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ore bodies in the quadrangle occurred after most of
these intrusive rocks were emplaced, or about 60 m.y.
ago (Banks and others, 1972; Banks and Stuckless, 1973).

Tilting of the layered strata and movement on the
major north-striking faults and on some of the east-west-
striking faults recurred after deposition of ore but prior
to deposition of the thick Oligocene and Miocene sedi-
mentary formations—the San Manuel Formation, the Big
Dome Formation, and the deposits in the Dripping
Spring Valley. On some of these faults, movement and
tilting of strata also occurred during, between, and after
deposition of the Tertiary formations in the Gila River
Valley.

Post-Miocene events recorded in the rocks of the
quadrangle include erosion, faulting, development and
then dissection of several pediment surfaces; deposition
of several thin clastic units; deposition of travertine
along some faults; and development of present drainage
and accompanying older and younger alluvial deposits.

STRUCTURE

Geologic structure in the Dripping Spring Mountains
is dominated by an intricately patterned fault mosaic
superimposed on a gently dipping sequence of rocks that
have been arched into a broad, open anticline, plunging
to the southeast (see also Eastlick, 1968). This general
structure can be further classified into (1) the major
northwest-southeast-oriented anticline, (2) minor folds
with axial planes also oriented generally northwest-
southeast, (3) four major north-south fault systems,
(4) two major northwest-southeast-trending fault sys-
tems parallel to and near the Miocene sedimentary
basins, and (5) many faults oriented 0°-35° north and
south of east-west. Tilting of adjacent fault blocks
during the faulting resulted in the extremely complex
geologic relations of the range; the east-westerly faults
provided the major channelways for emplacement of
the Laramide igneous rocks.

From west to east across the quadrangle, the major
north-south fault systems are the Cowboy, Kelly Springs,
Keystone, and O’Carroll faults. The occurrence of Pre-
cambrian diabase sills at different stratigraphic horizons
across ‘the first three of these fault systems suggests
that they were active during emplacement of the diabase,
but data neither determine nor negate Precambrian
movement on the O’Carroll fault. Combined Precambrian
to post-Laramide normal displacement on these north-
south fault systems locally is slightly more than 900 m,
but individual strands typically show less normal dis-
placement, and total displacement along each system
varies along strike. For example, the greatest strati-
graphic displacements on the Kelly Springs and O’Carroll
faults occur near the north edge of the range, whereas
those along the Keystone and Cowboy faults occur near
the south edge. One or more strands of each fault
system are cut by the Laramide dikes, whereas others
cut the dikes, indicating that although major displace-
ments occurred along the fault systems after deposition
of the Williamson Canyon Volcanics and prior to intru-
sion of Laramide dikes, some strands had continued or
recurrent activity after intrusion of the Laramide dikes.
Some apparent strike-slip displacements along the fault
systems are indicated by offset of individual dikes and
dike sets, but their magnitudes are variable. For example,
an intrusive breccia is offset in an apparent left-lateral
direction by the Cowboy fault system near the north
edge of the quadrangle. North of this breccia, a distinc-
tive rhyodacite dike cropping out along the quadrangle
boundary is also offset left laterally 600 m into the El

<
1 § :
O
OE A
. . R o
Capitan Mountain quadrangle. Just south of the breccia, . “ <_
another distinctive dike is offset approximately 500 m,
but in sec. 7, T. 4 S., R. 15 E., although Laramide dikes \
are cut by various fault strands. lateral offset is negli- N\
gible. Apparent lateral offset of Laramide dikes also :
progressively decreased southward along the Kelly fault
system and northward along the Keystone fault system.
Although strands of the O’Carroll fault cut some of the
dikes, lateral displacement is neither large nor coﬁ'sigtent.
At least part of the apparent lateral displacement along
the north-south fault systems may reflect tilting of the .
blocks between them. "

Faults are most closely spaced near the intersections
between the major north-south fault systems and the
two major northwest-southeast fault systems that bound
the Dripping Spring Mountains on the northeast and
southwest. The northwest-southeast range-front faults
were active both prior to and after emplacement of the
Laramide dikes, and in the Sonora quadrangle, at least
one of the range-front faults moved during emplacement
of the Precambrian diabase (Metz and Rose, 1966;
Cornwall and others, 1971). These major fault zones
may have resulted from a right-lateral shear couple along
the range-front faults with complementary movement
along the north-south faults. However, large lateral move-
ment on the range-front faults is not compatible with
slight offset of Laramide dikes and Precambrian contacts
across the Gila River - Mineral Creek Valley (Cornwall,
Brooks, and Phillips, 1971). East of the town of Hayden
the range-front fault on the southwest side of the moun-
tains displaces the Miocene Big Dome Formation, but
significant post-Miocene displacement did not occur on
this fault north of Keystone Canyon or along the range-
front fault north of the mountains.

Displacement along the many faults oriented 0°-35°
north and south of east-west are much smaller than the
major north-south-striking and range-front faults dis-
cussed above, and many are fissure fractures with little
or no displacement. Most of these east-westerly faults
apparently developed during Laramide time because
many are both parallel to and intruded by the Laramide
dikes. Thus, both the major and minor fault systems,
and the minor northwest-southeast-oriented folds whose
hinge regions were intruded by Laramide dikes, had
major development during Laramidetime. These struc-
tures therefore provided ground preparation for fluid
(magma and hydrothermal) access during the time that
sulfide ore bodies developed in this and the adjacent
quadrangles, and interpretation of the stress responsible
for their formation is of potential economic interest.

The thin east-westerly dikes did not have enough
thermal energy to stope their way through at least 600 m
of carbonate rocks in the exposed section, and they do
not show evidence of calcium-magnesium assimilation
(no pyroxene). They likewise show only rare evidence
of forceful intrusion. Thus, their abundance, lateral
continuity, and narrowness suggest that they were most
likely -<intruded in a tectonic environment involving
northwest-southeast extension or tension. This condition
could have resulted from generally northwest-southeast
directed right-lateral tectonic shearing or approximately
east-directed compression. However, the left lateral off-
set of the Laramide dikes on the major north-south
faults is not compatiable with right lateral movement on
the range-front faults, and east-west compression is
supported by the observed northwesterly folds and
the general anticlinal character of the Dripping
Spring Mountains. It also is suggested on a more




Rehrig and Heidrick, 1972) and by northwest-striking
thrust faults to the southwest (Krieger, 1974c). This
approximately east-directed compression might have
originated in movement of lithospheric plates in Lara-
mide time. Because each dike set in the Hayden quad-
rangle has its own particular northeast and northwest
orientations that are not matched exactly by those of
the next younger dike set, the orientation of regional
stress probably fluctuated with time during Laramide
igneous -and- structural activity. Thus, both dikes and
sulfide’, veinlets may occupy tensional features, and
exploration basinward along projections of the most
extensive dike swarms, which indicate potentially favor-
able channelways for deep fluid sources, could be
profitable. Alternatively, because the sulfide veinlets
cut the Laramide rocks, the sulfide-bearing fluids might
have traveled still another set of fractures oriented
east-westerly but not necessarily on or parallel to the
particular set of dikes on which a deposit might center.
Thus, if all the Laramide sulfide deposits in the quad-
rangle developed at approximately the same time, the
zone of major fluid access might have extended N. 80°
W. from Christmas mine through the New Year, Chilito,
and ‘79 mines, which suggests possible exploration
ground N. 80> W. of 79 mine and N. 100° E. of
Christmas mine. It is noteworthy that N, 80° W. of the
79 -mine in Miocene alluvial deposits are manganese
oxide-barite-jasperoid deposits (presumably hot springs
deposits) that carry base metal anomalies and, as

expected, that base metal anomalies in the bedrock -

parallel the zone occupied by the major known sulfide

" deposits rather than any particular dike swarm (N. G.

Banks and R. D. Dockter, unpub. data). )

Only a small part of the Tortilla Mountains occurs in
the Hayden quadrangle (southwest corner). The structure
of complexly fauited bedrock in this part of the quad-
rangle is discussed by Krieger (1974c).

MINERAL DEPOSITS

Some of the metallization and alteration associated
with the Christmas deposit, owned by Inspiration Con-
solidated Copper Co., occurs at the east-central edge of
the quadrangle in secs. 19, and 30, T. 4 8S,R. 15
E. (unsurveyed). From discovery through 1974, the
deposit produced 279,250,300 pounds of copper J.T.
Eastlick, written commun., 1975), first in surface and
underground mining of replacement beds in the Martin
Formation, and the Escabrosa and Naco Limestones and
later by open-pit mining, part of which includes stock-
work mineralization. More detailed descriptions of the
deposit are found in Eastlick (1968), Willden (1964),
Peterson and Swanson (1956), and Ross (1925).

About 3 km northwest of the Christmas deposit in
SW cor. sec. 13 and NW cor. sec. 24, T.4S.,R. 15 E., is
Santa Montica Camp (originally the Premier mining
group reported by Ross, 1925). About 400 m of adits
and drifts have been made in the area, and about
$70,000 worth of gold was reportedly produced from
one of the main workings (J. T. Eastlick, written
commun., 1975). The gold occurs as native gold in thin
seams with iron and manganese o "les. The copper
mineralization occurs as oxidized veins and replacement
ore bodies immediately adjacent to the veins. At the
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ates, wulfenite, vanadinite, and hemimorphite.

The New Year mine, about 2.5 km N. 80° W. of
Christmas mine, produced about 1,000 tons of lead ore
and about 50 tons of zinc ore according to Ross (1925);
there are four or more shafts including the Curtain
shaft (reportedly 100 m deep, J. T. Eastlick, written
commun., 1975), several adits, many prospect pits, and
other surface workings. Alteration minerals in igneous
rocks of the area include quartz-sericite, kaolinite, and
propylitic minerals (epidote, chlorite, carbonate), and
carbonate rocks have been variably converted to skarn.
Eastlick (1968) reports galena, anglesite, cerussite, and
hemimorphite as the major ore minerals.

About 1.5 km N. 80° W. of New Year mine is the
Chilito mine (Kennecott Copper Corp.), a small- to
medium-sized stockwork-vein-disseminated porphyry cop-
per deposit presently (1975) worked under contract to
provide silica flux for the Kennecott Copper Corp.
smelter at Hayden. Alteration minerals include hydro-
thermal biotite, -quartz-sericite, epidote,-chlorite, and
carbonate minerals. Hypogene chalcopyrite,pyrite, molyb-

denite, and anhydrite are present in the relatively un-/

oxidized parts; at least $200,000 of supergene chal-
cocite ore was produced from the Schneider claims
prior to 1913 (Ransome, 1923) in secondarily enriched
pyrite in replaced beds of the Mescal Limestone west of
the present open pit. Chilito produced about $1%
million worth of ore during World War I (Eastlick,

couraged development of small producing mines 1 km
northeast (Apex or San Bernardo Jr. mine), and also
east, southeast (Lavell mines), and south (London-
Arizona mine) of Chilito along the east side of Schneider
Canyon. Most of this mining activity focused on the
upper beds of the Abrigo Formation and on the
O’Carroll bed (local name) in the Martin-Formation.

The largest producer was the London-Arizona mine

“(about $1 million; Eastlick, 1968). The Lavell mines are

said to have produced about $10,000 worth of gold ore
(Ransome, 1923); the Apex mine produced about
$20,000 worth of gold from oxidized lead ore and
also some high-grade gold ore (Ross, 1925); and the
London-Arizona produced at least 15,000 tons of ore
averaging 4.5 percent copper. Minerals associated with
these deposits include chalcopyrite, pyrite, pyrrhotite,
copper carbonates, cuprite, chalcocite, cerussite, galena,
wulfenite, native gold, andradite, specularite, quartz,
idocrase, magnetite, serpentine, and anhydrite.

A few small adits and prospect pits that probably
shipped no ore occur within 1 km to the northwest and
southwest of Chilito mine. A little over 1 km southwest
of London-Arizona mine, some workings in the upper
Abrigo Formation and lower Martin Formation may
have produced a few carloads of ore (probably gold)
from oxidized veins and replacement bodies; the Hog-
vall prospect (Ross, 1925) is among these workings.

The 79 mine, in the approximate center of the quad-
rangle, was discovered in 1879 and worked inter-
mittently through the 1950’s. Production prior to 1947
was about 110,000 tons of mixed oxide and sulfide ore
valued at between $3 million and $4 million (Kiersch,
1947). The ore came from vein and bedding replacement

Mineralization probably associated with Chilito en-




ore primarily in the Martin Formation and Naco Lime-
stone (Eastlick, 1968; Keith, 1972). In addition to
surface workings, the mine includes the main incline,
seven levels, and over 3,000 m of tunnels and stopes
(Keith, 1972). Near the surface is oxidized galena ore
with cerussite, anglesite, sphalerite, chalcopyrite, des-
cloizite, vanadinite, wulfenite, hematite, and some pyrite
and copper carbonates. The zinc content of the ore
increases with depth (Eastlick, 1968). The ore deposits
at the mine are discussed in detail by Kiersch (1947),
and a more complete list of minerals present in the
mine is presented by Keith (1972). Many prospect
pits, small shafts, and adits are scattered in sec. 21 and
along its border with sec. 22, T.4 S,,R. 15 E., to the
north of the main 79 mine workings.

Along Keystone Canyon, 1% km south of 79 mine,
are the Regan Camp prospects. Kiersch (1947) reported
that several carloads of oxidized lead ore were produced
from the irregular and scattered workings, mostly in
replacement ore bodies and veins along a fault cutting
Naco Limestone, south of Keystone Canyon. In addition
to the oxidized galena ore, wulfenite, vanadinite, and
copper carbonates occur on the prospect dumps. Similar
minerals and also manganese oxides occur on the dump
of the Overland mine near SE cor. sec. 28, T. 4S.,R. 15
E.; this mine consists of a main shaft and probably a few
short tunnels that may have produced one or two car-
loads of oxidized lead ore.

Just north of the quadrangle is the Barbarosa mine,
reported by Ransome (1923) to have produced $2,000-
$3,000 worth of gold by dry washing alluvium deposited
on Troy Quartzite on gully slopes. Associated workings
occur in this quadrangle in and east of sec. 36, T.3 S., R.
14 E. The gold most likely came from vein and re-
placement ore in the overlying Abrigo Formation and
Martin Formation. Several prospects in Mescal Lime-
stone, south of the Barbarosa mine in this quadrangle,
show oxidized lead-zinc minerals: — — -~

Extensive jasperoid-barite reefs-and- associated cross-
. cutting manganese oxide and carbonate veins and bed-
ding replacement bodies occur in the Miocene Big Dome
Formation in an area of over a square mile centered in.
NW cor. sec. 19, T. 4 S., R. 15 E. Both the jasperoid-
barite and manganese-carbonate mineralization extends
into nearby older rocks, The strongest veining is oriented
northwest-southeast. The mineralization carries base
metal and vanadium-tungsten anomalies, and copper
staining was observed at several localities (N. G. Banks
and R. D. Dockter, unpub. data). Prospecting of the
'deposit has been extensive, but it is estimated that less
than 1,000 tons of high-grade manganese ore has been
shipped from the properties. High-grade manganese ore
is better developed in the southeast part of the deposit

relative to the northwest part. The geologic location,

colloform banding of the jasperoid and manganese,
mineralogy, open vugs, and a mercury-antimony anomaly
favor a hot-spring origin for the deposit. Its position
westward along the projection of a chain of Laramide
sulfide deposits suggests that remobilized Laramide
sulfides might account for the base metal anomaly.

About % km northeast of Kelly Springs are several
prospects and minor shafts with oxidized galena, spha-
lerite, smithsonite, and minor amounts of copper carbo-
nate. Silver concentrations of 1,100 ppm were detected
in .a sample of lead-rich rock from the dump of one
prospect.

A

Scattered prospects on generally weak shows of min-
eralization are peripheral toeach of the mining localities
described above. Mineral showings in addition to those
described above occur east of Hayden on the north and
south sides of the Gila River and also along epidote
alteration zones in the volcanic rocks southwest of the
Christmas mine.
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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

MINE DUMP — Waste from open-pit mining oper-
ations

ALLUVIUM - Gravel, sand, and silt deposits in
stream channels and on young low-lying
terraces along streams

TALUS — Accumulations of large to small angular
blocks at or near the base of cliffs and
steep slopes

LANDSLIDE DEPOSITS — Several slides of Naco
Limestone in sections 35 and 36, T. 4 S,
R. 15 E., and one coherent slide block and
accompanying debris along the Gila River
(Sec. 12, T. 5 S, R. 15 E)

TRAVERTINE — Calcium carbonate deposits oc-
curring along faults in Steamboat Wash (secs.
1 and 12, T. 4 S., R. 14 E.) and east of
Hayden townsite

SOIL AND GRAVEL VENEER(0-8 m) —Reddish-
brown soil and gravel with subangular to sub-
rounded pebble to boulder clasts from older
rocks. Deposited on terrace surfaces of several
ages along the Gila River Valley, Dripping
Spring Wash, and major drainages out of the
Dripping Spring Mountains. Limestone clasts
are rare even where deposits overlie carbonate
rocks or limestone conglomerate

Qog OLDER GRAVELS (0-15 m) — Grayish to yel-

lowish-white carbonate-cemented gravels and

conglomerates deposited along but at higher
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ABSTRACT

The Banner mining district is about 70 miles
northeast of Tucson in the southern part of
Gila County, Arizona. Production from the
district, valued at about $26 million, is chiefly
from copper-silver-lead zinc ores.

The stratigraphic section consists of Precam-
brian conglomerates, quartzites, dolomites, and
limestones, Cambrian quartzites; Devonian
limestones; dolomites, and shales; Mississippian
limestones; Pennsylvanian limestones and
shales; and Cretaceous volcanic and sedi-
mentary rocks. Deformation of these rocks
presumably started near the end of the Cre-
taceous, and extended into the late Tertiary.
The sedimentary rocks were folded, faulted,
and intruded by fine grained diorite, quartz
mica diorite, and dacite porphyry.

At least four distinct stages of mineralization
are recognized. In the first stage of contact
metamorphism and the second stage of hydro-
thermal alteration, favorable zones were pre-
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pared for ore deposition. Metallization oc-
curred in three of the mineralizing stages.
Magnetite, pyrite, and hematite were deposited
near the end of the second stage of hydro-
thermal alteration. The third stage included
the main deposition of sphalerite, chalcopyrite,
bornite, and galena. In the fourth and final
stage, minor amounts of suifide minerals were
deposited with a late anhydrite and quartz
gangue.

The ore deposits in the form of veins and
veinlets, pipes, irregular massive replacements,
and bedded replacements are localized by the
extent and distribution of metamorphic and
hydrothermal alteration, by the proximity to
the intrusive contacts, and by the effects of
structural development.

Oxidized ores of copper, lead, and zinc con-
stituted the principal production of the district
prior to 1940, but, for the most part, supergene
enrichment was of minor economic im-
portance.

The ore bodies of the district are in the
mesothermal class of deposits, occurring as
normal metasomatic replacement and vein

types.
INTRODUCTION

The Banner mining district is in the southern
part of Gila County, Arizona, about 70 miles
northeast of Tucson and 100 miles east of
Phoenix. Nearby major mines include those
at Ray and Superior, respectively 16 and 27
miles to the northwest; those in the Globe-
Miami district, 25 miles to the north; and those
at San Manuel, 26 miles to the south.

Hayden and Winkelman, the only towns in
the district, are located about one mile apart
at the southern end of the district. For liveli-
hood, these towns depend largely on the opera-
tions of the copper-treating facilities of the
Kennecott Copper Corporation and the Ameri-
can Smelting and Refining Company. They
also serve as centers for an extensive cattle
raising and farming industry. State Highway
77 connects the district with Tucson, 70 miles
to the south, and with Globe, 25 miles to the
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Production statistics for the Banner mining
district for the years 1905 through 1963 are
listed below in Table I.

PHYSIOGRAPHIC HISTORY AND
PRESENT TOPOGRAPHY

The Banner mining district is in the south-
eastern part of the Dripping Springs Moun-
tains, a northwest-trending fault-block moun-
tain range, aligned with the Pinal Mountains
to the northeast and with the Tortilla Moun-
tains to the southwest. Structural valleys sepa-
rating these ranges are deeply filled with lacus-
trine and fluviatile deposits.

Drainage patterns are strongly reflective of
a complex fault system. Strong fault zones with
northwesterly trends show evidence of recent
movement along the flanks of the range, and
other major faults with northerly alignment
form prominent drainage features in the
O’Carroll, Chocolate, and Keystone Canyons.
Further geomorphic influences were provided
by the smaller subsidiary faults and fractures,
and by the character of the different rock
formations.

The highest point in the district is Tam
O’Shanter Peak at an altitude of 4639 feet
above sea level. The lowest point is near
Winkelman on the Gila River at an elevation
of about 1950 feet. The mountainous area is
rough and rugged with the surface dissected
by many steep-sided gulches and canyons.
Generally the higher points are capped by the
harder, more resistant sedimentary formations,
forming cliffs where the drainage has cut
through into the softer beds below. Few flat
upland areas remain.

The Gila River forms the southeastern
boundary of the district, its channel cutting
deeply into volcanic and sedimentary rocks.
The river bed ranges from a few hundred feet
wide in its narrowest parts to more than a
thousand feet in width at its confluence with
the larger tributaries of the area.

GEOLOGIC HISTORY

Stratigraphic Column

The southern part of the Dripping Springs
Range is comprised of tilted, folded, and
faulted blocks of sedimentary and volcanic
rocks. Rock units range in age from Precam-
brian through Cretaceous, exceeding 6000 feet
in total thickness.

Pre-Cretaceous sedimentary rocks, with the
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exception of the thick basal Cambrian and
Precambrian quartzites, are largely of marine
origin, consisting of limestone, dolomite, and
shale.

The Cretaceous sequence include pyroclastic
deposits and flows of basalt and andesite. Sedi-
mentary beds occur at several places in the
section but little is known of their extent or
exact stratigraphic position.

The Precambrian Apache Group is intruded
by sills and irregular bodies of diabase. In
turn, all of the rocks of Cretaceous and older
age are intruded by sills, plugs, dikes, and
stocks of diorite and quartz-mica diorite and
by dikes of later age of dacite, andesite, and
basalt. Details of stratigraphy, thickness and
character of the rocks exposed throughout the
district are summarized in Table IL

STRUCTURE

The strata of the Dripping Springs Moun-
tains form a complexly faulted, asymmetrical,
southeasterly plunging anticlinal structure.
Other principal structural features include a
well-defined east-west belt of intrusive stocks,
dikes, and sills, and a series of strong north
to northwesterly striking faults.

Sedimentary beds along the northern side
of the range have generally south to southeast-
erly dips of 10° to 30° and along the southwest
side are tilted to the southwest with dips rang-
ing between 20° and 40°. Superimposed along
both sides of the range are numerous small
folds and flexures. Compressive stresses are
further reflected by local rolls in the bedding
minor thrust faults, and slips along the bedding
planes.

There are undoubtedly several different pe-
riods of faulting that occurred from pre-
Devonian through Tertiary time. The existence
of early zones of crustal weakness are shown
by the several sets of generally east-west-trend-
ing intrusive dikes of quartz latite, quartz mica
diorite porphyry, breccia, dacite porphyry, and
andesite (Figure 1). It is probable that these -
bodies intruded, in part, along previous exist-
ing structures, and it is evident that later post-
diorite, pre-mineral, and post-mineral faulting
followed the same trends. The faults of this
east-west group strike from N65°E to N70°W
and dip from 50°N to 60°S.

Another system of pre-mineral faults strike
approximately N15°E to NS50°E and dip
generally 50° to 65° northwest. Other pre-min-
eral structures include a complementary group
with northwest trends.

Along the trend of the east-west dikes, sev-
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Table Il. Generalized Stratigraphic Section, Showing Igneous and Sedimentary Rocks in the Banner Mining District (Continued)
Serles Formation Thickness Character
(in feet)
Devonian Martin Limestone
{Upper member) 65+ | Thin-bedded shaly limestone, argillaceous and calcareous shales.
(Middle member) 170+ Massive, light gray, fine grained crystalline limestone with thin
quarizite beds in the upper part.
O’Carroll bed 30+ Thin-bedded dolomite with interbedded limestone, shaoe, and
shaly limestone at the base.
Unconformity
Cambrian Undivided 500 Calcareous and argillaceous quartzites with thin shales and lime-
stone layers in the upper part; granuar quartzite with thin shale
partings; angular conglomerate at the bottom.
Unconformity
Precambrian Troy Quartzite 900 Hard, dense quartzite and sandstone; pebble conglomerate at
the base. Reassigned to Pr brian by Krieger (5).
Unconformity
Precambrian Flow 50-75 | Vesicular and amygdaloidal basait
(Apache Group)
Sills and irregular bodies Diabase of several textural and compositional variations; intrudes
all the rocks below the Troy formation.
Mescal Limestone 250+ Sandy dolomites, cherty limestone, and marble
Dripping Springs forma- 75+ |Tan to gray, fine grained, feldspathic quartzite; generally
tion (Upper member) medium thick-bedded.
{Middle member) 150+ |Interbedded red-brown to gray quartzite and red shale
{Lower member) 100+ Medium to thick bedded, gray to tan quartzite
(Barnes Conglomerate 15-50 | Well-rounded pebbles of quartzite and quartz in a matrix of
member) arkosic sand. Reduced to rank of member. (Willden, 7, p. E 12)
Pioneer Shale or Forma- 200+ Reddish-brown to purplish shales, silistones, and sandy silstotnes;
tion characterized by numerous small oval greenish-gray spots.
Scanlon Conglomerate 5-10 Well-rounded pebbles of quartzite and quartz in a matrix of
arkosic sand. Reduced to rank of member (Willden, 7, p. E 12).
Unconformity
Precambrian Irregular bodies Red to red-brown, coarse grained quartz monzonite; igneous rock
similar in character and composition intrudes schist in the Tor-
tilla Mountains to the south and in the Pinal Mountains to the
north.
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faulting complicates the geology of the area.
Most of the mine workings are now caved,
and little is known about the extent of the
ore bodies. There is little doubt, however, that
the ore bodies at the Chilito and the London-
Arizona mines are parts of the same deposit.

IRREGULAR REPLACEMENT ORE Bopigs In the
district, the only important irregular replace-
ment ore deposits are at the Christmas mine
in the upper and lower parts of the Escabrosa
limestone.

The characteristics of these deposits are
shown by the ore bodies developed in the
upper part of the Escabrosa on and below
the 800 level. The largest of these ore bodies
occur as massive, irregular replacements adja-
cent to the north and south intrusive borders.
Along the north side of the intrusive, the ore
zone roughly parallels the contact for at least
1200 feet, averaging about 75 feet wide and
150 feet in height. A similar mineralized zone
is developed along 1500 feet of the south side
of the intrusive. Here, the vertical dimension
averages about 300 feet in height, with an
horizontal thickness of 100 feet away from
the contact. Other large deposits are found
in blocks of limestones completely surrounded
by quartz-mica diorite and in limestone embay-
ments between westerly projecting dikes.

The vertical extent of mineralization is lim-
ited by thick diorite sills at the top and bottom
of the ore section. Laterally away from the
intrusive contacts, the ore bodies usually termi-
nate against marbleized limestone.

Little is known of the extent of the ore
deposits in the lower part of the Escabrosa.
The few diamond-drill-hole penetrations
through these mineralized zones indicate ore
with the same general characteristics as that
in the upper part of the formation.

PipE-LIKE ORE DErosiTs Recent work at
Christmas proves the existence of several pipe
or chimney ore bodies in the hanging wall
of the Joker fault zone (Figure 2). These min-
eralized pipes occur within the main quartz-
mica diorite mass adjacent to the andesite-in-
trusive contact zone. The ore bodies extending
from above the 800 level to below the 1300
level rake steeply to the northeast along the
intersection of a series of N20°E trending
fissures with a N80° to 85°W striking shear
zone. Generally, these bodies are small, with
an average cross sectional area of about 60
feet by 40 feet. The long axes of the pipes
parallel the strikes of the northeast fissure
zones with mineralization narrowing into veins
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and veinlets to the northeast. Surrounding
these pipe-like ore bodies is a halo of weaker
mineralization formed by a stockwork of nu-
merous irregular veinlets of quartz and sulfide
mineral.

Other pipe-like replacement deposits form
the main ore body or ore bodies of many of
the smaller mines and prospects in the district.
Commonly these bodies occur at the inter-
sections of the east-west-striking pre-mineral
faults with northeast-trending fracture and
shear zones. Usually, where the pipes crosscut
bedded sediments, some control of ore deposi-
tion by stratification can be observed.

VEIN DEeposiTs Vein deposits are common
throughout the district, but most are too nar-
row or discontinuous to be mineable for more
than short distances. Ore deposition is localized
along two different sets of faults, one set occur-
ring as the east-west-trending faults and the
other as N15° to NSS°E faults. The most
notable of the vein deposits occur at the Sev-
enty-Nine and Apex mines (Figure 2). At the
Seventy-Nine mine, discontinuous vein deposits
were mined along the strike of a N80°E-trend-
ing dike of quartz prophyry. In another gen-
erally east-west-trending vein at the Apex
mine, the ore occurs along a steeply dipping
fracture zone in the Martin limestone. Ore
was mined from a body about 300 feet in
length, about 15 feet in height, and from a
few inches to several feet in width (1, p. 64).
Two N20°E striking vein deposits at the
Christmas mine, which give promise to be eco-
nomically important, are exposed in the hang-
ing wall of the Joker fault on the 1300 level
(Figure 3). The veins have not been developed
to any lateral or vertical extent, but both veins
average good assay grades for over 15 feet
in width. These veins, together with the pipe-
like ore bodies previously described, form part
of a larger mineralized area consisting of a
stockwork of fractures into which quartz and
sulfide minerals have been introduced. The
area has not been studied in detail, but it is
interesting to note that this mineralization is
similar in character to many of the porphyry
copper deposits. The occurrence of several
breccia dikes in the area, although not an ex-
clusive characteristic of the prophyry coppers,
show a common bond with many of them.

Stratigraphic Relations of the Ore Bodies

Within the Banner district certain forma-
tions are more favorable for ore deposition
than others. In general, the formations that
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alteration, are apparent near the intrusive con-
tacts. Generally, in the outer zone, the lime-
silicate minerals decrease, and marble becomes
predominant.

Production from the Naco beds above the
300 level was mostly from oxidized and partly
oxidized ores. Supergene enrichment was evi-
dently of minor importance, although local
concentrations of chalcocite, copper car-
bonates, and native copper are found along
some fracture zones. Oxidation along the
Christmas and Joker fault zones extend down
to the 1600 level. Supergene ore minerals are
chalcocite, cuprite, tenorite, malachite, azurite,
dioptase, brochantite, and chalcanthite.

Lower in the sedimentary series, the irregu-
lar replacement ore bodies in the massive Esca-
brosa limestones exhibit their own distinctive
mineral assemblage. The gangue minerals con-
sist of garnet, marble, clays, chlorite, diopside,
and tremolite. The clay minerals, together with
tremolite, diopside, and chlorite, predominate
near the intrusive contacts, grading into garnet
and tremolite in the intermediate zone, and
into garnet-marble to marble in the outer ex-
tremities. Where the ore bodies are completely
surrounded by diorite, a central core of weakly
mineralized marble or garnet-marble will usu-
ally be present.

Principal metallic minerals include magne-
tite, pyrite, chalcopyrite, bornite, and sphaler-
ite, and there are some small amounts of spec-
ularite, molybdenite, and galena. Magnetite,
pyrite, and chalcopyrite generally predominate
adjacent to the intrusive contacts with sphaler-
ite, specularite, and galena localized at the
outer edges.

In the deeper levels of the Christmas mine,
the lower Martin limestones and dolomites are
extensively replaced by anhydrite and anti-
gorite. These alteration products are inter-
bedded with layers and lenses of other gangue
minerals which include chondrodite, diopside,
tremolite, actinolite, sericite, and chlorite. Sev-
eral narrow veins of hedenbergite, barite, mag-
netite, and feldspar and numerous small vein-
lets of anhydrite, gypsum, brucite, and zoisite
occur throughout the deposit, representing a
late state in mineralizing activity.

Zonal arrangements of the gangue minerals
have not been studied in any detail, but, in
general, three zones are recognized. They are:
(1) a near-contact zone of anhydrite, chon-
drodite, and antigorite; (2) a central zone of
anhydrite, antigorite, and tremolite-actinolite;
and (3) an outer zone of antigorite, sericite-
chlorite, anhydrite, and gypsum.

The metallic minerals. are predominately
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magnetite, pyrite, pyrrhotite, chalcopyrite,
bornite, and sphalerite, with lesser amounts
of hematite, molybdenite, galena, chalcocite,
covellite, and cubanite. Magnetite occurs
throughout the mineralized stone, forming
from 15 to 25 per cent of the total mineral
content. The later sulfide mineralization dem-
onstrates a well-defined zoning, both in later-
ally and vertically. In the thicker sections, the
footwall and hanging wall show a marked de-
crease in bornite grading away from the cen-
tral zone, with pyrite, sphalerite, and local
galena becoming more plentiful towards the
edges. Laterally away from the central intru-
sive mass, the mineralization grades from a
pyrite-chalcopyrite zone to a chalcopyrite-
bornite intermediate zone to a pyrrhotite-py-
rite-sphalerite-chalcopyrite outer zone.

In the London-Arizona workings, most of
the ore in the lower Martin formation was
enriched, containing local concentrations of
chalcocite, cuprite, malachite, azurite, brochan-
tite, and chalcanthite. Hypogene minerals still
in evidence are magnetite, pyrite, chalcopyrite,
and pyrrhotite in a gangue of serpentine and
anhydrite.

The ore bodies in the Mescal limestone at
the Chilito mine were largely oxidized, but
some pyritic material enriched by a supergene
chalcocite was found (1, p. 63). Recently,
low-grade oxidized copper ore in the Troy
Quartzite was mined and shipped as smelter
flux.

The positions of the lead-zinc ore bodies
at the Seventy-Nine and Curtin mines relative
to the copper deposits of the Christmas and
Chilito mines suggest that there is a zonal ar-
rangement along the east-west trending fault
and dike systems. Zoning is further indicated
by the lead-gold ore deposits to the northwest
at the Apex and Santa Monica mines, and
by the silver-gold-lead-zinc deposits to the
southeast across the Gila River in the Saddle
Mountain district.

The ore deposits at the Seventy-Nine mine
are described in detail by Kiersch (2, p.
77-78). Near-surface deposits consisted
mainly of oxidized ores of lead. Some azurite,
malachite, brochantite. and chalcanthite occurs
throughout the oxidized zone, but nowhere are
they abundant enough to constitute copper ore.
Hypogene metallic minerals are pyrite, sphaler-
ite, argentiferous galena, chalcopyrite, and
hematite. Gangue minerals include quartz,
garnet, argillic material, and kaolin. With
depth the sulfide ores show an increase in the
zinc-to-lead content, and pyrite becomes more
plentiful in the deeper levels.
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The ore bodies at the Curtin mine are almost
completely oxidized. Some residual galena and
pyrite remain, but oxidized ore minerals—
anglesite, cerussite, and hemimorphite—pre-
dominate along with lesser amounts of
plumbojarosite, mottramite, and smithsonite.
The gangue contains quartz, garnet, and
kaolin.

Wall-Rock Alteration

Most of the rocks in the region were altered
to some extent by processes related to plutonic
intrusion and to later mineralizing activity. The
wall-rock alteration has not been studied in
any detail, but, in comparison with other major
ore deposits in central Arizona, the effects are
relatively mild.

Hydrothermal alteration in the andesites
around the Christmas ore deposit reflects the
extent of the mineralizing solutions. Near the
central intrusive mass, large amounts of fine
grained secondary biotite together with numer-
ous veinlets of quartz typically flood the
andesites. Away from the deposit, a peripheral
alteration zone, characterized by irregular
patches and abundant veinlets of epidote, ex-
tends over a mile from the ore body.

Near the intrusive borders, the quartz-mica
diorite has been conspicuously and selectively
altered. The original rock-forming minerals
have undergone hydrothermal alteration and
recrystallization to form large amounts of sec-
ondary quartz and orthoclase together with
some calcite, clay, and sericite. This stage of
alteration appears to be earlier than the main
period of ore deposition, possibly occuring
in conjunction with the extensive hydrothermal
alteration of the lower Devonian beds.

There is no doubt that most of the silication
in the Naco and Escabrosa limestones and the
silicification of the Naco and Devonian shales
are due to contact metamorphism. In the upper
limestones, many of the earlier metamorphic
products are much in evidence; although, near
the intrusive contacts, later hydrothermal ac-
tion has altered some of the original constitu-
ents to clay, serpentine, and chlorite.

Petrographic work indicates that the horn-
fels alteration of the Naco and Upper Devo-
nian shales represents metamorphism of cal-
careous argillites with recrystallization of
quartz. There is no evidence of the introduc-
tion of silica.

Alteration of the lower Devonian dolomites
and dolomitic limestones is extensive, evidently
the result of contact metamorphism followed
by later hydrothermal activity related to ore
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deposition. Original metamorphic products in-
clude chondrodite, tremolite, marble, and pos-
sible pyroxene minerals. Later hydrothermal
alteration converted part of the chondrodite
and all of the pyroxene (?) to antigorite and
probably at the same time altered the inter-
stitial calcite in the marble to anhydrite. No
remnant of carbonate is found within the min-
eralized zone. Most of the magnetite and
hematite appear to have been deposited during
this period.

Above the mineralized deposit, the beds are
almost completely dolomitized and numerous
irregular veinlets and apophyses of serpentine,
anhydrite, and magnetite extend into the hang-
ing wall. The footwall quartzite on the other
hand contains much calcareous and argil-
laceous material. The diversity of alteration
affecting the two adjacent rock types is sur-
prisingly great. _

Mineralization in the lower Devonian beds
at the London-Arizona mine consists largely
of secondary minerals of copper in association
with magnetite, serpentine, anhydrite, and gyp-
sum. Similarly, as at Christmas, very little car-
bonate remains within the mineralized zone.

In many of the other mines in the district,
secondary mineralization also masks much of
the original characteristics of the rocks, but
some forms of hydrothermal alteration are ap-
parent, Near the intrusive contacts at the Cur-
tin mine, many of the shales and shaly lime-
stone beds are strongly kaolinized. Kaoliniza-
tion of the quartz-mica diorite is also evident
along the contact zones, with local occurrences
of sericite and serpentine.

At the Seventy-Nine mine, Kiersch (2, p.
76) describes an argillized material, evidently
of hydrothermal origin, that is associated with
the better mineralized portions of the discon-
tinuous vein deposits.

Paragenesis

The paragenesis of the principal ore and
gangue minerals of the lower Devonian ores is
shown diagrammatically in Figure 5. The para-
genetic sequence is based on a preliminary
thin-section study by Dennis P. Cox, formerly
of The Anaconda Company, and on a later
polished-section study by Wilson McCurry, a
graduate student at the Arizona State Uni-
versity. The author, however, assumes all re-
sponsibility for interpretation of the data
provided.

The mineralization is divided into an earlier
metamorphic stage, a hydrothermal alteration
stage, a main sulfide mineralization stage, and
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Minerals Metamorphic Stage

Hydrothermal Main Sulfide
Alteration Stage Mineralization Stage

Late Gangue Stage

CHONDRODITE
PYROXENE
TREMOLITE
MARBLE

ANHYDRITE
MAGNETITE
HEMATITE
PYRITE
PYRRHOTITE
SPHALERITE
CHALCOPYRITE
BORNITE
GALENA
CHALCOCITE
CUBANITE
COVELLITE
MOLYBDENITE
GYPSUM

ANTIGORITE —

F1G. 5. Paragenesis of Mineralization and Alteration in the Lower Part of the Martin Formation.

a late gangue stage. There evidently were con-
siderable time intervals between the meta-
morphic stage and the start of the hydro-
thermal alteration stage, and between the end
of the hydrothermal alteration stage and the
start of the sulfide mineralization stage. It is
probable, however, that once the sulfide min-
eralization started, it took place over several
intervening structural events in a nearly con-
tinuous sequence.

The initial hydrothermal solutions must have
been rich in sulfur and iron. In the lower De-
vonian beds, the early metamorphic products
were extensively altered to anhydrite and anti-
gorite, and abundant amounts of magnetite,
with some hematite. The age of antigorite rela-
tive to anhydrite is not known. Chondrodite
is replaced by antigorite, and anhydrite and
chondrodite commonly occur together. Anhy-
drite is sometimes surrounded by antigorite,
and, in many instances, they occur together
along mutual boundaries. They are probably
essentially contemporaneous. Magnetite and
hematite are later than antigorite and anhy-
drite.

Pyrite is the earliest sulfide mineral. It veins
magnetite and hematite and is disseminated
in grains throughout antigorite and anhydrite.
Pyrite occurs as relicts in sphalerite, chalcopy-
rite, and pyrrhotite. Pyrrhotite is veined and
replaced by chalcopyrite and sphalerite. Chal-

copyrite occurs as oriented blebs in sphalerite,
probably through unmixing. Bornite veins and
replaces sphalerite and chalcopyrite, but, in
some instances, blades of chalcopyrite and
chalcocite show exsolution intergrowths along
the chrystallographic planes of bornite (Mc-
Curry, written communication, 1964). Galena
is interstitial to sphalerite and chalcopyrite,
possibly in part replacing them.

Late veinlets of anhydrite and gypsum cut
all the above minerals. Associated with the
later anhydrite veinlets, chalcocite and covellite
selectively replace bornite, and cubanite occurs
as parallel laths in chalcopyrite. Also in con-
junction with this stage, pyrrhotite is some-
times altered to pyrite, to magnetite, and to
hematite. Molybdenite is late and is commonly
introduced with a late anhydrite gangue.
Coarse calcite and botryoidal marcasite are
the latest minerals, and at the present are still
being locally deposited from hot waters along
open fractures.

No detailed mineralogical study has been
made of the ore deposits in the Escabrosa and
Naco limestones. However, the stages of min-
eralization that are present in the lower Devo-
nian beds are readily recognizable, even though
different mineral assemblages prevail.

In the pipe-like ore bodies in the hanging
wall of the Joker fault, at least three periods
of sulfide mineralization are apparent. In the
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The east-west faults, in addition to providing
channels for the hydrothermal and mineraliz-
ing solutions, also influenced ore deposition
at their intersections with favorable beds and
with other structures. In a few occurrences,
they form strongly mineralized veins.

The northeasters are most intensely mineral-
ized at their intersections with the east-westers,
forming several pipe-like ore deposits. These
bodies commonly occur near an intrusive con-
tact in either an altered sedimentary or intru-
sive rock. In most instances, however, the
northeast system (together with the north-west
fissures) form, at their intersections with favor-
able beds, the loci for sulfide mineralization.

The bedding characteristics of the carbonate
rocks which comprise each formation played
an important role in influencing the thickness
and lateral extent of ore deposition. Flat-dip-
ping, tabular deposits are commonly formed
in the thin-bedded calcareous rocks of the
Naco and Martin formations. In contrast, ore
bodies in the massive Escabrosa limestones
have a limited horizontal extent away from
the intrusive contacts.

The importance of folding in ore localiza-
tion appears to be minor; where a fold yielded
to compressive stresses, however, thrust fault-
ing and flat-dipping shears at low angles to
the bedding provided for the lateral distribu-
tion of hydrothermal solutions. These fractures
were later instrumental in localizing ore along
the bedding between the steeper structures.

INTRUSIVE CONTACT CoNTROL The quartz-
mica diorite stocks and related intrusive bodies
had a direct effect in the localization of ore
deposits. The rocks surrounding these intrusive
bodies were extensively fractured, faulted, and
metamorphosed. Hydrothermal solutions, evi-
dently ascending along fault and fracture zones
near their intersections with intrusive contacts,
subjected the metamorphosed rocks to various
degrees of metasomatic alteration. Later ore
solutions, undoubtedly traveling along the
same channelways, formed the replacement ore
bodies in favorably prepared areas.

Figure 6 illustrates the localization of ore
near the contact of the Christmas stock. Ore
fluids, probably ascended along the contacts,
formed the thicker portions of the ore bodies
adjacent to the main intrusive mass. The de-
crease in the intensity of ore mineralization
outward from the intrusive contact zones and
inward toward the interior of the stock
presents direct evidence of intrusive-contact
control. Furthermore, the zonal arrangement
of ore minerals within each of the ore deposits
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throughout the stratigraphic section stresses the
probability that the ore solutions must have
been directed along restricted conduits before
being introduced into the various zones favor-
able to ore deposition.

Vertical chimneys of ore in the Curtin mine
workings were localized near the intrusive dike
contacts, and mineralization decreases in in-
tensity away from these pipe-like bodies. Other
examples of intrusive-contact control are dem-
onstrated by the ore bodies along and within
the North dike area at the Seventy-Nine mine.
Here, the intrusive rock has been fractured,
hydrothermally altered, and extensively min-
eralized.

ECONOMIC GEOLOGY—SECONDARY
ORE

In the Banner district, oxidized and secon-
dary enriched ores constituted most of the pro-
duction prior to 1940. The principal minerals
developed during oxidation of the primary ores
were hydrous iron oxides, malachite, azurite,
cuprite, tenorite, dioptase, chalcocite, native
copper, anglesite, cerussite, and hemimorphite.
Small amounts of manganese oxide, chal-
canthite, covellite, turquoise, hydrozincite, and
plumbojarosite are generally present in certain
oxided zones, and local occurrences of mot-
tramite, vanadanite, wulfenite, smithsonite, and
brochantite have been reported in various
workings.

At the Christmas mine, secondary enrich-
ment was poorly developed. Most of the ore
mined above the 300 level was partly oxidized,
with some enrichment by secondary chalcocite
and native copper. Except along certain frac-
ture zones, the structure and composition of
the Naco limestones are not favorable for the
widespread migration of copper, and the
topography of the area encourages the rapid
runoff of surface waters. Oxidation is deepest
and best developed along fracture and fault
zones, extending to a maximum depth of 1400
feet below the surface along the Christmas
and Joker faults. East of the Joker fault, sparse
iron oxides and primary sulfides are found
in the andesites at the surface, indicating that
the possibility of finding any significant en-
riched zones in the Cretaceous section is small.

The ore mined in the Chilito and London-
Arizona areas was largely oxidized, with some
enrichment by supergene chalcocite (1, p.
62-63). In the stopes that are now accessible,
particularly in the London-Arizona workings,
mining apparently was selective in the higher-
grade portions of the copper mineralization.










