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PETROGRAPHY AND STRUCTURE OP THE LEATHERWOOD 
QUARTZ DIORITB, SANTA CATALINA MOUNTAINS, 

PIMA COUNTY, ARIZONA

by
Hiram Stanley Hanson

ABSTRACT

The Leatherwood Quartz Diorite is a stock-like 
intrusion in the northeastern part of the Santa Catalina 
Mountains, The intruded rooks have been regionally meta
morphosed and range from low grade metasediments to 
gneisses. An east-west foliation and the present mineral 
assemblage in the Leatherwood is considered to be the re
sult of a synkinematic metamorphism under stress and a 
potash metasomatism. Continuation of these stresses has 
resulted in shearing and possibly joints that are now 
occupied by pegmatites, Postmetamorphio events include the 
intrusion of felsic and mafic dikes and the Catalina Gran
ite, Numerous inclusions in the Leatherwood are considered 
to have originated as autoliths, sedimentary xenoliths, and 
replacement bodies,
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INTRODUCTION

Purpose of Investigation
The purpose of this Investigation Is to determine 

the petrography, structure, distribution, and petrogenesis 
of the Leathervrood Quartz Dlorite. Information obtained 
from this study will also contribute towards the under
standing of the physical conditions and chemical aspects 
of the metamorphism associated with the rocks of the Santa 
Catalina Mountains.

Methods of Study
A structural and geologic map was prepared on 15- 

minute U. S. Geologic Survey topographic maps of the Mount 
Lemmon and Bellota Ranch Quadrangles, Pima County, Arizona, 
enlarged to a scale of four inches to the mile. An area of 
approximately seventeen square miles was mapped using a 
Brunton compass. Altimeters were used for control in areas 
remote from visual ground controls. Contacts with various 
lithologic units and structural data for foliation, inclu
sions, sheared zones, and pegmatites were plotted on the 
map. Petrographic investigation Included thin section 
examination and modal analyses of samples of Leatherwood 
Quartz Dlorite and Inclusions within this mass, together 
with a limited number of associated rocks.
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Location and Accessibility

The Santa Catalina Mountains, together with the 
Tanque Verde and Rincon Mountains, form a north-westerly 
trending range in Pima and Pinal Counties northeast of 
Tucson. The Leatherwood crops out irregularly over an area 
of approximately seventeen square miles on the northeast 
flank of the Santa Catalina Mountains (Fig.l). The actual 
outcrop area of the Leatherwood is about ten square miles 
and extends from the Reef of Rock on the west to Alder 
Canyon on the east, and from the Summerhaven-Soldier Camp 
area on the south to the northern flank of Marble Peak on 
the north.

The Catalina Highway and the Control Road from 
Mount Lemmon to Oracle essentially bisect the area, allow
ing ready accessibility. Further accessibility is provided 
by trails maintained by the Coronado National Forest, with 
the greatest trail distance to the boundary of the Leather- 
wood being about seven miles. Field work is severely 
limited from December to March by snow and by thunder 
storms in the late summer. Steep gradients limit observa
tions in a few areas, while heavy vegetation cover at 
higher elevations and talus are also limiting factors. 
Frequently samples suitable for thin sections were not avail
able due to saprolite developed on the Leatherwood.
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Figure 1. Index map showing location of the area of 
present study.
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Topography and Physiography 

Within the area of investigation, the maximum 
elevation is 8,200 feet in the southwestern portion and the 
minimum elevation is 4,800 feet in the northeastern por
tion, producing a relief of about 3,400 feet. Gradients 
range up to 2,500 feet per mile in the area (Figs. 2 and 3).

The Catalina Mountains are well dissected by inter
mittent streams. The northeastern section is drained 
through Alder, Geesman and Stratton Canyons into the San 
Pedro Valley. The remainder of the area is drained into 
the Santa Cruz River by way of Canada del Oro on the north
west and Sabino Canyon on the southwest.

Previous Work and Geologic Setting 
Published accounts of investigations of the geology 

of the Santa Catalina Mountains and the present area of 
investigation in particular are very limited. Bromfield 
(1952) summarized the geology of the Santa Catalina Moun
tains. DuBols (1959) outlined the geologic setting of the 
Santa Catalina Mountains and described the petrography of 
some of the rocks in the area of this work.

Unpublished reports of studies directly relating to 
the present area consist of one by Moore and Tolman (1949) 
on the geology of the Tucson quadrangle and one by Peterson 
and Creasey (1943) on the copper deposits associated with
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Figure 2. View looking northwest from Oracle Ridge.
Leatherwood Quartz Dlorlte extends from the 
foreground to the foot of Reef of Rock, the 
bare ridge in the background.

Figure 3« View of the south face of Marble Peak. The
Leatherwood (lower)-carbonate (upper) contact 
occurs across the center at the break in 
vegetation.
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the Leatherwood contact* Two theses by University of 
Arizona graduate students provide the major amount of 
previous work. The present area is included in the study 
by Peirce (1958) of the structure and petrology of the 
north-central portion of the Santa Catalina Mountains.
A detailed study of a portion of the Leatherwood contact 
aureole was carried out by Wood (1963)«

The Santa Catalina Mountains are composed of a 
complex assemblage of igneous, metamorphlc, and sedimentary 
rocks. The gross structural feature of the mountains is a 
large gneiss dome which is elongated in a north-northwest 
direction (Pilkington, 1962)* The core consists of 
gneissic granite, flanked on the southwest side by banded 
gneisses and augen gneiss, and on the northeast side by 
PreCambrian and Paleozoic sediments and banded augen gneiss 
(Peirce, 1958 and Pilkington, 1962). Granite and granite- 
type rocks occur in the northern and western sections 
(Banerjee, 1957 and McCullough, 1963).

According to Peirce (1958)» the northeastern sedi
ments have undergone synkinematic metamorphism near the 
crest of the mountains and have been only slightly metamor
phosed lower on the northeast flank. Pilkington (1962) 
reports rocks of the staurolite-almandine subfacies of the 
almandine-amphibolite facies of regional metamorphism.
DuBois (1959) considered the area as having undergone
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several periods of metamorphism, with the more Intense 
period having a post-Paleozolc age. Hedge (i960) reported 
paleotemperatures of from 460 degrees to 620 degrees Centi
grade for the area near the crest, based on sodium- 
potassium ratios In muscovite.

Numerous faults have been observed and Inferred.
Of these the Geesman fault Is the most prominent In the 
area under study. The common occurrence of east-west 
trending foliation has been reported by Peirce (1958) and 
of northeasterly llneatlon by DuBols (1959)*

The term Leatherwood Quartz Diorlte was proposed by 
Bromfield (1952) for the rock In this Investigation. Moore 
and Tolman (1949) use the term Quartz Diorlte for the same 
unit. Peirce (1958), DuBols (1959), Pilklngton (1962), and 
Wood (1963) adopted the term Leatherwood Quartz Diorlte, 
and this usage Is continued In this work. Peirce (1958) 
estimates the outcrop area of the Leatherwood to be approx
imately five square miles, but on the basis of the present 
work, it is found to be approximately ten square miles.

The Leatherwood Quartz Diorlte intrudes PreCambrian 
gneisses and granites, and PreCambrian and Paleozoic sedi
ments. It Is In turn Intruded by a granite and felsic to 
mafic dikes. Bromfield (1952) states that the Leatherwood 
intrudes Cretaceous rocks. Peirce (1958) did not observe 
this relation and considers the age only as post-Paleozolc.



In the present work, field observations agree with the 
latter interpretation.

Peirce (1958) described the Leatherwood Quartz 
Diorite as a stock-like body with certain aspects of a 
sill. The upper contact is frequently exposed and varies 
from concordant to discordant. The lower contact is only 
exposed along the eastern side. Between Red Ridge and 
Oracle Ridge a minimum thickness of 1000 feet of Leather- 
wood in its sill-like aspect is exposed.

The Leatherwood Quartz Diorite intrudes sediments 
of younger PreCambrian and Paleozoic ages. The units are 
broken down and mapped according to the proposal of Shride
(1961) , and this usage is the same as that of Pllkington
(1962) and Wood (1963).

The oldest sediments intruded are the Apache Group. 
The lowermost unit is the Pioneer Formation, which consists 
of a basal conglomerate, the Scanlan Conglomerate Member, 
and grades upward into a phyllitic and schistose unit. The 
Scanlan Conglomerate Member is not differentiated in this 
report.

Conformably overlying the Pioneer Formation is the 
Dripping Springs Quartzite. The basal unit, not differen
tiated in this work, is the Bams Conglomerate Member. In 
this area, the upper part of the Dripping Springs is a 
fairly pure quartzite, characterized by oriented sericite.

8
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In the southeastern part of the area, a poorly 

exposed calcite-tremollte rock Is considered to be the 
metamorphosed equivalent of the upper Apache Group Mescal 
Limestone.

The basal Paleozoic unit Is the Middle Cambrian 
Bolsa Quartzite, which Is mapped by Peirce (1958) as Troy 
Quartzite. The Troy Quartzite of the type area has been 
reassigned to the Younger Precambrlan (Shride, 1961), and 
the base of the Paleozoic section has been correlated with 
the Middle Cambrian Bolsa Quartzite. The unit as mapped 
varied from massive quartzite to Interbedded quartzite and 
shale.

Conformably overlying the Bolsa Quartzite is the 
Abrigo Formation, consisting of slightly metamorphosed mud
stones, calcareous shales, and sandstones. As used here, 
the Abrigo Includes the units mapped by Peirce (1958) as 
Santa Catalina, Southern Belle, and Abrigo Formations. The 
Abrigo Formation is Middle to Upper Cambrian in age 
(Stoyanow, 1936 and Bansome, 1903)•

The Upper Devonian Martin Limestone (Bansome,
1903); the Lower Mlssissippian Escabrosa Limestone (Bansome, 
1903), the Pennsylvanian Horquilla Formation (Gllluly,
Cooper and Williams, 1954), and the Pennsylvanian-Permian 
Andrada Formation (Wilson, 1951) were mapped in the Marble
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Peak-Alder Canyon area by Peirce (1958)* and his work has 
been essentially followed in this report.

The intrusion of the Leatherwood Quartz Diorite 
into the Precambrlan and Paleozoic sediments has resulted 
in a local contact metamorphic aureole. Peirce (1958) 
briefly describes this contact, and Peterson and Creasey 
(19^3) describe copper deposits associated with the contact. 
Wood (1963) has carried out detailed studies of the contact 
effects, principally at the eastern contact, and reports 
that the contact metamorphism reached the grade of the 
homblende-homfels facies in an irregular zone ranging 
from 0 to 20 feet in thickness. The presence of sanidlne 
is reported by Wood, who considers it to be probably 
related to a later metasomatic period.
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PETROGRAPHY

The following descriptions include both the mega
scopic and microscopic features of the rocks. Approxi
mately 350 megascopic samples were collected, and from 
these approximately 250 thin sections were prepared. Min
eral identifications are based upon routine petrographic 
microscopic techniques. Modal analyses of 69 thin sections 
were made using the point count method with a modified 
mechanical stage having a grid interval of 0.3 millimeter. 
The number of points counted ranged from 400 to 1800, 
depending upon when apparent reproducibility was estab
lished.

Leatherwood Quartz Dlorlte 
Megas cop1cally the Leatherwood Quartz Dlorlte is 

typically a medium to dark gray, medium-grained, massive to 
slightly foliated rock which weathers to a gray saprolite. 
Local variations in texture consist of gneissic to schist
ose areas, and recrystallized cataclastic zones. Darker 
gray to nearly black, as well as greenish Inclusions are 
common.

Microscopically the Leatherwood is a medium-grained 
hypidiomorphic granular to xenomorphic granular rock

12



Figure 4* Photomicrograph of Leatherwood Quartz Diorlte 
with hypldlomorphlc granular texture* Crossed 
nicols*

Figure 5* Photomicrograph of Leatherwood Quartz Diorlte 
with xenomorphic granular texture* Crossed 
nicols*



Figure 6. Photomicrograph of Leatherwood Quartz Dlorlte 
with xenomorphlc granular texture. Crossed 
nlcols.

Figure ?• Photomicrograph of massive Leatherwood 
Quartz Dlorlte. Crossed nlcols.
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(Figs. 4, 5* 6, and 7) locally with gnelssic or schistose 
texture (Fig. 8). Both the gnelssic and schistose textures 
become more pronounced with increase in shearing. (Fig. 9). 
Grain boundaries are commonly sutured. An average composi
tion derived from modal analyses of 26 relatively unaltered 
samples selected to minimize contact effects (Table 1) 
consists of plagloclase (42 percent), quartz (22 percent), 
biotite (19 percent), epldote (10 percent), microollne (5 
percent), hornblende (1 percent), and traces of apatite, 
calclte, chlorite, fluorite, opaques, sericite, sphene, and 
zircon. Garnet was found in one displaced sample that 
appeared to be Leatherwood that was collected in an area of 
apparent Intense pegmatltlc activity. As the source of 
this float was not located and no garnet was found in any 
of the samples of known Leatherwood, garnet is not included 
in the trace minerals. Table 2 gives modal analyses of 3 
altered sections, and one partial analysis of one section 
from a catadastlc phase of the Leatherwood.

The Leatherwood ranges in composition from quartz 
diorite to granodlorite (Travis, 1955 and DuBois, personal 
communication), with the average being slightly within the 
granodlorite range, plagloclase being 89.4 percent and 
potash feldspar 10.6 percent of the total feldspar. Prior 
usage will be followed and the entire rock will be referred 
to as the Leatherwood Quartz Diorite. Mineralogical



16

Figure 8. Photomicrograph of foliated Leathenrood 
Quartz Dlorlte. Crossed nicols*

Figure 9. Photomicrograph of Leathenrood Quartz Dlorlte 
irom a recrystallized shear zone. Plain light.



17

Table 1. Modal analyses of the Leatherwood Quartz Diorlte

Mineral 1 2 3 4 5
Quartz 25 24 27 23 24
Plagloclase 37 57 44 46 43
Microollne 10 0 1 0 8
Blotlte 19 14 19 24 12
Epldote 9 5 9 7 10
Hornblende 0 0 0 0 2
Others 0 0 0 0

100 100 100 100 100

Mineral 6 7 8 9 10
Quartz 21 21 22 30 25
Plagloclase 45 42 40 42 43
Mlcrocline 8 5 7 7 10
Blotlte 18 23 22 14 13
Epldote 8 8 8 7 9
Hornblende 0 0 0 0 0
Others 0 __1 0 0

100 100 100 100 100
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Table 1. Continued.

Mineral 11 12 13 14 15
Quartz 22 19 20 20 20
Plagioelase 35 47 45 36 27
Mlcrocline 8 6 7 7 8
Blotlte 24 14 15 19 17
Epldote 11 12 10 18 24
Hornblende 0 0 0 0 0
Others 0 2 — 2 0 4

100 100 100 100 100

Mineral 16 17 18 19 20
Quartz 19 10 22 21 13
Plagioelase 39 58 29 36 39
Mlcrocline 5 0 1 10 0
Blotlte 17 20 20 19 19
Epldote 17 5 18 9 14
Hornblende 0 3 0 0 0
Others — 2 4 10 JL5

100 100 100 100 100
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Table 1. Continued.

Mineral 21 22 23 24 25
Quartz 27 23 22 28 22

Plagloclase 44 40 51 50 39
Mi crocline 0 5 2 1 14
Biotite 21 23 16 17 19
Epidote 8 6 4 1 6

Hornblende 0 3 5 0 0

Others __0 0 0

100 100 101 100 100

Mineral 26 Average
Quartz 18 22

Plagloclase 43 42
Mlcrocline 0 5
Biotite 21 19
Epidote 8 10

Hornblende 8 1

Others __2 __1

100 100
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Table 2. Modal analyses of altered and cataolastlc
Leatherwood Quartz Dlorlte. Samples 27 and 28 
are altered Leatherwood. Sample 29 Is a re
crystallized Leatherwood. Sample 30 is from 
the cataolastlc phase of the Leatherwood.

Mineral 27 28 29 30
Quartz 16 23 13
Plagiodase 45 30 61 -
Microcline 3 0 3 -
Biotite 17 18 21 17
Bpidote 7 16 1 2

Hornblende 0 0 0 0

Others -12* -12* 2** _____-
100 100 101 w

* calclte and sericite
**sericite and fluorite
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compositional ranges are shown In Figure 10, which Is a 
graph of the relative percentages of quartz, micro dine and 
plagloclase, and In Figure 11, which Is a graph of the 
relative percentages of epldote, hlotlte and hornblende.

Plagloclase occurs as euhedral to anhedral grains 
ranging In size to 3 millimeters. Boundaries with quartz 
and mlcrocllne are commonly Irregular or sutured. Partial 
to complete replacement of the plagloclase by mlcrocllne Is 
frequently encountered, especially as carbonate contacts 
are approached (Figs. 12, 13, and 14). Normal zoning Is 
less common near the southwestern contact with gneiss, but 
increases rapidly away from this contact and is common 
throughout the main part of the Leatherwood (Fig. 15)• 
Zoning is occasionally outlined by small epldote crystals 
(Fig. 15), and what appears to be relic zoning may thus be 
recognized. Polysynthetic twinning according to the alblte 
law is common (Figs. 7 and 8 ), and more rarely twinning 
according to the carls bad law is present (Fig. 15), Twin
ning becomes less common in sheared areas, possibly as a 
result of recrystallization. Poikllltlc and myrmekitlc 
structures of quartz and plagloclase are common (Figs. 16 
and 17). The An content of the plagloclase, as determined 
by Michel-Levy's method, ranges from 30 to 45, with most 
values falling between 34 and 42. For the larger part of 
the mass, no pattern of An distribution was found. Two



22

Quartz

PlagloclaseMicrocline

Figure 10. Felsic mineral ratios in 26 samples of 
Leatherwood Quartz Diorite.
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Epldote

Biotite Hornblende

Figure 11. Mafic mineral ratios in 26 samples of 
Leatherwood Quartz Dlorlte.
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Figure 12. photomicrograph of Leathenrood Quartz Dlorlte
with microcline (center) replacing plagloclase. 
Crossed nicols

Figure 13* Photomicrograph of Leatherwood Quartz Dlorlte
with microcllne replacing plagloclase (center)•
Crossed nicols.
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Figure 14. Photomicrograph of Leatherwood quartz Diorlte
from marble contact zone. The epidote outlines 
a plagioclase relic in microcline. Plain light.

Figure 15. Photomicrograph of massive Leatherwood Quartz
Diorlte with zoned plagioclase twinned by the
carlsbad law. Crossed nlcols.
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Figure 16. Photomicrograph of myrmeklte In Leatherwood 
Quartz Dlorlte. Crossed nicols.

Figure 17* Photomicrograph of myrmeklte In Leatherwood 
Quartz Dlorlte. Crossed nicols.
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exceptions, the increase of An 40 to 44 near the contact 
with the Catalina Granite and a decrease to An 30 to 32 
near a sedimentary contact, are considered significant and 
are to be discussed later. The percentage of plagloclase 
ranges from 24 at a limestone contact to 6l in what appears 
to be a re crystallized sample with the average from Table 
1 being 42 percent,

Anhedral interstitial quartz is present in all 
sections and occasionally appears to have been partially 
recrystallized. Introduced quartz is present but is not 
common. The percentage of quartz ranges from 4 near a 
limestone contact to 30, with most values near the average 
of 22 (Table 1).

Biotite occurs as pale to dark greenish-brown 
anhedral crystals, ranging in size to 4 millimeters, with 1 

to 1 1/2 millimeters being more common. Partial alteration 
to chlorite is frequent. Orientation of the biotite is 
random in massive varieties of Leatherwood (Fig. 7) to good 
in the gneissic and schistose varieties (Figs. 8 and 9).
The occurrence as anhedral, lamellar aggregates, the ab
sence of euhedral six-sided tabular, blocky crystals, and 
the color suggest that the biotite is secondary. Glomero- 
porphyritic textures of biotite and cumuloporphyritlc 
textures of biotite and hornblende or epidote occur occa
sionally (Figs. 18 and 19). The percentage of biotite
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Figure 18. Photomicrograph of cumulopheric intergrowth 
of blotlte and epldote in Leatherwood Quartz 
Dlorlte. Plain light.

Figure 19. Photomicrograph of massive Leatherwood Quartz
Dlorlte with a biotite-epldote-rich area on
left. Crossed nicols.
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ranges from 0 at a limestone contact to 2 5* The most 
common percentages are from 13 to 24 with 19 being the 
average from Table 1.

Epldote is almost universal in occurrence, the only 
exception being noted near the contact with the Catalina 
Granite. Three modes of occurrence are present, the epl
dote appearing as small euhedral separate crystals enclosed 
in plagioclase, as larger euhedral crystals associated with 
biotite, and as vein-like fine-grained masses of subhedral 
to anhedral grains. With the exception noted, the first 
type of occurrence is common throughout the Leatherwood, 
and the second is rare. The third occurrence is commonly 
associated with hydrothermally altered Leatherwood, shear 
fractures, and sedimentary contacts. The percentage of 
epldote ranges from 0 at the Catalina Granite contact to 35 
at a limestone contact, with the average being 10 percent 
(Table 1). The distribution of values suggests two maxima, 
a major one at 8 to 9 percent and a minor one at 16 percent.

Mi crocline is present in approximately two-thirds of 
the sections as interstitial material and in a variety of 
replacement relations with plagioclase (Pigs. 12, 13, and 
14). Polysynthetic twinning producing a quadrille struc
ture is generally present, as well as some perthitlc tex
tures. The largest areas of ml crocline, to 10 millimeters, 
are found near the northeastern sedimentary contact. The
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percentage range is from 0 to 14 with the average being 5 

(Table 1). With one exception, all values lie between 0 
and 11 percent. No general trends or patterns were de
tected, as the occurrence of miorocline is very erratic.

Hornblende is present in approximately one-third of 
the sections, and occurs as subhedral to anhedral aclcular, 
olive green to dark green, pleochroic crystals to 3 mllli-

t.

meters in length (Fig* 20). The aclcular nature of the 
hornblende, the absence of well formed crystals as in Fig
ures 55 and 56, and the rare appearance of possible pseudo
morphism suggest that it is secondary. The percentage 
range is from 0 to 30, with the average from Table 1 being 
1. The highest percentages are found in contact with a 
meta-limestone. Two sections near the contact with the 
Catalina Granite also exhibit increased hornblende.

Sphene is a common minor component, occurring in 
approximately two-thirds of the sections. It occurs as 
dark, high relief, euhedral to anhedral masses to 1 milli
meter in diameter. Small, high relief, highly birefringent 
euhedral crystals in two sections were tentatively identi
fied as zircon. Small amounts of opaque materials occur 
in all sections. Using reflected light techniques, these 
were tentatively identified as magnetite and pyrite.
Calcite is fairly frequent in occurrence, especially in 
altered sections, and appears to be secondary in all cases.



Figure 20. Photomicrograph of foliated Leathemood 
Quartz Dlorlte containing hornblende 
(center). Plain light.



Sericlte occurs as a common alteration product of the feld
spars. Chlorite is of common occurrence, apparently formed 
by alteration of blotite and hornblende. Traces of fluo
rite are found in two sections, one taken from an area of 
strong pegmatite activity, and the other taken from a 
sample which appears to have been partially reerystalllzed. 
Apatite is frequently seen and occurs either as short, 
stout euhedral crystals or as long, slender prisms.

Leatherwood Quartz Dlorlte Cataclastic Phase
In the southeastern part of the area, Leatherwood 

Quartz Dlorlte, with a reerystalllzed cataclastic texture, 
occurs. In megascopic sample, the rock appears gneisslc, 
with large rounded grains of quartz and plagioclase.
Blotite is visible and is strongly oriented.

Microscopically, two different textures are seen. 
One consists of rounded crystals of plagioclase or rounded 
areas of plagioclase and quartz, to 3 millimeters, in a 
fine-grained matrix of reerystalllzed quartz, plagioclase, 
and potash feldspar (Figs. 21, 22, 23, and 24). Blotite is 
fairly abundant, being 1? percent in one sample (Table 2), 
and displays a strong preferred orientation. Some slight 
bending of the blotite around the larger rounded crystals 
is present. Fine-grained euhedral epidote is present but 
in less abundant amounts than is present in the average

32
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Figure 21. Photomicrograph of Leatherwood Quartz Dlorlte 
with a recrystallized cataclastlc texture. 
Plain light.

Figure 22. Same as Figure 21, with crossed nlcols.
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Figure 23. Photomicrograph of Leatherwood Quartz Dlorlte 
with a recrystallized cataclastlc texture* 
Plain light*

Figure 24. Same as Figure 23, with crossed nlcols.
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Leatherwood, one section having 2 percent (Table 2), Due 
to the fine-grained nature of the matrix, the quartz, 
plagioclase, and potash feldspar percentages were not 
determined. Sphene and muscovite are present in accessory 
amounts•

The second texture is similar, but differs in the 
following respects (Figs. 25, 26, 27, and 28). The rounded 
areas are larger, to 4 millimeters, and consist essentially 
of a single crystal of quartz or plagioclase. Biotite 
bends around these areas, and thus displays less of a 
parallel alignment. The ground mass is very fine, and 
contains fine biotite. The larger plagioclase crystals 
show considerable alteration to sericite.

Alteration or Replacement Veins in Leatherwood
Megascopic to microscopic veins of epidote or horn

blende are common near the margins of the Leatherwood where 
they are frequently associated with shear surfaces, a 
bleaching effect on the adjacent Leatherwood is usually 
present (Figs. 29 and 30). In thin section, veins with 
irregular borders may be seen (Figs. 31 and 32). Both 
types appear to be the result of hydrothermal alteration 
with possibly metasomatism.
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Figure 25. Photomicrograph of Leatherwood Quartz Diorite 
with recrystallized oataclastic texture.
Plain light.

Figure 26. Same as Figure 25* with crossed nicols.
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Figure Photomicrograph of Leatherwood Quartz Diorite 
with a recrystallized c&taclastic texture.
The line down the right side is due to the 
cover glass. Plain light.

wM
Figure 28. Same as Figure 2?, with crossed nicols.
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Figure 29. Hornblende vein with bleached border In
Leatherwood Quartz Dlorlte. Width of vein 
Is approximately one Inch.

Figure 30. Light colored area within a sheared zone in 
the Leatherwood Quartz Dlorlte. Width of 
lighter area is approximately three Inches.
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Figure 31. Photomicrograph of replacement-type vein of 
quartz, microdine, and plagloclase cutting 
Leatherwood Quartz Dlorlte. Crossed nlcols.

Figure 32. Photomicrograph of a quartz-epldote vein
cutting sheared Leatherwood Quartz Dlorlte. 
Crossed nlcols.
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Contact Effects

The contact effects on the metasediments have been 
described by Wood (1963). Limited studies of the contact 
effects on the Leatherwood Quartz Diorlte were carried out 
in the present work. One problem lay in the difficulty of 
establishing exact contacts within the contact area. This 
was accomplished with satisfaction in only one case, where 
a detailed study was made. The five samples given in 
Table 3 are from contact zones and are thought to represent 
altered Leatherwood. The possibility that they may be 
altered sediments cannot be discounted, however.

An early field observation that contact effects 
within the Leatherwood were in direct relation to the cal
cium content of the country rock is supported in thin 
section. When in contact with metaquartzite, the major 
changes in the Leatherwood consist of an increase in micro- 
cline, with an increase in epidote at the contact (Pig. 33). 
In the contact zone with the overlying PreCambrian calcium
bearing argillaceous sediments, a plagioclase-homblende 
rock occurs (Fig. 34 and Table 3, No. 31). All four of the 
remaining sections in Table 3 exhibit an increase in mlcro
cline, and with the exception of number 33» also show an 
increase in epidote and hornblende, Biotite is conspicuous 
by its absence. One sample, number 33» is a mafic-free 
microcline-rich rock containing minor plagioclase and



Table 3. Modal analyses of Leathenrood Quartz Diorite 
from contact zone. Sample 31.was taken from 
upper contact zone. Samples 32, 33, 3^, and 
35 were taken from carbonate contact zones.

Mineral
Quartz
Plagioclase
Microcline
Biotite
Epidote
Hornblende

31 32 33 34 ___ 35
13 10 7 0 4
52 9 8 3 0
0 45 85 32 40
0 0 0 0 0
4 16 0 37 41
2? 19 0 27 13
4 __2 0 __1

100 101 100 100 99
Others
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Figure 33* Photomicrograph of Leatherwood Quartz Diorite 
(lower) contact with quartzite (upper). 
Crossed niools.

Figure 34* Photomicrograph of a homblende-plagioolase 
rock, possibly altered Leatherwood Quartz 
Diorite. Plain light.



quartz. A common feature of these mlcrocline-rich areas Is 
the partial to complete replacement of plagloclase by 
microcline (Figs. 13 and 14).

In the one case where a good contact with a meta
limestone was dlscemable, a series of samples was taken 
across the contact and into the Leatherwood. The limestone 
very near the contact was converted into a tremollte-rich 
rock grading rapidly into am ophi cal cite. In Table 4, 
modal analyses of 5 samples of Leatherwood, taken at 
distances of 0 to 12 feet from the contact, are tabulated. 
These percentages are presented graphically in Figure 35* 
The decreases in plagloclase, blotlte, and quartz, and, 
increases in epidote, hornblende, and microcline, which 
were deduced qualitatively from thin sections, are shown 
quantitatively here.

Contacts with the post-Leatherwood rocks are to be 
described during the descriptions of these features.

Inclusions
Mlneralogically, four types of structures that will 

be referred to as inclusions are present. The most common 
of these are biotite-rich and hornblende-rich, followed by 
ones that are epidote-rich, and rarely quartz-rich ones. 
These inclusions are common throughout the Leatherwood, 
with the possible exception of the cataclastic phase, and

43
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Table 4. Modal analyses of Leathenrood Quartz Dlorlte across a limestone contact zone.

Distance from
contact 0 8 inches 2 feet 5 feet 12 feet

Mineral 36 37 38 39 40
Quartz 5 29 4 7 26
Plagioclass 24 38 46 48 36
Microcline 5 3 8 4 0
Blotite 0 15 10 25 22
Epidote 35 9 16 16 15
Hornblende 30 6 15 0 0
Others 0 0 1 __0 0

99 100 100 100 99
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4 6 8 .
Distance from contact (feet)
---- Quartz---- Plagioclase
.---- Mi crocline
.... Biotite----  Epidote
----  Hornblende

Figure 35* Diagram of mineral variations in the Leather- 
wood Quartz Diorite near a carbonate contact.



may be relatively concentrated. Depending upon the 
composition, they range in color from a pale olive green to 
nearly black. Although some of the inclusions are angular, 
they are more generally rounded and are frequently elon
gated. In size they range from essentially microscopic to 
2 feet in the long dimension (Figs. 36 and 37)•

Microscopically, the four-fold mineralogleal 
classification is essentially substantiated. No minerals 
not present in the Leatherwood appear, but compositional 
and textural variations are present. Modal analyses of 25 

thin sections are tabulated in Table 5» Variations in 
mlneralogical composition are shown in Figure 38, which is 
a graph of the relative percentages of epidote, blotlte, 
and hornblende in the inclusions. From this graph, the 
biotlte-rich inclusions containing epidote are about equal 
in occurrence to the hornblende-rich inclusions, with the 
epldote-rloh inclusions being the least common.

Five distinct textures occur in the biotlte-rich 
inclusions. One consists of an increase in randomly 
oriented blotlte as glomeroporphyritio textured areas with 
highly Irregular boundaries. An increase in epidote (Figs. 
18 and 19) and hornblende may accompany the blotlte. The 
most common texture consists of an increase in medium- to 
fine-grained randomly oriented blotlte. Boundaries of this 
second type range from diffuse and irregular (Fig# 39) to
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Figure 36. Epidote-rich inclusion in Leatherwood Quartz
Diorite. Length of inclusion is approximately 
six inches#

Figure 37. Sutoangular inclusion in Leatherwood Quartz
Diorite. Length of inclusion is approximately 
one foot.



48

Table 5. Modal analyses of Inclusions.

Mineral 41 42 43 44 45
Quartz 1 14 6 13 25
Plagloclase 10 27 9 29 11
Mlcrocllne 0 0 0 5 0
Blotlte 68 4? 64 42 48
Epidote 21 11 20 9 16
Hornblende 0 0 0 0 0
Others __0 1 __1 2 __0

100 100 100 100 100

Mineral 46 47 48 49 50
Quartz 11 4 8 15 3
Plagloclase 38 20 30 35 24
Mlcrocllne 4 0 0 0 6
Blotlte 25 56 51 34 40
Epidote 8 19 10 16 21
Hornblende 14 0 0 0 4
Others 0 1 0 2

100 100 100 100 100



Table 5» Continued.

Mineral 51 52 53 _  54 55
Quartz 2 4 10 6 8
Plagloolase 25 2? 21 34 25
Miorocllne 0 0 6 18 0
Blotlte 45 46 29 10 14
Epldote 27 21 26 8 1
Hornblende 0 0 7 20 46
Others __2 __1 4 6

100 100 100 100 100

Mineral 56 57 58 59 60

Quartz 1 5 5 0 0
Plagloolase 33 32 31 48 24
Miorocllne 0 1 1 0 24
Blotlte 15 27 17 18 12
Epldote 14 7 10 8 13
Hornblende 37 27 33 26 26
Others __0 1 — 2 __0 — 1
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Table 5. Continued. 

Mineral 61 62 63 64 65
Quartz 4 0 0 64 0
Plagioclase 29 38 42 1 15
Microcline 0 0 0 0 0
Biotite 26 28 26 6 12
Bpidote 4 33 31 26 54
Hornblende 36 0 0 0 0
Others 1 __1 __2 J & *

100 100 100 100 100
* sericite
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Epidote

Blotite Hornblende

Figure 38. Mafic mineral ratios in 25 inclusions from 
the Leatherwood Quartz Diorite.
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Figure 39. Photomicrograph of a biotite-epidote-rich 
inclusion (left) in Leathenrood Quartz 
Diorite. Plain light.

Figure 40. Photomicrograph of a biotite-rich inclusion
(left) in Leatherwood Quartz Diorite. Plainlight.



more distinct, less irregular ones (Fig* 40). An increase 
in epidote may also accompany the second type. Crystals of 
plagioclase with features similar to those in the Leather- 
wood are commonly present (Fig* 41). A third uncommon type 
has characteristics similar to the sheared Leatherwood (Fig. 
42). A fourth type displays a relatively high concentra
tion of biotite which may be randomly or well oriented. In 
one thin section, the orientation changes from random to 
good. Boundaries with the Leatherwood are relatively 
distinct. In megascopic samples this fourth type is fre
quently well rounded. A fifth type of biotite-rich 
inclusion consists of an almost pure concentration of 
strongly oriented biotite elongated along a center of peg- 
mat it e-like material.

Two general textures are present in the hornblende- 
rich inclusions. One is fine-grained with a distinct 
irregular to fairly sharp boundary and is characterized by 
plagioclase crystals similar to those in the Leatherwood.
A second texture is frequently characterized by an increase 
in size of hornblende, biotite, sphene, and apatite with 
the resulting texture appearing coarser them the Leather- 
wood (Pig. 43). The hornblende is the same color as that 
in the Leatherwood and ranges from anhedral to subhedral 
acicular. No plagioclase similar to that in the Leatherwood 
was noted. The second type frequently displays an increase
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Figure 41. Photomicrograph of a blotlte-epldote-rlch 
Inclusion with a plagloclase grain twinned 
by the carlsbad law (center). Crossed nicols.

' : / '-.r

Figure 42. Photomicrograph of a sheared inclusion.
Large crystal is plagloclase. Plain light.
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Figure 43, Photomicrograph of a hornblende-rich inclusion. 
Plain light.

Figure 44. Photomicrograph of a hornblende-rich inclusion
(lower) in Leatherwood Quartz Diorite. Plain
light.



in mlcrooline. Both types have random orientations of the 
mineral constituents. Boundaries of the second type with 
the Leatherwood are sharp and somewhat irregular (Pig. 44).

The epidote-rich inclusions are fine-grained and 
have distinct boundaries which are marked by a sudden 
decrease in grain size coupled with an increase in epidote 
and occasionally biotite. One section has what appears to 
be a 1 millimeter wide reaction rim composed of biotite 
(Pig. 45). The inclusions commonly contain large areas of 
pure fine-grained anhedral epidote in a fine-grained matrix 
consisting of euhedral to subhedral epidote and anhedral 
biotite in a mosaic of plagiodase, occasionally with 
quartz (Fig. 46). Hornblende is rare in the epidote-rich 
inclusions. In one section, epidote appears to be psendo
morphic, possibly after hornblende.

One Inclusion, consisting essentially of fine
grained quartz and epidote (Table 5» No. 64), was taken in 
close proximity with a quartzite contact. The boundary 
between the inclusion and the Leatherwood is fairly 
distinct and is marked by an increase in quartz with a 
decrease in grain size.

Post-Leatherwood Dikes
Of the four types of dikes present, pegmatites are 

the most common, increasing in frequency towards the

56
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Figure 45. Photomicrograph of a biotlte border at the
contact of an epidote-rich inclusion (lower) 
with Leatherwood Quartz Diorlte. Plain light.

Figure 46. Photomicrograph of an epidote-rich inclusion
with an area of granular epidote. Plain light.
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southwest and continuing to increase in quantity in this 
direction outside the Leatherwood. Frequently bands of 
garnet are found in the pegmatites (Figs. 4? and 48). Con
tacts with the Leatherwood range from highly regular to very 
irregular and are usually sharp but sometimes are gradation
al (Figs. 49 and 50). Pegmatite-like features sometimes 
cross the boundary between the Leatherwood and the country 
rocks (Fig. 51)* Structures within the pegmatites may show 
parallelism with those in the Leatherwood (Fig. 52). Micro
scopically the pegmatites are composed of microcline, 
quartz, and muscovite with minor garnet and apatite. Con
tacts with the Leatherwood are characterized by a marked 
change in mineralogy.

Two types of fine-grained felsic dikes cut the 
Leatherwood. Near the upper western contact a dike with a 
granophyric texture of intergrown quartz and potassium feld
spar occurs (Fig. 54). Minor shred-like biotite and musco
vite, euhedral to subhedral magnetite, and euhedral apatite 
are seen in thin section. In the northeastern section 
several aplite dikes are present. These have a fine-grained 
granitic texture and are composed of microcline, quartz, 
plagioclase, biotite, muscovite, sphene, magnetite, pyrite, 
and alteration products.

Common in the northeastern one-third of the Leather- 
wood are dark lamprophyric dikes. Megascopic contacts with
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Figure 48. Pegmatite of Figure 4? with a displaced 
portion of a garnet hand.
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Figure 49. Leatherwood Quartz Diorlte and pegmatite 
contact south of Summerhaven.
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Figure 51. Leatherwood Quartz Dlorlte (lower) and Precambrlan metasediment contact. Ski 
Hoad.

Figure 52. Leatherwood Quartz Dlorlte contact with a 
pegmatite, with parallelism of structure.
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Figure 53. Photomicrograph of Leatherwood Quartz Diorite 
(upper) contact with a pegmatite. Plain 
light.

Figure 54« Photomicrograph of granophyric texture in
a felsic dike rock, Ski Road. Crossed nicols.



the Leatherwood are sharp and generally even. Some of the 
coarser grained dikes extend Into the sediments northeast 
of Marble Peak. One of the larger coarser grained dikes 
exhibits considerable brecclation, with angular coarse
grained fragments In a somewhat finer matrix. In texture, 
the dikes range from ones having small phenocrysts of 
hornblende and plagloclase In an aphanitlc matrix to 
medium-grained dikes consisting mainly of hornblende and 
plagloclase (Pigs. 55 and 56). The Intrusive contact with 
the Leatherwood Is very sharp (Fig. 57)# The hornblende Is 
pleochrole from light to dark brown, euhedral to subhedral, 
and Is frequently partially altered to chlorite. When two 
sizes of hornblende are present In the same section, the 
alteration to chlorite Is more pronounced in the larger 
crystals. Plagloclase varies from small euhedral crystals 
In the very fine-grained dikes to subhedral lath-shaped 
crystals in the coarser rocks. The An content is high, In 
the range An 58 to An 68. Considerable alteration to serl- 
clte is seen in some sections, but epidote is not common.
A modal analysis of one section from the coarse-grained 
brecclated area gave the following percentages * horn
blende, 45; plagloclase, 32; chlorite, 8; opaque, 5; 
quartz, 4; blotlte, 2 ; calcite, 2; apatite, 1; traces of 
epidote and sphene.
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Figure 55. photomicrograph of a dark, fine-grained 
horntilende-plagioclase dike rock, Alder Canyon. Plain light.

Figure 56* Photomicrograph of a coarse-grained homblende- 
plagioclase dike rock. Control Hoad. Plain light.
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Figure 57. Photomicrograph of the contact between 
Leatherwood Quartz Diorite (upper) and 
a mafic dike. Plain light.

Figure 58• Photomicrograph of the contact between 
Leatherwood Quartz Diorite (lower) and 
Catalina Granite. Crossed nicols.

\
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Catalina Granite

The Leatherwood Quartz Diorite Is in contact with 
the Catalina Granite along the northern half of the western 
boundary. In the field, the Catalina Granite displays 
typical intrusive contacts with the Leatherwood. Apophyses 
of the granite commonly extend into the Leatherwood, and 
blocks of the latter appear to be Included in the granite.
No chilled border facies was noted in the granite. The 
Catalina Granite is a light colored coarse-grained rock, 
consisting of orthoclase, quartz, plagioclase, and traces of 
blotite, magnetite, and apatite. In thin section, contacts 
with the Leatherwood are fairly distinct and are marked by 
a fine-grained recrystallization product in the Leatherwood 
(Fig. 58). Epidote appears to be absent in the Catalina 
Granite and decreases in the Leatherwood towards the con
tact (Table 6).
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Table 6. Modal analyses of Leatherwood Quartz Diorlte 
at contact with Catalina Granite. Samples 
66 and 67 are from very near the contact. 
Samples 23 and 24, repeated from Table 1, 
are at a distance of approximately 1000 feet 
from the contact.

Mineral 66 67 23 24
Quartz 24 14 22 28
Plagloclase 42 54 51 50
Microcllne 11 10 2 1

Biotite 14 13 16 17
Epldote 0 0 4 1

Hornblende 8 7 5 0

Others 1 2 — 1
100 100 101 100



STRUCTURE

Structural features present in the Leatherwood 
Quartz Dlorite consist of a lineation produced by the axes 
of elongate inclusions, foliation due to biotite orienta
tion, shear surfaces and zones, dikes, and faults. In one 
outcrop (fig. 59)* the order in which five of these fea
tures are produced is, from oldest to youngest, inclusion 
orientation, foliation, aplite dikes, shear surfaces, and 
pegmatites.

Lineation of Inclusions
The structural element which is the oldest wherever 

relationships can be determined is the lineation exhibited 
by elongated inclusions. As already noted, four mineralog- 
ical classes of inclusions are present which vary in shape 
from angular to rounded with many displaying an elongated 
form. A rose diagram of the trends of 155 of these elon
gated inclusions shows a pronounced preferred orientation 
with 61 percent falling between N66e and N85E (Pig. 60). 
Very few three dimensional readings were possible, but the 
angle of plunge appears to be small and to the east.
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Figure 59. Leatherwood Quartz Diorite with apllte dike 
(upper left) cut by shear zone (center), which Is In turn cut by a pegmatite (right). The pegmatite also cuts an Inclusion (lower 
right).
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I
Figure 60. Rose diagram of trends of inclusions in 

the Leatherwood Quartz Diorite based on 
155 readings.
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Foliation

The next oldest feature appears to be a foliation 
produced by an orientation of the biotite in the Leather- 
wood. This foliation is of irregular occurrence, and when 
present, ranges from, a barely discernible to a strongly 
developed feature. In the field, sheared areas and a foli
ation developed by weathering may be confused with the 
biotite foliation. A rose diagram of the strikes of 36 

foliations indicates a preferred orientation, with 4? per
cent falling between N66e and N85E (Fig. 6l). As a minor 
grouping has the same strike as the major shear direction, 
a possibility exists that these are readings from sheared 
zones rather than biotite foliations. Dips of the folia
tions are between 0 and 50 degrees north, with 50 percent 
falling between 20 and 30 degrees north.

Shear Structures
The major shearing was apparently produced after 

the foliation, but prior to the formation of most of the 
dikes. This is indicated by dikes forming or being in
jected along shear surfaces as well as cutting them (Fig.
59)• Pegmatites also show displacement, but it could not 
be determined if this displacement was caused by shearing 
or faulting. A rose diagram of the strikes of 40 shear 
surfaces displays a preferred orientation, but less than



Figure 61. Rose diagram of strikes of foliation in 
the Leatherwood Quartz Diorite based on 
36 readings.



that of either the inclusions or foliation, with 33 percent 
of the strikes falling between N55W and N75W (Fig. 62).
The dips of shear surfaces are widely scattered, with 75 
percent towards the north, and with 45 percent falling be
tween 21 degrees north and 40 degrees north. Twenty linea- 
tions on shear surfaces were measured, and all plunge with 
low angles to the east between N66S and S65B.

Pegmatites
Pegmatite dikes within the Leatherwood range in 

width from less than one inch to greater than 30 feet 
(Figs. 49 and 50) and increase in size beyond the south
western boundary of the area mapped. Contacts with the 
Leatherwood may be even (Fig. 50) to very irregular (Fig. 
49). Small, highly contorted dikes, such as shown in 
Figure 50, are common. Some of the smaller dikes occur 
along shear surfaces and others have features indicating 
implacement or formation in fractures along which movement 
has taken place. Figure 63 is a sketch of a pegmatite with 
displacement in the structure of the adjoining Leatherwood. 
In Figure 64, a quartz vein extending from the Leatherwood 
into a pegmatite gradually disappears, but appears to have 
been displaced near the center of the pegmatite. A rose 
diagram of the strikes of 25 pegmatites indicates some pre
ferred orientation, with 28 percent falling between N35W
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Figure 62. Bose diagram of strikes of shear surfaces 

• in the Leatherwood Quartz Dlorite based 
on 40 readings.



Figure 63. Sketch of drag folds in Leatherwood Quartz Diorite adjacent to a pegmatite dike (cen
ter). Width of pegmatite is approximately one foot.

Figure 64. Sketch of a quartz vein (Q) displaced and 
, dying out in a pegmatite (Pg). Width of 
pegmatite is approximately two feet.
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and W t W  (Fig. 65). This orientation corresponds to that 
of the larger pegmatites. Of the pegmatites measured, 80 
percent had nearly vertical dips.

Alteration Veins
Very limited data on alteration and replacement- 

type veins suggest a relationship with shearing, but cannot 
be considered conclusive. These veins are probably related 
to metamorphism of the Leatherwood or the contact effects 
with the metasediments.

Mafic Dikes
Exposures of the mafic dikes are very limited, and 

rarely permit the accumulation of structural data. As a 
result, the only interpretation attempted is to assign the 
mafic dikes a position in the sequence of formation of 
structural features. They appear to be among the latest 
features, having intruded the Leatherwood Quartz Diorlte 
after the metamorphism of the latter, based upon the ab
sence of foliation in the dikes.

Faults
The major fault occurring in the area was mapped by 

Peirce (1958) and named the Geesman fault. This fault 
trends slightly north of west and dips approximately 70 

degrees to the south (Peirce, 1958). Almost the entire



Figure 65. Bose diagram of strikes of pegmatites 
based on 25 readings•

x.
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Figure 66. Photomicrograph of sheared Leatherwood Quartz 
Diorite near Geesman Fault. Crossed nicols.

Figure 67. Leatherwood Quartz Diorite extending into 
PreCambrian metasediments, Ski Road.
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northern boundary of the Leatherwood lies along this fault 
where the Leatherwood is in fault contact with Precambrlan 
granite. To the east, Paleozoic sediments are in fault 
contact with Precambrlan sediments. The southern block 
containing the Leatherwood is downthrown. Along this sur
face the Leatherwood is sheared (Fig. 66) and has been 
distorted by drag folding.

Only one other fault was definitely located in the 
Leatherwood. This one is on the southern face of Marble 
Peak and has an estimated displacement of 200 feet. Several 
minor faults appear to be located at the upper contact of 
the Leatherwood with Precambrlan metasediments south of 
Beef of Bock. Peirce suggests the presence of a fault be
tween Oracle Bidge and Bed Bldge. The presence of this 
fault would simplify reconstruction of the sedimentary 
cover in this area. No direct evidence for the existence 
of this fault was found, and for this reason the latter 
fault is not included in this work.



PETHOGENESIS

Origin of the Leatherwood Quartz Diorlte 
The original texture of the Leatherwood Quartz 

Diorlte is suggested by the common occurrence of a hypidio- 
morphic granular texture (Pig* 4). This texture is 
characterized by euhedral to subhedral plagioclase with 
interstitial quartz. The plagioclase occasionally displays 
normal zoning (Pigs. 4 and 15), and twinning according to 
the carlsbad law is fairly common (Fig. 15). Hypidiomor- 
phic granular textures and the presence of normally zoned 
plagioclase are commonly considered to indicate an igneous 
texture. The relative abundance of plagioclase twinning 
according to the carlsbad twin law suggests that the rock 
is of igneous origin (Coral, 1951)•

Of the major minerals present in the Leatherwood, 
only the plagioclase and quartz are considered as approxi
mately corresponding to original minerals. An content of 
the plagioclase has apparently been lowered by metamor
phism, with the release of calcium resulting in the forma
tion of epidote (Peirce, 1958). Near the contact with the 
Catalina Granite the epidote content of the Leatherwood 
approaches zero (Table 5). if the decrease in epidote can 
be attributed to contact metamorphlc effects in the
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Leatherwood reestablishing a higher temperature equilibrium, 
then the An content of 42 In the plagloclase near this con
tact would approach the upper limit for the original pla
gloclase. No relic mafic minerals appear to be present.
The form of some of the blotlte and hornblende suggests 
augite as being a possible original mafic mineral. Of the 
other minerals now present, only apatite and sphene are 
considered in part to be original minerals.

In form, the Leatherwood intrusion is best des
cribed as a stock, although locally it may have features of 
a sill. In general, contacts with the sediments along the 
northern border, are more concordant, as well as to the 
northeast where the Leatherwood thins out in the Paleozoic 
sediments, with a nearly horizontal locally discordant con
tact. The upper contact is well exposed along the road 
from Summerhaven to Mount Lemmon where a discordant intru
sive contact with Precambrlan sediments and metasediments 
is found. The contact is highly irregular with apophyses 
of the Leatherwood extending in almost lit-par-lit fashion 
into the metasediments (Figs. 6? and 68). Inclusions of 
metasediments are numerous with many displaying apparently 
little displacement. The lower contact is visible only 
along a portion of the eastern side. As noted earlier, a 
minimum thickness of 1000 feet is exposed between Bed Bidge 
and Oracle Bidge.
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Figure 69• Bleached, altered zone between Leatherwood 
Quartz Diorite (lower) and PreCambrian 
metasediments, Ski Hoad.
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Where the Leatherwood Intrudes metasediments, a 

local contact metamorphic aureole Is developed. As already- 
noted, Wood (1963) carried out a detailed study of a part 
of this aureole. The contact effects vary, with the major 
control appearing to be the nature of the intruded meta
sediment. In metaquartzites, the production of oriented 
serlcite was the only effect noted. Along the road from 
Summerhaven to Mount Lemmon, the intrusion of the Leather- 
wood into pelitic metasediments locally produced epldote 
and actinolite, with epldote and a bleaching effect some
times being present in the adjacent Leatherwood (Fig. 69). 
Inclusions of the pelitic metasediments are common in the 
latter area, and the degree of alteration of the inclusions 
ranges from that of the wall rock to the production of 
schistose rocks. Contact effects on metalimestones consist 
of the production of skams, tremolite-rich rocks, and 
ophlcalclte.

Contact effects within the Leatherwood are most 
noticeable near carbonate contacts. An apparent decrease 
in the An content of plagioclase towards the carbonate con
tacts is thought to be a contact metamorphic effect related 
to the production of a potassic modification of the Leather- 
wood. A more pronounced replacement of plagioclase by 
mlcrocline occurs near carbonate contact (Fig. 14). Simi
lar occurrences have been considered to be the result of an
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essentially one-way transfer of silica, alumina, and iron 
from a granite into a limestone (Nockolds, 1950 and Tilley, 
1949)* Muir (1953) proposed a similar mechanism to produce 
a local potassic modification in a granodiorlte tut consi
ders some calcium as having been transferred into the gra- 
nodiorite. Wood (1963) found an apparent increase in 
silica, iron, and alumina and a decrease in calcium in the 
metasediments of a part of the contact aureole surrounding 
the Leatherwood.

A graph of modal analyses of a series of sections 
taken at distances of from zero to 12 feet of a limestone 
contact (Fig. 35) shows a decrease in plagioclase and an 
increase in microcline towards the contact, but the in
crease in microcline is not nearly as great as the decrease 
in plagioclase. A striking increase occurs in both horn
blende and epidote, coupled with a decrease in biotlte. 
Overall, quartz decreases but reaches a maximum eight 
inches from the contact before decreasing to a previous 
low. This graph suggests that the mineralogical changes 
occurring within the contact Leatherwood are predominately 
the result of a chemical rearrangement. Migration of sili
ca towards the contact has apparently taken place with a 
geochemical culmination (Reynolds, 1956) occurring eight 
inches from the contact. If four samples from other car
bonate contacts are altered Leatherwood, then the trends



85
expressed in Figure 35 apparently continue and finally 
result in micordine-rich, blotlte-poor rocks (Table 3)•
In the light of these results, the validity of the pla- 
gloclase-homblende rock of Table 3 being altered Leather- 
wood is questionable.

Another feature of the Leatherwood is a recrys
tallized cataclastic phase in the southeastern part of the 
area. Of two possible explanations of this feature, one, 
that of a protoclastic border (Waters and Krauskopf, 1941), 
is not considered probable for the following reasons• The 
trend of the cataclastic features is the same as the trend 
of the inclusions and foliation of the remainder of the 
Leatherwood and does not exhibit the intricately swirled 
foliation described by Waters and Krauskopf. Because of 
soil and forest cover, the nature of the contact between 
the cataclastic zone and the main mass of the Leatherwood 
was not seen, but an impression of a fairly sharp contact 
was received. The cataclastic area was localized in the 
southeastern part of the intrusion and was not noted at 
any of the other contacts. The degree of recrystallization 
in the cataclastic area is greater than in the rest of the 
Leatherwood. A modification of this concept, that of a 
thin injection sheet cooling enough during intrusion to 
allow cataclastic deformation, also does not appear to fit 
in well with part of the above features. The uniformity of
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cataclastlc features and an apparent thickness of more than 
400 feet does not appear to support this idea. The se
quence proposed here consists of two events. First, there 
was a small intrusion in the southeastern sector. The 
second event was the later, genetically related, main 
Leatherwood intrusion which cataclastically deformed the 
now cooler earlier Intrusion. Sufficient heat was imparted 
to the early phase, or was present, to cause extensive re
crystallization.

Inclusions
On the basis of the following discussion, most of 

the Inclusions are considered to be primary features, 
dating from the intrusion of the Leatherwood Quartz Diorite.

The variety of mlneraloglcal compositions and tex
tures displayed by the inclusions suggests multiple origins. 
The fact that the minerals in the Inclusions appear identi
cal with those in the surrounding Leatherwood Quartz 
Diorite clearly shows that the function of any reactions 
was not to change the chemical compositions of the inclu
sions to conform with that of the magma but to produce 
solid phases stable in the magma at the time of incorpora
tion (Williams, Turner, and Gilbert, 1958, p. 111). In 
order to explain the mlneraloglcal and textural variations 
to which reference has been made, three origins for the
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features referred to as inclusions are proposed. These are 
autoliths, xenoliths, and postintrusion segregations.

Two types of inclusions, which comprise one of the 
larger groups are considered to be autoliths. These two 
are segregations of early formed minerals and cognate in
clusions. The data presented in Figure 70, which is a 
modification of Figure 38, indicating a coincidence of the 
mafic grouping of the Leatherwood with a large group of 
inclusions, is in accord with this proposal. A second 
feature of these Inclusions which does not appear in the 
other types is the occurrence of plagioclase crystals 
similar in nature to those in the Leatherwood (Fig. 4-1).
A third feature, noted in one section (Fig. 42), is a 
sheared texture similar to sheared sections of known 
Leatherwood.

The second large group of inclusions are consid
ered to be reconstituted xenoliths of probable sedimentary 
origin. Mlneralogically, these consist of the hornblende-, 
epidote-, and quartz-rich inclusions, and their mafic 
ratios lie outside the Leatherwood area of Figure 70. Of 
these, the hornblende-rich inclusions are the most common. 
A single quartz-rich inclusion was in close proximity to a 
quartzite contact leaving little doubt as to its origin.
The hornblende- and epidote-rich inclusions, including 
some of the epidote-biotite-rich inclusions, are proposed
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Epldote

HornblendeBiotite

Figure 70. Mafic mineral ratios of inclusions from
Figure 38, with Leatherwood Quartz Diorite 
area from Figure 11 to the left of the 
dashed line.
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to have originated as fragments of the Precambrlan or 
Paleozoic sediments. Their present mineralogies! composi
tions are a reflection of both the original chemical 
composition of the fragments and of the physical and 
chemical conditions within the magma.

The third and smallest group of inclusions is 
characterized by an increase in biotite along fractures, 
and frequently contain small pegmatltio cores. These are 
proposed to have originated as segregations possibly formed 
during potash metasomatism or pegmatlzation.

Metamorphlc Features and Their Origin
A characteristic feature of the Leatherwood is the 

occurrence of epidote. Of the two types present, the more 
striking is that of small euhedral crystals of epidote con
tained in the plagloclase. Peirce (1958) reports that the 
amount of epidote decreased towards the southwestern 
gneissic contact, but this was not noted in this work. The 
decrease in the epidote content towards the Catalina Gran
ite contact has already been ascribed to the contact effect 
of the granite. As noted in the section on the origin of 
the Leatherwood, Peirce considers the epidote to be due to 
the release of calcium during the metamorphism of an ini
tially more calcic plagloclase than is now present. The 
interpretation proposed here differs only in that the
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Leatherwood is considered to have been intruded later in 
the period of metamorphism than is apparently considered by 
Peirce. A plot of the An content and the percent epidote 
in the Leatherwood (Fig. 71) appears to support a reverse 
relationship between the two, but the point scatter is too 
great to allow a more definite conclusion. A second occur
rence of epidote consists of anhedral grains, patches, and 
veins. The epidote content commonly increases towards car
bonate contacts. This would seem to be due to contact 
effects, late stage epidotization, and alteration.

Another mineraloglcal feature of the Leatherwood is 
the partial to essentially complete replacement of plaglo- 
clase by microcline (Figs. 12, 13, and 14). Part of these 
replacements have already been related to contact metamor- 
phlc effects. These features within the main body of the 
Leatherwood are very similar to those described by Robert
son (1959) and are ascribed by him to potash metasomatism. 
Such an interpretation is consistent with the fixation of 
alkali by silicates of iron and magnesium resulting in the 
replacement of other mafics such as hornblende by biotite 
(Turner and Verhoogen, i960, p. 5&9)»

Petrographic evidence for a secondary origin for 
the biotite and hornblende has been presented in the chap
ter on petrography. The presence of minor hornblende is 
attributed to local chemical environments rather than to a
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Percentage Epldote

Figure 71• Variation diagram of the relation of the
percentage epldote and An content of plaglo- 
clase, Leatherwood Quartz Diorlte. Open 
circles are four samples near the contact 
with the Catalina Granite.

x.
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difference in degree of metamorphism. Areas exhibiting 
foliation due to oriented blotite are randomly dispersed 
throughout the mass, and the strike of the foliation close
ly approximates the trend of the Inclusions. The dip of 
the foliation is generally north. Preferred orientation of 
any minerals other than blotite was not noted using routine 
petrographic methods. The uniformity of strike and dip of 
the foliation, the absence of any correlation between the 
attitude and distribution of the foliation and the intru
sive contacts, and the absence of preferred orientation of 
other minerals, especially in the plagloclase crystals, 
argues against the foliation being a primary feature. The 
foliation is proposed to have been developed during a pe- 
' rlod of regional metamorphism, possibly accompanied by 
potash metasomatism, which followed a synkinematic intru
sion of the Leatherwood. A result of this metamorphism was 
the alteration of an earlier mafic component to blotite.

Chemical Changes
The earliest mineralogies! changes in the Leather- 

wood Quartz Dlorite appear to be more the result of adjust
ment within the system than of chemical additions to the 
system. New conditions would result in the formation of 
minerals more in equilibrium with these conditions. Poss
ible examples of such changes have been noted. One con
sists of the formation of epidote from calcium released



during the metamorphism of plagioclase, with the formation 
of a less calcic plagioclase* The possible formation of 
biotite and hornblende from an earlier mafic mineral is 
considered to reflect a change in physical environment more 
than a gross chemical change in the system*

The original composition of the Leatherwood was 
probably more quartz dloritic than the present composition 
which borders that of a quartz monzonite. This change is 
attributed mainly to post-Intrusive potassium metasomatism 
which resulted in the introduction of most of the ml cro
cline present. Bpidotization, hydrothermal alteration, and 
weathering effects are seen in the presence of epidote 
veins, alteration of biotite and hornblende to chlorite, 
and alteration of feldspars to clay and sericlte* The rare 
occurrence of fluorite is probably related to the formation 
of the pegmatites.
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Pegmatites
Some of the pegmatites within the Leatherwood have 

features supporting a replacement origin* The quartz vein 
in Figure 64 becomes less distinct as it projects into the 
pegmatite and finally disappears. Parallelism of the 
quartz and mica of the pegmatites with the structure of the 
country rooks was reported by Peirce (1958). Similar fea
tures were found during this study and one is illustrated



in Figure 52» Usually the contacts of the pegmatites with 
the Leatherwood are very sharp, but occasionally are more 
gradational. The pegmatites are frequently zoned, this 
latter feature being well displayed in garnet-bearing peg
matites near the southwestern boundary (Figs. 4? and 48). 
These features may be explained by considering the pegma
tites containing them to be the result of alteration along 
shear and tenslonal fractures which provided zones of weak
ness along which the agents of alteration could penetrate. 
The absence of interpretive features in other pegmatites 
does not allow a more complete analysis of the origins of 
the pegmatites.

9k

Structure
The stock-like form of the Leatherwood Quartz 

Diorlte intrusion and the orientation of the inclusions are 
considered to be the only primary structural features pro
duced by intrusion. This implies that most of the inclu
sions were in existence during intrusion and that the 
preferred orientation exhibited by these is a result of the 
mechanics of intrusion of the magma.

At least two possible explanations of the preferred 
orientation of the Inclusions exist. Intrusion under es
sentially north-south regional compression could produce 
such an alignment of the inclusions (Balk, 1937, P» 17).
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On the northeast side of the Santa Catalina Mountains, 
Paleozoic rocks strike essentially north-south and dip 
east, and am explanation which considers this feature has 
been proposed by E. B. Mayo (personal communication). In 
this second explanation, the Leathenrood could have occu
pied the north flank of am actively .rising welt whose 
nearly east-west axis was actively elongating.

The foliation resulting from preferred orientation 
of the biotite is proposed to have been developed by par
tial recrystallization under post-intrusive metamorphic 
conditions and under a continuation of the stresses which 
were responsible for the orientation of the long axes of 
the inclusions. This explanation allows the biotite to be 
secondary in this sense, and also to have the same struc
tural orientation as do the inclusions. A post-intrusive 
metamorphic history is also inferred from the plagloclase- 
epidote relationships. The apparent lack of a preferred 
orientation in the prismatic plagloclase crystals suggests 
that either these crystals were not in existence during 
intrusion or that no structural influence was exerted and 
that they were not recrystallized under stress during post- 
intrusive metamorphism. The association of small, euhedral, 
equldlmenslonal epidote crystals with the plagloclase, sug
gesting calcium release from a more calcic plagloclase
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during metamorphlsm, seems to support the idea that the 
plagioclase was in existence prior to the metamorphism.

The origin of the shearing and the emplacement of 
the felsio dikes is thought to be related to continuing 
stresses on the then essentially solid intrusion, but rela
tionships are not clear. Apparently the emplacement of sp
lits dikes and shearing were occurring during the same time 
interval. This was followed by emplacement of the pegma
tite along shear surfaces and also along vertical planes 
tentatively considered to be tensional joints. The major 
shear direction corresponds approximately to one projected 
according to Billings (195^* P» 95) with the possibility of 
the stress direction being east-west. The vertical nature 
of the larger pegmatites is considered to reflect tensional 
joints, based essentially on the dip, as there is consider
able spread in the strikes. The strike of a direction 
showing a slight peak in occurrence is not at right angles 
to the direction taken by the trends of the inclusions and 
the strike of the foliation, as would be expected for ten
sional joints (Balk, 1937)* Based on the variations found 
in these latter features, it is suggested that perhaps 
stresses were not uniform in direction during the postmeta
mo rp hi c history of the area. Some of the pegmatites were 
emplaced along surfaces where movement had occurred. The 
distorted adjacent Leatherwood in Figure 63 and the
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displaced quartz vein in Figure 64 support this latter 
conclusion.

The latest structural features appear to be pro
duced by the Intrusion of the mafic dikes and the Catalina 
Granite. This position in the structural sequence is based 
upon petrographic evidence, as structural data other than 
the intrusive nature of the contacts is lacking. The ab
sence of any alteration in some of the dikes, the presence 
of hydrothermal-type alteration in others, and the absence 
of the epidote characteristically associated with the pla- 
gioclase of the Leatherwood are considered to reflect a 
postmetamorphlc intrusion of these dikes. Lack of meta- 
mo rphlc features in the Catalina Granite also supports a 
postmetamorphlc history for this Intrusion.



SUMMARY

The present study has brought out several features 
relating the intrusion and subsequent history of the Leath- 
erwood Quartz Diorlte to the more general history of the 
Santa Catalina Mountains. The presence of a contact meta- 
morphic aureole around the Leathenrood, and the presence of 
petrographic features common to igneous rocks seem to es
tablish the intrusive nature of the Leathenrood Quartz 
Diorlte. A post-intrusivef synkinematio metamorphism is 
suggested by the apparent secondary nature of the mafic 
minerals, by the occurrence of a foliation in the biotlte, 
and by the parallelism of the biotlte foliation with the 
trends of the long axes of inclusions. As the metamorphic 
effects in the Leathenrood are relatively uniform, while 
the metamorphism of the country rock ranges from medium- 
to high-grade to low-grade, the time of intrusion appears 
to have been during the waning phases of the regional meta- 
morphism that affected the Santa Catalina Mountains.

Petrographic studies suggest that the present pla- 
gioclase-epidote association in the Leathenrood may be the 
result of calcium release during the metamorphism of a more 
calcic plagioclase than is now present, rather than the 
result of a change in the gross chemical composition.
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A more calcic plagioclase apparently produced by the intru
sion of the Catalina Granite may represent essentially the 
original composition of the plagioclase. Metamorphism, 
possibly combined with potash metasomatism, is also consi
dered to have caused the formation of biotite and horn
blende from earlier mafic minerals. A potash metasomatism 
is indicated by the nature of the interstitial microcline.
A later hydrothermal-type alteration has apparently re
sulted in epidote and hornblende veins, in the alteration 
of mafias to chlorite, and in the alteration of feldspars 
to clay and serioite. Local potassie modifications of the 
Leatherwood, produced by partial to nearly complete re
placement of plagioclase by microcline, are common near 
carbonate contacts. These modifications are thought to be 
the result of an interchange of calcium, iron, alumina, and 
silica between the Leatherwood and the carbonate rock.

A protoclastic border origin for a cataclastic 
phase is not considered likely, on the basis of occurrence, 
megascopic structure, and petrographic evidence. The oc
currence of biotite which is distorted around larger cata- 
clastically deformed grains suggests that the biotite was 
present or was forming during deformation. On the basis of 
these features, this phase of the Leatherwood is proposed 
to have been formed through deformation of an earlier
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genetically related minor intrusion by the major Leather- 
wood Intrusion.

Petrographic data show a variety of mlneralogical 
and textural variations of the inclusions in the Leather- 
wood. This Is considered to be a reflection of origins of 
the inclusions as autoliths, xenoliths, and segregations. 
Assuming the autoliths and xenoliths to be primary features, 
then the preferred orientation displayed by these inclu
sions appears to have been produced by the mechanics of the 
intrusion.

Pegmatites are common in the southwestern part of 
the Leatherwood, and increase in number and size in this 
direction. Continuation of this Increase into the country 
rocks on the southwest border suggests that the center of 
pegmatization was in this direction. A replacement origin 
for some of the pegmatites is suggested by continuation of 
country rook structures into some pegmatites, and by the 
zoning occasionally present in pegmatites. Correlation of 
the structural relations of the pegmatites to the other 
structural features was not satisfactory.

Postmetamorphic Intrusions of the Catalina Granite 
and of mafic dikes appear to be the latest igneous events.
A postmetamorphic age for the formation of faults such as 
the Geesman fault is suggested. The sequence of these 
latter events is suggested by field relations and
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occurrence (Plate I). The Catalina Granite Is apparently 
cut by the Geesman fault (Peirce, 1958), thus making the 
Intrusion of the Catalina Granite the oldest of these 
events. Northeast of Marble Peak, mafic dike rocks crop 
out on both sides of the Geesman fault. Considering the 
apparent displacement along the fault and the lack of cor
relation across the fault elsewhere, this latter occurrence 
suggests that the Intrusion of the mafic dikes postdates 
the faulting. The proposed sequence consists of the intru
sion of the Catalina Granite, followed by faulting, and 
with the final event being the Intrusion of the mafic
dikes.
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