monéonite with approximately equal amounts of quartz, potash
feldspar, and plagioclase. Most samples contain a few percent of
Pbiotite and rare accessory minerals. The quartz monzonite in Queen
Vélley'and the érea to the south shows a vertical variation, the rock
becoming more acidic and the potash feldspar grain size increasing
toward the top.

Paults in crystalline rocks are very difficult to recognize, and
the three mapped by the writer may not be the only ones. Two faults,
along straight canyons which intersect at Forty Nine Palms, uplift a
wedge of White Tank quartz monzonite north of Queen Mountain; apparently
these faults die out southward. Another fault along the southern base
of Queen Mountain may account for the sharp contact between two types
of the Palms quartz monzonite.

Jointing is a conspicuous feature of the White Tank quartz mon-
zonite and portions of the Palms quartz monzonite. The general pattern
of the joints passes through the contact between the two rocks with
absolutely no deflection.

In addition to the plutonic rocks mentioned above, several minor
igneous rocks are present. The White Tank quartz monzonite is cut by
aplite, pegmatite, and basic dikes. The Palms quartz monzonite and
monzonitic porphyry contain, in places, abundant silicic and basic
'dikes averaging about six inches in width. Presumably the youngest
:rock in the area is the basalt which makes up the Malapai volcanic
plug. There is no indication that any flows ever originated from

“this plug.
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PINTO GNEISS

' 1. Introduction:

Thé Pinto gneiss, first named by Miller in 1938, appeé}s to make
ﬁp a2 large part of the mountain range south of the Pinto Mountain
fauit. Although no accurate conclusions can be drawn as to the extent
of the gneiés, very similar rocks occur along much of the mountain front
between Twentynine Palms and Morongo Valley (25 miles west), and the
formation may extend to the Eagle Mountains (25 miles to the east).
Although the southward extent of the gneiss is unknown, the rock near
Twentynine Palms is very similar to the rock mapped as the Berdoo series
in the Little San Bernardino Mountains by Maclellan in 1936.

In the area shown on Plate I, the gneiss comprises the Pinto
Mountains on the east, the Hexie and Lost Horse Mountains on the south,
the Quail Mountain area on the west, and smaller outcrops north of

Queen Mountaine

IT. Structure:

Near Tweniynine Palms the gneissic foliation shows a general north
to northwesterly strike and nearly vertical dip. Both on a broad scale
and in detail, the foliation trends paraliel to the contact with the
White Tank quartz monzonite in the Pinto, Hexie, and Lost Horse
Mountains., The small, isolated, patches of gneiss in the monzonitic
_porphyry northeast of Indian Cove show a remarkable uniformity of
foliation, but the patches north of Forty Nine Palms either show no
“general orientation or represent a syncline overturned to the east and

plunging southward.



-29 -

In th;-Pinto and Hexie Mountains, for distances up to a mile
from the quartz monzonite contact, the gneissic foliation strikes
"parallel to the contact but shcws extreme variation in dip. In fact,
.the'entire gneiss in this region is contorted into nearly vertical,
isoclinal, folds with a width seldom exceeding fifty feet. The dip
of the foliation, of course, varies from vertical through horizontal
and back to vertical in the space of a few feet. In the Lost Horse
Mountains this intricate folding and variation in dip is not present,
and the reason for its presence in one place and absence in another
is not known.

Detailed mapping in the Lost Horse Mountains (Fig. 5) shows the
presence of folded structures, although the general trend is north-
south. In detail, the foliation parallels the contact with the quartz
monzonite, and in the northern part of the mountains there is some
indication that a regional foliation making an angle up to 30 or 4O
degrees with the contact is warped into parallelism within a foot or
so of the contact. In other places, however, gneiss with a regiomal
strike at an angle of approximately 60 degrees to the contact is cut
obliquely by the quariz monzonite.

Lineation arising from intersecting directions of foliation,
streaks of biotite within the planes of foliation, etc., are common
~ in the gneiss but were not mapped.

Broad zones of mylonitization occur in the gneiss northwest
of the Anaconda Mine and east of Lone Palm. Smaller shear zones

-are scattered throughout the gneiss in other areas.
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Fig. S

Map showing relations between biotitie and feldspathie Pinto
gneiss in the Lost Horse Mts. just south of Sheep Pass

Strike end dip
White Tenk quartz monzemite. ~ ©f follation.

Strike of vertiecal
- foliation.

-4 Horizontal foliation.

Palms quartz monzonite.

Light cclored, feldspathic, gneiss.
Dark cclored, biotitiec, gneiss,

Unknown rock; may be very light colored,
non~biotitic, gneiss.

At points merked "WW", X", "Y", and "Z" there is definite

gradation between the two types of gneiss along the trend
of the foliation.
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TII. Compo;ition and Texture:

A. General: ,
The Pinto gneiss is a middle-rank metamorphic rock characterized
'ﬁy-plagioclase (albite to andesine), biotite, and quartz. Potash
feldspar and muscovite occur in some facies, and amphibole, concen-
trated into thin bands of amphibolite, is also present. A few grains
| of reddish-brown garnet are scattered through the rock. The grain size
veries from one eighth to one half millimeter, and some sections contain
alternating one- to two-millimeter bands (parallel to the foliation) of
different grain sizes. The fol;ation bands average from one half to
two millimeters wide and maintain a very constant thickness within a
given specimen.

B. Detail:

The most common facies of the Pinto gneiss is dark colored and
characterized by the presence of biotite. A typical example, east of

Queen Mountain, has the following modal composition:

228
quartz h6.2%
potash feldspar 11.9
plagioclase 2.1
biotite 17.7
accessory C.l1l
total points 1032

The plagioclase has a composition of Anzh as measured by the Michel-Levy
method. Some layers approximately one millimeter wide are pure quartz,
and other layers up to four millimeters wide are quartz and feldspar

‘with no mica. The plagioclase is twinned, unzoned, and may contain
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numexrous gmall optically-oriented quartz grains. The biotite is
pleochroic from light tan to colorless. All of the minerals are
 elongate parallel to the foliation. The largest grains are plagio-
clase, with‘an average size of one millimeter; the quartz and potash
féidspar average one fourth to one half millimeter, and the mica one
eighth millimeter.

A similar sample (number 130) of biotitic gneiss from the north
side of the Hexie Mountains contains 30.8 percent biotite, pleochroic
from yellow to dark brown, 2.8 percent accessory minerals, and the same
relative proportions of quartz and the two feldspars as in sample 228.
The plagioclase in number 130 has a composition of Anho.

Two modal analyses of biotitic rocks from the Lost Horse Mountains

gave the following results:

29b 29¢
quartz 55¢3% 55.0%
plagioclase 16.9 0.9
biotite 21y 17.2
muscovite 65 25.6
accessory 0.2 0.5
total points 1038 1047

A1l grains are about one half millimeter in diameter, quartz being
slightly larger than biotite and plagioclase. Biotite, pleochroic

from yellow to dark brown, occurs in bands approximately one milli-
meter wide between bands of quartz and feldspar. Muscovite forms masses,
:6ne to two millimeters in diameter, of tiny, interlocking crystals.
'Plagioclase is generally untwinned, but indices show it to be in the

- albite range.
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Pigs 6o Sample 29b of Pinto gneiss from Lost Horse Mountains.
Aggregate of muscovite flakes is denoted by ™m",

Other constituents are biotite (b) and quartz (q).
Crossed nicols, %25,
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Biotitic gneiss‘right at the contact with White Tank quarts
monzonite southeast of White Tank shows extensive chloritization of
'the biotite and the presence of a few rutile grains. A few veinlets
of bleéched biotite with some chlorite and muscovite cut the foliation,.

" Less common than the biotitic facies is a light tan, feldspathic

gneiss., Modal analyses of three typical specimens are as follows:

2L6 3L 167
quartz 35 . O% )41- 3% 5 3. 8%
potash feldspar 29.6 28.8 15.3
plagioclase 30.9 28.L 23.0
biotite L6 1.1 L8
muscovite —— — 3.2
accessory 0.2 Oult 0.1
total points 1035 10h) 1048

2h6. north of Forty Nine Palms

34e south of Sheep Pass

167. east side of Lost Horse Valley
The average grain size in this light colored gneiss is one eighth to
one half millimeter, thus being slightly smaller than the grain size
in.the biotitic gneiss. Grain orientation is not as well developed
as in the biotitic gneiss. Plagioclase in sample 246 is Anzs, and in
samples 3L and 167 is AnOS‘ In sample 167 the plagioclase is twinned
on the albite law, unzoned, and commonly oriented with the twinning
planes normal to the foliation, uncommonly with the twinning planes
parallel to the foliation, and rarely with the twinning planes at an
askew angle. Both twinned and untwinned potash feldspar occur in the _
‘Same section.

Portions of the feldspathic gneiss east of Stirrup Tank contain

' only 25 to 30 percent quartz and have the composition of a quartz
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monzonites Otherwise, the rock is indistinguishable from the remainder
of the feldspathic gneiss.
. In addition to the biotitic and feldspathic types of gneiss’
described above, a few thin (less than ten feet wide) bands of black
amphibolite are scattered throughout the Pinto gneiss. Sample L27,
from the Lost Horse Mountains, contains an estimated 65 percent yellow
‘o greenish-blue hornblende prisms, 30 percent untwinned, anhedral
plagioclase (AnSO), five percent biotite, and rare quartz, magnetite,
and apatite. The average grain size is one fourth millimeter.

Another band in the Lost Horse Mountains contains an estimated
50 percent median andesine, 25 percent cummingtonite, and 25 percent
chlorite, with rare magnetite and quartz. The average grain size is
one fourth to one half millimeter.

In a patch of gneiss north of Forty Nine Palms is a thin lens
ceonsisting entirely of sutured quartz grains with an average diameter
of three millimeters. It is not known whether this is a gquartzitic

lens in the gneiss or a silexite.

IV. Compositional Variations:

As indieated above, the gneiss may be divided into two principal

~ facies: one a dark colored quartz-biotite or quartz-feldspar~biotite
_fock, and the other a light colored quartz-feldspar rocke. In the Lost
Horse Mountains these two types form layers 100 to 500 feet thick and
.generally parallel to the foliation. Although there are small gradations
between the two types, a sample will generally contain more than ten

‘or less than five percent biotite.
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Thus, for example, in the Lost Horse Mbuntains a detailed map
was_made showing distinct layers of dark and light gneiss generally
parallel to the foliation (Fig. 5)s At points on this map marked .

W, X, f, and Z, the contact (actually a zone from six to 100 feet wide)
cuts the foliatione.

The amphibolitic layers are lithologically distinct and show no

gradation with the surrounding facies,

In 1938 Miller proposed that a large part of the Pinto gneiss had
formed by reaction between the Gold Park gabbro-diorite and the Palms
quartz monzonite and shearing out of the products. Admittedly, in many
places the gneiss is intimately mixed with, and grades into, the quarts
mongonite, but for reasons listed below it seems likely that the bulk
of the gneiss is metasedimentary or metavolcanic material.
| 1. Layers of different composition several hundred feet wide and
paréllel to the foliation (for example, in the Lost Horse Mountains)
seem most easily explained by metamorphism of a layered sequence.

This evidence does not distinguish between metasediments and meta-
volcanics, but it does argue against a parent rock of quartz monzonite
or gabbro.

| 2+ The differences in the composition of the plagioclase in dif-
ferent layers indicates formation in a chemically non-homogeneous
‘System. If, as seems probable, this inhomogeneity represents chemical
_ differences in the original rock, then the parent rock was more likely

sedimentary or volcanic than plutonic.
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3¢ The average quartz content of the gneiss is approximately
50 percent. Such a high percentage indicates a sedimentary rather
.-than an igneous parent rocke | ’

iﬁ addition to the above reasons for believing that the gneiss
is metasedimentary or metavolcanic, two specific arguments may be made
against the origin proposed by Miller:

1. If Miller's proposal is correct, the original mass of gabbro-
diorite must have been many tens of miles in diameter, which does not
seem likely.

2. If Miller's proposal is correct, one would expect to find far
more gabbro~diorite mixed with the gneiss than is actually present.

In a large area such as the ILost Horse Mountains, there is absolutely
no gabbro-diorite.

Assuming that the Pinto gneiss formed by middle-rank meta-
morphism of sedimentary or volcanic rocks, it is difficult to determine
the exact nature of the parent rock. The composition indicated By
modal analysis of the gneiss (and assuming isochemical metamorphism)
is similar to the composition of graywackes# except for a higher potash/
soda ratio (X/Na averages 1 to 1.5 in the Pinto gneiss). The total
silica content seems too high for normal igneous rocks but may well
-represent the composition of mixed sedimentary and volcanic material,
Mo relict textures or structures, other than the large scale layering,
1have been found which would aid in determining the nature of the parent

material. The gneiss of quartz-monzonitic composition east of Stirrup

* Pettijohn (1949), page 250.
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GOLD PARK GABBRO~-DIORITE

I. Introduction:

- The Gold Park gabbro-diorite was first named and described by
Hiller in 1938, Tt occurs in small, isolated outcrops scattered
throughout the area. Its age with respect to the Pinto gneiss can-
not be accurately determined, but it seems to have intruded either the

gneiss or the unmetamorphosed rock which now comprises the gneisse.

-

1T. Structure:
No structure has been found in the gabbro-diorite, but the intense

weathering of most outcrops makes detection of structure difficult.

IIT. Composition and Texture:

Although the gabbro~diorite shows extreme textural variation, the
poor exposures prevent describing these textures in relation to each
other or to their position in the intrusion as a whole. Section 177,
froﬁ an outcrop northeast of the Lost Horse Mountains, contains horn-
blende prisms three millimeters long and poikilitically enclosing
OJ5-millimeter, subhedral, laths of plagioclase. The matrix in this
specimen consists of plagioclase laths identical to the polkilitically
enclosed ones. Section 81 (Fig. 7), from an outcrop west of the
Anaconda Mine, is remarkably equigramular; all minerals are anhedral

and have an average diameter of 0.25 to 0.5 millimeter.
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Fige 7o Sample 81 of Gold Park gabbro-diorite west of the
bnaconda Mine. The tiny transparent needles are
apatite (?). Other minerals are plagioclase (p),
olivine (o), biotite (b), and magnetite (m).
Plain light, X65.
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Modal analyses of two samples of gabbro-diorite are as follows.

81 177
plagioclase L7.4% Li3.8%
hornblende 7e3 L6.7
biotite 2845 -
olivine 3.8 0.2?
chlorite —— 3.6
augite? 0.97 ——
magnetite 6aly not separated from
other accessories
other accessory 5.8 56
total points 1088 1115

The plagioclase in both rocks is generally strongly zoned and may or
may not be twinned. 1In sample 177 the composition of the plagioclase
varies from An65 in the center of the grains to AnSO at the edge.

A sharp compositional break at about Anéo produces a Becke line in
many grainse. Zoning in the plagioclase of section 81 is also normal,
ranging from AnhS to An25. Some of the plagioclase in section 81 is
antiperthitic,

Hornblende in both sections mentioned above is pleochroic ffom
yellow green to greenish blue; in section 177 it forms large, poikilitic
grains, but in section 81 it occurs as small grains partially mantling
the olivine. The identification of pyroxene in section 81 is uncertain.
Biotite is pleochroic from yellow to dark brown.

Section 81 contains approximately five percent of colorless, low
'birefringent, tiny needles with hexagonal cross-sections; they are
tentatively identified as apatites.

Alteration products are scarce in section 8l. In section 177,
fhowever, the plagioclase is intensely sericitized, and the hornblende

is altered to chlorite and a mineral tentatively identified as sphene.,
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IV. Origins

Although the Gold Park gabbro-diorite probably formed by crystalli-
iation of a melt, some mineralogiéal details are difficult to explain by
such.a ﬁrocesé. The presence of olivine and hornblende in section 81
and the absence or scarcity of pyroxene seems'to contradict crystalliza=

tion according to the standard Bowen reaction series. The abundance of

spatite (?) in section 81 also seems unusual,



PAIMS QUARTZ MONZONITE AND MONZONITIC PORPHYRY

I. Introduction:

. In 1938 Miller first named the Palms granite for its type exposures
ﬁear Forty Nine Palms. His identification of the rock was based on
modal analyses which showed a potash feldspar content of approximately
50 percent and an oligoclase content of 8.3 percent. The present
writer, however, has been unable to find any true granite in the
entire outcrop area of the rock, and he has renamed the formation
the Palms quartz monzonite on the basis of a potash feldspar to plagio-
clase ratio of approximately 1:1., Miller alsc named the monzonitic
porphyry from exposures along the front of the mountains scuth of
Twentynine Palms, and the present writer has found his definition
adequate.

In the type locality and the mountainous area to the south, the
Palms quartz monzonite is typically coarse to medium grained and very
ineéuigranular. Fine grained, equigranular rocks in Queen and Lost
‘Horse Valleys have been mapped as the same formation, although the
correlation between the different types is not certain. Miller's
original definition of the granite included the fine grained rock in
Queen Valley, but his area of investigation did not include the similar
formation in Lost Horse Valley.

The monzonitic porphyry crops out around the northern periphery of
‘the.Palms quartz monzonite body. The quartz monzonite and the porphyry
_are discussed together because they are thought to be intimately related

'genetically for reasons which will be fully discussed on pages 118-120,
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The Palms quartz'monzénite and monzonitic porphyry are younger
than the gneiss, as is shown by dikes of each rock in the gneiss at
.Qarious places. _Contagts betweeh the quartz monzonite and gabbro-~
diorite are invariably so gradational that no exact age relations may
be stated, although in places, the quartz monzonite appears to invade
and inject the gabbro-diorite. The absolute age of the Palms quartz

monzonite and monzonitic porphyry is unknown.

II. Brief Statement of Conclusions:

Conclusions concerning the origin of the Palms quartz monzonite

and the monzonitic porphyry will be discussed in detail following
general descriptions of the two rocks and the nature of their contacts.
It would be well here, though, to indicate briefly the writer's conclu~
sions as to the origin of each rock.

| The relatively abrupt transitions between quartz monzonite and
gneiss where the two rocks are in contact and the dikes of quartsz
monﬁonite in gneiss indicate that the Palms quartz monzonite formed
largely by crystallization of an intruded melt. The distribution of
monzonitic porphyry along some borders between gneiss and quartzﬁonzonite,
and the gradational contacts commonly shown between porphyry and both of
these rocks, indicate that the porphyry has formed by reaction of quartz
-morizonite melt with gneiss. During its formation, at least part of the
- porphyry must have been sufficiently mobile to intrude both gneiss and
.quartz monzonite and form very sharp contacts with these rocks in some

~ places.
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1IT. Description of Palms Quartz Monzonite, Monzonitic Porphyry,

and Contact Relations:

A, General Description of Palms Quartz Monzonite:

The Palms quartz monzonite may be divided into four types: coarse
grained rock as in the type locality in Forty Nine Palms Canyon; finer
grained rock in the upper part of the mountains south of Twentynine
Palms; fine grained rock in Queen and Lost Horse Valleys; and dikes of
quartz monzonite in older rocks. These four types are described below.

1. Coarse grained quartz monzonite {Unit A):

As shown on Plate I, the type rock in Forty Nine Palms Canyon,
hereafter referred to as Unit A, occurs throughout the mountainous
area south of Twentynine Palms. The rock is coarse grained, very
inequigranular, generally massive, and ranges from brown to gray.
Foliation, caused by alignment of biotite flakes, is present in some
ﬁlaces, but no general foliation trends could be found, even over small
areas. Modal analyses of six samples of this facies are shown in
Table L. Sample 354 (Fig. 8) is typical of Unit 4.

Quartz occurs either in two- to four-millimeter aggregates of
undulant, fretted grains or as scattered, individual grains. The ratio
between quartz in aggregates and in individual grains varies throughout
thg rock but is generally about 1l:1l. The average size of quartz grains
is about one half millimeter, with those in aggregates being slightly
larger than the individual grains.

The ratio between grid~twinned and untwinned potash feldspar varies

 random1y from section to section. Some grains contain both twinned and
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Table lie Modal Analyses of Unit A of Palms Quartz Monzonite:

| 112 316 322
potash feldspar 2649 21,3 2846
plagioclase hl.6 L2.0 h7.0
biotite 808 707 7.0
hornblende 3. —— trace
accessory 1.2 0.6 1.9
total points 1108 1175 11hL1

3ub 354 369
quartz 17.0% 28.1% 26.11%

potash feldspar - 3ke7 2542 20
plagioclase 36.8 40,5 35.0
biotite Fels L3 13.3
hornblende —— - ——
accessory 2.1 1.7 1.3

total points 1104 1040 1088
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Fige. 8. Sample 354 of Unit A of Palms quartz monzonite east
of Forty Nine Palms. Major minerals are quartz (q),
plagioclase (p), and microcline (m). Iarge crystals
are seriate down to the small grains shown here.
Crossed nicols, X25,
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untwinned portions. Almost all potash feldspar grains are anhedral.
Their average size is 1.5 millimeters as measured in thin section. In
..cne section east of Forty Nine Pélms about one third of the potash
feldsp;r occﬁrs in thin veinlets (Fig. 9), which cut all of the other
minerals. This late, untwinned, vein feldspar alsc occurs in other
samples near the wall rocks in the northern part of the mountains and
may,be'the result of hydrothermal activity.

Plagioclase has three main habits, each of which is associated
with a different composition:

(1.) About one half or more of the plagioclase in Unit A forms
subhedral to anhedral laths with an average size of 1.0 to 1.5 milli-
meters and a small range in size of individual grains. Grains generally
show excellent albite twinning and also some pericline twinning. Some
grains are zoned from An30 or An35 in the center to Anzo on the edges.
Some unzoned grains have a composition of AnlS’ A few percent of potash
feldspar is common as rod antiperthite in these laths. Some laths are
complexly intergrown with potash feldspar on the borders.

(2.) A1l sections of the quartz monzonite contain an anhedral,
fine grained, irregularly shaped, untwinned, commonly myrmekitic,
plagioclase in addition to the laths mentioned above. The composition
of this plagioclase ranges from AnlS to pure albite. It forms sodic
rims around the plagioclase laths; small, irregular grains scattered
“interstitially throughout the rock; and most commonly, irregular inter-
growths with potash feldspar. Grains range from very small up to one
. millimeter in diameter. This type of plagioclase commonly, but not

invariably, occurs next to potash feldspar.



Fig. 9. Veinlets of unitwinned potash feldspar (Xf) in
sample 352 of Unit A of Palms quartz monzonite
gast of Forty Nine Palms. Crossed nicols, X25.
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(3.) In some sections a third type of plagioclase can be dis-
tingﬁished. Tt has a composition of Anjg (intermediate to the first
.tio types). Grains range from wéll twinned to untwinned, are unzoned,
and.ar; commbnly intergrown with potash feldspar. Small quartz grains
may be included in this type of plagioclase where it is in contact with
potash feldspar, but the quartz shows no morphologic or optical
orientétion as in most myrmekite.

The distinction between these various types of plagioclase is
very difficult and cannot be made in all cases.

In the Unit A of the Palms quartz monzonite, most of the myrmekite
forms teardrop-shaped grains in which the quartz blebs appear to radiate
from a point near the small end of the grain. Tpese grains may either
be separate or attached 1o a plagioclase lath.

Both rod and vein perthite are common.* Some undoubted rod
-perthite contains plagioclase of the same composition as the plagio-
élase in the associated antiperthitic laths, which is to be expeéted
if both are features of exsolution. Most of the vein perthite is more
sodic than the plagioclase laths, but discrimination between rod and
‘vein perthite is not possible in some cases.

4 characteristic feature of the quartz monzonite is the irregular
-intergrowth between plagioclase (AnlS to pure albite) and potash feld-
Spar. In any section, most of the plagioclase in the perthite has the
same composition as the plagioclase in the associated intergrowths.
Fig; 10 shows characteristic textural relationships between potash

- feldspar and plagioclase in Unit A.

% The nomenclature for the various types of perthite is taken from
Alling (1938).
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Fig. 10

Diagremmetic sketoh showing relationships of plagioclase
"and potash feldsper in Unit A of Palms quartz monzonite

P - plegioclese; one lath is partly twinned and partly
zoned, one lath is twinned and unzoned, and one .
irregularly shaped grain is partly twinned and unzoned.

Kf = potash feldspar; most borders show irregular
intergrowths with plagioclase.

m = mymekite; two different types.

qi - small, round, inclusions of quartz in plagioclase
near potash feldsper.

@ - antiperthita.
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Thus, on the basis of the compositional and textural relationships
petween plagioclase and potash feldspar, the following general para-
; génesis may be inferred:

1. Growth of plagioclase laths and start of growth of potash
feldspar with later exsolution of the two feldspars in each
phase;

2. Growth of most of the potash feldspar and formation of the
sodic plagioclase with abundant intergrowth between the two
feldspars and some formation of sodic rims on plagioclase laths.

Most of the myrmekite and perthite are associated with the simultaneous
intergrowth of the two feldspars, and neither texture seems to have
formed by replacement (see similar conclusion for the White Tank
quartz monzonite on pages 187-190). There is no textural feature
which indicates that either the sodic plagioclase or the potash feld-
aspar grew later than the other feldspar, and the appearance of the
intergrowths suggests simultaneous crystallization. The medium of
_growth in this process need not have been fluid, but its exact nature
cannot be determined.

Biotite in Unit A generally forms irregular flakes with an average
length of 0.25 millimeter. It is pleochroic from yellow to reddish-or
greenish~brown, but slight chloritization obscures the colors in some
‘sections. Commonly it forms clusters with the accessory minerals,

Hornblende is pleochroic from yellow f{o bluish green and is

identical to the hornblende in the monzonitic porphyry. In some
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seétions it forms small iﬁclusions, (relics?) in biotite grains, but
in ofhers it occurs as discrete, subhedral prisms.

Unit A contains a very charécteristic suite of accessory minerals.
nagﬁetite, sphene, apatite, and epidote are present in almost all sec-
tibns. Part of the epidote is in euhedral grains unrelated to plagio-
clase and may be primary, but some grains have probably formed by
alteration of plagioclase. Zircon and allanite are rare.

The more calcic plagioclase is generally strongly altered to
sericite¥*, but the sodic plagioclase is noit sericitized. Kaolin is
densest on the plagioclase but also coats some of the potash feldspar.
Some of the biotite has been altered to white mica.

2. Finer grained quartz monzonite (Unit B):

In the higher parts of the mountains around and south of Forty
Nine Palms is a facies of quartz monzonite slightly different from
Unit A. This facies (Unit B) everywhere lies above Unit A, but the
bqntact between the two rocks is so gradational that it is difficult
to locate,

In distinction to the massive Unit A, Unit B is poorly to well
foliated. Generally the foliation is nearly vertical and parallels
the northwesterly trend of the Pinto gneiss. Foliation is marked by
-orientation of both biotite flakes and elongate aggregates of quartsz

'grains. Some parts are apparently massive.
The plagioclase in Unit B is more scdic than in Unit A and the

bercentage of biotite is less. Otherwise, the chemical composition

* See pagel32 for a discussion of the meaning of M“sericite" in this
‘thesis.
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of the two rocks is about the same, Modal énalyses of two samples of

Unit B near Forty Nine Palms are given below.

363 365
quartz 16.9% 2246%
potash feldspar 35.2 284
plagioclase L5.8 L6.2
biotite 1.1 242
accessory 1.1 0.8
total points 1033 1101

Section 363 (Fige 11) is typical of Unit B.

Possibly more of the quartz (up to two thirds of the quartz in
the rock) is in undulant, fretted aggregates in Unit B than in Unit As
but otherwise the quartz in the two rocks is identical,

Potash feldspar is both twinned and untwinned as in Unit A. It
forms highly complex intergrowths with the plagioclase and also
poikilitically includes small grains of all other minerals in the
rocke Its average diameter is about one millimeter, and it ranges
up to eight millimeters in length.

Only one type of plagioclase is common in Unit B. It has a
composition of Anlo to AnO5 and is almost invariably associated with
potash feldspar in the complex intergrowths which also characterize
Unit A. A few of the larger grains are slightly zoned, the center
having a composition of about An20‘ All of the grains have well
'developed albite twinning, and some grains show bent twin lamellae
and undulant extinction. Perthite contains plagioclase of the same
composition as the larger grains. Many of the plagioclase grains

iﬁontain small inclusions of quaritz, which show no optical or morphologic
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Fige 11. Sample 363 of Unit B of Palms quartz monzonite
southwest of Forty Nine Palms. Major minerals
are quartz (q), plagioclase (p), and microcline
(m)e Crossed nicols, X25. '
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f orientation. There are no relations which indicate a paragenesis

petween plagioclase and potash feldspar, and the complex intergrowths
of'the two minerals may signify simultaneous growthe.

Biotite forms very small flakes which are pleochroic from yellow
to greenish brown. These flakes generally occur in clusters but are
not associated with the accessory minerals as they are in Unit 4.
Unit B contains no hormblende.

Accessory minerals are epidote, sphene, magnetite, and rarely
zapatite. Some of the epidote is probably an alteration product of
plagioclase. The accessory minerals either form aggregates or are
scattered throughout the rock.

Sericite occurs in veinlets and as an alteration product of
plagioclase. Kaolin is an alteration product of plagioclase and,
rarely, of potash feldspar.

In summary, the principal differences between Units A and B of

the Palms quartz monzonite are the following:

Unit A Unit B

1, average plagioclase l. average plagioclase
composition of An20 composition of Anlo

2. several types of plagioclase 2. one type of plagioclase
ranging from An30 to pure albite

3. 5% biotite 3« 1% biotite

L. approximately half of the L. approximately two thirds
quartz in aggregates of the quartz in aggregates

5. accessories in aggregates 5. accessories not with biotite
with biotite

6. apatite a common accessory 6. apatite rare
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Although Units A and B both contain the same smount of free quartz,
Unit.B is clearly more acidic than Unit A.
- As was indicated in the discussion of Unit A, the textural
reléti&ns beﬁween plagioclase and potash feldspar seem to be controlled,
in large part, by composition; the more sodic plagioclase tends more
strongly to form complex intergrowths with potash feldspar. It is to
| be expected that if the intergrowths had formed by replacement of
plagioclase by potash feldspar, the more calcic plagioclase would
be more readily attacked, and the majority of the intergrowths would
involve calcic plagioclase and potash feldspar. It is difficult to
prove that the intergrowths have not formed by replacement of potash
féldspar by sodic plagioclase, but as discussed in the section on
Unit A, the most reasonable interpretation of the origin of this texture
seems to be simultaneous crystallization of the two feldspars.

3+ Fine grained quartz monzonite (Unit C):

- In Queen Valley and in the western part of Lost Horse Valley is
an equigranular quartz monzonite which is clearly older than the
White Tank quartz monzonite (as is shown by dikes and other contact
features). Unit C intrudes and sends dikes into the gneiss on the
west side of Lost Horse Valley, where the contact is quite abrupt
{gradational through about an inch). Although unconnected, the two
bodies of Unit C are very similar and are almost certainly the same
:fOrmation. Their correlation with Units A and B of the Palms quartz
monéonite is based on rather tenuous evidence:

(1.) Unit C grades into Unit B in the eastern part of Queen
Valley.
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(2.) As nearly as can be determined, Unit C is the same age
as Units A and B.

Much of the contact between‘Uhits B and C is along the mountain
faée oﬂ the ﬁorth side of Queen Valley. The straightness of this face,
the difference in the rocks on either side, and the abrupt change in
elevation without other apparent cause suggest that this mountain
front may be a fault or fault-line scarp.

Modal analyses of three samples of Unit C are given below (samples

129 and 200 are from Queen Valley, and sample 296 is from Lost Horse

Valley) .

129 200 296
quartz 3’402% 2608% 2907%
potash feldspar 23.7 - 31.9 257
plagioclase 37.0 30.6 L0.6
biotite 1.2 7 0 308
accessory 0.3 ——— Ot
total points 1208 1089 1098

Section 129 (Fig. 12) is typical of Unit C.

The most characteristic feature of Unit C is its marked equi=-
gramlarity. Quartz and both feldspars average 0.3 to 0.5 millimeter
in diameter. Biotite is 0.25 millimeter longe. All minerals are
evenly distributed throughout the rock, in distinction to Units A and B,
in which aggregates of quartz and mafic minerals are common. Quartz
shows a slight tendency to form aggregates in Unit C, but most quartz
is in individuwal grains. Quartz and potash feldspar are anhedral,
but plagioclase is subhedral and forms lath-shaped crystals., Hand
;SPGCimens are light brown, fine grained, equigranular, and generally

massive, but, in some places, show a faint foliatione.
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Pigs 12+ Sample 129 of Unit C of Palms quartz monzonite
in Queen Valley. Major minerals are quartz (q),
plagioclase (p), and microcline (m). Crossed
nicols, X25,
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Some quartz grains haﬁe a slight undulant extinction. In some
sections isolated grains have identical optical orientations within
areas up Lo five millimeters in diameter.

In samples whose plagioclase is highly sodic (Anos or less), all
of the potash feldspar shows grid twinning. In most of Unit C, however,
poth twinned and untwinned grains occur in the same sectione

The composition of the plagioclase is different in different parts
of Unit C. The rock in the eastern part of Queen Valley contains
plagioclase laths having a composition of Anlo to AnOS' These laths
are twinned but generally unzoned. In addition, this rock may contain
untwinmed, irregular, partly myrmekitic, small grains of approximately
pure albite around the borders of potash feldspar grains. Some of the
plagioclase laths contain small, round, unoriented inclusions of quartz.

Most of the rock in Queen Valley and all of the rock in Lost
Horse Valley contains plagioclase somewhat more calecic than that in
the eastern part of Queen Valley., In general, the more westerly
plagioclase is more calcic. Compositions of the subhedral laths
range from Ango to An30. Up to ten percent of the plagioclase is
pure albite, as small, partly myrmekitic, grains scattered throughout
the rock and rarely, as sodic rims on the plagioclase laths. Some of
the larger plagioclase laths (up to three millimeters long) show a
normal zoning over a compositional range of about AnOS‘ A1l plagio-
clase is twinned. In some sections from the western part of Lost
Horse Valley, the calcic plagioclase laths form irregular, oriented

intergrowths with potash feldspar and may be myrmekitic. Plagioclase
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in the rare rod and vein peithite has a composition in the albite
ranges

- Biotite forms very ragged flakes, pleochroic from yellow to dark
brown. It is intensely chloritized and, in places, altered to a
reddish material with tiny white opaque needles.

Magnetite is the most common accessory mineral, - Zircon forms
pleochréic haloes in some biotite. Apatite is rare, and sphene,
which characterizes the other units of the Palms quartz monzonite,
is absent.

Plagioclase is moderately sericitized, but some of the white
mica seems to have formed by alteration of biotite or, possibly, by
primary crystallization. Kaolin forms a light dusting on both feld=-
Spars.

Unit C differs from Units A and B in several important respects.
Most of Unit C lacks the extremely complex intergrowths of potash
feldspar and plagioclase which characterize Units A and B. Unit C
. is equigranular, but Units A and B are markedly inequigranular. The
minerals in Unit C are evenly distributed throughout the rock, whereas
in Units A and B clusters of gquartz and mafic minerals are common.
Unit C lacks sphene, a characteristic accessory mineral in the other
units, and contains no hornblende. On the basis of this evidence,
it might be argued that Unit C formed under entirely different condi-
tions from the rest of the Palms quartz monzonite and has no relation
to iﬁ. But for the reasons listed on page 57, it seems most reasonable
, to consider Unit C as a part of the Palms quartz monzonite, although

the correlation with the type rock is not definites
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. Dikes of Palms quartz monzonite:

‘ :Dikes of quartz monzonite cut the monzonitic porphyry in several
—places_along the contact north aﬁd west of Forty Nine Palms; they are
ﬁdst abundant north of Indian Cove. Inasmuch as these dikes extend
in‘straight lines through the porphyry and across contacts and have
very sharp bqrders with their wall rocks, they presumably represent
injection of fluid material.

Compositionally the dikes are very similar to Unit & of the quartsz
monzonite, Plagioclase in the dikes is commonly a little more sodic
LAnlS to Any,) than in Unit A, but in some dikes the plagioclase laths
are An25. Dikes with the more calcic plagioclase laths (An25) also
contain a sodic phase which forms rims and small grains as in Unit A,
Dikes with sodic plagioclase (Anlo) contain only one plagioclase phase,
but in contact with potash feldspar grains, this plagioclase may be
slightly (normally) zonede The accessory minerals characteristic of
Unit A (magnetite, sphene, epidote, apatite, and allanite) are pfesent
in all dikes. Highly altered flakes of biotite are as abundant as in
Unit A.

Texturally the dikes differ somewhat from Unit A. Except for the
mafic and accessory minerals, which show a very slight tendency to form
clusters, all minerals are evenly distributed. Quartz occurs as
.individual grains rather than in aggregates. The feldspars in the
dikes are not as complexly intergrown as in Unit A. Myrmekite may
have either of two forms (illustrated in Fig. 13). Rod perthite

fgeneralLy has the same composition as the associated plagioclase
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Fig. 13

Diegramatic sketches showing two types of myrmekite
in dikes of Palms quartz monzonite
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 1aths, and antiperthite occurs in Some of the larger plagioclase
laths; Small veinlets of quariz cut some of the feldspars. Section 339,
Fige 1y is typical of these dikes.

Characteristically, the grain size of all minerals in the dikes is
smaller than in Unit A, and the size range is also smaller. The small
dikes are generally equigranular with regard to quartz and the feld-
| sparsy the quartz being slightly larger in some sections. Most grains

have a diameter of 0.25 to 0.5 millimeter. One dike about six feet
wide (slightly larger than average) has a fine grained, equigranular
border and a central portion of the same composition but with quartz
and both feldspars seriate from the groundmass up to phenocrysts as
large as in Unit A. The central portion of this dike also has the
complex intergrowths of feldspars and aggregates of quartz character-
istic of Unit 4, but it has only one plagioclase phase,

| The dikes described above indicate that the Palms quartz monzonite
was, at least at one time, mobile enough to be intruded as a fluid.
- The fineness of grain in the small dikes and the zoning in the larger
dikes indicate that this injection occurred before the quartz monzonite
had crystallized to the coarse grain size characteristic of Unit A
(for the dikes and Unit A have approximately the same composition)e

A dike cutting Unit C north of Hidden Valley contains approximately

‘five percent garnet. The garnet grains are up to two millimeters in
diameter, show many crystal faces and edges but are highly irregular
on other surfaces, have a slight birefringence (biaxial positive),

and are polysynthetically twinned. The garnet is yellowish in section,
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Fig. 1he Sample 339 of a dike of Palms quartz monzonite
in monzonitic porphyry east of Indian Cove.
Phenocryst of plagioclase (p) and quartzose
aggregate (q) in groundmass of plagioclase,
quartz, and potash feldspar. Crossed nicols,

X?S. BN
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buf tﬁe color is very dull and not distinctive. This garnet is
tenﬁétively identified as andradite. About two thirds of the dike
.-is composed of subhedral, twinned to untwinned, unzoned laths of
: apparéﬁtly pure albite with an average length of 0.5 millimeter.
Small grains of quartz are scattered through the rocke. ZILarge irregular
grains of potash feldspar {up to two millimeters in diameter), poikiliti-~
cally include much of the plagioclase and some of the quartz. Both
’qpartz and potash feldspar appear interstitial to the albite. Biotite,
sphene, magnetite, and epidote are minor constituents. The plagioclase
is intensely kaolinized, and the biotite is altered to ferruginous
material.

The orig;n of this dike is uncertain. Its content of sphene and
garnet is not characteristic of Unit C, the rock which it intrudes.
In the remainder of the quartz monzonite, albite certainly does not
crystallize before potash feldspar and quartz and generally crystallizes
apparently simultaneously with either mineral., Thus, it is unusﬁal to
find both guartz and potash feldspar interstitial to laths of approxi-
mately pure albite. Perhaps the early crystallization of the albite
in the dike was caused by its extremely high concentration (75% of the
final rock). There is no evidence that the albite formed by replace-

ment of more calcic plagioclase.

B. Contacts between Palms Quartz Monzonite and Pinto Gneiss:

Contacts between the Palms quartz monzonite and the Pinto gneiss
range from very abrupt to broadly gradational, Examples of three parts

,bf this range, plus one example of apparently broad gradation, are

discussed belowe
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1. Abrupt contact:
..The contact between Unit C of the Palms quartz monzonite and
.-thé bigtitic_gneiss along the western edge of Lost Horse Valley is
. éeherally gradational over about an inche In some places, however,
a édne about five feet wide is essentially identical to the quartz
monzonite except that it contains about ten percent biotite (more than
narmalvin Unit C). Contacts between these two rocks are nowhere knife-
edged, as are some of the contacts of the White Tank quartz monzonite.
Fige 15 shows a group of dikes of Unit C cutting the gneiss northwest
of Hidden Valley.

Except for a zone slightly higher in biotite, the quartz monzonite
shows absolutely no textural or compositional variation at the contacts
from the rest of Unit C. The contact between this biotitic zone and
the rest of Unit C is generally fairly abrupt (gradational over less
than an inch), which may indicate that the ingested gneiss affected
only the narrow zone near the contact. Thus, the effect of assimilation
of the wall rock extended over no more than a few feet into the
intrusive at the time of final consolidation of the melt.

At one place along one contact between Unit C and the zone of
ingested biotitic rock is a slight development of a partly chilled
and partly pegmatitic contacte. Next to the biotitic rock is a fine
grained rim about one centimeter wide and consisting of an estimated
25% quartz, LOF potash feldspar, 35% plagioclase (AnBO), two percent
bidtite, and rare magnetitee. All minerals are anhedral, evenly

distributed, and have an average diameter of 0.5 millimeter. Isolated



Fig. 15

Map showing dikes of Unit C of Palms quartz monzonite
in biotitic gneiss northwest of Hidden Valley
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Py Unit C of Palms quartz monzonite.

VL Gneiss.




- 69 -

quartz grains may have identical optical orientations within an area
five millimeters in diameter. Perthite, antiperthite, and other
‘-iﬁtergrowths between potash feldépar and plagioclase are commons

- rwrmekite ié abundant. Further into the quartz monzonite from the

fine grained rim is a zone of coarse grained quartz aggregates, potash
feldspar up to eight millimeters long, and plagioclase (An30) up to
five millimeters long. The composition of the plagioclase is identical
to that in the rest of Unit C in this area, This coarse grained zone
grades into the rest of Unit C in a few inches.

2+ Slight gradation:

A contact between gneiss and Unit A of the Palms quartz monzonite
northeast of Indian Cove is gradational over a distance of ten feet.
Figs. 16-18 show typical quartz monzonite (number 376), typical gneiss
(namber 378), and the transitional rock (number 377). Modal analyses

of the three rocks are given below.

376 377 378
quartz 2109% 36 .0% 311- 2%
potash feldspar 27k - L1.0 25.6
plagioclase L3.5 15.2 2he3
biotite and hornblende 6.1 Te2 15.7
accessory 1.3 0.6 0.1
total points 1056 1143 1120

The most notable compositional changes are the following:
(1.) The percemtage of biotite increases from quartz monzonite
-to gneiss. Hormblende occurs only in the quartz monzonite.
(2.) The amount of accessory minerals decreases toward the gneiss,
(3+) The composition of plagioclase laths is Anyg in gneiss,

transitional rock, and quartz monzonite. Laths are about one millimeter
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F:Lg o 16. Sample 37 6.
Fige 17. Sample 377.
Flg . 18 . Sample 378 ™
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_long in the quartz monzonite and one half millimeter in the gneiss.
The total percentage of laths is higher in the intrusive than in the
'.gneiss. |

(L.) Part of all sections is a fine grained matrix consisting of
‘about equal parts of potash feldspar amnd plagioclase (Anyg)s and
subordinate quartz., The amount of this groundmass increases toward
ths_quartz monzonite.

(5.) Quartz is more abundant in the gneiss and transitional rock
than in the quartz monzonite.

(6.) Potash feldspar is relatively concentrated in the transitional
rock, This concentration also occurs in the broad transitional zone
between Unit C and the feldspathic gneiss in the Lost Horse Mountains
(see page 77 ).

Textures common to all three rocks are the aggregates of quartz
énd ferromagnesian minerals and the poikilitic nature of most of the
potash feldspar. Antiperthite occurs in all plagioclase laths, |
Myrmekite and irregular intergrowths of plagioclase and potash feld-
spar are commonly restricted to the fine grained matrix and are thus
more abundant in the quartz monzonite than in the gneisse. Foliation
decreases in quality from the gneiss to the quartz monzonite, and is
essentially absent in the igneous rocke. The contact parallels the
foliatione

Apparently the principal effect which the quartz monzonite had
on the gneiss is the conversion of some of the biotite to potash

feldspar and the addition of a little more potash. Possibly the
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decrease in biotite content from gneiss to éuartz monzonite merely
repreéents the addition of non-biotitic material to the gneiss,
vfiagioclase may have been removed selectively by addition of potash,
but.evidence for the removal is insufficient. Quartz seems to be
relatively insensitive to contact effects. Some albite may have

been added to the wall rock. The totally different compositions of
| quartz monzonite and transitional rock and the sharp break in the
percentage of quartz between the quartz monzonite and the transitional
rock indicate, to the writer, that the contact described above is a
slight zone of ingestion around a fluid intrusive into the gneiss. This
conclusion does not imply that all of the Palms quartz monzonite crystal-
lized from 2 fluid, but it does imply that there was a sharp junction
between wall rock and intrusive at this point.

In this transitional zone is a band about six inches wide in which
coarse crystals of potash feldspar have developed. The rock is very
similar to the monzonitic porphyrye. |

3+ Apparent broad gradation:

Along the contact between quartz monzonite and gneiss east of
Queen Mountain is a zone 50 to 2000 feet wide of a rock apparently
transitional between gneiss and Unit B of the quartzmonzonite. The
foliation, caused by aligmment of biotite in some portions and by
'orientation of elongate quartz aggregates in others, is intermediate
between that of the gneiss and that of the intrusive.

The quartzose patches comprise 25 to 50 percent of the rock and

;Consist of undulant, fretted grains approximately one millimeter in
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diameter., Outside of these aggregates, the rock contains about equal
amounts of individual quartz grains, potash feldspar, and plagioclase,
.and minor amounts of biotite, magnetite, epidote, and apatite. Sphene,
_charaéteristic of Units A and B of the quartz monzonite, is absent.
Section 421 (Fig. 19) is typical of this transitional rock.

Quartz grains have a diameter of 0.25 millimeter outside of the
aggregates and one millimeter in them.

Potash feldspar forms anhedral grains with an average size of
0.25 millimeter. Some of the grains show grid twinning. Plagioclase
in the rod perthite has the same composition as the large plagioclase
grains,

Plagioclase forms subhedral grains about 0.25 millimeter in
diametere Most of the grains are twinned and unzoned and have a
composition of Anjg. Rims of more sodic plagioclase (Anlo) surround
the larger grains where they contact potash feldspar, but no distinct
grains of albite are present (in distinction to Units A and B of the
quartz monzonite). Small, round inclusions of quartz occur in plagio=-
clase grains of either composition where they contact potash feldspar,
Antiperthite is absent except for some grains with typical rod
exsolution texture and a modal composition of OrSO(AbBSAnlS)SO'

The complex intergrowths of potash feldspar and plagioclase are
not as abundant as in Unit B. Their place may be taken by the perthite,
which is far more abundant than in Unit B.

In many places, especially along the southern portion of the

contact, the rock described above is so similar to Unit B of the
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Figs 19+ Sample 421 of recrystallized gneissic wall rock
of Unit B of Palms quartz monzonite. Sample is
200 feet from Unit B. Small grains of plagio~-
clase (p) and microcline (m) have formed in the
quartzose gneiss. Crossed nicols, X25,
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Palms quartz monzonite that no definite contact can be mapped between
the two rocks. In such places the contact appears broadly gradational.
Bub in other places the transitién between gneiss and quartz monzonite
is complete within ten feet.,

If the rock described above were completely gradational between
gneiss and Unit B, it should show the following gradual changes in
texture and composition toward the quartz monzonite: 1, the percentage
of quartz should decréase; 2, the amount of complex intergrowth between
potash feldspar and plagioclase should increase; 3, the amount of
minerals (such as sphene) characteristic of Unit B should increase;

L, the degree of foliation should decrease. With the exception of
number L, none of these expected gradual changes are cobserved except
along the southern portion of the contact.

Thus, the relatively sharp contacts in some places, plus the fact
that the apparently transitional rock does not have a texture and
composition truly gradational between gneiss and quartz monzonité
(except possibly in the south), indicate that the Mtransitional rock®
is not a product of broad reaction between quartz monzonite and wall
rocks Rather, the transitional rock is more reasonably interpreted
as a recrystallized gneiss which has undergone slight metasomatic
alteration. The actual transition into the quartz monzonite takes
place in a zone approximately ten feet wide in most places.

The amount of material which has been added to the gneiss to
form the "transitional rock" is unknown, but the quartzose nature of

the transitional rock suggests little addition. Possibly the rims
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;gf sodic‘feldspar around the other plagioclase grains indicate addition
of séda, and some of the potash may have been introduced. But most of
;t,hé mineralogy of the wiransitional rock" may be explained by recrystal-
1iiation of material already present in the gneiss,.

" lo Broad gradation:

Uhit C of the Palms quartz monzonite shows an indetectable border
with 1ight colored, feldspathic gneiss on the northeastern flank of
the.Lost Horse Mountains, There is complete gradation over an interval
of 1000 feet between gneiss and quartz monzonite. Foliation in the
transitional rock (shown by orientation of the few biotite flakes in
the‘rock) is less well déveloped than in the gneiss; the quartz monzonite
is—ﬁot foliated.

Compositionally both the gneiss and Unit C are very similar.
Elagioclase in some of the gneiss has a composition of An25’ but much
ié more sodic. FPlagioclase in the intrusivé rock has a composition
of Anyq to Anls. In the transitional rock the principal plagiociase,
which mekes up about 25 percent of the rock, is Anzsg it may be slightly,
hormally, zoned, and there is abundant albite in rims and small grains.
Irregular myrmekite occurs in both types of plagioclase near the potash
feldspar. Patch perthite seems to have a composition close to that of
‘the more sodic plagioclase. Owing to the sodic nature of the plagio-
"jclase in some paris of the gneiss, it is not certain how much of the
1a1bitic material has been introduced by the quartz monzonite. It is

significant, however, that thé principal plagioclase grains in the
G{transitipnal rock have about the same size as they do in the nearby

gneiss,
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Quartz makes up about 30 percent of the transitional rock. It is
commonly in aggregates, but the number of individual grains increases
.toward the guartz monzonite (in ﬁhich none of the grains are in
aggregates) .

 Potash feldspar comprises about LO percent of the transitional
rocks which is a higher percentage than in either gneiss or quartz
monzonite. Anhedral, roughly rectangular grains up to six millimeters
long are scabtered throughout the rock apparently without orientation.
Most of the potash feldspar is untwinned, but some grid twinning is
present in patches in some grains. The grain borders are very irregular
in detail, and potash feldspar may contain inclusions of all other
minerals.

Small flakes of biotite make up a few percent of the rock. All
are highly altered to a reddish material and small white opaque needles.
Some of the biotite may be replaced by muscovite.
| Magnetite, apatite, allanite, and epidote are common accessdry
minerals. Some of the epidote may be an alteration product of
plagioclase.

Some plagioclase is thoroughly altered to sericite. Chlorite is
an uncommon alteration product of biotite. Kaolin forms a light dust
on both feldsparse

The evidence from this one contact (and a similar one in the
western part of Lost Horse Valley) is not sufficient to determine
exactly the origin of the transitional rock. It may be hypothesized

that both potash feldspar and sodic plagioclase (or at least potash
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.and soda) have been added to the gneiss by the quartz monzonite, but
the gneiss varies internally so much that the exact nature of the
;mrent.FOGk for any given sample of transitional rock is indeterminate.
The addition of both feldspars, and especially the concentration of
potash feldspar, is likely, however, in view of the proposed origin of

the mongonitic porphyry (see pageslﬂ%lZO).

: G; General Description of Monzonitic Porphyxy:

The monzonitic porphyry occurs in three patches around the north-
eastern, northern, and northwestern periphery of Units A and B of the
Palms quartz monzonite. In some places the porphyry eppears to cut
sharply through the quarti monzonite as a later intrusion, but in
other places the two rocks grade into each other. Similarly, the
porphyry is gradational into the Pinto gneiss along most contacts
but cuts sharply through the gneiss in other places.

The typical monzonitic porphyry (Fig. 20) is characterized by
25 to 50 percent coarse, pink to gray, subhedral crystals of potaéh
feldspar. Some of the larger crystals show Carlsbad twinning.
Orientation of potash feldspar grains gives the porphyry a planar
structure (indicated on Plate I by the symbol for foliation) parallel
to some contacts with the gneiss, whether or not these contacts are
parallel to the gneissic foliation. Most of the porphyry away from
:the contacts is massive.

The contact between porphyry and gneiss east of Lone Palm cuts
the gneissic foliation. Here, the planar structure in the porphyry

is parallel to the contact, but potash feldspar grains in the rock



Fige 20. Typical monzonitic porphyry east of
Lone Palm. Glasses are for scale.
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mepped as gneiss are parallel to the gneissic foliation. This change
in orientation of the potash feldspar grains across the contact may
-iﬁply some movement in the partLy fluid porphyry at this place.

Field measurements of the size of potash feldspar grains in four

‘typical samples of porphyry are as follows:

size
252 15.7 millimeters
256 1.8
308 13.6
332 18.0

Samplés 252 and 256 are from the outcrop north of Forty Nine Palms,
sample 308 is from the porphyry east of Lone Palm, and sample 332 is
from the porphyry east of Indian Cove. The monzonitic porphyry east
of Indian Cove is, in general,.coarser grained than the rock in the
other two bodies.

Most of the potash feldspar shows grid twinning, but parts of
some grains are entirely untwinned. The most characteristic feature
of £he large feldspar crystals is their abundance of included grainse.
Most grains enclose an average of 10 to 20 percent of other minerals,
and one crystal (section 309, Fig. 21) east of Lone Palm held 50 percent
inclusicns by micrometric measurement. The types of minerals and their
proportions in the inclusions are identical to those in the rest of the
.porphyry (see Table 5), but minerals in the inclusions are of smaller
size than in the rest of the rock. Inclusions commonly occur in
‘clusters rather than scattered randomly through the host feldspar,

‘but these clusters rarely show morphologic orientation. The borders
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Figs 21, Sample 309 of a single crystal of potash feldspar
from monzonitic porphyry east of Lone Palm,
Inclusions make up 50 percent of the crystal.,
Crossed nicols, X25.
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Table 5. Comparison of Bulk Composition of the Monzonitic
Porphyry and the Composition of Inclusions in a
Single Large Crystal of Potash Feldspar:

308

bulk composition
of typical porphyry

quartz ' 18.7
potash feldspar 740
plagioclase 50.5
biotite and hormblende a9
accessory 1.7
groundmass .7

309

composition of
inclusions in
single crystal
of potash feldspar

indistinguishable

Note that unoriented grains of potash feldspar also occur as

inclusions in the large crystal,
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of the pot;sh feldspar grains are highly irregular in detail, although
apparently straight megascopically, and are wrapped around grains of
other minerals. Most of the potash feldspar grains contain up to
20 peréent plagioclase (Anls) as rod perthites

Plagioclase forms laths with an average length of two to three
millimeters and a maximum of ten. The borders are slightly irregular
but much more even than those of the potash feldspar. There is a
rough inverse relation between twinning and zoning, the zoned grains
showing 1ittle albite twinning and vice versa. All of the twinned
grains show albite twinning, and some show pericline twinning alsoe.
There is apparently no constant difference in grain size between the
twinned and zoned grains. Zoning is invariably normal with some
oseillation, and a common range is Anzs to Anls. In distinction to
the potash feldspar, the plagioclase contains few inclusionse. Irregular
or rod antiperthite occurs in a few plagioclase grains (either twinned
or untwinned). Irregular myrmekite occurs in some portions of the large
plagioclase grains near potash feldspar. In summary, the plagioclase
in the monzonitic porphyry is very similar to the plagioclase in the
Palms quartz monzonite.

Quartz forms aggregates of undulant, fretted grains with an
average grain size of one millimeter.

Biotite commonly forms clusters of flakes. Individual flakes have
-an average length of 0.25 millimeter, are very ragged, and are pleo-
chroic from yellow to olive green. Biotite in the quartz monzonite
 is more reddish, insofar as color mey be determined for the altered

grains.
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The ratio between biotite and hormblende varies erratically
throughout the porphyry. Most sections contain hornblende (in dis-
tinction to the_quartz mgnzonite; in which hornblende is uncommon).
The optical properties of hormblende in both porphyry and quartz
monzonite are the same and are the following: X = yellow, Y = light
bluish green to olive green,' = dark green, ZAc = 2h°, birefringence = (0,2,
Hornblende needles average about 0.5 millimeter long and range up to six
millimeters. Hornblende forms solitary crystals except where it is
included in clusters with biotite.

In sections of the porphyry which contain almost no hornblende,
clusters of biotite and accessory minerals are common. Small grains
of hornblende (relics?) in these clusters suggest that the biotite and
accessory minerals fofmed by alteration of the amphibole, but the
boundary relations between hornblende and biotite do not provide a
clear picture of paragenesis.

Accessory minerals in the porphyry are identical to those iﬁ the
Palms quartz monzonite. Magnetite, apatite, sphene, allanite, and
epidote are common. The accessory minerals commonly occur in clusters
with biotite.

411 of the monzonitic porphyﬁy contains a groundmass of fine
grained quartz and feldspar which makes up 10 to 20 percent of the
rocke Average size of most grains is about 1/25 millimeter.

In most sections about 50 percent of the groundmass is composed
of equant, anhedral grains of untwinned, unzoned plagioclase. Their

small size and high degree of alteration prevent exact determination
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of their composition, but indices seem to range from those of sodic
oligoélase to those of pure albite. Some of the small plagioclase |
.inclusions in potash feldspar are surrounded by irregular rims of
more sodic plagioclase. Myrmekite, characterized by very irregularly
shaped and oriented blebs of quartz, is abundant. Inclusions of
plagioclase grains in potash feldspar may follow fairly straight
bands through the crystal.

Small irregular stringers of potash feldspar are also common in
the groundmass. They may poikilitically include the quartz and plagio-
clase. In some places it is not possible to distinguish the groundmass
from irregular intergrowths of large crystals of potash feldspar and
plagioclase,

Quartz occurs in the groundmass in most sections. Tt generally
forms small grains scattered randomly through the matrix, but in some
sections almost all of the quartz is included in myrmekite.

o A1l of the plagioclase, both in large crystals and groundmass, is
intensely altered. Most of the feldspars are thoroughly kaolinized
and also slightly sericitized. Some of the biotite is altered to
chlorite. Ferruginous staining is common in some sections. Some
epidote has formed by alteration of plagioclase. Some of the small
plagioclase grains in the groundmass have interiors which are more
altered than the rims, possibly indicating a zoning which is not
otherwise visible.

Some small streaks (never more than six inches wide) in the por-
phyry show the effects of shearing and reduction of grain size caused

by granulation.
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Although the potash feldspar grains are too coarse to be measured
accurately by micrometric methods, modal analyses of three thin sec-
tions of typical porphyry given below show the general proportions of
the other minerals (the measured percentage of potash feldspar is
included in order to bring the total percentage to 100). Sections 252
and 256 are from the outcrop north of Forty Nine Palms, and section 308

is from the large body east of Lone Palm.

252 256 308
quartz 16 05% 8.2% 18.7%
potash feldspar a7 30.1 7.0
plagioclase 42,3 49.6 5045
hornblende and biotite 97 1.9 79
accessory 1.k 246 1.7
groundnass 15.8 748 1.7
total points ' 1066 1011 1081

Section 318 (Fig. 22) is typical of the porphyry.

On the basis of the petrographic character of the monzonitic
porphyry, several important conclusions can be drawn concerning its
origin. The different types of plagioclase and their range in com-
positions indicate that equilibrium was not maintained throughout
the formation of the rock. Appa;ently (based on compositions) the
large, more calcic crystals of plagioclase grew before most of the
groundmass. The fine grained inclusions of all minerals, including
_those in the groundmass, in the large crystals of potash feldspar
indicate that the potash feldspar grew during the formation and growth
.of all other minerals in the rock; i. e., its period of growth spanned
‘the time of formation of all, or nearly all, of the porphyry. It is

" not known why some of the potash feldspar formed large grains while
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a minor portion formed small grains in the groundmass. The clusters
of mafic and accessory minerals in some sections may have formed by
‘alteration-of hornblends.

D. Contacts between Palms Quartz Monzonite and Monzonitic Porphyry:

" Most contacts between the Palms quartz monzonite and the monzonitic
porphyry are slightly gradational, and it is believed that this grada-
tion supports the mineralogic evidence that the two rocks are intimately
related.s A few very sharp contacts may be explained as a result of
movement of the partially solid porphyry. The various types of contact
are described below.

1. Gradational:

Gradation between quartz monzonite and porphyry is invariably
complete within 200 feet and commonly in a shorter distance. The most
broadly gradational contacts are associated with the body of porphyry
Jjust north of Forty Nine Palms. The principal changes which take
place upon passing from the porphyry into the quartz monzonite are
the following:

(1.) A very large decrease in the size of potash feldspar grains.

(2.) A slight decrease in the size of plagioclase grains.

(3.) Possibly a slight decrease in the size of quartz grains,

(4e) Possibly an increase in the percentage of quartz.

{(5.) Possibly a decrease in the percentage of hormblende with
‘respect to biotite.

(6.) Change from reddish to greenish biotite. (The change is

fgenerally near, but not necessarily at, the border between the two rocks.)
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(7e) Change from a porphyritic texture to an inequigranular
gseriate onee

(83) Increase in the amount of complex intergrowth between potash
feldspar and plagioclase. (The intergrowths are most common in the
groundmass of the porphyry but are characteristic of all grains in the
quartz monzonite.)

Features common to both quartz monzonite and porphyry are these:

(1.) Quartz in aggregates.

(2.) Type of accessory minerals,

(3.) Approximate similarity in bulk composition.

(Le) Composition and types of plagioclase.

(5.) Type of hornblende.

Commonly both the porphyry and the quartz monzonite are massive
near fhe contact, but east of Lone Palm the porphyry shows a very
strongly developed planar structure parallel to the contact.® The
contact east of Lone Palm is not well exposed, but there is apparent
interlayering of the porphyry and quartz monzonite over a zone
approximately 100 feet widej actual contacts between the two rocks
are generally gradational over less than a foot and some are knife-
edged.

Small dikes of pegmatite and/or aplite cut the contact in several

.places, but they are not obviously related to one or the other of the

-rocks, nor are they at all numerous.

% This portion of the porphyry is also foliated parallel to its contact
~with the gneiss, although the contact cuts across the gneissic
foliation. Perhaps the whole mass of porphyry east of Lone Palm

has undergone movement after nearly complete crystallization.
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A summary of the relations across three contacts between porphyry
and Quartz monzonite north of Forty Nine Palms is given in Table 6.
..Figs. 22~20 are_photomicrographs'of three thin sections from one of
these ﬁontacf zZones.

In addition to normal experimental errors, four other errors
affect the data in Table 6. They are these:

(1.) Percentage and grain size of potash feldspar measured in the
field might vary markedly from similar measurements made in thin sec-
tion, even if such measurements could be made in a normal section.
Thus, correlation between laboratory and field data is tentative.

(2.) The composition of the groundmass affects the percentage
of both feldspars and quartz in the porphyry, whereas such an effeci
is not present in the quartz monzoniie, which has no measured ground-
mass. Thus, compositions of the two rocks are compared on the basis
that the groundmass is about 50 percent plagioclase, 25 percent potash
feldspar, and 25 percent quartz.

(3.) In rocks intermediate between porphyry and quartz monzonite,
the distinction of “groundmass® is very subjective, and its stated
percentage may be greatly in error;

(L.) Measurements of the percentage of potash feldspar made in
the field must be corrected for the amount of inclusions in the
feldspar and the amount of potash feldspar in the groundmass. These
-corrections are only approximate at best. The fact that feldspar in
the porphyry is commonly more perthitic than feldspar in the quartz

monzonite also adds error to the measurements.
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Fig. 22, Sample 318,

Figo 230 Salﬂple 3190
Fige 2L« Sample 322,
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A1l of the gradational contacts mentioned in Table 6 are from
the large body of porphyry north of Forty Nine Palms, and in general
iﬁs contacts are‘far more gradational than those of the other two
bodies. Gradation is complete within a fool between porphyry and
quartz monzonite east of Lone Palm, and the outcrops west of Forty
Nine Palms invariably have knife-edged contacts against the quartz
monzonite. The reasons for these differences in contacts in different
masses of porphyry are unknown.

2+ Abrupt:

As mentioned in the last section, the porphyry west of Forty
Nine Palms has sharp contacts against the quartz monzonite wherever
the exact contact can be found. There is absolutely no difference
in grain size of potash feldspar a few inches from the contact from
grain size in the rest of the porphyrye. The rock is massive at the
contact. The monzonitic porphyry west of Forty Nine Palms is slightly
coarser grained than the other units, the average grain size of potash
feldspar being 20 millimeters as opposed to 15 millimeters for the
outcrops north and northeast of Forty Nine Palms, In all other
respects, such as mineralogy and other textures, however, the
porphyry in 21l three masses is identical.

One contact between porphyry and quartz monzonite east of Indian
Cove is illustrated in Fig. 25. The contact is knife-edged. Sample 333
may represent a zone of smaller grain size, but there is no gradual
decrease in size of potash feldspar into the quartz monzonite as

characterizes the contacts north of Forty Nine Palms. The coarse
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Fig. 25

Sketch of abrupt contact between monzonitic porphyry and
Unit A of Palms quartz monzonite east of Indian Cove

Pgm

74
mp, sempie 33

7p,

i

83,

Monzonitic porphyry; pegmetitie ?; 70% potash
feldspar with an averasge length of 25
millimeters.

Monzonitie porphyry; 30% potash feldspar with
an average length of 14 millimeters.

Hormal monzonitie porphyry; 35% potash feldspar
with an averagze length of 18 millimeters.

Unit A of Palms quartz monzonite.
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grained dike shown in the illustration is, except for size and percentage
of potash feldspar, identical to the rest of the porphyry in the area.
'jll rocks shown in the illustration are massive.

Contact effects such as are shown in Fig. 25 are not likely to
result from the intrusion of quartz monzonite into porphyry; consequently
they suggest that at some time the porphyry was sufficiently mobile to
| intrude the quartz monzonite. Similar conclusions as to the mobility
of the porphyry were drawn from the planar structure developed in the
porphyry east of Lone Palm. Why a planar structure is not developed

in the outcrop east of Indian Cove is not known.

Whether or not the outcrop of porphyry north of Forty Nine Palms
was ever mobile enough to be intruded cammot be proven. As mentioned
before, there is no textural or mineralogical difference between the
rocks in the different large masses of porphyry, with the exception
that the potash feldspar in the westernmost one is slightly coarser
than in the other two bodies, Presumably, then, the origin of all
three masses was approximately the same, and if erosion had not
removed part of the mountain front, the separate units might be
connected.

E. Contacts between Pinto Gneiss and Monzonitic Porphyry:

Although the different bodies of the monzonitic porphyry have
characteristically different contacts with the quartz monzonite, no
such systematic difference is noted in their contacts with gneiss.
The porphyry grades into the gneiss in almost all locations, the

transition being far more gradual than the transition between porphyry
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aﬁd quartz monzonite. The porphyry, however, abruptly cuts the gneiss
in 2 few places. The various types of contacts are described below.
1. Gradational: |

| Most coﬁtacts between porphyry and gneiss are gradational through
 approximately 500 feet. Only a few examples will be discussed in this
sectione
‘ One excellent example of gradation is a contact north of Forty
Nine Palms, The variétion in grain sizes of potash feldspar is sum-

marized below. Distances are measured from a point in the gneiss.

average size percentage
of potash of potash
distance feldspar feldspar
mepped as gneiss 0 ft. 5.0 mm 20%
mapped as perphyry 10 749 30
25 846 30
250 10.2 30
400 11.4 30
1000 10.6 30
2500 12.h 25

-These values of grain size are reproducible to & 1 millimeter anYwhere
along zones parallel to the contact (which parallels the foliation in
the gneiss). The potash content is approximately constant, for the
rock with a high content of biotite (the gneiss) is relatively low in
potash feldspar. Near the contact in one place is a dike of very
coarse potash feldspar similar to sample 33kL, page 95 « Also a few
pegmatite and aplite dikes cut both the porphyry and gneiss.

The contact sketched in Fig. 26 illustrates gradation between
gneiss and porphyry. Actually, this portion of gneiss is separated

 from the main body by about 600 feet of rock transitional between



Fig. 26
Sketch showing eontact between monzonitic porphyry
and gneiss northeast of Forty Nine Palms

(Percentages and grain sizes of potash feldsper are
indicated at various points throughout the rocks.)

20%c
| 3 rmm

Pegmatitic dike.

Monzonitie porphyry.

Gneiss; smphibolitie.

-
i Strike and dip of foliation.
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gneiss and porphyrye. The‘significant features are these:

'(l.) The grain size and percentage of .potash feldspar in the rock
" recognizable as gneiss are both less than in the porphyry. Cubing the
-ratio bf 1ihear sizes of grains in the porphyry and gneiss (12.7/9.1)
gives approximately the ratio between percentage of potash feldspar
in the two rocks (25/10). Thus, the number of crystals of feldspar
is approximately the same in boths

 (2.) The sizes of plagioclase and quartz grains are the same in
the gneiss and neighboring porphyry. Compositions of plagioclaée in
the two rocks are the same.

(3.) The gneiss contains about 20 percent hornblende. Either
this mineral formed by conversion of biotite in the gneiss, or else
this patch of gneiss was unusually high in hornblende (in most parts
of the area, hornblende in the gneiss is restricted to thin bands of
amphibolite, which make up less than one percent of the total gneiss).*

(he) The porphyry evidently contains more potash than the
gneiss.

Two samples from the zone of fransition between porphyry and gneiss
mentioned just above are very different. Sample 265 (Figs. 27 and 28)
contains large grains of potash feldspar lying parallel to the gneissic
foliation. These grains have an average length of L.l millimeters as

measured in the field and a length of 2.2 millimeters measured in thin

# Hornblende in amphibolitic portions of the gneiss is identical to
hornblende in the monzonitic porphyry.



Fig. 28
Sample 265 of rock transitional between monzonitic porphyry
and gneiss north of Forty Nine Palms. Large crystal of
microcline has grown in partly recrystallized gneiss., Biotite
flakes are aligned parallel to rim of microcline crystal.
Fig. 27 in plain light, and Fig. 28 under crossed nicols;
both X25a
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. gectione¥ Grains of plagioclase two millimeters long {(measured in
thin section) and lenses of intergrown quartz and potash feldspar also
.iie parallel to the foliation and may be mistaken for potash feldspar
in hén& specimen. Trains of biotite flakes curve around the lenses
and the large feldspar crystals. Modal analysis of the rock gave the

following result:

265
quartsz 2L L%
potash feldspar 21.9
plagioclase 25,2
biotite 2helt
accessory Lk
total points 1047

There is no diminution of biotite content in the neighborhood of the
lenses or large grains of potash feldspar. For this reason, and
because the total potash content is much higher in sample 265 than
in any other portion of the gneiss, it appears that potash has been
édded to the gneiss. Whether other components have been added or
removed is not known.

Another rock (sample 263) in this same zone shows the blurred
foliation typical of the mixed porphyry and gneiss, but contains no
large crystals of potash feldspar. The average size of potash feld-
spar (measured in thin section) is 1.1 millimeters. Modal analysis

'of this section gave the following resultis:

[See next page]

#Inasmuch as coarse potash feldspar crystals are more resistant than
the matrix, weathering of the gneiss tends to expose the maximum
dimension of the feldspar grains. A single thin section has little
chance of intersecting the maximum dimension.
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263
quartz 15.6%
potash feldspar 174
plagioclase L4647
hornblende 13.8
accessory 6.1
total points 1063

Textural features and compositions of the plagioclase (Anzs) in
samples 263 and 265 are identical. Measurements of grain sizes of

plagioclase and quartz in the two rocks are shown below.

263 265
quartz 0.7 mm Ou6 mm
plagioclase 1.6 1.L

These sizes of quartz and plagioclase are intermediate between those

of the gneiss (both quartz and plagioclase approximately O.1 millimeter)
and the true monzonitic porphyry (quartz one millimeter and plagioclase
2.5 millimeters), Both samples 263 and 265 contain a small amount of
interstitial material similar to the groundmass of the porphyry.
Tt seems likely that the same amount of potash feldspar (or just
potash) has been added to both samples 263 and 265. Possibly sample 263
was originally amphibolitic and not as susceptible to the formation of
large crystals of potash feldspar as sample 265%; thus, the gneiss
illustrated in Fig. 26 may have resisted feldspathization because of
its original amphibole content. As mentioned on page 99, however,
nowhere does the gneiss contain as much hornblende as the porphyry

and mixed rock north of Forty Nine Palms, Thus, either the development

. ¥ The susceptibility to feldspathization mey be determined either by
physical or mineralogic properties of the various types of gneiss,.
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of the porphyry promotes the formation of amphibole (in which case
sample 265 should contain hornblende rather than biotite), or the
porthﬂY is restricted to the northern border of the quartz monzonite
because the gneiss in this area was originally richer in amphibole

: (in'which case sample 263 should show far more development of coarse
potash feldspar grains than sample 265). The unreplaced remnants of
gneiss shown in Fig. 26 should be biotitic rather than amphibolitic
on the basis of either argument. -

Another interesting feature in this zone of mixed rock is the
apparent feldspathization of a silexite or coarsely recrystallized
quartzite.¥* The result is the formation of pegmatite by growth of
soda and potash feldspar in the quartz rock. Pegmatites in this area
commonly contain graphic textures in which quartz blebs of identical
optical orientation are enclosed in adjacent feldspar grains of several
different orientations. This fact, plus their lack of zoning, indicates
that these pegmatites may have formed at least partly by replacement.
This evidence, although not conclusive by itself, may be another
indication of the addition of potash to surrounding rocks during
the formation of the porphyry.

The gradation between gneiss and porphyry is not as well defined
along the contact east of Lone Palm as it is north of Forty Nine Palms.
The monzonitic porphyry in the area contains potash feldspar grains
with an average size of 15 millimeters. In the gneiss the potash

feldspar increases from a size of one millimeter (the smallest

¥ Similar features were described by Campbell (1937).
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| measurable in the field) to a size of 15 millimeters in samples near
the contacte The contact, however, cuts across the gneissic foliation,
gnd foliation in the porphyry is roughly parallel to the contact. In
the.roék mapped as porphyry, there seems to be no difference in grain
size near the contact from the size in the central, massive part of the
outcrop. A complicating factor in the measurement of grain size in the
gneiss is the presence of shear zones. Most of these do not seem to
enter the porphyry and appear to antedate the formation of large

potash feldspar crystals in both the porphyry and gneiss; a few small
shear zones, however, postdate the growth of potash feldspar, and in them
some of the potash feldspar is crushed to smaller sizes. Those parts
of the rock ﬁapped as gneiss which contain the largest crystals of
potash feldspar (15 millimeters) also contain crystals of plagioclase
up to two millimeters long, aggregates of 0.5- to one-millimeter quartsz
grains, and a small amount of interstitial material similar to the
groundmass in the porphyry. Thus, the gradation between porphyry and
gneiss is demonstrated by several textural and compositional features
in addition to the potash feldspar.

The few' exposed contacts between porphyry and gneiss north of
Indian Cove are, for the most part, gradational. The development of
slightly porphyritic rock between quartz monzonite and gneiss in this
area has been mentioned on page 73. Several sills of monzonitic
porphyry follow the foliation in some of the thin outcrops of gneiss
in the area. Most of these sills are identical,in composition, grain

" 8ize, and other textures, to the typical porphyry in the large bodies,



- 105 -

put some small sills are fine grained, and a few of the large ones

have fine grained borders.

| One of these sills is illustrated in Fig. 29. It is diStinguished
Lrom tﬁe typical large masses of porphyry by the very small amount of
sodic plagioclase (the plagioclase which comprises much of the ground-
mass in the typical porphyry) and the absence of sphene and hornblende,
Plagioélase forms laths with a composition of An25 in both the fine
grained borders and the coarser grained interior. Quartz forms both
aggregates and individual grains. Biotite occurs as ragged flakes
pleochroic from yellow to dark browne. Foliation in the dike is
parallel to the foliation in the surrounding gneiss.

2+ Abrupt:

A few of the contacts between the large bodies of monzonitic
porphyry and Pinto gneiss are very abrupt and dikes generally have
knife~edged borders, although some are slightly gradational into the
gneiss.

One dike north of Forty Nine Palms is illustrated in Fige 30. The
gneiss near the dike shows little or no difference from typical gneiss
in the area except for a zone containing fragments of gneiss in por-
phyry about one inch wide along the borders of the dike. The dike
is similar to typical monzonitic porphyry, except for the following
differences:

(1.) The average grain size of potash feldspar is 5.8 millimeters
in the dike, compared to 15 millimeters in the large masses of porphyrye.

(2,) The large plagioclase crystals are AnBO’ which is more

calcic than plagioclase in the large bodies of porphyry.



Fig. 29

Section through dike of monzomitie porphyry in
feldspathic gnelss northeast of Indian Cove

Monzonitie porphyry; fine greined, (average
grain size of 2 millimeters); no large
grains of potash feldspar.

@ocew=| Large crystals of potash feldspar.

Gneisa; feldspathic.
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Fig. 30

Sketeh showing dike of monzonitic porphyry
cutting gneiss north of Forty Nine Palms

Fa feat -

[ Monzoni tie porphyry; finer srained than
mp ’ nomel porphyry; 20% potash feldspar
with an average length of 7 millimeters,

g7 | Cneiss.
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(3.) Groundmass makes up 25 percent of the dike, which is more
$han iﬁ most éf the porphyry. Plagioclase in the groundmass of the
Aﬁke_isAmedian oligoclase (by indices), which is more calcic than a
fiuid in equilibrium with the larger crystals according to the phase
diagrém for pure plagioclase,

These features of the dike indicate that it was formed by injection
of matefial at least parﬁially fluide Evidently the potash feldspar
grew after injection, but the grains of plagioclase and quartz are so
gimilar in size to those in the neighboring large mass of porphyry

that they were presumably formed before the dike was intruded.

F, Summary of Relations between Palms Quartz Monzonite, Monzonitic
Porphyry, and Pinto Gneiss:

The principal relations between gquartz monzonite, gneiss, and
porphyry may be summarized under three headings: distribution,
composition, and grain size.

" 1. Distribution:

As mentioned on page L3, the monzonitic porphyry is roughly
peripheral sround the northern portion of the Palms quartz monzonite,
and in many places the two rocks grade into each other. Unfortunately,
the gneiss which probably exists north of the porphyry is not expoéed,
and it cannot be stated absolutely that the porphyry is a border between
'.gneiss and quartz monzonite. The porphyry is, however, gradational
into the gneiss in many places, and local development of the porphyry
at the contact between gneiss and quartz monzonite is found in at

least two places (north of Indian Cove and east of Lone Palm). Many
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petrologists have repOrted'similar-porphwritic margins on intrusive

rocks throughout the world (seey for example, Engel and Engel [1953],
Edwards and Baker [19LL], Walker and Mathias®* [1946], and Bagchi [1952]).
In 21l cases, the large grains of potash feldspar contain abundant
inclusions and appear to have formed after the rest of the rock.

2+ Composition:

Table 7 summarizes the compositional differences between quartz
monzonite, monzonitic porphyry, gneiss, and rocks transitional between
porphyry and gneiss. On the basis of this tabulation and previous
deseriptions of the various rock types, several conclusions may be
drawn concerning the compositional changes involved in the formation
of the porphyry by incorporation of gneiss in quartz monzonitic fluid:

(1.) Quartz is most abundant in the gneiss and decreases abruptly
in the transitional rocke. The quartz monzonite apparently contains
more quartz than the porphyry.

- (2.) Potash feldspar seems to increase gradually from the gneiss
through the transitional rock and porphyry to the quartz monzonite.

(3.) Plagioclase is more abundant in the porphyry than in either
the gneiss or the quartz monzonite. The composition of the central portion
of the plagioclase laths (AnBO) is roughly constant in all rocks; but the
normal zoning of the laths and the additional phase of sodic oligoclase
.(Anlg) in the porphyry and quartz monzonite indicate that the total
albite content of the rock increases from the gneiss to the quartz

monzonite.

# Walker and Mathias believe that the large feldspar crystals in both

"the porphyritic zone and the associated granitic rock formed by replace~
ment. Shand (1949), however, described a single crystal from the granitic
rock and concluded that the large feldspar crystals in the granite were

" magmatic in origin.




~ 110 -

ysejod 04 %52
pejeTngel aae (QOE Pue ‘952 ‘24z

IO
91TuRlLY
ajoptde
9qT4oudeu
91T101q
apusTquLIoy
zq.1enb

SUTSOPUR=SYBTO0STTO pPue 91TqT®
(o1 TUzaad qeUMSWOS) SUTTOOJIOTU

T4 TUOZUOU

¢ggeTo0T8eTd paJnseew JO quUNOWe 8y} 01 peppe ST Sseupunoad syl Jo 404

2 TuelId suTed PO1ETTOJ-UOU

11
9*0
1°0
L*o
€T
€1
9¢
€1t
LT
%92

JoY30
qouted

91 TOTJIaS
a3 T3ouldeunt
oqoptda
99T40Tq
9geTo03TTO

oTugsadoxo Tt

QUTTOOIOTU
z3Jenb

ssuoTqTsodmos Tepow s8egesr SBUTMOTTOJ ouy pejgodad €QC4AT SISTTIH

*zq1enb 09 %Gz pue ‘xedspreg

$SMOTTOJ S® 24A0Q®

‘00€ €662 €€9g) DPoanseau SBM SSEUWPUNOI3 JO efequeoaed a1 YOoTUM Ul seTdueg

:(quedaed UT seandTg TTY) SSTOuUD pue ¢ Lxfudxog

ST G2 1 02 02 S2 1 0Of of Se S¢ 1+ 92 £t S0 o
[ ) H 1
] . i H
LT 9°0 4L°T 9°2 W'T . T 1°2 f1* T°9 +2°0 1I°0 T*0 @%2
€ L°) 6°L  6°T L*6 1 €°0T TN f*Nie Q€T 1 9°f  L°LT g°*N  g°0f
G*ON 0%2h 16°LS TM°€S 2°09 .+ ¢*Th L°TG 2°92 L°97 . 6°0€ 1°Me 0°€e 8°ce
2°G2 €°T2 11°0T. T*2€ L°QT 1 Q%2 2°9f 6°Tz W°LT . 9*62 6°TIT €°ST 2°2t
1°9z 1°Q2 .f[°22 2°0T G°0Z2 1 M°ML__8*9 MN°fg 9°ST 1 0°SE€ 2°97 8°€Sq L°TE
NGe  ot1f + Q0 992 292 1 OOE 662 992 €92 1+ 9fe Qee L9T OfT
- ezuow*z1b KLxfydaod : 300X TEBUOTITSURIYL ' sgToUd

SUJeT ose[ooTderd
UT 93TUSIOUR ¥

Lxossaooe

OpUSTqUIOY PUB 83T30Tq

ageToot8erd

JedspTey yseqod

Zz3IEnDb

9T TUOZUOR nmpanounoz ZJend SUTed USSM]eq S90USISIJTE Teuotgtsoduop Jo Lreummg ) 9Tqe]



- 111 -

| (Lo) Biotite and hornblende are so irregularly distributed in
; all fbur rock types that no definite conclusions are drawn concerning
‘gheir distribution. Possibly the'amount of mafic minerals decreases
frqm.the gneiss through the transitional rock and porphyry to the guartz
~ monzonite.
(5.) Accessory minerals are most abundant in the porphyry and
.transitional rock.
'These relations are summarized in the curves shown in Fig. 31.
The curves are qualitative and do not purport to show absolute values,
Apparently the most significant chemical change in the formation
of porphyry from gneiss and quartz monzonite melt is the addition of
potash feldspar and sodic plagioclase (or potash and soda) by the
quartz monzonite, and concomitant decrease in the percentage of quartz
and, perhaps, mafic minerals originally in the gneiss. Evidence is
insufficient to determine whether or not the hornblende in the porphyry
wés incorporated from the gneiss, or was formed from other dark minerals
in the gneiss, or was simply introduced by the quartz monzonite. The
addition of sodic plagioclase to the gneiss accounts for the normally
zoned plagioclase laths and the irregularly shaped grains of sodic
oligoclase present in the porphyry and quartz monzonite but absent
from the gneiss. The composition of the introduced plagioclase is
unknown but was probably between An15 and Anoo.
Although there are compositional differences between the quartz
monzonite and the monzonitic porphyry, the mineralogic similarity

and spatial relations are definite indications of a genetic relationship
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yﬁm@éen the two rocks; both rocks contain the same suite of accessory
‘#dhéfélss hpfnblende of identical optical properties, and similar
E*wéés'éf-plagioclase; |
}f?~~3;‘eraﬂn size:

| The curves shown in Figs. 32-35 sunmarize the distribution of
 grainvsizes of each mineral (quartz, potash feldspar, and plagioclase)
An different thin sections of quartz monzonite, porphyry, and rock
tﬁraﬁsitional between gﬁeiss and porphyry. The maximum dimensions of
125 grains of each mineral were measured in each section, and the‘number
?6f grains in each group were plotted as the ordinate in the distribution
,’curﬁes. It is practically impossible to convert from megascopic to
tvmieréscopic measurements of grain size, as would be necessary in plot-
, tiné the size distribution of potash feldspar grains in the monzonitic
porphyry. An abundance of small grains, in addition to the 25 measured
‘ones, of all three minerals causes a rise in the distribution curves
‘toward the small end of the size scale, but the lack of quantitative
data about these small grains makes it impossible to determine whether
or not there is a peak in the distribution curve in the small sizes.
Fig. 35 shows a plot of grain size vs. volume percentage of each mineral.

The writer does not know whether a plot of grain volumes would

show the same distribution as the plot of the maximum dimensions of
.the grains as measured in thin section. So long as the shapes of the

‘large and small grains are approximately the same, however, the

% All types of plagioclase (laths, irregularly shaped grains, and
-grains of all different compositions) are included in these measurements.
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writer feels that the type bf measurement used in this work would give
the same general form of diétribution curve as the measurement of
éctual grain volumes.

Regardless of the distribution in the very small sizes, it is
~ apparent from Figs. 32-3l that the distribution curves for quartz
monzonite are very different from those for porphyry and rock transi-
tional between gneiss and porphyry. Both the porphyry and the transi-
fional rock show a peak in the large sizes for all minerals, whereas
the distribution curves of grain sizes in quartz monzonite rise
steadily toward the smaller sizes, except for sample 354, Possibly
the different shapes in the distribution curves for the quaritz
monzonite and monzonitic porphyry indicate a fundamental difference
in the mode of formation of the two rocks. The distribution curves
for sample 306 show the effect of mylonitization of a portion of the

transitional rocke.

IV. Origin:

The Palms quartz monzonite and the monzonitic porphyry are
believed to be related in origine. Their similar mineralogy, the
gradation between the two rocks in some places, and the distribution
of the porphyry peripheral to the quartz monzonite all indicate a
-genetic relationship between the two rocks.

The writer hypothesizes that the monzonitic porphyry was formed
by reaction between the quartz monzonite and the surrounding gneiss.
Sharp contacts between porphyry and both gneiss and quartz monzonite

in places, indicate that, at least locally, the porphyry was
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sufficiently mobile to intrude the other rocks. Actually, the planar
structure near some contacts where the porphyry has undergone movement
'.suggests that only a small portibn of the porphyry was liquid at the
time of movement; at least 75 percent (by volume) of the minerals in
the porphyry are oriented and, thus, were probably solid during move=
ment of the rocke.

The evidence in favor of formation of the porphyry by reaction
of guartz monzonite melt with gneiss may be summarized as follows:

1. Complete gradation of porphyry into gneiss along most contacts.
This gradation is demonstrated by the size and percentage of potash
feldspar grains; the size, percentage, and composition of the various
forms of plagioclase; the size and percentage of quartz; the percentage
of groundmass; the percentage and type of accessory minerals; and
possibly by the percentage and type of mafic minerals,

2+ The genetic relationship between the porphyry and the gquartsz
honzonite as mentioned in the first paragraph of this section.

3.+ The fact that the porphyry is compositionally intermediate
to the gneiss and quartz monzonite. Potash feldspar and the albite/
anorthite ratio in the rocks increase steadily from gneiss through
porphyry to quartz monzonite; quartz and possibly mafic minerals
decrease in the same direction. Plagioclase is most concentrated
in the porphyry because of the contribution from the gneiss and the
-addition of sodic material from the quartz monzonite. It is not known
why accessory minerals should be most abundant in the porphyry.

Thus, it appears that the intrusion of quartz monzonite supplied

potash feldspar and sodic plagioclase (&n,. to An..) to the gneiss
15 00
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and also supplied the heat necessary for the reconstitution of the
gneiss to the monzonitic porphyry. There are, however, two major
‘objections to such a theory:

1. Inasmuch as the monzonitic porphyry makes up the rims of the
mountains south of Twentynine Palms, its contact away from the quartz
monzonite (which makes up the center of the mountains) is generally
not exposed. Thus, it is impossible to demonstrate a large scale
gradation from quartzbmonzonite to porphyry to gneiss.

2+ Many contacts between Palms quartz monzonite and gneiss show
no development of porphyry. A typical contact is the one southeast
of Queen Mountain, where the quartz monzonite grades into gneiss along
mich of the contact without an intermediate porphyry.

If it is assumed that the porphyry did form by reaction between
quartz monzonite and gneiss, four major problems remain unanswered or
only partially answered. These are:

1. What was the order of formation of the new minerals (prihcipally
the feldspars) in the porphyry? On textural appearance, it seems that
the laths of plagioclase formed partly before the large potash feld-
spar grains. Possibly the potash feldspar grew throughout the entire
period of formation of the rocke

2. What causes the formation of large crystals of potash feldspar
in the porphyry, especially where finer grained potash feldspar is
- also present in the groundmass? A possible answer was given by
Stober in 1931, when he demonstrated that sodium nitrate formed

. much larger crystals if grown in a matrix of fine grained quartz
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gand than if grown from a pure solution. There is, of course, a great
difference between the conditions of his experiment and the conditions
”of formation of_the monzonitic pérphyry, but it may be hypothesized
thaﬁ the preéence of solid material generally favors the formation of
large crystals.

3. Why are inclusions abundant in the potash feldspar but rare in
large plagioclase grains?

Lie Is the hornblende in the porphyry all derived from hornblende
in the gneiss, or does it represent conversion of other material such
as biotite?

The exact mode of formation of the Palms quartz monzonite is also
in doubt. For the following reasons it is proposed, however, that the
quartz monzonite crystallized from an intruded meltb:

1l. Although there is complete gradation between quartz monzonite
and both gneiss and porphyry in many places, the transitions are
generally accomplished in a few feet. Some features, such as content
of quartz, may show an abrupt break between transitional rock and quartz
monzonite. It appears easier to explain this phenomenon by reaction
between a fluid quartz monzonite and a solid wall rock than by replace=-
ment in the solid state.

2. Dikes of quartz monzonite in both porphyry and gneiss indicate
that parts of the quartz monzonite were mobile during at least part
of its period of formatione.

3¢ If the gquartz monzonite had formed in the same manner as the

porphyry (i.e., by partial incorporation of the surrounding rocks),
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oné would not expect the grain sizes of both potash feldspar and
plagioclase to be maximum in the porphyritic rims and less in the
-center of the area of replacement; rather, the grain sizes should
increaée from the rim toward the center of the quartz monzonite,
This argument, of course, assumes a genetic relationship between the
quartz monzonite and the porphyry.

Tt may be that the Palms quartz monzonite is partially the product
of injection and crystéllization of fluid material and partially the
product of solid-state replacement, with the percentage of rock formed
by each process unknowne.

If the quartz monzonite did form by crystallization of a melt,
it appears that crystallization of a fluid may produce an inequigranular
seriate texture concomitant with the formation of a porphyritic texture
in the partially replaced wall rock. Possibly the differences in the
size distribution curves of the porphyry and guartz monzonite reflect

the differences in origin.
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WHITE TANK QUARTZ MONZONITE

Te Tntroductions

The White Tank quartz monzonite was originally named the White
fank monzonite by W. Jo Miller in 1938, although Miller recognized that
an average sample contained approximately 30 percent quartz. The present
writer has changed the name merely to place the rock more accurately in
modern petrologic classifications. The formation crops out in four
principal masses within the area: 1, a roughly circular mass south of
Queen Mountaing 2, along the eastern side of Lost Horse Valley; 3, in
an upfaulted block south of Forty Nine Palms; and L, in a few small
outcrops near the Anaconda Mine. The White Tank quartz monzonite is
the youngest major plutonic rock in the area.

Direct evidence of the absolute age of the White Tank gquartz mon-
zonite is lacking. According to Dr. D. F. Hewett (personal communication),
however, the White Tank quartz monzonite may be the same age as similar
rocks elsewhere in the Mojave Desert. A pegmatite in the Cactus quartz
monzonite (a possible correlative) has been dated by Hewett and Glass
(1953) as approximately 150 million years old, thus presumably

Jurassic,

II. Structure:

Almost no megascopic structure, with the exception of the widespread
Jointing, is to be found in the White Tank quartz monzonite. Most of
the rock is massive, and no simple pattern has been discerned from the
isolated patches that show a poorly developed foliation. The massive

nature of the rock obtains even a few feet from the contactise.
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Joints, however, are a characteristic feature of the quartz mon-
zoﬁité (Fige. 36). Some comments concerning the joint pattern are these:
- 1. Joints appear to have forﬁed synchronously. No joint offsets
 any other.
| 2. In Lost Horse Valley and the north part of Queen Valley, joints
in the White Tank quartz monzonite have an identical patitern to those
in the Palms quartz monzonite. Many individual joints cross the contact
‘with.no deflection.

3. Both radial and concentric patterns are present in the quartz
monzonite near contacts with the gneiss,

he The gneiss is generally unjointed even near the quartz monzonite.

Pegmatite, aplite, and other dikes which cut the quartz monzonite
bear no relation either to the joint pattern or to individual joints.

An adequate analysis of the jointing would require a statistical
study of the jJjoint pattern in many different parts of the quartz
monzonite and adjacent rocks--a study outside the scope of the present
~ investigation. Conclusions as to the origin of these joints must,
therefore, be considered tentative.

The lack of relation between dikes and the joints plus the exten-
sion of the joints across contacts with other rocks indicates that the
Jjoints formed during or after the latest stages of igneous activity
associated with the White Tank quartz monzonite. The absence of joints
in the gneiss and the joint patterms associated with the intrusive
contacts may be explained by assuming that the massive quartz monzonite

was susceptible to the formation of joints, whereas the foliated gneiss
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Fig. 36

Outline map of White Tank quertz monzonite showing
attitude of verticel joints

(Horizontal joints are ubiquitous but are not shown below.)

~ Attitude of
White Tank quartz monzonite. vertical joint,

Other rocks. } 2 miles |
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was not. Possibly the joint pattern formed as a consequence of cooling

of the intrusive bodies and was imposed on the overlying granitoid rocks.

III. Composition and Texture:

A. General Statement:

The White Tank quartz monzonite is a coarse to medium grained quartz
monzonite characterized by notable compositional and textural variation.
The formation has been divided into four units corresponding to the four
separate large masses which outcrop in the area. Units 1 and 2 each
contain two different facies. A rock of unknown genetic relations (mapped
as "unknown rock™) is discussed under Unit 1.

B. Description of Rock Units:

1, Unit 1, south of Queen Mountain:

The quartz monzonite body exposed south of Queen Mountain is here-
after referred to as Unit 1. Two rock types of slightly different
texture and composition make up the mass. The distribution of outcrops
of these two types indicate that they are separated by a nearly horizontal,
- probably gradational, boundary. In general, the upper portion of the body
is coarser grained and more acidic. Fig. 37 shows the distribution of
outcrops in Unit 1 and the grain sizes and colors of potash feldspar at
various localities in the unit.

Although exposures and topographic control are not adequate for
absolute certainty, the lithologic layers are probably tilted slightly
(less than five degrees) northeastward. Assuming a northeastward tilt,
all rocks cropping out at a given height in the unit are essentially

identical, and there is strong evidence for a gradation between the rock



2 1P

Fig. 37

Outline map of Unit 1 of White Tank quartz monzonite
showing colors and grain sizes of potash feldspar
and quality of outecrops

White Tank quartz monzonite; well exposed.
White Tank quartz monzonite; poorly exposed.

Other rocks

| 2 miles I

All sizes shown above are in millimeters.

Color designations are: P = pink, w= white, g =gray.
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exposed near Squaw Tank (the base of the exposed rock) and the facies in
the upper part of Unit 1 (in Queen Valley)e. Scattered patches of roof
-rbck (Palms quartz monzonite) in'Queen Valley indicate that the portion
‘of the White Tank formation exposed there is really the uppermost part
of the intrusion. Unfortunately, the critical zone in Unit 1 (the one
of most rapid transition between the upper and lower rock types) is
unexpoéed in the center of the unit. Transitional rock occurs near
White Tank, but the nearness of the contact may affect its texture and
composition.

The uniformity of rock anywhere along a given level in Unit 1
indicates that the principal variation is vertical rather than lateral.
There is, of course, some lateral change in both composition and texture
within a few hundred feet of the borders of the intrusion, but this can
generally be distinguished from the vertical change by tracing the
variation horizontally away from the contact. In addition to the field
evidence, the fact that the compositional variation is exactly what one
would expect in a gravitationally differentiated quartz monzonite argues
in favor of considering the major textural variation to be also verticale

The three~-dimensional shape of the intrusive is unknowne. No floor
is visible even at the lowest exposed rock (in the Squaw Tank area).

Pr. J. A, Noble has suggested (personal communication) that the unit
may, however, be a floored body; his argument is based partly on the
- fact that most large, unfloored, plutonic bodies generally do not show
a vertical variation.
The two facies of Unit 1 (upper and lower) are described below. The

descriptions are a composite of several different samples from each type.



- 129 -

a. Squaw Tank area, lowest exposed rock in the unit:
Megascopically the rock is light brown to light gray, massive,
'ﬁedium to coarse grained, and eqﬁigranular. Modal analyses of three

samples gave the following compositions:

h3 22l 506
quartz 16.7% 23.L% 22.8%
potash feldspar 25.6 23.0 15.8
plagioclase L8.L b5.3 50.3
biotite - 842 748 10.2
hornblende 0.2 trace —
accessory 0.8 OuL 0.9
total points 938. 1350 11091

Section L3, Fig. 38, is a typical example of the lower part of Unit 1.

Quartz forms aggregates of a dozen or so undulant, fretted grains,
each grain with an average diameter of 1 to l.5 millimeters and some as
large as 6 millimeters. Rarely, quartz occurs as individual, inter-
stitial grains between other minerals,

Most of the potash feldspar is untwinned, but some microcline
twiﬁning forms patches and narrow bands throughout the grains. All
grains are anhedral, irregular, and have an average dimension of 2.3
millimeters and a maximum of 10. Vein and rod perthite are present but
uncommon. Some of the larger grains are poikilitic, the common inclu-
sions being plagioclase.

Subhedral laths of plagioclase have an average length of 2 milli-
meters and a maximum of 10. Most grains are slightly zoned, the compo-
sition ranging from An

5 in the center to An 0 at the rim and showing

3 2
some oscillatione. Grains which show the strongest zoning are generally

‘untwinmed, and conversely, the twinned grains are unzoned., Some grains,



-.130-.

Pigs 38. Sample 43 of lower facies of Unit 1 of White Tank
quartz monzonite. Major minerals are quartz (q),
plagioclase (p), and potash feldspar (Kf).
Crossed nicols, X25.
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powever, are both twinned and zoned. Twinning generally follows the
albite lawe A few grains are £winned according to the pericline law,
'guch twins being_more common in the lower part of Unit 1 than in other
parts 5f the quartz monzonite. |

‘A few plagioclase grains are surrounded by small rims of albite in
optical continuity with the larger grains. These rims are sharply dis=~
tinct from the rest of the grain and commonly occur only at the border
between plagioclase and potash feldspar. Some rims are myrmekitic,
the quartz blebs being oriented acrdss the rim and normal to the grain
borders. Less commonly, myrmekite occurs in the large laths of plagio-
clase where they border potash feldspar, and in such cases the quariz
blebs do not show any morphologic orientation, although some are
optically oriented.

Biotite forms flakes approximately 1 millimeter long. It is
pleochroic from yellow to brown, but the chloritization and possibly
other alteration make color determination difficult. Commonly the
biotite occurs in aggregates of several grains.

The principal accessory mineral is magnetite, but apatite, zircon,
and sphene are also present. All of the zircon is included in biotite,
where it forms small pleochroic haloes. Magnetite and apatite are also
concentrated either as inclusions in the biotite or associated as
separate grains with the biotitic aggregates. Sphene, however, is
scattered randomly through the rocke. The accessory minerals are
invariably euhedral and much smaller than the essential minerals.

Some sections from this lowermost part of Unit 1 contain a few

small grains of hornblende, pleochroic from yellow to blue green.
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The optical properties are the following: Ilength slow, birefringence
0425 extinction angle 25°. The mineral is best identified as common
..hOrnblende.

The plégioclase, especially the centers of zoned grains, has been
altered to sericite¥* and epidote, and perhaps some calcite. Some
irregularly shaped epidote grains scattered through the rock do not
seem to have formed by alteration of plagioclase and may be primary.
Kaolin is lightly scattered over both types of feldspar.

be Queen Valley, uppermost rock in the unit:

Megascopically the White Tank quartz monzonite here is gray,
massive, coarse grained, and very inequigranular. It is characterized
by an average of 30 to LO percent gray, subhedral crystals of potash
feldspar with an average maximum dimension of 8 millimeters. Some
grains of potash feldspar show several zones, the outer one commonly
being white.

Modal analyses of two rocks in Queen Valley are below.

127 85
quartsz 19.6% 17.6%
potash feldspar 38.3 13.1
plagioclase 35.6 5742
biotite 5 . 8 1. 8
epidote — 6.5
accessory 0.7 3.8
total points 1116 1169

Section 127, Fig. 39, is a typical example of the upper part of Unit 1.

# In this thesis, the word "sericite®™ will designate a fine grained white
mica formed by alteration of some other mineral, "Muscovite" will desig-
nate a coarse grained white mica formed by any process. The two types
may have the same composition, or they may be different. Stains used to
- determine the percentage of potash feldspar in some sections also showed
the presence of potassium in sericite, but the sericite may be partly
illitic and/or paragonitic.
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Fig. 39. Sample 127 of upper facies of Unit 1 of White
Tank quartz monzonite. Major minerals are quartz (q),
plagioclase (p), microcline (m), and biotite (b).
Crossed nicols, X25.
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The variation between the two modes indlcates, as is evident also
from the nature of the rock, that the rock in this area is really too
.coarse gralned to give accurate mlcrometrlc results. The_percentage
of microcline measured depends largely on whether or not the section
cuts one of the large crystals., Similarly, the biotite, which is
obviously less than 5 percent in hand specimen, occurs in clusters
which, locally, give an anomalously high percentage in thin section.
The true content of microcline in the upper part of Unit 1 was measured
in the field by the rough point count method described previously
(page 9), and averages 30 to LO percent.

Nearly all of the quartz forms aggregates of undulant, fretted,
two-millimeter grains. A few individual, interstitial grains are also
present, and rarely a stringer of quartz appears to penetrate a feldspar
grain or to follow the border between optically-continuous, intergrown
grains of plagioclase and microcline. This may indicate that quartz
éompleted its crystallization after at least part of the microcline had
formed.

The most characteristic textural feature of the feldspars is the
irregular, optically-oriented intergrowths between microcline and sodic
plagioclase (Fige. 40). Many of the large gray phenocrysts consist of
approximately one fourth albite and the rest potash feldspar. The
'border between the two minerals is commonly very irregular in detail,
-and many isolated patches of plagioclase with the same orientation as
the large grains occur throughout the microcline. The twin directions

~in these separate grains are parallel to each other, but individual
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Fige LO. Intergrowth of microcline and sodic plagioclase
in sample 72 of upper facies of Unit 1 of
White Tank quartz monzonites. Crossed nicols,
X25,
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albite twin lamellae can rarely be traced from one patch to the adjacent
one,'as should be possible if the separation had resulted by replacement
gf single plagioclase crystals by microcline.

In addition to the oriented intergrowbths, microcline mey contain
small inclusions of plagioclase which, though bearing the same orienta-
tion with respect to each other, show no constant relation to the
orientation of the potash feldspare. One grain of microcline in sec-
tion 86 contains a zone of these inclusions parallel to the rim and
about one half millimeter from it. In this same section, some micro-
cline grains show successive zones of potash feldspar with slightly
different optical orientations from each other.

The plagioclase in ithe oriented intergrowths or zonally arranged
inclusions is unzoned, twinned on the albite law, and has a composition
of An,q to Anos (measured by the Michel-Levy method). There is no
myrmekite in this type of plagioclase. FPlagioclase in the vein type
of perthite which characterizes some of the microcline in this facies
seems to have the same composition as plagioclase in the intergrowths,
but lack of twinning in some veins makes accurate determination diffi-
culte Unlike the potash feldspar in the lower portion of Unit 1, the
microcline in the upper portion contains no rod perthite.

Two other tyées of plagioclase occur in addition to the type
discussed above, The most common of these is about equal in abundance
-to that of the intergrowths. It forms anhedral to subhedral, 1- to
2-millimeter, laths occurring either as distinct grains or as unoriented
inclusions in the microcline. Some grains show a slight normal zoning,

and most grains are twinned. The average composition is AnlS'
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The least abundant variety of plagioclase (about five percent of
the total) is apparently pure albites It forms distinct, oriented rims
around the more calcic laths or occurs as small, irregular grains next
to microcline, The albitic rims invariably occur next to potash feldspars
Myrmekite is common in both types of albite, the quartz blebs in the rims
being oriented normal to the rims, and the blebs in the irregular grains
showing no apparent orientation.

Biotite in this pbrtion of the quartz monzonite forms small (0.25
millimeter long), ragged flakes pleochroic from yellow to browne Parts
are chloritized.

Accessory minerals consist of magnetite (altered to ferric oxide),
apatite, sphene, zircon (which forms pleochroic haloes in the biotite),
and allanite. The biotite ana accessory minerals, with the exception
of sphene, commonly form aggregates.

In some sections much of the plagioclase has bsen altered to epidote.
The epidote forms anhedral grains having an average length of 0.25 milli-
meter., Many grains bear no obvious relation to plagioclase and may be
primary.

Sericitic alteration is ubiquitous in all plagioclase containing
any anorthite but varies markedly from grain to grain. Kaolin forms a
light dusting on both feldspars.

Section 205 is from the lower portion of the upper facies of Unit l.
It contains pink microcline phenocrysts having an average maximum dimen-
sion of 6 millimeters, as opposed to gray, 8-millimeter crystals higher

in the body. The composition of the plagioclase laths is Anlé, which
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js not measurably differenﬁ from the plagioclase (Anls) higher in the

quartz monzonite. A modal analysis gave the following composition:

205
quartz 2049%
microcline h3.3
plagioclase 31.2
biotite Lol
accessory 0.5
total points 1000

Based on estimates made in the field, biotite may be somewhat more
abundant in the rock represented by section 205 than higher in Unit le

In addition to the rocks described above, another variety of White
Tank quartz monzonite crops out in Queen Valley. It is restricted to a
small hill (Fig. L1) about two miles south of Queen Mountain. Inasmuch
as patches of roof rock overlie the quartz monzonite with intrusive
contact in the valley below, the facies of quartz monzonite on the hill
may be a cupola formed above the main intrusion. For two reasons it is
believed that the hill is not the result of faulting:

(1.) No evidence of shear zones is found around its base.

(2.) The rock on the hill is slightly different from the rest of
the quartz monzonite in Queen Valley and presumably represents a more
extreme product of differentiation.

Megascopically the rock is gray, massive, very coarse grained, and
inequigranular. Potash feldspar phenocrysts average 8 to 9 millimeters
in maximum dimension. Two modal analyses of the rock gave the following
results:

{See page 1L0]



Fig. Ll. Hill in Queen Valley on which is exposed rock
from a cupola in White Tank quartz monzonite.
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197 212
quartz 11.2% 43.3%2
microcline U8k 2641
- plagioclase- 36.3 29.2
biotite 349 1.4
accessory 0.2 0.4
total points 1256 1120

The large difference between the two modal analyses given above
again shows the sampling error in analyzing such a coarse grained rocke
As measured in the field, the potash feldspar content is about 50 percent,
the quartz and plagioclase 25 percent each, and the biotite 1 to 2 percent.

The quartz is similar to quartz in the rest of the rock in Queen
Valley. It forms aggregates of undulant, fretted grains each 2 to 2.5
millimeters in diameter.

The potash feldspar is entirely microcline. Intergrowths with
plagioclase are common and identical to those described on page 13Le. The
grains are subhedrsl to anhedral. Rod perthite is absent or rare. The
outer portions of some grains show a graphic texture with quartz of
0.25-millimeter diameter. A few of the quartzose aggregates contain
anhedral microcline grains.

Plagioclase occurs in several different habits identical to those
described for the rest of the White Tank quartz monzonite in Queen Valley.
The anhedral to subhedral laths have an average length of 1.5 millimeters
and a composition of AnlS‘ They are twinned and unzoned, Distinct rims
of albite surround the plagioclase laths where they border microcline,
and small, untwinned grains of albite are scattered throughout the

rocks The irregular albite grains are generally in contact with
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:-miéroclines‘bUt some are completely surrounded by quartz. Plagioclase
,'inﬁerérown,with microcline has a composition of An;, or more sodic.
‘éerigitizatiqn is intense on all But the pure albite.

Biotite forms ragged flakes from 0.5 to 1 millimeter long. Most
flakés are almost entirely altered to muscovite and red iron oxide.

Accessory minerals are uncommon, those noted being magnetite,
apatite; and zircon. A few epidote grains may be either primary or
secoﬁdary.

Staining by ferruginous matefial or iron~stained clay is coﬁmon
in the cupola. Possibly this is due to iron-enrichment in the upper
parts of the quartz monzonite during its crystallization.

Two lines of evidence favor the opinion that a gradation exists
between the upper and lower facies of Unit 1:

(1)s The rock near White Tank is intermediate in both composition
--and texture to the upper and lower facies. It contains about 30 percent
'pink grains of potash feldspar with a grain size of 6 millimeteré, and
the composition of its plagioclase is An205 both features are inter-

mediate between rocks typical of the upper and lower facies. If the
lithologic layers in Unit 1 are tilted approximately 3 degrees
northeastward, the rock near Whité Tank is in a zone between the
upper and lower facies., This intermediate rock is found up to two
/;miles from the wall-rock contact, although outcrops are more common
'néar the contact. It does not seem reasonable that contact effects
should influence the rock to such a distance.
: (2.) In the lower facies the potash feldspar tends tovbecome

coarser upward but maintains its pink color throughout the facies.
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In the upper facies the typical large gray crystals of microcline become
a dark pink downward and appear to decrease in size. Thus, the trends
in both rocks are toward a commoﬁ intermediate which is much like the
rock néar White Tanke

"¢ce Unknown rock, possibly part of Unit 1:

A rock that is possibly related to the White Tank quartz monzonite
crops out in an area south of Jumbo Rocks and north of the Hexie
Mountains. Megascopically it is white to light gray, massive, medium
to coarse grained, inequigranular. Some portions of the rock contain
white phenocrysts of plagioclase up to 10 millimeters longe.

A modal analysis of this rock gave the following composition:

L35
quartz 27.5%
potash feldspar 11.3
plagioclase 18,0
biotite 9kt
hornblende 247
accessory 1.0
total points 1051

Approximately half of the quartz occurs in aggregates of undulant,
fretted, l-millimeter grains; the remainder forms individﬁal, inter-
stitial grains with an average size of 0.5 millimeter.

Most of the potash feldspar exhibits grid twinning and forms
‘anhedral grains having an average size of 0.5 millimeter (measured in
thin section). Perthite is absent.
| Plagioclase forms subhedral laths having an average length of

1.3 millimeter. ZLaths are twinned and/or normally zoned and have a
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compositional range from Anho in the center of the grain to AnBO

at the edge. Albitic borders ére very rare., Myrmekite is absent.

| Biotite is pleochyroic from yelldw to dark brown. It forms ragged
flakes having an average length of 1 millimeter. Hornblende occurs as
prisms, having an average length of 0.5 millimeter, pleochroic from
yellow green to blue green.

The accessory minerals are magnetite, apatite, sphene, and zircon,
all of which form smali euhedral grains.

Most of the plagioclase is intensely altered to sericite, and both
feldspars are lightly coated by kaoline. Some of the biotite is chlori-
tized.

Approximately one third of the rock can be considered a groundmass
of 0.25- to OJ5-millimeter grains of all minerals in the rocke. This
groundmass consists of individual quartz grains, plagioclase laths
(Anho to AnBO)’ and microcline, in about the same proportions as they
are in the rock as a whole. The grains of all three of these minerals
are completely seriate from the groundmass crystals up to the largest
grains.

This rock has roughly the composition of the lower facies of
Unit 1, but texturally there seems to be little relation between the
two rocks. All of Unit 1 is coarser grained, has more of its quartz
.in aggregates, and lacks the distinct groundmass of the unknown rocke
The only portion of any unit of the White Tank quartz monzonite which
is texturally at all similar to this unknown rock is in a relatively

- fine grained (apparently chilled) zone within one hundred feet of the
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eastern border of Unit le The unknown rock is not related to a border
of the quartz monzonite.
| Thus, it may be concluded that the unknown rock may have been
derifed from the same magma source as the White Tank quartz monzonite
but probably was intruded at a different time. Possibly the unknown
rock is a large dike injected soon after ithe crystallization of Unit 1.
If the unknown rock and the quartz monzonite near Squaw Tank are
differentiates of the same injection (which seems unlikely), then
there is no complete gradation between the upper and lower facies of
Unit 1, for outcrops of the unknown rock and the upper facies of Unit 1
may be found within 25 feet of each other and with no evidence of
gradation between the two rocks.

2. Unit 2, in Lost Horse Valley:

The quartz monzonite hereafter referred to as Unit 2 crops out
in Lost Horse Valley. It shows far less textural and compositional
variation than Unit l. Throughout the entire vertical distance from
Indian Cove to Cap Rock (about 1000 feet) there is almost no variation.
Only in the uppermost part of the unit, next to the Palms quartz mon-
zonite on the eastern edge of Lost Horse Valley, is there any difference
in texture; and this may, in large part, be the result of horizontal
variation away from the wall rock rather than a vertical change.
Tnit 2 may be subdivided into two different facies, which are described
below.
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a. Indian Cove and Cap Rock areas, bulk of unit:

As seen in hand specimen, the rock is brown, medium grained,
éqﬁigranular, and massive. The potash feldspar is pink as in the
lower part of Unit l.

Modal analysis of Unit 2 is presumably more accurate than analysis
of Unit 1 because of the much smaller grain size of Unit 2. Analyses
of thrée samples are giﬁen below; sample 6 is from the rock south of
Indian Cove, sample 13bwas taken east of Hidden Valley, and sample 83

was taken east of Cap Rock.

6 13 83
quartz 39.4% 2643% 33.1%
potash feldspar 20,2 32.1 26
plagioclase 38,0 Lo.7 36.3
biotite 23 Ou7 3.7
accessory 0.3 0.2 1.0
total points 1082 1215 1285

Sample 6 (Fige. L2) is a typical example of Unit 2.

Quartz occurs in aggregates of undulant, fretted, 1- to 2-millimeter
grains. Some individual, interstitial grains fill spaces between feld-
spars. In some potash feldspar grains, thin quartz stringers follow
cleavages or cut randomly across the grains; some stringers are in
optical continuity with an adjoining quartz grain.

Most of the potash feldspar is untwinned, but some borders and
.thin zones through the grain show grid twinning. Both vein and rod
perthite are present but uncommon. The grains are anhedral to subhedral
and have an average length of 5 to 6 millimeters. Inclusions of guartz

_in potash feldspar have an average diameter of 0.25 millimeter (which is
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Fige 42+ Sample 6 of Unit 2 of White Tank quartz monzonite
south of Indian Cove. Major minerals are quartz (q),
plagioclase (p), and microcline (m)s Crossed nicols,
X25,
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gmaller than quartz grains in the rest of the rock), whereas inclusions
of‘plégioclase average le5 miliimeters long (the average size for
.plagloclase laths in the whole rock) .

Most of the plagioclase forms subhedral laths 1.5 millimeters
long. Many grains are zoned, the composition ranging from An30 in
the center to An20 at the rim. Albite twinning is present except on
the most strongly zoned grains. Some zoned grains are twinned on the
edges but not in the cénter. Some of the plagioclase laths are bordered
by rims of albite where they are in contact with potash feldspar; small,
irregular grains of albite are scattered throughout the rock, commonly
near potash feldspar. Inclusions of quartz in potash feldspar may be
surrounded by rims of albite (Fig. 43).

Myrmekite is identical to the types in Unit 1. Most myrmekitic
growth is restricted to albitic rims around plagioclase laths, but some
of the laths are also myrmekitice
| Biotite forms flakes about 0.5 to 1 millimeter long. It is pleo-
chroic from yellow to dark brown, some slightly greenish flakes owing
their color, perhaps, to slight alteration.

Magnetite, zircon, and sphene are accessory minerals. Zircon is
generally included in the biotite, where it causes small pleochroic
haloes. Magnetite and biotite are commonly clustered together in
'aggregates of several grains.

Sericitization is intense in all plagioclase except albite and is
especially concentrated in the more calcic portions of the zoned grainse

Some large flakes of white mica may be primary. Kaolin is lightly
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Fig. 43. Albitic rim (ab) around inclusion of quarts (q)
v in potash feldspar. Sample 13 of Unit 2 of

White Tank quartz monzonite east of Hidden Valley.
Crossed nicols, X65.
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scattered over both feldspars. A little chlorite penetrates biotite
in'pa£ches parallel to its cleavage, and some unidentified reddish
.élteration product is present on\a few flakes of biotite.

be. Rim along eastern contact of Unit 2 south of Rattlesnake Valley:

A thin rim up to 200 feet wide along part of the eastern margin of
Unit 2 differs from the rest of Unit 2 in its content of muscovite and
garnet'and the albitic composition of its plagioclase laths. This
facies is fouﬁd only along the uppermost portion of the contact (at
the head of Rattlesnake Valley and southward), and is absent at the
mouth of Rattlesnake Valley (1000 feet lower). This micaceous facies
grades horizontally into quartz monzonite typical of the rest of Unit 2
within 200 feet of the contact, and its location, therefore, is not
solely controlled by elevation.

Megascopically the quartz monzonite in this rim is tan to light
gray, massive, medium grained, and equigranular. It is easily recog-
nized by the flakes of muscovite (up to 5 millimeters in diameter)
which make up about one percent of the rocke. Some portions of the
rock contain a few red garnets which range from a fraction of a2 milli-
meter up to 5 millimeters in diameter. A modal analysis of the rock

in this rim gave the following compositions

170
quartz 29 9%
potash feldspar 2L.2
plagioclase L5l
biotite Ouk
muscovite Ou
accessory —_—
total points 1272

Section 170, Fig. Lli, is typical of the rock in this rim.
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Fige Llis Sample 170 of micaceous eastern rim of Unit 2
of White Tank quartz monzonite. Major minerals
are quartz (q), plagioclase (p), and microcline
(m). Crossed nicols, X25. Muscovite is not
present in this photograph.
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As in most of the White Tank quartz monzonite, gquartz occurs
primarily in aggregates of undulant, fretted grains, each 1 to 2
.ﬁillimeters in diameter. Some quartz forms individual, interstitial
grains about 0.5 millimeter long.

Most of the potash feldspar is untwinned, but small areas in some
grains show microcline twinning. The feldspar contains rare vein
perthiﬁe and no other type. Individual grains of potash feldspar are
anhedral, roughly equant, and have an average diameter of 5 to 6 milli-
meters.

Plagioclase forms subhedral laths having an average length of
1.5 to 2 millimeters. All grains are twinned on the albite law, and
a few show a very faint, normal (?) zoning. As determined by the
Michel-Levy method, the composition is Anlo to AnlS. In addition to
these large plagioclase grains, small rims of albite form textures
identical to those in the rest of Unit 2.

Biotite forms very ragged flakes from 0.5 to 1 millimeter long.
Most of the grains are thoroughly altered to one or more of the following:

(1.) Muscovite.

(2.) Chlorite.

(3.) Red, ferruginous material containing scattered small, o?aque
needles of an unidentified minerals The needles are white in reflected
light.

Magnetite, sphene, and possibly some epidote make up the accessory
minerals., Garnet is so rare that it is unlikely to oceur in thin sec-

tion, but it can be identified in hand specimen. The garnet is deep
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red to orange, has an index of 1.81, and apparently has a unit cell
dimension of 1l.6 X (from powder pattern). These data, plus its
élteration to a black powder (manganese oxide?), indicate that the
garnet is a spessartite.

"Except for the pure albite, plagioclase is intensely altered to
sericite or muscovite, some of which forms flakes up to 0.5 millimeter
longe Most books of white mica, however, bear no relation to other
minerals and seem to be primary. Kaolin is lightly scattered over
both feldspars.

3. Unit 3, in up-faulted wedge north of Queen Mountain:

The White Tank quartz monzonite between Forty Nine Palms and Queen
Mountain is hereafter referred to as Unit 3. The rock in Unit 3 is
very similar to the micaceous eastern rim of Unit 2 but contains more
muscovite and garnet and a2 more highly sodic plagioclase than the rime
Apparently the rock does not vary over the entire area of the wedge
except for slight changes near the southern contact with the Palms
quartz monzonite. The lack of relief in the area of exposure, however,
prevents looking for a vertical variation.

Megascopically the rock is gray to white, massive, medium grained,
and equigranular. Tt is characterized by books of muscovite, scattered
red garnets, and white potash feldspars* Modal analyses of two samples

gave the following results:

[See next page]

4% In all other units of the White Tank quaritz monzonite, potash feldspar
is colored (either pink or gray).



- 153 -

356 359
quartz 39.8% 30.8%
microcline ‘ 21.5 22,7
plagioclase _ 31.h L0.6
' muscovite 647 SeT
biotite 0.2 —
garnet 0.5 043
total points 1129 1172

Section 356 (Fige L5) is typical of Unit 3.

The aggregates of quartz grains which characterize most of the
quartz monzonite are absent from this unite All quartz forms individual,
interstitial grains with an average diameter of 1.5 millimeters. The
grains are slightly undulant and are fretted in contact with other
quartz grains but not against feldspar.

A1l of the potash feldspar is twinned microcline. It occurs as
anhedral, somewhat equant grains which are too small to measure accurately
in the field. In section, the average maximum dimension is 2 millimeters.
Rod perthite is absent, but a little vein perthite occurs in most grainse.

Plagioclase forms anhedral, lath-shaped grains with an average
length of le5 millimeters. It is twinned on the albite law, unzoned,
and has a composition of AnOB by Michel-Levy measurement., No rims or
small grains of albite are present, in distinction to the rest of the
quartz monzonite. Myrmekite is absent.

Muscovite forms flakes having an average length of 1 millimeter.

A small amount seems to have formed by alteration of plagioclase, but
most occurs as large flakes showing no relation to plagioclase and 1is
almost certainly primary. A brown alteration product has formed along

some cleavage planes,
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Figas U5 Sample 356 of Unit 3 of White Tank quartz
monzonite south of Forty Nine Palms. Major
minerals are quartz (q), plagioclase (p),
microcline (mi), and muscovite (mu).
Crossed nicols, X25.
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Garnet forms euhedral, equant grains wiﬁh an average diameter of
0.5 millimeter. Magnetite and apatite are very rare; some small grains
iﬁcluded in muscovite may be magnetite.

Both feldspars are lightly dusted by kaolin.

Lhe Unit Ly small outérops near Anaconda Mine:

| The quartz monzonite in the small outcrops near the Anaconda Mine

is nereafter referred to as Unit L. The rock is generally gray, massive,
and very inequigranular; On the basis of its content of 50 percent gray
potash feldspar crystals with an average length of 10 millimeters, it
appears to be closely related to the upper facies of Unit 1.

Although the large grain size of the rock precludes accuracy of

micrometric measurement, a modal analysis of one thin section is given

below.
78
quartz 3642%
potash feldspar 38.L4
plagioclase 2h.1
biotite l.h
accessory 0.1
total points 1139

Section 78, Fig. L6, is typical of Unit L.

Quartz forms aggregates of undulant, fretted grains, each grain
having a diameter of about 2 millimeters. Inclusions of quartz in
potash feldspar are much smaller than the grains in these aggregates.
Thin bands of fine grained gquartz follow the border between some feldspar
crystals,.

Most potash feldspar grains are twinned in some portions and untwinned
in others; Grains are roughly equant and anhedral. Vein pefthite is

abundant, but rod perthite is absent.
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Fige L6, Sample 78 of Unit L of White Tank quartz
monzonite west of Anaconda Mine. Large
grains are quartz (q), plagioclase (p), and
microcline (m) in a groundmass of the same
minerals. Crossed nicols, X25.
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Plagioclase forms subhedral laths having an average length of
1.5 millimeters. All grains are twinned on the albite law and unzoned
(or very faintly zoned), and have.a composition of An?S' On the basis
of relative relief, plagioclase in the perthite seems to have the same
composition. In one section is an intergrowth between plagioclase
(apparently AnZS) and microcline similar to the intergrowths in the
upper facies of Unit le

Albitic rims around the plagioclase laths are most common near
potash feldspar and are best developed on inclusions in the microcline.
Some rims are myrmekitic. Small irregular grains of albite are also
mixed with the fine grained quartz along some intergranular borders.
Albite is more abundant in Unit L than in the portions of Unit 1 con~-
taining plagioclase laths with a coﬁposition of An25'

Biotite forms very ragged flakes, pleochroic from yellow to brown,
and highly altered. Some chloritization has occurred, but most altera-
tion products are unidentifiable, the biotite appearing simply somewhat
opaque and clouded.

Magnetite, sphene, and zircon are rare accessory minerals,

White mica is an uncommon alteration product of plagioclase and
also forms veinlets of tiny flakes in both feldspars; some of this mica
may be primary. Kaolin forms a light dusting on both feldspars.

The fine grained quartz and albite (and a small amount of the potash
feldspar) in Unit L comprise a groundmass which makes up approximately
one fifth of the rocke This groundmass is absent from all but the

‘border zones of other units of the guartz monzonite.
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C. Summary of Major Variations:

The principal lithologic types of the White Tank gquartz monzonite
-afe distinguished by variations in mineralogical composition, trace
-element content of the potash feldspar, grain size, and special texturese.
Each of these variations is discussed below.

1. Mineralogical compositions

The most striking vertical compositional changes in Unit 1 are the
following:s |

(1.) Increase in percentage of albite in plagioclase toward the top:
concurrent increase in discrete grains and rims of albite.

(2.) Decrease in amount of mafic minerals toward the top; hornblende
only in lowermost outcrops.

(3.) Increase in percentage of potash feldspar toward the tope.
The amount of quartz and the total amount of plagioclase remain essentially
unchanged.

Unit 2 shows little vertical variation in composition or texture,
A thin zone along the upper portion of the eastern contact with the Palms
quartz monzonite contains fewer dark minerals and a more sodic plagio-
clase than the rest of Unit 2, The rim also contains garnet and primary
muscovite, which are absent in the rest of the unite.

The average compositions of Units 1 and 2 are about the same.

Unit 3 is similar to the rock along the eastern rim of Unit 2.
Owing to its highly albitic plagioclase and almost total lack of dark
minerals, Unit 3 is more silicic than any other portion of quartz

monzonite in the area. Part of the potash in Unit 3 is held in primary
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muscovite, and the total amount of potash in both feldspar and muscovite
is about the same as in Unit 2 and the lower portion of Unit 1.

‘ Unit I has about the same cbmposition as the upper part of Unit 1,

although possibly the bulk composition of plagioclase in Unit L is more

calcic,

These variations are summarized in Figs. L7-49, showing the dis-
tribution of potash feldspar and biotite and the variation in the compo-
sition of plagioclase; All of the cross-sections are diagrammatic and
not to scalee. |

2. Content of trace elements in potash feldspar:

By methods discussed on pages 11-19, the distribution of trace
elements in potash feldspar has been determined. The variations are
summarized in Figs. 51-55. Table 8 gives the results of all analyses.
Fig. 50 shows the location of all samples. All of the cross-sections
are diagrammatic and not to scale.

Much of the calcium in the analyzed samples may come from the
plagioclase in the perthite or from contamination by large grains of
plagioclase. As shown in Fig. 51, the calcium content varies errati-
cally through the rock. The potash feldspar in Unit 3 may be low in
calcium, as is the plagioclase in the same rock, buit otherwise there
is no noticeable pattern to the distribution of calcium. The variation
between different parts of a hand specimen is generally larger than
" between different parts of one of thé large units.

The concentration of rubidium is approximately constant through
,.the quartz monzonite. Units 2 and 3 may contain slightly more rubidium

than Unit 1, but there is no perceptible variation within one umit.
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Fig. L7
Disgremmatic cross-sections of four plutons of White Tenk

quartz monzonite showing distribution of potash feldspar
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Unit 2,

24.2

26,3 20.2

Unit 3.

7 a5 28.7  28.4 A

Unit 4.
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All values shown sbove are in percent.
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Fig. L8

Diagremmatic cross-sections of four plutons of White Tenk
quartz monzonite showing distribution of biotite

Unit 1.

1.8 ©&.8
4.1
1.0
8.8
10,2

Unit 2,

Unit 3.

I 0.2 0. 0.0 A\
Unit 4.

f 1.4 IR

A1l velues shown ebove are in percent.
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Fig. L9

Diegrammatic oross-sections of roﬁr plutons of White Tank
quartz monzonite showing variation in the campoaition of

plagioclase
Unit 1.
AbgpAn, &
AbgeAn,
Abg An,,
Ab, o an,,
Unit 2,

Unit 3.
o ‘
AbwAnoa
Unit 4.

r Abpghnyg
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) Fig. 50
Diagremmatioc coross-sections of three plutons of White Tank
quartz monzonite showing locations of seamples taken for

spectrochemical anelysis
Unit 1.

509

504
127 102

4 133 503
506 506

#102 end #8503 are from the fine grained border.

#501 is from & pegmatitic segregation two feet fram the border.
#508 is fron the eupolea.

#5090 is fram a red dike in the supola.

#49 is from 8 pegnatite low in the pluten.

#510, #304, #127, #90, #5028, #133, #6505, and #506 are

nomal rock.

Unit 2.

#l4 and #512 are from aplites.

#37 18 from e pegmatite.

#169 is from the alightly micaceous rim.
#83, #6513, and #507 ere nommal rock.

/" ss6  ase 72

#388 1s from a pegnatite.
#356 and #358 are nomal rock.
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Fig. 51
Disgrammatic cross-sections of three plutons of White Tank
guartz monzonite showing distribution of celeium

in potash feldspar
Unit 1.
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2000 1500
2000 1000 900
8000
900 7000 6000

Unit 2,

2000 2000 3000
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/~ 80 500 700 27 \

Al)l values shown above are in parts per million.
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Fig. 52

Diagrammatie¢ cross-sections of three plutons of White Tank
quartz monzonite showing distribution of rubidium
in potash feldspar
Unit 1. \

1000

2000 2000
2000 2000
: 2000 2000 3000
2000
5000-& 2000 2000 200

Unit 2.

Unit 3.

/" 4000 4000 3000 7 )

All values shown above are in parts per million.
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Fig. 53

Diagremmatic eross-séctions of three plutons of White Tank
quartz monzonite showing distribution of strontium
in potash feldsper
Unit 1.

150 100
150 70
150 80 7
400 600
400 400 60
Unit 2.
90 200 6
20
500 500
300
Unit 3.
4 3 N

All velues shown above are in parta per millionm.
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Fig. 5L

Diasgrammatic oross-sections of three plutons of White Tank
quartz monzonite showing distribution of leed in
potash feldspar

Unit 1.

20 30
40
25 20
50
80
Unit 2.
100 60 50
90
90 90
90
Unit 3.
I~ a5 30 % 2

A1l values shown ebove are in parts per millionm,
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Fig. 55

Didgrammatic cross-sections of three plutons of White Tank

" quartz monzonite showing distridbution of barium in

potash feldspexr
Unit 1.

1000
1000

1000
1000

Unit 8.

Unit 3.

10 4 5.7 \

800

All values shown above are in parts per million.

< 800

_~100
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Lithiﬁm is essentially absent from Unit 1 and is erratically
distributed in the other units.

The reproducibility of measﬁrements made on gallium is so low
that nb conciusions may be drawn from its distribution.

Strontium is probably distributed between potash feldspar and
plagioclase in the perthite, and some is undoubtedly contained in the
| fragments of the plagioclase laths which contaminate the samples. The
distribution is roughly as followss:

{1.) In Unit 1 strontium is most concentrated in the lower portions
(or perhaps a little above the base) and is less abundant near the top
and margins. It is extremely rare in the pegmatitic segregation at
the eastern margin but relatively abundant in the pegmatite near the
base of the unit,.

(2.) Strontium may be most concentrated in the central to upper
portion of Unit 2 and slightly less abundant in the lowest exposed
rock (in Rattlesnake Valley). The strontium concentration is lowest
in the eastern rim and in the pegmatites.

(3,) Strontium is very rare in Unit 3.

The concentration of lead in potash feldspar seems to decrease
upward in Unit 1 and may also be low in the marginal zone near White
Tanke Unit 2 is high and Unit 3 low in lead.

Barium shows little or no vertical variation in Unit 1 except for
a slight diminution in the marginal zone. The marginal zone, aplites,
and pegmatites in Unit 2 have a low barium content, as does Unit 3.

The pegmatite near Squaw Tank (low in Unit 1) is rich in barium.
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In attémpting to correlate the itrace element contents and sequence
of formation of potash feldspars, one great difficulty must be recognized:
it is not possible to determine the sequence of formation of potash feld-
spars in different portions of a rock unit from the sequence of formation
_ of minerals associated with the feldspar. Thus, although the calcic
plagioclase in the lower part of Unit 1 probably crystallized before
the more sodic varieties in the upper part, the potash feldspar in the
two facies may have crystallized first in the upper portion and then in
the lower part or may have crystallized simultaneously throughout the
wnite If, however, the time of formation of potash feldspar is correla-
tive with the time of formaticn of the associated plagioclase, two
sequences of crystallization of potash feldspar may be deduced. Both
textural and trace element data indicate £hat Units 1 and 2 are only
remotely related, and they are discussed in separate sequences, as shown

below. Unit 3 is believed to be a differentiate of Unit 2.

I. sequence of formation in Unit 1:
oldest: base of Unit 1
l top of Unit 1

youngest: cupola above upper facies of Unit 1

I1. sequence of formation in Units 2 and 3:
oldest: central portion of Unit 2

l eastern rim of Unit 2

0 est:
JOURBESEE  lites Unit 3 aplites

pegmatites OR aplites OR Unit 3

Unit 3 pegmatites pegmatites
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The pegmatite (sample L9) near the base of Unit 1 is not included
in sequence I, It contains potash feidspar with a very different trace
element composition than the other pegmatite samples (37 and 512), and
is apparently not a late differentiate of Unit l. Possibly it is an
earlier differentiate of the quartz monzonite or is unrelated to the
quartz monzonite.

Table 9 shows the variation in trace element content of potash
feldspar in relation to sequence of formation (based on the two sequences
shown above).

The following general conclusions may be drawn concerning the dis-
tribution of trace elements in potash feldspar:

(1.) Lead is enriched in the earlier-crystallizing potash feldspar
in both sequences. |

(2,) Barium is enriched in the earlier-crystallizing potash feld-
spar in sequence II and shows little variation in sequence I. Perhaps
the relatively low barium content of potash feldspar in the fine grained
rim of Unit 1 indicates that the potash feldspar in the rim was formed
very late during the crystallization of the unit, which is certainly
possible if, as indicated by textural evidence given on pages 205-208,
the potash feldspar in this rim formed by replacement of quartz.

(3.) Strontium may be most concentrated during the middle stages
of crystallization. It is least abundant in the later-crystallizing
potash feldspar in both sequences,

(e) The concentration of rubidium either does not change throughout

either sequence or shows a very slight enrichment in the later phases.
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Table 9. Correlation between Trace Element Content and Age of
Formation of Potash Feldspar in White Tank Quartz

Monzonite:
Sequence I

Age Sample .= Ba Pb Rb ar
Qldest 505 1000 60 2000 1O
506 2000 60 2000 L0o

133 1000 50 2000 600
90 1000 25 2000 150

502 800 20 2000 80
127 1000 L0 2000 150

50k 1000 30 2000 100

510 900 20 2000 150

508 900 20 1000 250

Youngest 509 900 Lo 1000 250

Sequence IT

Age Sample Ba Pb Rb Sr
Oldest 507 1000 90 3000 300
83 2500 90 3000 500

513 1500 90 2000 500

169 400 90 L,000 20

5 Unit 3 356 10 25 L,000 L
g 358 N 30 4000 3
§ *g 388 3 30 3000 3

8 O
5 5 Aplite v 700 100  LOOO 90
2 & 512 500 60 3000 200
o
5 Pegmatite 37 L 50 3000 6

A1l values of trace element concentration are in parts per million.
Samples in adjoining lines are essentially synchronous; a difference
in time of formation is indicated by a blank line.
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Results obtained in the present study are (with certain exceptions)
similar to those obtained in other work on the trace element content of
potash feldspar. Nockolds and Mitchell (19L8) found that both barium
‘and strontium.were most concentrated in the early-crystallizing potash
feldspar (perthitic). They also found that the amount of rubidium in
potash feldspar was very constant throughout much of the range of
'crystallization but increased markedly in the later phases; this increase
is not noted in the present worke In distinction to the resulis obtained
by the present writer, Nockolds and Mitchell found that the lead content
decreased slightly from early to later feldspar but was a maximum in the
latest crystals. Nockolds and Allen (1953) attributed the distribution
of strontium in rock samples to an interplay between enrichment in the
later phases of plagioclase and diminution in the later phases of potash
feldspar.

34 Grain sizes:

Figs. 56-58 show the variation in grain sizes of the major minerals
in the White Tank quartz monzonite. All cross-sections are diagrammatic
and not to scale. As discussed previously (page 11), the "grain size"
of a mineral is the average of the maximum dimension of all grains
measured in a given rock. Measurements of potash feldspar were made
in the field, of quartz and plagioclase in thin section; the two types
of measurements are not strictly correlative, for the potash feldspar
measured in the field shows a larger grain size than the same mineral
measured in thin section.

In Unit 1 the potash feldspar shows an increase in grain size

upward and a slight decrease near the margins. The linear dimension
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Fig. 56

Diasgremmatic oross-sections of four plutons of White Tank
quartz monzonite showing distribution of grein ‘sizes of
potash feldapar

Unit 1.

6.1

8.3 8,6 8.6 8.6
7.9 8.1
o7 8.1 8.

6
S

7.5

5.6

3.7
2.3

Unit 2.

Unit 3.
/" not measured \
Unit 4.
‘.o 6.6 6.6
(7.8 10,6 9.9 9.6 \

7.9 8.4 11.2 11.2 10.1 10.6

All sizes shown above are in millimeters.

Figures just outside plutons represent grain sizes in
ingested rocka.
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Fige. 57
Diagrammetic c¢ross-sections of four plutons of White Tenk
quartz monzonite showing distribution of grein sizes of
plegioclase

Unit 1.

2.0

1.7
1.7 1.2
1.4

1.9

Unit 2.

1.6 1.3

Unit 3.
7 1.3 1.5 1.6 A

Unit 4.

F;G 1.5 \

All sizes shown ebove are in millimeters.
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Fig. 58

Diagremmatic cross-sections of four plutons of White Tank
quartz monzonite showing distribution of grain sizes of
A . quartz

Unit 1.
2.3
1.5 l.2
1.9

2.1

Unit 2,
1.6
l.8 1.6
1.8 1.8

Unit 3.

" 1.5 1 1.8 \

Unit 4.

2.6 1.9 W

All sizes shown ebove are in millimeters.
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of the grains almost triples from bottom to top (thus multiplying the
area of each grain on the outcrop by nine). The percentage of potash
feldspar (measured by a point count of the area covered by the mineral
.on the outcrop) only triples from bottom to top, however, and thus the
number of grains of potash feldspar per unit area decreases from bottom
to top. This conclusion as to the variation in number of grains is also
| verified by counts of the number of grains in a given area of outecrop

at various places in the unit.

Except in local zones near the contacts, there is no change in the
siges of plagioclase or quartz throughout Unit 1,

The sizes of all minerais in Unit 2 are generally smaller than in
Unit 1. Except in very local areas (such as in and around pegmatitic
vugs), the grain sizes are constant throughout the unite.

Grain sizes of quartz and plagioclase in Unit 3 are approximately
the same as in Unit 2, In Unit 3 the potash feldspar is white (the
same color as plagioclase) and fine grained (two millimeters average
maximum dimension in thin section); both the lack of color and the
small grain size make accurate measurement of the feldspar impossible
in the field.

The coarsest potash feldspar occurs in Unit L, and the grain size
may be larger in the center than near the margins. Conversely, the
‘quartz and plagioclase appear to be larger near the margins than in

the center of the unit.
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li. Special textures: .

a. Features related to plagioclase:

In addition_to the large, sﬁbhedral laths of oligoclase, the White
Tank quartz monzonite commonly contains a second plagioclase with the
composition of pure albite. This albite never amounts to more than

10 percent of the plagioclase, except in Unit L, but it forms a distinet
| phase easily separable from the plagioclase laths. In addition, a third
phase, intermediate in composition to the oligoclase and albite, forms
irregular intergrowths with microcline in the upper part of Unit 1.
Albite is generally unaltered, but the other types of plagioclase are
commonly sericitized. The various textures formed by plagioclase are
described below.

(1.) Relations between twinned and zoned plagioclase laths:

Many oligoclase grains in the White Tank quartz monzonite are
faintly zoned, the centers being more calcic than the rims. A common
compositional range is An30 to Anzo with abundant oscillations. The
sodic plagioclase in the upper part of Unit 1 shows little zoning, and
the nearly pure albite in Unit 3 is unzoned,

The percentage of twinned versus untwinned grains generally is
higher for the more sodic plagioclase (with the exception that the
fine grained, apparently pure, albite is untwinned). Most twinning
is on the albite law, but some of the more calecic grains also show
pericline twinning. In some zoned grains, the outer, more sodic zones
are twinned, whereas the inner zones are untwinned.

Thus, it appears that twinning and zoning are, to a certain extent,

mutually exclusive. This relation was noticed by Emmons (1951), who
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1.concluded that twins form as a result of late-stage recrystallization
of earlier, magmatic, zoned grains. The present writer feels, however,
'ﬁhat such an interpretation requifes an inordinately large amount of
recrystallization in granitic rocks throughout the world (for twinned

- plagioclase is very common). It seems more reasonable to interpret
twinning as a simple growth feature especially characteristic of the
more sodic plagioclase.

(2.) Intergrowths with potash feldspar:

In the upper portion of Unit 1 large microcline crystals character-
istically form complex, oriented intergrowths with calcic albite or sodic
oligoclase (Fig. 59). Part of the plagioclase may occur as isolated,
oriented patches throughout the microcline, although if the third dimen-
sion could be seen, these patches might be showm to be connected.
Individual twin lamellae cannot be traced from one patch to the next
in line. Albitic rims and myrmekite are both absent from this type
of plagioclase. The fact that individual twin lamellae are not con-
tinuous from one patch to another (over distances within which they
are generally continuous in the large plagioclase laths), plus the fact
that no plagioclase grains in this portion of the rock are as large as
the microcline, indicates that the intergrowths did not form by
replacement of plagioclase by microcline. There is no evidence for
the replacement of microcline by plagioclase. Thus, it seems logical
to assume that the intergrowths formed by simultaneous crystallization
of microcline and plagioclase resulting in the formation of the inter-

penetrating crystals.
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Fig. 59

" Sketeh of oriented intergrowth
of microeline and plegioclase
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(3.) Perthite:

Rod perthite is uncommon in the White Tank quartz monzonite, the
few examples being restricted to.Uhit 2 or the lower portions of Unit 1.
As'determined by measurement of relative relief in thin section, the
composition of the plagioclase is equal to or more sodic than that of
the outer zones of the plagioclase laths with which the perthite is
associated. Thus, a typical composition is Anlo, with some as calcic
as Anzo. |

A type of perthite best described as vein perthite in Alling's
classification is widespread throughout the guartz monzonite. The
plagioclase is gntwinned and occurs as very irregular stringers with
no apparent orientétion within the potash feldspar érystal. Composition
of the plagioclase apparently ranges from Anls to Anoo.

In the upper part of Unit 1 the intergrowths between plagioclase and
microcline appear as one type of vein perthite (Fig. 60) characterized by
excellent twinning of the plagioclase. The composition of the plagioclase
ranges from.An10 to AnOS'

The origin of these various forms of perthite is unknown. As
indicated in the previous section, the intergrowths appear to be the
result of simultaneous crystallization. Although some veining by albite
has probably occurred (as shown by patches of albite localized around
inclusions of quartz in potash feldspar), much of the more calcic,
untwinned, vein perthite may have formed by exsolution. It is not
certain whether the form of the plagioclase in the perthite (e. ge., vein,
rod, etc.) or the composition of the plagioclase is a more significant

indication of mode of formation.



Fige 60, Perthitic intergrowth between microcline and
plagioclase in sample 85 of upper facies of
Unit 1 of White Tank quartz monzonite,
Crossed nicols, X25.
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(hs) Textures involving albite:
Three typés of texture arevformed by albite: rims around plagio-
'élase laths; small, irregular grains around potash feldspar; and
myrmekite. |
| Many of the oligoglase laths are partially bordered by a distinct
rim of albite. Generally, but not exclusively, the albitic rims occur
.onlyrbetween oligoclase and potash feldspar, and the thickest rims
occur around inclusions of plagioclase in potash feldspar. Inclusions
of quartz may also be surrounded by albite (section 13, Fig. L3). The
albite and oligoclase invariably show the same crystallographic
orientation, twin lamellae in the host grain extending without
interruption into the rim. Some rims are untwinned.

Many small, untwinned grains of albite (section 122, Fig. 61) occur
around the borders of some potash feldspar grains. In some places they
seem to extend as a band through the host feldspar. Rarely, albite
grains may not adjoin potash feldspar, at least as seen in thin section.

A These grains show no constant orientation with regard to surrounding
mineralse

Most of the myrmekite in the White Tank quartz monzonite consists
of small elongate blebs of quartz in albitic rims around plagioclase
laths (section 83, Fig. 62).%* The long axes of these blebs are commonly

oriented normal to the rim, and the blebs seem to increase in thickness

# A few laths of oligoclase are myrmekitic where they contact potash
feldspar. Quartz blebs show no orientation but are restricted to the
outer portion of the grain. The plagioclase is the same in both the
myrmekitic and non-myrmekitic portions even though there is a sharp
border between the two areas.
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Fige 61ls Small grains of albite (ab) around potash
feldspar (Kf) in sample 122 of Unit 2 of
White Tank quartz monzonite., Crossed
nicols, X65.
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Fige 62+ Myrmekitic rim of albite on plagioclase lath
next to potash feldspar. From sample 83 of
Unit 2 of White Tank quartz monzonite east of
Cap Rocke. Crossed nicols, X65.
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outward. A rough estimate suggests. that about one out of every four
rims is myrmekitic. Albitic rims around inclusions of plagioclase in
pétash feldspar are rarely myrmekitic, and around inclusions of quartz
are not.myrmekitic.

Myrmekite is generally considered to have formed by replacement of
potash feldspar by plagioclase, although Drescher-Kaden (1948), stated
‘that it might form by replacement of plagioclase by microcline. In
both cases, the amount of myrmekitic quartz formed is considered to be
proportional to the anorthite content of the plagioclase, and there does
not seem to be any mechanism whereby free quartz could be generated by
albitization of potash feldspar. The rims and fine grains of albite
would also be considered, by most petrologists, to have formed by
replacement.

Before any replacement hypothesis for the formation of the albitic
rims and their associated myrmekite can be adopted, several questions
‘must be answered: 1, if the albite replaced microcline, what possible
origin is there for the quartz in the myrmekite?; also, why is myrmekite
not associated with albitic rims around quartz inclusions in potash
feldspar, and why is myrmekite rarely, if ever, found in perthite which
shows as much evidence of having formed by replacement as is shown by
the albitic rims?; 2, if the albite replaced plagioclase, why are nearly
all of the rims next to potash feldspar, and why are not all rims
myrmekitic?; 3, if potash feldspar replaced plagioclase, what mechanism
could cause the formation of albitic rims, and why are not all of these

rims myrmekitic?.
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Tuttle (1952) has suggested that some albitic rims on plagioclase
next to potash feldspar may have formed by exsolution of albite from
£he potash feldsﬁar. There are three objections to this hypothesis:
1, how could such a mechanism form myrmekite?; 2, why are not all
(instead of just most) rims and small grains of albite next to potash

feldspar?; 3, why should the exsolved albite occur mainly along the
border between potash feldspar and plagioclase and be almost absent
from other borders of potash feldspar?.

A logical hypothesis for the origin of the albite and its associated
myrmekite is that all of the textures formed by the albite are the result
of primary crystallization. Take, for example, plagioclase of composi-
tion An30 or more sodic in equilibrium with a melt of nearly pure albite:
any factor which would cause non-equilibrium crystallization in this
mixture of solid and liquid would cause the formation of albite as a
second plagioclase. According to Dr. R. H. Jahns (personal communication),
crystallization in the sodic portions of the diopside-albite-anorthite
system may completely remove anorthite from the melt and leave a fluid
phase consisting solely of NaA181308 and CaMg(SiO3)2. If the fluid
phase consists only of two components, eutectic crystallization might
then occur and the resulting solid phases would be diopside, albite,
and calcic plagioclase (the calcic plagioclase having previously formed
during cotectic crystallization)e If diopside acts solely as a third

~ component without any special action of its own, then potash feldspar
(in a highly fluid system so that it would crystallize separately from

albite) might act in the same way as diopside and thereby promote the
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formation of pure albite in the presence of solid plagioclase. Thus,
the finél solid phases formed by crystallization of a highly water-rich
system of potash feldspar, albite, and anorthite (with an Ab/An ratio
of approximately 3:1 as in the total White Tank quartz monzonite) would
be potash feldspar, oligoclase, and albite.

In the final stages of crystallization of the White Tank quartz
monzonite, the fluid probably consisted largely of potash feldspar,
albite, quartz, and a presumably high percentage of water. Crystallization
of such a fluid would probably result in the addition of more pétash feld~
spar to the already~-growing microcline grains, formation of rims of
albite on plagioclase as oriented overgrowths, and in areas where the
crystallization was particularly rapid or where there was a fortuitous
excess of quartz, simultaneous growth of quartz with one of the other
minerals. Support for this theory is shown by the following evidence:
1, albite and myrmekite are far more abundant in the upper portions of
Unit 1 than in the lower portioné% this fact correlates with the'pre~
viously demonstrated enrichment of water and residual fluids upward in
the unit; 2, quartz blebs in the myrmekitic rims grow perpendicularly
to the surface of the plagioclase laths and enlarge outward as they
grow; both features are typical of growth from solution; 3, although
most quartz forms in the albite, some graphic textures are formed
in the outer portions of potash feldspar grains.

The absence of albitic rims from many, but not all, of the borders

of plagioclase grains not in contact with potash feldspar indicates

% Mackie (1909) reported a higher concentration of myrmekite (he called
it a type of micropegmatite) in the more silicic rocks.
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that growth of potash‘feldépar promotes a simultaneous growth of albite
nearbys. Many theories of crystal growth consider that preservation of
hew nuclel takes place most readily in the vicinity of a growing
erystal of similar structure, and the albite and microcline lattices
are similar enough that they might promote each other's growth. Small
grains of alobite scattered interstitially through the rock may have
formed by a similar process of primary growth,

The irregular distribution of myrmekite (present in only about
one fourth of the albitic rims) seems more easily accounted for by
fortuitous fluctuations in the quartz content of solutions wndergoing
primary crystallization than it is by any mechanism of replacement.
Myrmekitic portions of the plagioclase laths may also have formed by
primary crystallization from a fluid.

Albitic rims around inclusions of quartz in potash feldspar and
some types of vein perthite may have formed by replacement., As mentioned
previously, they are not myrmekitice. The reason why potash feldSpar
should be replaced, indicating that it was out of equilibrium with the
environment, without the formation of another potassium~bearing mineral
is not obvious. Perhaps the increase in water content of the remaining
fluid causes the following hypothetical reaction to shift toward the
right:

H,0
potash feldspar + plagioclase—ii> sericite + albite + epidote
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be Twinning in potash feldspar:

Though a grain of potash feldspar with well-developed grid twinning
.(and a large 2V)_is undoubtedly microcline, one without twinning may
have any of several crystal structures. Thus, although untwinned potash
- feldspar is generally called orthoclase, it may be untwinned or sub-
microscopically twinned microcline, and in this thesis the non-committal
.term tpotash feldspar! is used.

Untwinned potash feldspar is most common in the lower portion of
Unit 1 and throughout Unit 2. Some grains contain thin bands, irregular
patches, or borders, of twinned microcline, and all parts of the quartz
monzonite contain some grains which are completely twinned microcline.
Microcline is most abundant in the upper part of Unit 1 and in Unit 3;
thus it is associated with the more sodic plagioclase and with the
irregular, oriented intergrowths of the two feldspars. Potash feldspar
in pegmatites invariably shows grid twinning, but in aplites it is
untwinned. Perhaps the formation of twinned microcline rather than
- untwinned potash feldspar is promoted both by low temperature and the
presence of water.

c. Clusters of minerals:

(1.) Mafic minerals:

The early-forming, basic minerals and the accessory minerals
commonly form aggregates of several grains (section 6, Fig. 63). Clus-
ters, averaging five millimeters in diameter, of a dozen or so flakes
of biotite with 5 to 10 euhedrons of magnetite and apatite are scattered
randomly through the rock. Rarely is there any mutual orientation

among the grains even though some of the accessory minerals may be
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Fige 63. Cluster of biotite and magnetite grains in
sample 6 of Unit 2 of White Tank quartz
monzonite. Plain light, X25.
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included in the biotite. In many cases the grains do not touch each
other but merely form a small patch uncommonly rich in mafic minerals.
 (2.) Quarta:

Throughout all but the margins of the quartz monzonite, about
three fourths of the quartz forms aggregates of 10 to 20 undulant,
fretted grains (section 6, Fige 6L). There is a great deal of inter-
penetration among the grains but no mutual orientation. The remaining
one fourth of the quaftz in the central portion of the quartz monzonite
intrusions is in individual, interstitial grains very irregularly
warped around feldspar. In the margins, the aggregates are absent,
and all quartz forms interstitial grains.

The aggregation of interpenetrating grains is, presumably, caused
by preservation of many nuclei in one area. During subsequent growth
each small grain touches, and interferes with, its neighbors, thus
forming highly sutured and interpenetrating boundaries. Inasmuch as
growing crystals may tend to promote the growth of other nuclei around
themselves®, the formation of these aggregates by a process of simul-
taneous growth of many grains seems most reasonable., The conditions
under which the nuclei will be preserved as new crystals rather than
be redissolved or incorporated as a new layer in the adjoining crystal
are not well understood. The aggregates cannot represent recrystallized
portions of the gneiss, for they are absent in the border phases of the
quartz monzonite.

The origin of undulant extinction in quartz is uncertain. There

is no evidence to indicate that it is the product of stress undergone

% This phenomenon is reported by Anscheles (1936), page 15L. It is not,
however, substantiated.



- 19); -

Fige 6lia Aggregate of quartz grains in sample 6 of Unit 2
of White Tank quartz monzonite. Crossed nicols,
XQSo )
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by the rocke it has been suggested that mosaic structure is produced
by inversion from the high to the low temperature form of quartz.*
.This inversion is accompanied by fracturing; the writer can see no
dif ference iﬁ the amount of fracturing of undulant and non-undulant
quartz, but this is not surprising in such a disaggregated rocke.

D, Features Related to Contacts:

The quartz monzonite shows six different types of contact zones,
partly related to the nature of the wall rock, partly to position in
the intrusion, partly to the type of quartz monzonite {(different units
or different facies may have slightly different contacts), and partly
to unknown causes.

l. Fine grained borders:

Along the eastern border of Unit 1, where the quariz monzonite is
in contact with highly quartzitic gneiss, the rock is much finer grained
than it is at equivalent heights in the center of the unit. A section
across the border near White Tank shows the following zones:

(1.) &t the contact is a white, fine grained, equigranular zone,
approximately one inch wide, with knife-edged contacts against both
the gneiss and the rest of the quartz monzonite. A modal analysis of
section 102 (Fig. 65), which is typical of the rock, gave the following

results:

[See page 197]

3 Wright and Larsen (1909) describe some changes which occur in quartz
erystals upon passing through the inversion point.
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Figs 65. Sample 102 of eastern edge of Unit 1 of White
Tank quartz monzonite. Graphic quartz grains
(q) have theé same orientation in two adjacent
grains of potash feldspar (Kf and Kf, do
Crossed nicols, X25.
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102
quartz 3546%
potash feldspar 3547
plagioclase 27.7
biotite 0.9
accessory 0.2
total points 1034

The characteristic feature is a graphic texture in which 0.25-
millimeter-sized blebs of quartz are scattered through both microcline
and plagioclase., Quartz blebs may have an identical orientation over
| five to six millimeters#* and may show the same orientation in several
adjacent, unoriented grains of microcline. Non-graphic quartz, occur-

ring as equant anhedrons, has an average diameter of 0,5 millimeter.
None of the quartz exhibits undulant extinction. Almost all of the
potash feldspar is microcline, which forms anhedral grains having an
average diameter of 1.0 millimeter and a maximum of L (as measured in
thin section). Plagioclase forms subhedral, twinned, unzoned laths
with an average length of 1.0 millimeter and a composition of Anzd.
Plagioclase in the irregular or vein perthite has the same composition
as the laths. Small irregular grains of albite are scattered around the
borders of some microcline, and albitic, partly myrmekitic, rims are
common, Rare biotite and accessory minerals are scattered through the
rocke.

(2.) The quartz monzonite next to the fine grained rim is grada-

tional over about 500 feet from a relatively fine grained rock near

* This is much larger than any quartz in the adjacent gneiss, indicating
that this quartz is not a remnant from the partially replaced gneiss.
There is no increase in the size of quartz grains in the gnelss caused
by recrystallization at the contact.
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the contact into rock apparently typical of its height in the unite.
About 10 feet from the contact the average size of all minerals is
-about 1 milliﬁeter, with microcline ranging up to 2 millimeters. The
average grain sizes 500 feet from the contact are these: quartz, 1.9
millimeters; plagioclase (Anzo), 1.h millimeters; and microcline, 6.5
millimeters, The percentage of quartz in aggregates as opposed to
individual grains increases inward, and 500 feet from the contact most
of the quartz is in aggregates.

(3.) Scattered randomly along a zone 5 to 10 feet from the contact
are small, isolated patches of pegmatite (Fig. 66), most of which are
roughly spherical and have a diameter of less than one foot. These
pegmatites consist almost entirely of quartz and microcline. Borders
with the surrounding quartz monzonite are irregular and somewhat grada-
tional as seen in thin section, but appear abrupt and easily distinguish-
able in hand specimen. Quartz may be slightly more concentrated near
the center, but zoning is not obvious, possibly owing to the smdll size
of the pegmatite.

A contact east of Stirrup Tank (Fige. 67) is very similar to the one
described above. The gneiss is light tan and consists mainly of quartz
and microcline. Sample 98 is from a thin band almost identical to
the fine grained rim east of White Tank (sample 102). Some anhedral
quartz grains (up to five millimeters in diameter) next to the gneiss
are irregularly intergrown with microcline and plagioclase. As shown
by Table 10, the percentage of quartz decreases inward from the contact,

the percentage of potash feldspar increases, and the grain size increases.
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Fi&'- 66

Sketch of pegmetitic segregations in White Tank quartz
monzonite a few feet fram contact with quartzitic gneiss
east of White Tank

sfh

P

White Tank quartz monzonite; tan; massive;
roughly equigranular; average grain size of
two millimeters.

Pegmatitic vugs; unzoned to slightly zoned
with more quartz in ce-ter; grains of pink
microcline up to one centimeter in diemeter.

1 foot



Fig. 67

Sketeh of contact between White Tank quartz monzoni te
end quertzitic gneiss eest of Stirrup Tank

Normel quartz monzonite.

Relatively fine grained quartz monzonite.

Very fine grained rim.
Pegmatite; large vug zoned; amall wug unzoned.

Gneiss, (showing foliation).

Samples 98 to 101 are deseribed more fully in Table |O.
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Sample 100 is from a slightly pegmatitic zone which characteristically
occurs a few feet from the contact. The large pegmatites are several
feet from the contact, and the lérger one is zoned.

A thin zone, not recognizable in the field, along the contact of
the micaceous eastern rim of Unit 2 is illustrated by section 191 (Fig. 68).
The phenocrysts are normal grains of all minerals in Unit 2, and the ground-
mass, which comprises 20 percent of the rock, is a fine grained aggregate
of LO percent quartz, 50 percent potash feldspar, and 10 percent plagio-
clase (percentages by estimation). Potash feldspar may contain several
zones of quartz inclusions, the size of the inclusions increasing out-
ward to the edge of the feldspar. Albitic rims, common on plagioclase
in the quartz monzonite further from the contact, are absent in rock
containing a groundmass consisting partly of albite. Myrmekite occurs
on borders of plagioclase laths (Anls) where they are in contact with
phenocrysts of potash feldspar. Most of the contacts of Unit 2 do not
have associated fine grained material.

In Unit L the border phase contains about 75 percent phenocrysts
and 30 percent groundmass. The phenocrysts consist of quartz, microcline,
and plagioclase (AnBO)‘ The groundmass is a fine grained mixture of the
three major minerals plus biotite, chlorite, magnetite, apatite, and
allanite. Borders of potash feldspar phenocrysts commonly contain
inclusions of the groundmass. Biotite is generally on the border between
phenocrysts and groundmass, and chlorite forms rounded grains apparently

unrelated to biotite. Plagioclase in the groundmass is Anzo.
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Flg. 68, Sample 191 of eastern edge of Unit 2 of White
Tank quartz monzonite. Major minerals are
quartz (q), plagioclase (pg » microcline (m),
and biotite (b) in a groundmass of quartz and
feldspar. DNote zoned grain of microcline,
Crossed nicols, %25,



- 20L -

The grain size of microcline decreases toward the contact in Unit L
(Fige. 56), indicating that it crystallized after intrusion and formed
émaller crystals in the more rapidly cooled zones Crystallization of
the microcliﬁe after intrusion is also indicated by the inclusions of
groundmass which it contains.

Sizes of quartz and plagioclase phenocrysts appear to increase
toward the contact in Unit L. 4 possible explanation lies in the method
of measuring grain sizes. In the chilled rock near the border, only the
phenocrysts were measured, the groundmass being too fine grained. In
the central portion of the unit, however, the plagioclase and quartz in
the groundmass were coarse enough to measure with the phenocrysts, and
thus the average dimension of measured grains is smaller in the center
than in the border zone. The average size of the more calcic plagioclase
crystals (AnBO) is the same in the center of the unit as it is near the
border. This conclusion implies that very litile material was added
after intrusion to the crystals already formed, but that independent
nucleation and growth of new grains has occurred.

With the exception of a more sodic plagioclase in Unit 3, the
border zone of Unit 3 is very similar to that of Unit 4. The outer
portions of the potash feldspar crystals contain some inclusions of
groundmass. Inasmuch as only 10 percent of the border zone of Unit 3
is groundmass, there is essentially no difference between the size of the
quartz and plagioclase phenocrysts in the border zone and the average
size of grains in the center of the unit. Potash feldspar grains are

also the same size near the border as in the center of the unit.
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The porphyritic border of Unit L is undoubtedly the result of
chilling of a partially crystallized melt. Quartz and plagioclase
.partly formed before injection, but the coarseness of the potash feld-
spar developed largely by growth after intrusion. If the groundmass
near the border of Unit 3 is attributed to chilling of a partially
crystallized melt, then the melt was 90 percent crystallized when
injected (even the potash feldspar must have formed before injection,
for it exhibits the same grain size near the border as in the center
of the unit). Such a high percentage of solid material is possible,
but the rock does not show any crushing of grains or formation of
mylonitic texture as would be expected upon injection of material that
is 90 percent solid. Similarly, it is difficult to explain the fine
grained border of part of Unit 2 by chilling of a partially crystal-
lized melt.

The gradual increase in grain size inward from the border of Unit 1
is most readily explained by injection and chilling of a fluid. Potash
feldspar, plagioclase, and quartz all seem to have grown after injec-
tion, for ithey all decrease in size toward the contact. For reasons
to be discussed in the next section, however, the very fine grained,
inch~thick rim is believed to have formed partly by replacement of quartz
by potash feldspar.

2. Quartzose zones:

At many of its contacts the border of the quartz monzonite is rich

in quartz.* Sections 98 and 102 both show this phenomenon and also the

# Another example of enrichment of igneous rock in quartz near its contact
was described by Warren (1913).
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characteristic resorption of quartz by potash feldspar. Section L1
(Fig. 69), 100 feet from the gneiss east of Cap Rock, contains what
appear, in hand specimen, to be veiﬂs of quartz cutting the quartz
monzonite. The veins are about one half inch wide and six inches longe.
In thin section, however, the microcline is clearly shown to be later
than the quartz by the fact that single grains of microcline may cut
several diversely oriented quartz grains. Although rock 100 feet from
the contact is not in a strongly chilled zone (in fact, the border of
Unit 2 east of Cap Rock shows no diminution of grain size from the center
of the unit), these quartzose bands may be the remnants of a partially
resorbed aggregate formed in the border zone previous to crystallization
of potash feldspar; at least, part of the quartz in Unit 2 crystallized
before potash feldspar either near the contact or throughout the intrusion.
A border of the quartz monzonite one millimeter thick in the cupola
above Unit 1 consists of (estimated) 60 percent quartz, 35 percent musco-
vite, and 5 percent potash feldspar. The quartz forms anhedral, non-
undulant, non-fretted grains with an average diameter of O.l millimeter.
Muscovite forms masses of tiny flakes, and untwinned potash feldspar
occurs as scattered, irregular grains. The minerals in this border are
not oriented. The border zone has a very sharp contact with the wall
rock (and apparently no effect on it), and a sharp contact with the rest
of the quartz monzonite in the cupola. The quartz monzonite next to
this border is typical of rock in the cupola except that it contains
untwinned potash feldspar, whereas most of the potash feldspar in the

cupola is twinned. A mixture of muscovite and ferric oxides seems to
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Fige 69. Sample L1l of Unit 2 of White Tank quartz
monzonite east of Cap Rocks Microcline (m)
"cuts three differently oriented guartz grains
G q,> and qB). Crossed nicols, X25.
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take the place of biotite near the border, possibly indicating altera-
tion from the original biotite. Whether this border represents a true
‘quartz—rich rim or not is uncertain; it has an unusual mineralogic
.composition for a chilled zone.

The resorption of guartz in the border zones of the quartz monzon-
ite correlates well with the commonly observed presence of corroded
quartz phenocrysts in silicic extrusive rocks.* The corrosion of
phenocrysts in lavas may either be caused by a rise in temperature
of the lava near the surface (owing to exothermic reactions), or may
indicate that the original crystallization of the quartz was a dis-
equilibrium process. Either explanation might account for the resorp-
tion of quartz in the border phases of the quartz monzonite.

Thus, the textures of the very fine grained rim of Unit 1 and other
quartzose areas may be largely the result of early erystaliization of
quartz and later replacement by potash feldspar. It is uncertain
whether the replacement occurred in the solid state or by resorption
of the quartz and later precipitation of potash feldspar in the vacant
space. Probably the plagioclase and other minerals in these fine grained
rims had crystallized at the time the gquartz was precipitated, but there
is no definite evidence against their formation by replacement.

3. Areas of pegmatitic development not connected with fine grained
borders:

The most striking example of this phenomenon is at the border between

White Tank and Palms quartz monzonites in Rattlesnake Valley. The contact

# Limmlein (1930) disagreed with the idea that apparently corroded quartz
phenocrysts had actually undergone resorption. He attributed their
unusual shapes to growth effects.
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is knife-edged, and a thin zone of pegmatité occurs along much of the
contact. Samples of the Palms quartz monzonite near and away from

the contact show that the intrusion has had no effect on the wall rocke
With the exception of the various special features shown in Figs. 70
and 71, there is no change in grain size or other textural character-
istics in the White Tank quartz monzonite at the contact.

The biotitic rim contains about 10 percent biotite as unoriented
flakes, 35 percent quartz scattered through the rock as individual
grains with an average diameter of 0.25 millimeter, and the rest micro-
cline and twinned, unzoned plagioclase in O.5-millimeter grains. Scat-
tered through this rim are graphic potash feldspar crystals (generally
untwinned), up to 10 millimeters long, and aggregates of undulant,
fretted, 2-millimeter quartz grains. The graphic quartz may have the
same orientation in several adjacent potash feldspar grains. Abundant
rod perthite contains plagioclase of the same composition as the
plagioclase laths in the rest of the rock (ca. An25).

As shown in Fig. 70, there is a distinct association between the
biotitic streaks and the pegmatites, possibly because a local concen-~
tration of water is needed to form both lithologies. Thus, as is
apparent from pegmatitic vugs along many of the contacts of Units 1
and 2, segregations of water-rich phases must be rather common near
rapidly cooled borders of the intrusion, providing that water cannot
escape through the wall rock; and apparently, in the presence of
sufficient ferromagnesian material, these fluid phases localize the

crystallization of biotite as well as pegmatite. It is also possible
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Pigs 1L

Sketeh of border zone of White Teank quartz monzonite
at contact with Palms quartz monzonite in Rattlesnake Velley

Pegmatite; unzoned; average 70% pink microcline and
30% quartzj erystels fram 5 to 15 millimeters in size.

Ferruginous area; ferruginous meterial in and
around pegmatitiec vug.

Biotitic quartz monzonite; 10% biotite in fine
grained White Tank quartz monzonite.

Biotitic rock; 20% biotite; 80% oligoclese;
average grain size of 1 millimeter; massive.

WTgm Normel White Tank quertz monzonite.

Pgm Normel Palms quertz monzonite.
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that the biotitic streaks acted as planes of weakness for slightly
later injection of pegmatite.

The ferruginous material in and around some of the pegmatitic vugs
shown in Fig. 70 appears to be hematite in thin section. Thin bands of
the iron oxide follow twin and zone borders in plagioclase, cleavages
in potash feldspar, and irregular fractures in quartz. Evidently,
ferric iron is concentrated in fluid segregations, for no channelways
for introduction of the iron are visible in the rock. The reddish
areas are topographic highs but invariably contain a round cavity in
the center (possibly this cavity was left by removal of muscovite,
which makes up the center of some pegmatites). The round shape of
the red areas, their occurrence near or away from biotitic streaks,
and the absence of ferruginous material from some pegmatites are all
problems which are unanswered.

Zoning in a pegmatitic vug in Unit 2 50 feet from the contact with
blotitic gneiss east of Cap Rock is illustrated in Fig. 72. The con-
centration of biotite in the zone around the pegmatite is similar to
the relations described above.

Another pegmatite next to biotitic gneiss east of Cap Rock has a
diameter of four feet. The succession of zones is illustrated in
Fige 73¢ The biotitic rim is characteristic of many pegmatites in
the area. Zoning is more pronounced in large vugs (such as the one

in Fig. 73) than in small ones.
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Fig. 72

Sketch of pegmatitic vug in White Tank quartz monzonite
50 feet fram biotitic gneiss east of Cap Roek

Nommal quertz monzonite; roughly equigrenuler;
A average grain size of two millimeters; 25%
quartz; 25% untwinned potash feldspar; 40%
oligoclase; 5% biotite; .% other minerals.

Fine grained quartz monzonite with biotitic rims;
roughly equigranuler; average grain size of one
half millimeter; 30% quertz; 45% untwinned potash
feldspar; 20% oligoclese;5% biotite in mein part of
zone, but up to 50% biotite in rims.

- Pegnatite; unzoned; average of 50% quartz and 50%

C pink to white mieroecline; crystels up to one
centimeter long; total dismeter of pegmatite is
10 centimeters.
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S R 3

Sketch of pegmatite in White Tank quartz monzonite near
contact with blotitic gneiss east of Cap Rock

COVERED

Biotitie quertz monzonite; approximately 10%
biotite in otherwise normel quartz monzonite.

Biotitic quartz monzonite with 20% erystals of
pink mierocline; some microcline crystals &s
large as 15 millimeters.

Pegmatite; 95% pink microcline in erystals up to
15 millimeters long; 5% biotite flakes with an
average length of 1 millimeter.

Pegmatite; 50% pink mierocline in crystals up to
5 centimeters long; 50% quartz in erystals up to
8 centimeters long; rare books of muscovite.



- 215 -

L Iﬁtimate injection and ingestion at the contact:

Biotitic gneiss northwest of the Anaconda Mine is intimately
‘injected by quartz monzonite as illustrated in Fig. 7h. The quartz
monzonite in this injection zone is identical to the rock in the
center of the unit except for its slightly smaller potash feldspar
grainse. The various fragments of gneiss have been moved from their
original positions, as is shown by the discordance in their foliation
trends.

The contact between gabbro and quartz monzonite north of Jumbo
Rocks is marked by abundant inclusions and dikes. The contact zone
is about 10 feet wide. Fig. 75 is a diagrammatic illustration of a
group of gabbroic inclusions cut by dikes of quartz monzonite and,
along certain zones, altered by the gquartz monzonite. The rock in
the small dikes is texturally and mineralogically identical to the
typical rock in the upper facies of Unit 1, but the gabbro near the
contact is slightly altered. |

In general, areas of gabbro which have been altered by intrusion
of quartz monzonite contain quartz, potash feldspar, and sodic plagio-
clase, in addition to the minerals of the gabbro. All of these
minerals occur either as aggregates distinct from the enveloping
gabbro or scattered randomly throughout the gabbro. Minerals in
the gabbro are, in places, aligned parallel to the borders of the
aggregates of introduced minerals. Quartz introduced to the gabbro
commonly forms individual grains with an average diameter of 0.25

millimeter. Most of the potash feldspar is microcline as anhedral



- 216 -

Fig. Th

Sketch showing contact between White Tank quartz
monzonite and biotitic gneiss northwest of the
Anaconda Mine

g7 Quartz monzonite.

Biotitic gneiss.
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Fig. 75

Diagrammatic sketeh of inclusions of gabbro in White
Tank quartz monzonite at contact north of Jumbo Rocks

1 foot

g?ﬁ

Normal quartz monzonite.

Nomal gabbro.

Zone of reaction; mixed gebbro and quartz monzonite.

Crystals of feldspar; white; mainly oligoclase but
same potash feldspar; up to 15 millimeters long.
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grains withlan average diameter of 0.25 millimeter. Rod perthite

occurs in some microcline. Plagioclase forms rectangular, anhedral
crystals up to 15 millimeters long. The large plagioclase grains are
twinned and unzoﬁed, and may contain abundant oriented intergrowths of
quartz (not myrmekitic). Small patches of microcline in the plagioclase
may be antiperthite. Most of the introduced plagioclase has a composi-
tion of median oligoclase, but a few small, irregular, partly myrmekitic
grains of albite occur near microcline grains.

The White Tank quartz monzonite shows essentially no changes near
the contact with the fine grained phase of the Palms quartz monzonite
south of Queen Mountain. The wall rock is intimately injected by small
dikes which are identical to the rest of the upper facies of Unit 1
except for a slightly smaller average grain size of potash feldspar.
Some microcline crystals up to 3 millimeters long have formed in the
wall rock, and some contain graphic quartz and vein perthite. Some of
the plagioclase in the perthite (with indices of calcic albite) contains
small, unoriented grains of quartz. Myrmekite occurs in small grains
of albite scattered around the borders of the large microcline grains
and in albitic rims on the plagioclase laths.

Two types of alkali feldspar have formed in the Palms gquartz
monzonite at the contact with the White Tank quartz monzonite north-
east of Jumbo Rocks. Both feldspars consist of oriented intergrowths
of potash feldspar and plagioclase which appear to have formed by
exsolution from originally homogeneous phases. Plagioclase in both

feldspars has a composition of An13 (determined by indices), and the
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bulk compoéitions of the two feldspars are 0r65Ab31AnOh and OrzOAb71An09.
On the solvus diagram presented by Bowen and Tuttle (1951, page L497),

the homogeneous feldspars of the compositions shown above would be in
equilibrium at about 600° ¢ (counting anorthite as albite). The anorthite
content of the plagioclase would undoubtedly raise this equilibrium
temperature, but how much is not known. This determination of tempera-
ture assumes, of course, that the potash feldspar and plagioclase are

pure phases at the present time.

On the basis of this evidence it is believed that the upper portion
of Unit 1 crystallized at a minimum temperature of 600° C. It is not
known why homogeneous feldspars should have formed in the wall rock and
later exsolved, whereas (with the possible exception of some perthite)
this exsolution is not noted in either microcline or plagioclase in the
intrusive.

5. No change in quartz monzonite near contact:

In some places the White Tank quartz monzonite at its contact is
identical to the rock in the center of the intrusion. At a contact
on the west side of the Lost Horse Mountains quartz monzonite grades
into highly biotitic gneiss through a thickness of about an inch,.

Except for a slightly higher content of biotite, the quartz monzonite
in this marginal zone is identical to most of the rock in Unit 2,
Clusters of unoriented flakes of biotite (partly replaced by muscovite)
form 10 percent of the marginal rock. The absence of accessory minerals
associated with these biotitic clusters may indicate that at least part

of the biotite was derived from the gneiss.
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A sefies of sections across two contacts between Unit 2 of the White
Tank quartz monzonite and Unit C of the Palms quartz monzonite in Lost
Horse Valley shows that the later intrusion has had absolutely no effect
on the wall rock. The quartz of the White Tank quartz monzonite is in
individual grains rather than aggregates, but otherwise there is no
textural or mineralogic difference from the rest of Unit 2. The contact
is gradational through about an inch.

6. Hydrothermal alteration associated with contacts:

In places along the upper contact of Units 1 and 2 of the White Tank
guartz monzonite, thin veinlets (less than one inch thick) cut both the
intrusive and its roof rocks. In addition to these veinlets, Unit 2
exhibits bands along which the feldspars in the quartz mongonite have
been altered to a pink, iron-stained clay. These bands, some of which
are parallel to joints, range up to one inch thick. Plagioclase appears
more intensely altered than potash feldspar. The argillization seems to
have been imposed upon a previous sericitization of the plagioclase.

It is not certain that these veinlets and bands of alteration are
directly related to the intrusion of the White Tank quartz monzonitee.

7. Summary of features related to contacts:

The White Tank quartz monzonite shows markedly different contacts
against different wall rocks. Contacts against highly quartzitic, non-
biotitic gneiss are very abrupt and invariably exhibit thin chill zones,
broad zones of relatively fine grained rock, and pegmatitic segregations.
Contacts against some of the coarser phases of the Palms quartz monzonite

(Units A and B) are also very abrupt and characterized by the presence of
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pegmatiteé. Intrusive contacts between quartz monzonite and biotitic
gneiss are generally slightly'gradational; some have associated pegmatite
but most do not. Gabbro-diorite is intimately cut and ingested by the
quartz monzonite, and commoﬁly quartz and alkali feldspars are added to
the mafic rocke.

Different units of the White Tank quartz monzonite exhibit slightly
different contact effects against the same type of wall rocks Zones in
which all minerals are relatively finer grained than in the center of
the intrusion are present only in Unit l. Pegmatitic segregations occur
only near the borders of Units 1 and 2. Porphyritic borders with a fine
grained groundmass are most characteristic of Unit L, are present in
Units 2 and 3, and are absent from Unit 1l. Iron-stained pegmatitic vugs
occur only in Unit 2.

Possibly the permeability of the wall rock is one of the factors
which determine the effect of the wall rock on the quartz monzonite.
TImpervious (?) rocks (such as silicic gneiss or Units A and B of the
Palms quartz monzonite) caused chilling of the intrusive and, in Units
1l and 2, segregation of fluid, pegmatitic phases. The first effect of
such impervious (?) rocks on Unit 1, and possibly Unit 2, was the forma-
tion of a quartzose rim around the intrusive; this rim was later partially
replaced by potash feldspar.

Wall and roof rocks such as biotitic gneiss and Unit C of the Palms
guartz monzonite may be permeable to the intrusive fluide. Fine grained
margins and pegmatitic segregations are generally not developed near

such country rocks, although Unit l; (which is surrounded primarily by
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biotitic gneiss) does exhibit a porphyritic, partly chilled border.
Reaction of the gabbro-diorite with the quartz monzonite affects only
the narrow zone of ingestion (less than 10 feet wide); presumably the
reaction perﬁits escape of fluids from the intrusion and prevents the
formation of other contact features such as pegmatite.

E. Origin of Petrographic Variation:

The overall textural and compositional similarity of the four umits
Jjust described, the fact that one unit may resemble a small facies in
another unit, and their identical age (insofar as it can be determined)
indicate that the four units of the White Tank quartz monzonite represent
differentiates from the same original source.

The upper and lower facies of Unit 1 probably differentiated from a
single intrusion. Gravitational settling of the dark minerals and calcic
plagioclase (AnSO)’ the early-crystallizing materials, left the upper
portion of the unit rich in potash feldspar and sodic plagioclase. If
the oriented intergrowths of microcline and sodic plagioclase represent
simultaneous crystallization of the two minerals, then the water content
of the crystallizing medium in the upper part of the unit must have been
high (Bowen and Tuttle [1950]). A high fluidity is also indicated by
the large size of the microcline phenocrysts.® The enrichment in ﬁater
is probably the result of gravitetional differentiation and removal of
early-crystallizing minerals from the residual fluid. Enrichment of
ferric iron in the later fluids is possibly demonstrated by the extensive

iron-staining in the cupola above the main portion of the unit. Reports

# The effect of fluidity on the formation of large crystals is discussed
by Jahns (1953). |
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of differeﬁtiation in other bodies of silicic plutonic rocks are
uncommone. Sargent (1925) described similar upward enrichment of
volatile material and acidic silicates in an intrusion of diorite-
granite. Vah Biljon (1939) described differentiation of a granite
in which the upward changes were increase in total silica, increase
in Ab/An ratio, and decrease in the sizes of all minerals. The reasons
for the differences between the resulis of the present study and those
of van Biljon are unknowme.

The genetic relationship between Unit L and the upper facies of
Unit 1 is indicated by the similarity of the two rocks with regard to
bulk composition, Ab/An ratio for the whole rock, and the abundance of
large gray microcline phenocrysts. Unit L probably originated by
injection of small amounts of partly crystallized material from Unit 1
into the overlying Pinto gneiss and Palms quartz monzonite. The high
proportion of albite to calcic oligoclase in Unit 4 indicates that
equilibrium was not established between solids and fluid after injec-
tione. The disequilibrium is probably the result of rapid cooling owing
to the small size of the intrusion, and it correlates well with the
abundance of a fine grained, presumably chilled, groundmass (this fine
grained material is absent from the much larger Unit 1). The large
potash feldspar crystals probably grew in a water-rich environment,
as in the upper part of Unit 1, although a very high water content
appears incompatible with the formation of a chilled, fine grained
matrix. Possibly sudden escape of water vapor caused apparent "chilling®

after the crystallization of most of the potash feldspar. Presﬁmably,
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injection of Unit L occurred before the laths of oligoclase in the upper

part of Unit 1 had entirely settled out of or reacted with the remaining

fluid, and the albite in the fluid crystallized in Unit L without further
reaction with the existing plagioclase laths.

Judging from its high content of muscovite and garnet and the sodic
nature of its plagioclase (all similar to the micaceous eastern rim of
Unit 2), Unit 3 is a differentiate of Unit 2. The presence of muscovite
in Unit 3 indicates the retention of water during crystallization, and
perhaps the formation of garnet is promoted by a high fluidity which
reduces the polymerization of the silicate melt. Similar retention of
water in the eastern rim of Unit 2 led to the formation of muscovite
(and garnet?). High water content in Unit 3 and the eastern rim of
Unit 2 is probably related to the impermeability of Units A and B of
the Palms quartz monzonite, which form the eastern wall of Unit 2 and
the walls and roof of Unit 3; all contacts of later intrusions with
these phases of Palms quartz monzonite are knife-edged, indicating the
tightness of the rock. Possibly the abruptness of these contacts is a
result of lack of reactivity of wall rock with a melt of nearly identical
composition. Conversely, the fine grained Palms quartz monzonite (Unit C),
which forms the roof for Unit 2, shows slightly gradational contacts
with later intrusions, indicating that fluids may have escaped through
it. Upward enrichment of water in Unit 2 is shown by the presence of
the micaceous rim against the impermeable Palms quartz monzonite high
in the unit but the absence of the rim against the same wall rock at

the mouth of Rattlesnake Valley, low in the intrusion. The high
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percentagé-of albite in the plagioclase in this rim compared with the
plagioclase in the central portion of Unit 2 shows that water in the
rim maintained crystals and melt in equilibrium at a lower temperature
than in the center of the.intrusion.

The reasons for the differences between Units 1 and 2 are not
understood. The overall compositions of each intrusion are essentially
the same, but a high fluidity in the upper portion of each unit and its
related smaller intruéion has led to an entirely different product in
each case. Differentiation of Unit 2 has led to the formation of a
highly micaceous rock, whereas differentiation of Unit 1 has led to the
formation of coarse crystals of microcline. Perhaps the controlling
factor for these differences is some variable other than fluidity,
€. Zes temperature of the wall rocks at the time of intrusion.

F, Dikes Associated with the White Tank Quartz Monzonite:

As described belows; six different types of dikes are related to the
White Tank quartz monzonite. Apparently, dikes are associated only with
Units 1 and 2, and there seems to be no difference between the types of
dikes related to each of these units.

Le Dikés of quartz monzonite that cut wall rock:

Sample 54 (Fig. 76), from the dike illustrated in Fig. 77, is
typical of the bordering dikes around Unit 2. A micrometric analysis

gave the following resulis:

[See page 228]



Fige 76. Sample 5l of dike of White Tank quartz monzonite
cutting Pinto gneiss in Lost Horse Mountains.
Quartz occurs both in aggregates (q.) and
individual grains (q2). Crossed niCols, %25,
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Fig. 77

Dike of quartz monzonite in biotitic gneiss
east of Cap Rock

Fine grained quartz monzonite; average grain size
of 1 millimeter; identical camposition to nommal
quartz monzonite; borders slightly foliated.

Quartz monzonite; averege grain size of 2
millimeters; identical composition to normal
quartz monzonite.

Biotitie quartz monzonite; 10% biotite but
identical to fine grained quartz monzonite.

Biotitic gneiss.

Location of sample 54 shown by "x".

Gneiss on opposite sides of dike offset 2 to 3 feet.
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5k
quartz 3L7%
potash feldspar 240
plagioclase - 35,2
biotite 549
accessory 0.3
total points 1078

This dike has the same composition as the parent intrusive (Unit 2).

In section 5, guartz is equally distributed betwéen two forms:
individual grains with an average diameter of 0.6 millimeter; and
aggregates of undulant, fretted, l.9-millimeter grains.

Potash feldspar forms anhedral grains with an average diameter of
1,0 millimeter (measured in thin section and not correlatable with other
measurements in Unit 2). Most of the feldspar shows grid twinning.
Perthite is rare.

Plagioclase forms subhedral laths with an average length of
0¢8 millimeter, much smaller than in the parent intrusion. The com-
position is about AnZO’ and most grains show a faint, normal zoning.
Albitic rims and small, irregular grains of albite are common near
potash feldspar. Myrmekite occurs in the albite and some of the
oligoclase near potash feldspar.

Biotite forms ragged flakes approximately 0.5 millimeter long.
Mbst grains are highly altered either to muscovite or to a reddish-
brown material. Some of the muscovite may be primary.

Accessory minerals are apatite and zircon.

Some of the oligoclase is thoroughly sericitizede Kazolin forms

a light dust on both feldsparse.
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Samplé-Sh is identical to most of the rock in Unit 2 except that
this sample contains a higher percentage of individual quartz grains
(as opposed to quartzose aggregates) and slightly smaller plagioclase
crystals,

Another dike of gquartz monzonite on the west side of the Lost
Horse Mountains, illustrated in Fig. 78, shows biotitic streaks which
are undoubted inclusions of the gneiss.¥* A fine grained, chilled zone
and a pegmatitic zone are also present in the dike.

Section 105 (Fige 79)s from another dike near White Tank, is
identical to the rock in Unit 1 nearby, except for the following
features:

(1e) The percentage of quartz in individual grains as opposed to
quartzose aggregates is higher in the dikes

(2.) Instead of most of the plagioclase consisting of laths of
median oligoclase as in the parent intrusion (Unit 1), plagioclase in
the dike consists of laths of calcic oligoclase (AnBO) and abundant
small grains of albite. The percentage of albite is much higher in
the dike than in most of Unit 1.

(3+) All minerals form grains slightly smaller than the size
normal for the nearby guartz monzonite.

(Le) Small veinlets of brown, ferruginous material cut the dike.

An apophysis (about 50 feet wide) of Unit 1 into Palms quariz
monzonite north of Queen Valley contains 50 percent laths of plagioclase

having a composition of An30. The laths show a faint normal zoning,

# Not all biotitic streaks in the quartz monzonite may be explained by
inclusion of the wall rocke. The streaks near the contact in Rattlesnake
Valley could not have been derived from adjoining Palms quartz monzonite.
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Fig. 78

Dike of quartz monzonite in biotitic gneiss
east of Cap Rock

Pegmatite; unzoned; 50% pink microcline; 50%
quartz; crystals 5 to 15 millimeters in size.

Fine grained quartz monzonite; average grain

| size of 1 millimeter; 10% biotite but otherwise

nommal composition for White Tank quartz monzonite.

A

Nomal White Tenk quartz monzonite; average
grain size of 2 to 4 millimeters.

!;n'

Biotitic gneiss.
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Fige 79+ Sample 105 of dike of White Tank quartz monzonite
cutting Pinto gneiss east of White Tank., Major
minerals are quartz (q), plagioclase (p), and
potash feldspar (Kf). Crossed nicols, X25.
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may or may'not be twinned, and contain a little antiperthite. Some
plagioclase with a composition of An15 is in oriented intergrowth with
microcline, and a little albite forms rims or interstitial grains.

The rock ccntaiﬁs about 10 percent biotite. This offshoot is evidently
more basic than the average rock in the upper facies of Unit l.
Presumably the offshoot represents injection and chilling of the
original material in Unit 1 before differentiation allowed the basic
minerals to settle out of the upper part of the unit.

Some dikes in Queen Valley appear to have been injected into the
roof rock after differentiation of Unit 1, for they have the same compo-
sition as the upper facies of the unit (which is a differentiate of the
original intrusion).

The hill in Queen Valley, described previously as a cupola in the
top of Unit 1, is cut by dikes of brown to red quartz monzonite about
10 feet thick. Much of the ferruginous material is enclosed as patches
and veinlets in microcline., Generally, the reddish dikes show marked
differences in composition among themselves. Most have an average
grain size of 0.5 millimeter. Minerals are evenly distributed; quartsz
forms individual, interstitial grains. Microcline forms the largest
grains (1 millimeter in diameter as measured in thin section), and nay
show graphic intergrowths with quartz. Plagioclase is twinned, faintly
zoned, and highly sodic (sodic oligoclase or calcic albite). Plagio-
clase is thoroughly sericitized, but some white mica appears primary.
In addition to ferruginous alteration and sericitization, kaolinization
is intense on both feldspars. One dike (non-ferruginous) contains

strongly epidotized and sericitized plagioclase.



- 233 -

2 Peématite dikes:

Pegmatite dikes are scattered abundantly through Units 1 and 2
of the White Tank quartz monzonite. They are most common near the top
of the units, bﬁt a few occur near the base of Unit 1 (near Squaw Tank).
Most pegmatites are less than six inches thick and are unzoned, but
some of the small ones and all of the large ones show a zoning from
microcline (with or without albite) or graphic granite near the walls
to quartz in the center of the pegmatite. The zoning in one pegmatite
is illustrated in Fige. 80 and is typical of zoning in other pegmatites
in the area.

A few of the aplite dikes contain pegmatitic portions either near
the center or near one edge. Boundaries between the two rocks are
abrupt. The pegmatite masses are generally too small to show zoning.

Some dikes contain both aplite and pegmatite distributed irregularly
throughout the dike. Borders between the two rocks are abrupt.

A few general characteristics of the pegmatites associated with the
White Tank quartz monzonite are listed below.

(1.) Microcline is the most abundant mineral. Untwinned potash
feldspar does not occur. The microcline may be either pink or white,
the white variety being restricted to dikes near the top of the units
and the pink occurring throughout. Any one pegmatite contains micro-
cline of only one color. Vein perthite ranges from abundant in some
dikes to absent in others.

(2.) Graphic textures are common in some dikes. Quartz grains may

show several different orientations in the same grain of microcline and
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Fig. 80

Gross-section of pegnatite in White Tenk quertz
monzonite northwest of Squaw Tank

L ). b

B

A (PARTLY COVERED)

Nomal White Tank quartz monzonite.

Graphic granite; pink microcline erystals up to
15 centimeters long; 5% biotite in flekes up to
% gcentimeters long.

o [-] &

S Massive quartz.
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may be of’different sizes in different orientations. Unlike some of
the graphic textures in the very fine grained rim around part of Unit 1,
the quartz orientation in pegmatites is rarely the same in neighboring,
differently'oriented, grains of microcline. The orientation of quartz
grains, however, may be the same in inclusions of plagioclase in the
microcline as it is in the microcline itself.

(3.) Plagioclase is invariably pure albite. Most of the grains are
large and twinned (on the albite law), but some pegmatites contain abun-
dant, small, irregular grains similar to the albitic phases in the quartz
monzonite. The plagioclase in the pegmatites is much less kaolinized
and sericitized than that of the quartz monzonite. Myrmekite is absent
from pegmatites. | |

(Ls) Muscovite is common. It forms thin books throughout the
pegmatites but is generally most abundant near the borders.

(5.) A few pegmatites contain biotite and accessory minerals such
as magnetite.

3. Aplite dikes:

Aplite dikes are scattered even more abundantly than pegmatites
throughout the upper part of the White Tank quartz monzonite. Most
are less than six inches thick, but some are large and complex,

Modal analyses of two aplite dikes are given below. Sample 1l
is from a dike east of Hidden Valley, and sample 33 (Fig. 81) is from

a dike east of Cap Rock.

[See page 237]
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Figs 8l. Sample 33 of aplite dike cutting Unit 2 of
White Tank quartz monzonite. Major minerals
are quartz (q), plagioclase (p), and potash
feldspar (Kf). Crossed nicols, X25.
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1 33
quartz 35.2% 28.2%
potash feldspar 21.6 2643
plagioclase h2.3 38.1
biotite 0.5 e
muscovite —— 7.0
accessory 0.kt ——
garnet - 0.5
total points 1093 1111

All minerals are evenly distributed, the guaritzose aggregates and
clusters of mafic minerals in the quartz monzonite being absent from
the aplite dikes. All minerals in the aplites have an average diameter
of approximately 0.5 millimeter; the difference in sizes of different
minerals which develops in the coarser quartz monzonite is not present
in the finer grained aplites.

Quartz is generally anhedral, undulant, and slightly fretted in
contact with other quartz grains. Contacts between quartz and feldspar
or other minerals are not fretted.

Most of the potash feldspar is untwinned. Vein perthite may be
present or absent. All grains are anhedral.

Plagioclase generally forms twinned, unzoned (or faintly, normally,
zoned) anhedral grains. Compositions range from AnlS to AnOS’ the more
calcic plagioclase occurring in those dikes which contain biotite and
accessory minerals such as magnetite. Some albite forms small, irregular,
interstitial grains; the albite does not necessarily occur on the border
of potash feldspar grains. Myrmekite is present in a few sections; it

occurs either in the albite or in the larger plagioclase grains.
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Biotiﬁe forms small tablets which are commonly altered to a reddish
material and tiny opaque white needles. The flakes of biotite may show
some alignment in the rock.

Muscovite is either a primary mineral, forming flakes about 0.25
millimeter long, or a product of the replacement of biotite or plagioclase.

Garnet and accessory minerals form small euhedral grains.

In addition to the widespread sericitization, plagioclase is commonly
kaolinized. Biotite is intensely altered as mentioned above.

Inasmuch as the aplites associated with the White Tank quartz mon-
zonite are generally more basic than the pegmatites, the aplites pre-
sumably represent an earlier differentiate. This sequence of formation
is also indicated by dikes of pegmatite cutting aplite near some contacts,
especially along the eastern edge of Lost Horse Valley. The reverse
relation (aplite cutting pegmatite) is never found. The aplites vary
in composition among themselves, however, sample 1L, above being more
basic than sample 33.

L. Epidote-bearing dikes:

A few dark green dikes cut the upper part of Unit l. Section 71, a
typical example of one of these dikes north of Split Rock, exhibits the

following estimated mode:

71
quartz 20%
plagioclase 15
epidote-clinozoisite 60
biotite 5
apatite trace

magnetite trace
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Most’of the minerals are about O.1 millimeter in diameter, but
the epidote ranges to as large as 1 millimeter. All minerals are
‘anhedral and scattered evenly through the rock. Biotite is pleochroic
from yellow to olive green. The composition of the untwinned to poorly
twinned plagioclase is hard to determine, but indices indicate that it
is approximately pure albite. Kaolinization is slight on the plagioclase.

The lower part of Unit 1 contains thin veinlets of epidote-
clinozoisite. Most of the veinlets are near contacts with the wall
rocke

5. Quartz-latite-porphyry dikes:

Rare porphyry dikes are associated with the White Tank quartz mon-
zonite. Phenocrysts generally make up approximately one third of the
rock and consist of gquartz, microcline, calcic plagioclase, and biotite.
Euhedral crystals of microcline range up to one inch long. The ground-
mass consists of quartz, biotite, potash feldspar (both twinned and
untwinned), calecic oligoclase, and a few accessory minerals. There is
some parallelism of the feldspars and biotite in the groundmass. Some
potash feldspar phenocrysts contain rims of plagioclase, the contact
between the two feldspars being very irregular.

6. Hornblende-bearing dikes:

Rare dikes containing approximately 50 percent hornblende and 50
percent andesine cut Unit 1 of the White Tank quartz monzonite. The

average grain size is one millimeter. The dikes are apparently massive.
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G. Inclusions in the White Tank Quartz Monzonite:

Scattered randoﬁly through the quartz monzonite and showing no
apparent relation to the contacts are small inclusions of the wall
rocks. Most of them are less than six inches in diameter, and, in those
cases where the parent rock is identifiable, seem to be remmants of the
Pinto gneiss.

Some clusters of biotite appear to be residuals of the gneiss.

They are commonly very rich in guartz and low in magnetite and other
accessory minerals. Other clusters of biotite, which contain about

5 percent maghetite and 60 percent calcic oligoclase, have a mineralogy
totally dissimilar to any gneiss in the area and may be merely large
segregations of mafic minerals. (Smaller segregations have been
described on page 191.)

Untwinned potash feldspar has been added by the quartz monzonite
to some of the undoubted gneissic inclusions. This feldspar forms
large crystals which poikilitically enclose grains of the gneiss. The
untwinned feldspar forms overgrowths on some potash feldspar grains
originally of the gneiss.

Plagioclase in the inclusions is generally identical to the plagio-
clase in the surrounding plutonic rocke Slightly zoned grains of calcic
oligoclase; itwinned, unzoned grains of sodic oligoclase; and small
grains of albite are all common in the inclusions. Myrmekite occurs
either in the albite or in the larger plagioclase laths., Remnants of

the original plagioclase of the gneiss have never been found in the
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inclusions; indicating the ease with which equilibrium was attained
between the inclusion and the quartz monzonite.

Some fine grained areas in the quartz monzonite may represent more
thoroughly digested inclusions of unknown source. One example may be a
small area about six inches in diameter near Split Rocke. This area
contains microcline grains With an average maximm dimension of 5.3
millimeters, whereas the surrounding quartz monzonite has grains with
an average maximum dimension of 8 millimeters. The border between the
two types of rock is abrupt.

Sample 36, a fine grained area in Unit 2 about six inches in
diameter, may represent the digestion of light colored, feldspathic
gneiss, Micrometric measurements of sample 36 and the nearby gneiss

(sample 3L) gave the following results:

36 3L
quartz 30.8% Ul.3%
potash feldspar 38.6 28.8
plagioclase 27.h 28.L
biotite 2.6 1.1
accessory 0.5 0.l
total points 1016 1oLl

Both samples are from rocks east of Cap Rock.

Although it appears that potash feldspar has been added to
sample 36 at the expense of quartz, the variation between different
layers of the gneiss is probably sufficient to account for the difference
between the two samples. In sample 36 quartz occurs as individual grains
with an average diameter of 0.6 millimeter and in aggregates of 2.0~

millimeter grains. Plagioclase forms laths approximately 0.8 millimeter
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long. Thug, both the fine grained quartz and the plagioclase are
abou£ one half as large as in the surrounding quartz monzonite.

As mentioned above, it is believed that the small grain size of
the minerals in fhese areas is the result of growth in the solid or
semi-solid inclusion. This concept may seem to conflict with the method
proposed for the formation of the monzonitic porphyry, in which it was
assumed that growth in the presence of solid material was responsible
for the formation of the large crystals of potash feldspar. There are,
however, two important differences between the methods of formation of
the porphyry and the fine grained areas in the White Tank quartz monzonite:

le The phenocrysts in the monzonitic porphyry probably formed over
the same periocd of time as the crystals in the neighboring Palms guartz
monzonite. In distinction, the inclusions may have been added to the
White Tank guartz monzonite at any time during its cooling history, and
the time allowed for ingestion may have been very small, More completely
digested inclusions, incorporated at an earlier time, may now be indis-
tinguishable from the surrounding quartz monzonite or may be responsible
for the slightly coarser areas (of the same size as most inclusions)
which are scattered through Units 1 and 2.

2, The monzonitic porphyry and its associated rocks appear to be
more of a plutonic complex than the White Tank quartz monzonite. Thus,
the solid material in which the porphyry was formed was probably heated
to nearly the same temperature as the intrusive, and the temporary
chilling effect which inclusions had on the White Tank quartz monzonite

was not important.
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IV, origin:

It is proposed that the White Tank quartz monzonite was formed
by the intrusion and solidification of molten or partially crystallized
silicates, volatiles, and accessory oxidess The four units now exposed
in the area are thought to be the result of the crystallization of
different portions of this melt under slightly different conditions.
Detailed analyses of the origins of individual features have been given
throughout the descriptive material, and this section contains merely
a summary of the arguments in favor of a magmatic origin.

A mass of rock which has formed by any process and has come to
equilibrium under a given set of conditions should be homogeneous.
The possible causes for inhomogeneity are these: 1, kinetic diffi-
culties in establishing uniformity between originally different rock
types; 2, difference in phase between different mediums of growth; and
3, chronologic sequence of events which affect different portions of the
mass at different times. The inhomogeneities in the White Tank quartsz
monzonite are the following:

1. A vertical variation in composition and texture of the rock and
trace element content of potash feldspar in one unit.

2+ A difference in composition and texture of the rock and trace
element content of potash feldspar among different units.

3, Local patches of different material (such as pegmatites, fine
grained rims, etc.) near many contacts with the wall rocks.,

i« Scattered and randomly oriented small inclusions of the wall

rocks, many of which appear almost unaffected by the quartz monzonite.
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No original variation in rocks which have now been converted to
quartz monzonite could explain all of these inhomogeneities. Wall
rocks around different units are identical in many places, although
the units may be quite different in composition and texture. Gneissic
wall rocks marked by nearly vertical foliation and compositional banding
should not, if replaced, show the horizontal layers of different rock
types which occur in one unite. It is alsc difficult to account for
local patches of pegmatite near the borders by means of original vari-
ations in the parent rock.

It seems difficult to explain the inhomogeneities by assigning
each one a different time in which to form. The compositional vari-
ations within one unit (such as the two facies of Unit 1, the pegmatitic
vugs near the contacts, etc.) do not seem logically explained by assigning
different periods of formation to each rock type. It is recognized, of
course, that any hypothesis of formation by crystallization of a melt
implies that different minerals formed at different times, but the
argument here is directed against the idea of entirely separate periods
of formation of the different parts of the quartz monzonite. The compo-
sitional differences among different units probably imply that the
composition of the intrusions changed with time (unless there were
separate, coexistent sources of slightly different composition for
each unit).

It is believed, then, that the variations in the quartz monzonite
are largely the result of difference in phase between different portions

of the rock. This distinction of phases is more logically the difference
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between soiid and liquid than the difference between portions of a
solid rock which is undergoing replacement. For example, the crystal-
lization of calcic oligoclase and mafic minerals and their settling
toward the base of the melt intruded to form Unit 1 could cause the
nearly horizontal layering of composition and texture which characterizes
the unit. Differentiation of a portion of the melt which formed Unit 2
and injection of the resultant, more silicic, remaining fluid would
cause Unit 3 to have a different composition from Unit 2. OBegregation
of a highly fluid, residual liquid from the partly crystallized rock
near the contact of Unit 1 would form the pegmatitic vugs characteristic
of the border zone. Thus, it is possible to explain the origin of the
various features shown by the quartz monzonite by known or reasonably
expectable mechanisms of crystallization of a silicate melt of appro-
priate composition. It does not seem possible to account for the
detailed variations in texture and composition by any theory which
explains the formation of the quartz monzonite by replacement of pre-
existing rock.

The concept of fractional crystallization and formation of two
different rocks implies, of course, a certain amount of disequilibrium
during the formation of the quartz monzonite. Evidence such as the
zoning of plagioclase grains, the coexistence of different plagioclase
grains of different compositions, and the coexistence of potash feld-
spar grains with different contents of trace elements indicates that
disequilibrium was common during the formation of the White Tank quartz

monzonite. As mentioned above, it is believed that this disequilibrium
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is more exﬁected in the crystallization of a melt than in the replacement
of solid rock.

Some petrologists have suggested that much of the albite and potash
feldspar in ignéous rocks has been introduced by metasomatism after
consolidation of a more basic melt. In the case of the White Tank
quartz monzonite, potash metasomatism is unlikely for several reasons:

1. Potash feldspar is distributed very unevenly through the gquartz
monzonite, both with regard to percentage and to grain size.

2. Trace element content of potash feldspar shows a marked variation
through the rock.

3. Certain details, such as quartz inclusions increasing in size
outward in a microcline crystal, suggest that potash feldspar grew
concurrently with some other minerals in the rock.

Soda metasomatism seems unlikely for the following reasons:

le Albite as a distinct phase is distributed very unevenly through
the rocke For example, albitic rims are more abundant in the upper facies
of Unit 1 than in the lower facies.

2. There appears to be no logical method whereby replacement of
potash feldspar or plagioclase by pure albite would lead to the formation
of myrmekite, which is commonly associated with albite.

3+ The distributipn of albite is explainable by theoretical dis-
equilibrium processes during the crystallization of a silicate melt,

.and these processes would cause the distribution of albite found in

the quartz monzonite.
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These‘reasons against widespread potash and soda metasomatism
do not rule out the possibility of magmatic late-stage replacement
reactions involving soda and potash.® Those textures (such as myrmekite)
which petrologists most commonly attribute to replacement, however, may

also be explained by primary crystallization.

3 An early, and very good, summary of features formed by late-stage
activity in igneous rocks is given by Colony (1923).
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COMPARISON OF WHITE TANK AND PALMS QUARTZ MONZONITES

The two different quartz monzonite formations described in this
thesis have almost identical compositions. The two rocks may be
distinguished only by the difference in their textures. The White
Tank quartz monzonite is generally coarser grained than the Palms
guartz monzonite. Also, grains in the White Tank quartz monzonite
are, with the exception of the quartz aggregates, distinct units not
intergrown with other minerals. All minerals, and especially the feld-
spars, in the Palms quartz monzonite, however, are highly intergrown;
borders between grains of potash feldspar and plagioclase are very
complex and (as seen in thin section) are marked by "islands™ of each
mineral in the other.

The reason for the formation of sharp grain borders in one quartz
monzonite and complexly intergrown borders in another is not definitely
known. One possible explanation lies in the fluid content of the two
melts from which the rocks crystallized. The White Tank quartz mon-
zonite apparently formed from a melt relatively rich in water, as is
indicated by the abundance of associated pegmatites and the coarse
grained nature of the later-forming, differentiated rocks. Crystalli-
zation of the Palms quariz monzonite may have occurred in an environment
relatively free of water, as is suggested by the lack of associated
pegmatites and a grain size generally smaller than that of the White
Tank quartz monzonite. Possibly, then, a low water content in the
medium in which crystallization was completed resulted in the complexly
intergrown borders, whereas a more fluid medium permitted the growth

of distinct crystals with sharp borders.
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This c;nclusion does not mean that the two melts as intruded
contained different amounts of water. Possibly the presence of a
zone of monzonitic porphyry peripheral to part of the Palms quartz
monzonite impiieé that much of the water in the original ihtrusion
was lost to the wall rocks, where it promoted the formation of the
porphyry. The absence of pegmatites associated with the Palms quartz
monzonite may, also, merely signify loss of volatiles at an early stage
in the crystallization of the melt. The hypothesis expressed above
merely proposes a difference in water content of the two melts during
the later stages of their crystallization.

If both of the intruded melts contained originally about the
same amount of water, the loss of water from one intrusive and not
from the other is difficult to explain. The wall rocks are roughly
identical for each intrusive. Perhaps the temperature of the wall
rock or the depth of intrusion was the deciding factor in determining
loss or retention of volatile material, but the true explanation is

unknown.
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 DIKES

I; Introduction:

Scattered throughout the mountains around Forty Nine Palms are
numerous small dikes. Théy are rarely more than one foot thick and
generally can be traced for only a few feet in outcrop. Miller (1938)
called atteﬁtion to their general distribution by mapping a few large
dikes and stating that there were many others too small to map (the
scale of his map was approximately three miles to the inch). The
present writer feels, however, that none of the dikes is large enough
to map, even on the scale used in the present work (one mile to the
inch).

These dikes cut the Palms quartz monzonite and monzonitic porphyry,
but their age relation to the White Tank quartz monzonite has not been
determined. It has also been impossible to determine whether or not

these dikes are related to one of the major plutonic intrusions.

II. Structure:
Most of the dikes are too fine grained to exhibit any megascopic

structure. The dikes appear massive in thin section.

I1T. Composition and Texture:

Two types of dike rock occur: white to light gray, silicic dikes;
and, in lesser amounts, greenish~gray, basic dikes.

The silicic dikes are typified by sections L28 (Fig. 82) and L429.
They contain about 20 percent phenocrysts, 0.5 to 1 millimeter in

diameter, consisting of quartz, potash feldspar, and plagioclase.



Fig. 82, Sample L28 of silicic dike cutting Palms quartsz
monzonite north of Forty Nine Palms. Phenocrysts
are quartz (q), plagioclase (p), and potash
feldspar (K£). Groundmass is a mixture of quartz
and feldspar. Crossed nicols, X25,
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The potash feldspar phenocrysts are anhedral, either twinned or untwinned,
and may exhibit zones of slightly different crystallographic orientation.
The potash feldspar may contain'inclusions of gquartz in the outer parts
of the grains or along zonal borders. Some of the potash feldspar
phenocrysts contain patch perthite. Plagioclase forms subhedral to
euhedral, faintly zoned and/or twinned, grains with an average compo-
sition of An30‘ Quartz occurs in subhedral, equant grains.

The groundmass consists of quartz, potash feldspar, and plagioclase
(in that order of abundance). A few biotite flakes, muscovite flakes up
to 0.75 millimeter long, and some opaque white powder make up the rest
of the groundmass., The average grain size in the groundmass is 0.l
millimeter or less and is different in different dikes or different
layers of the same dike. In section L28, some of the potash feldspar
in the groundmass may poikilitically include the quartz and plagioclase.
In section L29, an O.5-millimeter-wide stringer of massive quartz sepa-
rates layers of different grain size (0.05 millimeter and 0.3 millimeter)
in the groundmass of the dike. Possibly these two layers represent
separate intrusions. Section L29 contains a few patches of graphic
granite in the groundmass.

The best example of the more basic dike rock is sample L430. It
contains an estimated 30 percent hornblende pleochroic from yellowish
green to greenish blue; 5 percent biotite pleochroic from yellow to
reddish brown; L5 percent irregularly twinned, strongly zoned plagioclase
with a compositional range from AnSO in the center to AnBO on the edge;

20 percent quartz; and a little magnetite, apatite, and allanite. All
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grains aré anhedral and average 0.1l millimeter in size {except for some
plagioclase laths which are seriate from the groundmass size up to 1

millimeter). Some of the quartz occurs in aggregates of O.5-millimeter
grains. Sericitic alteration is abundant in the center of many plagio-

clase grainse.

Y *

IV. Origin:

These dikes have almost certainly formed by intrusion and crystal-
lization of a2 melt., .The distinction between phenocrysts and groundmass
is partly caused by chilling of a partially crystallized melt, although
the inclusions of groundmass in the outer portions of potash feldspar
phenocrysts indicate that at least some of the groundmass started
crystallizing before the feldspar phenocrysts stopped growing. The
presence of quartz phenocrysts is significant in view of the previously
postulated early crystallization of quariz in the White Tank quartz

monzonite.
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BASALT

Malapai Hill (Fig. 83) is composed largely of black, aphanitic,
olivine~bearing basalt. Similar rock is present at one place in the
Lost Horse Mountains outside of the map area. No flows are associated
with Malapai, and apparently it is a shallow intrusive rock, Columnar
structure is.commonly vertical but forms wide loops and is nearly
horizontal in places. The basalt cuts the White Tank quartz monzonite

and is probably quite young, but its true age is unknown.
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Fige 83. Malapai Hill,
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