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A B S T R A C T

Drill hole data demonstrate that in the southern part 
of the area, beginning just north of Foy Ridge, members of the 
Naco Group are in flat fault contact with the underlying Pre- 
cambrian (?) granite and portions of the Laramide granodiorite, 
while in the northern part of the area Cretaceous (?) arkose 
and volcanics are found separated by a flat fault from the 
underlying Precambrian (?) granite. This fault contact, or 
sole, usually dips eastward 10° to 25°, and a black gouge zone 
from six inches to six feet in thickness separates the granitic 
rocks from the overlying strata. Both the granitic rocks and 
the overlying strata are strongly brecciated and sheared. Nu
merous east to northeast trending tear faults cut northerly 
trending normal faults.

Doming along a N.15°W. axis in the western part of the 
district was caused by a rising Laramide granodiorite batholith, 
and as doming progressed a N.60°E. trending fault trough formed 
in the older strata along the eastern fringe. The relief 
formed by the doming and the down-dropping of the trough set 
the stage for shedding of the sedimentary and volcanic shell 
from the roof of the batholith by gravitational gliding.

vi
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Stratigraphy of the Helmet Fanglomerate suggests that 
it is composed in part of slip-sheets from the domal area. 
Later, most of the Helmet Fanglomerate was tilted to the 
southeast by reactivation of the graben.
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I N T R O D U C T I O N

GENERAL STATEMENT

The purpose of this paper is to describe and inter
pret the tectonic features in the Ruby Star Ranch area, Pima 
County, Arizona. The discussion is divided into two parts. 
The first part is concerned with the general stratigraphy 
and the geological data obtained from field observations 
and drill cores. The second part is an attempt to interpret 
these data.

METHOD OF STUDY

Field work on which this thesis is based began in 
June, 1960, and continued through December, 1962, while the 
author was employed by the Bear Creek Mining Company. The 
area was mapped on aerial photographs at a scale of one inch 
to approximately five hundred feet. The information was then 
transferred to an enlarged U.S.G.S. topographic map at a scale 
of one inch equals five.hundred feet, using a sketch master 
and survey points.

Diamond drilling was then in progress and a total 
of 55,726 feet was drilled in 71 holes. The diamond drill
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holes were logged in detail, and cross sections and structural 
contour maps were constructed from the logs as drilling pro
gressed. All subsurface work was related to surface geology 
whenever possible. Thin sections of surface rocks and drill 
core were examined to correlate the surface exposures with 
subsurface units.

LOCATION AND ACCESSIBILITY

The Ruby Star Ranch area lies approximately twenty- 
five miles south-southwest of Tucson, Arizona, in the Pima 
Mining district (Fig. 1). The blacktopped Twin Buttes Road 
traverses the eastern half of the area and is the main access. 
It may also be reached by a maintained dirt road which con
nects the Twin Buttes Road with U.S. Highway 89 at the town 
of Sahuarita. The entire area is spider-webbed with jeep 
roads used by ranchers to check their cattle tanks, and dozer 
roads built for drilling purposes.

The area includes all of sections 13, 14, 15, 22, 23, 
24, 25, 26, 27, the eastern halves of sections 16, 21, and 28, 
and the northern halves of sections 35 and 36 of T. 17 S.,
R. 12 E.; and all of the sections 17, 18, 19, 20, 29, 30, and 
the northern halves of sections 31 and 32 of T. 17 S., R. 13 E. 
It totals approximately 18 square miles.
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PREVIOUS WORK

A number of University of Arizona theses deal with 
the Pima district. Three of these (Brown, 1926; Houser,
1949; and Whitcomb, 1948) cover the southern part of the 
district. The Ruby Star Ranch area is covered in part in 
theses by Burroughs (1959), Thacpaw (1960), and Waller (1960). 
Echel (1930), Mayuga (1942), Park (1929), and Studebaker 
(1959) discuss the Mineral Hill and Helmet Peak areas, which 
lie just north of the Ruby Star Ranch area.

Published reports (Bowman, 1963; Cooper, 1960;
Cummings and Romslo, 1950; Kinnison, 1963; Lacy, 1959;
Ransome, 1922, p. 410, 412, 413; Webber, 1929, p. 304-310; 
Wilson, 1950, p. 50, 51) also cover the Ruby Star Ranch 
area in whole or part, as well as other portions of the 
Pima Mining district.



R E G I O N A L  G E O L O G Y

PIMA MINING DISTRICT

The Ruby Star Ranch area is centrally situated in 
the Pima Mining district on the eastern slope of the Sierrita 
Mountains in Pima County, Arizona (Fig. 1). The district 
lies west of the Santa Cruz River, and the western boundary 
may be defined as the base of the main Sierrita Mountain 
mass. The northern boundary is the Black Mountain area and 
the southern boundary lies at some indefinite distance south 
of Demetrie Wash.

The southwestern part of the district is in foothills, 
which are continuous with the main mountain mass and contain 
the Esperanza Mine. The remainder of the district is a 
broad extensive gravel covered pediment above which project 
a few isolated hills such as Foy Ridge, Twin Buttes and 
Helmet Peak. This gravel cover is from tens of feet thick in 
the western part of the district to more than 2,000 feet in 
the eastern section.

Rocks exposed or present in the district range in age 
from Precambrian (?) to Recent and consist of sediments and 
intrusive and extrusive igneous rocks.

4
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The northern end of the Sierrita Mountains is composed 

of Tertiary granodiorite. South of a line passing approxi
mately through the McGee Ranch the Sierrita Mountains are 
composed of Cretaceous-Tertiary sediments and volcanics 
similar to the units in the Esperanza Pit. Southeast of the 
Esperanza Mine these volcanics are in turn overlain by Recent (?) 
tuffs and rhyolites.

West of a general north-south line which starts 
about one and a half miles east of the Esperanza Pit and con
tinues to the gravel covered area on the San Xavier Reservation 
the Tertiary granodiorite floors a remarkably even pediment 
surface. East of this line Cretaceous (?) sediments on the 
south overlie the folded Paleozoic sediments northward to 
Twin Buttes.

North of the Twin Buttes in the Ruby Star Ranch area, 
a large, deep graben trending northeasterly has been filled 
with Miocene (?) sediments called by Cooper (1960) Helmet 
Fanglomerate. This fanglomerate fills the graben which extends 
northward to a line about one and a half miles south of the 
San Xavier Mine.

North of the north edge of this graben-like structure 
Cretaceous (?) sediments again overlie the Paleozoic sediments 
to the San Xavier Mine. The basin between the San Xavier Hill



and Mineral Hill is partially floored by Cretaceous (?) 
arkose on the southern side. The arkose covers the Pima- 
Mission area, overlying the Paleozoic sediments to a second 
northeast trending graben on the San Xavier Reservation. On 
the north boundary of the district, in a third northeast 
trending graben, the Recent (?) Black Mountain basalt over- 
lies mid-Tertiary gravels and Cretaceous (?) sediments.

The middle graben as a result of drilling appears to 
be a hinged structure with the northern edge remaining rela
tively stationary and forming the hinge line. The southern 
graben appears to be similar structurally, and little is 
known of the northern most one.

A flat lying fault or sole separates parts of the 
Paleozoic section, Cretaceous (?) arkose, and Tertiary 
deposits from underlying Precambrian granite and Laramide 
granodiorite. This sole extends from at least the Mission 
Mine southward through Banner's Palo Verde and Daisy shafts, 
the Pima Mine, and the San Xavier Mine to just north of 
Twin Buttes. This is approximately six and a half miles in a 
north-south direction. The area underlain by this sole totals 
at least 34 square miles.



S T R A T I G R A P H Y  O F  S E D I M E N T A R Y  R O C K S

INTRODUCTION

Post-Permian metamorphism has complicated the identi
fication of the stratigraphic units in the Ruby Star Ranch 
area. Recrystallization of the limestones and alteration of 
the shales and sandstones to hornfels and quartzites obliterated 
the majority of fossils, except for several reef structures 
in the Martin Formation and a few brachiopods and gastropods 
in the Concha Limestone. Complicating the stratigraphic pic
ture even more are paucity of outcrop and complex structural 
features. All of the units are separated on the basis of 
lithologic and stratigraphic relationships, and compared to 
their type sections and to similar sections in the Pima Mining 
district.

The Paleozoic sequence is best represented and exposed 
in the vicinity of Foy Ridge and Twin Buttes in the southern 
part of the area. All rock descriptions of the Paleozoic 
section are taken from this area and correlated with the drill 
hole data.

Burroughs (1959), Houser (1949), Studebaker (1959), 
Thacpaw (1960) and Whitcomb (1948) carefully measured and
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described the stratigraphic section in the Pima Mining dis
trict. Only brief descriptions will be given in this paper, 
with emphasis on features not previously described. The 
reader is referred to the above authors for details.

CAMBRIAN SYSTEM

Bolsa Quartzite

The middle Cambrian Bolsa Quartzite crops out only 
in the western part of Foy Ridge, the northwest quarter of 
section 35 and the southwest quarter of section 27, T. 17 S.,
R. 12 E. (PI. 1). The Bolsa was never found in any of the 
drill cores, and it is absent from the Paleozoic section of 
Twin Buttes.

In all outcrops where the base of the Bolsa is ex
posed effects of fault movement can be observed. In the Foy 
Ridge area, Bolsa is always found in fault contact with the 
Precambrian (?) granite, and this quartzite has been thrust 
over younger formations in the southwest limb of the Foy Ridge- 
Twin Buttes anticline.

The Bolsa Quartzite is a rounded to angular, fine to 
medium grained, arkosic quartzite with the feldspar fragments 
increasing upwards in abundance (Houser, 1949; Burroughs, 1959).
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It weathers a rusty orange and varies from light orange-tan to 
dirty gray. The coloring plus the blocky weathering distin
guish it from other formations in the stratigraphic column.

Abrigo Formation

The upper Cambrian Abrigo Formation lies conformably 
on the middle Cambrian Bolsa Quartzite. It crops out on the 
southwest side of Twin Buttes, on the northeast and southwest 
flanks of Foy Ridge, in the southwest quarter of section 26 
and in the northwest quarter of section 35, T. 17 S., R. 12 E. 
(PI. 1). Only diamond drill holes T-54 and T-60 positively 
penetrated the Abrigo, but perhaps diamond drill holes T-46, 
T-53 and T-50 also cored the formation.

The Abrigo is composed essentially of thin-bedded, 
impure, silicated limestone with interbedded shales, hornfels 
and quartzites. The lower part of the section is an alterna
ting sequence of limestone and shale. Some of the shale has 
been altered to epidote bearing hornfels, and chert is abun
dant. Toward the top of the section shale and hornfels 
beds give way to quartzite members. Throughout the formation 
the banding varies in width, but it averages four to six 
inches. The typical banding that occurs in the Abrigo makes



this formation difficult to distinguish from some of the 
Pennsylvanian-Permian strata, especially in the drill cores.

DEVONIAN SYSTEM

Martin Limestone

The Devonian Martin Limestone lies paraconformably 
on the Upper Cambrian Abrigo Formation. It is found in stra
tigraphic sequence on the southwest side of Twin Buttes and in 
the Foy Ridge area. Small outcrops of the Martin Limestone 
are associated with the Bolsa and Abrigo Formations in the 
northwest quarter of section 35 and the southwest quarter of 
section 26, T. 17 S., R. 12 E. A small isolated outcrop of 
Martin (?) is found in the southwest corner of section 23,
T. 17 S., R. 12 E. just west of drill hole T-49 (PI. 1).
This isolated exposure appears to be draped over a sharp in
cline of the generally flat lying sole, and may be in fault 
contact with the underlying Precambrian (?) granite. It is 
not found in the core from drill hole T-49 located just east 
of the outcrop.

The Martin Limestone was recognized in drill holes T-46, 
T-54 and T-60, where it averages 250 feet in thickness. In 
outcrop it is a slightly dolomitic limestone that varies from 
light tan to dark gray in color. Sandy lenses and chert are

10
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distributed sporadically throughout. Due to recrystallization 
the Martin has been transformed locally to a fine grained 
marble, which process destroyed most of the bedding planes. 
Cladopora reefs are the only recognizable fossils found 
within the Martin, and they are generally located about 
fifty feet above the base of the formation (Burroughs, 1959).

MISSISSIPPIAN SYSTEM 

Escabrosa Limestone

The Escabrosa Limestone is early Mississippian in age, 
and it is found only in the Foy Ridge and Twin Buttes areas. 
Diamond drill holes T-24 and T-60 are the only holes that 
penetrate the Escabrosa.

The Escabrosa is a massive, light gray to white, very 
coarsely crystalline marble. Chert is found only in thin 
stringers near the top of the formation.

PENNSYLVANIAN AND PERMIAN SYSTEMS 

General Statement

The nomenclature of the Pennsylvanian and Permian 
rocks of southern Arizona has posed a complex problem for 
many years. Ransome (1904) defined the original Naco Formation



12
as beds of both Pennsylvanian and Permian ages found in the 
Bisbee district. Gilluly, Cooper, and Williams (1954) eleva
ted the Naco Formation to group rank and defined six formations 
within it. These in ascending order are; Horquilla, Earp, 
Colina, Epitaph, Sherrer and Concha.

In some areas it has not been possible to differentiate 
the Earp, Colina, and Epitaph Formations. Galbraith (1959) 
used the name Andrada Formation for these rocks in the Empire 
Mountains.

Bryant (1955) assigns the Horquilla, Earp, Colina 
and Epitaph Formations to the Naco Group, and places the 
Sherrer and the Concha in the Snyder Hill Group. He assigns 
the Horquilla to the Pennsylvanian Period, and draws the 
Pennsylvanian-Permian boundary a few hundred feet above the 
base of the Earp Formation. The upper part of the Earp and 
the four post-Earp formations are thus all Permian in age.

Due to the extensive metamorphism, local absence of 
formations, complex structure and paucity of outcrop, the 
Horquilla, Earp, Colina and Epitaph Formations can not be 
differentiated with any degree of accuracy in the Ruby Star 
Ranch area. All of the formations are mapped as the Naco 
Group after Bryant's (1955) classification. The Sherrer 
Formation and the Concha Limestone however, are mapped as
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individual formations. Both of these formations, especially 
the Concha, are easily identified, and this subdivision of the 
Snyder Hill Group is useful in structural interpretation.

Naco Group

Members of the Naco Group crop out along the crest of 
Foy Ridge, along the crest and northeast dip slope of Twin 
Buttes, and form a small hill just north of Twin Buttes.

In general the Naco Group consists of alternating thin 
beds of moderately silicified limestone and hornfels or quartz
ite with thin stringers and nodules of chert. The beds are 
only six to eight inches thick at the base and become thicker 
higher in the column. Except for its greenish-blue to grayish- 
blue color and stratigraphic position, the Naco Group can 
easily be mistaken for the Abrigo Formation.

Most of the strata penetrated in drilling are designa
ted members of the Naco Group, because of similarity to out
crops of the Naco and the presence of gypsum beds. Due to 
extreme alteration and structural complexity, correlation be
tween drill holes as close as 250 feet could not be made in 
the Naco above the flat lying sole.

South of the southern extent of the sole and north of 
Twin Buttes most of the drilling penetrated members of the Naco



14
Group. The units are highly altered to garnet, diopside, 
wollastonite, tremolite and epidote. Silicification of the 
limestone is predominant with interbeds of gray to white, 
medium to fine grained marble, quartzite and hornfels.

In the vicinity of drill hole T-3, section 23,
T. 17 S., R. 12 E., a limestone unit was found resting on 
the sole above the Precambrian (?) granite. This unit appears 
as an isolated block separated from the subsurface limestones 
in the southern part of the area, and it is the northern
most extension of known limestone (PI. 4). It consists of 
garnet, diopside, epidote and other calc-silicate minerals 
with interbeds of hornfels, argillite, quartzite, marble and 
gypsum. The gypsum beds range from five to fifty feet in 
thickness.

On the basis of the gypsum beds and similar strati
graphy this tactite is regarded as part of the Naco Group. 
Galbraith (1959) describes three beds of gypsum five to fifty 
feet thick in the upper part of the Andrada Formation in the 
Empire Mountains. Cooper (1960) mentions beds of shale, 
limestone, marl and gypsum near the San Xavier Mine on Mineral 
Hill. He tentatively assigns them to the Earp Formation. This 
tactite unit may also be the equivalent of the Pima Formation 
found at the Mission Mine and described by Richard and
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Courtright (1959) as units of quartzite, tactite and hornfels 
with gypsum beds. They tentatively assign the Pima Formation 
to the Paleozoic and suggest that it is Pennsylvanian- 
Permian in age.

Sherrer and Concha Formations

The type Sherrer Formation in the Gunnison Hills 
consists of about 65 feet of red siltstone at the base, 300 
feet of white sandstone, 165 feet of limestone and 150 feet 
of white sandstone at the top (Bryant, 1955). In the Ruby 
Star Ranch area a white, fine grained, quartzite is found 
associated with the Concha Limestone. Positive identifica
tion is lacking because of the absence of fossils, but based 
on its relationship with the Concha Limestone the quartzite 
is correlated with the upper sandstone member of the 
Sherrer Formation.

The Concha Limestone and the quartzite member of the 
Sherrer Formation are never found in stratigraphic sequence 
with the rest of the Paleozoic section in the area. Both 
units occur only as detached blocks in the Helmet Fanglomerate. 
It was believed that the Concha located just west of the north 
end of Foy Ridge (PI. 1) was in stratigraphic position with 
the other Paleozoic Formations, but diamond drill hole T-64
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demonstrates that it is interbedded with the Helmet. The 
hole begins in Concha Limestone and so continues for forty 
feet then penetrates 700 feet of fanglomerate before entering 
a member of the Naco Group (PI. 2).

Drill hole T-52 begins in Helmet Fanglomerate and 
penetrates the Concha Limestone at 230 feet continuing in it 
to 350 feet where it re-enters the Helmet Fanglomerate. The 
hole continues in the Helmet for 970 feet before entering 
Cretaceous (?) arkose (PI. 2). The drill hole entered the 
Concha within five feet of the predicted depth based on calcu
lations made from strikes and dips taken at an outcrop of Con
cha 300 feet north of the drill hole (PI. 1). Thus the 
lentil of Permian rocks dips southeast parallel to the dip 
of the Helmet Fanglomerate.

If the quartzite unit is a member of the Sherrer 
Formation, the detached blocks in the Helmet then show a 
reversal of stratigraphic sequence- albeit, the Sherrer 
overlies the Concha. A reversal of order must have occurred 
before or during the conformable emplacement of the tabular 
masses with the Helmet Fanglomerate.

Even though both the Concha and quartzite member of 
the Sherrer Formation are strongly brecciated, little rotation 
or mixing of the fragments has taken place. Contacts between
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the two formations are regular and individual beds can be 
traced in both units throughout intensely brecciated rock. 
Contacts between the Helmet Fanglomerate and the Permian 
detached blocks show striations both above and below the 
lentils.

The quartzite, which is correlated with the upper 
Sherrer sandstone member, is a hard, white to light-gray, 
fine grained, brecciated rock.

The younger Concha Formation is a dark blue-gray, 
brecciated, aphanitic, fossiliferous limestone. Fragments of 
the Concha average two to three inches in diameter, but 
blocks up to one foot in diameter are present. These frag
ments are cemented together by blue-gray calcite. White 
stringers of calcite, together with brachiopods and gastro
pods are abundant throughout the limestone.

CRETACEOUS (?) SYSTEM 

Arkose Complex

Unconformably overlying the Paleozoic section is an 
arkose complex assigned to the Cretaceous on fossil evidence 
(Mayuga, 1942), field relationships, and correlation to similar 
strata in southern Arizona. The age is still somewhat



doubtful because the complex could be upper Jurassic, lower 
Cretaceous or both.

The arkose complex is found north of a line running 
east-west through the northern quarter of section 26, T. 17 S., 
R. 12 E., and it is absent south of this line in both drill 
core and outcrop (PI. 1).

The complex is composed of arkose, graywacke, pebble 
conglomerate, quartzite, shale, pyroclastics and thin beds 
of limestone. The formation is always found in fault contact 
with underlying Paleozoic rocks or Precambrian (?) granite, 
and it is almost always brecciated.

TERTIARY SYSTEM

18

Miocene (?) Helmet Fanglomerate

The Helmet Fanglomerate is the most wide-spread 
formation in the area, and it occupies essentially the trough 
structure in the Sierrita granite (Pis. 3 and 6). It has 
an average strike of N.60°E. and dips about 55°SE., with 
dips lessening to approximately 20° in the southern part of 
the area.

The thickness of the Helmet exposed in the Ruby Star
Ranch area is about 11,000 feet. No faulting that could repeat
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or cut out beds was recognized in surface exposures or drill 
core, but faults are extremely difficult to recognize in the 
formation due to its lithology and lenticular nature.

The Helmet is in flat fault contact with the under
lying Precambrian (?) granite in drill hole T-40 and is in 
depositional or fault contact with any of the formations located 
stratigraphically below it.

Cooper (1960) assigns a middle Tertiary age to the 
Helmet Fanglomerate based on field relations and correlation 
to other similar lithological formations containing fossils 
in southern Arizona. It may be Miocene in age.

The Helmet Fanglomerate is a poorly-sorted conglomerate 
containing cobbles and boulders set in a silty matrix. Most 
of the boulders and cobbles are angular and seem not to have 
traveled far. At some places rock fragments of one type 
can be observed making up a bed, which lenses out or is 
faulted off.

The conglomerates are finer grained in the eastern 
part of the area, and tend to be more monolithic and coarser 
in the western part. The source area can only be surmised 
since sedimentary structural features are lacking in the forma
tion, but it was probably derived from a domal uplift in the 
western part of the district.



Cooper (1960) has subdivided the Helmet into three 
units. The oldest members are exposed in the northern part 
of the area, and the fanglomerate becomes younger to the south.

The lower unit is the most consistently unstratified 
part of the formation. It contains fragments as large as five 
feet in diameter, but most are cobble size. The majority of 
the fragments are of Cretaceous (?) arkose and porphyry, plus 
minor amounts of Cretaceous (?) quartz latite breccia and 
andesite. Very few granodiorite fragments are present, and 
no fragments from the Paleozoic or Precambrian (?) formations 
have been observed.

The middle member of the fanglomerate is separated 
from the lower member by andesite flows. The middle member 
consists mostly of fragments of the Cretaceous (?) complex, 
but some are of granodiorite and Paleozoic rocks, including 
copper stained tactite. Interbedded with the conglomerate 
units are layers of tuff and tuffaceous sediments as are some 
of the detached blocks of the Concha and Sherrer formations.

The upper member is the youngest member of the Helmet 
exposed in the thesis area. The fragments are of all types found 
in the lower two members. Some tendency toward monolithologic 
composition was noted southwest of the Ruby Star Ranch, where 
small and large fragments of granodiorite constitutes as much
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as 50 percent of the total. Interbedded with the conglom
erate units are several detached blocks of the Concha and 
Sherrer formations.
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QUATERNARY SYSTEM

Pleistocene and/or Recent Sediments

A thin veneer of sand and gravel of probably 
Pleistocene and Recent age exists throughout the area 
and forms an angular unconformity with the truncated Helmet 
Fanglomerate.

The gravel cover thickens to the east and near out
crops such as Foy Ridge and Twin Buttes angular fragments of 
all the Paleozoic rocks recognized on the slopes can be 
found in the deposit. It is approximately 200 feet thick 
in the vicinity of drill holes T-69 and T-47 located just 
north of Twin Buttes. This unit is differentiated from the 
Helmet Fanglomerate by the unconformably relation, unlithi- 
fied character and overall field relationships.



I G N E O U S  R O C K S

INTRODUCTION

Igneous rocks ranging in age from Precambrian (?) to 
post-Miocene exist throughout the area. Strong brecciation 
and gradational contacts of the igneous rocks make it diffi
cult to distinguish age relationships and even prevents posi
tive identification locally. The igneous rocks of the Ruby 
Star Ranch area are granite, granodiorite, quartz monzonite 
porphyry, diorite, andesite and quartz latite. The various 
igneous rocks are discussed in the order of their age, be
ginning with the Precambrian (?).

PRECAMBRIAN (?) ROCKS 

Sierrita Granite

The Sierrita granite is of probable Precambrian age 
(Lacy, 1959) and is found cropping out along the surface 
exposures of the sole in the western part of the area, in 
outcrops immediately west of Foy Ridge and in drill holes 
in the northern three-quarters of the area (Pis. 1 and 3).
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This rock is medium to coarse grained and locally con

tains small flakes of biotite. Often large quartz eyes up 
to three tenths of an inch in diameter are present. In all 
exposures, and where encountered in drilling, the granite 
has been extremely brecciated and sheared. Pegmatite dikes 
cut the granite in a northerly direction and are probably 
little if any younger than the granite.

Diorite

A biotite diorite is found intruding the Sierrita 
granite adjacent to the exposures of the sole in the west 
central part of the area, and it also occurs as several small 
dikes in the Sierrita granite immediately west of Foy Ridge 
(PI. 1). Outcrops of the diorite in section 26, T. 17 S.,
R. 12 E., contain fragments of the Sierrita granite. A subtle 
flow structure surrounds the xenoliths, and the diorite becomes 
finer grained along its contacts. In both drill holes and 
outcrops the diorite is found intruding only the Sierrita 
granite. Thus the diorite appears to be post-granite and pre- 
Paleozoic and is assigned to the Precambrian. However, structu
ral events later than the diorite may have eradicated 
contrary evidence.
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In drill core the diorite occurs as thin lenses in 

the granite and these average ten feet in thickness. It is 
highly sheared and brecciated, and the intrusive relationship 
is not everywhere as evident as in the surface outcrops.

Surface exposures and drilling indicate that the 
diorite located in the west central part of the area is con
fined to a zone trending N.15°W. This zone extends at least 
11,000 feet between drill holes T-29 and T-33, and it is a 
minimum 2,500 feet wide between the exposures in section 23 
and 26, T. 17 S., R. 12 E., and its eastern most intercept 
in drill hole T-ll (PI. 1).

Due to the lenticular nature and unknown extent of 
the diorite in depth, it was not distinguished separately 
on Plate 2, but was grouped with the Sierrita granite.

The diorite weathers very easily and the exposures 
crumble when touched. The rock is fine grained and has the 
typical salt and pepper appearance of many diorites. Thin 
sections reveal that laths of andesine compose about 55 per
cent of the rock and have a subparallel orientation. Biotite 
and some hornblende make up the rest of the phenocrysts and 
have a subophitic texture. Accessory minerals are magnetite, 
epidote and apatite. Most of the mafics are altered to chlorite 
and the plagioclase is slightly altered to sericite and clay.
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UPPER CRETACEOUS AND/OR TERTIARY ROCKS 

Quartz Latite Breccia

A quartz latite breccia is found to rest either con
formably or unconformably upon the Cretaceous (?) complex 
in the western part of the area. In one exposure along the 
jeep trail in the east half of section 21, T. 17 S., R. 12 E., 
the contact between the arkose and the quartz latite breccia 
can be observed. A black siltstone approximately eight feet 
in thickness separates the two formations. This siltstone 
bed may represent an old soil zone, but it is believed to 
have been deposited as a silt bed since similar units occur 
throughout the arkose complex. The black siltstone is also 
found in drill cores separating the quartz latite breccia and 
arkose. Several exposures in the western part of the area 
also show that the quartz latite breccia is overlain by later 
andesite flows. If this quartz latite breccia is a forerunner 
of the granodiorite intrusion which occurs farther to the west, 
it is probably upper Cretaceous in age.

In hand specimen the quartz latite breccia is light 
gray to grayish-pink. It consists of angular to sub-angular, 
tabular fragments of whitish feldspar, quartz and lithic 
material set in a microcrystalline groundmass. The smaller
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fragments average .5 inch along their long axes and by 
their arrangements reveal flow structure. Small books of 
biotite are dispersed throughout the matrix and can occur as 
small clots.

The larger fragments average 2 inches in diameter, 
but inclusions reaching eight inches in diameter were noted. 
These fragments appear to have the same lithology as the 
enclosing rock, and are believed to be pieces of the same 
unit which solidifying earlier, were torn apart by continued 
flow.

In thin section the rock shows some characteristics 
of a welded tuff. Angular fragments of andesine-oligoclase, 
quartz, sanidine and small books of biotite are set in a 
matrix of glass shards that are partially divitrified. 
Boundaries, between the large fragments and enclosing rock, 
that can be easily seen in hand specimen, can not be found 
in thin section.

Andesite

Andesite which appears to be partly intrusive and 
partially extrusive is found intruding and lying unconformably 
on top of the Cretaceous (?) complex and the quartz latite 
breccia in the western and northern parts of the area (PI. 1).
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This relationship is found in drill cores as well as in out
crop. The andesite is brecciated in part and appears both 
aphanitic and porphyritic. The colors of the fresh rock 
range from light green to purple. Age relationships are not 
certain, but field evidence suggest that the andesite intrudes 
the quartz latite breccia. It is younger than the quartz la- 
tite breccia, but is pre-sole faulting. The rock is probably 
upper Cretaceous in age.

Granodiorite

Granodiorite forms a large intrusive body to the west 
of the Ruby Star Ranch area, and its eastern exposures are 
mapped in sections 27 and 28, T. 17 S., R. 12 E. (PI. 1).
In the thesis area the rock is a medium grained, equigranular, 
oligoclase-biotite granodiorite, but other varieties are found 
in the western part of the district.

The Geochemical Laboratory of the University of Arizona 
dated the granodiorite by the K-Ar method and obtained an age 
of 58.7 + 1.9 million years (Damon, et. al., 1964, p. AIII-2).

Another granodiorite intrusion is located between Foy 
Ridge and Twin Buttes (PI. 1), and it is probably the same 
age as and related to the granodiorite pluton in the western 
part of the district. It is intrusive into the Paleozoics and
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forms the core of the northwest plunging Foy Ridge-Twin Buttes 
anticline. Drilling information indicates that north of 
Twin Buttes the granodiorite breaks through the Pennsylvanian 
and Permian sediments as a large, shallow dipping, dike-like 
body 200 feet thick. In the vicinity of diamond drill hole 
T-47 the dike is overlain by 200 feet of gravel.

The Foy Ridge-Twin Buttes intrusion is an equigranular, 
medium grained, oligoclase-biotite granodiorite containing 
small euhedral crystals of honey colored sphene.

Quartz Monzonite Porphyry

Small bodies of quartz monzonite porphyry intrude the 
sole fault and the overlying brecciated formations in the north
western part of the area (PI. 1). In section 15 and the 
western half of section 22, T. 17 S., R. 12 E., unbrecciated, 
highly altered quartz monzonite porphyry intrudes the brecciated 
arkose and the quartz latite breccia. In the brecciated arkose 
a baked zone several feet wide surrounds the intrusion, and 
blocks of the arkose can be found incorporated in the quartz 
monzonite porphyry. In the baked zone the brecciated arkose 
is healed by recrystallization and where not healed the fragments 
are held together by stringers of quartz monzonite penetrating
around them.



29
Drilling in the same area shows that the quartz mon- 

zonite porphyry is post-sole, but nowhere are the intrusions 
found cutting the Helmet Fanglomerate. Thus the age of the 
intrusions must be post-sole and pre-Helmet. This confines 
the age to the Eocene or Oligocene epochs. On the geological 
map (PI. 1) it is designated Oligocene (?).

Hand specimens of the unaltered quartz monzonite 
porphyry are pinkish-gray and contain phenocrysts of plagio- 
clase, quartz and potash feldspar in a fine grained, gray 
groundmass. Small books of biotite and prisms of hornblende 
are present. Usually the feldspars are altered to sericite 
and clay.

Andesite Flows And Dikes

Andesite flows with plagioclase phenocrysts attaining 
one half inch in length are interbedded with the Helmet 
Fanglomerate. The Geochemical Laboratory at the University 
of Arizona attempted to date the plagioclase by the K-Ar 
method and obtained 37 + 17 million years. A very high error 
was assumed because of the extreme atmospheric air correction 
(Damon, et. al., 1964, p. AIII-1).

Andesite flows, which are petrologically similar to 
the andesite flows in the Helmet Fanglomerate, are found in
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the southern part of the Tucson Mountains. The Geochemical 
Laboratory at the University of Arizona obtained an age of 
28 + 2.6 million years for these flows (Damon, et. al., 1964, 
p. AII-7). This age probably approximates the true age for 
the andesite flows in the Helmet.

An andesite dike cuts the Helmet and is later than 
the deposition of the Helmet. A similar andesite dike 
cuts the Paleozoics on the northeast flank of Foy Ridge.
These two dikes appear the same petrographically, but whether 
they are of the same age is debatable. Creasy and Kistler 
(1962) dated the dike cutting the Helmet at 24 million years.



O B S E R V A T I O N S  O F  S T R U C T U R E

DISCUSSION OF THE STRUCTURAL CONTOUR MAPS 

General Statement

Plates 3, 4 and 5 are structural contour maps of the 
top of the Sierrita granite, top of the Paleozoic limestone 
and the base of the Helmet Fanglomerate. All of the maps 
were constructed from drill hole information, and the ele
vations were obtained by survey or extrapolated from the 
Twin Buttes quadrangle map. The structural contour map of 
the top of the Sierrita granite (PI. 3) is based in part on 
gravity data in the area north and east of drill hole T-30.

The Top Of The Sierrita Granite

Preceding from west to east a relatively flat area is 
crossed that slopes 5° to 15° eastward to just west of drill 
hole T-44, located in the western half of section 23, T. 17 S., 
R. 12 E. At this point there is a dnarp increase in slope, 
attaining 65 degrees between drill holes T-44 and T-41, with 
a relief of 730 feet in the 1,000 feet drill hole spacing. 
Again, immediately east of T-41 the granite surface levels
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out to an even plane with a small rise in the vicinity of 
drill hole T-18. East of drill hole T-18 the granite gently 
slopes off eastward into a trough at least 1,800 feet deep 
and elongated in an east-northeast direction.

In cross section a configuration resembling a glacial 
step is present in the vicinity of drill hole T-44. The 
closely spaced contour lines would be the riser, the flat 
plane below would be the tread, and the high in the flat 
plane would be the riegel. Drilling indicates that this same 
step-like structure extends at least from the southwest quarter 
of section 14 to the southwest quarter of section 26, T. 17 S., 
R. 12 E.; a distance of approximately 11,000 feet. It is 
about 2,500 feet wide at its center and narrows somewhat 
toward the ends.

In form the step-like structure is canoe shaped with 
shallow ends and deep middle. Its general trend is N.15°W., 
and according to information from drill cores, it coincides 
with the diorite intrusion in both length and width.

The relief from the bottom of the east-northeast trend
ing trough to the top of the "riser" is some 2,100 feet. Sure
ly this is not the original relief of the surface on which 
the Paleozoic succession was deposited; therefore the granite 
has been strongly deformed at some post-Paleozoic time.
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The Top Of The Paleozoic Limestone

In constructing this map (PI. 4) some minor fault 
slivers of Paleozoic limestone that are thrust over units 
higher in the stratigraphic sequence were not considered to 
be the top of the Paleozoic limestone. Data from these 
slivers were deleted from the information obtained by 
drilling.

The Paleozoic rocks should rest as a thick blanket on 
the granite surface. That this blanket is far from uniform 
in thickness is indicated by the structure contours (PI. 4).

A striking feature is the "island" of limestone in 
section 23, T. 17 S., R. 12 E. This "island" is directly 
above the "tread" mentioned in the discussion of the granite 
surface. No limestone was found in drilling or outcrop north 
of this area, and drilling shows that a gap exists between 
this isolated block of limestone and similar limestone units 
farther south. There is no known westward extension of this 
"island" of limestone, but it may continue northeastward as 
the dashed lines suggest. According to data from the drill 
cores, the previously mentioned fault sole underlies the 
limestone and separates it from the granite.
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In the southern part of the area the gentle slopes of 

the Paleozoic outcrops steepen to the north and west between 
drill holes T-53 and T-64, and drill holes T-53 and T-62.
The Paleozoic limestone in T-64 is in sole contact with the 
underlying granodiorite, and lies beneath 725 feet of Helmet. 
Drill hole T-62 was terminated at 494 feet and never passed 
through the Helmet (PI. 2).

The total thickness of limestone units in drill holes 
T-17 and T-64, which overlie the sole, is only 100 to 150 feet. 
The total amount of the limestone in T-46 and T-53 is 400 and 
500 feet, respectively, and it is overlain by a thin veneer 
of Helmet. In these last two holes the limestone is not 
separated from the underlying granodiorite by the sole.

According to drill information the southern extremity 
of the sole is situated between drill holes T-53 and T-64, 
and T-46 and probably T-62. This seems to account for the 
abrupt northward thinning of the limestone.

In the vicinity of drill hole T-47 in section 30,
T. 17 S., R. 13 E., a pie-shaped graben may be present which 
opens to the north. Limestone was penetrated in drill holes 
T-47 and T-45 at a depth of 610 feet and 220 feet, respectively, 
but in T-48 the limestone had not been reached when the hole 
was terminated in Helmet Fanglomerate at a depth of 1,011 feet.
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Drill hole T-68 was still in Helmet when it was terminated 
at 977 feet. This supposed pie-shaped graben would open 
toward the floor of the northeast trending depression in 
the granite surface (PI. 3).

The Base Of The Helmet Fanglomerate

The base of the Helmet Fanglomerate coincides fairly 
well with the form of the east-northeast trending trough 
shown in the structural contour map of the top of the 
Sierrita granite (PI. 3). It forms structural highs where 
it overlies ridges of Paleozoic and Cretaceous (?) sediments 
and structural lows where it fills in gaps and low areas in 
the underlying formations. The Helmet thickens to the east 
and is thickest over formations in sole contact with the 
Sierrita granite. It is absent to very thin over rocks not 
separated by the sole from the underlying granite.

STRUCTURE OF THE GRANODIORITE PLUTON

Approximately sixty million years ago (Damon, et. al., 
1964) a granodiorite pluton was intruded into the western 
part of the district. The pluton is at a very minimum 15 
miles long in a north-south direction and 10 miles wide. It 
comprises most of the Sierrita Mountains and floors a large
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portion of the pediment surface adjacent to the main mountain 
mass. A few of the eastern-most exposures of the intrusion 
are located in the extreme western part of the geologic map 
(PI. 1) accompanying this thesis.

Reconnaissance of a portion of this pluton revealed 
that planes of natural parting and platy flow structure are 
present, but no flow lines were noted.

The platy flow structure is revealed by parallelism 
of isolated biotite grains, and by parallelism of feldspar 
phenocrysts, which have their longest faces in preferred 
planes. Pockets or lenses of potash feldspar phenocrysts 
are also present, and the longest axes of the lenses are 
closely parallel to the strike and dip of the platy flow 
structure formed by biotite grains and feldspar phenocrysts.

The planes of natural parting occur locally, and they 
are believed to coincide with the rifting direction of the 
granodiorite. They are approximately parallel to the strike 
and dip of the platy flow structure formed by the biotite 
books and the parallelism of K-feldspar phenocrysts.

In the vicinity of the McGee Ranch (Fig. 1) the platy 
flow structures have a N.10o-20°W. trend and dip vertical 
to steeply westward. Traversing eastward from the McGee Ranch 
the same N.10o-20°W. trend of the platy flow structures is



maintained, but the dips migrate to 50o-55° eastward in the 
eastern-most part of the intrusion.

The granodiorite is traversed by steeply dipping aplitic 
dikes trending N.50o-70°E. Joints parallel to the aplitic 
dikes have surfaces coated with quartz, muscovite, epidote, 
chlorite and small amounts of sulfides. They are striated 
locally.

The structure suggests that the pluton rose as a 
dome along a N.15°W. trending axis, and as doming progressed 
the granodiorite appears to have stretched along its northerly 
trending axis opening tension fractures trending N.50o-70°E.
Some of these fractures were then filled with aplitic material.

Diamond drill holes T-28, T-33, T-38, T-40 (?), T-44, 
and T-58 demonstrate that the Sierrita granite lies directly 
beneath the sole, but also shows that the Sierrita granite is 
cut by Laramide granodiorite dikes at depth. Drilling through
out the area was usually terminated within a few feet after 
penetrating the Sierrita granite, and it is not known if this 
dike relationship is everywhere present.

Some of the holes were bottomed in granodiorite after 
drilling through 100 to 150 feet of Sierrita granite containing 
thin dikes of granodiorite. Approximately 50 feet of the 
granodiorite was cored before the termination of the hole.
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It is not known if the granodiorite that was found bottoming 
the hole occurs as thick dikes in the granite or if the 
Sierrita granite actually gives way at depth to the grano
diorite pluton. If the latter is the case, then the 
Precambrian (?) granite could be regarded as large xenoliths 
or perhaps as roof remnants.

THE FOY RIDGE - TWIN BUTTES ANTICLINE

The Foy Ridge-Twin Buttes fold is a northwest plung
ing anticline. The anticline is expressed by Devonian 
Martin limestone on opposite limbs, and the older Cambrian 
Abrigo Formation in the center of the structure. Beds on 
both flanks of the major fold have a general northwest strike 
and dip steeply away from the axis of the fold. Part of the 
succession on the southwest limb of the anticline is repeated 
and is overturned away from the granodiorite and granite to 
the south.

Several formations are missing in whole or in part 
in the center of the anticline. The Sierrita granite and the 
Bolsa are absent in the core, and portions of the Abrigo,
Martin and Escabrosa are missing from the northeast limb.
The Escabrosa Limestone is missing from the section immediately 
adjacent to the core of the anticline in the southwest limb.



These units are probably absent due to faulting, squeezing 
out, or partial assimilation during intrusion of the grano- 
diorite stock.

Minor folding and crinkling accompanied the major 
folding. Minor folds were noted in the Martin on the south
west limb of the anticline. The axes of these folds strike 
approximately N.45°W., parallel to the axis of the major fold, 
and plunge 35 to 45 degrees northwest. Folding is also pre
sent in the Escabrosa paralleling the major structure. Little 
minor folding is found in the northeast limb of the anticline. 
Cross sections indicate that along the southwestern edge of 
the southwest limb of the major fold disharmonic folding 
accompanied by faulting repeats some of the beds.

As folding took place thrust faults developed along 

the southwest limb of the fold carrying older Paleozoic 

formations northeastward over younger strata, and away from 

the granodiorite and granite. No thrusting is found in the 

northeast limb, except some bedding plane shears moving 

younger beds up and over older beds. The movement is not 

great and this process is normal in some folded strata.

Cutting these northwest trending thrust faults are a 

series of northeast tear faults. These faults show vertical
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The Paleozoic beds thicken and thin and this can be 

attributed to the deformation. However, metamorphism des
troyed many of the marker beds, so recognition of the precise 
mechanism of thickening and thinning is difficult.

Along the northeast side of the Twin Buttes limb, a 
coarse grained, white marble has been mapped as Escabrosa (?). 
Cross sections of the anticline indicate that if this is the 
Escabrosa, it has been displaced by faulting that has not 
been observed in the field. Perhaps this marble unit belongs 
to the Pennsylvanian-Permian sequence.

A granodiorite stock is located in the core of the 
anticline. It is not known if this intrusion is the same 
age as the granodiorite pluton in the western part of the 
district and related to it, or if it is younger. As the stock 
rose into the Paleozoic sequence it breached and domed the 
sedimentary shell and formed the northwest plunging anticline. 
Small apophyses and dikes of granodiorite are found abundantly 
in the Paleozoic sequence close to the granodiorite stock.
They trend with some regularity in northwest and northeast 
directions following a pre-intrusive fracture system,

Drilling northwest of the exposure of the anticline 
indicates that the stock plunges 25 to 35 degrees beneath the 
Paleozoic sediments. In outcrop folds indicate a 35 to 45
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degree northwest plunge. Either the plunge of the anticline 
begins to flatten with depth or the stock cuts across bedding 
and is not concordant. The granodiorite intrusion extends at 
least half a mile north of the surface exposures to an area 
located between drill holes T-34 and T-22.

Thus drilling reveals that the granodiorite stock is 
closely associated with the axis of the anticline, but portions 
of it break through the northeast limb of the fold along 
Twin Buttes Road. This segment forms a north trending dike 
about 500 feet wide, which is soon lost beneath cover.

In the covered area south of the projected sole and 
north and northeast of Twin Buttes (PI. 1) drill cores show 
that Pennsylvanian and Permian sediments are cut and overlain 
by granodiorite. The granodiorite body is in turn overlain by 
200 feet of Recent (?) gravel. It appears to be dike-like 
in form, and using data from three drill holes a strike of 
N.40°W. and a dip of 20°NE. is indicated. This igneous mass 
does not extend east of drill hole T-47 and the west boundary 
lies between drill holes T-32 and T-69. The northward extension 
is not known, but it extends southward past drill hole T-70.

Parts of the granodiorite found in the core of the 
anticline probably broke through the sedimentary rocks between 
drill hole T-70 and the outcrops of Paleozoic strata in the
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Twin Buttes. Or the dike is an extension of the same dike 

that breaks through the northeast limb of the anticline along 

the Twin Buttes Road.

Using a quartzite marker bed found in several drill 
holes the sedimentary rocks, below the gravel cover north of 
Twin Buttes and south of the flat lying sole, are calculated 
to have a general strike of N.45o-60°W. and dips averaging 
50°NE. These concealed formations are probably part of the 
northeast limb of the Foy Ridge-Twin Buttes anticline, and 
as they begin to wrap around the nose of the anticline they 
become thinned on the sole.

The limestone hill a quarter of a mile northeast of 
Twin Buttes consists of the Earp (?) Formation and was mapped 
as part of the Naco Group (PI. 1). The limestone is strongly 
silicified and strongly altered to calc-silicate mineral 
assemblages. The beds strike parallel to the strata in the 
Twin Buttes, but they dip much more steeply northward. The 
limestone appears to be out of stratigraphic position with 
the surrounding sequence; perhaps this hill is part of a large 
block that glided northward off of the Twin Buttes anticline.

Drilling discloses a northwest trending fault between 
drill holes T-47 and T-68, and a northeast trending fault is 
present between drill holes T-48 and T-45. These two faults
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drop a pie-shaped block between drill holes T-47 and T-45, 
as already mentioned. This block is dropped at least 800 
feet and opens to the north. Below 200 feet of Recent (?) 
gravel a minimum of 800 feet of Helmet Fanglomerate fills 
this graben.

FAULTING 

Sole Fault

The flat lying sole is the most interesting geologic 
structure in the Ruby Star Ranch area. Drilling intersected 
the generally flat lying sole just north of Foy Ridge and 
demonstrated that it extends through the northern part of 
the area.

Small exposures of this sole crop out in the west 
central and western parts of the area, but nearly everywhere 
exposures of the sole are covered by alluvium. Its presence 
is expressed by abrupt changes in lithology accompanied by 
intense brecciation and shearing.

The sole brings parts of the Paleozoic section and 
Cretaceous (?) complex into fault contact with the underlying 
Sierrita granite and a small portion of the granodiorite loca
ted in the southern part of the area. A black gouge zone



ranging from six inches to six feet in thickness separates 

the Sierrita granite and granodiorite from overlying strata.

The fault zone is usually gradational, passing upward 
from sheeted, to sheared, to intensely brecciated and sheared 
granitic rocks; up through the black gouge zone containing 
both granitic and sedimentary fragments and into overlying 
strongly brecciated and sheared sedimentary and volcanic rocks.

A flat fault relationship exists between the Helmet 
Fanglomerate and the Sierrita granite in drill hole T-40.
The fault separating these two rock types is probably due to 
movement later than the sole and is not related to it in time. 
This relationship will be discussed later.

The sole is very irregular and is not everywhere flat 
lying. Generally it averages 10 to 25 degrees in dip, but in 
sections 23 and 26, T. 17 S., R. 12 E., the sole dips 65 to 
75 degrees in outcrop. Within 2,000 feet east of the outcrop 
the sole flattens to a dip of 10 to 15 degrees in drill hole 
T-12 and has a relief of 1,050 feet.

In the western part of the area dips measured in out
crop average 35 to 40 degrees eastward, but they tend to 
flatten out and dip westward toward the middle of section 22. 
The volcanic and sedimentary rocks overlying the sole in this
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section are only a few feet to 200 feet thick and approach 
a saucer shape.

Volcanic and sedimentary rocks become thicker over 
the sole east of the Precambrian (?) granite high exposed in 
the east half of section 22 (PI. 1). These rocks tend to 
thin out along the perimeter of the sole and assume a disc 
shape in cross section.

In section 21, T. 17 S., R. 12 E., outcrops of the 
Sierrita granite are strongly sheared and display slicken- 
sides and gouge zones similar to those formed by glacier 
movement. The striae have a general N.80o-85°E. trend and 
range from steep to flat in plunge. The granite is intensely 
mylonitized, brecciated sheared and sheeted. The shearing 
ranges in dip from flat to steep, and locally it shows dis
placement of overlying sheets of granite eastward or north
eastward in relation to the underlying sheets.

On the basis of these observations the movement 
arrows (PI. 4) were drawn. The arrows indicate the inferred 
path of the limestone masses migrating toward the northeast 
trending depression (PI. 3). Because of the "tread"and 
"riegel" in section 23, the limestone "island" (PI. 4) was 
not free to migrate, and caused differential movement around
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North Trending Tensional Faults

In the northern part of the area a well developed 
pattern of faults trending N.20o-30°E. is developed in the 
arkose and andesite units lying above the sole (PI. 1).
These faults are terminated at depth by the sole, and they 
dip mostly to the east. The angle of dip varies from verti
cal to 60°, but the dip is extremely variable on any one 
fracture (Waller, 1960). These faults appear to be mostly 
tensional in origin, and the exposed ones are normal.

East-Northeast Trending Strike-Slip Faults

Strike-slip faults trending N.70o-80°E., with steep 
dips, are present throughout the area (PI. 1). Most of 
the faults are left lateral, but some right lateral ones 
exist in the central part of the area as indicated by the 
eastward retreat of the exposures of the sole. Some of these 
have caused minor movement in the Helmet as can be seen by 
the small amounts of lateral offset in the andesite dike 
that cuts the fanglomerate in section 13 and 24, T. 17 S.,
R. 12 E. (PI. 1).

The exact amount of movement is not known, but it can 

vary from a few feet as shown by the offset in the andesite



dike in the Helmet to 2,000 feet in section 11, just north 
of the thesis area (Waller, 1960, p. 17). Waller describes 
left lateral movement that offset Cretaceous limestone beds 
and arkosic quartzites some 2,000 feet. The dip of the lime
stone beds on the northern block is approximately 10° less 
than their dip on the southern block. It would thus appear 
that the northern block has moved upward as well as laterally 
in relation to the southern block.

The Helmet masks most of the strike-slip faulting in 
the Ruby Star Ranch area, but drilling data suggest that it 
is strongest in the Paleozoic and Cretaceous (?) formations 
overlying the sole. A small amount of east-northeast shearing 
is noted in the fanglomerate, but it is patchy and difficult 
to detect. The lenticular nature of the deposit also does 
not allow the direction of movement to be determined precisely.

The strike-slip faults tend to form a fan-shaped 
pattern, which converges westward toward the Sierrita Mountains 
They cut the north trending normal faults and may be of 
several generations. The latest strike-slip faults, which 
are located in the Helmet, show the smallest amount of movement
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Imbrication

What may be imbricated thrusting is present in the 
sediments overlying the flat sole. In drill holes T-18 
and T-57 Paleozoic limestone moved eastward over younger 
Cretaceous (?) strata at a low angle. Also drilling 
suggests that imbrication occurs within certain individual 
units. Usually these movement surfaces dip at low angles 
westward. This same type of imbrication appears in the 
Sierrita Granite in section 21, T. 17 S., R. 12 E.

The age of the imbricate thrusting is not known, but 

it is probably continuous from the beginning of the sole 

faulting into the beginning stages of the strike-slip 

faulting. This age relation will be discussed in more 

detail below.

The East-Northeast Trending Trough

The structural contour map of the top of the Sierrita 
granite (PI. 3) shows an elongated trough trending approxi
mately N.60°E. It is about five miles long and three miles 
wide. The trough is bordered on the south by a Laramide 
granodiorite intrusion and Paleozoic sediments and on the 
west by the Sierrita granite and Laramide granodiorite.
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Beyond the geological map (PI. 1) to the east, Precambrian (?) 
granite and younger sediments are found at the surface along 
the eastern tip of the trough in sections 15 and 16,
T. 17 S., R. 13 E., at an elevation of 3,050 feet. The 
floor of the trough rises to the north to an unknown depth 
below a sedimentary cover.

There is a relief of 2,300 feet between the floor of 
the trough and the granite exposed in the western part of 
the area, and a minimum relief of 1,800 feet between the floor 
of the trough and the top of the granodiorite body exposed 
along the Twin Buttes Road immediately west of Twin Buttes.

Drilling information is sparce in the eastern part 
of the trough, and the geometry is based in part on gravity 
data and in part on interpretation between the wide spaced 
drill holes. In cross section the trough is asymmetrical 
with the south wall sloping northward about 50°, and the 
north wall sloping southward 35 to 40 degrees.

Drilling never passed through the Helmet in the 
eastern section of the trough. Diamond drill hole T-30 
was still coring fanglomerate when it was terminated at a 
depth of 1,809 feet. Thus it is not definitely known what 
lies beneath the Helmet in this section of the depression.



Because the measured specific gravities of the 
Sierrita granite, some sedimentary rocks and the Helmet 
Fanglomerate are nearly the same in value, differentiation 
of these units is extremely difficult from the gravity 
data. Gravity measurements suggest that the Sierrita granite 
lies directly beneath the Helmet in the deepest part of the 
depression, but sedimentary rocks could be just as easily 
present, located between the Helmet and the Sierrita granite, 
and remain undetected in the gravity survey. If such rocks 
are present, the Sierrita granite is even farther depressed 
than the gravity information indicates.

The trough is probably bordered along the southern 
wall by normal faults that dip northward toward the floor 
of the depression. Perhaps this feature began to form early 
in the doming history of the district, because an offshoot 
of the granodiorite batholith intrudes much farther eastward 
along the general trend of the axis, and served as a zone of 
structural weakness along which continued readjustments have 
tended to concentrate.

During and/or after the deposition of the Helmet 
Fanglomerate, the southern edge of the northern wall sank 
tilting the Fanglomerate to the southeast.
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I N T E R P R E T A T I O N

INTRODUCTION

After the emplacement of the Sierrita granite and 
the intrusion of the diorite in Precambrian (?) times, the 
area of the present Ruby Star Ranch was relatively quiet 
throughout the Paleozoic and Mesozoic Eras. In the Cretaceous, 
however, the area became unstable, as shown by the arkose 
complex. This complex, a syntectonic deposit, is a surface 
manifestation of drastic changes that were beginning to take 
place at depth.

By the end of the Cretaceous a granodiorite batholith 
began rising in the western part of the district, and caused 
doming of the whole Sierrita Mountain area. The rising dome 
is regarded as the cause of the complex structural pattern 
present on its pediment surface in the Ruby Star Ranch area.

FOY RIDGE-TWIN BUTTES ANTICLINE

The structure of the anticline and its surroundings 
was controlled primarily by the emplacement of the granodiorite 
stock in the core of the anticline. As the stock intruded, it 
caused doming and breaching of the sedimentary cover.
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The beds on the northeast limb were up lifted and 

tilted northeastward by the stock, but a different situation 
existed in the southwest limb. It appears as if this limb 
was entrapped between two rising masses (PI. 1). The 
Sierrita granite block, located just west of Foy Ridge, is 
probably a large xenolith and was actively being uplifted by 
the granodiorite at the same time the granodiorite was being 
intruded into the core of the anticline. These two vertical 
uplifts were happening simultaneously. The granodiorite core 
not only uplifted and tilted the overlying sediments in 
Foy Ridge to the southwest, but forced them against the 
Precambrian (?) block, which acted as a buttress. This action 
caused thrusting, minor folding and overturning, which made 
more room for intrusion in the core.

As intrusion into the core progressed the sedimentary 
shell was also stretched longitudinally, causing tensional 
stresses parallel to the strike of the bedding. The core 
yielded along northeast trending tear faults, perpendicular 
to the direction of tension. These same tensional forces 
may have caused the pie-shaped graben to form just north of
Twin Buttes.
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FORMATION OF THE FAULTED TROUGH

As mentioned earlier the east-northeast trending 
depression probably began to form early in the doming history 
of the district, and the trough is almost certainly fault 
controlled. The three known graben-like structures located 
in the district are located on the fringe of the batholithic 
intrusion, and they tend to form a fan-shaped pattern which 
converges toward the granitic pluton (Fig. 1). The southern
most trough trends approximately N.60°E. as does the middle 
graben, but as the fringe begins to swing northwest around 
the northeast end of the pluton the northern graben assumes 
a N.40o-45oE. trend. Thus it is suggested that the troughs 
are related in origin to the granodiorite pluton.

But how can up-doming on a nearly north-south axis 
cause grabens to form nearly perpendicular to the axis?
The answers to this question will not be fully known until 
further work is done in the area, but a possible explanation 
can be given from the present scanty information.

If we would treat the granodiorite domal structure 
in the western part of the district though it were a salt 
dome, then the analogies between the structures caused by the 
salt dome and the igneous intrusive dome can be drawn.
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The beds above a salt dome, when they are preserved, 

are domed, and therefore stretched by the push from below, 
and they often show an intricate pattern of normal tension 
faults, as in the case of the Reitbrook dome in Germany 
(DeSitter, 1956, p. 259). A similar structure is the Hawkins 
dome in Texas, where the fault pattern has a more radial 
arrangement (DeSitter, 1956, p. 259). Both kinds of faults, 
normal tension faults and radial tear faults, are typical of 
this kind of structure, which is directly comparable to 
that of a plunging anticline.

As discussed by DeSitter (1956, p. 206-211) almost 
every anticlinal structure is accompanied by a host of faults. 
All of these faults have a common origin in the stretching 
that results from the three dimensional shape produced by 
uplift. The simplest and earliest kinds of fractures to form 
are the normal cross faults, perpendicular to the axis, which 
form by stretching along the longitudinal arch. In place of 
faults, these may merely open as fissures. Usually faults 
are strongest in the plunge of the anticline and are referred 
to as peri-anticlinal faults.

During the longitudinal growth of the anticline, the 

anticlinal plunge is gradually pushed outwards, leaving its 

faults on the flanks of the later horizontal axis. The normal
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longitudinal crest faults are the last to come into existence, 
because they belong to the anticlinal and not to the peri- 
anticlinal stage. This is clearly illustrated by the example 
DeSitter (1956, p. 209) gives of the Kettleman Hills North 
Dome where crestal faults are lacking in the peri-anticline, 
but are present on the crest.

A parallel can be seen between structures formed in 
the overlying beds that are intruded by salt domes and the 
structural pattern present on the fringe zone of the grano- 
diorite pluton in the Ruby Star Ranch area.

As the granodiorite pluton was rising, the overlying 
rocks were being stretched by crustal lengthening and were 
adjusting to the tensions built up by the intruding mass. 
Structures in the batholith suggest that the pluton was not 
only rising vertically, but was stretching along its north- 
south trending axis. The shell of the older strata thus was 
not only being stretched in a vertical direction, but also 
by longitudinal tension in a north-south direction as they 
adjusted to the conformation of the invading pluton. The 
shell of sedimentary rocks yielded to the resulting stresses 
partly by fracturing.

Perhaps the original fractures, causing the graben- 
like structures to form in the older rocks of the eastern
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fringe zone, owe their origin to peri-anticlinal faulting as 
previously described. Or maybe the original fractures are 
a result of stretching around the curving fringe of the bath- 
olith. This is suggested by the outward divergence of the 
trough axis from the center of the dome. Possibly the frac
tures originated by a combination of the two processes, curva
ture stretching and peri-anticlinal fracturing.

Whatever the cause, the fractures probably began to 
form early in the doming history as suggested by the emplace
ment of part of the granodiorite pluton along the axis of the 
trough in the Ruby Star Ranch area.

If fractures were formed in the initial stages of 
doming, then the stresses resulting from continued uplift 
would be relieved along these as doming progressed. These 
stresses would tend to open the fractures perpendicular to the 
longitudinal stress field-that is in an east-northeast di
rection in the Ruby Star Ranch area- and cause subsidence 
within the grabens.

In the Ruby Star Ranch area the main normal fault 
seems to be along the south wall of the trough, dipping north
ward approximately 50 degrees. The south wall of the trough 
seems also to be the footwall of the faulted structure. The
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hanging wall appears to be hinged along the northern border of 
the trough and to dip southward 35 to 45 degrees.

The trough probably formed over a considerable length 
of time; at least from the Cretaceous to late Miocene. The 
effects of the southward tilting of the hanging wall can be 
observed in the steep south dips of the Helmet Fanglomerate.

After formation of the original fractures the western 
edge of the trough was invaded and healed by granodiorite 
and may have been somewhat uplifted as doming progressed.

GRAVITATIONAL GLIDING 

General Statement

As doming progressed, not only were fracture patterns 
formed in the intrusion and its fringe zone, but the stage was 
being set for gravitational gliding and deposition by the 
consequent increase in relief.

At least two members of the Paleozoic sequence are 
highly incompetent units. They are the Abrigo Formation and 
the Naco Group. Both of these contain thin beds of shale, 
siltstone and quartzite, and in addition the Naco Group con
tains beds of marl and gypsum. Both of these units should have 
yielded readily on internal slip planes when a relatively small 
stress was applied to them.



Impelled by gravity the strata should have failed 
along these incompetent beds and glided eastward to their 
present position in the Ruby Star Ranch area. Since no for
mations older than the Naco Group were found while drilling 
the glide plate, it is supposed that gliding off of the 
roof of the granodiorite pluton occurred along weak zones 
in the Naco Group.

Failure To Find Autochthonous Sediments

Drilling in the western part of the area now covered 
by the glide plate never penetrated any Paleozoic or Cre
taceous (?) rocks that were deposited in place. All of 
the Paleozoic and Cretaceous (?) strata penetrated by the 
drill holes are everywhere bottomed by the sole, and they 
lie directly over the Sierrita granite. Thus the sediments 
are allochthonous.

The question now arises as to the location of the 
sediments originally autochthonous in this area. There are 
several possibilities that can be considered: (1) The
Sierrita granite was a high during Paleozoic and Cretaceous 
times, and the sediments were never deposited at this place. 
Later the granite was depressed forming the faulted trough.
(2) The original sediments were eroded here before glide sheets
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were shet from the roof of the batholith. Or (3) the original 
sediments glided eastward to the deeper part of the depression 
initiated by uplift of the western lip of the trough and 
down-dropping of the center of the graben-like feature 
during continued doming. This transfer occurred before the 
main gliding event from the roof of the pluton.

Propositions 1 and 2 do not seem feasible, because 
the trough is bordered on the south, in the vicinity of Foy 
Ridge and Twin Buttes, by autochthonous rocks. Surely, the 
sedimentary history of the area would not allow at least 
1,700 feet of sediments to be deposited in the block located 
a few tens of feet south of the trough, and yet not deposit 
them in the trough area. There is no suggestion that the 
sediments of Foy Ridge and Twin Buttes thin to the north as 
would be expected if a granitic high were present during 
their deposition. If any erosion occurred before the main 
gliding event, it would be expected that the dome would be 
eroded first, since it would be higher than the sediments in 
the trough area. There is no evidence of this in the Ruby 
Star Ranch area.

The third proposition seems to be the least objection
able. As was discussed earlier under the description of the 
east-northeast trending trough, it is not known from the
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drilling or the gravity data what underlies the Helmet in the 
central and eastern sections of the trough. Perhaps very 
deep drilling would intersect stacked thrust sheets derived 
from the uplifted western lip of the trough.

Whatever the cause may be for the lack of autochthonous 
sediments in the western section of the trough, this section 
of the depression was essentially devoid of a sedimentary 
cover at the time of the main gliding event.

Due to the absence of autochthonous sediments in the 
western part of the depression and an increase in slope due 
to continued domal uplift and down-dropping of the trough, 
sufficient room and relief were developed to allow gravita
tional gliding to take place off of the uplifted flanks of 
the dome.

Mechanics Of Gliding

It is not known if any folding or crinkling of the 
sedimentary shell occurred before gliding, but the glide 
plate in the thesis area shows no recognized evidence of 
inverted bedding or folding. The glide plate consist of 
the Naco Group, in whole or in part, overlain by possible 
Sherrer quartzite in drill holes T-10, T-41 and T-59 followed 
upward by Cretaceous (?) units. An imbricated limestone



unit over parts of the Cretaceous (?) complex in T-18 and 
T-57 may be the Concha Limestone, but due to extreme altera
tion the identification is questionable.

In general the glide plate consists only of members 
of the Naco Group in the southern part of the area northward 
to an east-west line corresponding with the southern boundary 
of sections 22 and 23, T. 17 S., R. 12 E. (PI. 1). North 
of this line the Naco Group is overlain by the Sherrer quart
zite, Concha Limestone, and the Cretaceous (?) complex to an 
east-west line located between drill holes T-23 and T-ll.
All of the units of the glide plate north of this boundary 
line consist wholly of the Cretaceous (?) complex and ande
site. West of a north-south line corresponding to the east 
boundary of section 15 and 22 only the Cretaceous (?) com
plex, quartz latite breccia and andesite compose the glide 
plate. No limestone was found in this area.

It is not known if one or a series of blocks of the 
sedimentary cover are involved in the gliding or at what angle 
the gliding took place off of the flanks of the dome, but 
the slope was probably accentuated by the development of the 
northeast trending trough. Also it is not known if the gliding 
occurred on one basic shear or several shear planes throughout 
the section. Due to lack of more detailed information it is
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assumed that one block glided down an appropriate slope 
lubricated at its base by shale and/or gypsum units of the 
Naco Group.

As uplift accumulated in the western part of the area 
a large block of the sedimentary and volcanic shell broke 
loose and began gliding down the eastward dipping flank.
As the gliding plate of the sediments continued eastward, 
it rode over the Sierrita granite in a N.80o-85°E. direction 
as indicated by the striations in the granite in the western 
part of the area. Segments of the Naco Group were probably 
thinned out by frictional drag along the basal shear plane. 
Some segments may have become retarded by the lows present 
in the irregular surface along the sole of the plate. The 
Cretaceous (?) and associated units continuing their east
ward journey may have been thrust over the retarded Paleozoic 
units, and some of the Cretaceous (?) rocks may have become 
retarded blocks themselves.

Cretaceous (?) units in flat fault contact with the 
underlying granite in the northern part of the area may have 
overridden the Pennsylvanian-Permian strata, and the 
Cretaceous (?) units in the western part of the area may be 
retarded blocks caught in a low of the granite. These blocks 
are strongly brecciated and jumbled because of the increase
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in the frictional drag along the sole of the plate resulting 
from the absence of lubricating gypsum or shale.

A good example of the retardation of segments of the 
glide plate, and overriding by younger units, can be seen in 
the drill hole data from the western half of section 23,
T. 17 S., R. 12 E. (PI. 2). In this area the guide plate 
encountered the softer diorite unit in the Sierrita granite, 
and acting similarly to a glacier, the gliding units probably 
plucked and abraded the softer unit into a step-like 
feature. The "riser” occurring in the Precambrian (?) granite 
in the vicinity of drill hole T-18 acted as a barrier and 
retarded some of the gliding mass behind it. The retarded 
unit is probably a member of the Naco Group. As this block 
became arrested and formed the "island" of limestone differen
tial shearing took place around the "island". Overlying 
younger units continued to glide eastward over the retarded 
block by the formation of new flat lying imbricated shear 
planes as indicated by slivers of Concha (?) Limestone thrust 
over Cretaceous (?) units.

As gliding progressed, frictional drag along the sole 
opened north trending tensional faults. Perhaps the for
mation of the tensional faults was facilitated where the 
plate moved over small highs in the underlying granite.
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Local differences in friction along the sole of the plate may 
have caused different rates of motion throughout the glid
ing block. As the differences in velocity of motion in
creased, the rocks of the plate yielded by shears forming 
N.70o-80°E. strike-slip faults or tear faults. Adjustments 
along these shears probably opened, and caused more movement 
along the north trending normal faults.

A small outcrop of Martin Limestone occurs in the 
southwest corner of section 23, T. 17 S., R. 12 E., and appears 
to drape over the sharp incline in the Sierrita granite. Only 
Cretaceous (?) arkose is found overlying the Sierrita granite 
in drill hole T-49 located 175 feet east of the outcrop 
(PI. 1). The origin of the Martin block is not known, but 
it could be a small glide block that moved after the gliding 
of the larger glide plate or it could be an erosional rem
nant once contained in the Helmet Fanglomerate.

Lower Paleozoic units exposed in the southwest quarter 
of section 26 and northwest quarter of section 35, T. 17 S.,
R. 12 E., are not believed to be part of the original glide 
plate (PI. 1). These units were either deposited in place, 
part of a later glide unit, or were blocks deposited contem
poraneously with the Helmet Fanglomerate. Contacts are poorly 
exposed, therefore a choice among these possibilities cannot 
be made.
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DEPOSITION OF THE HELMET FANGLOMERATE

All of the fragments composing the Helmet are angular 
to sub-angular, poorly-sorted, ill-bedded and set in a silty 
matrix. While the conglomerates were accumulating in the 
faulted trough, a porphyritic andesite flowed across the 
surface at an early stage in the depositional history and 
was buried by more conglomerate deposits and a few inter
beds of tuff.

Stratigraphy of the Helmet shows that the Cretaceous (?) 
complex fragments are deposited earliest followed by Paleo
zoic, more Cretaceous (?) complex and granodiorite fragments 
and probably by some reworked Helmet. Large lentils of 
Concha Limestone and Sherrer quartzite are found interbedded 
with the middle and upper members of the Helmet. These units 
are brecciated and show slippage along their contacts with con
glomerate beds and with fine, soft white ash units. The 
detached blocks are up to 4,000 feet long and approximately 
250 feet wide. Usually the Concha in these blocks appears 
now stratigraphically lower than the Sherrer quartzite.

Why the Sherrer and Concha occur in inverted position 
in the blocks is not clear. It does not seem probable that 
three different lentils of Concha and Sherrer scattered
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throughout the Fanglomerate should break off of larger 
blocks and all be inverted in the process. It is more likely 
that they were inverted by folding before tearing loose or 
during emplacement. This would mean that uplift and gliding 
were still in progress while the Helmet Fanglomerate was 
accumulating.

A reversal in age sequence of the fragments composing 
the Fanglomerate - i.e. arkose fragments deposited before 
Paleozoic fragments - plus lenses composed of rock fragments 
of one type suggest that the Helmet is at least in part a 
product of break up and erosion of Paleozoic and Cretaceous (?) 
slip sheets as they migrated toward the faulted trough. Per
haps the Concha and Sherrer exotic blocks are parts of these 
slip-sheets, which are brecciated but still intact. The reason 
why these blocks were not further broken up may be that the 
frictional resistance to transport was lessened by the soft 
ash beds associated with some of the lentils, especially if 
the ash beds were wet at the time of block emplacement.

Thus the Fanglomerate was not only deposited by mud 
flows and erosion, but by migrating slip-sheets from the still 
tectonically active dome in the western part of the district.

That this up doming was still active during the depo
sition of the Helmet can also be demonstrated by the fragments
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present in the upper unit which represent all of the rock 
types found in the lower units plus an abundance of grano- 
diorite fragments. These fragments, except for the grano- 
diorite ones, are probably reworked from earlier deposits 
of Fanglomerate in the western part of the area. In sections 
21 and 22, T. 17 S., R. 12 E., small patches of Fanglomerate 
are present and are usually found in the topographic lows. 
These fanglomerate patches are composed mostly of arkose 
fragments and are deep red in color. The thin units appear 
to be unstratified, but tabular fragments suggest that they 
dip 20° to 25° eastward. They would probably be equivalent 
to the basal red unit described by Cooper (1960).

These remnant patches of Helmet suggest that sedi
mentation was gradually shifted eastward as continued uplift 
raised the internal margin of deposition allowing the earlier 
formed deposits of Helmet to be eroded and redeposited farther 
east in the upper unit of the Fanglomerate. This is not an 
uncommon occurrence in tectonically active areas 
(DeSitter, 1956, p. 296).

POST-HELMET FANGLOMERATE TECTONICS

Since the general trend of the Helmet Fanglomerate 
is today N.60°E., and the dip 55°SE., tilting must have
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occurred after and perhaps during deposition. It is supposed 
that the tilting resulted from the reactivation of, or con
tinuing adjustment in, the faulted trough.

The added weight of the Helmet Fanglomerate plus con
tinued uplift in the western part of the district may have 
caused large adjustments along the southern boundary fault or 
faults. The north limb and floor of the trough was thereby 
further down-dropped, still retaining its hinge line along 
the northern border, hence tilting the overlying Helmet 
Fanglomerate southward.

Further indications suggesting that adjustments 
within the trough caused the tilting of the Fanglomerate are 
the patches of Helmet in the western part of the area.
These patches are located a mile west of the western lip of 
the trough, and they dip eastward 20 to 25 degrees. They 
are probably steeper than the assumed initial dip of the 
Helmet, because they were disturbed by uplift and eastward 
tilting after deposition.

As was discussed earlier these patches are probably 
correlatable with the basal red unit of the Fanglomerate.
But on the geological map (PI. 1) the eastward dipping patches 
are located one quarter to a half mile south of the extended 
east-northeasterly trend of the southeast dipping red unit
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overlying the depression. The difference in location and dip 
between the same units can be attributed to the fact that the 
portion of the red unit overlying the trough was tilted to 
the southeast by further down-dropping of the south edge of 
the hinged north limb and floor of the trough, while the 
Fanglomerate patches in section 21 and 22 were west of the 
trough and were not effected by the southward tilting.

The Helmet decreases in dip in the southern part of 
the area. This is probably a result of some upward drag 
along the footwall of the trough while it was being tilted. 
The fault contact between the Helmet Fanglomerate and the 
Sierrita granite in drill hole T-40 is probably the result 
of the dragging of the Helmet beds along the granite con
tact during tilting, and it is not believed to the result 
of gliding.

After tilting of the Helmet there may have been 
further uplift in the western part of the area, because 
strike-slip faulting in the Helmet offsets the andesite 
dike in the eastern part of the area. The movement seems 
to have been small.

After this last tectonic adjustment the area under
went a long period of erosion, the result of which is seen 
today as remarkably even pediment surface.



C O N C L U S I O N S

Based on all available surface and subsurface data 
in the Ruby Star Ranch area, the writer's conclusions are as 
follows:

(1) Beginning in Cretaceous time, as indicated by 
the deposits of that age, the area became tectonically un
stable. This instability may possibly record the first stages 
of magma emplacement at depth.

(2) Uplift was climaxed by the emplacement of a large 
granodiorite batholith in the Sierrita Mountains. A stock of 
granodiorite was also intruded at approximately the same time 
into the core of the Foy Ridge-Twin Buttes anticline, and it 
lifted, overturned and thrust aside its Paleozoic cover.

(3) In later stages, the region rose as a unit, and 
failed along transverse and radial fractures. Faulted troughs 
formed along these fractures, thereby increasing and steepening 
the tectonic relief.

(4) Striations, and the presence of an extensive sole, 
as well as the peculiar distribution and variations in thick
ness of the Paleozoic limestones, very strongly suggest that 
the Paleozoic shell of the rising dome slipped off into
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a large east-northeast trending trough.

(5) Subsequent to the emplacement of the allochthonous 
strata several small quartz monzonite porphyry stocks intruded 
them. These stocks are probably structurally controlled and 
are late derivatives of the granodiorite pluton.

(6) The deposition of the Helmet Fanglomerate, with 
minor Paleozoic slip-sheets, upon the allochthonous rocks 
was a product of continual upheaval of the domal area.

(7) Development of the steep southward dips in the 
trough filling sediments was a result of further tensional 
adjustments consequent upon continued uplift.

(8) The final development of a pediment throughout 
the area indicates ultimate attainment, or very close approach, 
to equilibrium.

It is suggested that the concept of uplift (primary 
tectogensis) and gravitational adjustment (secondary 
tectogensis) offers the possibility of rational explanation 
of the otherwise puzzling features of the Ruby Star Ranch 
area geology.
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