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STRUCTURE AND PETROGRAPHY OF PART OF THE SANTA CATALINA MOUNTAINS

ABSTRACT

Field relationships in the Santa Catalina Mountains suggest that
the so-called Tertiary intrusion of granite was not an intrusion in
the common sense of the word, but rather a remobilization of a PreCam
brian granite during Tertiary (?) time.

This granite has a gneissic

structure, and crops out in the southwestern half of the Santa Cata
lina Mountains.

The gneissic granite is overlain by a sequence of

sediments which have undergone an upper medium grade (amphibolite
facies) synkinematic metamorphism.

Field observations indicate that

the metamorphosed rocks represent Precambrian and Paleozoic sediments;
the same stratigraphic sequence which overlies the relatively unmeta
morphosed Precambrian granite in the northern part of the mapped area.
The gneissic granite invades the metamorphosed sediments, locally,
either in areas of highest mobilization, or by replacement of the country
rock.
The sediments have been only slightly metamorphosed where they
overlie the relatively unmetamorphosed Precambrian granite on the north
eastern flank of the mountain, but where they overlie the gneissic gran
ite along the crest of the Santa Catalina Mountains, they have been
affected by the upper medium grade metamorphism.
The orogeny apparently took place during Laramide time, but as
sediments younger than Permian were not recognized in the area of this
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study, the Laramide date for the orogeny is only supposition, although
it is based partly upon the observations of other geologic investigators.
Prior to the laramide orogeny the Precambrian granite was apparent
ly covered by at least 15,000 feet of sediments.

A supply of heat from

an unknown source and compressional stresses apparently initiated the
upward movement of the solid Precambrian rock.

The heat must have been

great enough to make the granite somewhat plastic, and as it pushed
upward foliation developed.

Schistosity also developed in the sediments

above the upward moving granite apparently as the result of slippage
along bedding planes.

During the final stages of this orogeny the

heat must have decreased, as the last stages of movement were accompanied
by cataclastic action, rather than a further recrystallization of the
minerals.
The orogeny was accompanied by the emplacement, at least in part
as an igneous mass, of the Leatherwood quartz diorite, which was followed
by the emplacement of the Catalina granite.

Some of the border phases

of the Catalina granite apparently represent replacement of sediments;
however, that some of the granite was igneous is shown by the chilled
borders of dikes of the Catalina granite that cut the Leatherwood quartz
diorite.

Pegmatites, emplaced during the later stages of deformation,

appear to have formed by replacement of the country rock along zones of
structural weakness, particularly near the contact between the gneissic
granite and the metamorphosed sediments.

Although faulting was perhaps

continuous in this area, it is evident that much of it has taken place
during the last stages of the deformation described above, or after the
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deformation had ceased.

Much of the late faulting that can he observed

may have taken place along old fault lines.
The following discussion describes the effects of the metamorphism
upon the Precambrian and Paleozoic sediments and also the effects and
relationships of the metamorphism to the granitic rocks.

A summary of

the structural and metamorphic history in the Santa Catalina Mountains
based upon the observations made during this study is included.
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INTRODUCTION

Purpose of Investigation
The Santa Catalina Mountains are a complex of metamorphic, igneous,
and sedimentary rocks about which little has been published.

The pur

pose of this investigation is to contribute information pertaining to
this complex by the study of an area approximately forty square miles
in extent.

The principal problems considered in this study are:

the

origin of the granitic rocks in the area; the correlation of the meta
morphosed rocks with their unmetamorphosed equivalents; and the struc
tural and metamorphic history.

Location
The Santa Catalina Mountains, located in Pima and Pinal Counties
approximately fifteen miles northeast of Tucson, Arizona, are in a north
westerly trending chain which includes the Rincon and Tanque Verde Moun
tains.

The mountain chain is about forty miles long and ranges from

about five to twenty miles in width.
The thesis area, bounded by lat. 32e31*N and lat. 32°24,N and long.
H 0 ° 4 8 1W and long. 110°42*W, is located in the central part of the Santa
Catalina Mountains and covers approximately 40 square miles (Fig. 1).
The northern boundary is about one-half mile south of the Pinal-Pima
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County line and the western boundary is near.the top of Mt. Lemmon.
Access to the southern part, of the area is by the Tucson-Mt. Lemmon
highway and to the northern part by the Control Road from Oracle to Mt.
Lemmon.
•..Geography
The Santa Catalina Mountains rise abruptly, from basins on the
eastern and western sides.

Eardley (1951; P* 410 and 411) considers

these mountains part of the Sonoran Desert in the Basin and Range Pro
vince and places the boundary between the Mountain Region and the Sonoran
Desert on the eastern edge of the Santa Catalina Mountains.
The highest point in the Santa Catalina Mountains is Mt. Lemmon
at an elevation of

9,150 feet and the minimum elevation in the area is

approximately 4,500 feet.

The total relief in the thesis area is, there

fore, about one mile.
The streams draining the Santa Catalina Mountains are all intermit
tent.

The east side of the area is drained through Alder, Geesman and

Stratton canyons into San Pedro Valley.

The streams on the north and

northwest side of the Santa Catalina Mountains drain into the Canada
del Oro.
Field work is handicapped by heavy snow during the months of Decem
ber through March, and heavy rain falls in the summer.

Another limita

tion in the higher elevations is the lack of good exposures because of
deep soil profiles and heavy vegetation.
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Geologic Setting
The Santa Catalina Mountains are composed of a complex of igneous,
metamorphic and sedimentary rocks.

The core of the mountain is a gneis-

sic granite, flanked on the southwest side "by handed gneisses and on the
northeast side by PreCambrian and Paleozoic sediments.

These sediments

have undergone an upper medium grade synkinematic metamorphism near the
crest of the mountains and have been only slightly metamorphosed lower
on the northeast flank.

North of the east-west trending Geesman fault

the sedimentary rocks depositionally overlie a Precambrian granite.
The Leatherwood quartz diorite crops out over a wide area on the
northeastern flank of the mountains where it has been emplaced into the
Precambrian and Paleozoic sediments.

East-west trending foliation is

common in the gneissic granite, the metamorphosed sediments and also in
the Leatherwood quartz diorite.

Previous Work
Only a few studies have been published about the geology of the
Santa Catalina Mountains, particularly in the area undertaken for this
thesis.

The only published account that includes the thesis area was

written by Bromfield (1952) for the Arizona Geological Society Guidebook.
This report contains a map of the Santa Catalina and Rincon Mountains
which was compiled by B. N. Moore.

The unpublished studies that are

directly related to the area are a report by Moore and Tolman (contribu
tions by Butler and Hernon) (1949) and another by Peterson and Creasy
(unpublished).

Moore and Tolman discussed the geology of the Tucson

k
quadrangle, and Peterson and Creasy studied the ore deposits at Marble
Peak.
Several theses concerning nearby areas are pertinent to the prob
lems involved in the area of this thesis.

Wallace (195*0 discussed the

structure along the Mogul fault in the northern part of the Santa Catalinas, and included a reconnaissance map of that area (Fig. l).

Hernon

(1932) discussed the origin of the pegmatitic rocks in the Santa Cata
lina and the Rincon Mountains.

Bromfield (1950) studied the geology of

the Maudina Mine area which is approximately four miles north of this
thesis area, and Bruhn (192?) described the stratigraphy of the Precambrian Apache group in the Santa Catalina Mountains and elsewhere in
southeastern Arizona.

Method of Study
This problem involved the geologic mapping of approximately forty
square miles.

The base map is an enlargement of a

graphic map to a scale of four inches to the mile
tour interval of

1908 U.S.G.S. topo
(l/l5 ,8 4 o ) and a con

100 feet.

The field work was begun in September of 1953 and was completed in
July of 1956.

The entire summer of 1954 was devoted to this study in

the field, and in all approximately five months were spent in the field.
The mapping was done with a Brunton compass, and a stratigraphic section
was measured with a Jacob's staff.

A petrographic microscope was used

in the laboratory to study approximately 400 thin sections of rocks col
lected in the field.

Diagnostic fossils were not found in the sediments;

therefore, the age datings of other investigators were used, and cor
relation was done by lithology and stratigraphic position.
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SEDIMENTARY ROCKS AND THEIR METAMORPHIC EQUIVALENTS .

General Statement
Approximately 3000 feet of metamorphosed Precamhrian and Paleozoic
sediments (Fig. 2) crop out on the northeastern flank of the Santa Cata
lina Mountains.

The sediments on the lower flanks of the Santa Catalina

Mountains have been slightly metamorphosed and clearly retain their
sedimentary textures.

The same sediments along the crest of the Santa

Catalinas, however, have undergone a medium grade synkinematic meta
morphism resulting, except for the local presence of stretched pebbles,
in a destruction of the sedimentary textures.
The Precambrian sedimentary formations are known as the Apache
group and from oldest to youngest are:

Scanlan conglomerate, Pioneer

shale, Barnes conglomerate. Dripping Spring quartzite and the Mescal
limestone.

The Paleozoic sediments from youngest to oldest are:

Troy

quartzite, Santa Catalina formation, Southern Belle quartzite, and the
Abrigo formation of Cambrian age; Martin limestone of Devonian age;
Escabrosa limestone of Mississippian age; Horquilla formation of Penn
sylvanian age; and the Andrada formation of Pennsylvanian-Permian age.
The following describes each formation; first, the slightly meta
morphosed sedimentary rocks which have not lost their sedimentary fea
tures, and then, the higher medium grade metamorphic equivalents in
Alder Canyon, Marble Peak and along the crest of the Santa Catalina
Mountains.
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Early Precambrian
Pinal schist
Precambrian schists in the Pinal Mountains near Globe, Arizona,
were named the Pinal schist by Ransome (1903).

These schists were

described as the oldest rocks in the Globe quadrangle and were in part
derived from quartzose sediments.

The Pinal schist was studied in some

detail by Wallace (195*0 in the northern part of the Santa Catalina
Mountains.

In the present area of study, however, only two exposures

of probable Pinal schist were observed, one exposure on the eastern
flank of the mountains in the area of very low grade synkinematic meta
morphism, and the other west of the crest of the Santa Catalina Moun
tains in the gneissic granite.
The Pinal schist on the lower flank of the mountain is exposed on
a hill near Gold Mill, just south of the Control Road, where it is sur
rounded by the Precambrian granite.

Here the Pinal schist is a reddish

brown, microscopically contorted phyllite composed mostly of sericite
and muscovite with approximately 5 per cent quartz grains.

That the

Pinal schist has undergone an earlier period of metamorphism is indi
cated by the highly contorted and well oriented muscovite and sericite
in contrast to the only slightly oriented sericite in the nearby sedi
ments which have been only affected by a later metamorphism.
Intricately folded schists which crop out in the gneissic granite
along the crest of the Santa Catalinas are also interpreted as the Pinal
schist (PI. 34, fig. l).
of nearly

These outcrops extend northwest for a distance

1 mile from the highway north of the Palisades Ranger station.
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The schists have "been highly contorted and contain numerous hands of
quartz.

The foliation, in general, trends east-west and dips to the

north approximately 45 degrees.

Late Precambrian (Apache Group)
Scanlan conglomerate
F. L. Ransome (1903, p. 31) named the Scanlan conglomerate for
its type locality at Scanlan Pass, Glohe Quadrangle, Arizona.

This

conglomerate is the "basal member of the Late Precambrian Apache group
which was also named by Ransome.

At the type locality the Scanlan con

glomerate overlies the Pinal schist of Early Precambrian age, but in
the area of this study it was deposited on a Precambrian granite.
In the northeastern part of the area the conglomerate forms hog
backs trending northwest and dipping northeast at

30 to 40 degrees.

The Scanlan conglomerate has been metamorphosed in the southwestern
part of the area.

The Scanlan ranges from 10 to 50 feet in thickness.

At one locality 75 feet were measured, but this measurement may be •
excessive as a result of faulting.

According to Wallace (1954) the

Scanlan is absent in the northern part of the Santa Catalina Mountains.
Stoyanow (1936, p. 477), however, recorded approximately three feet
in Peppersauce Canyon.
The Scanlan was deposited on the eroded and decomposed surface of
the Precambrian granite.

Because much of this eroded and decomposed

granitic material was incorporated in the Scanlan a sharp separation
of the two units is difficult.

Two features which help in establishing
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the contact are the lighter color of the Scanlan and the presence of
rounded pebbles of quartz and quartzite near the base.
The Scanlan conglomerate varies from a white to dark grey conglom
eratic sandstone near the base of the formation to a coarse sandstone
near the top (Pis. 3 and h).

Most of the pebbles, which are locally

concentrated along bedding planes, are about one-half inch in diameter,
but some are as large as six or seven inches.

The texture of the forma

tion becomes finer toward the top where it grades into the Pioneer shale.
A microscopic study of the Scanlan conglomerate shows that it is
composed essentially of quartz and slightly oriented sericite with
minor amounts of muscovite and opaque minerals.
which is slightly strained, makes up

The quartz, most of

•

70 per cent of the rock; and seri

cite, partially recrystallized to muscovite, makes up the matrix and
constitutes up to 25 per cent of the rock.

The quartz grains are angu

lar to sub-rounded, and a few grains have a secondary quartz overgrowth.
Some of the grains, pebbles, and cobbles in the conglomerate are com
posed of quartzite.
Although the Scanlan conglomerate in the northeastern part of the
area has undergone very slight metamorphism, it retains a distinct sedi
mentary texture (Pis. 3 and 4).

The preferred orientation of the seri

cite and muscovite suggests that the Scanlan conglomerate is a low grade
metamorphic facies of the medium grade synkinematic metamorphic rocks
to the southwest.

The low grade metamorphism, however, may be due to

hydrothermal alteration, as ore deposits are located approximately one
mile from the outcrops.

The widespread nature of this slight
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metamorphism, the preferred orientation of sericite and muscovite, and
strained quartz grains suggest that the metamorphism is a low grade
facies of the medium grade metamorphic rocks along the crest of the
Santa Catalina Mountains.
Medium grade metamorphic equivalents of the Scanlan conglomerate
are exposed in the metamorphosed area along the crest of the Santa Catalinas where they are in contact with the gneissic granite.

Although

the exposures are not continuous, it is probable that the formation is
nearly continuous along the crest of the Catalinas from the southern
part of the area to the western edge.

The contact between the metamor

phosed granite and the overlying metamorphosed sediments follows this
northwesterly trend.

locally the meta-Scanlan is absent, apparently

because of pegmatitic replacement in the zone between the gneissic gran
ite and the metamorphosed sediments, and also locally where the gneissic
granite cuts across the Scanlan.
In at least one locality, near the highway approximately one mile
north of the Palisades ranger station, the Scanlan appears to be absent,
and what appears to be metamorphosed Dripping Spring quartzite is adja
cent to the gneissic granite.

This could be explained by pegmatitic

replacement of the Scanlan, Pioneer and Barnes formations, or by fault
ing, or by discordant emplacement of the gneissic granite into the
country rock.
Megascopicaily the medium grade metamorphosed equivalents of the
Scanlan vary in appearance.

Stretched pebbles are present, but a

coarse-grained quartz-muscovite schist (PI. 5, figs. 1 and 2) or a
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coarse-grained quartzite (PI.
mon.

fig. 3) free of pebbles are more com

Although some exposures of the metamorphosed Scanlan contain flat

tened pebbles, the lack of pebbles is to be expected as the unmetamor
phosed Scanlan contains only scattered pebbles.

Some of the exposures

which appear to be the meta-Scanlan are fine-grained quartz-muscovite
schists which were apparently derived from arenaceous mudstones which
may. have been facies of the Scanlan conglomerate, or possibly metamor
phosed Pioneer shale.
Microscopically, there is a distinct difference between the
slightly metamorphosed Scanlan conglomerate and the more highly meta
morphosed equivalent.

The slightly metamorphosed Scanlan contains an

abundant sericitic matrix whereas in the medium grade metamorphosed
equivalents the matrix is completely recrystallized, and abundant
oriented muscovite crystals have formed (PI. 5, figs. 1 and 2).

The

quartz grain contacts are highly sutured in the more metamorphosed
Scanlan, and the original grains have been highly stretched and perhaps
crushed during the synkinematic metamorphism.
The position of the metamorphosed Scanlan conglomerate above the
gneissic granite along the crest of the Santa Catalinas leads the
writer to conclude that the gneissic granite is a metamorphosed equiva
lent of the Precambrian granite which is depositionally overlain by the
unmetamorphosed Scanlan conglomerate in the nbrtheastern part of the
area.
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Pioneer shale
Ransome (1903, p. 31) named the Pioneer shale for exposures at the
old mining settlement of Pioneer, south of the Globe Quadrangle, Arizona.
The Pioneer, as described by Ransome, is essentially an arenaceous shale
with some arkose.
The Pioneer in the northeast part of the area strikes northwest
and dips 30 to 40 degrees to the northeast.

It is locally intruded

along bedding planes by quartz latite which has thickened the Pioneer
to as much as 1000 feet.

Medium grade metamorphic equivalents are found

in the southwestern part of the area.
The Pioneer, approximately 250 feet thick, is a slightly metamor
phosed arenaceous mudstone, with interbedded sandstones (Pis. 6 and

7)•

The base of the formation is a very fine sandstone which grades into
arenaceous mudstone which in turn grades into fine sandstone at the top
of the formation.

The lower contact of the Pioneer is gradational with

the Scanlan conglomerate, and the upper contact with the Barnes conglom
erate is sharp, but conformable.

The Pioneer is softer and more easily

eroded than the Scanlan and the Barnes and as a result forms saddles
and gentle slopes in contrast to the more rugged topography of the adja
cent units.
Thin section analyses of 20 samples of the Pioneer indicate that
much of the formation consists of clay and silt size particles with the
largest quartz grains being about 0.2 mm. in diameter.

The formation

is composed of quartz, clay, sericite and opaque minerals with minor
amounts of sphene and biotite.

The quartz grains in the formation are
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sub-angular to sub-rounded and most of them have strain shadows.
Gastil (195*0 observed volcanic shards in the Pioneer shale north of
Globe, Arizona, but they were not seen in the Pioneer in this area.
Sericite does not appear in all of the samples; but when present
it gives a micaceous sheen and represents a very low grade synkinematic
metamorphism, and the term sub-phyllite should be applied to these units.
The low grade metamorphism is apparently a facies of the medium grade
synkinematic metamorphism along the crest of the Santa Catalina Moun
tains.

The intrusion of the quartz latite into the Pioneer, however,

may have furnished sufficient heat, stress and fluids to result in
hydrothermal alteration.
Medium grade metamorphosed equivalents of the Pioneer formation
are located above the Scanlan conglomerate in the metamorphosed units
along the crest of the mountains.

The Pioneer equivalent, however, has

been difficult to recognize in the highly metamorphosed area as a result
of erosion and the abundant vegetation and soil cover.

The product of

medium grade synkinematic metamorphism of the Pioneer is a muscovite
schist with varying amounts of quartz.
Good exposures of parts of the formation are seen in the vicinity
of Bigelow and Kellogg Mountains.

A grey meta-quartzite, collected near

Bigelow from exposures about four feet below the Barnes conglomerate is
composed of quartz and scattered grains of epidote, biotite, plagioclase
and opaque minerals.

The over-all megascopic appearance and texture of

the meta-quartzite does not differ greatly from the slightly metamor
phosed sandstone at the top of the Pioneer, but microscopically (PI.

7,

fig. 4) the quartz has a finer texture, and hiotite and epidote have
crystallized.

The middle of the meta-Pioneer near Kellogg has "been

metamorphosed to a friable muscovite schist.
small folds, l/4 to

The schist has numerous

1/2 inch across, trending in a northerly direction.

Barnes conglomerate
The Barnes conglomerate was so named by Ransome (1903, p. 31)
because of its conspicuous outcrops on Barnes Peak near the Globe area
in Arizona.

He described it as a conglomerate, 10 to 15 feet thick,

composed of well-rounded pebbles made up of hard white or pink quartzite
and some reddish jasper and white vein quartz.
The Barnes conglomerate crops out in the northeast part of the area
where it forms prominent outcrops due to its resistance to weathering.
It ranges from approximately 25 to possibly 75 feet in thickness.

Along

the crest of the Santa Catalinas this conglomerate is present in the
metamorphosed series of sediments where it is an excellent marker for
correlating the metamorphosed with the slightly metamorphosed sediments.
The Barnes conglomerate is composed of well-rounded pebbles and
cobbles (PI.

8, figs. 1 and 2), some of which are both elongated and

ellipsoidal.

The fragments range from l/2 inch to eight inches, but

the majority are from two to five inches in diameter.

The pebbles and

cobbles are essentially grey quartzite, some jasper, and what appears
to be vein quartz.
A microscopic study indicates that the matrix of the Barnes con-:
glomerate is made up almost entirely of sericite and small strained
quartz grains varying greatly in size.

Hematite gives the weathered
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rock a reddish-brown color.

The sericite has a preferred orientation,

clearly indicating the effects of very low grade synkinematic metamor
phism.

Some of the fragments in the matrix are quartzite grains, but

most are single quartz grains.

Plate

8 shows the size ranges of the

pebbles and their relationship to the bedding.
Medium grade metamorphosed equivalents of the Barnes are exposed
in the metamorphosed area to the southwest.

The Barnes is the most

conspicuous of the metamorphosed units and is, therefore, a good marker
bed for correlating the metamorphosed sediments with the slightly meta
morphosed sediments to the northeast.

The outcrops of the metamorphosed

Barnes do not seem to be continuous but are found in several areas.
In Marshall Gulch, where the meta-Barnes is in contact with a mas
sive pegmatite, the pebbles have been greatly flattened (PI. 9, figs. 1,
2 and 3)•

Between Marble Peak and Summerhaven north of the Control

Road, pebbles in the meta-Barnes are greatly elongated.

Near

Bigelow Mountain there are good exposures of the meta-Barnes in which
the pebbles are not flattened or elongated and the matrix of the con
glomerate contains epidote and garnet.
A microscopic study indicates that the meta-Barnes is composed
essentially of quartz with varying amounts of muscovite, biotite, epi
dote, garnet, oligoclase, sphene, and magnetite.

The quartz grain con

tacts are very highly sutured, and the grains have prominent strained
shadows.

Some of the pebbles which were apparently originally quartzite

are no longer a mosaic of quartz crystals, but one large quartz crystal
with broken and wavy extinction.

Most of the minerals listed above
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occur as inclusions in the quartz.

Biotite and muscovite, usually well

oriented, are common and sometimes comprise up to
rock.

Muscovite is more common than the biotite.

30 per cent of the
Epidote and garnet

porphyroblasts are present in some of the samples, and epidote locally
makes up to 20 per cent of the rock.

Magnetite and sphene are not com

mon but occur in abundance in the matrix of the meta-Barnes near Mar
shall Gulch.

Oligoclase is present but occurs only in minor amounts.

Plate 10, figures 1 and 2 compare the texture of the matrix of t h e .
slightly metamorphosed Barnes with the more highly metamorphosed Barnes,
and figures 3 and 4 compare the textures of quartzite pebbles in the
slightly metamorphosed and the more highly metamorphosed Barnes.
Dripping Spring quartzite
The Dripping Spring quartzite was named by Ransome (1903, p. 32),
who described the lower

175 feet as massive beds of streaked buff and

pink quartzite and the upper
rusty-colored quartzite.

22$ feet as thinner-bedded hard laminated

At the type locality in the Mescal Mountains

southeast of Globe, the Dripping Spring is overlain by the Mescal lime
stone which is the youngest formation of the Apache group and is under
lain by the Barnes conglomerate.
The Dripping Spring quartzite is exposed in the sedimentary
sequence in the northeast part of the area, and its equivalent is
exposed in the metamorphosed sequence to the southwest.

The Mescal

limestone which overlies the Dripping Spring at its type locality was
not observed in the slightly metamorphosed sequence of sediments.
Wallace (1954) explained that the absence of the Mescal was due to
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Precamtirian faulting and to subsequent erosion of the Mescal limestone
prior to the deposition of the Cambrian Troy formation.

Along the crest

of the mountains local outcrops of metamorphosed limestone, which are
apparently the Mescal limestone, appear to underlie the Troy quartzite.
The Dripping Spring quartzite, about 350 feet thick, is locally
intruded by a diabase sill near the top of the formation.

The base of

the Dripping Spring is conformable and in fairly sharp contact with the
Barnes, and the upper contact of the Dripping Spring with the base of
the Troy quartzite was not observed.
Megascopically the Dripping Spring ranges from a grey to white
medium-grained sandstone at its base to a reddish-grey thin-bedded siltstone toward the top of the formation (Pis. 11 and 12).

Ripple marks

formed by water currents are present in the formation.
Microscopic observations indicate that the sandstone at the base
of the formation has quartz grains from

.2 to .5 mm. in diameter, and

the siltstones in the upper part of the formation have scattered sand
grains measuring .1 mm. or less.

The sand grains throughout the forma

tion are generally sub-rounded to sub-angular.

Quartz is by far the

y;

most abundant detrital mineral, but plagioclase, orthoclase and microcline are present.
sericite.

The matrix is composed of fine quartz and oriented

Chlorite is present in the matrix in the upper part of the

formation.

i

Metamorphic equivalents of the Dripping Spring are located in the
metamorphic zone above the contact with the gneissic granite along the
crest of the mountain.

Here the Dripping Spring is white and varies
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from a meta-quartzite to a quartz-muscovite schist.

Megascopically

the meta-quartzite units do not differ greatly from the quartzite units
in the lower part of the slightly metamorphosed Dripping Spring, except
where muscovite is abundant giving a quartz-muscovite schist.
The medium grade equivalent of the metamorphosed Dripping Spring
is composed of quartz, epidote, muscovite, biotite, albite and garnet.
Near Bigelow Mountain the meta-Dripping Spring is well exposed as a
white meta-quartzite with considerable jointing.

About 10 feet above

the contact with the Barnes conglomerate there are conspicuous bands
of quartz and epidote.

The quartz is highly sutured, elongated, and

strained, and the epidote porphyroblasts comprise about
the rock.

5 per cent of

At the top of Kellogg Mountain, just south of Bigelow, the

meta-Dripping Spring is composed essentially of quartz and muscovite
with some albite, biotite and opaque minerals.
thin oriented flakes.

The biotite occurs in

At Kellogg Mountain the Dripping Spring outcrops

are probably at least 100 feet stratigraphically above the Barnes.
A quartzite exposed on a peak north of the Palisades Ranger sta
tion appears to be the Dripping Spring.

The formations below the

quartzite are covered by soil, but they are probably the lower part of
the Apache group.

The quartz, which is highly strained, stretched and

sutured (PI. 12, fig. 4), is the most abundant mineral, but plagioclase
and garnet and scattered crystals of epidote are also present.

Micro

scopically the texture of this quartzite is very similar to the metaDripping Spring exposed near Bigelow and Kellogg Mountains.
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Metamorphosed equivalents of the upper part of the Dripping Spring
are not conspicuous along the crest of the Santa Catalina Mountains.
A prominent exposure of soft micaceous material- along the highway imme
diately north of Bear Wallow, however, is apparently the upper part of
the Dripping Spring.

This exposure is in the correct stratigraphic

position to be the upper part of the Dripping Spring, for above this
unit a marble was observed which might be the Mescal limestone.

In the

same vicinity prominent exposures of the Troy quartzite are present, and
to the west outcrops of Barnes and the lower part of the Dripping Spring
are present.
Mescal limestone
The Mescal limestone was named by Ransome (1915; PP« 380-385) for
exposures of cherty dolomitic limestone in the Mescal Range, Ray Quad
rangle, Arizona.

He described the Mescal limestone as 225 feet of thin-

bedded dolomite and magnesium limestone conformably overlying the Drip
ping Spring quartzite.
The Mescal limestone was not observed on the northeastern flank of
the Santa Catalinas, but small local outcrops of marble associated with
the Dripping Spring along the crest of the mountain are interpreted as
the Mescal limestone.

The most conspicuous outcrops of this marble are

near Bear Wallow, where the writer found three outcrops associated with
the Dripping Spring.

These meta-limestones are highly contorted, and it

is difficult to determine the precise relationship of these units with
the Dripping Spring; however, where they occur they seem to be near
the upper part of the Dripping Spring.
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A microscopic study of these units indicates that they have under
gone considerable metamorphism.

Calcite, tremolite, quartz and diop-

side are all abundant, although varying in amounts in different expo
sures.

A serpentine mineral makes up 20 per cent of one rock.

Most of

the specimens studied in thin section have a conspicuous foliation of
calcite and quartz with the tremolite and diopside less oriented.

This

lime-silicate rock must represent at least a high medium grade synkinematic metamorphism of a siliceous dolomitic limestone.

Middle Cambrian
Troy quartzite
Ransome (1915> p. 38*0 named the Troy quartzite for its exposures
on Troy Mountain in the Ray Quadrangle, Arizona.

He placed this forma

tion at the top of the Precambrian Apache group, but N. H. Darton (1932,
p.

56) separated the Troy quartzite from the Precambrian Apache group

because the Troy has Middle and Upper Cambrian fossils.

The Troy, in

the type locality, is separated from the Mescal limestone by 75 to 100
feet of"vesicular basalt.

Ransome described the Troy as having a thick

ness of 400 feet and composed of pebbly strata with crossbedding in the
lower part and a shaly quartzite in the upper part of the formation.
The Troy quartzite crops out in resistant ridges (PI. 14, fig.

3)

on the northeastern flank of the Santa Catalina Mountains where the
least metamorphosed exposures of the Troy north of the lower part of the
Control Road strike northwest toward Rice Peak.

North of the lower part

of the Control Road and south of Stratton Canyon the Troy quartzite was
measured as

310 feet of medium- to coarse-grained sandstone, with
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interlocking quartz grains.

The base of the Troy appears to be conform

able on the Dripping Spring quartzite; however, the absence of the
Mescal limestone suggests a disconformity.

The upper contact of the

Troy with the Santa Catalina formation is very sharp, but conformable.
The Troy is a white to brownish-red thick-bedded to massive quartz
ite.

In the Santa Catalina Mountains it lacks the pebbles that are

found throughout the Troy in the type locality.
The texture of the slightly metamorphosed Troy varies little
throughout the formation (PI. 13, figs. 1 and 2).

It is composed almost

entirely of strained and slightly sutured quartz grains, and most of the
unit contains little or no matrix, the entire rock being made up of the
interlocking quartz grains.

Some of the specimens, however, have a

matrix of slightly oriented sericite and fine quartz up to
cent.

5 or 10 per

A thin section of the Troy from Peppersauce Canyon (PI. 13, fig.

3), approximately five miles north of this area, shows the presence of
detrital quartz grains with overgrowths of quartz.

Thus, it is evident

that the Troy quartzite on the lower flanks of the Santa Catalinas has
been affected by a very low grade metamorphism, resulting in a destruc
tion of the quartz overgrowths and a slight interlocking of the quartz
grains forming a meta-quartzite.

Brecciated fractures in the quartzite

are mineralized by hematite and other opaque minerals.
By comparing the photomicrographs of the Dripping Spring (Pis. 11
and 12) and those of the Troy (PI. 13), it can be seen that texturally
there is a distinct difference in the sedimentary characteristics of the
two formations.

The Dripping Spring quartzite has a much finer texture
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than the Troy quartzite.and contains more matrix, clay, and sericite.
In the Dripping Spring the shape of the detrital quartz grains is
retained in contrast^ tov.the .interlocking grains 'in the Troy.
Much of the Troy has been affected by the medium grade synkinematic metamorphism along the crest and flank of the Santa Catalina
Mountains.

A prominent exposure of the Troy is present in the Marble

Peak sequence of metamorphosed sediments, and it also outcrops along the
Ski Road between Summerhaven and the top of Mt. Lemmon.

Metamorphosed

exposures of the Troy are very prominent in the eastern part of the
area south of the Geesman fault in Alder Canyon and also trending toward
Summerhaven on the eastern flank below Bigelow Mountain.
The metamorphosed Troy quartzite is a massive grey to white quartz
ite and can often be distinguished from the meta-Dripping Spring as the
latter tends to be more schistose.

It varies from a very low grade

quartzite with slightly sutured quartz grains on the lower eastern
flanks of the mountain to a high medium grade quartzite or quartz schist
with highly oriented and sutured quartz grains along the crest of the
mountain.

Outcrops between these two extremes show varying characteris

tics.
In Alder Canyon the Troy is well exposed and has been affected by
a slightly higher grade of metamorphism than in the exposures two miles
to the north.

This higher grade of metamorphism is indicated by the

development of biotite and muscovite and by a slightly greater suturing
of the quartz grains.

The following list of minerals shows the range

of mineral composition in the Troy in Alder Canyon:
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60-95$

Quartz

Mi crocline

0-15#

Muscovite

3-30$

Hematite

0-3$

Biotite

0-15$

Sphene

0-2$

Magnetite

0-10$

Tourmaline

0-trace

The quartz is very similar to the quartz north of the Control Road,
except that it is slightly more sutured and strained.

The muscovite

and biotite, however, are oriented, and the muscovite is more abundant
and forms larger crystals than the biotite.
At Marble Peak the Troy outcrops conspicuously where it has been
affected by a higher grade of metamorphism than in Alder Canyon (PI. 15,
figs. 1 and 2).

This is suggested by a greater suturing of the quartz

grains, a stronger orientation of muscovite and biotite, and a larger
development of the muscovite grains.

The following variations in miner

als occur in the Troy at Marble Peak:
Quartz

75-95#

Magnetite

0-4#

Muscovite

0-15#

Tourmaline

0-2#

Biotite

4-5#

Sphene

trace

A conspicuous quartzite striking nearly N-S and dipping 30 to 60
degrees to the east outcrops near the Ski Lodge on the Ski Road west
of Summerhaven.

This quartzite is underlain by an actinolitic horn

blende-quartz schist containing approximately
is underlain by a hornblende-quartz schist.

60 per cent quartz, which
It is the writer’s opinion

that the hornblende schists represent a metamorphosed calcareous sand
stone or a metamorphosed igneous rock of intermediate composition.

If

the hornblende schist represents a calcareous sandstone it could be the

2k
Mescal limestone which underlies the Troy in other localities in the
area.

If, on the other hand, the hornblende schists represent a meta-

igneous rock they could have developed from the diabase in the upper
part of the Dripping Spring which underlies the Troy.

Thus, it seems

very likely that this massive white to grey quartzite is the metamor
phosed Troy.

This is further supported by the presence of what seems

to be metamorphosed equivalents of the Santa Catalina formation overly
ing the white quartzite.

The white meta-quartzite has the following

mineral ranges:
Quartz

85-90$

Diopside

0-15$

Biotite

0-10$

Magnetite

0-5$

Muscovite

0-5$

Garnet

trace

The quartz grains are strongly sutured and strained and range up to
2 mm. in size (PI, 15, figs. 3 and 4).

The presence of diopside may

be due to a calcium metasomatism from the Leatherwood quartz diorite
intrusion, or it may reflect a high grade synkinematic metamorphism.
Metamorphosed Troy quartzite outcrops east of Kellogg and Bigelow
mountains.

Here the Troy seems to have been affected by about the same

degree of metamorphism as at the Ski Road with perhaps more associated
deformation.

The following mineral variations occur in the Troy in this

locality:
Quartz

90-95$

Biotite

trace

Muscovite

4-5$

Sphene

trace

The quartz is highly stretched, much more so than at the Ski Road section.
Many, of: the highly sutured grains are 10 ran. long and 1 to 2 mm. wide..
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Santa Catalina formation
Stoyanow (1936, p. 476) named the Santa Catalina formation for its
exposures in Peppersauce Canyon on the northeastern flanks of the Santa
Catalina Mountains. He described it as 415 feet of alternating thinbedded quartzites, sandstones and micaceous shales.
The area of this study is about five miles south of Peppersauce Can
yon, and there are good exposures of the Santa Catalina formation north
of the lower part of the Control Road which are very slightly metamor
phosed.

Metamorphosed equivalents of higher grade are found in the meta

morphosed sequence at Marble Peak, on the eastern flanks below Bigelow
Mountain, in the Ski Road section, and in the Alder Canyon area.
The Santa Catalina is a conspicuous formation as it is underlain
conformably by the resistant Troy quartzite and is conformably overlain
by the resistant Southern Belle.

As the Santa Catalina is easily eroded,

it forms a saddle between these two formations.
The Santa Catalina formation is approximately 300 feet thick and
varies from a mudstone at the base to calcareous mudstones in the middle
and finally to sandstones near the top of the formation.

The fresh sur

faces of the units vary from greenish grey to dark red, and the weathered
surfaces are generally dark grey.

The lower units in the Santa Catalina

are thin-bedded, and the sandstones in the upper part of the formation
have small-scale cross-stratification.

The sandstones in the upper part

of the formation have a pitted appearance when weathered.
Approximately
posed of quartz.

60 per cent of the Santa Catalina formation is com

The quartz grains make up from 40 to 95 per cent of
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the formation and range in diameter from .05 mm. to .1 mm. (PI. 16, figs.
1, 2, and 3)•

The sandstones in the upper part of the formation, how

ever, contain quartz grains which are about .4 mm. in diameter (PI. l6,
fig. 4).

Detrital muscovite, oriented parallel to the bedding, occurs

in all of the specimens observed microscopically and makes up
per cent of the rock.

2 to 20

Scattered grains of plagioclase are present in

all specimens and range up to 5 per cent.

The matrix is difficult to

determine, but it seems to be made up largely of clay, sericite, and
chlorite with some opaque minerals.

One specimen near the middle of the

formation contained approximately 40 per cent dolomite in the matrix,
whereas the other specimens had only minor amounts of dolomite or calcite.
Higher grade metamorphic equivalents of the Santa Catalina forma
tion do not vary greatly megascopically from the slightly metamorphosed
equivalents.
nent banding.

They retain a very fine texture, but develop a more promi
Tremolite and epidote are the most common metamorphic

minerals besides quartz and can be seen megascopically as faint green
bands.
Tremolite is conspicuous in the meta-Santa Catalina in Alder Canyon,
varying from 0 to 50 per cent.

The quartz content varies from 40 to 50

per cent and magnetite makes up about
rock.

10 per cent of the metamorphosed

The tremolite occurs as clusters in a rock composed mostly of

quartz, as if the area of each cluster was once represented by a dolomite
cement.

The quartz grains in this slightly metamorphosed Santa Catalina

are about the same size as in the slightly metamorphosed unit.
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The mineral assemblage in the meta-Santa Catalina becomes more com
ple x in the outcrops at Marble Peak.

The following mineral variations

occur:
Quartz

40-50$

Tremolite

0-45$

Muscovite

o-4o$

Clinozoisite

0-5$

Diopside

0-5$

This assemblage suggests a higher grade of metamorphism than in
Alder Canyon.

Megascopically these metamorphosed rocks have green,

white, and brown bands, which can also be seen microscopically.

It

seems likely that these bands represent original bedding.
Above the meta-Troy quartzite in the Ski Road section a series of
metamorphosed sediments are exposed which more than likely are the meta
morphosed Santa Catalina.

Epidote and tremolite are important minerals

and staurelite occurs in this sequence as shown below:

Quartz

0-75$

Epidote

0-5$

Tremolite

0-75$

Sphene

trace

Muscovite

0-20$

Idocrase (?)

trace

Staurolite

0-15$

Calcite

trace

Biotite

0-10$

A staurolite-biotite-muscovite-quartz schist represents a high medium
grade synkinematic metamorphism of an iron and aluminum rich sandstone.
Certainly some of the units in the Santa Catalina which do not contain
carbonate would give this assemblage.

The staurolite exhibits a slight

impression of being rolled, indicating that it was forming during the
synkinematic metamorphism in the area.
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Southern Belle quartzite

The Southern Belle quartzite, named by Stoyanow (1936, p. 476) for
its exposures in Peppersauce Canyon in the Santa Catalina Mountains, is
a conspicuous unit above the Santa Catalina formation.

Stoyanow

.

described the Southern Belle as 26 feet of massive white quartzite under
lying the Abrigo formation and overlying the Santa Catalina formation.
The Southern Belle quartzite crops out in the sequence of very
slightly metamorphosed sediments north of the lower part of the Control
Road.

Higher grade metamorphosed equivalents of the Southern Belle occur

in many parts of the area where the metamorphosed sedimentary section is
present.

It is exposed at Marble Peak, in Alder Canyon, and on the

eastern slopes of the Santa Catalina Mountains.
The Southern Belle conformably overlies the Santa Catalina formation
and is apparently gradational from it.

Figure 4 of Plate l 6 shows the

medium-grained texture of the uppermost unit of the Santa Catalina for
mation, and Figure 1 of Plate 18 shows the similar texture of the South
ern Belle quartzite.

The contact of the Southern Belle with the Abrigo

formation is fairly sharp, as the Southern Belle forms resistant white
ridges that make it a distinct unit between the Santa Catalina formation
and the Abrigo limestone.

Where measured in this study the Southern

Belle is approximately 30 feet thick.
The Southern Belle is composed entirely of quartz grains and scat
tered euhedral opaque minerals.

The original detrital texture of the

Southern Belle has been slightly destroyed by the interlocking quartz
grains which are slightly sutured and strained.
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The only higher grade metamorphosed sample of the Southern Belle
studied microscopically varied little in appearance from the slightly
metamorphosed Southern Belle (PI. 18).

Microscopically the textures

differ, in that the more metamorphosed sample contains scattered crys
tals of tremolite, and the quartz grains are more highly sutured.

Upper Cambrian
Abrigo limestone
The Abrigo limestone was named by Ransome (1904, p. 30) for its
exposures in Abrigo Canyon three miles southwest of Bisbee, Arizona.
At the type locality the Abrigo is composed of 770 feet of chert, lime
stone and sandstone, which give the Abrigo a prominent laminated struc
ture.
The slightly metamorphosed and more highly metamorphosed Abrigo can
be distinguished from the Santa Catalina and Southern Belle formations,
but cannot be easily distinguished from the overlying Devonian Martin
limestone.

Although the upper contact with the Martin was not definitely

located, approximately 325 feet of the Abrigo was measured in the
slightly metamorphosed sedimentary section north of the Control Road.
At about 350 feet above the base of the Abrigo, a Spirifer type brachiopod was observed, indicating that the Abrigo is not more than 350 feet
thick.

The contact of the Abrigo with the Devonian Martin appears to be

conformable, but the absence of Ordovician and Silurian sediments indi
cate a disconformity between the two formations.
The Abrigo is a brown limestone containing scattered sand grains
and interbedded sandstones (PI. 19).

Its exposures are characterized
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by conspicuous resistant brown laminated beds of quartz sand, some of
which exhibit small scale cross-stratification.
A microscopic study indicates that the Abrigo is composed of calcite, dolomite, and scattered subangular to subrounded quartz grains
which are usually

.1 to .2 mm. in diameter, although at least one sandy

layer contains quartz grains ranging up to .5 mm.

Scattered grains of

muscovite and plagioclase are also present in the formation.

Table 1

shows the percentage of carbonate, mostly dolomite, in the samples of
Abrigo, as determined by the use of an integrating stage.
Table 1
Carbonate Percentages in Abrigo Limestone
i Above Base of Formation

5 feet

Per Cent Carbonate
95%

35

80

50

70

75

60

132

95

135

30

l6o

30

190 (One foot quartzite layer)

5

220 (Thin quartzite layer)

5

225 (Thin quartzite layer)

5

315 (Martin?)

95

325 (Martin?)

90

350 (Martin)

99
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It can "be seen that the detrital quartz content increases upward in the
formation, indicating a. changing depositional environment.

This chang

ing environment may have been a receding sea, prior to the hiatus repre
sented by Ordovician and Silurian time.
The metamorphosed Abrigo crops out at Marble Peak and in the Alder
Canyon section.

The metamorphosed Abrigo in the Alder Canyon section

is a white fine-crystalline marble composed of calcite, dolomite, tremolite and scattered quartz with beds of quartzite containing quartz and
tremolite (PI. 20, figs. 2 and 3)•

Some of the meta-Abrigo units are

very fine-banded hornfels and resemble the metamorphosed Santa Catalina.
The following shows the variations in the mineral content in the metaAbrigo at Alder Canyon:
Calcite

0-99#

Clinozoisite

0-5#

Quartz

0-90#

Dolomite

0-5#

Tremolite

0-20#

Most of the calcite crystals vary from .1 to 1 mm. in the meta-Abrigo.
A marble from the upper part of the Abrigo is slightly schistose and
contains equigranular calcite crystals with the twin lamellae slightly
oriented.

The tremolite in the marble is often euhedral and occurs in

single crystals, and in the quartzite, it frequently occurs in radiating
clusters.
The metamorphosed Abrigo at Marble Peak is similar to the Abrigo
in Alder Canyon.

It is a fine-crystalline white marble (PI. 20, fig. l)

weathering to a dark grey with interbedded brown quartzites.
variations are quite similar to those in Alder Canyon.

The mineral
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Upper Devonian
Martin limestone
The Martin limestone was named by Ransome (1904, p. 33) for its
exposures on Mount Martin near Bisbee, Arizona.

Ransome described the

Martin as 3^0 feet of dark grey fossiliferous limestone and calcareous
shales.

Stoyanow (1936, p. 489) named the upper part of the Martin in

Peppersauce Canyon the Lower Ouray formation and called the lower part
the Martin formation.

In.this report, however, the term Martin lime

stone applies to all of the Devonian sediments.
The slightly metamorphosed Martin crops out in the extreme north
eastern corner of the area where it overlies the Abrigo formation.
About 100 feet of Devonian limestone is overlain by a sandstone which
is apparently the Lower Ouray formation of Stoyanow.

The remainder of

the Devonian and later sediments are covered by Cenezoic gravels in this
part of the area.

The limestone contains almost 100 per cent fine-crys

talline carbonate which is apparently dolomite (PI. 21, fig. l ) .
Two prominent exposures of the metamorphosed Martin and later
Paleozoics were studied.

Marble Peak has a thick section of metamor

phosed Paleozoic limestones, which were not differentiated during this
study, and another exposure of the metamorphosed Paleozoic limestones
occurs south of the Control Road crossing Alder Canyon.

This sequence

of sediments forms an east-west trending syncline with Marble Peak repre
senting the western extent of the syncline and Alder Canyon sediments
representing the southern flank.

These sediments have been intruded by
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the Leatherwood quartz diorite resulting in contact metamorphism of the
sediments adjacent to the intrusion.
The metamorphosed section of Martin limestone in Aider Canyon was
measured as

185 feet, but it is not certain that the measurement began

at the base of the Martin, for it is difficult to recognize the break
between the Cambrian and Devonian sediments in the metamorphosed section.
The beds in the lower 135 feet of the meta-Martin are dolomitic marbles
about four feet thick, and some of the beds contain small resistant lam
inae which are apparently fine sand or chert layers.

Most of the dolo

mitic marble weathers brown, but it is white to grey on a fresh surface.
The upper 55 feet of sandstone, considered to be in the Martin, contains
many green bands, suggesting the presence of carbonate in the original
sediment.
The lower part of the Martin is composed essentially of dolomite
crystals, which range up to 1.5 mn. in size, and tremolite (PI. 21, fig.
3).

The sandstone in the upper 55 feet of the formation is composed

mostly of quartz with

15 per cent epidote, plagioclase and hornblende.
Lower Mississippian

Escabrosa limestone
The Escabrosa limestone, named by Ransome (1904, p. 42), is a thickbedded white to dark grey granular limestone at its type locality on / .. Escabrosa Ridge near Bisbee, Arizona.
as approximately

Ransome measured the thickness

800 feet.

The Escabrosa does not crop out in the slightly metamorphosed
sequence of sediments north of the Control Road.

The Escabrosa does crop
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out, however, in both the Alder Canyon section and at Marble Peak,
although the marbles at Marble Peak were not differentiated.

The meta

morphosed Escabrosa limestone was measured above the metamorphosed Mar
tin in Alder Canyon.

The contact with the Martin appeared to be con

formable, and the upper contact with the Pennsylvanian Horquilla forma
tion also appeared conformable.

The Escabrosa is 590 feet thick; the

upper contact with the Horquilla formation was taken where thin-bedded
limestones of six to twelve inches thick became dominant.
The metamorphosed Escabrosa varies from a greyish blue fine-crys
talline marble in the lower part to a coarse-crystalline white marble
in the upper part.

The thick-bedded nature of the Escabrosa has not

been destroyed by metamorphism.

In the upper part of the formation the

marble becomes friable and cherty layers are prominent.
A microscopic study indicates that the meta-Escabrosa is composed
of approximately

99 per cent calcite and dolomite and 1 per cent quartz

(PI. 22, figs. 1 and 2).

A unit (PI. 22, fig. 3) near the upper part

of the formation contains well-oriented muscovite flakes making up
to

10

20 per cent of the rock, and three feet above this unit is a marble

containing approximately 5 per cent tremolite.
in the marble range from about
ing from .5 to 1 mm.

The calcite crystals

.1 mm. to over 1 mm., the majority rang

The metamorphosed mineral assemblage clearly indi

cates that the original sediments in the Escabrosa. were essentially lime
stones.

Muscovite in the upper part of the formation suggests the pres

ence of clay in the original sediment.
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Pennsylvanian
Horquilla formation
Gilluly, Cooper and Williams (1954, p. 16) named the Horquilla for
mation.

These writers raised the term Naco to group rank and gave the

name Horquilla formation to part of the sedimentary units previously
termed the Naco formation.

Bryant (1955, pi. 3) describes the Horquilla

formation as limestone that contains some dolomitic units and thin-interbedded shales toward the top of the formation.
The Horquilla formation is well exposed on the north side of Alder
Canyon south of the Geesman fault and apparently outcrops in the undif
ferentiated marble sequence at Marble Peak.

The Horquilla appears to

conformably overlie the Escabrosa limestone and is also conformable and
gradational with the Andrada formation.

The lower contact was taken

where the thick beds of the metamorphosed Escabrosa change to thinner
beds, and the upper contact where interbedded limestones and fine-grained
sandstones give way to siltstones and fine-grained sandstones.
The Horquilla formation, composed of marbles and meta-quartzites,
is about 1,000 feet thick in this area.

The original sediments were

fairly pure limestones in the lower part of the formation and limestones
with interbedded fine-grained sandstones and siltstones in the upper part
of the formation.
in the section.

The sandstones become thicker and more numerous higher
Cherty beds and nodules are scattered through much of

the Horquilla formation but seem to be most abundant in the middle of
the formation.
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The metamorphosed limestones in the Horquilla are medium-crystalline
and usually white with pinkish and grey tints.

The interhedded shaly

units described b y Bryant (1955, pi. 3) are apparently represented b y
metamorphosed siltstones and fine-grained sandstones in the upper part
of the formation.

Most of the marbles are composed almost entirely of calcite (PI. 23,
fig. 2), but some units have minor amounts of tremolite and epidote, and
a unit near the base contains conspicuous muscovite flakes.

The presence

of tremolite and epidote toward the top of the formation.suggests that
this part of the formation was more siliceous and more dolomitic.
sandy units in the upper part of the formation contain up to
cent quartz and.minor amounts of epidote (PI. 23, fig. l).

The

98 per
The quartz

ites generally contain more than 2 per cent epidote and some calcite,
and in many of the quartzites the quartz grains are less than .2 mm. in
diameter.

In fact, some textures are so fine that accurate determina

tion of the minerals present is difficult.

The quartzitic units in the

upper part of the Horquilla formation, therefore, represent metamorphosed
calcareous siltstones, claystones and fine-grained sandstones.

Pennsylvanian-Permian
Andrada formation
Wilson (1951, p. 50) gave the name Andrada formation to the 300 to
1500 feet of shale, marl, limestone and gypsum exposed in the Empire
Mountains, Arizona.
Approximately 200 feet of the lower part of the Andrada formation
are exposed in the metamorphosed sedimentary section on the lower flanks
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of the Santa Catalina Mountains near Alder Canyon.
ently removed the upper part of the formation.

Erosion has appar

The Andrada is grada

tional with the Pennsylvanian Horquilla formation, and the contact for
this study was taken where the siltstones and sandstones predominate.
Bryant (1955* pi. 3) has placed the Pennsylvanian-Pemian boundary in
the lower part of the Andrada.

Sediments of Permian age, therefore,

may be present in the 200 feet of Andrada in the Santa Catalina Moun
tains.
Marble Peak is capped by a white meta-quartzite that may be equiva
lent to the metamorphosed sandstones located in the upper part of the
Horquilla or those found in the 200 feet of Andrada.

The quartzite at

the top of Marble Peak is about 100 feet thick and is underlain by a
thick sequence of marbles.
The 200 feet.of Andrada observed in Alder Canyon is composed mostly
of metamorphosed siltstones, very fine-grained sandstones, and some
interbedded limestones.

The meta-quartzites are thin-bedded and weather

to light brown with local green bands.

Some of the interbedded limestones

also contain green bands indicating the impurity of the original lime
stone.

Microscopically the meta-quartzites of the Andrada formation do

not differ from the interbedded meta-quartzites in the upper part of the
Horquilla formation.
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IGNEOUS ROCKS AND THEIR METAMORPHIC EQUIVALENTS

Precambrian Granite
A Precambrian granite crops out prominently in .two localities.

The

northern part of the area is made up of the slightly metamorphosed Pre
cambrian granite which is overlain depositionally by the late Precambrian Apache group to the east and northeast and is bounded on the south
by the east-west trending Geesman fault.

The other prominent exposures

of the Precambrian granite are west of the crest of the Santa Catalina
Mountains where they have been metamorphosed to a gneissic granite and
are overlain by a metamorphosed section of the Apache group.
Two Precambrian granitic units have been named in the northern part
of the Santa Catalina Mountains.

In 1914, Tolman (undated) named the

Precambrian granite in the vicinity of Oracle the Oracle granite, and
Wallace (1954, p.

6-l6) named another granite on Samaniego Ridge the
/

Samaniego granite.

Wallace observed that the Oracle granite resembles

the Samaniego granite in the field except that the Samaniego is coarser
grained, lighter in color, and less weathered.

He also noted that the

Samaniego contains a more calcic plagioclase than does the Oracle and
contains hornblende whereas the mafic mineral in the Oracle is biotite.
For the purposes of this paper it does not seem desirable to give a
name to the Precambrian granite in the thesis area, although it is
probably closely related to one or both of the units mentioned above.
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This Precambriah granite is the oldest formation observed in the
area except for two exposures thought to be Pinal schist.

It crops out

over approximately five square miles in the northern part of the area
•where it has been affected by low grade metamorphism.
The granite is greyish brown and weathers to a dark or reddish
brown.

The less stable minerals have been altered by the low grade meta

morphism, and, as a result, quartz is the most prominent mineral observed
in the field.

The quartz grains are 5 to 10 mm. across, and the feld

spars.range up to

10 mm. across.

It is difficult to determine microscopically the exact percentages
of the original minerals in the granite, but it appears that the rock
varies from a granite to a quartz monzonite, even though the feldspars
have been altered to clay, sericite, muscovite, and epidote.

The miner

als present in the altered granite are quartz, oligoclase, orthoclase,
sericite, muscovite, clay, magnetite, chlorite, epidote, and biotite.
Quartz makes up 25 to 40 per cent of the rock, and the remainder is com
posed mostly of sericite, clay, and remnants of the feldspars and the
mafic minerals.

Some of the oligoclase has altered to sericite, and

epidote porphyroblasts are present as inclusions in the altered oligo
clase (PI. 24, fig. l).
and chlorite.

The biotite is frequently altered to sericite

Some of the relict grains appear to be highly altered

hornblende (PI. 24, fig. 3) as suggested by epidote inclusions in chlo
rite formed from the altered mafic mineral, the calcium for the epidote
being derived from the breakdown of the hornblende.
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The alteration of the granite in the northern part of the area
could have occurred by hydrothermal alteration, or it could be due to
low grade metamorphjsra.

It seems most probable to explain the altera

tion of the granite as a low grade facies of the regional metamorphism
centered along the crest of the Santa Catalina Mountains.
The gneissic granite west of the crest of the Santa Catalinas
appears to be the same unit as the Precambrian granite.

The main rea

son for this conclusion is the occurrence of the Apache group above the
gneissic granite.

Further evidence for correlating this gneissic gran

ite with the Precambrian granite to the northeast is the composition and
appearance of the gneissic granite.

The megascopic-appearance of the

gneissic granite is very similar to specimens collected from the Oracle
granite in the vicinity of Oracle.
The gneissic granite, with many outcrops on the highway from Tuc
son to Summerhaven, is exposed over approximately four square miles in
the southwest part of the area.

This unit varies from a structureless

or gneissic granite to quartz monzonite, but most commonly it is a
gneissic granite.
This gneissic granite appears white on both fresh and weathered
surfaces, and small flakes of biotite give it a greyish tint.

The miner

als that can be observed megascopically are quartz, orthoclase, plagioclase, garnet, biotite, and muscovite.

The grains are generally eq.ui-

granular, but some of the feldspar grains are larger and some biotite,
muscovite, and quartz grains greatly elongated.
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Linear and planar structures (PI. l), locally well developed in the
gneissic granite, appear to represent two periods of deformation.

The

foliation, which developed first, generally trends east-west and dips
to the north (Fig. 3A).

It seems that after the first set of planar

structures were developed, another structure (Fig. 3B) developed which
partially obscures the earlier planar structure.

This last structure

developed by a cataclastic action which produced a marked lineation and
locally formed planar structures.
northeast and plunging

The lineation, generally striking

5 to 20 degrees in that direction, is exhibited

by stretched muscovite, biotite, and quartz.
It is suggested that the Precambrian granite recrystallized during
synkinematic metamorphism and was then sheared when deformation out
lasted recrystallization.

These two stages would account for the first

planar structures mentioned above and the subsequent shearing which
developed local lineation and partly obliterated the first stage.
The gneissic granite has a crystalloblastic texture (PI. 25, fig.

1 and 2); however, much of the gneissic granite has a cataclastic tex
ture superimposed upon the crystalloblastic texture.

This is shown in

Plate 25, Figure 3 where the feldspars have been broken.

The effects

of the cataclastic action are shown by the broken feldspars, bent mus
covite and biotite, and by highly stretched quartz.
A microscopic study indicated that the following minerals are pres
ent in the gneissic granite:- quartz, orthoclase, oligoclase, muscovite,
biotite, microcline, magnetite and garnet.

Table 2 gives the percentages

Intermediate
stage
3A

Finalstage

DEVELOPMENT OF FOLIATION
LI NEAT 10 N

IN

GNEISSIC

F IG UR E 3

AND
GRANITE
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of these minerals.

This list represents a sequence of samples from the

southern to the northern part of the exposures.
.Table

2

Mineral Percentages in Gneissic Granite
scimen

Qtz.

Ortho.

Oligo .

Mus.

Bio.

Micr.

1

45$

29$

18$

3$

2$

-

2

42

31

22

2

2

Tr.

3

38

37

12

4

1

4

43

4l

8

2

1

4

5

46

32

14

3

2

-

6

46

33

14

5

1

Tr.

7

40

43

7

4

1

8

34

34

20

11

9

33

35

25

10

38

42

11

44

12

Magnetite

Garnet

Tr.

Tr.

11

II

II

.
It

II

It

11

II

2

II

II

-

-

II

II

6

-

-

II

II

10

1

-

II

II

7

34

6

5

4

4

II

II

50

29

9

1

8

-

II

II

13

43

4o

7

4

5

-

II

II

14

43

4l

2

1

7

3

II

The mineral grains range from about 2 to 8 mm. across and are gen<
erally anhedral and sutured.

M a n y of the quartz grains are stretched,

strained, and sutured, and in places appear to bend around some of the
porphyrohlasts.

Some of the quartz shows evidence of recrystallization

after shearing.

The feldspars are generally porphyroclasts, having .

been broken b y cataclastic a c t i o n . . Inclusions of quartz, muscovite and
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sericite are common in the feldspars suggesting the metamorphic growth
of the feldspars.

Some of the oligoclase is zoned, some has been altered

to clay minerals, and scattered grains have wavy extinction.

Muscovite

and biotite, rarely altering to chlorite, are generally subhedral to
anhedral and are very commonly tent by the cataclastic action.
these minerals are oriented and develop a gneissic texture.

Locally

Some garnets

are crushed, showing the effects of the cataclastic action.
A few miles north of the present area of study Wallace (1954, p. 9)

studied the contact of the Oracle granite with the Pinal schist and con
cluded:

"the Oracle granite was somehow made from the Pinal schist."

The Precambrian granite in the thesis area, however, appears to be an
igneous rock which has been slightly metamorphosed in the northeastern
part of the area and highly metamorphosed in the southwestern part of
the area.

Petrographic studies of the slightly metamorphosed granite

show a relict hypidiomorphic granular texture, suggesting the original
igneous nature of the granite.

Post-Paleozoic Leatherwood Quartz Diorite
Bromfield (1952, p. 49 and fig.

12) uses the term Leatherwood

Quartz Diorite for a stock-like body of gneissic to massive quartz dio
rite that is exposed over several square miles in the Santa Catalina
Mountains.

Moore and Tolman (unpublished) use the term Quartz Diorite

to describe the same rock unit.

Moore and Tolman describe the unit as

an irregular stock of quartz diorite which is somewhat porphyritic and
locally schistose.

kb
The term leatherwood quartz diorite, as used in this study, is
■•

applied to the same rock units as those mentioned above.

The Leather-

wood crops out over an area of approximately five square miles as a con
tinuous unit from very near the eastern edge of the mapped area to near
the summit of the Santa Catalina Mountains.

Approximately one mile

west of Mt. Lemmon there is an isolated outcrop of gneissic quartz diorite.

The highway leading to Summerhaven from Tucson passes through

over one mile of exposures of the Leatherwood.
The Leatherwood quartz diorite intrudes late Paleozoic limestones
and is, therefore,considered by this writer to be of post-Paleozoic age.
Bromfield (1952, p. 49) states that the Leatherwood quartz diorite
intrudes Cretaceous rocks elsewhere, but as the writer has not observed
this igneous body intruding any formation later than late Paleozoic
limestones, it seems best in this report to date the Leatherwood only
as post-Paleozoic.
The Leatherwood quartz diorite is probably best described as a
stock-like body, even though it has certain aspects of a sill.

Its

upper contact is nearly horizontal but discordant where it has intruded
the Precambrian and Paleozoic sediments.

The lower contact of the

Leatherwood has been observed only at the eastern edge of the area where
the formation thins out along a bedding plane in the lower part of the
Andrada formation.

At least

1,000 feet of the quartz diorite is exposed

in Geesman Canyon where erosion is deepest into the Leatherwood.
Contact metamorphism has taken place along the contact of the
Leatherwood and the formations into which it intrudes.

In the Paleozoic

limestones and other sediments the metamorphism has resulted in a few
feet of lime-silicate rocks which have a granoblastic texture and are
composed of garnet, quartz, epidote, diopside, and calcite.

This con

tact metamorphism is more fully developed in impure limestones than
pure limestones.

At Marble Peak the intrusion of the Leatherwood has

apparently formed a contact type of ore deposit.
The structure of the Leatherwood varies from massive to gneissic
to schistose.

The planar structures in the Leatherwood generally trend

east-west and dip to the north as do the inclusions in the Leatherwood.
The inclusions are darker than the quartz diorite and are generally about
two to four inches long, but mineralogically do not seem to differ from
the main mass of quartz diorite.
The Leatherwood is cut by pegmatite dikes ranging from a fraction
of an inch up to 50 feet wide.
foot thick.

Most of these pegmatites are about one

They usually follow a north-south fracture system in the

Leatherwood, but other trends are also present.

Some of the fractures

in the Leatherwood are coated with epidote.
The Leatherwood varies from a massive quartz diorite to a gneissic
quartz diorite and locally to a biotite schist.

It has a greyish-black

appearance on both the weathered and fresh surfaces.

The minerals read

ily observed in the field are biotite, quartz, feldspar, and epidote.
The minerals commonly found in the Leatherwood are biotite, oligoclase, quartz, and epidote.

Many specimens also contain apatite, sphene,

hornblende, muscovite, and chlorite.

The following table gives the per

centages of the minerals in the thin sections studied.
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Table 3
Mineral Percentages in the Leathervood Quartz Diorite
Sample

Olig.

Qtz.

Bio.

Dpi.

1

55$

10$

Tr.

5$

2$

Tr.

-

-

2

20

5$

-

Tr.

-

-

-

3
4

53
45
66

25$
20
25

5

-

-

3$

-

Tr.

5

3

-

-

~

-

5
6

55
40

15
10
20

5
10

2

Tr.

Tr.

-

-

-

-

Tr.

2#

-

7

15

10

-

-

Tr.

-

-

8

45
40

23
10

4

-

Tr.

-

10

15

?

-

15

5
2

-

5

9
10
11
12

50
6o
4o

15
15
25
50
25
30
20
15
32

20

15
10

Horn.

Sphene

Apat.

Muse.

Chl.

10

Tr.

Tr.

4

Tr.

-

-

5

2#

2

-

-

5

-

10

-

Tr.

-

-

Oligoclase occurs as anhedral to subhedral porphyroblasts which
measure up to

3 or 4 mm. across and contain abundant inclusions of epi-

dote porphyroblasts (PI. 27, fig. 4).

It seems evident that the epidote

has formed as a met amorphic product of an originally more basic plagioclase, the present plagioclase being in the oligoclase range.

The origi

nal plagioclase was probably high calcium oligoclase or perhaps andesine
upon crystalizing from a magma; subsequent metamorphism releasing calcium
to form the abundant inclusions of epidote in the oligoclase.

Some of

the oligoclase has a distinct zoning (PI. 27, fig. 2) that is sometimes
expressed by a concentration of epidote porphyroblast along the outer

4?
rim of the crystal.
oligoclase.

Carlsbad and albite twinning are common in the

Some of the subhedral oligoclase crystals impart a hypidio-

morphic texture to the rock, suggesting that some of the igneous textures
have not been destroyed by the metamorphism.
Epidote is usually present in amounts ranging from 5 to 10 per cent;
however, in the westernmost outcrop west of,Mt. Lemmon only a trace of
epidote was observed.

The epidote is often euhedral forming crystals up

to 1 mm. in diameter but usually less than .5 mm. in diameter.

As men

tioned above, the epidote in the plagioclase is the result of the meta
morphism of a more basic plagioclase than is now present; the calcium
removed from the plagioclase having formed the epidote.

Some of the epi

dote porphyroblasts might be the result of hornblende altering to biotite
with a resulting excess of calcium forming epidote.
Biotite is a very common mineral in every sample observed, making
up 10 to 20 per cent of the rock.

The biotite flakes are normally

oriented, giving a gneissic appearance to the rock.

It is the oriented

biotite flakes that enable the mapping of planar structures in the Leatherwood in the field.

The biotite is normally subhedral and very seldom

bent, indicating that this unit has not been affected by a cataclastic
action after the synkinematic metamorphism.

The biotite in the Leather-

wood from the eastern outcrops is partially altered to chlorite, and seme
grains have sagenite webs.

It is suggested that the biotite in the Leath

erwood is an original igneous mineral that has been recrystallized and
oriented by synkinematic metamorphism.
In the easternmost part of the area some samples show abundant horn
blende which appears to have been an original igneous mafic mineral.
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Some of these hornblende crystals are subhedral to euhedral.
Quartz is always present and occurs as small anhedral crystals
which make up from 15 to 30 per cent of the rock.
ple, however, the percentage of quartz is about
oclase only 10 per cent.

In one schistose sam

50 per cent and the olig-

The high percentage of quartz suggests the

possibility of this schistose rock being a large inclusion of a sediment.
The quartz, however, may also indicate silica metasomatism.
The only samples containing muscovite and sericite were found near
the contact with the sediments in the vicinity of Marble Peak.

In these

specimens some of the feldspar is altered to sericite and muscovite.

The

muscovite appears to have formed about the same time that the other metamorphic minerals were formed.
Microscopic evidence suggests that the Leatherwood has undergone a
period of metamorphism during or since its emplacement into the late
Paleozoic sediments.

This metamorphism appears to be the same that

affected the Precambrian granite and the Late Precambrian and Paleozoic
sediments.

The cataclastic effects, however, that are superimposed upon

the regional metamorphism of the gneissic granite are not seen in the
Leatherwood.

This suggests to the writer the possibility that the Leath

erwood was still partially mobile when the cataclastic action was taking
place.
The following factors further suggest to the writer that the Leath
erwood intruded during the period of synkinematic metamorphism along the
crest of the Santa Catalinas:

1+9
X.

East-west alignment of inclusions in the Leatherwood, this
alignment "being parallel to the planar structures exhibited by
the biotite and also parallel to planar structures in the gneissic granite;

2.

Subhedral shape of many albite crystals, suggesting that some
of the original igneous crystals were not deformed by the meta
morphism;

3.

»

Crystalloblastic textures and epidote porphyroblasts indicate
that the Leatherwood has been metamorphosed.

Post-Paleozoic(?) Quartz Latite
A slightly metamorphosed hypabyssal rock ranging in composition from
rhyolite to quartz latite, but predominantly quartz latite, crops out
over approximately two square miles in the northeastern part of the area.
The quartz latite occurs as sills in the Pioneer shale, but it has also
intruded the PreCambrian granite and the Dripping Spring quartzite.
This unit has been mapped as an andesite by B. N. Moore (unpublished)
and seems to be the same unit which Wallace (1954, pi. l) mapped as a
Tertiary(?) meta-diorite.
to determine.

The age of the hypabyssal rock is difficult

Moore states that the andesites are extensions of larger

intrusions that cut Cretaceous sediments to the north.

Moore suggests

that the age of this unit is Cretaceous or Tertiary; and, as noted above,
Wallace suggests that the age is Tertiary.

The writer did not observe

this unit intruding any rocks younger than Precambrian.

The unit is

slightly metamorphosed and therefore must have intruded prior to, or
during, the regional metamorphism.
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Locally where the quartz latite is in contact with the Pioneer shale
a "baked zone occurs which gives the Pioneer shale a dark red color.

The

rock varies from a greyish brown to a greyish green on both fresh and
weathered surfaces.

Many of the samples have been altered to such an

extent that the rock appears aphanitic.

Some of the greyish-green sam

ples have been less altered, however, and distinct phenocrysts of feld
spar and quartz are seen in an aphanitic groundmass.
The quartz latite has a distinct porphyritic texture under a micro
scope in both the highly altered and in the slightly altered samples.
The aphanitic groundmass constitutes about $0 per cent of the rock with
the remainder composed of quartz, orthoclase, plagioclase, sericite-, chlo
rite, and a mafic mineral, altered to chlorite, tremolite, and epidote.
The quartz makes up about ten per cent, and orthoclase and plagioclase
make up most of the remainder of the phenocrysts.

The feldspars have

generally been altered to such an extent that it is difficult to deter
mine which type of feldspar is most abundant.

In the less altered speci

mens, however, the orthoclase content is about the same as that of the
plagioclase, indicating that the rock is a quartz latite.

Because of

the uncertainty of exact determination of the feldspars due to the mask
ing of the feldspars in many of the specimens, the unit probably ranges
’
from a rhyolite to a quartz latite. In no specimens is the plagioclase
abundant enough to make the rock dacite.
Most of the quartz grains have a.rounded and engulfed appearance
apparently caused by resorption (PI. 28, fig. 1 and 3), and most of the
feldspars are euhedral to subhedral.

In most specimens the aphanitic
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groundmass has been altered to a mass of oriented sericite indicating
that the unit has been affected by slight synkinematic metamorphism.
The feldspars have been highly altered resulting in a maze of sericite
and clay.
The fairly uniform alteration throughout the quartz latite and in
adjacent rock units suggests that the metamorphism is a very low grade
facies of the medium grade synkinematic metamorphism along the crest of
the Santa Catalina Mountains.
A possible equivalent of the quartz latite is exposed in the medium
grade metamorphic zone located along the crest of the Santa Catalina
Mountains.

The outcrop is found near the top of the metamorphosed Pio

neer shale in the vicinity of Kellogg and Bigelow Mountains.

This

unit is a biotite schist containing biotite, epidote, quartz, and oligoclase, the biotite making up over 50 per cent of the rock.
quartz grains measure up to
quartz phenocrysts.

Scattered

1 mm. in diameter and may represent relict

Other biotite schists and amphibolites crop out

along the crest of the Santa Catalina Mountains, but some of these are
apparently metamorphosed diabase.
If this quartz latite is the same unit which Moore has dated as
Cretaceous or later age, the regional metamorphism in the area must be
late Cretaceous or post-Cretaceous.

Post-Paleozoic Catalina Granite
Moore (1949, unpublished) has given the name Catalina granite to a
conspicuous unit of granitic rock (PI. 26, fig. 2) that crops out north
of Mt. Lemmon in the northwestern part of the area.

The age of the
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Catalina granite, one of the youngest formations in the Santa Catalina
Mountains, was not known to Moore.

It is clearly post-Leatherwood, how

ever, as dikes and apophyses from this granite intrude the Leatherwood
quartz diorite.

The Catalina granite ranges from granite to granodio-

rite, with the granite predominating in the southern part of the unit
and granodiorite predominating in the northern part.
The Catalina granite crops out over a distance of about two miles
in a north-south direction and is at least a half mile wide, although
its western boundary was not mapped during this study.
zoic granite is a stock-like mass.

This post-Paleo-

Mappable structures were observed

from the southern exposures but not from the northern exposures, exclud
ing joints.
The contact of the granitic unit with the country rock to the south
was not observed.

The contact is covered with vegetation and soil which

make it difficult to interpret the relationships.

It is possible that

the boundary is a fault, as the granitic unit appears to end rather
abruptly against metamorphosed sediments.
The granite varies from white to light brown on both fresh and
weathered surfaces.
grains about

The northern exposures contain conspicuous quartz

3 nan* in diameter and unaltered feldspar grains of about

the same size.

The southern exposures contain larger quartz grains which

are porphyroblastic, slightly oriented, and highly sutured, and biotite
and muscovite which are also oriented.
gneissic structure to the rock.

The oriented minerals give a

The inclusions in the southern exposures
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are locally banded with the same material that composes the main granitic
mass.
Microscopically the northern and southern exposures differ in tex
ture and slightly in mineral composition.

The granodiorite in the

northern part has a hypidiomorphic granular texture, whereas the south
ern exposures have a distinct crystalloblastic texture.

The northern

exposures of the Catalina granite contain about 30 per cent quartz with
the remainder of the rock being composed of nearly equal amounts of
orthoclase and subhedral oligoclase.
taining inclusions of oligoclase.

The orthoclase is perthitic, con

The quartz and oligoclase have been

broken either during the cooling stages of the intrusion or as the
result of a superimposed cataclastic action.

The southern exposures

contain at least 40 per cent quartz, approximately 40 per cent ortho
clase, about

10 per cent oligoclase, 5 per cent biotite and 5 per cent

muscovite, and myrmekitic textures are common.

The orthoclase, about 5

mm. across, is ccrancnly twinned according to the Carlsbad law.
The inclusions in the southern exposures of the Catalina granite
contain up to

25 per cent oriented biotite, 40 per cent quartz, and 20

per cent oligoclase and some enstatite.

The biotite content is dis

tinctly higher than the amount of biotite in the adjacent gneissic gran
ites, and orthoclase was not noted.

There is a marked increase of

opaque minerals in the inclusions as compared to the gneissic granite in
which the opaque minerals total less than 3 per cent.

The texture of the

inclusions is crystalloblastic and much finer than in the gneissic gran
ite.

These inclusions trend approximately N 70° E and dip 30 to 50

degrees north.

This trend and dip is identical to the planar structures

exhibited by the biotite, muscovite, and quartz in the gneissic granite.
Dikes from the Catalina granite intrude the Leathervood quartz diorite and exhibit chilled borders clearly indicating the igneous nature
of the rock in the northernmost outcrops.

The southern exposures, how

ever, less than a mile north of Mt. Lemmon complicate the interpretation.
In this southern part, where the unit is in contact with metamorphosed
sediments, the granite contains inclusions of sediments which extend for
tens of feet and are oriented parallel to the foliation in the granite.
This suggests the possibility that this part of the granite formed from
metasomatic replacement of the sediments adjacent to the igneous intru
sion.

Further, the microscopic texture of this part is crystalloblastic

indicating that the southern part of the unit has been metamorphosed.
Whether this metamorphism is superimposed upon the igneous granodiorite
or whether the metamorphism is due to metasomatic replacement of the
sediments, the writer is not certain.

It seems, however, that a possible

explanation for the origin of the southern-most exposures of the Catalina
is that they represent a metasomatic replacement of the sediments adja
cent to the igneous intrusion.
Metasomatic replacement is suggested by the fact that inclusions
trend up to a hundred feet in length and are parallel to the orientation
of the biotite in the gneissic granite.

This would seem to suggest the

possibility of metasomatic replacement of sediments along the border of
the igneous intrusion.

Metasomatic replacement might account for the

difference in composition of the northern and southern exposures, the
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northern exposure being a granodiorite and the southern exposure being
granite.

Further, the southern exposures are distinctly metamorphosed,

whereas the northern exposures retain their igneous characteristics.
The age of this intrusion is of interest because of its possible
relationship to the metamorphism to the south, its possible relation
ship to the formation of the pegmatites in the area, and finally because
of its possible relationship to the ore deposits located at Marble Peak
and east of Marble Peak.

The intrusion is later than the intrusion of

the Leatherwood quartz diorite, as evidenced by dikes and apophyses cut
ting the Leatherwood.

It is not possible to precisely date the intrusion

with relation to the synkinematic metamorphism.

The facts, however, sug

gest that the Catalina granite intruded the area during or at the close
of the metamorphism.
The writer is not implying that the intrusion of the Catalina gran
ite was the main agent causing the medium grade metamorphism in the area.
On the contrary, it seems possible that the magma originated during the
metamorphism or was emplaced into the area after the main period of oro
geny in the area.

This will be discussed further under the section on

structural and metamorphic history.

Altered Diabase
Sills and dikes of altered diabase are exposed locally in the area,
most commonly as sills in the Dripping Spring quartzite.

Moore (1940)

has mapped several diabase dikes on the eastern flanks of the Santa Cata
lina Mountains south of the area of this study.

Moore states that some

of the diabase cuts Paleozoic and Cretaceous strata, and Tolman has dated
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the diabase as post-Paleozoic in age.

Many writers consider the diabase

throughout the state to be Precambrian in age.

The writer observed dia

base cutting.Cambrian strata; therefore, at least one period of the dia
base intrusions is post-Cambrian.
The altered diabase is dark green to greenish brown and has a medi
um- to very fine-grained ophitic texture.

The fine-grained textures

represent chilled borders, whereas the medium-grained rocks are found in
the center of the unit.
altered diabase is over

North of the lower part of the Control Road the

100 feet thick where it has intruded along the

bedding in the upper part of the Dripping Spring.

Northeast of Marble

Peak a diabase intrudes along a fault which has displaced the Troy quartz
ite.
Some of the diabase specimens are so fine that the minerals cannot
be determined microscopically.

In the specimens coarse enough to study,

however, augite altering to hornblende and chlorite and altered plagioclase are the most abundant minerals present (PI. 29, fig. l)•
makes up about
rock.
ent.

Chlorite

60 per cent and the plagioclase about 30 per cent of the

Sphene altering to leucoxene and small amounts of quartz are pres
The type of plagioclase is difficult to determine, as much of it is

partially altered to clay.
Outcrops of hornblende and biotite schists are exposed along the
crest of the Santa Catalina Mountains between the Dripping Spring and the
Troy.

Some of the units were mapped as metamorphosed equivalents of the

diabase in this study.

The hornblende schist, which is probably the meta

morphosed diabase, near the base of the section on the Ski Road (PI. 29,
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fig.

3) is composed of about 50 per cent hornblende, 30 per cent quartz,

5 per cent oligoclase, 10 per cent biotite, and at least 5 per cent epidote.

Other specimens on the eastern flanks of the Santa Catalina Moun

tains which might be the meta-diabase contain varying amounts of the above
minerals with biotite increasing to over

50 per cent in some of the speci

mens.

Post-Paleozoic Dike Rocks
Locally, dikes of intermediate and acidic compositions intrude the
Leatherwood quartz diorite and other rock units.

The dikes of interme

diate composition are slightly altered aphanitic to porphyritic andesites.
The porphyritic andesites are more common, and scattered phenocrysts of
andesine and altered biotite or hornblende range up to

4 mm. in length.

Minute green spots of what appear to be malachite are disseminated in the
andesite dikes and along fractures.
The andesites are composed of varying amounts of plagioclase, bio
tite, apatite, and chlorite (PI. 29, fig. 4).

The chlorite appears to

have developed from the alteration of hornblende or biotite.

The ande

sine and orthoclase phenocrysts are anhedral to euhedral, and some of the
biotite grains are slightly bent.
These andesitic dikes are younger than the Leatherwood quartz diorit'e and apparently intruded after the regional metamorphism in the area.
The feldspars retain their original subhedral outline and have not been
altered.

The chloritization suggests slight metamorphism or hydrothermal

alteration, but it may be a deuteric alteration of the original biotite
or hornblende.
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A very fine-textured acidic dike cuts the Leatherwood quartz diorite
and the overlying Paleozoic rocks along the Ski Road near Summerhaven.
The texture is so fine that minerals other than quartz are not observed
with the microscope.

A distinct flow structure is present, and along

the contacts of the acidic dike, fragments of the Leatherwood have been
engulfed.

Metamorphism has not affected this dike, indicating that the

dike formed later than the medium grade synkinematic metamorphism in the
area.
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PEGMATITES

Pegmatites were not discussed under the section "Igneous Rocks and
their Metamorphic Equivalents" for in the Santa Catalina Mountains the
pegmatites appear to be of replacement origin.

That is, rather than

being injected as a magma into the country rock, they appear to have
formed by replacement of the country rock along structural weaknesses.
Specifically, many pegmatites in the gneissic Precambrian granite seem
to have formed either by the addition of slight amounts of silica and
potassium or simply by the redistribution of the elements already pres
ent in the Precambrian granite.
The pegmatites occur as dikes and larger irregular bodies in the
gneissic granite (PI. 30, figs. 1 and 3), the Leatherwood quartz diorite
(Pis. 31 and 32), and they invade the metamorphosed Precambrian sediments.
They are also concentrated along the zone between the gneissic granite
and the metamorphosed Precambrian sediments.

The pegmatites decrease in

abundance on the eastern flank of the mountain and disappear within two
miles from the crest of the range.
The pegmatite dikes are generally one or two feet wide; however, in
the Leatherwood quartz diorite some are as much as fifty feet across, and
in the gneissic Precambrian granite they are even larger and more irregu
lar.

The most common trend of the tabular pegmatites is north-south

along vertically dipping joints in the Leatherwood quartz diorite and the
gneissic granite.
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The contact of the pegmatites with the country rock is generally
sharp, and adjacent to some of the contacts garnets are arranged in con
centric bands (PI. 31)•

There does not appear to be a consistent zon

ing of minerals in the pegmatites, although some textural zoning is com
mon.

Coarse textures are adjacent to the contacts in some pegmatites;

but in others, fine aplitic textures are adjacent to the contacts, and it
is not uncommon for the textures to be arranged in alternate bands (PI.
32, fig. 2).
The accompanying photographs show two distinct textures in the peg
matite.

The finer textured pegmatites locally trend east-west and are

cut by coarser pegmatites which trend both east-west and north-south
(PI. 31# fig. l).

Another photograph (PI. 33, fig.

2) shows coarse tex

tured pegmatites which trend east-west that are cut by other coarse tex
tured pegmatites which trend north-south.

Thus, it seems that there has

either been more than one period of pegmatization, or faulting has taken
place during the formation of the pegmatites.
An obvious, and possibly significant structure in seme of the peg
matites is the local orientation of books of mica or quartz or both
across the width of the dike and parallel to the structure in the coun
try rock (PI. 32, fig. l).

Figure

h shows a sketch map illustrating

planar structures in the pegmatites which are cutting the gneissic gran
ite near Bigelow Mountain.

Country rock protruding into the pegmatite

without being broken or otherwise disturbed (PI.

32, fig. 3) is another

interesting feature characteristic of some of the pegmatites.
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Many of t^ie accompanying photographs were taken at a remarkable
pegmatite complex south of Summerhaven.

The writer made a detailed

sketch map (PI. 2) of this outcrop of pegmatites which have invaded the
Leatherwood quartz diorite.

Pegmatites somewhat similar to this outcrop

occur in the gneissic granite (PI. 30, fig. 3)•

The most conspicuous, as

well as the most interesting, feature in the pegmatite complex is the
presence of bands of garnets which are perfectly symmetrical and con\

tinue for over 200 feet (PI. 31, figs. 1 and 2).

These bands of garnet

contain scattered garnet crystals (PI. 31, fig. 4) and have a wavy pat
tern parallel to adjacent pegmatite veins.

Such bands of garnets are com

mon in many pegmatites adjacent to the country rock invaded by the pegma
tite.

Although the writer is at a loss to explain the origin of these

garnet bands, it seems possible that they represent concentrations of
such elements as aluminum and iron during the replacement of the country
rock.
Other important features that can be seen in Plate 2 and in the
accompanying photographs are:
1.

The attitude of the foliation in the inclusions of Leatherwood

remain relatively constant;
2.

The foliation locally present in the pegmatites is parallel to

the foliation in the Leatherwood quartz diorite;
3.

The textures in this pegmatite complex vary from aplitic to very

coarse; and
4.

Thin extensions of Leatherwood protrude into the pegmatite with

out being broken.
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Pegmatites are very abundant in the Precambrian gneissic granite in
Marshall Gulch, and locally they are present in greater amounts than the
gneissic granite.

In this area the gneissic granite occurs as inclusions

in the pegmatite, the inclusions ranging in size from a few feet to hun
dreds of feet across.

The interesting feature of these inclusions is

that they all appear to have the same internal structural trends.
Many large pegmatite bodies occur in the metamorphosed sediments,
particularly near the contact with the gneissic granite.

In many locali

ties, but most noticeably in Marshall Gulch, the pegmatites occur between
the gneissic granite and the Barnes conglomerate, and therefore appear
to have replaced both the Scan!an conglomerate and the Pioneer shale.
Numerous relict inclusions of muscovite schist in the pegmatites are
apparently the Pioneer shale, and some relict gneissic inclusions are
apparently the Scanlan conglomerate.
The pegmatites are composed of quartz, albite, orthoclase, microcline, muscovite, minor amounts of biotite and red garnets.

The crys

tals range in size from less than 1 mm. to 10 cm. or more (PI. 33* fig.
l).

The average range of the crystals, however, is from 1 mm. to 1 cm.

and many of the pegmatites resemble a coarse-grained muscovite granite.
These pegmatites are composed of about equal amounts of albite and ortho
clase which total 50 to 75 per cent of the rock.

Quartz makes up much

of the remainder of the pegmatite together with some muscovite and scat
tered crystals of red garnet.

In some of the pegmatites the garnets are

broken, but they have not been drawn out after the breaking.
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A study of these pegmatites in thin section indicates that many have
a distinct metamorphic texture, characterized by either crystalloblastic
or cataclastic textures similar to those observed in the gneissic gran
ite.

Therefore, textures suggesting igneous characteristics are not

apparent, at least in the thin sections studied.
The writer has concluded that many, if not all, of the pegmatites
were formed by replacement.

The main observations supporting this con

clusion are summarized below:
1.

Many of the dikes contain mica and quartz which are oriented

across the dikes and are parallel to the structure in the country rock
(PI. 32, fig. 1);
2.

Thin extensions of the country rock, including the Pioneer

shale and the Leatherwood quartz diorite, protrude into the dikes with
out being broken (PI. 32, fig. 3);
3.

Inclusions of the Leatherwood in the pegmatite have the same

planar orientations as the larger mass of Leatherwood and inclusions of
the gneissic granite also have these same orientations;
4.

The pegmatites locally engulf the Scanlan and the Pioneer but

leave inclusions with an internal structure parallel to the general
structures in the area.
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STRUCTURE

Introduction
The internal structure of the Santa Catalina Mountains is made up of
a series of east-west trending fault blocks bounded by normal faults,
with the south side of the blocks downthrown.
been observed in the Santa Catalina Mountains:

Two prominent faults have •
the Mogul fault by Wal

lace (1954) and the Geesman fault in the present report.

These faults

trend nearly east-west, and the vertical displacement along these faults
is about

3,000 feet.

The sediments on the northeastern flank of the Santa Catalina Moun
tains generally dip
north to northwest.

20 to 40 degrees to the east or northeast and trend
These sediments have been subjected to a medium

grade synkinematic metamorphism along the crest of the Santa Catalinas,
but on the lower flanks the metamorphism is of very low grade.

In most

cases the foliation of the metamorphosed sediments appears to be parallel
to the bedding.
Folds are not prominent in the Santa Catalina Mountains, but a syn
cline exists on the eastern flank of the range just south of the Geesman
fault.

Here the trend of the Paleozoic sediments changes from east-west

in the vicinity of Alder Canyon to north-south, and finally east-vest
again in the vicinity of Marble Peak.

The sediments in this syncline

have been dissected by the intrusion of the Leatherwood quartz diorite.
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Minor drag folds in the metamorphosed sediments near the crest of the
Santa Catalina Mountains trend east-west and plunge gently to the east.
Joints are prominent in the rocks of the area; the two most persis
tent trends are north-south and east-west.

The joints are generally ver

tical or nearly vertical, hut some joints dipping 45 degrees to the east
or northeast are common in the gneissic granite.

The pegmatites have

generally been emplaced along vertical north-south trending joints.
Foliation and lineation are locally prominent in many of the crys
talline rocks.

The most persistent trend of the foliation is east-west,

dipping to the north 30 to 40 degrees.
north 45 to north
same direction.

The lineation generally trends

60 degrees east and plunges 10 to 20 degrees in the

The foliation in the gneissic Precambrian granite and

in the leatherwood quartz diorite is of metamorphic origin as suggested
by field relationships and the crystalloblastic textures of the units.
It is likely that the foliation in the Leatherwood, however, partly
reflects the movement of the magma before it was completely consolidated.
The attitude of the foliation is generally the same as the attitude in
the metamorphosed sediments.

Faults
The most prominent fault in the area is the Geesman fault which
trends slightly north of west and dips approximately
south.

70 degrees to the

This fault extends across the entire area displacing the Leather-

wood quartz diorite and the late Paleozoic sediments approximately 3,000
feet against the Precambrian granite in the eastern part of the area.
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The Geesman fault divides the area of this study into two large
blocks, both of which are characterized by Precambrian granitic rocks
that are overlain by a thick sequence of Precambrian and Paleozoic sedi
ments.

The difference in the two blocks is that the southern block has

undergone considerable synkinematic metamorphism at least along the crest
of the mountains, whereas the northern block has been subjected, at most,
to only a low grade synkinematic metamorphism.
Most of the displacement along the Geesman fault took place after
the intrusion of the Leatherwood quartz diorite and probably after the
metamorphism in the area.

The Leatherwood in the vicinity of the Gees

man fault has been sheared and was not observed north of the fault.

It

is likely that repeated movement took place along the Geesman and some
of the other faults prior to the intrusion of the Leatherwood quartz dio
rite, perhaps during Precambrian time.
Another important fault that trends east-west is approximately two
miles south of the Geesman fault.

This fault is important in that it

accounts for the position of the Precambrian sediments along the crest of
the Santa Catalina Mountains.

The southern block of this fault is down-

thrown; the Upper Cambrian Abrigo limestone being displaced downward
against the Precambrian Barnes conglomerate, which represents a strati
graphic displacement of approximately 2,000 feet.

The exact attitude

and relationships of this fault were not determined as the area is rela
tively inaccessible, and only a reconnaissance study was made.
fault was mapped only to the Leatherwood quartz diorite.

This

If this fault

is the same age as the Geesman fault, it should displace the Leatherwood;
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however, such displacement was not noted during the reconnaissance.
Cross section A-A 1 (PI. l) shows the relationship of this fault to the
Precambrian sediments along the crest of the Santa Catalina Mountains.
North of the Geesman fault several faults with minor displacements
were mapped.

These faults appear to have three trends:

the northern

most faults trend northeast, faults south of these trend approximately
west-northwest, and another fault has the same east-west trend as the
Geesman fault.

One of the west-northwest trending faults was intruded

hy diabase.
Several small faults are located along the contact of the Leatherwood quartz diorite and the Paleozoic sediments at Marble Peak.

Two of

these faults were mapped, one trending slightly east of north, and the
other fault, which has a stratigraphic displacement of approximately

200

feet, trending northeast.
Faulting in the southern block has not been observed except for
local small displacements and the fault previously mentioned.

A promi

nent pegmatite outcrop about one-half mile south of Summerhaven contains
small-scale displacements of pegmatite dikes (PI. 2).

A fine-grained

pegmatite locally grading into aplite is cut by coarse-grained pegmatites
that trend east-west and north-south.
inches wide.

These pegmatites are two to five

The east-west pegmatites have been displaced from one to

three inches along the north-south faults which have been invaded by peg
matite.

This relationship suggests that some late displacement was

occurring during the formation of the pegmatite.
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There may be other faults in the southern block, but they were not
observed because of the extreme relief, vegetation, soil cover, and com
plex geology.

Folds
The Precambrian and Paleozoic sediments generally trend northwest
along the crest and eastern slope of the Santa Catalina Mountains, but
locally the trend varies from east-west to north-south.

The northwest

trend is interrupted by a fault and a significant fold, a syncline south
of the Geesman fault.

This syncline trends east-west and contains sedi

ments ranging from Precambrian to Upper Paleozoic- and may be a response
to the east-west normal faulting that has occurred on both sides of the
syncline, or it may be the result of compressional force during the meta
morphism.

The western plunging end of the syncline is near Marble Peak

where the sediments dip to the east, but they change near the Geesman
fault until they are dipping steeply to the south.
of the syncline dips to the north

The southern flank

30 or 40 degrees, and the northern

flank, adjacent to the Geesman fault near the lower part of the Control
Road, dips gently to the south.

Cross sections A-A 1 and B-B 1 (PI. l)

show this syncline.
Near the crest of the Santa Catalina Mountains numerous small folds
are present.

Most of these folds are very small, but several measure

tens of feet across (PI. 34, fig. 2).

The general trend of these drag

folds is east-west (Fig. $), particularly in the vicinity of Bear Wallow
where conspicuous exposures of the Dripping Spring exhibit east-west
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trending drag folds.

Small folds of other trends are present, hut they

do not seem to form a prominent pattern.
Drag folds in the meta-Scanlan conglomerate adjacent to the contact
with the gneissic Precambrian granite indicate a normal movement between
the Scanlan and the gneissic granite and suggest that the gneissic gran
ite has been pushed up with relation to the meta-Scanlan.

Foliation and Lineation
Planar and linear structures were studied in the gneissic Precam
brian granite, in the Leatherwood quartz diorite, and in the metamor
phosed sediments adjacent to these two large bodies of granitic rock.
The planar structures in these three units are similar in that most of
them trend east-west and dip to the north.
The foliation in the gneissic granite is revealed by the orienta
tion of biotite.

The oriented biotite is locally prominent, but in

many of the rocks it is difficult or impossible to observe an orienta
tion.

locally, the orientation of the foliation in the gneissic gran

ite changes markedly.

This change in the attitude of the foliation is

difficult to explain but is apparently the result of a plastic flow of
the material which in some cases may almost simulate a moving magma.

A

highly metamorphosed unit in the gneissic granite is probably Pinal
schist.

This rock has undergone plastic flow as is evidenced by the con

torted bedding and the contorted quartz veins in the unit (PI. 34, fig.
l).

This same phenomenon of plastic flow might have taken place in the

gneissic granite resulting in some irregular orientations of the planar
structures.

In the adjacent sediments there is evidence that the area
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has been subjected to temperatures ranging up to the higher part of the
middle grade metamorphic zone and perhaps locally ranging up to the lower
part of the high grade metamorphic zone.
Foliation as revealed by biotite is not seen everywhere in the
Leatherwood quartz diorite; but where present, it trends east-west and
dips to the north.

The foliation is generally present in the Leather-

wood near the crest of the Santa Catalina Mountains, but the degree of
foliation decreases in the Leatherwood on the eastern flanks of the
range.

The trend of the foliation in the Leatherwood appears to change

to the northeast west of Marble Peak.
Inclusions in the Leatherwood quartz diorite are oriented in an
east-west direction parallel to the biotite flakes.

Considering the

Leatherwood as originally igneous, it is difficult to explain the paral
lelism of the inclusions with the biotite flakes.

Are the inclusions

relict igneous inclusions in the metamorphosed Leatherwood, or are they
remnants of the original basic igneous rock that was not completely meta
morphosed?

Or, are these inclusions relicts of country rock that have

not been so completely altered ?

The relationship of the inclusions with

the foliation of the biotite can be explained by assuming that the Leath
erwood quartz diorite was intruding into the area during the time in
which the regional stresses were active, and thereby the inclusions were
oriented by flow parallel to the foliation exhibited by the biotite.
Thus, it would seem that the Leatherwood intruded into the area during
the synkinematic metamorphism; and after it was consolidated, it was
further affected by the synkinematic metamorphism.
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Lineation of "biotite in the gneissic granite is generally more prom
inent than the foliation and as a result often obscures the earlier
formed foliation.

The lineation is seen most frequently in the gneissic

granite, but occasional lineations, including drag folds, were observed
in the metamorphosed sediments.

The lineation in the gneissic granite

is expressed by stretched biotite and quartz and has a consistent trend,
ranging from north 20 degrees east to about $0 degrees east.
however, the lineation trends more to the east.

Locally,

The lineation in the

metamorphosed sediments in contact with the gneissic granite is not
prominent, but some pebbles and minerals have been stretched in a north
easterly direction.

Other linear directions were observed in the meta

morphosed sediments, but they do not seem to have a conspicuous trend.
Lineation in the Leatherwood quartz diorite is rare, but when present,
generally trends in a northeasterly direction.

Joints
Joints in the area seem to have four consistent trends; north-north
west, north-northeast, east-northeast, and west-northwest.

The north-

northwest to north-south trending joints are most common and generally
dip vertically or nearly vertically, although dips of 40 to 90 degrees
to the northeast do occur (PI. 35, fig. 2).
Plate

36 is an aerial photograph of the gneissic granite along the

crest of the Santa Catalina Mountains.

It is interesting to note the

more prominent inferred lineations that can be seen on this aerial photo
graph.

The four most prominent are similar to those mentioned in the
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above paragraph, with the north-northwest trends most conspicuous, par
ticularly in the lower left corner of the illustration.
Although these lineations and joints may reflect Precambrian struc
tural trends, it is possible that they are partially related to the
emplacement of the gneissic granite.

For instance, the north-northwest

trending joints, being at approximately right angles to the lineation
in the gneissic granite may be regional tension joints.

The east-north

east joints are nearly parallel to the lineation observed in the gneissic
granite and may represent longitudinal joints (Balk, 1948, p. 34).

The

north-northeast and the west-northwest joints, being at angles of approx
imately 45 degrees to the lineation in the gneissic granite, may repre
sent diagonal joints (Balk, 1948, p. 37)•

It should be realized that

Balk is referring to joints in and related to igneous intrusions, in
contrast to the solid emplacement of the gneissic granite proposed by
the present writer.
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SEDIMENTARY, STRUCTURAL, AND METAMORPHIC HISTORY

Introduction
The following outline "briefly illustrates the sedimentary, struc
tural, and metamorphic events that have taken place in the vicinity of
the Santa Catalina Mountains, which are suggested by the petrographic
and field studies described in this paper.
Early PreCambrian
Deposition of clastic sediments.
Emplacement of granite and metamorphism.
Erosion.
Late Precambrian
Deposition of Apache group sediments.
Possible erosion or non-deposition of Mescal limestone.
Paleozoic
Deposition of Cambrian elastics and carbonates.
Erosion or non-deposition during Ordovician and
Silurian time.
Deposition of Devonian, Mississippian, and Pennsylvan
ian carbonates and Permian elastics.
Mesozoic
No deposition of or erosion of Triassic and Jurassic
sediments (McKee, 1951).
Deposition of Cretaceous sediments (McKee, 1951).
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Close of Cretaceous? (Laramide Orogeny) (or the following
could have taken place at the close of the JurassicNevadan orogeny).
Remobilization of Precambrian granite.
Synkinematic metamorphism of overlying Precambrian
and Paleozoic sediments.
Synorogenic emplacement of Leatherwood quartz diorite.
Emplacement of Catalina granite (perhaps synorogenic).
Formation of pegmatites.
Faulting.

Early Precambrian
Little evidence concerning Precambrian metamorphism is available in
the area of this study.

Wallace (195I0 described the metamorphism of the

Pinal schist and its relationship to the Oracle granite which, in the
writer's opinion, is the same unit as the Precambrian granite discussed
in this paper.

Wallace suggests that the Oracle granite was formed from

the Pinal schist.

Thus, he apparently attributes the formation of the

Oracle granite to a Precambrian period of metamorphism resulting in the
conversion of a sediment to a granite.

The writer has studied six thin

sections of the altered Precambrian granite, and the granite has a relict
hypidiomorphic texture suggesting that it was originally an igneous rock.
This does not necessarily invalidate Wallace's observations; it simply
suggests that, at least in the area of the present study, the Precambrian
granitic material was at one time molten.

It is possible that the gran

ite Wallace described was formed by the replacement of the country rock
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near the boundary of the intrusion, or, it is further possible that the
Precambrian granite studied by this writer represents local melting in an
otherwise granitized rock.
After the metamorphism and emplacement of the Precambrian granite,
there must have been a period of erosion before the deposition of the
late Precambrian Apache group, for the basal formation of the Apache
group, the Scanlan conglomerate, is deposited on the Precambrian granite
in the thesis area.

Late Precambrian
The Scanlan conglomerate was deposited upon an eroded surface of
Precambrian granite. Much of the Scanlan conglomerate must have been
derived from the Pinal schist, as evidenced by the presence of numerous
pebbles and boulders of quartzite.

Quartz pebbles are common in the Scan

Ian and may have been derived from the Precambrian granite or from quartz
veins in the granite.

The Scanlan grades into and is conformably over-

lain by the Pioneer shale which is overlain by the Barnes conglomerate.
The Dripping Spring quartzite was deposited conformably upon the Barnes
conglomerate.

The Mescal limestone is not present along the eastern

flanks of the Santa Catalina Mountains, indicating either non-deposition
of the Mescal or deposition and a subsequent period of erosion.

Wallace

(195^) suggests that the Mescal was eroded from an upthrown fault block
on the eastern side of the Santa Catalina Mountains.

Although this

writer did not observe such a fault, the relationship is possible, for
small limestone remnants along the crest of the Santa Catalinas are
apparently the Mescal limestone.
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Paleozoic
The Paleozoic sediments appear conformable on the Apache group, but
the absence of the Mescal limestone in much of the area of this study
indicates that erosion or non-deposition took place before the deposition
of the Paleozoic sediments.
The entire sequence of Paleozoic sediments appears to be conformable;
however, periods of non-deposition or erosion apparently took place.

This

is suggested by the presence of Upper Devonian sediments overlying Upper
Cambrian sediments and also by the presence of sediments dated as Lower
Mississippian overlain by Pennsylvanian limestones.
Permian sediments in the vicinity of the Santa Catalina Mountains
become more clastic than the older sediments, possibly suggesting that
the land in this region was beginning to rise with respect to sea level.
Brief mention should be made concerning the origin of the dolomite
in the Devonian Martin formation.

The presence of small scattered rhombs

of dolomite in some of the calcareous dolomites suggests to the writer
that the dolomite formed very early during diagenesis.

Fractures in the

dolomite contain larger crystals of dolomite that must have formed much
later.

Mesozoic
Sediments later than Permian were not observed in the thesis area;
however, near Peppersauce Canyon conglomerates tentatively dated as Lower
Cretaceous are present (McKee, 1951).

McKee shows that Triassic and

Jurassic sediments have not been found in southern Arizona and suggests
that this area was elevated during Triassic and Jurassic time.

The
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presence of Lower Cretaceous conglomerates suggests the possibility of
uplift during Lower Cretaceous time, and it is possible that some of the
following events described as occurring during the Laramide orogeny may
have actually taken place during the Nevadan orogeny.

Close of Cretaceous(?) (Laramide Orogeny)
Introduction
The available evidence suggests that the metamorphism which has
complicated the geologic interpretations in the Santa Catalina Mountains
took place during the Laramide orogeny.

This interpretation is essenti

ally based on the observations of other investigators.

As previously

mentioned, Bromfield has stated that the Leatherwood quartz diorite
intrudes Cretaceous sediments.

Moore (unpublished) suggests that the

quartz latites, which have been slightly metamorphosed, have cut Creta
ceous sediments; and Wallace tentatively assigned a Tertiary age to rocks
similar to the quartz latites.

As the Leatherwood and the quartz latites

have been metamorphosed, these observations would suggest that the meta
morphism took place after Cretaceous time.
McKee's (1951) isopach maps suggest that at the close of the Creta
ceous time the Precambrian granite in the vicinity of the Santa Catalina
Mountains was overlain by approximately 15,000 feet of Precambrian,
Paleozoic, and Mesozoic sediments.
Metamorphism apparently began at considerable depth as a result of
heating and north-south ccmpressional forces.

The combination of heat

and compressional forces made the Precambrian granite sufficiently plas
tic that it became mobilized and moved upward.

During the upward
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movement of the granite the overlying sediments were recrystallizing and
developed a prominent schistosity.

The Leatherwood quartz diorite was

emplaced synorogenically and was closely followed by the intrusion of
the Catalina granite.

Pegmatites formed along the contact between the

Precambrian granite and the overlying sediments.

During the last stages

of the upward movement of the granite, recrystallization gave way to
cataclastic action, and a prominent lineation developed in the gneissic
Precambrian granite.
Mobilization of Precambrian granite
At the outset of this study one of the problems was to determine,
if possible, the origin of the gneissic granite which crops out so prom
inently in the western half of the Santa Catalina Mountains.

Does the

gneissic granite represent a Tertiary igneous intrusion as suggested on
the Tectonic Map of the United States (AAPG, 19^4), or is it a granitized
rock body, in which sediments were converted to a granite?

The field

relationships suggest that neither of these ideas are correct, but that
the gneissic granite represents a Precambrian granite that became mobi
lized some time after the close of the Paleozoic, and in moving upward
in a semi-solid state became gneissic.
The field evidence suggesting the above mentioned relationships is
based upon the correlation of the metamorphosed sediments adjacent to
the gneissic granite with the only slightly metamorphosed sediments on
the eastern flank of the Santa Catalina Mountains.

On the lower flank

of the mountains the Precambrian granite is overlain by a sequence of
Late Precambrian sediments which contain two conglomerate units.

These
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conglomerate units have been recognized along the crest of the Santa
Catalina Mountains adjacent to the gneissic granite, bearing the same
stratigraphic position to the gneissic granite that they do to the Precambrian granite on the flank of the Mountains.

Other stratigraphic

units have also been recognized, and in all, the Scanlan, Pioneer, Barnes,
Dripping Spring, and Troy have been recognized along the crest of the
mountain.

Although these units cannot be mapped continuously because

of vegetation, soil cover, etc., they do seem more or less continuous
in a northwest-southeast direction adjacent to the gneissic granite.
The presence of high medium grade metamorphic minerals, such as
hornblende and staurolite, near the gneissic granite contact clearly
indicate that a source of heat was available at depth to cause the Precambrian granite to respond to stresses as a plastic body.

This heat,

combined with compressional forces from the north and south, could result
in the remobilization of the granite and a resulting upward movement.
North-south compressional forces are suggested by the numerous tightly
folded east-west trending folds near the crest of the mountain.

The

granite apparently moved upward in a semi-solid state but locally may
have simulated a magma.

This is suggested by the presence of local

changes in the foliation in the granite and also in local areas where
the granite has cut across the metamorphosed sediments.
Figure 6 is a cross section of a salt dome taken from Lotze (1957,
p. 2 5 8 ) which illustrates many of the features observed during this
study.

It is readily apparent that, in general, the emplaced salt body

is essentially concordant with the overlying sediments.

Univ. of Arizona Library

Locally, however.

emplacement of salt

1
55,000

After:
F. LOTZE; p . 2 5 8
195 7

FIGURE

6

8o
the salt cuts across the sediments.

Such relationships were noted in the

field during this study and are shown on the accompanying map and cross
sections (PI. l).

It should also be noted in Lotze's cross section that

considerable thinning is present in the sediments, particularly over the
crest of the salt.

Thinning in the Pioneer shale is noticeable particu

larly near the crest of the structure in Marshall Gulch.

Here the meta

morphosed Scanlan, Pioneer, and Barnes are exposed in approximately a

100-foot stratigraphic interval, which is in contrast to a normal thick
ness of over 400 feet for these three units.

The degree to which the

sediments dip away from the emplaced salt should also be noted, for these
are analogous to the attitude of the sediments on the flanks of the Santa
Catalinas.

A mechanism similar to the emplacement of the salt in the

cross section is suggested by the present writer to partly explain the
origin of the gneissic granite.
Synkinematic metamorphism
During the upward movement of the granite, recrystallization took
place both in the granite and the overlying sediments, as a response to
erogenic compression.

A strong schistosity was developed in the sedi

ments trending east-west and dipping to the north, and foliation was
developed in the gneissic granite having the same attitude as that in the
overlying sediments.

Field observations suggest that the schistosity in

the metamorphosed sediments was developed parallel to bedding planes.
Thus, it seems that the schistosity was the result of slippage along
the bedding planes as a result of the stresses imposed b y regional
compression.
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The sediments immediately adjacent to the granite were subjected to
a high medium grade synkinematic metamorphism (amphibolite facies), and
as the distance away from the granite increases, the grade of metamorphism
rapidly decreases.

Three miles east of the contact the sediments are '

only slightly metamorphosed, and four miles away the sediments are only
very slightly metamorphosed.
growths of quartz remain.

Here sericite is oriented, but some over

In Peppersauce Canyon, approximately

8 miles

northeast of the gneissic granite contact, the sediments show no evidence
of having been metamorphosed.

Overgrowths of quartz on detrital grains

are common, and although sericite is present in the matrix of some of
the sandstones, it is not oriented.
The dynamic effects are very pronounced adjacent to the contact
of the metamorphosed sediments and the gneissic granite.

Quartz pebbles

in the conglomerates are often greatly flattened and occasionally elon
gated.

The quartz grains in the met a-quartzites are stretched and in

some cases are as much as 1 cm. long and

1 to 2 mm. wide.

Thus, as

described above, both the dynamic and thermal effects of the metamor
phism are fairly wide spread, but the most intense effects are confined
to contacts only a few hundreds of feet from the gneissic granite.
Synorogenic emplacement of Leatherwood quartz diorite
During the period of synkinematic metamorphism described above,
the Leatherwood quartz diorite must have been emplaced into the area.
This interpretation is suggested by the presence of inclusions oriented
parallel to the foliation as revealed by the biotite in the Leatherwood
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and the parallelism of the elements to the foliation in the metamorphosed
sediments and the gneissic granite.

The Leatherwood was metamorphosed

after it became consolidated, which is indicated by crys tallobias tic
textures and further by the abundance of porphyroblasts of epidote
inclusions in the plagioclase in the Leatherwood.

It seems evident

that the plagioclase was perhaps high oligoclase or andesine at the
time of intrusion, and subsequent metamorphism converted some calcium
in the plagioclase to epidote.

It is interesting to note that the con

tent of epidote decreases toward the gneissic granite, suggesting that
under higher temperatures of metamorphism the plagioclase mineral was
more stable.
The relationships discussed above may suggest the possibility that
the Leatherwood is the result of granitization of a sediment.

It can

be shown, however, that the Leatherwood must have been mobilized, for
it clearly cuts (PI. 1, cross section C - C ) the Paleozoic limestones on
the eastern flank of the Santa Catalinas.

Further, contact metamorphism

forming garnets and diopside and the local deposition of contact ore
deposits suggests that the Leatherwood intruded as an igneous unit into
the area.
The grades of regional metamorphism in the area do not seem to have
been influenced by the intrusion of the Leatherwood quartz diorite.

As

mentioned above, contact metamorphism is related to the intrusion, but
this does not seem to have an effect on the regional metamorphism,
although where the contact metamorphism is present, it is difficult to
observe the effects of the regional metamorphism.
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Emplacement of Catalina granite
The Catalina granite intruded into the northern part of the area
after the intrusion of the Leatherwood quartz diorite.

That it is later

than the Leatherwood is shown "by dikes of the Catalina granite that cut
the Leatherwood, and that it was emplaced into the area as a magma is
suggested by chilled borders along these dikes.

Interpretations con

cerning the mechanism of emplacement of the Catalina granite, however,
are difficult to make from the meager evidence obtained during this
study.

The chilled borders of dikes suggest that at least part of the

granite intruded into the area as a molten magma.

The southern part

of the granite, however, contains schistose inclusions of metamorphosed
sediments which are oriented parallel to the biotite in the adjacent
granite, suggesting that this southern part of the granite was formed
by a replacement of the country rock.

That the northern part of the

granite was emplaced under different conditions is suggested by the
changes in texture and mineralogy.

The northern part of the granite has

a hypidiomorphic granular texture and contains more oligoclase, whereas
the southern part has a distinctly crystalloblastic texture and abundant
orthoclase.
Emplacement of pegmatites
The pegmatites apparently formed about the same time that the Cata
lina granite was emplaced.

Pegmatite dikes dissecting the Leatherwood

clearly indicate that the formation of the pegmatites took place after
the Leatherwood had been emplaced.

Further, cataclastic and
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crystalloblasfcic textures in some of the pegmatites indicate that they
formed during or before the synkinematic metamorphism.
Many lines of reasoning suggesting a replacement origin of the peg
matites have been mentioned earlier in this paper.

It is not possible,

however, to interpret on the basis of this study the source of the solu
tions for the pegmatization.

They may have been derived from the Cata-

line granite, or it is possible that the solutions simply represent the
local redistribution of material already present in the rocks.

Large

bodies of pegmatites in the gneissic granite suggest that they formed
by a redistribution of material in the gneissic granite.
Faulting
It is difficult to date the periods of faulting in the Santa Cata
lina Mountains.

It is clear, however, that considerable faulting took

place after the synkinematic metamorphism.

It is this late faulting

that resulted in east-west trending blocks with the southern blocks
downthrown.

It is likely that some of these faults have had repeated

movements, perhaps beginning in Precambrian time.

The late movements

may have resulted from a relaxing of the compressional stresses with a
subsequent partial collapse of the core of the mountain.

The latest

movements on the fault, however, may be much later and in no way related
to the synkinematic metamorphic history.
Later faulting, not observed in this study, and erosion apparently
accounts for part of the present configuration of the Santa Catalina
Mountains.
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PLATES

PLATE 3
SCANLAN CONGLOMERATE

Figure
1

Scattered quartz pebbles in Scanlan conglomerate n o r t h
of the lower part of the Control Road.

2

Large quartzite pebble in Scanlan conglomerate north
of the lower part of the Control Road.

2
PLATE

3

PLATE 4

SCANLAN CONGLOMERATE
X20

Figure
1

Texture of Scanlan conglomerate 2 feet above contact
with Precambrian granite.

Quartzite grain in center.

Matrix composed of sericite and quartz.
Quartz 70$
Muscovite and sericite 30$

2

Texture of Scanlan conglomerate 5 feet above contact with
Precambrian granite.
Quartz 80$
Muscovite and sericite

3

15$

Texture of Scanlan conglomerate near top of formation.
Quartz 75$
Muscovite and sericite 20$

4

Texture of quartzite pebble in Scanlan conglomerate.
Quartz 96$
Muscovite or sericite 4$

2

1

PLATE 4

PLATE 5
METAMORPHOSED SCANLAN CONGLOMERATE
X20

Schistose texture of metamorphosed Scanlan conglomerate
along crest of Santa Catalina Mountains.

Quartz 60%
Muscovite 35$
Opaque mineral trace

Schistose texture of metamorphosed Scanlan conglomerate
near highway south of Palisades ranger station.
vite highly contorted.

Musco

(Might be meta-Pioneer).

Quartz 15$
Muscovite 80$
Opaque mineral 5$

Texture of quartzite from the metamorphosed Scanlan con
glomerate in Marshall Gulch.
vite.
Quartz 80$
Muscovite 15$
Opaque mineral trace

Subhedral grains are musco

1

2

3
PLATE 5

PLATE

6

PIONEER SHALE
X20

Figure
1

Texture of siltstone near base of Pioneer shale north
of the lower part of the Control Road.
Quartz 40$
Matrix of sericite and clay 60$

2

• Texture of mudstone approximately

65 feet above the

base of the Pioneer shale north of the lower part of
the Control Road.

Small scattered quartz grains.

Note bedding.
Quartz 15$
Matrix of sericite and clay

3

85$

Texture of fine-grained sandstone near base of Pioneer
shale north of the lower part of the Control Road.
Quartz 60$
Matrix of fine quartz, sericite and
clay 40$

4

Texture of mudstone near the middle of the Pioneer
shale north of the lower part of the Control Road.
Quartz 20$
Matrix of sericite and clay 80$

3

4
PLATE 6

PLATE 7
PIONEER SHALE
X20

Fine mudstone near the middle of the Pioneer shale
north of the lower part of the Control Road.
Quartz 5$ or less
Matrix of clay and sericite 95$

Texture of argillaceous sandstone near the middle of
the Pioneer shale north of the lower part of the Con
trol Road.
Quartz 40$
Matrix of fine quartz and sericite 60$

Texture of sandstone near the top of the Pioneer shale.
Quartz 99$

Texture of meta-quartzite from metamorphosed Pioneer
shale about 4 feet below the contact with the Barnes
conglomerate near Bigelow Mountain.
Quartz 85$
Epidote 10$
Biotite 5$

1

3
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PLATE 7

PLATE 8

BARNES CONGLOMERATE

Figure
1

Pebbles and cobbles in the Barnes conglomerate on
Rice Peak.

2

Pebbles and cobbles in the Barnes conglomerate on
Rice Peak

*w

PLATE 8

PLATE

9

METAMORPHOSED BARNES CONGLOMERATE

Flattened pebbles in metamorphosed Barnes conglomerate
near Marshall Gulch south of Summerhaven.

(Pebbles

blackened with grease pencil for picture.)

Flat pebbles in metamorphosed Barnes conglomerate
near Marshall Gulch.

These outcrops are located about

75 feet stratigraphically above the gneissic granite
and are underlain by pegmatitic rocks.

Flattened pebbles in metamorphosed Barnes conglomerate
near Marshall Gulch.
pencil.)

(Pebbles blackened with grease

Compare with the unmetamorphosed Barnes

conglomerate in Plate 8.

3

PLATE 10
BARNES CONGLOMERATE
X20

Figure
1 .

Texture of the matrix of the slightly metamorphosed
Barnes conglomerate from the eastern part of the area
north of the Control Road.
Quartz

2

98$

Matrix of the metamorphosed Barnes conglomerate from
Marshall Gulch.

Note well developed subhedral hiotite

and muscovite.
Quartz 45$
Muscovite 20$
Biotite 25$
Sphene 5$
Magnetite 5$

3

Texture of a quartzite pebble from the slightly meta
morphosed Barnes conglomerate.
Quartz 99$

4

Texture of a quartzite pebble from the highly meta
morphosed Barnes at Marshall Gulch.

Note highly

sutured quartz grains.
Quartz 90$
Oligoclase 5$
Biotite 5$

/ .

PLATE 10

PLATE 11
DRIPPING SPRING QUARTZITE
X20

Texture of slightly metamorphosed sandstone 29 feet
above the base of the formation north of the lower part
of the Control Road.
Quartz 60%
Matrix of fine quartz and sericite 40$

Texture of slightly metamorphosed siltstone from

96

feet above the base of the formation north of the
'lower part of the Control Road.
Quartz 60$
Matrix of fine quartz and sericite 40$

Texture of slightly metamorphosed siltstone from 194
feet above the base of the formation north of the
lower part of the Control Road.
Quartz 50$
Matrix of sericite and clay 50$

Texture of slightly metamorphosed mudstone from 240
feet above the base of the formation north of the
lower part of the Control Road.
Quartz 25$ or less
Matrix of sericite and clay 75$

\
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PLATE 11

PLATE 12
DRIPPING SPRING QUARTZITE
X20

Figure

1

Texture of slightly metamorphosed siltstone from 248
feet above the base of the formation north of the
lower part of the Control Road.
Quartz 30%
Matrix of clay and sericite 70%

2

Bedding in slightly metamorphosed sandstone 250 feet
above the base of the formation north of the lower
part of the Control Road.

The sand layer contains

almost 100% quartz; the silt layer contains approxi
mately 30% quartz, and the remainder is clay and
sericite.
3

Texture of slightly metamorphosed siltstone near the
top of the Dripping Spring quartzite north of the
lower part of the Control Road.
Quartz 60%
Matrix of sericite and clay 40%

4

Texture of highly metamorphosed Dripping Spring from
near the crest of the Santa Catalina Mountains north
of Bigelow Mountain.

The quartz is stretched and

sutured; the dark zones are garnet.
Quartz 85%
Garnet 15%

4

PLATE 13
TROY QUARTZITE
X20

Texture of slightly metamorphosed Troy quartzite from
the lower part of the formation north of the lower
part of the Control Road.

Opaque minerals and seri-

cite makes up matrix "between grain boundaries.
Quartz 95$
Sericite 2$
Opaque mineral 3$

Texture of slightly metamorphosed Troy quartzite from
the upper part of the formation north of the lower p a r t
of the Control Road.
Quartz 95$
Sericite 5$

Texture of orthoquartzite from the Troy quartzite in
Peppersauce Canyon.

Quartz overgrowths are common, b u t

cannot be seen in the illustration.
Quartz 100$

PLATE 14
TROY QUARTZITE
X20

Texture of metamorphosed Troy quartzite from the Alder
Creek section.
Quartz 60%
Sericite-rauscovite
Opaque mineral 10$
Biotite 5$

2$$

Texture of metamorphosed Troy quartzite from the Alder
Creek section.
Quartz 9 5$

Biotite 2$
Muscovite 2$
Opaque mineral trace

Resistant outcrop of Troy quartzite north of the lower
part of the Control Road.

Foreground is made up of

Pioneer shale, with the Barnes conglomerate and the
Dripping Spring in the middle ground.
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PLATE 14

PLATE 15
METAMORPHOSED TROY QUARTZITE
X20

Texture of the metamorphosed Troy quartzite from the
Marble Peak section.

Fine textured zone is almost

entirely muscovite forming a muscovite schist.
coarse zone is

The

90% sutured and strained quartz with

10$ muscovite.
Texture of the metamorphosed Troy quartzite from the
Marble Peak section.
Quartz 95$
Muscovite 2$
Biotite 2$
Garnet 1$

Texture of the metamorphosed Troy quartzite from the
Ski Road section near the Ski Lodge.
Quartz 95$
Biotite 5$

Texture of the metamorphosed Troy quartzite from the
Ski Road section near the Ski Lodge.
Quartz 85$
Epidote 15$

PLATE 16

SANTA CATALINA FORMATION
X20

Texture of the Santa Catalina formation 20 feet above
the base of the formation north of the lower part of
the Control Road.
Quartz 40$
Matrix of clay and sericite 60%
Texture of the Santa Catalina formation 60 feet above
the base of the formation north of the lower part of
the Control Road.
Quartz 80$
Muscovite 3#
Plagioclase 2$
Hematite and magnetite

15%

Texture and bedding of the Santa Catalina formation
near the middle of the formation north of the lower
part of the Control Road.
Sand zone:
Clay zone:
Quartz 85#
Clay and sericite
Muscovite
Muscovite 3$£
and biotite 10#
Quartz 7#
Clay and
sericite 5#

90%

Orthoquartzite near the top of the Santa Catalina for
mation north of the lower part of the Control Road.
Quartz 95#
Magnetite and hematite 5#

PLATE I?

METAMORPHOSED SANTA CATALINA FORMATION
X20

Figure
1

Texture of metamorphosed Santa Catalina formation from
the Marble Peak section.
Quartz 50#
Tremolite 30#
Epidote 20#

2

Texture of the metamorphosed Santa Catalina formation
from the Alder Creek section.
Quartz 40#
Epidote 60#

1

2
PLATE 17

PLATE 18

SOUTHERN BELLE QUARTZITE
X20

Texture of slightly metamorphosed Southern Belle
quartzite north of the lower part of the Control
Road.
Quartz 95%
Magnetite and hematite 5%

Texture of metamorphosed Southern Belle quartzite from
the Alder Creek section.
Quartz 90%
Tremolite 5%
Magnetite and hematite 5%

PLATE 19
ABRIGO LIMESTONE
X20

Texture of slightly metamorphosed Ahrigo limestone 5
feet above the base of the formation north of the lower
part of the Control Road.
Carbonate (mostly dolomite) 95%
Quartz 5%
Muscovite trace
Texture of slightly metamorphosed Abrigo limestone

75

feet above the base of the formation north of the lower
part of the Control Road.
Carbonate (mostly dolomite) 60%
Quartz 40%
Muscovite trace
Texture of slightly metamorphosed Abrigo limestone 135
feet above the base of the formation north of the lower
part of the Control Road.
Quartz 70%
Carbonate (mostly dolomite) 30%
Texture of a thin sandstone 190 feet above the base of
the Abrigo limestone north of the lower part of the Con
trol Road.
Quartz 95%
Carbonate (mostly dolomite) 5%

PLATE 20
METAMORPHOSED ABRIGO LIMESTONE
X20

Figure
1

Texture of metamorphosed Abrigo limestone from the
Marble Peak section.

Dark band is zone of calcite,

dolomite and tremolite and the remainder of section
is mostly calcite and dolomite.
Carbonate 80$,
Tremolite 15%
Quartz 5%

2

Texture of metamorphosed Abrigo limestone from the
Alder Creek section.

Needle-like grains are tremolite

Carbonate 85%
Quartz 5%
Tremolite 10%

3

Texture of metamorphosed sandstone from the Abrigo
limestone in the Alder Creek section.
Quartz 93%
Tremolite 5%
Epidote 2%

PLATE 20

PLATE 21
MARTIN LIMESTONE
X20

Figure
1

Texture of the slightly metamorphosed Martin limestone
near the "base of the formation north of the lower part
of the Control Road.
Dolomite 100$

2

Texture of a sandstone in the upper part of the Martin
limestone north of the lower part of the Control Road.
Quartz 90$
Dolomite 6$
Hematite 4$

3

Texture of the metamorphosed Martin limestone from the
Alder Creek section.
Dolomite 95$
Tremolite 5$

4

Texture of a metamorphosed sandstone from the upper part
of the Martin limestone in the Alder Creek section.
Quartz 95$
Epidote and tremolite 5$

3

k
PLATE 21

PLATE 22
METAMORPHOSED ESCABROSA LIMESTONE
X20

Figure
1

Texture of the metamorphosed Escahrosa limestone about
20 feet above the contact with the Leatherwood quartz
diorite at Marble Peak.
Calcite 100%

2

Texture of typical metamorphosed Escabrosa limestone

280 feet above the base of the formation in Alder Creek.
Calcite 100%

3

Muscovite in metamorphosed Escabrosa limestone approxi
mately

392 feet above the base of the formation at

Alder Creek.
Calcite 90%
Muscovite 10%

PLATE 23
HORQUILLA FORMATION
X20

Figure
1

Meta-quartzite from the upper part of the Horquilla
formation in the Alder Creek section.
Quartz 92$
Epidote 8$

2

Typical metamorphosed limestone from the Horquilla
formation in the Alder Creek section.
Calcite 100$

,/

PLATE

23

PLATE 2 k

PRECAMBRIAN GRANITE
X20

Figure
1

Slightly metamorphosed Precambrian granite north
of the Control Road.

Note epidote porphyroblasts in

altered plagioclase.
Quartz k0$
Altered feldspar (sericite and clay) 40%
Epidote 5$
Altered mafic mineral 15%

2

Slightly metamorphosed Precambrian granite showing
relict hypidiomorphic texture.
Quartz 45%
Altered feldspar (sericite and clay) 55%

3

Slightly metamorphosed Precambrian granite.
Quartz 50%
Altered feldspar (sericite and clay) 40% .
Altered mafic mineral (chlorite) 8%
Opaque mineral 2%

I.

PLATE

25

GNEISSIC GRANITE
X20

Crystallotlastic texture of gneissic Precambrian
granite along highway near Palisades ranger station.
Quartz is highly sutured and strained, and muscovite
grains are hent.

Lower right hand corner shows alter

ation in center of oligoclase grain.
Quartz 35$
Orthoclase 42$
Oligoclase 7$
Muscovite 10$
Crystalloblastic texture of gneissic Precambrian gran
ite.

Muscovite in center is bent.
Quartz 40$
Orthoclase 20$
Oligoclase 6$
Muscovite 5$
Biotite 4$
Microcline 8$
Magnetite 4$

Cataclastic texture of gneissic Precambrian granite.
The oligoclase has been broken and quartz has recrys
tallized in the fractures.

Remainder of quartz is

fine-grained, strained, and sutured.
Quartz 40$
Oligoclase 35$
Orthoclase 10$
Muscovite 10$

PLATE 26

GRANITE EXPOSURES.

Figure
1

Exposure of gneissic Precambrian granite in Marshall
Gulch.

2

Exposure of the post-Paleozoic Catalina granite.
Samaniego Ridge in background and ridge near Marble
Peak in foreground.

Looking west.

2
PLATE 26

PLATE 2?
LEATHERWOOD QUARTZ DIORITE
X20

Texture of Leatherwood quartz diorite near contact
with marble at Marble Peak.
Oligoclase 45%
Quartz 25%
Biotite 10%
Epidote 5%
Muscovite 4%
Sphene trace
Texture of Leatherwood quartz diorite.

Note zoning in

oligoclase.
Oligoclase 50%
Quartz 30%
Biotite 15%
Epidote 5%
Texture of inclusion in the Leatherwood quartz diorite.
Subhedral to euhedral epidote crystals.
Quartz 45%
Oligoclase 20%
Biotite 20%
Epidote 10%
Typical texture of Leatherwood quartz diorite.
epidote porphyroblasts in oligoclase.
Oligoclase 60%
Quartz 20%
Epidote 10%
Biotite 10%

Note

L

PLATE 28

QUARTZ LATITE
X20

Typical texture of very slightly metamorphosed
quartz latite.
Quartz 10%
Altered feldspars 20%
Matrix of sericite and clay

65%

Texture of slightly metamorphosed quartz latite.
Phenocryst of altered augite with quartz inclusions.
Quartz 15%
Augite (chlorite) 15%
Altered feldspars 15%
Matrix of sericite and clay

50%

Typical texture of slightly metamorphosed quartz
latite.

Resorted quartz and highly altered feldspars.
Quartz 15%
Altered feldspar 30%
Matrix of sericite and clay 55%

I

PLATE 29

■DIKE ROCKS
X20
Figure
1

Texture of altered diabase which intrudes the Dripping
Spring north of the lower part of the Control Road.
Augite (altering to hornblende and chlorite)

30%

Altered plagioclase 45$
Quartz 15$
Chlorite 10$
2

Texture of porphyritic dike rock which may be a dike
from the Leatherwood quartz diorite north of Mt. Lemmon.
Plagioclase subhedral and zoned.
Quartz 10$
Oiigoclase 30$
Biotite 20$
Hornblende 5$
Matrix 25$
Orthoclase 10$

3

.

Amphibolite along Ski Road near Ski Lodge which might
be metamorphosed diabase.
Quartz 30$
Hornblende 50$
Biotite 10$
Epidote 5$
Oiigoclase 5$

^

Texture of typical andesitic dike rock cutting Leatherwood quartz diorite near Marble Peak.
Quartz 10$ or less
Epidote 5$ or less
Altered plagioclase 50$
Biotite 10$
Chlorite 10$

x

PLATE 30
'TYPICAL PEGMATITES

Figure
1

,

’

•' Thin pegmatites along Joints in the gneissic granite
along highway north of Palisades ranger station.

2

Pegmatites in the metamorphosed Leatherwood quartz
diorite south of Summerhaven.

Note garnet hands near

top of picture.

3

Irregular pegmatites in the gneissic granite west of
highway near Palisades ranger station.

PLATE 3 0

PLATE 34FOLDS

Figure
1

Intricate folding in the Pinal schist west of the
highway north of the Palisades ranger station.

2

East-west trending fold in the Dripping Spring quartz
ite near Bear Wallow.

/

2
PLATE 34

PLATE 35
LINEATIONS AND JOINTS

Figure
1

Lineation of biotite grains in the gneissic granite.

2

Jointing in the gneissic granite.

Joints trend

slightly vest of north and dip approximately
degrees to the east.

50

PLATE

35

PLATE 36
INFERRED STRUCTURAL LEGATIONS FROM AERIAL PHOTOGRAPH

Figure
1

Inferred structural lineations along crest of the Santa
Catalina Mountains.

The following trends are conspic

uous:
A

North-northwest

B

West-northwest

C

North-northeast

D

East-northeast
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