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MEMORANDUM FOR J, H. COURTRIGHT:

STRATIGRAPHY - SUMMARY
Troy (Precambrian)-Bolsa (Cambrian)
Superior District, Arizona

Attached is a summary report on the Troy and Bolsa Quartzites of Central
Arizona., Information for this summary was secured in the vicinity of Superior,
Arizona and personal communications with D. W. Peterson, A, F, Shride, and M. E.
Krieger, all of the U,5.G.S.

The Troy Quartzite and the underlying Apache Group has been intruded by the
large diabase masses in Central Arizona, Age determinations assign a Precambrian
age to the diabase. Subsequentiy all Precambrian units were beveled by the Cam-
brian seas as sedimentation again became dominant in Central Arizona.

The break between Precambrian and Cambrian time, and the assignment of for-
mational units, has long been a speculated problem in Central and Southern
Arizona. Krieger in her paper was the first to separate the Troy (Precambrian)
and Bolsa (Cambrian) Quartzites with the new evidence now mapped and deciphered.
Krieger and Shride, with additions by Cooper and Peterson, are scheduled to write
a summary paper on the Precambrian-Cambrian problem, Last report indicated little
had been written although the report was started more than two years ago.

Separation of the Precambrian and Cambrian quartzites and the assigning of
the large intrusive diabase masses to the Precambrian helps clarify many structural
complexities, Among these is the confirmation of Precambrian as well as post-
Paleozoic deformation along the same northeast trending fault zone located north
of Superior, Arizona, which essentially is the northern limit of Nels Petersons
mineral belt of the Globe-Miami-Superior area.

JAMES D, SELL
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1. Early History of the Troy-Bolsa Quartzite Problem

Pioneering stratigraphic studies and geologic mapping by Ransome (5, 6, 7,
8, 9) and Darton (1) established the nomenclature of the Precambrian and Paleozoic
formations south of the Colorado Plateau in Arizona.

Ransome (5} in his early work in the Globe area placed all units below the
fossiliferous Paleozoic limestone into the Apache Group and assigned a Cambrian (%)
age to the group, The Apache Group units above the older Precambrian Pinal Schist
were (in ascending order): Scanlan Conglomerate, Pioneer Shale, Barnes Conglom-
erate, and Dripping Spring Quartzite,

In the Bisbee area the formational exposures are clearer and more easily re~
solved than at Globe. At Bisbee Ransome (6) found and named the following Paleozoic
uni ts above the Pinal Schist: Bolsa Quartzite, Cambrian (unfossiliferous); Abrigo
Limestone, Cambrian (fossiliferous); Martin Limestone, Devonian; Escabrosa Limestone,
Mississippian; and Naco Limestone, Pennsylvanian,

Returning to the Ray-Globe region, Ransome (7, 8, 9) was able to redefine much
of his early work in the Globe area and extend part of the formational names from
the Bisbee area, Several new units were noted in the Ray area (Ransome 7, 9) and
the redefined sequence above the Pinal Schist was recorded as: Apache Group, Cam-
brian(?); Martin Limestone, Devonian; and Tornado Limestone, Carboniferous. The
Apache Group, in ascending order, included: Scanlan Conglomerate, Pioneer Shale,
Barnes Conglomerate, Dripping Spring Quartzite, Mescal Limestone, vesicular basalt
flows, and Troy Quartzite. The Troy Quartzite of Central Arizona and the Bolsa
Quartzite of the Bisbee area were somewhat similar but direct correlation could not
be established and separate formation names were assigned,

Darton (1) in his work questioned the Cambrian(?) age of the Apache Group when
he recognized a long time-interval between some of the units within the Troy Quartz-
ite. Southeast of Globe Darton noted ‘an upper Cambrian fossiliferous sandstone
overlying the lower, unfossiliferous, sandstone and quartzite. Further, this fos-
siliferous unit of the Troy was found to be unconformably on the Mescal Limestone
and Dripping Spring Quartzite as the unit was traced southeastward from Globe,
Darton suggested that the upper Troy units were equivalent to the Bolsa Quartzite
of the Bisbee area. -

Darton (2), and laterStoyanow (14), removed the Troy from the Apache Group
and dropped the group status to Precambrian while retaining the Troy in the Cam~-
brian,

Students of Arizona geology have since speculated on the Troy and Bolsa Quartz-
ites in regard to nomenclature and stratigraphic relationships.

2. Diabase Problem

The great mass of diabase found extensively in Central Arizona has also been a
subject of much discussion, primarily as to its age and mode of emplacement.

Darton (1) believed the large sills were Precambrian in age with smalltbodies
being post-Pennsylvanian. Ransome (9) favored a late Paleozoic or early Mesozoic



age for all the diabase. Subsequent writers have confirmed one or the other of
the above observations, A brief review and summary were given by Sell (10) on
the age and mode of emplacement of the diabase in the Superior area.

In the study (10) of a few exposures of diabase and quartzite in the east end
of the Magma Mine in Superior, the results indicated that the diabase was an intru-
sive magma but had not assimilated any of the quartzite in which it was emplaced,
Later, at Magma, additional exposures of diabase and quartzite were observed in the
underground workings. In one exposure an unconformity within the quartzite (des-
ignated as Cambrian Troy) was noted and the diabase intruded the lower quartzite of
this sequence. In another exposure a rubble layer of diabase was noted at the con-
tact of the massive diabase and the quartzite. As the quartzite was thought to be
Troy in each case, the observations help to confuse the issue on the mode of em-
placement of the diabase. The knowledge allowed the possibility of (1) two ages of
quartzite (pre- and post-diabase) or (2) two ages of diabase intrusive activity.

3. Unraveling of the Quartzite Problem by the U.5.G.S.

During the past several years workers in the U,$.G.S. have been mapping quad-
rangles in Central Arizona and interest in the stratigraphic correlations problems
has been renewed,

Shride, working in the asbestos region north of Globe, was primarily interested
in the diabase, Apache Group, and the lower Paleozoic formations. Shride (11) re-
newed the question of the relationship between the nonfossiliferous Troy Quartzite
of his area and the fossiliferous Cambrian sandstones, also referred to as Troy,
which were found in the southern part of the region. He suggested a Precambrian
age for the nonfossiliferous units with a separation of them from the fossiliferous
Cambrian units,

Krieger (3), mapping the Holy Joe Quadrangle south of Globe, found the two
units in contact and established the stratigraphic and age relationship of the Troy
and Bolsa Quartzites. Continued work by Shride (12) established similar relation-
ships for the quartzites and established the position of the diabase in relationship
to the quartzite. The diabase intrudes the unfossiliferous Troy and in turn is
overlain by the Bolsa. Age determinations by Silver (13), on differentiates of the
diabase sills north of Globe, places a Precambrian age on the diabase, Apache Group,
and the Troy Quartzite of the region,

in November 1960 twelve geologists of the U.5,G.5. met in Arizona for a field
symposium on the stratigraphic problems of the younger Precambrian and Cambrian
units. Most of these geologists were conducting geologic mapping in specific areas
of southeastern Arizona. Also included in the group were authorities in paleontol -
ogy, stratigraphy, and structural geology. Areas were visited in the Little Dragoon
Mountains, Santa Catalina Mountains, Galiuro Mountains, areas near Winkelman,
Superior, Globe, Christmas, and in the Sierra Ancha Mountains.

The group's major conclusions were:

(1) The Troy Quartzite is Precambrian, based on (a) the intrusion of the Troy
by diabase, (b} the time interval represented by the erosional cycle for
the complete removal of large areas of the formation, and (c) the deep
weathering of the exposed diabase prior to the deposition of the Bolsa,

(2) The Troy is separated from the Apache’Group by a distinct disconformity
and is therefore not included in the Apache Group. :



(3) Younger quartzite (Bolsa) and other sedimentary rocks (Abrigo) are sep-
arated from the Troy and the diabase by a major unconformity. These
younger rocks in some places contain fossils diagnostic of Cambrian age
and other organic remains -- vertical scolithus tubes, fucoid markings
(horizontal burrows), and phosphatic linguloid brachiopods,

When the group visited the Superior area, under the direction of Don Peterson,
they suggested that both Precambrian Troy Quartzite and one of the Cambrian forma-
tions were probably present. Subsequent mapping by Peterson confirmed this sugges-
tion although the nomenclature for the Cambrian formation has yet to be clarified.
Diabase was found to intrude the redefined Troy Quartzite, and several good expo-
sures were found showing the Cambrian formation overlying weathered diabase. In
some places up to 700 feet of Troy lay below the Cambrian formation; and in other
places deformation and erosion prior to Cambrian deposition has completely removed
the Troy. Further study by Peterson showed subtle but distinct and consistent
lithologic differences between the quartzites of the Troy and those of the Cambrian
formation. '

Peterson's report on the geology of the Superior quadrangle is being proc-
essed by the U.5.G.S. The western half of the quadrangle has been released in
preliminary form as U.5,G.S. map MF-253 (Peterson, 4). On this sheet the Cambrian
rocks have the symbol for Bolsa, but the explanation lists them as ‘"Cambrian rocks'
without a unit name. Although the unit is essentially a quartzite, Shride and
Krieger (personal communication, 1962) favor correlating the Cambrian quartzite at
Superior with the Abrigo formation in the Bisbee-Tombstone area. Peterson (person-
al communication, 1962) favors the Bolsa nomenclature, The uncertainty of correlat-~
ing the Cambrian quartzites of the Superior area with formations further south
makes it advisable to use the designation Bolsa(?) for the formation at this time.

A report on the regional problem as expressed by the U.5,G.5. field symposium
is being prepared by Shride and Krieger. A brief summary of the problem has been
presented by Krieger (3).

L, Field Work and Description of the Troy and Bolsa(?) Quartzites in the Superior
Area

The field work in the Superior area during October 1961 was primarily directed
toward gaining an insight into differentiating the Troy and Bolsa(?) Quartzites.
The work was undertaken with the guidance and helpfulness of Don Peterson of the
U.S.G.S. Several sections typical of parts of the Troy and Bolsa(?) were studied
and specimens from the various units were collected.

The Troy has been divided by Peterson (personal communication, 1962) into an

» upper and lower member in the Superior area based on a very marked visual change

in the formation. Shride (personal communication, 1962) has divided the Troy into
three members in the Sierra Ancha region and has established the following nomen-
clature in descending order:

quartzite member
Chediski member
arkose member

The arkose member is locally missing north of the Salt River and is missing
everywhere south of the Salt River. In the Superior area Shride would place his



~quartzite member equivalent to Peterson's upper member and the Chediski member

equivalent to the lower member. The term '"arkose member!! would be reserved for
the lowest member found north of the Salt River.

At Superior the lowest member generally has a basal conglomerate. The conglom-
erate consists of granules, pebbles, and cobbles of quartzite, quartz, and frag-
ments of Pinal Schist and the Apache Group in a coarse~grained, poorly sorted,
arkosic sandstone matrix. Overlying the conglomerate is a highly variable sequence
of sandstone, arkose, quartzite, siltsone, and gritty and conglomeratic beds,
Certain beds locally pinch and swell, and many are lenticular. The channeling and
irregular bedding are characteristic of Shride's Chediski member of the Troy.

Color varies through shades of brown, gray, yellow, purple, and maroon, with purple=-

‘black liesegang bands occurring in some beds, The lower member is generally very

feldspathic (pink feldspar is found only in the lower member) with abundant inter=-
stitial feldspar and clay spotting on the weathered surfaces. Hematite grains and
various types of pebble bands are found throughout, The weathered surface is
generally vitreous and the shapes of the blocks and faces are variable, with the
rock breaking across the quartz grains for the most part. The over=-all color char-
acteristic of the exposures is grayish.,

At Superior, Peterson's upper member of the Troy shows a marked change. It is
generally finer grained with only occasional pebble and grit beds and is medium- to
thick-bedded with distinct bedding planes, and weathering with a blocky aspect. The
upper member is generally better sorted, cleaner, and is a quartz sand quartzite
with less feldspar and clay content than the lower member. Two features are very
characteristic of the upper Troy at Superior: (1) A "plum" conglomerate layer of
pebbles which are found at the top of a bed rather than at the base of the bed, and
(2) pebble zones composed of dead-white quartz pebbles, The dead-white quartz
pebbles are not found elsewhere either in the lower Troy or the Bolsa(?) Quartzites.
The weathering characteristic shows the over-all grayish coloration of the Troy, but
the angular blockly outline of the outcrop is different from the variable outline
exhibited in the lower member,

Although the Troy may be readily separated into upper and lower members by the
visual change in the formation at Superior, Shride (personal communication, 1962)
believes that the actual contact should be placed somewhere in Peterson's upper mem=
ber. Shride points out that the "plum'' conglomerate (usually more than one and
sometimes as many as twenty) are characteristic of the upper one-third of the
Chediski member (i.e., lower member at Superior) from north of Globe to the Mogollon
Rim. Also, the quartzite member of Shride (upper member at Superior) has only rare
pebble and grit beds and rare feldspar and clay content,

In the Troy the lithology of the formation is laterally consistent. "Although
the lower member is quite variable in lithology and grain size, the variability
persists laterally from one place to another. Likewise, the lithology of the upper
Troy is laterally consistent, -

The Bolsa(?) Quartzite is not as consistent in its appearance and changes are
found throughout the Superior district. The base of the Bolsa(?) is variable in
lithology and thickness and generally depends upon the underlying rock type. Where
it rests on diabase the basal unit is composed of weathered diabase debris inter-
mixed with feldspar grains, quartz grains(?), and in a few places it is composed
entirely of diabasic material with a distinctive crossbedded structure. Few dis-
tinct diabase fragments, however, have been recognized,
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The basal unit of the Bolsa(?) Quartzite is generally dirty, poorly sorted,
contains angular fragments, coarse to fine particles, with silts and muds. The
remainder of the Bolsa(?) is essentially a sequence of regularly bedded sand-
stones and quartzites. The rock is even-grained with coarse-grained sections con-
taining scattered grit or pebble streaks. Over-all the sequence grades upward
into finer~-grained, thinner-bedded quartzites. Banding and crossbedding are
abundant and complete, generally sharp, with distinctive color bands of yellow,
orange, red, and white occurring widespread laterally and increasing in the upper
units. In the Superior area interstitial feldspar is less in the Bolsa(?) than in
the Troy, and feldspar (clay) spotting on the exposed surface of the rocks is lack-
ing for the most part. Fracturing and blocky outlines are not as sharp nor as con-
sistent in the Bolsa(?). The coloration of weathered surfaces is a decided yellow-
ish color and the rock tends to break on the sandstone side with free grains ex=
posed rather than across the grains,
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CORRELATION OF SOME POST-LARAMIDE TERTIARY
UNITS GLOBE (GILA COUNTY) TO GILA BEND
(MARICOPA COUNTY), ARIZONA

James D. Sell
American Smelting and Refining Company, Tucson, Arizona

GENERAL STATEMENT

Integration of field mapping by various geologists
has resulted in the identification of some correlative
Tertiary units along a zone 130 miles in length. The
zone extends from-the Globe-Miami area across the
alluvial basin at Casa Grande into the Gila Bend area.
The rock units are correlated on the basis of rock
type, structural involvement, and sequence, but they
are not necessarily exact time equivalents. This paper
does not propose that any rock unit completely cover-
ed the region from Globe to Gila Bend, nor that similar
appearing units in the various areas are necessarily
from the same source. The units are post-Laramide
(post-early Tertiary) in age.

I wish to thank ASARCO geologists for their written
and verbal comments and, along with M. E. Cooley,
for field checks. American Smelting and Refining
Company (ASARCO) kindly permitted permission for
publication of the paper.

DIVISIONS

The late Cretaceous-early Tertiary sequence of se-
lected localities was reported in a paper by Richard
and Courtright (1960). Summaries of the numerous
problems of Late Mesozoic-Tertiary events involving
sequence and correlations are given by Cooley and
Davidson (1963), and Heindl (1962).

The post-Laramide Tertiary units rest on a wide-
spread erosion surface termed the San Xavier surface
(Heindl, 1962, p. 13). In this paper the following six
divisions are proposed for this portion of the Tertiary
sequence. ‘

) Late (?) Miocene-
early Pliocene

) Late Eocene (?) to
Middle Miocene ()

IV Younger conglomerates)

IIT Older volcanics )

II Andesitic volcanics )

I Older conglomerates )

VI Younger basalts

V Tuffs and ignimbrites

All divisions are not represented in each area discus-
sed; however, the stratigraphic-structural break repre-
senting these divisions has been noted and commented
on by various workers in Cenozoic geology. Field rela-
tionships of the rock units and their structural com-
plexities indicate that a sequence of depositional-
readjustment and volcanic activity was continuous for
the entire time span as covered in this paper. The
relation of structure to deposition, volcanism, and
erosion is widely covered in the papers by Cooley and
Davidson (1963), and Heindl (1962). Because of these
complexities any of the Tertiary units may be in dep-
ositional contact with any Laramide or pre-Laramide
sequence.

Unit names in this paper (generally in quotes) are
those given in the various reports and thus-are of local
usage only. Widespread correlation with named units
glsewhere in Arizona is speculative at this time, and
work is continuing in correlating the Tertiary sequence
of the Basin and Range Province in Arizona.

Division Description

L. Older conglomerates. The older conglomerates
are generally tuffaceous and contain large quantities
of locally derived debris but do not contain fragments
of extrusive volcanic rocks. The gravels range from

\pébble to boulder size, angular to rounded, unsorted

to poorly sorted. In the eastern area (Superior-Globe-
Miami), the conglomerates appear to occupy restricted
basins whereas westward in the Table Top-Sand Tank
area they were deposited in more widespread sheets.
A major unconformity separates the older conglom-
erates from the overlying units.

II. Amndesitic volcanics. The lower flows of the
andesitic volcanics may interfinger with the underlying
conglomerates but the change.occurs rapidly from
dominantly sedimentary rock to dominantly volcanic
rock. At the base of the andesitic volcanics are beds,
often exhibiting waterlain characteristics, of brown to
red-brown cinder and ash beds, and locally in the west-
ern area a white pumice bed. Overlying the cinders
are non-vesicular light to medium grey andesite flows
characterized by abundant red specks which are prob-
ably iddingsite derived from olivine.
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The characteristic cinder and ash beds have been
mapped from the Superior area to the Gila Bend area
and constitute a very good marker bed even though
they are thin and not present in all outcrops of andes-
itic volcanics.

IIl. Older volcanics. A dark gray, to black ves-
icular basalt lies disconformably on the underlying
volcanic rocks, predominantly andesitic, in the western
part of the report area. Associated with the basalt is a
complex sequence of andesitic, rhyolitic, and latitic
flows and vents. In the Superior-Globe-Miami area, the
Division III unit is a complex of trachyte, rhyolite,
glassy lavas, and other flows, which, in Arnett Creek
is known to overlie the ‘“‘red speckled’ andesite and
the red-brown cinder-ash beds of Division 11. A major
unconformity occurs at the top of the complex Divi-
sion II1.

IV. Younger conglomerates. The younger con-
glomerates appear to occupy very restricted basins and
are primarily composed of material from the eroding
and reworking of the nearby older volcanic-conglom-
erate sequence. Especially characteristic is the abun-
dant debris derived from the older volcanics of diverse
types. With the conglomerates are abundant tuff-
aceous sandstones, and some mudstones.

V. Tuffs and ignimbrites. A vast amount of ash
material, ranging in composition from rhyolitic to dac-
itic, and of pastel colors, make up the units of this
division. The material is characteristically a welded
tuff or ignimbrite which often has a dense black vitro-
phyre layer near the base. The structural complexities
of the ignimbrites are minor compared to the under-
lying units (especially the older volcanic rocks) al-
though the ignimbrites are cut by faulting. A minor
unconformity separates the units from the overlying
younger basalts.

V1. Younger basalts. Dense, black basalts overlie
the ignimbrite forming material. The basalts are found
as isolated ““caps” throughout the region, but are also
found as widespread, though dissected, sheets.

DESCRIPTION OF AREAS

Five areas, from Globe to Gila Bend, and their se-
quence of post-Laramide rock units are discussed in
this section. Figure 1 shows the geographical relation-
ship of the areas. Figure 2 is the proposed correlation
between the six divisions previously described.

Globe-Miami

In the Globe-Miami area the older conglomerate
unit of Division I is represented by the Whitetail Con-
glomerate which may rest on any of the older rocks.
The conglomerate is composed of coarse, bouldery

®
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diabase detritus with subordinate amounts of Pinal
Schist, Apache Group, and Paleozoic limestones. N.P.
Peterson (1962, p. 37) writes: *“. ... the lower part is
wholly unsorted and unstratified. Higher in the sec-
tion crude stratification can be recognized, and lenses
of poorly sorted gravel occur that undoubtedly repre-
sent temporary stream channels. Approximately the
upper S0 feet of the formation is well stratified and is
composed of layers of dark sand and gravel interbed-
ded with layers of white tuffaceous sand.”

The andesitic volcanics, Division I, are not repre-
sented in the Globe-Miami area and the older volcanics
of the complex Division I1I rest directly on the White-
tail. The correlation of N. P. Peterson’s “‘Earlier Vol-
canics” with Division IlI is based on Blucher’s {1958)
and D. W. Peterson’s (1962) work in the Superior area.

The Division IIl unit is a complex assemblage of
bedded tuffs {some of which are waterlain), felsitic
and glassy lavas, and perlitic glass. These volcanics are
separated from the overlying volcanics by an “‘interval
during which some erosion of the rocks of the first
eruption occurred” (N. P. Peterson, 1962, p. 37).

This interval of erosion undoubtedly is the interval
represented by Division IV, younger conglomerates,
but no remnants of any conglomerate have been re-
ported.

The Division V, tuffs and ignimbrites, (**Later Vol-
canics” of N. P. Peterson, 1962) have a base of white
to gray crystal-tuff which grades upward into a black
vitrophyre, which in turn is overlain by the massive
welded tuffs or dacite which have a slightly variable
light brownish-gray-orange color.

Superior

The Whitetail Conglomerate (Division 1, older con-
glomerates) crops out in the Superior quadrangle in
several places and in Queen Creek within the Thomp-
son Arboretum area of the Picketpost quadrangle. The
Whitetail Conglomerate, as described by D. W. Peter-
son (1962) is . . . . fluvial deposits composed of
angular to subangular fragments derived from all older
rocks, mainly from underlying or nearby rocks. Most
fragments are pebble size, some larger. Matrix is
coarse-grained, poorly sorted arkesic to lithic sand-
stone, moderately well cemented; bedding planes poor-
ly defined or absent.”

Overlying the Whitetail Conglomerate north of Pick-
etpost Mountain is the distinctive brown to red-brown
ash bed which in turn is overlain by a massive blue-
black andesite {*‘Blue Basalt” of Blucher, 1958) with
altered red crystals - probably iddingsite after olivine.
These volcanic units represent Division II, andesitic
volcanics, of this paper. In Arnett Creek the ash beds
rest directly on either Pinal Schist or Laramide granite,
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while in the road cuts west of the Arboretum they rest
on Pinal Schist and poorly preserved conglomerates.

Blucher and Kinnison in 1960 (Personal Communi-
cation)recognized a disconformity separating the Divi-
sion 1I red ash and “Blue Basalt’ units from the over-
lying complex (Division I11) of tuff, spheroidal agglom-
erate with perlite, and rhyolite of the Arboretum area.
Eastward the units are apparently part of the sequence
which D. W. Peterson (1962) describes as: “Rhyolite:
Lava flows composed of rhyolite and perlitic obsidian.
Light to medium-gray rhyolite. . . .generally prominent
flow laminations, locally contorted. Perlitic obsidian
generally forms top or bottom of rhyolite flows. .. .
Includes minor deposits of tuff, tuff breccia, and flows
of andesite and trachyte.”

D. W. Peterson (1966} suggests that the tuffs and
rhyolites on Picketpost Mountain are younger than the
dacite; however previously (1962), he maps and des-
cribes the thick rhyolite which underlies the dacite
northeast of Picketpost.

A break suggesting an “‘unrecognized erosion cycle”
(Blucher, Personal Communication) separates the com-
plex sequence of Division III from the overlying dacite
and welded dacite tuff of Division V. Asin the Globe
district, this interval is represented by Division 1V.

The dacite of Division V is described by D. W. Pet-
erson (1962) as *“. . .ash-flow sheets; non-welded tuff
at the base grades upward to densely welded black
vitrophyre that is overlain by densely welded tuff with
cryptocrystalline groundmass. Progressively upward
from the vitrophyre the welding gradually decreases,
the amount of crystallization in the groundmass in-
creases and the color changes from light brown to
moderate red to very light grey.”
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Blackwater-San Tan

ASARCO geologists Blucher and Kinnison conduc-
ted the bulk of the mapping in this area and the fol-
lowing descriptions are from their reports.

The lowest post-Laramide unit found was termed
the “Yellow Peak conglomerate™ for its excellent ex-
posure on Yellow Peak northeast of Olberg. This Divi-
sion I, older conglomerate, is equivalent in position to
the Whitetail Conglomerate of the Globe-Superior re-
gion. The “Yellow Peak™ (as reported by Blucher)
. ...is a poorly sorted, poorly indurated, fluvial de-
posit. . . .made up principally of pebbles, cobbles, and
boulders of Coolidge granite in a silty matrix.”” The
Coolidge granite is the report term for the Laramide
granite of the area.

The basal unit of Division II, not everywhere pres-
ent, is red-brown cinders and ash beds {*‘Olberg Beds”
of Blucher and Kinnison) which rest directly upon the
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“Yellow Peak conglomerate™ as well as the Laramide
granite. Overlying the red-brown cinders and ash beds
is Blucher’s “Blue Basalt™ which is seldom amydaloi-
dal or vesicular. The basalt weathers to a soft bluish-
gray surface. This sequence of cinders and basalt is
directly correlated with the Division 11 sequence at the
Arboretum, Superior, Arizona.

Units composing the complex group of Division 111,
older volcanics are not exposed in the areas mapped
by Blucher and Kinnison, but they may be present in
the volcanic complex of the Malpais Hills to the north
and west.

Overlying the “Blue Basalt™ is the **"Rock Peak con-
glomerate” which is assigned to the younger conglom-
erates of Division IV. This unit is composed of . . ..
tuffaceous sandstone, siltstone, and conglomerate
which weathers to a light tan pock-marked surface”
(Blucher, private company report).

The tuffs and ignimbrites of Division V cap Rock
Peak and Yellow Peak and are exposed in most of the
cliffs west of the peaks. This thick sequence of dacitic
volcanic rocks is correlated with the dacites to the east
and consists of tan dacite tuff, welded tuff, or tuff
agglomerate with a brown to black vitrophyre near
the base of the series.

The younger basalts (Division VI)cap many of the
isolated buttes in the region. They were named the
“Walter Butte basalt” by Blucher for exposures on
the butte.

Table Top-Sand Tank

Throughout this region are numerous exposures of
the older conglomerate - here termed the ‘‘Antelope
Peak conglomerate™ for its excellent exposure on that
peak in the Antelope Peak quadrangle west of Casa
Grande. The Division { conglomerate rests on Pre-
cambrian granite at Antelope Peak, on Apache Group
rocks on Table Top Mountain, on Pinal Schist through-
out the area, and on Paleozoic limestones and Lara-
mide granite south of Freeman Underpass on the Casa
Grande-Gila Bend Freeway. Mapping in this area was
conducted by the author. The ‘““Antelope Peak con-
glomerate™ has a sandy-silty-tuffaceous matrix, often
with waterlaid biotite tuff lenses and contains pebbles
and boulders of Laramide and older rocks. Some vol-
canic porphyry-type pebbles are present in minor
amounts but none resemble the overlying volcanics.
Boulders of conglomerate similar to the Glance Con-
glomerate {Cretaceous) of the Vekol Mountains are
also present.

Division I, andesitic volcanics unit, is composed of
two distinct units. The lower member, the “Freeman
beds” (exposed in the roadcuts at Freeman Underpass)
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is composed of brown-red cinders and ash with white
pumice. The upper member, “Double Buttes volcan-
ics” (named for the exposures in the Table Top quad-
rangle), is composed of purple-gray andesite contain-
ing the characteristic altered red crystals, lava scoria,
cinders, agglomerate, and sometimes local units of
dacitic tuff.

In the Sand Tank region, the volcanics of Division
IT are mapped as the Sauceda volcanics of Cretaceous
age by Wilson et al (1957). As the volcanics overlie
the older conglomerates which contain fragments of
Laramide-type rocks, the volcanics must be younger
than Cretaceous.

The interfingering of the lower conglomerate type
unit with the first phases of extrusive volcanic action
of the Division II units is well demonstrated in expo-
sures in the region. However, it is not known whether
the interfingered conglomerates are merely the result
of erosion and reworking of the main conglomerate
units or whether it reflects the continued inflow from
the conglomerate source areas. The exposures show,
however, that the change from dominantly sedimen-
tary processes to dominantly volcanic processes is
sharp and complete.

Overlying the andesitic volcanics are units of Divi-
sion III. In the Table Top area, Division 11l is a basalt
sequence of dark glassy basalt and dark andesitic ba-
salt; whereas, to the west in the Sand Tank area the
basalt is associated with a complex of andesitic, latitic,
and basaltic volcanics interbedded with minor tuff-
aceous units.

The younger conglomerates of Division IV are poor-
ly exposed throughout the region but scattered out-
crops of conglomerate containing fragments of all pre-
vious volcanic types in the area can be found. One
exposure is at Indian Butte (Table Top quadrangle)
where a tuffaceous, often caliche-cemented, conglom-
erate contains numerous fragments of the older vol-
canics and basalts. Northwest of the Table Top Moun-
tains an outcrop of conglomerate containing all types
of volcanics is found underlying a rhyolite ignimbrite.

Capping many isolated buttes, especially north of
the Freeman Underpass, is a distinctive pinkish rhyo-
lite ignimbrite which generally has a basal tan tuff and
black vitrophyre. The tuff, vitrophyre, and rhyolite
ignimbrite are assigned to Division V. An unconform-
ity separates Division V units from the underlying
units, and the upper units have been subjected to only
minor faulting and tilting.

No dense black basalt of the Division VI type was
found in the area mapped.
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Southeastern Gila Bend Mountains

The work of Heindl and Armstrong (1963), follow-
ing the previous work of Babcock and others (1948),
was a rapid reconnaissance of a small part of the south
end of the Gila Bend Mountains. Heindl defined and
described the “Sil Murk Formation™ in this report and,
although additional work is needed to definitely
establish the correlation, the sequence of units they
describe in this formation resembles the sequence of
units in the Tertiary section farther east.

The Division I conglomerates are mapped over much
of the Gila Bend area and were named the “*Sedimen-
tary Member” of the Sil Murk Formation.

The “Volcanic Member™ overlies an angular uncon-
formity cut on the conglomerate and is sequence in
which Heindl lists the following, ascending, types:
Eolian tuffaceous sandstone, brownish-red ash, black
vitrophyre, and dacitic welded tuff (all Division 11); a
fine-grained black basalt (Division III); a conglomerate
containing both gneissic and volcanic rocks (Division
IV); and a lavender tuff, possibly dacitic (Division V).

Also found on the northwest side of the area (but
not mentioned by Heindl) is the distinctive pink
rhyolite ignimbrite of Division V, which is underlain
by conglomerates having volcanic material and belong-
ing to Division 1V.

REFERENCES

Babcock, H. M., Kendall, K. K., and Hem, }. D., 1948, Geology and
groundwater resources of the Gila Bend basin, Maricopa County,
Arizona: U. S. Geol. Survey, Open-file Report, 27 p.

Blucher, A. G., Jr., 1958, Porphyry copper reconnaissance, Globe-
Superior region, Pinal-Gila Counties, Arizona: private ASARCO
report, 12 p.

Cooley, M. E., and Davidson, E. S., 1963, The Mogollon Highlands —
their influence on Mesozoic and Cenozoic erosion and sedimentation:
Ariz. Geol. Soc. Digest, v. VI, p. 7-35.

Heindl, L. A., 1962, Cenozoic geology of Arizona — A 1960 resume:
Ariz. Geol. Soc. Digest, v. V, p. 9-24,

Heindl, L. A., and Armstrong, C. A., 1963, Geology and ground-water
conditions in the Gila Bend Indian Reservation, Maricopa County,
Arizona: U.S. Geol. Survey Water-Supply Paper 1647-A, 48 p.

Peterson, D. W., 1962, Preliminary geologic map of the western part of
the Superior Quadrangle, Pinal County, Arizona: U. S. Geol. Survey
Mineral Investigation Field Study Map, MF-253, 1 sheet.

Peterson, D. W., 1966, The geology of Picketpost Mountain, Northeast
Pinal County, Arizona: Ariz. Geol. Soc. Digest, v. VIH, p. 159-176.

Peterson, N. P., 1962, Geology and ore deposits of the Globe-Miami
district, Arizona: U. S. Geol. Survey Prof. Paper 342, 151 p.

Richard, K., and Courtright, J. H., 1960, Some Cretaceous-Tertiary
relationships in southeastern Arizona and New Mexico: Ariz. Geol,
Soc. Digest, v. III, p. 1-7,

Wilson, E. D., Moore, R. T., and Peirce, H. W., 1957, Geologic map of
Maricopa County, Arizona: Arizona Bur. of Mines, 1 sheet,



£n

GEQOLOGY OF THE BISBEE AREA
Abstract

The geologic formations outcropping in the Mule Mountains in the Bisbee
area consist of the Precambrian Pinal schist basement overlain by 1,200 feet of
Cambrian Bolsa quartzite and Abrigo limestone, 300 feet to 375 feet of Devonian
Martin limestone, 600 feet to 800 feet of Mississippian Escabrosa limestone, and
3,000 feet of Pennsylvanian-Permian Naco grbup. During late Triassic or early
Jurassic time, the Juniper Flat granite with associated dikes and the Sacramento
Stock were intruded into these formations, accompanied by complex faulting and
brecciation. Peneplanation north of the Dividend fault was followed by the”
deposition of 5,000 feet of the lower Cretaceous Bisbee group. Post—Cretacebus

tilting, faulting and erosion gave rise to the present surface.



STRUCTURAL CONTROL OF THE SULFIDE REPLACEMENT DEPOSITS AT BISBEE

Abstract

Orebodies around and adjacent to the Sacramento stock south of the Divi-
dend fault were probably of a pyrometasomatic origin. Their configuration was
influenced largely by the bedding of the limestone host and to some extent by
fracturing. Orebodies lying away from the stock tend to occur in groups or
clusters. The placement of these clusters was influenced largely by steeply-
dipping north-south trending fracture zones which occur between branches of north-
east-southwest trending faults. A prerequisite of the host rock was its ability
to fracture under stress. This prereguisite is met in the thinly-bedded Abrigo
formation, the Parting quartzite overlying the Abrigo, the impure and brittle
Mertin limestone, and the chert zones in the lower portion of the Escabrosa lime-
stone. Post-Cretaceous movements along many of these northeast-southwest faults
have displaced the ore-bearing fracture zones along with the Cretaceous sediments,

and further displaced the Paleozoic formations.



YR ety T

UNDERGROUND GRAVITY SURVEYS AT BISBEE, ARIZONA
BY ROBERT N. SCHNEPFE

Abstract

Twelve thousand gravity stations have been occupied in 160 miles Qf
crosscut underground at Bisbee. All of these values are referenced to a base
network, permitting direct comparison of the data. Latitude, free air, Bouguer,
terrain, and regional corrections are made to the raw data. The resulting residual
gravity data presented in the form of contour maps.

The density of the country rock is remarkably uniform and averages
2.70 g/cc. A density contrast of 1.00 g/cc between the massive sulfide minerali-
zation and the country rock is generally assumed in making theoretical calcula-
tions.

Limited station distribution precludes the use of mathematical inter-
pretational aids. Non-sulfide disturbing influences are solution caverns, mine
- workings, epidote skarn, dolomitic limestone, gossan, and some copper oxide
mineralization.

Five examples of gravity anomalies in various portions of the mine are
shown. These illustrate a number of the problems encountered in the interpreta-
tion of the results, as well as the size and magnitude of the anomalies to be
expected. One example of a vertical section showing the relation of the apparent
density to the gravity contours is given.

Eighty percent of the recommended holes that have been drilled have cut
sufficient sulfide mineralization to account for the anomaly they were investi-

gating. The gravity data is also used in planning exploration crosscuts.
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QF COMBINED METALS, FPloche, Hevads.
%&ﬂﬁﬁ&g.

No. 1 Shaft ab Pioche - Castleton Shaft over sumait - about 1 mile spart.

Ore body in “G.m;“ lime bed in Pioche shale nesr bage - Prospect Mt. quéﬁ%ﬁiﬁe be-~

low. .M, bed 30! thick - Mineralized portions 3'~5' thick — 2 to 3 horisons of
orae. Average grade, M. O3 ~ Ag. 6 0% 6% Lead, 168 Zn., 17-19 Fe ~ E&iphiﬁa
ore. M¥ineralization follews E.W. fissures - ﬁ.ﬁ« faulﬁa - drcp ¥ bloek d@mn ag mach

g8 2w-1-3000, Numerous p@rghyry ﬁikea« ‘

BRlSTQL %ILV“R Miﬁﬁ Er&st&l ﬁange N of Pioche
Paul Gemmill, geolmgia% J. B, Buehler, Mgr,

GECLOGY _
Elevation st collar 7200 - Blne bhag been warkéd.té-l?ﬂﬂf on 75 deg‘ incline

shaft. Ore ocours in iasnre fillings and rapl&zements al@ng ?nw S diyﬁJfﬂ

norual
feults Upper f@rmatians are Hié&i&ﬁél?eak Limestaﬁe aﬁd éalamite - lawar;vBurxows
dolomite, Huav & bhiah@lm ah&}e? Ore ia n&arl* all secondary - Iron aazbgnutea

aud sulphates and oxldey - F¥G@3’l 50, - Zn003 Typloal essay ~ 25 oz. &gy 15% Pb, 5% z
Zn, ., .03 oz, Large baveah o aataining soft ore aconr ~ yl&tg dclomita h@dﬁ act as
dems rich ore above. Leads are iron oxide gtringers lamphrophyrice dikes ia lower

levels - watsr table &t 1730 - serves as aamea%ic supply ~ r&iaed by —ey&im&er

plunger pump. Hine produces 63 toﬁs per day. Some contain high gradavﬁuﬁrite and
Melanconite | : o

CONSOLIDATED COPPERMINES CORPORATION
B8 Pemaebaker, Obief Geologist

Formations % Ore porpliyry - sltered wonzonite - intruded inﬁ@.?ale§%§ii sedi-
ments - well fractured - oceurs in ant&élinal gtracture 2 miles to e&at‘éﬁglaayyrite
in seams snd fractures - sleo phlogopite mica and molybdehite. Later "pég#uh por-
phyry - less altered seldom earrieﬁ aﬁé‘#aiuéa - Terﬁiary rhydlite - samé;%mecnia
sarries fraguents of high gféﬁé'uaﬁpér - iudieatiﬁé possibility af@refﬁgibw.

Erosion Just enterisy top of piidtry ore smell amounte of saaandarﬁfﬁéva been
mﬁasd {chaleocite) . - ' ‘ | o

Rough zoning in district - copper, gold, silver, lead, zinme, mangﬁav*e Hiner-
alization in E-W bresk im E-8 structures. Feot wall reverse fault aoﬂﬁré;;ing factor

 4n ore deposition - ore in hanging only ~ movenment pre-porphyry to post-thyolite.

Both por. are gilis.



RUTH MINE - HEVADA CONSOLIDATED. Paul Hett, Sup't.
GEOLOGY

Gradual gradation from ore to pre-porphyry - do not recognize 2 difféﬁéﬂt in-
trusives - bottom of high grade (ahglc@eiﬁe)iére chutes contein targwoeise éﬁa round-

ed white nodules - talcose ~ galled "gannon balls’,

NOKTHUMBERLAND MINE - 80 mi. NE of Tosopsh - J.(.Perkins, Sﬂ?*ﬁ{

"Graaadiorita intruding shale end quartsite. Lower pit ~ e&rban&eaauﬁgahala and
quartalte and grenite ere minersllszed - latter 1o soft altered. Aversge vélue $6.00
Au - gome scorodite. Gold is extremely fime - does not pan. Anderson -‘ﬁéiﬁseh.,
nade thin section of $8.75 ore - showed no free gold at 10,000 M Extraati§g 8a§35%.

| | BELMORT MINE N
GEOLOGY ' |
| Early silver camp - steep-dipping guartz ﬂﬁina in iimeeﬁ&na and shaiaim velne
parallel to bedding in most cases worked to 500' - mﬁjerity of ore valaas;%p
chlorides near the surface, i»
COPPER CANYON MINE - BW of E&Eﬁla NMountain.
GEOLOGY |
Breceia pipe In quarﬁsiﬁa'aénglgmerate tub by numerous fissures - iaﬂtaé were
stoped in esrly deys for gold sud copper - soft oxidized ove. Hine ﬂevel@éed to 500t -
primery chaleopyrite end pyrite in breccia - 500,000 tons blocked oub inﬁ%’ﬂﬁ, ol Au,
Ho gold associsted with chaleopyrite., Monzonite plug on ridge above miﬂa.? Diorite
snd porphyry dikes in ore body. nge pyrrhobite,

INDEPENDENCE MINE - Wilson & Brogle ~ west of Copper Canyon
neer Greensh Plecers,

GEOLOGY .
Steop-dipping Lfracture bone - EVQrége width 5¢ ~}irraga1ar bodies of ééft oxidized
gold silver ore - cowntry roek - shale, quertsite snd silieified ahale,iiagéft down
A00% - have shipped 9 cexs of ore - average $42.00. BSilver-gold ration ébdﬁt 2 t0 1-
values erratic - ore does not psn free gold - containg as much ap 159 ﬂsi*‘sﬁﬁﬂ
Bismuth -~ small pockets of primary arvsenopyrltes cccur. Apparently post ﬁinaral
freoturing snd faulting has sllowed free circulation of purface waters ereé#ing open
gspeces or caves - partly fllled with exivemely soft residusl ore enriched @y removel

of valieless material.
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Narrow seams in fracture zone - verticel altitude vertical - wall rock is leached -
light grey ~ altered quarisite or partially metanorphosed sandstone subsaqaéﬁi&y alter-
@d by solutions - Ore is hand sorted snd cobbed - ghipped to gem cutters in £aﬁ
ingeles - owners ~ Mineraliszed some 15'-20' wide, grades into hard quartzité:gn each
side - Material of good quality - hard, dark blue - worth about $6.00 per ;#;"avlast

' yeer mine produced three querters of the U. 8. supply - deposit appears %q“é% warked out.

GOLCONDA TUNGSTEN PLANT - "PAM Werren, mill sup't,
CCBfA/4L How with U. 8. Vanedium in Colorsdo.

| Flst lying neds 3' to 30 thick in eliuvium et base of mowntain esst éf-Galaaada.
Ore is composed of valeareous materisl - meinly travertine, clay and iren Q%@ée - In
plages bedy of menganese oxide, psilomelsne end pyrolacite ccour. Apparently a bot
springs deposition in shellow lake Wiy in solid solution? Beds 3' to 8¢ ﬁhi@k‘will be
mined room =nd pillar - overburden is but few feet thick bub henging stends well. 30!
bed will be siripped and mined by power shovel. Ove is seft. Im present ﬂ?#&lﬁpmant
drifts blasting holes drivem with hemmer and bull prick. Prospecting by eﬁé&n drill.

GEOLOGY NOTES FECM G.Z.4. BULLETIN
"Tungeten bearing Mengenese Deposits at Goleonda, HevadeY, by Paul F, Kerr.

Blanket~like deposit of mﬁﬂgﬂﬁiferaus and ocherous clay lies on truncated tilted
Triaseic sediments. Overlain by caloareous tufe - Beneath are veins of similar

mineralizetion - mey be source of ores -~ Jumgskiwxxus

Ore minerals sre colloidsl im origin - tusgetic #ﬁi& adsorbed
into psilomelame «nd limonite while both were gels. Ore minersls and tufe of hot spring
origin. Minerallzation started with chertification - silieification ~ fbllﬁﬁé& by
precipitetion of W0g, Mn, Fe and tufe. |

CROWH MINE - Jay Shoemaker, Sap!t.
15 pi« § of Ggleonda,

Fragture zone 10'-60' wide in quartzite - aversge £5.00 in Au snd 4g ~?¢f:’

irregular - sssay walls in part.
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WEST COABT MINE - NW of Winnemuoce ~ Roscoe Smith, U.C.

GEOLO0Y

Fissure veln ia metamorphosed sedimenteriss ~ guertesites and phyllites - Triasssic
in sge? Diorite stock nesr deposit - dikesm ocour - preminerel ~ whers vsig-euta dior-
ite little difference in mineralization noted, 5 & NS dlp 65 degrees 3. iwg gteges
of mineralizetion - earlier white quarts - contsins is and Fe sulphides -~ little 2u
or Ag. Later dark quarts fills breceidted spaces - contains &rgenmgyrit@‘{ﬁredomin—
and) pyrite, galems snd sinc blende a8 latest mineral. Soue gpecimens show replace-
ment by solution of earlier guarts. Numerous strike siips displace ore & Pow feet -
Slips sre discontinuous - spparently censed by settling of numerens fauli blocks.

MOUNT TOBIN QUICKSILVER MIKE
Hike Gould, Preaident
Williem Jeuking, Suptt.

GEOLOGY

Loested 50 mi. south of Winnemuocs - Cinnebar cceurs meinly as "paint® thin seams
in tuffaceous qoertaitke twecels - spparently tuifaceous clays acted as h&rfiars to
solution - deposit may have originated im neavrby hot springs - laves showriﬁtensa
lenohing due to hydrothermal alterstion - cheracteristic of sreas aoat&in‘ﬁercary depos~
its in the distriet E of Lovelock. :

NEVADA HMASHACHUSETTS 9. Ot P. Belzmer, Henager.

Lovated 9 wl. W of Mill City in Bugene Rﬁnge; Conteet metumorphic type deposit -
thin beds limestona (3! to 8') in riassic sheles hisve been replaced by querts, garnet,
epidote, pyrite snd saheelite. Beds str. roughly §~8 and dip 75 ¥. Granadi@rite in-
trudes sedimenteries metamorphosing shels to hornfels. In Stank ¥ice beéa.tarmiaata
o N sgainst grd.

HARGANESE PROPERTY - Lpcated in Pympernickel Valley, 21 mi.
g of Boleonds - Pak Divins, owner.
GROLOGY ' ‘

Ore ocours in leme 307 thick several bundred feet in Glameter - mesr top of spur
on weet gide of valley, Deposit contsins 308 ¥n - lower grade material on outer
merging -c¢nsiderab$ébaikiaeaus rock asseclated - jasper and cherts - Tew velus,
quartss Ore mineral is pellomelspe - smsll amounts of mengemite and pyxei%@ite noted.
Deposit lies on aehistose ignesus rock possibly andedite - May have ariginﬁ%éd 8a
replacement of pedimentary beds. 200,000 toms 30% ore blocked out, 2&,0&% tons ship-
ped to dete. Mining open out - hand mucked - orugted to minds 3" - jaw crugher -
trucklng to Goleonda §L.25 - freight %o Provo, Utsh, $3.25 at 30¢ per wndt - C¥lumbia
Steel pays §9.00 per ton. At present 5 cars being losded for U, S. Government &t

Boulder. 5102 content 50-55€.
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BETCHELL PLANT - Fred Wise, General Menager
Bob: 8pitger, WMine Foremen
g, W, Wark, Mill &uperiaﬁendaat

Bineralisation occcurs in snd sdjasent to basin vange fault some - Str. N-8 dip E
40 - extend several miles. Paleozoic sediments shale snd limestone intruded by grd., -
latter mekes ore where veln outs dikes or tongues. Ure shoots very from 500 to 2000 £t
in lengih - average width 55 £t. - progpected by imcline shaft and drift to-éﬁ& level -
Henging bleck ¢lay gouge ~ assay wsll ~ foot wall portion siliceous - 857 brecelated
ghele sud limestope. Oxidized sone down 4007 on dip in main pit - 10' capping herd
siliceous breoeis over ozlde ere - cap asssys .03 or 04 - ore iz comparatively soft
beneathi. Gold is extremely fine - does not pen - concentrationsz of pyrites 8¢ not show
higher values -~ Average asssy §$7.00. Leter realgar emd orpiment have been introduced -
fault shows movement subseguent to sll minerslizatioe fault chevectsrized by series of
pprings., (lay gouge haﬁging goted as dsm for ore solutions. Contact zillcsley -
wallastonlte and tremolite occur on foot wall - no values. Vein apparently splits to
| north - eroded down to sulphide Zone. &méll emopute cinnabar in dog tooth spar in
sulphide sone - grosgeut on mein hsulege drift.

Sulphide ore is roasited to drive off sulphur and remove costing (7) £ron gold

ﬂpgrtielas ~ 90% extraction on axiﬂ@'leas on sulphide ove.

S STAVDARD MINE. D. Roes Frager, Sup't.
. GEOLOGY

Open cut 100! deep - walls nearly vertical - mineralization ocours in fﬁaeturad
limestone - assay well in limestone on Kest - shale contect on West. Ore ghows some
iron oxide - mumerous calelte &ﬁringers - bottomed by flat-dipplog feult - ;§4 cut off

Crosg-section of depositb

Grade ie higher Just sbove fault -~ some lotsl faulting in ore body - latey 2% to L
gtr. ratio.

CHAMPION SILLIMARITE CD. Oreana.
GEOLOGY

pumortlerite deposit in keraiophyrs ~ slbltic ? or albitized traahyte;*{ﬂ flow
rogk in Koipete limestone and shele. ook is 1ight coloved schistose - Fﬁ?&ﬁﬁian
strikes N-8 &ips steeply ~ Dumortierite occurs in lemses 2! - 3% thick in platy
sehist - intercelated sedimants or sone of sheering - cost of productlon $20.00 per

ton - ore is sorted snd hend-cobbed, Andelusite and corundum ere found in vamyon East.
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, GIPSUM - Pacific Portlend Cement (o
aEoro0Y
 Steep-dipping bedded deposit - in Triessic sediments - 90% pure. Anhyﬁrite at
bottom - 0aC0s & 910, form impuritles. 16 cu. £t. in plsce per tom.
SIETEEN TO ONE MINE - Allegheny, Coliforuie.
Dick Bennett, Superintendent

Van Doven, Foreman
Bill Fuller, Gevlaugist

35 degree reverse fawlt inm serpentine end Tightener formation - ohlorite, tale and
amphilbole sohlst ~ later thrusis cub vein. Guarts stage - pyrits snd arseﬁﬁéﬁrite
gontenp, with and slightly eerlier - both In wall and vein - replacement end stringers -
Carbonate stage - replacement of wall rock snkerite, sericite, meriposite, tals and
ehlorite, Lust state - ¢elolte, mercesiie, pyrite coatings and %aiﬂletsﬁ ) Barlier
querts milky, niero-breceiated - later quarts olear opsline -~ mineraliaatiﬁﬁ”iﬁ earlier,
Ay alwsys assoclated with arsenopyrite — never less then $1.00 per 1b. concentrstes.
Parsgenenls - quarts, pyrite, arsenopyrite high intensity minersls chaloopyrite, galensa,
gold lower Intemsity also spbelerite and betrshedrite. Ore shoot on 1557 — 48¢ Long
757 on dip - 3' width - produced $500,000 in oue place 60 £t. Arift ~ 300,000 at $20.00
gold, 914,000,000 total production. Aversge mill ore §4.50 - 852 reﬁQVery,7§$§ brought out
by specinmen boss. n

BROWRS VALLEY -~ IWPIRE COMPANY

Ellsworth Bemnebt, Hensger
Berger, ¥ill Swperintendent

' fﬁ&ﬁ dipping flesure in meta&ﬁdasiﬁea, diebuge, gubbro, etc., - vein deseribes right

'augla'%arn sergeatine formation in bend - due no dowbit to relatdvely plasilc nature of
gerpantine - vein is pinehe& ~ no quartz or values in serpentine. Mey have soted as a
dem to solutione ae values &fa higher where vein goes into perpentine, ?a&ﬁm&ggr&l feult~
ing in plene of vein - cauges irregular thickuess of guarts - Leter normel f&#iting
guyses displacement of 10! or 15!, Barlier feuwlbing reverse?. idnersis - géleﬂa
usually associated wiﬁh gold values - also pyvite « and chaloopyrite - aame_q@@ile;
Pennsylivenis Shaft on NS eés% dipping brengh - Dammebrough ghaeft -~ (18 d&g&é&[aﬁ&r&ge
dip¥ on E-¥ vein. e




LAYA CAP WINE
Otto Svbiffuer, Hanagey
J. ®. Chendler, Mine Superintendent
Ore in reverse fanlt fissure iun me%amarphéssd carbonaceous shales and argiliite

glates. Average dip 51 degrees - width of vain averege 3-5 feet. Hetemorphion
effacted by gr. intrusion hes not boen sufficiently intesge to fomm horsfels et this
distence from contact. Woll rock ig grafy‘té black, dense blocky fracture - slaty
tleavage not vexy epperent. Pre-fiomure (?) letite dikes offset showing digplacement
(reverse) 42!'. Post minerel feulting - horizontel movement - steep dip. ‘"Hulliome",
lavge striations or curves im vein -~ vreke to north - shere vein gpiite aa:i@hmem
goours - As split becomes wider dneluded wsll rock s weste. Paragaﬁ%sia -
pyrite; sphalerite, gelems, betrshedrite {friebergite) gold. Ratioa gold '% allver
10 to 1.
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Tucson Arizona o
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FILE MEMORANDUM : B -

PORPHYRY CCPPER DEPOSITS - ARIZCNA & NEW MEX}CO

A general review of porphyry copper exploration in the Southwest was
contained in my memcrandum of October L4, 1950, Since that time considerable
exploratory werk has been carried out by various companies, and several new
mines have been put inte production. The purpcse here is to bring the picture
up to date and to re-examine the gambling odds invelved in perphyry ccpper

expleoration.

in the following tabulaticn porphyry copper occurrences are divided into
5 different categories: (1} Productive Deposits, (2) Marginal Deposits
(undeveleped), (3) Depesits Currently Under Exploration, {4) Prospects which
have been Tested and Proven Sub-Marginal, and (5) Untested Prospects,

1) , Productive Deposits ,

Over 100 Millicn Tons¥ Under 100 Millicn Tons®

Morenci Bagdad

Santa Rita Copper Cities

San Manuel . Silver Bell

Miami-Inspiration : Esperanza

Ray Christmas

Ajo Mineral Park(under development)
Cananea (Scnora, Mex.) _ Castle Dome {mined cut)

Bisbee ' ' '

Mission-Pima

* Production plus potential

2) ‘ Marginal Deposits (UndeVefcpeqL

Tyrone............. Reportedly plus L0O million tons @ .70% Cu,
* chiefly chalcocite. C(wned by Phelps Dcdge.

Lone Star........ .. Reportedly 800 million tens @ .55% Cu, mixed
sulphides and oxides. Kennecott.

San Juan........... '"Large cre body tco deep fcr cpen pit mining."
Owned by Phelps Dodge.

Helvetia .......... 14 million tons .80% Cu. Mixed sulphides and
oxides. Controlled by Banner.
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3) Deposits Currently under Exploration
Sacaten ... . i i i et Asarcc
McGee (NW of Esperanza)............... Bear Creek
Saginaw Hill (So. Tucson Mtns.)....... Anaccndaz
Red Mt. (Patagonia).......v.vvvnvinn.. Kerr-McGee
TWin BULEES «ivtieiiitenniernnnnonnnnn Banner
Four Metals .vuviverinveenrninenenonnn Neranda '
Johnsen Camp...... vioeiiiinnnnuninan, Cyprus
Chilito .....ciiiiiiieeinennnnenns.. Bear Cresk
L) Sub-Marginal Deposits
Proven either tco small cr tco lew grade
Drilled By
Kelvin...................... ere e Ccn Coppermines
Copper Creek ......... trisecscoaneennae Bear Creek & others
Sunnyside .......... coceseniaes oo . ASARCO
Turqueise c.v.eviennn.. Geee e o.e-.. ASARCO, Bear Creek
Red-Hills (Texas) ,,,,,,,, Ceeereaiacann ASARC(, Bear Creek(?)
Posten Butte ........ cesasen . creuoe ASARCO
Lake Shore ......... Ceieeraiserenaanae USBM, Shattuck-Denn & Trana Arizcona
Pioneer Group ......covvnvnnn. veesonn . Duval Sulphur & others
Blackwater .....coiviienannennns eieane Magma Ccpper
Cerrillos .ovunvnnndiin, feereseisans Bear Creek
HiTtscher uviiennnenedernonnannnns .. Bear Creek
Steeple Rock . ..i.eiiennneninnnenennn, Bear Cresk
Madera ...... Gesacecoseasoroecononaala Miami Ccpper
CaCtUS . itiinnne ittt rananas Miami Copper
Three R iiuiveveunnnenecnneneennenanns Con Coppermines (property recently
, acquired by Anaconda)
Copper Basin .....c.vvieinvinnntnnnnns. Phelps Dodge
5) Porphyry Copper Prospects - Untested

Rock House (No. of Supericr) Qutcrops indicate minor chalcocite enrich-
' ment below, but zone too small in size.
Border Pipe (So. of Patagonia) Mineralized breccis pipe + 500' in diameter,
v ' Qutcrops indicate original disseminated
pyrite with mincr enrichment. Depesit too
small to warrant drll]rng

Zcne of streng quartz-sericite-pyrite
alteraticn several square miles in extent.
General character of leached outcrops, plus
occasional expcsure of sulphides in old
adits, indicate little more than traces of
either primary cr secondary copper.

Tyndall District (So. Santa Rita
Mts.)
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5) Con't

Tembs tone Zone cf alteraticn cnz mile or mere in
diameter lies scuthwest of this cld silver
mining-district. Cutcrcps dc not appear
tce premising, but tetal extent of zcne
has not been determined. Further recon-
naissance planned. :

Crgan District (Organ Mts.,NM) Zone of alteration 3 mile wide extends

: ~ abcut one mile northwesterly where it
passes beneath valley alluvium. Mineral-
ization in exposad porticn of zcne not
sufficiently attractive to warrant explora-
tion. Pcssibilities under cover highly
speculative. A possible applicaticn of
geophysics was censidered at cene time;
however, the area is now partly within the
White Sands Testing Range.

The Productive Deposits listed above (see attached map fcr lccatlen) range in

- size frem 18 million tons (Castle Dome) to a plus onz billien tens (Mcrenci), if

future potentisl is added to past production. With the excepticn of Castle Dome,
which is minad out, nearly all of the mines listed here have s future \Tife of at
feast 10 years, and at least 50% of them a future life of over 20 years.

Tyrone is included in the group of marginal depcsits; however, under diffarent
ownership this depcsit would likely be in producticn. Phelps Dcdge spent several
years in drilling and evaluating and then placed it on tke shelf --- presumably
because they pcssess ample resources of lcwer cost ccpper elsewhere. Tyrcre, with
@ relatively large tonnage and a grade of .70% ccpper, weuld be at least equally
profitable, if not more so, than either of Duval Sulphur's two deposits, Esperanza
and ' Mineral Park.

Among the Deposits Currently under Exploraticn, Saginaw Hill and the Four
Metals are notewcrthy simply because both are relatively small deposits which have
undergone repeated unsuccessful exploration attempts by various ccmpanies in the
past. Anaconda is ncw drilling a 3000' hole cn Saginaw Hill and Noranda is pre-
paring to drill the Foyr Metals.

Reportedly Bear Creek ('McGee' Prospect) has been finding .L to .5% primary
copper in diorite and andesite in ground adjacent to the Experanza.

Red Mt., Patagonia, lies within a large alteraticn- zcne which includes the
Sunnyside breccia pipe (drilled by Asarco in 1950). Kerr-icGez recently completed
driving an incline on the east side, encountering lcw grade (+ .05% Cu) primary
mineralizaticn. Reportedly, they plan drilling higher on the mcuntain.

.Chilito prcduced 91,000 tons of 1.4% Cu. This ore, which censisted cf dis-
seminated copper in quartzite, was shipped to Hayden as silicecus flux. Kennecott

acquired the property last year. .

Banner recently drilled several holes in a gravel covered area southeast of
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Twin Buttes. This is the area gensrally considered to be the probable locaticn

of the ''roots! of the Mission-Pima zcne of mineralization. According to a lccal

contractor, Banner recently cancelled plans for an additicnal 90,000 feet of

diamond drilling at Twin Buttes. The area may still hold exploration possibilities.
Most of the copper ore mined at Jchnscn Camp came from more or less massive

sulphide lenses in the Cambrian Abrigc formaticn. Disseminated ccpper occurs,

however, in the Cambrian quartzite and in the lewermost part of the overlying

limy shale of the Abrigo. During the past few years, 150,000 tcns or more of

oxidized copper-bearing rock has been mined cpen pit and shipped to the Decuglas,

El Paso and Hayden smelters for silicecus flux; and recently, Cyprus completed a

series of drill holes in this disseminated copper horizon, reportedly indicating

a zone 150' thick and 2000' long cf .75% Cu. *Ne intrusive rccks of the pcrphyry

copper type have been found in ‘the area; hcwever, thz deposit resembles a pcrphyry

type occurrence in other respects, and an intrusive center of relatively strcng

alteration-mineralization could exist under the alluvial covered valley east of

the mine. : '

Brief comments on thes Untested Porphyry Ccpper Prospects are included in the

foregoing list. g '

Referring to the attached map, it is to b= ncted that with the excepticn of
Christmas, mines develcped within the past 12 years =--- Mineral Park, Missicn,
Pima, and Esperanza --- all fall within a northwest-trending belt which includes
Bagdad, Sacatcn, Silver Bell and Cananea. [n his repert cn the discovery of the
Sacaten Prospect ( Feb. 13, 1961), Mr. Kinniscn raferred tc the aforementioned
belt as the Silver Bell zone, and pointed cut that the Sacaton area was situated
at the intersecticn of this zone and two cross-trending zcres which hs labeled
YMiami'* and '"Poston Butte''. Since that time, drilling at Sacatcn has demcnstrated
the existence of a major-sized porphyry cepper depcsit, the full extent of which
has yet to be determined. This, and other new discoveries, tend to emphasize
certain trends along which the exploration chances may bs better; but we must still
depend on finding a lead, such as an altered outcrcp with evidence of leached sul-
phide mineralizaticn, or altered boulders derived from a new-buried cutcrcp, wherever
it be lccated --- on trend, or off.

in 1950 (above menticned memo of Oct. L4, 1950) there were 12 'commercial®
deposits (excluding Tyrone and Pilares) and 10 deposits regarded as either ''non-
commercial!! or as 'prospects' with unknown pctential. The ratio has changed scme
in the past 12 years, but the odds still appear very favorable., Tcday there are
17 Mcommercial!! deposits (including Tyrone), 3 marginal, 16 sub-marginal, 8 currently
under exploration and 5 untested. Four of those currently under explcraticon, Saginaw
Hill, Chilito, Red Mt., and Four Metals, should be regarded as sub-marginal on the
basis of pricr exploration results. Thus, we have a 20-25, or L-to-5 ratioc if the
3 marginal deposits are included with the 17 'commercial' deposits, and all 5§ un-
tested depcsits are included with the sub-marginal deposits. This ratio has nc
bearing on the chances of finding a new porphyry ccpper prcspect --- due tc the
great ccncentration of exploraticn personnel in the Scuthwest for many years, this
chance must be regarded as very slim --- but it dces suggest that if a new prospect
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is found, and the zone of alteration-mineralizaticn demonstrated to be of adequate

size (say, a half mile or more in diameter), the odds should be roughly even that
the zone will contain a“''commercial' ore body.

-t

JH e g 47
J. H. COURTRIGHT

JHC/kw
Attachment - Map



EXPLANATION

® Productive Porphyry Copper Deposit (Includes Those Under Development)
4 Morginal Deposits (Undeveloped)
< Deposits Currently Under Exploration

] | Gravels
= Post Mineral Rocks
[ ] Volcanics

O Sub-Marginal Deposits
ey Pre Mineral Rocks % Prospects — Untested

O’ferr:llns

QHOLBROOK

MAGDALENA S L
{ . v

—

S5 | N

e | -

| ]
A
=]
”
=

\
>4

CALIFORNIA

AL AMOGORDG

0

(\17
0
d

% \IJ.\_ Son 0" '

C
WJuon | \
-ﬁ. .
| . v\
e b 3 N | Steeple
SAYFQURD © P, 5 l\'

< Rock
Lone Starl -

LS

]

Mission® Pima

s 3 1 1 v L / o ‘ 5 \
/—\{-. 5 \ : A N A BN
Mo Gea g R Tw /Elm ’ N 'S 0 » )
] Helvetia \ \ -
) NG ”
'

Esperanza

i

GEOLOGIC MAP
@ | of
Border Pips 7—-& | ARIZONA AND NEW MEXICO}

\ CHIHUAHUA

@ tosin : Showing Porphyry Copper Deposits
\ SCALE | INCH = 40 MILES
After Plat : : ; |
er Plate 2. Arizona Bpr:;:u of Mines Bulletin No. 145, Rl \ Aunuali 1950 Map No. 924

a Rev'sed February, |1968 .




EXPLANATION

® Productive Porphyry Copper Deposit (Includes Those Under Development)

4 Marginal Deposits (Undeveloped)

| | Grovels
- Post Mineral Rocks
| ] Volcanics
%) O Sub-Marginol Deposits
| = Pre Mineral Rocks R Prospects — Unlested

TAFF
ﬂa FLGS F

- Deposits Currently Under Exploration

O Cerrillos

OHOLBRGGK

, Umu

g uauus \-,
Iron King

FHCE‘HX

. %C}’ : S

E.acu'

CAL/IFORNI/A

o >
\',__, Morenci (.,
N sen \CLIFTON

Juan ik
Y B\
SAFFORD © | Y el
4 { 12 Rock
'
1

AL LMOGORLO

J

0@
0
4

Lone Star -

-‘ 51; ingw

i~ A
~

YA\
A |
< I CANS

m {i\-} VD %

w G

Son X

mM 1L -"n

* Twiry Buft
Helvatio

l!’

. i & 4 —— e e ¢ —

;lg,?! GEOLOGIC MAP

7La5_ﬁ of

\ CHIHUAHUA

ARIZONA AND NEW MEXICO

® conones : Showing Porphyry Copper Deposits
\ SCALE | INCH = 40 MILES
After Plate 2. Adi B f M i : ‘
er Plate rizona 9r:iu.u o ines Bulletin No. 145, @ \ August, 1950 Map No. 924

Revised February, 1968 .




Geologic

Map of Colorado

CO.001

1989 MICRO AERO CHARTS, INC 1 -H00-421-8717 (T19) §94.9202
AK.001 GA.001 IN.OO4 MN.001 NH.001 OK.001 TX.001 YT.001
ALSET (3) HLSET 3) IN.0OS MN.0O2 NJ.001 OR.SET (2) TX.002 WA.001
AL.001 HI1.001 KS.001 MN.003 NM.SET (2) OR.001 TX.003 WIL.001
AL.002 HlL.002 KY.SET @) MN.004 NM.001 OR.002 TX.004 WY.001
AL.003 HI1.003 KY.001 MN.005 NM.002 PASET (2) TX.005 WY.SET (2)
AR.001 1A.001 KY.002 MN.006 NV.SET 2) PA.001 TX.006 WY.001
AZ.001 ID.SET (2) LA.001 MO.001 NV.001 PA.002 TX.007 WY.002
CASET (2) 1D.001 MA.001 MS.001 NV.002 RI1.0OO1 TX.008 \
CA.001 1D.002 MD.001 MT.SET (2) NY.SET 4) SC.N/A TX.009 |
CA.002 1L.001 ME.001 MT.001 NY.001 SD.oo1 TX.010 ‘
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CT.001 IN.001 MI.001 NC.001 NY.003 TN.001 TX.012 US.MAP (2)
DE.001 IN.0O2 MI.002 ND.001 NY.004 TN.002 UT.001 US.EST
FL.0O1 IN.0O3 MN.SET (6) NE.001 OH.001 TX.SET (12) VA.001 US.WST
Micro Aero Charts, Inc. To order, complete the information below
5078 List Drive and detach the Order Form. Place in a
Colorado Springs, CO : o ith ch
80919-3316 separate envelope along with check or money
order and mail to: Micro Aero Charts, Inc.,
1-800-421-8717 5078 List Drive, Colorado Springs, CO
In Colorado Call 80918-3313. Use of a purchase order requires
(719)594-9202 a $50.00 minimum.
NAME S — '-TIT E o
. ORDER FORM
COMPANY/ORGANIZATION —— |
SATISFACTION
STREET ADORESS il N p— GUARANTEE:
o . g . ‘ Return within 30 days for refund.
cmy STATE | ziP TELEPHONE |
| L( ) | ORDER TOTALS
DATE TPURCHASE ORDER NO. ! [CHECK NO. :

\ | Previous Total $

L - e — —

Please indicate your selection(s) below. To order individual microfiche, use the catalog numbers listed in the
above table. States with more than one microfiche can be ordered by state sets using the JOCSET designation.
The number of microfiche per state set is indicated in parenthesis. The Eastern, Western and Entire U.S. sets
include a complimentary U.S. map. The East-West division of the U.S. occurs at the Mississippi River.

Fiche Album
(holds 55 fiche)
@ $25.00 ea $

Entire U.S. set (49 states/89 microfiche) qty. @ $529.50/set with album =$ .
qty. @ $489.50/set w/o album =$ 11-'; ?dg.')els%slggi $
|:] Eastern U.S. set (25 states/39 microfiche) qty. @ $234.50/set with album =$ 20:1 @ $59.95¢ea $
qty. @ $214.50/set wfo album =$ A —
[ ] Western U.S. set (24 states/50 microfiche) qty. @ $295.00/set with album =$ Subtotal —
qty. @® $275.00/set w/o album =$ F—_— -
| Individual microfiche (listbelow) Total qty. @ $6.25/fiche =$ add°:,pﬁ,f§§,ee" -
z qty. qty. qty. sales tax $
. qty. qty. qty.
[] state set(s) Shipping and
. SET : no. of fiche per set X no. of sets = qty. (of fiche) Handling $ 2.00
. SET : no. of fiche per set X no. of sets = qty. (of fiche)
Total qty. (of fiche ordered by state set designation) @ $6.25/fiche =$ TOTAL §







