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'INTRODUCTION

General statement

The crystalline rocke of the Coyote and Quinlan mountains were 

examined in the field and under the microscope in order to derive in

formation pertaining to their internal structure and history and to 

ascribe to the area a sequence of events which accounts for the rocks 

and structures found therein.

Granodiorite, biotite para-gneiss, alaskite, pegmatite and lamp

rophyre are the main rock types found, of which the first three are 
believed to be directly related to one period of met amorphic and meta- 

somatic activity that affected the area. This same period of meta^ 

morphism was probably responsible for the formation of a generally 

well developed northwest striking alignment of the planar elements 

found in the first three rocks.

An outstanding structural feature of the area is the Pan Tak 

Fault, a complex, north-south striking, steeply dipping structure 

that separates the Coyote and Quinlan Mountains. Movement along 

this fault involved strike-slip and rotational motion resulting in 

the differences in orientation of the planar elements in the two 

mountain masses.

This report purports to show the stages in the evolution of 

these rocks and their structure mainly by a consideration of their 

petrography as revealed under the microscope and by a study of their 

contact and areal relationships as revealed by field mapping!
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Methods oflnvesttgation

The materiel for Plate 1 was gathered during the fall of 1955 
and winter of 19^4. Approximately 65 days were spent in the field 
during that time. Mapping was done on U.S. Geological Survey quad
rangles which had been photographically enlarged to a scale of 
approximately four inches to the mile. Locations were established 
by brunton compass resection or by the use of.aerial photographs.

Plate 1 has been constructed in such a manner as to allow its 

use in eonjunetikonwith Plate 1 of the thesis entitled "Structure 
and Petrography of a portion of the Coyote Mountains, Pima County, 
Arizona" by W.L. Kurtz. Juxtaposition of these two maps presents 
a complete geologic map of all the Coyote Mountains and a portion 
of the Quinlan Mountains, covering a total area of more than 40 
square miles.

Petrographic study was accomplished through the use of thin 
sections which had been cut from representative specimens. A total 
of 112 thin sections were made and their analysis resulted in the 
material included under the heading "Petrology and Petrography".

The thin sections were made and studied during the early part of 
19$4* Final compilation of the results of the field and laboratory 

work was accomplished during March and April of 1954.

Location
■ . . . .  . . ■ . ' , • ' .

The Coyote and Quinlan mountains are located in southern Ariz-
' ...; V: ' ' ' : "ona, near the central part of Pima County, approximately 55 miles 

west of the city of Tucson. (See Figure 1) Access to the mountains 

is readily provided by Highway 86 (Tucson-Ajo Highway) and by
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5

fines of the Papage Indian Reservation.
Pertinent data regarding reference nape and location are listed 

in Table 1, below.

Table 1
Location and reference data, Odyote and 

Quinlan Mountains, Arizona
Latitude— 52 °001 North 
Longitude— 111° 55* West
Range 8 East, Township 16 South, Sections 16, 17, 18,

19, 20, 21, 28, 29,
; 50, 51, 52, 55-

Range 8 East, Township 17 South, Sections 4, 5, £» 7,
8, 9, 16, 17, 18.

(Ranges and Townships are referred to the Gila-Salt 
River Base; lines)

USGS Quadrangles— Baboquivari Peak, San Vicente 
Aerial Photographs

Agency— Soil Conservation Service 
Description— * L* Pima Papago Indian Reservation

Quad. No. 55 (San Vioente)-Photograph No. 95°,951 
Quad. No. 44 (Baboquivari Peak)-Photograph No.

952, 955, 954.

Regional Topography
The Coyote Kid Quinlan mountains are located at the center of 

a long narrow chain of ridges which extends from Mexico on the south 
to the end of the Silver Bell Mountains on the north. From the 
Sonora-Arizona border, near Sasabe, the Baboquivari Mountains trend 
in a general northerly direction. Local variations in the trend re
sult in a shallow reverse "S" shape of the mountain chain. Im

mediately north of the Baboquivari Mountains are the Coyote and 

Quinlan momtaine, the topographic form of which presents the first
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radical change in trend. Here the ridges depart from the north- 
south direction, swinging to the east and northeast and comprising 
a unit which has a general elongation north-northeast. This trend 
is again broken at the north side of the Coyote Mountains by the 
shallow sync line of the Roskruge Mountains, the ridges of which trend 
to the northeast. At the junction of the Roskruge Mountains with 
the Waterman Mountains, a third change in topographic trend occurs.
The ranges of the latter trend almost northwest, continuing in that 
direction end including some of the elongate ridges of the Silver 
Bell Mountains.

Viewing the Baboquivari-Silver Bell chain as a unit, the average 
trend is seen to be approximately north 15° east. In detail, the 
departure from this trend is as much as 45° to either side, as de
scribed above. The significance of such an erratic pattern is not 
fully known. That such a pattern seems to prevail, not only in the 
ranges discussed, but in adjacent ranges as well, can be seen on the 
geologic map of the state of Arizona and on the shaded relief maps 
included in a report by Bryan (1925).

Direct influence of internal rock structure and major structural 
elements can be locally noted, especially in the smaller intermontane 

valleys of which the Alambre Valley is cited as an example. The 
main drainage in this valley is from Pan Tak Paas southward, thd 
stream following what is believed to be an extention of the Pen Tak 
Fault. Subsidiary streams in this valley seen to be influenced by 
steeply dipping planar elements present in the' underlying granodiorite 
rather than by structural breaks. The parallelism of stream channels
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with the strike of planar features ia shown in Figure 2.

Local Topography

The area described includes 21 sections lying on the boundry be
tween the Coyote Mountains to the east and the Quinlan-Baboquivari 
chain to the west and south. The western face of the Coyote Mount
ains presents a formidable slope, cut by numerous steep-walled can
yons which drain the upper reaches of the mountain into the Alambre 
and Pan Tak-Aguirre Valleys below. In the area mapped, the Quinlan 
Mountains describe an arc, convex southeastward, which forms the 
head of the Alambre Valley. Pan Tak wash is the boundry between the 
two mountain masses and drains north and south from Pan Tak Pass.
The Coyote Mountains, especially the northern extremity, are charact
erized by rugged topography, some area accessable only with mountain 
climbing equipment. The maximum relief is 5500 feet.

History

Little more than the results of brief reconnaissance survey work 
have ever been published regarding the Coyote and Quinlan Mountains. 
Bryan (1922, 1925) mentions the light colored gneisses found in the 
Coyote Mountains and speaks of two major joint sets. His statement 
that "The Coyote Mountains have...the general form of a monocline of 
sedimentary rock11 is probably based on an interpretation of the 
attitude of joint planes which control topographic expression in the 
vicinity of Coyote Peak. Barton (1925) quotes Bryan, but offers no 
further comment concerning these mountains. The earliest know re

ference to the area is by McGee (1897) in which he shows a photograph
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of the western face of the Coyote Mountains end briefly describee 
the character of the alluvium at the" base# Hie statement that "the 
mountain face shown la practically inacessable and has never been 
climbed* can be appreciated by the writer, who sealed the ridge 
during the course of field work.

The internal structures of igneous and metamorphic rocks has 
received limited attention, insofar as the state of Arizona is con

cerned. In an effort to determine the extent of information avail
able regarding the internal structure of Arizona granitic rocks, JO 
maps and reports were examined# The maps are listed on the Geol
ogic Map Index of Arizona, compiled for the United States Geological 
Survey by Leona Boardman. In addition, a number of articles not 
listed on the index map were scanned with the same purpose in mind. 
The results of this search are presented in Table 2, below.

Table 2
Status of the mapping of internal 

structures in granitic rocks, Arizona
Area of the state 115. 909_____ sq. mi.
Outcrop area, granitic rocks 50.000 sq.mi.(approx.)

No. of Maps and Reports No. of maps recording Reference to
internal structure internal structure

70 4 5

The foregoing table brings out the point that the internal 
structures of granitic rocks is a subject which has been generally 
ignored in Arizona geology. In the light of results obtained by 

workers elsewhere (Oloos, Mayo, Balk and others) it seem unfortunate
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that this phase of structural geology has been neglected thus far*
In southern Arizona, recent work on these problems has been done by 
Kurtz (1954) and Wallace (1954).
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PETROLOGY AND PETROGRAPHY

G aneral statement

Met amorphic and igneous rocks of several different types crop 

out in the portion of the Coyote and Quinlan mountains under con

sideration. For the purpose of mapping, five units have been sep

arated and described below. These units include granodiorite, peg

matite, alaskite, biotite para-gneiss and assorted minor rocks.

While the rocks named above include most of those recognized, certain 

variations within any given type are to. be expected. These variations 

and their bearing on the larger unit in which they are included are 

presented in the discussions which follow.

Bedded sedimentary rocks, as such, do not crop out in the map 

area. Sediments which resemble the Cretaceous (?) Recreation Red 

Beds of Brown (1959) are exposed to the east of the area along the 
base of the Coyote Mountains. Fragments of red sedimentary rocks 

are found in the alluvium near the town of Pan Tak, suggesting 

that this same formation may be nearby.

The valley floors are covered with alluvium which has been de

rived, for the most part, from the weathering of the nearby crystal

line rocks. In Pan Tak Valley, which extends from the Quinlan 

Mountains to the north end of the map, the alluvium overlies volcanic 

rocks of unknown age. This valley differs from the smaller Alambre 

Valley found on the south side of the Quinlan Mountains in that the 

latter valley contains no extrusives, and the alluvium is directly
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underlain by granodiorite. That the alluvial cover in the Alambre 
Valley is thinner than that fotaid in the surrounding valleys is sug
gested by the presence of numerous "islands* of bedrock net far 
from the mountain's base, by absence of well developed fans end by 
the evidence for structural control of the drainage pattern. (See 
Figure 2)

GRANODIORITE ,

General statement
Rooks which have a composition ranging from quartz monzonite 

through granodiorite to quartz diorite occupy most of the southern 
half of the mapped area# Granodiorite is the most abundant, while 
quartz monzonite and quartz diorite are found to represent local 
variations in the composition.

The amount of granodiorite exposed in the outcrop decreases as 
one proceeds to the north from the southern end of Hayhook Ridge, 

owing to the thickening of the pegmatite. A north-norlweat line 
through Hayhook Peak roughly approximates the contact between the 
granodiorite and a biotite para-gneiss. In the Quinlan Mountains, 
the major rock type exposed is granodiorite, except for one section 
on the south end of the map, where alaskitea and granodiorites are 
about equally divided. The map area includes approximately seven 
square miles of granodiorite, but this is by no means to be regarded 
as the sum total of this rock in the region. Granodiorite is to be 
found to the east in the Coyote Mountains, as reported by Kurtz 
(personal communication). Brief reconnaissance traverses indicate
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that the granodiorite extends several miles beyond the west and south 
borders of the map. To the north, the alluvium obscures these rocks, 
but the map (Plate l) gives no indication that these rocks die out 
in that direction. The whole area of granodiorite under consideration 
in this report consists of only a small portion of the total amount 
of granodiorite present in the region.

Megascopically, contacts between the granodiorite and the other 
rocks mentioned above are sharp. The contact between the granodiorite 
and the biotite para-gneiss is seldom well exposed,.but generally it 
shows a marked tendency for the granodiorite to interfinger with the 
gneiss, both parallel to and across the planes of foliation. In some 
instances, small veinlets of granodiorite penetrate several yards 
before pinching out. No noticable difference wae observed between 
the grain size of the granodiorite near the gneiss and that farther 
away. Contacts between the granodiorite and the other rocks are 
quite distinct. The pegmatite and alaakite bodies generally show a 
tightly welded contact, while the lamprophyre is not as well attached.

Weathering of the granodiorite results in the destruction of 
the cohesive properties of the rock and makes it friable or * rotten*. 
Talus slopes end granodiorite "soil", small pea-sized fragments of 
granodiorite, are common. The alaakite enclosed by the granodiorite 
is generally more resistant to weathering and tends to occupy peaks 
and ridge tops in the southern half of the area.

The presence of northwest striking, steeply dipping planar 
structures is a feature readily observed in most outcrops of the 
granodiorite. The manner of occurrence of these structures and . ,
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their description ie discussed elsewhere.
Inclusions of small, hand-sized fragments of biotite rich rock, 

sometimes schistose, are common in the granodiorite. Inclusion 
swarms, where there is a marked tendency toward concentration of 
these inclusions, are found scattered throughout the area. The 
location of a few of these swarms is plotted on Plate 1 and a more 
thorough search would probably reveal more. The small size of the 
swarms end the generally obscured contacts prohibited an accurate 
estimate of their ehape, and no especial significance is attached 
to the outcrop pattern of the inclusion swarms shown on Plate 1.

The granodiorite is generally light grey to dark grey in color, 
depending on the amount of biotite present. Inequigranular textures 
are the most common in the rock. Larger crystals of feldspar are 
surrounded by a matrix of feldspar and biotite. Most of the larger 
crystals of feldspar and the biotite crystals as well, tend to show 
a preferred orientation which contributes to the planar features of 
the area.

In hand specimen the orthoelase found in parts of the Quinlan 

Mountains and on the south end of Hayhook ridge is characterized by 

a pinkish cast, while in other parts of the area all the feldspars 

are neutral grey in color. Quartz ie present in the matrix of the 
granodiorite. Biotite is present as a flaky brown or black mineral, 
generally quite evenly distributed throughout the rock. Hornblende 
is usually found close to the biotite and is difficult to identify 

in the hand specimen. Buhedral crystals of sphene are often seen 
in the granodiorite. The mineral is brown to light tan in color and
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has a vitreous to greasy.lustre. 

Microscopic description

fable 5
Average mineral percentages 
Ooyote-Quinlan granodiorite:

Biotite 2 %  Epidote 2%
Quarts 19% Diopeide(?) Tr
Plagioclase(Anxo) Magnetite Tr
Orthoclase ^  l^C Apatite Tr
Hornblende ^6 Sericite Tr
Sphene 1% Zircon(T) Tr
General texture-— Coarse grained, crystal- 
loblaatic, porphyroblastio

Since the evidence for crystalloblaetic growth will be referred 
to periodically, the characteristics of such a fabric, as outlined 

by Turner (1948) are presented below. ■

One of the more obvious features of the granodiorite are the 
large crystals of plagioclass and orthoclase feldspar, most of which 
are oriented in such a manner as to produce a planar element in the

*
1. Xenoblaetic (sutured or crenulated) outline of a majority of 

the mineral grains is common, especially those which are found lower 
in the crystalloblaetic series. Unterminated amphlbole prisms, and 
biotite flakes with ragged edges may be present.

2. Larger crystals may contain inclusions (often idioblastic) of 
the other minerals forming * sieve (diablastio) structure". Evidence 
of crowding may be observed.

5» Crystallization schistocity, or the growth of minerals in 
such a manner as to indicate preferred orientation is often present.
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rocks. Most of the plagloclaee - porphy rob teste observed in thin section 

revealed a marked sutured or crenulated outline. Inclusions are common

in the larger crystals of feldspar. The inclusions consist of small
r .

crystals of feldspar, quarts and blotite as well as epidote. The

epidote Inclusions are usually confined to the central portions of the

feldspar crystal, but otherwise the inclusions in the minerals do not

appear to be systematically arranged. Alteration to sericite and

clay minerals is rare in these rocks. •
i ,. ■

Twinning according to albite and carlsbad laws is pronounced in 

all of the plagioclases. The carlsbad twin is readily identified in 

the hand specimen and the mineral might be readily mistaken for ortho- 

clase were it not for the very fine albite twins visible only after 

careful scrutiny. In thin section, twinning according to the peri- 

d i n e  law is also observed. Identification of the plagloclaee was 

accomplished by use of the tables for extinction angles of the albite 

twins and by the combination albite-carlebad extinction method.

Most of the plagloclaee falls into the classlfication andesine, but 

minor oligocl&se feldspar is also present.

Orthoclaee, while not as abundant as plagloclaee, also appears 

as porphyroblaete with many of the same border and inclusion features 

that are found in the plagioclase. Sutured boundries and extremely 

irregular crystal outlines are common. The mineral may be slightly 

perthitio, a feature which appears to be present in most of the ortho- 

class of the area. Inclusions consist mostly of tiny biotite flakes 

with only an occasional plagioclase crystal. Twinning according to 

the carlsbad law is common in the orthoclaee crystals.
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Biotite, the most prominent mafic constituent of the granodiorite 
is fomd fairly evenly distributed throughout the area. In these rocks 
the biotite is found either as discreet flakes up to 1 cm. in diameter 
or in clumps of smaller crystals. The larger crystals are character
ized by frayed borders and by numerous small inclusions. In some in
stances, the biotite flakes appear to have.been squeezed between twe 
crystals of feldspar. The association of biotite with hornblende is 
noted. Not only are the. two minerals often found side by side, but 
the biotite may occur in the cleavage cracks of the hornblende. Bio
tite peeudomorphs after hornblende are occasionally recognized. (See 
Plate 15)

Hornblende found in the granodiorite is characterized by highly 
irregular outlines and by abundant inclusions of quartz and feldspar. 
All the hornblende is strongly pleochroic, the colors ranging from 

greenish brown through deep emerald green to a greenish blue. Twin

ning is rare. When present, it is probably along the 100 plane.
The general deficiency of quartz is noted in all the sections 

of the granodiorite examined, save cne. The figure of 19% shown in 
Table 5 may be somewhat high, since this figure includes some of the 
quartz monzonites and quartz diorites that were examined. In thin 
section, the quartz is seen to occupy the space between the larger 
grains of feldspar and biotite and often appears as inclusions in 
these minerals and in hornblende. Wavy, shadowy extinctions are sel
dom seen in the larger grains. A few small veinlets of quartz, aside 
from those found associated with faults were seen in the granodiorite.

The most common accessory minerals axe sphene, magnetite and
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epidote, accounting' for approximately 5̂  of the rocks's volume. In 
thin section, th® sphene appears with the characteristic diamond- 
shaped outline or as enhedral grains approximately a millimeter 
across. Epidote is found as enhedral grains with high Interference 
colors under crossed polaroide. Magnetite is scattered throughout 
the gran odi or its of the region. The association • of sphene, epidote 
and magnetite with biotite and hornblende is noted.

The other minerals, diopeide (?), apatite, sericite and zireon(?) 
are fomd in minor amounts, The diopside(t) is usually associated 
with the mafies while the apatite, sericite and zircon(?) are found 
as inclusions in the quartz and biotite.

Before attempting to present any interpretations regarding the 
granodiorites, some mention should be made of the inclusions that are 
found in that rook.

These inclusions are to be found in~ almost every exposure of the 

granodiorite, but are more comon in the granodiorite of the Quinlan 
Mountains. The size of the inclusions varies from lees than 1 inch 
to more than 20 inches along the longest dimension, but most are 
approximately the size and shape of one's hand. Exceptions to these 
general dimensions arise in the vicinity of inclusion swarms, where 

blocks measuring hundreds of yards on a side may be seen. The largest 
of these blocks is found on the western border of section 7 (Babo- 

quivari Peak Quadrangle) . The block is triangular in plan, from 

l^O to 200 yards on a side. Veinlets of granodiorite penetrate the 
sides of the massive block and give rise to swarms of smaller in
clusions around its margin. Other swarms are similar in appearance
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to these, but are not as large.

Megaecopioally, these inclusions are dark brown in color. They 
are medium to fine grained in texture and in part have a schistose 
structure. The main mineralepresent are blotite, quarts and feldspar. 
The feldspar occasionally occur as porphyroblaets which are in part 
oriented parallel to the foliation. The foliation of these inclusions 
in some instances is parallel to the described planar structure of 
the granodiorite. In addition to the orientation of minerals, the 
shape of the inclusion is such that it becomes part of the planar 
structure. (See Figure - 5)

The mineralogy" and percentages of the inclusions are presented 
in Table 4. .

Table 4
Average mineral percentages— inclusions in 

Coyote-Quinlan granodiorites
i
Blotite k% Epidote 2#
Hornblende % Sphene Tr
Orthoclaee 11# Apatite Tr
Plagioclase(Anzo)
Quartz % Magnetite Tr

General texture— Medium grained, crystalloblastic

Mineralogically, the similarities and differences between the 
granodiorite and its inclusions can be made by a. comparison of Table 5 
with Table 4. The inclusions contain more blotite but lees plag- 

ioclase and; quartz than the granodiorite, although the eame type of 
mineral outline and mineral inclusion phenomena are present in each. 
Hornblende occurs in approximately equal amounts in both rocks, but
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the crystals in the inclusions are not as large as those in the 
granodiorite. A comparison of the pleochreiee of the hornblende 
found in the inclusions with that' of the hornblende found in the 
granodiorite reveals a marked similarity and suggests that the ccop- 
ositionof both homblendea is approximately the eeme.

Strong zoning te common in the plagioolaeee found in the in
clusions and epidote cores that consist of single eryatale were seen 
in one or two epeciments. Oompositionally, the outer portion of 
the zoned plagioelaae ranges from low to high emdeslae, as nearly 
as could be determined. Strongly sutured and crenulated bsundries 
are common in the feldspars.

Biotite is found aa email (1 am.) crystals, at times arranged 
in such a manner as to give the rock a schistose appearance. The 
crystals usually have frayed, irregular edges, but inclusions are 

not common*

Discussion
The origin of the granodiorite is discussed elsewhere, conse— 

quentely only the interpretation of some of the features described 
above and their relationship to the metamorphism of the area will 
be treated here.

The synkinematic metamorphism which affected the area is more 
noticable in the case of the biotite-para-gneiss, but the effects 
are also present in the granodiorite, manifest mainly in the rigorous 
alignment of planar elements mentioned above and in the crystallo- 
blastic growth of the constituent minerals.

The initial stages in this metamorphiem probably resulted in a



18

re-distribution of the mineral components, notably hornblende, whose 
crystalloblastic growth is shown by the crenulated borders, by the 
lack of euhedral outline/ and by the numerous inclusions present in 
the mineral. (See Plate 16)

The process which was responsible for the formation of the grano- 
diorite involves an addition or re-distribution of potassium and so
dium, resulting in certain mineralogical changes end in crystallo

blastic growth of some of the minerals. The two minerals affected 
most by this metasomatism were hornblende and feldspar. The addition 
of potassium affected the hornblende in that it initiated a reaction 
which caused that mineral to be replaced by biotite, a process readily 
observed in thin section. (See Plates 14, 1$) Initially, the re
placement began along cleavage planes and spread outward until the 
entire hornblende crystal was engulfed. The reaction hornblende—  

biotite probably involved the release of calcium. Iron and titanium, 
and the minerals epidote, sphene and magnetite were formed therefrom. 

The formation of ephene, rather than rutile, is probably related to 
the presence of calcium. The presence of sodium is indicated by the 
blue pleochroiem of the hornblende which suggests that the riebeokite 
molecule may be found.

Crystalloblastic growth, another effect of the potassium and 
sodium metasomatism, is indicated by the crenulated borders of the 
feldspars and by abundant inclusions in this mineral. Crowding 
aside of some of the smaller grains is suggested at the borders of 
some of the larger crystals. That the plagioclase crystals were 
once more basic is suggested by the numerous inclusions of epidote
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which are present• tinder the prevailing conditions of metamorphism 
the basic plagioolaae became unstable, releasing its anorthite com
ponents This released calcium wae then taken up by the formation of 
epidote. . . -

Contacts of the sort that might be produced by an intrusive 
igneous rock are indicated along the borders of the blotite para- 
gneiss# The interfingering of the granodiorite with the blotite 
parargneiss could have been caused by intrusion of a magma along 
planes of weakness or actual fractures in the gneiss. Although 
chilled contacts and contact metamorphic effects would be expected, 
though not found, these effects could well have been erased or blurred 
by the subsequent metasomatic metamorphism that affected the region, 
the evidence for which is presented above# Aside from the contacts, 
the textures of the plagioclaee found in the granodiorite at the 
present time suggest certain igneous affinities. The crystalloblaetic 
growth of many of the grains has all but obscured the original te*" 
ture, but some grains show a well developed non-crystalloblastic out
line, and the overall texture, if the effects of crystalloblstio 
growth were removed, would possibly be intersertal. Along these same 
lines, the variations in the composition of the granodiorite appears 
to be random and not related to any sort of structural control# This 
could result from the local differentiation of an intrusive body.

The pre-metamorphic history of the dark inclusions found in the 
granodiorite is not well known, but it can be stated with a fair 
amount of accuracy that the metamorphic history for the granodiorite 
and its inclusions is approximately the same, indicating that a single
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period of metamorphism end metasomatism affected both rooks. These 
inclusions were therefor probably present in the original igneous rock. 
Why they did not undergo assimilation at that time is not known.

Summarizing, it seems that the weight of evidence gathered by 
thin section and field study supports the idea that the rocks of the 
area were subject to a period of metamorphism and potassium and 
sodium metasomatism which caused the crystalloblastic growth of 
certain constituents, as well as a chemical breakdown and replacement 
of others. The evidence in support of a pre-existing igneous phase 
is less convincing, but the granodiorite-gneiss contstet phenomena* 
especially, suggest that the rode which is now granodiorite was once 
an igneous rode. •

BIOTITE PARA-GNEISS 
General statement

Medium to fine grained biotite para-gneiss forms a bend extending 
from the central portion of the eastern boundry of the map, northwest 
to the Pan Tak Fault. The whole band ie approximately a mile wide 
near the fault and widens somewhat as the higher elevations are reached. 
The gneiss continues past the eastern bsundry of the map and crops 
out in the portion of the Coyote Mountains further in that direction.
No gneisses which could be directly correlated with the Coyote Mount
ain rocks could be found on the west side of the fault. What few 
gneissic roeke were found here occur as dislocated blocks in the wide 
gouge zone which borders the Pan T#k Fault.

Contacts between the gneiss and the granodiorite to the south 
are generally sharp. Finger-like invasions of the granodiorite into
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the gneiss are noted locally and some blocks of gneiss are entirely 
surrounded by granodiorite. The contact, when viewed as a unit, is 
extremely irregular, with numerous embeyments hence it is represented 
more or less schematically on Plate 1.

Pegmatite crosses the gneiss, apparentely with little regard for 
the internal structure of that rock. Some of the largest masses of 
pegmatite in the area are found in the gneiss.

To the north, the boundry between the alasklte and gneiss be
comes extremely irregular and difficult to resolve, owing to the fact 
that the two rocks have approximately the same color and texture in 
that area.

The structure of the biotite para-gneiss can be divided into 
two groups* (a) clear cut, well developed gneiseic 'structure and 

(b) granulated structure, with evidence for re-crystallization.
The first group, the well defined structures, is the most common, 

extending over most of the central and southern portions of the 

gneiss band, whereas the second type of structure is restricted to 
the gneisses in the vicinity of the alasklte contact. The boundry 
between the two types of structure are indistinct.

In the hand specimen, the fresh gneiss appears as a medium to 
fine grained rode, somewhat sugary and friable. The term schist 
might be applied to some.of the finer grained phases. The gneiss 
is dark grey to almost blade in color, depending again on the amount 
of biotite present. Foliation is well developed. Biotite is found 
in small flakes which thin section examination show to be rigidly 

oriented. The lighter colored minerals are generally not recognizable
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in the hand specimen. 

Microscopic description

Table 5
Mineral percentages— biotite para-gneiss 

Coyote Mountains
Biotite 19^ Sphene Tr

' Quarts 2856 Bpidote Tr
Orthoclaee 5 ^  Magnetite Tr
Plagioclase(An^Q?) Tourmaline Tr
General Texture— fine grained, gneissic .

The mineralogy of the gneiss is relatively, simple, as can be seen 
from the preseeding table. Orthoclaee, quartz and biotite predominate, 
while plagioclase and the other minerals occur sparingly.

A well oriented fabric is noted when the gneiss is examined under 

the microscope. Biotite, especially, emphasizes the gneissic structure 

by simultaneous extinction over the entire slide, as the stage is ro
tated. The quartz and orthoclaee are more or less equidimensional 
and do not tend to be aligned in such a rigorous manner.

Orthoclaee is found as anhedral grains, mutually intergrown with 
the quartz. Inclusions in the orthoelase are not common, but some 
fine grained argillaceous matter may be found in some of the grains. 
The strongly sutured edges so common in the granodiorite are much less 
evident here. The orthoelase crystals are small and equigranular, 

averaging a millimeter in diameter. Since the quartz is also approx
imately the same size and shape, the gneiss appears fine grained and 
sugary. Thin sections are often difficult to make, because of this 

lack of cohesion between the grains. Perthitic orthoelase is seen
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occasionally In these rocks.
Quartz found in the ungranulated gneisses is generally anhedral 

and unfractured. Extinction is uniform throughout any individual 
grain. In the gremulated gneiss, however, the crushing and r©-crystal
lization of quartz is common.

The gneissic appearance of the rock in the hand specimen is due 
to the orientation of biotite. The biotite flakes average from 1 to 
4 millimeters in diameter, and their orientation parallels that found 
in other rocks of the area. The biotite in the ungranulated gneiss 
is generally free of inclusions and has euhedral outlines. Near the 
contact with the sheared alaskite, the biotite is less abundant in 
the gneiss. Crushing and scattering of the mineral is noted in thin 

section.
Plagioclase is scattered sparingly throughout the biotite gneiss. 

Compositionally, the mineral is probably between high oligoclase and 
high andesine. Zoning is not found in these plagioclases.

The other minerals mentioned are found in amounts of less than 
!%• Epidote occurs as small (less than 1/2 mm.) rounded grains, as 
does sphene. Magnetite crystals assume a diamond shape and the 
mineral is not common. Tourmaline has been recognized in one of the 
sections examined. ' ‘

Discussion ...

The mineral composition and texture of the gneiss provides in
formation regarding its metamorphic and pre-metamorphic history. 
Judging from the composition, i.e. primarily biotite, orthoolase and 
quartz, the original rock was probably a calcium poor, sandy, argil
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laceous sediment. The mineral assemblage now prevent suggeste that 
the metamorphiem has progressed as high as the mesozone, and perhaps 
higher. Introduction or re-distribution of potassium is possibly in
dicated by the minor crystalloblastic growth of the orthoclases, while 
overgrowths on some of the quartz indicate movement of silica. The 
fine grained texture seems further suggestion that the rock could have 
been derived from a sediment.

The structural trends present in the gneiss are regarded as having
' ' ' " ' ' - . - - .

been formed during a period of regional synkinematic metamorphism men
tioned above. This period of metamorphiem, accompanied by by aeta- 
eomatio addition of potassium and eodiua, probably was responsible for 
the formation of the northwest trending elements found in the rocks 
toddy. The para-gneisses, by virtue of their having more potassium 
minerals, were not affected by the potassium metasomatism to the de
gree found in the granodiorite.

For the most part, the biotite para-gneiss shows no evidence of 
polymetamorphism as regards relict structure (helecitic structure) 
or relict minerals (remanents of a higher or lower metamorphic en

vironment). An exception to this is found at the contact between 
the gneiss and alaskite, where the cataclastic deformation which 
granulated the alaskite also crushed and re-distributed some of the 
minerals of the gneiss. Biotite, especially, was affected by this 
cataclastic deformation, as indicated by the scattering and break- 
down of the mineral. Since the gneiss in this area shows a general 
deficiency in mafice, the whereabouts of these mafics, as in the case 

of the pegmatites, presents an enigma. A possible explanation lies
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in the presence of ultra-basic roeke, mostly hornblandite, which is 
found in the vicinity.

PEGMATITE 
General statement

Rocks of pegmatitic texture and composition occupy a large part 
of the total outcrop in the Coyote Mountains. In almost every part 

of this mountain, pegmatites are found to cut across the granodiorite, 
biotite gneiss or alaskite, which are the major host rocks. The out
crop per unit area increases from south to north as the pegmatites 
grow thicker and begin to interfinger, until, in sections 55 end 4 
(Baboquivari Peak Quadrangle), most of the exposed rock is pegmatite. 
Plate 1 shows this gradual increase in a schematic manner since it 
was not practical to plot the location of individual exposures. The 

increase in the amount of pegmatite is attended by a general blurring 
of contact relationships as the bands begin to interconnect, leaving 
blocks of granodiorite and gneiss exposed between. The planar struc
tures present in these blocks are parallel to those of the normal 
country rock. The strike and dip of the pegmatites is erratic and 

difficult to measure with any great degree of certainty, but generally 
they strike approximately north 5° east and dip 20° to 55° to the 
east.

While abundant pegmatites are found in the Coyote Mountains, 
such is not the case in the Quinlan Mountains. The reason for this 
is believed to be related to movement along the Pan Tak Fault, along 
which a rotational and strike-slip motion occurred. This fault and
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and the movement involved is discussed below under the appropriate 
heading.

The pegmatites found in the Coyote Mountains cut indiscriminately 
across all but the latest rocks, indicating that pegmatite formation 
post dates the formation of the alaskite, biotite para-gneiss and 
granodiorite. . •

Contacts between the pegmatite and the enclosing rock are gen

erally sharp and readily observed in the field. (See Plates $ & 6)
The range of widths of the pegmatite bands is extreme. Tiny, hair
like stringers of pegmatite a few millimeters wide contrast to the 
150-200 foot thick masses found in the central portion of the area.
The average width ranges from $-10 feet at the southern end of the 
Coyote Mountains to 50-75 feet in the central portion.

Mineralogically, the pegmatites are rather simple. Perthite 

and quartz are the main constituents, both of which are easily re
cognized in the hand specimen. The perthite crystals show hairlike, 
anastomosing veinlets of exeolwed (?) plagioelase, some of which 
reach a width of 1 millimeter or more. Quartz is usually a smoky 
grey color, often graphically intergrown with the perthite. Quartz 

also occurs as sizable seperate crystals. Minor constituents which 
can usually be recognized in the pegmatite include muscovite, garnet 
and biotite. These mineral are found in all the pegmatites in varying 
amounts, the total usually less than 1%. Muscovite books are rare 
and small flakes of the mineral are more often found, scattered ran

domly throughout the pegmatite. Biotite is rare, although the flakes 
are larger than the muscovite flakes. Garnet can be seen in almost
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every exposure. The mineral often appears as small feather— like 
aggregates which are drawn out roughly parallel to the pegmatite- 
host rock contact. Seldom, the garnet is found in fist-sized 
clots or in individual, well developed crystals up to 1 centi
meter in diameter. Plagioclase, while readily seen in thin section 
is generally unrecognizable in the hand specimen, owing to its 
small size and resemblance to other light colored minerals.

The pegmatite bands are usually more resistant to weathering 
than the surrounding grenodioriteror gneiss and, therefor, standk 
out in relief forming benches. The side of the mountain resembles 
a giant staircase, with the pegmatites forming the rise and tread.

Mineralogical zoning is restricted to some of the pegmatite 
stringers less than two indies in width. A few of these veinlets 

show a well defined quartz core with perthite and orthoclaae next to 
the host rock contact. Zoning in the wider perm&titee is more apt 

to be textural rather than mineralogical and bands of fine-grained 
(1-2 ram.) quartz and orthoclaae up to one foot in width traverse 
the generally coarse grained rock, interfingering and pinching out 

for no apparent reason. Plates ), 4, 5* and 6 are representative 
photographs of some of the Coyote Mountain pegmatite.

Microscopic description

Table 6

Average mineral percentages— Coyote 
Mountain Pegmatite

Quartz 40^ Biotite Tr
Plagi oclaee(Anz0) l4% Sphene Tr
Perthite ? 4%£ Epidote Tr
Muscovite 1% Magnetite Tr
Garnet 1% Sericite Tr
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General texture— Oiyetalloblaetie, seriate

The textures characteristic of the Coyote-Quinlan pegmatites 
are similar to those that con be found in most pegmatites of this 
region. Grain sizes range from giant (more than 10 inches) crystals 
of perthite to small, almost submicroscopic crystals of quartz. Gen
erally, the finer grained parts of the pegmatite are distributed in 

random, interconnected bands which cut across the coarser portions 
without any recognizable pattern. A regular mineralogical zoning, 
therefore, is absent and a crude textural zoning is more apparent, 
as has been mentioned previously.

Table 6 points out the fact that the mineralogy of the pegma
tites is rather simple. Quartz, perthite and plagioclase ere the 
predominate minerals, while other minerals are found in varying, 

much smaller amounts. Garnet is nearly always present in thin section.
The edges of the larger crystals of feldspar and quartz are 

characteristically strongly sutured or crenulated. Larger crystals 

of these minerals generally are set in a matrix of smaller grains 
of the same species. Some crystals of quartz show what at first 
appears to be strain shadows, but examination under higher power 
reveals that the crystal is composed of a number of much smaller 
crystals which have intergrown. The shadow effect is caused by the 
slightly different orientation of these crystals and the consequent 
slightly different extinction positions.

Contacts between the pegmatite and granodiorite or biotite 
para-gneiss are generally somewhat deficient in quartz and the 
extreme case of this can be seen in a few ofsthe smaller pegmatites
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where a feldapan-qu&rte-feldepar zoning ie developed, with the quartz 
in the center of the pegmatite veinlet. Although this deficiency in 
quartz ia noted in various parts of the pegmatite, the total amount 
per unit volume is greater in the pegmatite than in the granodiorite 
orgneiaa. A few sections show a tendency for the quartz to be inter- 
grown with the feldspars, giving rise to a graphic or vermicular 
effect at the contact between the two minerals.

The plagioclase crystals in the pegmatite are much like those in 
the granodiorite and biotite para-gneiss, especially with regard to 
composition and in some instances to zonal structures. No plagioclase 
higher in the series than andesine has been observed in the pegmatite. 
Plagioclase crystals twinned according to the carlsbad and albite laws 
are the most common, but some pericline twins occasionally are found.
A preferred orientation for the plagioclase in the pegmatites is noted, 

especially in sections showing the host rock contact. Orientation . 
can roughly be ascertained by noting parallelism of the albite twin 

laminae between various crystals. Zoning of the pegmatite plagio
clase is not as pronounced as in the plagioclase found in the grano
diorite or alaskite. Plagioclase found in the pegmatite seldom 
contain epidote rich cores. Instead* the epidote is found in small 
quantities distributed randomly throughout the rock.

Perthitic orthoclase is common in the pegmatite and the crystals 
often grow to large size. One crystal with a long dimension of 18 
inches was seen, and other crystals somewhat smaller are common.
(See Plate 4) None of these large perthites are without inclusions 
or intergrowths of some kind. The larger anastomosing bands of



50
plagioclase (albite?) can be seen in the hand specimen and thin 
sections revec.l many more smaller bands* Quartz is the common in
clusion mineral, appearing usually as a graphic intergrowth in 
various shapes. Garnet crystals and muscovite flakes may also be 
found in the perthite. In thin section# some of the perthite 
appears to be clouded with small, dustlike inclusions which, accord
ing to relief and faint twinning may be minute plagioclase crystals.

It is also possible that some of the clouding effect may be due to 
numerous minute cracks which tend to diffuse the light passing through 
the crystal.

Garnet, muscovite, biotite and the other minerals mentioned in 
Table 6 are found in the small quantities indicated and are caet in 
the role of accessory minerals. Unlike the other accessories, the 
ubiquitous garnet is found in varying amounts in all the pegmatites 

and in most of the alaskites of the region. In thin section, the 
garnet shows a pale red or brown color and is generally somewhat 
fractured. The smaller crystals are rounded, isotropic and free of 
inclusions. Larger (greater than 2 mm.) garnets show some develop
ment of crystal faces and may be badly fractured or embayed. The 

arrangement of garnets into feather-like wisps, roughly paralleling 
the contact has been mentioned.

Muscovite is rare in the thin section and the observations in 
the field suggest that the percentage given is somewhat low. Bent 
micas are present in some of the sections examined. In the hand 

specimen, the tiny flakes rarely exceed 1 centimeter in diameter 

and the mineral is more commonly distributed as single flakes rather
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than as mica books.

Biotit®, when it appears in thin section, is usually found near 
the contact between the pegmatite and the biotite bearing host. At 
these contacts, stringers of biotite can be traoed from the host rook 
into the pegmatite, a feature whose significance is discussed below.

Bpidote.and sphfne are rarely found in the pegmatite. Tour
maline, while recognized in some of the biotite para-gneisses, has 
not been seen in the pegmatite. Magnetite, when present, occurs in 
tiny, diamond shaped crystals.

Summarizing, the pegmatites when examined in thin sections are 
seen to be composed primarily of perthite, quartz and plagioclaee 
with minor amounts of garnet, muscovite and biotite. Intergrown, 
graphic, vermicular and perthitio features are common. Irregular 
boundries and inclusions are common in the feldspars.

Discussion
The amount of pegmatite and the relationships with the enclosed 

blocks of granodiorite and biotite para-gneiss provides a significant 
clue as to the process which was responsible for the formation of 
the pegmatite. It is noted that although the pegmatite makes up as 
much as 80% of the total rock volume in some areas, the internal 
structures of enclosed granodiorite and gneiss blocks is the same as 
in areas where no pegmatite is found. The preservation of this 

orientation seems a strong suggestion that forceful intrusion of 

the pegmatite was not a common occurrence. Rather, a more or less 
quiet replacement along pre-existing, flat lying fracture planes is 
visualized as the dominant method of pegmatite formation. A petro



graphic study of granodiorlte-pegm&tite contacts further substantiates 
this hypothesis. It is believed that one of the best criteria for 

replacement is the ability to trace structures present in the fresh 
rock into its replaced equivalent. In many instances, thin sections 
made across granodlorite-pegmatite contacts revealed stringers of bio- 
tite projecting into the pegmatite# From their orientation, these 
stringers are believed to represent a part of the internal structure 
of the original granodiorite, all sides of which now have been re
placed by pegmatite minerals, leaving the bietite as a relic.

That replacement processes operated in the formation of pegmatite 
is suggested by other minor features. Contacts between the pegmatite 
and the enclosing host rocks appear sharp on a megascopic scale, but 
are gradational when seen under the microscope. Plagioclases in the 
granodiorite and the pegmatite have approximately the same compo

sition, namely, oligoclase-andesine. Moreover, some of the plagio- 
clase in the pegmatite exhibits the same zonal structures and crystal- 
loblastic growth features seen in the granodiorite, a condition which 
suggests that this mineral was not substantially affected during the 
formation of the pegmatite, except perhaps as regards crystalloblaetio 
growth. In the outcrop, the orientation of the feldspars is generally 
not recognized, however thin sections across contacts do show some. ' • J .
indication that oriented feldspars persist in the pegmatite.

Criteria of dilation, as proposed by Goodspeed (19^0), are diffi
cult to apply in this area since no recognizable dikes older than 
the pegmatites could be found. It was often possible to note the 
cutting of one pegmatite by another and to apply the dilation-re—
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placement criteria there, but it was found that the same pegmatite 
exhibited dilation features in one place and replacement features a 
few feet away. It was concluded after some study that all the peg
matites formed at essentially the seme time and that the criteria 
referred to above were inconclusive in this case.

Although field and petrographic evidence generally favors a re
placement origin for these pegmatites, it is noted that certain in
consistencies appear in the field which might as well be explained by 
an injection, origin. One feature noted quite often, especially in 
the southern portion of the area, is represented schematically in 
Diagram 1 below. (Compare Plate 5)

Diagram 1

Structure found in some Coyote Mountain

Scale

/•

In Diagram 1, the width of the "trunk11 A-D is seen to equal 
the sum of the widths of the "branches" D-B and D-C. A process of 
intrusion along pre-existing intersecting fracture planes can be 
used to explain this phenomenon. The pegmatite "fluid" can be 
visualized as proceeding from left to right until it encounters 
the intersecting fracture, where it splits into two portions, 
taking the shape shown in the diagram.

To cause such a structure by replacement processes would in
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volve an initial formation of the lower portion A-0, followed by 
fracturing along the line B-B and another period of replacement 
which enlarged the main trunk as well as forming the smaller branch.
It should be noted that the presence of this type of structure does 
not exclude the formation of pegmatites by replacement. In the case 
of intrusion, at least a mild deformation is to be expected, but 
the point of the wedge at D shows no sign of having been bent or 

fractured. If such intrusion did take place, the process must have 
been exceedingly gentle so that the host was not disturbed.

Two other observations should be mentioned, the explanation of 
which favors pegmatite origin by intrusion. It can be seen in certain 
parts of the area that the pegmatite-granodiorite ratio is as high 
as 10-1 in favor of the former. Since the granodiorites contain ma
fic consituents, mainly iron and magnesium, the question arises as 

to what became of these constituents if the pegmatites were formed 
by replacement. The dominant pegmatite minerals are potassium, 
sodium and aluminum silicates and quartz, with only very minor ma
fic silicates. The whereabouts of these constituents remain# a 
mystery.

Finally, the relationships shown in the schematic diagram la
beled Diagram 2 seem to militate against an origin of the pegmatite 
by a process of replacement of the surrounding rocks.

In order for the pegmatite to maintain the constant dimensions 
indicated, by a process of replacement, these three rock types would 
have to be equally "replaceable*. Considering the difference in the 

bulk chemical composition of the three rode types, it does not seem
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likely that each would be replaced with equal ease by the pegmatite 
* solutions*1. It ie interesting to note that Bamberg (1952) infers 
that such replacement can take place, with the pegmatite retaining 
a constant width across rocks of different composition.

The emmarization of the occurrence of pegmatite in the Coyote- 
Quinlan complex is presented as a listing of salient features which 
tend to support and to reject a replacement origin for these rocks. 
In support of replacement*

1. The internal structures of granodiorite and biotite para- 
gneiss blocks enclosed by pegmatite parallels the structures 
found in areas where no pegmatite occurs, indicating that 
deformation which would be expected in the event of in
trusion was not present.

2. It is possible to trace oriented flakes of biotite across 
the contact from the granodiorite (or gneiss) into the 
pegmatite. The biotite flakes are thought to be portions 
of the host not replaced by the pegmatite forming medium.

5* The similarity in the orientation, zoning and composition 
of the pegmatite plagioclases with the granodiorite plagio- 
claaes suggests that the mineral was not affected to any 
great degree by the replacing medium.

Diagram 2
Pegmatite-host relationships— Coyote 

Mountains
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Against replacement:

1*. Certain structures:(aee diagrams 1 and 2) seem to be more 
readily explained by intrusion than by replacement.

2. Mafic constituents of the supposedly replaced rock could 
not be found.

These, to the writer’s mind, are the outstanding arguments re
garding the process of formation of the Coyote-Quinlan pegmatite.
To say with finality that one process or another was responsible for 
these pegmatites would be to draw unwarranted conclusions from in
sufficient data. All that remains, then, is to weigh the factors 
listed and to decide which of these processes— replacement or in
trusion— are best supported by the evidence. A tentative hypothesis 
suggests that these pegmatites were formed largely by replacement of 
the surrounding host rock in which certain channelways or zones of 

permeability guided the replacing medium.

ALASKITE , .

G ene ral statement
A rock composed primarily of quartz and orthoclase occupies 

most of the northern quarter of the Coyote Mountains, as shown on 
Plate 1. In addition, a similar rock is found distributed in ir
regular masses enclosed by granodiorite in both the Coyote and 
Quinlan Mountains. .

The name alaekite is used for these rocks.
While the mineralogy of the two occurrences of alaskite is 

essentially the same, the northernmost rocks are decidedly more 

gneissic. Similar rooks are also found in"the low ridge called
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Indian Hills, which enters the area in section JQ (San Vicente Quad
rangle). Near the Pan Tak Fault, in sections 20 and 2? (San Vicente . 
Quadrangle), the alaskite makes irregular, elongate embaymante into 
the biotite para-gneiss. The contacts are extremely irregular and 
difficult to resolve, because of the similarity of the two rocks in 
that area. . . .

In the scuthem half of the area, the alaskite-is found dis
tributed in irregular, somewhat elongate, patches in the granodiorite. 
Most of these occurrences show steeply dipping contacts, but an ex
ception is fotaid in the southern end of the Quinlan Mountains, where 
the mass has a rough tabular shape, the dip of which is approximately 
45° to the east. Erosion has produced the distinctive outcrop pattern 
seen there— a pattern similar to that found in an eroding thrust 
sheet. Contacts are generally sharp, although one or two good ex
amples of gradation over several feet were seen in the Coyote Mount

ains. Small projections of alaskite were found to penetrate the grano
diorite and the presence of fine grained rock near some of the con
tacts was noted. The projections mentioned consist of small (less 
than 6 inches wide) fingers of alaskite that penetrate the grano
diorite for several inches before wedging out. In some places in 
the southern end of the Quinlan Mountains, small dikes penetrate the 
granodiorite for several tens of feet. A chilling effect is noted 
in the smaller masses. Fine grained alaskite is found in a tightly 
welded contact with the granodiorite. Proceeding away from the con
tact the alaskite grows progressively coarser until, at a distance 
of 2-5 feet, the normal alaskite is encountered.
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The part of the Quinlan Mountains lying between the Pan Tak 
Fault and the first section line west is generally devoid of alaekite. 
Whether this is due merely to fortuitous intrusion or to faulting is 
not known.

In the hand specimen, the alaekite has a light brown to tan color, 
at times slightly reddish. The rock is usually medixan grained except 
in the case of the finer grained contacts mentioned. The more gneiesic 
alaekite found on the north end of the area usually appears fine 
grained to aphanitio, although the same mineral constituents as are 
found in the southernmost rocks can be recognized. The alaskite gen
erally resists weathering better than either the biotite para-gneiss 
or the granodiorite and is usually found in the ridge tops and higher 
peaks. Jointing is more common in this rock than in the gneiss or 

the granodiorite.

Microscopic description

Table 7
Average mineral percentages— alaskites in 

the Coyote and Quinlan Mountains

Quart! Muscovite Tr
Orthoclase 45* Sphene Tr
Plagioclase 4* Sericite . Tr
Garnet 1* Magnetite Tr
Biotite Tr
General textures— fine to medium grained, 
equigranular, crystalloblastic to cataclastic

Since the alaekite is found in two varieties, one which is cata- 

clastically deformed and one which is not deformed, it seems advis
able to discuss each of these varieties seperately. The cataclastically
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deformed alaekite is restricted to the northern part of the area, while 
the non-deformed alaekite is found in the southern half.

Oataclastically deformed alaekite
Although the mineralogy of the deformed alaekite closely parallels 

that of the undeformed alaekite, a decided difference in the textures 
of the two rocks can be seen in thin section. In the deformed rocks, 

the quartz is present as a fine grained to cryptocrystelline mass 
which occupies the space between larger feldspar crystals. The quartz 
mass generally has a wavy, flamboyant extinction and the indications 
are that strong shearing end streaking out of the mineral has taken 
place. '

Orthoclase, the second most abundant constituent of the rock is 
found as anhedral, round grains. Most of the larger grains of the 
rock are orthoclase. Perthite is common. Alteration of the ortho
clase has resulted in the formation of small patches of sericite (?) 
and clay minerals ( ?) within the crystal. These altered patches 
appear to be randomly distributed throughout any particular grain, 
but there is some indication that cleavage planes may goven the shape 
of the altered portion. Inclusions of plagioclase, biotite and quartz 
may be found within the orthoclase.

Plagioclase is rare in the oataclastically deformed alaakites. 
the composition was difficult to determine with accuracy, but the 
mineral is probably no higher in calcium than andesine. The grains 
are small (less then 1 mm) and the twin laminae are often bent.
Sericitic alteration is evident in the plagioclases as well.



Micae present in these rocks are generally contorted and broken.
In a one instances parts of the flake have been crushed and drawn out 
into tiny stringers. The micas generally bend around the outlines of 
the larger rounded grains of feldspar.

Other minerals which are found in minor amounts include magnetite* 
sphene and garnet. Garnet* while not found in any of the thin sections 
made, occurs as pea sized porphyroblasts set in the rock.

Non-deformed alaskite
Rocks which have a composition paralleling that listed in Table 7 

are found in the southern half of the map area. Quartz and orthoolase 
again are the predominate constituents, but in some ihstanees, espec
ially in the coarser grained phases* the amount of biotite increases 
substantially. This increase Is regarded as being a local variation 
since the departure from the normal mineralogy of the alaskite is not 
widespread.

In contrast to the rocks described above, the undeformed alaskitea 
show almost no evidence of crushing. Rounding of grains and re-crystal
lization of the quartz is virtually absent. Instead, the mineral out
lines are apt to be extremely irregular, with no signs of fracturing.
The rock is equigranular, with little megascopic indication of in
ternal structure. It is only when biotite is found that any sort of 
structure can be discerned.

Orthoolase in this rock is. apt to be somewhat altered, with dust
like patches of sericitic material scattered throughout the grain. 

Perthitic orthoolase is common. Quartz shows no sign of undulatory 
extinction, and the grains are as large as the orthoolase (1-4 mm.).
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in contradistinction to the quartz of the deformed alaskite whose 
grains were much smaller than the orthoclase. Flakes of mucoevite, 
when present, are not folded or otherwise deformed.

Discussion
Oataclastic deformation in the alaskitea of the northern part of 

the area is indicated by the thin section evidence available. Quartz 
has been crushed and re-crystallized and possesses a flamboyant ex
tinction pattern characteristic of such deformed rocks. How much of 
the quartz represents that initially found in the rock and how much 
has been Introduced is difficult to say. Although no quartz veins 
were seen in these rocks, the possibility of quartz introduction should 
not be discounted.

Rounding of the orthoclase crystals and bending of mica flakes 

is further indication that the rock has undergone deformation. The 
size and shapes of the original minerals has been all but obscured 
by this period of deformation, but it seems relatively safe to say 
that the original texture was much like the texture of the present 
undeformed alaskite, judging from the grain size and appearance of 
some of the orthoclase and plagioclase crystals which had escaped 
rounding.

In the undeformed alaskitea, the process of crystalloblastic 
growth is suggested by the highly irregular boundries and by small 
inclusions which are present in the feldspar. No oataclastic deform
ation is evident in these undeformed rocks.
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LAMPROPHYRES AND OTHER ROOKS

One of the latest intrusive rooke in the area 4.8 found in the 
fine grained greenish dikes that cut parts of the Coyote mad Quinlan 
mountains. In the Coyote Mountains, the dikes parallel the strike 
of the internal structure in the granodiorite of Hayhook Ridge. The 
main dike system miters the map near the southeast corner, follows 
the base of the ridge for about one mile then swings over the ridge 

finally to be cut by the Pan Tak Fault. Smaller dikes are found in 
the gneiss farther to the north. Nowhere do the dikes exceed 20 feet 
in width and often they are much smaller. The widths are exaggerated 
on Plate 1, for the sake of clarity. Branching and pinching out of 
the'dike is common. Fine grained contacts and well developed mineral 
alignment near the contact can be seen under the microscope.

Fewer dikes are found in the Quinlan Mountains. The largest of 
these is a $ to 15 foot wide bend which can be traced to the west 
southwest continuously for approximately one mile, starting at the 

Pan Tak Fault. In the hand specimen, the dike rocks of the Quinlan 
Mountains appear to be coarser grained and darker than those in the 

Coyote Mountains, but in thin section the mineralogy is seen to be 
approximately the same, and all these dikes are designated with one 
symbol on Plate 1. In section 5 (Baboquivari Peak Quadrangle) the 
effect of the dike crossing the Pan Tak Fault is entirely fortuitous, 
and the dikes on the opposite sides of the fault could not be cor
related.

Biotite and orthoclase are the principle mineral constituents 
of the dikes. Plagioclase (andesine?), epidote, diopside, sphene,



calcite, sericite and magnetite are found in subordinate amounts. In 
thin section the rock appears as a felted mass of feldspar and biotite 
crystals, randomly oriented (except near the contact) and somewhat 
altered. Sericite and epidote are common alteration products. Pheno- 
cryats are rare. In the finer grained varieties, the presence of 
glass is suspected. Zoning of the plagioclaee is evident in some of 
the larger crystals. Chilled contacts are common.

The dark color and equigranular minerals serve to classify these 
rocks with the nonr-conmittal name lamprophyre. If the group were 
further subdivided, most of these rocks would be considered as ker- 
sanites (Grout (19^0))• That these rocks have an igneous origin is 
indicated by the flow structures, chilled contacts and general igneous 
relationships. . ,

The dike rocks cut all major rock units in the Coyote and Quinlan 

momtains and in turn are cut by the Pan Tak Fault. In the Coyote 

Mountains the dikes were apparently controlled to some extent by the 
planar structures in the granodiorite, although the dip of the dikes 
is vertical as opposed to the dips of the planar elements which is 
60-60° to the southwest.

Minor intrusives appear in various places along the Pan Tak 
Fault. Fine grained, dark green basaltic rocks crop out along the 
fault in the vicinity of Indian Hills and somewhat farther south.
The rocks are highly jointed and somewhat brecciated, due. probably 
to subsequent movement along the fault. Small masses of rhyolite 
crop out along the northern end of the fault and the farthest mass 

north may represent the intersection of the Pan Tak and Ajo Road



faults

Located in the biotit# para-gneisapust east of the Indian Hills 
are two small masses of ultrabaeic rocks called homblendlte. These 
rocks consist almost entirely of heWblende and blotite with minor 
amounts of plagioclase. The rocks tend to weather badly and are 
generally cavernous on the surface, making fresh specimens difficult 
to obtain. Extensive talus cover prohibits the exact delineation of 
their contact with the gneiss. It has been suggested above that these 
rocks may represent a concentration of mafic constituents which were 
mobilized during cataolastic deformation of the gneiss.

A remarkably straight, narrow dike of aplitic rock is found in 
section $2 (Baboquivari Peak Quadrangle). The dike extends from the 
Pan Tak Fault to the west southwest for a distance of more than one 
mile. The width is constant, approximately 10-12 feet for most of 
its length. Quartz and orthoclaee comprise most of the dike, in 
approximately equal amounts. The rock is fine grained (less than 
2 mm.) and equigranular, usually quite sugary. Plagioclase, bio- 
tite and magnetite occur in lesser amounts. This is the only expos
ure of this type of rock found in the area. As mentioned under 

the heading "Pan Tak Fault" the aplite dike at its intersection with 
that fault curves slightly to the south, suggesting drag.

The only extrusive rocks recognized in the area are found in the 
valley, west of Pan Tak. The rooks are red to purple andesites and 
quartz latitea studded with small phenocryats of quartz and plagio— 
clase. The rock is fine grained, equigranular to porphyritic. The 

groundmaas is cryptocrystalline to glassy. Fyrite cubes are often



found in the andesite* These rocks are probably related to the vol
canic activity which produced the Roekruge Mountains to the north.

In passing, it might be mentioned here that the study of the vol
canic rocks in the Roskruge Mountains would, in the writer's opinion, 
reveal considerable information regarding volcanic stratigraphy and 
structure in that area. The beds are distinctively colored and well 
exposed, making correlation and mapping somewhat easier than is usually

the case in volcanic rocks



STRUCTURE

General statement
The structural geology of the Coyote and Quinlan Motmtaine is 

divided into two portions; that which deals with the internal struc
tures of the rocks themselves and that which considers structural 
breaks such as faulting and jointing. Each of these are considered 
seperately, however the inter-relationship between the two should be 
kept in mind throughout the discussion. The phrase "internal struct
ure* refers to the planar orientation of certain elemente, whereas 
the terms "faulting* and "jointing* are self explanatory.

INTERNAL STRUCTURES
General statement and discussion

The methods of recording the character of internal structures 
in granitic rocks have been developed and elaborated upon by Oloos 
and his school of granite tectonists. The procedures employed in 
the mapping of the Coyote-Quinlan rocks follow Oloos1 method of 
representation and the same methods have been extended to cover the 
more gneissic rocks encountered. One notable difference between the 
basic assumptions used in this study and those generally concieved 
by the Oloos school lies in the interpretation of the origin of the 
internal structures. While it has been regarded by some that the 
planar and linear elements of granitic rocks have been formed by the 
movement and concomitant alignment of crystals and inclusions with
in a magma, no such assumption is made here. The planar symbols are
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merely used to indicate the attitude of certain definable features 
that characterize the granitic rocks, without any inference as to 
how these features were formed. The reason for the formation of 
such internal structures is discussed elsewhere.

The definition of the phrase "internal structure" warrants 
mention here. Internal structures of the granitic rocks include 
principally the planar and linear elements of the rocks and the con
figurations that these elements may attain. Since linear elements 
in the Coyote-Quinlan rocks are relatively rare, the main element to 
be considered here is the planar. Perhaps the best definition of 
these planar elements as they are found in the Coyote-Quinlan mount
ains is shown by a schematic diagram, Figure This diagram shows 
the relationships and shapes of the inclusions and crystals that are 
aligned in such a manner as to form planar structures.

The methods of determining the attitude of these structures 

are the same as those used in determining the attitude of any plane 
surface. These methods have been discussed at length by Balk (1948) 
and need not be treated further here. The accuracy of any partic
ular reading depends, in a large measure, on the exposure and on 
the degree of development of the structure. Most of the readings 
could be taken on megascopically visible elements, however certain 
rocks revealed their structure only when carefully examined with a 
hand lens. In the latter case, it was often necessary to take sev
eral readings in an area of a few square feet in order to minimize 
the chance for error. A few exposures failed to show any signs of 
internal structure, even after careful scrutiny.
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The better developed planar structures of the area are found in 

the porphyroblastic granodiorite of the Quinlan Mountains and in the 
granodiorite and biotite para-gnbiae of the Coyote Mountain#* Within 
the granodiorite, inclusions of dark, biotite rich material are found 
oriented parallel to the basal faces of mica plates and to the side 
pinacoidal faces of feldspar crystals, the whole presenting a well 
developed planar element. Generally the inclusions are distributed 
erratically and somewhat sparsely throughout the area. The average 
number of inclusions in one square yard ranges from 0 to *>. Exceptions 
to this ratio arise in the vicinity of inclusion swarms where the in
clusions comprise up to 90^ of the exposure. The inclusion swarms 
are relatively rare, however, and make up less than .5% of the total 
outcrop. The size of the inclusions varies from as much as 24 inches 
in the longest dimension down to small aggregates of biotite flakes 

less than an inch in diameter. The average inclusion is about the 
size and shape of one's hand.

While the inclusions and crystals readily align themselves to 
form a planar element, they do not have a tendency to form linear 
features. Large, broken boulders usually found at the base of the 
steeper cliffs and in the bottoms of canyons often presented the op
portunity to study the plane of foliation and to determine the pre
sence or absence of lineation. In almost every case, where such 
boulders were exposed, arrangement of inclusions and crystals showed 
no evidence of a linear element.

In areas where inclusions are scarce or lacking, the planar 

structure of the granitic rocks is formed by the arrangement of
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biotite flakes or feldspar porphyroblaata, or both. Particularly 
noticable in some specimens taken from the Quinlan Mountains is the 
orientation of the feldspar crystals. Planar and linear structures 
in the Coyote Mountain gneiss is cause by the orientation of biotite 
flakes into parallel planes. Lineation, when found, often takes the 
form of micro-slickeneides, suggesting that dynamic forces have been 
in operation during or after the formation of the gneiss.

While the darker, lose altered rocks of the area can usually be 
found to contain internal structures, such is not the case for the 
lighter colored rooks. Masses of medium grained, light colored ala- 
skite found within the normal granodiorite are usually devoid of any
thing but the faintest internal structures. The alaskite found in 
the north end of the Ooyote Mountains also shows only crude develop
ment of structure. Pegmatites that contain any sort of aegaseopi- 
cally definable planar or linear element comparable to that found in 
the granodiorite or gneiss have not been observed in the field.

Despite varying degrees of developement, it can be stated with 
a fair amount of accuracy that all the rocks mapped do contain some 
sort of internal structure. Further, the attitude of these structures 
seems to be the same in all rocks, disregarding rotation caused by 
faulting.

The method used to graphically represent the attitude of the 
planar structures encountered in these rocks warrants brief mention. 
Basically, the procedures involve the use of a Wulf Equal-Area net 
upon which has been plotted the perpendicular poles to a series of 
planes described by the planar elements. Over three hundred readings 
have been plotted and their distribution contoured to show the tread
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which predominates in the parts of the Coyote and Quinlan mountains 
studied. The advantage of such a representation lies in its ability 
to present a single point which bears a unique relationship to a 
given plane.

Interpretation of smaller scale features shown by the internal 
structures of the Coyote-Quinlan rocks is restricted by the scale of 
mapping employed. It is believed that sufficient readings were made 
to delineate certain broad trends but that smaller folds, with one 
or two exceptions, cannot be outlined. In addition, the question as 
to whether or not certain areas show overturned folds cannot be cer
tainly answered.

Regional trends and the influence on them by faulting can, how
ever, be readily detected. Possibly no single bit of evidence is more 
indicative of a definite regional trend than the equal-area pro
jections of the perpendiculars to the planes of the planar structures. 
(See Figures 4 and 5) The grouping in the diagrams indicates a gen
eral northwest strike for the planar elements in both mountain ranges,

A comparison of the diagram made for the Quinlan Mountains with 
that made for the Coyote Mountains indicates a difference in strike 
amounting to 14° and a difference in dip of 25°. The petrographic 
similarity between the rocks found in the Quinlan Mountains and some 
of those found in the Coyote Mountains suggests that these two masses- 
were united at one time. Since the development of planar features 
antedates the Pan Tak Fault, it is likely that the regional trends 
of the internal structures were originally the same in both mountain 

masses and that the present differences are due to rotational movement
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along the fault. Which strike and dip, if either, more nearly approx
imates the original orientation cannot be determined with any degree 
of certainty. A comparison of the masses of the Coyote Mountains with 
the Quinlan Mountains reveals that the Coyote Mountains form a much 
smaller exposed block, suggesting that these mountains actually 
moved and that the Quinlan trends more nearly approximate the origi
nal orientation. The presence of major faults along the north end 
possibly the south borders of the Coyote Mountains further substant
iates such a claim.

Assuming that the differences in stfrike and dip of the planar 
features in the two mountain masses is due to rotation along the Pan 
Tak Fault, the amount of this rotation can be determined by the 
stereographic methods described by Nevin (19^9). Using the average 
strike and dip values shown in Figures 4 and 5» it can be shown 
that a rotation of 59° is needed to make the strikes and dips the 

same on both sides of the fault plane. If the Quinlan Mountains 
remained stationary, the southern end of the Coyote Mountains moved 
relatively upward.

Due caution should be exercised in the extrapolation to a re
gional scale of the results obtained in this area. Results obtained 
by Kurtz (Personal communication) elsewhere in the Coyote Mountains 
seem to bear out the trend for this range, but the Quinlan Mountains 
to the west are unknown with regard to their structure. The general 
persistence of strike within the area mapped allows a reasonable 

speculation that the trend of internal structures can be extended to 
cover at least all of the Quinlan Mountains.
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FAULTING AND JOINTING 

General statement
Distributed throughout the Ooyote-Quinlan granitic complex are 

found faults of various magnitudes which cut all major rock units*
Owing to the lack of recognizable marker beds, the determination of 
fault magnitude in these rocks must be based on inconclusive evidence* 
Interpretations based on a comparison of the relative width of the 
gouge zones serves to place the faults in certain broad categories, 
but provides little information regarding the amount of movement.
Some faults may contain only a few inches of crushed and mylonitized 
material, whereas others, notably the Pan Tak Fault, are character
ized by gouge zones exceeding 100 yards in width. Slickensides are 
poorly preserved in the weathered rocks of the area and at best prob
ably only indicate the last movement. Slickensides are more readily 
seen in adits which have penetrated the fault zone to a point beyond 
the reach of weathering agents.

The youngest faults which were found in the area strike roughly 
north-south and dip almost vertically. Of these, the Pan Tak Fault 
is by far the most outstanding, judging from the amount of fault gouge 
present. In the Quinlan Mountains, smaller faults designated Alpha 
and Beta Faults roughly parallel the Pan Tak Fault along about half 
their exposed outcrop, then tend to swing to the southeast. A gen
etic relationship between these faults and the Pan Tak Fault can only 
be inferred. Other fractures which strike roughly east-west appear 
in both the Coyote and Quinlan mountains. Movement, judging again 
from the amount of gouge, apparently has been slight, with one possible
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exception. The exception referred to is labeled the Delta Fault and 

ia found in the Quinlan Mountains (section 7# Baboquivari Peak Quad
rangle). That substantial movement has taken place along this fault 
is inferred by the abundant outcrops of alaskite on the south side of 
the fault zone as contrasted to the general lack of these rocks on 
the north side. The fault is probably more complicated than is sug
gested by the single line on Plate 1, judging from the erratic: 
readings obtained on planar structures in the vicinity.

Viewed as a unit, the faulting in this part of the Coyote-Quinlan 
complex is seen to be dominated by the north-south striking structures, 
of which the Pan Sak Fault is a prime example. East-west faults gen
erally show little evidence of- movement, with one exception cited, 
and may be visualized as minor adjustments in an area where north- 
south and northwest-southeast structures predominate. It is note
worthy that the faulting apparently pays little heed to the internal 
structures in the rocks and cuts indiscriminately across them.

Pan Tak Fault
The major fault exposed in the area is designated the Pan Tak 

Fault. (See Plate 1) This fault strikes almost north-south through 
Pan Tak Pass following, roughly, the base of the Coyote Mountain 
ridges. The fault proceeds northward from Pan Tak Pass and appears 
in deeper stream valleys that intersect it until, at the northern 
end of the map, extensive alluvial cover hides the fault from view. 

Beyond the northern end of the ridge the exact position of the Pan 
Tak Fault cannot be determined with any great degree of certainty, 
nor can its intersection with the Ajo Road Fault be resolved. That



the fault does not curve strongly to the northeast la suggested by 
the presence of Quinlan Mountain granodiorite in that part of the 
map.

While the Pan Tak Fault can readily be traced in parts of the 
northern half of the area, the southern half is covered by the alluv
ium of the Alambre Valley, and the last exposure of the fault in 
this direction lies in the vicinity of Uhs Kug. Although the fault 
is not exposed in the Alambre Valley, the configuration of Hayhook 
Ridge and the general magnitude of the fault at Uhs Kug allows a 
reasonable extrapolation of the strike in the manner indicated.

Pan Tak Fault is best exposed in Pan Tak Pass, where gouge zones 
up to 150 yards in width testify to j;he amount of movement. Within 
this zone, the rocks are strongly brecciated and somewhat altered. 
Large blocks of rock have been plucked from the walls and distributed 

chaotically throughout the fault zone. Kaolinization of the feldspars 
in the pegmatite cut by the fault has changed that rock to a loosely 
compacted, strongly jointed mass. In addition to the extensive gouge 
zone, the presence of radically different rock types on the opposite 
aides of the fault attest to extensive movement along the plane. On 
the Quinlan (west) side of the Pan Tak Fault are found granodiorite* 
peculiar to that range. The rock has not been brecciated to any great 
degree, nor are pegmatites of any great size to be found. The peg
matites that do occur in this part of the Quinlan Mountains are re
latively thin (I-5 feet wide) and comprise only a very small percent
age of the total outcrop. Contrasted to this is the massive pegmatite 

and gneiss which lies on the Coyote (east) side of the fault and which
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makes up a substantial portion of the Coyote Mountains in that direction. 
Granodiorite of the type found immediately west of the fault is not 
found in this part of the Coyote Mountains, nor is it to be found any
where but in the southern part of this range.

That a strike-slip component was present in the movement along 
the Pan Tak Fault plane is suggested by at least two lines of evi
dence, namely the configuration of the Indian Kj11s and the structures 
in the Coyote Mountain biotite para-gneiss. The Indian Hills consist 
of a low ridge of light colored rocks described in this paper under 
the name alaskite. The ridge enters the area from the west (section 
JO, San Vicente Quadrangle) and proceeds along a line bearing south 
68° east. The ridge remains relatively straight to within 5/4 mile 
of the Pan Tak Fault, where a swing to the south begins. This swing 
continues until, at the point where the ridge is cut by the fault, 
the strike is south 42° east. The internal structure of the Indian 
Hills alaskite as well as their external shape reflects the effects 
of dragging along the Pan Tak Fault. Away from the fault zone, the 
planar structures generally parallel those found in other parts of 
the area, but as the fault is approached, the strike swings to the 
north until, within a hundred yards of the fault, the strike of the 
planar structures in the granitic rocks of the Indian Hills nearly 
parallels the strike of the Pan Tak Fault.

Across the fault, a counterpart to the drag folding found in the 
Indian Hills is noted in the biotite para-gneiss of the Coyote Mount
ains. Planar structures in the gneiss farther away from the fault 

appear to strike consistently into the northwest quadrant. Closer to
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the fault, a number of smaller folds have been developed, two of which 
are shown m  Plate 1. (sections 20 & 29, San Vicente Quadrangle)
Beside these, numerous smaller crenulations toe small to be indicated 
on this scale were noted in the field. All these folds in the gneiss 
were characterized by steeply pitching axes, suggesting that the 
faulting had * ruffled" the gneiss as one ruffles a thin piece of cloth 
lying can a table by drawing his hand over it. In local areas M a r  
the fault, where these folds are not found, the strike of the planar 
structures again are found to be sub-parallel to the strike of the 
fault. The direction of swing again indicates a southward movement 
for the Coyote block. It should be mentioned here that in the Quinlan 
Mountains, a straight, mile-long aplite dike shows minor drag where 
it is cut by the Pan Tak Fault.

Granodioritic rocks of the type found in the Quinlan Mountains 
are found in the Coyote Mountains near the southern end of Hayhook 
Ridge. If these two areas can be correlated, the relative horizon
tal movement of the Coyote block amounted to more than three miles.

By way of summary, it can be stated that the motion along the 
- .... - '

Pan Tak Fault is thought to have two components; a vertical compo
nent due to rotation and a horizontal component. Assuming the Coyote 
Mountains to be the active block, its motion can be visualized as a 
strike-slip to the south accompanied by a tilting such that the south 
end moved up.

Ajo Road Fault
The Ajo Road Fault is located along the north boundry of the 

Coyote Mountains, essentially paralleling Highway 86 a& a distance



of one to two miles from that road. : As shown iri Plate 1, the position 
of the fault oan only be inferred, since no actual exposure oould be 
found. Immediately to the east of the map area, the fault is found 
to consist of a wide gouge zone which rune along the base of the mount
ain. The inferred location on Plate 1 is based on an extrapolation 
of the strike as interpreted by Kurtz (Personal communication). In 
magnitude, the Ajo Road Fault probably equals or surpasses the Pen 
Tak Fault, although in neither case can a reliable extimate of the 
throw be made. The alluvium that laps against the Coyote Mountains 
from the north covers the intersection of the Ajo Road Fault with the 
Pan Tak Fault and makes relative age determination problematical.
That this intersection guided subsequent intrusion is suggested by 
the presence of rhyolite flows and dikes in that area.

Minor faults
Faults of smaller magnitude are recognized in both mountain 

ranges. As a rule, the gouge zones are better developed in the Quinr- 
lan Mountains and these faults are represented with some larger 
measure of confidence as regards their location. Gouge zones in 
these faults rarely exceed five feet in width, and consist almost 
entirely of crushed and mylonitized granodiorite. Along a portion 
of the Beta Fault, vein quartz and magnetite occupy the fault zone.
Ore deposits of minor consequence are associated with some of the 
faults.

J oints
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As a rule, jointing is well developed in only the finer grained
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rocks. On Plate 1 have been plotted a few of the more persistent 
trends of joint planes in the areas where they occur. With the ex
ception of the joints found in the vicinity of Coyote Peak, the major 
joint system consistently crosses the strike of the planar structures 
at an angle varying from 79 to 90 degrees. The grain size of the 
rock apparently was a controlling factor in the formation of joint 
planes. Finer grained alaskite was well jointed, but upon passing 
into the granodiotite, the joints became much weaker and were fin
ally terminated. (See Plate 2)

The “monoclinal fold* mentioned by Bryan (1925) !■ due to erosion
controlled by joint planes on and around Coyote Peak. These joints

oare widely spaced and dip approximately 45 to the northeast. The 
bedded appearance of the rocks in this area is shown on Plate 11.
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ORIGIN OF SOME OF THE COYOTE AND QUINLAN ROCKS

At the outset, it is realized that the features presented in 
the discussion of the origin of some of the Coyote and Quinlan rocks 
are open to interpretation. The size of the area places another re
striction on the validity of any statements regarding origin. The 
origin of the rocks is divided into two phases, a metamorphio phase 
which affected and was responsible for the granodiorite* alaakite, 
biotite para-gneiss and possibly the pegmatite, and a pre-metamorphic 
phase which generally has been somewhat obscured, but which may in
volve igneous intrusion into a sedimentary terrene.

The metamorphio activity is recognized in the rocks mentioned 
above, with the possible exception of the pegmatite, by the tex
tures and structures present therein. The planar structures present 

in the granodiorite disclose an alignment that is rather uniform 
for the whole area, suggesting that the rock was subjected to a per
iod of metamorphio activity which was responsible for this align
ment. Since the orientation of the planar features of the alaekite, 
biotite para-gneiss and granodiorite are essentially parallel to 
one another, the origin of these features is ascribed to a single 
period of regional synkinematic metamorphism. That a metasomatic 
phase attended this period of metamorphism is shown by (1) the 
crystalloblastic growth of some of the minerals and (2) the miner- 
alogical changes wrought in some of the rocks.

The effects of metasomatic activity is best observed in the 
granodiorite, where porphyroblasts j)f feldspar are found to contain

Univ. of Arizona Library
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inclusions of quartz, feldspar and biotite, these inclusions being 
formed at a time of potassium and sodium introduction which caused 
the feldspars to grow larger and engulf the surrounding grains. Cry- 
etalloblastic growth is noted in the case of the undeformed ala- 
skit ee but its effects have all but been destroyed in the deformed 
rocks of that composition. The chemical environment into which the 
metasomatizing 8solutions" travelled appears to have controlled the 
amount and type of crystalloblastio growth. In the more potassium 
rich rocks, namely the alaskite and biotite gneiss, the solutions 
were apparently 6loser to equilibrium and crystalloblastio growth is 
leas evident. In the more basic rock from which the granodiorite 
was evolved, and which is considered below, the solutions caused 
considerable crystal growth and chemical change. The most extensive 
change involved the formation of biotite at the expense of horn
blende, with the concomitant crystallization of epidote, aphene and 
magnetite. Epidote was also formed in the more calcic centers of 
the plagioclases. The net effect of this period of metasomatism 
was the transformation of a more basic rock (one richer in horn
blende and basic plagioclase), whose origin is thought to be igneous, 
into a less basic rock now called a granodiorite. In addition, the 
metasomatism caused some crystalloblastio growth in the alaskite and 
very little in the biotite para-gneiss.

A period of regional synkinematic metamorphism is though to be 
responsible for a large part of the alignment mentioned earlier and 
for the biotite para-gneiss found in the central portion of the
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area. These gneisses, from their mineralogy and fine grained char
acter, are thought to have been a sedimentary rode, prior to meta- 
morphism.

A phase of metamorphic activity which probably represents the 
closing event in the regional metemorphism of the area is present 
locally in the ala ski te found on the northern end of the Coyote Mount
ains. These rooks have been cataolaetically deformed and intense 
crushing of the quartz and rounding of the feldspars has taken place.

The inclusions found in the granodiorite, although affected by 
the metamorphism, probably originated at the time of igneous activity 
postulated below. The ranges in the size of the inclusions presents 
one approach to their origin. In the case of an origin by a process 
of basic segregation, it is not difficult to visualize the formation 
of small clots, but the formation of homogeneous blocks hundreds of 
yards on a side presents somewhat of a strain to the imagination.

The small veinlets of granodiorite that invade the margins of the 
large blocks suggest that the block was present, at least in its un
metamorphosed form, by the time a basic rock intruded the area, and 
that the block was plucked from the walls or roof of the chamber. 
Other fragments also owe their origin to similar processes. Align
ment of the fragments according to the laws which govern flowage in 
a fluid medium may have taken place, but it seems equally probable 
that the first pulses of the synkinematic regional metamorphism 
acting on a not-yet-solid rock were also instrumental in establishing 
the rigorous orientation seen today. Considering the fact that the 
metamorphism was penecontemporaneous with metasomatism, this "not- 
yet-solid11 condition of the rock is not as-ephemeral as it may seem
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at first glance.
The position of the pegmatite in this scheme of metamorphism and 

metasomatism is not well known. The pegmatite cute the granodlorite, 
alaskite and biotite para-gneiss and is probably later them any of 
these rocks. Since the pegmatite contains what are believed to be 
relict structures of the granodlorite, at least, it is probable that 
the pegmatite is later than the metamorphism which produced the grano- 
diorite. The evidence in favor of a replacement origin for the peg
matites includes primarily the orientation of the enclosed blocks of 
granodlorite and biotite gneiss, none of which seem to have suffered 
rotation or movement as would be expected in the case of forceful in
trusion, and the nature of the contacts between the pegmatite and 
surrounding rock. These contacts often indicate a preservation of 

host rock structure by the pegmatite.
By way of summary, it can be stated that the granodlorite, ala

skite, biotite para-gneiss and possibly the pegmatite owe their pre
sent appearance, in a large part, to the metamorphism and metasoma
tism of a pre-existing rock. The nature of the pre-existing rock, 
by virtue of this metamorphism and metasomatism, is largely obscured 
but certain features may be noted, the interpretations of which lead 
to a discussion of the pre-metamorphic phase in the history of these 
rocks.

The nature of the present Ooyote-Quinlan rocks prior to their 
metaraorphism and metasomatism is inferred largely from a consideration

of what affects this metamorphism had on the pre-existing rock, and 
on existing structural data.
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In the case of the granodiorite, it is noted that the formation 
of biotite from hornblende is a common feature. This reaction sug
gests that the original rock had more hornblende, hence was more 
basic than it is at the present time. The same reasoning can be ap
plied in the case of the epidote cores in the plagioclase crystals, 
inferring that these centers were at one time more calcic. The tex
tures, as they exist today, are largely cryatalloblastic and have a 
metamorphic origin, however the removal of the metamorphic effects 
would probably result in the rock having an intersertal texture com
mon in igneous rocks. A similar argument can be given in the case 
of the alaskite, although the evidence is less convincing.

The contacts between the granodiorite and biotite para-gneiss 
and between the alaskite and granodiorite afford the best evidence 
in favor of igneous activity. Contacts between the various units 
have been described elsewhere, but they warrant brief mention here. 
The granodiorite-alaskite contacts show miner projections of ala
skite into granodiorite and the alaskite has a tendency to develop 
chilled borders, especially in the smaller masses. Granodiorite- 
gneiss contacts are not exposed in quantity, but the indications are 
that the same sort of projection and interfingering has taken place.

The pre-metamorphic history of the biotite para-gneiss can only 
be inferred from its present mineralogy and texture. The mineral 
assemblage suggests that the gneiss was originally a calcium poor, 
argillaceous sediment. This rock was apparently part of the terrane 
into which the igneous rock mentioned above was intruded.

Considering the somewhat inconclusive evidence presented, it
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seems that the present granodiorite and alaakite both show indications 
of an earlier igneous background, and that the present rock was caused 
by the action of metamorphic and metasomatic processess on this ig
neous rock.

The origin of the lamprophyres and the other rocks, insofar as 
it is known, is presented in a discussion of their mineralogy and 
distribution.
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SEQUENCE OF EVENTS
i

On the foregoing pages has been presented a series of observ
ations and interpretations, the purpose of which is to develop and 
origin and a sequence of events in the history of the Coyote-Quinlan 
rocks. Presented below in abbreviated form is this historical se
quence. It is believed that this hypothesis, while subject to cer
tain limitations, accounts for the features observed and presents 
the evolution of these rocks in a logical manner. The sequence pro
ceeds from older to younger events.

1. Existence of a terrene in which was found a calcium poor, 
argillaceous sediment.

2. Intrusion into that terrene by a basic magma
i

5« Intrusion by an alaskitic magma
4. Metamorphism and metasomatism— formation of regional 

northwest trends, granodiotite, biotite para-gneiss 
and alaskite— deformation of alaskite

5* Formation of pegmatite
6'. Intrusion by lamprophyre
7• Extrusion of andesites and rhyolites (?)
8. North-south and east-west faulting

An alternate sequence of events can be suggested by the omission 
of the igneous phase and the derivation of the granodiorite and ala
skite by the metasomatism of a sediment. If what has been interpreted 
as being related to igneous activity, namely contact phenomena, der

ivation of inclusions and textural features, can be proven to be of



66

metaaomatic origin, then this alternate hypothesis carries such in 
its favor.

While the Sequence presented above seems to account for the 
formation of the rocks encountered, the position of this sequence 
in geologic time is not known. Two factors might be mentioned 
briefly. An examination of the Tectonic Map of the United States 
reveals a regional northeast'"grain* in the Pre-csmbrian rocks of 
the southwestern states. Since the planar elements in the Coyote*- 
Quinlan rocks strike into the northwest quadrant, the suggestion 
of an age other than Pre**Cambrian is in order. On the other hand 
a factor in opposition to this lies in the simple mineralogy of 
the pegmatite, which has been considered by some"to Indicate a.Fre-
cambrian age. In the absence of•sufficient evidence to indicate a'I’lr.xc
definite age, the statement "age unknown* seems justified, although 
in the writer’s opinion, an age younger than Pre-Cambrian appears 
worthy of consideration.

Finis
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APPENDIX
Photographs and Phot micrographs

Part 1 - Photographs



Plate 2

Alaakite-granodlorite contact
Joints occurring In the finer grained alaekite die out 
rapidly as they pass into the granodiorite.

Plate 5
Hayhook Peak

Darker ridge to left center is biotite rich granodiorite. 
Bounding faults are found in the valley on either aide. 
The white bands in Hayhook Peak are pegmatite.
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Plate 4

i’erthite crystals in pegmatite
The large square crystals are perthites. Smaller dark 
patches in the crystal are quartz intergrowths. Marks 
on handle are one inch long.

Plate 5
Branching pegmatite

Mote that the sum of the widths of the "branches" is 
equal to the width of the "trunk". (See discussion 
under "Pegmatite")
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Plate 6

Pegmatite
Pegmatite-granodiorite contact. Dark patches are clumps 
of biotite.

Plate 7
Inclusions

Typical occurrence of inclusions in granodiorite.
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Plate 8

Inclusions
Close-up of typical inclusions.

Plate 9
Inclusion

Close-up of large inclusion. White streak is pegmatite 
veinlet. Note oriented, patch-like feldspars.
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Plate 10

Inclusion swarm
Small swarm of inclusions. All the inclusions have roughly 
the same orientation.

Plate 11
Coyote Peak

. Note bedded appearance due to differential weathering 
along joints. The joints strike perpendicular to the 
picture plane and dip approximately to the left.
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Plate 12

Cataclaetically deformed-alaskite
Str<mg shearing action has re-crystallized and re
distributed the quartz and rounded the feldspar.

Q— Quartz 
0— Orthoclaae 
P— Plagioclase 
24X
Crossed polaroids

Plate 15
Biotite para-gneiss

The biotite (dark) shows well developed crystalline 
foliation. White minerals are quartz and feldspar.24X

Plain light





Plate 14

Biotite after hornblende
Lighter colored crystal of hornblende contains dark patches 
of biotite which is developing along cleavage planes of the 
emphibole.

B— Biotite 
H— Hornblende 
24X
Plain light

Plate 15
Biotite after hornblende

Pseudomorph of biotite after hornblende. Note irregularities 
at the contact between the two minerals.

B— Biotite 
H— Hornblende 
3— Sphene 
24X
Plain light
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Plate 16

Metamorphie hornblende
The black- mineral is hornblende* all parte of which 
optically continuous. The strongly sutured borders i 
abundant inclusions are typical of the hornblendes found 
in the granodiorite.

24X
Plain light

Plate 17
Relict granodiorite structure in pegmatite

The black mineral is biotite which projects from the 
granodiorite (below dotted line) into the pegmatite 
(above dotted line) • The biotite of the pegmatite is 
optically continuous with the biotite of the grano
diorite. Note the indefinite contact between the two 
rock types.

24X
Plain light
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Plate 18

Granodlorlte-lamprophyre contact
Fine grained rock in upper left ie lamprophyre. Note the 
sharp contact and suggestion of. flow structure in lampro
phyre.

24X
Grossed polaroids

Plate 19
Perthite

Plagioclase veinlet traversing orthoclase crystal in. 
alaskite.

0— Orthoclese 
P-Plagioclase 
60X
Crossed Polaroids
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Plate 20

Granodiorite
Note irregular mineral boundriea and small inclusions 
in plagioclase.

0— Orthoclase 
P— Plagioclase 
B— Biotite 
H— Hornblende 24X
Crossed Polaroids

Plate 21
-Inclusion

Inclusion in granodiorite*
B— Biotite 
H— Hornblende 
E— Epidote
X— Orthoclase, Quartz and 

Plagioclase
24X
Plain light

xi
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F I G U R E  2
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BLOCK DIAGRAM SHOWING ORIENTATION OF PLANAR ELEMENTS  
IN THE GRANODIORITES OF THE COYOTE-QUINLAN MOUNTAINS, ARIZONA
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GEOLOGIC RECONNAISSANCE MAP

OF A PORTION OF THE
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