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ABSTRACT

The Oro Blanco mining disfricf, Santa Cruz County, Arizona, is
underlain by a succession of Mesozoic rocks that has beenAtilted south-
westward and repeated by large displacement northwest-striking normal
faults, The Mesozoic rocks inciude over 12,000 feet of Jurassic(?)
rhyolite and quartz latite ash flow tuffs and waterlain tuffs, These
are unconformably overlain by at least 5,900 feet of Lower Cretaceous(?)
terrestrial sedimentary rocks,

Two types of plutonic rocks have been recognized as Mesozoic in
age, cquigranular quartz monzonite stocks of Jurassic(?) age and a
hornblende diorite sill of Middle or Late Cretaceous age.
| A nearly horizontal mantle of Tertiary rocks covers the castern
part of the Oro Blanco mining district, This is composed of a scquchce
of Lower Tertiary andesite to dacite flows and pyroclastics that is
unconformably overlain by rhyolite flows and tuffs of Oligocenc age.
The youngcét rock unit in the district is a poorly indurated sequence
of interbedded gravels and waterlain tuffs,

The principal structural features-are normal faults of large
displacement haQing three dominant strikes, north-northeast, hortheast,
and northwest faults formed in Jurassic(?) time whereas the others did
not form until Late Cretaceous to Early Tertiary time, during the
Laramide orogeny.

xi



xii

The structurally most important direction of faulting is north-
west, Northwest striking, northeast-dipping normal faults cémmonly
have large displacements in the range of 6,900 to 11,000 feet. These
have caused oxtensive repetition of the southwestward-dipping Mesozoic
stratigraphic units throughout western Santa Cruz County and south-
central Pima County, Arizona,

Compilation of structural data for Paleozoic and Mesozoic rocks
in Pima and Santa Cruz Counties indicatég the presence of a large
northwest-trending coilapse structurc about 100 miles in width that was
caused by an average crustal extension of 25 percent during the Laramide
orogeny, This extension may be related to crustal sprcading away from
the crest of the East Pacific rise if it passes bencath the Basin and
Range Province of Arizona.

Mineralization in the Oro Blanco mining district is in quartz-
sulfide veins, silicified zones, and breccia veins, Base and precious
metals have been produced from the quartz-sulfide veins, whereas only
precious metals have been produced from the silicified zones and the
breccia veins. The mineralization is of hydrothermal origin and ranges
from mesothermal to epithermal in cnvironment of deposition.

The mineral deposits have been localized in dilational zones in
and adjacent to large di;placcment faults, Interscction of northwest
faults and noxtheast cross faults may have localized some oreshoots.
The basal conglomeratec of the Lower Cretaccous(?) sediméntary rocks

seen to be a favorable host rock.



xiii
District zoning of the quartz-sulfide vein compositions
suggests that a center of mineralization may lie beneath the cover of
post-mincralization Tertiary rocks east of the Oro Blanco mining
district. Except for possible economic mineralization beneath this

cover, the future economic potential of the district is very poor.



INTRODUCTION

Purpose and Scope

The purposes of this investigation are to determine the
structural and mincralization history of the Oro Blanco mining district,
Santa éruz County, Arizona, and to usc this information to decipher the
structural development of a large part of ;outhern Arizona,

The report includes description and discussion of the strati-
graphic and intrusive relationships, district and regional structure,
and the nature and distribution of mineralization., A possible site for

undiscovered mineralization is suggested,

Location and Accessibility

The arca of investigation includes approximately 40 square
miles in the Oro Blanco Mountains of western Santa Cruz County, Arizona
(Figure 1). It lies about 6 miles southeast of the village of Arivaca,
mainly in the southeastern fourth of T 22 S, R 10 E, the eastern half
of T-23 S, R 10 E, the southwestern foufth of T 22 S, R 11 E, and the
western half of T 23 S, R li E. The arca is boundcd on the south by
the International Boundary, on the west by a pediment, and on the east
by Mule Ridge. The only scttlements are Oro Blanco and the now abandoned
Ruby mining camp.

The areca is accessible from an improved gravel road connecting

Arivaca, Ruby, and Nogales. Several good, unimproved trails extend into
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the Oro Blanco district, most of which are passable in a standard
pickup truck or other vchicle having sufficient ground clearance.
Four-wheel drive is recommended for the trail on the south slope of

Bartlett Mountain and the trail to Cobre Mountain,

Summary of Physical Featurecs

The Oro Blanco Mountains lie in the southern part of the Basin
and Range physiographic province of Arizona which in general is charac;
terized by narrow northwest-trending ranges and relatively wide inter-
vening alluvium-filled valleys., The Oro Blanco Mountains may be
considered as typical of the province in that they, too, have a northe-
west direction of eclongation, The elongation of thé ranges is generally
considered to reflect the orientation of structures developed during the
mid-Tertiary Basin and Range orogeny, but data from this investigation
suggest that the northwest trends of the Oro Blanco and neighboring
Pajarito and Las Guijas ranges were devcloped in the late Cretaceous to
carly Tcrtiary'Laramide orogeny,

The Oro Blanco Mountains could be described as tilted fault-
blocks in which normal faulting has been the dominant meéns of rock
failure,

Elevations range from 5,370 feet at Montana peak to abéut 3,600
fect along the Mexican border south of Bartlett Mountain, The maximum
local relief in the district is 1,200 feet at Montana pecak, Elsewhere

the relief is rarely over 500 feet.



Vegetation is typical of the semiarid southwest upper Sonoran
zone where rainfall averages about 14 inches per year. It consists of
Gambel oak, various grasses, desert shrubs, and sparse cacti.

Most of the streams arc cphemeral, flowing only during the rainy
seasons in mid-summer and mid-winfcr. Certain parts of California gulch,
“however, near the Mexican border, flow most of the year., The principal
drainages for the arca are California gulch, Warsaw Canyon, and Holden

Canyon, which flow southwards; Oro Blanco wash, Chimnecy Canyon, and

Yellow Jacket wash which flow northwards.

Ficld and Laboratory Work

Approximately 14 months were spent in the ficld. The mapping
was started in April, 1968, and completed June, 1969, during which time
an average of ébout 3 days per week was spent in the field. U, S. Forest
Service acrial photos at a scale of 4 inches = 1 mile were used as a base
for maﬁping. Data were transferred to the U, S, Geological Survey Oro
Blanco and Ruby quadrangle topographic maps enlarged to a scale of 4
inches = 1 mile., Photogeologic interpretation proved very helpful in
tracing out many of the rhyolite dikes in the northwcst-striking swarm
and for spotting many of the major faults prior to their actual recog-
nition in the field, Such interpretation yielded much general infor-
mation on the distribution of rock units that led to more efficient use
of field time, In addition to mapping in the Oro Blanco district, a

small amount of regional mapping and ficld checking of previously



studied areas was undertaken to aid in explaining the geology. A
limited amount of assaying was donec at various mineral showings in
the district in order to evaluate the precious metal mineralization,
Laboratory work consisted of examining 87 thin sections from
the Oro Blanco mining district and the neighboring Pajarito, Las
Guijas, and Cerro Colorado Mountain arecas, Twenty-foﬁr polished
sections from several of the mineral showings were cxamined and gold
fineness values on panned samples werc determined in an cffort to

establish the mineral zoning pattern in the district,

Previous Investigations

The earliest work in the district is by Blake(1899) in which a
few notes on the gold mineralization appear. Some of the rock types
present in the Oro Blanco district arce shown on the Pima and Santa
Cruz County Geologic map of the Arizona Burcau of Mines (Wilson, Moore,
and O'Haire 1960), but no detailed geology of the district as a whole
has previously been published, Webb and Coryecll(1954) published a
photogecologic map and brief report on the Ruby qﬁadranglc in which they
dcsc;ibe two Tcrtiary volcanic units, the Montana Peak Formation and -
the Atascosa Formation. They also propose the name Pajarito lavas for
a thick sequence of Mesozoic volcanic rocks and recognize the unit
both in the Pajarito Mountains and in the Oro Blanco district near Ruby.
They did not attempt to work out the structure in the Mesozoic rocks but

simply state that it is complex,



Reed (1967) studied the geology of the Fraguita Peak area which
adjoins on the north the arca described in this report., Reced feels that
the quartz latite volcanic rocks of the Cobre Ridge tuff in the present
area of study are intrusive into the Oro Blanco conglomerate. He ex-
plains the prescnce'of quartz latite cobbles in the conglomerate by
~stating that the conglomcrate is a sedimentary rock that was remobilized
by the intrusive quartz latite, The conglomerate incorporated the quartz
latite boulders during remobilization. Data gathered during the preéent
iﬁvcstigation show that the conglomerate lies on an erosional surface
developed on the quartz latite and that faulting (not observed by Rced,
but plainly evident) accounts for the distribution of rock units shown
on Reed's map.

Nelson(1963) studied the Pefia Blanca and Walker Canyon areas
about 8 miles southcast of the Oro Blanco district. He describes many
of the same units as the present author.and finds the conglomerate to
be younger than the quartz latite 'lavas" and in depositional contact..
The unit teimed the Pajarito lavas by Nelson, the correlative of the
Cobre Ridge tuffs, is actually a scquence of firmly indurated ash flow
tuffs, both welded and nonwelded,

Hench (1968) conducted a regional gravity survey over much of
the Ruby qdadrangle and the eastern part of the Oro Blanco quadrangle
that indicates a large negative regional Bouguer gravity anomaly cast

of the Oro Blanco district.



GEMNERAL GEOLOGY

Rocks exposed in the Oro Blanco mining district (Figure 2)
range from Jurassic(?) to Tertiary in age. Much of the district is
underlain by a scquence of quartz latite and rhyolite tuffs of
“Jurassic(?) age which comprise a total thickness 6f.ovcr 12,000 feet.

A significant part of the scquence consists of welded ash flow tuffs,
The name Cobre Ridge tuff is proposed for this volcanic sequence.
Intrusive into the volcanic rocks, but not into any younger units,

is an cquigranular quartz monzonite., The quartz monzonite occurs as
stocks that have been offset by faulting. |

Unconformably overlying the Cobre Ridge tuff and quartz mon-
zonite is a sedimentary scquence termed th; Oro Blanco Formation., This
unit is probably carly Cretaccous in age., It consists of at least 5,900
feet of conglomerate, sandstone, siltstoﬁe, and limestone. This forma-
tion has a thick basal conglomerate that has been referred to in the
past as the Oro Blanco Conglomerate (Fowler 1938).

A sill of Cretaceous(?) hornblendec diorite, the Ruby diorite,
intrudes the Oro Blanco formation ncar its base. This sill reaches a
maximum thickness of about 2,500 fcet.

Southwestward tilting and large displgcement normal faulting
preceded the cmplacement of the rocks younger than‘the Ruby diorite,
The éa;liest faults have a north-northeast strike and are downthrown

7
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on the cast side. Some of these werc active cven before the deposition
of the Oro Blanco formation., A few faults having a northeast strike
then formed, one of which may have over 10,000 feet of diSplaccmené.
Similarly, large displacements arc ;ecorded on the next younger sct of
fdults, those which strike northwest. The northwest-striking faults
“are normal faults which are downthrown on the northe#st side, so that
they have caused extensive repetition of the stratigraphic scction,
Last of ali, renewed movements took place on the northeast-striking
faults which offset the northwest-striking faults,

All threce directions of faulting have served as loci for precious
and base metal mineralization., Mineralization occurred after the major
movements on the three directions of faulting but before emplacement of
Tertiary Sidewinder quartz monzonite dikes.

The mineralization consists of three main types; quartz-sulfide
veins, flat-dipping silicificd blankets having sulfide minerals, and
mineralized breccia zones. The.minerals of greatest economic impor-
tance in the district are sphalefite, galena, chalcopyrite, tetrahc-
.drite, native gold, native silver, and cerargyritc-bromyrite.

Sidewinder quartz monzonite of Tertiary age intrudes much of
the district as flat-dipping dikes and irregular shaped masses. Some
of this rock may be extrusive.

In part contemporancous with the Sidewinder quartz monzonite is
a sequence of andesite énd dacite flows and pyroclastics, the Montana

Pcak Formation, which overlies the Mesozoic rocks with pronounced angular



10
unconformity. The Montana Peak Formation is overlain disconformably
by the Oligocenc Atascosa Formation which consists of 1,800 feet of
rhyolite flows and tuffs,

A large swarm of rhyoliteldikes considered to be the feeders
for the Atascosa Formation lies in a northuwest-trending belt in the

_southern part of the Oro Blanco district,

Erosion of the Atascosa Formation has produced a scquence of
interbedded, poorly cemented gravels and tuffs that arc probably Late
Tertiary in age,

In Recent time unconsolidated gravels have been deposited on
a pediment arca and along stream courses throughout the Oro Blanco

mining district.



SEDIMENTARY AND VOLCANIC ROCKS

Stratified rocks in the Oro Blanco mining district are composed
of a lower scquence of volcanic focks, an intcrmediate sequence of sedi-
mentary rocks, an overlying scquence of volcanic rocks, and an upper
"sequence of poorly consolidated sedimentary rocks. These units range
in age from Jurassic(?) to Tertiary., The Jurassic(?) rocks total over
12,000 fcet in thickness; the Cretaccous(?) rocks, ncarly 6,000 fcef;

and the Tertiary rocks about 3,500 feet.

Jurassic(?) Rocks

Cobre Ridge Tuff

Cobre Ridge tuff is é new formation name proposed for a thick
succession of quartz latite and rhyolitc tuffs of Jurassic(?) age. The
only previous work on this unit is by Reed (1967) who feels that it_is a
shallow, flat-lying intrusive body for which he proposes no name except
Tertiary(?) quartz latite. The formation is named for Cobre Ridge, a

major nortthst—t;cnding ridge in the Oro Blanco district which is under-
lain mainly by this unit.

Co?rc Ridge tuff underlies considerably morc than half of the
Oro Blanco mining district., It is exposed as rounded, steep-sided,
northwest-trending ridges in the north, west, and southwest parts of

the district,

11
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The Cobre Ridge tuff consists of three members, the rhyolite
member, a lower member of non-welded rhyolite tuffs and minor welded
quartz latite tuff; the welded tuff member, consisting mostly of weakly
to strongly welded porphyritic quartz latite tuff; and the arkose member,
an upper member conéisting of fine-grained arkosic sandstone and arkose.
These three members comprise a total thickness of at least 12,400 feet.
The lower contact of this formation is a fault, and the basc is nowhere
exposed within the Oro Blanco district, .The unit is overlain with local

angular unconformity by the lower Cretaceous(?) Oro Blanco formation.

Rhyolite Member. The rhyolite member is principally exposed on

the northeast slope of Cobre Ridge (Figure 3) and ncar the Margarita
mine. It also underlies a considerable arca on the southwest slope of
Cobre Ridge where it has been repecated through large displacement
faulting, but exposures here arc poor and few in number. The member
consists of at least 6,700 feet of rhyolite tuffs and rclatively minor
interbedded quartz latite welded and non-welded ash flow tuffs, The
lower contact of the rhyolite member is a fault which brings it into
contact'with the overlying welded tuff member. The rhyolite member is
conformably overlain by the welded tuff member.

Rhyolite tuff is the principal lithologic type in this member. |
This rock weathers ligh; yellowish tan and forms highland arcas having
deeply incised, stecp-valled drainage, The individual outcrops arc
generally strongly fractured by at least three interseéting joint sets
so that the rock readily splits into small prisms onc to four inches on
a side. In hand specimen the rock has a dense, firmly indurated,

greenish-gray aphanitic groundmass and very distinctive purplish-pink
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potash feldspar phenocrysts 2 to 3 mm in length, Most of these are
but phenocryst fragments, In addition, broken angular phenocrysts of

dark-gray quartz and white altered plagioclase arc common, Mafic

minerals are scarce in this rock, but veinlets of black tourmaline are

common especially near bodies of Warsaw quartz monzonite, Perhaps the

‘most distinctive feature of this rock is the potash feldspar which has

a definite violet coloration that has been observed only in this unit,

In thin section the nature of the aphanitic matrix becomes
clear., It consists of well-sorted, fine-grained subangular quartz and
feldspar grains which average about .1 mm across., This matrix scems to
be of sedimentary origin, Scattered throughout the matrix are many
crystal fragments composed of embayed quartz, sanidine and sericitized
plagioclase. These larger fragments are virtually unsorted, Rarely
an alignment of grains will suggest depositional bedding., Point count-
ing of 3 thin scctions from different levels within the unit yields the

following modal compositions:

Quartz phenocrysts 10% 5% 17%
Sanidine phenocrysts 40 22 20
Plagioclase phenocrysts 2 9 7
Miscellaneous <l «l 1

Matrix (quartz and K-feldspar) 48 64 55
The good sorting of the matrix of this rock indicates probable

transportation by running water, but the angularity of the crystal

fragments suggests that the distance of transport was not great, It
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is suggested that much of the rhyolite nember is a waterlaid tuff
formed from reworking of crystal-fich volcanic ash,

Interbedded with the rhyolite tuffs are welded ash flow tuffs
.,Of quartz latite composition, These lie near the base of the member
and arc best exposed on the west slope of Black Peak. This rock was
~noted in the course of the ficld work, but has not bécn mapped separ;
ately f:om the rhyolite member, At Black Peak it is probably several
hundred feet in thickness, but wedges out along strike to the south-
east, To the northwest it has been faulted out of view. The welded
tuffs,havé/é pinkish«brown aphanitic groundmass with a few scattered
phenocrysts of quartz, pink potash feldspar, and greenish-altered
plaéioclase that average 2 to 4 mm in length, Most expdsures examined
by the author have a faint cutaxitic structure, but large flattened
inclusions and pumice lumps are rare in this rock,

The rhyolite member generally has poorly developed bedding
that requires carefgl examination of outcrops in order to find measure-
able attitudes, The bedding in this unit usually strikes northwest or
north-northwest and dips 60 to 70° southwest,

Welded Tuff Member. The welded tuff member occupies much of the

crest of Cobre Ridge and the hills just to the east of Oro Blanco settle-
ment, Relatively small arcas on the southwestern slope of Cobre Ridge
arc underlain by this unit as well, A slice of this unit caught between
two major faults lies along the northeastern slope of Cobre Ridge be-
tween the Montana- mine and the Yellow Jacket mine, This member consists

of a maximum of 5,700 feet of welded and non-welded quartz latite tuffs,



15
and minor interbedded arkosic sandstone that rcaches a thickness of
slightly over 300 fecet. A crystal rich non-welded quartz latite tuff
makes up the lower 1,300 feet of the welded tuff member, This rock is
a dense, firmly-indurated tuff having a dark-gray, aphanitic matrix
and many crystal fragments of embayed.quartz, sanidine, and serici-

_tized plagioclase. A small amount of chloritized biotite comprises
about 2 percent of the rock. Quartz, sanidine, and plagioclase pheno-
crysts 2 to 4 mm in length arc in about cqual abundance and total
nearly 40% of the rock,

Excellent cxposures of this crystal-rich tuff lic on the west
side of Chimney Canyon and in 01ld Glory Canyon northwest of the 0ld
Glory Mine., In various faulted parts of the welded member in the south-
western part of the district this crystal rich tuff is absent. Here
strongly welded tuffs directly overlie tiie Rhyolite member.

Conformably overlying the crystal-rich tuff in the northern
and central parts of the arca of study is a thin arkosic sandstone unit
or a zonc of interbedded sandstones and tuffs. The sandstone units
consist of fine-grained, cross-bedded arkosic sandstone, ranging from
light tan through orange to deep red-brown., The sand grains are very
well rounded and have a frosted appcarance suggesting wind transport.
Similar fiﬁe-grained arkosic sandstone uﬁifs have been found higher
in the welded tuff member but these are very lensy and rarely reach
over 20 feet in thickness.

‘The upper part'of the welded tuff member consists almost

entirely of ash flow tuffs having various degrees of welding. No



16
serious attempt has been made in this study to distinguish between
individual cooling units in the ash flow sequence. But the presence
of the interbedded sandstone icnses as well as examination of several
thin sections from samples on traverses across the welded tuff member
suggest that at lecast three cooling units make up the 5,400 feet of ash
flow tuffs, It is very probable that more exist but have not been recog-
nized,

In outcrop the rocks of the upper part of the welded member are
commonly badly shattered by several intersecting scts of joints, A
peculiar flat-dipping, but undulating joint system characterizes many
of the outcrops just north of the Varsaw mine, The joints are spaced
about 1 to 2 inches apart and undulate ﬁcross the outcrop giving the
superfiéial appearance of small folds, These structures are not related
to the foliation in the tuff which dips nearly the same throughout the
area and at large angles to the undulat;ng joints. This type of jointing
seems to be best developed iﬂ the more stfongly welded areas. The out-
crops weather to various shad;s of gray, but on a fresh surface the
coloration is much different, usually a pinkish purple or dark brownish
red, |

In hand specimen the rock is seen to consist of a pinkish-
purple, light to medium gray, or dark brownish red, dense, aphanitic
matrix and a widely ranging number of pheunocrysts of quartz, sanidine,
and plagioclase usually in the sizerrangc of 1 to 4 mm, In some of_the.'
strongly welded specimens cutaxitic structure is plainly visible although

the fiamme are generally small, rarely over 1 centimeter in length,
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Much of the welded tuff shows no evidence of welding in hand specimen,
but welding is plainly indicated by the abundant flattened devitrified
glass shards visible under the microscope. Lithic fragments are sparse
in most of the welded tuff member.,

In thin section the rock is composed of a devitrified micro-
~crystalline matrix rich in cristobalite and potash féldspar; In plain
.polarized light the matrix resolves into many shard outlines in various
degrees of flattening depending upon what part of the welded tuff member
is being examined., Phenocrysts consist of embayed and broken quartz,
broken sﬁﬁ}dine and andesine, and a small amount of fine-grained bio-
tite. The modal composition based on an average from point counting 12

thin sections taken from various levels in the member is given below

along with the range of variations observed:

Quartz phenocrysts  10% 4 to 18%
Sanidine phenocrysts 10 4 to 19
Andesine phenocrysts iO  4to 11
Biotite : 2 <l to 4
Groundmass 68 54 to 87

Nearly all thin sections of this unit examined by the writer
are slightly altered, Andesinec has been partly replaced by sericite
and the biotite has gcnerall& been replacea by chlorite and magnetite,
Sanidine and the groundmass arc gencrally unaltered.

The foliafion, fhat is, eutaxitic structure generally strikes
northwest or north-northwest and dips stceply or moderately southwest

although some slight overturning has occurred locally,
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Arkose Member. The arkose member is exposed in the extreme

southwestern part of the Oro Blanco district and possibly in the western
part. This member conformably overlies the welded tuff member and may.
be overlain by Oro Blanco formation, An exposure that may belong to
this member but whose characteristics differ considerably from the main
~exposures of the arkose member lies in the western pért of the district.
At this point it is overlain conformably by Oro Blanco formation, In
the southwestern part of the district where the main body of the arkose
member is cxposed the top of the section has not been seen, for it lieg
south of the International Boundary. The greatest thickness of this
member is about 2,600 feet, but judging from its prcschce in only a
small part of the district it probably was deposited in a fairly deep
basin of small lateral extent. This maximum thickness may. thus be
somewhat misleading,

Exposurcs of the arkose member weather to low, rounded hills
which have their drainage controlled by bedding planes. The rock in
hand specimen is a yellowish tan medium to fine grained arkosc or
arkosic sandstopc. The rock is firmly indurated and has indistinct
bedding.so that locally it is difficult to decide in hand specimen
whether it is an arkose or a granite., The grains are very well sorted
in general, but sparse thin lenses of coarser or finer grains cnable
one to recogaize the attitude of bedding.

In the wcétcrn.part of the studied area scveral hundred feet
of arkosic sandstone overlic the welded tuff member., Although it is

at a position in the stratigraphic scction similar to the arkose member
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its characteristics are differcnt, This unit comsists of a tan to
dark red brown, fine-grained arkosic sandstone that more closely
resembles the sandstone lenses within the welded tuff member than it
does the arkose member. For this reason the writer has included this

rock within the welded tuff member,

/

Cretacecous(?) Rocks

Oro Blanco Formation

The name Oro Blanco formation is proposed here for a sequence
of Lower Cretaceous(?) sedimentary rocks consisting of a basal con-
glomerate and overlying beds of sandstone, siltstone, and minor lime-
stone. The formation includes the previously naﬁcd Oro Blanco Conglo-
merate (Fowler 1938) as its basal mémber. This redefinition is
necessary because of the extreme variability in the thickness of the
cénglomerate, its genetic relationship to the overlying finer-grained
sedimentary rocks, and the complex interfingering of conglomerate and
the fine-grained beds.,

The Oro B;qnco formation is subdivided into four members; a
basal conglomerate, the‘Oro Blanco conglomerate; a thick sequence of
interbedded sandstones, pebbly sandstones, and siltstones; a thin but
laterally bersistcnt black limestone member; and a second conglomerate,
termed the upper conglomerate member,

Oro Blanco Conglomerate Member, The original name Oro Blanco

Conglomerate was proposed in 1938 by G. M. Fowler for a thick succession
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of coarsc conglomerates at the Montana mine. Fowler gave the following

description for the unit, p. 44:

" The conglomerate is characterized by the angularity and the
coarscness of its constituent fragments. It scems difficult
to classify this rock, as it combines characteristics of a
conglomerate and a breccia., The fragments range betwcen an
inch and 12 inches in diameter. Small gravel is present only
in sufficient quantity to fill the interstices., The color
is reddish and grayish, with some dark-hued, greenish frag-

ments that give the mass a varigated appearance in some
places."

In addition to being cxposed at the Montana mine, the conglo-
merate covers small areas throughout the Oro Blanco district, Complete
sections of this member lic just south of the Montana mine, northwest
of the Idaho mine, and in California Gulch near the Dos Amigos mine.
Complete, but thin, scctions of it are exposed one-half mile east of
Oro Blanco settlement and at several other localities. In many arcas
the conglomerate section has been partially repeated by normal faults
or swelled by the emplacement of a thick diorite sill,

Its original thickness ranges considerably throughout the
district. Just south of the &ontana mine it reaches the maximum
thickness of 2,600 feet whercas in the area onc and one-half miles
south of the Yellow Jacket mine it is at most only a few feet thick,
and locally is absent entirely.

The conglomerate lics on an crosional surface formed on the
.Cobre Ridge tuff, Locally a few degrees c¢f angular discordance are
visible., The congiomeratc is conformabiy overlain by the upper two
members of the Oro Blanco formation.,

Exposures of the conglomerate are very resistant to erosion

and tend to form hills and ridges having rounded tops but steep sides.
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Individual outcrops appear very rubbly with dark coloration, generally
dark purplish-gray or pinkish-gray. The rock consists dominantly of
subangular to rounded febbles, cobbles, and boulders of Cobre Ridge
tuff almost to the exclusion of other rock types (Figure 4). In the
east, however, particularly just south of the Montana mine, cobbles
.ana boulders of medium to coarse~grained cquigranular quartz monzonite
arc abundant. A few of these boulders are over six feet in length.
These fragments are virtually identical in composition to the Warsaw
quartz monzonite, especially the body exposed in the southwestern part
of the mapped area. The only other rock types observed in the conglo-
merate are very sparse fragments of quartzite and dark purple porphy-
ritic andesite.

Striking vertical variations arc evident in much of the conglo-
merate, At the base the rock consists entirely of coarse brecciated
Cobre Ridge tuff having little or no finer grained matrix, The vol-
canics are noticeably reddened for several feet below the contact,

As one progresses upwards the degree of rounding increases and the

rock obtains an arkose matrix. The matrix consists of poorly sorfed
subangular sand and fine gravel derived from the Cobre Ridge tuff.
Higher in the section the percentage of matrix increases and the size .
of the.coarse fragments decrecases, so that thc conglomerate grades into
the overlying sandstones.

The quality of bedding likewise varies with the position in
the section, At the base it is generally very difficult to sec bedding

attitudes, but higher in the section they are plainly visible especially



Figure 4.

Oro Blanco Conglomerate Member

Note poorly sorted subangular fragments composed
mostly of Cobre Ridge tuff and fine sandy matrix.
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where thin, sandy units are intcrbedded with the conglomerate. Un-
usually coarsc boulder conglomerate such as that south of the Montana
hine generally lacks bedding.

The Oro Blanco conglomerate was deposited upon a surface of
considerable relief, About 1,000 feet southwest of the junction of
~the Ruby and California Gulch roads a channel has been cut into the
Cobre Ridge tuffvto a depth of about 700 fcet and filled with conglo-
merate, Here the lowermost 100-200 fcet of the conglomerate consists
of brecciated tuffs with little or no reworking, This is overlain by
the more usual poorly sorted conglomeratc. Another arca where great
relief is shown on the base of the unit is in the patch of conglomexr-
ate just cast of the Yellow Jacket mine, Here steceply dipping conglo-
merate fills a narrow nearly east-west depression in the erosional
surface which scems to be about 150 feet decp.
In summary the significant features of the Oro Blanco conglo-
merate are:
1) It was 30posited upon a surface of high relief.
2) It is generally very poorly sorted.
3) Its thickness ranges widely over short strike lengths.
4) Except near the Montana mine it is virtually oligomictic,

Sandstone and Siltstonc Member, This unit conformably overlies

the conglomerate member and near its base is extensively interbedded
with the conglomerate, The sandstone and siltstone member underlies
most of the lowlands near Oro Blanco village. Many faulted exposures

lic in the southcast part of the mapped area, A considerable thickness
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of this unit is exposed on the southwest slope of Cobre Ridge in the
northwest part of the mapped arca, In addition the lowlands along the
Arivaca to Ruby road northwest of the mapped area arce underlain mostly
by this member,

The unit consists of at least 5,600 feet of maroon, brown, and
_green siltstone, sandstone, and pebbly sandstone (Fiéurc 5). This
member is characterized by poor sorting, abundant cut and fill, and
graded bedding., Lenses of poorly rounded and poorly sorted gravel
are commonly interbedded with siltstone and sandstone,

According to the classification of Pettijohn(1957) the sandy
units would be classified as lithic graywacke and feldspathic gray-
wacke., The detrital materials comprising the sandy beds are derived
mainly from the Cobre Ridge tuff, although locally a few pebbles of
andesite porphyry may be obserﬁcd. The rock fragments generally are
thoroughly oxidized so that their present color is deep red or maroon.
It is thesc lithic fragments that give the rock its characteristic
maroon color, Feldspar fragments, mainly sanidine, are abundant, The
potash feldspar fragments are virtually unaltered but plagioclase
fragments are generally well sericitized, The matrix of ihc sandstones
is mainly clastic, but some siliéa cement is present as well,

The silty beds in this member are very similar in composition
to the coarscr clastics, They too consisl mainly of oxidized rock
fragments, detrital fcldspar, and siliceous cement. These beds differ
from the sandstones in their greater diversity of coloration., Although

much of this unit is maroon, considerable amounts arc grecn, brown, and
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dark gray, especially in the upper part of the member in the southeast
portion of the mapped arca, ~Northwest of the mapped arca much of the
upper part of this member is a green, thinly-laminated siltstone.

On the castern part of Figurc 3 the sandstone and siltstone member con-
tains a thin but laterally persistant black limestone unit, the lime-

stone member,

Limestonc Member. The limestone member is present only in

the eastern part of the studied area, It consists of a maximum of 120
feet of thinly bedded black silty limestone, gray limestone, and sandy
limestone which is conformable to the underlying and overlying clastic
sedimentary rocks. In the extreme castern exposures, the limestone
member lies directly upon the Oro Blanco Conglomerate, but to the west
a facics change in the underlying clastic rocks places the limestonc
upon beds of the sandstone and siltstonc member. This unit is every-
where overlain by the sandstone and siltstone member.

The limestone member is very thin but persistant along strike.
Although its maximum observedﬁthiékness is about 120 feet, its average
thickness is probably about 20 to 30 feet, The limestone has been traced
along strike in faulted segments for a distance of four and one-half
miles, It is casily recognizable over tﬁis distance even though its
details of "composition vary somewhat,

To call this member a limestone is perhaps a misnomer. In
general the unit contains a large portion of clastic material ranging
from black silt and clay to cobbles of Cobre Ridge tuff. Where the

clastic debris is very fine grained, the impurc limestonc is very



Figure 5.

Interbedded Pebbly Sandstone and Sandstone

This material is characterized by exceedingly poor
sorting. The fragments consist mostly of Cobre
Ridge tuff.
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thinly laminated; where the debris is coarse, the bedding is commonly
very indistinct., In a féw exposures the limestonec resembles Recent
caliche-ccmented sand,

The coarse debris-rich limestone is not the most abundant
variety, but is described here for its possible importance in the genesis
~of the unit. The dominant type is tﬁe thinly laminated black silty
limestone and limy siltstonec.

These beds are virtually devoid of any fossils, One small,
but poorly preserved gastropod and a few carbonized wood fragments
have been found, but neither is well enough preserved to identify,

Upper Conglomerate Member., A thick conglomerate unit over-

lies sandy and silty beds one half mile east of the Oro Fino mine
and north of the Skyline mine, The conglomerate is very similar to
the Oro Blanco Conglomerate but scems to be in depositional contact
with underlying finer-grained clastics, It is overlain by more sand-
stones and siltstones in the southeast, and in fault contact with
Cobre Ridge tuffs near the Sk;line mine,

The conglomerate is virtually indistinguishable from the Oro
Blanco conglomeratc in most plaécs, but locally contains a few dis-
tinctive dark-green andesite fragments of unknown source, This unit
reaches a maximum thickncsé of 1,150 feet_just cast of the Skyline

minec,

Age of Mesozoic Rocks

The ages of the Mesozoic rocks in the Oro Blanco district are

based entirely on indirect evidence because of the lack of fossils and
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radiometric dates. Geologic events that are taking place simul-
tancously over large areas, such as over all of southern Arizona, should
contribute meaningful information to the determination of ages. Work
by dees and Drewes(1968) based upon detailed geological studies and
radiometric dates indicates that most of the Cretaceous sedimentary
rocks in southern Arizona are Early Cretaccous in age, Furthermore
their vork indicates a widespread Jurassic igneous episode that is
characterized by granite intrusion and rhyolitic volcanism, They also
recognize a widespread period of volcanism in Triassic time,

In the Oro Blanco district a thick volcanic section, the
Cobre Ridge tuff, is intruded by Warsaw quartz monzonite, both of
which have been eroded to form a thick sedimentary sequence. The
sedimentary succession is certainly pre-Laramide in age based on
structural cvidence, Since it ovcrlies‘a thick volcanic sequence it
must be Triassic, Jurassic, or Crectacecous in age becausc Phanerozoic
volcanism older than Triassic is unknown in southern Arizona., The
great thickness of the sedimentary rocks combined with the widespread
thick scdimentary sections of known Early Cretaccous age in southern
Arizona strongly suggests tﬁat the Oro Blanco formation is Early
Crectacecous in age,

The Oro Blanco fornmation unconformably overlies the Cobre Ridge
tuff and the quartz monzonite which intruvdes the tuff, so that these
igneous rocks must be no younger than Jurassic, From Hayes and Drewes'

work it scems very likely that the quartz monzonite is Jurassic,
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The age of the Cobre Ridge tuff is considered ﬁére to be
Jurassic., The great lithologic dissimilarity between volcanic rocks
dated as Triassic in the Santa Rita and Patagonia Mountains a few miles
cast of the Oro Blanco district scems to rule out a Triassic age for
the Cobre Ridge tuff, The Triassic volcanics, although they arc in
~part welded tuffs, are far morec alkalic than those at Oro Blanco., They

consist largely of albite trachyte and albitic rhyolite (Baker 1961).

° -

Tertiary Rocks

Montana Pcak Formation

The name Montana Peak Formation was proposed by Webb and Coryell
(1954) for a sequence of'dgrk-colorcd “rhyolites' unconformably overlying
the Mesozoic rocks in the Ruby quadrangle, At the type locality, Mon-
tana Peak, they reccognize 800 fect of.this unit which consists of red
and purple breccias, lavas, and tuffs, Study of the Montana Peak
Formation in thin section rcveals thaf it consists mostly of andesite
and dacite rather than rhyolite, This formation is exposed prinéipally
on the west slope of Mule Ridge, but many erosional rcmﬁants have been
found capping pcaks to the west., A small exposure of the lower two
members lies just northwest of the Skyline mine in the northwestern part
of the district, In addition the Montana Pcak Formation covers a large
area which has been studied by Nelson(1963) on the southern flank of the
Atascosa Mountains,

The Montana.Peak Formation comprises a maximum of 1,300 fecet of

dacite and andesite at the type locality, Montana Peak., The formation
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~ is divided into five members based on lithology and texture, These are
in ascending oxder:

1) Andesite member

2) Lower dacite tuff member

3) Lower flow member

4) Upper dacite tuff member

5) Upper flow member

Andesite Member., The andesite member forms the basal part, It

is exposed at the foot of Mulc‘Ridge where it unconformably overlies the
Mesozoic rocks although locally it has been faulted against Mesozoic
rocks, It is conformably overlain by the lower dacite tuff member, and
characteristicaily forms topographic lows which are partly covered by
recent gravels, | |

The andesite member contains rocks having a wide variety of
physical characteristics but is mostly of'andesitic composition, What
scems to be the most abundant type is a greenish-gray crystal-rich ande-
site porphyry tuff. In hand specimen the rock consists of a light gray
aphanitic matrix, phenocrysts of white plagioclase, many irregular
greenish clay-altered pumice fragments, and a few fine flakes of biotite,
Another fairly abundant variety is a gray strongly flow-banded porphy-
ritic andesite, This rock has a gray aphanitic flow-banded matrix,
aligned whitc phenocrysts of plagibclase 1 to 2 mm in length, and a few
aligned hornblende phenocrysts,

In thin section the rock has avmicrocrystallinc groundmass and
a fluidal texturc composed of aligned andesine phenocrysts and hornblende

phenocrysts. Much of the andesine is zoned and has strongly altered
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cores of zoisite(?). The most calcic zones that are sufficiently
unaltered to determine their composition yield a value of Angg. The
hornblende has been partly replaced by chlorite. Very sparse quartz

crystals are present as well, The estimated composition of this rock

is:

Quartz phenocrysts <1%
Andesine phenocrysts 20 .
Hornblende and chlorite 5
Groundmass 73
Zoisite 2

Other varicties of minor abundance include dark green porphy-
ritic andesite and dark purple biotite andesite porphyry flows,

Much of the andesite member has a moderate to steeply dipping
foliation that seems to have little or no relation to the attitude of
the gently dipping contacts, Using the attitudes of the contacts rather
than the foliation, one arrives at a maximum thickness of about 150 feect

for the andesite member,

Lower Dacitc Tuff Member. The lower dacite tuff member gener-

ally overlies the andesite member although in many places it rests
unconformably on Mesozoic rocks., It is conformably overlain by the
lower flow member, This unit is more resistant to erosion than the
underlying andesite and forms rounded hillc of moderate relicf. The
rock weathers white so that the outcrbps stand out boldly against the
darker colored rocks in the'adjacent members.‘ The unif consists mainly

of dacite tuff which reaches a maximum thickness of 450 feet.



In hand specimen the rock has a light grecnish-gray aphanitic
matrix and a great number of angular white and light tan aphanitic
lithic fragments., Phenocrysts are very sparse but consist of white
plagioclase and a few small quartz grains, Some of the rock is a tuff
but much of it is better c;assified as a tuff-breccia for the lithic

_fragments are commonly several inches in length,

In thin section the rock has a siliccous microcrystalline
matrix and a fragmental texture. A few broken phenocrysts of quartz
and andesine(Angp) are distributed throughout, along with many angular
lithic fragments consisting of microcrystalline volcanic material,
Carbonate and epidote arc minor alteration products. The estimated
composition.of this rock, which secms to be a dacite or rhyodacite,
is:

Quartz fragments 3%
Andesine fragments 1
Lithic fragments 20
Matrix 75
Accessory minerals 1

As in the andesite member the foliation is at variance with
the ncarly horizontal attitudes of the contacts, Foliation in this
member is rather sparse, but that which has been measured ranges in

dip from 15° to 80°,

Lower Flow Member., The lower flow member conformably overlies

32

the lower dacite tuff member although in the northeast it unconformably

overlics the Oro Blanco formation, This member is conformably overlain
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by the upper dacite tuff and disconformably overlain by the Atascosa
Formation, This member consists of a maximum of 750 fcet of andesite
porphyry flows, dacite flows, and minor pyroclastics. The andesite
generally forms slopes, whercas the dacite is a cliff former.

Approximately the lower two-thirds of the lower flow member is
~composed of andesite which occurs as two principal t}pes. The more
abundant type is a pinkish-gray porphyritic biotite andesite which
has phenocrysts of white plagioclase 3 to 4 mm in length, a few black
biotite flakes, and hornblende needles which have been aligned by flow-
age. A few specimens of this rock contain very sparse quartz pheno-
crysts as well, In thin section the andesite has a microcrystalline
fluidal groundmass of plagioclase microlites, phenocrysts of andesine
(Anzg), hornblende, and minor quartz, Hornblende is generally replaced
by chlorite, Generally the rock occurs as flows, but small areas of
volcanic breccia composed of andesite that resemble this type have been
observed in the field,

A less abundant rock in the lower flow member is a dark red-
purple aphanitic flow-banded andesite, No thin sections of this rock
have been ciamincd, but judging from the dark coloration and a few
sparse plagioclasc phenocrysts it probably is an andesite. This type
is most abundant just west of Chiminca Peak where the author has mapped
" the attitudes of flow banding in a part of an individual flow unit
(Figure 3).

* The upper onc-third of the lower flow member is exposed on

the west slope of Mule Ridge., The rock here is a pink, flow-banded
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porphyritic dacite, In hand specimen it has a pink, aphanitic, flow-
banded matrix, many aligned clear plagioclase phenocrysts, and a few
hornblende phenocrysts. Some specimens contain spherulites as well,

Under the microscope the rock has a microcrystalline ground-
mass in part composed of tridymite and fine-grained hematite., Zoned
~plagioclasc phenocrysts and quartz phenocrysts generally haye a seive
texture in which numerous perforations in the phenocrysts are filled
with microcrystalline matrix, Hornblende has been partly replaced by
hematite. The cstimated composition of this rock is:

Quartz phenocrysts 6

o

Plagioclasc phenocrysts 22
Hornblende (llematite in part) 5
Matrix 67

Upper Dacite Tuff Member, The upper dacite tuff conformably

overlies the lower flow member, The rock is very similar in compo-
sition and general appearance to the lower dacite tuff member but is
somewhat thinner, 350 feet incmaximum thickness. In contrast to the
lower dacite tuff the foliation attitudes in the upper tuff do conform
to the gently dipping contacts, Thc unit lacks any obvious sorting of
the lithic fragments and foliﬁtion is very faint suggesting that it may
be an ash flow tuff, |

In hand specimen the rock consists of angular lithic fragments,
principaliy fine-grained sandstone, and flow-banded aphanitic dacite(?)
in a pink aphanitic mafrix. Clcar plagioclase phenocrysts are sparsely

distributed through the matrix along with a small amount of black



biotite. In thin scction the matrix consists of partly devitrified
glass in which outlines of unflattened shards are visible. Plagio-
clase phenocrysts are zoned and have scive structure similar to those

in the lower flow member, The estimated composition is:

Quartz phenocrysts <1%
Plagioclasc phenocrysts 11
Biotite 5
Lithic fragments . 10
Matrix 64

Upper Flow Member. The upper flow member is very similar to

the upper part of the lower flow member, It consists of a maximum of
270 feet of pink porphyritic flow banded dacite that in hand spccimen
is identical with the dacite of the lower flow member, This unif forms
the cliffs at the top of Montana Peak énd caps much of Mule Ridge
(Figure 6).

In thin section this rock is likewise similér to that in thé
lower flow member but the matrix is more glassy and quartz phenocrysts
are far less abundant. The plagioclase, however, has the characteristic
seive fexturc and has been aligned by flowage. Hornblende has likewise
" been aligned by flowage, ;n addition a small amount of biotite is
present, .

The attitudes of the foliation in this unit in general conform

to the gently dipping contacts, The attitudes shown on Figure 3 are

taken on the contacts of individual flow units rather than foliation.,
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Mule Ridge, Showing Members of Montana Peak Formation
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The upper flow member conformably overlies the upper dacite tuff

member and is disconformably overlain by the Atascosa Formation.

Atascosa Formation

The Tertiary Atascosa Formation was namcd by Webb and Coryell
(1954) for a scquence of rhyolite flows and tuffs that aggregatc 800
" feet in thickness in the Atascosa Mountains, the type locality, This
unit is exposed principally on the castern flank of Mule Ridge although
onc small erosion#l remnant has beeﬁ found near the summit of Bartlett
Mountain 2 miles west of Mule Ridge. The Atascosa Formation character-
istically is a cliff-former. It forms nearly vertical white escarpments
at Ruby Peak and Chiminea Peak; and similar, though much hiéhcr escarp-
ments in the Atascosa Mountains several miles cast of the Oro Blanco
district, |

In the Oro Blanco district two distinctly different typcs}of
rock comprise the Atascosa Formation, The more abundant is a strongly
flow banded rhyolite which forms the upper and lower parts of the for-
mat%on. Less abundant is a rhyolitic ash flow tuff that lies in the
central part., This tuff has been mapped separately ana termed the
tuff member. The formation reaches a maximum thickness of 1,800 feet
within the arca of study of which a maximum of 250 feet is composed of
the tuff member,

Rhyolite flows comprisc most of the Atascosa Formation. These
consist of strongly flow banded spherulitic rhyolite that varies from

light gray to ycllow to brownish red. Flow banding is commonly very



chaotic reflective of the high viscosity of the rhyolite lavas, The
rock weathers to very rugged topographic forms which have extremely
rough surfaces.

In hand specimen the rock is a strongly banded felsite that
is rich in spherulites and opaline streaks., These are commonly very
brilliantly colored in shades of red, orange, grecn, and bluc. Agate
nodulcs are common in parts of this unit. Phenocrysts are difficult
to find and usually are very small. These gencrally are quartz or
pink potash feldspar., |

In thin section the rock is scen to consist of a partly devitri-
ficd glassy matrix that is strongly flow banded, and cxceedingly sparse
phenocrysts of quartz and sanidine. The phenocrysts total less than
onc percent of the rock., In some Specimens,lspherulites filled with
chalcedony are very abundant, making up an estimated 30 percent of the
rock,

The rhyolite flows overlic the Montana Pcak Fdrmation discon-
formably and are unconformabl; overlain by Tertiary gravels. The
rhyolites are relatively flat lying, dipping only a few degrees, gener-
ally to the northeast.

Tuff Member., The tuff member lies in the central portion of
the Atascoéé Formation and is conformable to the overlying and under-
lying rhyolite flows. This member is exposced on Mule Ridge and on
Bartlett Mountain., In addition it occupies many square miles in the
Atascosa, Tumacacori, and Cerro Colorado Mountains, In the Oro Blanco

district the tuff member has a basal vitrophyre which ranges from a
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few inches to about 10 fecet in thickness. This is composed of a
dark greenish-gray glass having a few phenocrysts of potash feldspar
and quartz,

Overlying the vitrophyre is a sequence of érudely stratified -
to unstratified tuffs., These are light gray to light greenish-yellow
tuffs that locally are very rich in dark colored lithic fragments
(Figure 7). The lithic fragments range from a fraction of an inch
to several inches in length. These conéisf of flow-banded rhyolite,
flow banded dacite, arkose, sandstone, and dark-red andesite., The
matrix of the tuff is very porous and seems to be mostly pumice,
Phenocrysts are sparse.

In thin section the rock has a definite vitroclastic texture,
The groundmass is a myriad of partially flattened shards that gencrally
have crystallized to cristobalite. Phenocrysts arc sparse but consist
of quartz, sanidine, and strongly sericitized plagioclase,

The large arcal extent and the texture of this member indicate
that it is an ash flow tuff, Foliation dips very gently to the cast
or northeast conformable to the Qnderlying rhyolite flows. This com-
bined with the ash flow origin makes an ideal marker unit for regional
correlation, The light-toned tuff member is easily recognized and
followed on aerial photographs, and is traceable in the field with a
minimum of cffort, Mapfing of the tuff menmber shows that it correclatec
with the Corral de Picdras welded tuff exposed at Tumacacori Peak in

the Tumacacori Mountains, The basal vitrophyre of the Corral de



Figure 7.

Tuff Member of the Atascosa Formation

This exposure consists mostly of white pumice and
many fragments of red and purple dacite from the
Montana Peak Formation.
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Picdras welded tuff has been dated at 26,5 + 1.2 million years (Damon

and Bikerman 1964), Thus the tuff member is of late Oligocenc age,
At Bartlett Mountain the tuff member has been intruded by

Tcrtiéry vhyolite dikes that probably served as feeders for much of

the Atascosa Formation,

" Tertiary Gravels and Tuffs

At the castern edgé of the arca of study the Tertiary volcanic
rocks are overlain by a sequence of poorly consolidated gravels and
interbedded tuffs, These are unconformable on the underlying volcanic
rocks. The total thickness of this unit is not known but probably is
only a few hundred feet at most,

The Tertiary gravels and tuffs consist of poorly sorted sandy
gravels and interbedded white tuffs derived from the underlying Tertiary
rocks, The tuffs are generally very rich in lithic fragments and have
a matrix of white clay; probably altered'ﬁolcanic ash, Individual
beds in this unit are thin, ranging from a few inches to about 2 feet
in ghickness. -

The slight degrec of consolidation of the gravels and their
minor angular discordance to the underlying volcanic rocks suggests

that the beds are Late Tertiary in agé, probably Miocene or Pliocene,

Quatexrnary Rocks

Gravels
Unconsolidated alluvial deposits cover parts of the lowlands

in the Oro Blanco mining district along stream courses, In addition



a pediment area, an cmbayment of which lies just west of the study

arca, is covered with a mantle of the sediments,

Regional Correlation

In order to better establish the geologic ages of fhc various
rock units exposed in tﬁc Oro Blanco district an attempt was made at
- regional correlation with the hope of tracing one or morec units far
cnough to tic into areas where radiometric dating has been completed,
Although the writer has bccn.ablc to corrclatc with some certainty
units in the Oro Blanco Mountains with those in several other mountain
ranges, in no casc have any of the Mesozoic volcanic units cquivalent
fo thosc at Oro Blanco, been dated radiometrically,

Correlation of Mesozoic rocks in southern Arizona is rather
difficult for several rcasons. Except for the southcastern part of
the state most of the Mesozoic sedimentary rocks are of terrestrial
origin and very local in their lateral extent, They rarely contain
good guide fossils, in fact, fossils of any kind are reclatively
uncommon, Another problem with regional correlation is due to volcan-
ism, which was widespread in Mesozoic time in southern Arizona,
Commonly volcanic rocks are very restricted in their lateral extent,
although near their source they may be very thick, sometimes écvcral
thousand feet, In addition to thickening thec section in a given areca
the presence of the volcanic pile causes changes in sedimentation so
that the stratigraphic section in one range might be entirely different

from another range only a few miles away even though the deposits arc

synchronous,
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Onc way to circumvent the difficulties of regional correlation
is to find a unit or units which is characterized by widespread lateral
uniformity and uniqueness in some property such as texture or compo-
sition., Units which mcet these requirements are the ash flow tuff
sheets common in the Mesozoic and Cenozoic record of southern Arizona.

For regional corrclation the ash flow scquences of the Cobre
Ridge tuff and tuff member of the Atascosa formation prove to bé of
great value, In addition the thick scdimentary seqﬁcnce overlying the
Cobre Ridgg tuff scems likewise to correlate well on a regional scale.
Lithologic and textural similarity, thickness, and structural setting
including dircction and amount of dip and relationship to major fault-
ing have been considered in making the correlations. The relationships

to be discussed below are summarized on the correlation chart, Figurc 8.

Las Guijas Mountains

The correlation of the Mesozoic rocks in the Guijas Mountains
with those at Oro Blanco is a fclatively simple matter for it involves
little more than tracing the units along strike betwcen the two areas,
The Oro Blanco formation, Cobre Ridge tuff, and an intrusive body having
geologic relations and appearance similar to the Warsaw quartz monzonite
“have been recognized in the Guijas range.
The Cobre Ridge tuff here is very similar to that at Oro Blanco,
It consists of an upper, dark-colored welded part that is compositionally
a quartz latite, In McCafferty Canyon this upper part is about 4800 fect
in thickness unless there has been some undetected repetition by faulting,

Underlying this is at least 4,700 feet of rhyolite porphyry tuffs, that
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in hand specimen and thin section arc very similar to the rhyolite
tuffs comprising the rhyolitc member of the Cobre Ridge tuff at Oro
Blanco, The base of the Cobre RidgeAtuff in the Guijas range is in
fault contact with Oro Blanco formation.

The Oro Blanco formation here differs little from that exposed
~in the arca of study except that there seems to be a.greater abundance
of shale and siltstonc here, whercas at Oro Blanco sandstoncs and pebbly
sandstones are morc common. In addition the coloration is somewhat
different in the Guijas Mountains, the fine-grained sediments tend to
be mostly maroon whereas at Oro Blanco therc is a greater abundance of
green, purple, and brown beds., Here, as at Oro Blanco, the thickness of
the Oro Blanco conglomerate member ranges widely from zero to several
hundred feet, |

A stock of cquigranular lecuco-quartz monzonite.intrudcs the
Cobre Ridge tuff at the northwest end of the Guijas range, The appear-
ance in hand specimen and its lack of intrusion into the overlying Oro
Blanco formation.suggests that the body may be genetically related to

the Warsaw quartz monzonite,

Pajarito Mountains

The Pajarito Mountains (Figure 9) lie a few miles southeast of
Ruby., The easfcrn cﬁd of the Pajarito Mountains has been studied by
Nelson(1963), who recognizes many of the samé units that occur in the
Oro Blanco district., The older Mesozoic unit, the Pajarito lavas,
seems to be mcrcly a continuation along strike of the Cobre Ridge tuff,

This unit is identical in hand specimen and in thin section to the Cobre
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Ridge tuff, The Pajarito lavas scem to be dominantly tuffaceous, so
the name is somewhat misleading. Nelson recognizes a minimum of 1,300
feet of this unit in his study area., The bottom of the unit has not
been observed.,

Unconformably overlying the Pajarito lavas is the Oro Blanco
. conglomerate of which a 200 foot thickness appears in Nelson's area.
Reconnaissance mapping by the present author shows that in the central
part of the Pajarito Mountains the congiomerate is much -thicker possibly
as much as 4,000 feet, but faulting may have thickened the section so
that this figure is Qery uncertain, The reconnaissance mapping also
disclosed a thin black limestone unit and several hundred fect of
sandstone énd_siltstone which conformably overlie the conglomerate,

In the ecastern Pajarito Mountains the Oro Blanco formation is
unconformably overlain by the Montana Peak Formation. Here the Mon-
tana Peak Fofmation is much thinner than at Montana Peak in the Oro
Blanco district, rcachihg a maximum thickness of 600 fect.

Nelson(1963) finds that the Montana Peak formation is overlain
unconformably by the Atascosa Formation, a relationship that is not
apparent at Oro Blanco., Compositionally the Atascosa Formation is some-
what different -in the Pajarito Mountains, The unit consists mostly of
rhyolitic tuffacecous beds rather than flows, Nelson finds a maximum
of 400 feect of Atascosa Formation in his study aréa.

Ovérlying the Atagcosa Formation is about 350 fcct of poorly
indurated inferbcddcd gravels and white tuffs that Nelson calls the
Pefia Blanca formation. He considers this to be Quaternary in age

on the basis of slight angular discordance and structural differences
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between this unit and the underlying Tertiary rocks. The Pchia Blanca
formation is very similar to the Tertiary gravels and tuffs exposed at

the castern edge of the present study area,

BaﬁoquiVari Mountains

The Baboquivari Mountains (Figure 9) lie about 10 miles to the
west and northwest of the Guijas Mountains anﬁ about 12 miles west of
the Sierrita Mountains. The geology ofi only a small part of this
range is known in detail. The central part of the range near Fresnal
Canyon has bheen studied by Donald (1958), Fair(1965), and Heindl and
Fair (1965). Figurc 10 is a gcologic map of the areca studied by Heindl
and Fair,

Heindi and Fair divided the stratified Mesozoic rocks into four
formations from oldest to youngest, Ali'Molina Formation, Pitoikam
Formation, Mulberry Wash Volcanic Formation, and the Chiuli Shaik
Formation. These units as defined make a Mesozoic scction that is
nearly 20,000 feet thick. The Ali Molina Formation consists mainly
of slightly metamorphosed quartz latite porphyry with minor inter-
bedded clastic sedimentary rocks., The upper part of this unit is é
coarsc phyllitic conglomerate, The Pitoikam Formation consists of
abéut 9,200 feet of scdimentary rocks of which the lower half is a
coarse conglomerate coﬁposed m;inly of fragments of quartz latite
from the Ali Molina Formation, The upper part of this unit consists

of maroon and green sandstones, mudstones, and shales,
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Overlying the Pitoikam Formation is the Mulberry Wash Volcanic
Formation, The lower 1,100 feet of this unit is a quartz latite por-
phyry locally having strong "flow'" banding. Overlying this is about
900 feet of conglomerate that is composed of rounded quartz latite
cobbles and boulders. Heindl and Fair(1965) state, p. 110, "--the
unit is similaf to the Contreras Conglomerate member of the Pitoikam
Formation', The upper 1,000 feet of this formation consists mostly
of latite porphyry and andesite porphyry with some fine-grained clastic
sedimentary beds,

The uppermost Mesozoic formation is the Chiuli Shaik which
consists of a lower scdimentary unit and an upper volcanic unit. The
lower unit is made up of 750 feet of red and brown conglomerate,
mudflows, and gray-grecen graywacke beds, The upper unit consists of
purple andesite and overlying rhyolite comprising a thickness about
1,000 feet.,

Although Heindl and Fair do not mention it, the possibility
exists that Mulberry Wash Vo;canic Formation is a faulted repetition
of the Pitoikam and Ali Molina Formations., The presence of quartz
latite porphyry énd conglomerate of similar description in the Ali
Molina gnd Mulberry Wash scctions, suggests that such rcpetition may
have occurred. Heindl an& Fair(1965) state regarding the contact be-
tween the iiulberry Wash and Pitoikam Formations, p. 110, "In general,
the disconformity between the two formétions is ‘masked by gouge along~
shearing planes and by deposition of black manganese minerals in the

zonc of shearing." From this statement one may infer that the contact
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itself is a major northwest-striking fault that has repeated the
section, Likewise the conglomerate reported in the upper part of the
Ali Molina Formation may be the same as the conglomerate in the basal
part of the Pitoikam Formation as suggested by Heindl and Fair, p. 10.
If this repctition of the section has occurred then the total thickness
- of the Mesozoic rocks here would be about 17,000 fecet rather than
20,000 feet, This revised thickness is what has been used in the
regional correlation chart (Figure 8)..

Based on lithologic similarity, and gcneral structural similar-
ity, the Mesozoic rocks of the Baboquivari Mountains probably correlate
with those at Oro Blanco, The Ali Molina Formation is likely to be the
same unit as the Cobre Ridge Tuff and the Pitoikam Formation is probably
cquivalent to the Oro Blanco Formation.

Tertiary units described by Fair(1965) probably do not corrclate
with the Tertiary rocks at Oro Blanco.

Fair mapped several northwest-trending rhyolite to dacite dikes
thaf cut Tertiary units that may be a continuation of the swarm in the
southern part of the Oro Blanco district., What seems to be the same
swarm mapped by'Fair has been observed by the author necar Mildred Peak.
Herc the swarm consists of numerous northwest-striking steeply dipping,
pink rhyalite porphyry dikes that form steep-sided resistant ridges

rd

similar to the dikes at Oro Blanco,

Sierrita Mountains

Thoms (1965) reports on the geology of the western side of the

Sierrita Mountains (Figure 9), lHe describes two formations, the Ox
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Frame volcanics and the Tascuela red beds, that probably corrclate
with the Cobre Ridge tuff and Oro Blanco formation,

The older unit, the Ox Frame volcanics consists of four mem-
bers; an upper rhyolite member composed of welded tuffs and thin flows;
andesite porphyry member composed of flows and interfingered with the
coarse tuff member; and a lower tuff-breccia member'composed of rhyo-
dacitic tuff and flow breccias., The formation is at least 5,100 fect
thick, |

In a brief visit to Thom's study arca it was discerrcd that
the coarse tuff member strongly resembles many of the weakly welded
parts of the Cobre Ridge tuff near the base of the weclded tuff member,
Descriptions given by Thoms for this member are very similar to the
characteristics observed for the Cobre Ridge tuff,

Hayes and Drewes(1968) report that radiometric dates on the
0x Frame volcanics of Ox Frame Canyon indicate themAto be of»Triassic
age, They further report that these rocks are very similar to banded
rhyodacite and andesite of the Triassic Mount Wrightson Formation in
the nearby Santa.Rita Mountains. Observations by the author on the
Ox Frame volcanics at the type locality in Ox Frame Canyon, Sierrita
Mountains suggest that the,rocks referred to as Ox Frame volcanics by
Thoms (1965) may not correlate with the true Ox Framec volcanics, Thoms
expressed some doubt about cqrrelating Lis "Ox Frame volcanics'" with

those in Ox Frame Canyon principally because the Ox Frame type section
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had not been adequately described at the time of his work, If
these two scctions do not corrclate, then it is possible that the vol-
canic rocks described by Thoms are younger, possibly Jurassic in age,

Overlying the Ox Frame volcanics (of Thoms) are the Tascucla
red beds which consist of about 200 feet of basal conglomeratc and 1,800
fcet of maroon shales argillites and sandstone that Thoms considers to
be of Cretaceous(?) age, The thick basal conglomerate suggests that a
substantial period of crosion occurred after emplacement of the under-
}ying volcanic rocks which might be comparable to the erosion period
that occurred aftcr’emplacement of the Cobre Ridge tuff at Oro Blanco.
The sedimentary beds comprising the Tascuela red beds do resemble much
of the Oro Blanco formation, so that these units may be correclative.
In addition, an intrusive rock reportedly having a Jurassic age (Hayes
~and Drewes 1968) and considered to be Nevadian in age by Thoms has
been found as boulders in the basal conglomerate of the Tascucla red
beds (Thoms 1965, p. 45). Thercfore the Tascuela-red beds unconform-
ably overlic Jurassic rocks ;hd may be no older than Cretaceous, These
beds have been badly faulted, tilted steeply and arec unconformably
overlain by Tertiary rocks so that they arc most likely Crctaceous in
age. In addition the work of llayes and Drewes(1968) scems to -indicate
that in southern Arizona fhe deposition of thick Crectaceous sedimentary
sequences was limited to the earlier part of Cretaccous time,

Cbnformably overlying the Tascdela red beds, Thoms describes a

unit termed the Stevens Mountain rhyolite consisting of volcanic
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conglomerate and rhyolite welded tuffs that comprise a2 thickness of
2,000 feet, No unit has been found in the Oro Blanco Mountains that
scems to corrclate with this unit,

Unconformably overlying the Stevens Mountain rhyolite is the
Demetric Formation of probable Cretaceous-Tertiary age. This unit
~ consists of dacite and andesite tuff-breccia and minor conglomerate,
The Demetrie Formation has a maximum thickness of about 2,000 feect.

The Demetrie Formation is lithologically similar to the ande-
site that blankets mucﬁ of the Cerro Colorado mining district, but it
ié uncertain if it correlates with the andesites and dacites of the Mon-
tana Peak Formation at Oro Blanco, In the Sierritas the Demetrie Forma-
tion is overlain with angular unconformity by Tertiary rocks, whereas
the Montana Pcak Formation seems to be overlain disconformably by
Tertiary rocks, This does not rule out these units from being corrcla-
tive for it is possible that an angular‘unconformity exists between
the Montana Peak formation and the overlying rocks that is not apparent
in the Oro Blanco district. :hork by Nelson(1963) suggests therc is an
angular unconformity between these units (scec Pajarito Mountains under

Regional Correlation),

Patagonia Mountains
The Patagonia Mountains (Figure 9) lic about 30 miles cast of
the Oro Blanco mining district and about 18 miles east of the Pajarito

Mountains. Baker(1961) studied the geology of the southcastern



54

Patagonia Mountains and rcports.an exceedingly thick Mesozoic strati-
graphic scction that may in part correlate with Mesozoic rocks at Oro
Blanco,

Baker describes a thick sequence of volcanic rocks, the Du-
quesne volcanics, 8,000 feet in thickness, that probably correlate
. with the Triassic Mount Wrightson series of the Santa Rita Mountains
(Hayes and Drewes 1968), At the time of his study in the Patagonias,
Baker considered these rocks as simply pre-Cretaccous, however he now
considers them to be Triassic (Baker, personal communication). Much
of the Duquesne volcanics consists of albitized trachyte, rhyolite,
and andesite; but the upper 1,200 feet éf this unit is a quartz latite
crystal-vitric tuff, part of which is a wcldcd.tuff. This unit uncon-
formably overlies the rest of the Duquesnc volcanic sequence. Although
the present author has not examined this rock in the field, Baker's
description of it shows that it is similar to the Cobre Ridge tuff,
and may be cofrclative with the Cobre Ridge tuff.

Unconformably overlying the Duquesne volcanics is the Bagby
Ranch formation which consists of an estimated 2,800 feet of coarsc
to fine grained élastic sedimentary rocks, The Bagbhy Ranch formation
has a basal conglomerate which is overlain by sandstone and inter-
bedded shéle, siltstonc, and conglomerate.

A disconformity marked by a few feet of conglomerate separ-
ates the Bagby Ranéh formation from the overlying Lower Cretaceous
Molly Gibson Formation. The lolly Gibson has been dated palecontolo-

gically as Albian (Uppermost Lower Cretacecous). The Molly Gibson
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Fofmation has an cstimated thickness of 4,000 to 4,500 feet and con-
sists of red and purple sandstone, purple sandy.shales, and minor
limestone, interbedded with abundant shale,

The unconformity at the base of the quartz latites in the
Triassic Duquesne volcanics leaves -open the possibility of a Jurassic
~age for the quartz latite, The present author correlates this unit,
which may be Jurassic in age, with the Cobre Ridge tuff.

The Bagby Ranch formation is at.a similar position in the strati-
graphic column and is similar in composition to the Oro Blanco forma-
tion so that these two units have been correlated. The Bagby Ranéh
formation is probably Early Cretaccous in age., The disconformity |
between this unit and the overlying Lower Crectaccous Molly Gibson
Formation probably represents only a minor timec break comparcd to the
major unconformity at the base of the Bagby Ranch formation. For this
reason the unconformity at the base of the Bagby Ranch formation, in-
stead of the disconformity at the base of the Molly Gibson Formation,
is herc considercd to be the Jurassic-Cretaceous unconformity.

Unconformably overlying the Molly Gibson Formation is about
500 feet of conglomerate that in turn gs unconformably overlain by a
thick scquence of volcanic breccia and conglomerate composed of Mesozoic
rock fragﬁents in a tuffaceous matrix, This unit is conformably over-
lain by abou: 2,000 feet of porphyritic andesite flows. Baker con-
siders the volcanic breccia and the andesite to be Eariy Tertiary in
‘age. These rocks may be equivalent to the Montana Peak Formation,

Unconformably overlying the andesite is a sequence of rhyolite flows

considered by Baker to be Mid-Tertiary in age, Unconformably overlying
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the rhyolite flows is an unknown thickness of poorly consolidated
bedded tuffs and breccias, These two units might be equivalent to
the Atascosa Formation and the Tertiary gravels and tuffs, respective-

ly,

Cerro Colorado Mountains

Most of the exposed parts of the Cerro Colorado Mountains
(Figure 9) have been mapped by Davis(1955), Jones(1957), and Smith
(1966), The units here of probable Mesozoic age are very much like
those in the Oro Blanco district., The oldest Mesozoic unit is a
thick sequence of quartz latite tuffs and flows that in hand speci-
men and thin section strongly resembles the Cobre Ridge tuff, Ar-
kosic sandstone is interbedded with the volcanic rocks near the top
of the section. The author has observed a minimum thickness of 2,000
fecet for the quartz latite but it is likely to be much thicker than
this, The geologic maps that accompany Davis' and Jones' works do
not show any foliation attitudes in this unit so that a thickness
estimate is not possible at this time,

Overlying the quartz latite is a coarse-grained conglomerate
made up of pebbles, cobbles, and boulders of the underlying volcanic
rocks, This looks much like Oro Blanco conglomerate. The cdnglo-
merate is overlain by minor limestone and finc-grained clastic rocks
which probably arc several thousand feet in thickness. The congio-
merate and the overlying fine-grained clastic rocks probably eorre-

late with the Oro RBRlanco formation,
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A scquence of porphyritic andesite breccias and flows uncon-
formably overlies thc sedimentary rocks and the quartz latites. The
andesites have been structurally disturbed by faulting but less so than
the underlying rocks. These rocks resemble somewhat the Demetric For-
mation of the Sierrita Mountains a few miles to the north, They are
overlain by Tertiary rhyolite that probably is equivalent to the Ata-
scosa Formation, It is uncertain, but the andesites at Cerro Colorado
probably correlate with thosec of the Montana Peak formation at Oro

Blanco,

Summary

Although some of the Mesozoic and Tertiary stratigraphic units
arc corrclated on a regional scale with a great deal of uncertainty,
at lcast two of these units, the cquivalents of the Cobre Ridge tuff
and the Oro Blanco formation seem to be recognizable over a‘very large
part of southern Arizona. Regional correlation is a definite aid in
establishing the ages of the rocks at Oro Blanco where the lack of
palcontological and radiometric dates makes absolute age determi-
nation difficult, The relationships obscrved during the regional
corrclation work support the inferred ages of Jurassic for the Cobre

Ridge tuff and Early Cretaceous for the Oro Blanco formation,



INTRUSIVE IGNEOUS ROCKS

The intrusive igneous rocks of the Oro Blanco mining distriét
include rocks of Jurassic(?) through Tertiary age. The Jurassic(?)
and Cretaccous(?) rocks occur as stock-like and sill-like masses
respectively, whercas the Tertiary rocks occur only as dikes and

plugs.,

Jurassic(?) Rocks

Warsaw Quartz Monzonite

The name Warsaw quartz monzonite is a new one proposed for
cquigranular quartz monzonite of Jurassic(?) age exposed in the
central and extreme southwestern partsvof the Oro Blanco mining dis-
trict, The unit has not been previously recognized although a brief
discussion by Fowler (1938) of quartz monzonite encountered in.a drill
hole beneath the Montana mine may refer to this rock., The quartz
monzonite is named for the Warsaw Canyon road which passes near
sev;ral exposures of the rock.

The Warsaw quértz monzonite has two principal compositional
varieties within the Oro Blanco district, a leuco-quartz monzoﬁitc
and a mafic-rich quartz monzonite or granodiorite., The leuco-quartz
monzonite is cxposed in the éentral part of the district just west
of the Warsaw Canyon road and in the extreme southwest along the
International Boundary. The mafic~rich variety occupies a iarge
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arca west of Bartlett Mountain and a small part of the northern

cdge of the southwestern leuco-quartz monzonite mass,

Leuco~quartz monzonite. In hand specimen the leuco-quartz
monzonite is a yellowish tan equigranular coarse to finec grained
quartz monzonite, Gray quartz, white slightly altered plagioclase,
and pinkish-gray potash feldspar are the principal minerals although
very sparse flakes of muscovite have been scen in a few exposures.

The grain size ranges from about 1 mm near the contacts to about 5 mm
in the central parts of the bodies,

In thin section the rock has a granitic texture consisting
of subhedral to cuhedral altered plagioclase, and subhedral to
anhedral quartz and perthitic micfocline. The quartz gencrally
shows undulatory extinction, The plagioclase composition is un-
certain because of strong clay alteration, Composition based on
point counting in one thin section is:

Quartz 26%
Perthitic microcline 53
Plagioclase (mostly clays) _ 20
Accessory minerals 1

Mafic-rich quartz monzonite. In hand specimen the mafic-

rich varicty of the Warsaw quartz monzonite is seen to be an cqui-
granular rock which is composed of greenish-gray altered piagio-
clase, grayish-pink potash feldspar, and liberal amounts of chlorite-

or biotite and hornblende, Quartz is difficult to distinguish as it
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is generally rather fine-grained and interstitial to the other min- -
crals, The grain size ranges from about 2 mm to nearly 1 cm,

Under the microscope the rock has a g?anitic texture or in
some cases intersertal texture, The rock consists of cuhedral to
_subhedral zoned plagioclase, anhedral orthoclase, anhedral quartz
. and cuhedral grains of hornblende and biotite, The zoned plagio-
clase ranges in composition from about Anjg to Anzg, the more calcic
zones forming the cores of the crystals., Most samples observed in
thin section contain both hornblendc and biotite although the rcla-
tive proportions differ from scction to section. The mafic minerals
usuzally arc partly replaced by chlorite and the plagioclase is partly
sericitized, The orthoclase is gencrally unaltered,
This variety of Warsaw quartz monzonite is classed as a
quartz monzonite or a granodioritec., Compositions based on point

counting of two thin sections are as follows:

Quartz 17%  25%

Orthoclase 21 26

Plagioclasc 45 38

Hornblende 8 1

. Biotite 8 10
. Accessory minerals 1 <1

The Warsaw quartz monzonite is the oldest intrusive rock in
the Oro Blanco district, It is the only plutonic rock which has con-
tributed cobbles and boulders to the Oro Blanco Conglomerate, . These

fragments are especially abundant in the conglomerate one half nmile
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south of the Montana mine. The quartz monzonite has intruded only
the Cobre Ridge tuff, but has cut all threc members of this forma-
tion.

The sharpness of the contacts between the Warsaw quartz
monzonite and the volcanics varies with the member involved, Where
the quartz monzonite intrudes the rhyolite member thc contacts are
gradational over a distance of several fect. Considerable mixing of
the two rocks takes place at the contacts that probably is the result
of partial assimilation of the rhyolite tuff by the intrusive,
Contacts between the arkose member and the quartz monzonite exhibit
a similar grddation. Although the contacts between the quartz monzo-
nite and welded tuff member arc pooriy exposed,at the few places that
have been observed they are relatively sharp, The quartz monzonite
usually has a chill zonc several tens of feet in width adjacent to

contacts with the welded tuff member,

The relative ages of the two varieties of the quartz monzo-
nite arc unknown. The few c;ntacts that have been observed between
these types are gradational over several fect, As one passcs from
the mafic~rich to the leuco~-quartz monzonite the only major change
is a gradual reduction in the percentage of mafic constituents.
Inclusions of one variety in the other have not been found. If the

two varieties arc genctically related then it is likely the more

basic mafic-rich rock is the older.
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Cretaccous(?) Rocks

uby Diorite

The Ruby diorite of Crectaceous(?) age, named by Fowler(1938),
is a dark gray hornblende diorite that forms the footwall of the
Montana vein at Ruby. The diorite lies in a nearly north-south
trending belt in the central part of the Oro Blanco district.

In hand specimen the Ruby diorite is a dark greenish gray
porphyritic rock composed of white plagioclasc phcﬁocrysts 2 to 5 mm
in length and hornblende needles distributed through a fine-grained
matrix of feldspar and hornblende. The rock weathers to a light
bluish gray or a yellowish tan, Commonly the hornblende pheno-
crysts are aligned parallel to one another,

Under the microscope the rock has a finely crystalline
groundmass of plagioclase, potash feldspar, and quartz, Pheno-
crysts of zoned plagioclase and hornblende are very abundant wherc-
as only a few phenocrysts of quartz have been observed. The horn-
blende has a strong preferred orientation, The rock is generally
slightly altered, the hornblende partly or totally replaced by chlorite
or cpidote, and the plagioclase scericitized, The rock is actually
a granodibrite or quartz diorite, but becausc of the appeafancc in
hand specimen no formal change of name is proposed for this unit,
The modal composition from point counting one thin scétion is:

Quartz phenocrysts 2%
Plagioclase phenocrysts 23

Hornblende phenocrysts 13
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Matrix (quartz and K-
spar rich) 59

Miscellancous 3

Ruby diorite occurs principally as a thick sill within the
Oro Blanco formation. It has been extensively faulted to produce
the numerous cxposures in the central part of the district. Although
most of the diorite has intruded concordant with the bedding of the
sedimentary rocks, small discordant bodies of diorite and porphyritic
andesite have been observed cross-cutting the sedimentary rocks. Such
discordant bodies arc cxposed 1-1/4 miles due south of Ruby where they
cut the Oro Blanco conglomerate and the limestonc members, Some of the
diorite near Bartlett Mountain in the southern part of the district is
likewise discordant to the sedimentary beds., The Ruby diorite sill
rcaches a maximum thickness of about 2,500 feet in the arca just north
of the Ruby-Nogales road, but in most arcas it is much thinner aver-
aging about 1,500 feet in thickness.

The Ruby diorite intrudes the Cobre Ridge tuff and the over-
lying Oro Blanco formation. It was emplaced prior to the formation
of the northwest-striking fault system. These rclationships suggest
that the diorite is probably of Middle or Late Crctaccous age.

One mile south of the Montana mine a thin sill of porphyri-
tic hornblende andesite intrudes the limestone member of the Oro
Blanco formation, Although texturally dissimilar to the Ruby dio-
rite, this rock has similar structural relations,

This rock is dark green and contains phenocrysts of horn-

blende and altered plagibclase in an aphanitic matrix., Under the
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microscope the rock is seen to consist of a fluidal textured matrix
composed of plagioclasc microlites, phenocrysts of carbonate-altered
plagioclasec, and hornblende. This rock is probably just a chilled
variety of the Ruby diorite,

The diorite has a linear preferred orientation of its horn-
blende phenocrysts that is the only readily visible flowage structure,
Although this linecation is present in much of the rock only a few
meﬁsurements of its attitudec have been made, In general this strikes

northwest and is ncarly horizontal,

Tertiary Rocks

Sidewinder Quartz Monzonite

The Sidewinder quartz monzonite was originally called Side-
winder diorite porphyry by Fowler(1938) who states that the name
was derived from usage by the miners at the Montana mine, where
dikes of this rock cut through and follow the ore zones., Study.of
this rock on a district scale in this investigation, as well as
pctiographic work, shows that it is compositionally a quartz monzo-
nite porphyry, hence the renaming of the rock, The quartz monzonite
is a very widespread dike rock in western Santa Cruz County. This
rock is egpecially abundant.in the Oro’Blanco district, but has been
observed northwest of the presenf study area in the northern and
western parts of.the Fraguita Peak arca (Reed 1967-kersantite dikes)

and as far southcast as section 33 on the north slope of the Pajarito

Mountains,
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In hand specimen the quartz monzonite secms to be a coarsely
porphyritic quartz diorite which has a gray aphanitic matrix. It is
rich in phenocrysts of cloudy, partially resorbed quartz 3 to 5 mm
across, chalky-altered plagioclase phenocrysts up to one centimeter
in length, and numerous chloritized biotite books., Sparsc; large -
sanidine phenocrysts 1 to 3 centimeters in length are found, most
specimens however, lack these, Sidewinder dikes generally are less
resistant to weathering than their wall rocks and tend to form
saddles and gullies. They weather to sphcrbidal brownish-yellow
boulders.

In thin section the rock is scen to consist of a finely
crystalline groundmass of quartz and pota;h feldspar and abundant
phenocrysts of sericitized andesine, strongly embayed quartz, and
thoroughly chloritized biotite. The groundmass usually contains
liberal amounts of fine-grained sericite, carbonate blebs, chlorite,

and veinlets of cpidote, No sulfide minerals have been observed in
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this rock. The approximate modal -composition based on point counting

2 thin sections is given below:
Quartz phenocfysts 5%
Andesine phenocrysts 28

Groundmass of quartz § potash feldspar 56

Chlorite (after biotite) S
Carﬁonate 2
Epidote <1
Sericite 4
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In the Oro Blanco district the Sidewinder quartz monzonite
occurs principally as west-northwest and northwest-striking, flat
northward dipping dikes, These rarely dip at angles over 40 degrces
and most commbnly dip at 20 to 30 degrees, The dikes are rarely
bounded by planar walls, but instead pinch and swell erratically from
a few inches to several tens of feet thick. The maximum observed dike
thickness is nearly 300 feet, but the average is about 10 to 50 feet.

In addition to dikes of Sidewinder quartz monzonite therc are
several exposures of volcanic rocks which, though finer grained,
strongly resemble the Sidewinder dikes., This fine-grained rock is
especially abundant in the lowest member of the Montana Peak Forma-
tion wvhere it occurs as tuff-breccia, A good exposure of this is
on the northern slope of the hill just cast.of the Black Diamond
prospect, Here cobbles and pebbles of Sidewinder quartz monzonite
are set in a tuffaceous matrix of the same composition.

In the east central part of section 17, T 23 S, R 11 E, two
dikes of Sidewinder quartz monzonite can be traced into a foliated
tuffaceous rock that strongly resembies the dikes, but which secms
to be a nearly horizontal unit and a part of the basal member of
the Montana Peak Formation., In addition, several large patches of
this rock‘may be in part extrusive and in part, intrusive., These
patches lie mainly in sections 8 and 17, T 23 S, R 11 E, and just

to the northeast of the Montana nmine.
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Dikes of Sidewinder quartz monzonite have been observed
cutting rocks as young as the basal member of the Montana Pecak For-
mation, but arc cut by Tertiary rhyolite dikes and Blue Ribbon ande-

site dikes.

Blue Ribbon Andesite

The Blue Ribbon andesite of Tértiary age was first named by
Fowler(1938) who called it Blue Ribbon.diorite. Examination of out-
crops and thin scctions of this rock show that it is a hornblende
andesitc rather than a diorite, The name Blue Ribbon is derived from
the characteristic bluish coloration of the outcrops of this rock.
This rock is exposed only ncar the Montana mine,

In hand specimen the Blue Ribbon andesite consists of a flaggy,
bluish-green hornblende andesite having a good linear preferred
orientation of the hornblende ncedles., White feldspa} phenocrysts
are visible, but arc sparse and very badly altered,

Under the microscope the rock is seen to comsist of a ground-
mass of plagioclasc microlites having strongly developed fluidal
texture, altered phenocrysts of plagioclase, and altered phenocryéts
of hornblende. The plagiociase has been replaced by carbonate and
ecpidote; and the hornblende has been replaced by chlorite. The ma-
trix is rich in very fine grained magnetite,

The Blue Ribbon andesite has been found only in dike-like
form, and only near the Montana mine. The andesite occupies three
nearly vertical dikes in the Montana mine arca that have been mapped

by Fowler(1938), Fowler states that the dikes arec present in the
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mine area and in a large arca south of the mine. Work by the present
author shows that much of the Blue Ribbon diorite to which Fowler
rcfers is instead the fine-grained facies of the older Ruby diorite,
The fine-grained varicty of the Ruby diorite and the Bluec Ribbon ande-
site do resemble each other very strongly, but have distinctly differ-
ent structural'relationships. The Ruby diorite has becen cut by large
displacement faults and has been intruded by the Sidewinder quartz
monzonite, whereas the Blue Ribbon andesite has not been faulted
significantly and is younger than the Sidewinder quartz monzonite.

The rclationship of the andesite to rocks younger than the
Sidewinder quartz monzonite is unknown. Based on the intermediate
composition it is unlikely that the andesite is genctically related
to any of the Tertiary rocks except the Montana Peak Formation, For
this reason these arc considered to be equivalent in age to the Mon-

"~ tana Peak Formation, and most likely are genctically related to the

andesites in the lower part of the lower flow member,

Rhyolite Dikes

Tertiary rhyolite dikes are especially abundant in the south-
western part of the Oro Blanco district where they form a major north-
west=striking dike swarm about onc and onc half miles in width, This
is traceable for at lcast 6 miles across the International Boundary to
the southcast and at least as far as the Mildred Pecak area in the Babo-
quivari Mountains 24 miles to the northwest. These dikes are the
youngest intrusive rock in the district, cutting units as young as the

tuff menber of the Atascosa Formation.,



Compositionally the dikes arc classed as porphyritic rhyo-
lite, They consist of two textural varieties, a porphyritic rhyo-
lite with a'microspherulitic groundmass, and a porphyritic rhyolite
which is distinctly tuffaceous, The two varieties scem to be the
same age,

The first variety forms pink, blocky-jointed dikes which
have a weak flow structure. The rock consists of a microcrystalline
pink groundmass of sperulitic cristobalite and potash feldspar with
phenocrysts of sanidine and partially resorbed quartz 3 to 5 mm

across, The composition based on point counting onec thin section

is:
Quartz phenocrysts 3%
Groundmass 87
Sanidine ) 10

Biotite <1
The tuffaceous vafiety tends to form flaggy, thinly lami-
nated dikes which weather to a gray ashy-looking surface., In hand
specimen the rock has a light gray aphanitic matrix and tiny broken
phenocrysts of quartz and plagioclase. In thin section the matrix
is secen to consist of quartz and potash feldspar microlites. - Pheno-
crysts of'quartz and andesine, 1 to 2 mm in length, are embayecd by
the matrix and many scem to be broken crystal fragments, Much of
the quartz shows undulatory extinction and may be xenocrysts. The

composition based on point counting of one thin section is:

Quartz phenocrysts 8%

Andesine phenocrysts 9
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Groundmass 82
Accessory minerals 1

Dikes of rhyolitc generally are 10 to 20 feet in width al-
though they range from a few inches to nearly 300 feet in width.
They tend to have sharp contacts and slickensided walls. Near irre-
gularities in the walls very complex flow folds have developed;

Most of the dikes have a northwest strike and dip steeply,
generally to the northeast, Exception; to this attitude lie just
west of Bartlett Mountain where north-northeast striking dikes have
been cﬁplaced, and in the arca south aﬁd cast of Bartlett Mountain.v
The north-northeast striking dikes generally cut the northwest-
striking ones although they are both of similar composition,

In addition to dikes the rhyolite forms three elongated
dike-like plugs, and a volcanic neck, all of which liec on a north-
west-trending line, and a small isolated plug. The largest two
plugs lic in the west central part of the district, They consist
of ncarly vertically dipping dike-like bodies of rhyolite emplaced
with their long axes oricnted northwest, These two are separated
by a northeast-striking fault, but it is uncertain if the apparent
offset between the two bodies is due mainly to movement on the
fault or to original cmplaccment that was dammed by gouge in the
fault zone., The third plug forms the core of Bartlett Mountain in
.. the south central part of the study areca. This plug is less
elongated than the other two but is interconnected with many thick

dikes which emanate from the plug to the northwest and southeast.
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This plug has nearly vertical flow structure which conforms to the
contacts, It intrudes all of the Mesozoic rocks and a small patch
of the tuff member of the Atascosa Formation neaf the top of Bartlett
Mountain,

One and onc half miles southeast of Barflct; Mountain the
rhyolite occupies a small volcanic neck. The neck is crudely ellipti;
cal in shape with its long axis oriented northwest-southeast, On the
northwestern end a small rhyolite flow extcnds for a short distance
from the neck., Within the neck, especially near its borders, flow
structurc is very well developed and dips stecply parallel to the
steeply dipping contacts. Along the northern contact, which is well
exposed, lies a nearly vertically dipping glassy zone which ranges

“from 4 to about 12 feet thick. This consists of a reddish-brown
vitrophyre containing sparse white phenocrysts of plagioclase,

The neck exhibits a striking topographic form, It consists
of a light gray spire about 150 feet in height whose shape is
strongly controlled by foliation attitudes (Figure 11).

About 2 miles north of the Ruby camp lies another small
rhyolite plug. This intrusive mass is 250 by 800 feet in plan with
the long axis oriented nearly north-south. It has been obsecrved
intruding‘only the Cobre Riage tuff so that its relationship to other
rock units is unknown,

The rock-comprising the plug is far more silicious than the
other'Tertiary rhyolite .in the Oro Blanco district and may be unre-

lated to the Tertiary rhyolite, In hand specimen the rock is a



Figure 11.

Volcanic Neck Composed of Tertiary Rhyolite

This forms the prominent spire in the central part of
the photograph. Dark colored hills in background are
underlain by Montana Peak Formation. Light colored
hills in background are composed of Atascosa Formation.
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yellowish-brown quartz porphyry having a very strongly silicified
aphanitic matrix, Quartz phenocrysts 2 - 4 mm in length arc generally
the only visible phenocrysts. Locally the rock is strongly iron-

stained from the weathering of a small amount of disseminated pyrite.



STRUCTURE

District Structure

The structurc of the Oro Blanco mining district is character-
ized by large displacement normal faults which cut southwestward-
dipping sedimentary and igncous rocks of pre-Tertiary age. The faults
have threc dominant strikes, north-northeast, northeast, and north-
west, Nearly all are normal faults or high angle reverse faults that
have very small strike-slip components of movement aﬁd displacements
ranging up to 10,700 fcet. Most of the movement on these structures
took place during the Laramide orogeny, but minor latc displaccments
arc at least as young as mid-Tertiary,

Other structural features in the district include several

open southward-plunging folds in the Oro Blanco formation,

North-Northeast Faults

2]

Faults having a north-northeast strike arc most abundant in
the central and eastern parts of the Oro Blanco district. The strikes
range from N 0 to 30° E in general, although some of these features
bend eastwards on their southwestern ends to form curved traces that
arc concave to the east (Figure 3). Dips are steep, gchcrally over
70 degrees, both castward and westward.

Faults of this orientatiqn arc.thc oldest in the district,
They offsct all of the pre-Tertiary rocks, but have larger apparent
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dispiacemcnts in the Cobre Ridge tuff than in the overlying Oro Blanco
formation, The bedding attitudes in the Oro Blanco formation and
the underlying volcanic rocks arc similar so that somec displacement
must have occurred prior‘to deposition of the Oro Blanco formation.
This relationship may be seen on the fault which lies in the north-
northeast~trending part of Warsaw Cényon (Figure 3).

With few exceptions the relative movement on the north-north-
cast faults is castern side relatively downthrown. The first period
of movement on these structures was before deposition of the Oro
Blanco formation so that it must have preceded the southwestward
tilting of the units, Thus, what may have been a normal fault prior
to the 60 to 70 degrec tilting may now appear to be a strike-slip
fault,

The most recent movement on the north-northeast striking
faults is older than the Sidewinder quartz monzonite, but younger

than the emplacement of the Ruby diorite.

Northeast Faults

Northeast faults are very abundant in the northern and west-
ern parts of £he district (Figurc 3). They are especially common in
the Oro Blanco formation in-the area of the Oro Blanco secttlement.
Generally these are steeply-dipping normal faults having the north-
Wes£ sides relatively downthrown, They are younger than the ini-
tial movements on the north-northeast faults, but significaﬁtly
displace rocks no youngér than Ruby diorite. These faults clearly

have experienced at least two major periods of movement and one



minor very young period of movement. The two major periods of move-
ment are separated by large displacements along northwest faults,
The iargest observed displaccment on a fault of this orientation is
on onc which passes just south of Oro Blanco scttlement, This fault
shows cvidence for two periods of movement. The block of Oro Blanco
formation that lies on the southwest slope of Cobre Ridge (Figurc 3) -
could reach its present position only if movement occurred on the
northeast fault prior to repetition of the section by the northwest
fault that is now occupied by a large rhyolite intrusive body. On
the other hand, the northeast fault clearly offsets two large dis-
placement northwest faults,

Using only a normal component of movement, which is recason-
able from the apparent displacements of opposite dipping beds, this
northeast fault has a total displacement of about 10,700 feet, most
of which preceded the development of the northwest faults,

The final movement on the northeast faults is at least young-
er than the emplacement of the Tertiary rhyolite dikes. Such move-
ments have slightly sheared a large body of rhyolite on the west
slope of Cobre Ridge., Other evidence for late movement on thesc
structures is the shearing of ore zones and Sidewinder quartz monzo-

nite dikes by faults of northeast strike,

Northwest Faults
Large displacement northwest normal faults lie in two belts
in the Oro Blanco mining district. The northern belt lies on the

northeast slope of Cobre Ridge and extends from the southwestern
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slopc of Montana Pcak to the Altar Valley, 17 miles to the northwest.
At both ends this structural zone is covered by younger rocks and
alluvium so that its total extent might be much greater. The southern
belt lies on the southwestern slope of Cobre Ridge within a large
swarm of Tertiary rhyolite dikes., This zone extends at least from the
International Boundary to the Altar Valley. A structural zone of
like trend and possessing rhyolite dikes similar to those in the
svarm has been secen by the author in the Mildred Pecak area in the
Baboquivari Mountains, These dikes lie on the northwestward pro-
jection of the zone at Oro Blanco. If this in fact is the same
structural zone, then it would extend over a distance of more than
32 miles,

The northern belt consists of two large normal faults and
several minor faults which scem to be branches of the major ones.
Both major faults strike northwegt and.dip at moderate angles to
the northeast., The more northecasterly fault strikes from N 70° W
to N 15° W and usually dips ;8 to 70° northeast, although a few
steep southwest dips have becn found, This structure splits at
the southecast end with one branch forming the Montana vein and the
other passing along California gulch; The southwestern fault.
‘strikes N 30° W to N 53° W and dips from 40 to 90° northeast., The
noftheastern fault has a stratigraphic throw of about 6,900 fecet,
whereas the southwestern one has a stratigraphic throw of over
10,000 feet. The latter figure ma§ be in error however, becausc of

possible undetected repetition of the Cobre Ridge tuff section by
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normal displacement along Sidewinder quartz monzonite dikes., If such
repetition has taken place then the stratigraphic throw may be some-
ﬁhat less than 10,000 feet, The actual net slip on these faults is
about the same as the stratigraphic throw, Only a small component of
strike~-slip movement in a left lateral scnse is evident on these
structures as is shown by the positions of the necarly north-south
steeply~dipping western contact on faulted segments of the Ruby dio-
rite,

The southern belt contains a greater number of faults, but
they are mostly of relatively small displacement comparcd to those of
the northern belt, The stratigraphic throw across the total width of
the southern belt is about 8,300 feet with the northeastern side rela-
tively downthrown, The displacement of the folded limestone member of
the Oro Blanco formation just souéheast of Baftlctt Mountain
(Figure 3) again shows that the movement on the faults is mainly\
dip-slip with only a minor sErike-slip component.,

Faults of the southern belt are more poorly exposed.than
those in the north so that fewer direct observations of their dip arec
possible. Nevertheless faults of the southern belt in general scem
to dip more steeply than those in the northern belt, Dips range from
50 to 90°.with dips about 80° being most common. In addition many
small displacement faults in this belt are now'occupicd by Tertiary
rhyolite dikes which dip vertically or steeply northeastward,

Some of the nbrthwest-striking faults, espccially those in

the northern belt, have experienced rencwed movement which post-dates
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the cmplacement of the Sidewinder quartz monzonite dikes and dis-
places slightly units as young as the lower dacite_tuff member of
the Montana Peak Formation., The displacement is gencrally in the
same rclative sense as the older movements but much smaller, only a
few tens of feet at most. It is recognized by shearing of Sidcﬁindcf
dikes and by‘brecciation of mineralized zones that post-date the

carlier movements.
The relationships of the northwest-striking faults to the
various rock units in the district are summarized on the Interpre-

tative Geologic Cross Sections (Figure 12).

Folds

Broad open folds arc fairly common in the Oro Blanco forma-
tion. Such structures are best developed on the lowlands surround-
ing Oro Blanco scttlement, Herec the Oro Blanco formation has been
folded into a fairly open southwestward-plunging anticline and syn-
cline, On all sides of the Ruby diorite exposurcs southcast of Oro
Blanco settlement the scdimentary rocks bend to conform to the intru-
sive contacts. Northwest of Oro Blanco the beds maintain é fairly
uniform northwest strike interrupted only by drag along northcast
faults, A similar situation exists in the area ncar Bartlett Moun-
tain where the many faﬁlted{scgments of the diorite-Oro Blanco for-
mation contact:are conformable to folded bedding in the sedimentary
rocks, These spatial relationships of folds to the diorite suggest
that the folds owe their origin to forccful emplacement of the |

dioritce,
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In the southcastern part of the district the actual cause of
folding is obscure. Here a tigh@ diapiric anticline in the limestone
member of the Oro Blanco formation has pierced a warped, but unfolded
sequence of overlying sandstones and siltstones (see Figure 3, section
20,T 23 S, R 11 E), The limestonc has been folded into a tight south-
cast-plunging syncline and a tight necarly isoclinal diapiric anticline
that also plunges southeast, Beds of sandstone underlying the lime-
stonc arc only gently folded and those ovcrlying it within the core
of the syncline are unfolded., Abundant cut and £ill structurec in the
sediments overlying the limestone indicate no overturning of the beds
nor any significant change in the attitudes of the beds, No faults
have been observed between the limestone and overlying units so that
the limestone must have intruded across the overlying beds to form a
diapiric anticline, |

Minor folds are fairly common in the finer grained beds of the
Oro Blanco formation particularly in the north central part of section
17, T 23 S, R 11 E (Figure 35. llere purple siltstoncs and fine-grained
sandstones have been crumpled into a very chaotic mass of small folds
which seem to have no rclationship to nearby faults or intrusive
bodies, Perhaps these folds as well as the diapir discussed above

were forméd by gravity sliding during southwestward tilting of the

beds.,

Recent Structure

Only onc structural feature scems to have formed in Recent

time within the Oro Blanco district., This is a large landslide



block involving thec upper two members of the Montana Peak Formation

on the west slope of Mule Ridge., Here a slide block measuring 2,600
feet by about 1,300 feet in plan has slid an estimated 200 feet down
the escarpment of Mule Ridge. Several other slide blocks were obser-

ved along this escarpment, but these are very small,

Regional Structure

In an attempt to determine the causes for the large displace-
ment faulting in the Oro Blanco district the author undertook a
reconnaissance investigation of the geology of sclected parts of
western Santa Cruz County and south-central Pima County. This invol-
ved compilation and field checking of existing geologic data, as well
as regional geologic mapping to fill in critical areas not covered by
previous work, In addition photogeologic interpretation was used to
obtain the attitude and distribution of the relatively flat-lying
Tertiary rocks.

The areas investigated include parts of the Cerro Colorado,
Pajarito Mountainé, Guijas Mountains, and the Oro Blanco Mountains,
Bricf visits werc made to the western side of the Sicrrita Mountains
and the cast central Baboquivari Mountain; to examine the stratigra-
phic sections, Figure 13 is a compilation of all published data

modified and subplimented by the author's own observations,

Fraguita Peak Area, Oro Blanco Mountains
The geology of the Fraguita Peak area was mapped by Reed

(1967) during a study of the structure and petrography., This arca
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adjoins the present study on the northwest. Reed interprets the
arca as being composed of Cretaccous(?) sedimentary rocks which have
been intruded by a lafge mass of Tertiary(?) quartz latite. Reed
mapped no large displacement faults, but explains the outcrop patterns
by stating that the quartz latite intruded the Oro Blanco Conglomerate
cven though the conglomerate consists of pebbles of the quartz latite.
A brief reconnaissance of Reed's map area reveals that the quartz
latite does not intrude the conglomerate, Instead thec conglomerate
lies upon an ecrosional surface on the quartz latite, The outcrop
pattern shown by Reed has been produced by repetition of the strati-
graphic section by northwest-striking, northeast dipping normal
faults, These faults have offset oider northeast faults and in turn
have been offset by younger northeast faults. Secveral of thesc faults
have been observed in the ndﬁerous prospect pits within Reed's study

arca,

In the southwest part of Réed's mapped arca is a swarm of
Tertiary rhyolite dikes thatwis very similar to thosg in the swarm of
the present study area, These are merely a continuation of the same
dike swarm, A further continuation of this swarm is visible onvaerial
photographs 2-1/2 miles northwest of Reed's map area, These dikes‘
arc sketched on Figurec 13; |

In summary the same structural pattern is manifest in the

area directly northwest of the Oro Blanco district,



Las Guijas Mountains
The Guijas Mountains lie north of the village of Arivaca seven
miles north-northwest of Oro Blanco settlement. The range consists of
a éouthwestward tilted block of Cobre Ridge tuff that is overlain by
Oro Blanco formation and intruded by a lcucogranite or quartz monzo-
nite at the northwest end, The granite is.older than the Oro Blanco
formation and may correlate with the Warsaw quartz monzonite.

Most of the range consists of a single block of Cobre Ridge
tuff that is bounded on the south by a slightly sheared depositional
contact with overlying Oro Blanco formation, and onAthe north by a
major northwest fault contact with Oro Blanco formation sandstones
and siltstones, The fault marking the northern edge of the block
has a minimum stratigraphic throw of 11,000 fecet, reclatively down-
thrown on the northcast, On the northeast corner of the range and
in a group of unnamed hills cast of the Guijas range arc other
faulted blocks which exhibit the same southwestward-dipping strati-
graphic section, that is, Cobre Ridge tuff overlain by Oro Blanco
formation, These likewise have been emplaced by large displacement
northwest-striking faults having the northeast side relatively
downthrown,

Except for the apparent lack of‘major northeast faults, the
structure of the Guijas Mountains is quite similar to that at Oro
Blanco. This is not to say that the northeast cross faults arc not

present in the Guijas range for the numerous northeast veins would
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rcefute this, Instcad this direction is merely more subdued here than

it is to the southeast,

Pajarito Mountains

The Pajarito Mountains lie about 8 miles southeast of the Ruby
camp. They are a northwest-trending range consisting of ash flow tuffs
that are here correlatcd'with the Cobre Ridge tuff, Nelson(1963)
studied the southeastern end of this range in the Pcfia Blanca and
Walker Canyon arcas, He finds that the tuffs dip northeast and arc
overlain by Oro Blanco Conglomeratc that also dips northeast, The pre-
sent author made a bricf visit to this arca and found that at least
the.tuffs on the northern flank of the range are dipping southwest
instcad of northeast as indicated by Nelson, The foliation measured
by the author is only sparingly developed and consists of slightly
flattened inclusions and punmice fragmenté indicative of incipient
welding, It seems that the northeast-dipping foliation attitudes
shown by Nelson may be the attitude of a very strongly developed
sheceting that the author observed in Pefia Blanca Canyon, Sparse
cutaxitic structure in the tuff along a jeep trail 2 miles west of
Nelson's map area and along the Ruby road indicates that the tuffs
do indeed dip southwest, The bedding in the overlying sedimentary
rocks in general dips northeast however, similar to that shown by
Nelson at Peha Blanca,

Nelson éhows one northwest-striking fault downthrown on the
northeast in the arca just south of Castle Rock (Figure 13) and

indicates in his report that a major fault of this orientation may
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lie along the Ruby road at the north cdge of the Pajarito Mountains,
The other major fault direction shown by Nelson is represented by a
serics of mineralized northeast fissures.

The large angular discordance between Oro Blanco formation

and the underlying tuff presents a serious problem to working out the
structural history of the region. It rcquires that the tuffs be
tilted prior to deposition of the conglomerate, whereas the same amount
of tilting occurred at Ruby only after deposition of the conglomerate,
It further requires a northecastward rotation after deposition of the
conglomerate that is contrary to the rotation of the beds scveral
miles northwest along strike, Nelson(1963) states, regarding the con-
tact betwcen the Pajarito lavas and the Oro Blanco formation, p. 24:

"An irregular layer of silicified tuff locally separates

the Pajarito lavas from the Oro Blanco Conglomerate. This

tuff layer probably was deposited upon an old erosion sur-

face of the lavas, as its thickness varies greatly in

different exposures, The tuff is usually apple-green with

scattered patches of pink, and is cut by many veinlets of
vuggy quartz,"

Another intcrpretati;n of this tuff zone on the contact is
that it is a silicified fault breccia, No similar tuff zone has been
found anywhere in the Oro Blanco district, It is possible that the
exposures of Oro Blanco Conglomerate and the overlying fine-grained
bcds.form'the allochthonoﬁs block of a gravity glide sheet that has
beenAdisplaccd'oup over oppositc dipping volcanic rocks. The con-
tacts betwecen the Pajarito lavas and the conglomerate observed by

the author have been very poorly cxposed so that the presence of a

fault could not be ascertained. Such a flat-dipping fault could



86
explain very well the discordance of dips between the conglomerate and
the volcanic rocks. Certainly more work needs to be done before this

problem can be solved.

Cerro Colorado Mountains

The geology of that part of the Cerro Cdlorado Mountains whi;h
"is underlain by Mesozoic rocks has been described by Jones(1957) and
DavistlQSS). The author visited only a small part of this area so that
the geology shown for this area in Figure 13 is mostly the work of Jones
and Davis. Rocks exposed here include a quartz latite éuff which
probably correlates with the Cobre Ridge tuff, a thick arkosic sand-
stonc unit apparently intcrbedded with the tuff, and an overlying se-
quence of conglomerate with minor limestonc and shale. Much of the
areca has been covered with a mantle of Tertiary(?) andesite. In the
eastern part of the district the volcanic rocks and inteibeddcd sand-
stone strike north-northwest and dip steeply southwest similar to that
in ranges to the south. Davis, who worked in the western part of the
Cerro Colorado district, shows no attitudes in either the volcanic or
sedimentafy rocks although it is very probable that they too dip to-
wards the southwest. Faulting in the Cerro Colorado district is along
northwest and northecast directions similar to that in the south, but a

nearly east-west direction of faulting is present here as well.

Sierrita Mountains

" A large area on the vest side of this range has been studied

by Thoms(1965). A highly gencralized map of Thoms' work is Figure 14.



,amznlxz‘,nu’

——SYMBOL S—

—— Contact

— - FQuy |t

—A . 0 Thrust Foult

2~ Bedding
>~ Foliation

EXPLANATION

* Late Cret
Quaternary Aliuvium ! ‘l In:rusi:eacl::g:s

Late Tertiary
Extrusive Rocks

Cretaceous
Volcanic Rocks

=R

M[m:[m E?.::Zu;f,'em{{gc., m Tascuela red beds

- Tertiary Dikes

Cretaceous-Tertiary D Nevadan (7) —_— N
Volcanic-Clastic Rocks Intrusive Rocks

Paleozoic Rocks

Figure 14. Geologic Map of the Tascuelo Area, Sierrita Mountains (Thoms, 1965)

Ox Frame volcanics &
Sunshine Fm.

N

2000 1000 0 2000 4000 FEET
- -~ —____]




88
Thoms rccognizes a thick volcanic sequence containing quartz latite
tuffs and welded tuffs that both megascopically and microscopically
resembles the Cobre Ridge tuff, Overlying this is a ﬁcbblc and boulder
conglomeratc that in turn is overlain by a thick succession of maroon
sandstones and siltstones that may correlate with the Oro Blanco forma-
tion, This sequence has becen steeply tilted to the west-southwest and
cut by northeast and north-northwest faults, In addition, Palcozoic

rocks have been thrust southwestward over the Mesozoic rocks.

Baboquivari Mountains

The desozoic rocks here consist of a thick succession of weak-
ly metamorphosed quartz latite porphyry flows and tuffs with inter-
bedded arkosic sandstones, a thick overlying conglomerate, and a thick
succession of maroon and green sandstones and siltstones. As in the
neighboring ranges the formations have been tilted moderately to
steeply to the southwest and cut by northwest and northeast faults,
Again the northeast faults arc the younger (sce Figure 10)., Another
structural feature of interest is the swarm of Tertiary rhyolite

dikes that is probably the continuation of the swarm in the Oro

Blanco district.

Discussion of Regional Structure
The brief geological sketches given above for several of the
mountain ranges near the Oro Blanco mining district indicate that

these ranges and the Oro Blanco district have a number of significant
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1)

2)

3)

4)

5)

6)

89

features in common, These are:

The presence of stratigraphic units which are very
similar in appearance, composition, thickness, and order
of deposition,

The units have all been tilteﬁ to the southwest or west-
southwest at moderate to steep angles, |

Faults of two major strikes dominate, northwest and north-
cast,

Generally the northeast faults have displaced the north-
west faults, |

Extensive repetition of the stratigraphic section has
occurred in some of the ranges through large displace-
ment on normal faults,

Although one thrust fault is known and minor folds arc
present in a few areas, the dominant mode of rock failure

has been by normal faulting,

A very homogencous structural pattern thercfore is present in

the' Mesozoic rocks within a large part of southern Pima County and

Santa Cruz County, Figure 15 is an overlay of the Pima and Santa

Cruz County Geologic Map (Wilson, Moore, and O'Haire 1960) showing

attitudes in Mesozoic and Palecozoic rocks and the traces of major

faults,

The data for the map have been compiled from numerous

- sources but mostly from University of Arizona theses. In compiling

the map an attempt was made to establish the dominant structural
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attitude of bedding (or foliation, in the case of volcanic rocks) for
cach mountain range, Those areas where complex folding has occurred
have been left blank, The data in the southwest are sparsc duc to lack
of work in the Papago Indian Reservation,

No attempt has been made to distinguish Tertiary faults from

‘those that are older. It has been assumed that most major faults have
been active over a large span of geologic time, so that many of the
Tertiary faults may have been active in Mesozoic time, In preparing
Figurc 15 no effort has been made to rotate out tilting causcd by
Tertiary structural activity,

Scveral points are apparent from examination of Figure 15:

1) The area can be divided roughly along a northwest line
into two homogencous domains, one having generally north
and ecast dips, the other having generally south and west
dips. -

2) The dominant directions of fault strikes are northwest
and northeast, B |

3) In the southwestern domain the northwest faults are
generally downthrown on the northeast whereas in the
northeastern domain the northwest faults are downthrown
on the southwest,

4) Attitudes in Cretacecous rocks in the Santa Rita Moun-
tains near Patagonia suggest that the division between

the two domains is really the crest of a dome. A
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similar conclusion is reached for the Roskruge Mountains-
Dobbs Buttes arca also on the dividing line where the
structure has been defined as a broad southeast plunging

dome (Arizona Geological Society 1955, p. 255).

Origin of District and Regional Structure

Any hypothesis for the origin of the geologic structure of the
Oro Blanco mining district must also explain the similar structural
patterns that have developed on a regional scale, The hypothesis must
also explain the symmetry shown by the two structural domains as de-

scribed in the four points in the preceding section.

Importance of Crustal Tension

Considerable crustal cxtension is apparent in the region be-
tween the International Boundary and the Cerro Colorado Mountains., The
geology along a cross scction trending at.right angles to the strike of
the northwest faults is sufficiently well known in the arca from the
Cerro Colorado Mountains to the International Boundary to enable onec to
calculate the amount of crustal extension caused by the faulting,
Three major northwest fault zones are ipvolvcd in making this calcula-
tion, two of them in the Oro Blénco district and one at the northeast
edge of the Guijas Mountains, The stratigraphic displacement on these
faults totals about 36,000 fect over a line of section 15 miles in
length, All of the faﬁlts are downthrown in the same sense, that 1is,
on the northeast side, In general the roéks cut by the faults strike

parallel to the northwest faults and dip at nearly right angles into



the faults, The faults have been shown to have small strike-slip
components of movement, Using these conditions one can state that
the net slip on the faults is about the same as the stratigraphic
throw, that is 36,000 feet. Using an average northeastward dip of
50 to 60° for the faﬁlts onc obtains a lateral extension of the sur-
face of 18,000 to 23,000 feet over a distance of ls.milcs, a 23 to
29 percent extension of the upper crust, Laterally directed crustal
tension (or at least a reduction of the lateral stress to a value
less than the vertical stress due to gravity) must have been active
here to produce such large extensions of the crust and scems to be
responsible for the formation of the large displacement normal

faults,

Evidence for Doming and Collapse

Two areas shown in Figure 15 lie on the boundary between the
two structural domains which suggest the presence of a dome, the
Roskruge Mountains and the Santa Rita Mountains. The Roskruge Moun-
tains have been described in the literature (Arizona Geological
Soc;cty 1955, p. 255) as being a geﬁtle southeast plunging dome, In
the Santa Rita Mountains the flat beds which reverse their direction
of dip ovgr,the domain boundary suggest a dome here as well, In
addition the direction of dip of the rocks in both of the domains
is consistent with a domal structure. But examination of the Pima
and Santa Cruz County Geologic Map (Wilson, Moore and O'Hairc 1960)

reveals that there is no core of older rocks in this apparent domal

structure. Instecad there is extensive repetition of the
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stratigraphic scction as onc approaches the crest of the structure
from either the northeast or the southwest side, Some of the repe-
tition of the section has been caused by collapse on northwest faults
such as those in and near the Oro Blanco district, but much of it has
probably been caused by faults of similar oricntation that lie buried

beneath valley £ill between the individual mountain ranges. The pic-
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ture that emerges is one of a domal uplift which has collapsed to such

a degree that therc is virtually no net structural relief between the

flanks and the crest.

Mechanism for the Formation of the Structural Pattern

There scems to be two possible ways by which the structural
pattern of Pima and Santa Cruz Counties could form, by collapsec of
a domal arca or by collapse resulting from regional crustal tension,
Both mechanisms involve doming and collapse, however the cause and
cffect reclationships for the two mechanisms differ. In the case of
a collapsed dome, tension responsible for collapse results from
arching ofAthe dome, In the second casc the dome is the result of
intrusion by magma and isostatic rise of the area during and after
the faulting, Were it not for collapse the first case would result
in a dome many times the size of that developed in the second case,

A few simple calculations reveal the magnitude of doming re-
Quired to produce the necessary amount of extension of the surface,
The width of the apparent dome is fairly well represented by the
arca shown in Figure 15, Northeast of the af;a shown in Figure 15

the structural pattern changes, Therefore the width of the dome is
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approximately 100 miles or 167 km. If onc uses a crustal thickness
of 30 km and an average surface extension of 25% over the full width
of the dome, a dome héving a radius of 120 km at the basc of the crust
is required. This domal feature if uncollapsed would have a structural
relief of 25 kilqmeters. Certainly no dome of this magnitude would
remﬁin uncollabsod. Collapse would take place simultancously with the
upward warping at the base of the crust. A considerable decrease in

upper mantle density would be required to cause the necessary amount of

uprarping, for which there scems to be no adequate causc.
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- The author favors the sccond.cxplanation, that of regional
crustal tension, (discussced below) although both mechanisms would pro-
duce the same result, Recent studies on the problems of sea floor
spreading based upon studies of the ocean basins point to the signifi-
cant lateral expansion of the sea floor near the East Pacific Rise and
the Mid Atlantic Ridge. A number of workers including Menard(1964)
have suggested that the East Pacific rise which vanishes benecath the
North American Continent on its northw;;d trend, and whose projected
path passes through the Basin and Range Province of Arizona, may be
responsible for the abundant magmatism and faulting in the Basin and
Range Province. The addition of material from great depth in the'
mantle to the region near the base of the crust, if localized along
a relatively narrow region would causc a zone of crustal tension,
An addition of material could be caused by the presently popular
mantle convection currents or by a localized relief of stress caused
by an expanding earth, The latter explanation has recently been
discussed by Egycd(1957) and seems to be the more reasonable expla-
nation based on the limited knowledge we have of tﬁe‘carth's mantle.
The sccond possible explanation for the observed structure
is that of reéional crustal tension in which tensional stress, or
at least a reduction of the lateral stress to considerably less than
the vertical has been localized by a linear crustal weakness. In
the case of Pima and Santa Cruz Counties the line sepdrating the two

structural domains is considered to be the approximate site of such

a zone of weakness.,



Early in the development of the structural features the ad-
dition of material at great depth beneath the zone of weakness may
have initiated a small amount of doming at the surface. This might
account for the gently domed areas that lie on thc.linc separating
the two structural domains, Another more likely explanation for
the doming is tﬁat plutonic masses intruding upwards along the zone
of crustal weakness have caused the doming, It should be noted that
the line between the two domains is the approximate center of several
Laramide granitic batholiths, such as in the Patagoﬁia, Santa Rita,
and Sierrita Mountains,

On the western side of the Sierrita Mountains an overthrust
sheet seems to have developed by thrusting upwards and off to the
side of the plutonic core of the range attesting to the forceful
intrusion of the granitic masses, As the degrec of crustal extension
increased in a direction perpendicular to the line separating the two
structural domains, gravity €au1ts would form in which the dominant
direction of displacement would be downwards toward the initial zone
of weakness, If the extension continued long cnough, faults would
form at progressively greater and greater distances from the center-
line, It is recadily apparent that in such a collapse structure the
existence’of planar fault surfaces would result in little tilting of
the beds except for antithetic rotation of a few degrees such as is
commonly observed on the edges of grabens, In addition some tilting
would come about by iéostatic uplift of the arca of the subsided

blocks. In order to produce the more steeply tilted blocks shown in
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Figure 15, it is nccessary that the fault surfaces be curvéd and con-
cave towards the center of the collapse feature, If all of the fault
surfaces are curved to the same degree however, the beds in the faplt
blocks near the center will dip much more steeply than those in blocks
on tﬂe flanks becausc of progressive formation of the faults outwards
from the center. In Figure 15 no such increase in dip‘is observed
near the center of the structure, Instead the dips arc very uniform
over much of the width of the flanks. This uniformity of dip could
be produced oﬁly if the faults necar the center arc nearly planai and
those far out on the flanks arc curved as illustrated in Figure 16.

A highly generalized scquéncc of formation of the collapse structure
is summarized in Figures 16A through 16D,

No mention has yet been made here of the role of the north-
east-striking faults that are prevalent throughout much of Pima and
Santa Cruz Counties, These structures are generally younger than the
northwest-striking faults and may be caused by differential uplift
and sinking of sections of the collapsed area, possibly the result of
isostatic adjustments, Blocks within the collapsed zone which were
either rising of sinking would be free to move at their northeast and
southwest sides, but not on the northwest and southeast sides., It is
on the noéthwest and southeast sidés that shear stresses would develop
and favor the formation of northeastfstriking faults, In addition the
strong northeast trending structural grain in the Precambrian basement
rocks tWilsoh 1962, p. 12) would further favor the formation of the

northeast-striking faults,



Figure 16. Formation of Collapse Structure

A,

The region is subjected to lateral extension
along a northeast line, Initial fracturing
is concentrated along a northwest-trending
zone of weakness in the basement rocks.




Figure 16, Formation of Collapse Structure--Continued

. B L]

As extension continues, a graben forms followed

by additional dropping of blocks progressively
farther away from the zone of weakness. Release

of pressurc duc to extension promotes melting of
rocks decp in crust, The resulting anatectic
magma migrates upwards under buoyant forces,

" Rocks overlying the rising magma are arched and

thrust aside. Isostatic risc of central part of

collapse structure as well as doming by magma
tilts the beds.
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Figure 16, Formation of Collapse Structure--Continued

C.

As the extension becomes greater, more magma
is generated and mobilized., Faulting down-
wards towards the center continues, Faults
form at the outer cdges of the collapse
structure which are concave towards the
center. Movement along thesc features .

causes additional rotation of previously
tilted beds, ) :
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Figurc 16, Formation of Collapse Structure--Continucd

D.

The northeast faults form or are reactivated
after most of the movement on the northwest
faults has ceased, These faults are probably
caused by isostatic adjustments of the blocks
in the collapse structure after the lateral
extension has ceased. Erosion of the collapsed
arca results in a dome-~like structural pattern
characterized by moderate dips and negligible
net structural relief from flank to crest,
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Age of the Collapsc Structure

Detailed study of the reiationship of major faulting to the
various rock units revcals that the age of the fault displacements
is'Late Cretaceous to Early Texrtiary (Laramide)., Although much of
the normal faulting in southérn Arizona has been ascribed to the Mid-
Tertiary Basin and Range orogeny by previous workers, the bulk of the
evidence gathered by the present author indicates that the Basin and
Range structure of southernmost Arizona was formed in the Laramide
orogeny and that only minor adjustments occurred in Mid-Tertiary
time, Jones(1966) reaches a similar conclusion for the southeastern
part of Arizona in the Tombstone Hills and Mule Mountains,

The Pima and Santa Cruz County Geologic Map (Wilson, Moore,
and O'liairc 1960) shows several arcas where Tertiary rocks have
been tilted such as in the Tucson Hountains and the Sierrita Moun-
tains, It is possible that some of this tilt can be ascribed to the
coilapse structure, but the author feels that most of this is due to
other causes,

In view of the relatively homogencous nature of the two
structural domains shown in Figure 15 and the similarity of the ge-
ology of many ranges in southern Arizoﬁa to the Oro Blanco mining
district, it seems very probable that the collapse structure forhed
ﬁainly during the Laramide orogeny as did the faults at Oro Blanco.
Thié illustrates once again that the Laramide orogeny of southern

Arizona was not characterized mainly by lateral compression, but by
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reduced lateral stress and gravity effects. Previous workers,

notably Mayo (1966) and Jones(1966) have reached a similar conclusion.

Relationship of Lincaments to Southern Arizona Structure

In recent years fhe subject of lineament tectonics in Arizona
has been discussed by several workers, ﬁotably Mayo (1958), Schmitt
(1966), and Wertz(1966)., These authors describe and comment upon the
linear alignments of structural features and their relationship to
orc deposits, Mayo(1958) describes three northwest-trending line-
aments in the Basin and Range province of Arizona, the Walker lane
zone in southwestern Arizona, the southwest Arizona belt in the cen-
tral par£ of the Basin and Range province, and the central Arizona
belt ncar the northeastern edge of the Basin and Range province.

One of the lincaments, the southwest Arizona belt, secms to
coincide with the line sepﬁrating the two structural domains shown
in Figure 15, As noted previously a group of Laramide plutons also
follows this line. Potassium-argon dates on the plutons by Damon
and Mauger (1966) are in the range of 53 to 73 million years in age.
The southwest Arizona lincament is here considered to be the north-
west-trending zone of weakness along which the collapse structure
of Pima and Santa Cruz Counties formed (Figure 16). Like most
lincaments this zone probably is an ancient deep-seated zone of
weakness in the basement rocks that has influenced the younger
struc;ural development of the area,

Mayo(1958) recognizes onc other major lineament that seems

to have some influence upon the collapse structure, This he terms
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the Morenci belt. The Morenci belt extends in a northeasterly
direction through southern Arizona and crosses the collapse structure
near the Pima County-Pinal County line (Figure 15). This crossing is
evident from the'sharp right laferal offset in the boundafy between
the two structural domains, by a change in foliation attitudes, and

by two northeast-striking faults,

Origin of Southern Arizona Basin and Range Structure

Wertz (1966) proposes that the Basin and Range province owes
its structure to a modified anticlinorium produced by regional
compression and subsequent stress relaxation. He states, p. 26:

"Roughly oriented north-northwest at many places, the very
irregular and complex, clongated blocks of outcrops in
the Basin and Range province, apparently represent frag-
ments of anticlinal folds belonging to a large anti-
clinorium., There may thus have occurred a subsequent
release of the compressional stresses, resulting in ten-

sion faults along the outcrop blocks, together with a
collapsc of the adjacent synclinal blocks."

Evidence obtained by the present author rules out the
formation of Basin and Range stfucture by regional compression, If
the mechanism suggested by Wertz is correct then the individual
ranges of southern Arizona should be characterized by relatively
symmetrical structure, th;t is, they should be anticlines or domes,
Instead tﬁe data in Figure 15 indicate that most of the ranges afe
faulted homoclines except for those lying on the line separating
the two sides of the collapsec structuré. If folding under regional

compression has taken place then fragments of the large folds should
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‘be readily apparent. Observation indicates that the dips in the ranges
are similar over large arcas so that large scale folding is ruled out,

Examination of the Arizona County Geologic Maps (Wilson, Moore,
and O'Haire 1960) indicates that northwest-trending ranges and north-
west strikes are dominant over much of the Basin and Range province
of Arizona in rocks younger than Precambrian., Although no detailed
study of arcas other than Pima énd Sanﬁa Cruz Countiés has been at-
tempted by the author, it seems likely that collapse similar to that
suggested for southernmost Arizona may be responsible for attitudes
of many northwest-striking fault blocks throughout the Basin and Range
province of Ariﬁona. Possibly the other northwest-trending lincaments
.rccognizcd by Mayo.havc served as points of ofigin for additional
collapse structures. More study is needed to determine if additional
collapsed arcas cxist and to determine their ages.,

The author proposes that the Basin and Range province of
Arizona is basically composed of several ébllapse structures having
northwest-trending axes that probably developed through the action of

vertical uplift and a northeast direction of regional C{ustal exten-

sion,

In the section Mechansim for the Formation of the Structural

Pattern, £he possible rclationship of the East Pacific risc to
southern Arizona structurc is mentioned. Lateral spreading of the
crust away from the crest of the East Pacific rise is now fairly well
cstablishcd (Guilbert and Sumner 1968). Damon and Mauger (1966) point

out the similarity of the Basin and Range province to the East Pacific
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risc in terms of topographic profile, structure, age, heat flow, and
magmatic acti&ity. They also agree with previous vorkers that the
apparent passing of the East Pacific risc beneath the North Amecrican
Continent on the west side of Mexico is reflected on the continent
as the Basin and Range province, The East Pacific rise where it dis-
appears at the cdge of the continent has a north-northeast trend. If
crustal spreading away from the crest of the rise is the cause of
regional northeast extension in southern Arizoma, then the trend of
the rise must bend to the west upon passing beneath the continent,
This change in trend is contrary to a recent interpretation of the
northwest-striking San Andreas fault system of California as a trans-
form fault (Wilson 1965) related to the East Pacific rise (Guilbert
and Sumner 1968). Such a transform fault would strike perpendicular
to the crest of the rise and require the rise to maintain a northcast-
erly strike, Morc information is necessary before this problem can

be solved,



ECONOAIC GEOLOGY

The Oro Blanco mining district is probably best known for its
gold and silver mineralization. The name of the district, literally
"white gold" in Spanish, is derived from the light color of much of
the native gold which is alloyed with a large percentage of silver.

It is the gold and silver mineralization that has led to the develop-
ment of dozens of small prospects, most of which have been totally
unproductive. The precious metals have accounted for about one-half
of the district production. The other half has been from basc metals,
principally lcad and zinc, although some copper has been rccovered as
well, From 1873 to 1949 the total recorded production in the district
is valued at about $10,498,000 (Wilson 1951). This has been recovered
mainly from onec property, the Montana minc.

With very few exceptions the precious metal showings have pro-
duced only small tonnages, but in somec cases excecedingly high grades
were encountercd. It is thesc high grade showings that have made the
Oro Blanco district the object of numerous mining promotional schemes.

Mining in the district was most active in the late 1870's
and 1880's, and again in the 1930's, In recent years sporadié
attempts have becen made to operate scveral properties in the district,

but these have met with little success.
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History and Production

The following history of mining in the Oro Blanco district

is quoted from Wilson(1951), pp. 41-42:

“Gold deposits in the Oro Blanco district probably were
worked by the carly Spaniards, American locations werc made
in 1873 on the Oro Blanco vein, The prominent quartz outcrop
now known as the Montana vein was located in the carly seven-
ties, Other locations followed soon afterward, and rich gold
orc was ground in arrastras. The Ostrich mill, cquipped with
a roasting furnace to treat refractory sulfide ores, was
built during the ecarly cighties and operated by the Orion
Company on ore from the Montana and Warsaw mines. This com-
pany obtained the Montana property and by 1884 had been
reorganized as the Montana Company, controlled by Tombstone
Mill and Mining Company.

The Warsaw mill was built in 1882 and opcrated as a custom
plant, In 1884 Esperanza llines Company built a mill to treat
orc from the Blain ledge.

From 1887 to 1893, most of the mines were inactive.

. During 1894-96 mills operated at the Austerlitz, Yellow
Jacket, 01d Glory, Oro and Golden Lagle mines,

At the Montana mine a 10-stamp mill, utilizing concentra-
tion and pan amalgamation methods to treat oxidized lead-gold-

silver ores was built in 1891 but abandoned in 1893, The Mon-

tana claims were patented in 1907 by L. Zeckendorf.

In 1903 amalgamation and cyanide mills were built to treat
gold and silver ores from properties in the district,

After 1904 little work was donec until 1912 when the
Austerlitz and Oro mines were recopened. A concentrator was
built-at the Austerlitz and operated for more than one year,

In 1916 Goldficld Consolidated Mines Exploration Company
obtained an option on the Montana property, completed a mill
using flotation, and developed the nine to about the 250 level.
It ccased operations in 1918, partly because of labor shortages
and gave up its option, '
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In 1926 Eagle-Picher Lecad Company, as Montana }Mines Opcra-
tions, took an option on the Montana property, A mill of 250
tons daily capacity, equipped to use differential flotation
methods, was completed in 1928, It was provided with an ade-
quate water supply by means of a pipc line 15 miles long from
Santa Cruz River, The mill was run intermittently until 1930.
Subsequently its capacity was increased, and extensive produc-
tion was maintained from late 1934 until May, 1940, by Eagle-
Picher Mining and Smelting Company, The Montana Mine ranked
as the largest producer of lead and zinc in Arizona for 1935
to 1939, inclusive, and third in output of silver for 1938.

During recent ycars, Hugo Miller, of Nogales, has shipped
from the Montana property lead-silver ore to the smelter at
El Paso, Texas, and lead-zinc ore to the Eagle-Picher mill
at Sahuarita, Arizona, Also, zinc-lead ore has becn produced
from the Choctaw and Lucky Shot mines; zinc-copper and copper

orc from the Horn Gold claim; and gold and silver orc from

scveral properties, as reported in the U, S. Minerals Year-
books,"

The above excerpt indicates that the first American location in the
district was in 1873, but a private recport on the Austerlitz mine by
Schermehorn(1907) indicates that this property was first located in
1865, The original locater was killed by Indians but the property
was reclocated in 1869 which would still'qualify if'as the first lo-
cation in the district,

The total recorded production from the district is as follows

(Wilson 1951):

Silver, 1909-49 4,009,527 oz. valued at §2,790,179
Gold, 1873-1949 98,142 oz, 2,623,069
Lead  1909-49 54,562,801 1b, 2,688,818
Zinc, 1917-49 38,256,989 1b, 2,061,017
Copper, 1909-49 3,152,630 1b, 334,942

$10,498,025
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Calculated at present metal prices (1969) the value of the metals
produced from the district is about $25,500,000.
Table 1 is a list of mining properties in the district which

have produced in the past or which are presently being developed,

Mineralization Typcs

Milton(1913) reccognizes phat the precious and basc metals
occur in three distinctively different types of deposits, quartz-
sulfide veins, flat-dipping silicified "blankets", and mineralized
breccia veins. Work by the present author indicates that most of the
‘mineralized arcas can be included in onc of these three types so that
Milton's classification has been retained herec,

The quartz-sulfide veins are found throughout much of the Oro
Bianco mining district, but the silicified zones and the mineralized
breccia zones occur only in a small part of this arca, The areas of
occurrcnce of each of the threé types are mutually'cxclusivc except
for some overlap between the breccia zones and the veins. The distri-

bution of the three types of mineralization is shown in Figure 17, -

Quartz-Sulfide Veins

The most abundant type of mineralization in the Oro Blanco
district is the quartz-sulfidc vein, The veins occur throughout the
district although they arc most abundant in two arecas, near the Mon-
tana minc in the northeastern part of the district, and near the
Warsaw mine in the south-central part. The veins have threc major

dircctions of strike, northwest, northeast, and north-northeast



Table 1,

Mines and Prospects of the Oro Blanco

Mining District

Name

Metals Produced

Mineralization Type

Alamo (placer)

Anniec Laurie

“Apache

Austerlitz

Big Lode (Silver Top)
Black Diamond

Brick

Choctaw

Dos Amigos

Grubstake

Hazel

Hilltop

Holden

~Idaho

Margarita (McDonaldj
Missouri

Montana

Nil Desperandum

0ld Glory (Esperanza)
Oro

Oro Blanco

gold

uranium

gold, silver

gold, silver
silver, lead, gold
lead, silver
silver, gold

zinc, lead, silver
gold, silver

gold, silver

gold, silver

lead, zinc, silver(?)

silver(?), gold
lead, zinc, silver
gold, silver

copper, gold, silver
lead, zinc, silver
copper, gold, lecad
gold, silver

copper, gsld, lecad

gold, silver

- quartz-sulfide vein

breccia vein
silicified zone
quartz-sulfide vein
quartz-sulfide vein
quartz-sulfide vein
quartz-sulfide vein
breccia vein
breccia vein
quartz-sulfide vein
quartz-sulfide vein
quartz-sulfide vein
quartz-sulfide vein
silicified zone
quartz-sulfidc vein
quartz-sulfide
quartz-sulfide
silicified zone
quartz-sulfide vein

breccia vein
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Table 1,

Name

Mines and Prospects of the Oro Blanco

Mining District--Continued

Metals Produced

Mineralization Type

112

~

Oro Finq

Ostrich

Ragnaroc

“Reich

Rubiana

Skyline
Smuggler's Gulch
Sorrel Top

Tres Ahigos
Union

Warsaw (Pittsburg)

Yellow Jacket

gold, silver

gold, silver

gold, silver

copper, silver

gold, silver, lead, copper

éold, silver, lecad
gold, silver
gold, silver
gold, silver

silver, lecad(?)

silver, gold, copper

gold, silver

‘quartz-sulfide vein

quartz-sulfide vein
silicified zone
quartz-sulfide vein
quartz-sulfide vein
quartz-sulfide vein
breccia vein
breccia vein
breccia vein
quartz-sulfide vein
quartz-sulfide vein

quartz-sulfide vein
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parallcl to the three major directions of faulting in the district. The
Montana vein, the largest in the district, strikes nearly duc west, but
is rcally an extension of a northwest-striking fault zone. Dips of the
veins arc mostly more than 40°, |

The characteristics of the veins vary considerably dependiﬁg
~upon where they lie in the district, Near the Montana and Warsaw mines
the veins gcncr#lly consist of white quartz having a high percentage of
pyrite, sphalerite, and galena, and smaIler amounts of chaléopyrite and
tetrahedrite, On the fringes of the district the color of the vein
quartz is gray or bluish-gray and the percentage of sulfides is much
less, -generally not over one volume percent.,

| The following paragenesis is consistent with all of the veins

from which polished sections have been made:

Quartz

Pyrite

Sphalerite

Chalcopyrite

Tetrahedrite

Galena

Calcite

The younger sulfide miperals occur as fracture fillings and.
partial replaccments of quartz and pyrite. Most polished sections
show extensive intergrowth of chalcopyrite and galena, In addition
chalcopyrite occurs as minute blebs in sphalerite, probably the

result of exsolution, Tetrahedrite has been observed in only two
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sections but scems to replace both chaicopyrite and galena. Warren and
Loofbourow(1932) noted that at least part of the tetrahedrite is older
than the galena,

Many of the veins have undergone a certain amount of supergene
enrichment, The principal minerals formed here are chalcocite, covel-
. lite, native silver, and the halides of silver,

Montana Mine, The Montana mine is the only property in the

Oro Blanco district thch has had a significant production over a peri-
od of several ycars, From 1928 to May 1940 the Eagle-Picher Lecad Com-
pany milled a total of 773,197 tons of orc from the Montana mine aver-
aging .06 oz/ton gold, 5.4 oz/ton in silver, 3.9% zinc, and 4.0% léad
(private rcport). The ore contained values in copper as well, but no
figures are available for this amount. Except for Eagle-Picher no one
has produced a significant amount from this property.

The outcrop of the Montana vein was loéated in the early
1870's and gold was extracted from shallow workings. It was not until
the advent of flotation that successful treatment of the complex sul-
fide ores was possible, |

The Monténa Veiﬁ has been developed to a depth of 750 feet
by a vertical shaft and nine levels that total an estimated 10,000
feet of wo;kings. In addition 5 raise connects the surface with the
585 level which was used for back-filling of the stopes., Stoping has
been from the tunnel léVCl ;o the 660 level of the Monfana vein and

from the 300 to the 400 level of the Rough and Ready vein, a faulted
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segment of the Montana vein, In addition a small stope was opened at
the castern cnd of the Montana vein by Ilugo Miller of Nogales after
Eagle Picher operations ceased,

Much of the geological information discussed below is from Qork
by Fowler(1938). The underground workings were not accessible to the
author so that examination of the mineralization was limited to the sur-
face., Figure 3 is a surface gcologic map of the Montana mine arca,

The Montana mine area is underlain principally by three blocks
of Oro Blanco formation that are separated by faults., The central
block is separated by a northeast fault from the northern block; and
the southern block is separated from the central block by a west-north-
west fault, the Montana vein, Both faults are normal faults having
their northern sides downthrown, The southernmost block contains a
part of the Ruby diorite sill which has been brought into contact
with conglomerate of the central block at the Montana vein. The
faulting has caused repetition of the southeastward dipping beds,

Mincralizétion followed the development of the two major
faults and occurs principally as replacements of sheared and
brecciatcd rock in thg westhorthwes; fault and in the conglomerate
on the hangingwall, The northeast fault apparently is not mineralized
although a'large vein has formed by replacement of a parallel shear
slightly to the northwest, the Idaho vein,

A dike of Sidewinder quartz monzonite has intruded the Mon-
tana vein at the wcstefn end and offset a segment of the vein to

form the Rough and Ready vein. Other Sidewinder dikes likewise
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have intruded the area, . These strike nearly due west and dip about
45° north, A few steeply dipping Blue Ribbon andesite dikes have in-
truded all other units in the minc area, These have been offsct
slightly by late movement on the Montana vein and several minor faults,

The Montana vein is a zone of iron and mangancse oxide-stained
.quartz that forms bold outcrops about 50 feet wide and several hundred
feet long over a strike length of nearly 3,000 fecet. Underground the
vein ranges from mere stringers to over 40 feet in width, Fowler
states that the vein is a replacement by quartz and sulfides of numer-
ous shears which dip 40° to 90° north, Individual fractures makihg up
the veins are arranged on echelon with offs;ts ahead and to the right
indicative of a left-lateral strike-slip component of movement.,

. Fractures scem to be abundant and well-mineralized only in the
conglomerate., Fowler feels that the diorite was more resistant to
shearing because wide well-mineralized zones in the conglomerate pass
into a few thin barren stringers in adjacent diorite.

The outcrop of the Rough and Ready vein is a strong contrast
to that of the Montana vein, The Rough and Ready vein consists ofAé
zone of thin quaftz veinlets that seem to be barren of mineralization,
According to Fowler this vein is barren to a depth of nearly 300 fect.

Orcbodies in both the Montana and Rough and Ready veins rake
about 45° westward, This angle of rake may be related to a mullion’
on the fault surface that developed prior to mineralizétion.

Figure 3 indicates that the Montana vein lies on a nearly east-west

part of a northwest-normal fault, Normal movement on this fault
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combined with a small left lateral strike-slip component of movement
would produce a dilatent zone in the cast-west part of the vein at the
Montana mine, Movement along a mullion on the fault surface would form
a dilatent zone wﬁich would rake westwqrd at a moderate angle, The oxre
shoots were probably localized in such a mullion,

The mineralization consists of white quartz in which vugs have
been filled with sulfide minerals, Considerable rcplacement of the
quartz by sulfides has occurred as well, The sulfide minerais consist

mainly of sphalerite, pyrite, and galena, Chalcopyrite and tetrahe- |
.drite are present but not abundant, The paragenctic sequence observed
by thc author is identical to that shown for the quartz-sulfide vein
type discussed above, In some places calcite occurs as a late mineral
that has cemented brecciated ore fragments, .According to Warren and
Loofbourow(1932) the precious metal values are in tetrahedrite nearly
to the cxclusion of the other minerals. They find that galena which
contains silver also contains minute inclusions of tetrahedritc‘that
arc argentiferous., They analyzed samples of pyrite, sphalerite, and
chalcopyrite finding that none of these contain appreciable precious
metals,

The Montana oreshopt extends from the tunnel level to the 550
level, reaéhcs a maximum length of 1,000 feet and averages 20 feet in
width., The Rough and Ready oreshoot is considerably smaller extending
from the 200 to the 400 icvels and having a maximum length of 800 feet,

The Rough and Ready vein is terminated at the 400 level by a Sidewinder

quartz monzonite dike, but the Montana vein continues beyond the bottom
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of the workings'at the 750 level, Thé Montana vein is virtually
barren of sulfides below the 550 level but very wide even at the 660
level. A geologic map of the 750 level supplied to the author by
Eagle~Picher Industries, Inc,, indicates that the quartz veining
ceasces at this level at least in the eastern end of the vein where the
~workings werc placed. Although no workings exist bciow the 660 level
at the western end of the Montana vein possibly the oreshoot is present
here owing to the westerly rake, The failure to find mineralization
on the 750 lecvel may have been due to passing out through the south-
castern cdge of the mineralized lense., .It is likely that Eagle-Picher
explored this possibility of a downward extension of orc by drilling
beneath the western end of the workings even though a longitudinal
section of the minc (Fowler 1938) showing drill holes that intersecct
the vein indicates no holes in this region.

Choctaw Minc. The Choctaw mine was first worked in 1893 by

Dr. Noon who also owned the Austerlitz mine, discussed below, The
vein has been prospected with a 200 foot inclined shaft and some later-
al work on two levels, the 15 foot level and the 160 foot level, 1In
addition, a 100 foot crosscut tunnel connects the 15 foot level with

a portal., Early production is unknown and probably small, Ninety
tons was shipped in the 1940's, a stockpile which accumulated from

- assessment work, The mineralization is ia a northeast-striking,
southcast-dipping group of quartz veins that interscct cach other

~at very small angles. The véins dip from 31 to 60 degrces south-

east, The wall rocks consist of the conglomerate member of the Oro
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Blanco formation, which is‘underlain by Cobre Ridge tuff in depo- -
sitional contact.. The bedding in the conglomerate dips at moderate
angles toward the southwest. The conglomerate is only abﬁut 200 fecet
in thickness and is overlain by black and green siltstone of the sand-
stone and siltstonc member,

The veins have a 265 foot strike length aﬁd lie only within the
conglomerate. No mincralization passcs into the overlying oi underlying
rocks although a few barren quartz stringers have been found having the
same strike several hundred feet to the northeast in the Cobre ﬁidge
tuff. At the surface the vein has a maximum width of 1-1/2 feet; at
é depth of 75 feet it sﬁells to 4 feet; and at 200 feet, the bottom of
the shaft, pinches to 17 inches (private rcport).

The mineralization consists of white vein quartz having a large
percentage of disseminated sphalerite and galena, and a small amount
of pyrite. Argentite has been reported (private report) but the author
has not seen any, The results of a sampling program conducted here in
the 1940's yield a?crages of .01 oz/ton gold, 4,1 oz/ton in silver,

7.5 percent lead and 7.6 percent zinc, Copper values are present, but
low, and are due to small exsolved chalcopyrite blebs in the sphaler-
ite,

The principal control on mineralization seems to be the favor-
able host rock, the conglomerate, which prubably fractured more readily
than the other rock types.,

Brick Mine." The Brick mine lies about 1 mile west of the Mon-

tana minc on the same fault zone. The property is credited with a



120

production of 3242,5 tons of ore averaging .098 oz/ton in gold and

18,34 oz/ton in silver (private report). The workings arc flooded at
the time of this investigation but the development is said to consist
of short drifts on 5 levels to a maximum depth of 170 fcet., Development
is limited to a distance of about 180 feet along strike,

The Brick mine is on a mineralized portion of a large displace-
ment northwest fault, The footwall of the vein ié the welded tuff
member of the Cobre Ridge tuff and the hangingwall is Oro Blanco forma-
tion. Both units dip southwards, opposite to the dircctién of dip of
fhe fault,

The outcrop of the Brick vein consists of a six foot wide zonc
of brecciated conglomerate, quartz latite tuff, and Ruby diorite that
has been cemented firstly by quartz and small amounts of sulfides, and
secondly by calcite, The vein strikes N 70° W and dips about 55° north-
east, As exposed at the surface the vein is very vuggy. Only a dis-
tance of about 300 fcet along strike has been mineralized. A few feet
northwest of the workings the quartz-cemented breccia grades into a
very gougey fault zone about 10 feet in width which is barren of
mineralization, About 200 fect southeast of the workings the vein
becomes a thin zone of barren quartz stringers. Underground the vein
is said to be mostly 4 to 12 feet in width, but rarely rcaches 18
feet,

The minéralization consists of white brecciated quartz aﬁd a
small percentage of fine-grained galena, pyrite, sphalerite, chalco-

pyrite, and tetrahedrite., In addition a few small wires and sheets
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of'nativc silver were found here by the author, Most of the vein
matter has been brecciated and recemented by large amounts of calcite,

The mineralization is concentrated in a small oreshoot that
rakes about 60° west, similar to the orcshoots at the Montana mine.
This oreshoot may owe its origin to a mullion on the fault surface,
‘but it is also possible that it has been localized by the intersection
of the northwest fault with a northeast cross fault in the footwall of
the vein (Figure 3).

‘Warsaw Mine and Reich Prospect, The Warsaw mine and Reich

prospect lie in the south central part of the Oro Blanco district in
a zone of northeast quartz-sulfide veins cutting Ruby diorite.

The Warsaw vein was located in the late 1800's. It produced
gold and silver and probably copper from the oxidized surface material,
Attempts to treat the underlying sulfide oreé werce unsuccessful, No
production figures are available for this property. Some work has
been done here in recent yéars as evidenced by a fresh orepile having
good silver and copper valucs:

The Reich prospect lies southeast of the Warsaw mine on the
same mineralized zone. The origin of the early development work here
is uhknown, but presently an attempt is being made to produce copper
and silver from the propcrfy. The mineralization is developed by a
shaft of uninown depth, several hundred fcet of drifts on an adit

level, and three winzes about 40 feet in depth., A cut has recently

been opened to cxposc the southwestern end of the vein,
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Although the mineralogy is similar to that of the Montana
vcin; the Warsaw vein contrasts sharply with it in other character-
istics., The Warsaw vein is a northeast striking, steeply dipping vein
in Ruby diorite, The vein is found mostly in the diorite and stops
at the contact with the Oro Blanco formation 6n the northeast., It scems
_to have occupied a tension fissure that formed duriné the emplacement
of the diorite sill, It consists of a zone 5 feet in width of white
quartz cut by a large nunber of pyritic stringers, and containing
disseminated sphalerite, galena, and chalcopyrite, Tetrahedrite may
be here but has not been observed by the author. Supergene minerals
include chalcocite, covellite, native silver, and embolite, Only one
sample was taken here which is from a sorted ore pile., It assayed
25.5 oz/ton in silver and .014 oz/ton in gold., This vein differs
from the Montana vein in the high content of pyrite. The Montana
vein averages about 4 percent of pyrite, whereas the Warsaw vein
generally contains 25 percent or more., Galena is less abundant here,
sphalerite about the same, and chalcopyrite more abundant,

: The Reich prospect is likewise on a northeast vein and seems
to be a faulted part of the Warsaw vein that has been offset by late
movements on a northwest fault, ‘At the Reich prospect the vein cuts
the welded tuff member of the Cobre Ridge tuff and Ruby diorite, but
is cut by three large rhyolitec dikes. ThLe southwest end of the vein
_has been cut off Sy a ﬁorthwest fault that is now occupied by a rhyo~
lite dike. The hypogene mineralization is confined to a zone of

quartz stringers and a quartz vein which pinches and swells from 0



to about 10 fcet in width, The major sulfide mineral is pyrite which
compriscs over 25 volume percent of the vein, The next most abundant
sulfide is sphalerite followed closely by chalcopyrite. Galena is very
sparsc and tetrahedrite has not been observed at all by the author,
Judging from the silver present here some tetrahedrite probably occurs,

-Gold in the vein is low, rarcly more than ,02 oz/ton.

W]

-The principal metals for which this property is being cxploited

arc copper and silver., Weathering of the pyritic vein has produced
some sccondarily enriched copper in the vein and a fairly extensive
area of cxotic copper mineralization in the wall rocks, especially in
the diorite., According to-Edward Reich (oral communication) much of
the vein assays about 6 oz/ton in silver and from 2 to 4 percent
copper., These values are probably for the‘supcrgenc enriched material,
for visual cstimatés of primary vein matter suggest about a one percent
copper assay,

Yellow Jacket Mine, The Yellow Jacket mine is one of the

earliest locations in the Oro Blanco district, The property is

credited with a production of $243,134 in gold and silver that was
recovered from 13,200 tons of ore (private report)., The ore body
was virtually worked out before 1900, The workings now are caved
but the dchlopment is said to consist of a main shaft 250 fcet in
depth that serves four levels involving about 1,200 fect of drifts
and short cross cuts, A second shaft 62 feet in dcpthvconnccts

into the upper level, In addition a 200 foot crosscut has been

driven northwest of the main shaft.
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The Yellow Jacket vein lics in a major northwest fault zone
that dips steeply northeast, The vein consists of a shear zone 10 to 30
feet in width containing blocks of dark bluish gray quartz., Rhyolite
dikes have intruded the vein and the adjacent wall rocks. The wall rock
here consists entirely of the welded tuff member of the Cobre Ridge
tuff, | |

‘Although all of the vein matter that was observed by the author
is oxidized to iron oxides and a small amount of chrysocolla, it scems
as though the percentage of original sulfides in the vein was very low,
probably not over one percent,

The Yellow Jacket vein contains a fairly large amount of gold
compared to its silver values, The silver to gold ratio for this vein
is about 9 to 1 whercas at the Montana vein it is about 90 to 1.

The reason for loéalization of the ore body is not known
because of the lack of subsurface data and poor surface exposures,

Ostrich Mine (Bartlett mine)., The Ostrich minc is developed

on the same fault zone that contains the Yellow Jacket mine but lies
about 1/2'mile to the southeast., The production from this property
is unknown, but according to production figures given by Wilson and
others(1934), p. 188, the propefty was active during the period 1873
to 1886, but has had no recorded production since this time, The
workings arc now caved but are said to consist of a 60 foot vertical
shaft, a hundred foot incline shaft, and about 100 feet of drifts
connecting the two shafts, Accordiﬁg to a private report on the
property a small amount of 3 oz/ton gold ore was shipped from the

bottom of the inclined shaft from a vein 7-1/2 feet in width,
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The gcology of the Ostrich vein is very similar to that of the
Yellow Jackef vein, The Ostrich vein consists of slightly iron and
copper-stained bluish gray quartz fragments scattered throughout a

zone of badly sheared and clay-altered Cobre Ridge tuff that is about
20 fect in width, The vein strikes N 33° W and dips about 50 degreces
‘northeast, It is slightly mineralized at several points befween the

Yellow Jacket and Ostrich mine; and in several arcas of the same vein
southeast of the Ostrich; .

On the hillside northeast of the méin vein arec scveral areas
where thin northwest-striking quartz stringers have been prospected.
Thes¢ small stringers as well as the main vein are locally very high
in grade, sometimes assaying 4 to 6 oz/ton in gold (privéte report)
and about an equal amount in silver, The values are vcry erratic,
however, so that general grade of the veins is rather low., The
average of three samples taken by the author at various points on
the main vein within a few fect of the surface is 0,225 oz/ton in
gold and .84 oz/ton in silver, Copper and zinc values are sur-
prisingly high for this vein, about .45 and .25 percent respéctive-
ly. Lead values are very low, less than .1 percent, the limit of
detection of the analytical method, As at the Yellow Jacket mine,
silver to gold ratios are low, averaging about 2.8 to 1 based on 13
assays from various parts of the vein. The specific controls on

ore localization are unknown here as at the Yellow Jacket mine.

Miscellancous Examples, Other examples of quartz-sulfide

veins include the Oro and Nil Desperandum mines on northwest veins
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which have values in gold, copper and lead; the Choctaw, Idaho, and
Hilltop mines, northeast veins having values in lead, zinc, and silver;
and manganifcrous north-northeast veins southeast of the Warsaw mine
having values in lead, silver, and some zinc., Many other exampies of
the quartz-sulfide vein type of mineralization occur in the Oro Blanco

~district, but the main characteristics are covered iﬁ the veins dis-
cussed above, The major metals present in the veins are shown in
Figure 17, The veins arc classed according to the dominant metals
present and according to whether or not they contain significant
amounts of gold or silver.

The ore controls.for most of the miscellancous veins arc not
known in detail except for the Oro mine where the intersection of
northwest faults and northeast cross faults may have localized ore-
shoots (privaté report).,

Summary. In general the quartz-sulfide veins are very similar
throughoﬁt the district although the particular metal values and ratios
vary considerably from vein to vein (see District Zoning for dis-
cussion), The veins have three dominant strikes, northeast, north-
west, and north-northeast, parallel to the three major directions of
faulting, Most of them dip at méderate to steep angles, Polished
scctions examined from several veins in various parts of the district

indicate that the paragenesis of all examiaed veins is the same,
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Orc controls in the district scem to be of three types, two

of which are interreclated:

1) zones of dilation such as rolls on fault surfaces and tension

fractures,

2) interscctions of northwest faults and northcast faults.,

3) host rock favorability, probably rclated to casc of

brecciation, as shown by the Oro Blanco Conglomerate
member,

Some of thq veins, such as the Montana and Warsaw vein, are
moderately persistent along strike; othc?s such asrthe Brick and Choctaw
have very limited strike persistency, GHining éxpcricnce indicates that
the depth persistency of the veins is poor., Even the largest vein-in
the district, the Montana vein, is mineralized only over a vertical

range of 800 fcet including the lcached outcfop. Most of the veins
reached uneconomic mineralization within 350 feet of the surface, and
many within 200 feet of the surface,
‘ Secondary enrichment ﬁas contributed considerably to the value
of the veins near the surface, The metals involved here are principally
silver, gold, and copper. This accounts well for the carly exploitation
of many veins in the district for gold and silver from shallow workings
even though the protore in.many of the same veins is ncarly devoid of
.precious mctals,

The precious metal veins, typified by the Yellow Jacket and the

Ostrich, arc even less persistent than the base metal veins, The

Yellow Jacket orebody, the largest in the district of this type,
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yielded only a little more than 13,000 tons. Most others in the dis-
trict have produced considerably less although they commonly contéin
small bodies of very high grade orc., For example the Hazel claim north-
west of the Yellow Jacket mine produced a total of ,183 tons of ore from
an 8 inch wide quartz vein that averaged 3.85 oz/ton in gold and 1,7 oz/
~ton in silver (Fred Noon, oral communication).

Although the grades of some of the precious metal bearing veins

arc fairly good, they are too small to be worked at a profit by anyonc

even though the mineralogy is simple,

Silicified Zones

| The silicified zones are the second most productive type of
mincralizatioﬁ in the Oro Blanco miﬂing district, Thesc have produced
only gold and silver. Only two arcas of the district contain silicified
zones, both of which lie in the north-central part of the district
(Figures 3 and 17).

The silicified zones consist of northwest-striking, gently
northeast-dipping zones of white éuartz veinlets and stringers that
have replaced and filled fractures in the host rock. The host for all
of the silicified zones is Cobre Ridge tuff which has been sericitized
in and adjacent to the silicified zones, In many of thesc zones the
quartz veinlets contain a large percentage of pyrite and exceedingly
small amounts of chalcopyrite, sphalerite, galena, and tetrahedrite,
The precious metal values occur only in the pyritic areas, but no
quantitative relationship between precious metal content and pyrite

content has been demonstrated, The sulfides other than pyrite are
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too sparscly distributed to permit determination of the paragenesis for
this type of mineralization, |

The relative ages of the quartz-sulfide veins and the silicified
zones arc unknown, for at no place has onc been observed cutting the
other., The same is true for the silicified zones‘and the other major
. type of mineralization, the breccia veins, The resemblance of the
silicified zones to the usual steeply-dipping pyritic quartz vein
suggests that the zones are tilted veins that formed before faulting and
rotation df the Mesozoic rocks, but little evidence exists for this, The
large displacement northwest fault that lies between contiguous portions
of silicified rock (Figure 3) such as near the Austerlitz mine and onc
half mile south of the Rubiana prospect shqws that the mineralization is
younger than the faulting and therefore younger than the tilting of the
host rock., The silicified zones arc everywhere cut by dikes of Side-
winder quartz monzonite so that these zones are probably about the éame
age as the quartz-sulfide veins. Three principal mines have been
developed on this type of mineralization, the Margarita, Austerlitz,
and 01d Glory mines, In addition numerous prospects have exposed most
of the pyritic arecas in the outcropping silicified zones,

Austerlitz Mine, Development work at the Austerlitz mine con-

sists of about 2,000 feet of lateral work on two levels and threec
shafts, two of which have been refilled., The remaining shaft is said
to be 130 feet in depth, Other work includes numerous small open cuts

-and trenches and a small adit in a silicified zonec on the hill south-

east of the main workings,



130

Prior to the discovery of a blind orcshoot in 1912 most of the
developments were on two steeply dipping northeast veins and on small
high gradec showings in exposed silicificd zones,

Most of the production has‘bcen from the blind orcbody that was
discovered in 1912, This produced about $96,000 in a two year period
from what is now called the Crawford.stope.

Two carloads of oxidized ore from the Barckley stope were
éhipped in'the 1940%s and‘a few tons of bulk samples were shipped from
this property in more recent years for tests as a source of smelter
flux,

The geology of the Austerlitz mine area has been studied in
detail in order to determine the controls on mineralization, Another
purpose of studying the Austerlitz mine was to determine the relation-
ship of the Sidewinder dikes to the mineralization.

The geology of the mine surface and underground workings is
‘'shown in Figures 18 and 19, The dominant rock type in the area is
the wclded‘tuff member of the Cobre Ridge tuff, This is overlain by
and in fault contact with a small thickness of Oro Blanco formation.
The mine areca has been complexly intruded by seQeral thick dikes of
Sidewinder quartz monzonite along- pre-cxisting fractures and fault
zones, ' .

Mineralization at the Austerlitz mine is of two types, north-
east quartz-sulfide veins and flat-dipping northwest-striking silici-
fied zones, Neither type has been observed cutting the other,

Judging from mineralogical similaritics they may be of the same age.

-~
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The silicified zones have been most productive, but the veins are
commonly higher in grade. This higher grade may be due to supergenc
enrichment that has not greatly affected the silicifiéd zones.
The flat-dipping silicified zones are lenslike bodics of
strongly §ilicified.Cobre Ridge tuff that consist of a myriad of thin
‘white quartz veinlcts and stringers having a widely variable amount of
disseminated pyrite, and small amounts of chalcopyrite and tectrahedrite,
The precious metal values range from a mere trace to over 1 oz/ton in
gold and 30 oz/ton in silver., Fifty-five samples taken in the Crawford
stope (on the principal productive silicified zone) yield averages of
.083 oz/ton in gold and 6,04 oz/ton in silver (Gregory 1935). The
Cravford orebody consists of a northwest-striking silicified zone that
dips at small angles to the northeast, ranging from 6° to 31°, Thick-
nesses of the ore zone range from zero to about 12 feet and average
about 6-1/2 fcﬁt. The ore body is generally surrounded by Sidewinder
quartz monzonite which is intrusive into the mineralization, It is
an inclusion that is totally enclosed in Sidewinder quartz mohzonite.
At scveral places the mineralized zone pinches out to become a thin
black parting line in a Sidewinder dike, This parting has been
observed everyplace where the mineralization pinches out suggesting
that the Crawford orcbody has been caught between two separate Side-
winder dikes, one on the footwall and onc on the hanging.wall.
Other pieces of the same silicified zone that probably are

caught between Sidewinder dikes are cxposed just northwest of the
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Crawford portal (Figure 18) and at the Ragnaroc mine, farther to the
northwest. The hanging wall dike has been croded to expose thesc seg-
ments of the zonc but is intact over the Crawford orcbody so thaf the
orcbody nowhere crops out,

Silicified zones similar to the Crawford orebody, but smaller;
-are exposed on the hilltop about 1,000 feet south of the main workings.
Here a block of Cobre Ridge tuff, part Qf which is silicified, is
surrounded by Sidewinder quartz monzonite, To the south is a wide
exposure of silicified Cobre Ridge tuff that is stili connected to
the main body of the tuff (Figure 3), .

The spatial relationship of the Sidewinder quartz monzonite
to the silicifigd zones is merely structural and not a genetic
association., The quartz monzonite is cleérly younger than the minerali-
zation. It secems that the same structures that localized the mineraliza-
tion also served as the loci for intrusion of the Sidewinder dikes, a
relationship that exists at the Montana mine in the quartz-sulfide veiﬁ
type, and at the Tres Amigos mine in the breccia vein type (to be dis-
cussed later).

At the Aﬁstcrlitz mine, cvidence for the structures that
localized mineralization is sparsc, consisting only of a crackling and
local brec;iation of the Cobre Ridge tuff that is visible near the
fringes of the silicified zones. Gcnefally within the silicified zones
the replacement of the host rock by quartz has been so extensive that

no breccia fragments are recognizable.
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‘Faults in the mine area have soﬁewhat offset the mineralization
and the quartz monzonite dikes. These strike about N 65° E and commonly
dip from 40 to 80° northwards., The amount of displacement on thesc is
unknown, but one which cuts thé Crawford orcbody has offset it only a
couple of feet, The large fault zone that is parallel to the cast end
~.of the Barckley tunnel (Figurc 19) probably haé considerably more

displacement,

01d Glory Mine (Esperanza Mine or Blain Ledge). The Old Glory

mine has been developed on the southernmost exposures of the silicified
zones, The mineralized zone forms a flat-dipping cap of a large hill
so that much of the development has been done by surface stripping and
a shallow open pit. In addition there is an underground stope measuring
about 50 by 100 feet by 10 fect high., Two haulage tunnels havc been
driven under the workings from opposite sides of the hill that werc fed
by a chute from the open pit, In 1884 a mill was constructed on the
property at the base of the hill along 01d Glory Canyon, All haulage
of ore was downhill, A private report on this property dated 1900
states that the reserves were 200,000 tons having an average value of
$5.00/ton, In view of the downhill haulage and surface stripping it
~may have bcen possible to mine tﬁis at a profit, although Blake(1899)
states that the operation of“this property would be very marginal,
Estimates by the author indicate that abogt_l?,OOO tons of mineralized
rock have been rcﬁoved from all accessible workings. Judging from

the size of the dumps remaining on the property certainly not over 3/4

of this amount has been milled., This would yield an estimated
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production of about $63,000 from the property. The actual production
is upknown to the author, |

The Old Glory mine (Figure 20) is underlain by the welded tuff
member of the Cobre Ridge tuff, The mineralized zone forms the cap of a
steep-sidqd northwest elongated hill, The zone strikes N 30 to 60° W
‘and dips 0 to 30° northeast, It dips more gently than the northeast
side of the hill so that the downdip extension of the mineralization has
been removed by erosion., Several hundred feet farther to the northeast
the continuation of the mineralized zone crops out again,

The mineralization consists of a massive quartz core 10 to 30
feet in thickness bordered on the hangingwall and footwall by zones of
flat-dipping quartz veinlets to form a silicified body that has a total
thickness of about 50 feet, .

Most of the development work is confined to the 4 to 12 foot
thick pyritic quartz veinlet zonc on the hangingwall., This area has
been strongly oxidized so only rarely are any relict pyrite grains
visible. In the subsurface stope small amounts of.;halcanthite have
been observed, but in general the only visible minerals are quartz and
iron.oxides.

The corc of thermineralized body consists of pure massive white
quartz, a1£hough locally a few pieces of pyrite have been observed.

The quartz stringers and veinlets of the footwall resemble those

of the hangingwall but generally contain very little pyrite.
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A few samples were taken at the Old Glory property from the

three major divisions of the mineralized zone, The results are given

below:

Location Width Gold oz/ton Silver oz/ton
Hangingwall é‘fect 0,240 0.54
Hangingwall grab 1,120 1.70
Core ' 7 feet 0.080 0.080
Core grab 0.004 0.051
Footwall 4 fect 0,020 0.126
Footwall grab 0.004 Q.069

The sampling indicates that the best grade of mineralization is con-
fined to the hangingwall zone, the most pyritic part.

Northwest faults of small displacement have slightly offsect
the silicified zone (Figure 20)., They are downthrown on the south-
west side and cause a repetition of the outcrops of the silicified
zones. These faults probably have displaced the down-dip extension
of the Old Glory zone to form the numerous patches of silicified
Cobre Ridge tuff that crop out north of the 0ld Glory mine andfnear
the Margarita mine, One of these fau%ts has a throw of about 200
feet and separates two exposures of silicified rock on the norfh
side of 0ld Glory Canyon (Figure 3).

After the offsectting of the silicified zones by the north-
west faults the 01d Glory mine was intruded by two small dikes of
Sidewinder quartz monzonite, One of these has intruded parallel

to the mineralized zone, This is exposcd in the open pit in the

136
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top of the ridge. The other dike cuts the mineralization obliquely,
striking northeast and dipping nearly vertically. These dikes are

very small compared to those at the Austerlitz mine, necither is over

20 feet in thickness, Localization of the minceralization by a fracturc
zone is cven less obvious at the Old Glory mine than at the Austerlitz
.mine, Little cvidence of brecciation or pre-mineralization faulting
has been observed at or near the 0ld Glory property. Here the quartz
veinlets have very diffuse contacts with the host rock, suggesting
active replacement of the host. The veinlets are nevertheless paréllel
to onc another and cut the foliation of the host rock at a large angle
suggesting some sort of fracture control raéher than replacement

parallel to foliation plancs,

Margarita Mine (McDonald vrospect). Most of the description

of the Margarita mine comes from Wilson and others(1934). The author

hd I

hés examined this property only in a very general way.

In the 1890's the property was prospected by about 1,200 fect
of tunnels and shallow workings from which a small amount of gold was
produced, From late 1931 through at least 1934 Margarita Gold Mines
Company developed the propefty and produced gold bullion from a 50
ton/day cyanide mill, Production from this property is unknown, Two
arcas of silicified Cobre Riage tuff have been opened by surface cuts.
One of these necar the mill site is about 200 feet By 100 feet by 80
feet in depth; Tﬁis zone consists of numerous quartz veinlets and
stringers in sericitized Cobre Ridge tuff that have abundant

pseudomorphs of limonite after pyrite, The areas containing the most
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abundant pscudomorphs scem to be of highest grade as mentioned by
Wilson and others(1934), This has been substantiated by the author
from panned samples, Wilson further states that the mineralized area
contains a large tonmage averaging .3 oz/ton in gold and .5 oz/ton in
silver., About 1,000 feet to the east of these workings is another
"silicified zone that has been opcned by a cut ébout 200 feet long by
30 fect wide by 10 feet deep., This has a winzec extending to a depth
of 50 feet at the northwest end. The cut is mainly in strongly iron
stained, silicified, and sericitized Cobre Ridge tuff and a thin shear
zone that dips gently northwards. In the winze the mineralization
consists of white quartz and a large percentage of pyrite, It is not
known whether any precious metals have been produced here or even if
the zone contains significant amounts of gold or silver., Panning of
the oxidized material from the cut reveals no gold whatsoever, but it
might be too fine-grained to recover by-panning. Such.fine-grained
gold has been found in the upper workings at the Austerlitz mine where
material apparently barren of gold in the pan, assays 0,385 oz/ton,

Discussion and Summary., The flat-dipping silicified zones

lic principally in two areas in the district. The onc area necar the
Austerlitz mine contains several separﬁte bodies of silicified Cobre
Ridge tuff most of which are separated from one another by Sidewinder
quartz monzonite, The many mineralized zones here probably represent
fragments of one silicified zone that has been broken up and displaced

by dikes of Sidewinder quartz monzonitc and small displacement faults,
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Likewisc the silicified zones near. the Margarita and the 0ld Glory mines

probably arc fragments of a single mineralized zone,

The significant points concerning the silicified zones arc as

follows:

1)

2)

3)

4)

Breccia Veins

Thcy have been of economic significance only because
of their precious mctal content. Base metal minerals
arc very sparse;

They contain a large percentage of pyrite with which
the precious metals are associated, but not all
pyritic areas contain precious metals., Quartz free
from pyrite is nearly barren of gold or silver.

The spatial association of the silicified zones with
tﬁc Sidewinder quartz monzonite is a structural
association, not a genetic one., The dikes are
distinctly younger than the mineralization.

Although the age reclationship between the quartz-

sulfide veins and the silicified zones is uncertain,

it is likely that they are nearly the same age,

The third major type of mineralization in the Oro Blanco dis-

trict is that of mineralized breccia veins, These lie in a fairly well-

definéd area southeast of the 0ld Glory mine (Figure 17), They are

northwest and north-northwest striking, steepiy-dipping tabular zones

of brececciated and sheared country rock. These range widely in width

from an inch or two to about 35 fect. Even within a given brecciated



140

zone the width varies considerably. The breccia veins are composed of
brecciated Cobre Ridge tuff or Oro Blanco formation that is commonly
boundediby smooth planar walls (Figure 21), Rarély is any gradation
from slightly fractured country rock to the breccia observed, instead
there is a sharp planar boundary, Some veins such as those at the Oro
ABlapco and Tres Amigos mines have been sheared, These contain gougey
shear zones that form the walls and cut through fhe breccia,

The mineralization which is visible with a hand lens consists
of a very small amount of clecar or yellow finely crystallinc quartz
that cements the breccia fragments and a very small amount of iron and
manganese oxides, The fragments and the wall rocks adjacent to the
breccia have becn bleached white through alteration of the feldspars
to a white clay, probably kaolinite. No sulfide minerals have been
found in any of the veins because development has not penetrated below
the zone of oxidation, The small amount of iron oxide stain and the
lack of.cellular structure indicate that the percentage of original
sulfides was very low, probably much less than 1 percent.

The mineralization of economic significance in these zones
consists mostly of native gold particles smaller than 20 mesh grain
size, and mostly of about 100 mesh grain size. Panning of materigl
from many Qf these zones has revealed a small amount of native silver,
although this is far less abundant than the gold particles. The
silver content, as determined by assay, is about 10 times the content

of gold so that much of the silver is probably present as either
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Figure 21. Breccia Vein

Vein trends vertically across photograph. Note
sharp contact between breccia zone and walls and
the bleaching in the breccia zone.



142

fine-grained halides or tied up in the iron o#ides as argentojarosite
or as silver that has been co-precipitated with the iron or mangancse
oxides,

Assaying of the veins révcals that many contain about 0,1 to
0.2 oz/ton in gold and about 1 oz/ton in silver. A crude calibration
_of the author's gold pan, bascd'upon counting colors in assayed material,
was used to gage the uniformity of distribution of the gold in the
breccia zones. Panning has revealed that all of the breccia veins
sampled are gold-bearing but those in the central and southeastern parts
of the group are of the highest grade. In individual zones the gold
scens to be most abundant in concentrations of iron and mangﬁncse
oxides. The width of the vein seems to have little ceffect on the over-
all grade of the vein, narrow parts arec mineralized to just about the
same degree as the wide parts, In some cases the footwall edge of the
vein contains higher values than the rest of the vein such as found by
Keyes(1923) at the Tres Amigos mine. Here a 1 to 3 inch élay selvage
on the footwall is said to run 5.7 to 9 oz/ton whereas the full width
of the ‘breccia zone in the stopes runs .6 to 1 oz/ton. The breccia
zones seem to have been formed in part by intrusion of fluidizcd

country rock fragments into joints as was discussed in the scction

titled Northwest Faults, The displacement on the zones that have bcen

sheared sccus to be small so that they may be equivalent in age to the
northwest faults that slightly offsct the silicified zones., The
breccia zones definitely cut the quartz-sulfide veins making them the

youngest type of mineralization in the Oro Blanco district.
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Tres Amigos Mine, The Tres Amigos mine lies in the southeastern

part of the group of breccia zones. The production from the property is
unknown, Wilson and other(1934) list the district production for the
period 1894 to 1904 as $337,500 from several properties including the
Tres Amigos. The major development on the property was during this
_time period although a small amount was done later in the 1930's. A
crude estimate suggests that the maximum tonnage produced from the
accessible stopes is about 10,000 tons.. Keyes(1923) states that the
average grade of orc in the stopes was $12 to $20/ton so that a con-
servative estimate of the total production is about $120,000. The
“mineralized zone has been opened by a 2,000 foot adit, four winzes
said to be 100 feet in depth, and three stopes that are known to the
author. Blake(1899) states that a few lots of high grade ore valued at
$500/ton were shipped from the southeastern end of the mineralized zone,
The Tres Amigos mineralized zonc strikes about N 35° W and dips very
steeply to the northeast. On the surface the vein is traccable over
a strike length of about 2,000 feet, Most mining of the zone has been
on the southeastern end where it locally reaches widths up to 35 feet,
The average width, however, is about 4 or 5 feet., About 500 fect
from the southecastern end, the breccia has been intruded by a thick
dike of Sidewinder quartz monzonitc that follows the vein,

All of the major stopes are within 50 feet of the surface
even though the vein cuts through a steep hill having é relief of about
200 feet, According to Keyes(1923) the mineralized breccia at the adit

level averages about $6 to $12/ton whercas the stopes that are nearer
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to the surface average $12 to $20/ton., He further states that the vein
is nearly barren at the watertable. Such large vertical variations in
the grade may be related to residual enrichment of- the gold ncar the
surface and downward physical transportation of the fine-grained gold,
or possibly 'to the primary deposition of the gold in an epithermal
. environment,

Other Breccia Veins, Other small mines that have been developed

upon the mineralized breccia veins include the Oro Blanco, Dos Amigos,

Smuggler's Gulch, Monarch, Sorrel Top, Grubstake, and Apache mines,

In addition a large number of prospects having up to a few hundred feet
of workings have been developed on many other smaller veins, The pro-

duction from these is unknown, but probably is small with the possible

exception of the Oro Blanco mine,

Summary, The breccia zones are the youngest type of mineraliza-
tion in the district. They are present only in a small part of the
district, the south-central part, as northwest-striking, steeply-dipping
tabular zones. These mineralized features consist of brecciated country
rock that may have intruded as a fluidized mass into pre-existing
fissures, Minerélization is limited to small amounts of gold and silver.
Base nctal minerals have not been observed in any of the breccia zones.,

The silver to gold ratio for these is about 10 to 1.

Miscellaneous Mineralization
Three types of mineralization which occur in the district do
not fit into the above groups, These are barren of metallic minerali-

zation, The oldest of the threc consists of quartz and tourmaline
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veins which cut the Warsaw quartz monzonite and Cobre Ridge tﬁff. These
veins formed after the first period of movement on the north—northc;st
faults, but beforc the deposition of the Oro Blanco formation.

The second type of barren mineralization consists of strongly
banded and crustified vuggy quartz veins, These are of whife and
. amethystine quartz, and many siliceous boxworks after calcite, These
occur only in the north-northeast faults which cut the Warsaw quartz
monzonite juét west of the Warsaw Canyo; road, The age of this minerali-
%ation is unknown, but the banded and crustified texturec suggests a fair-
ly near surface environment of deposition compared to the quértz-tourma-
liﬁe veins, It is probably much younger than the quartz-tourmaline
veins, possibly Tertiary, .

Calcite~filled veins comprise the third typec of barren minerali-
zation, These commonly have formed where late displacements along
quartz-sulfide veins bavc caused extensive brecciation such as at the

Brick mine, These veins cut the Sidewinder and Blue Ribbon dikes, so

they must be Tertiary in age.

Placers

Placers have been formed from the erosion of the various gold-
‘bearing deposits in the district., Placering has been attempted in at
least threc arcas, in and near Alamo Wash, at the junction of Warsaw

Canyon and California gulch, and in the area necar the Black Diamond

prospect ecast of Bartlett Mountain, Attempts to work them on a large
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scale have not been successful, From 1896 to 1942 the district has

been credited with a production of about 8§40 ounces of gold from

placers (Wilson 1961),

Alteration
Large arcas of pervasive hydrothermal alteration characteristic
"of mineralized districts are lacking at Oro Blanco. Altered halos
surround most of the quartz-sulfide veins and silicified zones, but
rarely extend more than a few feet away'from them,

Several propylitically altered patches have been observed in
various parts of the district which cover arcas up to about 20 acres
in Oro Blanco Conglomerate on the hangingwall of Ruby diorite bodies.
The alteration cénsists of partial sericitization of the plagioclase,
addition of about 1 volume percent of pyrite, chloritization of mafic
minerals, and some argillization tha£ is probably supergene. These
areas are best exposed near the Grubstake mine in the south-central
part of the district, and about 1,000 fect north of the Brick mine.
The altercd‘arca ncar the Grubstake mine is strongly anomalous in
silver, but this seems to be related to many northeast quartz vein-
letsbthat cut the altered arca, The alteration secms to be related
to the émplacement of the diorite, whereas the silver was probably
introduced at ﬁ later time.

Alteration in and adjacent to the quartz-sulfide veins and

the silicified zones consists of pervasive sericitization which



yields outwards over a‘few inches or a few feet to argillized iron-
stained wall rock, Much of the argillization here is probably super-
gene,

The alteration associated with the breccia veins is the least
extensive of all types of mineralization. Generally this consists of
-a slight bleaching of the breccia fragments and the wall rocks for an
inch or two on cither side of the vein,'although locally considerable

white clay, probably kaolin, has been produced.

District Zoning

The ‘quartz-sulfide vein typc of mineralization exhibits a
compositional zoning within the Oro Blanco and neighboring Pajarito
mining districts (Figure 17)., The metal oocurrence map has been
constructed by determining the dominant base metals in each deposit
type and whether economicolly significant.precious metal amounts
are present, This has resulted in the nine groups of metal associa-
tions shown in #igurc 17, Although this is not the most ideai way
to classify the veins in that it includes elements of both a compo-
sitional and an economic classification, it does serve very well to
point out the zonal diétribution of vein composition in the district.
Silver to gold ratios have been determined for several deposits in
the district (Figure 17), These are based upon production figures
and multiple assays and in a general way scem to supoort the zonal
pattern suggested by the metal occurrence map. The silver-to gold
ratios are somewhat erratic because there is no adequate way of

evaluating the degree of sccondary enrichment or impoverishment of
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the silver values. This problem is especially acute in a district
such as Oro Blanco where many of the deposits have produced only from
oxidized ores,

The overall zoning in the district ranges from probéblc high
temperature zones of lead-zinc-éopper mineralization through lead-

‘zinc-silver and lead-silver to the low temperature gold deposits
having some silver., The zoning is also reflected in the percentage
of sulfides in the veins, In the higher temperature zones the per-
centage of sulfides is high, generally 25 percent or more, whereas
in the gold-bearing veins on the fringes of the district the original
sulfide content is low, rarely more than 1 percent,

The zonal arrangement of vein types in the Oro Blanco and
Pajarito districts sccms to be related to two or possibly three
scparate centers, One center is at the Warsaw mine in the south
central part of the Oro Blanco district, a second center is at the
Montana mine near Rubyl and the third which may be a part of the
second center is in the western part of the Pajarito lMountains., A
distance of about 6 miles separates the last two centers, most of
which is covered by post-mineralization volcanic rocks, The minerali-
zation center at Ruby is less intense than the other two, being a
lead-zinc-silver zone rather than lead-zinc-copper which suggests that
the real center'is beneath the volcanic rocks east of Ruby. The data
are too sparse in the Pajarito district to determine whether the |
intensity of mineralization changesvaé one approaches the cover of

Tertiary volcanic rocks to the west,
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The zonal arrangement near Ruby suggests that a zone of copper-
beafing base metal mineralization may lic bencath the cover of Tertiary
volcanic rocks., Present information yields few clues concerning the
grade of mineralization that might be buried benecath this cover (sec'
Discussion of Mineralization). |

The flat-dipping silicified zones and the breccia veins do not
scem to fit into the zoning pattern diﬁplayed by the quartz-sulfide '
veins. The breccia veins are known from cross-cutting relationships
to be younger than the quartz-sulfide veins, but the only evidence for
a2 difference in age between the silicified zones and the quartz-sulfide
veins is this lack of conformity of the silicified zones to the district
zoning pattern, Within the silicified zones there scems to be a general
decrease in the silver to gold ratios toward the southeast which is just
opposite to the change observed in the ratios for the quartz-sulfide
veins, The higher ratios in the northwestern silicified zones probably
reflect the greater depth at which tﬂese formed compared with those in
the southeast, This fits well with the northward dip and repetition
through faulting of the silicified zones, |

The autﬁor unsuccessfully attempted to better establish the
district zoning pattern by determining the compositional fineness of
native goid samples from the various deposits, Gold was separated
from samplés of crushed vein matter several pounds in weight and the
compositional fineness was determined by standard fire-assay techniques,
Helgeson and Garrels(1968) indicate that the compositional fineness of

native gold should decrease as the temperature of deposition of the
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gold incrcases, For this rcason the determination of fineness of gold
samples throughout the district could contribute to the zoning pattern,
Samples of native gold from 10 different mineralized arcas in the central
part of the district ranging in weight from 2 to 9 mg were analyzed to
determine the percentage of gold, The fineness values so determined
range from 550 to 940, Multiple samples taken from different parts of
a single deposit indicate that the local fineness variations are large
enough to effectively mask any district-wide variations unless one could
average the results of a large number of samples from cach deposit. At
the Margarita mine two samples gave fineness values of 615 and 775
respectively, whercas all but onc of the samples analyzed from the
district yielded fineness values in the range of 550 to 775. The one
sample whose value is not in this range was exceedingly fine-grained

and yielded a valuec of 940, Probably this high value is a function of
the grain size, Finer grained gold particles should be more succeptible
to leaching of their silver by weathering than the coarser particles,

so that a higher fineness would be expected, In order for the finecness
detérminations to be of any value in determining the district zoning

one would have to make the fineness determinations on samples having
the same grain size and analyze a large cnough number of samples from
each vein so as to average out the variations in fineness within a .

particular vein,

Origin of the Mineral Deposits

All of the metallic mineral deposits in the Oro Blanco mining

district, with the exception of the placers, are cpigenetic deposits
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of probable hydrothermal origin. All mineralization observed in the
district is localized in tabular bodics that nearly everywhere cross
cut the host rocks eliminating the possibility of a syngcnetic origin
for any of the deposits, Demonstrating that the deposits are of hydro-
thermal origin is less straight forward, but based §n the similarity of
"the composition, alteration, énd ore tcxtﬁrcs to other deposits con-
sidered to be of hydrothermal origin, then these are likewise probably
of hydrothcrmal origin,

The témpcrature-depth zone classification of the mineralization
would seem to include a range of epithermal through mesothermal accord-
ing to the modified Lindgren scheme of clas;ification. The mineral:
assemblage sphalerite-galena-pyrite-chalcopyrite-tetrahedrite that
occurs at the Montana mine and several other mines in the district
indicates a mesothermal classification for these deposits. The
manganiferoﬁs-lead-silvér veins in the southeastern part of the dis-
trict probably corresnond to the leptothermal classification. Thosec
veins which are characterized by a low percentage of sulfides and
havc.significant precious metal content fit well into the epithermal

"classification, This group would include not on}y those deposits on
the fringes of the district such as the Yellow Jacket and Ostrich
veins, but all of the breccia vein type of deposits in the south
central part of the district,

The flat-lying silicified zones are also considered to have

formed in an epithermal enviromment, This is suggested by the very
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low percentage of base metal sulfides, the relatively small size of the
mineralized areas, and the fairly high content of géld and silver,

The breccia veins have most certainly been formed in an
epithermal environment as evidenced by the abundant open space, the
sparse sulfides, and possibly the relationship of ore bodies to the
present watertable and t0pograpﬁy. This relationship may however be
the result of supergene processes rather than deposition in an
epithermal environment, These veins are considered to have formed
at a much lower tempcratufe and nearer to the surface than the silici-

fied zones.

Discussion of Mineralization

Mining districts of Arizona commonly -contain Laramide
plutonic .rocks that seem to be genetically related to the mineraliza-
tion (Damon and Mauger 1966), particularly those districts wherc porphy-
ry éopper mineralization occurs, No such intrusive body is directly
relatable to the mincralization at Oro Blanco. The Warsaw quartz
monzonite and the Ruby diorite are ciearly muéh older than the
mineralization, and the only other likely candidate, the Sidewinder
quartz monzonite, is definitely'younger than the mineralization. 1In
‘addition no sulfide minerals whatsoever have been seen in the Side-
winder quarcz monzonite, If an ignecous source exists for the minerali-
zation in the district then it must cither be concealed below the
present level of efosion or bc hidden beneath the cover of Tertiary

volcanic rocks. The mineralized area involved in the district zoning

pattern of the Oro Blanco and Pajarito mining districts extends over
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a distance of at least 20 miles in a northwesterly direction. éuch an
extensive zoning pattefn would probably be developed around a.genetically
related intrusive body only if the present level of erosion has recached
the intrusive body or if the body is very large. It seems likely that
if a plutonic source rock cxists for the mineralization in the Oro
Blanco area, it was probably truncated by erosion prior to emplacenent
of the Tertiary volcanic rocks and should lic immediately below the
volcanic rocks,

Actual.geologic information concerning the rocks bencath the
Tertiary cover is lacking. A residual Bouguer gravity map (Figure 22)
obtained graphically from a complete Bouguer gravity map (Hench 1968)
shows four positive anomalies using a density value of 2,45 g/en3,

One of these lies ncar Ruby and perhaps is due .to the high density
Ruby diorite, two others liec along a northwest line in the area
covered by Tertiary rocks., The latter'may represent another body of
Ruby diorite, large buried hills of andesitic Montana Peak Formation,
or an increased thickness of llontana Peak Formation deposited at

the base of a northwest-trending fault scarp., Other than this no
direct’ evidence exists concerning what lies beneath the Tertiary
rocks,

Several geologic characteristics of the Oro Blanco arca

point to a hidden plutonic rock source for the Oro Blanco
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mineralization and possible porphyry copper mineralization beneath the
Tertiary rocks., These are as follows:
1) The percentage of original sulfides in the quartz-sulfide
veins increases southeastwards towards the Tertiafy cover,
2)- Silver to gold ratios in the quartz-sulfide veins increase
towvards the Tertiary rocks.,
3) The deposits range from gold mineralization in the north-
west through silver-gold to lead-zinc adjacent to thé
Tertiary rocks,
4) The tonnage of orebodics is greatest at Ruby near the
Tertiary cover,
5) The number and size of Sidewinder quartz monzonite dikes
is greatest adjacent to the Tertiary rocks,
Lowell and Guilbert(1969) note that the porphyry copper depo-
-, 4
sits of southwestern United States generally arc surrounded by a zone
of vein type deposits that are characterized by lead-zinc and precious
metal mineralization, and by non-pervasive, spotfy propylitic alter-
ation similar to that observed at Oro Blanco. The mineral zoning
displayed by the porphyry copper districts, that is, increasc in
mineralization intensity towards the genetically related piutohic
rock, reseﬁblcs the zoning at Oro Blanco, The Sidewinder quartz
monzonite dikes may be post-mineralization offshoots of a Laramide
quartz monzonite body beneath the Tertiary volcanics. This would

\

explain their greater abundance and size near the Tertiary cover,
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The geometry of the mineral zoning pattern in the Oro Blanco -
arca might be defined better by study of ahy mineralization in the
unmapped‘arcas to the north and cast of the Oro Blanco district where
Mesozoic rocﬁs crop out, such as northeast of Chimney Canyon and in the
Peflasco Canyon arcas (Figurc 13). Such work would probably not greatly
 change the shape of the zoning pattern but might aid in defining its
center., The northwest elongation 6f the mineralized areca is typical
of districts in southern Arizona, Examples include the Ajo, Silver-
bell, and Pima mining districts,

Based upon presently available information the most likely.
arca for the occurrence of mineralization beneath the Tertiary rocks
is on a northwest-trending belt about 2 miles in width which lies on
the strike projecction of the nofthcrn'belt of northwest-striking
faults. (Figure 17). The depth of overburden herec is estimated to be
about 1,500 feet based on projection of éhc Tertiary units, Geophysi-
cal techniques such as induced polarization should be applicable to

the search for sulfide mineralization in and adjacent to the hypo-

thesized Laramide pluton beneath the Tertiary cover.,

Econbmic Potential of the District

Examination of a large muber of the mineé and prosﬁccts in
the Oro Blanco district indicates that the mineral dcposits, although
locally of good grade, are relatively nonperéistant features both
laterally and in depth so.that individual orcbodies are of very small
tonnage. The largest tonnage pfoduced from a single mine is a little

over 770,000 tons and this is indeed exceptional for this district
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where few other properties have produced more than 10,000 tons, The
limited tonnage in.known-deposits would rule out cxploitation by a large
company,

In general the district would be no more favorable for the small
miner than the large company. The chances of locating any outcropping
orc deposits in the district that are of cconomic value are negligible
in view of the intense combing of the district by prospectors for
nearly a century, Furthermore the cost of exploring for the small high
grade orcbodies that might remain undiscovered in existing prospects
and mines would likely be more than the value of the orebodies.

The only area where significanf undiscovered mineralization
may be found is beneath the cover of Tertiary rocks cast of the Oro
Blanco district,

In summary, the future of the Oro Blanco mining district as a
mining area looks dark unless significant mineralization is found

beneath the Tertiary rocks.

Influence of the Collapse Structure upon Localization

of Mineralized Districts

Mayo(1958), Schmitt(1966), and Wertz(1966) stress the importance
of major structural intersections in the localization of mineralized
districts in Arizoﬁa. These authors have stresscd the importance of
the west-northwest trending Texas lineament 2s an ore localizer where
it is crossed by lincaments of other trends, Study of the axes of
elongation of Laramide igneous intrusive bodies some of which seem to

be genetically related to mineralization (Mauger and others 1965)



158
indicates that the axes trend N 7° W to N 556 W, Scafch through
published literaturc on mining districts in Arizona and Sonora rcveals
a northwest clongation of porphyry copper mincralization for thosc
dcpbsits within or on the strike projection of the collapse structure

discussed under STRUCTURE. The directions of clongation of the deposits

“ares
Ajo . ON32°W
Cananca N 32° W
Esperanza N 65° W
Mineral Park N 33° W

Silver Bell

El Tiro N 30° W

Oxide NT72°W
If the N 75° W trending Texas lincament has been significant as an ore
localizer, why is it not reflected in the orientation of the minerali-
z#tion and the genetica}ly related plutons? It is the present
author's contention that the primary controls on ore localization,
at least in southermmost Arizona, are the northwest-trending linecaments
(the.Valker zone, the southwest Arizona belt, and the central Arizona
belt), and the associated northwest-striking normal faults produced
during reg@oﬁal collapse, Interscction of these features with north-
cast-striking lincaments and faults may result in localization of
mineralization at specific points along the northwest trends. This
suggestion is supported by the very common occurrence of veins and

veinlets of northecast strike in the mineralized arcas (Lowell and

Guilbert 1969),



GEOLOGIC HISTCRY

The first record of the geologic history of the Oro Blanco
mining district begins with the emplacement of the Cobre Ridge tuff in
Jurassic(?) time. The rhyolite member was deposited in a fairly large
basin that was supplied by older tuffacecous materials. The cxtremely
poor sorting of the crystal fragments in this unit attests to the
rapid deposition of the member, The basin at any given time must
have been shallow so that the expelled ash flow tuffs in the loﬁer
part of the rhyolite member would not be chilled to such a degree to
prevent welding of a considerable thickness of the rock,

After several thousand feet of the waterlain tuffs had been
deposited a thick sequence of ash flow tuffs.erupted from an unknown
source, These apparently.poured forth intermittantly as cvidenced
by the thin wind-blown sandstone units éhat are interbedded with the
ash flows. Some of the ash flows werc of sufficiently high tempera-
ture and of sufficient thickness that strongly welded zones were
formed, After the ash flow eruptions ceased the area was subjected
to a period of erosion dﬁring which time a thick but laterally non-
persistent granitic arkose was deposited. Possibly other Jurassic
units were deposited on top of the arkgse, but these have been
removed by subsequent erosion, The Warsaw quartz monzonite then
intruded the threc members of thg Cobre Ridge tuff, The presence
of the quartz monzonite at the top of the exposed part of fhe
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arkosc member suggests that other rocks must have been deposited here
in Jurassic time but have been removed by erosion, The intrusion of
the Jurassic(?) quartz monzonite, the faults having a north-northeast
strike fhat developed after emplacement of the quartz monzonite, and
the uplift of the district at this time probably occurred during the

‘Nevadian orogeny.

After uplift of the arca and a period of considerable erosion
that produced a landscape characterized by canyons several hundred
feet in depth, the Lower Cretaceous(?) Oro Blanco formation was
deposited. The basal member, the Oro Blanco Conglomerate, was depo-
sited in steep-walled channels and as talus piles at the foot of

- slopes developed on the underlying Cobre Ridge tuff, Farther out

~ from the topographically higﬁ arecas finer-grained materials were
deposited in alluvial fans, The extremely poor sorting and the inter-
bedding of coarse and fine-grained units was caused by the rapidly
changing courses of the streams that deposited the clastic maferials,
much as with present day alluvial fan deposits. The environment

of déposition was certainly terrestrial and the climate was appropri-
ate to ﬁermit extensive oxidation of some of the finer-grained beds
to form red beds. The presence of dark-green and locally dark-gray
silty beds interbedded with the red beds shows that the climate

must have been humid enough to allow swamps to form, but the lack of
any fossil remains and poor sorting of the clastic grains speaks for

transportation by intermittant streams. Probably the climate during
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Early Cretaccous time was quite similar to the present but slightly
more humid,

In a part of the district a small enclosed drainage basin
nust have formed whicﬁ was occupied by a playa that wﬁs at least four
milcé across. In this playa werc deposited a few thin beds of poorly
- sorted gravels, sandstone, and siltstone, probably at times of flood-
ing. As the lake water evaporated the calcium carbonate precipitated
out to form the thin limestone member of the Oro Blanco formation.
Probably certain types of algae are responsible for the carbonaccous
material that blackens the member, Such an origin would account for
the extreme variability of the limestone along strike and its resem-
blance locally to present day caliche-cemented gravels,

Sometime after deposition of the Oro Blanco formation a thick
sill of Ruby diorite and a thinner sill of andesite intruded the Oro
Blanco formation. These intrusions were sufficiently forceful to
causc some crumpling of the Oro Blanco formation. It was also at
this time that the northwest-trending lineation formed in the diorite.
The attitude of the lineation suggests a lateral stretching in the
diorite that is parallel to the beddiﬁg in the Oro Blanco conglo-
merate, exactly what onc would expect to find in a sill, This same
direction of stretching is reflected in the numerous northeast
Quartz veins that cut the lincation at nearly right angles, for
these seem to be quartz-filled tension fractures,

The next event in the history of the district is the Laramide

orogeny. This may have been initiated as a very local uplift
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southecast of the Oro Blanco district that produced the first move-
ments on the northeast faults, Probably the orientation of these
structures is reflective of the northeast structural grain in the Pre-
cambrian basement, Next came rencwed movement on the north-northéast
striking faults, the cause for which is unknown at this time. The cli-
‘max of the Laramide orogeny was the formation of the large collapse
structure that may have originated from lateral extension of the crust
away from a deep-secated zone of weakness. The formation of the
collapsc structure may have been related to movenents in the East
Pacific rise beneath the Basin and Range Province,

- The largé displacement northwest faults experienced their
main period of movement during the formation of the collapse struc-
ture, This movement tilted the Mesozoic rocks southwestward. This»
southwestward tilting and. the faulting have resulted in extensive
repetition of the Mesozoic units throughout the Oro Blanco district
and much of Pima and Santa Cruz Countics.

After most.of the movements on the northwest-striking faults
had ;eascd numerous blocks within the collapse structure again be-
came mobile, probably in an attempt to achieve an isostatic con-
dition, D;fferential rates of movement within the blocks along a
northwest line may have set up shearing stresses in the blocks-that
led to renewed movements of the established northeast faults and the
formation of new northeast faults,

The next event, the one of most economic significance, is

the period of mineralization. During this timc all of the base and
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precious metal deposits of the Oro Blanco mining district were formed,
The mineralization began with the deposition of quartz in pre-existing
tension cracks, in breccia zones adjacent to msjor faults, and as re-
placements of fault zones., The principal metallic mineralization then
formed as cavity fillings and replacements in the quartz veins. The
general order of deposition of the metallic minerals is pyrite,
sphalerite, chalcopyrite, tctrahedriteﬂ and galena, from oldest to
youngest. Native gold occurs in many of the veins, but its position
in the paragenetic sequence is unknown, The main mineralization was
deposited in twoltypes of structures, steeply to moderatecly dipping
quartz-sulfide veins and flat-dipping pyritic silicified zones. A
slight amount of displacement of somec of the flat-dipping silicificd
zones occurred after mineralization. The resulting small displace-
ment fault zones and the joints became the site for late-stage precious
metal mineralization, that is characterized by intrusive(?) breccia
zoncé mineralized by small amounts of vuggy quartz, native gold, and
silver in unknown form,

In Early Tcrtiary time after mineralization, a period of
andesite to dacite volcanism and quartz monzonite intrusive activity
dominated the Oro Blanco district. During this time the numerous
Sidewindef quartz monzonite dikes intruded the 'district principally
along pre-existing fractures and veins., Simultaneously the andcsi;e
member of the Montana Peak Formation was erupted, Shortly after the
emplacement of the Sidewinder dikes a few dikes of Bluc Ribbon

andesite intruded the Montana mine arca., Probably after the Blue
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Ribbon intrusion period was complete the upper four members of the
Montané Peak Formation werc emplaced. During or shortly after the
emplacement of the lower dacite tuff member renewed slippage occurred
on the northwest and northeast faults that sheared many of'thc Side-
winder quartz monzonite dikes and brecciated many of the mineralized
“zones, The resulting breccias were then cemented with barren calcite
and quartz and numerous barren silicified patches were formed in the
Montana Peak Formation in the southernmost part of the district. This
late stage of barren mineralization may be related to the extensive
rhyélite volcaniém in mid-Tertiary time,

When the Montana Peak Formation volcanism ceaséd, the areca was
again eroded so that much of the upper two members of the !ontana Peak
was removed,

In Late Oligocene time the rhyolites of the Atascosa Formation
were erupted, The initial_eruﬁtions consisted of flows, but later an
ash flow tuff unit was erupted which was again followed by flows.
These VOléanic rocks seem fo have been emplaced by eruption along many
northwest fissures that are now preserved as a swarm of rhyolite dikes
composed of rhyolite lava and fuff. One small vent near the Interna-
tional Boundary may have supplied some of the volcanic materials. The
volcanism was very extensive, covering many tens of square miles with
tuffacecous materials, both welded and nonwelded,

The volcanic rocks were then croded and the interbedded
grave1$ and tuffs deposited from the debris probably during Miocenc

or Pliocenec time. One major north-northeast fault east of the Oro
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Blanco district was reactivated. Dtag on this fault formed a gentle

syncline in the Tertiary rocks at the eastern edge of the district.
Recent uplift has stripped much of the Tertiary volcanic

cover fgom the district and resulted in sccondary enrichment of the

silver and copper valucs in some of the mineralized veins, In addition

the gravels of the pediment areas and the present day streams have been

deposited,



CONCLUSIONS

Study of the district and rcgional geology, as well as a few
radiometric dates in rocks outside of the Oro ﬁlgnco district, indi-
cate that the rocks exposed in the 0r§ Blanco mining.district range in
-age from probable Jurassic to Late Tertiary,

The structufc of the district is dominated by southwestward
tilted fault blocks which are §eparated_by normal faults having three
major diréctidns of strike, north-northeast, northeast, and northwest.
The tilting of the fault blocks is the result of displacements on the
northwest faults., The major faults, those of northwest strike, origi-
nated from crustal extension of about 25 péréent‘along a northeast
line. This crustal extension is evident throughout most of bima and
Santa Cruz Counties in-the form of a large northwest-~trending collapse
structure, This collapse structure formed mainly during the Late Cre-
taceous to Early Tertiary Laramide orogeny, but some movement may have
continﬁed into nid-Tertiary time,

The presence of the collapse structurce of Laramide age indi-
cates that the Laramide orogeny of southern Arizona was not character-
ized by lateral compression, but instead by lateral extension. In
addition some of the Basin and Range faults of southern Arizona formed
during this extension and experienced only minor adjustments during

the Basin and Range orogeny.
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Three major types of metallic mineralization have been recog-
nized as of Late Cretaccous to Early Tertiary age in the district.

The emplacement of the mineralization followed the development of the
major faults, but prcceded the first Tertiary volcanism, Other mineral-
ization of very minor importance and barren of metallic mincrals in-

" cludes quartz-tourmaline veins of Jurassic(?) age and calcite and quartz
veins of Tertiary age.‘ |

The metallic mineralization is hydrothermal in origin and rangces
from mcsothermal to epithermal in environment of deposition. Both base
metal and precious metal deposits have been formed.

Localization of ore bodies has been principally in dilational
zones in and adjacent to major faults. Intersection of major north-
west fauit§ with northeast cross faults may have localized a few ore-
bodies. The Oro Blanco cénglomcrate member seems to be a favorable
host rock probably because of its éaéc of fracturing énd high original
permeability.

Most orc deposits exploited in the past have been character-
ized as nonpersistant features both laterally and in depth so that
the tonnage available for a given deposit is genecrally small, rarely
over 10,000 tons, although one deposit in the district is credited
with a production of a little more than 770,000 tons,

Post-mincralization faults have displaced the mineraliza-
tion ip a few areas, Late movements on both the northwest and north-

east directions of faults have offset some of the mineralized zones.
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Post-mineralization quartz monzonite dikes have intruded the orc zones
making their exploration and exploitation difficult.
The future economic potential of the Oro Blanco mining dis-

trict is poor unless exploration benecath the cover of Tertiary rocks

east of the district discloses significant mineralization.,
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