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ABSTRACT
Detailed study of the Cretaceous Cat Mountain
Rhyolite in the northern Tucson Mountains shows that the
rhyolite was not emplaced by downfsuiting along west-strik
ing faults as was previously supposed.

Instead, the Cat

Mountain Rhyolite seems to be an ash flow sequence and part
of a normal volcanic rock sequence that was tilted steeply
northward and was cut by northeast-striking normal faults
during the Laramide orogeny.
Two new Upper Cretaceous formations are proposed,
the Cam Boh rhyolite and the Old Yuma andesite, which have
a combined thickness of 4000 feet or more.

viii

INTRODUCTION
Purpose and Scope of the Investigation
The purpose of this investigation is to determine
the mode of emplacement of the Cat Mountain Rhyolite in the
northern Tucson Mountains.

Brown (1939) interpreted sever

al areas of Cat Mountain Rhyolite in the northern Tucson
Mountains as Tertiary rhyolite blocks which had been downfaulted into undifferentiated Cretaceous volcanic rocks•
More recent field investigations have cast considerable
doubt on the validity of Brown*s interpretation.

Instead,

the Cat Mountain Rhyolite of the northern Tucson Mountains
is now considered to be part of a normal depositions!
sequence of Cretaceous volcanic rocks that has subsequently
been steeply tilted.

This conclusion is based on detailed

study of approximately 2 square miles and on regional
geologic reconnaissance.
location and Accessibility
The thesis area is located in sections 7, 8, 9$
16, 17, and 18, Township 13 South, Range 12 East, 12 miles
northwest of Tucson, Arizona, in the Tucson Mountains
(Figure 1).

The area may be reached on foot from Picture

Rocks Road, a secondary road serving the northern part of
1

2

Figure I. Location of Thesis

Area
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the Sahuaro National Monument, Western Division, or "by a
jeep trail that leads from Picture Rocks Road to the Old
Yuma Mine.

In addition, several old mining trails enter the

area, but most of these are impassable.
Topography
The thesis area lies at elevations between 2500 and
5250 feet.

It consists of several rounded hills having a

maximum local relief of 500 feet.

In the southern part many

of the higher hills are west-trending hogbacks developed on
steeply dipping Cat Mountain Rhyolite.

The topography in the

northwestern part of the area is very subdued, expressing the
shattered nature of the underlying rocks.
The area is drained in the East by northeast and
east flowing intermittent streams, and in the West by north
ward flowing intermittent streams.
Methods of Study
A base map at a scale of 1:6000 was acquired by
enlarging the U. S. Geological Survey, Cortaro, Arizona
quadrangle topographic map.

Aerial photographs at a scale

of 1:21,000 were used to correct the enlarged map by means
of semicontrolled radial triangulation.

Other methods in

clude photogeologic interpretation, which proved to be a
valuable aid in the initial stages of mapping, and a limited
amount of pace and compass mapping at scales of 1:2400 and
1:5000.

The field work was conducted during the summer and
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fall of 1966 and winter of 1966-6?•

Laboratory work con

sisted of examining 21 thin sections from the thesis area.
Previous Investigations
The geology of the Tucson Mountains as a whole was
first described by Jenkins and Wilson(1920).
was a reconnaissance mapping program.

Their work

A more detailed

account of the geology was published in 1939 by V. H.
Brown.

Brown's report on the geology and structure of the

range was accompanied by a 1:62,500 scale map of the whole
Tucson Mountain Range.

J. B. Imswiler(1959) mapped in

detail the Safford Peak vicinity, which lies directly north
of the thesis area; R. D. Champney(1962) mapped in detail
Coyote Peak and environs, 5 miles to the southeast; Coulson
(1950) and Whitney(1957) mapped in the Sweetwater Drive area,
also 3 miles to the southeast.

Ro detailed mapping has

previously been done in the present study area, although
Kinnison(1958) and Imswiler(1959) did mention a few struc
tural and lithologic features of this locality.

GEOLOGY
General
The area is underlain by a sequence of Upper Cre
taceous volcanic rocks which consist of welded and nonwelded quartz latite and dacite tuffs, rhyolite or quartz
latite flows, andesite flows, and andesite pyroclastics.
Foliation in the volcanic rocks consistently strikes west
and dips steeply north almost throughout•

The volcanic

rocks have been cut by northeast-striking oblique faults
that have strike separations up to 1400 feet.

A quartz aon-

zonite stock, quartz latite dikes, and two ages of andesite
porphyry dikes have intruded the volcanic rocks.

Figure 2

is a generalized stratigraphic column.
Sedimentary and Effusive Rocks
Introduction
Except for a few minor changes and additions required
by field evidence, formation names used here are those estab
lished by Brown(1939) •

Other than Precambrian and Paleozoic

xenoliths in the volcanic rocks, all rock units are of Cre
taceous age.
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Precambrian and Paleozoic Xenoliths
No rocks of Precambrian or Paleozoic age are exposed
in place here, hut many xenoliths composed of Precambrian
Final(?) Schist and Paleozoic marble are scattered through
out the Tucson Mountain chaos and the lower part of the Cat
Mountain Rhyolite.

These angular to rounded xenoliths range

from a fraction of an inch to many feet across.

Most of the

smaller ones seem to be randomly oriented, but several large
ones south of the mapped area, near Gila Monster Mine, are
strung-out and aligned parallel to the regional strike of
the surrounding rocks.

The greatest concentration of these

lies in a west-trending belt directly south of the thesis
area in the Tucson Mountain chaos.
Cretaceous Rocks
Recreation Red Beds
The Cretaceous(?) Recreation Red Beds were named by
Brown(1939).

These strata form a sequence of red conglomer

ates, sandstones, and siltstones located principally in the
southern part of the Tucson Mountains.

The red beds are not

exposed in place within the mapped area, but small xenoliths
similiar to red bed material occur in the Cat Mountain
Rhyolite.
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Ample Arkose
The Ample Arkose(Brown, 1939) consists of a sequence
of interbedded gray, green, and brown arkose, siltstone,
shale, and limestone.

Though not present in place within the

area of study , what may be Amole Arkose crops out about
# mile to the south.

Here it consists of a medium-grained,

poorly sorted, tan arkose interbedded(?) with firmly indur
ated, light-tan rhyolite(?).

The arkose strikes west-

northwest and dips steeply northward( see bedding symbols
in Figure 3 one mile north-northeast of Wasson Peak).
The Amole Arkose is present within the thesis area
only as xenoliths in the lower part of the Cat Mountain
Rhyolite.

The largest of the xenoliths is a brown, medium

grained arkose block about $0 feet long which lies on the
western slope of hill # 6 (Plate 1).

Several other large

xenoliths consisting of silicated limestone, hornfels, and
arkose from the Amole Arkose lie just west of hill #6.
These seem to be randomly oriented.
Tucson Mountain Chaos
The Tucson Mountain chaos was named by Kinnison(1958)
for exposures in the southern Tucson Mountains of a very
chaotic mega-breccia lying beneath the Cat Mountain Rhyolite
and overlying the Amole Arkose.

The mega-breccia consists

of blocks of Amole Arkose, Recreation Red Beds, Paleozoic
limestone and quartzite, Erecambrian Pinal Schist, and

9
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andesite ranging from a fraction of an inch to 350 feet
across.
Part of the Tucson Mountain chaos lies in a west
trending belt at the southern boundary of the thesis area.
Throughout this belt are scattered many blocks of marble
and other pre-Cat Mountain Rhyolite rocks.

The blocks are

commonly strung out in west-trending clusters which are
widely separated.
Commonly surrounding the blocks are dark-gray and
purple porphyritic andesites.

Seemingly interbedded with

the andesites in the central part of the belt is a great
thickness of white, firmly indurated rhyolitic(?) tuff.

It

is possible that some of the interbedded tuffs are really
unrecognized Amole Latite sills (see page 32).

It is

perhaps significant that the purple andesite associated
with the blocks strongly resembles the author’s older
andesite porphyry (page 29) which both intrudes and occurs
as inclusions in the lowermost part of the Cat Mountain
Rhyolite.

If the purple andesite is responsible for the

emplacement of the blocks in the Tucson Mountain chaos, as
suggested by Mayo and McCullough (1964), the process must
have started a little while before and continued during
part of the emplacement of the lowermost Cat Mountain
Rhyolite.
The interbedding of rhyolitic tuffs and andesite
may be more than just an apparent relationship.

Outpouring
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of the lowermost part of the Cat Mountain Rhyolite may
have been accompanied by thick andesite flows.

The

marble blocks, which seem to be associated mainly with the
andesite, may be fragments that were rafted into place by
the andesite.

The older andesite porphyry dikes might

represent the last dying phases of the andesitic volcanism.
The evidence is strongly against such an origin for the
chaos in many parts of the Tucson Mountains, but this
origin should certainly be tested by detailed field work
in the region just south of the thesis area.
Cat Mountain Rhyolite
For convenience of mapping, the Cat Mountain
Rhyolite was divided into three members, a lower sequence
of tuffs and agglomerate, a central unit of dense tuffs
having eutaxitic structure, and an upper unit of dense to
somewhat friable tuffs without eutaxitic structure (Plate 1).
Petrographic studies, however, indicate that the upper two
units should be combined to form a single unit, the welded
tuff member.
Basal Tuff Member.— The basal tuff member consists
of about 550 feet of quartz latite or rhyodacite tuffs and
agglomerate which are rich in xenoliths.

It lies strati-

graphically above the Tucson Mountain chaos and is exposed
in the southern and western parts of the thesis area.
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The nature of the basal tuff varies considerably
both vertically and laterally.

Four distinct varieties

have been recognized within the thesis area.

In the

western part of the area a large faulted block of basal
tuff on the ridge northwest of hill #2(Plate 1) consists
of a very strongly indurated, white quartz latite tuff
having many small xenoliths

# inch average length).

This rock weathers light gray with patches of black MnOg
stain.

It is overlain by a more poorly indurated rhyodacite

or dacite tuff which is relatively free of xenoliths, but
is very rich in fine-grained epidote.

This weathers dark

green to brown and has rubbly outcrops.

The welded tuffs

of the Cat Mountain Rhyolite overlie this variety, which
is restricted to the western third of the mapped area.
The third variety of basal tuff is exposed on the
south side of hills #14 and #18, south of hill #8, north
of hill #5, and partially surrounding hill #6 on its south
ern side.

This is the most extensive of the four varieties

of basal tuff.

The rock is a quartz latite(?) agglomerate

and is more poorly indurated than the previous two
varieties.

It is white to pale green on the fresh surface

and weathers to a gray or yellowish tan.

The outcrops are

rounded, but the actual surface is very rubbly (Figure 4).
The agglomerate consists of subrounded quartz latite blocks
averaging 2 inches across set in a matrix of the same
composition.

Angular to subrounded xenoliths are very
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Figure 4

Figure 5
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These range from about % inch

abundant in this variety.

to 50 feet across, but most commonly are less than 2
inches.

The xenoliths are composed of fragments of the

underlying PreCambrian, Paleozoic, and Cretaceous rocks.
One of the most striking features of this variety is the
great abundance of small (less than one inch across)
lenticular and triangular strongly chloritized xenoliths.
Many of these are crudely parallel to the agglomerate
foliation.

This variety is conformably overlain by the

welded tuff unit.
The fourth variety of basal tuff, which underlies
the previous one, is exposed in the central and southeastern
parts of the area.

The contacts are hidden, but it appears

to be a stratigraphic unit with a maximum thickness of
about 80 feet that pinches out toward the west.

This

variety is a very chaotic, greenish-gray “conglomerate”
consisting of a totally unsorted aggregate of well-rounded
to angular rock fragments.

The fragments range from silt

size to 10 feet across (Figure $), but most commonly are
# to 6 inches across.

They consist of quartzite, purple

andesite porphyry, arkose, quartz latite tuff, and
fine-grained green andesite.

No fragments of overlying

material were found in the "conglomerate".

Locally, wavy

patches of fine-grained material sweep through the more
poorly sorted material.

This variety of basal tuff is not

found in the western part of the thesis area, but lies at
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the bottom of the basal tuff throughout the east.

In

addition, the same material was observed at the base of the
Cat Mountain Rhyolite welded tuffs just north of El Camino
de Cerro (location 1, Figure 3) more than a mile southeast
of the thesis area.

Here this variety represents the whole

basal tuff, the other varieties probably having pinched out.
The texture and composition of this fourth variety
of basal tuff suggest one of the following origins:
1) The rock is a sill of fluidized tuffs and xenoliths.
2) The rock is a volcanic mudflow deposit which
picked up much rounded stream debris from the
surface over which it flowed.
3) The rock formed as a result of material poured
out from a fluidized tuff pipe which reached the
surface.
The lack of any fragments of overlying formations within the
"conglomerate” and the lateral distribution of this thin unit
seem to preclude its being a sill.

In view of the possible

importance of fluidization in the Tucson Mountains, hypo
thesis number three is probably the most likely.

Mayo(1965»

Plate 1) shows numerous "rubble pipes" in the Piedmont it e
Hills of the central Tucson Mountains.

In addition he

states, regarding the area just south of Wasson Peak, p.21,
"In the mountains along the northern wall of the Embayment
there are numerous large and small areas of coarse breccia
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or rubble in which the clasts are dominantly andesitic or
latitic, but are locally pebbles, cobbles, and boulders of
crystalline limestone, quartzite, and granite."
Much of the basal tuff lacks foliation, but where
foliation is developed it commonly strikes nearly due west
and dips steeply north.
The contact between the basal tuff and the Tucson
Mountain chaos is arbitrarily placed where the amount of
purple andesite becomes dominant.

The position of the con

tact in the westernmost part of the mapped area is little
more than a guess for the andesites of the chaos are absent
here.

Whether this is actually due to pinching out of the

andesite or to undetected faulting is presently unknown.
Welded Tuff Member.—

The welded tuff member of the

Cat Mountain Ehyolite consists of about 600 to 850 feet of
welded and nonwelded quartz latite tuffs that lie in the
central and northwestern parts of the mapped area.

The

lower contact of the welded tuff is somewhat wavy (Plate
1), but no angular discordance between the welded tuff and
the basal tuff is apparent.
At the base of the welded tuff is a thin (10 to 20
feet thick) transitional zone between the obviously eutaxitic material of the welded tuff and the agglomerate and
nonwelded tuffs of the basal member.

This rock is a light

grayish green, firmly indurated tuff with a large number of
angular rock fragments (about 25% of the rock), and green
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chloritized fiamme^ that range from thin threads to nearly
equant bodies about 1 cm across*
bent sharply or form smooth arcs.

Many of the fiamme are
Some are crudely par

allel to one another, but many are disoriented.
Overlying this is a zone of strongly welded tuffs
showing well-developed eutaxitic structure.

This zone

makes up the bulk of the welded tuff member, being $00 to
750 feet thick.

This zone shows the following systematic

textural and structural variations from bottom to top:
1) The rock is a grayish-green welded tuff with
fiamme 2 to 3 cm long by about 3 mm thick.

The

percentage of inclusions is only about 10 per
cent, much less than in the underlying tran
sition zone.

The fiamme are oriented exactly

parallel to each other and sweep closely around
quartz and feldspar phenocrysts, and around
inclusions.

In thin section the matrix is seen

to consist of partially devitrified and dis
torted glass shards and a large percentage of
nondevitrified shards.
2) Higher in the zone the number, size, and
amount of flattening of the fiamme decreases.
The rock is lighter gray and hot so firmly
indurated.

In thin section the matrix is seen

1. An Italian term for black glassy inclusions in
welded tuff which have cross sections shaped like tongues
of flame (American Geological Institute Glossary of Geology).
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to be devitrified, distorted and flattened
shards, as before, but the amount of nondevitrified glass is much less.
3) At the top of this zone the eutaxitic structure
is not apparent in hand specimen, although the
microscope discloses a few thin shreds of fiamme*.
A few samidine phenocrysts have thin reaction
rims.
Overlying the strongly welded zone is a zone of
nonwelded tuffs.

The contact between these zones is very

gradational but has been placed at the level where the
eutaxitic structure is no longer visible in hand specimen
or in thin section (This is not the same as the contact
shown in plate 1 which is located where the eutaxitic
structure is no longer visible in hand specimen.).

The

thickness of the nonwelded zone is estimated to be between
50 and 100 feet.

This zone consists of light—gray to

white poorly indurated quartz latite tuffs.

It has a very

crude foliation and commonly shows thin, platy jointing
parallel to the foliation.

In thin section the rock is

compositionally similar to the underlying welded tuffs,
but seems to contain somewhat fewer rock fragments.

The

matrix consists of devitrified undistorted shards•

Vapor

phase alteration seems to have been active in this zone as
evidenced by wide reaction rims on sanidine phenocrysts •
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Thin sections taken at several levels in the welded
unit clearly show the systematic variations in the welded
tuff.

The descriptions of these are given in Appendix I.
The welded tuff member is very resistant to weather

ing, except where it is highly fractured, and it underlies
most of the higher hills in the thesis area. The rock
weathers grayish-brown or reddish-brown with light gray,
lensoidal streaks in the strongly welded parts ( Figure 6 ).
The strongly welded zone commonly has poorly developed
columnar jointing.
The attitudes of the foliation in the nonwelded zone
and of the eutaxitic structure of the welded zone are near
ly the same throughout, striking nearly due west and dipping
steeply north.
Origin of the Cat Mountain Bhyolite.—

Many previous

workers have considered the Cat Mountain Bhyolite to be a
sequence of welded and nonwelded ash flow tuff deposits.
The data collected by the author seem to be in full agree
ment with an ash flow origin for the welded tuff member
of the Cat Mountain Bhyolite.

The systematic vertical

variations and the lateral uniformity shown by the welded
unit are considered to be prime characteristics of ash flow
sheets(Smith, I960).

The vertical zoning of the welded unit

is nearly identical with that described by Gilbert(1938)
for individual ash flow units in the Bishop tuff of Cali
fornia.

Because there seems to be a continuous variation

Figure 6. Welded Tuff Member of Cat Mountain Rhyolite.
This is a weathered surface showing promi
nent fiamine that are characteristic of the
more strongly welded tuffs.

Figure 7* Graded Bedding in the Anklam Formation.
Here the Anklam formation dips steeply
to the north( top of photo)♦
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Figure 7
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of textures and structures from bottom to top in the welded
unit without any repetition of zones, the welded unit pro
bably represents one large ash flow or a sequence of ash
flows poured out in rapid succession.
The hot ash flows upon deposition would become
welded in the central and lower parts due to the combined
effects of heat and pressure from the overlying load,
slight movement of the ash flow unit after emplacement and
welding would produce the bent and chaotic fiamine that char
acterize the transition zone at the base of the welded tuffs.
After deposition, the welded tuffs, which normally have very
low primary foliation dips, were tilted steeply northward.
The basal tuff member probably owes its origin to a
similiar mechanism, but represents deposition from a less
gas-charged or cooler magma, or deposition in much thinner
sheets so that welding did not occur.

Variety number 4 of

the basal tuff seems to have a different origin, as was
discussed above.
Auklam Formation
The Anklam formation was informally named by
Kinnison( see Damon and Bikerman, 1966, p.122? ) for a
sequence of brown, gray, green, and purple arkosic and silty
sedimentary rocks that overlie the Cat Mountain Rhyolite.
In the thesis area the Anklam formation consists of
purple, gray, green, and brown arkose, graywacke, and
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siltstone.

These beds are generally conformable to the

foliation in the underlying Cat Mountain Rhyolite.

The

lower contact of the Anklam formation is marked by a zone
of coarse-grained, weathered Cat Mountain Rhyolite frag
ments and reddish-purple iron stain which extends about 5
feet down into the tuffs.
These sedimentary rocks lie in a faulted west
trending belt in the central part of the thesis area.
Their thickness is nearly constant throughout except in
the Vest where the beds pinch out.

The thickness ranges

from 0 to about 70 feet, but most commonly is about 50 feet*
The Anklam formation is characterized by poorly
sorted, angular to subrounded grains of weathered Cat
Mountain Rhyolite and andesite in beds %. inch to 2 feet
thick.

Graded bedding (Figure 7) is well developed locally,

but no other primary sedimentary structures are present.
The beds are devoid of fossils.
The bedding in the Anklam formation generally
strikes nearly due west and dips steeply north, except
where disturbed by faulting.

The graded bedding, the

erosional contact between the Anklam formation and the Cat
Mountain Rhyolite, and the presence of Cat Mountain Rhyolite
fragments in the sedimentary beds show that the beds are
right side up.
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Cam Boh Rhyolite
The author proposes the name Cam Boh rhyolite for
a sequence of rhyolitic to quartz latitic flow breccias,
agglomerates, and flows conformably overlying the Anklam
formation in the thesis area.

This assemblage is named

after the Cam Boh picnic area # mile northwest of the area
of study.

This formation has not previously been recognized

in the Tucson Mountains, and seems to be present only in
the northern part of the range.
The Cam Boh rhyolite lies in the northern and
central parts of the thesis area in a nearly due west
trending, faulted belt.

It consists of about 1600 to per

haps 2000 feet of rhyolitic or quartz latitic volcanic
rocks which are divided into two members, a lower flow
breccia member, and an upper flow member which has agglom
erate at the base.
Flow Breccia Member.— This member is a rhyolite or
possibly quartz latite flow breccia about 400 feet in
average thickness.

It is composed of light-tan, angular

to subrounded, aphanitic, rhyolite fragments with strong
flow banding that are set in a matrix of the same strongly
flow-banded material.

The flow- banding in the matrix and

fragments is commonly very contorted (Figure 8).

The

fragments range from about % inch to 3 feet across, but
most commonly are 2 to 5 inches across.

The percentage of

Figure 8 •

Flow Breccia Member of Cam Boh Rhyolite.
Note the strong flow banding in the frag
ments.

Figure 9*

Flow Member of Cam Boh Rhyolite, Agglom
erate Near Base of Member.
Note the crudely developed foliation
dipping nearly parallel to the hammer
handle.
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Figure 9
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fragments varies considerably, ranging from 0 to 80 percent.
In areas where the percentage of fragments is low, the flow
banding is more uniform, commonly striking within a few
degrees of due west and dipping steeply north.
In hand specimen the flow breccia is a strongly
indurated felsitic rock that has thin alternating light tan
and dark brown bands.

The only phenocrysts are a few

scattered plagioclase grains.

The weathered surface is

light orange and very rough textured.
In thin section, the rock is seen to consist of
thin microcrystalline layers of potash feldspar and minor
plagioclase alternating with layers of somewhat coarser
grained plagioclase and minor potash feldspar.
microcrystalline quartz layers are also present.

A few
Andesine

phenocrysts up to about 1 mm in length make up about 1
percent of the rock.
Plow Member.— The flow member, which overlies the
flow breccia member, consists of about 1200 to 1600 feet
of quartz latitic flows with abundant agglomerate at the
base.

The lower contact of the flow member is placed

where the strongly banded matrix of the flow breccia
changes to the more poorly banded matrix of the agglom
erate at the base of the flow member.

The matrix of the

flow member is gray rather than tan and contains a greater
percentage of feldspar phenocrysts than the flow breccia.
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The agglomerate at the base of the flow member
consists of angular to subrounded blocks of gray porphyritic
rhyolite or quartz latite in a matrix of the same composi
tion.

The blocks are commonly 2 to 5 inches across, but

have been found up to 3 feet across (Figure 9)»

As in the

flow breccia, the percentage of blocks varies widely.
Where the percentage of blocks is low the matrix has a
well-developed, though somewhat wavy flow structure, and
thin platy jointing parallel to the flow structure
(Figure 10).

In areas where the percentage of blocks is

high, the blocks tend to be aligned to form a crude folia
tion.

As one rises stratigraphically, the amount of agglom

erate in the flow member is less, and the upper half of the
member is devoid of agglomerate.
Except for the agglomerate structure the general
appearance and composition of the flow member is the same
throughout.

In hand specimen the rock is a gray or tan

felsite showing a few aligned biotite flakes and white
feldspar phenocrysts with brown altered centers.

The rock

commonly has irregular, poorly defined, dark-gray siliceous
streaks through the matrix.

The weathered color of the

rock is usually dark gray or brown.
In thin section the flow member displays a trachytic
texture.

The matrix consists of aligned andesine and potash

feldspar microlites and microcrystalline quartz.

The

matrix encloses phenocrysts of andesine, sanidine (in some

Figure 10. Flow Member of Cam Boh Rhyolite.
The nearly vertical platy jointing parallel
to the foliation is characteristic of this
unit.
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Figure 10
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thin sections), and many hematite pseudo morphs after
biotite.

No xenoliths were found.

The high percentage of

matrix (about 80%) makes classification of this rock
difficult, but it is either a rhyolite or a quartz latite•
The foliahion in the flow member generally strikes
within a few degrees of due west, but the dips range from
steep north to steep south.

The wide variation in the

dips may reflect the viscous nature of the rock during
eruption.
Old Yuma Andesite
The author proposes the name Old Yuma andesite for
a sequence of andesitic flows and pyroclastics overlying,
with apparent conformity, the Cam Boh rhyolite.

Excellent

exposures of this unit lie in the northeastern part of the
thesis area just south of Old Yuma Mine.

This formation,

like the Cam Boh rhyolite, seems to be present only in the
northern Tucson Mountains and has not been previously
recognized.
The stratigraphic details of the Old Yuma andesite
have not been worked out, but reconnaissance mapping has
yielded the following characteristics:
1) .The formation consists wholly of andesitic rocks.
2) Dense reddish-brown to reddish-purple andesite
flows are abundant in the lower part of the unit.
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3) Grayish-purple porphyritic tuffs and agglomerate
are abundant in the upper part of the unit•
4) The foliation commonly strikes nearly due west
and dips steeply north.
5) The unit contains large quantities of a struc
tureless grayish-purple andesite porphyry that
may be intrusive into the Old Yuma andesite.
6) The formation is probably 2000 feet or more
thick, although intrusive andesite porphyry may
have thickened the section.
Intrusive Igneous Bocks
Cretaceous Bocks
Older Andesite Porphyry
The older andesite porphyry is a very distinctive
purple andesite porphyry that intrudes the basal tuff
member of the Cat Mountain Rhyolite.

It is found as xeno-

liths within the upper part of the basal tuff, and rarely
as xenoliths in the welded tuff.

The intrusive bodies of

older andesite porphyry occur as thin nearly vertical dikes
and as irregularly shaped masses.
The fresh rock is greenish purple and contains very
distinctive lath-shaped andesine phenocrysts set in a felted
matrix of andesine microlites.

Small quantities of epidote,

chlorite, and carbonate are scattered through the rock.
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Because the older andesite porphyry both intrudes
and occurs as xenoliths within the basal tuff, it is pro
bably about the same age as the basal tuff.

No dikes of

older andesite porphyry have been found intruding rocks
younger than basal tuff.

The welded tuff member of the Cat

Mountain Rhyolite has been dated at ?0.3 ± 2.3 million years
by Damon and Bikerman(1966) so that the basal tuff and older
andesite porphyry must be somewhat older than this.

The

older andesite porphyry seems to be the same rock termed
Turkey Track Porphyry by Champney(1962), but probably is not
the same as the Turkey Track Porphyry dated at 28 million
years by Damon and Bikerman(1966).
Ample Quartz Monzonite
The Amole Quartz Monzonite was named by Brown(1939)
for part of a granite and quartz monzonite stock in the north
western Tucson Mountains.

The quartz monzonite lies along

the western edge of the mapped area and is poorly exposed
except near the contact with the Cretaceous volcanic rocks.
Characteristically the Amole Quartz Monzonite is a
gray to pinkish-gray, medium-grained quartz monzonite which
has about 10% of the mafics biotite and hornblende.

The

quartz is very fine grained and not easily seen in hand
specimen. Brown(1939* P?23) gives the following description
of this rock,
"Under the microscope the rock has a distinct
monzonitic texture (Grout, 1932, p.85) with
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plagioclase and microperthite the principal feld
spars . Much of the plagioclase is zoned and
throughout has a range of A2340 to AnoQ. Quartz is
abundant in all specimens except the extremely
basic ones which grade to diorite. Biotite and
hornblende are in about equal amounts. * * * The
rock is fresh in most areas, but along its northern
border sericitic and chloritic alteration is
common. Locally chlorite colors the rock green."
The author examined only one thin section of the Amole
Quartz Monsonite (Appendix I) which is compositionally
classed as a quartz monzonite.

Other workers however, (see

Mayo, 1965 1 P-9) consider this intrusive body to be quartz
diorite.
The Amole Quartz Monzonite is intrusive into at
least part of the Cretaceous volcanic rocks in the thesis
area.

The west-striking foliation of the basal tuff member

is sharply truncated by the highly irregular quartz monzon
ite contact.

Near the contact the basal tuff is intensely

shattered and silicified, and small dikes of quartz monzon
ite project into the basal tuff.

Because of complex fault

ing along the western side of the thesis area and poor
exposure of the quartz monzonite, the relationship between
the quartz monzonite and the units overlying the basal tuff
is unknown.

The consistent north-northwest trend of the

quartz monzonite contact (Figure 5) and its discordance with
the foliation of the Cretaceous volcanic rocks strongly
suggests that the quartz monzonite intrudes most of the
Cretaceous volcanic rocks in the thesis area.

Damon and
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Bikerman( 1966, p. 1252 ) list K-Ar dates as follows for
the Amole Quartz Monzonite and the Cat Mountain Rhyolite:
Amole Quartz Monzonite

72.9 + 2.2 million years

Cat Mountain Rhyolite

70.3 + 2.3 million years

Cat Mountain Rhyolite

6$.6 + 2.8 million years

These dates suggest, at first, that the Amole Quartz Mon
zonite is not intrusive into the Cat Mountain Rhyolite.

If

one, however, compares the older date for the Cat Mountain
Rhyolite with the date for the quartz monzonite, one finds
that the two are alike within the range of error in the dat
ing method.

Therefore, the Amole Quartz Monzonite may or

may not he intrusive into the rocks overlying the basal tuff.
Amole Latite
Several dikes of Amole Latite( Brown, 1939 ) intrude
the volcanic rocks and the Amole Quartz Monzonite in the
western part of the mapped area.

The dikes range from 4 to

about 20 feet wide and have continuous lengths of more than
2000 feet.
Within the area the Amole Latite consists of a red
dish orange weathering porphyritic quartz latite.

In hand

specimen the fresh rock appears to be a porphyritic latite
with a pinkish-tan felsitic groundmass. Plagioclase phenocrysts up to 4mm in length and light brown biotite flakes
are fairly abundant•

In thin section the groundmass is

seen to consist of abundant microcrystalline quartz and
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potassium feldspar and somewhat less abundant plagioclase.
The rock is classed as a quartz latite.
The dike contacts are very sharp and regular.

They

commonly strike northeast or north-northeast and dip steeply.
Foliation is locally well-developed parallel to the dike
walls.
The Amole Latite of the thesis area is younger than
the Amole Quartz Monzonite and intrudes rocks as young as
the welded tuffs of the Cat Mountain Bhyolite.

These rela

tionships are not consistent with those shown by the Amole
Latite in other parts of the Tucson Mountains; however, as
pointed out by Mayo( 1965, p. 9 ), the Amole latite may have
been emplaced over a fairly long interval of time.
Although the Amole latite dikes have not been
observed in rocks younger than the welded tuffs of the Cat
Mountain Bhyolite, it is possible that the dikes were
emplaced after deposition of the whole Cretaceous volcanic
sequence.

They may have intruded during or after the fault

ing and tilting of the volcanic rocks.

The fractures that

controlled the positions of the dikes may not have pene
trated the units overlying the Cat Mountain Bhyolite.

This

is supported by the fact that only one dike has definitely
been offset by a fault, whereas the faults cut all of the
volcanic rocks in the area.

The dikes die out along strike

for no apparent reason and begin again several feet away.

34Offsets in the dikes seem to be caused by the dikes "jump
ing" from fracture to fracture rather than by subsequent
faulting.
Younger Andesite Porphyry
Irregularly shaped intrusive bodies and dikes of
this very distinctive grayish-green andesite porphyry are
present throughout the mapped area.

The younger andesite

porphyry intrusives range from small dikes 1 inch thick to
large irregular bodies 300 by 4000 feet.
The rock consists of about 30 percent equant, white,
andesine phenocrysts up to 3mm long set in a grayish-green
aphanitic matrix of chlorite and plagioclase.
weathers to greenish-brown boulders.
sharp though commonly very irregular.

The rock

The contacts are
In some of the larger

masses the andesine phenocrysts exhibit a planar preferred
orientation parallel to the contacts.
The younger andesite porphyry intrudes all rock
units exposed in the thesis area, with the possible exception
of the Amole Latite.

The relationship between the younger

andesite porphyry and the Amole Latite is unclear.

Because

one dike of Amole Latite has been offset by a northeast
striking fault and no offset of younger andesite porphyry
has been observed, the younger andesite porphyry is probably
the younger rock.
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Structure
Folds
The Anklam formation has many small concentric folds
which are developed only near northeast-striking faults.
They are commonly open folds having amplitudes ranging from
a few inches to about 10 feet and wavelengths up to about
50 feet (Figure 11).

The attitudes of many of the fold

axes are very diverse and many folds have been cut by
younger andesite porphyry dikes (Figure 12).

The folds

probably owe their origin to drag along the northeast
striking faults.
In addition to the folds in the Anklam formation,
folds are present in the Cat Mountain Rhyolite (Plates 1
and 2).

The most strongly folded area of Cat Mountain

Rhyolite lies in the northwestern part of the area (Plate 1
and Figure 13).

Here the Cat Mountain Rhyolite seems to

have been folded into an anticline and syncline whose axes
plunge steeply northwest.

Northeast-striking faults have

caused repetition of these folds.

Elsewhere in the mapped

area folding in the Cat Mountain Rhyolite is insignificant,
consisting of broad warps and drag along a few faults.
Faults
Faulting in three major directions is by far the
dominant means of rock failure.

The three directions are

Figure 11. Flank of a Gentle Anticline in the Anklam
Formation.

Figure 12. Fold Cut by Younger Andesite Porphyry Dike.
Here a younger andesite porphyry dike (on
left) cuts the crest of the anticline shown
in Figure 11.
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Figure 13.

Pace and

Compass Map of Northwest

Port of

200

Thesis Area

57

38
from oldest to youngest (according to apparent cross
cutting relations):
1) North-striking faults- commonly strike N5~25eE
2) Northwest-striking faults
3) Northeast-striking faults- the strongest direc
tion of faulting.
The author found no evidence whatsoever for the existence
of the west-striking faults that Brown (1939» Plate 1)
shows on the north side of the Cat Mountain Rhyolite.
North-Striking Faults
The north-striking faults have their greatest
displacements and are most abundant in the western part of
the area.

Most of these faults have right lateral strike

separation where they cut the north-dipping volcanic rocks.
The dips of many of these are unknown, but three of them
have steep east dips and one a shallow east dip.
Northwest-Striking Faults
Three northwest-striking faults were mapped, two
in the Vest and one in the East just south of hill #9.
three became sites for younger andesite porphyry dikes.
Two of these structures dip northeast at moderate angles
whereas the dip of the third is unknown.

All
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Northeast-Striking Faults
The northeast-striking faults are "by far the domi
nant fractures.

These structures strike N 40-70°E and dip

at angles of 50 to 75 degrees southeast.

The strike separ

ation on these faults where they cut the volcanic rocks
ranges from a few feet to about 1400 feet and is, with few
exceptions, right lateral.

The northeast-striking faults

cut the Amole Quartz Monzonite but do not significantly
offset the contact with the volcanic rocks.

An examination

of the space relations on both sides of the Old Yuma fault
(Plate 1) shows that the dominant movement on this fault
must have been dip slip rather than strike slip, however no
slickensides were found to support or to refute this conclu
sion.

The other northeast-striking faults are probably also

normal faults.

If this is true then the aggregate displace

ment across the mapped area from northwest to southeast must
be tremendous.

For example, assuming that dip slip is the

only component of movement on the Old Yuma fault, the net
slip would be approximately 1600 feet with a vertical slip
of about 1550 feet.

This is for an average volcanic rock

foliation attitude of due V, 80°N and a fault plane dip of
58° south.

The actual amount of displacement on the Old

Yuma fault may depart widely from the value given here, but
the general order of magnitude is probably correct.

40
The thesis area represents only a small part of the
region dominated by the northeast-striking faults•

Recon

naissance mapping by the author disclosed two large north
east-striking, southeast-dipping faults in Old Yuma andesite
)6 mile northwest of the thesis area, and three northeast
striking faults along the eastern side of the Tucson Moun
tains between Sunset Road and Sweetwater Drive (Figure 3).
Brown (1939) mapped several northeast-striking faults
between this area and Anklam Road.

Ohampney (1962) mapped

several northwest as well as several northeast-striking
faults in the Coyote Peak area.
Ohampney (1962), who considers the northeast faults
to be strike-slip faults, states the following, p.2$:
"Faults which traverse the area in a northeast
.southwest direction have offset the (Cat Mountain)
rhyolite as much as 1,800 to 1,900 feet horizontally,
with the southeast sides of these faults moving
southwest relative to the northwest sides. There
are at least two ways of interpreting these offsets.
There may have been either strike-slip movements or
there may have been dip-slip movements with the
northwest sides moving upward relative to the south
east sides. The only slickensides found had a
plunge of 10° in a N. 81° E. direction, and these
were found close to an inferred fault having a
strike of N. 80° E. This seems to be exceedingly
slight evidence for deciding that this fault was
strike-slip rather than dip-slip."
The author feels that most of the northeast-striking faults
are normal faults rather than strike-slip faults.
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Age of the Faults
The northeast-striking faults, which may be the old
est set, cut the Amole Quartz Monzonite and all of the vol
canic rocks in the mapped area.

Imswiler (1959) shows no

continuation of the northeast-striking faults into the Ter
tiary rocks around Safford Peak to the north.

This suggests

that the faulting is of Laramide age.
Joints
The joints may be divided into three broad groups,
columnar joints; sheeting, as in the Cam Boh rhyolite par
allel to the foliation; and systematic joints.

The first

two groups probably have little tectonic significance and
will not be treated here.

The third group, systematic

joints, are poorly developed throughout much of the area.
These are most strongly developed near faults, as joints
paralleling the fault plane, and as closely spaced northeast-striking joints near the quartz monzonite intrusive
contact.

The joints are most abundant in the volcanic rocks

at the intrusive contact.

Here they are spaced about 2

inches apart, but are more widely spaced as one moves away
from the contact either into the quartz monzonite or farther
into the volcanic rocks.

These fractures commonly have a

coating of chlorite and epidote.
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Foliation and Bedding
As noted in the discussion of each of the forma
tions, the bedding and foliation attitudes are nearly
identical throughout the thesis area, that is, strikes are
nearly due west and dips are steep north.

The steeply dip

ping Anklam formation clastic sedimentary rocks, which are
conformable to the Cat Mountain Rhyolite,and the systematic
variations in the Cat Mountain Rhyolite show that these
rocks are part of a normal depositional sequence.

It seems

as though the Cretaceous section has been tilted up on end
with only minor internal distortion.
Regional reconnaissance mapping shows that the
tilting is not confined to the thesis area (Figure 3).

The

author made a reconnaissance traverse extending # mile
south of the area.

Throughout the traverse the dominant

foliation attitudes were west-northwest strikes and steep
northward dips with no decrease in the amount of dip
toward the south.

Southeast of the thesis area between

Sunset Road and Sweetwater Drive the Cat Mountain Rhyolite
strikes north-northwest to northwest and dips moderately
to steeply northeastward.

Imswiler (1959) has foliation

attitudes in the Cretaceous volcanic rocks northwest of
the thesis area near Safford Peak which strike nearly due
west and dip steeply north.

Whatever mechanism is invoked

to explain the attitudes of the rocks in the thesis area
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wist also account for the tilting of the Cretaceous rocks
throughout the northern Tucson Mountains.

INTERPRETATION OF THE STRUCTURE
The foliation attitudes of the Cat Mountain Rhyolite
in the northern and northeastern Tucson Mountains seem to
define the north and east flanks of a large collapsed dome.
This idea is not new, but was suggested by Champney (1962).
The data collected by the author seem to strengthen this
concept.
Structural Evolution
After or during eruption of the Old Yuma andesites
it is assumed that a large pluton rose beneath the northern
Tucson Mountains.

The rising pluton strongly arched the

overlying Cretaceous volcanic rocks.

The northeast-striking

faults were probably initiated by the tensile stress devel
oped in the domed rocks.

The strong northeast structural

grain common in much of the Precambrian basement rocks of
southern Arizona probably guided the formation of the
northeast-striking faults.

During the uplift, blocks would

be displaced downward toward the crest of the dome.
For some unknown reason the pluton must have partial
ly withdrawn so that the dome of volcanic rocks collapsed by
further movement on the northeast-striking faults.
So far in this discussion, the north-striking
and the northwest-striking faults in the mapped area have
44
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been neglected.

In the description of the structures

they were considered to be older faults which had been off
set by younger northeast-striking faults•

The termination

of the north and northwest striking faults when they reach
the northeast-striking faults would normally be considered
good evidence that the northeast-striking faults are the
youngest.

But in a collapse structure such as this, where

normal faulting dominates, there could be an alternative.
The northeast-striking faults may be the oldest ones and
the other faults are the result of breaking up of fault
blocks between northeast-striking faults.
If large slabs are being dropped along the northeast
striking faults, it is very likely that movement is not
uniform throughout the length of the fault surface.

Such

nonuniformity of movement would cause secondary stresses
within the subsiding blocks that would fracture the blocks
at some angle to the northeast faults.

Many of the north

west and north striking faults may have formed by such
secondary stresses.
Either during or after the faulting, the area was
intruded by Amole Latite and younger andesite porphyry which
found easy access along the fault zones.

A period of

erosion intervened before the Tertiary rocks of the Safford Peak area were emplaced.

The emplacement of the

Amole Quartz Monzonite stock probably preceded the devel
opment of the dome, since the northeast faults cut the stock.

SUMMARY
The Cat Mountain Rhyolite of the northern Tucson
Mountains is a quartz latite ash flow and part of a normal
volcanic rock sequence which has heern tilted steeply north.
These Cretaceous rocks seem to have been tilted and faulted
during the formation and collapse of a large dome caused by
a hidden intrusive igneous body.

Initial fracturing was

caused by tension on the flanks of the dome and m a y .have
been influenced by Rrecambrian basement structure.

The

tilting and faulting are probably of Laramide age.
Two new Upper Cretaceous formations have been
recognized, the Cam Boh rhyolite and the Old Yuma andesite
whose combined thicknesses may be 4000 feet or more.
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RECOMMENDATIONS FOR FURTHER STUDY
Detailed mapping in two regions of the Tucson
Mountains would "be very helpful toward either proving or
disproving the ideas presented here on structural evolution.
These regions are:
1) In the Cretaceous volcanic rocks west of Safford
Peak, to determine the true thickness of Old
Yuma andesite so that an estimate of the total
thickness of the Cretaceous volcanic rocks could
be made.

This would be valuable in determining

whether doming could cause the steep north dips.
2) In the area north and east of Wasson Peak.

This

area should be examined for any evidence of
flattening of the foliation or bedding dips that
might suggest the crest of a dome.
Other work should include measuring sections and
formally describing the Cam Boh rhyolite and the Old Yuma
andesite.

Radioactive age dating of these units would also

be desirable.
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APPENDIX I
Petrographic Descriptions
General
Twenty-one thin sections were examined of rocks in
the mapped area in order to determine the microscopic char
acteristics and approximate composition of the rock units.
No detailed petrographic analyses were made.

The percentage

composition of the constituents in each thin section was
determined by visual estimation and may be subject to con
siderable error.

Most of the thin sections were stained

with sodium cobaltinitrite solution (Heinrich, 1965» p.13)
to aid the identification of potash feldspar in micro
crystalline rock matrices.
Cat Mountain Rhyolite
Basal Tuff Member
Specimen No. 2/19/6? 2
Location:

NE

Classification:

NE X, Sec. 18
Dacite tuff

Megascopic Description:
with rubbly outcrops.

The rock weathers greenish brown
On the fresh surface it is seen to

be a fine-grained, green porphyritic rock having an
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aphanitic matrix.
up to 1 mm long.

Plagioclase and quartz phenocrysts are
The rock has a large amount of epidote

in blebs 1 to 2 mm across.
Microscopic Description:

The rock has a seriate texture

with many broken crystals of subhedral to euhedral andesine
up to 1 mm long and anhedral quartz of similar size.
Irregularly shaped epidote blebs are very abundant.

The

finer grained parts of the specimen consist of andesine
microlites, quartz, and minor potash feldspar.

The quan

tity of potash feldspar is uncertain due to its extremely
fine grain size.

The thin section is cut by a few thin

carbonate veinlets.
Estimated Composition
Andesine
Quartz
Epidote
Microcrystalline potash
Feldspar
Carbonate
Misc.
Rock fragments
Specimen No. 2/7/67
Location:

NW

Classification:

55*
30
25
3(?)
1
1
5

1

NV

Sec. 17

Rhyodacite tuff

Megascopic Description:

The rock weathers gray and is

greenish gray on the fresh surface.

Broken quartz pheno

crysts 2 to 4 mm long stand out boldly on the weathered
surface.

The specimen shows partially epidotized

plagio

clase phenocrysts 2 to 4 mm long and an aphanitic matrix.
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Rock fragments, andesite and quartz M o t i t e schist, make
up about 10# of the specimen.
Microscopic Description:

The rock has a porphyritic tex

ture and many broken phenocrysts of embayed quartz, epidotized andesine and sericitized andesine(?), and a few
biotite flakes.

It has a microcrystalline groundmass of

uncertain composition, but shows abundant potash feldspar
and quartz.

The matrix also has numerous partially denit

rified shards.

The texture is somewhat seriate for fragments

down to about .1 mm long at which point a sharp drop in
grain size to the microcrystalline matrix occurs.

Potash

feldspar seems to make up about 10# of the matrix.
Estimated Composition
Quartz fragments
Andesine
Biotite
Epidote
Matrix (qtz., K-spar, probably
some plagioclase)
Misc.
Rock fragments
Specimen No. 2/7/67
Location:

37
1
10

8

SW #, NW #, Sec. 1?

Classification:

Quartz latite tuff

Megascopic Description:

The rock weathers light gray with

patches of black MnOg stain.
surface.

27#
18
2
5

It is white on the fresh

The matrix is aphanitic and structureless.

Phenocrysts consist of quartz grains # to 1 mm long and
blebs of epidote up to 2 mm across.

The specimen contains
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many small angular rock fragments (average length # to #
inch) of gray andesite, quartzite, red sandstone, and
pink felsite.
Microscopic Description:
porphyritic texture.

The specimen has a fragmental

It contains broken phenocrysts of

embayed quartz up to 2 mm in length, a few weakly argillized andesine phenocrysts about # mm long, numerous
irregular epidote grains 1 to 2 mm across, and a few
angular rock fragments.

The matrix consists of micro

crystalline quartz, potash feldspar, plagioclase, and
partially devitrified unflattened shards.
Estimated Composition
Quartz phenocrysts
Andesine phenocrysts
Epidote
Matrix
Rock fragments

1%
3

10
70

10

Welded Tuff Member
Specimen No. C-5-4-R
Location: NE X* NE
Classification:

Sec. 18

Dacite welded tuff (may be quartz latite)

Megascopic Description:

The rock weathers grayish brown.

It is light brown on the fresh surface with many dark
reddish brown fiamme which form a strong eutaxitic struc
ture.

The fiamme are up to 4cm long by 3 mm thick though

commonly are about 1 cm long by 2 mm thick.

The specimen

contains many subangular rock fragments up to 1 cm across.
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Quartz and white plagioclase phenocrysts 1 mm long are scat
tered throughout the rock.
Microscopic Description: The specimen has a well-developed
eutaxitic structure showing partially devitrified and
strongly flattened shards that swirl around inclusions and
phenocrysts of embayed quartz and andesine.
is rich in fine-grained hematite.

The groundmass

This specimen was not

stained so that no estimate of the amount of potash feldspar
in the matrix could be made.
Estimated Composition
Andesine
Quartz
Matrix
Rock fragments

30
48
20

The following seven thin sections are given in
order from the top to the bottom of the welded tuff member.
All of these are classed as quartz latite even though the
ratio of potash feldspar phenocrysts to plagioclase pheno
crysts in some sections is that of a rhyolite.

The uncertain

composition of the matrix and the composition of the plag
ioclase (mostly A n ^ y ^ g ) suggest that quartz latite is the
proper classification.
Specimen No. 10/11/66 3
Location: SV

SE

Sec. 8

Classification: Nonwelded quartz latite tuff
Megascopic Description: The rock weathers grayish brown and
has thin platy jointing.

On the fresh surface the specimen

is an ashy white tuff.

It is rather poorly indurated. Fhe-

nocrysts of pink potash feldspar and quartz 1-2 mm long are
scattered throughout.

A small quantity of andesite frag

ments 3-4 mm across are present.
Microscopic Description: The rock has a porphyritic frag
mental texture and shows no foliation.

The phenocrysts

consist of broken andesine, sanidine, and partially resorb
ed quartz grains up to 2 mm long.

The specimen has a few

rock fragments, one identified as welded tuff, another as
quartzite.

Sanidine phenocrysts have reaction rims of a

clear feldspar (not stained by sodium cobalt ini trite solu
tion).

The matrix is seen to consist of a chaotic mass of

unflattened devitrifled shards and uncollapsed pumice lumps.
Estimated Composition
Andesine phenocrysts
Quartz phenocrysts
Sanidine phenocrysts
Matrix
Pumice fragments
Rock fragments

2%
5
4
77
10
2

Specimen Mo. 10/11/66 9
Location: SE *, SW #, Sec. 8
Classification: Monwelded quartz latite tuff
Megascopic Description: The rock weathers grayish brown and
has thin platy jointing.

It is more firmly indurated than

Specimen 10/11/66 3, but has the same white ashy appearance
on the fresh surface.

Mo eutaxitic structure is visible

although some alignment of inclusions is present.

The
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specimen has a few 3 to $ mm long inclusions of quartzite
and andesite*
Microscopic Description: The general description is sim
ilar to Specimen 10/11/66 3 except that the shards and
devitrifled pumice lumps are oriented crudely parallel
to each other and are partially flattened.
Estimated Composition
Andesine phenocrysts
Sanidine phenocrysts
Quartz phenocrysts
Matrix
Pumice lumps
Rock fragments

1%
5
4
83
5

2

Specimen No. 10/13/66 1
Location: SE )4, 8W

Sec. 8

Classification: Partially welded quartz latite tuff
Megascopic Description: The rock weathers medium gray.

It

is much more firmly indurated than the above two specimens.
On the fresh surface the rock is light gray and has a very
indistinct eutaxitic structure consisting of a few light
greenish-gray whisps about 5 mm long.

A few xenoliths of

andesite and felsite up to 3 mm long, embayed quartz phenocrysts, and pink potash feldspar phenocrysts 1-2 mm long
are scattered throughout.
Microscopic Description: The specimen has a fragmental
porphyritic texture and a weak eutaxitic structure.

The

matrix consists of well aligned, somewhat flattened, devitrified shards that tend to wrap around inclusions.

Most
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sanidine phenocrysts lack reaction rims, although two were
observed that have thin rims.

The composition of the rock

is similar to the previous specimens, but the matrix is
richer in nondevitrified shards.
Estimated Composition
Quartz phenocrysts
Sanidine phenocrysts
Andesine phenocrysts
Matrix
Pumice fragments
Rock fragments

3*
5
1
76
5

10

Specimen No. 2/19/6? 1
Location:

NV #, NV *, Sec. 1?

Classification:

Quartz latite welded tuff

Megascopic Description:
lensoidal streaks.

The rock weathers gray with brown

It is very firmly indurated and light

gray on the fresh surface.
but not well-developed.

Eutaxitic structure is visible

The fiamme are white to light green

and average about 1 cm long.

Xenoliths consist of angular

fragments of red sandstone and quartzite up to 5 mm across.
Microscopic Description:

The specimen has a stronger eutax

itic structure than 10/13/66 1, although it is rather
poorly developed.

The pumice lumps are more elongated and

the matrix is richer in glass than the previous specimens.
Sanidine phenocrysts are less abundant here and lack
reaction rims.

The pumice fragments have length to width

ratios of about 4- to 1.
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Estimated Composition
Quartz phenocrysts
Andesine phenocrysts
Sanidine phenocrysts
Matrix
Pumice fragments
Rock fragments

10%
1
1
58

20
10

Specimen Mo. 10/13/66 4
Location: MV #, MW %, Sec. 1?
Classification:

Quartz latite welded tuff

Megascopic Description: The rock weathers grayish brown.
It is very strongly indurated and has a well-developed
eutaxitic structure.

On the fresh surface the rock is gray

with light green fiamme.

The length to width ratios of

the fiamme are about 10 to 1.
Microscopic Description:
eutaxitic structure.

The specimen has a well-developed

It seems to be more coarsely crystal

line than the previous specimens.

The rock consists of

flattened, devitrifled pumice lumps; rock fragments; pheno
crysts of quartz, andesine, and sanidine; and very little
matrix.

Sanidine phenocrysts lack reaction rims.
Estimated Composition
Andesine phenocrysts
Quartz phenocrysts
Sanidine phenocrysts
Matrix
Pumice fragments
Rock fragments

Specimen Mo. 10/13/66 6
Location: MV *, MW #, Sec. 1?

3%

7

2
20

63
5
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Classification:

Quartz latite welded tuff

Megascopic Description:
gray.

The rock weathers greenish

It is very firmly indurated, dark brownish gray

on the fresh surface, and has well-developed eutaxitic
structure.

The fiamme average 2 to 3 cm long by about

5 mm thick and are red brown.

A few lithic fragments

of red sandstone (possibly from the Recreation Red Beds)
and andesite up to 2 cm across are present.
Microscopic Description:

The specimen has a very well

developed eutaxitic structure, the pumice fragments
drawn out many times their thickness.
in hematite and nondevitrified shards.

The matrix is
In general, the

matrix is richer in glass and less coarsely crystalline
than specimen 10/13/66
reaction rims.

4.

Sanidine phenocrysts lack

The quartz phenocrysts are partially

resorbed as in all other specimens from the welded tuff
member.
Estimated Composition
Quartz phenocrysts
Andesine phenocrysts
Sanidine phenocrysts
Matrix and hematite
Pumice fragments
Rock fragments
Specimen No. 10/13/66
Location:

NV

7

NV *, Sec. 17

2%

2
1
55
50

10

58
Classification:

Quartz latite welded tuff

Megascopic Description:
light green.

This rock weathers light gray to

On the fresh surface the specimen has a

pinkish-gray matrix and strongly chloritized, disarranged,
poorly flattened fiamme.

The chloritized fiamme range

from thin whisps to equant bodies 1 cm across.

There are

numerous rock fragments mostly andesite, red sandstone, and
quartzite.

Pink feldspar phenocrysts up to 3 mm long are

scattered throughout.
Microscopic Description:
eutaxitic structure.

The specimen has a poorly developed

Pumice fragments are very rich in

chlorite and poorly flattened.

Many of these are bent into

weird shapes, some are nearly equant.

The matrix is more

coarsely crystalline than in the previous specimens.
Crystal and rock fragments are very abundant.
clase is strongly sericitized.
throughout the specimen.

Carbonate blebs are scattered

There are no reaction rims on the

sanidine phenocrysts.
Estimated Composition
Quartz phenocrysts
Sanidine phenocrysts
Plagioclase phenocrysts
Matrix
Carbonate
Pumice fragments
Rock fragments

10#
5
7
28
15

10
25

Anklam Formation
Specimen No. 10/11/66

5

Some plagio-
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Location: SW
Classification:

SE )4, Sec. 8
Graywacke

Megascopic Description:

The rock weathers brownish purple

and is brownish purple on the fresh surface.

It is com

posed of poorly sorted angular to subangular rock fragments
up to $ mm long.

The specimen has graded bedding.

Microscopic Description:

The rock has a clastic texture

made up of angular to subangular grains averaging about 1 mm
long.

The grains consist of quartz, microcrystalline

siliceous volcanic rock fragments, carbonate, sericitized
plagioclase, and minor potash feldspar.

Fine-grained hema

tite is very abundant along grain boundaries.

The matrix

is microcrystalline quartz in part.
Cam Boh Rhyolite
Flow Breccia Member
Specimen No 7/4/66
Location:

6

SE #, SE

Classification:

Rhyolite or quartz latite flow breccia

Megascopic Description:
orange.

Sec. 8

The rock weathers pinkish tan to

The fresh rock consists of blocks of flow-banded

pinkish-tan felsite in a flow-banded pinkish-tan felsite
matrix.

The flow banding is somewhat contorted.

crysts or inclusions are not visible.
to 3 mm wide and are continuous.

Fheno-

The flow bands are 1
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Microscopic Description;

This is a microcrystalline rock

having strong compositional banding.

The bands consist of

alternating potash feldspar rich and potash feldspar poor
bands.

The potash feldspar poor bands are somewhat coarser

grained,

A few quartz bands are also present.

Microcrys

talline plagioclase is found in bands with the potash feld
spar.

Andesine(?) phenocrysts up to 1 mm long are present,

but not abundant.

The composition of this rock is not accu

rately known because of the very high percentage of micro
crystalline matrix, but it probably is a quartz latite or
rhyolite.
Estimated Composition
Andesine(?) phenocrysts 1%
Quartz bands
5
Potash feldspar and
Plagioclase bands
94Flow Member
Specimen No. 9-2
Location:

NE *, SE X, Sec. 8

Classification:

Probably a quartz latite

Megascopic Description:

The rock weathers pinkish gray,

and on the fresh surface consists of an aphanitic pink
matrix and patches (2-5 mm in diameter) of gray quartz.
Oriented biotite flakes and a few pink feldspar phenocrysts
up to X mm are scattered throughout.
Microscopic Description:

The rock has a trachytic texture.

The well aligned groundmass consists of plagioclase, potash
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feldspar microlites, and microcrystalline quartz.

fiieno-

cryats consist of euhedral to subhedral andesine and hem
atite paendomorphs after biotite.

The specimen has many

streaks and partially filled vugs of quartz.
Estimated Composition
Andesine phenocrysts
Quartz
Hematite(after biotite)
Matrix

5%
15
1
79

Specimen No. F-4— 7 R
Location: NV #, SV X, Sec. 9
Classification:

Rhyolite or quartz latite

Megascopic Description:

The rock weathers pinkish gray and

is pinkish tan on the fresh surface.

It consists of an

aphanitic matrix, pink feldspar phenocrysts 1-2 mm long,
and a few oriented biotite flakes.

The specimen also con

tains a few gray quartz-filled vugs less than 5 am in
diameter.
Microscopic Description:

The specimen has a trachytic

texture with fine-grained quartz and microlites of plagioclase in the matrix.

The phenocrysts consist of sanidine

and lesser amounts of oligoclase.

Small quartz-filled vugs

are scattered throughout the specimen.
present but not abundant.

Biotite flakes are

Clay and carbonate are also

present.
Estimated Composition
Sanidine phenocrysts
Oligoclase phenocrysts

10%
2
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Biotite
Carbonate and clay
Quartz
Quartz and oligoclase
matrix

1
3

2
82

Specimen No. F-3-1 R
Location: SW #, NE
Classification:

Sec. 8

Quartz latite

Megascopic Description:

The rock weathers gray with thin

platy jointing parallel to the foliation.

The foliation

is caused by alignment of biotite and feldspar phenocrysts.
The rock is gray or bluish gray on the fresh surface with
white feldspar phenocrysts and irregular darker gray patches
in the matrix.
filled vugs.

Many of the gray patches are small quartz
The feldspar phenocrysts commonly have brown

altered centers and average about 1 to 2 mm in length.
Microscopic Description:

The rook has a trachytic texture.

The groundmass is composed of microcrystalline potash feld
spar, andesine microlites, and quartz.

The phenocrysts con

sist of subhedral to euhedral, partially sericitized andes
ine.

Quartz occurs as anhedral grains having a wide range

of sizes from microcrystalline to H mm across and as small
cavity fillings.

Hematite pseudomorphs after biotite are

fairly abundant.
Estimated Composition
Andesine phenocrysts
Quartz
Hematite(after biotite)
Opaques
Matrix

7%
15
5
1
72
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Old Yuma Andesite
Specimen No. F-3-8 R
Location: SV K, NW K, Sec. 9
Classification:

Porphyritic andesite

Megascopic Description:

The rock weathers purplish brown

and is purplish brown on the fresh surface.

It consists of

white aligned plagioclase phenocrysts 1-3 mm long in an
aphanitic purplish-brown matrix.

The flow structure is very-

prominent •
Microscopic Description:
ture.

The specimen has a trachytic tex

The groundmass consists of andesine micrelites and

very fine grained opaques.

The phenocrysts consist of very

weakly sericitized andesine.

A few carbonate blebs are

scattered throughout.
Estimated Composition
Andesine phenocrysts
Carbonate
Opaques
Matrix

20%
2
5(?)
73

Older Andesite Porphyry
Specimen No. 2/5/67 19
Location: SV #, NW #, Sec. 1?
Classification: Andesite porphyry
Megascopic Description:
with white pits.

The rock weathers grayish brown

On the fresh surface the aphanitic ground-

mass is greenish purple.

The phenocrysts consist of lath
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shaped fresh plagioclase crystals up to 1 cm long.

The

rock is devoid of foreign rock fragments.
Microscopic Description:

The rock has a porphyritic tex

ture and a felted microcrystalline groundmass of andesine
microlites.

Fine-grained opaques, carbonate blebs, patches

of chlorite, and epidote are scattered through the matrix.
The phenocrysts consist of euhedral to subhedral andesine.
Estimated Composition
Andesine phenocrysts
Opaques
Carbonate
Chlorite
Epidote
Matrix

30%
3
2
1
1
61

Amole Quartz Monzonite
Specimen No. 1/6/6? 3
location: SE #, NE )4, Sec. 18
Classification:

Quartz monzonite porphyry

Megascopic Description:

The rock weathers grayish pink.

On

the fresh surface it has a pink fine-grained groundmass and
large quantities of gray fine-grained quartz.

The pheno

crysts consist of plagioclase up to 4 mm in length, biotite,
and hornblende.
Microscopic Description:

The specimen has a porphyritic

texture and a fine-grained crystalline groundmass.

The

groundmass consists of subhedral andesine, anhedral quartz,
anhedral orthoclase, hornblende, and fine-grained biotite.
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Andesine phenocrysts are fresh and orthoclase in the matrix
is partly altered to clay.

Mafics are partly altered to

chlorite.
Estimated Composition
Andesine
Orthoclase
Quartz
Biotite
Hornblende
Opaques
Chlorite and clay

35*
30
21
5
5
3
1

Amole Latite
Specimen No. 2/5/6?
Location:

11

NW X, NV *, Sec. 1?

Classification:

Quartz latite

Megascopic Description:
tan.

The rock weathers orange to pinkish

On the fresh surface it has a pink aphanitic matrix,

a few phenocrysts of plagioclase 2 to 8 mm long, and tan
biotite flakes.

The rock is very dense.

Sheeting and flow

structure are present locally.
Microscopic Description:

The specimen has a porphyritic

texture and a microcrystalline groundmass of quartz, potash
feldspar, and minor plagioclase.

The phenocrysts consist

of subhedral and euhedral andesine and a few biotite flakes.
Hornblende (probably xenocrysts from Amole Quartz Monzonite)
is present but scarce.
throughout the specimen.
sericitized.

Fine-grained hematite is scattered
Andesine phenocrysts are weakly
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Estimated Composition
Andesine phenocrysts
Matrix
Hematite
Biotite
Misc.

10#
86
2(?)
1
1

Younger Andesite PorphyrySpecimen No. 7/9/66
Location:

4-

SV X, SV X, Sec. 9

Classification:

Andesite porphyry

Megascopic Description:

The rock weathers to greenish

brown rounded boulders.

The fresh groundmass is grayish

green and aphanitic.

White, nearly equant plagioclase pheno

crysts range from 1 to 8 mm long, commonly about 5 mm long.
Small patches of chlorite 2 to 3 mm across are scattered
through the matrix.
Microscopic Description:

The rock has a porphyritic texture

and a felted groundmass of plagioclase microlites.

Chlorite

patches are fairly abundant and commonly about 1 mm in
diameter.

Equant phenocrysts of andesine are the only

phenocrysts.

A few thin carbonate veinlets cut the speci

men and fine-grained magnetite is scattered throughout.
Estimated Composition
Andesine phenocrysts
Chlorite
Matrix
Opaques
Misc.

30%
10
56

3
1
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