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FIELD WORK AND ACKNOWLEDGMENTS

The field and office work in connection with this 
thesis, was done during the months from February to 
July, 1938.

The main source of information for work in this 
area has been Mr. T. E. Gillingham*s "Geology of the 
California Mine Area.” . ;

The important structural features in this, area were 
pointed out by Doctor B. S. Butler and the study of the 
area is based largely on observations by Doctor Butler. 
The author is deeply indebted to Doctors M. N. Short 
and A. A. Stoyanow for their help in identifying the 
rocks of the area. . - :

Suggestions from Doctor Galbraith were invaluable, 
and the writer is also indebted to Mr. Charles Lee,
Mr. David Sears, Dr. Herbert Alberding and the class 
in field geology for helpful observations.



PREVIOUS INVESTIGATION

The only complete professional report on this area 
was made by F. C. Schrader and J. M. Hill in 1915. This 
report covers the entire Santa Rita and Empire ranges 
and is therefore very general.

Fairly extensive work has been done in this area by 
students of the University of Arizona under the guidance 
of the Department of Geology of the University.

The first detailed work in this district was by 
Mr. T. E. Gillingham in his study of the California mine 
area. His work seems to agree very well with that of the 
present writer in the Montana mine area and with that of 
Mr. David Sears in the adjoining Pantano Hill area.

. There is a very extensive and detailed report by 
Dr. Herbert Alberding of the area around the Total Wreck 
mine which is designated as the "Geology of the Northern 
Part of the Empire Mountains."

Dr. Roy A. Wilson, formerly of the University of 
Arizona, has studied the overthrust faulting of the 
Empire Mountains in some detail.
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GEOGRAPHY

Location.

The Montana mine area is situated in the Empire 
Mining district, which lies in the northern part of the 
Empire Mountains, approximately thirty miles southeast 
of Tucson, Pima County, Ariz., and forms part of the 
Patagonia quadrangle.

The area is bounded on the north by the south sides 
of the California mine area and the Pantano Hill area.
It is bounded on the east by the area studied by Dr. 
Herbert Alberding and designated as the "Northern Part 
of the Empire Mountains Area." Its western boundary is 
state highway number 83, which connects Sonoita and 
Nogales with United States highway number 80. The area 
is about two and one-half miles long by one mile wide.

Accessibility.

State highway number 83 bounds the west end of the 
Montana mine area and thus allows easy access to that 
part of the area. A poor road, which however can be

r _ . : : :

Alberding, Herbert, The Geology of the Northern Part 
of the Empire Mountains, Arizona, Univ. Series No. 10.
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traveled by automobile branches from, state highway 
number 83 at the Montana mine and runs eastward for 
about one and one-half miles to a large spring at the 
base of Montana Mountain. This road reaches practically 
to the center of the area. The nearest railroad station 
is at Vail on the main line of the Southern Pacific 
Railroad and about 9 miles west of the. area.

.

The Empire Mountains trend northeastward free lose- 
mont and the area studied is very near the northern end 
of the range. The main mass of the range consists of a 
granite stock overlain by remnants of intruded sediments.
At the northern extremity of the granite stock, the 
Empire range is composed of a number of foothills separated 
by rather narrow canyons.

The Montana mine area is situated on the northern 
end of the granite stock and includes the large foot
hill known as Montana Mountain, which is located in the 
center of the area, and portions of two other foothills.
The topography of this foothills country is governed 
to some extent by the relative resistance of the different 
formations to erosion, and largely also by location of 
faults, contacts or other planes of weakness. Two east- 
west faults in the northern part of the Empire Mountains 
exert an important influence on the topography. Passes
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such as Cienega Pass, and canyons or gulches such as the 
one between Hill Nineteen and Montana Mountain are on 
east-west faults and owe their origin to the erosion of 
the weakened rock along the fault plane,

In the Montana Mine area particularly, and probably 
also in the surrounding region, the Escabrosa limestone
and the lower part of the Naeo form elevations such as

: ■ .... ... . ■ ■ ■ ' -■ ' ...Montana Mountain and Cienega ridge. These formations,
' . ' V- - , .while very resistant to erosion, do not fon#,@##fs, but 

do form fairly steep mountain slopes. The Snyder Hill 
limestone and San Andreas (?) formation are even more re
sistant. to erosion than the Escabrosa limestone and form 
cliffs, or mountains with precipitous sides such as 
Eagle Bluff.

The Yeso (?) formation, the upper part of the Naco 
limestone, granite and possibly the Ahrigo (?) formation, 
are the rocks least resistant to weathering. Most 
basins or depressions in the area are occupied by granite 
and rimmed by less resistant limestones. The granite
sedimentary contact is a notable plane of weakness.

The position of the weak Yeso (?) formation at the 
base of the resistant San Andreas (?) formation, results 
in broad gulches or canyons in the Yeso (?) formation, 
bordered by abrupt cliffs formed by the San Andreas (?) 
formation.

The main drainage artery of the region is Davidson
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EAGLE BLUFF 
l Z- /n Zy )

Cliff-like top of Eagle Bluff is 
composed of Shyder Hill lime: tone.
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Canyon, which extends north-south along the western 
boundary of the Empire Mountains and drains this west 
slope, the lowlands between the Empire and Santa Rita 
mountains and the eastern slope of a portion of the 
Santa Rita mountains.

Stream piracy is common in this region. An example 
of a canyon which has lost some of its drainage area is 
afforded by Pantano Canyon which starts in the sediments 
of the soft Yeso (?) formation, follows the contact be
tween two beds in the Naco limestone and then cuts through 
soft Cretaceous shales and finally through the more re
sistant Cretaceous conglomerate. Pantano Canyon at one 
time drained more of the surrounding area than it does at 
present. Through stream piracy it has lost a large drain
age area to the east-west gulches that trend west along 
east-west faults and are tributary to Davidson Canyon.

Pantano Canyon will lose more and more drainage area 
to the east-west gulches largely because it crosses the 
resistant Cretaceous conglomerate at its lower end and 
part of the Naco limestone near its middle course.The 
east-west gulches on the other hand are near large faults 
or are in granite, and with increasing depth will be more 
and more in granite which underlies the thin shell of 
sediments on the western slope of the Empire foothills 
and which is a rook not highly resistant to erosion.
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Climate and Vegetation.

The climate of Southern Arizona is warm and semi- 
arid except for the summits of the higher mountain ranges 
which receive considerably more precipitation than the 
lowlands and are cool to cold throughout the year. The 
average yearly rainfall in this part of Arizona is probably 
as high as 15 inches on the upper elevations of the higher 
mountain ranges, but is not nearly as great in the inter- 
montane basins.

During the winter months, some snow falls on the 
mountain peaks of southern Arizona. The snow fall is so 
light that it disappears almost entirely early in the 
spring, and there is nothing to feed the mountain springs 
during the summer months except what little moisture is 
held back by rather sparse vegetation or by porous rock. 
Because of slight precipitation and rapid run-off re
sulting from sparse vegetation, the principal factor in 
rock' weathering is mechanical disintegration.

The temperature during the summer months ranges 
from as high as 106 degrees in the daytime to as low as 
75 degrees at night, and such drastic change in tempera
ture favors rapid rock disintegration. Sudden wetting 
and cooling of highly heated rocks also causes mechanical 
disintegration.

The quartz monzonite stock which composes the central 
part of the Empire mountains, seems to be the main
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aquifer or water carrier of the region. The quartz 
monzinite stock itself contains numerous large springs 
and is covered with a type of vegetation not found on 
the sedimentary rooks. The large spring at the California 
mine and the spring farther east is in granite which is 
almost entirely covered by Paleozoic sediments. .

The vegetation is typical of the semi-arid climate 
and the elevation of the region and very little change is 
noted in the vegetation from the intermontane basins to 
the tops of the lower foothills such as those in the area 
studied.

Vegetation found in this region is for the most part 
unfamiliar to the writer. However, good descriptions of 
the vegetation may be found in Dr. Herbert Alberding’s^ 
thesis on the northern part of the Empire Mountains, or 
in Mr. T. E. Gillingham1 s ® report oh the California mine 
area. Bushes which were recognized by the writer are: 
Cacti, catclaw and oeotillo. Trees which were recognized 
by the writer are: Mesquite, juniper, pinon pine, grease- 
wood and black oak.

Alberding, H.: op. cit., p. 4.
3 •Gillingham, Thomas E., The Geology of the California Mine
Area, Pima County, Arizona. Thesis,Uhiv.Series,No. 10.
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Field work may be carried on throughout the year in 
this region, but work in the hot summer months is un
profitable as the worker can only accomplish about half 
of what he could during the winter months.
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HISTORY OF MINING IN THE SANTA RITA AREA.
4According to Richard J. Hinton’s "Handbook of 

Arizona," the mining districts in Pima County, Arizona, 
are the oldest on that part of the Pacific slope now 
north of the Mexico border.

This very interesting handbook, published in 1878 
states that there is ample evidence that these mines were 
worked "even anterior to the Spanish conquest of Mexico, 
by a people superior to the Spaniards of that day in near
ly all the useful industries, and only excelled by them 
in the industry of slaying and marauding." These very early 
miners were the semi-civilized ancestors of the present 
Papagoes."

The Jesuit fathers were the first civilized men to 
visit this part of Arizona. Their report of the great 
mineral wealth resulted in the establishment of several 
missions on the Santa Cruz river and considerable mining 
was done by these Jesuit fathers and their Indian help 
between raids by the Apaches. The principal metal recovered 
was silver, a large amount of which was used to adorn the 
altars in the missions.

Definite records of mining activity in this region 
before 1748 are not available. In that year considerable

Hinton, Richard J., Handbook of Arizona: Payot, Upham and 
Co., Publishers, San Francisco, California.

4



work was carried on by the Spaniards. Desultory mining 
was done by the Spaniards and the Jesuit fathers until 
1780. Continued raids by the Apaches, caused the mines 
to be abandoned from 1780 until the Gadsden purchase in 
1853.

After the Gadsden purchase, the white inhabitants of 
this region were given military protection but continuing 
Apache raids caused.many mines to be relinquished. From 
1855 to the time of the Civil war, several mining companies, 
backed by eastern capital, were organized for purposes of
exploration and exploitation. Actual production was small,

. . - ■ - . . . .

but much of the ore was exceedingly rich and the profit 
in some cases was fairly large in spite of the terrific 
obstacles which had to be overcome. The ores of this 
region were described as generally "argentiferous gray 
copper and galena, with mostly quartz gangue."®

Withdrawal of troops from this region due to the out
break of the Civil War gave the Apaches an open field and 
mining activity ended abruptly. After the Civil War and 
final pacification of the Indians, "the mining industry in 
the Santa Rita region was revived in the middle seventies, 
by Col. W. J. Boyle and others, and ores from the croppings, 
It is reported, were found to range from $20 to several 
hundred dollars and from the shafts from $50 to many thous
and dollars per ton." 6

F  & 6 ~ * " ' — — . ■
Hinton, Richard J., op. cit., p. 12.

14.
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The Southern Pacific Railroad was completed in 1879 
and the Atlantic and Pacific Railroad in 1883. It was 
after the completion of these two roads that the Empire 
district was fully explored. Gold was discovered, chiefly 
in placer deposits, on the east slope of the Santa Ritas 
in the region which includes the present Wrightson and 
Greaterville districts. In the Helvetia district, the 
promising copper ores were worked before and during this 
time and by 1883 the Hermosa Mine alone had prodic ed 
$700,000.

In the year 1905, mining activity was renewed and the 
largest producing regions were the Patagonia Mountains, 
the Helvetia district, and the Greaterville district. Lead, 
silver, copper, and gold were the principal metals pro
duced. Production did not increase again until the world 
war when the demand for gold, silver, copper, and lead 
caused boom years in the Santa Rita and adjoining mining 
districts.

Most deposits in this region were not rich enough or 
of sufficient size to maintain large production after the 
artificial stimulus of the World War. Production has 
gradually decreased since the war and since 1931 there has 
been practically no production.

A detailed table showing the yearly production of this 
area and the production of each camp, may be found in "The 
Geology of the California Mine Area," by T.E. Gillingham.7

y . ...
Gillingham, Te E*» op* cit., p. 10.
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The entire Santa Rita area has produced metal valued at 
$20,000,000. A very small percentage of this has been 
from the Empire Mining District.
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STRATIGRAPHIC C0LUM1T . 
M3HTAHA MIHE AREA.



STRATIGRAPHIC COLUMIT
A\

AGE FORMATION COLUMN THICKNESS



l im e s to n e

Shaly 
Limestone

E g
_____ _

S h a le  1 Sandstone fet-'ol Gypsum §H H

Conglomerattj^ { :6\ Quartzite t̂;CZ| Sandy
Limestone

Conglomerate composed of limestone pehblee. (Upper part.) Bright red shales. (Upper part)
Middle part— Conglomerate composed mainly of shale.
Lower part--Dark red to black shale and varicolored arkoses.

Thin bedded dark gray to blue limestone.

Thin bedded gray limestone interstratified with thick beds of quartzite.

Upper part--Beds of limestone, marl, dolomite and gypsum. A few thin beds of shale.
lower part— Thick beds of red and black shale. Thin beds of 
shaly limestone, conglomerate and sandstone between thicker beds of shale. Some gypsum.
Approximately 800 feet of limestone and shale below the first bed of gypsum.

Thin bedded limestone interstratified with beds of shaly 
limestone. Shaly limestone is buff colored on a weathered surface.

Thick bedded light gray limestone.

Limestone, sandy limestone and some very thin shale partings._____
Thin beds of limestone interstratified with thinner beds of shale.
iTiJ. 0hert layera are very

.Quart zite-r
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STRATIGRAPHY 
Abriao (?) Formation

Rocks believed to represent the Abrigo formation occur 
in two places in the Montana mine area. They are best ex- 
posed at the base of hill No. 19 and Montana Mountain. A 
very small remnant of the upper part of the Abrigo for
mation also occurs at the base of the western slope of 
Cienega ridge. In both places the lowest beds exposed are 
intruded by granite. .

At the base of the formation on the south side of
hill 19 are thin beds of white to light gray limestone, with 
layers of buff, brown, dark green or blyak shale. The 
shale is usually not oyer 3 inches thick and most of the 
limestone beds are not over an inch thick although a few 
are at least twenty feet thick. Above the shaly beds are 
thicker beds of distinctly cherty limestone. The chert 
nodules are about one inch long by one half inch wide and 
have a very definite alignment parallel to the beds of 
limestone and shale.

Much of the limestems is highly metamorphosed due to 
nearby granite intrusives. Where both the Abrigo and the 
Martin formations are severely metamorphosed they are diffi
cult to differentiate. The limestone becomes dark brown 
and contains considerable specular hematite and garnet.

The Abrigo formation in the Montana Mine area usually 
has a dip of not less than 50 degrees and is so folded that
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the strike may change 90 degrees in the space of a few 
hundred feet. ' ' ' 1 '

No fossils were found, probably because the formation 
is on the very edge of the granite and therefore cannot be 
positively identified. The Abrigo formation as described 
in other regions 8 is very similar to what is herein termed 
Abrigo and occurs just below the Devonian Martin limestone 
as it does in the Montana Mine area.

The contact between the Abrigo and Martin formations 
is not definitely known in the region mapped, due to lack 
of fossils. The last of the extensively shaly beds and 
the beginning of the more truly limestone beds with very 
little shale, was arbitrarily set as the boundary between 
the formations. The uppermost beds of the Abrigo are 
sandy and in places a thin bed of quartzite marks the 
contact between it and the Martin limestone.

■Martin Limestone.

The base of the Martin limestone consists of thin" 
beds of fine grained white limestone with a few very thin 
layers of shale. Above these lower beds is a thick layer 
of massive white limestone which is recrystallized with 
the formation of calcite grains as large as peas. Some 
cleavage fragments of ealcite an inch or more in length 
have been found.

Ransom®,F.L.: Geology and Ore Deposits of the Bisbee 
Quadrangle, Arizona, U. S. Geol. Survey, Prof. Paper 21, 
pp. 42-54, 1904.



In places this middle limestone bed is very sandy • 
and becomes light yellow or buff instead of white. On a 
weathered surface it resembles the Esoabrosa limestone 
but is darker gray and usually softer. This central bed 
in most places is about 15 feet thick, but may be much less 
or entirely absent.

The upper portion of the Martin limestone is thin 
bedded, fine grained and on a fresh surface is blue.
Both the lower and upper Martin beds are hard. The middle 
beds are fairly soft and where well weathered and sandy 
may be poorly consolidated. The dip of these beds Is 
nowhere greater than 35 to 40 degrees to the southeast or 
southwest.

Tile upper part of the Martin limestone contains a 
metamorphosed reef of Cladopora proliflea which serves to 
distinguish it from the Esoabrosa limestone. Sdme fairly 
well preserved specimens of Cladopora were collected in 
the Montana Mine area. Atrypa retlncularis was found in 
the Pantano Hill area in fragments of Martin limestone. 
Spirlfer hungerfordi was found in the upper part of the 
Martin limestone in the Montana Mine area. This is a 
fairly small spirlfer with no saddle and sinus, fine 
striae and a good area.

Cladopora prolifica noted above, is a coral of order 
Tabulate. This coral has a decided branching structure 
and many small openings on the surface of each branching 
member and on the main stem. These openings, in a well

22.
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preserved specimen are square rather than round.

Escabrosa Limestone.

The Escabrosa limestone, especially its lover part, 
is thick bedded when contrasted with the thin bedded Martin 
limestone upon which it lies conformably. This limestone 
has been recrystallized by the granite intrusion and the 
resulting rock is composed of large grains of calcite, 
generally about the size of peas. Exceptionally large 
cleavage fragments of calcite are common. Fresh surfaces 
of this limestone are white but weathered surfaces are 
gray.

Corals are abundant in the upper beds of the Escabrosa 
limestone and are suggestive of the true Mississippian 
corals. No undoubted Mississippian fossils were found by 
the writer. At the top of the Escabrosa limestone oh 
Montana mountain is a thin bed of shale which grades 
laterally into either a conglomerate composed of small 
rounded quartz and shale pebbles or into a quartzite 
which may become many feet in thickness. This quartzite- 
conglomerate horizon marks the contact between the 
Escabrosa and Naco limestones.

Naco Limestone

There is a distinct change in lithology between the 
Escabrosa and Naco limestones. As compared with the
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Eseabrosa limestone, which is massive and thick bedded, 
the Naco limestone is composed of thin bedded oherty 
limestone interstratified with thin bedded shaly lime
stones. The cherty limestone weathers to a dark gray or 
blue and the shaly limestone weathers buff but is white 
on a fresh surface. Limestone horizons vary from 100 
to 200 feet in thickness while the shaly limestone horizons 
are seldom over 50 feet thick.

A silicate mineral has been formed abundantly in the 
shaly limestone and pits have formed where the limestone 
has dissolved out from between the silicate grains.

Chaetetes milleporaceoust a colonial coral of 
Pennsylvanian age, is found in the Naco limestone. In
dividual members of this coral bend toward the top to 
give the appearance of a sheaf of wheat, securely bound 
at the bottom with the central or middle stalks nearly 
vertical and the other stalks curving outward. The top 
of a chaetetes milleporaceous colony is composed of a 
great number of tiny pores separated by thin partitions. 
Each pore surrounded by a partition is an individual 
member and it is from this great number of pores that the 
coral gets its name. This coral is a member of Order 
Tabulate. Axophylium rude, a single coral, with a very 
large and round columella is also found in the Chaetetes 
milleporaceous horizon.
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A massive limestone about 150 feet in thickness, in 
places stained red, has been mapped as the contact between 
the Naco limestone and the Yeso (?) formation. In this 
member are productus, crinoids and a few gastropods. No 
good specimens were obtained by the writer so that identi
fication of the productus and the gastropods was impossible. 
The crinoid stems were almost perfectly preserved and a coral, 
Lophonhyllum profundum was identified. This coral is found 
rather sparingly in a horizon slightly above the productus 
horizon of the Naco limestone. It is distinguished from 
other corals by its elongated columella.

The Naco limestone is 1800 feet thick in the area con
sidered and its attitude is conformable with the underlying 
Escabrosa. Its upper limit is not definite, but in this 
paper it has been considered as the top of the thick red 
limestone and the bottom of the overlying thin bedded blue 
limestone interstratified with shale.

Manzano (?) Group 
— Yeso (?) Formation—

Above the Naco limestone, and apparently conformable 
with it, is a series composed of shales, sandstones, con
glomerates, marls, dolomites, gypsum and limestone. These 
beds are very similar to those of the Yeso formation of the 
Permian Manzano group as described by Lee and Girty in their

9Lee, Willis T., and Girty, George H.: The Manzano Group of 
the Rio Grande Valley, New Mexico, U. S. Geol. Survey,
Bulletin 389, 1909.
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paper on the Manzano of the Rio Grande Valley, and are here
■ IQ

tentatively correlated with them. Alberding had described
this series as the Cienega formation in his dissertation
on the northern Empire mountains. The Cienega as mapped and 

. - . ' % . " . .  ̂-
described by Alberding, also contains the formation in which
is found the colonial coral Chaetetes.mllliporaceous. un
doubtedly a Lower Pennsylvanian fossil. The limestone and 
shaly limestone with Chaetetes millinoraceous has already 
been designated as the Naco limestone. Only confusion 
would result from considering the Naco limestone as part of 
the Cienega.

The Yeso (?) formation outcrops beneath the San Andreas 
(?) formation and the following section was measured at the 
middle of Eagle bluff.

(Section on following page).

TT3
Alberding, H.: op. oit., p. 4.
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(San Andreas (?) Formation) 

Section of Yeso (?) Formation.

Material Thickness Description
Gypsum 20 ft.Marl, dolomite,
limestone and shale 275 ft. Soft buff colored

marls interbedded with some 
dolomite and a few thin 
beds of dark blue limestone. 
Three or four beds of 
shale with maximum thick
ness of about 10 feet are 
interstratified with the 
limestone. ... -Gypsum 55 ft.Limestone 200 ft. Gray to blue lime-
stone. This limestone is 
in places stained red and 
is completely brecciated 
throughout almost its 
entire thickness. May

Shaly limestone 
Shales, conglomerate

become much thinner 
laterally.

20 ft.
and sandstone 100 ft. Red and black shales 

interbedded with very thin 
layers of conglomerate and sandstone. Conglomerate 
is composed of very small

Limy shale 
Red shale 20 ft. 

55 ft.
pebbles.

Gypsum
Shales, sandstones

15 ft.
and conglomerates 50 ft. Red and black shales

with some very thin beds of conglomerate and sand
stone.Marl and shale beds 50 ft. Soft gray marl beds
and varicolored shales.

Shale and limestone beds 800 ft. Thin bedded shales
and limestones.

(——Naco Limestone-— )
The red shales in the Yeso (?) formation are drab brown

ish red and can be easily distinguished from the bright red
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Although gypsum is plentiful on the west side of 
Eagle Bluff, it appears to be absent from the Yeso (?) 
formation in the Pantano Hill area. Considerable gypsum 
has been found in the California Mine and northern Empire 
Mountains area.^

Because of the contrast in hardness between the Yeso (?) 
formation and the San Andreas (?( formation, the latter 
tends to form rather steep and often high cliffs, and the 
much softer Yeso (?) sediments are eroded to form very 
gentle slopes at the base of the San Andreas (?) formation. 
Eagle Bluff rises almost 400 feet vertically in approxi
mately 700 feet horizontally because it is composed of 
the San Andreas (?) formation and the Snyder Hill lime
stone with the weak Yeso (?) beds at its base.

San Andreas (?) Formation

Thin bedded gray to blue limestone interstratified 
with two thick beds of quartzite overlies the Yeso (?) 
formation on Eagle Bluff. This formation resembles and 
is tentatively correlated with the San Andreas formation 
of the Manzano Group as described by Lee and Girty ^

U :
Galbraith, F.W., Oral communication.12
Lee, Willis T., and Girty, George H.: op. cit., p. 23.



in their paper on the Manzano of the Rio Grande Valley.
The lowest member of this formation as observed on the 
west side of Eagle Bluff, is a gray to blue, thin bedded 
limestone about 90 feet thick. Overlying the lowest blue 
limestone is 125 feet of white quartzite,- some of which 
has a red stain due to oxidation of iron. This quartzite 
is greatly shattered in the vicinity of the Empire fault.

Blue to dark gray, thin bedded limestone 30 feet thick 
overlies the quartzite. This central limestone contains 
abundant gastropods. A gastropod identified as Stranarollui 
was found in this blue limestone. A second quartzite, 
about 150 feet thick overlies this middle limestone. Near 
the middle of Eagle Bluff, this quartzite member becomes 
much thicker and forms a lenge in the very uppermost bed 
of limestone.

Snyder Hill Limestone

The lower part of the Snyder Hill limestone is dark 
blue to black, fine grained and thin bedded. It contains 
abundant brachiopods and bryozoa as well as come corals. 
Only the lower part of the Snyder Hill limestone is found 
in the Montana Mine area.
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Fossils Found in Snyder Hill Limestone

Productus oocidentalis, having fairly coarse ribs
and a rather deep sinus was found in the lower part of 
the Snyder Hill limestone.

Camarouhoria deloi was also found in the lower part 
of the Snyder Hill limestone. This brachiopod looks ex
ternally, very much like Pugnus which is found in the Penn
sylvanian, however Pugnus is a Telotremata brachiopod 
and has brachial supports, whereas Camarophoria deloi 
is a Protremata brachiopod and has no braehidiurn. Both 
have coarse ribs, plications on the anterior part, and a 
large sinus. The hinge line is very short and not straight, 
the foot opening is circular.

Composita mexioana, also present is distinguished by 
its pentagonal outline and small size. Composita argentea, 
found in the Pennsylvanian is larger than Composita mexicana 
but otherwise appears the same externally.

Both Composita mexicana and Composita argentea are 
Telotremata brachiopods. Internally these brachiopods 
have spiral cones on their crura and hence belong to super- 
family Spiriferacea. The jugum found in these brachiopods 
is very complicated and hence they belong to the family 
Athryidae and sub-family Athryinae, which is characterized 
by a complicated jugum. Like other members of this group, 
the growth lines of Composita are very definite and father 
shelf-like, especially near the anterior part.



The hinge line of Composita mexieana is curved and the 
foot opening is circular. It is fairly smooth externally 
except for the accentuation of the growth lines near the 
anterior end. The shell has a decidedly pentagonal outline.

Cretaceous Red Shales and Conglomerate

Only small outcrops of the Cretaceous red shales are 
found in the Montana Mine area. However, on the ridge be
tween Eagle Bluff and Pantano hill, a fairly thick series of 
red shales overlies the Snyder Hill limestone. In this re
gion the base of the Cretaceous sediments is a thin bed of 
dark brown, fine grained shale. Above this is a thick bed 
of white to light green arkose, followed by a layer of 
material that was evidently derived from granite and which 
resembles weathered granite. It contains large grains of 
quartz, considerable feldspar and much light colored mica.

Above the "granitic" horizon is about two hundred feet 
of very fine grained shales, commonly red, brown, or 
black, which in some localities contain considerable material 
which appears to have been derived from a basic flow rook. 
Interbedded with these red to black shales are thin beds 
of fine grained, light colored shale which contains a large 
amount of mica and has a soapy feel on the bedding surfaces.

The Cretaceous "red shales" are approximately 300 
feet thick and are covered by beds of conglomerate made up 
almost entirely of fragments of red shale and quartz.

31.
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rarely more than one-half inch in major dimension with a 
few fairly large granite and limestone boulders in a 
matrix of shale.

The conglomerate, approximately 100 feet thick, is 
overlain by a thin layer of white arkose and by bright red 
shales nearly fifty feet thick. None of the lower shales 
have the bright red color of this member. This shale is 
not as thin bedded as the lower shales; it occurs beneath 
a conglomerate composed almost entirely of limestone 
pebbles and is the shale horizon commonly found in the 
western part of the Montana Mine area.

"I <Z

The conglomerate which T. E. Gillingham incorrect
ly designated as Tertiary is just above the bright red 
shales and is commonly from 50 to 100 feet thick. It is 
composed almost entirely of well rounded limestone pebbles 
with a range in size from three to six inches. Small frag
ments of granite and shale occur in this conglomerate, 
none of which are well rounded. Most of the limestone 
pebbles are derived from the Snyder Hill limestone but some 
are of Naco, Escabrosa and Martin limestone. These pebbles 
are commonly elongated.

The limestone conglomerate is overlain by a very thick 
bed of conglomerate made up of granite and quartzite 
boulders with smaller pebbles of limestone and shale. Above 
this, is a great and undetermined thickness of arkose and

Gillingham, T. E.: op. cit., p. 10.
13

L
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shale. The conglomerate containing large boulders of 
granite was not found in the Montana Mine area.

Granite and quartzite boulders in the uppermost 
conglomerate are fairly well rounded but are usually more
angular than the limestone pebbles in the underlying

. ' • ■conglomerate. ’
The Cretaceous sediments found in the Montana Mine

area were deposited after deep erosion of the Paleozoic 
. • ‘ • ' sediments. The shales and conglomerates may overlie

almost any Upper Paleozoic formation but are not commonly
found overlying anything older than the Naco limestone.
That erosion before these sediments were deposited reached.. ' -

the lower Paleozoic beds is evidenced by the fact that 
Martin limestone boulders are found in basal Cretaceous 
conglomerate in the Pantano hill area.

It is impossible to state definitely the age of the 
above described sediments because no fossils have been 
found by the writer. Because of the apparently long 
period of post Permian erosion before these sediments were 
deposited they are probably Cretaceous, and studies of 
sediments elsewhere with similar stratigraphic position 
strengthens this View.

A photograph of the Cretaceous conglomerate is on 
the following page.
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IGNEOUS ROCKS
General ' • 1 *

The igneous rock which composes Sycamore stock is a 
porphyritlc quartz monzonite in its. mow, central portion 
and appears to be more basic at its margins. Intrusion 
of the igneous body took place chiefly along east-west 
and north-south faults. There are at least three main 
centers of intrusion of the same quartz monzonite in the 
Montana Mine and adjoining areas.

Quartz Monzonite.
Percentage of Constituents.
Albite 25$ . Biotite 4$ Calcite 3$
Orthoclase 30$ Chlorite 3$ Magnetite 2$
Microperthite 10$ Sericite 6$
Quartz 12$

Description of quartz monzonite; macroscopically
The hand specimen is a light colored rock composed 

of coarse grains of quartz, orthoclase, plagioclase and 
biotite. Mineral grains are equidimensipnal except for 
an occasional large crystal of orthoclase.

Microscopically.
In thin section the essential minerals are: Quartz, 

microperthite, orthoclase and albite. The grain size of 
these minerals is commonly about 1.5 mm. in largest dimen
sion.

35.
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The rook is equigranular, however there are some 
orthoolase ana quartz grains which are much larger than 
the minerals of the groundmass. As the index of the 
immersing medium of the section examined was 1.61, the 
Becke test could not be used to definitely establish the 
identify of the plagioclase. The plagioclase and the 
orthoolase occur commonly as microperthite.

Because of sericitization and kaolinization, some 
plagioclase does not show albite twinning clearly and may 
be mistaken for orthoolase. Biotite in the section is 
largely altered to chlorite. Some calcite is present as 
an alteration product.

Plagioclase, biotite, and magnetite occur as euhedral 
or subhedral crystals but the other minerals occur in 
anhedral grains.

-Dikes

General: Dikes of andesite, basalt, aplite and
rhyolite porphyry intrude both the quartz monzonite and 
adjoining sediments. The basic difces are fairly numerous 
but most of them are not over ten or twelve feet thick.
Thin sections were made of two representative basic dikes.

Andesite
Percentage of constituents:
And e sine--- 51% Magnetite — -4% Chlorite — 8%
Hornblende-- 36% Calcite--- 1%



Description of andesite; maorosoopioally.
Macroscopically this rock is dark grayish green and

so fine grained that no minerals can be identified.
. : - . ' ■

: ....
Microscopically

V1 Slender laths of an unidentified mineral stand out- ...................  .

In the extremely fine grainM groundmass. The essential 
minerals identified were andesine and hornblende. Some 
magnetite is probably primary and some secondary. The 
Important secondary mineral is chlorite, but there is some 
MlOitB. -

The texture is diabasic although due to the rather 
small size of the feldspar laths it may be said to be on 
the diabase-basalt borderline. la some places, the 
arrangement of the feldspar laths in the groundmass is 
distinctly fluids! but generally they have no definite 
pattern. This rock occurs as a dike and its texture appears 
to be more diabasic than andesitic, however based on com- 
position the rock is an andesite.

The mafic mineral in the rock is highly altered with 
the production of chlorite and possibly some serpentine.
Some cal cite has been formed from alteration of the 
feldspar and there may be a small amount of serioite.



Basalt

Percentage of constituents:
Bytmmite---------- -—  50%
Aegirlne-- ------------10%
Chlorite----------------17%
Magnetite---------------10%
Seri cite--------------  2%
Caleite------    1%

Description; macroscopically.

Macroscopically this rock is gray with a rather reddish 
cast. No separate or distinct minerals can be seen in the 
extremely fine grained groundaaase

Microscopically.

Under the microscope the rock is made up to a large 
extent of bytownite, the mafic mineral being aegirlne. 
Secondary minerals are chlorite, magnetite, sericite, and 
oaloite. The texture is basaltic although somewhat ob
scured by alteration of the aegirlne. Abundant chlorite 
is probably due to the alteration of the mafic mineral 
and the large amount of magnetite is probably also secondary. 
Some of the feldspar is slightly serioitized.

Although this rock occurs in a dike, because of its 
texture and composition it has been classed as a basalt.



Rhyolite Porphyry

39.

General
In the western part of the Montana Mine area, only

' • ■...• : . ' 'a short distance from highway No. 83, is a large rhyolite
porphyry dike. It may be a slightly offset continuation 
of the granite porphyry dike which continues to the north 
in the California Mine area. There is no definite 
evidence of faulting, however, as there is along the 
dike in the California Mine area. The same Cretaceous 
rocks are on both sides of the dike.

The rhyolite porphyry, as seen in the hand specimen, 
has a distinct flow structure and the entire dike is so 
well jointed that it appears to be bedded. The joints 
have a uniform dip to the west of about 30 degrees which 
conforms with the dip of the jointing in the granite. The 
sediments around the dike dip gently to the east.

Percentage of constituents.
Orthoclase 35# Chlorite 2# Sericite 10#
Oligoclase 15# Magnetite 2# Calcite 5%
Quartz 30# Hematite 1#
Description, macrosoopically

Macroscopically this rock is light colored and dis
tinctly porphyritlc. Minerals of the groundmass cannot 
be identified in the hand specimen. The phenocrysts are 
chiefly quartz, although some large feldspar crystals can 
be seen.
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Microscopically'

Under the microscope, it is seen that two-thirds of 
the phenocrysts are quartz and about one-third are ortho- 
clase. The essential minerals of the groundaass are 
quartz and plagioclase feldspar, probably oligoclase. 
Magnetite is the only accessory mineral. Secondary 
minerals are sericite, ealcite, chlorite, and hematite.

The feldspar in the section is highly serieitlzed 
and due to this fact the variety of feldspar could not be 
definitely determined. A large amount of chlorite is 
present, possibly as an alteration product of some other 
mafic mineral.

— Aulite-

Percentage of constituents:
Andesine 30$ Magnetite 2% Sericite 8%Orthoclase 25% Biotite 2% Calcite 5%Quartz 25% Chlorite 2%

Hematite 1%

Description of splite; macroscopically
The hand specimen is a light colored rock in which 

the mineral grains all appear to be about the same size 
except for an occasional phenocryst of quartz or feldspar. 
The texture is definitely aplitic.
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Mie to scopically

The essential minerals are: quartz, orthoclase and 
andesine. Biotite and magnetite are accessory minerals 
and sericite, calcite, magnetite, hematite and chlorite 
are secondary. Under the microscope, the texture is ob
served to be allotriomorphic• The grains are anhedral 
or shapeless and are equidimensional. In parts of the thin 
section, graphic texture was observed. Quartz and ortho
clase mutually enclose one another by interpenetration.

Feldspar in the thin section shows considerable 
alteration to sericite and calcite. The biotite is par
tially altered to chlorite and small grains of secondary 
magnetite are also found in some of the biotite. A 
small amount of hematite was observed in the section.

Qua rtz Veins .

There are some quartz veins in the Montana Mine and 
surrounding areas. Most of these veins follow the smaller 
fault fissures and are usually barren of other mineralization.

One quartz vein in the Montana Mine area is well 
mineralized, but is only about four feet wide and of no 
great length. No attempt was made to distinguish all the 
minerals, as they were usually disseminated through the 
quartz in small grains. A large amount of pyrite was 
noted in this vein.



STRUCTURAL GEOLOGY
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General
The most important stnmtural features in the Montana 

Mine area are the Empire and Pantano faults and the large 
dome in the central part of the area.

The faulting probably took place before intrusion of 
the quartz monzonite; the intrusives to a large extent 
following the planes of weakness caused by faulting. This 
age relationship is based on the fact that although the 
Empire fault can be easily traced through the sediments to 
the east and west of the quartz monzonite, there is no 
evidence of faulting in the intrusive itself.

Empire Fault

The Empure fault is a normal fault with a general 
strike of N. 50° W. and a dip of approximately 45° to the 
north. Assuming that the Empire fault occurred in com
paratively horizontal sediments before doming, then it has 
a maximum throw of 2500 feet and an unknown strike slip. 
There is strong evidence, however, that movement was large
ly horizontal and amounted to at least three thousand feet.

In the eastern part of the Montana Mine area the 
Empire fault can be traced as far as the Sycamore stock. 
There is no evidence of faulting in the quartz monzonite 
but the fault previously known as the No. 1 fault is thought 
to be the continuation of the Empire fault on the other
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side of the intrusion.

Pantano Fault.

The Pantano fault strikes northeast from the south side 
of Hill No. 1SU It is a normal fault, with a general strike 
of N. 80° E. and a dip to the northwest of approximately 
45 to 50 degrees or more at the southwest end of Hill No.
19. About one mile farther east, this fault has a dip of 
approximately 70° to the north.

It may be noted that the formations north of the fault, 
dip to the east and the formations south of the fault dip 
to the southwest. This would be explained by a large strike 
slip if the quartz monzonite were pre-fault. As the granite 
has been considered to be post-fault, this difference in 
dip may be explained by different centers of intrusion of 
the same granite mass. The intrusion of quartz monzonite 
under Montana mountain is responsible for the southwest 
dip of the beds to the southwest and west of the mountain. 
Another center of intrusion in Davidson Canyon and north 
of the extension of the Pantano fault, is responsible for 
the easterly dipping beds north of the fault. In other words 
there are two domes, one in the Montana Mine area and 
another in the California Mine area.

Pantano and Bnpire Faults, Conclusion

If intrusion and doming of the sediments occurred after 
faulting some movement along fault zones would probably
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accompany doming. The vertical displacement along east-west 
faults, as had been given in preceding pages, is probably 
not due entirely to the initial faults, but is due to some 
extent to the intrusion of the quartz aonzonite.

The maximum vertical displacement or throw along the 
Pantano fault may be near, the center of doming and would 
become, less away from this center.

If doming occurred equally on both sides of a fault, 
no relative displacement would occur. On the Pantano fault, 
however, the sediments south of the fault have been raised 
higher by quartz monzonite than the sediments to the north 
of the fault. The displacement along this fault is probably 
greater near the center of intrusion than anywhere else 
on the fault.

Displacement by intrusion has probably not been so great 
along the Empire fault as sediments on both sides of the 
fault have been raised more equally by the intrusion.

Quartz Monzonite Intrusion.

The main intrusive body of the Empire mountains lies 
just south of the Montana Mine, and the northern end of 
this quartz monzonite mass extends into the central part 
of the Montana Mine area. A smaller mass of apparently 
the same quartz monzonite is exposed in the California Mine 
area. Age of the quartz monzonite in this region is 
thought to be Laramide or later. (Intrusion may be Tertiary 
and even late Tertiary).



Doming; of Sediments

The top of Montana mountain is the center of a large 
dome with axis slightly elongated in a north-south 
direction. This dome is apparently due to the quartz 
monzonite intrusion which comes nearly to the top of 
Montana mountain on the south side. In general, sediments 
west of this center dip rather steeply to the west 
while sediments east of the center of doming, dip 
steeply to the east.
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HISTORICAL GEOLOGY 

Cambrian

In the basin between the foot of hill No. 19 and. 
Montana mountain, there is a very small remnant of quartz
ite, apparently near the base of the Abrigo formation and 
at the quartz monzonite contact. This quartzite might 
possibly be Bolsa quartzite or might only be a quartzite 
bed in the Abrigo formation.

About two miles south of the Montana mine area there 
is quartzite at the base of the Abrigo formation which may 
be the Middle Cambrian Bolsa quartzite, usually found be
neath the Abrigo formation in the surrounding district.

The Abrigo formation is composed of thin limestone; 
interstratified with even thinner beds of shale, sandy 
limestone and possibly some quartzite. This formation was 
probably formed in a shallow sea.

The Abrigo formation is lower Upper-Cambrian and the 
index fossil is the Pacific type trilobite, Crepicephalus 
texanus. (No fossils were found in the Abrigo formation 
in the Montana mine area).

- Ordovician.

No Ordovician sediments have been found in the Montana
■ - . .

mine or surrounding areas.



Silurian.

No seas covered Arizona during Silurian time although 
the mid-Silurian was a time of considerable inundation on 
the North American continent.

Devonian.

The Upper Devonian was a period of maximum inundation 
(of the Devonian time) in Arizona and a time during which 
seas invaded a large portion of the entire continent of 
North America. The Martin limestone found in the Montana 
Mine area is Upper Devonian.

Although the Martin limestone is not very thick in 
this area it is relatively thick bedded and massive in 
the central and upper portions. The upper horizon is al
most entirely made up of colonial corals and also contains 
numerous brachiopods. Waters covering this area in Upper 
Devonian time were probably deeper than the seas of 
Cambrian time.

MissiSalopian .

During Lower Mississippian time, a large portion of 
Arizona was inundated. Upper Mississippian limestone is 
found, however, in only one small section of southeastern 
Arizona.

The Escabrosa limestone in the Montana Mine area is 
Lower Mississippian. It is extremely thick bedded and
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numerous corals are found in its upper teds,

Pennsylvanian.

The Naco limestone which represents the Lower 
Pennsylvanian in this district is thin bedded and composed 
preponderantly of limestone and shaly limestone, interbadded
with which are a few beds of shale, especially in the ...
upper part.

The Lower Pennsylvanian period was a time of con
siderable inundation in southern Arizona, Lower Penn
sylvanian limestone is absent in northern Arizona, pre
sumably due to a land mass which kept the southern sea 
from spreading nor thward.

From the app earance of the Naco limestone,,seas,in 
this area during Pennsylvanian time were shallower towards 
the close of the Pennsylvanian with some deposition of 
near shore deposits.

Permian.

The base of the Ye so (?) formation in the Montana Mine 
area is composed of thin beds of shale, limestone and 
conglomerate. The upper part of the Yeso (?) formation is 
composed of gypsum, marl, shale, and dolomite.

The Yeso (?) formation was probably deposited during 
a time when seas became shallower and shallower with the 
formation of thick beds of marl, gypsum and dolomite in 
upper Yeso time. Gypsum deposits indicate that evaporation



exceeded precipitation with resulting concentration of 
sulphate salts. The San Andreas (?) formation and the 
Snyder Hill limestone were probably deposited in deeper 
seas than the Yeso (?) formation.

Cretaceous.

Before deposition of the Cretaceous sediments, erosion 
evidently cut deeply into the Paleozoic rooks of this re
gion with the result that in some places the Cretaceous is 
normally overlying the Snyder Hill, while in other places 
it overlies the Naco limestone. Sears ^  reports that he 
has even found Cretaceous conglomerate composed almost en
tirely of pebbles of Martin limestone.

The lower part of the Cretaceous sediments in the 
Montana Mine area, is composed of shales and arkose. The 
shales seem to have been derived partly from andesitic 
material, while the arkose was evidently formed by the 
weathering of granite.

The youngest Cretaceous sediment found in this area 
is a conglomerate composed of partially rounded limestone, 
shale and granite boulders. - The large area covered by 
conglomerate suggests deposition from rather large streams 
or rivers at no too great a distance from their source, but 
far enough to allow the streams to spread out.

14-----------------------------------------------------------
Sears, D., Oral communication.



A detailed study of the Cretaceous sediments would 
probably reveal the source of most of the material deposited 
and would also reveal the direction of flow of the Cre
taceous streams.

Extensive faulting took place at the end of the Cre
taceous period, followed by intrusion of quartz monzonite. 
The sediments were extensively domed and altered by the 
quartz monzonite intrusion. Basic and acidic dikes were 
intruded into the sedimentary rooks and the quartz 
monzonite towards the close of the period of igneous 
activity. -

Tertiary.

Rhyolite porphyry dikes and quartz veins intruded the 
sediments during Tertiary time and a few ore deposits were 
formed coincident with these intrusions. (As the age of 
the quartz monzonite is not definitely known it is difficult 
to determine the age of the rhyolite porphyry and quartz 
veins.)
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METAMOHFHISM AM) YfEATKERING

Most sediments ia t M s  region are close to quartz 
monzonite and important changes in these rocks are due 
to contact metamorphism. Nearly all of the limestone has 
been metamorphosed to marble.

Contact Metamorphism 
Abrigo Formation •

Due to contact metamorphism the more massive limestone 
becomes harder and is recrystallized. Thin beds of lime
stone between layers of slate, especially near the granite, 
turn brown to dark brown and contain calcite, epidote, 
garnet, pyrite, and specular hematite in abundance. These 
thin beds are much harder when metamorphosed.

Martin Limestone.

The lower beds of the Martin limestone become very 
hard and thin layers of shale alter to slate or hornfels. 
The central portion of the Martin tends to recrystallize 
into large crystals of calcite. Beds are usually soft even 
near the granite, possibly because of the sandy nature and 
poorer consolidation of this middle Martin limestone. The 
upper Martin limestone becomes light brown to dark brown 
with formations of epidote, calcite, garnet, pyrite and 
specular hematite in abundance. This rook is exceedingly 
hard.



Escabrosa Limestone.

52.

Recrystallization is common in the lower part of the 
Escabrosa limestone and some very large cleavage fragments 
of calcite are present. This limestone does not appear to 
be hardened by metamorphism.

Naco Limestone.

The Naco limestone is not as greatly altered by 
contact metamorphism as the lower Paleozoic formations. 
This is due largely to the fact that in most places it is 
separated from the quartz monzonite by the lower Paleozoic 
beds. ~ v  -

The lower shaly limestone beds of the Naco limestone 
are fairly hard. The hardness of these beds is probably 
due not so much to contact metamorphism as to the original 
silica content of the sediment. A pyroxene mineral is 
found in great abundance on the weathered surface of the 
shaly -limestone. The difference in solubility between the 
silicate mineral and the limestone causes a pitted surface 
to be formed after weathering.

Manzano (?) Group.

The shales of the Manzano (?) groan have become 
hardened to hornfels by contact metamorphism. The marls 
and dolomites do not appear to have been greatly affected.



„ Snyder Hill Limestone.

The Snyder Hill liaSstone is normally dark gray to 
dark blue in color. Hear the quartz monzonite it is 
bleached in places and in places is stained red.
Fossils of the Snyder Hill limestone are often silici- 
fied -when near the intrusion.

Cretaceous Sediments.

Cretaceous shales are generally hardened due to 
metamorphism.

Weathering.

Weathering has caused the quartz monzonite to 
crumble and disintegrate. Highly weathered quartz 
monzonite has a distinctly darker color than the un
weathered rock and from a distance it may be mistaken 
for basic material intruded into the quartz monzonite.

Ho kaolinization was noted in the hand specimen of 
quartz monzonite, but chlorite could be seen. Under 
the microscope the alteration of the rock was seen to 
be mainly sericitization.

Quartzite lenses in the Snyder Hill limestone and 
in horizon between the Escabrosa limestone and Naco 
limestone, weather to a red color probably due to 
oxidation of included iron. The lower shaly limestone 
beds of the Naco formation, also weather buff but the
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reason for this is not clear.
Each limestone formation in this area weathers 

differently and the weathered surface of a limestone 
may have an entirely different appearance from the 
fresh surface. For instance seme of the Martin 
limestone is dark blue on a fresh surface but weathers 
to a dark gray.
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The Empire mountains are a northern outlier of the
Santa Rita and Patagonia mountains, which if considered
as one range, have a length of about 50 miles measured
along the curve of a crude crescent with a general - ' " ; . . ; 
north-south direction from tip to tip and open to the
east. The general structure of this mountain system
is a gently monoclinal dip to the east.

The monoclinal structure evident in the Empire 
mountains is probably partially due to doming of the 
sediments and erosion of most of the sediments on one 
limb of the anticline thus formed. From work carried 
on in other parts of the Empire mountains outside the 
Montana mine area it appears probable that the Empire 
range consists of Paleozoic sediments overthrust on 
Cretaceous and domed by quartz monzonite. Over-thrust
ing, therefore, is also partially responsible for the 
monoclinal dip of the sediments to the east and the 
combination of overthrust and strong tear faulting 
governs to a considerable extent the physiographic 
development of the range.

The abrupt western slope of some of the foothills 
is caused by erosion through soft sediments on these 
slopes, by streams which have formerly headed in the



comparatively weak quartz monzonite and especially 
along the granite-sediment contact. Eastern slopes 
were meanwhile protected 'by resistant limestone.

Eagle Bluff is an example of the above. The 
stream which once flowed through Pantano Canyon, 
originally headed along the eastern contact of the 
Sycamore stock with the Paleozoic sediments. This 
stream cut through the soft Manzano (?) group and 
upper Naco limestone beds, while the resistant beds 
remained to form steep cliffs.

It should be noted that drainage through Pantano 
Canyon would be more direct for streams from the east 
edge of the stock than drainage as it is today.
It was probably because of this fact that Pantano 
Canyon was cut so deep. The longest way around 
eventually proved the shortest way home and Pantano 
Canyon lost a large part of its drainage area.



ECONOMIC POSSIBILITIES OF THIS AREA

Gypsum.

Location of deposits.
As a deposit of possible future commercial value, 

the gypsum beds in the Montana mine area are probably 
as important as the low grade copper and gold deposits 
of the region. The gypsum is interstratifled with 
shales, marls, and some dolomite and hard limestone.

The gypsum in the Montana mine area is on the west 
side of Eagle Bluff, in the Yeso (?) formation be
neath the San Andreas (?) formation. The Yeso (?) for
mation forms the gentle slope and a portion of the wide 
canyon between Eagle Bluff and Montana mountain.

The writer prospected the Yeso (?) formation in 
the Pantano Hill area to a limited extent for gypsum. 
Although marl beds were abundant in the Pantano Hill 
area no gypsum was found. Since that time, gypsum 
has been found in the California Mine area and the 
northern Empire mountains area.

The exact amount of gypsum outcropping on the side 
of Eagle Bluff, in the Montana mine area, cannot be 
determined accurately because a large portion of the 
Yeso (?) formation is covered by talus from Eagle Bluff. 
Only in the deeper ravines are outcrops continuous.
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Three beds of gypsum in the Teso (?) formation have a 
total aggregate thickness of ninety feet.

The lowest bed, about 15 feet thick, is found about 
900 feet from the base of the Yeso (?) formation inter- 
stratified with thick beds of red and black shale. Approxi
mately 550 feet above the lowest bed is a 55-foot bed of 
gypsum immediately above a bed of hard blue limestone and 
just beneath the soft buff marls and dolomites. The third 
and uppermost bed is just beneath the San Andreas (?) for
mation and is about 20 feet thick. Gypsum occurs as far 
north as the boundary between the Pantano Hill area and 
the Montana Mine area. North of this point gypsum has not 
yet been found in the Pantano hill area but is present in 
large amounts in the California mine area.

Grade of Gypsum.

No detailed study of the gypsum in this area has been 
made. The gypsum beds have been examined wherever they out
crop and except for a very thin surface coating the gypsum 
i# uniformly white throughout with no stains or coloring due 
to foreign material.

No anhydrite has been recognized. Everywhere the gypsum 
IS so soft that it can be easily scratched by the fingernail, 
and several samples from different beds examined under the 
microscope showed no foreign material. The indices of re-
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fraction obtained for this gypsum were: 1.520, 1.523 and 
1.528.

Probable Amount of Gypsum,

The gypsum beds, as nearly as can be determined, out
crop continuously for about one-half mile in the Montana Mine 
area. Large amounts of gypsum have been found in the 
California Mine area, the northern part of the Empire Moun
tains area and elsewhere in the Empire mountains. A large 
amount of this gypsum could probably be mined by surface 
power shovels.

Accessibility of Gypsum.

It is two and three-quarter miles from the gypsum 
deposit on the side of Eagle Bluff to the nearest highway.
To build a usable road as far as the foot of Eagle Bluff 
from highway number 83 would not entail a great deal of ex
pense. The remaining short distance from the foot of Eagle 
Bluff to the gypsum deposit is fairly steep and rocky and 
to build a road to the deposit would be more expensive. After 
reaching highway number 83, it is approximately ten miles to 
the nearest railroad. Gypsum in the California Mine area 
is only about one-half mile from highway number 83.

130771



Other Gypsum Deposits in Arizona.

Gypsum occurs at several localities In Arizona. Some 
of the most important are: Navajo County, Fort Apache Reser
vation, Snowflake, Winslow and Woodruff; Cochise and Pinal 
Counties, along the San Pedro River, and at Douglas; Pima 
County in the foothills of the Santa Catalina Mountains north 
of Tucson.

Origin of Gypsum.

The most important bodies of gypsum the world over are 
found interbedded with shale, sandstone and limestone and the 
deposits in the Montana Mine area follow this general rule. 
Such gypsum is the result of evaporation of salt waters, 
either in inland seas or in arms of the ocean, during times 
Of relative aridity. Origin of such deposits is similar to 
the origin of salt deposits.

Gypsum may also be formed by the decomposition of sul
fides such as pyrite, and the action of the sulphuric acid 
thug formed on lime rocks. In volcanic regions, gypsum is 
forked by the action of sulphurous vapors on the lime of 
eertain volcanic rocks.

Growth of the Gypsum Industry.
Gypsum production in the United States in 1880 was 90,000 

short tons and gradually increased to 291,638 tons in 1898.
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Production was over 1,000,000 tons in 1903 and passed 
2,000,000 in 1909. In 1921, 3,050,984 tons of gypsum was 
produced and the total value of crude and calcined gypsum 
sold was #25,700,290.

MONTANA MINI.
History.

The Montana Mine was discovered in 1890 by John Dement 
and Otto Schley and located as the Black Diamond. The mine 
is still owned by the original locators. It was developed 
by a 90-foot, 30° incline and some shallow surface holes.
Ten tons of sulphide ore that averaged 9 per cent copper was 
shipped from this property.

■ ' ........ ... ■ . ' -
Location. Type of Deposit.

The Montana Mine is situated on the side of a small 
hill in the extreme west end of the Montana Mine area, only 
a short distance from highway number 83.

The deposit is in Cretaceous conglomerate composed of 
limestone pebbles and in the underlying Snyder Hill lime
stone. Replacement of the limestone is very incomplete and 
mineralization is sparse and confined largely to the con
glomerate although some mineralization occurs in the Snyder



Hill limestone.
Quartz monzonite is very close to this deposit on the 

opposite side of Davidson Gehyen. The source of mineralizing 
solutions was probably the rhyolite porphyry (granite por
phyry of Gillingham) which outcrops nearby. Mineralization

ha

1st the sediments surrounding this rhyolite dike is common 
and does not seem to be confined to any certain bed.

The limestone boulders in the Cretaceous conglomerate 
ve apparently been more favorable for replacement than the 

SByter Hill limestone. There is particularly strong 
mineralization at the contact between the two formations.

%
Minerals.

One of the principal minerals originally in this deposit 
was probably pyrite. There is abundant limonite and hematite 
in the deposit and in the area around the deposit. The 
original copper sulfide was probably chalcopyrite. Copper 
carbonates occur in the limestone in place and are the 
copper minerals in the ore stacked outside the mine.

Future of Deposit.

The formations in this region which seem to be most 
favorable to replacement are the Martin, the Abrigo and the 
lower part of the Escabrosa. These sediments are entirely 
absent in the vicinity of the Montana Mine.
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Operating Ivlines in Area.

A mine a short distance west of the Montana Mine is in 
Cretaceous sediments. The operators say they have a small 
amount of ore which runs fair in copper and carries some gold. 
The work at this mine has been confined mainly to exploration.
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