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Fieldwork and Aeknowledgments

The field work for the paper was commenced in October 1937 

and completed in June 1938. For its successful completion I am 

primarily indebted to Professor B. S. Butler for help on the structur

al geology, to Professor A. A. Stoyanow for help in the identification 

of fossils, and to Mr. George Sopp for invaluable aid in the topo

graphic mapping.

Previous Investigation

The general region of the Empire Mountains was briefly examin
ed by F. C. Schrader in 1909\  A more detailed report on the region, by

oR. A. Wilson in 1934 , first recognized prominent overthrusting in the 

Empire Mountains. A master's thesis on the area bordering the present one
g

on the west was written by T. E. Gillingham in 1936 , and a doctor's thesis
4on the area just to the southeast was submitted by H. Alberding in 1938.

^Schrader, F. G., Mineral Deposits of the Santa Rita and Patagonia Mountains, 
Arizona. U. S. G. S. Bull. 582, 1915.

2Wilson, R. A., Thrust Faulting in the Empire Mountains of Southeastern 
Arizona. Jour. Geol., Vol. 42, 1934.

3 .. ■ -Gillingham, T. 'E., The Geology of the California Mine Area, Pima County, 
Arizona. Master's thesis, University of Arizona, 1936.

^Alberding, H., The Geology of the Northern Empire Mountains, Arizona. 
Doctor's thesis, University of Arizona, 1938.
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GEOGRAPHY , ,

Location '

The Empire Mountains constitute a small group of hills just 

northeast of the Santa Bita Mountains and more or less continuous 
with that range. Both ranges lie in the southeast corner of Pima 

County which, in turn, is located in the southeast part of Arizona.

Chi a straight line the Empire range is about 30 miles southeast 
of Tucson, the nearest town of any importance. The nearest settle

ment is Pantano, a small village of population less than 100, located 

about five miles to the north-north-east on the Southern Pacific 

Railroad.

nearly the whole Empire range is included within the boundaries 

of the old Andrade Ranch (now only a small part of the great Empire 

Ranch). The ranch house is the only inhabited dwelling in the 

vicinity. It is located at the northern end of the range, about half 

a mile to the east of State Highway 83, and may be reached only from 
that road.

The Pantano Hill area is in the northeastern end of the Empire 
Mountains. It is thus just to the east of the California Mine area,1 2 
and just to the north of the Montana Mine area,^ and the Total Wreck

1 T.E. Gillingham, Geology of the California Mine Area, Pima County,
Arizona, 1936. Unpublished master’s thesis. 
Manuscript in the library of the.University of 
Arizona.

2G.P. Sopp, Geology of the Montana Mine Area, Pima County, Arizona.
1938. Unpublished master's thesis. Manuscript in 
the library of the University of Arizona.
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Mine area*3 On the north lies the Tucson basin. From the Andrade 

ranch house the area is about two miles on a straight line, and two 
and one half miles from State Highway 83.

Accessibility

From Tucson a good paved highway, U*S. 80, leads to Vail Junction. 
From there State Highway 83, a good dirt road, leads to within half a 

mile of the ranch house which may be reached by means of a rough .dirt 

road. From the ranch house an old dirt road la very poor condition 

extends through the pasture, around the north end of Hill No. 5 and 

from there along the northern boundary of the area. From the ranch 
to the middle of the area is a good hour’s walk over rough, ravine- 
cut country bristling with thorny desert plants.

Topography and Size

The area studied is about 1.7 miles from east to west, and 1*5 

miles from the north to south. It thus embraces nearly 2.6 square
miles.

The area constitutes a small group of foothills at the north 
end of the Empire range. It is made up of a low rolling terrain, at 

the four corners of which rise moderately sized hills. As the photo

graphs illustrate, the country is by no means rugged. The 3,950 foot

H. Alberdlng, Geology of the Northern Part of the Empire Mountains.
1938. Unpublished doctor’s thesis. Manuscript in the 
library of the University of Arizona.

3



contour line is the lowest one on the map; the highest point. Eagle 
Bluff, has an elevation of 5,200 feet, thus giving a relief of only 
1,250 feet. Of the other three hills, Montana Mountain is the highest 

with an elevation of 5,060 feet. Hill No. 5 and Pantano Hill have 

elevations of 4,570 and 4,560 feet respectively.

Climate and Vegetation

The climate is typical of that found everywhere in southeastern 
Arizona. Rainfall averages about fifteen inches 1 year, a semi-arid 
condition, and comes generally in early spring and late summer. The 

temperature in winter ranges between 50° and 75° F during the day, 

although the nights get somewhat colder. Snow is not uncommon. In 
summer, however, the days get excessively hot, temperatures of 110° 

to 120° being ordinary.

As can be imagined, field work in the summer is a hardship.

During the winter and spring, however, conditions are ideal. Dry, cool. 
Invigorating days and clear, cold nights make field work a pleasure.



Plate II: Stratigraphic Column of the Pantano Hill Area
5.

Age Formation Ft. Thick: Lithology and fossils
Upper
Cretaceous
(?)

Limestone
Conglomerate

;
5

?
Angular limestone boulders and 
pebbles of all the Paleozoic form
ations, in roughly parallel align
ment in a limy red matrix.

Upper 
Cret. (?)

Quartzite-
Granite
Conglomerate

?
Angular granitic and quartzltic 
pebbles and boulders in a fine 
arkosic groundmass.

Cretaceous
(?)

Red Shales ? Red shales, arkoses, and conglom
erates, all characterized by 
abundant volcanic elastics.

Permian-*- Snyder Hill 
Formation

over
600

3 limestone members; 2 quartzite 
members separating them. The lime
stone is dark blue, hard, fossil- 
-iferoue. The quartzite is pink to 
white, fine-grained, with cross 
bedding. Fossils Camarophoria deloi, 
Composite mexicana, Productus 
occidentalis.

Upper 
Penn, to 
Lower Perm 
lan

Oienega
Group

850 Series of soft, green to gray 
shales, soft buff limestones, hard 
gray to blue limestones, marl, and 
gypsum members, all varying from 10 
to over 100 feet in thickness. Un- 
fossiliferous in this area.

Lower
Penn.

Naco
Limestone 1150

Series of brown quartzites, green 
to black shales, and dark blue to 
white limestones, varying from 10 
to 300 feet thick. Fossils Axo- 
phyllum rude, Lophophyllum pro- 
fundum, Chaetetes milleporaceous.

Lower
Miss.

Escabrosa
Limestone 525

Everywhere in area marbleized to 
variegated red, white, dark' gray 
marble. No guide fossil# in this 
area.

Upper
Devonian

Martin
Limestone 225

Beds of pure limestone, 1|2 to 2 
feet thick; gray or brown; mostly 
marbleized. At top of formation 
a 15 foot eoral reef zone contains 
Cladopora prolific#.

Upper
Cambrian

Abrigo
Formation 750

Thin beds of soft, light, aren
aceous limestone about 1 inch thick 
or more, alternating with beds of 
light sandstone and green shale of 
the same thickness. Umfosslllfer- 
ous in this area.

According to Dr. A. A. Stoyanow, only the top limestone member.
(Minimum thickness, 200 feet) truly belongs in the Snyder 
Hill formation, and the lower quartzite and limestone 
members should be placed in the underlying Oienega group.
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The scant vegetation is typical of the desert and foot-hill 

regions of southeastern Arizona. Among the trees and bushes are found 

mesquite, greasewood, eatelavr, palo verde, scrub oak, oeatilla, and 
pinon pine. Cacti in evidence are the barrel cactus, saguaro, prickly 

pear, and pin cushion. Other vegetation includes soapweed, Spanish 

dagger, and bear grass.

STRATIGRAPHY 

Sedimentary rocks

Upper Cambrian: Abrigo (?) Formation

An unfossiliferous, highly incompetent formation about 750 feet 

thick, outcropping just southeast of the Pantano stock, is thought to re

present the Abrigo limestone, and hence to be the oldest rock in the area. 

It is made up of beds of soft, light gray to white areanceous limestone, 

generally about an inch thick, alternating with beds of uniform green 

shale and light gray sandstone of the seme thickness.* Where the formation 

is altered,the shale becomes black and much harder, due to silicification, 

and thereby more resistant to weathering than the limestone. As the shaly 

beds are rippled and irregular, they stand out in wavy layers above the 

limestone beds on a weathered surface. This gives the rock an unmistakable 

and distinctive appearance, which in this area is the rule rather than the 

exception because the formation is highly susceptible to hydrothermal 

alteration (Figures 1 and 8). The shaly layers then become thicker at the
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expense of the limestone layers and send forth branches from one to the 

other across the intervening limestone. The altered shale weathers to a brown 

or brownish green which contrasts markedly with the gray limestone beds#

Figure 2.

Two typical outcrops of altered Abrigo limestone#
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Where unaltered the limestone and shaly layers weather evenly, 

and the rock then presents a much less striking effect, especially since 

the colors of the two constituents are then more nearly alike (Figure 3)*

Figure 3. Typical outcrop of unaltered Abrigo limestone.

The top of the formation is marked by a bed of fine-grained, 

pure white quartzite five or six feet thick.
Due to the absence of fossils, identification was based on 

stratigraphic sequence and lithologic character, and is therefore uncertain.
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Upper Devonian: Martin Limestone

Unoonformably overlying the Abrigo formation in this region is 

the Martin limestone about 225 feet thick made up of beds of fairly 

pure limestone from one-half to two feet in thickness. When un- 

marbleized it is very finely crystalline, of an even gray, brown, or 
brown!eh-yellow color, and weathers on the surface to an even dull 

gray or brown. When marbleized it has a sprakllng, sugary lustre on 
a freshly broken surface, end a mottled coloring of dark gray, light 

gray, red, green, and yellow, with the dark gray predominating. Where 
highly metamorphosed, however, it is white.

The formation seems to be very susceptible to metamorphism, 

and at numerous places along the borders of the intrusions contact 
metamorphio minerals, such as idocrase and garnet, abound. At the top 

of the formation is a zone about 15 fiat thick in which the fossil 

coral Cladopora prolifica makes up almost half the rock. The appearance 

of this rook is very different from that of the lower part. In general 
it seems to be more sandy, and weathers to a darker hue. The fossils 
form branching, brown, irregular, worm-like masses, are more resistant 

than the limestone itself, and stand out on the weathered surface to 
give it a characteristic pitted appearance.

Identification was based on the fossils Cladopora prolifica and 

Atrypa reticularis.
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Lower Mlsalaslpplan: Eseabrosa Li— atone
' ' - r . \  . /  . . - - - : . -

Overlying the Martin la the Eaoabrosa limestone, a well marble-.

Ized formation about 585 feet thick. In this area it is not cliff- 

forming as at Bisbee; but is found on the low hills and in the valleys. 
Where unmetaaorphoaed it is a light gray, fine-grained, haaogeneous 
limestone. Where metamorphosed it is chiefly remarkable for the large 

size of its grains and for the patchy, variegated, white, red, and 
dark gray appearance of its surface, although in some places it is a 

fine, homogeneous pinkish-white marble. The beds range from one to 

two feet in thickness. Irregular lenses and veins of light gray 

jasper are common in places; in other places numerous reticulate, thread
like red veins penetrate the rook.

Lower Pennsylvanian: Naco Limestone

Above the Eseabrosa, and separated from it by a disconformity,* 

lies the Naco limestone. Although the lower boundary of this formation 

has been fairly accurately located by means of the coral Chaetetes 
mllleporaceoua. which is found in the lower 800 feet of this formation, 

it has been impossible to determine its upper limit with equal accuracy 
due to the fact that it grades conformably into the somewhat similar 

Oienega group. In descriptions of the Naco limestone of other areas its 

uniformity has been emphasized.2 In this area it is remarkable for its 
heterogeneity.

1 -  .........................  • :Stcyanow, A.A., Correlation of Arizona Paleozoic Formations. Geol.
Soc. Am. Bull#, Vol. 47, p» 581.

Stoyanow, A.A., op.elt.2
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The thickness of the formation is estimated at 1150 feet.

The lower part of the formation is largely made up of alternating 

beds of limestone and quartzite, and in the upper part shales predom

inate. The limestone beds are generally one to three feet thick, and 

come in groups of varying thickness. They are fine-grained, dark blue, 

and fairly pure except for irregular chert inclusions. The quartzites 

are buff-colored on weathered surfaces, but when broken are light gray 
or white. .A few thin beds of hard black shale are present in some 

of the quartzite members.

In the following column the thicknesses are rough estimates paced 

off in the field.

Plate III: Column of the Haco limestone

No. of Description Thickness
member in feet

1 Black shale, some places dark green .... 300
2 Grayish-green silicifled shale ......... 120
3 White, blue, red marblelzed limestone .. 120
4 . • Slliclfied green shale ...............   60
5 Marblelzed red limestone..... ......... 50
® Silic1fled green shale ................. 60
7 Marblelzed white limestone ............. 60
8 Green shale ........................   50
9 Black shale ............    50
10 . Dark blue limestone...... ............. 85
11 Black shale ...............     30
12 Buff-colored quartzite .....  20
13 Dark blue limestone ...........   20
14 . Brown quartzite...... ................. 10
15 Light-blue limestone ..................   10
16 Buff-colored quartzite with few thin

beds of black shale .......... 30
17 Dark blue limestone .................... 60
18 Buff-colored quartzite ................. 10
19 Dark blue limestone *...........  60



12

The Naeo limestone was identified by means of the fossil corals 

Axophyllum rude. Lophophyllum profundum, and Chaetetes milleporaceoue.

Upper Pennaylvanian or Lower Permian: Clenega Member
Lying conformably above the Naeo liaestcme is the Cienega group,

1a recently named unit, thought to correspond to the Manzano formation 
of New Mexico. It’S thickness in this area is about 850 feet ,though 

as its lower limit is indefinite, this is necessarily an estimate. It is 
a highly heterogeneous formation and in short distances varies both ver
tically and laterally. It is inexpedient, therefore, to draw up a ver

tical column.

Perhaps the most outstanding example of lateral variation is the 

presence of several thick beds of gypsum in the adjoining Montana Mine 

area and their absence in this area. G.P. Sopp points out, also, that 
many of the lower shales of the formation in the Montana Mine area grade 

into limestones in the Pantano Hill area.2 The result is that the lower 

part of the Cienega group is non-resistant to erosion and forms a low 

valley in the Montana Mine area, but in the Pantano area it forms ridges 
and hills.

The lower beds of the Cienega group are also noteworthy for their 
conspicuous vertical changes in color. A hard, dark blue or black lime
stone comes in units 10 to 15 feet thick and is often contiguous to a 

light gray limestone of the same sort, and this in turn to a darker gray 

which may be followed by a white.

Named by H. Alberding, op. elt. T.E. Gillingham, op. oit.. refers to
the formation as Pennsylvanian Shales and Schists. G.P. Sopp, 
op. clt., calls it the Manzano Group.

2 G.P. Sopp, op. clt.



Another unit found useful in identification is a soft, buff- 

colored limestone, commonly in single beds two or three feet thick, which 

on a fresh surface shows many small black dots against the yellow of the 
rock. Such beds are found at several horizons above the varicolored lime

stones of the lower part.
In the lower half of the formation are several beds of marl. 

Throughout the formation a soft, light gray shale recurs again and again 

in units from 10 to 50 feet thick separated by limestones; it is perhaps 
the most common rook in the formation. One other rock type, a dark green 

or brown slaty shale, occurs at a few places in beds rarely over one foot thick.

Permian: Snyder Hill Formation

Overthrust blocks composed of Snyder Hill limestone form Pantano 

Hill and Hill No. 5. Eagle Bluff is composed of the same formation in 
regular stratigraphic order. Thus every prominent topographic feature is 

made up of this rook; the Snyder Hill limestone is, therefore, the most re

sistant formation in the area.

The Snyder Hill limestone is believed to lie conformably upon the 

Cienega group. In only one place, on Eagle Bluff where the 4525 foot con

tour crosses the contact between the Snyder Hill limestone and the Cienega 
group, in the stream bed that goes through that point, has the actual con

tact been found, and here the evidence is obscured because of movement

13s,

between the two formations
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The top of the formation has everywhere been exposed and 

eroded, and no complete section has been measured. The incomplete 

section in the Pantano Hill area is over 600 feet thick, a figure some

what in excess of previous estimates"^.

The formation is made up of three limestone members, separated 

by two quartzite members. The limestone members are of the same type of 

massive, thick-bedded, dark blue rock, with only unimportant variations 

from one to the other. The following observations were made on Eagle 

Bluff, the only place in the area where all three members are preserved.

^A. A. Stoyanow, 0£. city, p. 531.

According to Dr. A. A. Stoyanow only the top limestone member (minimum 
thickness 200 feet) truly belongs In the Snyder Hill formation, 
and the lower quartzite and limestone members should be placed 
in the underlying Cienega group.

2
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The bedding la well displayed In the bottom limestone member 

and averages ijr feet thlek. The color is an even dark blue at the bottom, 

but becomes a light gray toward the top. Its thickness is about 200 feet.

The lower quartzite member is more massive than the upper, the 

bedding is rarely visible, and the color varies from light pinkish gray to 

white. In almost every exposure it is highly breedated; the fractures 

run thro it in all directions, breaking it up into small angular fragments. 

In texture it is fine grained. Midway down the member is a conglomerate 

about 25 feet thick made up of pebbles averaging two inches across 

cemented in a white or buff sandstone. The thickness of the lower quartzite 

is approximately 285 feet.

In the middle limestone member the bedding is well displayed; 

the beds average 1& feet thick and are not as uniform in color as those 

above, a light battleship gray being as prevalent as the dark blue. Many 

small round or ovate calcite inclusions constitute a prominent characte

ristic of the rock. This member is about 90 feet thick.

The two quartzite members are easily distinguished. The top 

one is characterized by prominent cross-bedding, a light brown color, and 

a fine to medium grained texture. Its thickness is about 90 feet.
The top limestone member is chiefly marked by the presence of 

many brown cherty masses of irregular shape and varying size, which, being 

more resistant to weathering than the limestone, stand out from it in 

numerous brown nobs and patches. This member is more massive than those 

below; the bedding is not visible, and the color is an even dark blue.

The Snyder Hill formation is richly fossiliferoua. In the upper 

limestone member the brachipods Camarophoria delol, Composita mexicana
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and produotue ocoidantalls together with toryozoa, are abundant. The lows* 

limestone member contains large gastropoda. The quartzite meabers are not 

foesiliferous.

Cretaceous (?): Red Shales

Unconforaably overlying the Permian is a miscellaneous group of 

shales, arkoses, and conglomerates making up a highly incompetent forma

tion of varied thickness which is characterized especially by a general 

red color and by the presence of abundant volcanic elastics.

Altho it has not been possible to define a section, some general 

types may be described.

Most prevalent is a shale, in places turned to slate, which usual

ly has a bright red color, but may display various shades of dark reddish- 

brown or purple.

Another common type is an arkose composed of fine quartz and 

feldspar grains and bits of red volcanic debris. The appearance of the 

rook is fine, aquigranular and speckled, white and red. Some beds are 

uniform thro a thickness of 20 feet or more. in places, where pebbles of 

andesite and rhyolite, are present this type forms a conglomerate. In 
other places the pebbles are larger, more numerous, and more varied and 

constitute still another type in which the groundmasa occupies less than 

50 per cent of the rock.
A fine-grained arkose made up of green and white grains is also 

present. It metamorphoses to a grayish-green shale within which pseudo- 

morphic crystals of hematite after pyrite are found at two localities.
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A grayish-green andesite with numerous small white feldspar pheno- 

erysts makes up a bed 30 feet thick in the upper part of the formation.

The formation contains no fossils. It is placed in the Cretaceous 

because of the volcanic material it contains.

Upper Cretaceous (?) rocks
A conglomerate, either of late Cretaceous or early Tertiary age is 

the youngest rock in the region, and has the greatest areal extent. I 

have attempted to divide it into two separate groups which are called 
the limestone conglomerate and the quartzite-granite conglomerate. This 

was felt to be necessary because in the field the two rooks are of wide

ly different types; the first is partly terrestrial, but largely a fresh 

water sediment; the second is entirely of terrestrial origin. As to 

their age, the limestone conglomerate is thought to be the younger* 
though contemporaneous with the upper part of the quartzite conglomerate. 

Thus during the last stages of deposition of the quartzite conglomerate 

there were two areas supplying detritus to the same basin. Near one the 

limestone conglomerate predominated; near the other the quartzite con
glomerate prevailed. At some line between the two their wash mingled 
to form a composite rock made up of elements of both.

Gillingham, T.E., o£. clt., in the area Just to the west reported
the opposite relation.



Limestone oonglomerate

1'8>

The limestone conglomerate is typically made up of flat, 

highly angular limestone Mulders lying parallel to each other and 

to the bedding plane in a matrix of fine grained, red, calcified material 

from the Cretaceous shale. This parallel arrangement is a prominent 

feature of the rook, and the general red color imparted to it by the 

matrix is also distinctive. In a few localities, however, one 

characteristic or the other may be lacking. The boulders are of all 

sizes from great pieces four feet long to mall pebbles, tho an average 

size of about 8 inches long by 1 or 8 inches thick predominates. They 

are practically all of limestone with only a few of quartzite and come 

from the various formations of the Paleozoic except the Abrigo. Forma

tions represented in the pebbles are dark blue Snyder Hill and Naco 

limestones, white and pink Escabroea marble, and finely crystalline 

brown Martin limestone.

Their angularity is taken to mean that the rock is of local 

origin; their parallelism, that it was largely formed in some body of 

water, probably a lake or river.
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Figure 5. Limestone conglomerate.

Quartzite-granite conglomerate 

The distinction between this conglomerate and the limestone 

conglomerate is based upon the presence of granite boulders in this rock. 

The upper part has all the limestone constituents of the limestone con- 

glomerate, plus a great deal more quartzite plus an appreciable amount 
of granite. Farther down the character of the rock changes. The lime

stone disappears and the only constituents outside the groundmass are 

large, very angular boulders of granite and quartzite arranged chaotical

ly, without the parallel arrangement noted aoove.

The boulders vary in size, those of quartzite and granite being 

generally much larger than those of limestone. The quartzite boulders
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have a characteristic brown or pinkish-brown color. They are very coarse 

grained and range in size from grit to pebble conglomerate.

Figure 6. Qiartzite-gr&nite conglomerate.

The groundmass examined under the microscope was found to con

sist of arkosic fragnents from the granite, mixed with detritus from the 
limestones and Cretaceous shales. Its color is not distinctive.

In all parts of the region the granite constituents are of one 

type, and evidently have a common origin. In the hand specimens there is 

a persistent gneissic banding of light and dark minerals. This banding, 

is not immediately obvious; however, the rock has been definitely meta

morphosed, and the presumption is strong that it is pre-Cambrian.

Under the microscope it was found to contain 25 per cent quartz,



65 per cent feldspars, 10 per cent hornblende, and less than one per 
cent magnetite. The feldspars could not he Identified due to nearly 

complete serlcltlzatlon. The absence of blotIte should also be noted.
The slight metmorphism observed in the hand specimen is more obvious 

under the microscope. The hornblende has been drawn out like taffy, and 

warped. The lines of flow are still visible and bear witness to the

shear forces to which the rock was once subjected. The quartz grains
- - . ' - ■ ■■■ ■ *  : . , .

average 0.5 millimeter across and are aligned together in lenticular or 

stringy aggregates. The feldspars occur in large crystals which are not 
intergrown with the quartz grains as in a normal granite, but make up 
large drawn-out masses.

From the extreme angularity of the granite and quartzite boulders, 
the absence of parallel elongation, and the arkosle nature of the 

groundmass, it is evident that the constituents are free local sources 
and also that the rock is of terrestrial origin in an arid region.

Igneous Rocks

North of the Santa Rita Mountains, igneous rocks become steadily 
less important until, in the Pantano Hill area, they occupy a distinctly 
subsidiary poaition. They are represented by two small granodiorite 
bosses, and by a few lamprophyre and aplite dikes.

In hand specimens the granodiorite is fine-grained, and made up 

of quartz, feldspar, and blotlte. Xenollthle inclusions are quite 

common; and this fact, combined with the small grain size and small 

areal extent, leads one to the conclusion that the bosses are the upper 
portions of an aploally truncated stock.
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Under the micrbecope a speelwn from the Bantano stock Is holo- 

erystalline, equigranular, and made up of anhedral quartz, suhhedral 
orthoclase and andesine, and euhedral blottte, in a hypidioaorphic or 

granitic texture. Poikilltic Inclusions of micrographic quartz and 

orthoclase, and suhhedral quartz alone, are characteristic. The follow

ing is a complete list of minerals present:

Andesine (Ahg^An^g): Crystals from 0,25 to 0,50 mm in length.
35#

Orthoclase: Crystals same size as above, except for several large
ones over 1 mm. long with poikilltic in
clusions of suhhedral quartz. 25#

Quartz: Grains average 0.25 mm. 25#

Biotite: Average size of crystals 0.25 mm. 10#

Hornblende: Crystals 0.5 mm. long. Green, pleochrolc. 2#
■ - - 

Magnetite: Small crystals 0.2 mm. across. 3#

Alteration minerals:

Calclte: less than 1#

Serioite: The andesine is partially altered to serlelte. 5#
Chlorite: The biotite is slightly altered to chlorite. 1#

Accessory minerals:

Apatite: Few email crystals.

Epidote: Few small crystals 0.1 mm. long.



A specimen from the Andrade stock was similar In texture but 

less altered. A list of minerals present follows:

Andesine (AbggAn^): Crystals average 0.5 mm. in length, with
a few over 2 run. 25$

Orthoclase: Crystals average 1 am. across. 20$

Quartz: Grains over 1 am. across. 50$
Biotite: . 14$

Hornblende: 9$
Magnetite: 2$
Sphene: Less than 1$

Serioite: Less than 1$

As mentioned above, a few small lamprophyre dikes are found in 
the area. Hand specimens are dark greenish-gray in color and aphanitic 
in texture.

Under the microscope the rock consists largely of small laths of 

hornblende and orthoclase, and minute crystals of magnetite. The 

interstices are filled with anhedral orthoclase.

The following is a complete list of minerals present:

Primary minerals:
Hornblende: Many small laths 1 ram. long. 60$

Orthoclase: Small laths of the same size and arrangement as
above. Also fills up the interstices between laths. 
30$

Magnetite: Many small crystals 0.01 ram. across. 10$



Alteration minerals:
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Sericite: the orthoclase is slightly sericitized. 2%

Serpentine: 1#

Calcite: 1#

Chlorite: 2#

Two small aplite dikes were found in the Pantano stock. These 
dikes exist only within the granite. The lamprophyre dikes, however, 

extend into the limestone sediments.

PHYSIOGRAPHIC DEVELOPMENT

One cannot fail to be impressed by the marked dissimilarity in 
the physiographic appearance of the Empire Mountains and that of the 

ranges around it, where regular symmetrical peaks and even slopes in
dicate a radically different geological history and emphasize the fact 

that the Empire Mountains represent a complete structural unit in them
selves.

Figure 7. View of the Empire Mts. from the north
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Upon examining the map it may be seen that this section of 
the Empire Mountains is subdivided into two minor structural units, a 

northern and a southern one, with the Montana fault as boundary.

In both parts the most important factor in physiographic de

velopment has been the high resistance to weathering of the Snyder Hill 

formation, combined with <he lesser resistance to weathering of the other 

formations and igneous bodies.

Figure 8. View of the Pantano Hill area from 
the north. Pantano Hill to left. 
Eagle Bluff to right.

In the northern part the controlling factor has been overthrust

ing of the resistant Permian limestone to form the two outstanding topo

graphic features, Hill No. 5 and Pantano Hill. With this effect has been 

combined that of the presence of a granodiorite intrusion and a conglom-



Fi(j 1 •" View of Eaijle Bluff from the north.
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erate between the two hills. It is well known that in arid regions 

rocks made up of several constituents, as granites and conglomerates, 

decompose much more rapidly than homogeneous rocks such as limestone. 

As a result the granite and conglomerate have formed a lowland between 
the two hills.

Figure 10. View of Pantano Hill from Hill No. 5.

In the southern part the presence of the Paleozoic section in 

normal stratigraphic sequence has produced a rolling topography in which 

the ridges and vales parallel the outcropping formations and are the topo

graphic expression of their differing resistance to erosion. Here also 

the Permian limestone is the most duraole and forms lofty Eagle Bluff, the 

highest point in the area.
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The abundance of bedding faults in the area will be remarked 

on further. These bedding faults have expressed themselves physiograph 

ically by determining the courses of a number of streams.

Figure 11. Bedding fault exposed along a stream, in 
Escabrosa limestone. 3000 feet north of 
the summit of Montana Mountain. The 
course of the stream was determined by this 
fault.

Drainage of the area is performed by two intermittent stream 
systems, one draining to the west and one to the north. At present the 

latter system is more important, but as the land decreases in elevation 
more rapidly to the west than to the north, the west draining streams are 

eroding more rapidly than the north draining. The result is an example



of stream piracy in which, the whole area is slowly being captured by the

westward draining streams.

*
STRUCTURAL GEOLOGY

The Empire Mountains present a structure of great complexity.

The general region has been highly faulted by a series of nearly vertical 

east-west faults and by another series of north-south faults. The region 

M s  been intruded in various places, and the sediments domed around the 

intrusions. It has also been subjected to a great period of overthrusting. 

These three factors are the major structural features of the area.

Overthrust Faulting

Previous workers in the region have been almost unanimously im

pressed by the extensive overthrusting displayed on every hand. T. E. 

Gillingham1, in the area just to the west, found Hill Ho. 5 to be an over- 
thrust block of Permian limestone over Cretaceous shales. Ha also found 

overthrusting of Permian and Misaissippian limestones as far west as
ODavidson Canyon. R. A. Wilson proposed the existence of a compound over

thrust in which one block of Paleozoic sediments rode up over the Cre
taceous shales as far west as the Sonoita road, and was in turn overridden 

by a second and less extensive one, both thrust planes being essentially

^Gillingham, T. E., ©g. cit.

^Wilson, R. A., Thrust Faulting in the Empire Mountains of Southeastern 
Arizona. Jour. Gaol., Tol. 42. 1934.



horizontal. T. E. Gillingham found evidence to corroborate Wilsonts opin

ion that they came from the southeast. In neighboring regions overthrust- 

lag has also been noteworthy. F. C. Schrader, as well as W. L. Thomas , 

found extensive over thrusting in the Helvetia district, ten miles to the 

west of the present area. W. H. Brown3 reported blocks of overthrust 
Paleozoic limestone buried in the great rhyolite flows that make up the 

Ttieeon Mountains, thirty miles northwest of the Empire range. Finally, 

Gillingham reports the discovery by B. N. Moore4 of overthrust blocks in 

the Tucson quadrangle near Pantano.

The present area is divided into two parts, a northern division 

and a southern division, the line between the two being the Montana fault. 

In the northern division are Hill Ho. 5 and Pantano Hill, both overthrust 

blocks of the same nature.

The overthrust plane on the west slope of Hill No. 5 was mapped 

by Gillingham, There the Permian limestone is thrust over Cretaceous 

shales. Following the thrust plane around to the east side of the hill, 

the Cretaceous shales become steadily thinner until nothing is left but a 

thin band which varies from 10 to 50 feet in thickness, and finally pinches 

out entirely.

Schrader, F. C., Mineral deposits of the Santa Rita and Patagonia 
Mountains, Arizona. U. S. G. S. Bull. 582. 1915.

‘Thomas, W. L., Geology and Ore Deposits of the Rosemont Area, Pima County, 
Arizona. Master's thesis, Univ. Ariz. 1931.

3Brown, W. H., The Tucson Mountains, an Arizona Basin Range Type. Unpub
lished manuscript.

^Gillingham, T. E., 0£. cit., p. 39.
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Where the shale pinches out on the east side of Hill No. 5, the 
Permian limestone on Hill No, 5 overlies the limestone conglomerate 

directly. The position of the thin hand of Cretaceous shale above the 

supposedly younger conglomerate calls for explanation. At every ex

posure this shale has been bracelets* and ground almost beyond recognit

ion. It is supposed that it acted as a lubricant for the overthruet 
block to move on and was carried along beneath it much as a great log 

will carry along the rollers over which it moves, or as a book slid 
over a powdered table top will carry seme of the powder along beneath it.

It has been suggested by F.W. Galbraith that the Cretaceous shales 

were deposited in valleys in the limestone conglomerate, and that the 

conglomerate was thus not continuous over the whole area, but alter

nated with patches of shale. With this type of ground before it, the 
thrust block could easily drag shale in along the fault plane.

Essentially, therefore, the Permian limestone on the east side of 

the hill is thrust over the limestone conglomerate and red shale series.

Where the outcrop of the limestone conglomerate makes a re-entrant 

into the Permian limestone composing Hill No. 5, 2000 feet due east of 
the summit of Hill No. 5, another relation may hold. Here the beds of 
limestone dip east and southeast. They may therefore go beneath the 

conglomerate and the thrust fault would then pass through the conglom
erate, putting some of it in the overthruat block and acme beneath. 

Figure 12 illustrates these relations.
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The structure of Pantano Hill is strikingly similar to that of 

Hill No. 5. Along the canyon that skirts the southwest base of the hill, 

1600 feet south-west of the summit, the thrust fault is magnificently 

displayed in several places. Here the Snyder Hill limestone is thrust over 

the Cretaceous shales. The plane of the overthrust at this point varies in 

an irregular manner but gives an impression of being essentially horizontal.

Gouge thickness varies from 2 to 15 feet
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Figure 13. View of the thrust fault at southwest 
base of Pantano Hill.

At all points on Pantano Hill the dips of the Permian beds are 
approximately 40° E, the average strike is about S 60° E. On the north

west flank of the hill the Permian limestone rests upon, the limestone 

conglomerate# The dips of the Permian beds here leave no doubt that the 
Permian is thrust upon the conglomerate and the thrust fault must lie 
along the contact.

On the east side of Pantano Hill a narrow bed of highly brecciated 

Cretaceous shale very similar to that on the east side of Hill No# 5 

lies between the Snyder Hill limestone and the conglomerate. As on Hill 

No. 5 this shale lies in the thrust fault, and the same explanation used 

there of its position above the younger conglomerate is applicable here.

i
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South of the summit the band of Cretaceous shale pinches out.

The same problem confronts us here that we met in the case of the conglom

erate reentrant on Hill No. 5. The southeast dip of the Permian beds per

mits the view that they underlie the conglomerate, in which case part of 

the conglomerate would be in the overthrust block and part beneath. How

ever, in this case the thrust fault is visible along the contact. Also an 

exposure of the fault at the base of the hill (Figure 13) shows that the 

beds of Snyder Hill limestone have been truncated and hence cannot pass 
under the conglomerate.

Figure 14. View of the thrust fault 1550 feet SSW of the 
summit of Pantano Hill.

The attitude of the thrust fault on the east side of the hill

is approximately horizontal north of the summit. In the broad band of



shale that goes up to the summit the dip of the thrust is apparently much 

steeper, unless it has been confused with some reverse faulting, and 

varies from 35° to 70° northwest. Gouge material is very thick on the east 

side north of the summit, 30 or 40 feet being common. This is to be con

trasted with the 10 or 15 feet found at the southwest base of the hill. 

Where the limestone directly overlies the limestone conglomerate no gouge 

eould be found.

In the northern division, between Hill Ho. 5 and Pantano Hill, 

is an exposure of Snyder Hill (f) limestone, the beds of which dip 50° S 
70° E. Since this dip would send it above the Cretaceous shales and con
glomerates which outcrop Just to the west of it, it must overlie them, 

and hence be another overthrust block.

The limestone conglomerate overlying it might have ridden in on 

the overthrust block or been deposited in situ. A fault brings Haco 

limestone up against this overthrust block. The Haco limestone has also 

been overthrust, since the 50° dip to the east of its beds would project 

them above the Cretaceous shales Just to their west.

The Permian (?) limestone lying just southwest of Pantano Hill 

has in turn been thrust upon the overthrust Haco limestone, producing a 

compound overthrust of the type postulated by B. A. Wilson^-. The thrust 
fault is well revealed along the north trending canyon that cuts it off 

on the west.

The main problem of the area is to determine the full extent of 

the overthrusting. In the southern division a completely different type



of structure prevails. No isolated orerthrust blocks are found; on the 

contrary, the normal, complete Paleozoic section stretches from the east 

edge of the area nearly to the west.

There are four reasons for believing that this entire Paleozoic 

section is one great overthrust block.

The overthrust block of Naco limestone mentioned above in the 

northern division may be followed southwards across the Montana fault and 

into the southern division where it occupies its regular position in the 

Paleozoic series. The only tenable explanation of such behavior is that 

the entire series into which the overthrust block is traced is also an 

overthrust block. The present situation is thought to have developed as 

a result of post-thrust movement along the Little Montana fault. The 

original overthrust block (or compound overthrust block as suggested by 

R. A. Wilson1), it is supposed, covered the entire area. The fault dropped 

the south part of the overthrust block down, or pushed the north part up, 

with the result that the south part was preserved while the north part was 

entirely stripped off except for a small remnant of the Naco formation and 

two large isolated blocks of the durable Snyder Hill limestone.

Search for the actual thrust fault was rewarded in one locality at 

an elevation of about 4300 feet, thirteen hundred feet up the canyon which 

trends south behind Eagle Bluff (extreme eastern edge of map). Snyder Hill 

limestone overlies the Cretaceous shales and is separated from them by five or

^The belief of R. A. Wilson that the overthrusting took place in two movements, 
the first being the more extensive, and the second riding up over the first, 
has been mentioned above on page .29.
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six feet of finely pulverized gouge, The thrust plane appears to dip 
10° E and strike S 70° W.

There are numerous indications that the Paleozoic section has been 

subjected to severe compressional forces. Bedding plane faults exist 
both within and between the different formations, sane of them contain

ing several feet of brecciated material. Such a fault within the Esca- 

brosa formation contains five or six feet of pulverized limestone, the 

softness of which has determined the course of a stream. Another fault 

with over ten feet of gouge is found in the Gienega group just below 

the contact with the Snyder Hill limestone. At several other places in 

the Gienega group beds of soft shale have been brecciated. Much of the 
Snyder Hill formation on Eagle Bluff has been broken up by a multitude of 

small fractures, and a large bedding fault exists near the top of the

Figure 15. Bedding fault in the Snyder Hill limestone near 
the top of Eagle Bluff.
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bluff. Although evidence is not conclusive, when combined with the 

fact that large scale overthrusting is known to exist in the immediate 
vicinity, it strongly suggests that the southern Paleozoic section has 
been overthrust as well.

The dips of the Permian limestone on Pantano Hill and Eagle Bluff 

are in the same direction; the beds are thus roughly continuous though 

slight further movement of the northern part of the thrust block has off
set them somewhat. The Permian limestone on Hill No. 5, however, is far 
in advance of where it should be had it been part of the same block. It 

is believed that Hill No. 5 together with an outlier of Snyder Hill lime
stone just west of the Sonoita Road are due to the first and more exten

sive of the two overthrust movements postulated by R.A. Wilson,1 while 

Pantano Hill and the Paleozoic section in the southern division are re

sults of the second and less extensive movement.

The fourth reason for believing the Paleozoic section to be an over- 

thrust block will be considered in the discussion of steep-angle fault
ing.^

As to the direction from which the thrusting came, Wilson found 

reasons to believe it came from the southeast, and Gillingham,* in the 

California Mine area, found folding with a northeast axis in beds beneath 
the thrust fault which corroborates this belief. The only evidence in the 

Pantano Hill area of the direction from which the thrusting came is the

^See page 29. 
2See page 43.
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following: B.S. Butler suggested to Gillingham^ that the limestone

conglomerate might he a fanglomerate deposited locally In advance of an 
overthrusting block which later covered It. If the block came from the 
southeast and If the conglomerate were of this nature. Its thickness 

would decrease towards the northwest. Comparison of the respective thick

nesses of this conglomerate In the east and west parts of the area, and 

of Its thickness in this area with that In the California Mine area Just 
to the west, shows that in general this is the ease.

Intrusion of granite
Another factor in the structure of the Empire Mountains has been 

the intrusion of a number of granitic stocks. Two snail bodies are in 

the Pantano area. A small outcrop of granodiorite named Pantano stock in 
this report intrudes the sediments at the southwest base of Hill No. 5.
The outcrop of this body is about 3000 feet long and 1850 feet broad. In 

outline it is roughly elliptical. The second intrusion, called Andrade 
stock, is also of granodiorite and is much smaller than the first, being 

about 1000 feet long and 700 feet wide and is more circular in outline. 

This body outcrops in the valley at the southwest base of Hill No. 19.
These two bodies are obviously outcrops of one intrusion, separated 

by a thin shell of sediments. In general shape the intrusion outlines 
the arc of a circle, nearly one quadrant of the circle being included.

Just to the west Gillingham reports a small granite stock outcrop

ping in Davidson Canyon. This stock lies on the circumference of the

^Gillingham, T.E., oj>. cit., p. 86



same circle which goes thro the two bodies in the present area. The 

Sycamore stock, a body of granite considerably larger than the above, 

outcrops in the Montana Mine area. Still further south another large 

body makes up a considerable portion of the Empire Mountains. It would 

appear, therefore, that the sediments now present constitute a large 

roof pendant which has been intruded by small cupolas from a much larger 

intrusive body underlying the whole region.

That these cupolas have come a considerable distance from the 

parent batholith is evidenced by the extent to which they have domed up 
the sediments around them. In the present area their combined effect has 

been to form a number of anticlinal and synclinal structures. Just west 

of Pantano stock the sediments have westerly dips averaging about 40°.
Just east of Hill Mo. 11, however, the beds have moderate dips to the east 

caused by a granite intrusion off to the west in the California Mine area. 

These dips average 30°. The result is an.asymmetric open syncline, the 

east limb being the steeper. The beds have easterly dips as far to the 

west of this syncline as Davidson Canyon.

The sddiments just northwest of Andrade stock have 45° dips to 

the northwest. The sediments just south of Hill Ho. 19, on the north side 

of Pantano fault, have strong dips to the north, due to a southwestern ex

tension of Andrade stock which has been uncovered in only one small out
crop. As one continues to circle in a counter-clockwise direction around 

Hill Mo. 19, the dips change both in magnitude and direction. They become 

gentler, changing from 45° just above Andrade stock to 30° in the western 

slope. Their direction changes from due north on the south slope to due
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east on the west slope, where the beds once more come under the Influ

ence of the Davidson Canyon intrusion. The result is an asymmetric, 

shovel-like structure around the hill, with an open end pointing N 50°E.

Very probably Hill No. 19 owes its existence to this structure for the 
sediments on the anticlinal axes and limbs would erode more rapidly 

than those in the synclinal basin; thus what was at first a valley 
would soon be a hill.

This shovel-like structure is the southern termination of the syn
cline described above. We have then, on the west side of the area, a 
long but narrow plunging syncline, the pitch of whose axis is quite 
steep at its southern termination, but rapidly becomes less steep to 
the north.

The direction of the axis of this syncline varies as well as its 

pitch. At the south end it trends N 50° 1. To the north it changes 

steadily, forming the arc of a circle concentric within the circle form

ed by the grenodiorite intrusions until, at the north end of the Pan- 

tano stock it trends N 30° W.
North of Pantano stock, north and northwest dips form a syncline 

with the southeasterly dips on the northwest side of Hill No. 5, whose 
axis trends northeast. This syncline is a further continuation of that 
noted above. Putting the two together, the result is a long synclinal 

structure on the west border of the area whose axis is in the shape of 
the letter S.

Southeast of Andrade stock the beds of the Abrlgo are essentially 

vertical adjacent to the intrusion but dip at angles of 75° to 80° to the 
southwest as their distance from it becomes greater. Adjacent to the 

south edge of Pantano stock the Abrlgo limestone is again on end, with 

nearly vertical dips which strike south to S 20° E. Along the west margin of
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Pantano stock the Snyder Hill limestone dips to the west at angles from 

60° to 70°. To the north the dips change to northwest and then to north 
at the northern end of the stock. The result is an asymmetric anticlinal 

structure with the east limb 30° to 40° steeper than the west, and with 

an irregularity in its form at the junction of the two stocks. The crest 

has been eroded away, leaving only the two limbs. The axis is an arc 

which is identical with that made by the outcrops of the intrusion. Its 

direction at the south end is H 50° E; at the north end, H 30° Yi'. At the 

north end of Pantano stock the axis plunges steeply to the north; at the 

south end of Andrade stock the beds of Abrigo limestone are on end and the 

structure abruptly loses its anticlinal form.

East of the intrusion no more anticlinal or synclinal structures 

exist and the sediments maintain constant easterly dips to the eastern 

edge of the area. Thro to the Naco formation the circular concentric 

structure is still maintained, and east dips in the northern part of the 

Abrigo, Martin, and Esoabrosa sediments change to southeast dips in the 

southern, and to south dips still further south in the Montana Mine area. 

The Cienega and Snyder Hill formations, however, are far enough away from 

the intrusion to feel the effect of the Sycamore stock just as strongly 

as that of the Pantano stock, and their dips have a curvature in the op

posite sense to that of the earlier formations, southeasterly dips in the 

northern part changing to south dips in the southern part of the area.

This discussion would not be complete without mention of the 

small anticlinal area in the Esoabrosa limestone, just south of the Little 

Montana fault. Here a small circular outcrop of Abrigo limestone, with a



43

ribbon of Devonian limestone around it is the result of doming by a 
small intrusive body not yet exposed by erosion.

Steep-angle faulting

area.
Two structurally significant steep-angle faults are found in the

The Little Montana fault divides the area into the two structural 

divisions noted above. This fault strikes N 80° W and has a nearly verti

cal dip. It brings Cretaceous shales on the north against Naco limestone 

on the south. However, displacement rapidly decreases eastward until the 

fault disappears entirely. Fault breccia is not over three feet thick 

despite the fact that th^Cretaceous shale on the hanging wall brecciates 
with great ease.

Figure 16. The Little Montana fault. Cretaceous shales 
on right, Escadrosa limestone on left.
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Rie Pantano fault trends along the south and southeast slope 

of Hill Ho. 19. Its average strike is N. 60° E. tho changes in elevation 

cause it to vary somewhat. Its average dip is 40° to the north. The 

footwall is Ahrigo limestone and granite. The hanging wall is Snyder Hill 

limestone. This would classify it as a normal fault if further facts were 

not considered. There is an excessive amount of fault breccia and gouge 
material, thicknesses of 50 feet being coroon.

. It has been proposed above that the whole Paleozoic section

stretching from Andrade stock to Eagle Bluff is an overthrust block lying 

upon Cretaceous shales. If these formations have not been overthrust, 

minimum displacements of 4000 feet are necessary to explain the presence 

of Pennsylvanian limestones adjacent to Cretaceous shales along the Little 

Montana fault, and of Cambrian against Perman limestones along the 

Pantano fault. However, if the Paleozoic section has been overthrust, 

displacements of no more than 300 or 400 feet would explain the relations 

found in each ease.

Field evidence strongly indicates that they are indeed minor 

faults of small displacement. This indication is at the same time added 

confirmation that the Paleozoic section is an overthrust block.

The rapidity with which these faults die out along their strikes 

could only indicate small displacements. It has not been possible to trace 

the Montana fault beyond the Cienega group, and the Pantano fault appar

ently dies out just west of Pantano Hill. It is inconceivable that faults 
with displacements of 4000 feet would disappear so rapidly.

Secondly, on both sides of the Montana fault we find identical
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horizons at similar elevations. The Permian on Pantano Hill is nearly 

at the seme elevation as that on Eagle Bluff. Also the Ohaetetes 

milleporaoeous horizon (lower Pennsylvanian) is found on both sides of 

the fault along lines not over 200 feet apart. Certainly if a major post
thrust fault cut between the two outcrops with a displacement of 4000 

feet or more, such could never be the case.

CHRONOLOGY OF EVENTS

The overthrust block has been cut through by the faults. It has been 

intruded by two stocks; and the present dips of the sediments in the over
thrust block away from the intrusion prove that they were domed up by the 

intrusions. The limestones have been marbleized and the shales silici- 
fied. Lamprophyre dikes are found cutting the overthrust sediments. Fin

ally, in the Abrigo formation around Andrade stock and in the overthrust 

Snyder Hill limestone bordering Pantano stock on the east, contact meta- 

morphism is intense. This train of evidence strongly favors the view 

that the overthrusting preceded both the steep-angle faulting and the 

intrusions of the granite stocks.

The following facts complicate the situation, however. The Permian 
limestone on Pantano Hill has been thrust over the limestone conglomerate. 
The limestone conglomerate overlies the quartzite-granite conglomerate 

which outcrops all around it. This means that the quartzite-granite 

conglomerate must antedate the period of overthrustlag.
This conglomerate contains numerous fragments of granite whose
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angularity indicates local origin. If these granite fragments originated 

from Pantano stock, Andrade stock, the Davidson Canyon stock, or the 

Sycamore stock, the intrusion, of these bodies must necessarily have pre

ceded the overthrusting by an appreciable time interval, and the sequence 

of events suggested by the facts outlined above is incorrect.

In order to determine this question a collection of specimens 
was made from the four stocks mentioned and also from various places in 

the conglomerate. A description of the specimens from two of the stocks 

and from the conglomerate may be found in the section on stratigraphy.

The latter show gneiasie banding, drawing out of hornblende, absence of 

biotite, and nearly complete serieitisation of feldspar. The former are 

completely unmetamorphosed, have 10 to 14 per cent biotite, and have 

remarkably fresh feldspars. Thus there can be no doubt that the granite 

constituents did not originate from any of the granite bodies now outswop

ping in the region. If these bodies are Laremide in age, the conglomerate 

must be older than the Laramide; the granite constituents of the conglom

erate are very probably pre-Cambrian.
As to the respective ages of the faulting and the granite intru

sions, it is highly probable that they occurred simultaneously. Hot only 

in the present area, but everywhere in the region these small intrusive 

bodies are found along faults. The Andrade stock is located on the Pantano 

fault; the Pantano stock is found at the junction of the Pantano and 

Montana faults; and altho no fault is mapped near the Davidson Canyon stock, 

the elongated shape of that body strongly hints at the presence of one,



perhaps a continuation of the fault just above Fault Fo. l \
This constant association strongly implies that an intimate 

causal relation exists between the faulting and intrusions. As the bodies 

of magma moved up thro the earth's crust, they would create great pressure 

in the sediments above them; these sediments would relieve it by steep- 

angle faulting. Then, having caused the faults, the magma bodies would use 

them as paths to the surface. In this sense the intrusion is both cause 

and effect of the faulting.

Confirmation of this causal relation may be found in the fact 

that the greatest displacement on the Montana fault occurs immediately ad

jacent to the stock, and that as we follow it out away from the stock, the 

displacement steadily decreases until the fault dies out entirely.

Secondly, the north side of the Fontana fault is the upthrust side, 

and almost the entire areal extent of Pantano stock lies on the north side. 

Obviously, if the Pantano intrusion were the causative agent of the Montana 

fault, this is the relation that would have forced up the sediments above it 

at the expense of those just to the south of it.
If we investigate the Pantano fault from the same standpoint, we 

find new support for the opinion that the entire Paleozoic section is an 

overthrust block. The location of Andrade stock on the Abrigo side of the 

fault indicates, according to our reasoning above, that this is the upthrust 

side; but since the Abrigo is against the Permian limestone, the former can 

only be the upthrust side providing that it is in an overthrust block.

^See map of the California Mine area in T. E. Gillingham, op. cit.
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