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ABSTRACT

The Catalina granite is a 93.1 m.y. old porphyritic 
quartz monzonitic pluton near Tucson, Arizona. The rock 
body is characterized by numerous inclusions, large ortho- 
clase phenocrysts, and abundant sphene. Several earlier 
workers have presented differing hypotheses on the origin 
of the granite. To test these hypotheses, a detailed 
structural and geochemical analysis was undertaken which 
focuses on the form, fabric, mode of emplacement, and 
origin.

The chemistry of the granite suggests intrusion as 
a homogeneous magma. Rb-Sr data indicate that the magma 
is not related to other igneous rocks in the region and 
normative data suggest that the rock underwent normal 
fractional crystallization. The initial Sr 87/Sr 86 ratio 
of 0.7078 indicates further that the magma was probably 
formed in the lower crust.

The granite body is elliptical in plan and, in cross- 
section, has the shape of a steep-sided funnel, divided at 
the top by a dark, fine-grained band. Although features 
such as gradational contact with the Catalina Gneiss, random 
mineral trends, and little deformation of the Pinal Schist 
wall rock suggest a metasomatic origin, schlieren,

ix



intrusive contacts, granitic dikes in country rocks, 
vertical flow elements, and metamorphism of the Pinal 
Schist suggest a magmatic origin. . The structural and 
chemical data indicate that the Catalina granite formed 
from a magma that intruded passively to a depth of 5 to 
8 kilometers. 1



INTRODUCTION

The Catalina granite is a late Cretaceous por- 
phyritic quartz monzonite in the northwestern portion of 
the Santa Catalina Mountains 20 miles north of Tucson, 
Arizona (Figure 1). Several geologists have studied the 
Catalina granite, and from their work, alternative hy
pothesis have developed concerning its origin and mode of 
emplacement, McCullough (1963) stated that the Catalina 
granite could be remobilized Oracle Granite, which is 
located in the northern portion of the Santa Catalina 
Mountains. Yet Livingston et al. (1969) state that the 
two rocks are not related based on Rb-Sr ratios. Dr. E. B. 
Mayo, of the University of Arizona Geosciences Department 
(personal communication, 1972) stated that some workers 
think that the Catalina granite could have been formed by 
metasomatism. Erickson (1961) and Waag (1968) both sug
gested that the Catalina granite was intruded forcibly 
into the region, while McCullough believed that the em
placement was passive. These theories differ as to whether 
the rock body was metasomatic or magmatic in origin, 
whether the parent was a pre-existing rock in the area or 
formed deeper in the crust, and whether the granite was 
emplaced forcibly or passively.

1



2

BLACK HILLS

VsORACLE  
XUUNCTION 

TORTOLITA )  w
MOUNTAINS V * 7  

C A T A L IN A #

MILES

SANTA CATALINA 
MOUNTAINS

TUCSON RINCON
MOUNTAINS

ARI ZONA

Figure 1 Location of the Catalina granite



3
This study attempts to determine the internal 

fabric, boundaries, and mode of emplacement of the granite 
based on field mapping of structural elements, and the 
probable source based on geochemical data. Because 
McCullough (1963) completed a structural analysis of the 
southern boundary of the Catalina granite, this study con
centrated on the northern and central portions of the 
pluton. By compiling previous data with my own, the form 
and internal fabric of the granitic body were determined.

General Geology of the Santa Catalina Mountains
The geology of the Santa Catalina Mountains is com

plex and, in some areas, unknown. Geologically, the moun
tain range can be divided into northern and southern portions 
by an imaginary east-west line that crosses through Mount 
Lemmon. The southern portion is gneissic, although this 
designation is somewhat misleading. The southern edge of 
the mountain range is known as the Catalina forerange and 
is a banded gneiss of Precambrian age (Shekel, Livingston 
and Pushkar, 1972). The rock between this banded gneiss and 
the Mount Lemmon area has been alternatively described as a 
granitic-gneiss and a gneissic-granite (McCullough, 1963; 
Peterson, 1968; Waag, 1968). Much of the rock is of 
granitic composition and displays a metamorphic texture.

The region north of Mount Lemmon is also geo
logically complex. The eastern slope of the range consists
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of Precambrian and Paleozoic sedimentary rocks which are 
broken by faults and intruded by Cenozoic igneous rocks.
The western portion is a large igneous complex of which 
the Catalina granite is the major unit. Because of the 
mixture of gneissic and igneous rocks and the structural 
relationships, the mountain range has been described as a 
large gneissic dome complex (Shekel et al., 1972).

Methods
In attempting to answer the questions raised about 

the granitic body, both structural and geochemical data 
were obtained. As stated above, portions of the contacts 
of the Catalina granite have been mapped by previous 
workers (Wallace, 1955; Peirce, 1958; Erickson, 1961; 
McCullough, 1963). Reconnaissance mapping and photo
interpretation were used to complete the mapping of the 
contact.

In order to determine the internal fabric of the 
Catalina granite, field measurements of structural elements 
were collected. The field locations were plotted on en
larged aerial photographs at a scale of one inch equals 
500 feet. In covering the northern portion of the granitic 
body, approximately five months were spent in*the field, 
and over 5000 structural measurements were obtained at 
1000 foot grid centers. Orientations of schlieren,
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inclusions, and minerals were used to determine the primary 
flow pattern, and joint and dike orientations were re
corded to determine the fracture pattern. The structural 
elements were further analysed by dividing the area into 
domains based on the consistency of orientations of the 
elements, and the structural elements within each domain 
were analyzed by the use of rose diagrams. As part of the 
study of the rock body, an aerial photo analysis of linears 
was made, covering a large portion of the pluton. Boyer 
and McQueen (1964) and other workers had previously demon
strated the close correlation between linears and ground 
fracture patterns. The linears in the present study were 
analysed by two different methods. First, the orientations 
of the linears were tabulated, assigned to ten degree 
intervals, and plotted as rose diagrams. In the second 
method, the length of each linear was recorded as well as 
its trend, and the lengths rather than the numbers of 
linears were used to construct the rose diagrams. This 
method seems to reflect more accurately the relative im
portance of fractures in an area. Two structural domains 
based on divergent linear trends were delineated; and in 
an effort to determine the nature of the domains, as well 
as the chemical nature of the rock, mapping and geochemical 
sampling were conducted in these areas. Twenty-six hand 
specimen samples were collected along traverses



perpendicular to the boundary between the domains. Modal 
analyses were completed on 12 samples (see Appendix A for 
the method of analysis) and 26 samples were analysed for 
major and trace elements. The major elemental contents 
were determined by atomic absorption photospectrometry and 
the amounts of the trace elements Rbf Sr, and Zr were 
ascertained by x-ray fluorescence. Both methods of 
analysis are described in Appendix B. Normative values 
were obtained with the use of a computer program supplied 
by Daniel Lynch.

To resolve the age and possible origin of the 
Catalina granite, Sr isotopic ratios were obtained for 
five samples. A review of Sr isotopic uses in granitic 
rocks may be found in Faure and Powell (1972, pp. 43-54). 
Livingston (1968) presented a review of the analytical 
methods used at the University of Arizona Geochronological 
Laboratory and a brief description of the method is given 
in Appendix C. Portions of the Sr isotopic data are from 
Livingston et al. (1969) and other portions from work 
done by myself.

Previous Work
The first use of the name Catalina granite appears 

in a U. S. G. S. open file report (Moore et al., 1949) 
in reference to rock exposed north of Mount Lemmon on the 
Reef of Rock structure. Several workers (Wallace, 1955 ;
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Peircef 1958; Duboisf 1959; Ericksonf 1961; McCullough,
1963) have described portions of the pluton; however, the 
mapping was done on the periphery of the intrusive body 
and, except for McCullough's work, the rock was not studied 
in detail. Hence, most of the pluton is not mapped.

Geologic Setting of the Catalina Granite 
Because most of the work on the Catalina granite 

has been on its periphery, its relationship to the sur
rounding areas is at least partly known. The exposed part 
of the pluton is elliptical in plan, measuring approximately 
8 by 13 kilometers, with the western portion cut off by 
the Pirate Fault, which is a normal fault of possible Basin- 
and-Range age (Figures 1 and 2). This fault may be a series 
of steps, as determined by a reconnaissance magnetic survey 
(Figure 2, Robert Ellis, Univ. of Ariz. Geosciences Dept., 
personal communication, 1972). The downthrown block is 
covered by Quaternary alluvium. Approximately 11 kilometers 
east of the fault trace is the Samaniego Ridge, a north
trending ridge which ranges from 600 meters to 1350 meters 
higher than the fault trace. The Catalina granite is in in
trusive contact on its northern boundary with the Precambrian 
Pinal Schist, a series of alternating bands of sericite 
quartzite and sericite phyllite (Erickson, 1961). The 
contact dips steeply into the pluton. On the northeast,



Figure 2, Diagramatic cross-section of the Pirate Fault7 based on a 
ground magnetic survey.
From Robert Ellis, University of Arizona Geosciences Department, personal communica' 
tion, 1972.

00
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a fine-grained granitic rock is in intrusive contact with 
the Pinal Schist and in fault contact with the Catalina 
granite (Figures 3, 4, 5, in pocket, and 23, p. 47).
This fine-grained rock is leucocratic, composed mostly of 
quartz and orthoclase with 1% to 2% sphene, contains no 
phenocrysts and no hornblende, and is separated from the 
Catalina granite by a northwest-trending fault which curves 
parallel to the Pinal Schist-Catalina granite boundary.
The contact between the Catalina granite and the fine
grained rock is largely covered by alluvium and the fine
grained rock body pinches out to the west.

The eastern boundary of the Catalina granite is 
almost unknown, due to the rugged terrain and heavy brush, 
although reconnaissance work indicates that it may be in 
contact with a coarse-grained, porphyritic quartz monzonite 
with biotite clusters which closely resembles the Pre- 
cambrian Oracle Granite. On the southeast, the Catalina 
granite is in contact with the Reef of Rock structure, 
which is a granitic gneiss containing oriented biotites and 
porphyroblastic quartz grains (Peirce, 1958). The Catalina 
granite is in gradational contact on the south with Pre- 
cambrian Catalina Gneiss, an equigranular rock with an- 
hedral grains of quartz, feldspar and biotite, and with 
foliation revealed by the orientation of biotite. This 
contact is probably intrusive.



THE CATALINA GRANITE

The Catalina granite is a porphyritic biotite- 
hornblende quartz monzonite. It is distinguished from 
other crystalline rocks in the region by the presence of 
large feldspar phenocrysts, both biotite and hornblende, 
and large sphene crystals. Macroscopic and microscopic 
views of the rock are shown in Figures 6 and 7. Throughout 
the pluton, the rock contains orthoclase phenocrysts 
approximately three centimeters long. The biotite and 
hornblende are generally one centimeter long, while sphene 
crystals are three to five millimeters in length. The 
size of the orthoclase phenocrysts seems to be uniform, 
except to the northeast on the end of Samaniego Ridge, 
where the size and number decrease towards the contact 
with the Pinal Schist. The sphene content seems to in
crease to the south in the intrusive rocks. At the Colder 
Dam spillway (Figure 23, p. 47), large pyrite crystals are 
evident well below the erosional surface. These constitute 
the only sulphides found in the Catalina granite.

Structural Elements
The granitic rock, although homogeneous overall, 

contains numerous features typically found in intrusive
10
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masses such as schlieren, inclusions, and dikes. Schlieren 
are defined as ”somewhat wavy, streaky, irregular sheets, 
usually lacking sharp contacts with the surrounding igneous 
mass," which may be concentrations of mafic or felsic 
minerals (Billings, 1972, p. 330). In the Catalina granite, 
the schlieren range, from a few centimeters to 10 meters in 
width and from one to over 35 meters in length (Figure 8). 
The schlieren are generally planar and most are mafic, 
with biotite the chief mineral, although there are rare 
feldspar schlieren.

The numerous inclusions of material in the granitic 
rock are generally more mafic than the surrounding rock 
and range in size from two or three centimeters to blocks 
two meters or more across (Figure 10). There are some 
equigranular granitic inclusions but these are rare in 
relation to the darker ones. The size and number of in
clusions increase southwards, and in places "inclusion 
swarms" compose up to 40% of the rock surface (Figure 9). 
The mafic inclusions within the Catalina granite can be 
divided into three types. One type has the texture of a 
salt-and-pepper mixture composed of equal-sized grains of 
feldspar and mafic minerals. This type usually is strongly 
altered. A second type is fine-grained and very darkly 
colored, while the third is similar but has feldspar 
phenocrysts one to two centimeters long. The last two
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Figure 8. Biotitic schlieren in the Catalina
granite.
The hammer in the lower center of the picture gives the 
scale. The schlieren is approximately 5 meters wide. Near 
the Charouleau Gap road approximately % mile east of the 
Pirate Fault.



14

10 • Inclusions in th© Catalina granit©.
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types do not appear to be as strongly weathered or altered 
as the first variety, and all three kinds occur in the same 
outcrop. Also, some of the inclusions contain a planar 
foliation which has been folded. This foliation may be 
bedding or a previous metamorphic foliation.

Dikes are prevalent throughout the Catalina granite. 
The vast majority are aplitic, ranging in size from a few 
centimeters to six or more meters wide and, in at least one 
case, five kilometers long. Some of the aplitic dikes 
extend into the Pinal Schist to the north. There are rare 
quartz veins which generally are less than five centi
meters thick and a few fine-grained felsic (?) dikes with 
plagioclase phenocrysts were found near Charouleau Gap.

A dark gray band, convex northward, lies within 
the granitic rock approximately 6 kilometers south of the 
Pinal Schist-Catalina granite contact. The band is approxi
mately three kilometers long and varies in width from 25 
to 40 meters. The rock is fine-grained and contains the 
same minerals as the granite, but with sharply contrasting 
texture and proportion of dark to light minerals. The 
contact between the band and the granite is sharp and the 
band is intruded by dikes of granite.

Petrography
Modal analyses were obtained on a small number of 

thin sections of the Catalina granite, the band, inclusions,
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and aplitic dikes, in order to investigate the interrela
tionships of the rock types within the area studied. The 
modal analyses of the Catalina granite are shown in Table 1. 
The plagioclase has an An composition of 30-35%, as de
termined by the Michel-Levy method. This is an average 
composition because.most of the plagioclase crystals are 
zoned. The plagioclase contains both albite and Carlsbad 
twinning; the quartz is lightly strained, exhibiting un- 
dualtory extinction; and there is very little alteration, 
the most obvious being the chloritization of some of the 
biotite.

The band is a fine-grained melanocratic biotite 
quartz monzonite and the modal analyses are given in 
Table 2. The zoned plagioclase has an average An content 
of 30-35%. Both albite and Carlsbad twinning are present. 
Most of the quartz is strained and much of the plagioclase 
shows sericitic alteration.

The mafic inclusions have the mineral composition 
of a fine-grained melanocratic biotite quartz monzonite.
The plagioclase shows both albite and Carlsbad twinning; 
most of the grains are zoned, and have an An composition 
of 30-35%, The quartz shows undulatory extinction. The 
feldspars have mild sericitic alteration and much of the 
biotite and hornblende is altered to chlorite. Modal 
analyses of inclusions found in the Oracle Granite



Table 1. Modal analyses (in volume percent) of the Catalina granite and related rocks.
Samples 6, 9, 10, 11, 12: Catalina granite. Sample 48: Catalina
granite (Erickson, 1961). Sample 49: Sample of Reef of Rock at
northern end (Peirce, 1958, p. 53). Sample 53: Sample of Reef of
Rock at southern end (Peirce, 1958, p. 53). Sample 50: Oracle Granite
(Banerjee, 1957, average of 38 samples).

Sample 6 9 10 11 12 48 49 53 50
Quartz 24 20 10 24.8 23.4 30 30 40 33
K-feldspar 36 30 49 44.6 33.4 25 35 40 28
Plagioclase 30 31 32 24.4 34.4 25 35 5 28
Biotite 10 19 4 3.6 4.0 10 — — 5 9
Hornblende — — — 1 1.6 2.0 2 — — — — —

Opaques — — 1 0.8 1.0 -- — — 5 — —

Sphene —  T*. — 1 0.2 0.8 — — — — —

Apatite —  T" '— —  — —  — 1.0 — —  — — —  —

Total 100 100 98 100.0 99.0 92 100 95 98
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Table 2, Modal analyses of the band (in volume percent) 

in the Catalina granite.

Sample 22 23 24
Quartz 13.8 12.6 19.2
Orthoclase 22.2 23.4 24.4
Plagioclase 47.6 38.0 35.8
Biotite 8.4 14.0 12.0
Opaques 0.6 2,2 1.2
Sphene 0,6 1.4 1.0
Apatite 0.8 — — — —

Total 98.6 98.0 100.0

(Banerjee, 1957, p. 70) and the Reef of Rock structure 
(Peirce, 1958) are given in Table 3.

One thin section of an aplite dike was examined; 
the modal analysis is given in Table 4. The dikes are 
usually fine-grained, although there are some examples 
where the dikes contain clusters of very large orthoclase 
phenocrysts. Carlsbad and albite twinning is present in 
some of the plagioclase; the quartz has undulatory ex
tinction; and the orthoclase is slightly altered, probably 
to sericite.



Table 3
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. Modal analyses (in volume percent) of inclusions 
in the Catalina granite and related rocks.
Sample 34, 35, 36: Inclusions in the Catalina
granite. Sample 51: Inclusion in the Reef of
Rock (Peirce, 1958). Sample 52: Average of 12
analyses of inclusions in the Oracle Granite 
(Banerjee, 1957).

Sample 34' 35 36 51 52
Quartz 8.8 10.2 13.8 40 20.7
Orthoclase 12.0 48.8 29.6 — — 39.7
Plagioclase 29.1 25.4 35.0 40 11.7
Biotite 22.5 11.4 12.6 20 21.1
Hornblende 16.3 0.8 7.4 ——
Opaque i 1.0 1.2 0.4 0.6
Sphene 0.6 1.8 1.2 — ——
Apatite 2.5 0.4 — — —

Total 92.8 100.0 100.0 100 100.4

Table 4, Modal analysis of an 
dike in the Catalina

aplitic
granite.

Quartz 36.4
Orthoclase 60.2
Plagioclase 2.2
Biotite 0.6
Opaque 0.6
Total 100.0
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The modal analyses data are plotted in a quartz- 

plagioclase-orthoclase (Q-P-Or) ternary diagram (Figure 11). 
One modal analysis of the Catalina granite by Erickson 
(Table 2) is also plotted. Shown on the Q-P-Or ternary 
diagram for comparison with the Catalina granite are two 
samples from the Reef of Rock structure which were col
lected and analysed by Peirce (1958, Table 2), Peirce's 
modal analyses were probably made from the hand specimen 
rather than thin section and may not plot accurately with 
the other analyses. Because other workers (McCullough,
1963) have stated that the Catalina granite may be related 
to the Precambrian Oracle Granite located at the northern 
end of the mountain range near the town of Oracle (Figure 
1), modal analyses of the Oracle Granite (Banerjee, 1957) 
are plotted for comparison (Table 2). It appears from this 
diagram that the Oracle Granite and possibly the Reef of 
Rock structure are petrographically different from the 
Catalina granite, while its inclusions and the band are 
petrographically somewhat similar.

Chemistry
Major and selected elements were determined for a 

large number of samples of the Catalina granite, the band, 
and the inclusions. These data are shown in Tables 5 and 
6, The sample locations are shown in Figure 12. The Rb-Sr 
content of a number of intrusive rocks located in the Santa
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. Chemical analyses and normative values of the 
Catalina granite.
The N after the sample number indicates a sample 
from north of the band and an £ indicates a 
sample from south of the band. Total iron is 
given as Fe203.

Sample IN , 2N 3N 4N 5N 6N
Oxides in Weight Percent

Si02 61.20 63.30 64.20 64.80 63.30 59.13
Ti02 0.72 0.80 0.54 0.72 0.70 0.40
A1203 17.25 16.80 16.80 16.90 16.90 17.15
Fe203 5.00 4.90 3.60 5.90 4.68 5.78
MnO 0.10 0.08 0.06
MgO 1,85 2.07 1.30 2.09 1.77 2.16
CaO 3.70 3.72 2.80 3.90 3.42 4.13
Na20 4.35 4.13 3.75 4.26 4.17 4.18
K20 4.10 3,88 4.30 3,25 4.17 4.18
TOTAL 98.67 99.60 95.83 101.82 99.10 96.86

Trace Elements in PPM
Rb 148 148 165 155 159 MB  «■

Sr 531 564 388 546 530 —  — —

Zr 96 379 252 266 282 —  —  —

Normative Values in Weight Percent
ab 39.7 37.3 35.3 37.8 37.8 36.4
or 24.6 24,0 26.6 19.0 24.9 25.5
q 9,9 13.4 18.2 15.5 13.1 8.7
an 9.3 9.3 7.3 9.6 8.6 10.6
c 2,6 2.7 2.3 3.0 2.7 2.7
en 5.2 5.7 3.8 5.7 4.9 6.2
wo 3.7 3.7 2.9 3.8 3.4 4.2
mt 1.8 1.7 1.4 2.2 1.8 2.5
fs 1,8 1.7 1.4 2.2 1,8 2.5
il 1.0 1.1 0.8 1.0 1.0 0.6
hra 0.2 0.3 0.2 0.2 0.2 0.1
TOTAL 99,8 100.9 100.2 100.0 100.2 100.0
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Table 5, (Continued)

Sample 7N 8N 13S 14S 15S 16S
Oxides in Weight Percent

Si02 64.20 —— 62.70 73.50 61.84 61.25
Ti02 0.54 0.87 0.50 0.85 0.85
A1203 17,20 —— 16.30 16.80 16.30 16.30
Fe203 3.77 5.00 3.55 5.55 5.35
jxinu
MgO 1.40 1.96 1.22 2.22 2.22
CaO 3.05 —— 3.78 2.55 3,97 3.55
Na20 4.05 4.32 4.09 4.14 4.06
K20 5.45 3.60 5.05 4.87 3.89
TOTAL 100.16 98.53 107.26 100.47 97.47

Trace Elements in PPM
Rb 188 235 272 210 137 134
Sr 549 348 547 • 379 598 581
Zr 193 371 383

Normative Values in Weight Percent
ab 36.4 39.4 34.4 37.3 37.5
or 32.2 21.6 27.9 28.8 23.6
q 11.2 13.0 20.6 7,8 12.1
an 7.6 9.5 5.9 9.9 9.0
c 2.0 2.1 2.3 0.7 2.4
en 3.9 5.5 3.2 6.1 6.3
wo 3.0 3,8 2.4 4.0 3.6
mt 1.4 1.8 1.2 1.9 2.0fs 1.4 1.8 1.2 1.9 2.0il 0.8 1.2 0.6 1.3 1.2
hm 0.2 0.3 0.2 0.3 0.3
TOTAL 100.1 100.0 99.9 100.0 100.0
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Table 5, (Continued)

Sample 17S 18S 19S 20S 21S
Oxides in Weight Percent

Si02 62.10 67.90 69.60 72.00 58.60
Ti02 0,80 0,48 0.38 0.35 0.88
A1203 16.06 14.50 17.00 14.85 17.90
Fe203 5.35 ' 2.90 2.80 2.60 6.05
MnO — — 0.06 0.07 0.10
MgO 2.18 1.03 1.05 0.90 2.28
CaO 3,75 2.10 2.40 2.20 4,10
Na20 3.78 3.60 3.64 3.75 4.35
K20 4.11 4.21 5.35 4.40 3.77
TOTAL 98.33 96.72 102.22 103.05 97.93

Trace Elements in PPM
Rb 148 198 174 185 136
Sr 548 331 390 313 605
Zr 320 242 208 351

Normative Values in Weight Percent
ab 34,7 33.7
or 24.8 25.9
q 13.3 24.5
an 9.5 5.4
c 2,2 2.4
en 6.2 3.0
wo 3,8 2.2
mt 2.0 1.1
fs 2.0 1.1
il 1.1 0.7
hm 0.3 0.2

99.9 100.2

32.0 33.6 39.8
31.0 25.9 22.7
19.9 25.8 7.2
5.8 5.4 10.4
3.3 2.1 3.3
2.8 2.5 6.4
2.3 2.2 4.2
1.1 1.0 2.2
1.1 0.5 1.2
0.5 0.5 1.2
0.1 0.1 0.3

99.9 100.1 99.9TOTAL
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Table 6. Chemical analyses and normative values of the 

band and inclusions located in the Catalina 
granite.
The B indicates a rock sample from the band. 
Total iron is given as Fe203. An after the 
sample number indicates a sample from inclusion.

Sample 25B 26B 27B 28B 29B

Oxides in Weight Percent
Si02 60.40 61.84 66.60 64.80 62.43
Ti02 0.94 1.17 0.70 0.80 0.98
A1203 17.75 16.60 16.90 17.05 17.05
MgO 2.75 3.50 1.64 2.00 2.60
MnO 0.18 — — — — — — —
Fe203 6.64 8.00 4.58 5.00 5.67
CaO 4.58 5.25 3.20 3.30 4.00
Na20 4.75 3.82 3.98 3.94 3.85
K20 4.10 3.45 4.08 4.08 3.84
Total 101.67 103.63 101.68 100.97 100.42

Trace Elements in PPM
Rb 148 106 159 149 132
Sr 563 600 526 533 569
Zr 456 308 418

Normative Values in Weight Percent
ab 41.8 33.4 35.3 35.2 34.6
or 23.7 19.8 23.8 24.0 22.7
q 4.0 10.1 17.7 15.7 12.9
an 11.1 12.7 7.8 8.1 9.9
c 1.4 1.9 3.3 3.4 3.2
en 7.4 9.4 4.5 5.5 7.2
wo 4.4 5.1 3.1 3.3 4.0
mt 2.3 2.8 1.6 1.8 2.0
fs 2.3 2.8 1.6 1.8 2.0
il 1.3 1.6 1.0 1.1 1.4
hm 0.3 0.4 0.2 0.3 0.3
Total 100.0 100.0 99.9 100.2 100.2



25
Table 6. (Continued)

Sample 3 OB 3 IB 321 331

Oxides in Weight Percent
Si02 62.10 63.10 48.50 53.00
Ti02 1.12 0.57 1.19 1.13
A1203 14.40 18.15 19.00 19.00
MgO 3.35 , 1.50 3.30 2.30
MnO 0.08 0.15 0.10
Fe203 6.84 4.60 8.10 7.40
CaO 4.90 3.50 6.25 5.40
Na20 3,88 4.13 4.40 4.77
K20 3.60 4.40 4.25 4.10
Total 102.59 98.15 94.97 97.10

Rb 140
Trace Elements 

150
in PPM 
134 145

Sr 637 543 687 . 910
Zr 214 592 456

Normative Values in Weight Percent
ab 34.8 37.1 21.1 36.7
or 21.3 26.0 26.2 24.8
q 10.7 12.4 — — —
an 12.2 8.7 16.2 13.7
c 0.2 3.7 1.7 2.0
en 9.2 4.1 —— ——
wo 4.9 3.5 —  —

mt 2.4 1.8 3.1 2,7
fs 2.4 1.8 *— * — —
il 1.6 0.7 1.7 1.6
hm 0.4 0.2 0.4 0.4
ne —— —— 12.8 4.3
fo —— 3.5 2.0
fa — —— 1.1 0.8
di -- 13.0 11.0
Total 100,1 100.0 100.7 100.0

\
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Catalina Mountains and surrounding areas was also obtained 
for comparison with the Catalina granite. The locations of 
these samples are shown in Figure 13 and the chemical con
tents are given in Table 7. The interpretation of the 
chemical data will be discussed later. However, from the 
geochemical data, certain preliminary conclusions can be 
stated about the Catalina granite. First, the SiOg con
tent (60-62%) is low considering the 20-25% of free quartz 
in the rock and when compared to the amount of SiOg in 
the average quartz monzonite (69%) and granodiorite (66-67%) 
(Nockolds, 1954) . Second, the content is high
(16-17%) when compared with the average for a quartz mon
zonite (14-15%) and granodiorite (15-16%) (Nockolds, 1954).
By inspection of Tables 5 and 6, it can be seen that the 
band and granite are very similar chemically although the 
inclusions are much less siliceous than the granitic rock.

Sr isotopic ratios were obtained on a few samples 
of the granite, band, and inclusions in order to determine 
the age and possible origin of the Catalina granite. Table 8 
indicates the Sr isotopic ratios and ratios of Rb 87 to 
Sr 86 and their respective one sigma errors determined on 
the samples. Figures 14 and 15 show isochrons composed of 
data from this study and data from Livingston et al. (1969). 
This isochron indicates an age of 93.1 + 18.2 m.y. ago and 
an initial ratio of 0.7078 ± 0.0002 for the Catalina granite.
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Table 7. Rb and Sr content (in ppm) of samples from 

igneous rocks in the region of the Santa 
Catalina Mountains.
The samples prefixed by DEL were collected 
and analyzed by Livingston et al., 1969.

Sample Rb Sr Rock Type
37 189 165
38 154 210
39 297 101
40 275 105
41 330 115
42 176 181
43 52 46
44 49 41
45 182 192
46 379 45
47 305 88
DEL-13-62 193 153
DEL-30-69 113 594
DEL-33-69 175 545
DEL-34-69 170 562
DEL-36-69 149 541
DEL-37-69 192 412
DEL-40-69 198 399
DEL-35-69 181 140

Oracle Granite 
Oracle (?) Granite 
Oracle (?) Granite 
granite, age unknown 
granite, age unknown 
Wilderness of Rock granite 
Lemmon Rock intrusive 
Lemmon Rock intrusive 
Oracle (?) granite 
fine-grained border granite 
Oracle (?) granite 
Oracle Granite 
Catalina granite 
Catalina granite 
Mafic xenolith 
Catalina granite 
Catalina granite 
Catalina granite Dike 
aplite dike



Table 8. Sr 87/Sr 86 and Rb 87/Sr 86 isotopic ratios of the Catalina granite and 
the relative errors.

Thesis
Sample Number Number Rock Type Sr 87/Sr 86 Rb 87/Sr 86

Samples Used in the Catalina Granite Isochron (Figure 14)
UARS-73-29 16 Catalina granite 0.7086 ± 0.0002 _ 0.658 + 0.021
DEL-32-69 none Cargadero granite 0.7087 ± 0.0002 0.641 ± 0.02
DEL-33-69 none Catalina granite 0.7094 ± 0.0002 0.932 ± 0.04
DEL-34-69 none inclusion 0.7090 ± 0.0002 0.876 ± 0.03
DEL-36-69 none Catalina granite 0.7088 ± 0.0002 0.798 ± 0.02
DEL-37-69 none Catalina granite 0.7092 + 0.0002 1.355 ± 0.05
DEL-40-69 none Catalina granite dike 0.7097 ± 0.0002 1.437 ± 0.05

Samples Used for Aplitic Isochron (Figure 15)
UARS-73-25 46 fine-grained border 0.7193 ± 0.0010 26.2 i: 1.2

granite
DEL-35-69 none aplite dike 0.7126 ± 0.0002 3.74 ± 0,08
DEL-39-69 none aplite dike 0.7208 + 0.0002 33.8 ± 0.2

Samples on Diagram (Figure 14) but not Calculated for Isochron
UARS-73-28 32 inclusion 0.7080 + 0.0002 0.587 ± 0.020
UARS-73-30 27 band 0.7081 + 0.0002 0.872 ± 0.023
UARS—73-31 28 band 0.7074 ± 0.0002 0.828 ± 0.023
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Figure 15. Sr isotopic isochron for the aplitic rocks in the Catalina
granite.
The errors are indicated by the length of the bars. The isochron for the 
Catalina granite is shown and the area where the samples plot is outlined.
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Figure 13b is an isochron of two samples from aplite dikes 
and the sample from the fine-grained border granite. The 
isochron for these samples defines an age of 19.6 ± 4.0 
m,y. old with an initial ratio of 0.7116 ± 0.0001. Both 
isochrons are shown on each figure.

The isochron for the Catalina granite is for seven 
samples including a sample of the Cargadero granite and one 
of an inclusion. The variance of the isochron parameters 
is no greater than expected from the analytical variance of 
the several samples. The two samples from the band plot 
below the isochron and are outside the limits of analytical 
error for the isochron and one inclusion sample (73-28) 
is just below the limits of analytical error. These low 
values for the Sr isotopic ratio indicate that the band and 
inclusions were either old rocks with very low isotopic 
ratios, possibly a basic phase of the Pinal Schist, or were 
young rocks when they were assimilated, possibly Leatherwood 
quartz diorite. Although there is no direct evidence for 
either rock type, the inclusions and band seem to more 
closely resemble the Pinal Schist. The fact that inclu
sions are closer to the isochron than the band may be 
attributed to the smaller size of the inclusions.

The 19,6 m.y. date for the silicic phases seems 
too young for these rocks, and is suspect because it is 
based on only three points (Figure 15). The date is so
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much younger than the Catalina granite that the dikes 
could not be related to the granitic intrusion if this is 
a valid age for their emplacement. An objection to this 
is that the 19.6 m.y. date is younger than the 26 m.y.
K-Ar thermal event that is seen in many rocks in the Santa 
Catalina Mountains and such an intrusive event of the 
aplitic phase should have affected the K-Ar dates (Damon, 
Erickson and Livingston, 1963). Thus the validity of the 
younger isochron age is doubtful.

Geometry of Structural Elements
The orientations of the various structural elements 

were measured to determine the internal fabric and form of 
the Catalina granite. The elements used are orthoclase 
phenocrysts, schlieren, inclusions, dikes, joints, and 
traces of joints referred to as linears.

The large orthoclase phenocrysts are an obvious 
structural element, but considerable scatter in orienta
tions was found throughout the intrusive body. For this 
reason the results are not as definite as might be desired 
(Figure 16). The feldspars measured have length to width 
ratios of about 2:1. The dominant trend of the phenocrysts 
was estimated and recorded at each outcrop in order to 
evaluate the consistency of the feldspar trends. These 
trends were then compared to the measured orientations.
One hundred measurements of the orientations of the long
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Figure 16. Trends of feldspars in the northern 
portion of the Catalina granite.
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17, 19, 20, 21 and 22.

Pirate Fault
contact between Catalina granite and 

/' Pinal Schist
Charouleau Gap road

(203) Number of measurements recorded.



37
dimensions of the phenocrysts were taken in a given area 
to provide what was considered to be a representative 
sample. After determining that a consistent correlation 
between the estimated trend and the dominant trend of the 
crystals existed, the number of stations where 100 pheno
crysts were measured was reduced to occasional checks.

While this study was nearing completion, statistical 
work on the validity of 100 mineral counts to determine the 
crystal orientation in an area, was being conducted by 
D. D. Trent (1973) at The University of Arizona. His data, 
derived through the use of a random number generator on a 
computer and from field observations made with me, indicate 
that a minimum of 150 counts should be made to clearly 
define major and minor trends in mineral orientations, 
although the major directions are usually apparent at 100 
counts. Therefore, the data collected on crystal orienta
tions should be accepted with some reservations, especially 
in cases where the major trend is not prominent. However,
X feel that the prominent trends can be used, since they 
were in general agreement with the field estimates.

The mineral orientations show the largest amount 
of scatter of any of the fabric elements, with a weakly 
aligned northwest trend (Figure 16). The minerals near the 
contact with the Pinal Schist form foliations which are 
primarily parallel or sub-parallel to the contact (Figure 3),
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however there are strong secondary trends which are not con
sistent from rose diagram to rose diagram along the contact.

The schlieren are usually wavy features and the trend 
recorded is the average for the feature. In the northern 
portion of the Catalina granite, the schlieren define a N60W 
strike (Figure 17) with a steep northeast dip (Figure 3) 
whereas farther south in the vicinity of the band, the 
schlieren trend ranges from N30W to N60W (Figure 18) with 
indeterminite dips.

The majority of the mafic inclusions are disc shaped 
and the size and shape are similar to those of the inclu
sions found in the southern portion of the pluton (McCul
lough, 1963) . The inclusions are less numerous, smaller, and 
more randomly oriented in the northern portion of the pluton 
than in the southern portion. Near the band the inclusions 
form the major fabric elements (Figure 16). In the northern 
portion the inclusions define a northwest trend, ranging from 
N40W to N60W, with a steep northeast dip (Figures 3 and 19). 
The inclusions in the vicinity of the dark band trend N30W 
to N40W with a steep northeast dip (Figure 18).

The joints in the Catalina granite are strongly de
veloped and form long, planar surfaces. Only a small number 
of joints contain dikes or mineralization. There are three 
sets which trend, in order of importance, northeast, north
west, and north-south. The major joint set in the northern 
portion trends N60E while the northwest set has a trend of
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Figure 17. Trends of schlieren in the northern 
portion of the Catalina granite.
Symbols as used in Figure 16.
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Figure 19. Trends of inclusions in the northern 
portion of the Catalina Granite.
Symbols as used in Figure 16.
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N35W (Figure 20). The less well-developed north-trending 
joint set is found mainly in the western portion of the rock 
body. The north-east trending joints are 20o-30° clockwise 
from being perpendicular to the flow elements and the contact 
with the Pinal Schist (see Figures 17, 19, and 20 for com
parison) .

t

The analysis of the linears compiled from aerial 
photographs over a large portion of the Catalina granite re
vealed two possible structural domains. The rose diagrams 
are shown in Figure 21. In the northern portion of the rock 
body the major directions are east-northeast with the other 
direction ranging from north-northeast to north-northwest. 
However, south of the band the trend changes considerably, 
with the major direction oriented perpendicular to the band 
along with a strong north-northwest direction in one domain. 
Figure 22 compares analyses of the joint trends and trends 
of linears measured in the northern portion of the Catalina 
granite. The major trends of the linears coincided closely 
with the trends of the joints in the northern portion of the 
intrusive body, lending support to the assumption that 
linears can be used to determine orientations of joints.

The dikes seem to have two preferred trends that 
coincide with the principal fabric directions. The majority 
of the dikes trend either northwest or northeast, roughly 
at 90° to each other. These trends also coincide with the 
principal joint trends.



Figure 20. Trends of the joints in the northern 
portion of the Catalina Granite.
Symbols as used in Figure 16.
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Figure 21, Orientations of 1inears traced from 
aerial photographs over a portion of the Catalina Granite.
The circles designate the position of the band. Other 
symbols as used in Figure 16.



Figure 22, Comparison of orientations of trends of 
joints and orientations of linears traced from aerial 
photos.
Symbols as used in Figure 16.
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Figure 22, Comparison of orientations of trends of 
joints and orientations of linears traced from aerial photos.



INTERPRETATION

Form and Fabric
A generalized structural map of the Catalina granite 

is shown in Figure 23. Using data from McCullough (1963)
D. D. Trent (Personal Communication, 1972) and this work, the 
boundaries and structural configuration of the rock body 
were drawn. The pluton is elliptical in shape, approxi
mately 8 by 13 kilometers. The boundaries mapped by 
McCullough (1963) and myself show a steep contact dipping 
towards the pluton. In cross-section, the pluton has the 
shape of a funnel divided by the band (Figure 24).

In considering the mode of emplacement of the 
pluton, the orientations of the fabric elements, the pos
sible origin of the inclusions and band, and the contact 
relationships have to be considered. The structural 
elements used in the analysis are primary flow elements and 
the major objective was to define the direction of movement 
of the magma. Most of the structural elements are oriented 
very steeply, which suggests that the movement was nearly 
vertical. However, the Catalina granite contains no linea- 
tion which would support this. There is no broad arching 
of the fabric elements such as has been reported from some

46



Figure 23. Map of the foliation structure of the 
Catalina granite.
Qal Quaternary alluvium
bg fine-grained border granite
Kc Catalina granite
pCp Pinal Schist
pCa Apache group
pCo Oracle Granite (?)
pCgn Catalina gneiss
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granitic intrusions (Balk, 1937; Buddington, 1959), and the 
small arching that is present may be due to subtle varia
tions of movement during the magmals ascent. Most of the 
flow fabric orientations trend northwest, which may reflect 
regional forces at the time of emplacement, or influence 
by an original northwest-elongated shape of the pluton.
The structural orientations of flow elements near the band 
do not indicate that the band represents a boundary between 
two separate intrusions. These orientations are shown in 
Figure 16 and, although many of these trends are parallel 
to the band, there is a significant number which are 
oriented at an angle to the band, as stated previously.
The elements with this trend are oriented as though the 
band did not affect them, which would make the idea of a 
boundary doubtful. Since a number of the elements trend 
parallel to the band it probably is a large inclusion.

The origin of the inclusions in the Catalina 
granite has been a debated question. Part of the dif
ficulty is that the inclusions have been strongly altered 
and do not resemble any rocks seen in the Santa Catalina 
Mountains, although they are closest in appearance to the 
Pinal Schist. However, there is a difficulty in relating 
the inclusions to the Pinal Schist because there are only 
a few small inclusions near the contact of the Pinal Schist 
and the Catalina granite, while 6 kilometers away from this
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contact, the inclusions are quite large and more numerous. 
McCullough (1963), while working in the southern portion 
of the Catalina granite, called the dark inclusions "clots" 
because he stated that both xenoliths and autoliths were 
present. However, X think that most, if not all, of the 
clots are xenoliths. As stated previously there is a 
diversity of textures in the inclusions; yet it would seem 
that if the bodies actually were segregations from the 
granite, they would not exhibit such a variety of textures 
in one small area. The folded foliation in the inclusions 
also suggests that the inclusions are foreign bodies which 
were included into the rising magma.

Mode of Emplacement
The joint traces analyzed indicate two possible 

structural domains within the Catalina granite. It would 
be important, in determining a mode of emplacement, to find 
out whether the rock body was emplaced as one or two lobes. 
The orientations of flow elements indicate that there are 
not two lobes, leaving the nature of the band in doubt.
The geochemical data were used to try to determine chemical 
differences between the previously proposed structural 
"north" and "south" lobes and the band.

Major and trace element determinations were made 
on samples of the Catalina granite, the band, and the 
inclusions to try to determine the origin and relationships



51
Of these rocks, The chemical determinations are listed in 
Tables 5 and 6, The choice of elements was based on usage 
by other workers on granitic rocks.

Rb and Sr interpretations were made in accordance 
with conclusions reached by Taylor (1965)', Hahn-Weinheimer 
and Johanning (1968), and Taubeneck (1967). Figure 25 
shows the plots of the Rb/Sr results. There is little 
scatter and the samples show two fairly tight groupings, 
with samples from both the north and south lobes in both 
groupings, Rb/Sr analyses by Livingston et al. (1969) of 
the Catalina granite are also included on the diagram 
(Table 6). In addition, Rb/Sr plots of other igneous rocks 
in and near the Santa Catalina Mountains were used in order 
to compare them with the Catalina granite (Table 7).
These comparisons were made in order to determine whether 
granitic rocks in the region really have different Rb/Sr 
contents. If there were no appreciable differences between 
granitic rocks of different ages within the same region, 
one could not expect to find any differences between pos
sible comagmatic lobes, such as was postulated. The results 
show a wide difference in Rb/Sr ratios, indicating that 
Rb/Sr ratios may be used to differentiate these granitic 
rocks. The Rb/Sr ratios, when compared with those obtained 
from the Oracle Granite, indicate that the Catalina granite 
is probably not remobilized Oracle Granite (Livingston



Figure 25. Rb/Sr ratios of the Catalina granite 
and other igneous rocks in the region of the Santa 
Catalina Mountains.

north of band
+ south of band
o other intrusive rocks
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et al. f 1969) because the Catalina granite is much richer 
in Sr than the Oracle Granite, a trend opposite to what 
would be expected if partial or complete melting had 
occurred.

Plots were also made of Rb-Sr-Zr (Figure 26),
K/Rb (Figure 27), Rb/Sr vs. Rb/K (after Hahn-Weinheimer 
and Johanning, 1968) (Figure 28), Ti/Zr (Figure 29),
K/Rb vs, Ti (after Hahn-Weinheimer and Johanning, 1968) 
(Figure 30), and K-Ca-Na (Figure 31). None of the plots 
indicate any chemical difference between the postulated 
north and south lobes. The K/Rb plot (Figure 27) indicates 
that as the K content increases in the quartz monzonite, 
the Rb content also increases. A K vs. K/Rb plot (Figure 
32) was made to compare results from the Catalina granite 
analyses with work summarized by Taubeneck (1967) who 
states that the slope of K/Rb should decrease with higher 
K content. Although a trend would be difficult to obtain 
in this case, inspection suggests that it may be a positive 
rather than a negative slope. It is not certain why 
analyses of the Catalina granite would differ from other 
data tabulated. An interesting feature concerning the 
Ti/Zr diagram (Figure 29) is that the points almost de
scribe a 45° slope. This seems to suggest that the two 
elements "follow each other" in differentiation, even though
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Figure 27. K/Rb ratios of the Catalina granite, 
• north of band; x south of band; o band; + inclusions.
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Figure 28. Rb/K vs. Rb/Sr ratios of the Catalina
granite.
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o band 
+ inclusions
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the elements are concentrated in different minerals (Zr 
in zircons and Ti in sphene).

The major conclusion from the chemical data are 
that although the joint patterns seem to suggest two lobes 
of intrusive rock forming at slightly different times, the 
lobes are chemically indistinguishable. Given this con
clusion it becomes plausible that the Catalina granite 
was emplaced as a single mass. If this interpretation can 
be accepted, then the next task is to inquire further into 
the nature of the band and dark inclusions. The similarity 
of the mineralogy of the band and the inclusions suggests 
that they might be considered as a single chemical entity. 
Geochemical analyses of the dark band and selected inclusions 
were obtained and these data are plotted on the previously 
prepared diagrams with the samples of the Catalina granite. 
Table 6 lists the major and trace element content of the 
band and inclusions. The plots of Rb/Sr (Figure 25),
Rb-Sr-Zr . (Figure 26), K/Rb (Figure 27), Rb/K vs. .Rb/Sr 
(Figure 28), Ti/Zr (Figure 29), K/Rb vs. Ti (Figure 30), 
and K-Ca-Na (Figure 31) indicate no major chemical dif
ferences between the Catalina granite, its inclusions, and 
the dark band. The major differences between the quartz 
monzonite and the inclusions are that the inclusions are 
finer grained, have a higher mafic content, and are 
slightly richer in Ca, Mg, and Fe. These differences may

i
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be expected, even if the inclusions are xenoliths. Turner 
and Verhoogen (1960) have commented on the similarity of 
xenoliths to the enclosing rock and predicted a concentra
tion of biotite, apatite, and sphene, if the original 
xenoliths were mafic in nature. Nockolds (1933) suggested 
that volatiles may be responsible for the conversion of the 
xenoliths toward the composition of the host. These ob
servations seem to fit both the band and the inclusions 
seen in the Catalina granite, since both contain an 
appreciable amount of sphene, biotite, and apatite and 
are similar to the surrounding rock.

Using the structural and geochemical data available, 
it seems reasonable to infer that the band may actually be 
a large xenolith or involution in the top of the Catalina 
granite. The concentrations of xenoliths found in the rock 
body may also represent small involutions of the roof 
(Figure 24).

An estimate of depth of intrusion can be made from 
this study. Along the northern contact of the granite, 
there is a sharp intrusive contact with the Pinal Schist, 
the granite cuts the structure of the schist (Erickson,
1961), and Erickson states that there is an orthoclase- 
andalusite aureole up to 1000 feet wide around the Catalina 
granite in the Pinal Schist. This would correspond to the 
hornblende-rhornsfels contact metamorphic facies of Winkler
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(1965). According to Winkler (1965) this metamorphic 
mineral assemblage would indicate a country rock temperature 
of approximately 520° to 550°C at 1 to 2 kilobars (3 to 
6 kilometers, assuming that the water pressure is equal to 
the lithostatic load),

Further indicators of depth of intrusion is the 
use of the classification by Buddington (1959). Based on 
the dominance of planar foliation and complex contact 
relationships, the Catalina granite would be described as 
mesozonal (6 to 13 kilometers), and comparison with Winkler’s 
work described above would place the granite at the upper 
end of this zone.

Although the Catalina granite has metamorphosed the 
Pinal Schist, it does not appear to have deformed it sig
nificantly. This suggests that the Catalina granite may 
have intruded passively by assimilation of country rock, 
leaving the inclusions as remnants. Thus, based on the 
metamorphism of the Pinal Schist and the classification of 
Buddington (1959), the Catalina granite was emplaced as a 
magma into the area possibly to a depth of 6 to 8 kilo
meters .

Origin
Two separate portions of the geochemical data 

suggest that the Catalina granite was emplaced into its
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present position as a magma. First, the initial Sr isotopic 
ratio of 0.7078 indicates that the rock was a magma, 
probably originating in the lower crust or upper mantle, 
that may have reacted with crustal rocks thereby obtaining 
am intermediate ratio (Faure and Powell, 1972). In support 
of this hypothesis,, the data gathered were used in con
junction with previously derived correlations. Normative 
calculations (Table 5) were obtained from the previously 
derived chemical data and then the normative quartz, albite, 
and orthoclase were recalculated to 100%. Using the data 
derived from experimental work by Khitarov, Nagapetyan, 
and Lebedev (1969) on dacites, a rough estimate of Py Q can 
be obtained from the total amphibole and biotite con
tent. The total mafic content in the Catalina granite is 
approximately 5% which signifies a Py Q of approximately 
1600 bars (Figure 33), which correspond to a depth of 
approximately 5 kilometers. This also suggests approxi
mately 5.3% HgO (Figure 33) in the magma at the time of 
crystallization of the mafic minerals. Then the normative 
Q-A-Or (quartz-albite-orthoclase) were plotted on a series 
of isobaric fractionation curves determined from experi
mental work by Tuttle and Bowen (1958) (Figure 34),
Although the curves used were for a Py q of 1000 bars, 
Tuttle and Bowen (1958) state that the set of fractiona
tion curves for each pressure differ only slightly with
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Figure 33. Water content in the Catalina granite.
The dashed line indicates the percentage of biotite and 
hornblende in the Catalina granite and a curve determined 
by Kitarov, Nagapetyan, and Lebedev (1969) indicates the 
weight percent water at the time of formation of the biotite 
and hornblende.
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pressures up to approximately 3500 bars. Since the quartz 
monzonite points plot near the isothermal trough, it may 
be assumed that the quartz monzonite followed a normal 
sequence of fractional crystallization for a melt, before 
being quenched at its present composition.

Therefore, the initial Sr isotopic ratios and the 
coincidence of the normative Q-An-Or points corresponding 
with experimental lines of fractional crystallization 
indicate that the Catalina granite originally was a magma 
intruded into its present position from some depth.

Conclusion
In plan, the Catalina granite is elliptical, approxi

mately 8 by 13 kilometers and funnel shaped in cross sec
tion, The rock is a 93.1 m.y. old quartz monzonite con
taining large feldspar phenocrysts, biotite, hornblende, 
and an appreciable amount of sphene. The chemistry of the 
rock shows that it is lower in SiOg and higher in AlgO^ than 
the average quartz monzonite. This difference may be due 
to the original rock from which the Catalina granite was 
formed or from contamination by country rock as the magma 
rose.

The field geology and the chemistry of the rock do 
not yield the same results. The initial Sr 87/Sr 86 iso
topic ratios indicate that the magma was formed in the
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lower crust and intruded into its present position. The 
normative values of quartz-albite-orthoclase also indicate 
a magma undergoing normal fractional crystallization during 
cooling, Rb-Sr data suggest that the rock is not related 
to other igneous rocks in the area. Thus, the rock appears 
to be of magmatic origin,

A considerable number of field and structural geo
logical features support the model of a magmatic origin.
The contacts with the country rocks at the northern end 
and the orientations of most of the structural elements 
are steep, suggesting vertical motion (Buddington, 1959, 
p, 695). The presence of schlieren and inclusions, the 
alteration of the Pinal Schist and the inclusions, dikes 
of the Catalina granite in both the Pinal Schist and the 
band, and the consistent orientation of flow elements all 
suggest a magmatic origin.

As. previously stated, some relationships suggest 
a metasomatic origin. If the Catalina granite developed 
through metasomatism, one might expect to find bimodal 
crossed-foliation, relict features of the former rocks, 
gradational contacts, metamorphic textures in the granitic 
rock, and reflection of previous trends. To a certain 
extent, the Catalina granite does have some of these 
features, The Catalina granite is in gradational contact 
with the Catalina Gneiss at the southern end of the body
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(McCullough, 19631, There is near-random orientation of 
feldspar trends, but this is not consistently bimodal nor 
is this randomness reflected in the other flow elements.
The inclusions possibly could be relicts, except that their 
orientations are not consistent with the Precambrian trend 
seen in the Santa Catalina Mountains, which is northeasterly 
(Peterson, 1968), The petrographic texture of the granite 
does not indicate metamorphism. Thus, although there are 
some features that suggest a metasomatic origin, the vast 
majority of features indicate a magmatic origin. Based 
on this interpretation and using the data present, a 
possible history of the Catalina granite can be constructed.

The magma originated in the lower portion of the 
crust, approximately 100 million years ago and rose as a 
diapir, assimilating country rock (mostly Pinal Schist) 
as it rose. It intruded to a depth of approximately 5 to 
8 kilometers, The magma was emplaced passively with its 
shape determined by the pre-existing structures, The order 
of development of features are schlieren, inclusions, 
minerals, and joints (Balk, 1937). The schlieren were 
formed and oriented first in the fluid stage, the inclu
sions next as the magma encountered the Pinal Schist, 
and the feldspars next in the last phases of crystalliza
tion. The randomness of the feldspars may be due to the 
difficulty of rotation in a viscous fluid. The joints



70
formed as the jnagma solidified. The trends of these 
elements show a small clockwise rotation, suggesting that 
the external structures changed with depth. The aplitic 
phase along previously formed joints completed the magmatic 
history of the Catalina granite.

\



APPENDIX A

PETROGRAPHIC METHODS

For the modal analyses, thin sections were made, 
the orthoclase was stained and 500 points were counted for 
each slide. The rock slabs were cut, polished, and the 
plagioclase and orthoclase stained. An overlay was made 
(after Lyons, 1971) and the minerals determined using a 
binocular microscope. Because of the number of minerals 
counted, the modal analyses from the thin sections are more 
accurate. Also, differentiation between biotite and horn
blende in the slabs was impossible due the partial de
struction of these minerals by the acid fumes.
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APPENDIX B

GEOCHEMICAL ANALYTICAL METHODS

Whole rock major analyses were obtained on samples 
of the quartz monzonite, the band, and two inclusions. The 
analyses were obtained by atomic absorption following a 
method described by Medlin, Suhr and Bodkin (1969), using 
a Perkins-Elmer Modal 403 spectrophotometer. Standards 
used to determine working curves were the USGS standards 
G-2, GSp-1, AGV-1, and W-l, as well as the French standards 
GA and GH. The oxide content for the standards is given 
in Table 9.

The trace elements Rb, Sr, and Zr were determined 
on an x-ray fluorescence spectrometer. The standards 
used were G-l, W-l, G-2, GSP-1, AGV-1, and BCR-1 with PCC-1 
and DTS-1 used as a base level of zero Rb and Sr content. 
The elemental content of these standards is given in 
Table 9. The rock samples were crushed, powdered, and 
pressed into pellets enclosed by boric acid crystals.
The operating conditions for determining Rb and Sr are:

Mo target tube at 55 Kv and 46 ma
0.4° collimeter
LiF 220 analysing crystal
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Table 9. Oxide and elemental content of standards used.
Total iron is given as Fe203. Data from Fleischer, 1969; Flanagan, 
1969; and Abbey, 1970.

Standard GA GH W-l G-2 GSP-1 AGV-1 G-l BCR-1

Oxide Content
Si02 69.90 75.80 52.64 69.22 67.27 58.97 —  — » —  —

A1203 14.50 12.50 14.85 15.33 15.18 17.01 — — —  —

Fe203T 2.86 1.33 11.09 2.76 4.26 6.73 — — — —

MgO 0.95 0.03 6.62 0.77 0.98 1.53 — —
CaO 2.45 0.65 10.96 1.98 2.06 4.94 — — — —

Na20 3.55 3.80 2.15 4.06 2.77 4.26 — —
K20 4.03 4.78 0.64 4.49 5.50 2.86 —  —

Ti02 —  — 0.08 1.07 0.48 0.65 1.06 — — — —
MnO 0.09 0.05 0.17 0.04 0.04 0.10 —— ——
Total 98.33 99.02 100.19 99.13 98.71 97.46 —  —

Trace Elemental Content
Rb —  T" —  mm 22.0 174.0 268.0 69.0 222.0 48.6
Sr —  ■ T ’ — 192.6 480.2 237.1 665.6 256.3 335.4
Zr V" — 316.0 544.0 227.0 185.0

w
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scintillation counter at 1200v 
attenuation set at 5
Counts were made for Sr, Rb, a background between 

the Rb and Sr peaks, and the Ho Compton peak. The results 
were reduced using a series of programs on an Olivetti 
desk calculator.

The procedure for the determination of Zr is 
approximately the same; the following operating conditions 
were used:

W target tube at 40 Kv and 30 ma 
0,40 collimeter 
LiF 220 analysing crystal 
scintillation counter at 1200 v 
attenuation set at 5
A background was selected midway between the ZrKa 

and the SrKa, and compared to the background of standards 
PCC-1 and DTS-1. Although the background count may be 
interferred with by RbKg and YKa. The SrKfS analytical 
band is very close to the ZrK analytical line and inter
fered with it. To correct for this interference, a SrKg*/ 
SrKa ratio was determined on a pure Sr (NO^)2 sample. The 
SrK was recorded for each unknown sample, the ratio 
previously determined applied, and the SrK£?1 influence 
on the ZrKa determined and subtracted.



APPENDIX C

RADIOMETRIC METHODS

X-ray fluorescence was used to determine the total 
Rb and Sr elemental content. A brief summary of the iso
topic ratio analysis is given here; more detail is pre
sented in Livingston (1968). Approximately 0.2 grams of 
powdered rock is digested in hydrofluoric acid. This 
liquid is dried and HCl added to the residue. The solution 
is passed through a cation exchange column to separate 
and concentrate the Sr. This solution containing the Sr 
is collected and dried. A small amount of the residue is 
taken into solution by HCl and dried on rhenium filaments. 
These filaments are heated in an evacuated mass spectrom
eter.
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FELDSPAR ORIENTATION OF THE NORTHERN PORTION OF
THE CATALINA GRANITE
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FLOW STRUCTURE OF THE NORTHERN PORTION
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