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A B S T R A C T

Foy Ridge is located about twenty-six miles south-southwest of 

Tucson, Arizona, and about a mile north of the Twin Buttes mining dis

trict.
The sediments of the Foy Ridge area range in age from Cambrian 

to Recent. Separation of the Paleozoic section into mappable units 
has been complicated by post-Permian metamorphism. This metamorphism 
has destroyed any fossils that were probably once present, although a 
few remains of a Devonian Cladopora reef have been recognized. The 
metamorphism has caused a recrystallization of the limestones and an 

alteration of the shales to homfels with stringers of epidote. The 
result is a sequence of altered Paleozoic rocks closely resembling one 
another.

Lateral compression acting in a northeast-southwest direction 
played the major role in the tectonic history of the Foy Ridge area.

Foy Ridge is the inverted limb of a large fold overturned to the north
east. As the fold was being produced thrust faults and wrench faults 
formed in the limbs. These first faults were cut off by the Foy Ridge 
fault that formed in the southwest limb of a northwest plunging anti
cline. This anticline was thrust forward (southwest) and upward until 

it was pressed against the inverted limb (Foy Ridge) of the adjacent 
fold. A disharmonic fold probably formed in the normal limb of the
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major fold of which Fay Ridge is a part. Thrust faults in this dis- 

harmonic fold repeated the lower Paleozoic section on the southwest 

side of Foy Ridge. As compression continued the last major thrust of 

the area was produced. This was the Bolsa Overthrust, which probably 
originated in the core of the disharmonic fold. It cut across the in
verted limb of the major fold and may have also cut across the crest of 

the northwest plunging anticline northeast of the Foy Ridge fault.

Intrusive activity followed or accompanied the overthrusting 
and folding of the area. This was closely followed by post-intrusion 
normal faulting.

The Twin Buttes, two prominent hills immediately east of the 
thesis area, are a southeastern extension of the northeastern limb of 
the northwest plunging anticline that formed the hanging wall of the 

Foy Ridge fault. The "breached anticline" of the Twin Buttes mining 
district is probably related to the normal limb of the fold that formed 

Foy Ridge. The synclinal area between these two folds is covered by 
alluvium.
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Panoramic view of Foy Ridge looking west from West Twin 
Butte* Sierrita Mountains in background.

Plate 2



I N T R O D U C T I O N

In south central Arizona is located the arid Santa Cruz Valley. 
On its western border, southwest of Tucson, are the Sierrita Mountains 
which have shed a thin veneer of Recent sediments over the eastward 
sloping pediment. Within this debris-covered area, several small hills 
project through the outwash, offering samples of the geological prob

lems beneath. One of these hills, known as Foy Ridge, is the subject of 
this thesis.

Foy Ridge is located about twenty-six miles south-southwest of 
Tucson, Arizona, and about a mile north of the Twin Buttes mining dis

trict (PI. 1). It is easily reached by the blacktopped Twin Buttes 
Road, which connects with U. S. Highway 86 at the southern edge of 
Tucson. It may also be reached by a well-maintained dirt road which 
connects the Twin Buttes Road with U. S. Highway 89 at the village of 
Sahuarita. The junction of the Sahuarita Road and the Twin Buttes Road 
marks the approximate northern boundary of the thesis area. The Twin 
Buttes Road is the eastern boundary and McGee Road, which passes through 
the village of Twin Buttes, is the southern boundary. The western 

boundary is about a mile and a half west of the Twin Buttes Road. The 

area covers most of sections 25 and 36 and the eastern edges of sections 
26 and 35 of T. 17 S., R. 12 E.j also the western edges of sections 30 

and 31 of T. 17 S., R. 13 E. the land west of the Twin Buttes Road. It

x



totals approximately three square miles.
Foy Ridge and some near-by isolated hills are made up of Paleo

zoic limestones and quartzites. These sediments lie on the pediment 
floor which slopes to the east from the Sierrita Mountains. At the foot 
of these mountains, which are about eight miles west of the thesis area, 
there is a slight veneer of Recent and/or Pleistocene sediments, which 
fail to cover completely the pediment. In numerous places the floor of 
Precambrian (?) granite (Ransome, 1922, p. 411-13) is exposed. Outcrops 

of Cretaceous (?) granite and quartz monzonite, which intrude the older 
granite and the limestones and quartzites, have also been noted and are 

probably more abundant than the outcrops of Precambrian (?) granite.
East of the Sierrita Mountains the thickness of the young sedimentary 
veneer increases substantially to the center of the Santa Cruz Valley.

The maximum relief of the Foy Ridge area is a little over three 
hundred feet. Its average relief is approximately seventy-five feet and 

the maximum elevation is about 3,625 feet. Permian resistant green 
quartzite forms the backbone of the ridge. A medium-gray limestone 
interbedded with homfels forms the southern side. Most of the topo
graphic highs on opposite flanks of the ridge are small and rounded hills 
in comparison with the main crest, and are usually made up of limestone. 
Bolsa quartzite, however, is the main rock of the small hills on the 
southwestern side of the ridge. The topography is structurally con
trolled with the majority of the ephemeral streams trending either paral

lel to the crest along bedding or longitudinal faults or at right angles 
to the ridge along transverse faults. Where there is a noted change in
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the strike of the beds, as on the northeastern side of the ridge, the 
stream courses change in a corresponding manner. The extreme northern 

and southern parts of the area are made up of granite and other igneous 
rocks mostly covered with alluvium. The directions of flow of any 

streams over these rocks, however, are essentially the same as in the 
ancient sediments and are probably controlled by faults in the under
lying igneous rocks.

The area was mapped on aerial photographs at a scale of one 
inch to three hundred feet using the Brunton compass. Several grid 
locations have been noted throughout the thesis. These numbers refer 
to the specific location under discussion. The location can be pin
pointed by the reader on the geologic map (PI. 11). An example is the 
grid location 073-102, which is the location of the Serasio mine. The 

north-south coordinate for the grid location is always given first. The 
field work was conducted intermittently from January to October 1956, 

most of the work being done during the summer of that year.
The climate and ecology of the Twin Buttes district is typical 

of the Sonoran Desert at an elevation of thrity-five hundred feet. The 
mean annual rainfall is approximately eleven inches per year (Tumage 

and Mallery, 1941# P* 5) with the temperatures seldom getting below 
freezing or above 112° F. A very extensive and detailed description of 
the climate and ecology of the Papago country, which includes the Twin 

Buttes area, is by Kirk Bryan (1925, p. 29-53)•
No published works cover the immediate area of Foy Ridge. How

ever, reports are available by field classes from the University of
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Arizona and a number of theses exist on the Twin Buttes mining district, 

which is at the southern boundary of the area in question (Brown, 1916; 

Houser, 1949; Whitcomb, 1948)• Some published reports (Cummings and 

Romslo, 1950; Ransome, 1922, p. 410, 412, 413; Webber, 1929, p. 304-310; 
Wilson, 1950, p. 50 and 51) also cover the Twin Buttes mining district. 
To the north is the Mineral Hill or Pima mining district, described in 

theses (Echel, 1930; Mayuga, 1942; Park, 1929) and published reports 
(Ransome, 1922; Wilson, 1950)o
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S T R A T I G R A P H Y

GENERAL

The sediments of Foy Ridge range in age from Cambrian to Recent0 
The oldest sedimentary formation is the middle Cambrian Bolsa quartzite«, 
Overlying the Bolsa is the upper Cambrian Abrigo formation* The Ordo

vician and Silurian periods are not represented* The upper Devonian 
Martin limestone lies unconformably on the Abrigo formation and forms a 

gradational contact with the overlying Escabrosa limestone of early 
Mississippian age. The Horquilla limestone of early Pennsylvanian age 
lies with apparent conformity on the Escabrosa limestone despite the 

large hiatus between the two formations. The Horquilla grades into the 

Andrada formation (or its equivalent) of Pennsylvanian-Permian age. In 
the extreme western portion of the area the Scherrer (?) and Concha 
formations of Permian age are present* The Mesozoic era is not repre
sented in the sedimentary sequence at Foy Ridge, but Pleistocene (?) and 
Recent deposits are present*

Identification of the Paleozoic section in mappable units has 
been complicated by post-Permian metamorphism. Unlike the Paleozoic 

section as described by Ransome (1904) for the Bisbee, Arizona, district, 
a great majority of fossils which were probably once present at Foy 

Ridge have been destroyed by metamorphism * However, a few reef remains 
have been found in the Martin formation as well as several fossils in
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the Concha. The metamorphism has caused recrystallization of the lime

stones and alteration of the shales to homfels with stringers of 

epidote. The result is a sequence of altered Paleozoic rocks closely 
resembling one another. The units were separated, however, on the 

basis of their lithologic and stratigraphic relationships. They have 

been compared with their type sections and with similar sections in the 
Twin Buttes and Pima mining districts. No sections were measured at Foy 

Ridge. The presence of many bedding faults, the alteration of the for
mations from their original to their present condition, and the destruc
tion of fossils preclude any attempt to place the members of individual 
formations in their proper sequence.

CAMBRIAN ROCKS

Bolsa Quartzite

The middle Cambrian Bolsa quartzite was named by Ransome (1904, 
p. 28) for its exposure in Bolsa Canyon near Bisbee, Arizona. Ransome 

describes the formation as being 430 feet thick with its base usually 
being distinguished "by a bed of conglomerate from six inches to a foot 
in thickness." He further mentions that the conglomerate grades into 

pebbly grits forming beds 10 to 20 feet in thickness and containing 
abundant feldspar fragments. These in turn grade upward "into thinner 

bedded, more vitreous, fine-grained quartzites showing no feldspathic 
material."

At Foy Ridge the Bolsa quartzite crops out in the western part 
of the area. The formation is thrust over the Martin and Escabrosa



3
formations (PI. 3# Fig. 2; Pi. 9, Figs. 1 and 2) at the southwestern 

end of the ridge (080-070)*. Near Serasio mine (072-102) the Bolsa is 

thrust over the Concha limestone (PI. 10, Fig. 1).
The Bolsa weathers a rusty orange and is readily distinguished 

from all other formations at Foy Ridge by this feature. It varies, 
though, from its typical rusty-orange surface (073-070) to light orange 
tan (069-060) and dirty gray (074-110). At grid location 079-070 the 
weathered surface varies from rust to gray white. The rocks easily 
break along straight joint planes, which are usually at right angles to 

one another. After breakage the outcrops round off forming half spher
ical surfaces. The float, however, is usually angular. With an in
crease in magnetite, the Bolsa takes on a dark-gray- to black appear
ance. The quartzite may also maintain a pale-pink color. But no matter 

what the surface color may prove to be on close examination, from a dis

tance the rusty-orange color is predominant. The fresh surface is com
monly a lighter hue than its weathered surface.

The Bolsa is a subangular- to rounded, fine- to coarse-grained 

quartzite. The individual grains have a dull- to vitreous luster. Large 
fragments of quartz, when present, are surrounded by fine quartz grains. 

These fragments display minute fractures, which are replicas of the large 

scale jointing that is so prominent. The Bolsa has three joint sets, 

two of which form at approximately right angles to one another, the 

strike of the third being at a right angle to the previous two (PI. 3,

* See Introduction, p. xii
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Fig, 1), This jointing is responsible for the large angular blocks of 

float that conceal the outcrops so well.
In general the Bolsa contains abundant feldspar, the feldspar 

being most abundant in the pale-pink and very-light-gray rocks contain

ing magnetite crystals (080-072 and 080-078). As mentioned above, 
Ransome stated that the Bolsa contains an abundance of feldspar in the 

lower part of the formation decreasing upwards in the Bisbee area. On 
the other hand, Whitcomb (1948, p, 21) says, "the formation is increas
ingly arkosic upward" in the Twin Buttes area. At Foy Ridge there is 

probably an increase in arkose upwards.
No basal conglomerate has been recognized in the Bolsa at Foy 

Ridge. However, pebbly grits are found at the southern exposure of the 
formation (075-078). These grits are near the Bolsa-granite contact. 

Their upper contact with the overlying solid quartzite is very abrupt. 

The pebbles are subangular and weather a grayish tan.

The contact of the Bolsa and Precambrian (?) granite (068-077) 
is probably marked by a fault. The zone is along an east-west trending 
tributary which contains well fractured granite. No actual contact be
tween the Bolsa quartzite and granite was seen as the zone is very 
effectively covered by float and alluvium.

Abrigo Formation

The upper Cambrian Abrigo formation lies conformably on the 
middle Cambrian Bolsa quartzite. This formation was named by Ransome 
(1904, p. 30) for its exposure in Abrigo Canyon three miles southwest



Figure 1

Shows typical joint system in the Cambrian Bolsa 
quartzite. There are three joint sets having the 
following attitudes: N. 13° E., 60° E.; N. 13°
E., 25° W.j N. 85° E., 50° S. Map location (070-070).

-r

Figure 2 , /
A-

Thrust zone in the Bolsa quartzite. Taken at the 
northwestern end of ridge where the Bolsa quartzite 
overrides the Martin and Escabrosa formations. In 
this particular location the Abrigo formation is 
faulted out. The thrust zone is very steep approach
ing vertical, but begins to flatten out abruptly 
near the ground surface. Martin limestone is about 
ten feet north (right) of picture. Map location 
(075-069).
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Figure 1
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7
of Bisbee, Arizona. According to Ransome (1904> P« 31), the maximum 
thickness of the Abrigo at its type section is 770 feet. He describes 
the formation as having a "laminated structure produced by the alter

nation of thin irregular sheets of chert with layers of gray limestone."
The Abrigo formation crops out on both the northeastern and 

southwestern flanks of Foy Ridge. On the northeast side of the ridge 
the Abrigo has two general directions of strike. One is northwest- 
southeast and the other east-west, the east-west strike being character
istic of the more easterly part of the formation. The dip is consist

ently very steep to the north. In this area the Abrigo forms a tightly- 

folded, northwesterly-plunging anticline, which is flanked by Devonian 
limestone both to the northeast and to the southwest. On the southwest 

side of the ridge the Abrigo is associated with isoclinal folding (068- 

057) (p. 53)• Immediately north of this fold the Abrigo crops out as 

the lowermost formation of the inverted limb of a large fold (068-055) 
(PI. 15> Figs. 2 and 3). It is also a part of this fold at 036-030.

The prevailing color of the Abrigo is greenish tan with a tinge 
of yellow. Although the formation varies greatly in lithology it is 
generally characterized by two specific varieties at Foy Ridge.

One of these rock types is a quartzite having light- to dark- 
green bands alternating with tan bands (PI. 5> Fig. 1; PI. 7, Fig. 1) 
generally an inch or two in thickness. The light- to dark-green bands 

contain laminations as do the tan bands, but the laminations in the tan 
ones are not as readily seen by the naked eye. This banding helps to 
distinguish the Abrigo from parts of the Andrada formation in the Twin
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Buttes region. Both are highly quartzitic and banded. The banding in 

the Abrigo is usually seen on its fresh surface as well as its weathered 
surface. The banding seen on the weathered Andrada does not normally 
carry through to its fresh surface. A pink manganese-bearing mineral is 
quite prominent in this phase of the Abrigo. It is not so evident in 
the Andrada. The greenish quartzite appears at times as very miniature 
layers alternating with thin beds of limestone. The overall appearance 
of the rock is yellowish green, the yellow being most prominent in the 
limestone. The quartzite being more resistant to weathering stands 

slightly above the less resistant limestone. This feature is not as 

evident where the green quartzite alternates with the light-tan quartz
ite, as both are about as resistant to weathering. However, if ridging 
occurs, the tan quartzite forms the highs, as the greenish quartzite 
usually contains small amounts of calcite. Black dendrites are found 
throughout the rocks.

The quartzite is fine- to medium-grained. The larger grains 
usually occur where small cavities have formed along fractures. Small 
quartz crystals sometimes form in these cavities. Even with the aid of 
the binocular microscope the degree of roundness of the fine-grained 
quartzite is difficult if not impossible to distinguish. This quartz- 
itic phase of the Abrigo probably represents the upper part of the for
mation. On the north side of the ridge, where the Abrigo is most widely 

exposed, both the northern and southern edges of the formation, next to 
the Martin limestone, are made up of this type of rock. However, the 

northern outcrops (088-038) are not as thick as the southern outcrops
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because of strike faulting in this vicinity.

The second of the two main Abrigo rock types is a series of 
alternating limestones and shales (085-038). These rocks probably rep
resent the lower part of the formation as they are located between the 
two quartzite outcrops that undoubtedly fonn opposite limbs of an anti
cline. This section also corresponds to the lower part of the Abrigo 
as described by Ransome. Ransome (1904, p. 32) states that the lower 
part of the Abrigo is made up of "a few beds of gray limestone up to 
two feet in thickness, alternating with fissile yellowish calcareous 
shales, and with laminated cherty beds." At Foy Ridge the shales have 

been altered and usually occur as layers of epidote. The yellowish- 
green epidote weathers a light tan (PI. 4, Figs. 1 and 2). Some hom- 
fels also exists. The bluish-gray limestone described by Whitcomb 

(1948, p. 26) in the Twin Buttes region is quite evident in this pic
ture. The chert present in the Abrigo is very abundant in this zone 
and is most conspicuous where faulting has taken place (088-038 and 083- 
038). The chert weathers dark rust or dark brown and gives a distinct 
laminated appearance to these limy beds in the Abrigo. The limestone in 

this sequence tends to be coarsely crystalline like that of the Escabrosa. 
This is especially true where chert is abundant. These coarsely crystal
line limestones were weak layers during the post-Pennsylvanian deforma
tion.

In the Abrigo black dendrites are found in the lower as well as 

the upper part of the formation. The pink manganese minerals, however, 
are not usually present. The rock may be yellow on a fresh surface,



Figure 1

Shows the distinct banding of limestone and altered 
shale in the Cambrian Abrigo formation. Map loca
tion (085-037).

Figure 2

Shows the distinct banding of limestone and altered 
shale in the Cambrian formation. Demonstrates the 
disadvantage of black and white photography when com
pared to the color photograph above. Map location 
(085-037).



PLATE 4

Figure 1

Figure 2
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which is usually in association with a microscopic net-like structure. 

This net-like structure is more characteristic of the massive limestones 
than of those which alternate with thin shale beds.

According to Ransome (1904, P* 32) "the upper limit of the Abrigo 
formation is defined in the Mount Martin section by a bed of pure white 
quartzite about eight feet in thickness." He states that "this quartzite 
is a persistent stratum and is always found immediately underlying the 
Martin limestone." This feature has not been recognized at Foy Ridge 
and its absence may be due either to faulting or to non-deposition.

DEVONIAN ROCKS 

Martin Limestone

The upper Devonian Martin limestone lies with apparent conform
ity on the upper Cambrian Abrigo formation. The Martin was named by 

Ransome (1904, p. 33) and its type section is at Mount Martin on Escab- 

rosa Ridge near Bisbee, Arizona. The formation is 340 feet thick at its 
type section according to Ransome. He describes the Martin as "dark- 
gray, hard, compact limestones which are generally well provided with 
fossils." He further states that "associated with the preponderant 

dark limestones are occasional beds of lighter hue, and sometimes cal
careous shales of a decided pinkish tint." These shales, in his opinion 
(1904, p. 34), "belong in the lower half of the formation."

At Foy Ridge the Martin limestone is probably the most wide
spread formation. Its largest outcrop area is on the northeast side of
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the ridge where it forms the limbs of a northwesterly-plunging anti

cline. The southern limb is in contact with the Pennsylvanian-Permian 
Andrada formation along the Foy Ridge fault and in places the northern 
limb is in contact with the Escabrosa formation. Minor folds have been 
recognized in the Martin as have numerous faults. If it were to be 
assumed that folding and/or faulting had not occurred here, the Martin 

would have attained a minimum thickness of 1,250 feet. This figure 
hardly compares with the 340 feet for the Martin formation at Bisbee as 
mentioned by Ransome (1904, p. 34). According to Mayuga (1942, p. 17), 

the Martin attains a thickness of 250 feet at Mineral Hill. Whitcomb 
(1948, p. 33) believes it is 275 feet thick in the Morgan mine area, 

while Houser (1949, P» 12) states it is 248 feet thick near the Con
tention mine. Thus it is quite evident that tectonics has played an 

important roll in the distribution of the Martin limestone at Foy Ridge.

The formation also crops out on the southwest side of the ridge 
where, like the Abrigo, it is associated with isoclinal folding (p. 53). 
Also in common with the Abrigo, it forms part of the inverted limb of a 
large fold. A section of the Martin in this large fold may represent 
the maximum thickness of the formation at Foy Ridge. An estimated 
thickness of 250 feet is made, but no measured section was attempted.
At the northwestern end of Foy Ridge (090-058) a section of Martin is 
present which differs lithologically from the other Martin outcrops in 
the Foy Ridge area. Here the formation is approximately 225 feet thick.

The Martin is a very slightly dolomitic limestone which is gen
erally dark gray, but light tans and browns are also quite prominent.



especially where an abundance of silt and/or sand is present. A bluish- 

gray limestone is present at the northwestern end of the ridge (090- 
058). The Martin limestone generally weathers a shade or two darker 

than its fresh surface. Upon close examination it is found that dark 
grays predominate over all other colors for the weathered Martin. How
ever, from a distance one would think that the Martin characteristically 
weathers to tans and browns, which of course it does in many places.
The reason for the tan and brown weathering is undoubtedly due to the 
abundance of silt and anastomosing chert which is found throughout the 
formation. The chert weathers rusty-brown to very dark brown. At times 

one would believe that the chert represents the bedding and thus inclined 
to measure attitudes along these chert stringers. However, attitudes of 
the chert lead to erroneous conclusions and should be disregarded.

Gnarled chert stands above the softer limestone surface, and is 
most prevalent in the so-called "disputed zone" on the northeast side of 
the ridge (083-040). General opinion is that this "disputed zone" be
longs to the Martin formation. It will be discussed later.

A weathering feature which is more characteristic of the Martin 
limestone than of any other formation at Foy Ridge is the pit and cusp 
surface. The pit and cusp or "tear-pants" feature is due to differential 
weathering. The edges are usually sharp and the surface rough. The 
weathered pits are due to solution and removal of silt and sand grains, 
which are so numerous in the Martin limestone. Pit and cusp weathering 

is also present in the Mississippian Escabrosa limestone but it is not 
as prominent as in the Martin.

14
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The Martin is a medium- to coarse-crystalline, dense, slightly 

dolomitic recrystallized limestone. In places solution cavities develop 
along minute fractures. However, these cavities are not common and when 
present are quite small. Attitudes of the recrystallized limestone are 
difficult to find and one may look a long time without seeing any 
bedding. The distortion and recrystallization of the Martin makes it 
difficult to see bedding attitudes. The extreme northern outcrop area 
is practically void of recognizable bedding (090-027). The best measure
ments in the Martin were taken along sandy bedding planes. These planes 

may or may not show on the weathered surface and only by breaking the 

rock can they sometimes be found. In the vicinity of 084-029 the best 
example of sandy bedding planes that are prominent on a weathered sur
face is found. However, even here the bedding could not be followed for 
any great distance.

In the area northwest of the ridge there is a Paleozoic section 
(090-058) which closely corresponds to a similar section on East Mineral 
Hill six miles to the north. The Abrigo, Martin and Escabrosa forma
tions are represented. It is in this area that the Devonian takes on a 
bluish-gray aspect and in places is decidedly blue. Here a fault forms 

the contact between the Abrigo and Martin and, therefore, a topographic 
low is present. The lower part of the Martin is not visible. However, 

a finely-crystalline, dense, yellow-brown limestone can be found in this 
partially hidden section. About fifty feet from the base of the contact 

is located a Gladopora reef zone. It is the best reef zone found in the 
Foy Ridge area and is located just above a bluish-gray- almost black
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lime stoneo The reef is slightly lighter and the fossils present are 

white calcite making them easily seen against the darker background.

The weathered surface is pale bluish-gray, and pit and cusp weathering 

is not as prominent as it is in the more widespread tannish-brown 
Martin limestone. This blue limestone is about 30 feet thick. It 
grades into the more typical Martin which is light brown, finely crystal
line, and dense. The light-brown limestone weathers a yellow brown.
Above this zone, which is about 20 feet thick, another section of bluish- • 

gray, medium-crystalline limestone of the same thickness is present. It 

is in fault (?) contact with the overlying Escabrosa. The Escabrosa is 
white with a pinkish tint. Chert is found as well as pit and cusp 
weathering. This generalized section which has just been described is 
very similar to that at East Mineral Hill. However, the exposures at 
Mineral Hill are much better.

A few thin calcareous shale zones carrying a pink manganese
bearing mineral (Dr. Mayo, personal communication) have been found in 
the Martin formation at Foy Ridge. In places these zones thicken form
ing green calcareous siliceous lenses, an example of which is found at 

082-021. This lens is approximately five feet long, three feet thick at 
its center and tapering to its extremities.

Because of metamorphism some of these pinkish-calcareous shale 
units have been so altered that they now closely resemble the banded 
green quartzite members of the upper part of the Abrigo formation.

Three such units are believed to be of Abrigo age and have been 
mapped as such. They are located within the Martin outcrops and could
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easily have been mistaken for Devonian rocks. These Abrigo units are 
usually six to ten feet in thickness and are located in topographic 

lows which have formed along faults. The western end of each of these 
units terminates abruptly against the Devonian outcrops. This abrupt 
termination is due either to cross-faulting or to the plunging of a 
tightly folded structure. The eastern ends of these outcrops are 
covered by alluvium. Two of the above-mentioned zones are located at 

074-016 and the third at 088-025.
The Abrigo zone at 088-025 is found about ten feet north of a 

Cladopora reef. These reefs are believed to occur usually about fifty 

feet above the Abrigo formation in the Twin Buttes-Mineral Hill region 
(p. 19). A fault between the above-mentioned reef and the Abrigo is 

the reason for the ten foot interval. About 400 feet west, but on 
strike with the Abrigo at 075-016, is located another Cladopora reef. 
These examples demonstrate the irregular occurrence of the reef at Foy 
Ridge and suggest folding and/or faulting.

Ransome (1904, p. 34) says that at Bisbee the calcareous shales 
with the pinkish tint occur in the lower part of the Martin formation. 

Thus the structural interpretation could not be greatly altered even if 
these calcareous shale zones, which in some cases have been mapped as 

Abrigo but which occur within the Martin formation, are later found to 
actually belong to the Martin formation. In fact the presence of such 

units in the center of the typical Devonian outcrops poses a problem in 
correlation. Only after careful consideration should they be mapped as 
a part of the Abrigo formation.
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The so-called "disputed zone," located on the north side of the 

ridge (083-040), was first mapped as Abrigo, but at the time it was rec
ognized that this could be in error. These rocks lie between typical 
Abrigo and Martin outcrops with their lithology being similar to units 
within the Abrigo, Martin, Escabrosa and Horquilla formations. But be
cause of the location of these rocks the Escabrosa and Horquilla forma
tions were ruled out as being highly improbable. The zone has been out
lined on the geologic map and has been given the symbol Dm (?). The 
rocks in this area are white with a slight pinkish tint and are very 

coarsely crystalline, thus strongly resembling the Escabrosa. However, 
there is also an abundance of gnarled chert which with the crystallinity 
gives it a strong resemblance to part of the Horquilla formation. Atti

tudes are extremely difficult to measure but the chert seems to have 

some orientation and thus served for dips and strikes. The dips, as do 
the strikes with one exception, seem to be consistent with both known 
Martin and Abrigo units on opposite sides of this zone. At 083-040 the 
strike of the "disputed zone" is approximately N. 83° E., while that of 
the Abrigo and Martin are about N. 55° W. This section has undoubtedly 
undergone a great deal of faulting and perhaps the entire unit is a 
large shear zone. Much faulting here in the limestone would provide 
greater access for hydrothermal solutions to attack the limestone and 

thus cause a great deal of recrystallization. The zone definitely lacks 
the silt or sand which is so characteristic of the Martin, but it is 
also known that the Martin may contain units of pure calcium carbonate 

similar to that of the Escabrosa. The "disputed zone" grades into



definite Martin limestone to the southwest, but an exact southwesterly 

contact could not be located. The zone lacks the banding of the Abrigo 
and it was therefore decided that it is most likely of Devonian age.

The only fossils found here in the Martin are remains of a coral 
reef. These corals have been identified as Cladopora prolifica by Dr. 
Bryant (personal communication). This same fossil was mentioned by 
Ransome (1904, p. 40) to be present in the Martin limestone at Bisbee. 
Whitcomb (1948, p. 32) recognized a few remnants of a Cladopora sp. reef 

as did Houser (1949, p. H )  in the Twin Buttes mining district a mile 
south of Foy Ridge. Mayuga (1942, p. 17) mentions the presence of a 

Cladopora reef in the Mineral Hill mining district six miles north of 
Foy Ridge. According to Dr. Lacy (personal communication), the Cladapora 
zone occurs about fifty feet above the base of the Martin formation at 

Mineral Hill. The writer found this to be true in his examination of the 
Devonian section of East Mineral Hill. Whitcomb (1948, p. 32), on the 
other hand, believes that the Cladopora reef "usually occurs at, or 
near, the top of the Martin and attains a thickness of nearly 10 feet in 

places" in the Twin Buttes mining district. At Foy Ridge the reef when 
found never obtained a thickness over two or three feet. It was usually 
found to be at the base of the formation. However, in one area on the 
southwest side of the ridge, remains of the reef were found to be in the 

Martin limestone almost on contact with the overlying Mississippian 

Escabrosa formation (080-063)• In general, however, it could be reason
ably safe to say that the reef appears to be near the base of the forma
tion at Foy Ridge. The only remains of the fossils at Foy Ridge are

19
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small white calcite nodules which tend to show the location of the fos

sil, although no fossil structure has been recognized. The fossils men
tioned by Whitcomb are very well preserved and a large zone of them can 
be found on top of. a hill about 500 feet west and slightly to the south 
of the Contention mine. The location of the reefs recognized at Foy 
Ridge have been marked on the geologic map (PI. 11) in red ink.

The only other possible fossil remains recognized at Foy Ridge 
are minute clay spicules that probably represent the remains of fossils. 
Paul Howell (personal communication) identified the spicules as being 

made up of an outside "fibrous siliceous material, most likely halloysite." 

The spicules contain a calcite center. They are usually found in the 
Martin and were thought to be a marker bed until similar features were 
found in supposedly Pennsylvanian rocks at the northwest end of the 

ridge (084-056).

MISSISSIPPIAN ROCKS 

Escabrosa Limestone

Ransome (1904, p. 42) named the Escabrosa formation for its ex
posure on Escabrosa Ridge near Bisbee, Arizona. The age of the Escabrosa 
according to Ransome is early Mississippian. He describes the formation 

as differing from the Martin in being of "lighter hue, thicker beds, and 

greater power of resisting erosion0" Ransome (1904, p. 43) says the 

average thickness of the Escabrosa at Bisbee is 700 feet. In contrast 

to the formations already discussed the Escabrosa crops out largely on
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the southwestern side of Foy Ridge. Its relation to structure here is 

the same as that of the Martin and Abrigo formations; it is isoclinally 
folded and is part of the inverted limb of the fold forming Foy Ridge.

On the north side of the ridge two small areas of Escabrosa are recog
nized. They are the most northern exposures found in the Foy Ridge 
area. Their exact relationship to structure is questionable, but they 
are possibly faulted synclines and/or have been thrust southwest over 
the Martin formation. The lithology of the Escabrosa in the area north

west of the ridge (090-055) is slightly different from its lithology 
elsewhere at Foy Ridge. Just to the southeast, but in the same area, 

typical Escabrosa (PI. 5, Fig. 2) is present. The two zones may be 
separated by faults. This slightly different Escabrosa zone is very 
similar to the equivalent found on East Mineral Hill.

The Escabrosa is a massive, white- to light-gray, very coarsely 
crystalline limestone. It is generally void of chert except for thin 
stringers near the top of the formation. A large increase in chert con
tent is one criterion for recognizing its contact with the younger Penn
sylvanian Horquilla formation® In a few places partial marblization 
and the presence of wollastonite is evident. Pit and cusp weathering 
is not as well developed in the Escabrosa as in the Martin. Where cal- 
cite crystals are very well developed the typical pit and cusp jagged 

surface has not formed. Instead, weathering has taken place along the 

individual crystal edges developing a blocky pitted surface. Weather

ing also takes place along the cleavage planes within a crystal, the 

result being a layered effect similar to sheets of mica, leaving thin



Figure 1
Shows minor fold in typical quartzitic banded Abrigo 
formation. Map location (080-031)«

Figure 2

Typical Mississippian Escabrosa limestone topography 
Map location (088-054)•
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PLATE 5

Figure 1

Figure 2



edges of calcite standing as minute ridges. A weathered surface of the 

Escabrosa is darker than its fresh surface, varying from light- to 

medium-dark gray.
In the area northwest of Foy Ridge (090-055) the formation in 

part is similar to that recognized at East Mineral Hill. A prominent 
pink tinge is recognized throughout this zone, being more prominent in 
some places than in others. Here, the weathered surface of the cherty 

Escabrosa is generally darker than in the rest of the Foy Ridge area, 
being black in a few places. Large calcite crystals are recognized, 

the individual crystals standing out on the darker surface. Where white 
zones of Escabrosa are found the crystals have been reduced leaving a 
smooth weathered surface. A light-blue limestone is developed within 
the pinkish-white cherty limestone near the contact with the Andrada 
formation.

In places a very yellow, coarsely crystalline, dense limestone 
is found. This weathers to a dull yellow. Pit and cusp weathering more 
similar to the Devonian than the Mississippian is recognized in these 
yellow zones. A similar yellow limestone has been found west of the 
Serasio mine where it lies on or is part of the Permian Concha forma
tion (p. 36). There is probably no identity in age between these two 
limestones, but the lithologic similarity is noteworthy.

Chert stringers are prominent and act as pseudo-bedding through

out the Escabrosa in the area northwest of the ridge (090-055)• Atti
tudes are difficult to measure but the chert is probably at right angles 

to bedding, having formed along joints. The chert weathers a rust-brown

24
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and stands above the limestone surface.

The abundance of chert makes one think that this section may 
represent the lower part of the Horquilla formation. However, it is 
believed that the entire Horquilla section is missing at this place 

(PI. 13, Fig. 2) (p. 60). Against this cherty rock being Horquilla is 
its close resemblance to the East Mineral Hill Escabrosa section. In 
fact the entire local Paleozoic section including Abrigo, Martin, and 
Escabrosa, is very similar to the same Mineral Hill Paleozoic section. 
Also, the two-foot sandy limestone layer (p. 26) which marks the 

Escabrosa-Horquilla contact on the southwestern flank of Foy Ridge has 

not been found in the area northwest of the ridge (090-055)*
Ransome (1904, p. 42) states that "the upper part of the 

Escabrosa passes without any stratigraphic break or marked lithological 
change into the overlying Naco limestone." This contact was established 

primarily on pale ontological evidence, a procedure believed impossible 
at Foy Ridge. Gilluly, Cooper, and Williams (1954, p. 15) say that "in 
the absence of the Black Prince limestone, there is a hiatus between the 
Escabrosa and Horquilla formations accounting for at least all of 
Chester time." Thus although a definite unconformity is present between 
these two formations, it has not been recognized other than on paleon
tological evidence. The contact at Foy Ridge is apparently unique in 
only one respect with other areas of southern Arizona. Like the areas 
described by Ransome and by Gilluly, Cooper, and Williams, this contact 

is gradational with an increase in chert as the contact with the Hor
quilla formation is approached. At the point where the contact would be
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marked on the basis of increased chert content, a sandy limestone layer 

about two feet thick is present. This bed of sandy limestone can be 

found along most of the Escabrosa-Horquilla contact on the southwestern 
flank of Foy Ridge. It is quite possible, however, that if fossil evi
dence were available, this zone might not represent the contact which 
may be slightly farther to the north. Because metamorphism has destroyed 
the fossils in the Escabrosa, this bed has served as a most convenient 

local marker horizon. It is generally a tan, very finely-crystalline 
sandy limestone and strongly resembles the Martin formation. Crystal 

faces can be recognized under the microscope. In places the zone is a 
dull white. This dull white phase usually becomes finely granular as 
recognized under the microscope. This zone is not present in the Missis- 
sippian section in the area northwest of the ridge, where there is a 
lithological similarity with the East Mineral Hill section. Also, this 

zone has not been found in the northern part of the area or in the iso- 
clinally folded area. Bedding can be recognized in only a few places in * 
the Escabrosa.

PENNSYLVANIAN-PERMIAN ROCKS 

Introduction

The Horquilla limestone is the oldest of the Pennsylvanian- 
Peraian sequence at Foy Ridge. It is the lowermost formation of the 

Naco group. The term Naco was first used by Ransome (1904$ p, 44) for 
3,000 feet of Pennsylvanian-Permian sediments at Bisbee, Arizona. Its
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name was derived from the Naco Hills. Gilluly, Cooper, and Williams 

(1954# p. 16) elevated the Naco to group rank and subdivided it into 

six formations. In ascending order they are: Horquilla, Earp, Colina,
Epitaph, Scherrer, and Concha. They recognized, however, that these 

units may not prove useful over a wide area. Bryant (1955> unpublished 
thesis) found that the Earp, Colina, and Epitaph formations, as recog
nized by Gilluly, et. al., could not be extended into the western part 

of southern Arizona. He has, therefore, proposed the use of the term 

"Andrada** as their equivalent in this part of the State (Bryant, 1955> 

p. 37), Bryant has further confined the Naco group to include only the 

Horquilla, Earp, Colina, and Epitaph formations in southeastern Arizona. 
He has placed the Scherrer and Concha and a new formation, Rainvalley, 
recognized by him, in the Snyder Hill group.

The Horquilla formation is recognized at Foy Ridge. Rocks imme

diately overlying the Horquilla and believed to be equivalent to the 
Earp formation of Gilluly, et. al., will be discussed as Andrada as pro
posed by Bryant. In the Serasio mine area (080-105) the Scherrer (?) 
and Concha formations are present.

Horquilla Formation

The Horquilla formation was named by Gilluly, Cooper, and 
Williams (1954, p. 16) for Horquilla Peak about a mile southeast of 
Ajax Hill in the Tombstone Hills. According to Gilluly, et. al., (1954, 
p. 34) the Horquilla is post-Morrow to middle late Pennsylvanian in age.

The Horquilla formation is confined to the south slope of Foy
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Ridge. Its contact with the overlying Andrada is gradational and has 

not been mapped. However, if mapped it would be located along the crest 

of the ridge, where the limestones of the Horquilla grade into homfels 

and other siliceous beds of the Andrada. The contact is where the sili
ceous strata predominate over the limestones. GiUuly, et. al., (1954, 
p, I?) described this contact for the Tombstone Hills as follows: "thin
shales occur in the Horquilla at intervals for a long distance below the 
top. They become dominant over the limestone interbeds at the base of 
the Earp formation, which is arbitrarily chosen at this point." GiUuly, 

et. al., continue to point out that "the shales offer a zone of weakness 

for bedding slippage" and "in many localities where the Horquilla and 
Earp are in normal succession the contact is a fault, commonly of un

known stratigraphic displacement." Bryant (1955, p. 38) also says that 

the Horquilla-Andrada contact is usually a fault and that the base of 
the Andrada does not occur at its type section. These statements by 
GiUuly, et. al., and supported by Bryant, amply describe the situation 
at Foy Ridge. The shales, however, mentioned for the Tombstone HiUs 

have been altered to hornfels at Foy Ridge. Bedding faults are numerous 
along the ridge. At the northwestern end of the ridge (081-053) the 
HorquiUa-Andrada contact is very abrupt rather than gradational as de
scribed above. Here it is definitely marked by a fault, which is not 
recognized other than for the sharpness of contact between the forma

tions. The contact of the Horquilla and underlying Escabrosa has already 
been discussed (p. 25).

An estimated thickness for the Horquilla at Foy Ridge is 400 feet.
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as compared to the 1,600 feet of Horquilla in the Gunnison Hills near 

Dragoon, Arizona (Gilluly, et. al., 1954, p. 17). In the area of the 

abrupt Horquilla-Andrada contact the Horquilla is not more than 125 feet 
thick. In the area northwest of the ridge (090-053), the entire Hor
quilla and much of the overlying Andrada sections are missing.

The Horquilla is a light-gray limestone similar to the upper 
part of the Escabrosa but of finer texture. In the lower part of the 

formation the limestone is broken by thin stringers of anastomosing 
chert, which weathers rust to dark brown. The chert also occurs as ir

regular nodules in the otherwise pure limestone. The amount of chert 
increases upward in the formation. The presence of thin beds of shale, 
now altered to hornfels, brings out the thin bedding in contrast to the 

thick-bedded Escabrosa. Within the hornfels are siliceous layers which, 
like the hornfels, are very hard and resistant to erosion. The sili
ceous beds are generally a dull green, weathering to tan or light rust.
A slight pinkish tint is sometimes noticed giving the rock an appear
ance similar to that of the Abrigo formation. This pink manganese min

eral is not, however, as abundant as in the Abrigo (p. 8). The fresh 
surface of these siliceous beds may be light brown, weathering slightly 
darker. They are also slightly coarser than their dull green counter
parts.

In places the Horquilla is coarsely crystalline and erodes 
readily. The crystals stand out on the weathered surface and when the 

rock is cut they appear to be very poorly cemented. Along these hori

zons faulting has usually occurred, allowing recrystallization and
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weathering to be more effective.

Andrada Formation

The Andrada formation was named by Bryant (1955, p. 37) for the 
Andrada Ranch near Mountain View, Arizona. According to Bryant, "the 
type section is chosen on the lower slopes of Eagle Bluff, about three 
miles southeast of the ranch house." As already stated, the Andrada is 
equivalent to the Earp, Colina, and Epitaph formations of Gilluly,
Cooper, and Williams. The age range for these latter three formations 

is late Pennsylvanian to Leonard (middle Pennian) (Gilluly, et. al.,

1954, p. 37 and 41).
The Andrada formation forms the crest of Foy Ridge and has an 

estimated thickness of 300 feet. Its upper contact is with the Devonian 

Martin limestone along the Foy Ridge fault where the Martin has been 

thrust against the Andrada (p. 53). Its lower contact is arbitrary and 

has been discussed with the Horquilla formation (p. 28). The Andrada 
crops out between the Escabrosa and Martin formations in the area north
west of the ridge (090-052). Here it is about 150 feet thick. In this 
area all of the Horquilla and much of the Andrada has been faulted out.

The Andrada is a dull-green, aphanitic, hard, brittle, thin- 
bedded quartzite. When broken with a hammer there is a ringing and 
shattering of the homfels usually accompanied by a smoky smell. The 
thin bedding which is usually seen oh the weathered surface is not read
ily seen on a fresh surface. This feature helps to distinguish it from 

the green siliceous beds of the Abrigo. With few exceptions, the bedding
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seen on the weathered surface of the Abrigo is also seen on its fresh 

surface. In the lower part of the Andrada the quartzites are separated 

by thin beds of gray limestone, which are so prominent in the underly

ing HorquiUa. Homfels is also present throughout the formation. As 
one crosses from older to younger beds there is an increase in the 
thickness of the siliceous outcrops and a corresponding decrease in the 
thickness of the limestone outcrops. The siliceous beds, being more 
resistant to erosion than the limestone, stand as ridges and the lime

stone forms small depressions.

Weathering is most effective along joints. This weathering pro
duces angular fragments of float and leaves a jagged outcrop. The frag
ments form 90 and 60 degree angles and the rust-brown float is very con
spicuous along the northern slope of the ridge.

Scherrer (?) and Concha Formations

The Scherrer formation was named by Gilluly, Cooper, and Williams 

(1954, p. 27) from exposures on Scherrer Ridge in the Gunnison Hills. 
According to Gilluly, et. al. (1954, p* 42), the Scherrer is probably of 
Leonard (?) age. The Concha was named for Concha Ridge, a spur of 

Scherrer Ridge (Gilluly, et. al., 1954, p. 29). The Concha is also of 

Leonard or possibly of Word age (Gilluly, et. al., 1954, p. 43), the 
latter belonging to the lower Guadalupe series.

The Scherrer (?) and Concha formations are exposed in the vicin
ity of the Serasio mine. The formations have been mapped as a single 

unit, as the Scherrer (?) outcrops are very limited. The presence of



the Scherrer (?) could even be questioned although Concha outcrops are 

very widespread. In one area (086-107) the Scherrer (?) is thrust over 
the Concha, the thrust plane dipping 30° S. and striking east-west.
Both formations are intensely brecciated and represent the outermost 
thrust zones in the Foy Ridge area.

The Scherrer (?) is a light-gray or dull milky-white, vitreous, 
aphanitic- to fine-granular, hard, dense quartzite. It weathers light 
to dark gray. Where iron staining, which is common, is present the 
weathered surface is partially yellow orange. The staining continues 

into the rock along fractures. Often the rock cannot be broken except 
along a stained surface because of intense shattering. The brecciation, 
although present throughout the quartzite, is not as readily recognized 

in the Scherrer (?) as in the younger Concha. The breccia is composed 

of fragments ranging an inch or two in size surrounded by 1/16 - 1/8 
inch fragments. The breccia is seen better on the weathered surface 
than on the fresh surface, the weathered surface generally being very 
irregular. The following locations are those of probable Scherrer (?) 

outcrops: (087-105), (082-102), (081-092), (079-099), (083-098).
These beds designated as Concha at Foy Ridge have been compared 

with similar beds mentioned by Whitcomb (1948), Mayuga (1942), and 
Bryant (1955)• Whitcomb (1948, p. 40) has recognized a tightly-folded 
anticline in the southeastern part of the Twin Buttes mining district.
In comparing these beds, which make up the anticline, with beds men

tioned by Stoyanow (1936), Whitcomb suggests that they "may be a part of 

the Lower Permian iManzano beds*, locally known as *Manzano B*." He
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also compares them with beds recognized by Mayuga at Helmet Peak (1942, 

p. 23-25) as being of "Manzano age." Bryant (1955, p. 52) has suggested 
that "the terms * Manzano group,* *Manzano formation,* * Manzano beds,* 

and *beds with Manzano fauna* are inadequately defined or are unwarranted 
extensions of New Mexican stratigraphic terms into Arizona." He, there
fore, says that these terms should be abandoned. Furthermore, he has 
shown that the Permian beds at Helmet Peak as recognized by Mayuga be

long to the Snyder Hill group. Bryant (1955, P» 92) correlates these 
beds with a "low ridge about four miles southeast of Helmet Peak," 
which he says is a part of the Concha limestone. A great similarity is 

found between the rocks mentioned at the above locations and those near 
the Serasio mine and it is believed that the rocks in the Foy Ridge area 
belong to the Concha formation.

The Concha is a dark blue-gray, almost black in places, aphan- 
itic, hard, dense, fossiliferous, brecciated limestone. It weathers a 
lighter gray with tan and rust colors being prominent on the limestone 
cementing the breccia (PI. 6, Figs. 1 and 2). The figures also show the 
brecciation in the Concha, which is characteristic throughout most of 
its outcrops at Foy Ridge. The fragments are commonly an inch or two 
across, but many measuring several inches and even a foot or more can 

be found. These larger blocks are especially noted in the area of 090- 

115. The breccia is very well cemented and the result is a rock which 
is undoubtedly as resistant to erosion as was the original formation be

fore brecciation. It may be more resistant to erosion because of minor 
silicification, which is found throughout the outcrops. Where the



Figure 1

Typical brecciated Permian Concha formation in western
most thrust zone. Map location (090-112).

Figure 2

Typical brecciated Permian Concha formation in western
most thrust zone. Map location (090-112).
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Figure 1

Figure 2



Cambrian Bolsa quartzite is thrust over the Concha (073-110) the Concha 

is greatly silicified near the contact of the two formations. The 

Concha along this contact appears identical to that away from the con

tact. It is, however, unreactive to acid. Hydrothermal solutions 

probably found their way along the thrust plane and the resulting silic- 
ification was inevitable with the quartzite of the Bolsa serving as 
source for the silica.

The weathered surface of the Concha is commonly cross-hatched 
showing fine grooves. Upon close examination it is found that this fea
ture is present where the breccia is tightly cemented. A pit and cusp 

surface is also present throughout these outcrops.
The recognition of bedding throughout the brecciated Concha is 

very difficult and in only three places could attitudes be taken with 

confidence. These can be found on the geologic map (PI. 11). At one 
location (087-119), where the bedding strikes east-west and dips 75° S., 
the Concha is not brecciated and the bedding is readily seen. However, 
some breccia is present in the other two locations. In all other local

ities of Concha outcrops at Foy Ridge, the brecciation is similar to 
that seen in the photographs.

Some of the area outlined as Concha is made up of a dense, yellow 
limestone. This limestone is similar, except for color, to the dark blue- 
gray Concha described above. Fossils are common to both and stand out 
on the weathered limestone surface. The fossils are generally siliceous 

and weather to a rusty brown. Both types of limestone contain abundant 
chert, which like the fossils, weathers a rusty brown. The fossils are
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not readily identifiable, but brachiopods, gastropods, and some ques

tionable corals have been recognized. Bryozoans are also possibly pres

ent. Chert nodules probably represent all that remains of many fossils. 
Also common to both limestones are large fragments of hard white gypsum 

(?), which is scattered throughout the breccia. Numerous white calcite 
stringers are found along fractures.

The yellow and blue-gray limestones may or may not belong to the 
same formation. However, the writer has no suggestion for the age of 

the yellow limestone other than Concha. The similarity between the two, 

other than color, is very striking and is therefore noteworthy and em

phasized.

QUATERNARY ROCKS AND SEDIMENTS 

Pleistocene (?) and/or Recent Rocks and Sediments

The youngest sediments of the Foy Ridge area are stream gravels 
and valley fill. Near the Sierrita Mountains the rocks were deposited 
as a thin veneer of sediment on the eastward dipping pediment floor. 
These sediments thicken to the center of the Santa Cruz Valley. Ephem

eral streams have cut deeply into the valley fill.
The deposits consist of poorly sorted angular and subrounded- 

to rounded rocks of local derivation. The deposits adjacent to Foy 

Ridge contain angular fragments of all the Paleozoic rocks recognized 

in the thesis area.
On the northeast side of Foy Ridge a well cemented conglomerate



is recognized in some of the small ephemeral streams. This conglomerate 

is very resistant to weathering and is one of the hardest units in the 
Foy Ridge area. It has been assigned to the Pleistocene (?). Some 
tilted Pleistocene (?) or Recent sediments are present in the western 

part of the thesis area (p. 74).
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I G N E O U S  R O C K S

The Foy Ridge area is underlain by igneous rocks of Precambrian 

(?) and of post-Permian age. The post-Permian intrusions probably oc

curred during Laramide time (p. 73 )•
There has been no positive identification of Precambrian rocks 

in the thesis area. However, Ransome (1922, p. 4U-13) mentions a Pre
cambrian (?) granite on the pediment floor which slopes to the east 

from the Sierrita Mountains.
The igneous rocks that outcrop in the southern portion of the 

thesis area have been designated as Precambrian (?). Granites, quartz 
monzonites, and dark-colored igneous rocks high in ferromagnesian min

erals are present. No attempt was made to map the individual rock 
units. Near the McGee Road, which is the southern boundary of the 
thesis area, structure was noted within the igneous rocks. Some inter
esting results may possibly be obtained by detailed mapping of this 
locality.

The Precambrian (?) rocks are deeply weathered and easily 
crumble to the touch. This is especially true of the granite that out

crops in the arroyos (063-075) south of the Bolsa Overthrust. The 
weathered surface is stained by iron giving a rust-colored appearance 

to the rock. The iron stain continues into the rock forming a lighter 

rust-color on the fresh surface. In some areas the granite or quartz
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monzonite is predominantly white. This feature is very distinct and 

shows through the fine sedimentary veneer in the southwestern part of 

the thesis area (055-095)• From a distance, however, the pale-yellow 
color of the alluvium is dominant.

The granite is normally coarsely crystalline containing large 
subhedral- to anhedral crystals of quartz and orthoclase feldspar, 
Biotite occurring in clusters is plentiful throughout the rock. Under 

the microscope, however, individual euhedral biotite crystals can be 
recognized.

The granite-quartz monzonite stock, which intrudes the Foy 
Ridge area, crops out at the southeastern end of Foy Ridge. This 
coarsely crystalline rock is less resistant to weathering than the 
Paleozoic limestones and quartzites and, therefore, characteristically 
forms the lower slopes of the hills.

Adjacent to the Twin Buttes Road typical granite is exposed. 
This granite, although probably of Laramide (?) age, is similar to the 
Precambrian (?) granite in the southern part of the thesis area. It is 

deeply weathered and is breaking down to form arkose. The weathered 
surface of the rock is iron stained giving a rust-colored appearance to 
an otherwise pinkish-white rock. Black biotite is abundant and is most 
conspicuous against the pinkish-white background.

Near the southeastern outcrops of the Pennsylvanian-Pennian 

Andrada formation the igneous body is locally a quartz monzonite. A 

thin-section of the rock contained quartz with about equal amounts of 
orthoclase and plagioclase feldspar. Traces of apatite, augite and
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sphene were also noted. The quartz monzonite is white to dark gray, 
weathering a rusty tan.

Small stringers of aplite intrude both the Andrada formation 
and the granite-quartz monzonite stock. An aplite sill extends along 
most of the southern edge of Foy Ridge. It intrudes the Pennsylvanian 
Horquilla formation and the southeast 110 feet of the sill crops out in 
the Mississippian Escabrosa limestone. A large area of aplite crops 
out on the north side of the ridge (079-033) where it intrudes the 
Cambrian Abrigo formation. The aplite is a white aphanitic rock com

posed of alkali feldspar and quartz. The absence of the dark minerals 
is conspicuous.

An andesite dike-sill is discussed with the structure of the 
thesis area (p. 63). The andesite is predominantly dark gray, but 
weathers to a bronze-tan color. The andesite contains abundant plagio- 

clase feldspar and considerable ferromagnesian minerals. Traces of 

quartz were noted.



S T R U C T U R E

INTRODUCTION

Lateral compression has played the major role in the tectonic 
history of the Foy Ridge area. The main compressional forces were from 
the southwest and northeast.

Foy Ridge is the inverted limb of a large fold (PI. 15), over

turned to the northeast. As the fold was being produced thrust faults 
and wrench faults formed in the limbs. A wrench fault northwest of Foy 
Ridge strikes in an east-west direction. This wrench fault probably 
formed concurrently with the thrusts already mentioned. It offsets the 
area on the northwest from Foy Ridge proper. These first faults were 

cut off by the Foy Ridge fault that formed in the southwest limb of a 
northwest plunging anticline. The Foy Ridge fault separates Permian 
and Devonian rocks. A disharmonic fold probably formed in the normal 
limb of the major fold of which Foy Ridge is a part. Thrust faults 
developed in this disharmonic fold as the normal limb of the major fold 

was pressed against its inverted limb. The thrust faults in the dis

harmonic fold repeated the lower Paleozoic section on the southwest side 

of Foy Ridge. As compression continued the last major thrust of the 

area was produced. This was the Bolsa Overthrust, which probably orig

inated in the core of the disharmonic fold. It cut across the inverted 
limb of the major fold and probably cut across the crest of the northwest
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plunging anticline northeast of the Foy Ridge fault.

Intrusive activity followed or accompanied the overthrusting 
and folding of the area. Upon cooling of the magma there was possibly 
a shrinkage of the resulting stock. This shrinkage along with a general 
settling of the region may have been the cause of the post-intrusion 
normal faulting.

> STRUCTURAL CONTROL OF TOPOGRAPHY

The topography of the Foy Ridge area is structurally controlled. 
Foy Ridge is the most noticeable topographic feature in the area, ex

cluding the two prominent hills to the east known as Twin Buttes. The 
1 rocks of the ridge are very resistant to erosion and strike northwest-

southeast. The crest of the ridge is composed of the very hard quartz
ites and limestones of the Pennsylvanian-Permian Andrada formation. The 

| northern flank of the ridge is marked by the Foy Ridge fault, which sep
arates the Andrada formation from the Devonian Martin limestones.

 ̂ The structural control of the topography is very evident within
I the Martin formation on the north side of the ridge. Here, the Martin
j forms a series of small stepping stone like outcrops. The outcrops are
i alined in straight rows parallel to strike of the formation. The low
| areas separating these outcrops are filled with alluvium. Each low prob

ably represents the location of a bedding fault. These faults are very 

numerous and it would be impractical to map them on the 1/3600 scale
t

used. The Martin formation changes strike in the northeastern part of 

the area and a corresponding change is noticed in the strike of the 
L

f

L



topographic lows. The best evidence for the presence of faults in the 

Foy Ridge area, other than the omission and/or offset of beds, is the 
interruption of the outcrops by topographic lows.

Numerous wrench faults and normal faults, are present within the 
thesis area. Many normal (?) faults cross Foy Ridge and where a major 
fault is present a very marked saddle has formed in the ridge.

The Foy Ridge area can be compared with the Bisbee quadrangle 

as described by Ransome (1904, p«, 88). Ran some says, "As a rule, the 
structurally important faults are rather inconspicuous at the surface, 

considering the usual excellence of the rock exposures in this region." 
He continues to point out that the faults in the Bisbee area "tend to 
find topographic expression as saddles, ravines, or valleys." "Very 
frequently it is found that faults of much structural importance and 
with throws of several hundred feet have been impotent to impress their 

presence upon the topography, whose local development was, in such in
stances, controlled by other structural elements." This latter state
ment by Ransome is especially true of the Foy Ridge fault in the thesis 
area.

Although the rock exposures in the Bisbee area are much better 
than are those at Foy Ridge, these statements by Ransome describe the 
conditions in the thesis area very adequately.

DIP OF BEDS AND CHARACTER OF FOLDING

The structure of the Foy Ridge area is characterized by steeply 
dipping beds. The Pennsylvanian-Permian beds forming Foy Ridge are
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overturned and dip 80° to the southwest. Beds on the southwest side of 

the ridge have a similar dip. Immediately north of the Foy Ridge fault 
the Devonian beds, like the Pennsylvanian-Permian beds south of the 
fault, dip steeply to the south, but to the northeast (075-020) the dip 
of the Devonian beds is 70 to 80 degrees to the north. Dips less than 
65° are seldom found in the Paleozoic rocks within the thesis area. The 
Pleistocene (?) and/or Recent sediments normally have a dip of less than 
30°.

Very tight folds account for the steepness of the Paleozoic beds. 
As the anticlines became tightly compressed thrust faults developed in 

the limbs. Thrust faults on the southwest side of the ridge have allowed 
older beds to be thrust to the northeast over younger beds. On the 
northeast side of the ridge the direction of thrusting is to the south

west. The nature of such movements is noted in a small fold on the 
northeast side of the ridge.

About 90 feet northeast of the Foy Ridge fault and west of the 
andesite dike is a small outcrop of the Cambrian Abrigo formation (075- 
036). The outcrop of the Abrigo formation is only about five feet wide. 
It is completely surrounded by Devonian beds and alluvium. This out
crop discloses a small anticlinal structure having its northeast limb 
thrust over its southwest limb. The southern limb dips 70° to the 
southwest. The dip of the northern limb varies from 32° to 70° to the 

northeast (PI. 7> Fig. 1). The fold plunges to the northwest. This 

fold clearly demonstrates how a thrust fault will form in the crest of 
a tightly folded structure.
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Figure 1
Shows the Cambrian Abrigo formation as the core of a 
tightly folded anticline with its northern (top and 
right, out of picture) limb thrust southwestward (to 
the left) over its southern (left) limb. Just out of 
the picture in every direction this Abrigo section is 
surrounded by the Devonian Martin formation. The pic
ture also shows the typical green and brown banded 
quartzite which is so characteristic of the Abrigo 
formation at Foy Ridge. Note Brunton Compass for 
scale (arrow). Map location (074-036).

Figure 2
Core of tightly folded anticlinal structure in the 
Devonian Martin formation as shown in a prospector*s 
pit. Looking down at the fold at an angle of about 
45°• Plunge of structure is to the northwest into the 
picture. Distinct fracture crosses north (right) limh 
of fold. Scale is about ten feet across. Map loca
tion (077-037).
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Figure 1

Figure 2
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NORTHWEST PLUNGING ANTICLINE

Northeast of the Foy Ridge fault is a large anticline that 
plunges to the northwest. This anticline is expressed by the Devonian 
Martin limestone on opposite limbs, the Cambrian Abrigo formation being 
exposed in the center of the structure. The Martin beds that are a 
part of the southwest limb of the fold also form the hanging wall of the 
Foy Ridge fault. Northeast of this large fold may be a smaller anti
clinal structure (?) (087-025). A few outcrops of the Mississippian 

Escabrosa (100-02?) formation are present in the extreme northeast cor
ner of the thesis area.

The Devonian beds of the southwest limb of the main fold strike 
to the northwest and are approximately 300 feet thick. They crop out 
along the entire length of Foy Ridge, the width of the outcrops becoming 

slightly narrower near the nose of the plunging anticline.
The outcrops of the Cambrian Abrigo formation widen from 300 

feet near the nose of the fold to 600 + feet in the area of its most 
southeasterly outcrops (065-020). In this area the Abrigo is mostly 
covered by alluvium, but outcrops of the formation are found adjoining 
the Devonian beds on opposite limbs of the fold. The narrow portion of 
the Abrigo outcrops strike in a northwest direction parallel to Foy 

Ridge. Where the outcrops of the Abrigo widen the formation maintains 

an almost east-west strike.
The Devonian Martin beds of the northeast limb of the fold have 

a strike similar to that of the Cambrian Abrigo formation. The two



formations are essentially parallel. The Devonian beds, like the Abrigo, 

strike to the northwest where the Abrigo outcrops are relatively narrow. 

To the east the beds strike east-west (075-020).

The most significant feature of the Martin formation of the 

northeast limb of the fold is its unusual thickness. The Devonian beds 

in this area are two to three times the normal thickness of the forma

tion. This may be due to the presence of another fold (p. 48) (PI. 12, 

Fig. 2 and PI. 13, Fig. 1) or it may be the result of repetition by 
thrusting within the Devonian beds. Both thrusting and folding were 

probably very important.
A number of faults are associated with the folds on the north

east side of the ridge. Many formed in association with the folding are 
email tear faults. Small thrusts are present locally, such as the thrust 

in the little Abrigo anticline (p. 45) (PI. 7, Fig. 1).

MINOR FOLDS

One of the most interesting features on the north side of Foy 

Ridge are the minor folds in the Martin formation. These folds were 

first noticed on the aerial-photographs and were later checked in the 

field. They are not emphasized in the Devonian outcrops and thus have 
been overlooked for some time. However, they are well illustrated in 

two photographs (PI. 8, Figs. 1 and 2).
These folds are present along the andesite dike (068-030) about 

150 feet northeast of the Foy Ridge fault. The axes of the folds strike 

N. 40° W. and have a plunge of about 40 to 50 degrees to the northwest.
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Figure 1
Minor folds in the Devonian Martin formation on north
east side of Foy Ridge. See arrow. Photograph was 
taken from the air and includes most of the Foy Ridge 
area. Map location of folds (067-030).

Figure 2
Detail of minor folds above. Photograph was taken 
from the air. Looking toward the southwest.
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Figure 1

Figure 2
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The limbs of the folds have a dip varying from 50 to 80 degrees. In 

only one other area has there been the positive identification of fold
ing within the Devonian outcrops (077-036). This fold cannot be recog
nized on the surface but can be seen in a prospector* s pit (PI. 7, Fig.
2). The suggestion of folding within the Devonian is indicated in two

!
other localities (079-022) (085-027) in the northeast part of the thesis 

area.

F0I RIDGE AND FOY RIDGE FAULT

Foy Ridge as previously mentioned is the inverted limb of a 

large fold overturned to the northeast. The folding was brought about 

by lateral compression acting from the southwest and northeast. This 
compression probably occurred during the Laramide revolution.

As the fold of which Foy Ridge is a part became tightly com

pressed, thrust faults developed within its limbs. The first thrust to 
form probably occurred near the base of the inverted limb, although this 
limb may not have been inverted at this time. As movement continued to 
the northeast more thrust faults were produced in the inverted limb and 
older Paleozoic formations were thrust over younger units (PI. 15).

Closely related to these thrust movements are a number of wrench 
faults. The most prominent of these is the right-lateral wrench fault 

at the northwest end of Foy Ridge (p. 60). This fault (087-055) has not 
offset the Foy Ridge fault and, therefore, is probably the earlier of 

the two faults. It has, however, offset this northwestern area from Foy 
Ridge proper.



These first faults were cut off by the Foy Ridge fault that 

formed in the southwest limb of the northwest plunging anticline (p. 
48). This anticlinal structure was thrust forward (southwest) and up

ward until it was pressed against Foy Ridge. The thrust fault cut 
through Foy Ridge and truncated the earlier thrust faults. The Foy 
Ridge fault extends along the entire northwest side of Foy Ridge (PI. 
11). The beds on the southwest side of the fault belong to the Permian 
Andrada formation. Those on the northeast side of the fault are of De

vonian age. The Devonian beds are a part of the southwest limb of the 

northwest plunging anticline.

SOUTHWEST SIDE OF FOY RIDGE

Contemporaneous with the development of the major fold that 
formed Foy Ridge was the formation of one or more disharmonic folds 

within the normal limb. The repetition of the Paleozoic formations on 
the southwest side of the ridge is probably the result of this dishar
monic folding.

As compression continued, an isoclinal (?) fold was eventually 
formed from one of these disharmonic folds. Undoubtedly a large amount 

of thinning occurred within the limbs of this smaller fold. At the 
same time a number of thrust faults also formed within the fold. The 

thinning of the beds and the formation of the thrust faults account for 

the absence of a normal thickness of the formations in this area (065- 

055). These later thrust faults probably all joined in the core of the 
isoclinal fold where thickening was greatest. They may have then
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possibly joined with the earlier thrusts of the major fold.

Only a few of the Paleozoic formations are recognized in the 
isoclinal fold. From the inverted limb of the fold only the Escabrosa, 
Martin and Abrigo formations crop out. The Martin formation is all that 
can be seen of the normal limb or it may be another crumple in the in
verted limb. However, it is possible that the Abrigo formation (066-057) 
immediately northeast of the most southwesterly Martin outcrop may be a 
part of the normal limb as well as a part of the inverted limb of the 

isoclinal fold. It seems quite evident from the distribution of the for
mations that a number of thrust faults have formed within each formation 

in question.
The Devonian Martin beds of the normal limb of the isoclinal 

fold appear to continue to the northwest (PI. 11). The thrust fault 
that separates the Martin and Abrigo formations also probably continues 
to the northwest separating the Martin and Escabrosa formations. If this 
is true, the contact between the Martin and Escabrosa formations is not 
depositional. The Escabrosa formation would be all that remains exposed 
of the inverted limb of the fold (073-065). If the Martin and Escabrosa 
formations do form a depositional contact in this area, then the Martin 

formation must also be a part of the inverted limb. If this is true 
then the thrust fault separating the Martin and Abrigo formations must 

terminate where the Abrigo formation terminates to the northwest along 
the northeast-southwest trending tear fault.

In general all of the beds in this area strike in a northwest- 

southeast direction. However, to the southeast along this trend the
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outcrop pattern indicates a change of strike to a southwesterly direc
tion. This is best seen where the Paleozoic fonnational contacts change 

strike and are covered by alluvium (064-054) (054-046). This change in 
strike is accounted for by wrench faults that grade into the thrust 
faults mentioned above. The wrench faults are of the right-lateral va
riety, that is the right side of the fault has moved toward the observer. 
Most of the smaller wrench or tear faults, that formed perpendicular to 

the bedding, are left-lateral.
The disharmonic fold is separated laterally from the southeast 

end of the inverted limb of the parent fold. The large thrust fault in 

front of the Escabrosa formation, that separates the fold from Foy 
Ridge, does not extend the entire length of the ridge. At about the 
central portion of the ridge the thrust changes its direction of strike 
from northwest-southeast to due south and becomes a near vertical (?) 

wrench fault (046-038). The main compressional force was from the 
southwest and northeast, perpendicular to Foy Ridge. Because primary 
wrench faults commonly form at about a thirty degree angle to the direc
tion of compression, it is believed that this major wrench fault eventu

ally assumes a south-southwest direction.
The last major thrust to occur along the southwest side of the 

ridge moved the Bolsa quartzite over the Abrigo, Martin and Escabrosa 
formations (075-070). This is called the Bolsa Overthrust. Where the 

Bolsa is shown to have overridden the Devonian Martin formation (076- 

071) the thrust plane dips steeply to the southwest (PI. 3, Fig. 2). 

Immediately northeast of the main overthrust sheet is an outlier of
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Bolsa quartzite (080-070). This outlier rests on younger Devonian and 

Mississippian beds. Between the Bolsa outlier and the main overthrust 
sheet is an outcrop of the Devonian Martin formation (077-072) (PI. 9> 
Figs. 1 and 2).

In the extreme western part of the thesis area in the vicinity 
of the Serasio mine (074-105) the Bolsa is found thrust over the Permian 
Concha formation (PI. 10, Fig. 1).

The southeastern half of Foy Ridge does not show the effects of 

thrusting as does the northwestern half of the ridge. This is not only 

evident by the more northerly strike of the northwestern half of the 

ridge, but also by the numerous wrench and thrust faults in that area.
The two areas are separated by the large thrust-wrench fault (050-038) 
previously mentioned (p, 55)* A few tear faults, which formed perpendic
ular to bedding, have been recognized at the southeastern half of the 

ridge (037-028). These faults are most evident where the andesite sill 
in the Devonian Martin formation has been offset.

NORMAL FAULTING (?)

If it be assumed that Foy Ridge suddenly dropped after being 
overturned, then the repetition of the pre-Pennsylvanian beds (p, 53) on 
the southwest side of the ridge is easily explained (068-057). As the 

ridge dropped, a series of normal faults could have easily produced the 

repetition of beds on the southwest side of Foy Ridge. However, if the 

repeated section were due to normal faulting, would the southeastern ex

tremities of these formations change strike from the southeast to the



Figure 1

Shows the Cambrian Bolsa quartzite thrust over the 
Devonian Martin formation and the Mississippian 
Escabrosa formation at the southwestern part of 
Foy Ridge. Photograph taken from the air. Map 
location (075-070).

Figure 2
Shows the Cambrian Bolsa quartzite thrust over the 
Devonian Martin formation and the Mississippian 
Escabrosa formation at the southwestern part of 
Foy Ridge. Photograph taken from the air. Map 
location (075-070).
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Figure 1

Figure 2



south-southwest? This change of strike (045-040) is easily explained 
by a series of wrench faults in this area (p* 55)•

After normal faulting there would have had to be a period of 

renewed compression to produce the Bolsa Overthrust. If things had 
happened in this manner then it would have to be concluded that the 
Bolsa Overthrust is not in any way related to the force that overturned 

Foy Ridge.
The structural events in the thesis area appear to be rather 

closely tied together. This could not be true, however, if it were be

lieved that normal faulting produced the repetition of the older Paleo

zoic formations on the southwest side of the ridge. By this mechanism 

there appears to be no relationship between the force that overturned 
Foy Ridge and that which caused the repetition of the pre-Pennsylvanian 
formations and that force which produced the Bolsa Overthrust. In the 
normal fault interpretation all of these events would appear to have 

occurred at widely separated intervals.
It is very possible that many of the faults indicated as tear 

faults throughout the thesis area may actually be normal faults. How

ever, the writer believes that strike-slip movement is predominant. 

Along the southwest side of Foy Ridge (046-025) is a normal fault.

This fault was recognized in a prospect pit within the Horquilla forma

tion and the rake of movement on the fault was recorded. This informa

tion has since been lost, however, and the writer has not had the 

opportunity to revisit the area. The important thing is that this is a 

normal fault, but that it does not offset the Escabrosa-Horquilla
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formations. On either side of this fault are tear faults that do off
set these formations. It should be noted that the aplite sill in this 
area seems to terminate against this normal fault indicating that the 
fault actually does continue to the southwest across the Escabrosa- 
Horquilla boundary. In general the formations in the Foy Ridge area 
have a very steep dip. For this reason where formations have been off
set the writer has indicated than to be of the wrench variety, but with 
the reservation that this may not always be true. A large number of 
wrench faults would be expected in any area that has undergone so much 
compression. Normal faulting has probably played a minor role in the 

structural evolution of the Foy Ridge area.

THRUSTS NORTHWEST OF FOY RIDGE

The area northwest of Foy Ridge (090-055) is topographically low 
relative to the main part of the ridge. The two areas are separated by 

an east-west, right-lateral wrench fault (087-055)• This fault is prob
ably complementary to the south—southwest striking wrench faults on the 

southwestern side of the ridge (045-040) (055-055) (p. 55)•
This wrench fault has not offset the Foy Ridge fault. However, 

the Mississippian, Devonian and Cambrian formations are offset about 600 

feet from their counterparts on the southwestern side of the ridge.
This 600 foot offset corresponds very closely to the approximate thick

ness of the Pennsylvanian-Permian beds on the main part of the ridge. 

Here, however, only a hundred feet of the Permian Andrada formation is 

present. The remaining 500 feet of the Horquilla-Andrada sequence has
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been faulted out by the overthrust that marks the Escabrosa-Andrada con
tact. This fault also accounts for a loss of part of the Escabrosa for
mation. The three small tear faults offsetting the Andrada and Escabrosa 
formations are parallel to the right-lateral wrench fault that separates 
this area from the main part of the ridge. A fault between the Abrigo 
and Martin formations is recognized in the field by the presence of 
fault gouge. The fault is interpreted as a thrust. Another thrust is 
probably present between the Martin and the Escabrosa formations. This 
thrust, however, is questionable, but at the contact of the Martin and 

Escabrosa formations the Martin has a slightly greater relief than the 

Escabrosa. These three thrust faults may account for the absence of 
about 600 feet of the Paleozoic section in this area.

REVERSE FAULT AT NORTHWEST END OF FOY RIDGE

Between the Paleozoic section northwest of Foy Ridge and Foy 
Ridge proper is an area (081-053) situated between two wrench faults.
One of these faults strikes to the south-southwest and the other to the 
southwest. Both are located in ephemeral streams, which have formed 

along these zones of weakness. This area is topographically low to the 

main part of the ridge, but it has a greater relief than the area to the 

northwest previously mentioned.
This is the only place southwest of the Foy Ridge fault where 

there has been any major movement to the southwest. Here the Andrada 

formation has moved southwestward being thrust over the HorquiUa for

mation. This is the only location in the thesis area where there is a
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definite HorquiUa-Andrada contact. Elsewhere the contact is question
able as the limestones of the Horquilla grade into the quartzitic beds 
of the Andrada (p. 28). Here, however, there is a sudden lithologic 
change which must be due to the presence of a fault striking southeast- 
northwest parallel to the Pennsylvanian-Permian beds. The Andrada for
mation being more resistant to erosion has a slightly greater relief 
than the Horquilla limestones.

A thrust fault similar to the one between the Escabrosa and 

Andrada formations northwest of the ridge (091-053) (p. ) would account
for thinning of the Horquilla section, but it cannot account for the ap

parent southwest movement of the Andrada formation. Also, the Horquilla- 
Escabrosa contact in this vicinity has not been offset from the main 
body of the ridge. The same is true of the aplite sill that is present 
in the Horquilla approximately thirty feet southwest of the HorquiUa- 

Andrada fault.
A normal fault dipping to the northeast would have produced an 

added section in the Horquilla formation. The Andrada formation in this 

instance would have moved to the north.
A normal fault dipping to the southwest at an angle less than 

that of the dip of the HorquiUa-Andrada beds could account for the loss 

in the Horquilla section. It could also account for the apparent south

westerly movement of the Andrada formation. However, the normal faulting 

that occurred in the closing phase of the structural history (p. 43) of 
the Foy Ridge area generally took place along the steeply dipping bedding 

planes of the Paleozoic section. This would be the most logical result
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of normal faulting in a near vertical stratigraphic section. A major 

low angle normal fault would not be expected. For the reasons given on 
page 59 an earlier phase of normal faulting is not believed to have 
taken place soon after Foy Ridge was overturned.

It appears that this Horquilla-Andrada fault is a high angle 
reverse fault that dips steeply to the northeast. The Andrada forma
tion represents the hanging wall and the Horquilla formation the foot 
wall of the fault.

CONCHA THRUST

The thrust of the Permian Concha formation is located in the 
western part of the thesis area (085-110). The intense brecciation of 

the Concha formation (p, 33) (PI. 6, Figs. 1 and 2) leads one to be
lieve that it may represent the frontal portion of a thrust sheet.

In the vicinity of the Serasio mine (073-102) the Cambrian 
Bolsa quartzite is thrust over the Permian Concha formation (PI. 10, 
Fig. 1). The mine, however, is located along a near vertical (?) fault 

along which there has been some mineralization.
This entire area is probably separated from the main part of 

the thesis area by a large wrench fault (075-085) striking about N. 30° 

E. This wrench fault may be parallel to those on the southwest side of 

the ridge (p. 55).

DIKE-SILL AND STOCK

An andesite sill is located at the eastern end of the southwest



Figure 1

Shows the Cambrian Bolsa quartzite thrust over the 
Permian Concha formation in the Serasio mine area. 
Photograph taken from the air. Map location (072- 
102).

Figure 2

Shows Pleistocene (?) or Recent sediments in extreme 
western part of thesis area. Beds dip to the south, 
away from picture, at an angle of 30°. The brecci- 
ated Permian Concha limestone forming the outer fringe 
of the thrust zone is immediately to left of picture 
and is also behind the Pleistocene (?) sediments.
Map location (083-125).



PLATE 10

Figure 1

Figure 2
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side of Foy Ridge. The sill (034-025) is in the Devonian Martin forma
tion. The Devonian beds dip 75° to the southwest and strike N. 50° W.

The sill probably intruded along a bedding fault in the Martin limestone 
and was later offset by post-intrusion faulting.

At about the center of the southwest side of Foy Ridge the sill 
makes a 70° turn and becomes a dike. The dike disappears beneath the 
Mississippian Escabrosa limestone (047-033) reappearing on the crest of 
the ridge. Once again it is offset and the more northern portion of the 

dike (056-029) is almost parallel to the beds of the Pennsylvanian- 
Permian Andrada formation. The intrusive body cannot be traced down the 

north slope of Foy Ridge, but is present for about 300 feet along the 
Foy Ridge fault. It then strikes due north across the Martin and Abrigo 
formations on the north side of the ridge (070-030). As the dike strikes 
across these formations it is offset by many faults. North of the main 
east-west trending arroyo (083-032) there is another change in the strike 
of the intrusive body. The dike appears as though it has been offset in 
an east-west direction. However, it probably originally followed this 

plane of weakness which was later refaulted. The intrusive body is, 

therefore, a sill for about 150 feet, although for a third of this dis
tance it does not outcrop. The andesite body changes direction once 
again and is last seen as a dike striking N. 10° E.

It appears that the intrusion of the dike-sill complex occurred 

late in the structural history of the Foy Ridge area following planes 

of weakness produced by many strike and dip faults.

A quartz monzonite and granite stock crops out at the southeastern
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end of the ridge (050-016). As the stock cooled there was probably 

some shrinkage of the igneous body which with a general settling of 
the region caused the post-intrusion faulting.

RELATIONSHIP TO NEAR-BY AREAS

The Foy Ridge area is structurally related to Twin Buttes and 
to the Twin Buttes mining district.

Twin Buttes are located immediately east of Foy Ridge (P^. 14). 
The Buttes are approximately on strike with the northeastern limb of the 

northwest plunging anticline in the northeast part of the thesis area 

(p. 48) (PI. 12, Fig. 2). The Twin Buttes are probably the southeastern 
extension of the northeastern limb of this anticline. From south to 
north the sequence of formations of both the anticline and of West Twin 
Butte is Abrigo, Martin and Escabrosa. The dip of the formations in 

both areas is to the north-northeast. At West Twin Butte the 
Pennsylvanian-Pennian formations are thrust to the southwest over the 
Mississippian Escabrosa formation. The thrust plane dips to the north

east. Along the crest of West Twin Butte a number of windows are pres
ent in the Pennsylvanian-Pennian beds showing the Escabrosa formation 

beneath (Neal McClymonds, personal communication). In the northern part 
of the thesis area the Pennsylvanian-Permian beds if present are covered 

by alluvium. The Escabrosa formation (098-030) has been offset (080- 
017) across the limb of the fold. A portion of the southwest limb of 

the fold is recognized in the Foy Ridge area (PI. 12 and 13) but it is 

not present at Twin Buttes. At Twin Buttes the southwestern limb has
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been removed by erosion. At one time both Foy Ridge and the Foy Ridge 

fault probably extended to the southeast. However, the intrusion of 
granite and quartz monzonite and the effects of erosion have destroyed 
these features in the Twin Buttes area.

Twin Buttes may be offset from Foy Ridge by a strike-slip fault. 
However, there is no direct evidence for this and, therefore, the above 
interpretation is presented for which there is some evidence. The dip 
of the beds at West Twin Butte is opposite to the dip of the beds along 
Foy Ridge.

The Twin Buttes mining district is located adjacent to the 

southern border of the thesis area (PI. 14)• The main structure of the 
mining district "appears to be essentially that of a breached anticline" 

(Whitcomb, 1948, p. 57)• The northern limb of this anticline is prob- - 
ably continuous with the southern 1 imb (normal limb) of the fold that 
formed Foy Ridge (p. 52) (PI. 15). The synclinal area between these 
two folds is covered with alluvium.

It seems quite evident that large folds and associated thrust 
faults are present at Foy Ridge, Twin Buttes, and the Twin Buttes mining 
district and that each area is a related part of the district structure.



G E O L O G I C  H I S T O R Y

The geologic history of the Foy Ridge area has in part been 

abstracted from Ransome*s (1904# p* 104-108) discussion of the geo
logic history of the Bisbee quadrangle. For a more detailed account 

of the geologic history of southeastern Arizona the reader is referred 
to Ransome*s paper.

After erosion of the Precambrian granitic rocks to an irregu
lar hilly surface (McKee, 1951, p. 488) there was a general subsidence 

throughout southern Arizona. In middle Cambrian time an advance of the 
sea upon this subsiding plain attacked the detritus of the basement com
plex, rounded the fragments, and spread it over the sea floor. These 

rounded fragments were deposited as the basal conglomerate of the Bolsa 
formation. With continued advance of the sea from the southeast a 
quartzitic sand, now recognized as the Bolsa quartzite, was deposited 
on the conglomerate (p. 2). The Bolsa formation was deposited in a 
littoral environment in the shallow middle Cambrian sea.

In late Cambrian time there was a retreat of the sea. southeast
ward (Stoyanow, 1942, p. 1262). By this time the land mass was probably 
sufficiently eroded so that it no longer supplied the terrigenous sedi

ments characterized by the Bolsa formation. Instead, the siliceous cal

careous muds of the Abrigo formation were deposited. The lower part of 

the formation is characterized by thin beds of limestone and shale (p.
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9). With continued retreat to the southeast the sea apparently became 
shallower and an increasing amount of quartz grains were deposited with 
the calcareous muds in the upper part of the formation (p. 8).

Strata of the Ordovician period is recognized in only a few 

localities of southeastern Arizona (McKee, 1951, p* 484)• Ordovician 
sediments are not present in the Foy Ridge area. Strata of the Silurian 

period are not known within the State (McKee, 1951, P» 484). The absence 
of these deposits are either due to nondeposition or to an interval of 

erosion between the Cambrian and Devonian periods.
In late Devonian time there was an encroachment of the sea from 

the southeast into southern Arizona (Stoyanow, 1942, p. 1266). The upper 
Devonian dolomitic limestone represents deposition in the deepest sea 
thus far formed during the Paleozoic. Abundant marine life was present 

in the Devonian sea. The presence of occasional shales in the lower 
part of the formation (p. 16 and 17) and the fine silt deposited through
out the formation (p. 14) indicate that a landmass was nearby.

The early Mississippian sea was in general a deepening of the 

Devonian sea and not a new encroachment of sea upon the land (Stoyanow, 

1942, p. 1272). This deepening of the sea resulted in the deposition of 
the white- to light-gray, coarsely crystalline Escabrosa limestone of 

early Mississippian age (p. 20). Ransome (1904, p. 44) says the 
Escabrosa "is probably to be classed as a deep-sea deposit and may have 
been formed near the 100-fathom zone and 30 or 40 miles from shore."
The early Mississippian sea was probably the deepest of the Paleozoic 
seas. A recession of the early Mississippian sea left only a small body
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of water in the extreme southeast part of the State during late Missis- 

sippian time (Stoyanow, 1942, p. 1273)•
During the early Pennsylvanian transgression that followed, the 

Horquilla formation was deposited. The Horquilla lies with apparent 
conformity on the Escabrosa limestone despite the hiatus between the 

two formations (p. 25). The limestone of the Horquilla closely resem
bles that of the Escabrosa and like the Escabrosa was deposited in a 
deep-sea environment. At the top of the Horquilla formation thin beds 
of shale are present within the limestone units. The amount of shale 
increases near the top of the formation. The shale becomes dominant 

over the limestone at the base of the Andrada formation, which is arbi
trarily picked at this point (p. 28).

From late Pennsylvanian through middle Permian time the sili
ceous beds of the Andrada formation were being deposited. Interbedded 
with these siliceous beds are thin limestone units, the limestone de
creasing in thickness higher in the stratigraphic section. The Andrada 

formation being equivalent to the more calcareous Earp, Colina, and 

Epitaph formations (p. 27), which cannot be extended into southwestern 

Arizona, represents the shallower portion of the late Pennsylvanian to 
middle Permian sea. In addition to the siliceous beds a few gypsifer

ous units are locally present in the upper part of the Andrada.
After the deposition of the Scherrer quartzite, which may or 

may not be present in the Foy Ridge area, the highly fossiliferous 

Concha limestone of Leonard and Guadalupe age (p. 31) was deposited in 
a moderately deep sea. The lower part of the Concha formation consisting
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of fine-grained calcareous sand (Gilluly, et. al., 1954, p. 29) is not 
present in the Foy Ridge area.

During Triassic and Jurassic time southern Arizona was a posi

tive area. According to McKee (1951, p. 493) "regional uplift in cen
tral and/or southern Arizona" occurred during the Triassic. McKee 

(1951, p. 494) further states that "the first extensive uplift in Ari
zona after the Precambrian probably came during the Upper Triassic 
epoch." He points out that among the gravels of the late Triassic 

Shinarump conglomerate, which were deposited in northern Arizona, "are 

certain distinctive lithologic types and others containing diagnostic 

fossils that prove an origin to the south for much of the sediment." 

Ransome (1904, p« 23) says that "at the close of the Carboniferous 
period the rocks of the Bisbee quadrangle were deformed by faulting and 
folding, and were cut by intrusions of granitic magma . . .  the region 
as a whole was elevated above sea level and subjected to erosion until 
the beginning of the Cretaceous period." This uplift for southern Ari
zona as mentioned by McKee and Ransome probably occurred sometime in 
the Triassic period.

Although the Cretaceous period is represented in the sediment
ary sequence of southern Arizona no such deposits have been found in the 

Foy Ridge area. However, according to Whitcomb (1948, p. 48) Cretaceous 
(?) sediments are present in the Morgan mine area to the south.

The structural features of the Foy Ridge area are of post- 

Permian age. A closer age determination for this immediate vicinity is 
impossible. Lateral compression acting in a northeast-southwest
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direction probably occurred during the Laramide revolution. This stress 
produced tightly folded structures with thrust faults and disharaonic 
folds forming in the limbs of the major folds. Foy Ridge is the in

verted limb of one of these large folds.
Intrusive activity followed or perhaps accompanied the folding 

and overthrust faulting. Upon cooling of the magma there was possibly 
a shrinkage of the resulting stock. This shrinkage along with a gen

eral settling of the region may have been the cause of the post-intrusion 
normal faulting. During or closely following this igneous intrusion the 

Paleozoic sediments of the Foy Ridge area were partially metamorphosed 

to their present state.

As stated above, Ransome (1904, p. 23) mentions faulting, fold
ing and intrusions of granite magma at the close of the Carboniferous. 

This may be the date of the structural events in the Foy Ridge area. 
However, the lateral compression and igneous activity probably occurred 
during the Laramide revolution. Whitcomb (1948, p. 48) says that "post- 
Cretaceous intrusion is indicated by the fact that the Cretaceous (?) 

sediments on the south flank of Morgan Hill dip steeply into the under
lying granite." Morgan Hill is about one mile south of Foy Ridge. Both 

Whitcomb (1948, p. 64) and Houser (1949, P* 42) date the structural fea
tures of the Twin Buttes mining district as having occurred during the 

Laramide revolution. Schmitt (1933, p» 325) dates the ore deposits in 
the Twin Buttes area as being of Laramide age. Ransome (1904, p. 23) 
says that post-Cretaceous uplift of the Bisbee area "was accompanied or 

followed by faulting and folding." He (Ransome, 1904, p. 91) states
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that faults of the overthrust type are present in the Bisbee area as 
Paleozoic limestones "have been thrust from opposite directions over 
the Cretaceous formations." In Butler* s (1933# p* 266) summary of the 
Laramide revolution for the Rocky Mountain region he says;

The Laramide revolution opened with uplift of the region ac
companied by close folding and overthrust faulting along certain 
belts. This was followed by igneous activity that locally at 
least was influenced and directed by the faults but in a broad 
way does not seem to have been controlled by them. Following 
the igneous activity was the formation of steeply dipping reverse 
and normal faults. These were later than much of the igneous ac
tivity but earlier than the ore deposits and locally exerted an 
important control over the mineralization. Finally came the 
settling of the region and a great system of normal faults, mainly 
later than the igneous activity and most of the mineralization.

Pleistocene (?) and/or Recent sediments are present in much of 

the Foy Ridge area. These deposits contain the eroded fragments of all 
of the Paleozoic formations present at Foy Ridge. In the extreme west

ern part of the thesis area some of these sediments are located adjacent 
to the thrust Concha limestone and dip 30 degrees to the south-southeast 
(PI. 10, Fig. 2). They suggest the possibility of Pleistocene (?) or 
Recent movements in this area unless slumping is responsible for their 
present attitude.
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