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INTRODUCTION

General Statement

The rocks of the Coyote Mountains, Arizona, were studied in the 

field and in thin section in order to describe the rocks and their re

lationships to each other, and to postulate a sequence of events which 

led to their formation.

Seven rock types were distinguished: meta-sediment, diorite, 

quartz-monzonite, granite, biotite gneiss, alaskite, and pegmatite.

Each of these rock types is described in detail. Several miscellaneous 

rocks are briefly described, namely: rhyolitic and lamprophyric dikes, 

Cretaceous (?) sediments, and volcanics.

The principal internal structure is a planar parallelism which is 

developed within all the major rocks except the pegmatites. This planar 

parallelism has a general northwest strike and dips southwest at moder

ate to steep angles. The area is bordered on the north by the Ajo Road 

fault, which separates the Coyote complex from the sediments and vol

canics exposed north of the fault.

All the rocks within the Coyote complex, except the pegmatites 

and dikes, show the effects of a regional synkinematic metamorphism 

with some metasomatism. This metamorphism has affected rocks of pos

sible igneous and sedimentary origin.
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Location

The Coyote Mountains are located in southern Arizona and com

prise about thirty-five square miles of central Pima County (figure l). 

The presence of numerous ranch roads within the area and its location 

thirty miles west of Tucson, Arizona, along Highway 86 make the Coyote 
Mountains easily accessible. Pertinent information pertaining to the 

area studied is listed in the table below.

Table 1

Location and Reference Material
of the Coyote Mountains
Pima County, Arizona

Latitude 32° OO'N
Longitude 111* 30'W

Township Range Section
17S 8e 1,2,3,10,11,12
l6s 8e 13,14,15,22,23,24

25,26,27,34,35,36

17S 9E 6,7

16S 9E 18,19,30,31
(Gila-Salt River Baseline)

>

USGS 15* Series Topographic Maps. Pima County, Arizona. 194l Ed.
Cocoraque Butte Quadrangle 
Palo Alto Ranch Quadrangle 
San Vicente Quadrangle 
Baboquivari Peak Quadrangle

Aerial Photographs 
Agency— Soil Conservation Service 
Description— "L" Pima-Papago Indian Reservation 

Photo No. 8o8-8llj 855-860



3

• Topography

The Coyote Mountains are elongated north-south and rise abruptly 

from the surrounding alluvial plain; In the portion studied by the 

writer several ridges that trend northwest to west-northwest are promi

nent. These ridges are bounded on the west side of the mountain by a 

steep, rugged escarpment. The maximum relief is 3/325 feet. The in

ternal structure of the rocks has only slight, local influence on the 

topography. Joints control the topography at the north end of the 

mountains and give the appearance of a series of sedimentary beds dip

ping to the east. Prominent domes are found in several areas and are 

thought to be due to exfoliation (Pl.fA).

Regional Setting

The Coyote Mountains are located in the Basin-Range province 

which is characterized by isolated mountains separated by broad allu

vial valleys. The Jurassic Chico-Shunie erogenic belt of Eardley 

(1951/ PI.13) extends across this area and several intrusions of in

termediate igneous rocks may be associated with this orogeny. The 

Coyote and Quinlan mountains are situated at the north end of the 

Baboquivari mountain chain which extends northward for forty-five 

miles from the Mexican border. The Quinlan Mountains have several 

small north and northwest ridges, but the main ridge trends east-west 

and is cut off by the Pan Tak fault, which separates the grahodiorites 

of the Quinlans on the west from the rocks of the Coyote Mountains. The 

Coyote Mountains are separated from the volcanics in the Roskruge Moun

tains by the A jo Road fault. The Roskruge Mountains describe a "V" with
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the southern end trending northeast and the northern end trending 

northwest. The northwest trend continues into the Waterman Mountains 

and is finally lost in the Silver Bell Mountains. The general trend of 

the mountain system extending from the Mexican Border to the Silver 

Bell Mountains is north-south. : '

Previous Work

Previous geological work in the Coyote Mountains has been of a 

general nature. The earliest information on the Coyote Mountains was 

published by McGee (1897 p.H2) in -which he mentioned that the prevail

ing rocks are grey granites with schists towards the base. Bryan (1922 

p. 22 and 1923 P* 246) mentioned the "banded granite gneiss" and a 

jointing parallel to this banding. His statement, "the Coyote Moun

tains have....the general form of a monocline of sedimentary rock" should 

be based on the jointing and not on the internal structure of the rocks. 

He also mentioned a fault on the north side of the mountain which separ

ates red sandstone and shales from the gneisses of the Coyote Mountains. 

Barton (1925 p. 287) briefly mentioned the Coyote Mountains in his 
"Resume of Arizona Geology" but gave no new information.

In order to determine the amount of work done in Arizona on the 

internal structures of igneous and metamorphic rocks over 93 reports 
were examined. The index map of Arizona prepared by Leonora Boardman 

of the U. S . Geological Survey was used as a base. Besides this several 

other reports were examined. The results of. this search are shown in



the table below

Table 2

Statistics Indicating Amount of Work 
Done on the Internal Structures of Rocks 

In Arizona

Number of Reports Number with Number with Internal
Examined "Granitic" Rocks Structures Recorded

93 65 5

This table clearly shows that studies of internal structures of 

rocks in Arizona have been neglected and that work needs to be done on 

this problem.

Such a study has just been completed by Joseph 0. Wargo. Bis re- 

suits were presented in a University of Arizona thesis entitled "Geolo

gy of a Portion of the Coyote -Quinlan Complex, Pima County, Arizona".

A similar work by Roberts M. Wallace is the subject of a University of 

"Arizona.thesis entitled "Structures at the Northern End of the Santa 

Catalina Mountains, Arizona".

Methods

Reconnaissance mapping of the Coyote Mountains on the scale of 

four inches equals one mile was undertaken in the Fall of 1953* Stan

dard USGS 15 minute quadrangle maps were used as a base* Points were 

plotted by resection with a Brunton Compass and by the use of aerial 

photographs. Approximately sixty-five days were spent in the field. 

Laboratory studies of thin sections were made to supplement field desig 

nation of the rocks and to interpret the history* The report was
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PETROGRAPHY AMD PETROLOGY 

General Statement

The Coyote Mountains consist of an Igneous and metamorphlc com

plex separated from sediments and volcanics "by the Ajo Road fault. The 

rocks were divided into the following major units: quartz-monzonite, 

diorite, granite, meta-sediment, hiotite gneiss, alaskite, and pegma

tite. Besides these major units several miscellaneous rocks crop out.

North of the Ajo Road fault sedimentary rocks crop out that are 

tentatively correlated with the Recreation Red Beds (Cretaceous?) of - 

the Tucson Mountains (Brown, 1939 PP- 715-716). Volcanic rocks overlie 

the sedimentary "beds and the contact is believed to be unconformable. 

The maximum extent of the volcanics is in the Roskruge Mountains, which 

are north of the area under consideration.

An alluvial cover, composed mainly of debris from the Coyote com

plex, exists on the north, east, and south sides. . The cover to the 

north where outcrops of sediments and volcanics are seen is shallow, 

but is much thicker to the east and south.

The descriptions of rock types have been standard!zed, as much as 

feasible, with those discussed in the University of Arizona thesis en

titled "Geology of a portion of the Coyote-Quinlan Complex, Pima County 

Arizona" by Joseph G. Wargo. Plate I has been constructed so that it 

may be used in conjunction with Plate I of the above mentioned thesis 

thus providing a complete map of the Coyote Mountains and a partial map 

of the Quinlan Mountains.



Quart z-monz onlte

General Statement*

Quartz-monzonites, containing a mappable structural element and 

covering approximately one half square mile, crop out in the southern 

portion of the area and border the map area on the southwest (Pl.l).

This rock has been mapped in the area to the west by Wargo (195^ PP-9- 

20) who included it in his granodiorite class. Associated with these 

rocks is a fine grained biotite gneiss which crops out to the north 

and a granite which crops out to the east. The contact with the gneiss 

is sharp though numerous protrusions of the quartz-monzonite extend into 

the gneiss. The structure in the gneiss is not disturbed by these pro

trusions and the grain size, both in the gneiss and in the quartz- 

monzonite, remains unchanged. . i

The contact between the quartz-monzonite and the granite is not 

as sharply defined. In no area was a sharp contact observed but rather 

a gradation over several tens of feet. No change in grain size or 

structure was noted near the contact. Many small areas of quartz- 

monzonite were observed within the granite. The relationships of the 

quartz-monzonite with the gneiss and granite are indicated schematical

ly on Plate 1.

Numerous tabular pegmatitic bodies occur in the quartz-monzonite. 

In most cases the pegmatite contacts appear sharp, and-the pegmatites 

transect the structure of the quartz-monzonite without any visible-ef

fects of deformation in the quartz-monzonite. Examples of quartz- 

monzonite extending into the pegmatites are not lacking and also inclu

sions of quartz-monzonite were observed in the pegmatites. The
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structure in the inclusions and in the extensions of quartz-monzonite 

into the pegmatites remain parallel to that of the nearby quartz- 

monzonite.

Several small bodies of alaskite are present in the quartz- 

monzonite and their relationships are described under the heading, 

"Alaskite". .

Megascopic Description

The quartz-monzonite is a medium grained, slightly porphyritic, 

grey rock. From a distance the rock exhibits a dark color that con

trasts sharply with the light-colored pegmatites and granite. The 

minerals present are quartz, feldspar, biotite, and hornblende. The 

biotite and hornblende usually make up 25$ of the rock. Small yellow 

crystals of sphene are visible on close inspection. Foliation is pre

sent in these rocks and is mainly indicated by the alignment of horn

blende and biotite. Large feldspar crystals also conform to this fo

liation. A detailed description of the structural features is included 

in the section, "Internal Structures". The structural trends present 

in the quartz-monzonite are parallel to those in the granite and biotite 

gneiss.

Dark clots of biotite-rich material are common in the quartz- 

monzonite. They have an ellipsoidal shape with the longest and inter

mediate axes lying in the plane of foliation (Plate 2). The long axes 

of the inclusions vary between three inches and one foot in length. One 

exception in size to the above is a narrow, elongate zone of biotite- 

rich material that extends for over three hundred feet in a northeast

to east direction



The clots are composed of biotite, quartz, feldspar, and minor 

amounts of hornblende. Biotite forms over 50$ of the material present. 

The feldspar occurs as porphyroblasts 3 to 4 millimeters in length. The 

average grain size is 1 millimeter and therefore contrasts sharply with 
the medium-grained quartz-monzonite. The inclusions show a well devel

oped foliation, expressed by oriented crystals of biotite and feldspar, 

parallel to the foliation of the quartz-monzonite.

Microscopic Description.

The orthoclase crystals are small and generally have a round shape 

The edges of the crystals are extremely irregular. Granulated and su

tured outlines are common and orthoclase and surrounding minerals inter

penetrate each other. Twinning is uncommon and inclusions are few or 

lacking. Inclusions where they do occur are usually quartz.

Table 3

Average Composition of Quartz -Monzonite 
Coyote Mountains

Quartz 20$ Magnetite 1
Orthoclase 20-25 Sphene ...... 1 .
Plagioclase Ano0 30-40 Epidote 1
Hornblende y  Apatite- tr
Biotite z dU Sericite tr

Zircon (?) tr

Texture ■— crystalloblastic to porphyroblastic 
Average Grain Size— 2-4mm

The plagioclase exists both as small irregular crystals and as por

phyroblasts. Albite twinning is common and carlsbad and pericline twins 

exist in some of the crystals. The porphyroblasts are usually zoned
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with the centers containing a higher.percentage of the anorthite mole

cule than the edges. The centers characteristically show inclusions of 

epidote and in places minor amounts of sericite. . The outlines of the 

porphyroblasts are extremely sutured. The edges contain inclusions of 

quartz, small plagioclase crystals, and in some places hornblende. The 

small plagioclase crystals show irregular to subhedral borders and a few 

show zoning. A peculiar zoning was noted in several crystals in which 

the plagioclase bordered a hornblende crystal and the zoning in the 

plagioclase paralleled the irregular contact of the two minerals.

The hornblende exhibits a crystalloblastic texture, the outlines 

of most of the crystals being extremely irregular. An even contact 

with the surrounding minerals is unusual. The hornblende shows a 

sieve structure with inclusions of quartz, sphene, magnetite, plagio

clase, apatite, epidote, and in some places orthoclase. The biotite 

and epidote characteristically occur in the center of the hornblende 

while the other minerals more commonly occur at the edges. The larger 

hornblende crystals are usually aligned parallel to the foliation of the 

quartz-monzonite. Longitudinal sections are pleochroic in greens and 

the basal sections are pleochroic in yellow-brown to dark brownish- 

green. Some of the hornblende crystals have a slight bluish tinge.

The biotite is well aligned and exhibits a fairly regular outline 

with only minor inclusions of magnetite, quartz, and apatite. The bio

tite occurs as distinct flakes, as flakes feathering into hornblende, _ 

and as small patches within the hornblende. The small patches within 

the hornblende are parallel to the cleavage traces of that mineral. All 

the biotite is pleochroic in browns.



12

The quartz occurs as small inclusions in hornblende, biotite and 

feldspar and also as separate crystals. The separate crystals exhibit 

sutured outlines and the contacts with the surrounding minerals are 

like a complex jigsaw puzzle. The small grains which form the inclu

sions are usually round or elliptical and have fairly smooth outlines.

Sphene is present as subhedral to anhedral crystals of small 

size. The crystals of sphene may be isolated or may occur as inclu

sions .in the hornblende or, less commonly> in the biotite. Magnetite 

has the same occurrence as sphene.

The epidote has two occurrences, as inclusions within the plagio- 

clase porphyroblasts and as small grains within the hornblende. .

A few small grains of subhedral to euhedral apatite were seen. 

Discussion

The sutured, crenulated, irregular configuration of the minerals 

and the numerous inclusions at their margins indicates crystal growth 

in essentially a solid medium. The sutured contacts would be developed 

by growing crystals whose development is being opposed by other miner

als in juxtaposition. The inclusions along the peripheries represent 

concentrations of chemical substances unincorporated in the space lat

tices of the growing crystals. This type of growth is metamorphic and 

therefore the last chapter in the history of the quartz-monzonite was 

one of metamorphism.

Most of the plagioclase porphyroblasts are zoned and contain in

clusions of epidote at their centers. This zoning indicates that the 

cores are somewhat richer in the anorthite molecule. The presence of 

the mineral epidote as inclusions and the restriction of it to the



centers of the feldspar crystals suggests that these feldspars were, at 

one time, even more basic than the present zoning shows.

The biotite formed from the hornblende as indicated by the fea

thering out of the two minerals and the patches of biotite that follow 

cleavage traces within the hornblende. During the conversion of horn

blende to biotite, calcium and titanium and possibly some iron, silica, 

and alumina are released. The calcium and titanium are now tied up in 

sphene. Additional calcium will combine with iron and alumina to form 

epidote. There was sufficient alumina and iron available for this re

action or else the excess calcium would have formed calcite. This as

sumes, of course, that the carbonate ion is available. Any excess 

iron will form magnetite. The excess silica forms quartz. Potassium 

is needed in the formation of biotite after hornblende. The potassium 

could be derived from a redistribution of materials within the rock or 

more probably through potassium metasomatism. Possibly some sodium 

was metasomatically added to these rocks as evidenced by. a bluish tint 

in some of the hornblende which suggests the presence of the riebeckite 

molecule. -

The peculiar zoning in plagioclase parallel to the contact with 

hornblende, that was noted in a few thin sections, may indicate that 

in the formation of the hornblende originally aluminum-calcium were 

lacking. The zoning would then result from the hornblende using anor- 

thite component from the plagioclase to satisfy its aluminum-calcium 

needs. This would suggest that originally the hornblende was developed 

from a calcium-aluminum poor, ferromagnesian mineral (possibly 

hypersthene-augite).



The rather pronounced alignment of constituents in the quartz- 

monzonite probably indicates that the metamorphism was synkinematic 

though the possibility of mimetic crystallization can hot be definitely 

negated. Crystalloblastic growth probably outlasted deformation as 

evidenced by the lack of cataclastic effects. The mineral assemblage, 

especially the presence of epidote, hornblende, and intermediate pla- 

gioclase, indicates a mesozonal assemblage. Therefore it is concluded 

that the last chapter in the history of this rock was a phase of meta- 

morphism of mesozonal grade. Possibly the metamorphism was metasomatic.

The original material from which the metamorphism formed the rock 

described above is not certainly known. Certain factors favor an ori

ginal igneous material. The presence of zoned feldspars with more cal

cic centers indicates that at one time a more basic feldspar was 

stable in this rock. The originally more basic plagioclase could have 

developed from an intermediate -basic igneous rock or from a product of 

a higher temperature metamorphism than that of the most recent period 

of metamorphic activity. The present rock shows no relict minerals or 

structures (the peculiar zoning in plagioclase parallel to the horn

blende contacts noted in a few thin sections is thought to have occurred 

during the above mentioned period of metamorphism) to suggest that pbly- 

metamorphism has occurred. The zoned feldspars with more calcic cen

ters could result from an igneous rock, as this type of rock often leads 

to the formation of basic crystals. Thus the feldspars with more calcic 

centers could indicate a former period of igneous activity. (Turner and 

Verhoogen, 1951 P* 509)• Under the conditions of metamorphism, the



zoned plagioclases, being out of equilibrium, tried to adjust themselves 

to a more stable phase i This, resulted in a change toward the more 

sodic end and thus released calcium which is now present in the mineral 

epidote. ■ ■ ■ -

The zoning in a few plagioclase crystals parallel to the contact 

of adjacent hornblende crystals probably indicates that at least some 

of the hornblende formed from a calcium-aluminum poor, ferromagnesian 

mineral. If this be true, we may assume for chemical reasons, this 

ferromagnesian mineral to be a pyroxene (hypersthene-augite). This min

eral indicates a high temperature such as that found in intermediate- 

basic igneous rocks. The lack of evidence of a former period of high 

temperature metamorphism suggests that the hypersthene-augite repre

sents a former period of igneous activity.

At the present time the writer favors an original igneous origin , 

for the rock now represented by quartz-monzonite.

Diorite

General Statement

The word diorite as used in this paper will include rocks of 

dioritic composition that contain 10% or less quartz.

Diorite, with local areas of homblendite, crops out in the north

ern end of the Coyote Mountains. These rocks occupy about three and a 

half square miles, separated into two parts by a mappable band of meta

sediment . West of the meta-sediment band the rock is composed, in 

large part, of homblendite though diorite is also present. The contact 

with the meta-sediment is sharp, the only effect is that the diorite and
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horriblendite.are more schistose.in a few localities. The contact on 

the east with the granite is not sharply defined and in general the two 

rock types interfinger. The.interpenetrations of the two units are al

ways oriented parallel to the structural elements of the rocks. The 

contact with the alaskite was not observed because of soil cover.

Tabular pegmatite bodies cut the diorite. The contacts, in the 

field appear sharp and do not disrupt the structural elements in the 

diorite.

Lamprophyric and rhyolitic dikes transect the diorite. These 

dikes have a north-south trend and steep dip. .They exhibit chilled 

margins and a flow structure that parallels the contact of the dikes 

with the diorite.

Megascopic Description.

The,diorite is a medium to coarse grained and light to dark grey, 

the color varying with the amount of hornblende and-biotite present.

The minerals observed in a hand specimen are hornblende, biotite, and 

feldspar, with minor quartz. Small yellow grains of sphene are present 

in some places. The composition, especially the hornblende percentage, 

varies throughout the exposed area of the diorite. Areas exist in which 

the hornblende comprises over 90$ of the constituents present and it is 
to these areas that the name hornblendite is applied. Horriblendite is 

most common immediately west of the meta-sediment band. Here it forms 

outcrops hundreds of feet in length and tens of feet in width. Some 

of the horriblendite contains appreciable quantities of magnetite, enough 

in fact, to make the use of a Brunton compass impossible. Small (one 

to several feet) areas of horriblendite are common throughout the diorite.
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A planar structure, manifested by the alignment of hornblende • 

and biotite is present. - The structure is best developed in the lighter 

colored phases of the diorite. This structure will be discussed in more 

detail in the section "Internal Structure". ’

Microscopic Description.

The hornblende crystals occur in a variety of ways. All are 

pleochroic in tans or greens and many crystals exhibit a slight bluish 

tint. The outlines of the hornblende crystals vary from slide to 

slide and generalizations are difficult to make. Two main types are 

described but gradations occur between these. In one type the horn- - 

blende shows smooth and regular, well developed outlines, especially 

in cross sections. These crystals are usually 2 to 3 millimeters in 

size. These well-developed crystals have been observed with and without 

inclusions. The hornblende shows a sieve structure where it contains 

inclusions of quartz and plagioclase. In many cases the inclusions oc

cupy more than half the area of the hornblende crystal.

Table 4

Average Composition of Diorite
Coyote Mountains .....

Quartz 5$ Epidote tr
Plagioclase An^j^ 40-50 Orthoclase 2
Hornblende s, 50-60 Sphene 1
Biotite ' Magnetite 1
Augite - tr Hematite - tr

Apatite tr

Texture— crystalloblastic 
Grain size— 3-6mm



In the second type the hornblende exhibits extremely irregular 

outlines with; sutured and crenulated borders. In this case it is diffi

cult to find an even contact between the hornblende and the surrounding 

minerals. This type of hornblende always contains numerous inclusions 

of quartz, plagioclase, sphene, magnetite, apatite, and epidote. Inclu

sions are more numerous towards the edges of.the hornblende than near 

the center.

The hornblende often shows a preferred alignment, though in the 

more basic phases of the diorite (especially the hornblendite) preferred 

orientation was observed only in a few thin sections. Twinning was ob

served in the hornblende but it is not common.

Biotite occurs in varying quantities in the diorites and is absent 

in the hornblendites. In some of the rocks it forms the only mafic.

The biotite is distinctly pleochroic in brown. The flakes, usually rec

tangular in outline, occur as individuals or clusters and persistently 

show preferred alignment. The biotite is commonly seen feathering into 

the hornblende or included within the hornblende where it follows the 

cleavage traces. As a rule the biotite contains few inclusions but in 

a few instances appreciable quantities of magnetite and minor amounts 

of apatite were included.

Plagioclase forms an important constituent in all the rocks ex

cept the hornblendites. It characteristically shows well developed 

carlsbad and albite twinning. Some pericline twinning is also present. 

The size of the plagioclase crystals varies from 1 millimeter to greater 

than 5 millimeters. The outlines of the plagioclase crystals vary from 

subhedral to crenulated. In one section the outlines are smooth and
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the crystals are well developed. These well-developed crystals are 

interlocking (Plate 8a ) and exhibit an intergranular to glomerppor- 
phyritic texture. The plagioclase crystals in this section seem to be 

in clumps or else as lathes with hornblende and other minerals between 

them, which suggests an igneous texture (Plate 8a ).
More commonly, however, the plagioclase crystals have irregular, 

crenulated outlines with inclusions of quartz towards their edges. The 

relative position of these crenulated plagioclase crystals suggests an 

orientation like that described above for the well-developed crystals, 

the main difference being the larger size of the crenulated crystals. 

Zoning is present in some of the plagioclase and these crystals contain 

inclusions of epidote. A zoning in the plagioclase parallel to the con

tact of an adjoining hornblende crystal was noted in a few sections.

Most of the feldspars are clear. In a number of the sections examined 

the plagioclases were bent and in a few sections they were fractured.

Orthoclase occurs sparingly in the rocks and is completely absent 

in the horriblendites. The average grain size of the orthoclase is 2 

millimeters. Grain boundaries are irregular and sutured. The ortho

clase more frequently occurs in the rocks which show evidence of cata- 

clastic action, as does biotite.

Quartz seldom attains quantities greater than 10$. It occurs as 

small irregular grains and as blebs within other minerals, especially 

hornblende. Epidote is present in minor amounts and occurs either as 

inclusions in hornblende or in plagioclase. Sphene occurs as subhedral 

to euhedral grains 1-2 millimeters in size, sometimes within the horn
blende but more commonly as isolated crystals. Magnetite usually occurs
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as small anhedral grains in "biotite or hornblende though it is also 

present as isolated subhedral crystals. Some of the magnetite has 

altered to hematite. Apatite occurs in small subhedral to euhedral 

crystals either between minerals or else as inclusions in biotite 

and hornblende.

Augite is present in the horriblendite. It occurs as small 

remnants in hornblende and was never observed in grains larger than 

1 millimeter.
Discussion.

Crystalloblastic growth as evidenced by the irregular outlines 

and numerous inclusions is common in most of the slides observed. This 

indicates that the last chapter in the history of these rocks was a 

period of metamorphism in which growth took place in essentially a solid 

medium. The growing crystals incorporated from the surrounding material 

into their space lattices those elements that could be utilized in their 

formation. The material that did not enter into the space lattices was 

left as inclusions. This is substantiated by the fact that the inclu

sions are most numerous at the edges of the growing crystals and contain 

those chemical elements of which there was a surplus.

During the crystalloblastic growth described above the mineral 

composition, present today, was formed in part. The feathering out of 

the biotite into the hornblende and patches of biotite following clea

vage traces of hornblende indicate the formation of biotite after horn

blende. This formation released certain constituents, especially cal

cium and,titanium. The release of the substances and their effect on 

the mineral composition of the rock are the same as those discussed
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for the quartz-monzonite. Potassium is necessary in the formation of 

biotite from hornblende and two possibilities exist. One is through a 

redistribution of material within the original rock and the other is 

through a potassium metasomatism, which is more likely. Possibly also 

some sodium was introduced as evidenced by the bluish tint in some of 

the hornblende and also by the crystalloblastic growth of most of the 

plagioclase.

The significance of the zoning in the plagioclase parallel to the 

irregular contact with the adjacent hornblende was discussed in the sec-
k

tion on quartz-monzonite.

The present mineral composition and the alignment manifest in 

many places indicate that the rock has undergone a period of synkine- 

matic metamorphism of at least mesozonal grade. The presence of epi- 

dote indicates that katazonal conditions were not reached. Associated 

with this metamorphism was potassium and possibly sodium metasomatism, 

which was instrumental in forming the texture and in part the mineral 

composition described and discussed above.

The original rock was more basic before this period of metamor

phism and metasomatism. This is indicated by the change of hornblende 

to biotite and the possible formation of some of the hornblende from 

calcium poor pyroxene. Certain facts favor original igneous rock for 

this basic material. Some of the material for one reason or another 

escaped appreciable metamorphism and is a rock of undoubted igneous 

origin well illustrated on Plate 8a . This photomicrograph shows the 

interlocking texture of the plagioclase laths which is characteristic



of many igneous rocks. The only effect of metamorphism noted in this 

slide was a crystalline foliation of the biotite. Most of the other 

sections studied also indicate a relict igneous texture by the arrange

ment of the feldspar crystals, even though showing some evidence of 

crystalloblastic growth. The high ratio of feldspar to quartz is also 

suggestive of an original igneous material because sediments usually 

do not contain such a high percentage of feldspar.

The metamorphism and metasomatism of a gabbroic rock with some 

associated very basic material could give rise to the diorite now pres

ent in the Coyote Mountains. The relict igneous texture seems to favor 

this origin for the diorite.

Granite

General Statement.

Rocks of granitic composition, occupying approximately two and 

one half square miles, crop out in the southern and eastern portions of 

the area. The contact of this rock with the quartz-monzonite and diorite 

has already been described. The contact with the biotite gneiss is sharp 

though numerous projections of granite extend into the gneiss and these 

projections are parallel to the structure elements of both the granite 

and the gneiss. This relationship is shown schematically on Plate 1.

The contact between granite and the meta-sediment is not sharply defined 

and is usually obscured by a soil cover or cross-cutting pegmatites. In 

many places a narrow gneissic band which is quartz rich and contains 

only a minor amount of biotite exists between the two rock types.



A rock similar to the granite, except for the omnipresence of 

small garnets, has been noted throughout the area occupied by the 

granite. The contact of this rock, which shows only faint, if any, 

structure elements, with the granite is not well defined. This rock is 

thought to be granite that has been "soaked" by pegmatizing solutions.

Pegmatites transect the granite and in certain areas form the ma

jority of the rock present. Both acid and lamprophyre dikes are numer

ous in the granite.

Megascopic Description,

The granite is a medium grained rock, porphyroblastic in places, 

and on fresh surface is very light grey. On weathered surface the 

granite exhibits a light to dark brown color. The minerals visible in 

hand specimen are quartz, orthoclase, plagioclase, biotite, and magne

tite, with the quartz and orthoclase forming porphyroblasts. The 

quartz is ellipsoidal and on the weathered surface stands conspicuously 

above the other crystals. A planar structure is formed by the align

ment of the biotite and the porphyroblasts. A few inclusions of biotite- 

rich material are contained in the granite but they are smaller and much 

less abundant than in the quartz-monzonite.

Microscopic Description.
Table 5

Average Composition of Granite 
Coyote Mountains

Quartz .25-30% Magnetite tr
Orthoclase 60 Sphene tr
Plagioclase An. 0 ,, Biotite 1-2.4 10 Muscovite tr2 Garnet tr
Texture — crystalloblastic, porphyroblastic 
Grain size— l-3mm with porphyroblasts 4-$mm



The quartz occurs as large porphyroblasts, small crystals, and 

tiny inclusions. As inclusions the quartz appears as irregular, round, 

and elongate blebs. The inclusions are most common in the orthoclase.

The small crystals have very irregular outlines and make crenulated 

contacts with the surrounding minerals. The large porphyroblasts ex

hibit smooth to extremely sutured outlines and inclusions of a few 

feldspar crystals were noted. Wavy extinction is present, especially 

in the larger crystals, and fracturing of the porphyroblasts has occurred.

Both small crystals and large porphyroblasts of orthoclase are 

common. All the orthoclase crystals show extremely sutured outlines 

and an even contact is rarely observed. Inclusions are common in the 

larger crystals, quartz being the most common mineral included. The 

large porphyrcblasts contain fractures that have been filled with quartz. 

Twinning is uncommon in the orthoclase. .

The plagioclase occurs in small grains with irregular outlines.

Alb it e twinning is common and the composition varies between An^-A^^.

The crystals are usually clear and fresh looking and no development of 

epidote or sericite was noted. No zoning is present in the plagioclase.

The biotite occurs in clusters or in" single flakes. Most of the 

biotite exhibits good outlines but some has ragged ends and edges. 

Pleochroism is in browns; inclusions are few or lacking in the biotite 

and when present are of quartz, magnetite, and sphene. The biotite is 

for the most part oriented.

The magnetite and sphene occur as subhedral crystals, either 

isolated or as inclusions in the biotite.



A few crystals of garnet were noted and a few small shreds of mus

covite are present.

Discussion.

The irregular, sutured contacts of the small crystals and the or- 

thoclase porphyrohlasts suggest. a metamorphic texture. The large 

crystals, irregular outlines and numerous inclusions in the orthoclase 

indicate crystalloblastic growth. The last phase in the history of 

the rock, therefore, has been one of metamorphism. The fractured crys

tals and wavy, extinction in quartz indicate that the cataclastic effects 

outlasted the recrystallization and crystalloblastic growth. Some mi

gration of silica is indicated by the filling of the fractures in the 

orthoclase porphyrohlasts with quartz.

The metamorphism took place under directed stress as evidenced by 

the alignment of the biotite and the porphyrohlasts and the cataclastic 

phenomena present in the slides. The conditions of metamorphism were 

probably mesozonal since the minerals present (quartz, oligoclase, 

biotite, and orthoclase) are stable in a mesozonal environment under 

stress conditions.

The pre-metamorphic history is obscure in the case of the granite. 

No definite features, such as those observed in the quartz-monzonite 

and diorite, indicate what its former history may have been. A cer

tain amount of speculation may be made though, realizing it is not 

founded on facts observed in the slides. The biotite may have formed 

from hornblende and the calcium and titanium released are now present 

in the sphene. During this formation an excess of iron may have been 

released and this iron is now present in the Magnetite. The absence



of the mineral epidote may indicate that the original hornblende 

was not rich in calcium and all the •calcium went into the formation 

of sphene. If the above reactions actually occurred then possibly the 

original rock was a more basic one which underwent a period of meta

morphism with the metasomatic introduction of potassium, the potassium 

being necessary to form the orthoclase porphyroblasts and the biotite. 

The cataclastic action which the granite has experienced may have fa

cilitated the introduction of the potassium. Associated with the po

tassium introduction there may have been some sodium and silica intro

duced, the sodium being present in the plagioclase and the silica 

forming the large quartz porphyroblasts and filling fractures.

As stated previously the above interpretation is based on scanty 

evidence and is hypothesized, in part, from known relations in the 

quartz-monzonite and diorite. There seems to have been more metaso

matic activity associated with the granite. The basic rock postulated 

could have been either a sediment or an igneous rock but conclusive 

evidence is lacking.

Meta-sediment

General Statement.

Meta-sediments crop out in a band that extends from Cavillo’s 

camp northward to the Ajo Road fault (Plate 1). This band, consist

ing of orthoclase lime-silicate bearing quartzite, lime-silicate 

granulite and interbedding of these two rock types, is approximately 

a quarter of a mile wide at the south and three quarters of a mile 

wide at the northern end. The outcrop extends for approximately two



miles in a north-south direction and generally dips to the west and 

southwest at moderate angles. The orthoclase lime-silicate bearing 

quartzite and interbedded quartzitic and limy rocks crop out on the 

east side of the meta-sediment band.

The contact between the meta-sediment and adjoining rocks is 

usually obscured by talus, soil, or pegmatites and therefore its dir

ect relationships to the surrounding rocks are not known. The con

tacts, however, appear to be sharp since the distance from meta

sediment into the surrounding rocks is short. No indication of a 

fault contact was seen. Immediately south of the meta-sediment a .bio 

tite gneiss crops out which was formed from the metamorphism of a 

sediment.

The meta-sediment is cut by pegmatites and lamprophyre dikes. 

Megascopic Description.

The orthoclase lime-silicate bearing quartzite is a fine-grained 

dense rock which is tan on weathered surface and white to buff on 

fresh surface. The rock is color banded. The only mineral that can 

be identified in hand specimen is quartz and in the field the rock 

would be called a quartzite. The banded quartzitic and limy rock 

weathers to corrugated surfaces (Plate 3A). The limy lenses are 

fine to medium grained and composed mainly of calcite crystals.

: The lime-silicate granulite is light grey on weathered surface 

and white to grey on fresh surface. The rock is medium to coarse 

grained and weathers rough. The granulite is banded due to the pres

ence of quartzitic lenses and lime silicate bands. In several areas, 

especially near Cavillo's camp, skarn is present in the granulite.
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Garnet, epidote, and in places magnetite are the main minerals de

veloped . The ore minerals pyrite and chalcopyrite are found in several 

places and have been exploited in the past. The ore occurs as replace

ments in the granulite and as fissure fillings.

Microscopic Description.

Orthoclase lime-silicate bearing quartzite.

Table 6 1
.

Average Composition of
1 Orthoclase lime-silicate bearing quartzite 

Coyote Mountains

Quartz 45-50/6 Epidote tr
Orthoclase 20-25 Tourmaline tr

^

Texture— crystalloblastic 
Grain size— 0.1-0.5mm

The quartz occurs in small grains about 0.1 millimeter in size.

The outlines of the quartz grains are extremely irregular, penetrate 

the orthoclase grains, and are intimately intergrown with other quartz 

grains. Inclusions are lacking and extinction occurs simultaneously, 

over the whole grain.

The orthoclase grains are also small and exhibit irregular out

lines that penetrate the surrounding minerals. A few tiny quartz in

clusions were noted. Twinning is absent in the orthoclase.

. The diopside occurs in crystals .about 0.2-0.3 millimeters in size 

and these crystals have subhedral to rounded outlines. The garnet has 

a similar size and outline. The diopside and garnet are concentrated 

in bands which are a distinctive feature in the slides (Plate 9®). This



29

banding is the cause of the color difference noted in hand specimen.

The epidote occurs in small rounded grains and is rare. A few 

rounded grains of tourmaline were noted.

Lime-silicate granulite.

Table 7
Average Composition of Lime-silicate Granulite 

Coyote Mountains

Calcite 80% Phlogopite 1
Dlopside x  18 Quartz 1
Garnet z xo Tremolite (?) tr

(Ugrandlte)
Texture— decussate 
Grain size— 2-5*.

The calotte crystals have an average size of 2 to 3 millimeters 
and are arranged in a mosaic with no recognizable orientation. Twin

ning is pronounced in the calcite crystals.

The diopside occurs as subhedral grains, both isolated and in 

patches. Very often these grains and patches are aligned. Garnet 
has a similar occurrence and belongs in the ugrandlte class ofWin- 

chell (1951, p. 438).

Phlogopite occurs in small elongate rectangles and exhibits good 

basal cleavage. Quartz occurs as tiny, irregular grains and is usual

ly associated with the phlogopite. A fibrous mineral, occurring in 

very small crystals is thought to be tremolite.

Some muscovite may be present as some of the material in the 

phlogopite clusters is not pleochroic.

Discussion.

Orthoclase lime-silicate bearing quartzite. This rock has 

formed from an impure calcareous sandstone as shown by the metamorphic
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mineral assemblage. The present texture represents recrystallization 

with crystalloblastic growth and the redistribution of.material. 

Crystalloblastic growth is indicated by the irregular, sutured out

lines of the quartz and orthoclase. The new minerals diopside, garnet 

and possibly orthoclase were formed during metamorphism and represent 

the impure calcareous material in the original sediment. The banded 

appearance may be due to original bedding or else to mineral segrega

tion during metamorphism. The mineral assemblage diopside, ugrandite, 

orthoclase, and quartz indicate that the metamorphic grade attained 

the hotter part of the mesozone or the katazone.

Another thin section was studied that does not conform to the 

above description. This section represents material which differs 

from the quartzitic material and the granulite and probably repre

sents a shaly lens, and is mentioned here because its mineral assem

blage allows the metamorphic conditions to be determined quite closely. 

In this section diopside and epidote form the bands between quartz, 

orthoclase and minor plagioclase. Cataclastic effects are minor. Di

opside and epidote are good indicators of metamorphic temperatures. 

Diopside is most common in the katazone but may extend into the upper 

portion of the mesozone. Epidote is usually restricted to the epi- 

zone and lower mesozone but may extend into the upper portions of the 

mesozone. The occurrence of both epidote and diopside indicates that 

the metamorphism reached the warmer portions of the mesozone and is 

at the lower limit of stability of grossularite.

Lime-silicate granulite. The marble represents the metamorphism 

of a lime-stone which contained some sandy or cherty material.



Extensive recrystallization has destroyed most of the original bedding 

and made the rock coarser grained. The occurrence of diopside, phlogo 

pite and garnet represent the redistribution of impurities in the lime 

stone and the fixation of the magnesium present. Cataclastic action 

was slight as no evidence of crushing or flowage was noted. The oc

currence of diopside and minor ugrandite may indicate katazonal con

ditions of metamorphism. It is thought, however, that the metamorphic 

conditions were restricted to the upper portions of the mesozone or 

the lowest portions of the katazone because of the presence of quartz 

and calcite. Under katazonal conditions quarts would combine with 

calcite to form wollastonite which is not present in any of the sec

tions examined. It is thus concluded that essentially a static meta- 

morphism under upper mesozonal conditions changed the original lime

stone to the marble now present in the Coyote Mountains.

Biotite Gneiss .

General Statement.

A medium to fine-grained biotite gneiss crops out over a consi

derable portion of the area studied. Two bands are prominent in the 

south; they coalesce northward and extend beyond the western boundary 

of the map. The biotite gneiss at its maximum width is over a mile 

wide. The relationship of.the biotite gneiss to the surrounding rocks 

has been discussed in sections describing the other rocks.

Megascopic Description. . .

The biotite gneiss is a medium to fine-grained, light grey, 

banded rock. The bands are normally closely spaced (2mm) and are



alternatingly "biotite and quartz-orthoclase rich (Plate 4b ). The 

quartz and orthoclase are usually equigranular giving the rock a sugary 

appearance, and tending to make it friable which caused difficulty in 

making thin sections. A rigid alignment of the biotite reveals an ex

cellent planar parallelism.

Microscopic Description

Table 8

Average Composition of Biotite Gneiss 
Coyote Mountains -

Quartz 35-40# . Apatite tr
Orthoclase 45-50 Magnetite . tr
Biotite 10-20 Epidote tr
Plagioclase Ang 5 Sphene tr

Texture— crystalloblastic 
Grain size— 0.5-4mm (Ave. 1mm)

The essential minerals are quartz, orthoclase and biotite, the 

remainder occurring in minor amounts. The contacts between the mineral 

grains are usually quite regular and thus differ markedly from the other 

rocks of the Coyote complex. - ^ •

The quartz occurs as small grains less than 1 millimeter in size 

and as larger grains 3 to 4 millimeters in size. The small grains show 

a smooth outline; wavy extinction is rare. The larger grains have a 

more sutured outline and some possess undulatory extinction. Some of 

the small grains show silica overgrowths.

In some of the sections studied, especially ones from the south 

and ones from near the contact of the biotite gneiss and meta-sediment, 

quartz was the predominant mineral. In these cases quartz composed as 

much as 80$ of the total constituents. Usually the quartz was



fine-grained, somewhat elliptical in outline and in many places 

showed overgrowths of silica.

The orthoclase occurs as small grains usually with a smooth 

outline. Twinning is uncommon and no preferred orientation was 

noted.

The plagioclase grains are small and, although albite twins 

were present, composition was difficult to determine. Most are 

thought to be lower in the anorthite molecule than high andesine.

The biotite is pleochroic in browns. The most striking 

feature about the biotite is that it goes to extinction simultan- . 

eously over the whole slide (Plate 9A). In the north, near the 

alaskite, many of the biotite flakes are bent. The structure of 

and the banding caused by the biotite is readily visible in all 

the slides examined. •

The accessory minerals, apatite, magnetite, sphene, and epi- 

dote, occur in small subhedral to euhedral crystals. Epidote oc

curs very sparingly, and is absent from many of the slides examined. 

When present it usually occurs as separate crystals and gives no 

evidence of being secondary.

Discussion. . ... . _ -

. The small size of the grains, the overgrowths of silica on 

some of the quartz grains, and the even rather elliptical outlines 

of some of the grains suggests a sedimentary origin for the rock. 

Also the quartz content, over 80$ in some of the rocks, strongly sug 

gests a sedimentary origin.



The original rock is thought to have been a calcium poor, sandy, 

agillaceous sediment. Much of the silica present recrystallized and 

remained as quartz while the rest of the silica combined with the 

other constituents to form the silicates how present in the rock.

The alumina content of the sediment helped in the formation of the 

minerals orthoclase, biotite, and plagioclase while the shortage of 

calcium is indicated by the lack of prominent calcium minerals such 

as diopside, hornblende, or calcite. The minor calcium that was pres

ent is now represented in the plagioclase, apatite, sphene and epidote. 

There was sufficient calcium to tie up all the titanium in sphene or 

else rutile would have formed. The original rock is thought to have 

contained sufficient quantities of potassium and sodium to form the 

feldspars and biotite through a redistribution of material. The lack 

of large porphyroblasts suggests that metasomatic addition was prob

ably minor. The presence of magnetite indicates more iron was avail

able than could be accommodated by the biotite and the minor epidote. 

The paucity of epidote very probably indicates the deficiency of cal

cium or else more of the iron would have been tied up by the calcium 

in the formation of epidote. This assumes the presence of sufficient 

alumina and silica.

The formation of new minerals and the large size of some of the 

quartz crystals indicates crystalloblastic growth and/or redistribu

tion of material. Some silica may have been introduced during this 

metamorphism as evidenced by the overgrowths on some of the quartz 

grains. The rigid alignment in the biotite gneiss indicates that the 

metamorphism was synkinematic, causing the biotite to grow with a



preferred orientation. This crystalline foliation is the most dis

tinctive feature of the gneiss and accounts for the prominent banding 

seen in both thin sections and hand specimen. The lack, of strained, 

fractured or crushed crystals (except in the extreme northern portions 

of the biotite gneiss) indicates that crystallization outlasted the 

deformational effects. The grade of metamorphism as indicated by the 

mineral assemblage is thought to be mesozonal. The presence of a few 

grains of epidote suggests that katazonal conditions were not reached. 

Thus the biotite gneiss is thought to have originated through the syn- 

kinematic metamorphism of a calcium poor, sandy, argillaceous sediment 

under mesozonal conditions. : -

Alaskite

General Statement.

Leuocratic rocks crop out in the northwest portion of the area 

studied. These rocks cover an area of approximately one square mile 

and are bordered on the east by diorite and on the south by biotite 

gneiss. The contact with the biotite gneiss is not sharply defined 

and numerous projections of alaskite extend into the biotite gneiss. 

The shearing present in the alaskite has somewhat obscured the con

tact. The contact with the diorite was not observed in detail due 

to soil cover, pegmatites, or inaccessible canyons. The contact, how

ever, is thought to be sharp since in only a matter of feet the rock 

changes from alaskite to diorite. No evidence of a fault contact was 

noted and no deformational effects were observed.



In the southwestern portion of the.area several small outcrops of 

alaskite are present. All of these outcrops are less than 200 feet on 

a side. The alaskites are fine-grained and usually more resistant than 

the surrounding rocks. The contact with the quartz-monzonite is sharp 

and though not noted in this area Wargo (195%, Univ. Ariz. thesis) has 

observed, in the area to the west, the same rock types with small apo

physes extending into the surrounding granodiorite.

Pegmatites cut the alaskite but are not nearly as numerous as in 

the other rocks. .A few lamprophyre dikes cut the alaskite. .

Megascopic Description.

The alaskite is a leucocratic, fine-to coarse-grained rock. The 

minerals present are quartz, orthoclase, and minor biotite, garnet, 

and plagioclase. The quartz is found, in many places, as large yellow 

crystals. Garnet occurs as porphyroblasts■ scattered throughout the 

rock and is usually 5 millimeters or smaller in size. A faint planar 

foliation is present in the alaskite, manifested by an alignment of . 

biotite and quartz crystals. One striking feature of the alaskite is 

the presence of numerous areas of cataclastic deformation. These cata- 

clastic zones strike approximately east-west and clip gently to the 

north. The effect of these zones is to obscure the planar foliation 

and cause the alaskite to appear more gneissic. In a few areas the 

shearing has caused the alaskite to become mylonitic. The shearing 

is most pronounced in the north and.extends into the biotite gneiss 

at the south.

The alaskite in the southern part of the area is,a fine-grained 

leucocratic rock composed of quartz, orthoclase, and minor muscovite.
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biotite and garnet. The biotite and muscovite are well aligned and 

their orientation is parallel to that of the surrounding rocks. The 

effects of shearing so prominent in the alaskite to the north are riot 

present in this southern alaskite.

Microscopic Description.

- Table 9

Average Composition of Alaskite 
Coyote Mountains

Quartz 52 ...... Biotite
Orthoclase 44 Muscovite hi
Plagioclase . 4 Phlogopite (?)/
Garnet - tr Sericite tr

Texture— cataclastic to crystalloblastic 
Grain size--0.1-5mm

The quartz occurs in crystals from less than 0.1 to 4 millimeters 

or more in size. The small crystals, in the highly deformed rock, ex

hibit extremely complex and intricate outlines. These either inter

penetrate each other or the orthoclase crystals. Extinction is simul

taneous over these crystals. The larger quartz crystals have irregular 

to smooth outlines and nearly all show undulatory extinction. The smooth 

outlines often exist on the larger grains set in the fine matrix of 

quartz and orthoclase (Plate 10B) and attest to the shearing the alas

kite has undergone. Many of the large crystals are fractured and 

some of these fractures are filled with secondary quartz.

Orthoclase exhibits many of the same relationships as the quartz.

The small crystals are extremely irregular and sutured while the larger 

ones are fractured and rounded. The larger orthoclase crystals are set 

in a fine matrix of quartz and orthoclase. Twinning is uncommon in the



orthoclase. Perth!te is present in all of the - slides examined.

The plagioclase occurs as small crystals and their small size 

makes determination of composition difficult. A few larger crystals 

are present which are fractured and exhibit irregular outlines..

The hiotite in the extremely deformed rocks exists as thin ribbons 

between the other grains. It has a brown color and is only slightly 

pleochroic. To the south where the cataclastic effects have not been 

so severe the mica minerals occur as single flakes or in clusters and 

the biotite is: distinctly pleochroic in brown. Associated with this 

distinctly pleochroic mica are some flakes which are.faintly pleo

chroic and others which show no pleochroism. The faintly pleochroic 

mineral may represent phlogopite or else a:stage in the loss of iron 

from biotite. - The non-pleochroic mineral is thought to be muscovite. 

All three of these micas feather out into one another.:

A few garnets were observed in thin section and vary in size from 

0.1 to 5 millimeters. The garnets occur as inclusions in both the or

thoclase' and quartz but they themselves contain no inclusions.

Many of the sections studied show a gneissic structure with the 

fine-grained quartz and orthoclase existing in bands between coarser 

material. This banding is most prominent in those sections made from . 

the sheared alaskite.

Discussion. . '

The grain size of the fine-grained minerals, which are restricted 

to bands, is thought to be the result of granulation of larger crystals. 

This granulation, plus the rounding of some of the larger crystals and 

the fracturing of larger crystals, all indicate that the alaskite has



undergone cataclastic action. This cataclastic action has been strong 

enough> in places, to allow the rock to be called a porphyroclastic 

gneiss. The effects of movement are seen in the crushed material 

which has formed from larger grains and in the biotite which has 

been streaked out into thin ribbons. The rounding of the edges of 

the larger porphyroclasts indicates that movement, grinding and granu

lation took place.

The extremely sutured contacts in the fine-grained material sug

gests that 'recrystallization occurred during and slightly after the - 

cataclastic action. If recrystallization did not occur the grains 

would be rounded, or at least not have the intricate outlines they 

now possess. Also as evidenced by extinction angles, the present lat

tices of these crystals are probably not deformed. . : - . ^

The feathering together of biotite, phlogopite (?), and muscovite 

indicates that these minerals are forming from one another. The phlo

gopite ? (or iron deficient biotite) and muscovite are probably form

ing at the expense of the biotite.

The effect of the metamorphism on the alaskite was a cataclastic 

action which sheared, fractured, granulated and rotated the minerals “ 

producing, in many places, a porphyroclastic gneiss. A partial recrys 

taliization and possibly a minor introduction of secondary silica is 

indicated. The metamorphism, prior to the cataclastic action, as in

dicated by the mineral assemblage, would have been at least of meso- 

zonal grade. - . ■



' Pegmatites :

General Statement.

Pegmatites of simple mineralogy crop out in all portions of the 

Coyote Mountains. The pegmatites cross all the Coyote complex except 

the rhyolite and lamprophyre dikes, and attain their maximum develop

ment in the biotite gneiss where they form over 50$ of the total rock. 

The alaskite contains relatively few pegmatites. The size of the peg

matites varies from little stringers•less than1an inch in width to 

large tabular bodies more than 75 feet in width. Most of the pegma

tites , especially the larger ones, dip gently to the east1 and south

east; The outcrop pattern is such that the northeast face of the 

mountain is like a.huge staircase with the more resistant pegmatites 

forming the risers and the diorite the steps. The representation of 

pegmatites on Plate 1 is, by necessity, schematic and the unusual 

pattern: is the influence of the steep topography on the gently dipping 

pegmatite bodies. Plate 5A shows some of the relations between the 

pegmatites and the host rocks. -

The majority of the pegmatite contacts show no deforming effects 

on the host rocks. The planar features in most cases do not bend nor 

swing near the pegmatite contact but continue their strike and dip, 

without change, on either side of the pegmatite. In a few cases the 

planar elements in the area immediately adjoining the pegmatite swing 

from their ordinary orientation.

Projections of the host rock into the pegmatites have been ob

served in a number of places arid these projections retain the same 

orientation as in the host rock outside the pegmatite. This phenomenon



is best observed in the smaller pegmatites. Also inclusions of the 

host in the pegmatites occur and in these cases the structure element 

in the inclusions is parallel to those of the host rock farther away.

A common phenomenon observed in the pegmatites of the Coyote Moun 

tains is branching. A pegmatite may split into two branches, usually 

at an angle of approximately U5 degrees, such that the sum of the 
widths of, the two branches equals the width of the trunk. The planar 

elements remain constant in attitude at all of the pegmatite contacts, 

even at the crotch between the branches.

The pegmatites have been observed to cross several different 

rock types, e. g. granite, quartzite, and marble, without any appre

ciable difference in width of the pegmatites. The possible signifi

cance of this is discussed later.

Zoning is usually absent but in some of the smaller stringers a 

quartz core is flanked by feldspar and in places muscovite. In some 

of the larger pegmatites a crude repeated zoning was noted. This zon

ing was manifest as a quartz, perthite, and muscovite zone repeated 

several times. In many places this crude zoning was made obscure by 

the presence of fine-grained material. This fine-grained material is 

a common feature in the larger pegmatites. It occurs as lenses with 

the same mineralogy as the coarse portions. The minerals in these 

lenses have no preferred orientation though in many places they are 

subparallel to the contact of the pegmatite. These lenses are ob

served at the contacts of the pegmatite, at the centers, and cutting 

obliquely across the pegmatites. They pinch and swell for no appar

ent reason.



Megascopic Description.

The pegmatites are white and stand out in marked contrast to the 

host rocks (Plate $A). The grain size varies from giant crystals of 

perthite twelve inches long to minute grains less than a millimeter 

long. The mineralogy of the pegmatites is simple, consisting mainly 

of quartz, orthoclase and perthite, and plagioclase, and minor amounts 

of muscovite garnet, hiotite, and magnetite. Intergrowths of ortho

clase and plagioclase (perthite) and of orthoclase and quartz (graphic 

intergrowth) are common.

The garnets are an interesting accessory mineral. Three types of 

occurrences were observed in the outcrops. First, clots of reddish 

brown garnets which present a feathery appearance occur sporadically 

throughout the pegmatites. These garnets, in hand specimen, all appear 

anhedral. Second, small euhedral to subhedral garnets occur sporadical 

ly throughout the pegmatites as they do in the alaskite. Third, small 

euhedral to subhedral garnets occur in stringers. The stringers of 

garnets are usually found with the fine-grained material or else at the 

contact of the fine-grained and coarse-grained material (Plate 11A).

In several areas rocks crop out which appear to have been "soaked" 

by pegmatizing solutions. This type of rock is medium-grained, equi- 

granular, and contains quartz, orthoclase, plagioclase, biotite and 

garnet as essential minerals and attains its maximum development where 

granite is the host rock. It differs from the pegmatites by a greater 

percentage of biotite, more calcic plagioclase, and less perthite. A 

slight increase in sodium and a slight decrease in mafics would result 

in a rock mineralogically similar to the pegmatites. This type of rock
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has a poorly developed planar structure manifest "by an alignment of 

the biotite.

The planar parallelism, which is such a prominent feature in all 

of the host rocks is only rarely present in the pegmatites. Zoning, 

as mentioned previously, is present in some of the pegmatites. 

Microscopic Description.

Table 10

Average Composition of Pegmatites 
Coyote Mountains

Quartz 30* Garnet 1
Orthoclase and perthite to Biotite tr
Plagioclase An^go 30 Magnetite tr
Muscovite 1 Tourmaline tr

Texture— replacement to seriate and 
crystalloblastic 

Grain size— very coarse to fine

The quartz usually occurs in irregular crystals penetrating the 

surrounding minerals. Many of the larger grains exhibit wavy extinc

tion which may be due to several crystals intergrown with a slightly 

different orientation. The quartz also occurs in graphic intergrowths 

with orthoclase and as wormy blebs in plagioclase and orthoclase.

These numerous inclusions or intergrowths are a common feature in 

most of the pegmatites (Plate lift)-

The plagioclase occurs in crystals twinned on the albite law. 

Carlsbad and pericline twinning may also be present. Some of the 

plagioclase crystals are intergrown with the orthoclase forming per- 

thite and many of the plagioclase crystals contain worm-like inclu

sions of quartz. The majority of the plagioclase is An^ to AngQ.
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The orthoclase crystals are usually large and exhibit an irregu

lar outline. The edges are ragged and penetrate the surrounding miner

als. Numerous inclusions, mainly of quartz, are present in the ortho

clase. Many of the orthoclase crystals contain minute stringers or 

veinlets of plagioclase.

Muscovite occurs sparingly in the pegmatites and only a few areas 

were observed where books one to two inches in diameter were present.

In thin section most muscovite is less than 1 millimeter in length 

and seems to break up into shreds.

The biotite is present in minor amounts and usually occurs as 

well-developed basal plates. Some of the biotite retains the same 

orientation as the biotite in the host rock. All the biotite is : 

pleochroic in browns.

The garnets occur within all the major minerals and show no sign ; 

of pushing or including the surrounding grains. Magnetite occurs spar

ingly and usually exhibits a diamond or cubic shape. Tourmaline was 

seen in one hand specimen but none was observed in thin section. 

Discussion.

The relationships between the minerals indicate that crystallo- 

blastic growth and replacement phenomena have been common features in 

the pegmatites. The graphic intergrowths, wormy blebs of quartz, and 

possibly the perthite represent replacement textures. The large 

crystals of orthoclase and quartz suggest that crystallobiastic growth 

has also been prominent. The relationships between the minerals are 

well represented in the photomicrographs of Plates H A  and 113 and show 

the replacement texture quite well.



A replacement origin for the pegmatites is supported by the 

following: ! > : - . . V - .

' v 1. Dominance of replacement textures and crystal-
loblastic growth.

2. Inclusions in the pegmatites with structure
: • parallel to that of the host.

3. Projection of the hosty without change of or
ientation, into the pegmatite.

4. The undisturbed host along the pegmatite con-
■ • : tacts. ■ ,

5* Areas that appear to be "soaked" by pegraatiz- 
ing solutions.

An origin by forceful injection is favored by the following:.

1. Equal width of pegmatite upon crossing such 
different rocks as quartzite and marble.

2. A few contacts in which the host rock's planar 
■ ' parallelism has been swung out of line.

From the available field and thin section relationships, the 

author believes that replacement phenomena were dominant in forming 

the pegmatites of the Coyote Mountains.

Miscellaneous Rocks

Two types of dikes crop out in the Coyote complex— rhyolite and 

lamprophyre. The rhyolite dikes are limited to the northeast portions 

of the mountains and the lamprophyres are found throughout the mountain 

mass. The dikes all show a preferred trend with the strike being 

slightly west of north. The dip is nearly vertical and dikes have 

been observed that dip steeply to the east and others that dip to the 

west. The width of the dikes is a few feet to ten feet though a few



of the dikes are as much as 30 feet in width. For the sake of clarity 

the width of the dikes has been exaggerated on Plate 1. The dikes 

do not retain a constant thickness throughout their length, but pinch 

and swell. Most of the dikes exhibit chilled margins and a flow 

structure which is parallel to the contact of the dike with the host. 

The host rocks show no evidence of deformation by the dikes.

The rhyolite dikes are light grey or brown and consist of an ex

tremely hard, dense ground mass with phenocrysts of quartz, biotite 

and minor orthoclase. Chlorite, muscovite, and altered feldspar are 

also present.

The lamprophyres are dark to light green rocks. Some are dense 

with no minerals recognizable; others have a dense ground mass with 

minute hornblende needles; and some are coarse and contain recogniz

able orthoclase, hornblende and calcite. In thin section the dikes 

are composed of a mat of fine-grained material and recognizable crys

tals of feldspar, hornblende and biotite. Alteration of the above 

minerals to chlorite, sericite, and epidote is common. This altera

tion obscures most of the original minerals and only the crystal out

lines are now visible. In outcrop chilled borders and flow structure 

are common. The lamprophyres usually occupy topographic lows and in 

many places are identified by float.

The dikes cut all the rocks south of the Ajo Road fault and are 

in turn cut by the fault.

North of the Ajo Road fault outcrops of sedimentary and volcanic

rocks occur. The outcrops are few in number and the major ones have 
been plotted on Plate 1.



The sedimentary rocks consist of a series of conglomerates and silt- 

stones which are in contact with the Ajo Road fault. These sediments 

have been involved in the faulting as is indicated by the gouge zone 

and the numerous fractures in the sediments next to the fault zone. The 

conglomerate-consists of pebbles of volcanics, jasper, shale, and a few 

fragments.of sandstone. Most of the fragments show some evidence of 

rounding (Plate 7B). The predominant color is reddish brown. The con

tact of the conglomeratic layers with the silty layers is quite sharp 

(Plate 7B). Graded bedding may. be observed in most of the outcrops and 

thus tops and .bottoms of beds may be easily identified. Only a few 

strike and dip readings were taken and these suggest that several small 

folds exist.

A tentative correlation is suggested, on the basis of lithology, 

with the Recreation Red beds of the Theson Mountains described by 

Brown (1939, PP- 715-716). Brown assigns a Cretaceous (?) age to the 

Recreation Red beds.

The volcanic rocks are revealed in arroyos and in isolated patches 

north of the Ajo Road fault, and also in road cuts along the Ajo High

way. The volcanics overlie the sediments just described but the nature 

of the contact has not been determined. In hand specimen the volcanics 

are dense, usually purplish, and in many places brecciated. The larg

est exposures of the volcanics occur to the north in a syncline in the 

Roskruge Mountains.



STRUCTURE

: . . General Statement

- The structures.of the Coyote Mountains may be divided into-two 

parts: one, internal structure and two, "breaks" such as faults, 

joints, and shears. These two parts will be discussed separately . 

but the interrelation of the two should be kept in mind. The internal 

structures form the dominant structure:trend of the Coyote Mountains.

On Plate l a  NS trend is readily apparent. Thislis not the dominant 

trend but rather the orientation of the rhyolitic.and lamprophyric 

dikes. - :: : .

Internal Structure

The internal structure of the Coyote complex is manifest mainly 

as planar parallelism, though in local areas, especially in the bio- 

tite gneiss, lineation is developed. Planar parallelism is defined 

as the alignment in planes of elements within rocks. These elements 

may be individual minerals and/or inclusions and/or segregations. 

Lineation is defined as orientation in lines of the elements with 

rocks. The lineation wherever observed in the Coyote Mountains always 

lies in the plane of foliation. The words planar parallelism (folia

tion) and lineation imply no genetic significance..

The planar features are best developed in the biotite gneiss, a 

medium-to fine-grained rock. They are easily recognized by a distinct

banding, resulting from the alteration of light and dark colored miner
als. These bands are very closely spaced, normally less than one quarter



inch (Plate 4b ) . The "basal plates of the-biotite flakes are parallel 

to the plane of foliation, and the quartz and feldspar, where inequi- 

granular, have their longest and intermediate axes in the plane of fo

liation. Thus, the mineralogical banding and preferred orientation of 

biotite are mainly responsible for the planar features in the biotite 

gneiss.

An observation of the plane of foliation shows, in some cases, 

the development of a linear feature. The linear feature is manifested 

by the alignment of biotite flakes. The flakes have been streaked out 

and are elongate parallel to one another. They appear as a series of 

disconnected lines on the plane of foliation (Plate 4a ). As stated 

previously lineation is not observed at all places within the gneiss 

and is restricted mainly to the area around Mendoza Canyon.

- The diorite does not exhibit as pronounced a planar parallelism 

as the biotite gneiss. In many areas, even after careful scrutiny, 

the writer was not able to determine any planalr features— this is es

pecially true in the bornblendite which consists of a mosaic of horn

blende crystals and grains of augite. The parallelism of the diorite 

is formed by the alignment of biotite and hornblende. These two miner 

als, in places, form crude bands separated by light bands of feldspar 

crystals. Usually the foliation is best observed in the rock that 

contains the greatest percentage of light minerals. When observed in 

thin section the plagioclase, in some places, exhibits a subparallel 

arrangement. As mentioned in the petrography of the dioritic rocks, 

numerous areas of high mafic concentration exist and it is in these



•areas that the planar features are obscured.

The meta-sediment shows a well developed foliation which may be 

parallel to original bedding. Recrystallization and crystalloblastic 

growth tend to obscure the relations. Most suggestive of relict sedi

mentary bedding is the series of intercalated siliceous and limy bands 

which crop out about midway in the. meta-sedimentary series . Plate 3A 

shows this structure which is interpreted as bedding. The planar fea

tures in the other meta-sedimentary rocks are parallel to these sili

ceous and liny lenses.

The elements composing the structure in the meta-sediment are 

mineralogical. In the siliceous ones thin garnet-diopside bands alter

nate with quartz bands. In the liny material banding is revealed by 

the presence of sandy layers and by the development of garnet and diop- 

side. The calcite has been thoroughly recrystallized and exhibits no 

easily recognized orientation.

The rocks in the southern part of the Coyote Mountains show the 

development of planar parallelism in varying degrees. The quartz- 

monzonite contains a number of biotite-rich inclusions which, wherever 

observed, lay in the plane of foliation (Plate 2A & B). Biotite, horn

blende, and porphyroblasts of feldspar also participate in the planar 

parallelism.

Biotite, quartz, and locally feldspar show a planar parallelism 

in the granite. The biotite, which is sparsely distributed through 

the rock, exhibits a well developed alignment with the basal plates 

lying in the plane of foliation. In large areas of the granite quartz



forms large porphyroblasts which have their longest and intermediate 

axes in the plane of foliation.

The alaskites do not show any well developed foliation. Most of 

the alaskite is present along the northwest border of the area. Here 

the rock is well sheared and the effects of the shears, which strike 

east-west and dip gently northward, is to obliterate the faint planar 

features of the alaskite. These planar features exist as an alignment 

in the very minor amount of biotite present and in the elongation of 

some of the yellow, greasy quartz.

The pegmatites show no well developed planar features. The acid 

and lamprophyric dikes exhibit a flow structure which is parallel to 

the walls of the dikes.

The planar parallelism exhibited in the rocks is quite consistent 

as a glance at the reconnaissance map Plate 1 will indicate. The aver

age strike is N25W and the average dip is degrees to the west.

This is considered to be the regional trend within the Coyote Mountains. 

The relationship of this trend to those of the surrounding areas will 

undoubtedly help in an understanding of the regional setting in this 

portion of Arizona.

No definite folds were delineated during the mapping of the in

ternal structures. The biotite gneiss band swings slightly to the west 

which is best observed when the portion of the Coyote Mountains to the 

west, mapped by Wargo, is also considered.



The foliation in the diorite, east of the meta-sediment band, 

swings slightly to the east as the Ajo Road fault is approached. This 

swinging of trend occurs over a distance of at least a quarter of a 

mile and in some cases a half mile•or more. This change in trend of 

the foliation is not thought to be due to movement along the Ajo Road 

fault. A certain amount of drag, causing bending of the foliation 

could occur but it does not seem reasonable to expect that trends a 

half mile away should be rotated in solid crystalline rock. The result 

more likely to be expected would be a fracturing of the crystals, which 

does not occur, and the formation of gouge, which does not occur. The 

swinging of the foliation is thought to predate the Ajo Road fault and 

is probably related to an early phase of the rock's history. Just what 

this history was is not known but the swinging of the foliation coupled 

with the Ajo Road fault suggest a zone of weakness along which movement 

has been repeated.

The only other rock which shows pronounced variation in foliation 

is the meta-sediment. Some of the readings in the center of the meta

sediment indicate that folding and/or faulting has occurred. No defin

ite pattern is seen and the possibility of small scale faulting, though 

not recognized in the field, should not be discounted. The trend might 

also represent folding prior to the period of metamorphism though it 

seems that the effects of metamorphism would be to destroy these folds. 

A more detailed study than was undertaken at this time would probably 

reveal the cause of this variation in foliation.

Similarly more detailed work in the area might reveal small folds 

and possibly isoclinal folds that were not noted during this study.



Shears, Faults, and Joints

Several small shear zones are shown on Plate 1. Those on the 

northern end may he related to the Ajo Road fault to which they are 

parallel or subparallel. Most of the shear zones exhibit a small 

myIonized zone or a banding due to the streaking out of minerals.

Small slickensides are associated with some of the shears. The rather 

large shear in Section 23# Township l6s. Range 8E of San Vicente Quad
rangle is mineralized and several prospect pits are located on or near 

it. The Ajo Road fault is also mineralized (pyrite and copper miner

als) and the mineralization in the shear and Ajo Road fault probably 

occurred at the same time.

Numerous small shears exist in the alaskite; they strike east- 

west and dip gently to the north. These shears are indicated diagram- 

matically on Plate 1. This shearing is limited to the alaskite and is 

not present in the adjacent diorite. Besides these shears the alas

kite when examined in thin sections shows abundant evidence of crush

ing, granulation, and rotation of grains. These cataclastic effects, 

including the shearing, are believed due to dynamic metamorphism.

Only one minor fault within the mountain mass is indicated on 

Plate 1. This is located in the southwestern portion of the area 

and occupies a valley. Evidence for this fault is not convincing but 

the quantity of pegmatites east and west of this fault (?) differs 

and to the northwest, out of the area, the pegmatites appear to be

truncated.



Two areas in which east-west minor faults may exist are Mendoza 

Canyon and the east-west canyon that traverses Cavillo’s camp. Both 

of these areas exhibit topographic lows and have springs associated 

with them. To the east of Cavillo’s camp some offset on a lamprophyre 

was noted and the outcrop pattern of the diorite could be interpreted 

to show movement along a fault with the north side moving east. No 

definite marker beds are present with which to tell displacement oc

curring before the emplacement of the lamprophyres. The lack of any 

breccia or gouge, however, suggests that no appreciable movement oc

curred, possibly just minor adjustment within the mountain mass re

lieving stresses formed during uplift of the mountain.

In the northern part of the area the Coyote Mountain complex is 

separated from the Cretaceous (?) conglomerates and siltstones by the 

Ajo Road fault (Plate l). Outcrops of this fault were observed over 

a distance of two miles and in all these outcrops a thick gouge zone 

exists. By the alignment of these outcrops the fault was determined 

to strike N$OW and dip steeply to the northeast. The fault is thought 

to hound the entire mountain front.

In all the exposures of the fault a gouge zone 50 feet or more 

thick exists. White and red gouge is present. The white gouge, ad

jacent to the Coyote block (south block), represents sheared Coyote 

complex and the red gouge, adjacent to the Ajo Road block (north block), 

represents sheared Cretaceous (?) sediments.

The amount and direction of movement cannot be accurately deter

mined but it is thought by the writer that the Coyote block has moved



up considerably with respect to the Ajo Road block. The thickness of 

the gouge zone suggests that considerable movement has taken place 

but does not necessarily indicate large vertical movement.

Several shears subparallel to the fault have been noted in the 

mountain mass south of the Ajo Road fault. In the alaskite these, 

shears strike east-west and dip 12 to 20 degrees north. As stated 

previously these shears are thought due to a period of cataclastic 

metamorphism. If they were related to the Ajo Road fault they might 

be expected to dip more steeply as they approach the fault. This is 

not the case. The dips remain constant.

Joints are developed within the mountain mass and are most 

prominent in the northwest portion of the area where they strike north 

west and dip moderately to the northeast. This jointing causes the 

north face of the mountain to look like a monoclinal block of sedi

ments. In the southern portions of the area joints are not well de

veloped. One system, which strikes approximately north-south and 

east-west and dips steeply, seems to predominate.



ORIGIN OF THE COYOTE MOUNTAIN ROCKS

The origin of the Coyote Mountain rocks may he divided into two 

phases— a metamorphic phase and an earlier phase which involves the 

source material for the metamorphism. The metamorphic phase involved 

all the Coyote rocks except the intrusive.dikes and possibly the peg

matites. This metamorphic phase tends to obscure the original nature 

of the rocks and therefore the ideas presented concerning the source 

materials are open to question.

The textures, structures, and mineral assemblages previously des

cribed indicate that the meta-sediment, biotite gneiss, quartz- 

monzonite, diorite, granite, and alaskite have been involved in a 

period of metamorphism. The structure in all the rocks is similar 

in trend and strongly.suggests that the same period of metamorphism 

affected all the rocks and was synkinematic. The synkinematic nature 

of the metamorphism is best illustrated by the biotite gneiss in which 

the biotite, which formed from the redistribution of material of a 

sediment, shows a rigid alignment which could only have developed by 

the growth of biotite under stress conditions. The structure.elements 

in the other rocks closely parallel this trend. The structures in 

some of the rocks, for example the quartz-monzonite, may be inherited 

from an earlier phase.

The mineral assemblage quartz, orthoclase, plagioclase, epidote, 

hornblende, and biotite present in the rocks indicates,that the meta

morphism reached mesozonal conditions.



The synkinematic metamorphism was accompanied by metasomatism as 

indicated by the crystalloblastic growth of the large feldspars in the 

granite and quartz-monzonite. The crystals have grown outward in a 

solid medium and have engulfed the surrounding grains so that they now 

contain inclusions of quartz, feldspar, and in some places hornblende 

at their margins. Metasomatism may also have played a part in the for 

mation of the diorite. The composition of the rock seems to have ef

fected the extent of the metasomatism. Those rocks that were rich in 

potassium and sodium, such as the alaskite and biotite gneiss, are in
and

closer chemical equilibrium with the agents of metasomatism,^therefore 

show little evidence of metasomatism.

Several reactions, often leading to the formation of new minerals 

have taken place during the metamorphism and metasomatism. The most 

prominent of these is the formation of biotite from hornblende with 

the concomitant formation of sphene, magnetite, and epidote. This 

reaction is extensive in.;the quartz-monzonite and diorite and indi

cates the former presence of greater quantities of hornblende and 

therefore a more basic rock. The epidote inclusions in the centers 

of plagioclase crystals indicate a former period of more basic feld

spar. The possible formation of some hornblende, in the quartz- 

monzonite and diorite, from a calcium-poor pyroxene has been dis

cussed previously. The metamorphism thus attests to a more basic 

original rock in the case of the quartz -monzonite and diorite.

The latest phase of the metamorphism was localized cataclastic 

action. The cataclastic action, with minor recrystallization, was 

restricted to the alaskite and part of the biotite gneiss in the



northwest portion of the area. This cataclastic action fractured most 

of the grains in'the alaskite and in places sheared the rock so that 

the name cataclastic gneiss is now appropriate.

The position of the pegmatites in the metamorphic history is not 

certainly known. The undisturbed contacts and the"unrotated projections 

and inclusions of the host suggest a replacement origin for the pegma

tites. The pegmatite formation, then, was later than that causing the 

structure in the host rocks. Whether the "solutions" forming the peg

matites are related to the period of metamorphism outlined above" is not 

known.' The origin of the "solutions" and the whereabouts of the mafics 

replaced by these "solutions" present an unsolved problem. The possibi

lity that the hornblendite represents the accumulation of these mafics 

should not be overlooked.

The pre-metamorphic history is interpreted mainly by the con

tacts, mineral composition, the configuration of minerals now present, 

and by the former composition as indicated by the reactions that took 

place during metamorphism.

In the discussion of the diorite with associated hornblendite 

several lines of evidence were presented which favor an igneous origin 

for the rock. Briefly these were: the presence of a relict igneous 

texture, the high ratio of feldspar to quartz,and possibly the basic 

nature of the rock. In the discussion of the metamorphism of the 

quartz-monzonite it was pointed out that the rock was at one time more 

basic and that a basic igneous rock could give rise to the quartz- 

monzonite through metamorphism and metasomatism. The interfingering 

of the quartz-monzonite contact with the gneiss is suggestive of an



intrusive contact. These two rock and possibly the granite are envi

sioned to have originally been basic igneous rocks. The sedimentary 

origin of the gneiss is based on its mineral composition and its fine 

grain si£e. The basic igneous rock probably forced and stoped its 

way into the original terrain, plucking material from the roof and 

sides. Some of this material is now present as inclusions in the 

quartz-monzonite and granite.

The,present alignment in the inclusions may be inherited from 

an original igneous phase or else they may have been aligned by meta- 

morphic processes. If aligned by metamorphic processes the rock would 

have to have been in a semi-plastic state at that time. This semi

plastic state could have existed at that time when the metasomatosing 

agents were most prevalent.

With the above interpretation the biotite gneiss and meta-sediment 

now exist as a septum. The place of the granite in this sequence is not 

certain and it may well have formed from the metamorphism and metasoma

tism of a sediment. The interfingering of the granite and biotite 

gneiss suggests an igneous contact.

The alaskite relationships have been obscured by extreme cataclas- 

tic action but the small bodies in the south with their fine-grained, 

possibly chilled margins, and small apophyses (noted in the area to the 

west) projecting into the surrounding rocks seems to indicate an ori

ginal igneous rock. This material was originally siliceous since meta- 

somatic effects are not as prominent in this rock as in the other rocks 

of the Coyote complex.

The origins of the miscellaneous rocks were discussed briefly along 
with their description.
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SUMMARY

The preceding pages have described the petrography and structure 

of the Coyote Mountains, in so far as it is known. In summary,, a se

quence of events thought most likely for the genesis of the Coyote 

Mountains is postulated. The events proceed from oldest to youngest.

1. Intrusion of a basic magma into a sedimentary terrain
which included a calcium poor, sandy argillite and 
sandstone and limestone. „

2. Intrusion of a siliceous body (Alaskite).

3. Regional synkinematic metamorphism and metasomatism—  
formation of meta-sediment, biotite gneiss, diorite, 
quartz-monzonite, granite, and alaskite and deforma
tion of alaskite.

4. Formation of replacement pegmatites.

5. Emplacement of rhyolitic and lamprophyric dikes.

6. Deposition of Cretaceous (?) sediments and volcanics.
7. Ajo Road fault (and north-south faulting to the west).

Minor faults within the mountains mass.

8. Erosion to present day topographic form.
If the features presented are interpreted differently, especially 

those thought to indicate igneous activity, a different sequence of 

events may account for the Coyote Mountains. The possibility of the 

rocks forming from a series of sedimentary rocks, subsequently meta

morphosed and metasomatosed is not negated.

In the sequence given above the events are shown relative to one 

another and no definite statement has been made as to age. Several facts
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may shed light on the age problem. The main structures in the pre- 

Cambrian rocks of southern Arizona trend northeast-southwest (see 

Tectonic Map of the United States). This has been referred to in the 

literature as the pre-Cambrian "grain". The structures in the Coyote 

Mountains are N25W and dip steeply to the southwest and thus transect 

the pre-Cambrian grain and suggest that their trend may be later 

than the pre-Cambrian "grain". The simple mineralogy of pegmatites 

has been used by some workers to signify a pre-Cambrian age. It is 

thought by these workers that pre-Cambrian time was one of great 

pegmatite breeding solutions. If this be the case the simple mineralo

gy of the Coyote Mountain pegmatites may be an indication.of pre-Cambrian 

age. In any consideration of the origin of these rocks a date later 

than pre-Cambrian should definitely be kept in mind. In the area dis

cussed no definite age or ages for the postulated events can be stated 

as there is no evidence present. Dating of these rocks will have to 

await a regional study coupled with detailed investigation of critical 

areas in southern Arizona.
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PHOTOGRAPHS AND PHOTOMICROGRAPHS



PLATE 2

A

Inclusions.
Inclusion swarm in quartz-monzonitis. The long 
dimension of the inclusions is parallel to the 
foliation(N2fjW). Surface dips 20® toward the 
reader.

B

Inclusion.
Close up of inclusion in quartz-monzonite. 
Inclusion lies in the plane of foliation.
Note porphyroblasts of fledspar in the inclusion.
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PLATE 3

A

Meta-sediment.
Typical outcrop of banded meta-sediment containing 
siliceous and limy layers. Looking north.

B

Meta-sediment.
Pegmatites both follow and transect the structure 
in the meta-sediment. A large pegmatite is 
present in the foreground. Looking north.
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PLATE It.

A

Biotite gneiss.
Looking at the plane of foliation of biotite gneiss. 
The biotite flakes form a lineation in the plane 
of foliation.

B

Biotite gneiss.
Typical outcrop of biotite gneiss in Mendoza Canyon.

ill





PLATE 5

A

Pegmatites.
Typical exposure of pegmatites in the granites 
of section 10 Baboquivari Peak Quadrangle.
Note the uniform trend of most of the pegmatites. 
The branching phenomenon, discussed in the text, 
may be seen on close inspection. Looking north.

B

Pegmatite contact.
Contact of pegmatite and quartz-monzonite.
The contact is sharp and the inclusion has no 
apparent effect on the regularity of the contact.
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PLATE 6

A

Pegmatite contact.
Contact of pegmatite and biotite rich gneiss. 
The biotite is concentrated along the contact 
and extends into the pegmatite and retains 
its orientation. In the area of the knife the 
pegmatite has worked into the biotite gneiss.

B
Lamprophyre.

Contact of lamprophyre dike and pegmatite. 
Note the chilled margins and general igneous 
relationships of the lamprophyre.
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PLATE 7

A

General Topography.
The domes are thought to be the result of 
exfoliation. Mendoza Canyon on left. 
Looking west.

B
Sediment.

Cretaceous(?) sediments with alternating con
glomeratic and siltstone layers.
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PLATE 8

A

Diorite.
The arrangement of minerals suggests an original 
igneous texture. The rims on the feldspar in
dicate a later movement of material which took 
place during metamorphism.

p-plagioclase
h-hornblende

crossed nicols X 2 l\.

B

Diorite.
The hornblende exhibits both regular and cren- 
ulated outlines. Inclusions of quartz and 
feldspar are visible in some of the hornblende.

p-plagioclase 
h-hornblende 
q-quartz

crossed nicols X2Il
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PLATE 9

A

Biotite gneiss.
The texture is equigranular-crystalloblastic. 
The well-oriented flakes of biotite are set in 
a matrix of quartz and feldspar.

plane light X2lj.

B

Meta-sediment.
Equigranular-crystalloblastic orthoclase lime- 
silicate bearing quartzite. The matrix is quartz 
and feldspar and the bands are composed of 
diopside and garnet.

plane light X2l{.
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PLATE 10

A

Biotite after hornblende.
Diorite showing the formation of biotite from 
hornblende, which took place during a period of 
mesozonal metamorphism.

bi-biotite 
f-feldspar 
h-hornblende

plane light X 2 l\.

B
Porphyroclastic alaskite.

The fine-grained material represents sheared 
and crushed fragments of the larger grains. 
Note rounding of the larger grains.

crossed nicols X2lf.
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PLATE 11

A

Pegmatite.
Contact between coarse and fine-grained peg- 
matitic material. A string of garnets is at 
the contact.

f-feldspar
q-quartz
g-garnet

crossed nicols X2lj-

B
Pegmatite.

Replacement texture in pegmatite.

q-quartz
p-perthitic intergrowth 

crossed nicols X2k

x
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