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ABSTRACT
Equigranular Wilderness granite and pegmatitic Lemmon 

Rock leucogranite are leucocratic, members of the Eocene 
Wilderness suite, are peraluminous granitic units containing 
almandine-spessartine garnet and two micas. Lemmon Rock 
leucogranite is slightly more differentiated than Wilderness 
granite and intrudes the contact of the Wilderness granite 
with country rocks.

Wilderness suite rocks intruded highly deformed 
country rock producing an extensive amphibolite-grade 
metamorphic aureole that appears to anneal pre-existing 
deformational fabrics. Post-emplacement deformation, 
intensely developed in Wilderness suite rocks south and west 
of the study area, is weakly and irregularly developed 
Wilderness suite rocks of the study area.

Fluid inclusions in Wilderness suite rocks contain 
early aqueous fluids of possible magmatic origin, mixed H2o- 
C02 fluids of possible metamorphic origin and late aqueous 
fluids of meteoric origin. C02 contents of mixed fluids 
decreased with time. Mixed H20-C02 fluid inclusions occur 
in primary igneous quartz and in early, remobilized quartz 
fracture fillings but are destroyed in extensively deformed, 
recrystallized quartz. Fluid inclusion geobarometry 
suggests that the Wilderness suite was emplaced at a depth 
of about 13km.

xi



CHAPTER 1

INTRODUCTION 
Statement of problem

The Santa Catalina-Rincon-Tortolita metamorphic core 
complex is one of a group of broadly similar orogenic 
phenomena occurring in a belt along the eastern side of the 
North American cordillera, extending from southern Canada to 
northern Mexico (Davis and Coney, 1979). The distribution 
and main features of metamorphic core complexes have been 
detailed in recent years by Crittenden et al.(1980), Coney 
(1979,1980), Davis and Coney (1979), Armstrong (1982), and 
by others. Briefly stated, metamorphic core complexes are 
exposures of once ductile lower crust on which shallow, 
brittle deformational features have been superimposed 
(Armstrong, 1982). These exposures typically form domes or 
arches of anomalously deformed and metamorphosed igneous and 
metasedimentary rocks having shallowly dipping foliations 
and lineations of regionally consistent orientation (Davis 
and Coney, 1979). Normally present are Mesozoic to Cenozoic 
igneous rocks that show varying structural overprint, 
metasedimentary rocks having Cenozoic K-Ar and fission-track 
ages, and evidence for tectonic denudation along low-angle 
faults that superimpose ductilely deformed, metamorphosed 
footwall rocks with brittly deformed hangingwall rocks
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(Armstrong, 1982). Davis (1977), focusing on the 
relationships between mid-Tertiary detachment faults, 
footwall tectonites, and hanging wall lithologies, has 
defined four component elements of metamorphic core 
complexes: the core, the metamorphic carapace, the
decollement, and the cover.

Significant controversy has arisen in recent years 
concerning the ages and origins of both deformational and 
metamorphic features of metamorphic core complexes. Some 
researchers attribute the formation of these features to 
Mesozoic compressions! forces, crustal thickening and 
concomitant magmatism, while others attribute them solely to 
Tertiary extensional forces (see reviews in Armstrong, 1982; 
Coney and Harms, 1984; Bykerk-Kauffman, 1983; Davis et al., 
1986). In contrast to earlier models advocating a single 
phase of deformation. Coney and Harms (1984) have provided a 
model for the polyphase development of core complex 
features. They identify the belt of metamorphic core 
complexes as being spatially coincident with a welt of 
Mesozoic crustal overthickening which, with the relaxation 
of the Mesozoic compressional force, experienced a 
compensations! extension during the Tertiary. This model is 
largely in agreement with the ideas and observations of 
Armstrong (1982). Janeeke (1986) has recently reviewed the 
disparate models put forth to explain the features of the



Santa Catalina-Rincon-Tortolita metamorphic core complex.
Also largely coincident with the welt of Mesozoic 

crustal thickening identified by Coney and Harms (1984) is a 
belt of peraluminous, two-mica granites as described by 
Miller and Bradfish (1980). Peraluminous, two-mica granites 
are generally considered to be of crustal anatectic origin 
and symptomatic of crustal thickening ( Armstrong, 1982; 
Pitcher, 1979; Miller and Bradfish, 1980; Wright and Haxel, 
1982). Haxel et al. (1984) have shown a strong spatial and 
temporal association between late Mesozoic to early Tertiary 
thrust faulting, regional metamorphism and the intrusion of 
peraluminous granites in southernmost Arizona. Keith and 
Wilt (1984), studying Paleocene-Eocene peraluminous granites 
and related metamorphic rocks throughout the Basin and Range 
Province of Arizona have proposed that they represent a 
province-wide tectono-statigraphic unit associated with the 
waning stages of Laramide thrust faulting. The common 
occurrence of two-mica granites within metamorphic core 
complexes tends to support the idea that crustal thickening 
is the process ultimately responsible for many other 
features of metamorphic core complexes as well.

In this thesis, structural and petrological features of 
a portion of the peraluminous, two-mica Eocene Wilderness 
Suite intrusions within the Santa Catalina Mountains are 
examined in order to evaluate some of the concepts outlined
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above. The Wilderness Suite is ideally suited for this 
purpose owing to the fact that the timing of its emplacement 
postdates the Mesozoic orogenic event considered by some to 
be responsible for crustal thickening and core complex 
formation, and yet predates the mid-Tertiary extensional 
event. In this study an examination of deformational 
fabrics within the Wilderness Suite and its country rocks 
documents polyphase deformation within the Santa Catalina 
Mountains. A general geologic study of a portion of the 
upper contact of the Wilderness Suite intrusive complex 
better characterizes the nature of the granites and their 
style of emplacement. A fluid inclusion study within the 
intrusions attempts to document the hydrothermal history of 
the Wilderness Suite in addition to providing an independent 
geobarometer for the depth of emplacement, in itself 
evidence for crustal thickening.

Location and Choice of Study Area 
The area of intensive examination is located within the 

Wilderness of Rocks Natural Area on the southwest flank of 
Mount Lemmon, a portion of the crest of the Santa Catalina 
Mountains approximately 24 kilometers north of Tucson, 
Arizona (Fig. 1). The area is reached by taking the Mount 
Lemmon Highway approximately 48 kilometers to its 
termination at either Marshall Gulch or at the crest of
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Mount Lemmon, and by then following Forest Service trails 
towards Romero Pass. Elevations range from 9200 feet at the 
crest of Mount Lemmon to 7200 feet at Lemmon Creek, at the 
northern and southern limits of the area, respectively. The 
terrain is quite steep on the upper slopes to the north, 
becoming gradual on the lower slopes to the south, and 
forest cover is moderate to heavy, becoming especially heavy 
on the upper slopes.

The area was chosen for its reportedly undeformed 
occurrence of Wilderness Suite pegmatites intruding foliated 
wall rocks. The initial interest was to document 
hydrothermal fluid evolution associated with igneous 
differentiation and pegmatite development within the 
Wilderness Suite, a study best undertaken in undeformed 
rocks. This initial aim led into an interest in comparative 
structural styles after initial inspections of the area 
revealed that deformation had in fact affected the 
pegmatites.



CHAPTER II
REGIONAL GEOLOGIC SETTING AND PREVIOUS WORK

The Rincon-Santa Catalina-Tortolita metamorphic core 
complex is rapidly becoming one of the most extensively 
studied features of the North American cordillera.
Extensive recent compilations of previous work and 
descriptions of local geology and have been provided by 
Keith et al. (1980), Banks (1980), Davis (1975, 1980),
Drewes (1980, 1981), Sudden (1975), Shekel (1974, 1978), 
Creasey et al. (1977) and Janecke (1986).

Very generally, the Rincon-Santa Catalina-Tortolita 
metamorphic core complex consists of a fault-bounded, 
composite, batholithic, crystalline core which grades into a 
complex of banded mylonitic gneiss to the southwest and 
which both intrudes and is mantled by a homoclinal sequence 
of Proterozoic, Paleozoic and Mesozoic metasediments to the 
north and east. This thesis deals directly with the Santa 
Catalina Mountains, the general trends of which are 
continued in the Rincon Mountains to the southeast and the 
Tortolita Mountains to the west.

The specific focus of this thesis is on the Eocene 
Wilderness granite and associated pegmatitic Lemmon Rock 
leucogranite (usage of Shake1, 1978), part of a nearly 
continuous crystalline core consisting of broadly similar
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two-mica, garnet-bearing peraluminous granites (Keith et al. 
1980). Keith's Wilderness Suite is composed of five 
previously defined plutonic masses (see references in Keith 
et al., 1980), and is generally co-extensive with the gneiss 
of Windy Point of Banks (1980). Useful descriptions of the 
occurrence in the Santa Catalina Mountains of Wilderness 
suite plutonic rocks and their gneissic equivalents are 
found in Peirce (1958), Dubois (1959), Pilkington (1962), 
Peterson (1968), Waag (1968), and a host of others both 
earlier and later as cited by Sudden (1975), Banks (1980) 
and Keith et al. (1980). Dubois (1959) divided the gneissic 
and peraluminous rocks into a gradational flank-to-core 
sequence consisting of the banded augen gneiss, the augen 
gneiss and the granitic gneiss-gneissic granite. Peirce 
(1958) studied peraluminous pegmatites from the Summerhaven 
area of Mount Lemmon, describing sharp contacts with country 
rocks but interpreting the pegmatites to be of replacement 
origin on the basis of an observed parallelism of foliations 
in wall rocks, in xenoliths and in pegmatites. This 
parallelism was attributed to the preservation of "relict 
structures". The pegmatites were described as having 
crystalloblastic and cataclastic textures. Pilkington 
(1962) studied pegmatites from the east flank of the Santa 
Catalina Mountains, describing them as syn- to post- 
kinematic replacements of country rocks. Dikes of
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Wilderness suite affiliation which intrude metamorphosed 
country rock were described by Matter (1969), who considered 
them to be of local anatectic origin, and by Hanson (1966). 
Shake1 (1974) and Sherwonit (1974) provided detailed 
petrologic descriptions of highly deformed, banded, 
mylonitic gneiss from the southwest margin of the Santa 
Catalina Mountains. The gneiss is derived from both 
Wilderness suite and older lithologies.

In the Mount Lemmon area the Wilderness suite intrudes 
into a complex of Precambrian granite, a conformable 
Proterozoic and Paleozoic metasedimentary section, and the 
Laramide Leatherwood Quartz Diorite. Contacts with 
metasedimentary rocks are approximately concordant and show 
marked amphibolite-grade contact metamorphic effects and 
hydrothermal alteration (Peirce, 1958; Waag, 1968). 
Leatherwood Quartz Diorite is sharply truncated by 
Wilderness suite intrusive rocks and occurs as abundant 
xenoliths within the Wilderness Suite.

Detailed mapping and correlation of the metasedimentary 
units found on Mount Lemmon was performed by Waag (1968), 
using the conventions of Creasey (1967). Waag described 
well developed foliations and lineations, folding, and other 
deformational features. He recognized several stages of 
folding, the earliest and most intense of which was 
synchronous with the peak of metamorphism. Detailed
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mineralogical descriptions are provided by Pilkington 
(1962), and by Peirce (1958) . Detailed mapping of these 
units was not undertaken in this study, although some 
samples were examined petrographically to evaluate 
metamorphic fabrics and mineralogies of contact 
metamorphosed rocks adjacent to the Wilderness Suite.

Shake! (1977) originally developed the new terminology 
of Wilderness granite and associated Lemmon Rock 
leucogranite in recognition of their common undeformed 
appearance within the Wilderness of Rocks area of Mount 
Lemmon. The differentiation of these units was based on 
textural indicators, leaving the relationships between the 
lithologic units unresolved. Keith et al. (1980), showing 
that Lemmon Rock leucogranite is significantly depleted in 
Sr relative to Wilderness granite, suggested that the Lemmon 
Rock leucogranite formed from volatile-rich residual fluids 
derived from the Wilderness granite.

Postdating the Wilderness suite is the 26my Catalina 
quartz monzonite (Hoele, 1976; Suemnicht, 1977), exhibiting 
chilled margins along a northeast trending, steeply-dipping, 
foliated contact. In occurrences approximately 1 kilometer 
north of the study area, the Catalina Quartz Monzonite 
discordantly intrudes shallowly-dipping metasediments 
containing conformable pegmatitic dikes.
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Most recent studies in the Rincon-Santa Catalina- 

Tortolita metamorphic core complex have examined 
relationships between lineated lower-plate tectonites and 
mid-Tertiary detachment faults fringing the Rincon-Santa 
Catalina-Torto1ita metamorphic core complex (Davis, 1980; 
Krantz, 1983; DiTullio, 1983; Lingrey, 1982; Martins, 1984; 
Naruk, 1987). These studies have documented consistent

^60 W-directed shear which parallels a well developed, 
penetrative mineral lineation. Naruk (1987), in a detailed 
kinematic study of deformational fabric of the forerange 
gneiss, concluded that the fabric developed in response to 
ductile deformation in separate northeast- and southwest
dipping, conjugate, normal shear zones. He reported that 
this episode of deformation culminated in southwest directed 
detachment faulting.

Studies of Precambrian through Cretaceous greenschist- 
grade metasedimentary and metaigneous rocks on the northeast 
flank of the Santa Catalina Mountains have identified a 
Laramide-age deformation characterized by E-W elongation 
lineation and top-to-the-east sense of shear (Janeeke, 1986; 
Bykerk-Kauffman and Janecke, 1987; Bykerk-Kauffman, 1987, 
1988). This deformation is reported to be related to 
compressional deformation and related thrust faulting 
beginning after 74 Ma ago and continuing until 50-44 Ma ago 
(Bykerk-Kauf fman, 1987).
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The earlier deformational fabric is crosscut by 
relatively undeformed Wilderness suite intrusions, fixing 
the age of the earlier deformation as pre-Eocene (Bykerk- 
Kauffman, 1987; this study). The later deformation is well 
developed in Wilderness suite intrusions and must therefore 
be post-Eocene.

An investigation of the contact metamorphism associated 
with the Wilderness suite has delineated a metamorphic 
aureole 2 kilometers wide in which the presence of 
staurolite in pelites and of wollastonite + garnet + 
idocrase in calcareous units indicates peak metamorphic 
temperatures exceeding 500°c (Palais and Peacock, 1987). 
These authors suggested that the composition of metamorphic 
andalusite indicates a pressure of emplacement of 3.8 
kilobars and a depth of emplacement of 13 kilometers.

A thermobarometric study using pressure-sensitive phase 
assemblages in Wilderness suite rocks has yielded a 15+3 
kilometer estimate for the depth of emplacement of the 
Wilderness suite and a 9.3+1.9 kilometer estimate for the 
depth of post emplacement mylonitization (see discussion in 
Anderson et al., 1988).

The cooling history of the Santa Catalina Mountains 
is partially decipherable from abundant K-Ar dates of 20 Ma 
to 30 Ma ago (see discussion in Keith et al., 1980). These 
dates suggest that the structurally lowest part of the
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complex cooled from about 400°C 28 Ma ago to 100°C about 21 
Ma ago. The age of the post-Eocene deformation can be 
bracketed by the age of consolidation of the Wilderness 
suite (j> 44 Ma) and by the cooling which approximately 
represents the age of denudational faulting.

Wallace et al. (1986), using geophysical modeling 
based on seismic and gravity data, determined that the 
Wilderness suite batholith is a deep-rooted body of low 
density. They concluded that the isostatic compensation of 
this deep-seated body was ultimately responsible for the 
uplift and present elevation of the Santa Catalina 
Mountains. Observing that the Santa Catalina Mountains are 
a relatively young mountain range, they argued that the 
majority of uplift occurred only after the formation of 
steeply dipping Basin and Range normal faults at 10-15 Ma
ago.



CHAPTER III
MAJOR ROCK UNITS

Middle Proterozoic and Paleozoic Metasedimentary Units 

Apache Group
The Middle Proterozoic Apache Group, as first described 

by Ransome (1903), occurs discontinuously along the upper 
contact of, and as locally abundant xenoliths within, the 
Lemmon Rock leucogranite. Xenoliths of quartz-muscovite- 
biotite schist which form a discontinuous screen along the 
contact between Wilderness granite and Lemmon Rock 
leucogranite are tentatively identified as belonging to the 
Apache Group. Within the study area it consists of quartz- 
biotite and quartz-muscovite-biotite schists with locally 
abundant amphibolite or mafic schist, as can be seen west of 
Lemmon Rock Lookout. The presence of amphibolite or mafic 
schist, a metamorphosed diabase of Proterozoic age, serves 
to distinguish the Apache Group metasediments from Paleozoic 
metasediments of similar appearance. Deformation and 
subsequent contact metasomatism significantly affect the 
Apache Group schists and amphibolites. Schists become more 
quartzofeldspathic through addition of both quartz and 
feldspars and through removal of ferromagnesian minerals. 
Where most profound, especially within xenoliths and within

14
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vein-like zones, these mineralogical changes constitute 
nearly complete assimilation. Amphibolite is often altered 
to dense, dark-colored rock composed of coarse-grained, 
lustrous biotite or chlorite and albite.

Bolsa Quartzite
The transgressive Middle Cambrian Bolsa Quartzite, 

(Ransome (1904), disconformably overlies the Apache Group 
within the study area. Locally the Bolsa Quartzite is 
truncated by apophyses of Lemmon Rock leucogranite or occurs 
as xenoliths within the pegmatitic phases. It is typically 
light tan schist exhibiting pronounced foliation in the form 
of aligned muscovite grains (Fig. 2). Muscovite-rich 
layers, representing phyllitic interbeds with superimposed 
bedding-parallel foliation, serve as planes of parting and 
give the Bolsa a deceptively muscovite-rich appearance. 
Lineation occurs as striae-like grooves or mullions along 
the undulating foliation planes.

Samples of quartz-muscovite schist from near the 
contact with Lemmon Rock leucogranite show distinct thermal 
recrystallization of quartz to form a granoblastic or 
hornfelsic texture. Mica grains remain well aligned, and 
several may be poikiloblastically included within a single 
quartz grain (Fig. 3). These relationships suggest contact 
metamorphism of previously foliated metasediments.
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Figure 2. Photomicrograph of foliated Bolsa Quartzite. 
Crossed polars. Width of frame is 0.7 mm.
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Figure 3. Photomicrograph of contact metamorphosed 
Bolsa Quartzite showing aligned mica grains 
poikiloblastically included in hornfelsic quartz. 
Crossed polars. Width of frame is 0.35 mm.
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Chemically, Bolsa Quartzite appears to be unreactive during 
contact metamorphism.

Abrigo Formation
The Middle and Late Cambrian Abrigo Formation, as first 

described by Ransome (1904), accounts for much of the 
metasedimentary cap of Mount Lemmon. Waag (1968) has 
subdivided it into five subunits including quartzites, 
siliceous schists and three calc-silicate units. The calc- 
silicate units received special attention in this study 
because they record in textures and mineralogy both prograde 
and retrograde deformational and metamorphic effects.

The subunits of the Abrigo Formation display diverse 
mineralogies. Calc-silicate units are composed of idocrase, 
green and brown garnet, quartz, diopside, hornblende, 
wollastonite, clinozoisite, epidote, feldspar and biotite in 
widely varying proportions. Idocrase, garnet, hornblende 
and diopside appear to coexist with quartz within individual 
compositional layers as the highest temperature calc- 
silicate minerals. Retrograde alteration, most distinct as 
quartz vein selvages, consists in the formation of 
clinozoisite after idocrase, and epidote after other calc- 
silicates indiscriminately. Another late stage or 
retrograde feature is locally intense metasomatic quartz and 
feldspar flooding, resulting in small, vein-like replacement



pegmatites within calc-silicate units. Quartzites and 
siliceous schists consist of quartz with muscovite and 
biotite. In one specimen sillimanite replaces muscovite.

The Abrigo Formation exhibits distinct compositional 
layering on all scales. Waag (1968) described this layering 
as primary bedding with a superimposed layer-parallel 
foliation, which he considered to be an axial plane 
foliation. Abundant evidence that the foliation is the 
product of large amounts of strain exists in the form of 
layer-parallel boudinage, stretched-pebble conglomerates, 
intense folding and a general mesoscopic stretching, 
flattening and alignment of minerals to define the 
lineations and foliations Waag described.

Within the calc-silicate units, the highest temperature 
metamorphic minerals, while retaining compositional banding 
on a scale of millimeters, lack preferred alignment or other 
evidence of post-metamorphic strain. Figure 4 shows a 
biotite-rich layer in which the biotite retains a strain- 
induced foliation, but is undergoing local replacement by 
hornblende, a higher temperature phase, lacking the 
alignment of the biotite. Other samples composed of coarse
grained quartz along with idioblastic garnet or idocrase 
exhibit hornfelsic textures, even within mesoscopically 
foliated samples. Mineral textures in metasomatic quartz- 
feldspar replacement veins and in late-stage epidote-
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Figure 4. Photomicrograph of a contact metamorphosed 
sample from the Abrigo Formation. Aligned biotite (brown) 
is undergoing replacement by non-aligned hornblende (green). 
Plane polarized light. Width of frame is 0.7 mm.
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clinozoisite vein selvages are similarly isotropic. These 
relationships again indicate that maximum thermal 
metamorphism and metasomatism postdate the deformation of 
the country rocks of the Wilderness suite. Post- 
metamorphic strain is very mild, resulting in undulose 
quartz grains and minor brittle deformation of other 
minerals.

Leatherwood Quartz Diorite
Leatherwood Quartz Diorite, as first described by 

Bromfield (1952), occurs as abundant xenoliths in Lemmon 
Rock leucogranite. Identification of xenoliths as 
Leatherwood Quartz Diorite is based on textural and 
mineralogical similarities with typical Leatherwood 
occurrences described by Hanson (1966).

The xenoliths are composed of plagioclase, quartz, 
biotite, hornblende, chlorite, microcline and epidote with 
traces of sphene and opaques. A well developed, medium
grained, gneissic texture is defined by a parallel alignment 
of biotites and poorly-developed compositional layering. 
Biotite and chlorite grains typically wrap around well 
developed plagioclase augen. Epidote occurs both as matrix 
grains and as inclusions within plagioclase, outlining 
relict compositional zones.
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Annealing of deformational textures is not apparent in 

Leatherwood Quartz Diorite. The unit contains mica which is 
both too abundant and too coarse to exhibit poikilitic 
inclusion within recrystallized quartz. Also, the 
mineralogy of the quartz diorite is not susceptible to 
easlly-interpretable, post deformational, amphibolite grade 
recrystallization as was observed in metasedimentary units.

Keith et al. (1980) interpreted the emplacement age of 
Leatherwood Quartz diorite at 64-75 m.y., on the basis of a 
64 m.y. K-Ar hornblende date and a 73 m.y. Rb-Sr whole-rock 
reference isochron.



CHAPTER IV
WILDERNESS SUITE INTRUSIONS 

Introduction
Within the study area, the Wilderness Suite consists of 

peraluminous leucogranites bearing garnet and two micas. 
Modal estimates of quartz and feldspars in an extensive 
suite of stained slabs are shown in Figure 5. In Table 1, 
mineral assemblages of different textural varieties from 
this study and from previous workers are compared.
Wilderness granite typically contains subequal modal 
abundances of quartz and potassium feldspar, both of which 
are slightly less abundant than plagioclase. Rare potassium 
feldspar-rich specimens contain secondary potassium feldspar 
as selvages along quartz veins. Pegmatitic phases of Lemmon 
Rock leucogranite include rocks of widely varying modes, 
reflecting compositional zonation. Late-stage aplite dikes 
in the Lemmon Rock leucogranite contain approximately equal 
amounts of quartz and each feldspar. Some phases are most 
accurately classified as quartz monzonites (Peterson, 1961) 
or monzogranites (Streckeisen, 1976), but will be referred 
to here as granites and leucogranites in keeping with 
established terminology.

Nearly all types of Wilderness Suite intrusions exhibit 
similar textural relationships. Garnet and muscovite are
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Figure 5. Modal abundances of quartz and feldspars in
Wilderness suite rocks.
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the earliest-formed minerals, being euhedral and 
poikilitically enclosed in later-formed minerals. Of these, 
garnet is earliest. Plagioclase and quartz are next in the 
idiomorphic sequence, forming subhedral grains. In some 
samples, small euhedral quartz eyes are poikilitically 
included in plagioclase. Orthoclase is the last of the 
major rock-forming minerals to crystallize, forming 
subhedral to anhedral grains. In some potassium-rich 
aplitic and pegmatitic phases, orthoclase is equally 
idiomorphic with plagioclase.

The distributions of Wilderness granite and Lemmon Rock 
leucogranite are shown in Figure 6. The massive Wilderness 
granite is confined to lower slopes, passing upwards and to 
the north into the cliff-forming Lemmon Rock leucogranite, 
all capped by gently-dipping metasedimentary country rock. 
Lemmon Rock leucogranite occupies the contact of Wilderness 
granite with country rocks and contains country rock 
xenoliths, whereas Wilderness granite does not contain 
xenoliths. Within the confines of the study area, the 
contact of Wilderness suite intrusions with metasedimentary 
wall rocks seems to be nearly concordant. Because the 
nature of the outcrop pattern in the study area is 
essentially two-dimensional in an east-west direction, it is 
difficult to accurately evaluate the strikes and dips of
contacts.
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Table 1. Modal Mineralogy of Wilderness Suite Rocks

Quartz Plagioclase* K-feldspar Blotite Muscovite Opaques Garnet Reference

Aplite Dike 32 35 (6) 30 Absent 2 Trace 2 This Study

Albitic Pegmatite 
(2 averaged)

Type A Layered Pegmatite

30 55 (8-12) 10 Trace 4 Trace Minor This Study

Coarse-grained Layer 30 40 (9) 20 Trace 9 Trace 1 This Study
Fine-grained Layer 

Dikes in Xenoliths

30 30 35 Trace 4 Trace 1 This Study

Metasediment 30 45 (13) 17 Trace 8 Trace Trace This Study
Quartz Diorite 25 20 (19-26) 35 15 - Trace Absent This Study

Wilderness Granite 
(4 averaged)

29 36 (9-15) 29 Minor 5 Trace 1 This Study

Marshall Gulch Pegmatite 25 35 (7-12) 37 Minor Minor Minor Minor Matter (1969)

Control Road Pegmatite 35 31 (7-12) 29 Minor Minor. Minor Minor Matter (1969)

Caseco Pegmatite 20 42 (7-12) 27 Trace 5 4 Matter (1969)

Aplite 20 32 (7-13) 43 Minor 4 1 Matter (1969)

Wilderness Granite 
(10 averaged)

28 29 (20-25) 27 4 7 1 1-2 Pilkington
(1962)

* Numbers in parentheses indicate anorthite content of plagioclase feldspars.
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Figure 6. Distribution of Wilderness granite and Lemmon 
Rock leucogranite on Mt. Lemmon. Width of picture is three 
kilometers.



Wilderness granite is intruded by Lemmon Rock 
leucogranite and contacts seem to be concordant in some 
cases and discordant in others. Where the internal 
structure of Lemmon Rock leucogranite is steeply-dipping, 
it appears to discordantly cross-cut the more moderately- 
dipping internal structure of Wilderness granite. This 
relationship can be observed in outcrops south of Deadpine 
Spring. More commonly, the contact is a very poorly exposed 
zone marked by the presence of micaceous, foliated 
metasediment xenoliths in the lowest portions of the Lemmon 
Rock leucogranite and by a rapid northward transition from 
coarse-grained, equigranular Wilderness granite to 
apparently concordantly layered phases of Lemmon Rock 
leucogranite. Wilderness granite is cut by numerous coarse
grained to pegmatitic dikes which are considered to be 
Lemmon Rock leucogranite.

Keith et al. (1980) presented concordant 44-50 Ma
(Eocene) age dates for the Wilderness Suite based upon two 
K-Ar dates from coarse muscovite, two U-Th-Pb dates, an 
eleven point Rb-Sr whole rock isochron and one zircon sample 
dated by the U-Pb discordia method. Most K-Ar and fission 
track age dates for the Wilderness Suite (as well as for 
most intrusive rocks in the Santa Catalina Mountains) fall 
between 30 m.y. and 20 m.y., providing a date for cooling. 
The reader is referred to Keith et al. (1980) for further
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discussion.

Wilderness Granite
Wilderness granite is a grossly homogeneous, medium

grained equigranular leucogranite of very simple mineralogy, 
composed of plagioclase, potassium feldspar and quartz with 
lesser muscovite, biotite and garnet, and trace apatite, 
hematite, zircon, sphene, rutile and epidote(?).

While most of the Wilderness granite is of simple 
medium-grained granitic texture, a mildly foliated, coarser- 
grained and schlieren-rich northern or upper margin has been 
identified. The foliations and schlieren characteristic of 
this zone will be discussed in more detail under structural 
geology. Within this zone, the grain size changes from 
medium to coarse towards the north, accompanied by the 
appearance of amoebic clots of ultra-coarse feldspar. 
Intergranular relationships remain similar to those in 
isotropic Wilderness granite.

Lemmon Rock Leucogranite

An Introduction to Pegmatites
Lemmon Rock leucogranite appears to be a typical 

peraluminous leucocratic pegmatite. Jahns (1955) defines a 
pegmatite as any holocrystalline rock which is at least in
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part very coarse-grained and which is generally 
compos!tionally similar to common igneous rocks. Pegmatites 
can show a wide range of textural and mineralogical 
zonation. Most classification schemes are based on the 
presence or lack of a systematic zonation (Cameron et al. 
1949; Jahns 1955, 1982). Such classification schemes prove 
to be most useful for providing a language for describing 
the internal structures within pegmatites. Other 
classifications based on processes of pegmatite genesis are
useful for comparing and contrasting broadly different types

«

of pegmatites. An example is the system of Cerny (1982) 
which places pegmatites into depth zones based upon the 
mineralogies of the pegmatites and on the metamorphic grades 
of enclosing country rocks.

Within Cerny1s classification scheme, Lemmon Rock 
leucogranite most closely resembles the third deepest of 
four depth classes, termed the "pegmatite formation of great 
depth" (7-11 km.) Pegmatites of this class are hosted by 
metamorphic rocks of almandine-amphibolite facies (Winkler, 
1967), and contain minimal or no rare-earth mineralization 
but commonly extensive mica reserves. These pegmatites are 
said to be direct products of anatexis or to be separated 
from anatectic, more or less autochthonous granites.

Jahns and Burnham (1969) and Jahns (1982) provided 
excellent experimentally and theoretically based
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descriptions of the crystallization systematics of the 
hydrous melts from which pegmatites form (and the reader is 
directed to these works for detailed account of pegmatite 
formation). Most briefly stated, pegmatites form from 
water-saturated magmas which at some point exsolve a 
separate aqueous fluid in addition to the silicate melt. It 
is the existence of multiple fluid phases which allows for 
the elemental partitioning resulting in zoned mineral 
segregations. The aqueous fluid is believed to be 
responsible for coarse grain in pegmatites, but the exact 
mechanisms balancing rates of crystal nucleation and growth 
remain controversial.

Definition
The Lemmon Rock leucogranite, a term first applied to 

the large pegmatitic mass at Lemmon Rock itself, is here 
taken to include all pegmatitic, leucocratic, peraluminous 
rocks within the area of study. While largely confined to 
the northern border of the Wilderness granite, Lemmon Rock 
leucogranite also occurs as dikes in Wilderness granite and 
in country rocks. The leucogranite comprises a wide range 
of textural subtypes including coarse graphic intergrowths, 
texturally and compositionally layered formations, aplitic 
sheets, and bodies of massive, equigranular granite which 
appear to be intimately associated with the rest of the
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leucogranite.

It appears that several ages of leucogranite of similar 
mineralogy but different deformational history may be 
present within the study area. Most notably, samples of 
leucogranite occurring as dikes within country rocks or 
within xenoliths of Leatherwood Quartz Diorite in some cases 
exhibit more strongly developed folding and foliation than 
does the bulk of Lemmon Rock leucogranite. These dikes 
exhibit augen textures and contain only trace garnet and 
mica. In contrast, some late-stage aplite dikes appear to 
be less deformed than does the majority of Lemmon Rock 
leucogranite.

Textural and Compositional Variations
Lemmon Rock leucogranite exhibits significant, large 

scale structural and compositional inhomogeneities both 
laterally and vertically within the study area. The cliff
forming central and eastern portions of Lemmon Rock 
leucogranite (east of peak 8735, Fig. 32) consist of 
structurally complex, stock-like pods containing only 
locally abundant xenoliths of weakly foliated Leatherwood 
quartz diorite. It is within the larger stocks of 
leucogranite where complete vertical exposures cover 
hundreds of meters that the vertical zonation is observed, 
displaying the systematic base to top (south to north)
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variation in pegmatitic facies described below. In 
contrast, the western portion of the pegmatitic mass is very 
poorly exposed but appears to consist of concordant, 
texturally- and compositionally-layered, sheeted sills 
intruding more strongly foliated Leatherwood Quartz Diorite. 
The proportion of contained xenoliths is much greater in the 
western portion of the area, probably accounting for the 
observed difference in the quality of exposure along the 
strike of the Lemmon Rock leucogranite. The pegmatites west 
of peak 8735 were not studied extensively owing to poor 
exposure.

The leucogranites within the western portion of the 
study area are in part spectacularly layered, exhibiting 
repetitive asymmetric sequences of mineralogical and 
textural layering along with well developed garnet 
segregations (Fig. 7, Fig. 8). This style of layering is 
designated Type A layering (Chapter 5). Coarser-grained 
layers, having grains reaching several centimeters in size, 
are markedly albitic with only late, anhedral orthoclase. 
Aplitic layers contain more modal orthoclase and contain 
orthoclase grains whose subhedral habit is similar to that 
of contained albite grains. Aplitic layers are in many 
cases separated from overlying coarse-grained layers by a 
discrete garnet-rich seam. Individual layers reach several 
centimeters in thickness.
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Figure 7. Type A layering of Lemmon Rock leucogranite 
in outcrop. Looking west.
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Figure 8. Type A layering in slabbed sample. The 
fine-grained layer is separated from the coarse-grained 
layer by a thin seam of garnet. Sample 203.



To some degree the layering represents intrusive 
contacts of sheeted sills, but in many examples layering 
seems to be due to segregation of components within a sill, 
layering being parallel to sill walls. Repetitions are 
observed within single sills suggesting pulsations of 
injection or of conditions of crystallization. Jahns and 
Tuttle (1963) describe nearly identical repetitive banding 
within pegmatites of the Sierra Nevada of California.

The vertical zonations developed within large stocks of 
leucogranite conform to the pattern of a more potassic top, 
a middle portion of variable character but commonly sodic, 
and an aplitic, layered, and commonly sodic base. These 
variations are quite similar to those of complex 
peraluminous pegmatites elsewhere (Jahns, 1982; Uebel, 1977; 
Cameron et al., 1949).

The potassic upper portions are characterized by ultra- 
coarse grained, blocky potassium feldspar megacrysts within 
an aplitic matrix (Fig. 9). The upper portions are very 
discontinuous and of little bulk, but may, as suggested by 
Jahns (1981), also include material present as dikes within 
country rock.

The middle portions of the pegmatites are marked by 
broad textural variations. Steeply dipping, contorted 
textural layering is abundant, juxtaposing coarse and fine
grained granites which are of ambiguous intrusive order

36
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Figure 9. Blocky, graphic potassium feldspar 
megacrysts in an aplitic matrix. Potassic upper portion of 
the Lemmon Rock leucogranite.
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(Fig. 10). This style of layering is designated Type B 
layering (Chapter 5). There is a lack of consistent 
crosscutting relationships between textural types, and 
boundaries tend to fade when traced for more than several 
meters of strike length. Also within the central zone are 
bodies of ultra coarse-grained albite with subordinate 
potassium feldspar, both with eutectic quartz intergrowths 
(Fig. 11). Minor garnet and muscovite are present, usually 
as inclusions within the graphic intergrowths. Single 
albite crystals one meter in length have been observed.
Large bodies of fine to medium-grained, mildly foliated, 
equigranular granite are intermixed with these textural 
types, with unknown temporal relationships.

The lowest or southernmost portions of the vertically 
zoned pegmatitic masses also exhibit a range of textural 
styles. The continuity of the features of this zone is not 
generally known owing to poor exposure. Commonly present 
are thick, weakly foliated, fine-grained units with clots of 
coarse-grained albite of possible metasomatic origin. Also 
present are discontinuous portions which are texturally and 
compositionally layered, having more potassic, foliated, 
fine-grained granite alternating with coarser-grained 
albitic granite. Boundaries between coarse-grained and 
aplitic layers commonly are accentuated by segregations of 
fine-grained garnet. Individual layers are normally several
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Figure 10. Type B layering in outcrop. Steeply 
dipping, contorted textural layering of ambiguous origin. 
Middle portion of Lemmon Rock leucogranite.
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Figure 11. Stained, slabbed sample of pegmatitic 
Lemmon Rock leucogranite. Intergrown albite and orthoclase 
each exhibiting graphic textures with quartz. Sample 126. 
Width of slab is 6 cm.
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centimeters in thickness. This layering resembles that in 
the western portions of the study area, and although not as 
spectacularly developed, may represent its extension. 
Discontinuous layered segments in some cases appear to be 
breached by later pegmatitic intrusions.

The last crystallization products in the vertically 
zoned pegmatite masses are quartz-rich pods, commonly found 
within the middle and potassic upper portions. Essentially 
steeply-dipping, north-striking gash veins, these pods 
attain widths of 50 centimeters and lengths of 10 meters. 
Composed predominantly of coarse-grained quartz, they also 
contain minor amounts of abnormally coarse-grained muscovite 
and garnet, along with feldspar crystals which may be 
fragmental. Quartz-rich pods, although hosted by graphic 
granite or similarly intergrown feldspar and quartz, are 
bordered by simple perthite which grades outward into 
graphic granite within several centimeters.

Late Stage Dikes
Late stage dikes of leucogranite occur within both 

Wilderness granite and Lemmon Rock leucogranite. Late stage 
dikes of peraluminous leucogranite within Wilderness granite 
comprise coarse-grained to pegmatitic dikes, less common 
aplitic dikes, and rare, complex, asymmetrically layered 
dikes. Compositions of late stage dikes were not rigorously
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studied owing to severe sampling difficulties. Crosscutting 
relationships between textural subtypes are inconsistent. 
Furthermore, some coarse-grained dikes become aplitic when 
followed along their exposed length. Aplitic dikes may 
possess coarse-grained margins and vice versa. Rare layered 
dikes may exhibit thin garnet or muscovite segregations 
along contacts with Wilderness granite, in some cases 
individually concentrated on opposite walls within a single 
dike. More commonly, layering is more complex and similar 
to the Type A layering described above. Dikes range up to 
about thirty centimeters in thickness.

The late stage dikes crosscut schlieren in all 
instances. Within the foliated, upper portions of 
Wilderness granite the dikes appear to be foliated (although 
contrasts in grain size tend to complicate evaluations of 
relative degree of foliation), and in rare instances dikes 
have minor bends which resemble broad, open folds. Some 
late stage dikes have tapering terminations suggestive of 
gash veins.

The latest intrusive phase of Lemmon Rock leucogranite 
consists of aplite dikes that cross-cut all other intrusive 
features. It is believed that a generation of completely 
undeformed aplite dikes might exist, although earlier, 
mildly deformed aplite dikes are also observed. Coarse
grained and pegmatitic dikes are not generally



distinguishable from the bulk of the Lemmon Rock 
leucogranite.

Quartz Veins
The study area contains several generations of quartz 

veins. Rather than forming dense, well developed stockworks, 
veins normally are found in sparse or singular occurrences. 
Shallowly-dipping gash veins appear to be earliest, followed 
by more planar, continuous, steeply-dipping veins. Gash 
veins are irregular, approximately sigmoidal, and have 
tapered terminations. They may extend for several meters 
with thicknesses of 10 centimeters or less. Steeply-dipping 
veins normally are only several centimeters thick and fill 
well-developed, planar fractures of many meters extent.

Late-Stage Magmatic and Hydrothermal Features
A common feature within pegmatites is the late-stage 

replacement of primary minerals by albite, by sheet 
silicates, or by other more exotic minerals (Jahns, 1982). 
Such late magmatic and secondary hydrothermal effects are by 
nature highly corrosive in character and result in the 
wholesale destruction of primary igneous features. Such 
intensive, destructive secondary effects are absent within 
Lemmon Rock leucogranite. Weakly developed secondary 
effects are described below in the discussion of the
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occurrence of mica in Wilderness suite rocks.

Wilderness Suite Petrography 
The Wilderness Suite proves difficult to study and to 

describe quantitatively. Most significantly, the 
quantitative study of pegmatitic phases in thin section or 
even in stained slabs is effectively compromised by the 
coarseness of grain size relative to the size of obtainable 
samples. The second problem occurs in sampling. Most 
outcrops are broad and rounded. While appearing to offer 
unsurpassed exposures, these outcrops are actually both 
deeply weathered and mechanically impregnable, precluding 
selective sampling of features of interest. Another field 
problem is that the lack of contrast on weathered surfaces 
between differing textures and mineralogies precludes 
confident observations while in the field. Sodic and 
potassic feldspars are both white and show similar graphic 
textures, requiring feldspar staining techniques for mineral 
identification. Less significant, some units originally 
thought to be aplites were discovered to be tectonically 
comminuted rocks of unknown original texture. Even though 
the Wilderness Suite exhibits a wide range of textural and 
mineralogical variation, certain petrographic 
generalizations can be made.
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Plagioclase Feldspar

In Wilderness Granite plagioclase varies in composition

from An9 to An15 (Fig. 12). In Lemmon Rock leucogranite, 
plagioclase varies in composition from An4 to An14. 
Undifferentiated dikes in xenoliths of country rock contain 
plagioclase ranging in composition from A n ^  to An2g.
Normal growth zonation is occasionally present, with the 
variations across a single grain approximating the entire 
range of compositions found within the sample. Grains are 
normally subhedral and may exhibit mildly bent albite 
twinning and undulatory extinction. Plagioclase commonly 
contains eutectic or graphic quartz intergrowths when in 
pegmatitic phases, and poikilitically encloses garnet, 
muscovite and rarely quartz grains.

Myrmekitic overgrowths occur on boundaries with 
potassium feldspar grains. Highly deformed dikes which are 
restricted to xenoliths of Leatherwood Quartz Diorite 
contain abundant strain-induced myrmekitic subgrains.

Potassium Feldspar
In Wilderness Granite, potassium feldspar varies in

composition from Orgy to Or7g. In Lemmon Rock leucogranite
/

compositions range from 0r94 to Org5. Dikes in xenoliths of 
country rock contain potassium feldspar ranging in 
composition from Org2 to 0rg3. Albite occurs in micro- to
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□ Wilderness granite 
0 Lemmon Rock leucogranite pegmatite 
A Dikes in country rocks

Figure 12. Feldspar compositions in Wilderness suite 
rocks.
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cryptoperthitic exsolution lamellae. Compositions of 
potassium feldspar were determined through microprobe 
analysis using a beam of 70 microns width, allowing a bulk 
grain composition to be determined by averaging over a large 
area of the exsolution intergrowths. Grains are normally 
subhedral to anhedral with the exception of unusual 
potassium-rich aplites or upper level megacryst units, in 
which orthoclase is subhedral to euhedral. In many cases 
potassium feldspar forms rims and fracture-controlled 
replacements of plagioclase grains. Potassium feldspar 
poikilitically encloses plagioclase, quartz, garnet and 
muscovite. Late-stage quartz veins in some instances 
exhibit centimeter-thick potassium feldspar alteration 
selvages.

The potassium feldspar is assumed to be orthoclase on 
the basis of a lack of tartan twinning and a 2V angle of 55 
degrees with a negative optical sign.

Quartz
Quartz occurs with a wide variety of habits, including 

rare euhedral grains poikilitically enclosed within albite 
grains, eutectic intergrowths with feldspar, subhedral to 
anhedral matrix grains, late stage quartz-rich pods, and 
clearly post magmatic, remobilized fracture-fillings, 
indicating a nearly continuous crystallization history.



Quartz also occurs in rare post-magmatic veins, some of 
which contain Cu oxides.

In deformed specimens there is a wide range of quartz 
textures, including granoblastic mosaics of undeformed and 
recrystallized quartz grains, sutured and flattened quartz 
grains, and highly undulose quartz grains with well 
developed peripheral subgrains.

Garnet
Almandine-spessartine garnet ranges in modal abundance 

from 0 to 2 percent in Wilderness granite and from trace 
amounts to 10 percent or more in Lemmon Rock leucogranite.
In all phases, garnets are typically euhedral with the 
exception of one grain from a late quartz pod in which 
garnet formed an intergrowth with quartz. Disseminated 
grains normally are 1 to 2 mm in size.

Within the coarsening upper margin of Wilderness 
granite, garnets increase in size to 5 mm or more, 
approaching the size of feldspar grains. Also in this zone 
are garnet and mica schlieren in which sharp, planar zones 
of enrichment of these minerals impart a planar fabric to 
the granite (see discussion under structural geology). 
Garnets found within schlieren contain abundant inclusions 
of apatite.

In the Lemmon Rock leucogranite, high concentrations of
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garnet occur as part of texturally and compositionally 
layered units in which garnets of composition and habit 
similar to those in ordinary leucogranite form layers of up 
to 2 cm thickness which may contain 50 percent or more 
garnet. In late quartz-rich pods, garnets may reach several 
centimeters in size.

Compositions of garnets are given in Figure 13 and in 
Table 2. In most phases of Wilderness granite and Lemmon 
Rock leucogranite garnets contain subequal amounts of 
almandite and spessartite endmembers, with less than 10 
percent of other components. In the body of the Wilderness 
suite, garnets from the latest crystallized units are 
richest in Mn. One garnet from a late quartz pod contained 
60% spessartite endmember. Garnets from dikes in country 
rock xenoliths are markedly richer in spessartite. Garnets 
having these compositions are common in peraluminous 
granites and in granite pegmatites (Cerny and Hawthorne, 
1982)

Mild growth zonations were recorded, and are sometimes 
evidenced by dustings of minute hematite crystals. Most 
commonly seen is a core to rim increase of several percent 
in the ratio Mn/Mn + Fe, consistent with an igneous origin 
(Hollister, 1966). Strong reverse zoning was recorded for 
two samples from dikes in country rock xenoliths.
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Fe-*— —x Mn

□ Wilderness granite
O Lemmon Rock leucogranite pegmatite 
A Dikes in country rock

Figure 13. Garnet compositions in Wilderness suite
rocks.



Composition (XSpessartine:XAlmandine)
Wilderness Granite 
Equigranular Granite (89) 
Garnet Schlieren (123)
Lemmon Rock Leucooranite

Core
46:48
43:50

Edge
48:45
46:48

Layered Pegmatite (203) 47:46 49:44
Albitic Pegmatite (126) 43:50 46:47
(40) 49:46 52:42
Aplite Dike (117) 48:48 53:42
Dikes in Xenoliths
Quartz Diorite (121) 71:26 59:34
Metasediment Xenolith 55:36 51:35

Table 2. Zonations in Garnet Grains
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Micas

In Wilderness granite, primary micas typically occur in 
blocky books several millimeters in width and thickness. 
Minute biotite flakes are interleaved with muscovite. 
Muscovite largely predominates over biotite, although rare 
biotite-rich zones exist. Within the coarse-grained 
northern margin of the Wilderness granite, mica occurs in 
euhedral books which reach 1 centimeter in diameter. As 
described above, this zone also contains mica schlieren in 
association with garnet. Blocky muscovite is occasionally 
found as inclusions in plagioclase.

Micas in the Lemmon Rock leucogranite have a wide 
variety of textural styles. Equigranular units contain 
muscovite grains with minor interleaved biotite much as was 
described for Wilderness granite. Pegmatitic units contain 
primary muscovite both included in and possibly eutectically 
intergrown with quartz and feldspars. Another distinctive 
occurrence of mica is as foliated, schlieren-like 
enrichments of muscovite with subordinate biotite. These 
occurrences are believed to represent largely-assimilated 
aluminous xenoliths. This interpretation is supported by 
the occurrence of similar zones bordering recognizable 
xenoliths.

A prominent alteration feature is the late-stage growth 
of mica, usually as a replacement of plagioclase feldspar.
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Disseminated sericite ranging up to several microns in grain 
size is normal within plagioclase. Less common are ragged 
growths of white mica which extend into feldspars from 
coarse-grained, blocky primary mica grains or from brittle 
fractures. Yet another form of secondary mica is as broad, 
thin plates of muscovite along brittle fractures in 
plagioclase (Fig. 14). In some localities, muscovite, 
biotite, and minor chlorite occur as broad, thin, plumose 
growths which are not restricted to feldspar grains but 
extend for up to several centimeters, seemingly transecting 
primary textures (Fig. 15, Fig. 16). This may be a primary 
feature rather than a secondary fracture filling.

Compositions of micas are given in Appendix 2 and in 
Figure 17. Two grains occupying fractures in plagioclase 
grains, (samples 206, 203), were found to be virtually 
devoid of Ti, suggesting a secondary origin (Miller et al., 
1980). In contrast, a coarser, plumose mica is 
indistinguishable from igneous muscovite in Ti content.
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Figure 14. Photomicrograph of secondary muscovite 
occurring on brittle fractures in plagioclase. Sample 89. 
Crossed polars. Width of frame is 0.7 mm.
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Figure 15. Plumose growths of mica in Lemmon Rock 
leucogranite. Lens cap for scale.
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Figure 16. Photomicrograph of plumose growths of mica 
in Lemmon Rock leucogranite. Sample 126. Crossed polars. 
Width of frame is 5.4 mm.



57

Muscovite Textural Type

Primary Grains (blocky, euhedral)

Plumose Grains

Feldspar-hosted Secondary Grains

(n)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Composition (weight % Ti)

Figure 17. Titanium contents of different textural 
varieties of muscovite in Wilderness suite rocks.
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Accessory Minerals

In general, accessory minerals are quite sparse within 
Wilderness Suite lithologies, especially so in the 
Wilderness granite. Opaques are extremely rare except for 
hematite which commonly occurs as minute euhedral inclusions 
within mica grains. Iron may have exsolved from phengite, 
or may have been left over from the replacement of biotite 
by muscovite. Within mica grains are thin, birefringent 
needles tentatively identified as sillimanite. Trace 
amounts of apatite are common in the form of early-formed 
subhedral grains or as inclusions within garnet. Epidote(?) 
and rutile occur as inclusions within quartz grains. Other 
workers reported zircon and sphene (Dubois, 1980), neither 
of which was observed in this study.

Deformational Fabrics of Wilderness Suite Rocks 
Wilderness suite rocks in the study area exhibit a wide 

range of deformational overprint. Most samples examined 
petrographically were weakly to moderately deformed. In 
weakly-deformed rocks, both quartz and feldspars exhibit 
undulose extinction. In moderately deformed rocks, feldspar 
grains are brittly fractured, the fractures being filled 
with remobilized quartz exhibiting a granoblastic texture 
and only minor undulose extinction (Fig. 18). Early,
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coarse-grained quartz grains develop deformation lamellae 
and equant, unstrained recrystallized subgrains of up to 200 
microns diameter (Fig. 19). In highly deformed rocks, there 
is extensive development of feldspar subgrains (Fig. 20). 
These subgrains are generally 20 to 30 microns in diameter, 
have extinction angles independent of the parent grain and 
lack undulatory extinction. Mica grains become bent and 
appear to be pinched at their edges. Discrete sheared 
surfaces truncate primary textures and commonly have mica 
smeared out along them (Fig. 20). Where strain is most 
intense, well developed subgrain formation leads to augen 
textures and to very fine grained, foliated rocks. Garnet 
grains are brittly deformed in extreme cases.

Tullis (1983) describes similar styles of deformation 
in naturally deformed feldspars and suggests that 
temperatures of deformation range from 500"c to 600°c The
deformational processes involved are not determinable from 
standard petrographic techniques but probably include 
microfracturing, pressure solution and dislocation creep.

The nature of chemical changes which might accompany 
deformation is unclear• In several highly—deformed samples, 
plagioclase augen appear to have tails of potassium 
feldspar, suggesting potassic alteration during deformation. 
One sample from a highly deformed dike in a xenolith of 
Leatherwood Quartz Diorite contained abundant myrmekite in
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Figure 18. Photomicrograph of a brittly fractured, 
coarse-grained feldspar with granoblastic quartz fracture 
filling. Sample 124. Crossed polars. Width of frame is 
5.4 mm.



61

Figure 19. Deformed, undulose, coarse-grained primary 
quartz grain with marginal recrystallized subgrains. The 
large, dark grain on the right side of the picture is 
undulose primary quartz. Crossed polars. Width of frame is 
5.4 mm.
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Figure 20. Photomicrograph of highly deformed Lemmon 
Rock leucogranite having extensive feldspar subgrain 
development and smeared mica on a sheared surface. The 
large, dark grain on the left side of the picture is a 
primary feldspar grain with a rim of recrystallized 
subgrains. The sheared surface crosses the center of the 
frame. Sample 126. Width of frame is 5.4 mm.
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the form of strain-induced subgrains, suggesting extensive 
replacement of orthoclase by plagioclase during deformation. 
This style of deformation is different from that seen in 
other samples and may represent an earlier deformational 
event.

Discussion of Wilderness Suite Rocks
Wilderness granite and Lemmon Rock leucogranite, while 

of broadly similar mineralogy, exhibit some significant 
differences.

One significant difference is in composition. Relative 
to Wilderness granite, Lemmon Rock leucogranite contains 
plagioclase that is more sodic, orthoclase that is more 
potassic, and garnet that is more manganiferous. These 
differences suggest that Lemmon Rock leucogranite is more 
differentiated than Wilderness granite and that Lemmon Rock 
leucogranite may have formed at lower temperatures (Bowen, 
1928). The Sr depletion of Lemmon Rock leucogranite 
relative to Wilderness granite (Keith et al., 1980) is 
consistent with a more differentiated leucogranite.

Dikes of peraluminous leucogranite in xenoliths and 
within country rock, classified as Lemmon Rock leucogranite 
on the basis of their coarse-grained texture, are somewhat 
variable in composition. Relative to other varieties of 
Lemmon Rock leucogranite, some are biotite-rich, some
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contain no garnet, some contain more calcic plagioclase and 
some contain more manganese-rich garnets having zonation 
trends reversed from those of other samples. These 
differences may represent the effects of contamination by 
relatively mafic wall rocks. Alternatively, they may 
indicate that many of the dikes are not closely related to 
the main body of Lemmon Rock leucogranite. In addition to 
compositional differences, some dikes appear to be more 
highly foliated and folded than others and have myrmekitic 
subgrains. Dikes observed within country rocks may be of 
diverse origin. The more highly deformed dikes might have 
been intruded earlier than the rest.

The most obvious difference between Wilderness granite 
and Lemmon Rock leucogranite is textural. The pegmatitic 
texture of Lemmon Rock leucogranite, along with its 
compositional zonation, indicates that during the 
crystallization of Lemmon Rock leucogranite both silicate 
and aqueous fluids were present, whereas the normal granitic 
texture of Wilderness granite suggests the absence or at 
least a paucity of aqueous fluid during crystallization.
The textural and compositional differences described above 
indicate that Lemmon Rock leucogranite formed from a more 
aqueous, highly differentiated magma than did Wilderness 
granite. While this, along with the broadly similar 
mineralogies of the units, has been used to argue that



Lemmon Rock leucogranite formed from residual fluids derived 
from Wilderness granite (Keith et al., 1980), it is equally 
possible that Wilderness granite and Lemmon Rock 
leucogranite share a common source but represent separate 
stages of intrusion. Similar peraluminous, leucocratic 
mineralogies are to be expected for anatectic intrusive 
rocks of similar source region and conditions of 
crystallization. Further geochemical investigation may be 
necessary to establish the true relationship between various 
lithologic units grouped together as the Wilderness suite.
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CHAPTER V
STRUCTURAL GEOLOGY

Structural elements in the Wilderness suite intrusions 
include schlieren, textural and compositional layering, 
foliations and lineations, and the orientations of late 
dikes.

Schlieren
Schlieren are defined as wispy, planar or tabular 

bodies of rock marked by concentrations or segregations of 
normal rock-forming minerals. Normally segregations of 
ferromagnesian minerals form schlieren, making them visually 
striking. Many different modes of origin have been 
suggested for schlieren, including accumulation of crystals 
through gravitational settling, sequential crystallization 
on a planar surface, flow foliation, flattening of early 
heterogeneous elements, metasomatism of bedded rocks, and 
late magmatic fracture-controlled alteration (Compton,
1962). Balk (1937), in his extensive review of structural 
elements found within granites, categorized schlieren as 
flow structures. He substantiated this view by 
demonstrating the relationship between the orientations of 
schlieren and the shape of the host intrusion and other 
igneous structures attributable to flow. He proposed that
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nearly all granitic magmas develop clots or segregations of 
ferromagnesian minerals very early in the crystallization 
process. During emplacement of an intrusive mass, such 
early-formed "autoliths" can become flattened or elongate 
parallel to the walls of the intrusive mass. The resulting 
schlieren are parallel to the walls of the intrusive mass or 
if nearly so, opening in the direction of flow.

In the Wilderness granite, schlieren are the most 
prominent primary structural feature, occurring mostly 
within a marginal zone several hundred meters wide. The 
schlieren are composed of muscovite and garnet in 
proportions varying up to 50 percent of the rock over a 
width less than 1 centimeter and a length less than 5 
meters. The grains defining the schlieren are similar to 
normal grains scattered throughout the host granite in size, 
shape and composition, suggesting a similar crystallization 
history.

In Lemmon Rock leucogranite, schlieren of muscovite and 
garnet occur in several distinct modes. Rarely, fine
grained garnet schlieren are found in poorly exposed, fine
grained, weakly foliated, basal portions of Lemmon Rock 
leucogranite. Most garnet schlieren within the leucogranite 
form part of texturally and compositionally layered rocks in 
which thin layers of garnet separate coarse-grained and 
fine-grained layers of leucogranite (Type A Textural
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Layering, Fig. 23). Another type of schliere within the 
leucogranite, rarer and not actively studied, results from 
extensive flattening and metasomatism of mica-rich 
metasedimentary xenoliths, the process being demonstrated by 
continuum between more normal and highly-flattened, 
metasomatized xenoliths (Fig. 21, Fig. 22). Wispy, planer 
concentrations of muscovite form tails to some partially 
assimilated xenoliths. Deformation of xenoliths is in some 
cases accompanied by foliation and comminution of their 
hosting pegmatites, while in other cases deformed xenoliths 
are found in seemingly massive, undeformed pegmatites.

Orientations of schlieren are variable, but most are 
east to northeast striking with moderate north to northwest 
dips (Fig. 23). Measurements of schlieren orientations are 
often inaccurate owing to the flat, two dimensional nature 
of outcrops within the study area, and to the irregular, 
wavy nature of some schlieren.
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Figure 21. Deformed metasedimentary xenolith in Lemmon 
Rock leucogranite.
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Figure 22. Muscovite schlieren in Lemmon Rock 
leucogranite produced by flattening and metasomatism of 
micaceous xenoliths.



s

Figure 23. Stereonets of poles to primary igneous 
features. A: Poles to schlieren in Wilderness granite.
B: Poles to textural layering in Lemmon Rock leucogranite.

Type a: ▲ Type b: Q

M
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Textural Layering

Within Lemmon Rock leucogranite, textural layering is 
the most prominent primary structural feature, occurring 
throughout all portions except for the upper potassic zone. 
Two types of textural layering have been identified, both of 
which juxtapose fine-grained and coarse-grained or 
pegmatitic granite. Individual layers range from several 
centimeters to tens of centimeters in thickness. Layering 
can be either rhythmic (Type A) or irregular (Type B). 
Distinct compositional differences between textural types 
are not always apparent, although layering may incorporate 
thin, discrete schlieren-like mineral segregations.

Type A layering is best developed in the western 
portion of the Lemmon Rock leucogranite, but is also found 
in discontinuous segments in the vertically zoned pegmatites 
(Chapter 4). It is best exposed in dikes intruding the 
upper margin of Wilderness granite. Within the central mass 
of Lemmon Rock leucogranite, these segments appear to be 
breached by later leucogranite intrusions.

Type B layering is found throughout the markedly 
albitic middle portion of the central mass of Lemmon Rock 
leucogranite. Layers are contorted and irregular, with 
compositional contrasts that are yet to be determined.

Type A and Type B layering differ significantly in 
orientation (fig 23). Type A layering strikes east to



southeast with a shallow to moderate dip towards the north 
or northeast. Type B layering is variable in strike and is 
generally steeply dipping.

Late Stage Dikes
Wilderness granite is intruded by abundant late-stage 

dikes (Chapter 4). Orientations of late-stage dikes are 
shown in Figure 24. The outcrop area of Wilderness granite 
was divided into east and west portions along a north-south 
dividing line passing through Lemmon Rock Lookout. In the 
western area, the majority of dikes strike northwest and dip 
moderately to the northeast. In the eastern area there are 
two sets of dikes. The first set is similar in orientation 
to the dikes in the western area. Dikes of the second set 
are of irregular strike and dip but commonly are much more 
steeply dipping than are the dikes of the western area.
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Deformational Fabrics
Deformational fabrics within the study area include 

foliations and lineations. While abundantly developed 
within pre-Wilderness Suite lithologies (Chapter 2), these 
features are only weakly and irregularly developed within 
Wilderness Suite rocks.



Pegmatitic Dikes

Figure 24. Stereonets of poles to pegmatitic dikes.
A. Western portion of study area. B. Eastern portion of study 
area.
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Deformational Fabrics in Country Rocks

Foliations and lineations occurring in xenoliths and 
in roof pendants of country rock associated with Lemmon rock 
leucogranite were recorded in an attempt to determine 
whether rotation of pre-existing deformational fabrics had 
occurred. Orientations of foliations and lineations of 
country rocks are shown in Figure 25. Foliations in 
xenoliths are generally east striking with moderate dips 
toward the north. Lineations generally are east-northeast 
trending with shallow to moderate plunges. Although several 
xenoliths were observed to be obviously rotated, the 
deformational fabrics in most are nearly parallel both with 
each other and with those of wall rocks.

Deformational Fabrics in Wilderness Suite Intrusions
Deformation of Wilderness suite rocks only rarely 

results in measurable foliations and lineations. Where 
developed, this deformation is expressed in the parallel 
alignment of mica grains, elongated feldspar grains, and 
flattened composite quartz grains. Only rarely do 
flattening ratios of quartz grains exceed 2:1.

In Wilderness granite, a weak foliation is developed in 
the northernmost border zone as described in Chapter 4. 
Although not accurately measurable, this foliation strikes 
east to northeast and dips shallowly to the north or



Figure 25. Stereonets for deformational features.
A. Poles to foliations in xenoliths and in roof pendants.
B. Lineations in xenoliths and in roof pendants.
C. Poles to foliations in Wilderness granite.
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northwest (Fig. 25).
In Lemmon Rock leucogranite, weak, shallowly dipping 

foliations are sometimes observed within several meters of 
the upper contact of the leucogranite. Better-developed 
foliations and extremely vague lineations are observed only 
within discrete domains of usually less than ten centimeters 
in thickness and less than ten meters in strike length, 
beyond which they appear to fade or horsetail. These zones 
have suffered extreme comminution of feldspars and micas and 
flattening and redistribution of quartz. Foliations within 
these zones, not accurately measurable, appear to strike 
east and dip moderately to the north.

Quartz-filled dilational gash veins (Chapter 4) appear 
to cross-cut other igneous and deformational fabrics. 
Irregular of strike and dip, they appear to strike 
approximately northwest and to dip moderately to the 
northeast.

Discussion of Structural Elements 
The earliest-formed primary structures in Wilderness 

granite are schlieren. The orientations of the schlieren 
suggest that the northern margin of Wilderness granite 
strikes east to northeast with a moderate dip towards the 
north or northwest. The orientation of the northern margin 
of the Wilderness granite is not directly measurable owing
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to extensive forest cover, but the lack of outcrop of 
Wilderness granite on the northern slopes of Mount Lemmon is 
consistent with a moderately northward-dipping margin.

The earliest-formed primary structures of Lemmon Rock 
leucogranite are textural layerings. The existence of two 
types of textural layering with different orientations, one 
of which cross-cuts the other suggests multiple stages of 
intrusion in the formation of Lemmon Rock leucogranite.

Type A layering appears to be textural and 
compositional sheeting parallel to the walls of a major 
dikes or sills of leucogranite intruded at or near the top 
of the Wilderness granite during the early stages of 
formation of Lemmon Rock leucogranite. The orientations of 
Type A layering are enveloped by the orientations of late 
stage pegmatite dikes which intrude the western portion of 
the Wilderness granite (Fig. 23, Fig. 24). Within the 
Lemmon Rock leucogranite, the nature of Type A layering is 
not normally apparent. It is commonly unclear whether the 
Type A layering is in an autolith of leucogranite in 
leucogranite or whether it is in a dike of leucogranite 
intruding leucogranite.

Type B layering, which is observed to cross-cut Type A 
layering, is of more enigmatic nature. It most likely is 
sheeting parallel to the margins of the stock-like pods of 
pegmatite in which it is found, which would indicate that
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the layering is steep-sided and discordant relative to other 
primary igneous structures.

The deformational fabrics observed in the study area 
are of at least two ages. The earlier fabric, well 
developed in country rocks (Chapter 3), is demonstrably 
older than the latest effects of the Wilderness suite 
intrusion, which include profound annealing of the 
deformational fabrics of country rocks. Weakly deformed and 
undeformed pegmatitic dikes truncate foliated wall rocks in 
many localities in the area of this study. Highly deformed 
and foliated leucogranite dikes, found only in xenoliths and 
in wall rocks, are affected by the earlier deformation and 
therefore must predate it. These dikes may not be related 
to the main stage of the Wilderness suite.

The later deformation, although only weakly- and 
irregularly-developed in most rocks, affects both country 
rocks and Wilderness suite rocks. This fabric seems to be 
absent from some of the late-stage aplite dikes (two thin 
sections), which would place the timing of the later 
deformation as synchronous with emplacement of the Lemmon 
Rock leucogranite. Equally likely, the later fabric was 
absent from these samples simply owing to its irregular 
development. That the later fabric is post-magmatic is 
suggested by the clearly solid state, ductile to brittle 
style of deformation (Chapter 4).
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The parallelism of the deformational fabrics of country 

rock xenoliths and roof pendants within Lemmon Rock 
leucogranite could be explained through either of two lines 
of reasoning. The rarity of randomly rotated xenoliths can 
be explained by considering Lemmon Rock leucogranite to be a 
composite of successive sheets of pegmatite emplaced at or 
near the contact of Wilderness granite, causing pieces of 
country rock to be separated from the contact but held in 
the original orientation. At several locations, the 
foliations in xenoliths did appear to be randomly rotated. 
These xenoliths were suspended in large pods of homogeneous 
leucogranite. Xenoliths which appear to have been 
metasomatized and flattened subsequent to incorporation into 
the leucogranite share the parallelism of other xenoliths. 
The flattening process appears to be similar to the 
formation of the schlieren in the Wilderness granite, that 
is, flattening parallel to the margins of the intrusion.
The parallelism of this fabric with earlier fabrics reflects 
the approximately concordant nature of the Wilderness suite 
intrusions with respect to the foliation of country rocks 
(Fig.s 23, 25). Another possible source of parallelism of 
xenoliths is flow alignment of xenoliths which are elongate 
parallel to their foliation. While some metasedimentary 
xenoliths have such an elongation, this effect seems to be 
of minor importance.
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The internal fabrics and style of emplacement of the 

Wilderness suite indicate a highly forceful intrusive 
process. The schlieren are suggestive of plastic 
deformation of early-formed clots into parallelism with the 
walls of the intrusion during emplacement. The lack of 
xenoliths within the granite indicates that the Wilderness 
granite was of high viscosity and that country rocks were 
shouldered aside during emplacement rather that becoming 
stoped, resulting in the largely concordant contacts that 
Wilderness granite has with country rocks. Lemmon Rock 
leucogranite was more discordant in emplacement style, 
perhaps owing to a more hydrous nature and thus lower magma 
viscosity, but still shows characteristics of forceful 
emplacement. Most notable is the flattening of micaceous 
xenoliths parallel to the intrusion margin. The marginal 
deformation observed in the Wilderness suite intrusions 
could represent the continuation of the emplacement process 
after consolidation of the margin of the magma chamber.

If Wilderness suite rocks form a deeply rooted, low 
density body as modeled by Wallace et al. (1986), then 
emplacement of the Wilderness suite can be attributed in 
part to isostatic forces. Continuation of these forces is 
to be expected up until the time that the low density body 
becomes isostatically compensated, an event that might 
easily postdate consolidation of the Wilderness suite. This



is a potentially potent source of late- and post-magmatic 
deformation. Forceful, isostatically driven intrusion of 
the Wilderness suite could also account for significant
deformation of the wall rocks of the intrusion.



CHAPTER VI
FLUID INCLUSIONS 

Introduction
Fluid inclusions are fluid-filled cavities within 

mineral grains. Fluid inclusions trapped during the initial 
formation of the host mineral are termed primary, whereas 
those inclusions trapped along healed fractures are termed 
secondary. Classically, primary fluid inclusions have been 
examined in the study hydrothermal ore deposits to determine 
pressures and temperatures of ore deposition as well as the 
compositions of mineral precipitating solutions (see review 
in Roedder, 1967). More recently, fluid inclusions have 
been studied from more normal igneous and metamorphic rocks 
even though virtually all of the contained inclusions are 
secondary and postdate the formation of the host minerals 
(see reviews in Touret, 1977; Hollister, 1981; Crawford, 
1981).

Several recent studies were particularly relevant to 
the formulation of this study. J. Konnerup Madsen (1979) 
documented the various fluid inclusion types found in deep 
seated granites from Norway, reporting aqueous inclusions, 
mixed H20-C02 inclusions, and dense, one phase C02 
inclusions. Weisbrod and Poty (1975) used fluid inclusions 
to document the transition from magmatic to hydrothermal
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processes during the formation of a low pressure pegmatite. 
Hollister and Burruss (1976) , studying H20 and C02 bearing 
fluid inclusions from an uplifted metamorphic terrane, were 
able to estimate pressure and temperature conditions during 
uplift by applying the known physico-chemical properties of 
H20 and C02 solutions. In the hope of documenting an 
evolution of fluid compositions during the formation of the 
Wilderness granite and associated Lemmon Rock leucogranite, 
a suite of samples was prepared for fluid inclusion study, 
including all major igneous textural varieties and several 
generations of late vein quartz. • Preliminary examination of 
specimens from Wilderness Suite intrusions revealed the 
presence of mixed H20-C02 inclusions, and it was hoped that 
newly developed geobarometric techniques could be applied in 
order to estimate the depth of emplacement of the Wilderness 
Suite.

Fluid Inclusion Petrography 
Nearly all fluid inclusions studied were hosted in 

quartz, although garnet, apatite and idocrase also host 
usable fluid inclusions.

The inclusions studied were broadly categorized as 
being either of simple aqueous or of mixed Hgo-cOg 
composition, on the basis of either direct or indirect 
observation of any C02 phase. In some cases, the presence
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of C02 can only be inferred from phase changes at low 
temperature. A representative mixed H20-C02 inclusion is 
shown in Figure 26. Simple aqueous inclusions are those 
which form no observable C02 phase at any temperature and 
which exhibit only one melting phenomenon, invariably below 
0 °c. There is most likely a continuum of inclusion 
compositions, but the categorization as stated yields two 
groups of generally contrasting behavior.

Within the major compositional groups, inclusions were 
classified as primary or secondary on the basis of 
established criteria (Touret, 1977, Roedder, 1967). 
Inclusions were considered primary if they were isolated or 
if they occurred in non-planar three dimensional groups. 
Secondary inclusions form planar arrays and most are 
relatively flat. Mixed H20-C02 inclusions are observed to 
be of either primary or secondary habit, whereas simple 
aqueous inclusions are nearly all secondary.

For mixed H20-C02 inclusions, no clear compositional 
difference was observed between primary and secondary 
inclusions. It is possible that inclusions can change in 
appearance and even migrate via the solution and 
precipitation of wall material, and in this way secondary 
inclusions might become dispersed groups having all of the 
properties of primary inclusions. If this process commonly 
occurs, then primary habit is of little significance.
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Figure 26. Photomicrograph of a mixed K 20- C O 2 fluid
inclusion containing three fluid phases and a minute 
daughter salt. Width of frame is 0.18 mm.
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Another possibility is that inclusion habit does indicate 
style of entrapment, but that HgO-COg fluids persisted long 
after the formation of quartz. C02-rich inclusions seem to 
most often be equant or of negative crystal shape, 
suggesting a chemical control of inclusion morphology.

Inclusions hosted in quartz include both mixed HgO-COg 
inclusions and simple aqueous inclusions. Those hosted in 
garnet are virtually all simple aqueous inclusions. While 
most simple aqueous inclusions in quartz appear to be of 
secondary origin, the simple aqueous inclusions in garnet 
are tube-shaped and might be primary. Apatite hosts mixed 
HgO-COg inclusions with primary habits.

Most inclusions studied were in the size range of 5 to 
10 microns. Inclusions of much smaller size are common but 
were not studied.

Daughter salts, minute solid phases which crystallize 
from inclusion fluids during cooling, occur within mixed 
H20-C02 inclusions and less commonly within simple aqueous 
inclusions. The most common type of daughter salt in mixed 
H20-C02 inclusions is a highly birefringent mineral 
occurring in minute, equant grains (Fig.26). Because these 
daughter salts were not visible with the heating-freezing 
stage used for this study, their behavior upon heating is 
not generally known. The presence of this mineral has no 
effect upon salinities. Less common is a colorless,
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transparent mineral, of moderate relief, apparently 
isotropic and of cubic form. Some inclusions containing 
these daughter salts are of higher than normal salinity, but 
are not of higher salinity than other associated inclusions 
which do not contain daughter salts. These daughter salts 
dissolved on heating in rare instances, but more commonly no 
changes were observed in daughter salts prior to the 
decrepitation of the host inclusion. Because of the lack of 
effect of daughter salts on other inclusion properties, 
inclusions bearing daughter salts are included with normal 
inclusions in the presentation of microthermometric results, 
although they are listed as "X-Phase" inclusions in Appendix 
2 .

Special effort was made to identify highly strained and 
deformed portions of fluid inclusion samples, eliminating 
them from consideration. Progressive strain in quartz is 
indicated by undulose extinction, deformation lamellae, and 
recrystallized subgrains. Highly deformed quartz may 
finally undergo complete recrystallization to fine-grained, 
equant, strain-free quartz. Straining of host minerals 
destroys fluid inclusions through the leakage of fluids, as 
documented by Kerrich (1976) and by Wilkins and Barkas 
(1978). In strongly undulose quartz, inclusions have 
inconsistent phase ratios and yield inconsistent 
measurements, and many inclusions appear to be empty. With
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the formation of deformation lamellae, nearly all inclusions 
are empty. Recrystallization of quartz appears to remove 
all pre-existing fluid inclusions. Recrystallized quartz 
subgrains are devoid of mixed HgO-COg inclusions but contain 
simple aqueous inclusions of secondary origin.

Virtually all quartz is at least weakly undulose. Such 
quartz was accepted for fluid inclusion study if associated 
fluid inclusions appeared to have similar compositions. 
Variability of phase ratios due to necking down was 
indistinguishable from variability due to other varieties of 
leakage, somewhat compromising the reliability of this 
study.

Microthermometry
The basic method of fluid inclusion microthermometry is 

to record the temperatures and natures of all phase 
transitions over a range of temperature, in this case from 
110*C to 500°C. The types of phase transitions recorded in 
this study are listed in Table 3. The results for mixed 
H20-C02 inclusions and for simple aqueous inclusions involve 
different sets of phase transitions and will be discussed 
separately.

Fluid inclusion determinations were performed using a 
USGS/SGE Inc. Gas-Flow Heating-Freezing Fluid Inclusion 
Stage coupled with a Doric 400A Digital Trendicator and an
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TABLE 3. Phase Changes Observed 

Mixed HgO-CQg Inclusions
Tm C02 Temperature of melting. Carbon Dioxide

(C02 Triple Point)
Tm Clath. Temperature of melting. Carbon Dioxide

hydrate (clathrate)
Th C02 Temperature of homogenization, carbon

dioxide liquid and vapor
Th COg—HgO Temperature of homogenization, CO2-H2O,

Simple Aqueous Inclusions
Tm Ice Temperature of melting. Ice
Th 1-v Temperature of homogenization of H20

liquid and vapor
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Omega Engineering type J iron constantan thermocouple. The 
precision of the equipment is rated to be +0.5°c on cooling 
and +2.0*0 on heating. Extensive testing of this equipment 
using pure calibration standards suggests that precision is 
actually much better than is rated. A calibration curve was 
constructed by measuring the indicated critical temperatures 
and freezing points of pure H20 and HgO-COg fluid inclusions 
within synthetic quartz obtained from Synfline, Inc. at Penn 
State University (Sterner and Bodner, 1984). Accuracy of 
corrected measurements is thought to be within +0.2*0 on 
cooling and +1.0*0 on heating. Additional error of 
approximately 1*0 is possible owing to temperature gradients 
within the sample chamber.
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Results for Mixed H20-C02 Inclusions

C02 triple point
Depression of the triple point of C02 indicates the 

presence of C02-soluble volatiles, the most common of which 
in geologic systems is CH4. Virtually all measured values 
of Tm C02 fell within 0.3°C of the -56.6°C melting point of 
pure C02, and the greatest measured depression was only 
0.9°C (Appendix 2). Values of Tm C02 both above and below 
-56.6*0 were measured, suggesting that much of the deviation 
may be simply due to experimental error. Indicated 
quantities of CH4 and other C02-soluble volatiles are 
negligible, and will not be considered in the interpretation 
of other phase transitions.

The observation of Tm C02, in itself proof of 
significant C02 content within an inclusion, was attempted 
for all fluid inclusions. In many cases there was no other 
evidence for C02.

Clathrate melting
The clathrate compound carbon dioxide hydrate (002*5.75 

H20) commonly forms upon cooling of C02-rich inclusions. It 
freezes out of the aqueous phase prior to and in addition to 
the formation of normal ice, this being the phenomenon of 
double freezing. As described by Collins (1979), Tm Clath.
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is the only reliable indicator of aqueous phase salinity for 
C02-rich inclusions.

In practice, the measurement of Tm Clath. is extremely 
difficult. COg clathrate is both isotropic and of very low 
optical relief (Roedder, 1972), and often all that is 
observed upon melting is a shifting of other phases. Even 
this observation may be possible only at heating rates 
faster than allow for precise temperature determination.

Figure 27 is a summary of all recorded values of Tm 
Clath. The values range from -5*C to 10°C, with 8°C being 
the modal value. Indicated salinities range from 0 to 21 
equivalent weight % NaCl, with 4% being the most common.

With the exception of 2 inclusions in apatite and one 
in garnet, all measured values of Tm Clath. were from 
quartz. Garnet-hosted inclusions normally lack sufficient 
C02 for clathration to be visible. Apatite-hosted 
inclusions are certainly C02-rich, but observation of 
clathrate melting is extremely difficult.

Few conclusions can be drawn regarding a lithological 
control of inclusion salinity. For many samples, too few 
data to define salinity, and in 2 samples no clathration was 
observed at all. With exceptions, the amount of scatter to 
some degree reflects the number of data collected. Samples 
143, 1001 and 1011, interpreted to be the latest pegmatitic 
phases and earliest quartz veins, contain the highest-
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Figure 27. Histogram of melting temperatures of carbon 
dioxide hydrate (clathrate) in mixed HgO-COg fluid inclusions.



salinity inclusions, which are not necessarily those 
containing daughter salts. Inclusions in late vein quartz 
have low salinities.

Variations in salinity can come about through 
entrapment of different fluids, or of a fluid that is 
inhomogeneous because of mixing. Some planes of inclusions 
with daughter salts show marked differences between 
inclusions both in measured salinities and in daughter salt 
content, although the presence of daughter salts does not 
correlate overall with Tm clath.

The solutes responsible for depressing Tm Clath., 
cannot be identified. Although daughter salts were 
originally presumed to be to be chloride compounds, seldom 
was NaCl saturation indicated for inclusions containing 
daughter salts. Eutectic temperatures were not recorded in 
this study.

Homogenization of C02 fluids
It is possible for liquid and vapor C02 phases to 

coexist within the temperature range between the triple 
point of liquid COg (-56.6°C) and the COg critical point 
(31.1°C). The density of the homogenized C02 phases can be 
determined from the temperature and nature of the observed 
C02 liquid-vapor homogenization. Angus et al. (1976) 
provided isochores for C02.
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Figure 28 is a summary of the Th COgl-v results for all 

samples. While most recorded values of Th C02l-v cluster 
near the critical point of 31.1°C , the values range from 
9.1°C for homogenization to the liquid phase to -55°C for 
homogenization to the vapor phase, indicating a range in C02 
phase densities from about 0.90 gm/cc to 0.02 gm/cc. Values 
tend to cluster within several degrees of the critical point 
because C02 fluids of widely ranging densities all 
homogenize within this range; Th C02l-v(v) of 29°C indicates 
a density of 0.25gm/cc, compared to 0.75gm/cc for Th C021- 
v( 1) of 29°C, a three-fold difference in density. Recorded 
temperatures of homogenization to vapor are most likely 
slightly lower than the actual temperature of homogenization 
because thin films of liquid lining the vapor bubble become 
imperceptible before homogenization to vapor actually takes 
place. This is thought to account for the spike in the 
number of observations of maximum in Th C02(v) at <30 °C/ 
rather than nearer the critical point (Fig. 28). The 
lowest recorded values of homogenization to vapor reflect 
the lower temperature limit for which Th C02(v) is 
observable, rather than an actual lower limit for C02 phase 
densities.

Variations in measured C02 phase densities may be of 
several origins. Hollister and Burruss (1976) reported an 
even wider variation and attribute it to variations in P-T
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conditions during entrapment, higher densities indicating 
greater pressures. Alternatively, post-entrapment changes 
such as leakage or necking down can account much of the 
observed variation. The highest density C02 phases observed 
probably reflect of relatively high pressure conditions of 
entrapment, but it is possible that some high-density C02- 
inclusions could have been created through the necking down 
of multi-fluid inclusions. Lower density C02 phases could 
be created through entrapment at low pressures, through 
immiscibility, through necking down or through leakage of 
inclusion fluids.

Inclusions from igneous rocks and from the early-formed 
quartz gash vein (sample 1011) generally share a common 
range of C02 fluid densities, including at least some high 
density C02 phases as indicated by C02 fluids homogenizing 
to the liquid phase. Igneous rocks not containing high 
density C02 fluids all appear to have suffered deformation 
and inclusion leakage. In contrast, inclusions from later 
quartz veins did not contain high density C02 fluids. In 
most inclusions from later quartz veins no liquid C02 was 
visible at any temperature, indicating relatively low 
density C02 fluids.
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Final homogenization

Figure 29 is a summary of the Th HgO-COg results for 
all samples for which the compositions and densities of 
inclusion fluids were determined. Appendix 2 includes a 
list of all determined values of Th HgO-COg. Values range 
from 191°C to 429°C. Many inclusions decrepitated well 
before homogenizing, suggesting high internal pressures.

Several variables affect the interpretation of Th H20- 
C02. Bulk fluid composition is significant, with maximum 
homogenization temperatures for fluids of about 30% C02 
(Bowers and Helgeson, 1983; Fig. 29). Addition of NaCl will 
significantly increase the field of immiscibility. All 
other variables being equal, Th decreases with increasing 
fluid density. Thus Th H20-C02 serves to indicate internal 
pressure for inclusions for which bulk composition is known. 
Assuming that the mixed HgO—COg fluids were trapped as a 
single, homogeneous fluid, Th can be considered to a minimum 
temperature of entrapment. Actual temperatures of 
entrapment are potentially much higher.

H20 content of fluid inclusions
The molar ratio between H20 and C02 is the most 

important compositional variable in HgO-COg fluid 
inclusions, but it is the most difficult to obtain 
accurately. This determination relies upon the visual
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estimation of the relative volumes of liquid and vapor 
phases at a fixed temperature. While easily done for 
inclusions of regular, easily measured geometric shapes, 
this estimation becomes much more difficult for the typical 
inclusion which is irregular in shape. Difficulties in 
observation become apparent both in determining the depth of 
inclusions and the true size and shape of the vapor bubble. 
For example, when looking down the long axis of a 
cylindrical inclusion, the vapor bubble appears to fill a 
greater portion of the inclusion volume than if the 
inclusion were viewed from the side. Except in the case of 
inclusions with unusually simple and regular shapes, complex 
geometrical modeling becomes too speculative and time 
consuming.

The estimation of molar ratios in this study was based 
largely on published graphical techniques. Visual estimates 
were based on figures from Roedder (1972) and from Roedder 
and Bodnar (1980) in which relative areas and volumes are 
calculated for representations of regularly shaped 
inclusions over a range of phase ratios. Conversion of 
relative volumes to molecular proportions was done using a 
graphical technique presented by Burruss (1981).
Information required includes relative phase ratios at 40°c,
Th co2' and internal pressure at 40°C. This technique rests 
on 3 assumptions. First, that H20 and C02 are nearly
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immiscible at 40°C and can be considered perfectly 
segregated into the liquid and vapor phases respectively 
(data by Weibe and Gaddy, summarized by Greenwood and 
Barnes, 1966). Secondly, that the bulk molar volume is 
simply the sum of the volumes of the component volumes. 
Thirdly, that the H20 phase is incompressible at 40*0, 
allowing internal pressure to be determined from the 002 
isochore. The reader is referred to Burruss (1981) the 
specific graphs and further details of this technique.

Determined values of XHgO are given in Appendix 2. 
Values from inclusions for which both fluid compositions and 
final homogenization temperatures were determined are shown 
in Figure 29. Estimated values range from essentially pure 
H20 to pure C02. Values of 90% or more H20 are most common; 
values less than 40% H20 are rare. Potentially large errors 
in estimated molar compositions are inherent in this 
technique. Error could easily exceed 10% for C02-rich 
inclusions in which Th C02 occurs near the C02 critical 
point. Potential error is much lower for H20-rich
inclusions.



Results for Simple Aqueous Inclusions

Salinities
The salinity of simple aqueous inclusion fluids is 

determined in terms of equivalent weight percent NaCl from 
the melting point depression of aqueous ice (Roedder, 1984). 
Figure 30 presents all determined values of Tm ice. 
Salinities are generally low, usually ranging between 1 
weight percent NaCl and 7 weight percent NaCl (Fig. 30; 
Appendix 2). Higher values are uncommon but present, and 
are characteristic of garnet-hosted inclusions and 
inclusions containing daughter salts. These higher salinity 
inclusions are most likely of an origin different from that 
of typical simple aqueous inclusions. Values of Tm ice as 
low as —37°C were obtained from rare inclusions containing 
daughter salts (Appendix 2, Sample 143,).

Homogenization Temperatures
The temperature of homogenization of liquid and vapor 

phases is a function of fluid inclusion fluid density for 
simple aqueous inclusions, and can be interpreted as the 
minimum temperature of entrapment. All measured values of
Tfo i-v for simple aqueous inclusions are shown in Figure 31. 
Most values range from 170 C to 250 C. These are from 
secondary inclusions in quartz. A second group clusters
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around 300°c. These inclusions are also quartz-hosted but 
are less obviously secondary in appearance. These 
inclusions are similar in habit and in homogenization 
temperature to mixed HgO-COg inclusions and may contain 
appreciable undetected C02. A third group of values 
clusters around 360°C, obtained from inclusions in garnet. 
These inclusions are of tubular habit and might be primary. 
These three groups of inclusions are suspected to be of 
different origins.

Temperatures of homogenization for inclusion fluids 
should be pressure-corrected to give trapping temperatures. 
No correction will be applied in this study because the 
depth of entrapment of these inclusions is poorly known.
Most likely, depth of burial was changing throughout a 
prolonged period of tectonic activity, and any estimation of 
depth of entrapment for a particular inclusion would too 
ill-founded.

Discussion

Fluid inclusion geobarometry
A major goal of this fluid inclusion study was the 

estimation of pressure. If the assumption is made that the 
inclusion fluids were trapped as single phase fluids, a



minimum estimate for the pressure of entrapment can be 
obtained from the internal pressure of a fluid inclusion at 
the temperature of final homogenization.

Several techniques have been developed which use fluid 
inclusion compositions and homogenization temperatures to 
obtain pressures of entrapment. Reviews of contemporary 
techniques are found in Roedder and Bodnar (1980), Roedder 
(1984), Crawford (1981), and Touret (1981). Researchers 
until recently have been restricted to working with fluids 
of only the simplest compositions. Methods of the past have 
largely relied on the intersection points of isochores of 
essentially pure fluids to define a temperature and 
pressure. More recently. Bowers and Helgeson (1983) have 
reviewed the developing understanding of the HgO-COg-NaCl 
system and have provided an equation of state for the 
system. They have also provided a set of semi-empirical 
solvi as a function of pressure in T-X space for inclusions 
of fixed salinity, allowing them to be used for estimations 
of internal pressures of inclusions at the temperature of 
final homogenization.

Figure 29 illustrates these effects, showing the 1.5 kb 
and 2 kb solvi over a range of salinities (from Bowers and 
Helgeson, 1983). Note that values of Th are shifted 
systematically downwards with each 0.5 kb increase in
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All values of H20-C02 from Inclusions for which bulk 

molar compositions are known are plotted on Figure 29. Many 
inclusions which have H20 mole fractions of less than 0.8 
appear to have internal pressures of homogenization 
significantly greater than 2 kb and probably as high as 4 
kb, although the lack of empirical data at pressures greater 
than 2 kb inhibits precise estimation. Inclusions having 
H20 mole fractions of greater than 0.8 XH20 appear to have 
internal pressures of homogenization of less than 2 kb.

Less dependence of on salinity is observed than 
might be expected assuming that most inclusions shown were 
trapped at similar pressures. One explanation is that the 
salinity of solutions decreased with decreasing pressure. 
This general trend is suggested by salinity variations 
between mixed H20-C02 inclusions and simple aqueous 
inclusions. A second explanation is that the solutes 
present within inclusions are not NaCl and do not affect 
H20-C02 in a similar or significant manner. The possibility 
that other solutes may be present is substantiated by the 
observations of minor freezing point depressions within 
daughter mineral bearing inclusions, and of equal freezing 
point depressions within associated inclusions having 
different daughter salt assemblages.
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Evolution of Fluids and Timing of Entrapment.

By determining the relative ages of different fluid 
inclusion types, it is possible to document an evolution in 
the compositions of fluids present within a geologic system 
through time. A variety of lines of evidence may be 
utilized to interpret the relative ages. Listed in order of 
decreasing certainty, these lines of evidence are cross
cutting relationships of planes or groups of inclusions, the 
general presence or absence of inclusions from certain 
lithologies or minerals, and the habit or maturity of the 
inclusions.

The earliest-formed fluid inclusions may be the simple 
aqueous inclusions in garnet. As stated above, most fit the 
criteria for simple aqueous inclusions, but have uncommonly 
high salinities and homogenization temperatures. These 
inclusions are tubular in habit, suggestive of a primary 
rather than secondary origin. Both the nearly absolute lack 
of mixed C02-H20 inclusions from garnet and the lack of the 
higher-salinity aqueous inclusions from quartz suggests that 
garnet, an early-formed igneous mineral, preserves early 
fluids that were not available when later-formed quartz was 
trapping inclusions.

The earliest fluid inclusions in igneous quartz are of 
mixed H20-C02 composition. Wherever documented, planes of 
secondary, simple aqueous inclusions post-dated higher-
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density inclusions richer in C02 in quartz. This 
observation is mostly based on inclusion morphology. Simple 
aqueous inclusions occur in planar arrays of flat inclusions 
which commonly cross grain boundaries, whereas COg-rich 
inclusions occur either as primary inclusions or as diffuse 
planar groups of inclusions which do not cross grain 
boundaries. Only rarely were direct cross-cutting 
relationships observed between planar arrays of contrasting 
compositions.

The age of the mixed H20-C02 inclusions, while poorly 
constrained, is thought to be late-magmatic to post-magmatic 
and to predate strain-induced recrystallization of quartz. 
Primary igneous quartz, later fracture-filling quartz found 
in broken feldspar grains, and earliest-formed quartz veins 
(gash veins) all contain a similar range of mixed H20-C02 
inclusions. There is no conclusive evidence to suggest that 
C02-rich fluids trapped are of igneous origin. Mixed H20- 
C02 inclusions are consistently seen to have been damaged or 
destroyed within strained portions of mineral grains, firmly 
placing the time of entrapment before or during the latest 
deformation.

A trend of decreasing C02 content and of decreasing C02 
fluid density through time is indicated by the general 
absence of inclusions containing visible liquid 002 from 
samples of latest-deposited vein quartz. Even these samples
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did, however, contain fluid inclusions that formed clathrate 
on cooling, indicating the presence of C02.

The significance of the higher salinity inclusions 
found in latest pegmatitic and earliest vein quartz samples 
(Fig. 27 , samples 143, 1011) is also poorly constrained.
As stated, the presence of daughter salts is only loosely 
related to salinity, bringing into question the true nature 
of these "salts". It is tempting to suggest that these 
fluids may be a hypersaline residuum of the granitic magma. 
Alternatively, higher-salinity inclusions are all from 
intrusive rocks adjacent to country rock, suggesting that 
the source of the fluids may be outside the granite.

Simple aqueous inclusions were present within all 
samples. Being secondary and late, they were generally of 
little interest, and thus their presence and abundance is 
not always accurately reflected by the microthermometric 
data collected. The ubiquitous presence of simple aqueous 
inclusions even within recrystallized quartz subgrains 
containing no C02-rich inclusions suggests that these simple 
aqueous fluids largely postdate deformation.



CHAPTER VII
DISCUSSION AND SUMMARY

Thermal and Deformational History of the Study Area 
That multiple stages of deformation have been imposed 

on the rocks of the Rincon-Santa Catalina-Tortolita 
metamorphic core complex, first emphasized by Keith, et al., 
(1980), continues to be documented by subsequent studies 
(Chapter 2).

Deformational fabrics that pre-date the emplacement of 
the Wilderness suite are most satisfactorily attributed to 
Laramide compressional deformation and associated ductile 
shearing and thrust faulting (Bykerk-Kauffman, 1987).
Thrust faulting of similar age and having similar spatial 
and temporal relationships to peraluminous granites is 
documented from southernmost Arizona by Haxel et al. (1984). 
Crustal thickening resulting from Laramide compression is 
most likely responsible for the greenschist facies 
metamorphism commonly associated with these fabrics, and 
possibly is responsible for the anatectic generation of the 
peraluminous Wilderness suite at depth in the crust. 
Amphibolite-facies metamorphic effects in the immediate 
contact aureole anneal these fabrics in the study area of 
this thesis, indicating that pre-emplacement deformation of 
wall rocks was for the most part complete by the time of
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peak metamorphism.

The peak of metamorphism in the Santa Catalina 
Mountains appears to be directly related to the intrusion of 
large igneous masses. Of these, the Wilderness suite is 
most widespread. Peak metamorphic temperatures interpreted 
from studies of metamorphic assemblages and of styles of 
deformation are in general agreement at about 500°c.

Post-Wilderness suite deformation is most intensely 
developed in the forerange of the Santa Catalina Mountains, 
to the southwest of the study area, where it has been shown 
to be related to conjugate, ductile, normal shear zones.
This fabric fades towards the northeast, most likely 
reflecting increasing structural depth below the main 
southwest-dipping ductile shear zone (Naruk, 1987; Bykerk- 
Kauffman, 1988).

Within the area of this study, post-emplacement 
deformation appears to be only weakly and irregularly 
developed, consistent with the spatial association of the 
area to the ductile, normal shear zone. Southwest of the 
study area, post-emplacement deformation progressively 
increases. The shallow northwest dip of the foliation is 
consistent with deformation peripheral to the southwest 
dipping normal shear zone (Davis, 1983).

Alternatively, post-emplacement deformation is also 
consistent with what might be expected from upward-directed,
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isostatically-driven, post-magmat1c forces of emplacement. 
Forceful emplacement of the Wilderness granite, as evidenced 
by its internal fabrics and style of emplacement, could 
possibly have caused some of the deformation observed in at 
least the immediate wall rocks of the intrusion as well.

Most of the deformation of Wilderness suite rocks 
occurred at relatively high temperatures and pressures, as 
evidenced by the fluid inclusions trapped in remobilized 
quartz filling early fractures and veins. Deformation must 
have occurred at lower temperatures and pressures as well to 
create the strain-induced quartz recrystallization that is 
observed to destroy and therefore post-date the early- 
formed fluid inclusions. Even the latest quartz veins which 
contain relatively low pressure fluid inclusions are at 
least weakly deformed, indicating that post emplacement 
deformation persisted through an extended period of 
decreasing pressure.

Although the style of the best developed post
emplacement deformation is thought to reflect high 
temperatures (Tullis, 1983), this only helps constrain the 
timing of post-emplacement deformation to a period before 
about 30 Ma ago, the beginning of cooling brought on by 
tectonic denudation.

It is most likely that the post-emplacement deformation 
of Wilderness suite rocks in the study area is of more than



one source and that It is not possible to determine 
explicitly the source of specific deformational features.

Source and Timing of Fluid Associated with Wilderness 
Suite Intrusions

On the basis of evidence from fluid inclusions, the 
earliest fluids associated with the Wilderness suite 
intrusions were aqueous fluids of moderate salinity, found 
trapped in early-formed garnet. These fluids may represent 
primary igneous fluids.

The most abundant preserved fluids were of mixed H2o- 
C02 composition, with variable salinity. These fluids were 
present from the time of formation of quartz and persisted 
through much of the deformational history, but appear to be 
destroyed during the peak of post-Eocene deformation, as 
marked by extensive mineral recrystallization. Common 
minimum temperatures of entrapment range from as low as 
250°c to over 350*C. These fluids very likely arose from 
decarbonation reactions involving calcareous country rocks. 
The mixed H20-C02 fluids became progressively less C02-rich 
with time with an accompanying decrease in the pressure of 
entrapment of inclusion fluids.

Fluids trapped after the peak of deformation (i.e.: 
found in latest, tectonically recrystallized grains) are 
largely aqueous fluids of low salinity, most likely of
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meteoric origin.

On the basis of fluid history and composition, it can 
be speculated that most trapped fluids were of metamorphic 
origin, created when magmatic heat and moderately-saline 
aqueous fluids reacted with calcareous sedimentary rocks.
The results of this process are preserved as calc-silicate 
bearing metasedimentary rocks found in the contact aureole 
of the Wilderness suite.

That these fluids persisted in the rocks for a 
significant span of time can be speculated from the presence 
of these fluids in quartz having widely differing modes of 
occurrence. There was a gradual decrease in the C02-content 
of inclusion fluids with decreasing indicated pressures of 
entrapment.

The latest deformational effects observed in the area 
are of low temperatures and pressures relative to the peak 
metamorphic conditions.

Depth of Emplacement for Wilderness the Suite
Several lines of evidence can be used to estimate the 

depth of emplacement of the Wilderness suite intrusions 
within the study area. The style of intrusion suggests that 
the depth of intrusion was in the mesozone (up to 13 
kilometers) or deeper (Buddington, 1959). This is suggested 
by the lack of a chilled margin in the intrusive rocks, by
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the extensive amphibolite-grade metamorphic aureole and by 
concordant to discordant relationships with country rocks. 
The mineralogy of the Lemmon Rock leucogranite pegmatites 
places them in Cerney's depth zone of 7-11 kilometers. 
Studies of the compositions of minerals from the Wilderness 
suite (Anderson et al., 1988) and from its contact 
metamorphic aureole (Palais and Peacock, 1987) suggested 
maximum pressures of 3.8 kilobars and depths of over 13 
kilometers. These lines of evidence all agree with fluid 
inclusion geobarometry which suggests that pressures of 
entrapment were as great as 4 kilobars.



APPENDIX I: Results of Microprobe Examination of Wilderness 
Suite Samples
Index to Samples Used for Microprobe Study
Wilderness granite
89 Medium-grained, equigranular Wilderness granite
122 Equigranular Wilderness granite with muscovite schlieren
123 Equigranular Wilderness granite with garnet schlieren 
206 Coarse-grained Wilderness granite, northern margin

Lemmon Rock leucoqranite
100 Weakly foliated, medium-grained, equigranular phase.
40 Texturally layered leucogranite (Type B).
117 Late, undeformed, garnet-rich aplite.
203 Texturally layered leucogranite with garnet schlieren (Type A).
124 Albitic leucogranite with plumose mica.
126 Albitic leucogranite with plumose mica.
143 Late-stage quartz pod.
120 Weakly deformed leucogranite dike in quartz dioritic xenolith
121 Strongly deformed leucogranite dike in quartz dioritic xenolith.
215 Weakly deformed leucogranite dike in metasedimentary xenolith
216 Quartz-mica schist, presumed metasedimentary xenolith.

Garnet Compositions
Sample
Garnet

89(1)
edge

89(2) 89(3) 89(4) 89(5) 89(6)
core

Si02 36.48 37.68 36.74 37.41 36.81 36.71
a12°3 20.88 20.89 20.77 19.55 20.62 20.55
Ti02 0.07 0.03 0.04 0.06 0.15 0.10
Cr2°3 0.00 0.05 0.02 0.00 0.09 0.00MgO 0.44 0.74 0.69 0.60 0.71 0.71
FeO 19.62 21.90 21.74 19.49 21.59 21.18
MnO 20.64 20.51 19.98 21.19 20.10 20.15
CaO 1.71 0.94 0.92 0.90 0.97 0.96
NagO 0.00 0.08 0.10 0.06 0.00 0.06
KgO 0.06 0.01 0.01 0.06 0.00 0.02
p2°5 0.00 0.00 0.00 0.03 0.04 0.02F 0.00 0.00 0.08 0.00 0.16 0.05
Total 100.26 102.82 101.08 99.35 101.29 100.56
Mole % end members 
Almandine 45 48 49 45 48
Spessartine 48 46 49 50 46
Pyrope 5 3 3 2 3
Grossular 2 3 3 3 3
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Sample 123(1) 123(2) 123(3) 117(1) 117(2) 117(3)
Garnet edge core edge core
Si02 37.78 36.88 36.99 37.15 36.68 36.25
AI2O3 20.14 20.21 20.44 21.14 20.24 20.42
Ti02 0.18 0.00 0.00 0.16 0.09 0.00
^r2®3 0.00 0.00 0.08 0.00 0.00 0.02
MgO 0.94 0.95 1.02 0.67 0.59 0.52
FeO 20.87 21.51 21.94 18.32 20.63 21.20
MnO 19.81 18.88 18.85 22.64 21.57 21.06
CaO 0.89 0.91 0.89 0.73 0.79 0.81
NeujO 0.07 0.02 0.01 0.00 0.05 0.04
k2o 0.01 0.00 0.02 0.04 0.03 0.00
P2°5 0.05 0.00 0.00 0.02 0.05 0.14
F 0.00 0.00 0.24 0.00 0.03 0.00
Total 100.71 99.34 100.46 100.85 100.74 100.48
Mole % end members
Almandine 48 50 50 42 46 48
Spessartine 46 44 43 53 49 48
Pyrope 4 4 4 3 3 2
Grossular 2 2 3 2 2 2

Sample 203(4) 203(1) 203(2) 203(3) 143
Garnet edge core edge
Si02 36.82 37.51 36.82 36.83 36.42
AI2O3 20.49 21.13 20.93 20.75 21.11
Ti02 0.07 0.02 0.07 0.10 0.12
Cr203 nd nd nd nd nd
MgO 0.98 0.84 0.71 0.76 0.38
FeO 18.77 20.36 20.14 20.24 15.28
MnO 20.49 20.35 20.42 20.26 15.28
CaO 1.04 1.02 1.31 1.29 1.16
NaujO 0.01 0.02 0.04 0.06 0.04
k2o 0.03 0.02 0.01 0.00 0.00
P2°5 0.00 0.01 0.05 0.07 0.03
F 0.00 0.00 0.00 0.00 0.00
Total 99.18 101.28 100.50 100.36 100.91
Mole % end members
Almandine 44 47 46 46 35
Spessartine 49 47 47 47 60
Pyrope 4 3 3 3 2
Grossular 3 3 4 4 3
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Sample 100(1) 100(2) 100(3) 40(1) 40(2) 40(3)Garnet edge core edge coreSi02 37.17 37.81 37.57 35.94 35.66 35.14AI2O3 19.93 20.06 19.62 20.87 20.53 20.14Ti02 0.10 0.00 0.17 0.00 0.10 0.00
Cr203 0.00 0.00 0.00 0.00 0.00 0.00MgO 0.92 0.87 0.81 0.69 0.67 0.66FeO 20.85 22.45 22.67 17.62 19.36 19.57MnO 20.10 20.03 19.31 21.61 21.29 20.64CaO 0.96 0.84 0.91 0.86 0.44 0.58Na20 0.10 0.03 0.10 0.06 0.10 0.00KgO 0.01 0.00 0.00 0.02 0.02 0.01
p2°5 0.14 0.10 0.11 0.00 0.08 0.12F 0.00 0.09 0.00 0.00 0.00 0.00Total 100.27 102.30 101.26 97.67 98.15 97.34
Mole % end members
Almandine 47 50 51 42 45 46Spessartine 46 45 44 52 51 49Pyrope 4 3 3 3 3 3Grossular 3 2 3 3 1 2

Sample 215(1) 215(2) 215(3) 126(1) 126(2) 126(3)Garnet edge core edge coresio2 37.27 37.43 37.10 35.23 35.83 36.10
a12°3 20.95 20.94 21.04 20.13 19.58 19.70Ti02 0.16 0.10 0.03 0.07 0.03 0.13
Cr2°3 nd nd nd 0.00 0.03 0.00MgO 1.01 0.87 1.20 0.83 1.04 0.96FeO 15.02 14.49 16.11 20.25 22.50 21.88MnO 21.80 24.16 24.30 19.49 18.08 18.73CaO 3.50 2.76 1.46 1.38 1.01 1.06NagO 0.04 0.06 0.00 0.00 0.00 0.08
k2° 0.05 0.01 0.01 0.04 0.01 0.04
p2°5 0.00 0.00 0.00 0.01 0.00 0.08F 0.00 0.07 0.08 0.12 0.00 0.06Total 99.80 100.89 101.33 97.56 98.15 98.82
Mole % end members
Almandine 35 33 36 47 51 50Spessartine 51 56 55 46 42 43Pyrope 4 3 5 4 4 4Grossular 10 8 4 3 3 3



APPENDIX —  Continued

Sample 121(1) 121(2) 121(3)
Garnet edge core
Si02 36.20 35.09 35.05
Ai2°3 20.68 20.55 20.86
Ti02 0.11 0.10 0.08
®r2°3 0.00 0.00 0.00
MgO 0.69 0.18 0.59
FeO 14.56 14.19 10.95
MnO 25.14 25.84 30.00
CaO 1.48 1.34 0.47
Na20 0.01 0.00 0.03
K2O 0.02 0.01 0.00
P2°5 0.06 0.02 0.00F 0.00 0.30 0.14Total 98.95 97.62 98.16
Mole % end marbers
Almandine 34 33 26Spessartine 59 62 71
Pyrope 3 1 2
Grossular 4 4 1

Muscovite Compositions 

Sample 123 122 206(1) 206(2) 206(3) 89(1)Muscovite Primary Primary Primary Primary Secondary PrimarySi02 45.39 45.26 45.88 46.32 50.05 45.75
a12°3 31.34 29.06 33.29 32.93 29.99 30.32Ti02 0.04 0.46 0.41 0.47 0.07 0.54
Cr2°3 0.00 0.00 0.00 0.00 0.07 0.00Mgo 0.86 1.06 0.84 0.93 0.59 0.92FeO 4.20 5.42 4.09 4.23 2.34 5.70MnO 0.02 0.04 0.07 0.01 0.04 0.20CaO 0.00 0.01 0.01 0.01 0.07 0.00
Na2o 0.53 0.55 0.49 0.55 0.50 0.30
KgO 10.57 9.31 10.65 10.67 11.73 10.77
P2°5 0.00 0.00 nd nd nd 0.06F 0.47 0.40 nd nd nd 0.41
Total 93.79 91.58 95.74 96.12 95.46 94.96



APPENDIX I —  Continued
Sample 40 117 203(1) 203(2) 203(3) 203(4)Muscovite Primary Primary Primary Primary Secondary PrimarySi02 45.08 46.04 46.33 45.96 45.33 45.71AlgOg 31.47 29.55 33.47 32.83 32.69 32.31Ti02 0.02 0.17 0.20 0.20 0.00 0.49
Cr2°3 0.01 0.00 nd nd nd ndMgO 1.08 0.95 0.75 1.04 0.04 1.04FeO 4.26 3.82 3.40 3.43 3.81 3.29MnO 0.02 0.13 0.04 0.03 0.13 0.04CaO 0.00 0.00 0.00 0.01 0.04 0.00N^o 0.61 0.40 0.49 0.53 0.13 0.53
k2o 9.37 10.71 10.82 10.49 10.35 10.37
P2°5 0.05 0.00 0.02 0.04 0.06 0.06F 0.17 0.38 0.36 0.34 0.13 0.30Total 92.20 92.17 95.87 94.93 92.72 94.14
Sample 100 124 126 216(1) 216(2) 216(3)Muscovite Primary Primary Plumose (Quartz-Mica Schist)Si02 45.73 45.18 45.95 45.46 45.75 45.73AI2O3 30.74 33.28 31.45 31.22 31.55 31.88Ti02 0.47 0.29 0.51 0.75 0.89 0.78
Cr2°3 0.10 0.02 0.00 0.00 0.02 0.00MgO 0.85 0.96 1.27 1.14 1.21 1.24FeO 4.33 4.50 3.54 4.89 4.39 4.24MnO 0.17 0.06 0.11 0.08 0.02 0.09CaO 0.00 0.01 0.00 0.02 0.02 0.00Na20 0.47 0.62 0.42 0.53 0.41 0.46KgO 10.20 9.55 10.22 10.47 10.55 10.47
p2°5 0.00 0.00 0.00 0.01 0.09 0.02F 0.24 0.52 0.05 0.05 0.00 0.20Total 93.29 94.98 93.52 94.63 94.91 95.09
Sample 215(1) 215(2) 215(3)Muscovite Primary Primary Xeno. BorderSi°2 45.44 45.81 45.10
Ai2°3 31.65 31.20 30.54Ti02 0.42 0.63 0.60
Cr2°3 nd nd ndMgO 0.89 1.11 1.11FeO 4.42 4.85 4.93MnO 0.07 0.02 0.10CaO 0.01 0.00 0.00
Na20 0.45 0.45 0.41
k2o 10.67 10.88 10.86
p205 0.00 0.01 0.04F 0.14 0.23 0.30Total 94.24 95.18 94.14



APPENDIX I Continued

Sample 120(1) 120(2) 126 121Biotite Xenolith Plumose Plumose Primal
Si02 36.67 36.56 34.15 35.01
aj-2°3 15.14 15.21 17.83 15.68
Ti02 3.12 3.14 2.49 2.53
CfgOg nd nd nd ndMgO 12.20 12.15 9.75 11.07FeO 17.82 17.14 18.20 18.25
MnO 0.62 0.87 0.76 1.29
CaO 0.05 0.06 0.04 0.05
Na2o 0.06 0.11 0.17 0.05
1^0 9.20 9.72 8.84 8.75
P2°5 0.01 0.04 0.05 0.09F 0.42 0.64 0.79 1.24Total 95.57 95.60 93.06 94.04
Sample 216(1) 216(2) 216(3)Biotite (Quartz-Mica Schist)
Si02 37.32 36.72 36.51
Al203 18.66 18.33 18.99
Ti02 2.44 2.39 2.48
Cr203 0.09 0.00 0.00MgO 10.72 10.82 10.84
FeO 17.50 17.48 17.85MnO 0.62 0.59 0.69
CaO 0.02 0.03 0.00
NagO 0.18 0.13 0.10
k2o 9.82 9.78 9.95
P2°5 0.02 0.00 0.00
F 0.41 0.21 0.31
Total 97.80 96.48 97.21

206
Primary 
35.36 
18.87 
2.16 
nd 

7.00 21.18 
0.77 
0.
0.
9.

95.24

122
Primary
36.19
16.57
2.46
0.039.7418.94
1.05

95.00

8.8
,3

88



124
APPENDIX I —  Continued

Orthoclase Composition
Sample 89 122 206(1) 203(1) 203(2) 203(3)Orthoclase anhedral anhedral anhedral subgrain primary anhedral
Si02 64.78 65.07 64.89 64.48 64.80 64.02AI2O3 19.00 17.75 18.94 18.56 18.86 18.99
Ti02 0.01 0.00 0.00 0.04 0.07 0.05
Cr2°3 0.08 0.00 0.02 0.00 0.01 0.02MgO 0.02 0.00 0.02 0.03 0.00 0.00FeO 0.00 0.05 0.02 0.00 0.03 0.07MnO 0.00 0.00 0.02 0.03 0.00 0.03CaO 0.13 0.01 0.04 0.00 0.00 0.00NagO 1.39 1.73 2.34 1.14 1.20 0.81KgO 14.27 13.27 13.56 15.23 15.33 15.71
P2°5 0.01 0.10 nd 0.00 0.12 0.00F 0.00 0.00 nd 0.02 0.04 0.00Total 99.69 97.97 99.84 99.52 100.45 99.70
Mole % end members
Albite 12.79 16.56 20.71 10.23 10.60 7.29Orthoclase 86.56 83.40 79.08 89.76 89.39 92.70Anorthite 0.63 0.03 0.20 0.00 0.00 0.00

Sample 40 126(1) 126(2) 124(1) 124(2) 117Orthoclase anhedral anhedral anhedral subhedral suhhedral anhedralSi02 61.15 62.91 61.35 65.65 63.45 65.53
a12°3 18.39 18.34 17.84 19.28 18.59 17.86
tio2 0.06 0.01 0.10 0.06 0.03 0.05
Cr2°3 0.03 0.00 0.00 0.00 0.02 0.01MgO 0.00 0.00 0.08 0.01 0.03 0.01FeO 0.12 0.06 0.09 0.00 0.00 0.06MnO 0.02 0.00 0.00 0.00 0.00 0.01CaO 0.01 0.05 0.05 0.00 0.04 0.00NagO 0.85 1.79 1.14 1.10 1.53 1.83
k2o 13.68 13.69 13.94 14.58 13.79 14.44
p2°5 0.07 0.00 0.06 0.00 0.02 0.05F 0.00 0.00 0.00 0.21 0.00 0.00Total 94.39 96.94 94.66 100.89 97.49 99.84(poor polish)
Mole % end members
Albite 8.66 16.54 11.05 10.32 14.40 16.14Orthoclase 91.27 83.21 88.66 89.67 85.40 83.85Anorthite 0.05 0.24 0.27 0.00 0.18 0.00
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Sample 120(1) 120(2) 121(1) 215
Orthoclase anhedral anhedral augen anhedral
Si02 64.85 65.17 63.90 64.28
AI2O3 18.78 17.67 19.04 18.67
T102 0.00 0.01 0.03 0.00
Cr203 (Ba) 0.43 (Ba0)0.24 0.08 (Ba0)0.36
MgO 0.02 0.02 0.00 0.00
FeO 0.08 0.00 0.05 0.02
MnO 0.00 0.00 0.03 0.01
CaO 0.01 0.00 0.02 0.01
Na2o 1.27 1.63 1.72 0.84
k2o 14.88 14.85 13.11 15.71
P2O5 0.00 0.02 0.08 0.07
F 0.00 0.06 0.10 0.06
Total 100.32 99.66 98.17 100.02

Mole % end members
Albite 11.46 14.26 16.63 7.48
Orthoclase 88.47 85.73 83.25 92.44
Anorthlte 0.06 0.00 0.11 0.07

Plagioclase Compositions
Sample 89 122 123(1) 123(2) 206(1)
Plagioclase primary primary edge core euhedral
Si02 65.30 63.72 65.89 65.66 64.95
Al203 20.73 20.94 20.77 21.19 22.70Ti02 0.00 0.06 0.00 0.08 0.08
Cr2°3 0.00 0.08 0.00 0.00 0.00
MgO 0.02 0.00 0.00 0.01 0.01
FeO 0.02 0.06 0.05 0.07 0.03
MnO 0.02 0.00 0.05 0.07 0.00
CaO 1.17 3.04 2.00 2.43 3.12
NagO 9.61 9.43 9.72 9.17 9.25
KjjO 0.03 0.24 0.30 0.50 0.32
p2°5 0.05 0.00 0.04 0.00 nd
F 0.04 0.00 0.00 0.16 nd
Total 97.87 97.56 98.82 99.34 100.46
Mole % end members
Albite 89.12 83.68 88.18 84.55 82.69Orthoclase 1.82 1.38 1.79 3.04 1.90Anorthlte 9.84 14.93 10.02 12.39 15.40

206(2)subbedral
64.85
22.15 0.04 
0.
0.
0.
0.
2.
9.53
0.35nd
nd

99.56

84.95
2.04
12.99

28
88

8
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Sample 203(1) 203(2) 203(3) 40(1) 40(2) 126(1)
Plagioclase fragment suhhedral subgrain suhhedral fragment anhedral
Si02 67.17 66.47 64.52 65.90 65.09 63.91
Ai2°3 21.07 21.18 21.50 21.15 19.92 20.83Ti02 0.00 0.00 0.02 0.00 0.03 0.12
^r2°3 nd nd nd 0.00 0.06 0.00
Mgo 0.00 0.00 0.01 0.03 0.00 0.01FeO 0.00 0.03 0.00 0.00 0.08 0.04MnO 0.00 0.06 0.02 0.00 0.05 0.00CaO 1.38 1.63 2.04 0.85 0.94 2.40
NagO 10.26 9.85 9.52 10.70 10.91 9.86
KgO 0.47 0.31 0.48 0.18 0.19 0.40
p2°5 0.02 0.01 0.10 0.01 0.14 0.00F 0.00 0.00 0.09 0.01 0.10 0.12Total 100.38 99.56 98.57 98.92 97.52 97.68
Mole % end members 
Albite 90.53 89.89 86.80

(poor polish) 
94.75

i
94.42 86.09

Orthoclase 2.74 1.86 2.90 1.06 1.07 2.31
Anorthite 6.72 8.24 10.29 4.17 4.50 11.58

Sample 126(2) 126(3) 124(1) 100(1) 100(2) 100(3)Plagioclase suhhedral euhedral fragment edge coreSi02 65.11 64.64 65.59 67.68 66.42 65.47
Ai2°3 20.80 21.21 20.64 19.70 20.10 20.47
Ti02 0.03 0.03 0.00 0.00 0.00 0.15Cr203 0.05 0.11 0.00 0.02 0.06 0.00MgO 0.00 0.02 0.00 0.02 0.00 0.00FeO 0.04 0.06 0.08 0.00 0.07 0.02MnO 0.02 0.00 0.03 0.02 0.00 0.01CaO 2.33 2.39 1.67 0.85 1.75 2.15
Na2o 9.59 9.62 10.18 10.85 9.73 10.14KgO 0.38 0.43 0.35 0.21 0.24 0.27
p2°5 0.07 0.10 0.01 0.04 0.00 0.07F 0.00 0.05 0.00 0.00 0.00 0.02Total 98.42 98.67 98.56 99.39 98.37 98.77
Mole % end members
Albite 86.19 85.71 89.82 94.73 89.66 88.12Orthoclase 2.24 2.52 2.01 1.18 1.44 1.52Anorthite 11.56 11.76 8.15 4.07 8.88 10.34
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Sample 117 120(1) 120(2) 120(3) 120(4) 121(1)
Plagioclase subhedral myrmekite myrmekite myrmekite subhedraQ mynnekite
Si02 66.69 64.20 62.29 62.79 62.81 60.75
AI2O3 20.35 23.14 24.19 24.20 24.04 24.55
Ti02 0.00 0.00 0.02 0.02 0.03 0.00
Cr203 0.00 (Ba0)0.04 (BaO)O.OO (BaO)O.OO (Ba0)0.03 0.10
Mgo 0.00 0.00 0.00 0.00 0.00 0.03
FeO 0.00 0.05 0.12 0.02 0.00 0.04
MnO 0.03 0.02 0.00 0.02 0.08 0.03
CaO 1.32 3.90 5.39 5.19 5.24 1.30
NagO 10.33 8.71 7.95 8.04 8.01 9.10
KgO 0.29 0.27 0.23 0.31 0.36 1.83
2̂̂ 5 0.02 0.00 0.00 0.00 0.01 0.00
F 0.00 0.00 0.09 0.25 0.00 0.05
Total 99.03
Mole % end members

100.32 100.29 100.85 100.61 97.78
(poor polish)

Albite 91.81 78.89 71.74 72.35 71.68 82.55
Orthoclase 1.71 1.57 1.38 1.86 2.14 10.94
Anorthite 6.47 19.52 26.87 25.78

Sample 121(2) 215(1) 215(2)
Plagioclase myrmekite subhedral subhedral

25.99 6.49

Si02 67.75 65.34 65.81
AI2O3 18.95 21.78 21.71
Ti02 0.00 0.01 0.01
Cr2°3 0.00 (BaO)O.OO (BaO)O.OOMgO 0.00 0.01 0.00
FeO 0.00 0.02 0.08
MnO 0.04 0.00 0.00
CaO 2.14 2.61 2.33
NagO 8.77 9.12 9.56
KgO 0.08 0.45 0.45
2̂°5 0.07 0.04 0.01
F 0.00 0.01 0.07
Total 97.81 99.47 100.04
Mole % end members 
Albite 87.64 83.99 85.77
Orthoclase 0.55 2.73 2.65
Anorthite 11.81 13.26 11.56



Samples are listed in order of ascending age where determinable.
All fluid inclusions are quartz-hosted except for those given capital 
letter suffixes in column one as follows: AP:apatite, G:garnet. 
Inclusions hosting daughter minerals are given the suffix x. Lower case 
suffixes in column one designate members of oogenetic clusters or planar 
groups. Underlining of column one indicates those inclusions which 
appear to be primary. Homogenization is to the liquid phase unless 
specified to vapor by the suffix v following the homogenization 
temperature.
Quartz Veins
1010 Hematite-bearing quartz vein.

APPENDIX II Results of Fluid Inclusion Micro thermometry

Tmlce Thl-v TmC02l TmClath ThC021-v ThH20-€02 XH20 Wt% NaCl.
1 8.2 31.2V 314 4
2 -57.0 8.0 304 4
3 8.6 347 3
4 -2.2 234
5 7.0 347 6
6 0.4 258v 14
7 -6.8 7.5 332 5
1000 Steeply-dipping, north-striking vein, Lemmon Rock

Tmice Thl-v TmC02l T-Clath ThC021-v ThH20-C02 XH20 Wt% NaCl
1 338
2 323
3 -0.5 204 1
4 -0.7 227 1
5 -0.9 234 2
6 239
7 -56.4 346c
8 -56.3 332
9 -56.6 5.5 375d 9
10a 341
lla 341
12a 328
13 -56.3 8.0 350c 4
14 6.8 312 6
15b -0.8 216 2
16b -0.7 209 1
17b -0.8 217 2
18 -56.3 250d
19 -56.3 6.8 250d 6
20 -56.5 318
21X -56.4 360d
22 -55.9 31.2V 299 98
23 -0.7 202 1

128
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1002 Distal vein in Leatherwood Quartz Dior it e. Ski Road.

1
2
3
4
5
6 
7

Tmice Thl-v

-0.9 217 
-0.9 208
-1.4 268 
-1.4 288

TJC021 TjjjClath ThC021-v ThH20-C02 XH20 Wt% NaCl. —56.9 4
-57.1 4.6

365 11370 10
2
2

298
2
2

1011 Shallowly-Dipping Gash vein, Lemmon Rock

la 27.3
2a 27.3
3a 28.7
4 -3.5 235 6
5 -56.6 3 29.6 352d 90 12
6 -3.7 246 6
7 -56.6 5 30.3v 336v 65 9
8 -56.4 290d
9 -56.6 8 25.9 391v 90 4
10X -56.6 2 274 13

(TmD=75'C)
llx -56.6 1 29.5 349 96 14
12 -57.5 2 30.4 380d 90 13
13 -57 2.5 31 382d 92 13
14 -56.5 6 26.1 311v 62 8
15 -56.5 6 29.0 327c 61 8
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Lemmon Rock Leucogranite Pegmatites 
143 Late Stage Quartz-Rich Pod 

Thl-vTmice TmC021 TmClath ThC021-v ThH20-C02 XH20 WtXNaCl.- - —  - - 91 -57.0 5.5 30.4 337d 90
2
3 -6 249

-56.8 29.8 387 93
4x -56.8 30.9 300d 94
5x -56.6 30.3 322 92
6G
7G -7 365
8G -6 348
9G -1 360

-57.4 6.8 25.2V 347 95

10G -6.5 354
11 -56.4 1.0 27.3 300v 70
12 -56.3 28.3
13 -56.3 6.0 29.8v 303v 58
14 -4.0 238
15 -0.4 202 
16a -56.9 -1.6 30.6 332 95
17a —56.8 3.5 29.9 300d 70
18xb -56.9 —5.0 30.6V 332d 98
193d3 -56.9 -3.5 325
20 -56.9 -56.9 30.2 321 93
2 lx -56.9 -1.8 340
22 -56.9 5.4 27.8v 226v 42
23
24 -3.0 238

-56.9 3.0 30.9 28 lv 30
25x -15.0 460d 
26x

(TmD=307°C) 
-56.9 2.0 23.2 329d 55

27c -56.8 -1.0 29.3 380d 94
28c -56.8 -2.0 22.3 360d
29 22.3V 261V 35
30xd -28. 307 
31xd -37 311 
32x -13

(TmD=377)
(TniD=266)
-56.9 29.8 420v 96

33 -56.8
34x -12 
35 -0.4 203

-56.6 (TmD=160,255)
36xe 8.0 322
37xe -56.8 (Tnp=302)

10.0 367
38xe

(TmD=135) 
-56.4 4.0 352

6
11

1
1

17
12
20
19
20 
12
8
12
5
19
13
16
17

4
0

11
(TmD=125)

O
) CN O

 
CD ID

 H
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143 (Continued) Late Stage Quartz-Rich Pod
Tmice Thl-v TjjpOZl Tjjpiath ThC021-v ThH20-C02 XH20 WtSflfaCl.

APPENDIX II —  Continued

39X -56.8 30.3 423d 96
40xf -14.0 -56.9 349 (TnP=90)
41xf -14.0 -56.9 342d
42xf -12.2 -56.9 320d
43g -56.5 27.5 276V 17
44g -56.5 7.6 23.3 300d 17 5
45g -56.4 8.0 23.3 300d 31 4
46 -0.3 185 1

1001 Distal dike, Ski Road metasediments
Tmice Thl-v TmC021 TLClath ThC021-v ThH20-C02 XH20 Wt̂ NaCl.

1 -0.4 250 1
2 -0.3 249 1
3X —56.8 4.3 350 11
4X -56.8 4.3 18.0 263v 80 11
5x -56.8 4.0 360 11
6x -57.0 366
7 -0.6 245 1
8 -1.1 228 2
9x -56.8 1.7 380 13
lOx -2.9
llx -5.8 -56.8 29.3v 400d 90 9
12X -2.3 -56.8 392d
13x —3.1 -56.8 400d
14 -56.3 8.0 29.5v 349v 77 4
15 -56.6 331
16 -56.6 7.2 357 6
17 -0.7 300
18x -56.3 353v
19x -0.4 202
20 -56.2 8.0 333v 4
21 -56.2 3.0 335v 12
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117 Late Stage Aplite Dike

rmice Thl-V2xG 351
3
4
5G 359
6G 364
7G 357
8 -0.9 310
9G 336
10 -0.7 171
11 -1.0 348d
12G -4.7 350
13G -5.1 452

TmC021 TmClath ThC021-v ThH20-C02 XH20 WtXNaCl.
-57.0 6.0 13v
-57.0 16v

337v 85 8
350v

2
1
2
7
8

107 Graphic Granite
W e e Thl-V T-C021 T-Clath ThC021-v TuH20-C02 XH20 Wt% NaCl

1 221
2 212
3 202
4 205
5 222
6 213
7 -57.1 29.2V 250d 90
8 -5.6 197 99 211
10 —4.2 211 7
11 6.0 362v 8
12 276
13 —4.3 -0.5 316v 1614 —3.1 213 615 —56.5 29.6v 9516 -56.6 30.8V 377d 87
17 —4.1 194 718 -4.2 206 719 206
20 230
21 -56.6 27.8V 362v 95
22 -4.2 215 723 -4.2 186 724 -3.6 196 625 -55.7 31.3v 317v26 -56.4 30.4v 403v 70
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40 Aplitic Phases of Pegmatitic Leucogranite
APPENDIX II —  Continued

Tmice Thl-V Tnp021 TJOlath ThC021-v Tj£20-002 XH20 Wt% NaCl
1 -57.1 8.5 9.1 302d 98 3
2 -56.9 26.0 325v 85
3 -57.0 6.9 23.3V 338c 97 6
4 -56.8 7.6 24.9V 340c 97 5
5 -2.0
6

190
-56.9 348v

3
7 -1.7 -56.9 25.7v 300d 80
8a -56.0 7.5 370V 5
9a -57.1 7.4 24.0V 356v 96 5
10b -56.5 6.0 28.4 208 40 8
11b -56.5 6.0 28.6 300d 45 8
12b
13 -3.5 238v

-56.4 30.0 350d 60
6

14 -2.7
15

258
—56.8 30.7c 0

4
16 -3.2
17 -6.8

204
-56.7 29.6V 418v 65

5
18 6.9 253 6
19 -2.5
20G 349

-56.4 233

203 Type A Layered Pegmatite
Tmice Thl-v TmC021 TmClath ThC021-v 1^X20-002 XH20 Mt% NaCl.

1 —56.8 7 372v 6
2 —56.3 370v
3 -56.3 330d
4G 341
5 -4.0 221 6
6 -3.0 237 5
7A -56.8 365
8G 356
9 -56.5 29.8v 334v 75
10A 269
11A 4.3 340 11
12 -56.7 2.1 29.4 258d 50 13
13 -56.7 29.6 250d
14 350d
15 -56.9 429v
16 -56.9 6.2 30.9 334v 58 8
17 -56.7 6.5 30.9 303v 58 7
18G 361
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203 (Continued) Type A Layered Pegmatite

Tmice TmC021 TjjjClath ThC021-v T>jH20-C02 XH20 Wt% NaCl.
19 -56.8 30.7 363v 58
20 -57.1 7.5 30.9 342v 70 5
21a 30.9 340v
22a 30.8 340V
23a 30.7V 340v
24a 29.7 340v

126 Albitic Pegmatite

1
TmiCe l^l-v -1.8 136 TmC021 TmClath ThC021-v ThH20-C02 XH20 Wt* NaCl.3

2 -3.1 281 5
3 -2.8 240 5
4 -56.7 30.3V 322v 18
5 -1.4 184 2
6 274v
7 -56.5 328
8 -4.1 249 8 7
9 -2.5 253 4
10 -2.5 190 4
11 -2.4 191 4
12 -4.1 216 7
13 123
14 -1.6 250 3
15 -1.6 194 3
16 -56.7 29.7v 289d 15
17 -56.7 29.7V 464v 15
18 -56.8 30.3v 297d 15
19 -57.0 351

Wilderness Granite
123 Isotropic Wilderness Granite With Garnet Schlieren

Tmice Thl-v TmC021 TmClath ThC021-v T^H20-C02 XH20 WtXNaCl.
lAp -55.9 30.6c 273 722Ap
SAp
4
5 -1.6 176v

-59.1
-55.9

30.6
30.6v

318v
100
100

3



135
APPENDIX II —  Continued

123 (Cant) Isotropic Wilderness Granite With Garnet Schlieren 
Tmice Thl-V TmC021 TmClath ThC021-v T^I20-C02 XH20 WtSNaCl.

6 -1.1 
7

1

-56.5 300v
2

8 -56.9 281d
9a -56.6 5.5 29.9V 356c 85 9
10a -56.6 5.5 29.9V 337c 80
11 An -56.9 360c
12Ap
13 -2.3 208

-57.1 27.2V 339c 87
4

14 -2.4 224 4
15 -1.9 209 3
16 -57.1 6 364c 8
17 -57.1 6 365v 8
18 -2.1 227 4
19 -56.7 5 30.4v 67 10
20 -56.5 29.8V 372 60
21 -56.4 365v
22 —56.6 21.3c 312c 85
23 -56.6 29.7V 315v 85
24 -56.6 28.71 350d 74
25 -2.5
26

144
-56.6 29.9c 315d 60

4
27 7 352d 8
28
29 -1.2 216

8 320d
2

3QxG -2.6 356 4
31 -1.0 189 2
32 -0.9 179 2
33 -56.6 7 382v 6
34 -56.6 2.6 393d 13
35 -56.6 382v
36
37 -0.9 171V

-56.6 30.9V 191v 60
2

38 -56.7 -16v 391c 90
39 -56.7 -55v 100
40 -55.9 378v
41Ap -56.9 317v
42Ap
43 -2.3 224

-56.9 6.4 267V 7
44 -56.5 7.5 373v 5
45 -56.5 206c
46 -0.9
47

181
-56.4 16v 100

2
48 -56.4 235c
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123 (Cant) Isotropic Wilderness Granite With Garnet Schlieren 
Tmice Thl-v Tnp021 TyjClath ThC021-v ThH20-C02 XH20 Wt̂ NaCl.49 -0.8 222 150 -56.7 30.6v 319v 55

51 -56.8 367v
52b -56.8 7.6 395v 553b -56.8 7.6 350d 554 -56.8 6.5 367v 755c -56.1 7.8 340c 4
56c -56.1 7.8 310d 4
57c -56.1 7.6 348v 5

4̂ Isotropic Wilderness Granite
Tmice Thl-v TmC021 TmClath ThC021-v ThH2CHX)2 XH20 WtXNaCl.

1 -56.6 8.3 3
2 -56.6 8.3 30.0V 242V 56 3

206 Foliated Marginal Wilderness Granite
Tmice Thl-v TmC021 TmClath ThC021-v ThH20-C02 XH20 Wt% NaCl.

1 -3.0 305 5
2 -2.9 330 5
3 —5.2 310 8
4 -4.3 298 7
5 -4.6 296 7
6 -1.6 307 3
7 -4.3 304 7
8 503V
9Ap -3.8 238 6
IQAp -5.7 184 9
11 - 2.1 210 4
12 -2.0 196 3
13 310
14 313
15 -2.0 215 3
16 -3.2 300 5
17 -3.0 290d 5
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GEOLOGIC MAP AND CROSS SECTION OF THE WI LDERNESS OF ROCKS AREA
PIMA COUNTY, ARIZONA 

BY DAVID P. YOUNG, 1988

CROSS SECTION A-A'
LOOKING S 7 0 W

Abundant graphic granite

Albitic leucogranite 

of varied texture

Lemmon Rock leucogranite 

Wilderness granite

CRETACEOUS 

Leatherwood Quartz Diorite

CAMBRIAN 

Abrigo Formation

Bolsa Quartzite ,

PRECAMBRIAN 

Apache Group

C o n ta c t  - d a s h e d  w here  approx im ate ,  
dotted where concealed

Strike and dip of schlieren m=muscovite, g=garnite

Strike and dip of textural layering 
Type A

Strike and dip of foliation, trend and plunge of l inea t ion  
(colored symbols indicate fabrics 

of xenoliths in intrusive rocks)

Strike and dip of late stage dikes

LOCATION

SCALE 1 : 6 0 0 0  

5 0 0  1 0 0 0 1 5 0 0 2 0 0 0  FEET

( ) ------Locations of samples cited in appendices

CONTOUR INTERVAL 40 FEET

Mapped in 1984 1985 BASEMAP MOUNT LEMMON 7.5 MINUTE QUADRAGLE,  ARIZONA

David P. Young  

M.S.  Thesis  

D e p t . o f  G eo sc i e n c e s  

Univ.  of Ariz.  1 9 8 8
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