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THE GEOLOGY OF THE CALIFORNTA MINE AREA
~ PIMA COUNTY, ARIZONA
by Thomas E. Gillingham Jr.
_ABSTRACT

This thesis presents the results of field work in the

Calirornia mine area during 1955 and 1956.

The oldest rocks in the area are Paleozoic eediments,
mostly limestones. Mesozoie rocks, consisting of Cretaceous(?)
red shales and a great thickness of undifferentiated Cretaeeoﬁs
roeks,werssdeposited unconformably on the ercded surface of |
the Paleozoic réckse Granite intrusion domed and faulted =
Paleozoic and Cretaceous (?) rocks in Laramide time, Tertiary
conglomsrate was deposited upon the eroded dome. Overthrust
faulting and intrusion of granite porphyry followad the de-
position of the cdnglomsrate, but overthrust faulting is |
believed to be less extensive in this area than previous in-
vestigators have indicated. Alluvium has been deposited in

the lower portiens of the area since the overthrust faulting.

Two periods of mineralization are indicated; the first
accompanied the early granite intrusion; the second followed

the intrusion of the granite porphyry.

_ The fotal mineral production of the Senta Rita region
totals perhaps $20,000,000, but the California mine area has

produced only a few tons of copper-gold ore.

iv



- INTRODUGTION

‘Pieldwork and Acknowledgments

The field work upon which this thesis is based was
done during the months frcm October 1955 to May,lg%. ‘I‘he
euthor is indebted to Drs. B. S. Butler, A. A.. stoyanow,
end F. W. Galbraith frx' suggestiens in the ﬁeld end ofrice,
and to Dr. M. N. Short for assistance with tm petrographic
vork. Dr. B. N. Moore of the U. s. Geologieal Sm:'vey, end
Mr R. E. S Heineman of the Arizona Bureeu of Mines ofrered
suggesticns and snpplied informetion or value. Finally, tm
eoopemtion of his fellow students, perticularly Mr. Frank
Fruitman, Mr. Malcolm Roberts, end Mr, Ali‘red Rasor, deserves
the thanks of the author.

Previous Invostigation

Information concerning the e.real geology of the Santa
Ri’ca end Empire ranges and the adjacent region has been -
aocumulating since F. c. Sehrador me.de a reconnaissance sur-
vey of the area :ln 1909. Sketches of individual distriets, |
eencerned mostly with economic features, preceded Schrader's
_wcmk’ and have been listed by n;m in the report referred to
below., Surface geology has been studied in more detail, and
some careful reports‘have .been written on scattered areas by
students of the University of Arizona, but this.work has not

.advanced to the point where correlatims are possible.
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Mr. Schrader, obviously handicapped by the, magnitude
of his assignment. - 1400 square miles to be completed in
less  than four months, pointed out the essential features
‘of the area, and first recognized great overthrust faulting
in the Helvetia camp. The escarpment of the Empire Mounteins,
which was given a cursory examinatim only, was attributed to
a high-angle, eastwardly dipping reverse fault. Mr. Roy A.
Wilson, who examined the district in greater detail, recog-
nized & compound, low-angle overthrust, similar. in mcgnitude
to the Helvetia thrust. Work by Thomas in the Rosemont area,
by Moore in the Rincon.Mbuntains, end by Brown in ths Tucson
Mountains has disclosed in recent years the regional extent

of the overthrust faults.

No attempt has been made to correlate in detail the
stratigraphy of the Santa Rita region, and a stratigraphic
column is not definitely established for the area. The
recognition by Dr. A. A. Stoyanow of the Snyder's Hill lime-
stone has furnished a useful marker for the structural geo-

logist.
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5.
GEOGRAPHY
Location

The Califomis mine lies on the northwest slope of the
Empire mountains, 27 miles Southeast - of Tucédn, Pima County;
Arizona. The general‘région ha's been designated by‘the United
States Geologicel . Survey as the Patagonia quedrangle, and the |
mines within the Empire Lountains have been included 1n the |
Empire Mining District. - |

~The erea studied lies east of -the Sonoita road in Town-
ship 17 South end Range 17 East, measured from the Gila and
Salt River Guide Meridien end the FPhoenix Base Line. It ex-
tends 1.5 miles south fram Andrade*s Ranch and about the same
distance east from the Sonoita rcad.r About 2.5 squere niles

are thus included.

Accessibility -

An excellent gravel road knoﬁn as AriZona Route 83 or
the Sonoita road forms the western boundary of the area. Four
miles northwest of the California mine this road joins United
states Route 80 leading southeast from Tucson. The nearest
railroad stgtion,~Vail, lies 9 miles northwest of the area,

on the main line of the Southern Pacific Railway.

Topography

The northwest slope of the Empire Mountains descends
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irregularly, as a north-south line of high roothills,’ﬁcwafa;'_
the broad and shallow Davidson Cenyom, . Three of the foothills
-occupyAthe eastern third of the mapped area. From theif west~
ern base they rise sharply 500 feet to a maximum height of 4567
feet above sea level. The eastern slopes of these foothills are
more gradual; they reach to the valley separating the mapped
area from the main ridge of the Empire Mountains. The two thirds
of the area west of the foothills is divided by the north-south
trendiﬁg arroyo known as Davidson Canyon, which is fha main
drainage artery of the district. The gentle slopes surfaunding,‘
the Canyon are deeply dissected by tributary arroyes, ﬁut this
part of the area by reason of its lower relief cuntrasts strong-

ly with the higher land to the east.

- To a large extent the topography has been influenced by
the structure of the-focks. The smaller arroyos and Davidson
Canyon itself alternately cross and run parallel to the strike
of the resistant beds or otherwise follow lines of weakness.
The higher portions of the area are generally the zones having
the more resistent rocks - limestones and quartzites; whereas
the lower portions are characteristically underlain by soft

shales or granite.

Climate and Vegetation

r

Excepting a few mountains that rise above 7000 feet, the

country has a semi-arid climate. Rainfall averages sbout 15



PLATE 3

Figure 1. California Mine Area looking north from Hill No. 10. Hill No: 5 at right.

Davidson Canyon in middle distance.

Figure 2. Empire Mountains looking south from Hill No. 5. Hill No. 10 in right

middle distance.
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inches a year, according to the Forest Service ‘but the fall
is cenfined mostly to the winter months and to July. Precipi-
tation during the "summer rains" is sometimes tarrential, and
erosion then becomes important. Daytié@fsunps:tampbratures _
reach 120°5F;»night~br1ngs lower temyéggﬁu:égboth iﬁ summer
and in lint9r5 énd‘1n both seasons thézaépda§qnqé‘6r dié—,v |
appesarance 6f £he sun is followed by sudden cﬁaﬁges in air .
temperature. Such changes are impoertant for their relatim
to weathering and the resulting physiographiec forms.

Fieldwork is possible throughout the year, for even in
the winter months freezing tempergture is seldom reached and
the days are pleasantly warm. The Weather Bureau at Tuc son
gives the a&erage maximﬁm temperature over a period of years

as 108° F, and the average minimum for the seame period as 17°F.

Vegetation of a sub-tropical arid type characteristic
of Arizona's intermediate altitudes is found in the area. Trees
include mesquite, palo verde, désert buekthorn, jdniper, pinon
pine, greasewood, and black oak; bushes are represented by
catclaw, ocatilla,_and'cacti; and bear grass is fairly abund-
ant. The fol;bwing list of species has been presented to the
writer by Dr. F. W. Galbraith:

Desert Broom . Baecharis sarothroides

Mesquite ' Prosopis velutina
Cat-claw : Acacia greggii
Mescal Agave chrysantha
Ocatilla Fouquiera splendens
Creosote bush Covillea glutinosa

Cacti



. Cacti (cont'd) .
" Chollas

fficklyspears“

- Sahuaro
Rainbow
Strawberry

.. Barrel
Pincushion

9. -

Opuhtia éoanthodarpa
Opuntia bigelovii

- Opuntia versicolor

Opuntia santa-rita

© Opuntia discata

Opuntia engelmannii

.. Carnegia gigantea

Echinocereus rigidissimus
Echinocereus fendleri
Echinocereus engelmannii
Ferocactus wislizeni
Neomammillaria microcarpa
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HISTORY OF MINING ACTIVITY IN THE wxnf RITA AREA

_ The Santa Rita Mountain area has pro&nced mtal valued at
nearly %20 000 000. It is not known vho.t profxt can be eredit-
ed to the area as a whole but certain prcpertios, including
the Total Wreck mine in tha m;:ire Emntuins, have been mder-—

' ately successful.

- Production began befere the Spanish Comquest of Mexico.
Inning was carried on susccessively dy the ancestors of the _
Papago Indians, by the Papagos themaal‘us under the direction
of the Spanish . .Tesuits and finally, _by m:icans. The min-
1ng in the area during the l?th aml lsth emturies was naturally
a part of the great 1nduatry carried on by the Spanish through-
out Durango Chihuahua, and Sonora, 1n vhmh ailver was the
main metal produced. The ‘mines during ﬁns period were mall
and only the richar oras were removed, hplcitation an a some-
what 1arger scale marked the later Spanish period np to 1820.

By crude smelting methods rich copper ores like the 75 per cent 7
ore of the Santa Rita del Cobro deposit were treated and the
presenc e of othcr base metals was eatablishad. Thn early Span-
1ards, it should be noted, had. the advantage or élave labor that
made possible the remgval of ores from meny small, isolated de-
posits not ordinarily comsidered valuable. The total metal _
production of the area prior to thé Gadsen purchase of 1853 is
not known, but presumebly several hundred thousamd dollars worth '
of silver, copper, and lead were extracted.



The Gadsen act followed by military protection from the
raiding Apaches opened ths Santa Rita and ed jacent areas to
intensive prospecting. Considerable development resulted,
Rich silver-lead ore was mined at tha'Mbwry mine in the Pata-
 gonia Mountains about 1858. At the seme time silver ore aver-
aging $1400 per ton was taken from a smell pit north of Tubac,
called the Heintzelmsn mine. The encrocachments of the Apaches
and other vicissitudes of Civil wartime closed all the mines
of the area in the early sixties.

Resumption of activity after the Civil War was slow, but
gsearches of the east slope of the Senta Rita Mbuntéins gave
promising results at the Rossmcn£ end Greaterville camps. The
proximity of the Empire Mountains to the Southern Pacific Rail-
roéd, which was ‘finished in 1879, encairaged prospecting of
the country‘around the Total Wreck mine. The Total Wreck de-
posit, six miles southeast of the‘califbrnia mine, was diséov-
ered in i879: during the next few years it produced about one-
half million dollars worth of silver and lead., By 1895 the
Santa Rita erea was active from north to south; Pategonia,

Harshaw, Greaterville, Helvetia, and Empire camps were producing.

The first decade of the 20th century sew continued activ-
ity in the region, and the World War period was one of unpar-
alled production bf copper, lead, and silver, particularly from
the Helvetia and Patagonia districts. Considerable menganese |

was mined at Patagonia during the war. Copper and molybdenum

ores were mined at Helvetiavuntil a few years ago. Since 1930,
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however, the sasrea has been generally quiet.

The folicwing ‘tab.'.‘l.es \p.a"':asen,t' poducstion figures of various
districts in the Santa Rita erea. The figures were made avail-
eble through the eom'tesy ai‘ Mr. R. E. S. Heineman of the Ariz=-
ona Bureau of Mines ané un seon be published in Bulletin 140

of the Arizona Burpan of mngs_.



- Table I

METAL PRODUCTION OF THE SANTA RITA AREX - (Arizona Bureau of Mines).

Value of Produection

Total production

District Principal Metals

Patagonia Copper, lead, zinc, silver { 36,815,000
Harshaw Lead, silver | 3,835,000
Helvetia and Rosemont Copper, zine, lead, silver 3,320,000
Palmetto Copper, lead, silver : 2,500,000 .
Oro Blanco Lead, zine, gg d silver 11,405,000
Empire Lead, copper, silver, gold . 2,050,000
Frightson

$19,320,000

*Approximated by writer.

' EEREN

Table II

PRODUCTION OF EMPIRE DISTRICT BY METALS (1880 = 1930)

Gold (in dollars) - $15,000
Silver (in dollars) j 520,000
Copper (in pounds) - 110,000
Lead (in pounds) 6,000,000

® k Xk % %

‘et



Table III

DETAILED PRODUCTION OF EMPIRE DISTRICT 1915 - 1933

J

f No. of Tons Gold Silver Copper Lead Zine ! Total
IYear Producers ore. $ ounces 1bs. 1bs | 1lbs. |. Value
! . . . } . ) : . ;
1915 4 - 100 800 - | ! 20,000 $ 2, 144
11916 | 3 6,000 | "200,000 - ! 38,000
1017 | 5 1,528 ! 76 9,015 1,323 326,799 35,970
11918 4 469 64 | 2,735 1,371 165,003 | 50,864 19,478
1919 | 2 . 150 8,000 1,500 30,000 [ 53,000
1920 | 2 60 1,000 | . 1,500 13@00 T 14,000
1921 e i , ' ! z
"11928 7 746 . 620 7,988 9,:5_19 i 178,188 : 19,720
1923 | 4 6685 [ 891 4,952 | 177,057 . (17,912
1024 ! 5 468 ; %57 , 2,352 s,aaz 183,218 . 16,688
1985 | 6 i 1,#% 833 5,684 . 5,662 560,244 ; 23,750 56,128
(1986 7 3,461 2,984 24,983 & 32,086 | 1,566,872 | ji 1481144:
1927 4 2,366 2,326 10,948 : 15,680 ' 1,168,000 : {84,071
1928 8 1,435 1,662 5,770 | 14,885 645,641 | 48,619
1929 ? 1,087 557 4,518 | 17,038 | 438,339 | 33,579
1930 5 [ 356 263 2,243 6,804 164,852 10,254
1931 1 | 62 ’ ! - : . 1,367
1032 L = ;
1933 1 ! 5 ‘93 3 2 ! 94
é | , ; C S
Totals i 13,929 {  $10,215 3 96,981 . 114,550 ' 6,223,700 = 74,614 $595,166

S 4
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STRATIGRAPHY

Sedimentary Rocks

Abrigo Limestone

Rock thought to be the metamorphosed equivalent of the
Abrlgo limestone occurs in Davidson Canyon about one-half mile
south of the California mine. Similar rock occurs one mile

east of the area, in contact with a granite intrusion.

Lithology and stratigraphic position are the bases for
the classification. Positive identification is not possible

because of the extreme metamorphism. The rock is distinctly

bandede

Abrlgo limestone showing bands of chert and limestone.

Outcrop one-half mile east of Hill No. 5.
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Variegated layers of brown to blue limestone, limy
shale, and hard, brown to black chert are characteristic eof
the formation. There seems te be ne marked uniformity in the -
bands, which are generally ene?halt.tﬁatlo;inches.thickj but -
the 'rock gives fhe general impreac&agaof alternating beds of
chert and limestone or limy shale. Quentities of argillaceous:
material as impurities make the rosk dirty in appearance and
1ncompetent to stresaes. Drag rolding and othor irrogularities
1n structure ere common 1n 1he nstamnrphosed aroas. This 1s in
sharp eontrast to the purer and mora nnsaivo 1imestones over -
lying the Abrigo which are loas subjaet to rolding. Thore is
a suggestion at sevaral plaees that a naxrou quartzite band nay

form ths top of the Abrigo.

- As the Abrigo has been identified north of Pantano, at
Tombstone and at Rosemont thnre is roason to think that the
formation should be prasent in the Emyire Mountains.

Maftin Limeétone

The Martin 11msstone has baen 1dent1fied at several places
1n the area, as near the northeast corner of the area, 'here'
unmctamorphosed rossilirerous Mhrtin limsstane oceurs in the
overthrust block. It is rather rinely'erystalline, gray in
color and thin 15 moderately thick>bodded.: The 1ower pnrt of
the formaticn.is very pure and ecntaina few'fossils. Near the

top or the seotien 1s a characteristic fossiliferous zone com-

posed almost entirely of the fossil coral Cladopora prolifica.
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Even in the metamorphosed rock this zone stands out in st%iking
"contrast to the lower part of the f:bi‘natimg ‘and it is therefore
a valuable mapping unit. By metamorphie dction the fossiliferous
zone, which appears:fb contain original impurities, 1s'£ndur—
‘ated; ' weathering darkens it through the oxidation of iron. Parts
of this zone. sre somewhat arenaceous and giva the impression of

. $°.

‘ sandstone lenses of small oxtent.

- B. N. Mbore* has found tha Devonian limpstanes in the
Tucson Quadrangle narth of the Empire Mountains, .In that area
the Devonian is remarkably pure, and, as Moore suggests, it
should produce a pure marble by metamorphism. In the Empire
Mounteins the'louar pure portions do getamnrphopo to‘ratharf
pure marbles with ealé;ta crystals mag;u;ing up to one 1n9h in

maximum dimension..

'Identiticatiqn'is based on the fossils Cladopora brolifica.

Escabrosa Limestone

The Escabrosa limestone has not”begnumapped as a”separate,4,_m

unit in the areé, thdugh‘an attempt has been mede to indicate
its probable boundaries_at some pleces, The formation is no
doubt pressnt,in;tha_a:qa,lthougp evidepcevqonsists‘only of one
unnamed coral, suggestively Mississippian in age,iihich was
found by F. W. Galbraith and the writer in the extreme north-

west corner of the area.

* Moore, B. N., oral commnication.
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The texture and bedding or this rock difrcr very alight-
ly from those of the lowar part of tna Mxrtin. Tha Escabrosa
is aqually pure, 1ess rosailiforoua, and alightly bluar in
color. The contact between the Martin and thn Escabrosa has -
been assumad to 113 just above the reaailirerous zone in the
Martin. The contact betuuen the Esgahrosa end the Haco is ‘not
distinct but 1n the metamorphosod material it has been assumad
to lie on the line separating a rather pure marble from dis-

colored and less uniform limestone.

Naco Limestone

.Naco limestone, which has not been differentiated from
the Escabrosa formation in mapping, is well exposed on the
_eastern flank of the dome below the foothills. It oceurs in-
several other parts of the area, as on the west flank of the
dome between Davidson Canyon and the Sonoita road and in thev

overthrust blook on Hill Np. 5.

The Naco formation eonsists of thick-bedded, light-colored,
ma531§e limestones and eiﬁremnly'fﬁne-grained, soft, pinkish-
white to greenish-white, calcareous shales. The limestone beds,

- which are generally about lé feet thick, are more resistant than
the shales and stand dbove‘the softer members. Fossil brachio-
pods, crinoids, and corals are sbundant in the shaly zones, but
fossils are not abundant in the massive limestone. Irregular

masses of chert are present that may represent fossils.
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In placés the formation has uﬁﬁcrgons sugch intense
mptamorphism that bedding ana the blua-gray eolor, character-
1at1c of the fresh, unaltered rock, are almost ‘obscured.
Silicificatian is intense locally alang eortain harizons as
along the ridge just southwast of tha éantﬁr of the area, In
contrast to the brounish-yellow to ‘gray or white shades of the
‘marbleized limestone, the silicified Zénes are dark brom or
brownish-black in color. . |

1

about 100 feet thick occurs near thi'taﬁ‘et the Naco formation.
This rock has undergone silicification’ seiewhat unequally, so
that'aféaS'br=unuiliqifioa limestcne averaging about cne inch
in diameter are scattered through ﬁhé*éﬁﬁbe’grbnﬁdmass.'These
residual limestone tragmants have been dissolved by atmospheric

water to produoe a pitted surraao.

_' The Naco limestuue was 1dent1tiod by the fossils Axophyllum
rude end Lophophyllum profundum.

Pennsylvanian (?)'Shales”and Séh;ats‘”

A roughly 1anticular bed of daxk shale lies botween the
NaGOtlimastane and tha Snyder 8 Hill limsstone an the eastern
flank of the dowa. B quartz-mica schist which is believea to
be thg,matamorphio equivalenx q:’the shale , lies~na:th,or the
California mine. o | | | |

' The shale member shows a fairly sharp upper contact with
the Permian limestone and a gradational lower contact iith the



20.

Naco lin;astpnq. The thiockmess of the shale member ranges from
about 50 feet to about 200 :pqt,. It is exceedingly variasble in
color and apperently in ecomposition. In some places the rock

is blackish-grey; in other places it is greem,.or browm, or
bromish red; but everywhere it is more or less calcareous and

fine-grained. Some quartzite bands are included with the shale.

Theu sohist isv -a érayish-blue rock composed of light gray
to white, sﬁéary'qﬁafti‘an&'fmtfod k&lié‘.téniﬁg,'ﬁic:&cé&us mater-
1a1;_ The color and the appoarance ‘of thia roek are distinct-—
ive. The quartz whioh makes up a relatively mll port.tcn of
the rormation occurs as lenses and lrngular bands, generally
less than one inch wide, within the sehistose material.’ "In
thin sectiam the darkor.portions of ;he rock are seen to be
composed of chlorite, serieite, end magnetite, in order of ab-
‘undanove.. The sericite and ‘ehlox;ite are intimately intergrovn
in zones which are broken and 1rregu1&r. Individual quartz
grains show anhed.ral outlinos and are uniromly about Oe 1 milli-—
me ter m diameter. Ne.rrow stringera or ohlorito and sericite
extend into me quartz bands and surrcund some of the quartz
- grains. The quartz, whioh appears te be a cementation of aand
| oi'igirially deposited as a part or tho shale, .ts mst abundant
near the contact with the Naco limestone. The ﬁiéacéous mater-
fal and the magnetite wers probably formed by the addition of
material from the maéma and b& reworking ér' original components
of the shale. . -



Gradatimms of schist into shale are not clearly exposed
but are suggested by the structural relations elong the fault
at the eastern end of the sohist zone. Classifieation of the
schist as Carboniferous in age is basod on an intorpretation of
the structure and on the correlation of the schists with the

sedinwntary shales.

Snyder's Hill Limestone |

Snyder's Hill limestone is widespread in the area. It
outcrops most conspicuously on Hill No. 10, along the base
of Hill No. 5, and in the overthrust block capping Hill No. 5.
The lower limestone member of ths formation also occurs just
southeast of Andrade s Ranch and near the Sonoita road in the

southwestern part of the area,

The formation oonsists of three thiok—bedded limsstone

msmbers separated by two quartzite mﬁmbers.

‘The limestone is typically dark—blue, generally finely
orystalline with yellow to white calcite developed in small
cracks. Fossils are abundant in a few zones, particularly in
the lower limastone member. The fossils are silicified and .
mahy are altered'to black or dark-brown cherty masses. Abundant
chert in certain zones may not represent_silicifiedvfossils.

The rock weathers fairly uniformly. The three limestone members

are similar in texture, in color, and in bedding.

The quartzite members are oomposed of pink or reddish-pink
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to white, medium-grained, fairly pure quartzite.’ The upper member
shows cross-bedding distinctly, but the lower quartzite is a
moreAmassive,,homogeneeug;;qck. Both quartzites break with
sherp fractures and both weather brownish-red.

‘The two upper limestone ﬁambéréwgndrtheaqﬁaftéite members
are eroded from most of the area. In the overthrust block the
quartzites are apparently -thin, averaging about three or four
feet in th;ckness. It is poésible that some .0of the material

mapped as quartzite in the overthrust block is silicified lime-

stone,

Where the}lower limestone member alone remains, it is

overlain by red shales or by conglomerate of later age.
The age of the Snyder's Hill formaticn was established
through the identification of the following Permian fossils:

m
Composita Mbxicana, Archaeceidaris sp., Productus meridionalis,

and Camerqphoria-delciéch

Cretaceous (?) Red Shale

A~dist1n0tiv§ red shale member, lying unconformebly upon
the Snyderfs Hill limestone,{oscurs in the northeast and in the
southwest portionglot_the area and in the Andrade fault zone .
northwest of the California mine, This formation, which.was
appargntiy depps;ted_inlvax;eys in the Permien limestone, ranges
in éxposed thicknéss»:rom.&bqut 450 feet to zero. The rock, as
exposed on the west albpe of Hill No. 5, shows irreéular beds



" of volcenic clastics, rangthg in character from thin-bedded,
fino-grained dense, brouniah-red shales to coarse, arkosic
grits and conglqmarates compesed of plbbloi of amdesite, of
jasper, and. of dark blue limestone, A few narrow beds of dark.
limestone ere intercalated with the conglomerate emd the shale
about 150 feet sbove the base of the formation.

v

Lateral changes in the charaecter of the formation are
noteworthy. At the Montena mine the equivalent of the red shales
is a muddy-brown, tuffaceous sedimemt. imeluding tiny pebbles of

jasper and erkose, = . e ey

The rormaxiqn 13 gpnerally ovarlaxn nnccnrarmably by
Tertiary conglamerate. withont this protscting uowar the red
shele would no doubt have beon eanylotely oﬁedod trmn mnnh of

the area.

As no fossils were found in this formation, the assign;
ment to the Cretaceous is based on stratigraphic relations and
on lithology.

Undifferentiated Cretaceous Rock

In the western pert of thé area, bordering the Sonoita
, roa@ and extending eastward to the indrede fault, is a series
of Cretaceous rocks which strike generally north 70° west and
dip at low angles to the northeast, These rocks have not been

differentiated in mapping, but a section of the typical Cretace-



PLATE 4.

. Typical Cretaceous Section.

Formation = = =~ - R Thickﬁeéilin feet

L

._Dark arkose ........s.........;...g.&.‘a..a...§..... 80 .
Andesite flow .......q..Q..........4.».‘......,..... 10
'Dark blue limestone shseeiisaseseiivenbiienininreinn %3
Fine greenish_arkose cesssssccionssciinissrcecsiaiee 25
Light arkose stecriessesscasisctarbocioitrssasintine 100
Light arkoso, quartzite eand shale 1nturbeddod eeees 20

"White limestone 'ooq}poéoo06Qo6'coéo_o.6’(6004&660060¢6000 6

o

Brown lim.y Shale oooo'oo»ooooioéoo‘ooo"oo‘obooooioooioi_
Dark greenish Shﬂle ooooooooooooocobbooqooooooooaooo 45

Bl\lB limestone 00000000000000ooo.toooo‘b‘ééaoét..'to .

b

RN

Black Shale 000000000.0000oocoooooooooovooooooooaoo' lo
White 00&1‘83 arkose oq»ooooooooooocooooooooo.ooootooo 35
Coarse dark arkose 00.0.ooooooo.oOOQQQOQQQOOOOQOOOQO ‘0

Brown and black Sha.lQ 000.&00000000000000000‘&0000v‘ 100

.
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ous formations as eiposed elong a smell arroyo west of the

Sonoita road is shown in Plate 4.

Arkosic sandstone is the predominant rock in this section.
It oufcrops conspicuously along the Sonoita road and forms re-
sistant fédges and escarpments along the arroyo which parallels
the road. A fresh specimen of this rook has much the appear-
ance of granite, but closer examination. shows that the compon-
ents are granular and that the distributim of the grains is
not uniform. Portions of the rock mass are coarse enough to be
called conglomeratic; in these portions pebbles exceeding one
'centimeter in length are numerous. The main rock mass and the
matrix of the conglomeratic portions are composed of quartz,
feldspar, and biotite. The feldspar is almost canpletely kaol-
inized and the biotite is altered to limonite. Quartz con- . °~
stitutes sixty per cent of the rock, altered feldspar thirty
per cent, and altered biotité ten per cent. The grains are
fairly uniform in size, averaging about one millimeter in dia-
meter, and are invariably rqunded. Tﬁe rock is bedded with
rather obscure cross-bedding. The composition of the arkose
shows derivation from a granite, and the roundness of the grains

indicates transportation for a camsiderable distance.

. Thin beds of bluish-black, dense limestone, showing no
fossils, and beds of black, brown, and greenish-brow éhales
are intercalated with the arkosic sandstone. One andesite flow
lies conformably with the sedimentary beds, near the culvert

along the Sonoita road.
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Cretaceous limestone dipping Northeast.

Tertiary Conglomerate

A conglomerate composed of pebbles or boulders of marble-
ized limestone and quartzite is the predominant surface rock
in the southwestern part of the area. [Its extension into
other parts of the Empire Mountains is not known to the writer,
but it is well exposed at the Montana mine to the south and

in the valley to the east of the area. B. N. Moore* suggests

* Moore, B. N., oral communication.
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its correlation with the Pantano formation of Tertiary ag;,
which is found a few miles to the north. It may be the
equivalent of the Gila conglomerate, for it appears to have
been deposited under terrestial conditions from the ciosion

of local formetions. B. S. Butler* points out the possibility
that the formation may be a fanglomerate deposited locally in |

advance of an overthrusting block which later covered it.

Within the mapped area this conglomerate invariably
lies on the Cretaceous red shales or on the Permian limestone;
similar relations obtain to the east and to the south. The
lower contact is an erosion surface ani is nowhere conformable.
The conglomerate has undergone.only slight folding or faulting.
The appearance of the conglomerate varies within short dis-
tances. The least altered rock contains well rounded pebbles
of white limestone or marble, or pebbles of limestone and
quartzite, Almost everywherd quartzite pebbles are absent at
the base, but thej begin to appéar about twenty feet from the
bottom and increase rather uniformly until they are preponder-
ant. In a section one-helf mile east of the area the total
thickness of the formation is about 75 feet. Where limestone

pebbles are predominant they are elongated parallel to the

* Butler, B. S., oral communication
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bedding. In places the pebbles of pure limestone are so well
consolidated and cemented by lime that the conglomeratic
appearance is masked. Thus at the Montana mine the conglom-
erate near the incline looks much like a massive limestone.
Where the limestone pebbles are associated with quartzite
pebbles the conglomerate is stronger and the limestone pebbles

are not elongated.

Two extremes of pebble size have been found. On the
top of Hill No. 11 distorted limestone pebbles, measuring
about one inch in diameter, are cemented into a twenty-foot

capping. This rock weathers into sharp, irregular surfaces.

Conglomerate one-half mile east of area
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The other extreme is well exposed about one-half mile
eaét 6f'thé érea where an abundance of granite pebbles in
addition to the quartzite and limestone charaecterizes the
rock., The grdnité is no doubt the same as that in the large
stock to the south and to the west of the outerop. Near the
top of the conglomerate at this outérop the pebbles approach
boulder size, measuring up to ten inches in diameter. The
limestone pebbles are rounded, but the granite and the quartz-
ite are quite sngular, suggesting & very loeal origin.

~ Red shale pgbblég are aﬁsant frdm mach of the}conglbmr
erate, but along the Sonéita road just west of the mapﬁed area
a breccia-like mnterial ‘which is tantatively eorrelated with
the conglomﬁrate, contains numnraus pebbles of brownish shale,

possibly the bl eached eqnivalent of the red ahale.

Nowhere in the area has nmxarial older than recently de-
posited alluvium been found lying above the canglomarate in

sedimen tary contact.
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Igneous Rocks

Early Granite E o S

A msdium-grained dark granite is axpcsed 1n the Cali-
fornia mine area. The type specimen was obtained 200 feet
west cf the California mine, but identical rock and several
facies of this granite are exposed along Davidsen Canyon,
along the northem boundary of . the area, and in the valley

east of the area. It has border tacies ot mnre basic nature
}and a few apophyses of pegmatitic and aplitio material. Thus
north of the Galirornia mine a roughly banded rock of grano-
diorite is intruded along the limsstane-sehist contact. Diorite
dikes in the northern part of tﬁa area and pegmatite sills in
the Abrigo formation along Davidson Canyon are regarded as
derivatives of the granite. This grenite appears to be related

to the more acidic grenite stock south of the area.

In all eipééures the granite is caﬁsiderably aitered and
disintegrated so that the original cempoaition is partly ,
masked._ Typioal rock is slightly porphyritic with a dark gray
matrix of quartz, biotite, and feldspar and sporadic pheno-~
crysts of white feldspar vhich measure up to five millimeters
in length. In thin section the matrix is seen to be composed
of about equal amounts of altered plates of biotite, anhedral

grains of quertz, and subhedral grains of feldspar, all aver-~
aging about 0,1 millimster in diameter. The biotite has been
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almost completely chloritized. The feldspar, which is andesine
‘Abeam%, has. been largely sericitized, Particles of secondary
calcite averaging O.1 millimeter in aiﬁmatar‘nre_acattéred

through the section.
Pegmatite

A light-é&olor:o’d’ pegmatite si‘li‘aﬁmt‘dﬁé foot thick lies
in the Abrigo limestone ‘along Davidsm Canyon abmt three-
rourths of a mile south of the Califomia mina. Pegmatitic
material alao forms a dike with m outcmp ubout 150 feet |
'1ong and six feet wide northmat 01‘ tho Galifomia mine.

- The. pegmatite in the Abxiga,&;matwno _Vexhibita-graphm
intergrowths of microperthite end anhedral quartz, individual
blebs. of either m;neral ranging up to three millimeters in
diemeter. -The absence of ferromagnesian minerals makes the
rock conspicuously light colored. The miocroperthite, which
is incipiently kaolinized, is slightly more abundent than
quartz.. In .thin sectim a few tiny veins of anhedral quartz
are seen to.cut the graphic intergrowths.

This rock is regarded as an apophysis of the early

granite.
Andesite

. Andesite dikes intrude the sedimentary rocks in the
northern part of the area, Northeast of the California mine L



a dike rollows the mineralized eontnct between the Pennsyl-
vsnian limeetona end the Pe:msylvenien sohists. Along the
northern base of Hill Ho. 5 similar ilksa are found.

" The andesite is a dense, greenish rock, aa'rnne-granned
that macroscopic resognition of the component minerals is not
possible. Mieroscopic éxamiration ‘of the resk in thin section
shows that the prime.ry ainerels in the rock are anhedral
plagioclase 1n greins up to one millimter m langth end sub-
hedral hornblende meestming up to 0‘?5 millineters :In length.
SOma of the feldspar, detemined as nndegs.ne .ma‘e.&n58 is” ‘
relatively fresh and slear, but mt o the feldspar has been
altered to epidote, which shm som excellent radial groupings
up to 0.5 millimeters in diameter. Secondary calcite in
veinlets traverses the section. The hornblende has been com-
pletely chloritized but the forms of the hornblende crystals
are preserved. _ Sms epidete has developed elong the cleavage
planes of the hornblsnue, prcbadbly by replacemnt of chlorite.
Andesine constitutes about two-thirds of the original rock;

hornblende about one-third.
These dikes are regarded as apophyses of the g_re.nite.

Andesite Porphyry

A mall plug of andesite parphyry outcrops one-half mile
south of the Calitornia mine, on the west bank of Davidson
Canyon. This rock, which has been found nowhere else in the
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area 1§”obvioualy an epophysis of the granite_that cutcrops
nearby.ﬁ This facies of thé grﬁnite 1# diéﬁinciive. Horn-
blende phenocrysts ranging from 0.5 ﬁillimwfera to one centi-
mater 1n.1engtﬁ iie in'a-groundmass of fine, white material
'resembling‘dpggt._ The phonoorysts,_arrangad very 1rrqgﬁlarly

in the groundmass, coanstitute about fif ty per cent of the rock.

In thin section the phenocrysts are seen to be fresh,
euhedral end subhedral hornblende that shows infiltrations of
quartz. The groundmass is composed of equal parts of anhedral
quarfz and subhedral andesinellhésAnss; in grains ave#aging

0,02 millimeters in diameter.’ Sporadic, diemond-shaped crystals
. of sphene, and scattered grains of epi@ote ere the accessory

, minerals.

Granite.Porphyry

" Granite porphyry forms the dike -which follows the Andrade
fault.

The rock is medium.grained and distinctly porphyritic.
Its most conspicuous featﬁre4is the presence of phenocr?sts
of glassy quartz. It is distinguished from the early granite
by 1t§(lighter color, though a few acidic phases of the early
granite resemble the granite porphyry. Southwest of the Cali-

fornia mine area the porphyry apparently merges into a granite

stock.
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In thin sectiqn the gran;te porphyry is seen to consist
of rather abundant,‘ﬁﬁhédral Quartz‘phen@orysts; measuring
up to three millimeters in- diameter, and smaller euhedral and
subhedral feldspar phenoorysts, largely eltered to keolin and '
séficite,\amﬁeddeaain;a fine gienndmass of quartz, feldspar,
and a little altered‘bibfite. Many of the quartz phenoerysts
show rounding and emboyments due to resorption by the magma
which crystallized as the groundmass. -The feldspar of both
the ‘phenocrysts end the groundmass is or thoclase or sanidine;
feldspar phenocrysts, measuring up to ocne millimeter in dia-
meter, show irregular Eiebs of keolin surrounded by serici#é,
and the feldspar of the groundmass is largely sericitized; o
‘fresh biotite is present, but'thpre are a few pseudoméiphs of

sericite after biotite. The quartz phenotrysts campose about

one-third of the rock. Feldspar phenocrysts end the few biotite

pssudomorphs campose another third; eand the groundmass, con-
sisting of ebout equal amounts of quartz and feldspar, mekes

up the remainder of the rock.
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STRUCTURAL GEOLOGY

General Features

The structure of the California mine area is moder-
ately canplex. Igneous rocké have intruded and domed the
sedimentary rocks., The dome 15 1311 exposed in the area,
though it is unsyﬁmetrical end somewhat obseured by faults,
folds, and later intrusions. Faults are more numerous then
folds, but moderate folding, even of the competent beds, is

conspicuous at some places in the area.

The probable sequence of events that have affected the

area is:

1. ‘Granite intrusion accompanied by doming, faulting,
intrusion of pegmatite, and folding. N
2. Overthrust faulting accompenied by intrusion of

granite porphyry and minor high-angle faulting.

Granite Intrusion

The earliest recorded structural event in the California
mine area was intrusion of the early granite, accompanied by

diastrophism and metamorphiam of the intruded formations.

. An early stage of this diastrophism was slight folding
of the deeper beds, probably by stresses set up by the approach-

ing magma. The granite intrusion was accompenied by emplace-
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ment of pégmatite sills and at a later stage by the intrus-
ion of andesite dikes.

On the west bank of Davidson Canyon, one-half mile
south of the California mine, a pegmatite sill about six
inches thick is intruded into the Abrigo limestone. It was
intruded before the Abrigo formation had been intensely
folded, for, although the pegmatite is frgctured and faulted,
it is uniform in thickness on all parts of the fold, a con-
dition that would not be expected of en intrusive following

zones of weakness in previously folded, incompetent beds.

After the intrusion of the pegmatite the main mass of
granite was injected, Doming, faulting, metamorphism of the
limestone, and some mineralization accompanied this intrus-
ion. Folding élong éenerally northwest axes end intrusion
of andesite dikes in the northern part of the area followed
as last stages of the intrusion. The andesite dikes, unlike
the pegmatite sills, are not intensely folded and fractured.

These events will now be considered in greater detail.

The most conspicuous structural feature of the area is
an elongated dome or northward pitching enticline that in-
volves the entire Paleozoic and a part of the Cretaceous
sections. The core of this dome is marked by the outcrops of
the truncated granite stock in Davidson Canyon, south of the

California mine. The flanks are outlined approximately by
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the outcrops of the very white Zscabrosa limestone. The longer
axis of the dome seems to lie between a north-south line and
a northwest-southeast line. East of Davidson Canyon the rocks
swing around the core with generally easterly dips, averaging
thirty to 45 degrees, whereas west of the Canyon northwest

or southwest dips prevail, though the beds do not strike as
regularly in that section. To the northwest the dome abuts
against northeast-dipping Cretaceous rocks along the Andrade
fault. To the southwest the contact of the Naco limestone
with the Permian limestone seems to be a bedding fault of
unknown magnitude. South of this the formations are flexed
into a shallow syncline with a northwest axis. On the south-
west flank of this syncline the Snyder's Hill limestone is
either in contact with the granite porphyry or, as at the

Montana mine, is thrust over undifferentiated Cretaceous rocks.

Permian limestone thrust over undifferentiated Cretaceous rocks.
100 yards west of the Montana Mine.
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On the north also thnrdomo appears to flatten into & shallow
syncline ‘with a goneral east-west axis, but this syncline is
not as clearly outlined as the one to the southwest. This
northern syncline is bordered on 'the north by enother granite
stock,'nrobably'connoetod at no great depth with the igneous
core of the dome. The rooKS'of the eastern flank of the dome
‘maintain easterly dips to a granite stoek just east of the
mapped area. Southeast of the dome is another stock of gran-
ite toward which the Paleozoic rocks, according to their
location, either dip or strike. The dome as a whole, then,
is surrounded‘on‘at ieast threé sides by granite of the same
age. It is plausible that the entire dame is underlain by
granite at comparativoly“slight depth, giving to the otruot-
ure the character of a roof pendant. - Reference to the map
(Plate 1) will show that the symmetry of the dome is destroyed
by the Andrede fault. on the northwest and by a number of
other irregularities 1n structure in all parts of the area.
Future work 1n the region may show the northwest flank or
tho Empire Mbuntains to be a monocline with dips to the east
or to the north and with minor domss contained 'ithin 1t.

Steep-angléirdulting~aocompanied the doming. Thus
fault No. 2, which parallels the strike of the Escabrosa(?)
limestone, has thrust intensely metamorphosed Escabrosa(?)
beds'dgainstiioss'AItorod rooh of the same age. The extent

of this type of faulting is probably greater than the map -



indicates. The largest fault of this type is the Andrade fault.
At the northern end the fault has the characteristics of a
fault zone. The axis of .the break runs about S 30° W from

the hill just east of Andrade‘'s ranch, erosses Davidson Canyon.
ebout 250 yards northwest of the Califormia mine, and there
bends slightly westward toward the Sonoita road. Its course
is hypothetical through some of the area near the road, and
apparently it becomes. weaker toward the south. Iﬁ the south-
western part of the area the course of the fault is believed
to be marked roughly by the granite por?hyry dike which has
been intruded along the fault plane as explained later. The
movement along this fault was reverse bringing the Paleozoic
limestones up against the Mesozoic beds. The maximum throw

of the fault has not been determined. lMovements have doubt-
less been reneved‘along.the fault, even after the intrusion

of the granite porphyry.

Folding has followed thle'domiﬁg. ' In Davidson Canyon
about 250 yards southwest of the Californies mine is a fine
exposure of folded marbleized Esoabrosa (?) limestone rest-
ing near the granite. ‘This fold is believed to have been
partly formed shortly after the grenite had solidified, though
later movements have further warped the fold. The Abrigo
limestone end the pegmatite'sillvwere pent into,unsymmetrical
ahtiolines and sjnolinee, which locally measure from orest to .

trough 100 feet vertically and fifty feet horizontally, The
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greater folding of the Abrigo limestone was due to the in-
competence of that formétion., The more massive, strati-
graphically higher Martin and Escadrosa (?) limestones were
also folded during this period inte!rather.sharp flaxufes
‘which are best seen on" the ridge souwtheest of the California

mine near the center of the area..

Overthrust. ?mm e

| Overthrust faulting is @f fundamantal 1mportance in the
California mine area. It cannet be undorstood completely until
studied over a wider area but some progresa has been made

by study of the California mine area.

Schrader recognized low-angle overthrust faulting of
great magnitude in' the-Helvetia district, where gouge and
breccia zones beneathvtha overthrust bleck are fifty or more
feet.thick. Thomas mapped a continuation of therHalvetig-
thrust in the Rosemﬂﬁt camp., In the Cuprite area, which lies
between Helvetia and the California mine, Borland and Lee ‘
found no overthrusting, but B. N. Moore has found Paleozoie
rocks thrust over Cretaceous rocks in the Tucson quadrangle
near Pantano. B. S. Butler and the‘writer have traced an |
overthrust block from Pantana south toward the Empire Moun-
tains. R. A. Wilson, who first repartad overthrust faulting
in the Empire Mbuntaina, postulated a compound overthrust by

which Paleozoic rocks first thrust from the southeast over
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“’@rotaceous rocks ware.intﬁﬁ covarnﬁﬁ'an‘ngag, gf laaat, by
‘fanother block of ovenwié&ﬁs Pale ;  ’£§2!¢$ien;.,ﬂho effect
‘3 $u#a tith a rather
horizontal sole %o eaoh th&nat. !&&5ﬁ@»h§ltﬁvgﬁ thn% the
greater westward extens&@ﬁzot thﬁxiﬂuaw ble&k inﬂieqtod a

wes regarded as a sort ﬁt tmbrin&&a&‘i}ﬂi‘

;@r tha usper bloek; pre-
wﬁlw au rax laatuard as
w;&nrn ywrﬁ of the area.

larger movement for tha&*hlgck !"U
sumably, the upper bl:“” 20
the crests of the fomfh
‘ Wilson indicated in hiﬁ
had been intruded and 6 S r gra
faulting, though he regiﬁﬁﬁh,tﬁkt': 'ixein Davidson Caﬁ}on
‘as lying below the lower. t«a&t ik ‘

sther words, the granite
exposed in Davidson ngyan cnd:ifly,jxsumably Cretaceous -
rocks which it 1ntruded there hava been covered hy metamorph-
osed limestme of the lower funl#»bleak. This 1nterpretation
of the overthrust faulting was based in part on the assignment
of the limy and shaly material belew the limastono at this
point to the crotaeeous that is considered by the present
writer to -be of Gambrian age. lumn believed the lower thrust
. block extended vestwﬁrd to near the Soneita road and, possibly,.

farther.

The opinions of the pras-nt writer do not eom@letely
accord with those exprassed by Wilson. |

The'greenish material exposed 250 yards southwest of the
California mine and also one-helf mile south of the mine un-
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questionably lies beibw mstamorphosed,lim@s$one and above

1 :
somewhat fractured and brecciated granite. Particles of

i
1

Folded and faulted metamorphosed limestone above greenish
- shale and limy material.

250 yards soﬁthwest of the California mine, iodking northwest.

grenite and much limy material are included in. the green zone,
but the.granite’fragments appear only near the massive gran-
ite at the eastern end of the exposure. , The limy material in
the zone resembles some of the Abrigo rock, but:the.general
éreenish color suggests Cretaceous formations. Movement. since
the intrusion of the granite has folded and fractured the rock

considerably as shown at the exposure in Davidson Cenyam.



WJ@J&&éﬁéyﬁhaixonss
;t'ha b@l&»?@s a
»rnvarsa fenlt ex-
finm&ﬁnglg, regional
@&yﬁn‘ﬁakiﬁson Canyon,

‘described in thﬁ ﬁrcp ﬁyaﬁ‘P&%&@¥

1£B Qt @ambrian age, as
believed by the wriﬁun fh@v@X&ﬁQnﬁ$}aoesaity for a low-angle,

i

regional avartnmst : m the. relations in this

‘part,of th»,araa.\

\/ Along the Sanaiﬁa xﬂad 3uat uﬁa& of the area and thence
‘south to the Montena mm *me mmr 8 Hill limestone 1is
thrust upon tha Gretaab@na rormatinns lying to the west..
This relation-ls appanenﬁ&y,incanaistant with the conception
of the high-angla Lnﬁx§é§ f¢nl$,}but the relation cen be
"logiédlly eleaihad byTruétuard 8lipping over the Cfataceous
rormations of the domﬂﬁ Benmian wnd yuungnr rocka during
the 1arger ovarthrusting on Hill ﬂb. 5, and during the in-
trusion of the granltc p@rphyry._ This apparent anomaly will

be"expiainéd‘latar."

~ An overthrust block of limestome end interbedded
quartzites eaps Hill N6.~5. mhig blnak ‘may have been contin-
uous with the blcak that eaps a h&ll tua milaa southeast of
the area, as was postulatad by wilaon., The overthrust block
is structurally complex,,wi&h bands»of_quartzite infolded with
the massive blue limestones. ‘F0331ls}of both Pennsylvenian

and Permian age have been found on Hill No. 5, and Devonian
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fossils have been found a few hundred yards farther east,
apparently in the same overthrust block. The thrust plane

is warped, but gouge and breccia, nowhere exceeding ten

feet in thickness, are in places absent. On the southern
flank of Hill No. 5 the thrust surface overlies the Tertiary
conglomerate. Along the western edge of this hill a 25 foot
to fifty foot cliff, above the Cretaceous red shales, is
formed by the overthrust block. On the northwestern slope
of this hill Cretaceous red shales, dipping to the northeast,
are truncated by the overthrust fault. The limestones of the
overthrust block also dip to the northeast at a steeper angle.
Along the northern slope of this hill the Permian limestones
seem to be thrust over similar Permian limestones, but the

fault contact is not clear there.

The overthrust block may have extended as far west as
Davidson Canyon. A block of slightly metamorphosed limestone
of unknown age overlies the Cretaceous red shales along David-

son Canyon just northwest of the California mine. The limestone

Limestone overthrust on red shales in Davidson
Canyon near the California mine.
Looking north.



is clearly overthrust upon:these red shales, but both the
limestone and the red shales have been dropped down by
movements along the Andrade fault zone. This overthrust

block, then, apparently truncated the northern slope of the

done.

Folding and raulting accompanied the overthrusting.
| Assuming that compressive forces act at right engles to the
trend of a fold it appears that the forces responsible for

. .. \/
these fo;ds acted along northeast-southwest lines.

o The rather anomalous thrusting or the Snyder s Hill
limestone over the Cretaceous rocks west of the Sonoita road
which has been mentionad previouely, was nho doubt a8 result

| of these same stresses. A.block eompesed of the eompetent
Snyder's Hill limestone Cretaceous red shales, and Tertiary
eanglomsrate was moved laterally westwerd for several hundred
yards over undifferentiated Cretaeeeus roeks, the movement
east of the Andrade fault taking place alcng the bedding of
the weak Pennsylvanian shales. At several places south of
the area a dense, siliceous material that is believed to be
replaced calcareous shales underlies the Permian limestone,
but along'Fault No. 1 the shales are recognizable though
severely crumpled. The block probably overrode the Andrade
fault in the southern part of the area, but the fault was
preserved in the under block and no doubt determined a line

of later fracture in the upper block.
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As @ iate Stége‘dr thié diééti@ﬁhism granite porphyry
was intruded along the Agéfade_faalt. It spread out later-
ally beneath the Snyder s Hill limestone, broke through the
overthrust block as a dike and in yl&cos it spread out later-
ally above the Snyder 8 Hill limastone, as shown north of the
Montana mine. Lt some planea alang the Lndrado fault the
porphyry dika is not present but at other placea it widens

to several hundred feet..

véhetiﬁiruéionvbf:the pofphyry‘uns acédayanied b}vsémzﬁ
further'déming of the earea and by some faulting. Thé main
overthrust block.on Hill No. 5 has bean brokan by a number
of rather amall raulta. Fresh slickensides near the Calif-
ornia mine indicate movement along the Andrade fault after
the intrusion of the porphyry. At the Qip@surc near the
pipe line, leading from the Califernia mine to Andrade's
ranch, the overthrust limestone has been intruded by the
porphyry and both rocks are cut by ruﬁlts;
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METAMORFPHISM "AND WEATHERING

- General Statement

metamorphism.in the California mine area includes re-
crystallization of limestone to marble silicification, seri-
citization,'ccntact metamorphism, and development of schists

from shales.

- Conspicuous color changes have been produced by the ‘
metamorphism;  originally derk limestones have been bleached
to white marble or darkened by contact action to grayish- |
black bends; -and greenish to black shales have been trans-

formed to steel-gray schists.

Presumably; water or water vapor was the principal
emanation fram the 1ntruding granite magma, but silica alum-
ina, and iron were added in eonsiderable amount, and some
original impurities in the limestones were reworked to form
| quertz and silicates, The metamorphism largely attended the
intrusion of the“eaily granite; the intrusion of the later
grenite porphyry was not aceompanied_by much alteration in

the intruded roeks."

Weathering of rodks containing iron, such as the arkoses,
the quartzites, and certain of the intrusives has produced

red cappings over;much of the area.
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Alteration of. the Limestone to Marble

The Martin limestone, the Escabrosa (?) limestone, and
some of the Naco limestone have been altered, completely or
in part, to white, crystalline marble. The coral zone at the
top of the Martin limestone and the impure beds in the Kaco |
lime stone have resisted marbleization, though they have been
largely silicified and sericitized. The extent of the marble-
ization was controllcd by the purity of tha limastqne and by
its relation to the 1gneous body. Emanaticns and heat from
the magma wena the direct causes of the metamorphism. Fold-
1ng and raulting, which are as cunspicuous in unmetamorphosed
rocks as 1n metamorphosed racks; effactod only slight meta-
morphism. Marbleization is most intense near the granite 1n-
trusion, and all of the limestones in 1ntrusive contact with

the granite are marbleized.

The purest marble is milky white in color and coarsely
crystalline. Rhoﬁbohodrdna of translucent, milky-white cal-
cite, msasuring two centimeters across, are conspicuous in
places. The erystals are generally distorted and imperfect.
The cleavage faces of the positive rhombohedron invariably

show traces of the negative rhombohedron.

Silicification and Sericitization .
of the Limestone

.. Much of the»Nacoylimestane has been altered to a very
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dense, exceeding;y fine-grained rqok which weathers réddish
brown and forms resistant ridges over much of the area. In
thin section this rock shows complete replacement of limestone
by quartz and sericite. Individual greins are almost sub-
microscopiec. The proportioms of sericite and of quartz are
about equal. | '

| AnothérAt&pe of siliéificatiaﬁ, w@ll ahowﬁ oh aﬂhill
northeast of the California mine, resembles quartzite in
appearance but is distingﬁishablo from quartzite by the pres-
ence of residual limestone, 1In ebntiast to quartzite, this
siliceous material does not waﬁthar red but maintains a light
blue to white color. It is medium grained, forms irregular,
hackly outerops, and is resistant to erosion. This type of
silicification appears to be widespread in the area, but it

is best developed near granite masses.

Contact Metamorphism

Contact metamorphism has produced specular hematite,
epldote, wollastmite, and pyrite in zones usually less then
ten feet‘thick on the limestone side of limestone-granite
contacts. 100 yards east of the Gal;rornia mine a 25-foot
zone of iron-stained, epidotized, and garnetized Carbonifer-
ous limestone crosses line Guleh. Along Davidson Canyon,
one-half mile éouth of the California ming, a small contact

zone has formed in the Abrigo limestone.
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Development of Schist.

The Pennsylvanian schists in the nerthern part of the
area have apparently been formed by the 1ntrusive actlon of )
the early granite, which outcrops north and south af the ~schist,
| Considerable quartz has been intro&uced into parts of the

formation and a definite schistosity has bean developed.

'
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PHYSIOGRAPHIC bEVELOPMEHT

General Statement

Southeastern Arizona is a desert region marked by a
series of isolated mountain ranges ahd broad, flat valleys.
The trend of the topographic features is in gansrﬁl north-
northwest., The Santa Rita end the Empire Mountains are in
the Basin and Range province that lies sauthwest;of the Mex-
ican highland province. This is-also known as the Sonoran
Desert province. The land to the east rises very gradually
to the Continental Divide in New Mexieo; the country to the
weét slopes still more gradually to the Colorado river and

‘to the Gulf of California.

The Santa Rita Mountains, to which the Empire Mountains
Iby stratigraphy, structure, and position are logically re-
lated, extend for 25 miles in a generally north-south zone
from the Cuprite area on the north to Patagonia village on
thé south‘. From moderate relief at the northern and south-
ern extremities, the crest of the Santa Rita Mountains becomes
highef toward the middle portion of thé range, where lit,
Wrightson has an elevation of 9432 feet above sea level and
6000 feet above the adjacent Santa Cruz valley to the west.
The northern third of the range, from Mt. Fagan at. the north-
efnfend to the foot of Mt. Wrightson, maintains a remérkably
uniform crest line at about 6000 feet elevation, from which

very steep slopes descend westward to the Santa Cruz valley
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and more gentle‘slopes‘1ead‘eastward to the Empire Mountains
or to the valley of Cienega creek. The portion of the range
near Mt. Wrightson, comprising the center third of the moun-
tains;iis extremely irregular, but the western slopes are
steeper thén'the‘easfern slopes; Sharp, deep ravines lead
from the crest of Mt. Wrightson.to the valleys below, and
sharp peaks are conspicuous. The'southern thirdvof fhe range
is likewise irregular eand descends gradually southward to. the
valleys of the Santa Cruz river and. its tributaries. As
pointed outlby previous investigators, the physiographic
development of the range as a whole has been conirolled

olosely;by_geologic structure.

The Fmpire Mountains conform generally, though on a
smaller scale, to the Sante Rita Mountains. Western slopes
in the Empire Mountains are conspicuously steeper than the
eastern slopes. The crest ‘line of the range rises rather
abruptly from the valley to the north, maintains a fairly
uniform'elevafion for about four miles, rises to Empire-Peak,

and thence leads southward to the valley of Cienega creek.

Development of Topography in the California Mine Area

Vhriations in the resistance and attitude of the form-
ations have controlled almost entirely the physiographic
deyelopment of the California mine area. The present features
are the result of Paleozoic deposition, late Paleozoic'or
early Mesozoic erosion, Cretaceous deposition, Laramide dias-

trophism, post Cretaceous erosion, Tertiary deposition and
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diastrophism, and recent erosion.

Weathering under the semi-arid conditions which have
prevailed 1n‘the Santa Rita area during recent geological
history tends to disintegrate rocks of non-uniform compos-
ition and to affect omly slightly rocks of homogeneous com-
position.‘~Precipitation under arid‘conditions is insufficient
to dissolve limestmes at the same rate that erosion removes
disintegrated granite; grenites thus form the lower areas,

and limestones stand as ridges and escarpments.

- During Paleozoic times sedimen tary beds of different
fextﬁres; 6f variable composition, and of unequal hardness
were fbrﬁed. Certain of these beds by reason of théir greater
induration and resistance to weathering and erosion stand
. 6onSpicuously above4softer or less resistant bads.‘ The
.fossiliferous zone in the Martin Limestone thus forms a prom-
inent crest in the lower part of the area, and variations in
the hardness of Pennsylvanian formations havo‘causcd small
ridges. to.elternate with shallow depressions on the eastern

flank of the dome.

Erosion previous to the deposition of the Mesoioic rocks
left hills of Permian limestone and quartzite separated by
" shallow valleys. Hill RNo. 10 was thus a hill during early '
‘Mesozoic time, though its present form is the result of recent
erosion‘of the soft red shales uh;ch flanked and probably |

covered it during Cretaceous time.
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Cretacecus deposits have been almost entirely eroded

from the limestones and where they are present beneath over-

thrust limestcnas, as on Hill No. 5, they produce steep slopes.

- Laramida'disturbancos formed a ‘dome in the area. The
ignaaus core of this dqm& wnuﬁhaxe& and eroded easily, and
the flanks have formed gan@ly aawving ridges of moderate
elevation. - Faults ‘and minwr‘r@laiag have determined the

"Mﬂw Lo

“',1;1nes of small escarpments.

courses of several arroyos, a;

Post-cretaceoua eroaion mas fﬂllowad by deposition of
a conglomerata which is vary resistant to erosion. This
conglomarate forms the line of hills that borders the'Sonoita
road 1n the southern part or tha araa, it has protected
- Hill No. 11 from,eroaion and no doubt retarded erosion in |

other_parts,of the area before 1t was finally removed.

'Thrqu raultingrin»Tortiary time placed blocks of lime-
stone above less resistant red shales. These blocks have
\ protected “the red shales and have formed steep cliffs like .
that on Hill No. 5. |
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Cliff formed by overthrust block of limestone above the less
resistant red shales on the west slope of Hill No. 5.
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- HISTORICAL GEOLOGY

There.is no record in the immediéte'area'of the con-
dition of the land at the beginning of Paleozoic tims, . In
surrounding districts, however, the Bolsa quartzite rests on
pre-Cambrian granites or ﬁpon'thé Pinel schist., It is supposed
that the early Paleozoic conditions in the Empire Mountain
area were about the seme as elsewhere in southeastern Arizona
- nemely, the extension of éhalldw, muddy seas over'the pre-~
Cambrian peneplain. The Abrigo liméstone, which is the oldest
formation expdséd'in the area, was deposited in these seas
in late Cembrian time. There is no evidence of.deposition
in the regionﬁdﬁring'thé 0rdoviciah.and Silurian periods,
nor is‘there evidence-df'much erosion duringAthése periods.
The 1ngress'of the sea in ﬁevcnian time started the déposition
of predominantl&.calcareous_sedimants;that continued almost -
uninterruptedly, but with slightly changing character, until
the close of Carboniferous time. The relatively pure Martip
limestone of Devonian age was followed by the Escabrosa‘iime-
stone of Mississippian age, by the Naco limestone of Pennsyl-
vanian age, and b& the Snyder's ﬁill limésténe of Permian age,
all in conforméble sequence. With the'exception of some shale
and'quértzite laid ddﬁn.ih Pennsylvanian épd in Permian times,
which represeﬁt intéfvals 6f heérQShére deposition; all of
the sediments Wére formed in relatively deep, quiet seas in
which the waféfs were generaliy warm enough to maintain abund-

ant marine life. Between 2500 and 3000 feet of sediment was
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dedeited in the area during the Paleogbic era.

The recession of the seas at about the ‘close of Carbon-
iferous time was followed by a long period ‘of ‘erosion that
carved the Permien formations to varying depths or removed
them completely. In places within the mapped area all of
the Permian quartzite and nearly all of the lower limestone
member of the Snyder's Hill formation were remgved. An
irregular erosion surface was thus present when Mesozoic de-
position began. Variegated volcanic clasties were laid down
upon this surface. The source of these sediments is not
known. Later in the Cretaceous period great quantities of
shales, arkosic sandstones, and thinner beds of limestones
and volcanics were laid douﬁ, givihg a known total thickness

of several thousand feet of Cretaceous rocks in the region.

During the Laramide revolution the rocks were intruded,

folded, domed, and faulted, Contact metamnrphism accompanied

this activity and some mineralization probably followed the

metamorphism.

In Textiary- time the dome wes eroded and reduced loc-
ally to a rather level surface, upon which materiel from the
surrounding hills was deposited as a conglomerate, Low-

angle overthrust faulting and intrusion of grenite and gran-

ite porphyry took place later in Tertiary time. This orogeny

was accompanied by considerable displacement of the older

structure, including further doming_ahd faulting. Mineralization

-
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followed the intrusion of the granite porphyry.

Weathering and erosion with the development of the
present physiographic‘forms have marked redéht geological
histor& in the area. The stream gradients are still steep
enough to prevent accumulation of great thickneéses of

alluvium.
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MINERAL DEPOSITS

History of Mining

_Twolmineral deposits of'eoononic value have been found
in the general area covered by this<paper. The California
mine, discovered sbout 1880, lies 200 yards east of Davidson
Canyon in the northern part of the area. The Montana mine
'discovered about 1890 lies Just north of Davidson Canyon |

neer the Sonoita road, one and one-half milessouth of the

California mine. Both properties are now inoperative.

For several years after its discovery, the Californis
mine, also called the Mann mine, produced some near-surface
ore containing copper and gold. In 1904, the mine was bonded
to the Bradford Development Company .of Los Angeles but was
relinquished in 1905. Ore from the California mine was shipped
to Tuoson or to El Paso. It averaged about 21.5 per cent
copper and $6 in gold (gold at $20.67 per ounce).

The Montana mine was originally called the Black Diamond.
In 1894, John Dement and Otto Schley of Tuoson developed the
deposit by a ninety-foot 30 incline and shipped about ten

tons of ore averaging nine per cent copper.

- The surface of the general area has been thoroughly
prospected. Trenches and pits have been excavated on every

spot where mineralization is indicated; several shafts ex-
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ceedingvfifty feet in depth'have been sunk on the ﬁore favor-

able outecrops.

General.ﬁature of the lMineralization .

The California mine is a contact metamorphic deposit;

the Montana mine is less ‘clearly of the contact type.

- The contact deposits occur at or very near the contacts
of limestone and granité, though the granite is not everywhere
exposed with the mineralization. The stock just south of the

.California mine is comeSad of'the‘early,granite, and the
mineralization at the California mine clearly accompanied or
folloﬁed.the intrusion of this granite. Garnet, specularite,
wollastonite, and epidote are developed in varying amounts
elong the granite-iimestone contact, but coppervmineralization
is not always visibiy present. At the Califbrnia mine the
metamorphic mineralization is intense, and copper mineralizat-
ion is rather conspicuous. Copper carbonates, azurite and
malachite, are the principal copper ore minerals at the Calif-
ornia mine. The sulfide was chalcopyrite, though specimens of
the mineral(aré not abundant. The mannér of the gold occurr-
ence is not known. The ore at the Montana mine is associated
with the Permian limestone, Cretaceous clastics of volcanic
origin, and Tertiary conglomerate. The nearest intrusive is

granite porphyry. Most of the mineralization here appears to
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be by replacement of the Cretaceous sadimants beneath a roor

of Tertiary ccnglomarato.

| 'Periods qf“ﬂ;neraigzatgén .

~ Two perioda of mineralization in the area ere indicated.
.The California dcposit was nudcnbtedly formed by the early
'granite. The mineralization at the Montana mine accompanied.
the'intrusion of the later granite porphyry. The Tertiary
conglomerate is.mincraiized at the Montana mine, but one-
half milé7eaat of'Hill No. 5, this conglomerate contains
pebbles of the early granitl.n Ehi§~§0rtoboratas the state-
ment or Schrader* that *na periada»af nineralization are in-
dicated in the Santa Bita area, thaucarlier probably Laramide
in age,Athe later probably middle Tertiary.

Description of Mines
| The California mine is inaccessible below the water
lé#el;_ tne‘Mbntgna mine is partiy accessible. When Schrader
visited the préperties.during the course of his work in the
Santa Rita area conditions for examination were better than

in 1936, and the following descriptions are based largely on

Schrader s observations.

* Schrader;'F. C., op. eit., p. 87."
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California Kine

The deposit at the California mine occurs in Carbonifer-
ous limestone at or near the contact with the early granite.
The limestone has been marbleized, and masses of contact
minerals have been developed. Three mineralized zones are

distinguishable. A northern zone extends generally north-

Mine Gulch looking southeast.

Dumps of California mine in left and right centers.
eastward from the main shaft a distance of about 800 feet,
dipping about 60° northwest. This zone follows the contact
between the Pennsylvanian limestones and the Pennsylvanian
schists, but the mineralization is confined to the limestone.
No granite is exposed along this zone, but a diorite dike has
been intruded at places along the contact. The zone varies
in width from two feet to twenty feet, but copper mineral-
ization is confined to a few irregular bands, each less than
three inches wide. Iron and manganese stains are conspicu-

ous in the outcrop of this zone, and malachite and azurite
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Torm secondary coatings on the walls of shallow pits. A
central zone extends 300 feet eastward from the main shaft,
following'the granite-limestone cantact along the north bank
of Mine Gulch. -This zone has a variable, northerly dip and
is not continuous along the contact. It terminates against
or rather bends into the third or southern zone, developing
at this Junction into a mass of contect mineralination
thirty feet wide. -This central zone shows fewer copper
stains than either the northern or the southern zone and
eppears to be mostly iron—stained metamorphosed limestone.
The southern zZone strikes south 30° west from the Junction
with the oentral zone end dips 70° northwest. It lies on
the contact between white marbleized limestone to the south-
east and e metamorphosed limestone to the northwest.‘ A few
narrow stringers of copper minerals lie confonnably with the
limostone ‘bedding elong this zone. South of the main shaft
across Mine Gulch a number of pits haye been sunk on a mass
_of\metamorphosed, ferruginous materiel which shows a few
copper stains., This mass lies along the southern extension
of the northern zone, though its connection with thet zone
is not clear. The deposit as a uhole is very irreguler. It
appeers to be oontrolled by a sinuous limestone-granite

contect.

‘Chalcopyrite is the hypogene copper mineral. Quartz,

speeularite;~epidote;?andradite garet, wollastonite, and
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calcite are the principal gangue minerals. Azurite and
malachite have devéloped by oxidation. The manner of gold

occurrence is not known.

The deposit was developed by a vertical shaft sunk
from a point about 35 feet above the level of Mine Gulch.
A 30-foot adit, driven into the north bank of the gulch,
joined the shaft 25 feet below the shaft collar. Water
flows from this adit at a rate of 25 gallons per minute. On
the south side of Mine Gulch, 150 feet southwest of the main
shaft, is eanother group of.workinés which include -an incline
sloping 65° northeast, and an adit connecting the incline
with the guleh. Apperently, there are no stopes in the
mine. Along the north bank of the gulch end east of the
main shaft, two short adits were driven into the mineralized
zone. The flow of water probably deterred further work on the
deposit.

Montana Mine

This deposit is smaller than the California deposit and
the mineralization is less intense. The Snyder's Hill lime-
stone beneath tﬁe deposit is not Sleached, the outerop of the
orebody is not conspicuous, and the overlying conglomerate is
only sparsely mineralized. The conglomerate appears to have
localized solutions rising through the Cretaceous clastics
from the granite porphyry. The mineralization was partly
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sulfide, possibly chalcopyrite and pyrite. Carbonates are
not conspicuous. The gangue at the bottom of the incline

was said to be limy talcose or kaolin-like material.

o
‘The deposit was developed by a ninety-foot, 30 in-

(o] : . .
cline, descending 30 northeast. No water was encountered

in the incline.

Economic Possibilities

Neither the California mine nor the Montana mine is
likely to become a ﬁroducer while coppef prices are low. The
onlﬁ economic possibility for either property is a small
production of gold-copper ore. The alleged presence of gold
in ore from the California mine seems to warrant sampling of
‘. the deposit. The ore was reported to have carried twenty
per cent of copper and 0.3 ocunce of gold. If a considerable
tonnage of material of this grade could be proved, profitable
extraction could be expected.

Structural conditions at both the California mine and the
Montana mine indicate shallow extent of the favorable limestone,

so that ény operation should be on a small scale.



Figure 1.

Figure 2.

PLATE 6

Photomicrograph of endesite porphyry.
Theﬁdark phenocrysts are hornblende, the light

mineral is mosily quartz.

Crossed nicols x 33

Photomicrograph of pegnatite.
The derk material is kaolinized feldspar.

Crossed nicols x 33
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~ the. contraat in sxze ‘between the quartz pheno*

7 pigire s
- 'lnghe white material is quartz the dark matariﬁf

U PLATE 7

Ph°t°m°r°5"1’h of 81'ﬂnita porphyry, showing

‘e
@

'v:crysts and the particles of quartz and feldspaw
in the gronndmass. ’ '

,Crosged'nicbls x 33

Photomicrograph of Pennsylvanian(?) schists, 4

'iavchlorite, sericiﬁg, and magnetite. o

Crossed nicols x 35
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