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'STRUCTURE AND PETROLOGY OF A PART OF THE EAST FLANK OF THE

SANTA CATALINA MOUNTAINS, PIMA COUNTY, ARIZONA

by
He Do Pilkington

ABSTRACT

The Santa Catalina Mountains consist of a gneissic core
flanked by metasedimentary rocks. The graniﬁié.éneiss and band-
ed augen gneiss which make up the core are transitional between
the kyanite-muscovite-almandine subfacies and the staurolite-
almandine subfacies of regional metamorphism. Younger Precamb-
rian and Paleozoic metasedimentary rocks occur_along the eastern
flank of the mountains, The Younger Precambrian Apache Group
includes the Pioneer Formﬁtion, Dripping Spring Quartzite, and
Mescal Limestone all of which have been converted into rocks of
the staurolite-almandine subfacies, The Paleozoic sections con-
sists of the Bolsa Quartzite, Abrigo timestone, and a small area
of undifferentiated Paleozoic limestones which have been affected
by a similar grade of metamorphism. Dikes and sills of metamor-
phosed quartz latite prophyry are abundant in the metasedimentary
rocks. Post-kinematic replacement pegmatites and aplites are

found in the rocks of the Apacheicroup and the gneissic complex.
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Iwo dominant structural directions occur in the Catalina
Mountains. The strike of the foliation and major fold axes have
a west-northwest trend. The "b" lineation associated with
crinkled foliation and elbngaée& pebbies in the Apache Group
and the elongated augen and streaked micas of the gneisses
along‘the crest and eastern slopes trends west-northwest, A
northeast direction is characterized by lineation of "a" related

to superimposed cataclasis,

The metamorphism and development of the structural
features has been related to the formation of a mantled gneiss
dome, It is suggested that the dome formed during the Laramide

Orogeny;
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- INTRODUCTION:

Purpose and ﬁeehoéa of Investigation

The purpose of this investigation is to contribute
information on the structure and petrology of the-Santa Cata-
‘lina Mountains, Arizona. The lithologic units were traced
- from the summit: region of ehe'mountaine northeastward along
the flank of the mountains, 'Detailed structural studies were
made to determine the signifieance of the two directions of
lineation reported by Peirce (1958) and DuBois (1959), the
nature of the foliation, and the joint patterns.: :Petrographic
-desctiptions were‘madeiof all the lithologic units exposed
within the area of study. Based upon the abeefinvestigacions,

. an explanation is offered of the petrogenesis of the area.

| A.etructnnal and genleéie Qag Qas pnepared on an
enlargement of the 1957 U. S. Geological Survey topographic
map of the Bellota Ranch Quadrangle, lea County, Arizona.
An area of 30 square miles was mapped on a scale of four inches
to the mile. Aerial photographs having a scale of one inch to
the mile, and when they became available photos having a scale’
of feur inches to the mile, were used to facilitate accurate
- plotting of information. Laboratory studies included mineral-
ogic determinations based upon specific gravity, index of re-
fraction, - and Xéray‘diffractionitechniqnes.w Petrographic inves-
tigations included thin section examination, modal analysis,
and universal stage techniques.
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Location and Accessibility

¢

The Santa Catalina Mountainé form;the northwestern
exgensioh of a iarger'range thch includes the Tanque Verde
gnd.Rinéon‘Mountains. The range is locatéd‘in Pima and Pinal
CSunﬁies, Arigon&, and forms the eastern and northeastern
bordefs.of the valley in.wﬂich Tucson isléégtédi(rig; i){

The mountain range is approximately forf&yﬁiieéjlbng anqufomh
. five to tweﬂty miles'ﬁide. The map area egfeﬁdé from‘the crest-
al regions of the Catélina_Mountains, in the vicinity of the

Palisades Ranger Station, eastward across the northeast flank.'

along Buehman Canyon and its tributaries. Access to the western

side of the area is gained by the Mount Lemmon highway while
the eastern part may be reached by meané‘bf “jeep" trails from

the San Pedro Valley near Reddington, Arizona.

Topography and Physiography

The Santa Catalina Mountains rise abruptly from valleys.

1

on the eastern and western sides. The Catalina Mountains, Tan-

que Verde Mduntains, and Rincon Mountains form one of the r&nges :

within the Basin and Range Province of southern Arizona. Tﬁé
maximum elevation within the area of investigation is the sum-
mit of Kellogg Mdhnt#in at about 8,400 feet and the minimum

elevatiﬁn is in Buehman Canyon at 3,360 feet. The maximum re-

lief, therefore, is approximately 5,000 feet (Plate IV).

'y
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Index map showing location of the area of
present study.



The Catalina Mountains are well dissected by inter-
mittent streams, The western third of the area drains intd
Sabino and Bear Canyons and thence to the Santa Cruz Rivér{
The eastern side is drained by Buehman Canyon and its tribu-

taries which fldﬁ into the San Pedro Vailey;
Previous Work

Thé:humbgr of published accounts of prévi&gé geblogig
‘invgstigifiods}in thé Sant§ Catalinh Mountains is very_ligitéd;
Among the earliest was that'by baitqﬁnin 1925."The'geomofph- |
ology was discussed by Davis (1931). Bromfield (1952) swumar-
ized the geology of the Catalina Mﬁuntgins. The geologic set=
ting of the Santa Catalina Mountains and the petrography of a
part of the gneissic complex were described by DuBois (1959).
A‘mingpalogic investigation of some garnets f;oﬁ‘th¢AS§nta“

Catalina Mghntains was made by the author (1961).

”4Severa1‘dpphblishgd inVéstigatibns'proQide‘dAta 6n the
geologic features. "A U,S.'Geologicai Survey open file report
by Mpofe'énd Tolman (1949) on the'ggology Q£ the Tucsonvquhd~"'
rangle‘cdvers/thé area of the pfesenf’ét@dy; Theﬁés‘by Univer-
sity of Arizona graduate étudents_also'proyide'data'oh limited
areas. ﬁallaCé‘(1§54) discussed éhé gtfatiéiapﬁy'ahd s;:utﬁufe
along the Mogul Fault. Banerjee (1957) ﬁbrked on'tﬁe”strugture
ggd.pétrolqu'§£.the'Otaéiglcr#niﬁé; _ihe structure and petro-
graphy of thg northfcentral portion of the Santa Ca;a;yqaunbunf

tains was studied by Peirce (1958). Raabe (1959) described the



5
geology of the Bullock Canyon area, - The petrology of the Molino
Basin area of the Santa Catalina Mountains was described by
Laughlin (1959).‘ The use of sodium-potas31um ratios in musco-
vites as a geothermometer was discussed by Hedge (1960) for
a limited number of Catalina rocks. The Younger Precambrian H
geology of southern Arizona has been discussed in some decail
by Shride (1961). Jinks (1961) did a detailed study of a por-
tion of the Mogul Fault. The structure and petrography of the
Pinal Schist south of the Mogul Fault was described by Erickson

(1962).
‘ Acknowledgenents'
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to Dre R. L. DuBois for his aid and encouragement throughout
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O GememaL cEoLoy
.The ‘geologic ‘setting of the Santa Catalina~Mountains
- is given'so that the results of the present. investigation may
be referred to the overall picture, The Mountains are made up
f19£;§»°9m9l¢3‘°f igneous, metamorphic, and sedimentary rocks.
The core consists of gneissic granite. -On the~southﬁest1310pes
;thelcore is flanked by augen.gneiss and banded augen:gneiss.
i_Ihe northeastern side is bounded.by.banded augen gneiss and - -
Lnetasedimentary rocks (Plate I). -The gross structural feature
. of the pountains is a iarge gneiss dome which:is elongated in
,a!west-northwest direction. . Minor folds and . domes are:foundvs
~on the large domal structure.;.Numerous faults have been ob-
_served and some mapped. in detail, 7Two directions of -linear ,
. features have,been observed and were studied in some detail:-

in the. present investigation,.; - .. ‘5"

Description-of Rocks

Older Precambrian

Pinal Schist - -

[ . : 1

The oldest rocks exposed in the Santa Catalina Mbuntains
xare Pinal Schist. The metasediments of the Pinal Schist crop
_:out extensively in the northern part of the Catalinas (wallace,
r1954) and minor exposures in the central portion were described
‘by Peirce (1958). The rocks south of the Mogul Fault, discussed

by Erickson (1962), are typified by phyllites and muscovite
6




7
schists which exhibit rather strong cremulation of the foliation.
The banded augen gneisses exposed on the northeastern slopes of
rhelaren‘of the prenenr:srndy’nrevbeiieyee,;ny'the>antnor, to

have been formed in part from the Pinal Schist,

Oracle Granite

ine graniteiﬁhicn forme‘tne abfchéfn”parf 5£ the range
has'beén'SAaé&'Ehe Oreele.Grnnite.':fﬁeﬁgrénirehinrrudee the
finnl Schist or is in fenlr contact with éitﬁer'yoaAger'rfeagn-
brien‘er Pnlebreié:roeke;‘ Iheqdrncie'éranireﬁie:g_cenreefgrained
perphyritic\qnartz nbn;enire Wirnvlocal v;;ia¢13hs."haAerée‘_”"
(1957) considered that the rock was originally of granodioritic
eomnoeirien‘nnnvwae later changen by ;Stae;inn netasonatism;
Benerjee regnrded'thefornele Granite to ﬁe‘ef-frecamnrian age.
| Geochemical dating of biotite from the granite gives an Older

Precambrian age of 1, 450 m.y. (Damon, 1959).

Younger Precambrian

Apache Group .

ﬂThegannger Preenmbrian_Apaehe Group crops enrjercen- =
sively;in‘the northern and central regions of the Santa Catalina.
Mountains. The distribution of the metagediments has been - -
recorded in eome detail by Wallace (1954) and Peirce. (1958).
The problem of the distribution nnd‘nntnre of the Apache Group
nlong‘tne sumnit and eastern slopes of the mountains is a part

of the present study and will be discussed later. Raabe (1959)




described the character of the Younger Precambrian rocks in the
Bullock 6enyontarea. ‘The rocks of the Apaéhe’c2¢u§'w111 be

broken ‘down according to the proposal of Shride (1961).

Pioneer Formation =~ = °

- The lowermost unit of the Apache Group is the . ..
Pioneer Formation. The basal conglomerate, which ranges from
0 to So_feet in thicknees,,is termed the Scanlan Conglomerate .
Member. .The Scanlan varies from a coarse scndstoneito.ewquartz-
'ose conglomerate., In the northern part of the.CatalinavMountains
the low-grade metamorphism has not destroyed the original sedi-
mentary texture. Along the crest of the mountains, however,
the rocks have been converted into coarse-grained quartz-muscovite
schists or quartzites (Peirce, 1958). Invthe ‘Bullock Canyon :
erea ﬁaabe (1959) descrihed therécaniantﬁenher ae'avconglomer-
ate with the pebbles and cobbles greatly elongated by intense o

shearing and recrystallization.

. The basal conglomerate grades into the overlying silty
mudstones and interbedded fine-grained sandstones, vThe rocks of
theinpperwmenher of the Pioneer Formation in the‘northern_part of
the mountains have beenvslightlyrmetamorphosed and are typified
by.h_phyllitic sheen. Peirce (1958) reports that the Piomeer
Formation along the summit of the range bas been affected by -

nedium-gradevmetamorphism which,develobed-quartz-muscogite”

schists,



Dfiééiég}géfigg Quartzite

The basal conglomerate of the Dripping;Sprigg.
Quartzite conformably overlies the Pioﬁegr Formation.. The = "
basal conglomerate ranges from O £0t75’£ee;Ain thickness and
is known as the Barnes Conglomerate Member. The low-grade -
metamorphism’'in the gortherq part. of thetSanti~Catglina.Moun-
tains resulted in aipreferred:origntation'of the sericite in
the matrix but-did notdestroy the original sedimentary.charac-
teristics. jThe_mediumegrade metamorphism to the south developed
elongated pebbles and cobbles set in a matrix of well-oriented

muscovite and biotite, and highly sutured quartz (Peirce, 1958).

The Ba;nes‘grades upward into interbgdded;sandstones_%=
and piltstonés..fThe,we;k1y metamorphos¢d areas of upper Drip- .
pipg-SpripgiQuagtzige in thefnorthernrepd-o£~the~catalingé are
characterized by oriented sericite and chlorite in the matrix'-
and rounded to. sub-rounded grains of quartz and feldspar (Peirce,
1958). The medium-grade metamorphic equivalents in the Sﬁnmer-
havéﬂ_énd B§1iock Canyon areas consist of strongly sutured quartz-

ites and“qﬁartz-miCa-feldspar schists..

Mescal. Limestone. R L T O £ G SR

 Limited exposures of carbonate rocks:in the Summer- ' .
haven and Bear Wallow areas along the crest of the Catalina - . -
Mountains have ﬁeen in;erpréted as Mescal*Limes;one7(Peirce,,1958).
The exposures range considerably in thickness and are discon-- :

tinuous along their strike.
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Troy Quartzite

. The Troy Quartzite of .the type area has now been reas-
signed to the Younger Precambrian (Shride, 1961). According .to
cgr;egp‘usgge!vthe_oqu,rocksvin ;hg Santa Catalina Mountains
which might cp:gelatg with the Troy Quartzite consist of a few.
fegt{of purple.qqartzite’egposedJin'thg northern part of the
mountains (Shride, 1961). Within the mapped area the grade of

metamorphiém‘makes uncertain the recognition of rocks which

might correlate with the Troy Quartzite.

Péleozoic

Sedimggtary_;ocks of Paleozoic age crop out extensively .
along the northeast slopes of the Santa Catalina Mountains. The
distribution h#sAbeen studied in detail by Wallace (1954) and . .
Peirce (1958), Only the basal units w;ll,bg_QgscriBed here since

rocks highgr_in the section were not found in.the area mapped.
Bolsa Quartzite

The basal unit of the Paleozoic strata in the Santa Cata-
lina Mountain; is the Middle Cambrian ﬁolga Qﬁatfiite‘éc¢oraihgm
to Shride (1961). Stoyanow (1936) designated the lowemmost unit
of the Paléqzoic as the froy'Qﬁaftiite'andLESHsiﬁére& it to be of
Middle Cambrian age. ' As mentioned above the Troy of the type area
has been reassigned to the Younger Precambrian; therefore, the
base of the Paleozoic section has been correlated with the Middle

Cambrian Bolsa Quartzite.
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The Bolsa Quartzite in the northern part of the mountains
is characterized by medium- toAcoarse-grained sandstones. The
grains are slightly interlocking as a result of secondary over-
growths. As the grade of metamorphism increases the“rdcks are
typified by destruction of the overgrowths by recrystallization
and the development of interlocking,” sutured grain boundaries."

R e eyl LG

Abrigo Limestome  ~ . - = .,

The Bolsa Quartzite is conformably overlain by 300 or
more feet of mudstones, calcareous shales, and sandstones which
Stoyanow (1936) named the Santa Catalina Formation. Howeuer; in
the present work the4rocks are designated as the Abrigo Limestone
as suggested by Shride (1961). This correlation is based upon
lithologic similarity with the lower unit of the Abrigo Limestone
in northwestern Cochise COunty (Shride, 1961). The upper unit
of the Abrigo found in Cochise COunty correlates with the "res-
tricted" Abrigo of Stoyanow (1936). The Abrigo Limestone is

Middle and Upper Cambrian in age.

The Abrigo Limestone crops out along most of the north-
eastern 310pe of the Catalina Mountains. The rocks exhibit the
same changes in metamorphic grade as are illustrated by the rochs
lower in the section.‘ Peirce (1958) believed that the tremolite-
biotite—staurolite schists near Mount Lemmon were the medium-
grade equivalents of the lower part of the Abrigo Limestone as

designated by Shride (1961).
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. Post Paleozoic'

Catalina Gneiss

The term Catalina Gneiss has been applied to the gneissic
complex which crops out in the sumnmit regions and the southwest-
ern flank of the Santa Catalina Mountains. The gneissic rocks
have been divided into three general types by DuBois (1959)5
banded augen gneiss, augen gneiss, and granmitic gneiss to
gneissic granite, Banded augen gneisses form the outermost
portion of the complex on both the southwestern and northeastern
slopes of the Catalina Mbuntains (Plate I)e The augen gneisses
occupy an intermediate position and the granitic gneiss or
gneissic granite forms the core of the complex. The mineralogic
composition of each of the three types of gneiss is similar and
consists of plagioclase, potash feldspar, quartz,‘muscovite,'

and biotite.-

Leatherwood Quartz Diorite

The Leatherwood Quartz Diorite occurs as a stock-like
mass on the northeastern slopes of the Santa Catalina Mountains
(Peirce, 1958). The quartz diorite is reported to intrude rocks
as young as Cretaceous khromfield 1952). The rocks have been o
synkinematically metamorphosed. The mineral composition of the
metamorphosed rock 1ncludes oligoclase, quartz, biotite, and

- PR

epidote.
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Quartz Latite Porphyry

Slightly metamorphosed quartz. latite prophyry occurs as
dihes and sills in the northern parts of the Catalina Mountains
according to Peirce, (1958). ..In the central and eastern portions
of the range the quartz latite has been subjected to medium-grade

metamorphism and consists of oligoclase, microcline, biotite, quartz,

muscovite, and epidote.

Pegmatite and Aplite - .- - e T R

Aplitic’to pegmatitic quartt monzonite nasses occur as
dikes, sills, and irregular masses within the Younger Precambrian
metasediments, the Leatherwood Quartz Diorite, and the Catalina
Gneiss. Many of the bodies have relict structures parallel to
the structure of the country rock which suggests a replacement |
origin, The aplites and pegmatities are 1ate synkinematic and

post kinematic.

- -Regional Structure

TheltOpographic expression of the Santa Catalina Mountains
reflects the major structural features.' As shown‘on Plate I the
main part of the Catalina Mountains trends west-northwest as do
the major structural features such'as faults, fold axes, foliation,
and joints.' In the southern part of the Catalinas the dominant'
structural trends are north and the topographic trend is also
north. A third structural direction is northeast and is mani-

fested by a strong lineation and a dominant joint set.
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.The structural features shown on Plate I represent.a
compilation . of previous geologic mappinglas_weli as. the author's
interpretation mnde‘in‘thie study, The areas not covered in.
previous literature were studied on aerial photographs and the
interpretations were checked by a limited number of field visits.

M TG oL

HSeﬁeiol prominent faults have been observed in the Santa
Catalina Mountains. The Mogul Fault mapped by Wallace (1954)
and Jinks (1961) dips'steeplivend trends nearly west in the
northern part of the mountains. A few miles to the south Peirce
(1958) mapped another large west-northwest trending fault which
he named the Geesman Fault. Approximately two miles further.to
the soothﬂPei;ge fonnd:enotner fau}t vnoselt:endﬁisxpara}le} to
the Geesman Fault,  All these faults are characterized by steep

dips and have the south block downthrowm. .. ..

_'Aibné’ the south flank of the mountains, réié"aﬁdf’.rinié

‘ (1961) studied the ‘nature of the so-called “boundary fault"
DuBois and Mayo (personal communlcation) teport that Dr. R. W
Van Bemmelen has pointed out that the topographic dep;ession
along the south’ side of the mountains might represent‘e graben.
The three found numerous antithetic faults in the tilted Tettiary
eediments‘and also in the banded'éugen gneisées which sunport
thelenégeetion;- Weliece{(1§54)"mapped‘tﬁeffirice feuit'aioné"
the western eiderof'tnelceteiina Mountains. As the Pirate Fault

is traced southward its trend changes from north to northeast.
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Within the area bounded by the Mogul‘and Geesman Faults many
northeast trending faults have been observed (Wallace, 1954).
The topographic expression along the south flank of the moun-
tains suggests, to the author, the presence of several minor
northeasterly faults which would account for the minor offsets
observed. Several north-northwest striking breccia zones have
been observed in various parts of the western end of the Cata-

ey e .ot i - RN

lina Mountains. -

Folds

If one considers the overall nature of the Santa Cata-
lina Mountains it becomes apparent that the basic structure is
that of an elongate dome whose axis trends west-northwest (Plate
I).‘ Minor folds are not uncemmon on the larger dome. For ex-
ample, Peirce (1958) mapped a large syncline south of the Geesman
Fault. Several minor folds were observed in the present study
and w111 be discussed later. Minor drag folds and crumpled or
crenulated foliation are common in the rocks of the Apache Group
exposed along the crest of the range.‘ The fold axes are all
parallel to the axis of the main dome. Mayo (personal communi-
cation) has mapped a series of minor west trending folds near
the end of North Campbell Avenue.‘ The folds shown on the south
side of the Catalina Mountains (Plate I) represent the present
author s interpretation of aerial photographs and observations

made on several reconnaissance trips.
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Foliation and Lineation

The foliation in the rocks of the Catalina Mountains
trends west-northwest for the most part, and in;general dips ﬁ
away on either side of the range. The foliation within the |
gneissic complex near the crest of the range parallels the .‘ )
foliation of the metasedimentary rocks. Many minor folds and
domes produce irregularities in the overall pattern of the
foliation. Peirce (1958) reports that the foliation within‘

the Leatherwood Quartz Diorite is parallel to that in the

gneissic rocks exposed along the summit of the mountains.

There are two general directions of linear features
in the rocks of the Santa Catalina Mountains. The most obvious
is the strongly developed northeasterly trending lineation in h
the gneissic rocks on the southwest flank of the mountains.
This lineation results from the elongation of feldspar porphyro-
blasts, elongated quartz grains, and streaked masses of mica,
The lineation was formed by rather intense cataclastic defor-‘
mation. The same direction is also present in the Oracle
Granite according to Banerjee (1957). The second direction-'
of lineation is represented by west-northwest to west trend-
ing structures in the Oracle Granite, the metasediments of the
Apache Group along the crest of the range, and also in the
gneissic rocks near the crestlof the range. Details of the
west-northwest lineation found in the present study will be

discussed later.




| eemocunRy
* 'In:the following discussion the rocks will be described
in the chronological order establxshed by Peirce (1958) and DuBois
'(1959). Thus the metamorphosed equivalents of the Apache Group
are discussed ‘under - the heading of Younger Precambrian rocks, :
~although their present characteristics were imparted to them by
. a much later metamorphism, Likewise the rocks of the gneissic

complex, .which probably-represent geologically older rocks, will

be discussed under the heading of Post-Paleozoic rocks.

The petroéraphic descriptions include both the mega-
scop;c.and microscopic features of the rocks. Over 400 thin
sections were prepared from specimens collected from the vari-

" ous lithologic units. Mineral identifications are based upon
‘routine thin section techniques unless otherwise noted.  The’
modal analyses were run by the point count method using a modi-

. fied mechanical stage with a minimum grid interval of one-half

- millimeter. The weight percentages of the various oxides were .
calculated from the modal analyses by means of the tables given

in Johannsen (1939).

Ybunger Precambrian
'Agache Groub
The Apache Group of Younger Precambrian age crops.out. '
nearly_continuously along the northeastern flank of the Santa

Catalina Mountains in.the map area (Plate 1I), . The section is

17
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not everywhere complete, and the thickness of individual mem-
bers changes considerably along the strike, The terminology

proposed by Shride (1961) has been adopted,

Pioneer Formation}ffi(

Within tha mapped area, the lowermost unit of the Apache
Group rests unconformably upon the granitic gneiss along the
crest of the range, and ls unconiornable upon the banded augen
gneiss elsevhere. The Scanlan Mamber, the basalpconglomerate,
appears in discontinuous outcrops as a result of either non-
deposition or erosion.‘ The basal unit varies from a coarse

sandstone to’ a quartzitic conglomerate.'f=‘

s

Megascopieally.the éeanlan donglouerate ofrtbe Pioneer
Formation is duite variable., The color varies from a vhite to
a pinkish gray, dependent upon the nature of the contained iron,
The coloration may be a result of either limonitic stain or
hematitic stain, The grain size ranges from a coarsa sandstone,
with small pebbles scattered 1rregular1y along the bedding planes,
to a cobble conglomerate with a,sandy matrix.‘ The large clastic
fragments range from pebbles-one-half an-incb in diamoter to
cobbles up to six inches in diameter, ' The particlea of the
coarse~grained sandstones and also the smaller pebbles consist
of clear, glassy quartz.; The colorlesa quartz grains are ‘often
surrounded by an iron oxlde stain, and nay have fractures filled
with iron oxide. "Some of the smaller pebbles and most of the

larger cobbles are detrital rock fragments of metaquartzite.



Figure 2.

Figure 3.

Photomicrograph of a sheared quartzite pebble in the
Scanlan Conglomerate from Buehman Canyon. Shear
planes within the pebble are parallel to the foli-
ation within the matrix. Nicols crossed.

Subparallel orientation of muscovite which outlines
the wavy foliation in a quartz-muscovite schist
from the upper part of the Pioneer Formation near
the summit of the Catalina Mountains. Crossed
Nicols.

19
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The quartzite fragments are well-rounded and occur in a m&ﬁrixgl.
of rounded to sub-angular quartz graiﬁs and oriented mica‘fi;keé.
The color of the quar#zite fragments varies ffom'ﬁeafly colorless
to light gray or buff., The quér;zite fragménts ére'qﬁitg‘éoﬂl“
spicuous in the matrix of colorless glassy quaftz grains.‘ Tﬁe
pebbles and cobbles are usually somewhat elongated and in ex-
treme cases they have been drawn out into cigar-shaped masses
which have a major axis of at least six times that of the minor

axis.

~ Microscopically the Scanlan Conglomerate is composed of
éuartz,.feldSpar, nuscovite, biotite; and epidotef .Minor.gccess-
ory minerals include magnetite, zircon, sphene,. apatite, and
garnet., Quartz comprises 75 to 80 per cent of the rock. - The
quartz grains in the coarse-grained quartzites gnd,thpse.in the .
matrix of the conglomerates are extensively recrystallized as
evidenced by their strongly sutured contacts. The majority of
the pebbles and cobbles are composed of sheargd‘and»reg;yatallized
metaquartzite. The shearing within the quartzite fragments is
parallel to the folia;ion and to the elongation of the grains

in the matrix (Fig.2).

Feldspars make up from 0 to 15 per cent of the Scanlan
chglpmerqte Member. Microcline exhibits the typical grid
twinning while the plagioclase crystals are usually untwinned.
The plagioclase has a compositionvof oligoclase (An21) ag det~-
ermined by the Michel Levy method, The mica contentréaries

from 2 to 15 per cent., The micas are subhedral and exhibit a
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distinct parallel orientation. Muscovite is more abundant than
biotite., Epidote occurs in two distinct forms. The most abun-

_dant is that of the subhedral crystalloblastic epidote which

constitutes up to five per cent of the rock. Scattered through-

out the unit are well-rounded cloudy grains of epidote which B

probably represent relict detrital fragments.,

Zircon andTSpheneDocCurfas:suﬁ-rounded to ‘rounded relict
“detrital ‘grains which range from 0,1 to 1.0 mm'in diameter,
5Subhedral'apatite‘crjétEIQVareisparsely distriouted"in'tne“rock.

T e T i S L B s

”The’qineraloéic composition and textural relationships
suggest that the original sedimentary rock was a mineralogically
mature conéloﬁerete (an;oligonictic'conélomereteaeccordiné to
Pettijohn; 1957). - The original composition consisted;of°duartz,
‘as individual grains and also as quartzite fragments, and minor
‘amounts "of ‘clay minerals or sericité.’ Scattered ﬁeeuy'minerais
‘including magnetite, zircon, sphene,” and epidoté were present.

" Metamorphic minerals include feldspar, ‘micas; epidote, garnet,

and apatite,” ' i Tosel Toiindpr

R . Sat

The.Scenlen>Conglomerate Member‘érades 1nto the schistose
duartzites and mica schists of the upper 200 feet of the Ploneer
Formation._ The upper member lies unconformably upon the grani-
tic gneiss or banded augen gneiss whenever the Scanlan Conglom-_
ereteiisvmissing.~ In the Buehman Canyon area the upper member of
tne.Pioneer Formation has been somevhat‘infleted.by the intrusion

of several sills and dikes of diabase.
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The upper member of the Pioneer Formation shows consid-
erable variation in appearance.w'Along the sumit of the Cata-
lina Mountains the rocks consist of coarse-grained muscovite
schists.: The schists are silvery red on fresh surfaces and
weather to a reddish brown. The foliation is considerably con-
torted and crenulated by micro-folds up to one-half an inch
across. The exposures of Pioneer along Buehman Canyon consist
of very fine-grained light?g:ay to pink argillaceous»quart;ites,
and medium-gray mica schists, The fine grain size and abundance
of sericite and fine-grained muscovite give the rock a very.

characteristic sheen.

L Thln section analysis shows the upper member cf the‘-
Pioneer Formation to:consist of quartz, feldspar, muscovite,
biotite,'and'epidote.. Minor constituents are apatite, sphene,
zircon, magnetite, and tourmaline. Quartz is the most abundant
mineral and makes up 45 to 80 per cent of ‘the rock. . The quartz
grains range from. less than 0.1 mm up to 0.2 mm in siie. " Local
exceptions are found in the recrystallized quartz grains in
the axial portions of the micro-folds where the grains reach -
one to two millimeters in:diameter. The grains exhibit moderate
to strong undulatory extinction and have 1nterlocking sutured
contacts, Feldspars are usually present but normally make up ;
1ess than five per cent of the rock._ Certain 1ayers are notably
more‘feldspathic and may contain up tciéo per cent combined feld-
3par. Microcline is the most abundant feldspar, but small quan-

tites of oligoclase (An21) are present.
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Muscovite is the most abundant mica and constitutes

25 to 45 per cent of the schistose rocks. In the schistose

4nartiites;.mnscOVite is oresent»in:sma11er7amonnts«averaging

5 to 10 per cent of the rock, The muscovite occnrs as sub-’

hedral grains with~subparallel-to parallel orientation which

outlines the minorfirregularities and crenulations in the -

foliation’(Fig.f3). Subhedral biotite flakes comprise onefto

fivebper cent of the rock, “ﬁiotite'coumonly develops along

the cleavages in muscovite crystals. -‘Epidote is an omnipre-

sent mineral, but alwvays in amounts less than five per cent,

e

Among the minor accessory minerals zircon anpears as ,
rounded to sub-rounded relict detrital grains, A few subhedral
to euhedral zircon crystals occur as inclusions within the
feldspars. Apatite in one of the most _common minor minerals,
and occurs as idiomorphic crystals concentrated’ along certain
of the'foliation planes. - Tourmaline,- pleochroic. from blue-green
toinearly colorless, is present as euhedral prisms tip to 0,1 mm
long: Msgnetite as euhedral to anhedral grains makes up as
much as two per cent of the rocks. Traces of ronnded, detrital

sphene appear in a few sections.

o

The results of‘five modal analyses are shawn in Table I.

-

_Each analysis represents 500 point counts made on 0.5 mm grid :
interval. The weight percentages of the varions oxides calcu-
lated from the modal analyses are given in Table II. When the
above oxide compositions are compared with those given by

Pettijohn (1957) it is seen that the composition of the Pioneer
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-. Table I, Modal analyses of the Pioneer Formationm.

Mineral =

Quartz

Plagioclase
Microcline
Muscovite

Biotite

Esidote

Magnetite =

Others

" Table II. Chemical compositions calculated from the
‘modal analyses given in Table I,

Oxide

45.4

5.0

40.9
4.9 - - -

0.8

0.7

99.6

Sc 100

1.9

60,0

4.9

29,8

1.0

0.9

1

1,0

98,7

69.8

"19.8

1.7

0.8

Sc 141

Se 100~ Sc 120  Sc 141 Sc 391 Sc 464

75.5

"12.8

EY

i 0?7 e oA

" 85,

te 4..6, L. . . N

1.8

iA

T 12.8

PART

1.0
1.0

99,9

DS

Sc 464

$102
Alo03
Fe0

(Mg, Pe)0

CaO"

Nazo.ll o

K20

sz\‘

70,0
18,0

1.3

1,6

»‘10.5 .

61

2.0

98,9

Sc 120

79.8

13.9

0..1.“

0.2
,“o.égt‘ <
0.2
s

0.5

100.2

82.3

L 9 .. 7',

"i.d’ ‘

os

0.7

.6.2 B

3.3

1.3

99.3

Sc 3Qi

847
8.

1.2

: _i;z._

100.2

,A0.3v

0.3

[ I R

EX T

0;9_, .

T 9Lz

s
0.7
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rocks falls between typical sandstones and typical shales,: The
rocks of the Pioneer Formation are richer in silica and potass-
ium than normal_shales and  lower in:aluminum.‘zThe‘composition
can be explained by assuming that the. original sediment consisted
of intercalated siltstones and shales.. .The high potash content
of the first two examples, -Sc 100 andusc.lzo,,does not appear to
be compatibie with either a normal siltstone or shale. Further-
more, the SiOz content is high especially in the final example.
If the original sediments had been deposited in a restricted
basin the high potash content might be accounted for, especially
if there were active volcanism or hot spring activxty; Shride
(1961) reports that the upper Pioneer Formation often cont;inqu
recognizable tuffaceous layers.‘ However, the degree of meta-
morphism in the~area of the present study is such that relict
volcanic textures‘would have been destroped; R

It might be argued that the high potash content is
related to metasomatic activity, but the author disregards . . .
such a hypothesis for the following reasoms, . First;the;typical
result of potassium metasomatism would be the development of
potash feldspars.  The existence of feldspar porphyroblasts in
the Pioneer Formation adjacent to the contacts with the banded
augen‘gneiss.indicates that such a mechanism was active, but on
a very limited scale. Secondly the potash feldspars, with the
exception of the prophryoblasts mentioned above, appear as

, . -,_:_f

anhedral grains which are considerably clouded by alteration

products and appear to be relict detrital grains."




26
Dripping Spring Quartzite i

The Barnes Conglomerate Member of the Dripping Spring
Quartzite is conformable with the underlying Pioneer Formation,
The conglomerate ranges from 0 to 75 feet in'thickness. The
Barnes’crops out almost continuously along the northeastern
slope of the mountains (Plate‘ll). Along the sumnit of the
mountains the Barnee is miSsing'as_a resnlt’of'either erosion

or non;depositlon,7‘

Megascopically the Barnes Conglomerate is very distinct-
ive. It is characterized by pebbles and cobbles dispersed in a
matrix'of finer quartz and muscovite. The pebbles and cobbles
are predominantly composed of white metaquartzite;xout scattered
gray chert fragments and yellow-brown jasper fragments occur.
The quartzite fragments range up to eight inches in diameter,
but average two to four inchea. The chert and jaSper clasts
are much smaller and average one~half to one inch in diameter.
The pebbles and cobbles are‘conmonly elongated in the rocks
exposed initneleastern part of‘the'area mapped, }The.major axis
of the elongated fragments ranges from two to fivevtimes that
of the minor axis, .The color of the rock is alao diagnostic,
with the nhite\quartzite fragments, gray chert’olaots, and
yellow-brown jasper grains disperéed in a tan or pinkish-tan

matrix.

‘Microscopic study reveals that the’Barnes’Member is
composed of quartz, muscovite, biotite, feldspar, epidote,

" and garnet, Apatite, sphene, zircon, and magnetite are the




Figure 4.

Figure 5.

Minor folds in the Dripping Spring Quartzite
east of Nagge Peak. The photograph was taken
looking north at a nearly vertical exposure.

Dripping Spring Quartzite veined by aplitic
and pegmatitic materials on the northeast
slope of Kellogg Mountain. The photograph
was taken looking west from Nagge Peak.
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aggesso;& mineralg;v Quartz comprises 80 to 95 per cent of the
rogk, aﬁdvoccurs in ﬁwo distinct forms, The pebbles and cobbles
consist qf"metaquart?iéé fragments in which‘the'grainlbdQn&afiéé"
are strongly suéuféd;“‘Thé"dﬁdrfzydf
individual crystal fragments and an occasional small grain of
metaquartzite. "Considerable recryétéllizatiqh.has'bccurre& and
the majority of grains have sutured contacts.

Musqgvite is‘ a common con§tituent_ of ‘t-h.e matrix and
aggoqntg'fo: up to ZOvper'cent of ghe rock. The muscovite
occurs as small, well;oriented plates from 0.1 to 1.0 mm in
length. ‘Biotite'is‘nbt'a1ﬁays'ptesent; but may comprise‘ﬁé'tql
fiQelpér cent of the rock, Porphyroblastsvof‘épidoté exist in
small quantities in all thin sections studied, and reach five
per ‘cent in a few of the rocks. Small, slightly birefringent
garnets occur in very minor amounts, The'éhall'g:ain size,
léss than 0.05 mm, and limited oéchtfénée préd1ddéd"the deter-
mination of the composition of the garnet.

<

Magnetite and apatite are the most common accessory
minerals found in the matrix., Rounded to sub-rounded, relict,
detrital grains of sphene and zircon are sparsely distributed

throughout‘the mgtrix,‘

The minerals present and the textural relationships
suggest that the Barnes was originally an oligomictic conglom-
erate (Pettijohn, 1957). The initial rock was composed of

siliceous pebbles and.cobbles in a matrix of quartz and:clay
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minerals, Metamorphism resulted in the development of feldspars,

micas, epidote, and garmet.

| The Barnes Conglomerate Member gradesvupward into approx-
imately 350 feet of interlayered quartzites and schists of the
upper member of the Dripping Spring Quartzite.‘ The upper Drip-
ping Spring rocks crop out extensively along the crest of the :
mountains, and limited exposures are found in the Buehman Canyon
reéion. These rocks have been intruded by numerous sills and

dikes of diabase, but only the larger continuous masses have

been mapped (Plate II).

i

 Two distinct lithologic types make up the upper unit of

theHDripping Spring Quartzite. The lower portion of the upper.
unitﬁisgcharacterized by ahundant, light gray to pink quartzites
with interbedded schists. lhe.quart:ites exhibit relict current
cross-bedding,pand.occasionaly have what appear to be relict‘;
ripple marks. The schistose rocks which are intercalated with
the quartzites and those which comprise the upper portion of
the formation vary from light gray to reddish brown in color.
Many of the schists exposed along the summit of the Catalinas -

have crumpled or crenulated foliation (Fig.h). The Dripping
Spring Quartzite on the northeastern slope of Kellogg Mountain

is extensively veined by aplitic to pegmatitic materials (Fig.S).

- Thin section analysis of the quartzitic,units,within§
the upper;Dripping Spring Quartzite shows the following minerals
to bewpresent: quartz, microcline, plagioclase, muscovite, - .

biotite, epidote, and garnet. Quartz is the most abundant
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mineral and makes up 55 to 85 per cent of the rock. The quartz

grains range in diameter from O.,1 to 3.0 millimeter. Many of
.the larger grains display an internal mosaic texture, and all

of the grains have sutured contacts to a greater or lessor ex-
tent. In the strongly recrystallized quartzites the grains are
elongated in the plane of foliation and exhibit pronounced undu-
latory extinction.}gMicrocline constitutes~5.to 30 per cent of
the average rock»(Fig. 65. The mierocline crystals show the
typical grid twinning and minor perthitic textures., The perthite
develops in those rocks which have been intensively deformed and
appears to fill tension cracks within individual grains, (Fig. 7).
The wedge-shaped perthitic intergrowths make an acute angle

with the planes of foliation and granulation in the'surrounding
materials. Oligoclase (AnZO-ZS) accounts for O to 10 per cent

of the quartzites. The plagioclase grains are often twinned
according to the albite law, but many grains are untwinned. The
feldspar content of the rocks indicates_tnat they would more

properly be termed feldsnatnic quartzites.j.

The micas occur as subhedral flakes which have parallel
- to subparallel orientations. The typical feldspathic quartzites
contain less than 10 per centvmica; locally tneylare richer in
micas and hence grade into feldspathie sthists. Muscovite is
the most abundant nica'and constitutes np to seven ner cent of
the rock. 316c;té is present in smaller qnantities:and never
exceeds fiveinerléent. Subhedral to euhedralfbotphyroblasts of

epidote arehrandonly'scattered throughout the rock and comprise




Figure 6.

Figure 7.

Photomicrograph of a feldspathic quartzite

member of the upper Dripping Spring Quartz-
ite exposed one mile east of Kellogg Moun-

tain. Nicols crossed.

Perthite developed as wedge-shaped Ffillings
in tension cracks within microcline grains
found in the Dripping Spring Quartzite one-

half mile east-southeast of Kellogg Mountain.

Crossed Nicols.
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two' to five per cent of the volume. A few well-rounded detrital
grains of epidote océur in the more quartzitic layers. Garmet
is bresent:in the more feldspathic quartzites near the summit’
of the range where-it may make up as much as five per cent of-
the rock. The index of refraction, 1.817, and occurrence sug-
gests that the composition is probably very similar to that

found by the author for sample number Sc 286 (Pilkington, 1961).

_Minor accessory minerals include rounded to sub-rounded
relict detrital grains of zircon and magnetite. Leucoxene is
not uncommon indicating that titanium bearing minerals were

present. Apatite occurs as subhedral to euhedral grains.

-'Microscopically the feldspathic schists of ‘the upper
Dripping Spring Quartzite consist of quartz, plagioclase, micro-
eline,'muécovite, biotite, hornblende, epidote, and garnet. The
minor minerals include magnetite, apatite, zircon, ilmenite,
tourmaline, and sphene. Quartz constitutes 10 to 70 per cent ..
of the rock. The quartz grains are strongly recrystallized ' .. i
and exhibit a rather distinct elongation in the rocks near }
the sumnit of the mountains (Fig. 8). However, the rocks ex- |
posed on the north side of Buehman Canyon are only weakly !
recrystallized (Fig. 9)._ The quartz grains range from 0 05
to 2, 0 mm in diameter, wrth the average approximately 0 3 mllli- '

meter, _Microeline occurs as anhedral crystals in the same size

S

range as quartz. ‘ihe potesh feldspar comprises 10 to 50 per',
cent of the schists. Plagioclase (An20 25) is present in amounts

up to 15 per cent, but usually in the range of five per cent.
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Muscovite or biotite compose 10 to 25 per cent of the

feldspathic schists., In a given rock the mica will be predom-
inantly one or the other type. Muscovite is found as subhedral
flakes with parallel or subparallel orientation (Fig. 8). The
grain size ranges from less than 0.1 to 0ve:*3;0 mm in length,
Biotite occurs as subhedral flakes andbalsb‘dévelops along the
éleavages in muscovite érains. Thé typiéaljbioﬁige exhibits
distinct pleochrbism from darkrbfown fo light tan. However,
when it is found with hornblenae the biotife is pleochroic in
reddish-browng‘and tans. Hornblende as subhe&ral'to euhedral
crystals (Fig, 10) accounts for 0 to 15 pef'cént of certain
layers in the schists, The hornblende varies from actinolitic
hornblende, Z. angle c eqﬁals 15° and pleochfoism from nearly
colorless to pgie green, to common green hornblende with ex-
tinction angles of 20 to 25 dggrees and distinct pleochroism
from pgle green to dark green, Subhedral powphyroblasts of
epidote up to one millimeter in diameter constitute two to ten
per cent of the schistose rocks. Garnet occurs in minor amounts
in some of thg schiétose rocks aloﬁg;the ctést of the mountains.
~ The garnets have a composition of almsé sp23 andilz pyry3 as

determined by the author (Pilkingtom, 1961). = -

Subhedral to euhedral crystﬁls 6f apatife énd magnetite
are the most abundant and widespread of the accessbry minerals.
Both minerals tend to be more strongly con;entrated along cer-
tain 1ayers}wityin #he rocks..AZircon occurs aéirodnded to well-

rounded relict detrital grains., A few tiny crystals of euhedral

zircon appear as inclusions in quartz and feldspar grains.




Figure 8. Strongly recrystallized quartz in a feld-
spathic schist of the Dripping Spring
Quartzite on the north side of Kellogg
Mountain. Nicols crossed.

Figure 9. Photomicrograph of a weakly recrystallized
unit in the upper part of the Dripping
Spring Quartzite north of Buehman Canyon.
Nicols crossed.
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Tourmaline is common in certain.layers of. the schistose rocks

and may make up as much as four per cent of the rock. The
tourmaline occurs as subhedral to euhedral prisms up to 0.5
millimeters long, and is pleochroic from blue-green to pale.“y
green. The tourmaline probably belongs to the schorlite var-

iety based upon its pleochrOLSm.

:The Dripping Spring Quartzite exposed in the eastern .
part. of the area‘contains an abundance’of calc-silicate mater-
ial. . Thin section study reveals the rocks consist of quartz,
microcline, plagioclase, epidote, diopside, and garnet.: The
quartz,content;i8~exceeding1y variable and ranges from less
than five per cent up to forty per cent of the total volume,
The quartz may be strongly recrystallized.or.omnly weakly re-
crystallized, .. The more strongly recrystallized material is
found . in the outcrops,in,the\extreme southeastern. part of the
area, . Minor amounts of microcline and plagioclase. are present
but_usualiy constitute less than five per cent of the rock,
Epidote is present as subhedral to euhedral.porphyroblasts .
and may make up as much as 70 per cent of.the given layer, .

Diopside represents a minor amount of the total volume in a

e

few sections. Garnet 1s quite common and may comprise up to
10 per cent of the rock “The garnet is a mixture of almandine

and grossularite..

The results of ten modal analyses for.various units’ ..
in the Dripping_Spring Quartzite are shown in Table III, Each :

analysis represents 400 point counts made on a one millimeter

Pmr— s
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grid interval. The weight percentage of the various oxides

calculated from the mode are given in Table IV, " -

~ The mineral composition, relict structures, and textural
relationships found in the Dripping Spring Quartzite suggests
that the original sediments were feldspathic sandstones and
arkoses.v The materials in the upper part of theusection become
1ncreasingly finer grained but still retain their feldspathic
nature. The modal analyses (Table III) and chemical composi-
tions (Table IV) compare closely with published analyses of
feldspathic and arkosic sediments (for example, PettiJohn, 1957).
The metamorphism{resulted in some recrystallization of thei
feldspars and thedformation of clear unaltered_rims on the ‘
original detrital grains. Additional metamorphic.minerals
include' muscovite, biotite, hornblende, epidote, tourmaline,
apatite, garnet, and magnetite. Locally the rocks exhibit
the development of feldspar porphyroblasts'for short distances
away from the contacts with the banded augen gneiss.' The

spatial distribution and their fresh clear appearance suggests

that the porphyroblasts formed as a result of metasomatism.

The origin of the atypical calc-silicate bearing Drip-
ping Spring Quartzite deserves brief discussion. The areal
distribution of the rocks in question suggests a metasomatic
origin, The main area of calc-silicate development in the
Dripping Spring Quartziteﬂis'found adjacent to the metamorphosed
faleo;oic limestones in the Bullock Canyon area. .Limited.areas

of calc-silicates are found adjacent to hydrothermal vein
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Tégle'III.W,quél:anaiyses ofifhefnfippihgvnging ‘;
Quartzite.
Mineral "~ - Se 101 “Se 126 -~'Se 128~ ~Sec 133 - ‘Sc 154
Quartz 45.2 4.8 72 59.9 29.9
'Fiééioclase 5;0 ‘4;7 '813 é}é 15.5 %
Microcline  25.3 10.3 101 1§,5 3.8 ?
aﬁscé§££e 15;7 29;6 i;i 5;5 -;1
Biotite 2.9 5.1 3.3 2.9 -
Epidote 1.8 1.7 2.0 - 5.7
ﬁaénetite b.i 1;1 i,G i;i 1.3
bfhers ;Qgé “2,4 ;é;i ;Q;Q 12, 7%%
1015 99.7  99.7 1008 99.7
*% Represents hornblende
Ca R B “ey . R !

Mineral Sc 169 Sc 192 Se 241 Sc 249 Sc 39% |
Quartz 40.1 45.1 75.1 74.1 62.2 r
Plagioclase 35,2 5.2 4.9 4.7 9.9
Microcline 9,8 9.9 11.3 11.8 20.3 b
Muscovite 6.7 29.7 7.8 449 1.7
Biotite 6.3 7.2 .- 2.3 3.2
Epidote - - - - - th
Maénetite 0.8 1.3 0.9 1.8 1.1
Others 1.5 1.2 0,3 1.0 0.9

100.4 99.6 - 100.3 100.6 99.3
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Table IV. Chemical Compositions of the Dripéing Spring
.+ ... Quartzite calculated from modal analyses.

Oxide " Se 101 Sc 126  Sc 128 Sc 133 sc 154

sio 75,1 741 706 842 8.1

Al,05 13.8  15.6 12.8 8.2 13.9

c0 07 0.2 L7 0.2 438

Na0 0.5 0.5 0.5 0.4 L2

K0 6.9 6.2 5.9 46 6.7 :

AL AR : ‘ Ly SRR AP she
H,0 0.7 1.4 0.9 0.4 0.1

10009 99.9  100.4  100.3 = 99.4

Oxide  Sc 169  Sc 192  Sc 241  Sc 249  Sc 39 1

510, 4.9 721 89.2 8.7 839 ;

A0, 143 156 6.8 6.0 1.9
Fe0 1.0 1.1 - 11 1.0
iﬁg.Fé)o 1.3 i7 - 0.6 0.8
Ca0 1.4 0.3 0.3° 0.3 . 0.4

Na,0 © 343 0.5 0.4 -+ 0els: - 200049

KoO -0 - 3:3 . 6.3 - 2.9 0 2.9 4.2
Hy0 e 0,8 e 1.5 0,5 " 0.4 - 0.5
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fillings, which are found in the same vicinity, as well as a
few which are located at some distance from the Paleozoic
limestones. The source for the calcium appears to have been
hydrothermal fluids, although minor amounts may have been

derived from the limeétongs.

Mescal Limestone

The Mescal Liméstogé,‘the yoﬁngast-fo:mgtion of the
Apache Gfoup; érOps out iutermittentl}ialong @he'gummit and
northeastern slopes of the Catalina Méqptains. The Mescai
Limeséone was found to confo;mablyAQVe:I@e the Dripping Spring
Quartzite and t6>3136qn£9rﬁgb1y updé;iié tpé‘ﬁbiéé Quartiite
on the ridge northeast from Green Mountain. The limestone
ranges in thickness from 0 to 20 feet. The rocks vary from
light green to white on fresh surfaces and weather to a medium-
gray. Litholqgically'the'rocks change from rathgr'pure cgrbon-
ate in one layer ﬁéiéaldfgilicatgé in thg adjacent layers. The
calc-silicates are mo?e resistant to wéathering nnd stand out

as irregularities bn weathered surfaces.

The purer_gérbénate layers consist éf éaicfte,‘prochlor-
ite, and penniqite.v Niﬁeﬁy'tq ninetyrfive per cegﬁ calcite is
typical of the éarbonate.layeré.’ The c#lCite is considerably
fecrystdllized éﬂd_eldngqtgd,1vChibrite_ﬁihéf§is‘m§ké up the
remainder vaéhenyoqk_ahélocéu: ég sééﬁtg;éd f;ékepgaﬁ& also
as distinct iéye;s:patalieibto the'foliétion‘ﬁithin the carbon-

ate. The penninite variety appears to replace the prochlorite.

.
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Figure 10.

Figure 11.

Photomicrograph of a hornblende-feldspar
schist in the Dripping Spring Quartzite
east of Nagge Peak. Plain light.

Weakly metamorphosed Mescal Limestone ex-
posed along a tributary on the north side
of Buehman Canyon. The light colored areas
are quartz, the gray is calcite, and the
black is epidote. Nicols crossed.
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Optically the penninite variety displays the characteristic =
Berlin blue interference colors, is biaxial negative, and is:. .
length slow. The identification of the chlorite minerals was .. .-
confirmed by means of X-ray diffraction. .The.weakly_metamorph-
osed equivalents exposed north of Buehman Canyon are composed

of calcite, quartz, and epidote‘(Fig. 11).

The calc-siiicate iayers are made up of calcite, tremolite,
prochlorite, penninite, and minor amounts of diopside. . Tremolite,
present as subhedral crystals, accounts for 20 to .80 perhcent of
the calc-silicate layers. Chlorite minerals form 5 to 80 per cent
of individual bands within the calc-silicate iayers., Prochlorite
is the most abundant chlorite mineral and usuallyjmakes up 90 or
more per. cent of the total chlorite. .The penninite variety - .

appears to replace the prochlorite.

biabase'

' Dikes and"sills'of'netanorphosed'diabase'are found'Vithin‘
the Apache Group throughout the map area (Plate II). The diabase
bodies vary considerably in thickness, and thicknesses of 30 to
50 feet are common. Several ages of diabase intrusion have been
reported in the Catalina Mountains. Peirce (1958) reports that
he observed diabase which intruded Cambrian rocks, and Moore and
Tolman (1949) state that diabase bodies cut rocks as young asi
Cretaceous. During the present study the diabases were found o
only in rocks of the Apache Group, and for the lack of other
criterion are considered to be equivalent to the Younger Pre- o

Cambrian diabases exposed elsewhere in southern Arizona.
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The diabase is a dark green to blackish green amphibo-~ - .

litic rock. The diabase has been affected by the same grade of
metamorphism as the country rock, and its foliation is parallel
to that of the adjacent rocks. In the larger masses the central
portion is considerably coarser—grained with a maximum grain
size up to one centimeter, The chilled margins have retained
their fine-grained‘texture.,‘The rocks often contain stringers

or pods of quartz and~feldspar.

Thin section study shows the rocks to be composed of
quartz, oligoclase,‘hornblende.vbiotite, and epidote. Accessory
minerals include magnetite, apatite, sphene, and zircon. Quartz

occurs in small amounts, usually less than five per cent. 'The

quartz appears either as interstitial fillings or as poikiloblastic

inclusions in the amphiboles. The interstitial quartz is often
strained and exhibits moderate to strong undulatory extinction,
The plagioclase (Anyg.55) forms twinned or untwinned crystals
which often retain the original subhedral to.euhedral form. Sub-
hedral to euhedral hornblende composes 15 to 40 per cent of the
amphibolite (Fig. 13). The amphibole from the rocks exposed
near the summit of the,range is strongly»pleochroic from brown-
ish green to blue green; has a moderate 2v angle of approximately
50 degrees, and 20 degree:extinction angles. The.amphibolitic
rocks in the Buehman Canyon"arealcontain actinolitic hornblende
which is pleochroic from pale green to llght yellow, has a large
.év angle; and 17 degree extinction angles. The 8mphiboles occur

as small euhedral prisms and as large crystalloblastic grains with

abundant inclusions of quartz and plagioclase., Biotite occurs as




Figure 12.

Figure 13.

Photomicrograph of a calc-silicate layer in the
metamorphosed Mescal Limestone. The large
crystals are tremolite and are surrounded by
chlorite. The rock is from the ridge northeast
of Green Mountain. Nicols crossed.

Amphibolite developed from the diabase body in
the Dripping Spring Quartzite north of Kellogg
Mountain. The dark areas are hornblende and

the light areas are plagioclase. Plain light.
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subhedral flakes which are intimately associated with epidote
and ‘secondary sphene, .The quantity of biotite is small, but
may. be present in amounts up to 20 per cent, Epidote is found
as porphyroblasts associated with the plagioclase grains and
as anhedral. secondary masses associated with biotite. - Epidote

comprises up to five per cent of the rock,:

Subhedral to euhedral apatite crystals make up one to
two per cent of the volume of the amphibolites. Magnetite
and titano—magnetite is present in amounts equal to or greater'
than apatite. Sphene has two distinct habits. It appears as

euhedral'crystals disseminated throughout the rock and as an-

hedral masses associated with biotite and epidote formed by

the destruttion of original amphiboles or pyroxenes.

.. Paleozoic Rocks

. Middle Cambrian.

Bolsa Quartzite

~ The Bolsa Quartzite of Middle Cambrian age is the old-
est Paleozoic rock exposed in the Santa Catalina Mountains. The
quartzite rests disconformably upon either the Mescal Limestone
or upon the Dripping Spring Quartzite of the Apache Group. The
Bolsa forms a narrow band of exposures in the northwestern.corner
of the area studied (Plate II). The quartzite varies from white
to light gray in color. It mayvbe either massive or thin bedded
and contains minor amounts of dark minerals and sericite along

the bedding planes.
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As determined”mieroscopicaliy the rocks are composed of
quartz, muscovite, biotite, epidote, and diopside., A varied -
suite»of minor minerals are present includiné zircon, sphene,
magnetite,‘1eucoxene,}apatite, end rutile° Quartr‘is‘by fer’
the most abundant mineral and mskes up 70 to 95 per cent of A
the total _rock, The grain size is extremely variable and dia- o
meters range from 0.5 to 8 0 millimeters. The quartz grsins
are distinctly elongated and the maximum diameter may be as B
much as five times the mininum diameter. The individual grains |
show strongly sutured contacts and moderate to strong undula-

tory extinction.

Muscovite constitutes 3 to 10 per cent of the rock and:* -
occurs as subhedral flakes which have a pronounced parallel °
orientation. ' The muscovite is fine-grained in most of the
sections studied, Biotite is present in very minor amounts
in a few specimens.' ubhedral diopside crystals make up sbout
10 per cent of the quartzites exposed in the canyon east of |
Keilogg Mountain, Epidote_oceurs as subhedral/grains which

comprised one to five per cent of the rock,

The minor accessory minerals represent relict heavy -
minerals, 2Zirconm, sphene, and rutile appear as rounded grains -
and each represents less than one per cent of the total volume.
Magnetite occurs in amounts up to two per cent. Leucoxene is
present as an alterstion product of the originnl titenium

bearing minerais,
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Middle and Upper Cambrian o

Abrigo Limestone ‘ , _ N .

The Abrigo Limestone exposed within the area of investi-
gation consists of 300 or more feet of metamorphosed argillaceous
and calcareous sediments. The rocks have a sharp but conformable
contact with the underlying Bolsa Quartzite. The distribution
of the Abrigo Limestone is similar to that of the ‘Bolsa (Plate 11).
Only the lower units are exposed in the ares‘mspped._ The upper
units have been removed by erosion, The rocks of the»Abrigo fall
into two lithologic types. The originsl argillaceous layers
have been converted into spotted schists while the calcaeous
units have formed calc-silicate bands. The schistose rocks are '
silvery-gray to greenish-gray in color and contain knots or spots
of dark green minerals, The calc-silicate layers typically con-

sist of alternating white and light'green-bands.‘i‘

_ The schistoselrocks as observed petrographically consist
of quartz, plagioclase, muscovite, blotite, chlorite, and epidote.
Tourmaline, magnetite, spatite, and zircon are present as access-
ory minerals. Quarti composes 20 to 40 per cent of the schists.
The quartz grains are xenoblastic and exhibit mutual contacts
with minor suturing, The grain size averages 0,1 millimeter,
Plagioclase (Anzo;zs)’constitutesﬂlo to 30 per cent of the schist-
ose layers.'.The‘oligoclase'oécurs as untwinned, subhedral

crystals of the same size range as quartz.,

Muscovite appears as small, subhedral flakes which have

a very pronounced orientation and comprise 10 to 30 per cent of
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the rock. The muscovite crystals wrap around the spots of dark .
minerals (Fig. 14). The muscovite grains within the spots are
considerabiy larger than those of the matrix. Biotite forms
as much as 15 per cent of the schist, It occurs as subhedral
crystals and also forms along the cleevegee of the muscovite
grains, The biotite flakee have a much less rigotous'otienta-
tion than do the ﬁuscovite flakes, Prochlorite as ioqividual
grains and as aggregates constitutes two to ten'per eent of
the volume. Epidote occurs in smail quantities as porohyto—

blasts.

Pleochroic blue~green tourmaline appears as small prisms,
less than 0,1 mm long, disseminated throughout the rock. The
tourmaline, schorlite variety, averages two per cent of the schist.
Magnetite is an equally abundant accessory mineral. Scattered,
well-rounded relict detrital grains of zircon represent less than
one per cent of the total volume.“ Apatite occurs as euhedral

EE

prisms with a random distribution. ‘

The mineral eamposition of the calc-silicote ieyets within
the lower Abrigo Limestone inciudes quartz, piegioclase, micro-
cline,_biotite,idiopside-hedenborjite, ho:nblende,_trenolite,
tschermakite, vesuvianite, epidote, zoisgite, and'getnet. Minor
minerals show much less variation and consist of sphene, zircon,
apatite, and.magnetite. Xenoblastic quartz makes up 5 to 50 per
cent of the various layers. Plagioelase conprises 15 to. 60 per
cent of the calc-silicate rocks. ‘The composition of the plagio-

clase is not everywhere the same, The An content ranges from




Figure 14.

Figure 15.
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Spotted schist from the lower unit of the Abrigo
Limestone northeast of Kellogg Mountain. The
coarse-grained area in the center of the photo-
graph represents one of the spots. Crossed Nicols.

Photomicrograph of vesuvianite porphyroblast in
a matrix of tschermakite from a calc-silicate
layer in the Abrigo Limestone exposed northeast
of Green Mountain. Nicols crossed.
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20 to 65. and may be oligoclase in one layer and labradorite in

the adjgggnt layer. The composition of the plagioclase was
detggmined py the.ﬁiche} Levy‘pe;ﬁqd,whepever a gufficie;:‘*.
number of twipngdvqrysta1~w§re»presegt.V In thg‘spgcimqés:ﬂ .
coptginipg upgvinneq plqg{oclase'thg‘qatgf;al'was separgtéq‘q
from the rock ?EF;tQQ,F9“P°31¢§9n 9ete;q@ge§‘by the Isnng;
method, Those rocks which have the h;ghe;'copgentgggiqns of
migrgpline_gqntaipwfhejT?reJc§1c§c ?}%gioqlasgf_lA more detailed
di??!QB?PF.QfithF,SQQPQSQELQB ofh:hgfplagiqglggé wi}l_bg.giyen
later., Anhedral microcline is commonly present in amounts from

10 to 50 per cent of the total volume..

Bi°tit97ﬂ53°??§t¢d_ﬁity thergayc-silicate rocks occnfé
in distinct bands ;nd prqbably represents more argillaceous
original layers within the calcareous units. The bands are
thin and range from a few millimeters to several centimeters’
in thickness. ' Biotite;may amount to ‘ten per cent of an individ-
ual layer but constitutes only a small percentage of the entire
rock, Idioblastic epidote and zoisite account for 5 to 40 per
cent of the calc-silicate rocks. Euhedral porphyroblasts of
vesuvianite (Fig. 15) qqn§§1§qtg qswyuqh as 15 per cent of

some of the calc-silicate layers.

Amphiboles of va;ious‘qqnpositions”arg present in amounts
up.t9470'per cent within certain of the calc-silicate layers.
Gommon, green horablends occurs 1n many of the specimens studied,
The hornblende is pleochroic from dark grgén ;o‘light:greeg,

hag a 2V angle of approximately 60 degrees, and an extinction
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anglé of 229degféés:ﬁ The iayefé‘ﬁhiéh contain ﬁhe‘édéﬁdn;green
hornblende pfobably'fééreéent oriéiﬁél'éiuﬁinudusVban@s'wiéhin
the limestone. Tremolite is the amphibole found in many of the
Spécimens studied and is believed to havé_fOrmedifrom_oﬁigiﬁal_
dolomitic layéfé."otﬁer calc-silicate layers were characterized
by tschermakite; g_cplorless amphibole qhich'has'avmpdgrate 2v
ang}e‘of.45_d¢gr¢e§, Nykequalgd‘}.695,‘gnd-ag gxtinétiqn_a?glg
of 19 degrees. The tschermakite férped frgm laygrs which were

impure dqlomites gqntaining some iron, aluminum, and sodium,

Pyroxenes in the calc-silicate rocks are represented’
by both diopside and hedengergite (Fig. 16). The pyroxene con-
tent is exceedingly variable from one layer to the next and-
ranges from 5 to 95 per cent of the individual layers.

UPTRDTRPE BE : .

Sﬁbheéral to euhed;gl‘spheng is the mqst‘abundan; minor
ming;gl.‘Mépatngvis‘almqsﬁ_gnivgrgalziq its occurrence in the
cglq-g#licétg(rqgks? bpt.neveg gxcgeds one per.cgnt. ,Magne;ite
is present in most of ghe rocks andAmgy‘qual the quanf?;y Qi

sphene. . .. . . S o :

‘Post-Paleozoic Rocks

- Quartz Latite Porphyry @~ - s 5

;Dikes_and_irregular masses of metamorphosed quartz '
latite pdrphyry intrude the Paleozoic and Younger Precambrian
rocks throughout the mapped area (Plate i;);' The thickness of
the intrusive bodies ranges from a few feet to over 200 feet.

The color varies from dark gray to buff on weathered surfaces "
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and is medium gray on fresh surfaces. The quartz latite is

typified by the presence of doubly terminated quartz pheno-
crysts, Abundant oriented inclusions of metasedimentary rocks,
which probably were derived from Pinal Schist, are common in

the quartz latite poiphyry.

Thin section eﬁaminafion reveals the blastoporphyritic
rock to be composed’of.éudrtz, p}aéioélase; otfhociase, micro-
cline, biotite, muscovite, and eéidote. Minor'acéessory minerals
found include ap#tite, zircon,’sphene, and magnetite.’rQuattz
occurs as relict phenocrysts up to four millimeters in diameter
and also as anhedtal’ grains about 0.05 mm in diameter in the
groundmass, anttz'éénstitutes iO to 25 per'cent:éf ﬁhé rﬁck. A
few of the quart? éfains appear to be porphyroblastic. Plagio-
clase (An20_25) in the form of relict phenocrysts (Fig. 17) and
as anhedral gtéins in the groundmass comprises 25 to 40 pef cent
of the quartz latite. - The plagioqlgge phenocrysts. often show
well developed ;éiicﬁ oééiliatofy zoning, The majority of the
plagioclase in thé groundmﬁ#b is untwinned,'ﬁhile twinning is
present in all of the ﬁhenocrysts. Orthpclaie appears as subhedral
phenocrysts and #s,anhedral gfaiﬁs in the groundﬁaés. The
amount of orthoclase ranges from 25 to 35 éer cent, Microcline
replaces some of the plagioclaﬁe phenocryéts and also has formed

from orthoclase crystals in the groundmass,
Biotite is present as subhedral flakes whose parallel
orientation accounts for the schistosity of the rock, Biotite

makes up 5 to 15 per cent of the quartz latite., It is often

e e e s

s - it




Figure 16.

Figure 17.

Photomicrograph of hedenbergite, the gray areas,
and zoisite (the dark gray areas) in the Abrigo
Limestone northeast of Green Mountain. Nicols
crossed.

Metamorphosed quartz latite porphyry with
oscillatory zoned plagioclase phenocryst in a
fine-grained matrix, with porphyroblasts of
muscovite. Crossed Nicols.
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intimately associated with epidote and magnetite which suggests
that the{biotitg was derived from earlier amphiboles. Subhed~
ral to anhedral porphyroblgsts qf mpscovite constitute tbreg to
fiye.per ceng_of theArock. The mgs;ovite occurs within the
plagioclase phenocrysts and élso within.the groundmass. Sub-
hedral to euhedral porpbyroplagtsAof‘gpidote and thekappedral
epidote associated with biotite comprise 5 to 10 per cent of

the total volume, .

Sphéne and apatite are the most abundant accessory min-
erals, ‘Subhedral magnetite is present in slightly smaller quan-
tities, usually less than one per cent. Zircon is present only
in trace amounts and occurs as inclusions in feldspars and quartz,

]

Catalina Gneiss

The majority of rocks exposed in the southern half of
the area investigated are Catalina Gneiss. The gneissic rocks
were subdivided by DuBois (1959) into three genmeral types, but
all gradations exist between the different types. The divisions
of the Catalina Gneiss include: banded aﬁgen gneiss; gtanitié
augen gneiss, and granitic gneiss, The contact between the
banded aﬁgeﬁ:gheiééfénd'the graniiit'gneiss‘was ﬁapped‘(Plate'II);
however, no attempt was made to distinguish between the granitic
augen gneiss and thé'granitic gneiss. Such a distinction has
~ to be one based upon fabric, as will be discussed later. The
granitic gneiés'fbrms.the core of the gneissic Edmplex‘énd‘the -

banded augen gneiss is found along thé'flanks."
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Banded Augen Gneiss

The banded augen gneiss along the northeastern slopes
of the Catalina Mountains is charactgrized by wavy foliafibn
(Fig. 18). The augen cénsist of porphyroblasté of quartz and
feldspar up to.an inch or more in diameter. The fécks weather
to various shades of gray or‘yelloﬁ-brown depending upoh_the
oxidation state of the iron. Tﬁe banded augen gneiss exhibits
gradational contacts with the gréniticbgneisses over diétances
of a few inches up to avfoot 6r more (Fig. 19). Numerousvaplitic
to pegmatitic bodies are found in the ﬁorphyrablaétic augen
gneisses which are in close proximity to the granitic gpeiss
(Fig. 20 and 21). The banded augen gneiss gbntainsfhume:ous

inclusions of iﬁcompletely feldspathized metasedimentary rocks,

As observed microscopically quartz appears as small
anhedral grains in the matrix and as augen porphyfoblasts ﬁp
to 10 mm in diaﬁefér; -Many»éf ﬁhe'auéén shﬁﬁ:a pfonognced
mortar structure, In a few of the rocks the quéitzvih‘thév
matrix has recrystallized co‘forh.leﬁticular,sfringéfs. - Quartz
comprises 25 to 60 per cent df thé gneiésic rocks; 'Plégioclase
occurs as xenoblastic-to i&ibblasﬁic érystals in fhe'grouﬁdmass
and as subhedral porphypoblaéts. Iﬁe oligoélase (An20_25) may
be twinned or untwihﬁ;d Aﬁd cbnéﬁifu;es id touéfipef éént-of
the rock. The boundaries between quartz and plagioclase often
form myrmekitic intergrowths. The feldspar c;ystals, especially
the porphyroblasts, contain abundant ﬁoikiiobléstic inclusions of

quartz. The plagioclase exhibits slight to moderate sericitic



Figure 18.

Figure 19.

Wavy foliation in the porphyroblastic banded
augen gneiss southeast of Maverick Peak.

Photograph of a nearly vertical face looking
to the northeast.

Granitic gneiss which contains stringers of band-
ed augen gneiss. Photograph of an outcrop east
of Maverick Peak near the contact between the
banded augen gneiss and the granitic gneiss.
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Figure 20.

Figure 21.

Banded augen gneiss cut by numerous aplitic
and pegmatitic bodies on the north slope of
Green Mountain. Photograph taken from the

Brush Corral trail looking to the southwest.

Replacement bodies of aplitic materials in the
banded augen gnheiss on the south side of

Maverick Peak. A vertical face observed from
the southwest.
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alteration;{ Potash feldspar accOunts for l5 to 40 per cent of
the gneiss. The alkali feldspar occurs as subhedral to anhedral
masses in the'groundmass_and also as idioblastic porphyroblasts
up to eight millimeters in diameter.--TWO;distinct_uarieties‘
were found petrographically.. The nost;abundant_form‘is slightly
perthitic microcline; however;va considerable amount of finely
twinned or untwinned potash feldspar with a moderate 2V angle
of 45 to 55 degrees is present. X-ray diffraction indicates
that the second potash feldspar is orthoclase and its signifi-
cance will be discussed in more detail in the section on petro-
genesis. The feldspar with anonalous optical properties is ~
believed to represent submicroscopic intergrowths of microcline
and orthoclase.. The anomalous potash feldspar occurs as discrete
grains in the matrix and as irregular magses replacing the plagi-

oclase porphyroblasts.

'Biotite appears as subparallel flakes and composes 5 to
15 per cent of the entire rock. The biotite~rich layers“wrap
around the porphyroblasts to give the rock its distinctive
wavy foliation, The mica is strongly pleochroic, from dark
brown to yellow-brown. Muscovite forms subhedral flakes in
the micaceous layers and subhedral porphyroblasts in the plag-
ioclase crystals. The muscovite content is extremely variable,
but always less than the biotite. Small quantities of epidote
are present. Euhedral garnets, usually less thnn one millimeter
in diameter, are found in the banded augen gneisses adjacent to

the aplitic and pegmatitic masses. The composition of the garnets
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-is a1m34'sp49 pyrg andrg (Pilkington,‘l961).

~ Apatite is a common minor mineral found within the_‘
biotite-rich layers of the banded augen gneiss. Zircon occurs
as tiny euhedral inclusions in quartz and feldspar grains; and
also as scattered well-rounded, somewhat cloudy, relict detrital
grains.' Subhedral to anhedral magnetite is a common minor con-
stituent. Sphene occasionally appears in thin sections of the

banded augen gneiss.

The metasedimentary inclusions found within the banded
augen gneiss are composed of quartz, microcline, plagioclase,
muscovite, biotite, and minor amounts of apatite, magnetite,
and epidote, Anhedral quartz grains compose 40 to 45 per cent
of the inclusions. The quartz is recrystallized and shows
moderate to strong undulatory extinction. Very fine-grained
micas form the matrix in which the quartz grains are dispersed.
Muscovite is the most abundant mica; however, small quantities
of biotite are always present. Microcline may comprise up to
10 per cent, and appear to represent relict detrital grains.
Oligoclase as clear untwinned grains may make up as muchjas

five per cent of the rock.

Modal analyses, based upon 350 point counts, and the
chenical compositions computed from them are shown in Table v
and Table VI respectively. The discussion of the original
materials from which the banded augen gneisses were derived

will be given in the section on petrology.

[ Q.
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Table V. Modal analyses of the banded augen gneiss.

Mineral Sc 190 Sc 200  Sc 269  Dv 288  Sc 463

Quartz  25.1 39.7  39.9  28.6 4.7
Plagioclase 19,9 26,1 10,2 19.2 9.8
Microcline 40,3 1.9 0.4 343 30.3

Muscovite 3.9 9.2 5.7 1.7 4.3

Blotite 6.3 6.2 102 a1l 7.1
Epidote 1.8 23 29 06 2.1
Magnetite 11 0.9 0.9 Ll 0.7
others 1.2 0.6 0.6 ;;Lgv‘__ 0.7

99.6  99.9  100.6  100.9  99.7

- Table VI. Chemical compositions calculated from the -
modal analyses.,

Oxide - Sec. 190 .8¢ 200  -Se 269 -"Sc 288 - Sc 463

§10, 69.2 7044 74,0 . 715 - T4 T
Al,0, 15,8 15.3 - 13.3 13,9 . .12.8
FeO . . 2.4 1.2 .14 . 12 - lé
(Mg,Fe)0 - 1.0 . 1.3 19 2.9 13
cCad .- .- 15 25 . L1 .13 - Ll
Na,0 Ll 3.1 29  .3.8° 29
KO . - - 7.9 5.5 . 49 - 5.9 - 6.3
H0 . . _0,9 0.6 i 0,5 . _0,5:. - _0.8

99,8 © 99,9 . -.100.0. ' 101,0. .. 101,3
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Granitic Gneiss

Granitic gneiss represents the most abundant rock type
in the southern half of the region (Plate II), Texturally, the
rocks grade from weakly deformed gtinitic gheissgs through var-
ious stages of augen gpeisses'gnd finiliy into mylonitic rocks,
The gneissic tekturé results from pérallei alignmgnt of micas
which has been eﬁhnnced b& caﬁaclastic defotnitioﬁ'of feldspars,
quartz, and micas_in mhny of tpe t°9k‘°h The medium-grained
granitic gneiss var{ea,frpgigaff éofyéiidwfkréén.on weathered
surfaces and is' light gray when freshly brdkén. The rocks are
uéﬁally quite{massive'1nvoﬁt¢rop.‘ Replacement peﬁnatités and

aplites are common <~ i ol LAt

Thin section investigation shows that the granitic gneiss
has a reharkably uniform mineralogical composition. The major
rock forming minerals are quartz, plagioclase, potash'feldspar,
muscovite, biotité, epidote, and gérnet. _Kinor quantities of
magnetite, gpatite,‘and zircon are present. Quartz ranges from
20 to 35 per cent.of thg‘rock and averAgeg»dpproximately 30 per
cent, The quartz occhrs'as.porphytbciasts,‘irregular interstitial
masses,'finely 3ranu1atedbggg:egatg§ in the matxix of mylonites,
and as recrystallized stringers.  Infthe &gformgd rﬁcks the quartz
‘has moderate to ;::ong undulﬁtpry éxtinctiéﬁ.aﬁd sh&ws consid-
‘érable elonga;ioﬁw” Hyrmekiti; intérérbwths with plagioclase are
common, The cfystalisblastic fabric of fhe éraﬁitic gneiss is
well exemplified by the feldspars and quartz (Fig. 22). Oligo-

clase (An20-25) comprises 20 to 40 per cent of-the grénite gneiss;



Figure 23.

blastic fabric of the granitic gneiss found
near Rose Canyon Lake. Nicols crossed.

Typical crystalloblastic fabric of the aplitic
materials found in the banded augen gneiss on
Green Mountain. A large garnet crystal appears
in the central portion. Crossed Nicols.
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the average content is about 30 per cent. Many of the crystals

exhibit relict normal progressive zoning.v The plagioclase always
show weak ser1c1t1c alteration and may contain oriented plates
.of muscovite, Poxkiloblastic incluSLOns of quartz are common,
iMyrmekitic 1ntergrowths are well developed in the cataclastic;
‘ally deformed rocks. The potassium feldspar content of the
hgranitic gneiss averages 30 per cent and ranges from 20-to 35
per cent. Two distinct varieties of alhali feldspar are present,
.The‘most abundant one is\microcline which occurs as anhedral to
subhedral, somewhat perthitic, crystals, The perthite is best
developed in areas of intense deformation. -The second potash
feldspar occurs as anhedral interstitial masses and as replace-
-ments of plagioclase feldspars. It is characterized by faint
'grid twinning or as untwinned individuals'which have a moderate
"2V angle~of 45 to 55 degrees as determined by universal stage
- techniques.® Optically the second feldspar falls between ortho-
clase and microcline, and is believed to represent a submicro-
scopic intergrowth of the two types.; The relationships will be
_discussed in more detail later, The-grain size ranges from
finely granulated aggregates to porphyroblasts 10 mm Or more in

diameter. P01kilob1astic 1nc1u51ons of quartz, plagioclase,

and biotite are common 1n the potash feldspar porphyroblasts.

TLe e

- Muscovite is the most abundant mica and occurs as sub-
hedral flakes which wrap around the porphyroblasts. In the
strongly deformed rocks the micas are often streaked out. Mus-~

covite commonly occurs as symplectitic intergrowths with quartz.
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Muscovite makes up from 2 to 10 per cent. of the.gneiss and aver-
ages nearly 10 per cent. Biotite comprises approximately five

pér“eéhé of“the"toéé;’“Euhédfai;"anﬁédééi;“orvéréﬁﬁlateaggééget
cfyéféis constitute a small but very:éhgracteri;ﬁfc partjbfithe
gféﬁiéiéugneiss. 'The averaéé:compasigibn of tﬁé*éarnetsfié}
aiﬁ&j‘éﬁgi pyrlo‘éndrlz (Piikington,‘iQél). Tﬁé‘éarnet éiﬁ;tals
may contain abundant inclusions or ma& be free 6ffinc1usidﬁ§.

A few epidote phorphyroblasts are commonly present.

RSN S .- ce e BN,

Anhedral to euhedral apatite is .the most widespread of
a%}fﬁpe accessory.minerals. \The apatite grains range from prisms
0.01 mm or 1ess~%;:;phedrgi %;sses as much as 0.5 mm in diameter.
Zircon appears as very tiny euhedral inclusions in quartz and

feldspar. Scattered throughout the rock are larger, somewhat
rgunﬂgd2zircon graigg which probably are relict minerals. Mag-

netite in various stages of oxidation is the only other minor

mineral,

“faﬁle VII shows the results of ‘ten modai“a;alyses df
the graﬁiticignéiés. Each modal analjéis is bagéd upon 256‘
point counts, The chemical‘c&mpositiddéedetermiﬁéd from the
modes are given in Table VIII.,  The nature of the 'Sriginal"'“';
materials from which the gfﬁhitic gnefEs’was derived willfﬁg

discussed in the section on petrology, -



Table VII. = Modal analyses of the granitic gneisses.

Toas T

i

Mineral Sc 139 Sc 147 Sc 156 Sc 206 Sc 217
Quarts™ " T 341 T 26,9 1908 T 29.8 T 30,1
Plagioclase 19.8 30.1 39.6 30.2 2.6
Microcline 29,2 0.2 201 24,7 29.8
Muscovite 6.8 6.2 3;2‘ 8.8 5.9
Blotite 5.1 6.3 5.9 - 3.9
Epidote 0.8 - 1.8 1.9 1.7
Magnetite 1.1 -- 1.2 1.0 1.2
Others 2.3 2.3 _3.0 _3.1 2.7

| 99.2  100,0 99,6 99,5 99,9
Mineral Sc 257 Sc 290 Sc 330 Sc 357 Sc 473
Quartz 2.8 7 29.6 2802 7 “29.3 3041
Plagioclase 3.6 25.2 26.4 %.6 25.5
Microcline 25.2 29.7 0.5 253 29.6
Mu#cqvite i;é 6:9 7.2 7;1 8.4
Eiqtice 4. 7 4.4 4;9 - 2. 7
Bpidote ;- 2.1 1.7 2.2 2.3
Magnetite 1.9 0.9 1.5 1.8 0.7
Others _1;2 _3;9; == el 1;4

! 99.8  100.4 100,7

100.3
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Table VIII. Chemical compositions of the granitic
gneiss calculated from modal analyses.

Oxide - Sc 139 . Sc 147 - - Sc 156 Sc_ 206 Sc 217 .

S10, . . - 73.2 . 69.7 - 1665 . 70,6 68,1
AL, 05 - 14.5 . 15.8 18.7 ‘... 15.8  18.6
FO . . . L3 2.2 1.3 1l 1.3
(Mg,Pe)0 - . 1.0 1.3 1.2 . 1.3 - 1.0
ca0 . . 1.3. 1.2 21 _ L7 . 15
NagD - - - 29 3.3 .. 4l ~ 3.2 3.8

KZO Lo, ',."505 .- 662 - 5.5 . . 5e2 R 5.1

0.4

H0 - . 0.5 . 0,5 . 0.6 0.5 .

. 100,22 100, 2 100.0 99,7 99.8

oxide | sc 257 Sc 290 Sc 330 S 357 Se 413
510, T ez T4 1046 691 esuz
Al203 1.0 157 158 16,0 17.3
FO 2.0 1.3 14 23 7 13
Me, PO 1.0 0.8 0.8 14 1.0
G0 14 1.6 1.6 1.4 ' 15
Na#o' B SR W 3.8 3.3 3.0
K0 5.8 5.5 5.6 62 61

100.2° 100.1  100.1  100.2° 99,5
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‘Aplites and Pegmatites

Ap@iﬁic}tq pegmatitic dikes, sills, and irregular masses
afe found‘within the Younger Precambrian metasediments, the 1owep
Paleozoic rocks, and in gbe_p#;glina‘cpgiss (Fig. 5, 20, and 21).
Many of these granitic’masseé cogtgin;gelict’étructures parallel
to those in the country réék:.'fﬁ;';gﬁger of exposures decreases
rapidly northeastward from théféﬁmmif.of the mountains and these
rocks disappear‘Withih two miles. Tékturéliy,'the'{ﬁdividual
bodies vary from aplitic to pegméfitié with no hébatént:felatidAQ
ship to the country rock contacts. '‘The contacts may‘ﬁé‘sharp
or gradational and usually change in nature aldng‘thé'stfike’bf"

a given mass,

The aplitic and pegmatitic rocks e#hibit a granoblastic
texture (Fig. 23) and are composed of quartz, pIAgiOElése,'pbt-
ash feldSéar,'muscbvite}‘biotite,’aqd garnet.  Twenty to forty -
per cent of the rock is made up of quartz.,” The grains are ex-
tremely irregular in outline as a result of deformation and
recrystallization. Subhedral to anhedral plagibélase (Anzo_zs)
constitutes 25.to 40 per cent of the granitic rocks. The plagi-
oclase crystals are often broken and- appear to swim in a matrix
of potassium feldspar. The.pptgssiug feldgpg:s compri;e 25 to o
55 per cent of the rock and two types can be distinguished
under the migros;;pe. ;Migrocline‘gppga:s aS,FglicF grgigsu
which exhibit the same degree of deformation as:;he_plggioc}gse
c;ystéls. ~The second variety is characterized by very fa;nt

grid twinning, if any, and a 2V angle of 45 to 55 degrees.
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X-ray diffraction results indicate that such feldspars repre-
sent an intergrowth of microcline and orthoclase, The second

type of potash feldspar occurs interstitial to all other minerals,

" Post-Cretaceous Rocks (?) -

Quartz Latite (1) o

Two post-metamorphic dikes of a very fine-grained leuco-~
cratic rock occur in the northgastern part of the area (Plate II).
The vertical dikes intrude the metamorphosed quartz latite'porﬁh-
iry previousl& discussed, and the Pioneer Formation of the Apache
Group. The age designation is uncertain and the rocks are placed
here to conform with the age designations used by Peirce (1958)

and Moore and Tolman (1949) for similar dike rocks.

The leucocratic dike rocks cénsist of phénocryggs of
quartz and oligpqlése (A318~22) in a fine~-grained grouﬁdhassvof
potash feldspar (?), piégioél#se,‘and quartz, Deuteric or hydro-
thermal alteratioﬂ‘of the plagioclase resulted in extensive seri-

cite formation. Minor minerals present are apatite and zircon,

Andesite Porphyry

Several gmall dikes of post-ﬁetambrphic.ﬁnﬁésite pérphyry
intrude the YA“P#;? Precambfian rocks an& fhe‘grénitié gneisses
in the west-cenff#lyportion of the area mappeds The small size
and limited lateral extent of the intrusives prevented showing

them on the geologic map, The thickness of the dikes ranges -
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from less than one foot a maximum of three feet, The lateral
extent of the dikés Qaé difficﬁlt‘to detefmige becéuse of the
heavy cover, and none‘weré ;;aced more than 200 fggt glong

their strike. The rock is yéllow-green to gfgenish-brown on

weathered surfaces and a medium gray on freshly broken rocks.,

Petrographic investigétion reveals that leSSAthan five
per cent quartz occurs as anhedral grains in the fine-grained
groundmass. Approximately 65 per cent of the andesite consists
of plagioclase with an anorthite content of 40 per cent. The
andesine phenocrysts often exhibit zoning. Hornblende represents
the mafic constituent and forms 15 per cent of the rock. Many
of the hornblende phenocrysts are zoned and some are twinned.
Euhedral sphene crystals are disseminated throughout the ground-
mass, Deuteric or hydrothermal alteration resulted in the de-
velopment of biotite and epidote at the expense of hormblende

and sericite from the plagioclase,

Small dikes of andesite porphyry which display a "turkey
track" texture (Cooper, 1961) intrude the granmitic gneiss‘and
Apaché Group in the southeastern corner of the area. The limited
extent of tﬁe outcrops necessitated that they not be depicted on
the geologic map. The rock is dark gray to black in color.
Phenocrysts of plagioclase up to one inch in length show no

preferred orientation.

Thin section analysis indicates that plagioclase in the

calcic andesine (An,5_50) range comprises 70 to 80 per cent of
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the volume, The plagioclase occurs as euhedral phenocrysts

with minor zoning and which contain ;nglﬁsiqns of pyroxene.

The plagioclase Pf_the'natrix appears as'subhedrfl gra;ns.

Small phenocrysts of augite and hypersthene accoung for 5 to 10
per cent of the gndggite, Oghgr'niqepa1§<qhich'a:elptesent
include quartz and potash feldspaf. Late magmatic or deuteric
alteration formed)bowlingitg’atAthq,é*pgnsgzyfahypepgppenq

and olivine,



STRUCTURE

The major structural features of the Santa Catalina
Mountains are shown on Plate I, The area of the present inves-
tigation lies on the northeastern flank of the major dome. The
structural details within the map area are shown on Plates II1
and III. Several minor folds along the flank of the dome were
mappé&'in the current study. Many minor dislocations were ob-
served, but only two large faults weré mapped, Detailed obser-

vations were made on the foliation, lineation, and jointing,.

Fgul;s

The iargest fault trends west-northwest across the north-
ern part'of the area and represents the eastward continuation of
a fault mapped by Peirce (1958), The fault is nearly vertical
and the south block moved-downﬁard; The stratigraphic throw in-
creases to the west where the Bolsa Qéartzite is in contact with

the Pioneer Formation of the Apache Group,

In the northwestern portion of the area a steeply dipping
reverse fault can be traced approximately two miles, The strati-
graphic throw is such that the Dripping Spring Quartzite is

brought into contact with the lower Abrigo Limestone,

A small fault breccia zone occurs in the Catalina Gneiss
along the Mount Lemmon highway one-quarter of a mile south of
the Catalina Traller Park. The breccia zone strikes N65E and

dips 45 degrees to the north; The fault cuts the aplitic and
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Figure 24, Sketch map of a small area one-half mile east of
Kellogg Mountain with a cross-section to show the
structural relationships.
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pegmatitic bodies as well as the gneissic rocks. = Another minor
fault is exposed one-half mile east of Kellogg Mountain, The

- fault strikes N85W and dips 57 degrees,io the south, The fault
- zone is intensely silicified and contains minor amounts of

copper mineralization (Fig. 24).

" Folds .

The northeast flank of the large dome which makes up
ithe Sant# Catalina Mountains has numerous minor folds on it,
The folds range in size from thoce a mile or more in width
and several miles long, down to micro-folds found in the schist-
ose rocks of the Apache Group. A large synclinal structure is
‘present in»theVApache metasediments located between the reverse
fault, described above, and the granitic gneisses of the core
‘of the mountains (Plate II). The fold axis strikes west-north-
west. The asymmetrical syncline dips gently on the southwest

flank and steeply on the northeast side,

in tﬁe‘cehtfai part éf tﬁé area the foliation within the
bandedAaﬁgen gneiss and the graqitic gneiss outlines a series of
anticlines and synclines. The fold axes trend west-northwest
parallel to the major dome,  One-half mile east of Kellogg Moun-
tain small folds were formed when the granitic‘gneiés was intruded.,
The fold axes parallel the contact and are shown séhematically

in Figure 24,
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The lower units of the Apache Group which crop out near
the summit of the range contain numerous small drag folds which
are asymmetrical toward the axis of the main dome. The drag folds
are small, usually less than th feet acrogs,‘and'traéeable only
for short distances along their.striké bécause‘of thg heavy'cover.
The axes of such folds strike §70w to NSOW with few exéeptions.
The largest concentration of &fﬁg'folds:argflocﬁtéd;dﬁ the slopes
of Kellogg Mountain, Smali ptigmatié folds afe cbﬁmon‘in the
Pioneer and Dripping‘spring Qe;a#ediﬁgnts»when they crop out

adjacent to the granitic gheisé;

The foliatioﬁuqf ﬁhg'Aé#ché‘Gfoup’néarithe-cfe§t>§£?£he
range is'characterize& by crenulation or crinkling, The micro-
fol&s responsible for the irregularities are most abundant in
the outcrops near Kellogg Mountain and those northeast of Green
Mountain, The most common type are flgxural-slip_folds which
formed as a result of flexdfé_andlélippage‘along blaﬁés parallel
to the axial plaﬁé (Fig. 25 and 26).‘-How§ver, numerous examples

of chevron and accordien folds weré,obﬁérvéd.

'Foiiation

The gneisbic focks of the core and thé metasedimentary
rocks a16ng its flank in the San;a‘catglina Mbuntgins all exhibit
foliation (planar parallelism). In'general the foiiétioﬁvstfikes
west-northwest and dips to the northeast within the area of this

investigation. Several different foliate structures are present




Figure 25.

Figure 26.

Flexural-slip folds in the upper Dripping Spring
Quartzite exposed northeast of Kellogg Mountain.
Nicols crossed.

Flexural-slip folds in the Dripping Spring
Quartzite east of Green Mountain. Nicols crossed.
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in the rocks. In the following discussion the foliation has been
classified accordlng to the s-surface concept of Sander (1930).

A schematic diagramvwhich illustrates the relationships of the
various s-surfaces is'givenhin Fignre 27,

';f'élfsnrfaceﬁ“

The oldest recognizable foliate structure within the
area occurs in the banded augen gneiss exposed along the south-
ern side of Buehman Canyon. The gneissic rocks are overlain :'
by various members of the Pioneer Formation (Plate II).. Ther
sj~surface represents the relict foliation preserved along thei
lmmediate vicinity of the contact (Fig.-28); The relict folia-
tion strikes NGSW and dips 50 degrees to the southwest and is !
characterized by both planar parallelism of minerals and by
mineralogical banding. The follation in the.overlying Pioneer
rocks strikes N65W and dips>55 degrees to'the northeast, The
contact between the banded ahged_gnélss and the rocks of the
Apache Group is an extremely irregular surface which probably
represents surface irregularities developed on the upturned
rocks prior to the deposition of the Apache Group., The s;-sur-

face is only- locally preserved and was destroyed elsewhere by

the development of - the sz-surfaces.~-i

Sz-surfaces

The most conspicuous foliation found in the rocks of

this study is related to the sz-surfaces. The foliation is
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developed in both the gneissic rocks and the metasedimentary ‘
rocks (Plate II). In the metamorphosed sediments the sp=-surface
may bemregardedlas essentially parallel to the original bedding.
For example, the foliation within different lithologic units
such as the Barnes Conglomerate is parallel with thd»foliation
in the quarte-mica‘schists of the underlying Pioneer Formation
and also with that‘in the overlyingbfeldspathic quertiites of
the upper Dripping Spridg Quartzite Memﬁer. On a microscopic
scale the sy-surfaces in the Apache Group are shewn by alter-
nating layers of quartz and feldspar with mica-rich layers
(Fig. 25). With the exception of the loeally preserved 81~
surfaces the foliation of the banded augen gneiss coincided with
sp-surfaces described above. As shown in. Figure 28 sz-planes
are also present in those banded augen gneisses which show the

sl-surfaees.

The granitic gneiss exposed in the southeastern part of
the area exhibit well developed sz-surfeces (Fig. 29) which are

parallel to the foliation of the banded augen gneiss. The
granitic gneisses of the aouth-central and western portions all
show sz-surfaces»which hawe beenknodified to a greater or lesser

extent by later deformation,

S3~-surfaces

The e3-eurface is represented by the axial plane folia-

tion in the rocks of the Apache Group exposed near the crest of



Figure 28.

Figure 29.

Photomicrograph of the contact between the banded
augen gneiss and the overlying Pioneer Formation.
The s™ and sg-surfaces demonstrate the angular un-
conformity between the Pioneer and the older bed-
rock (Pinal Schist ?). Crossed Nicols.

The S -surfaces in the granitic gneiss outlined
by the parallelism of the mica flakes in the
photomicrograph. Crossed Nicols.
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the mountains. The relationships between the sy~ and sj-surfaces
are illustrated in Figure 32, Weakly developed s;-planes are
present in the banded augen gneiss exposures one-quarter mile
east of Maverick-Peak. The axial plane foliation strikes west-
northwest and dips steepi& to the northeast of southwest depend-

ent upon its location on the minor foids.

Sq-surfaceé

The quartz latite pbrphyry exposures throughout the area
of study have a foliation which trends parallel to the intruded
r&ck;.‘ H&wevér, the foliation in the quartz. latite dips in the
opposite‘directiéh‘(Plate 1I). This Strdctﬁfe has beén.desig—
nated as the 34-surface and is believed to be mimetic after an

original igneous platy flow structure.

Ss-surfaces

The ss-sufface is represented by the cataclastic defor-
mation which occurred parallel to the sy-surface, Such folia-
tion is best developed in the granific gneisges found in the
southwestern paft 6f the mapped ﬁrea (Fig. 30); The cataclastic
foliation shows all gradations from siight to~ver§ strong devel-
opment, hence the séacing betdeén the ss—planes.is quite variable.
Ss-surfacés aré>devgloped in theAbénded_gugenbgneigs, ;hezgfan-
itic gneiss,‘and'a1§o'within.soﬁe of ﬁhe aplitic and pegmatitic
bodies,



Figure 30.

Figure 31.

Photomicrograph of a granitic gneiss which shows
the S -surfaces outlined by the parallelism of
the micas and the s”™-planes represented by the
surfaces of granulation. Nicols crossed.

Recrystallized quartz in the matrix of a mylonite

zone which is shown in the schematic diagram in
figure 32. Nicols crossed.
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Sg~surfaces

The youngest foliate structures observed are the cata-
clastic structures which cut across the older features. Figure
32 is a schematic disgrsn which illustrates the relationships
seen in a road cut south of Barnum Rock The 86-surfaces strike
NGOE to N7OE and dip 30 to 40 degrees to the north, These sur-~
faces are parallel to direction of active shear joints which will
be described later., The cataclastic deformation was intense and
resulted in the development of mylonitic rocks (Fige 31). The
relationships between the sy~, 85-, and.sﬁ-planes are shown in

Figure 33.

Lineation

Parallelismlof linear elements is found in most of the
rocks exposed in that portion of the eastern flank of the Santa
Catalina Mountains included in the present study., Three distinct
types of lineation are found. ' Two directions were observed, one
trends northeast and the other éest-northwest to east-west (Plate
II). The discussion of lipestio;}will be arranged chronologically

from oldest to youngest,

. ;;, "b“ Linestion i

Both the metamorphosed Apache Group and the Catalina
Gneiss near the summit of the Catalina Mountains display "b"

lineation according to the terminology of Sander (1930). The
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surface oriented east-west,

Augen

Gneiss

Gneiss

Schematic diagram which illustrates the s; and

surfaces exposed in the roadcut south of Barnum
Rock along the Mount Lemmon Highway.

A vertical
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linear elements include parallelism of folds, dimensional orien-
tation of crystals and pebbles, and intersections of s-planes

(Figo 35) .

The characteristics.of.the minor folds and‘dxug folds
have been discussed previously. The micto-fdlds developed in
the sy-surfaces form the most obvious '"b" lineation in the schist-
ose rocks of the Pioneer Fpriation and'Déipping Spring Quartzite.,
Such linear elements consist of pnrallei grooves or microcorru-
gations in the plane of foliation (s2). The lineation trends

west-northwest and plunges westward at anélés of 0 to 20 degrees,

The second type of "b" lineation results from the inter-
section of two s-planes (Fié.’ZS). The s-surfaces involved are
s, and s; which are bedding and axial plane foliation respect-
ively. The trend and plunge of this lineation is the same as

that described above.

The most obvious meéaacopic tph linaation‘which results
from diménsional orientation is found 1in the stretched pebbles
and cobbles in the basal conglonefates of the Pioneer Formation
and the Dripping Spring Q&arttite ofithe Apache Crouy.' The most
pronouncéd elongation occurs in the Scanlan congionerate'exposed
on the south slope of Kéllogg Mountain, The pebbles and cobbles
form cigar-shaped ro@s.which strike N65W gnd plunge 15 degrees
to the west-northwest, However, all of the conglomerate outcrops
show elongation of the pébbles parallel to the axis of the main

dome or to the minor folds, Less obvious but nevertheless



Figure 33.

Figure 34.
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Photomicrograph of the Catalina Gneiss which dis-
plays S2-, Ss-, and s™-planes. Nicols crossed.

Lineation of "a" associated with the Ss-planes in
Catalina Gneiss at Hitchcock Memorial. The
lineation trends N45E and plunges 5° NE. Photograph
taken looking northwest.
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distinct is the elongation of quartz and feldspar grains in.the
banded augen gneiss and the granitic gneiss. The trend of the
lineation varies from N70W to S80W a#d plunges from 0 to 20

degrees westward.

Microqcopically the dinensidnal orientation of grains

. is readily apparent, for example, the elongation of quartz grains

’
.

lsgown in Figure 25. N@t only do the gtain§ exhibit a strong .
digensionil driéntatidn‘but also a strong oétical orientation
w#;; obéefved.ﬁndetbcrossed nicols with the'gypsumjb;ate 1naegt§d
iétﬁ the‘microscope. The optical oriéntagion determined in E
okiénﬁed.thin Qéctiqns'reflects a "b" lineation parallei witﬁ
thg axes of ghe micro-folds Similiriy,studles of oriented -
tpin‘sections taken from the granitic gneiss illusttateﬁ the’
pr;éénce of a "b" lineation whichvttends wect-northﬁetﬁ juit‘as

those above.

Relict Lineation (?2)

The quartz latite porphyry displaysAiiheﬁr.ﬁar;ileli-n
of feldsbar phenocrysts and biotite flakes, The lineation has
a remarkably uniform orienta;ion throughout the ﬁrea, varying
five to ten degrees from due west. The plunge angle averages
;BgﬁfliS dégré;s to the west, The linear elament'iﬁ the_meta?
morphic fabrig is thought to be mimetic after flow lines in

the original igneous rock,

L
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'a'* Lineation

.;7 Two distinct "a" lineations were observed in the banded
auéeﬁ gneisa and granitic gneiss which make up the core of the
Catalina Complex (Fig. 36). The strongest developed linear
'“elément'in the gnéissic rocks is the elongation of quartz and
feldspar grains and the streaking of‘micaa associated with the
sg foliation surfaces (Fig. 34). The “g" lineation trends

N20E to N45E and plungéé to the noftheéaé at 5 to 20 degrees,

The second 'a" lineation is found on the sg foliaﬁion
surface, This lineétion ranges from actual slickensides to
the elongation of feldspar and quartz grainé and the streaking
out of micas by closely épaced shear planes. In the northwestern

part of the area the sg~planes strike N60E and.dip to the north~

northwest. The lineation on such surfaces trends N30W and plunges

northward parallel to the dip of the sg-surface. The slicken-

sides indicate that the hanging wall moved downward relative to
the footwall, In the south-central portion of the area the 8¢~
planes strike N8OW and dip to the north-northeast. The lineation

trends parallel to the direction of the dip.

Joints

The joint distribution is shown on Plate III, The major
joint directions found in the northwestern part of the area trend

N70W, N30W, N60E, and N20E (Fig. 37). The axis of the main dome

strikes N70W in this area: hence, the joints parallel to it could
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tocation of blocks within

map area.

Figure 37. Idealized exploded block diagram
to illustrate the changes of joint
direction within the area of study.
L=longitudinal joints, C=cross joints,
Sasactive shear direction, and Sp=
possible shear direction.
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be designated as longitudinal joints, the N20E trend then would
be cross joints and the remaining directions would form & conju-
gate shear system. The active shear direction as evidenced by
the ssfaurfacea strikes N60E and dips 30 to 40 degrees to the
north-northwest. In the south-central part of the area the -

"p" direction swinés around to N55W with a complimentary change
in the joint directions as follows: N55W, N35E, NGOW and N1OE.
The first two directions correspond to the longitudinal and
éross,joints respectively and the last two form the shear system,
The active shear direction strikes ﬁSOW.and dips to the morth-
northeast. The longitudinal and cross joints are commonly filled
with quar;z."The quartz filled fractures are very commonly
offset, At qné place the longitudinal joints will be offset by

the cross joints while at another the reverse will be true,




PETROGENESIS

Within the limits of the area of this investigation the
exposed rocks are the result of a post-Paleozoic metamorphism, .
and only a limited number of inferences can be drawn regarding
the earlier history. However, as previously mentioned, in the
northern part of the Santa Catalina Mountains Older Precambrian
rocks crop 6ut extensively and their history has been described
in some detail by Wallace (1954) and Banerjee (1957). Likewise
the Younger Precambrian history of -the Apache Group has been
well summarized by Lance (1959), and Shride (1961) gives an
exhaustive treatment that need not be repeated here. Inasmuch
as only limited exposures of Paleozoic rocks are found in the
area of the present study the reader is referred to the work

of Peirce (1958) for a more complete Paleozoic history.

~ Younger Precambrian

After uplift ané alo;g peripdubf_erogion thé regién
Vasvagain downwarped and guﬂjected to gééimentatiqn. Tﬁe gen~-
ergl ngtpré of‘thngouﬁger Précﬁmbrianise&iment# Qnd théi?y'
limited thickness suggests a marginal shelf-ﬁype sédimentation.
The presence of diabase sills and.baéaltic flows in the upper
part of the section indicate mild deformation prior to Middle -
Cambrian times (Shride, 1961), The exact nature of the disturb-
éhce‘add'the reéultant trends are difficult to determine; however,

Shride (1961) has shown that in adjacent areas the trends are

north of northwest,
91
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Paleozoic '

‘In Middle Cambrian time the region ﬁas'cnce‘again sub-

merged and shallow water marine deposits formed. Deposition

‘continued intermittently through the Permian. Local times of

non~deposition or erosion were the only evidence of tectonic
unrest.  The end of the Paleozoic was marked by general uplift

of the region, E S

'Mesozoic
Triassic and Jurassic sediments have not been‘reported

in southern Arizona (McKee, 1951), ‘Near Peppersance’Canyon in

the northern Santa Catalina Mountains a conglomerate has been

tentatively dated as 'Lower Cretaceous (McKee, 1951). In Cienega
Wash, north- of the Empire Mountains and south of the Rincon

Mountains, D. W. Shafroth (personal communication) has measured

‘approximateiy 15,00Qeret of Lower Cretaceons‘rocks.‘ The Lower

Cretaceous rocks consist of‘ccnglqnerates at;the basge ana.top of
the section. The lower conglomerates rest unconformably upon
Paelozoic rocks and the upper conglomerates are unconformably
overlaxn by rocks of Upper Cretaceous age. The Upper Cretaceous
rock contains abundant volcanic debris which may be a reflection

of the affects of the Laramide Orogeny.

The available field relationships in the Catalina Moun-
tains indicate that -the metano:phiam is post-Paleozoic and pre-~
Upper Miocene. Bromfield (1952) stated that the Leatherwood -

Quartz Diqritevintrnded rocks of Cretaceous age; however, the .
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present author has not observed intrusive relationships between
the Leatherwood and rocks younger than Upper Paleozoic. Further-
more, the.rocks which were shown as Cretaceous on the geoiogic
msp peblished by Bromfield (1952) were interpreted to be Paleozoic
by Raabe (1959) on the basis of their lithology. PostFmetamorph-
ism andesite dikes found within the area of study are texturally
and petrographically similar to the turkey-track porphyry which
Cooper (1961) reports to be Mlocene in age. ' The Pantano sedi-
ments along the south flank of the mountains>eontain fragments
of the Cetalioa Gneiss indicstiné that by ﬁpper‘Miocene erosion
had reaehed the core of the Cataiioa complex. Geochemical dating
of the Catalina Gneiss at Hitchcoek Monument gives an age of
approrimately 100 million years according to Dr; P. E. Damon

(personal communication).

The metamorphism which was responsible for the character-
istics of the rocks now exposed within the area under study
apparently began at a considerable depth. The minimum cover
which was present includes epproximately.ZO;OOO feet of Younger
Precambrian, Paleozoic, and Lower Cretaceous rocks. The linear
distribution of metamorphismuparallel to the axis of doming
suggests that the two might be related. The metamorphism is
a regional type which has a limited areal extent and which in-

creases in intensity as the gneissic core is approached.

The mineral assemblages developed in the rocks exposed
throughoﬁt most of the area mapped are indicative of medium- to

high~grade zones of progressive regional metamorphism of the
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Barrovian type. Four chemical classes of rocks are found which
include pelitic, quartzo-feldspathic, calcareous, nnd basic ig-
neous rocks. The chemical compositions of the pelitic rocks
and the quartzo-feldspathic rochs will be portrayed on AKF dia-
grams, The AKF diagrams arefhrepatedAae follows: A is equal to
Al203 minus (Ca0 plus NazOJplus K20), K\equal K20, and F equal
Fe0 plus MgO-plus MnO, éuch diagrams are haeed upon the essump-
tion that the various"oxides which are groupe& togethet will act
as one chemical component, and have been used by Turner (1948)
and Turner and Verhoogen (1960) to express the chemical and
mineralogical compositions of metamorphic rocks. Several workers
in the fielo; for example, Ramberg (1952) and Thompsong(1957)
have suggested the use of tetrnhedrel diagrams which give a
more accnrate representation. The facies classification given
by Turner and Verhoogen (1960) will be followed and for that
reaeon the chemical compositions have been presented on AKF
diagrams, - The chemical compositions determined from the modal
analyses were used to prepare the diagrams, Figure 38 represents
the plot of all the modal analyses which will fall on an AKF
diagram. The diagrams in Figures 39 through 42 illustrate the
plots for 1ndividua1 rock units and show changes in bulk compo-

sition between rock units., 

The.peiitic‘rocks are characterized by a mineral assem-
blage of'quartz-muscovite-biotite-microcline-oligoclase (Angg.25) -
epidote which would place them into the staurolite almandine sub-

facies of the almandine amphibolite facies of Turner and Verhoogen.
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Figure 38,

AKF diagram based upon the oxide percentages deter-
mined from modal analyses for representative rocks
in the map area. The triangles represent inclusions
in the banded augen gneiss. The circled dot repre-
sent Pinal schist based upon chemical analyses made
at the Rock Analysis Laboratory, University of

Minnesota, for A, K. Banerjee under a Geological
Society of America grant.



Figure 39, AKF diagram for rocks of the Pioneer member of
the Apache group. Based upon modal analyses.

A

Figure 40, AKF diagram for the Dripping Spring quartzite
member of the Apache group. Diagram based on
results of modal analyses.
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Figure 41, AKF diagram of the banded augen gneiss based
upon results of modal analyses.

Figure 42. AKF diagram based upon the results of modal
analyses of the granitic gneisses exposed in
the'core of the Santa Catalina Mountains,
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Kyanite

Staurolite

Muscovite

Almondine

Biotite

Microcline

Figure 43. Almandine Amphibolite Facies, Staurolite-almandine
Subfacies. AKF diagram for rocks with excess Si0,
and Al,05. Quartz, plagioclase, and epidote are
possible additional minerals. After Turner and
Verhoogen, 1960,
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Figure 43 is the AKF diagram for rocks with an excess of Si0,
and Al,04 and the above mineral assemblage falls into the field
designated (1). The garnet-bearing Dripping Spring Quartzite

is typified.b§ the minerals of field (2) and contain quartz and
microcline as well, With the exgeptidniof a minor amount of
hornblende-bearing schist in the upper Dripping Spring and the
quartzo-feldspathic units of the Dripping Spring Quartzite the
remainder of the Dripping Spring and Pioneer Formation have the

pelitic assemblagés.given above,

,Théréuartzo-feldspathic rocks include part of the Drip-
éihg’Spring Qﬁartiite, the banded augen gneisses, and the gran-
itic gneisses. Quarfzb-feldspathic members of the Dripping
Spring Quartzite are chafacterized by quartz-microcline-oligo-
clase (Anzo‘_,_s) -muscovite~biotite (-epidote may be an additional
pﬁase)-ﬁhich place them into field (1) of Figure 43. The banded
éugéh“gneisses are also characterized'by the above mineral assem-
blage; The granitic gneisses are tyéified by the association of

quartz-miCrocline-oligoclase (An20_25)-muscovite-biotite-almandine.

The four phase assemblage given above suggests that we are not
&ealing with an equilibrium assemblage. Furthermore, the gneissic
rocks contain an intermediate potash feldépar, as previously dis-
cussed, which does not conform to the equilibrium assemblage as

shown in Figure 43,

In order to attempt an explanation of the discrepencies
found in the optics of the potash feldspars several samples were

examined by means of X~-ray diffraction techniqueé with a diffrac-
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tometer, .According to Harker (1954) the presence of microcline
and orthoclase can be determincd by-the d130 and- di§0 spacings
(Fig. 44a). The results of the.method applied to the larger
cfystais, Optically idéntified as microcline, in the Catalina
Gneiss confirm the microcline identification as shown in Figure
44b., However, X-ray examination of the interstitial potassium
feldspcr from the granitic gneiss and banded augen gneiss as well
as larger crystals from pegmatitic veins yield a pattern similar
to that given by Harker (Fig. 44c) which suggests that both
phases are present withic-individual grains. Tﬁe textural rela-
tionships indicate ohat‘the orthoclase is deveioping from micro-
cline and suggests tﬁat the minercl assemblage might not be
indicative of thc stcurolite almarndine subfacies as defined by
Turner and Verhoogen (1960). ‘Francis (1956) states that ortho~-
clase may appear inw;ockc which he defined as the kyanite-musco~-
vite~-quartz subfacies. Thc AKf‘diagram proposed by Francis is
identical with Figure 43 exccbc that orthoclase appears along
with microcline’cq the K apex. Thorefore, the rocks containing
orthoclase as well as microcline ace tcctatively assigned to
the kyanite;mcscovite-almandine subfacies of the almandine
amphibolite facies (Tufner and'Verhoogen, 1960), Furthermore,
the mineral assembloge is believed to be a non;equilibrium assem~

blage transitional between the two facies.

A second discrepancy which must be accounted for is the
general lack of ahnandine in the pelitic rocks, and the conspic~

uous garnet development within the granitic»gneiss, aplites,
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Figure 44,

"~ and dr30 for microcline.
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(a) represents the curves given by Harker (1956)
for the feldspars in a granitic gneiss in which
orthoclase is being converted to microcline by
metamorphism. The inner peak is the djj3g of
orthoclase while the outer two represent the dj3g
(b) Microcline pattern
for large crystals in granitic gneiss. (c) Micro-
cline being converted into orthoclase.
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and pegmatites, The lack of garnet formation in the pelitic
rocks can be'felated to the high potash content as shown by
comparisén of Figure 38 and 43. Only a few of the analyzed
rocks have a cdmposition which falls within the muscovite=-
biotite-almandine field, Similarly, the composition of the
garnetiferous granitic gneiss plots outside of the above field,
that is the gneissic rocks are as rich in pptassium as the pe-
litic rocks, so that some other explanapion‘mnst be called upon.
The textural features found in the majority of4granitic gneisses
in the mapped area suggests that they may have originally
been igneous rocks. Therefore,.the‘moaal plagioclase, potash
feldspar, and quartz determined from thin section study were
plotted on a ternary diagram (Fig. 45). .Then the results from
each of the rock units were pidtted separ&tely as shown in
Figures 46 to 49, Chayes (1951) prepared a diagram for modal
plagioclase, orthoclase, and quartz for 260 thin sections of
granites in the eastern United States. He found that the modal
composition coincidea with the thermal vélley of Bowen (1937).
Chayes concluded that the distribution of analyseé favored a
magmatic origin for such rocks, Similarly the analyéés of
Chayes coincide with the minimum point on the diagram for the
system Si0,-NaAlSi;0g-KA1Si40g given by Tuttle and Bowen (1958),
which they also interpret as strong evidence for a magmatic
origin of the rocks, In Figures 48 and 49 the zero, two, and
five per cent contours.of'chayes diagrams have been superposed

upon the analyses of the gneissic rocks of the Santa Catalina

Mountains. The modal composition of the granitic gneiss falls
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Figure 45, Modal plagioclase, potash feldspar, and quartz
from various rocks in the Catalina Mountains.
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Figure 46, Modal plagioclase, potassium fledspar, and quartz
found in the Pioneer Formation of the Apache group.

P Or

Figure 47. Modal plagioclase, potash feldspar, and quartz
from twenty thin sections of the Dripping Spring
Quartzite,
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Figure 48, Modal plagioclase, potash feldspar, and quartz
in the banded augen gneiss, The zero, two and

five per cent contours of Chayes are also shown.

Q

P Or
Figure 49. Modal plagioclase, potassium feldspar, and quartz
in ten thin sections of granitic gneiss. The zero,

two, and five per cent contours of Chayes are
superposed,
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close to the maxima whereas the banded augen gneiss and the
Apache metasediments fall outside and to&ard the qu#rtz apex.
Thus the cdmbination of textures and‘modal compositioné suggests
éhat the gfanitic gnéisses were derived froﬁ igneous roﬁks. Re~
gibnal ﬁetamorphism of granitic igneous roéks commonly resﬁlts
in the formation of garnet, Ramberg (1952) conéiders éhe form-
ation 6f‘garnéfs‘by the foliowing reactions: (1) biotite+4musco-
vite+ quarti = orthoclase + almandine «.water and (2) Fe,Mg;chlor—
‘ite-;quartz;ﬁ:Fe;Mg-garnet+'water. If therorigiﬁ#i igneous rock
had a granodiOritic composition the ﬁetamofphism ﬁould develop
epidote, muséovite, and a more sodic plagiociase fro@ the orié-
inal plagioclase. Then the newly fotmed muscovite could react

with original biotite according to equation (1) and any chlorite

in the original igneous rock would react accér&ing to equation

(2)>to produce garnet, The composition of the garnets found

in the granitic gneiss (?ilkington; 1961) andrthe small quantity
of epidote found in the~gneisses suggesté that mucﬁ of the cal-
cium released by the breakdown of the original plagiogla;e énters
into the formation of the garnéts. Also effects of Mn upon the |
above reaction would have to be taken into'éoﬁsideratioﬁ‘since.
its presence is indicated by the spessartite content of the.re-

sultant garnets,

The mineral assemblages found in the metamorphosed
Mescal Limestone, diabase, and Abrigo Limestone would also place
them in the staurolite almandine subfacies (Turner and Verhoogen,

1960). However, the chemical composition can better be considered
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in terms of the ACF diagram (Fig. 50) given by Turner and
Verhoogen (1960). After correcrion fcr the accessory minerals
(Turner and Vernoogen, pe. 504) A, C, and F are calculated so
that A = Al703 + Fe,03 —(NaZOFr kZO) ; C= gaO;ﬁ F = MgO + Fe0 + MnO,

The metamorphosed diabase concisrs of hornpiende-oligoclase
(Anyg_ 25)-biotite-epidote-quartz mineral assemblages. The
Mescal leestone has been converted into one of the following‘
alcite-tremolite-epidote-diopside or into calcite-tremolite-’
chlorite rocks.' The Chlorlte minerals, as previously discussed,
consist of penninite and nrOch;orite both of which are magnesium-
rich ninerals.- The presence of such chloritesxie compatible
with the other minerals in the amphibolite facies according to
Yoder s (1952) experiments and also according to Fyfe, Turner,
end,Verhoogen (1958). The divereifred nature of the Abrigo '
lichology givee rise to mineral assemblages which may be shown
on either Figure 43 or 50. The argillaceous portions of the
formation arercharecterizedrﬁy'quartz-muscovrrefbictite—qicrocline-
oligoclase of field (1) Figure 43.;»The‘high porash‘contencbin the
area of the present study prevented the formation of staurolite;
however, Peirce (1958) reports staurolite from the lower argill-
aceous units witﬁin-the Abrigo Limestone in the vicinity of
Summerhaven, The more calcareous layers of the Abrigo are
typified by plagioclase (Anys_,q)-hornblende-diopside-epidote-

microcline~quartz; or byAplagiociase (Anjy5-65) -grossularite~

diopside-epidote~microcline~quartz; or by dionside-calcite-

microcline-quartz. The epidote minerals in the above assemblages
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Kyanite
(Muscovite)

Stourollfe

Andesine

Epidote

Grossularite

Almandine

Hornblende

Calcite Diopside Tremolite F

Figure 50. Almandine Amphibolite Facies, Staurolite-almandine

Subfacies., ACF diagram for rocks with an excess
of Al,03. Quartz and plagioclase (Anyy.5g) are
additional phases. Microcline occurs only in rocks

lacking kyanite, staurolite, or almandine. After
Turner and Verhoogen (1960).
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include clinoziosite, zoisite, and normal epidote. The term
hornblende has been used for common green.hqrnblende;:treqqlite,
and tschermakite, -Similarly the diopside may refer to either
dioéside or hedenbergite. The compositional variation in the
anorthite content of the plegioclase appears to.be directly;
related to the K,0 content of the rocks. In the staurolite
almandine subfacies the stable potash feldspar is'microcline,

and it will form whenever the ratio of (Ca0+K,0tNay0) to

Al,0, exceeds unity. The formation of microeline,psed part of
‘the Al,05 and Na,0, but since there was an excess of alumina,
plagioclase (Anj5_g5) formed until all the Nay0. was used up,

then epidote formed to utilize the remainder of the Al;03,

Thus the apparent contradiction of epidote and-caicic plagio- .
‘clase co-existing in the same rock is related to the high potash
content, Original dolomitic layers-in the Abrigo Limestone are
represented by the assemblage of’tschermakite-tremolite-yesuvian-
ite. The presence of vesuvianite indicates a high partial .

‘pressure of water,

The textural relations shoﬁn in the metamorphic rocks
indicate that crystallization and recrystallization reached
a maximum during the period of deformation,‘and that the defor-
mation outlasted crystallization. .Therefore, it,wpuld be de-~
sirable to explain both the metamorphism and the deformation
by the same mechanism, = It is proposed that the formation of

" a mantled gneiss dome coeld'explain the observed features. ' .:
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The mechanism of formation of the mantled gneiss dome
is believed to be similar to that proposed by Eskola (1948) in
which the doming is related to the remobilization of the base-
ment complex, In the Santa Catalina Mountains the basemént‘
complex included granitic rocks, such as the Oracle Crhnite,
and the enclosing metamorphic rocks of the Pinal Schist (ﬁaner-
jee, 1957), Within the area of study no rbéks;fesemblihg'the
Pinal Schist were found. However, the unconformable relation-

ship between the s;- and szésurfaces>at'the contact between the

banded augen gneiss and the Pioneer Formation suggest that the
bgnded augen gneiss might be equivalent, at least in part, to
the Pinal Schist. In addition the banded augen gneisé contains
numerous inclusions of incompletely fgldspathizéd métasedimgnts
which are similar to the Pinal schist as shown in Figure 38.
Finally, the original sedimentary nature of the banded augen
gneiss is suggested by the distribution of modal quartz, plagio-
clase, and potash feldspar as shown on Figure 48. The granitic
gneiss within the area investigg;éd.:epfegent the gfanitig rocks
of the original basement cbmplex. _Upon ;h;;’ﬁasemgnglqpmplex '
a probable miﬁimum of 20;000 feet.§f foﬁﬁge? ?reca@brian, Paleo~

zoic, and Lower Cretaceous rocks were deposited.

The second stage in the development of the mantled gneiss
dome, therefore, began at a considerable depth. If a geothermal
gradient of 30°C/km is assumed the temperature at the contact
between the basement complex and-the overlying sedimentary pile

would have been a minimum of approximatelyfzooqc; The temperature
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at a depth of 10 km would have been 300°¢. -Hedge (1960) used.

the sodium-potassium ratios in muscovites as a geothermometer
and reports temperatures of 460°-620°C for the rocks.within:
the area of the present study. .The maximum temperature which
Hedge reported was for the Catalina Gneiss near the contact.
with the Apache Group which based upon the above geothermal’
gradient indicate a depth of burial of 20 kilometers. An altern-
ative explanation could be that the temperatures were developed
at the minimum depth previously postulated as a result of a
much higher geothermal gradient. It would appear-reasonable’
to assume that the actual situation in the Catalina Mountains
represents conditions between the two extremes. The elongated
nature of the dome and the distribution the varying degrees of
metamorphic intensity are suggestive .of a deep seated zone of .
weakness which may have acted as a channelway for the transfer

of heat,

The orientation of ;Le ;ﬁe;;>56in;§ ;uég;sfs that the
formation of the-dome was brought about by vertical forces. -
At the temperatures suggested by the geothermometry studies : -
the basement rocks’ could be expected to behave és'é“fheid (Carey,
1953) and if a zone of weakness existed might be expected to
flow“upwards. “An additional motivating force which should be
considered is the mechanism of partial melting proposed by
Tuttle and Bowen (1958). Partial melting would begin in
granitic rocks at a teﬁperature of 640°C at a pressure of

4000kg/cm2. ‘Based upon the calculations of Tuttle and Bowen
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a granite containing 10 per cent biotite as the hydrous phase
would begin to melt under the above conditions if it contained
as little as 0.5 per cent water. The depth of partial melting.
at an assumed geothemrmal gradient of 30°C/km would be 21 kilo- ..
meters. On the other hand if we assume a gradient which would

give a temperature of 620°C at a depth of 6.7 km then partial .

melting would occur at a depth of approximately 8.0 kilometers.
The mechanisms proposed by Tuttle and Bowen would account for
(1) the motivating force fo?rthe upvara movgmept_qf the . dome,
én& (2) within the zone of partial melting provide a lubrica-
ting media to increase mobility, both physical and chemical.

The upward movement of the basement complex resulted in the
doming of the overlying sediments. The differences in rheidity
resulted in increased stresses in tyé.sedimeptgryﬂcqver'which,
coupled with the increased temperatures, were sufficient to
initiate metamorphism. Thus the sediments were synkinematically

metamorphosed in responsé to the doming of the basement complex.

It is suggested that'thé bandéd augen gneigé developed
as a resﬁlt of metasomatism associated with doming.  The term
metasomatism is used in the sense of Lindgren (1933z‘ébo>stated
it as follows:»"The procesé of practically gimultapéous.cgpillary
§01ution and deébsition by.which,a new mineral of partly or
vholly differing chemical composition may grow in the body of
an old mineral or mineral aggregate.' Thus it includes the re-
distribution of constituents qf.locai dég;ygg;on as well as

materials which were introduced. The presence of incompletely



113
feldspathized inclusions within the banded augen'gneiss has been
mentioned. In addition the contacts between-the'handed augen
gneiss and the Pioneer Formation along Buehman Canyon are grad-
ational in many places. The gradational contacts are character-
ized by the development of feldSpar porphyroblasts in the rocks
of the Apache Group which decrease in number away from the contact.
In several places the metasomstism has converted all the Pioneer
Formation into banded augen gneiss (Plate II). The modal dis-
tribution of quartz, plagioclase, and potash feldspar in the .
banded augen gneiss falls between the plots for the Pioneer rocks
and those of the granitic gneiss which suggests that metasomatism
may have been active and resulted in the conversion of the orig-
inal sediments into a more granitic appearing rock. Such a
mechanism is a common feature associated withlnantled gneiss
domes as pointed out by Eskola (1948) and Chapman (1939). The
metasomatism is postulated to be the result of‘redistrihution
of materials within the original sedinents'and the introduction
of materials from within the zone of partial melting.

As the dome rose the bedding (sleplsnes) of the~hasement
rocks was destroyed by the development-of thepsztsurracesﬂrelated
to differential mouementsvin response to the risedof the dome.

The local preservation of the sl-planes is believed to be the
result of the relief of stresses by slippage in the nearby incom-
petent Pioneer Formation. Drag folds developed in the incompetent

layers of the Apache rocks and formed a conspicuous "b" lineation.

Flexure-slip folds and associated axial plane foliation formed
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in the later stages of metamorphic crystallization. .The inter-
section of the axial plane foliation with the sz-surfuces gives
rise to a distinct "b" lineation. Dimensional orientation of
individual grainms und.the elongation,of pebbles,andAcobbles in
the conglomeratic rocks are related to the extension.of the;
rocks parallel to .the axis of the_domevas the dome height in-

creaged. -

Late-kinematic intrusion of quartz latite porphyry dikes
along tension cracks on the flank of the dome resulted in well-
developed platy and linear flow structure. Mimetic recrystal-

lization preserved both or the original structures. The quartz

latite represents magma derived from the zone of melting in o

the deeper portions of the dome.'>

~Differential movements within the granitic gneiss core
became more and more cataclastic in nature as the rising dome
reached thermal equilibrium with its surroundings. .: However,
the still mobile materials at depth continuedﬂto,push.upward
and the sg-planes developed as a:result of slippage along the. .
older planes of foliation (s;) in the viscous portions of the -
dome., The differential uouement,on the ssfsurfaces developed
the pronounced "a".lineation in the granitic .gneiss. As the
mass became more rigid the differential movements were taken
up by the maximum shear directions which produced the sg-planes.
Slippage along the minutely spaced shear planes resulted in the
formation of the second direction of "a" lineation found in the

local mylonitic rocks.



115

Late-kinematic to post-kinematic aplitic to pegmatitic
bodies are common in the metasediments and gneissic rocks as
previously mentioned. The bodies were not studied in detail,
but :the field and petroéraphic observations made suggest a. -
replacement origin for many of the aplites and pegmatites in
the gneissic rocks, While many of the masses are extremely: -
irregular, most appear to be related to the tensional joint
directions. Within the gneissic rocks the majority of aplites )
and pegmatites contain relict structures which are parallel to
the foliation in the‘adjacent rocks, The contacts may be .
sharp or gradational, Occasionally a eross-cutting body is -
found which has dragged the foliation of the country rocks around
until it is subparallel to the dike walls., The aplitic and peg-
matitic masses which contain relict foliation are believed to
have originated through metasomatism along zones of weakness
which existed before the joints came into existence and con-
tinued after the rock had become sufficiently rigid to yield
by rupture. The second type nhich.eeformed theufoliation in
the country rocks represent the intrusion of more mobxle mater-
ials along zones of weakness while the country rocks were still
somewhat plastic. The aplitic and pegmatitic bodies in the
metasedimentary rocks appear to have been emplaced 1n a very
mobile state and may represent a crystal mush lubricated by

an interstitial melt.
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- The detailed structural and pefrological‘spédies ert,:Ahew
present investigagiqg hgyg brough; out sgvgfglAsign%fiqanthfacts
concerning thé geo}ogy of the Santa Catélina Mguntains.j The dis-
tribution of rock types in a hérgtofdge }%ttle known pprtioh of
the Catalina Mountains has been mapped ;n.detail.‘_Thg_gsfab-
;ishmeqt:of an ungonformity at the base of the conglomeratic or
schistose rocks in Buehman Canyon substantiates the previous
correlation of the medium-grade, synkinematically metamorphosed
congioﬁeiatés and schistose rocks along the crest of the range
wifh the less metamorphosed Apache Group in the northern part of
the Catalina Mountains. The presence of the Mescal Limestone
in the Yodhgef‘Precambrian section has been established strati-
graphically, and its distribution within the area of the present

study mapped.

The petrography of the various rock units has been
worked out in detail. The petrographic descriptions include
the nature of the medium~ to high~-grade metamorphic rocks and
interpretations as to the nature of the original materials from
" which the rocks were derived. The mineralogical assemblages
found in the metasediments adjacent to the granitic gneiss core
confirmed the placement of the rocks into the staurolite-almandine
subfacies of the almandine amphibolite facies of regional meta-
morphism, The development of orthoclase in the gneissic rocks

has been interpreted as indicating the transition into the

116
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kyanite-muscovite-almandine subfacies in the core of the complex.
The distribution of modal quartz, plagioclase, and potash feld-
spar in the granitic gneiss 1ends strong support to the conclu-
sion that the parent materials for the gneisses were igneous
rocks. Similarly, the distribution of the ‘same materials in
the banded augen gneisses combined with the textural and field
relationships presents a good argument for their derivation

from or1gina1 sedlmentary rocks.

Finaliy the structural mapping combined with petrographic
study established—the presencegof six‘uiffereht foliation'sur-
faces in the rocks. The relationshipslhetweeh the.tuo-reported
directions of liueation and the various foliation surfaces have

been related to the formation of a mantled gneiss dome.
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