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GEOLOGY OF THE MIDDLE CANYON, WHETSTOfNE 
MOUNTAINS, COCHISE COUNTY, ARIZONA

by

Charles R. Burnette

ABSTRACT

Middle Canyon, in the Whetstone Mountains southwest of 

Benson, Arizona, contains Paleozoic sedimentary rocks lying un- 

conformably on the Precambrian Pinal schist. The sedimentary 

rocks dip to the southwest and are cut by two sets of high-angle 

faults, a major set with northeast trend and a minor set with north

west trend. The Pinal schist is intruded by Precambrian Whetstone 

granite and related pegmatite dikes.

The Paleozoic rocks mapped range in age from Cambrian to 

Pennsylvanian. Quartzites, conglomerates, and shales predominate 

in the lower part of the section. The upper Cambrian and younger 

rocks are chiefly limestones. A trilobite from the Abrigo limestone 

is identified by Stoyanow as a new species.

ii



The Lonestar fluorite mine and one tungsten prospect contain 

the only known minerals of economic value. Mapping of the Lonestar 

mine shows localization of the fluorite vein along a shear zone in the 

Pinal schist.
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INTRODUCTION

The Middle Canyon area is located on the east side of the 

Whetstone Mountains, nine miles southwest of Benson, Cochise 

County, Arizona, Middle Canyon has a nearly complete Paleozoic 

section overlying Precambrian igneous and metamorphic rocks, 

Precambrian and Paleozoic rocks to the top of the Mississippian 

Escabrosa limestone were mapped.

The geology was plotted on a map of scale 1:31,680 modi

fied from a U. 8. Forest Service map of the Whetstone Mountains. 

Minor changes were made in the field to conform with drainage and 

topography. Aerial photographs loaned by the Soil Conservation 

Service aided in the study.

Underground mine maps of the Lonestar mine were made 

with the assistance of Gene Thompson of the University of Arizona.

The field work was started in the summer of 1952 and was 

carried on through the school year of 1952-53. The laboratory 

work necessary for this thesis was completed before the author 

left the University of Arizona for the U. S. Air Force. „ Most of 

the manuscript was written while the author was on active duty with 

the Air Force.



2

Location of Area

Middle Canyon is located on the eastern slope of the Whetstone 

Mountains in Cochise and Pima Counties, Arizona (Fig. 1). The area 

is bordered on the south by French Joe Canyon and on the north by 

Cain Canyon, both of which trend approximately east-west. To the 

west of Middle Canyon are French Joe Canyon and Apache Peak.

The area mapped occupies sections 26, 27, 28, 33, 34, and 35, 

and the western half of section 25 of T. 18 S., R. 19 E ., Gila and 

Salt River Baseline and Meridian. It is entirely within the Coronado 

National Forest and is 70 miles southeast of Tucson, Arizona. Middle 

Canyon can be reached by traveling 52 miles on Highway 80, and 18 

miles on a dirt road to the southwest of Highway 80. An additional 

mile and a half can be covered by jeep only. Benson, Arizona is 

the only sizable town near Middle Canyon.

Topography

Middle Canyon derives its name from its position near the 

center of the east side of the Whetstone Mountains (PI. VH). To 

the north is Cain Canyon, and south is French Joe Canyon. Cain 

Canyon is parallel to Middle Canyon and is separated from the north 

fork of Middle Canyon by the North ridge. French Joe Canyon par

allels Middle Canyon for some distance and then turns north behind
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the upper end of Middle Canyon.

The ridges surrounding Middle Canyon form steep barriers 

between it and the canyons on either side. Middle Canyon forks 

1-1/8 miles from the mouth, with the central ridge separating the 

two forks. The south fork is the larger of the two canyons and 

the ridge separating it from French Joe Canyon encloses the 

amphitheater at the head of the south fork. To the west of this 

ridge is the highest peak in the Whetstone Mountains, Apache Peak.

Acknowledgments

For aid and guidance in this study the writer is indebted to 

the members of the Department of Geology, University of Arizona. 
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STRATIGRAPHY AND PETROLOGY 

General Statement

Rock units mapped in Middle Canyon from oldest to youngest, 

are Precambrian Pinal schist, and Whetstone granite; Cambrian 

Bolsa quartzite, Cochise formation, Abrigo formation, Rincon lime

stone; Devonian Martin formation; Mississippian Escabrosa limestone; 

Pennsylvanian Naco formation; Laramide dacite, and Quaternary al

luvium.

Structural features include the Middle Canyon and Benson 

faults, minor tear faults associated with the Middle Canyon fault, 

and folds.

Mineral deposits in the area include a fluorite mine and several 

tungsten prospect pits. The only producing mine in the Whetstone 

Mountains is the Lonestar fluorite mine.

The Whetstone granite crops out in the northern part of the 

area and is assigned a Precambrian age on the basis of the uncon- 

formable contact with the overlying Cambrian Bolsa quartzite. The 

Pinal schist of early Precambrian age crops out in Middle Canyon 

proper and to the south. On the north side of Middle Canyon the 

Pinal schist is intruded by the Whetstone granite.

6



7

The Paleozoic rocks of the Middle Canyon consist of quartzites, 

sandstones, shales, limestones, and dolomites (PI* XIV). The quartz

ites vary from fine to coarse grained, and are mainly confined to the 

lower part of the section. The sandstones alternate with the shales 

and quartzites in the lower and middle portions of the section. The 

limestones are fine to coarsely crystalline, very silty in places, and 

comprise most of the Paleozoic section in the Whetstone Mountains.

The dolomites are found at various horizons within the limestone units.

In the lower part of the Paleozoic section the Laramide dacite 

intrudes the Cambrian Bolsa quartzite.

Sedimentary Rocks 

Cambrian System

Bolsa quartzite. —The Bolsa quartzite is well cemented and 

arkosic with many of the quartz and feldspar grains rounded. The 

Bolsa lies unconformably upon the Pinal schist south of Middle Canyon 

(PI. IX, fig. 2), but in the north fork of Middle Canyon and further 

north the Bolsa lies in depositional contact on the Whetstone granite. 

The Bolsa forms a prominent cliff in most exposures (PI. XII). At 

the base of the Bolsa is a well cemented basal conglomerate contain

ing quartz and jasper pebbles in a matrix of fine quartz sand cemented 

with silica and iron oxide. The conglomerate has a uniform thickness 

of 8 to 10 feet from the south fork of Middle Canyon to two miles
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south where it grades into a coarse-grained quartzite and thickens to 

16 feet. Above the basal conglomerate in the south fork and to the 

south of Middle Canyon, dacite sills intrude the Bolsa quartzite.

The dacite has intruded in two separate horizons in the Bolsa quartz

ite and it is above these two sills that the main cliff of Bolsa is 

located.

In the area north of the south fork of Middle Canyon there is 

ho actual basal conglomerate, although fragments of the Whetstone 

granite are scattered very sparsely near the base.

The lower part of the Bolsa quartzite is arkosic with an even 

distribution of quartz and feldspar, and a variation in the degree of 

rounding. The quartzite becomes less arkosic above the middle of 

the section, and feldspar is ra re  at the top of the formation. The 

top 30 feet of the formation is shaly with lenses of quartzite, and 

seams of shale are found throughout the entire Bolsa quartzite. This 

shale at the top is very micaceous with some sand grains, and is 

very irregularly bedded. Organic remains in the form of worm 

burrows, trilobite tracks, and plant debris are present. The upper

most part of the Bolsa section is a lighter colored sandstone that 

contains fucoids filled with white sand.

Crossbedding in the Bolsa quartzite is well developed through

out the section, but as the feldspar becomes less abundant the bedding 

planes blend into liesegang banding.
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Cochise formation.—The Middle and Upper Cambrian rocks 

above the Bolsa quartzite in southeastern Arizona were originally 

called the Abrigo formation (Ransome, 1904), but Stoyanow (1936) 

renamed the Cambrian section in this part of the State and separated 

the Middle Cambrian Cochise formation from the Upper Cambrian 

Abrigo. The contact between the Cochise and Abrigo formations is 

rather arbitrary in some parts of the Middle Canyon area, but the 

division noted by Stoyanow is clearly recognizable on the ridge south 

of the north fork of Middle Canyon (Appendix A, section 3). At the 

top of the Cochise, in some places is a blue-black oolitic limestone 

with a pseudo-algal structure. The lower part of the formation con

sists of sandstones and variegated shales. The sandstones are dark 

brown to buff in color, very poorly cemented, and in places show the 

results of worm burrowing. In the Cochise the shales are not as 

micaceous nor as irregularly bedded as they are in the underlying 

Bolsa quartzite. The Cochise shales are in variegated groups of 

blue, green, and purple and are coarser grained than the shales in 

the Bolsa quartzite.

The upper part of the Cochise formation is very fine-grained, 

compact, gray limestone containing varying amounts of silt and clay. 

The top of the Cochise has been placed in Section 3 above a coarse

grained limestone containing small black oolites similar to those 

described by Stoyanow (1936).
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Abrigo limestone. —The Abrigo limestone is fine-grained and 

becomes progressively coarser-grained near the top of the section.

As in the upper Cochise, there are coarse-grained limestones within 

the mainly fine-grained limestone. Associated with these coarser- 

grained units are flat pebble conglomerates, usually about one foot 

thick (PI. IX, fig. 1). Because of slope wash it is not possible 

to determine whether there is a cyclic order to these flat pebble 

conglomerates^ as has been described by McKee and Resser (1945) 

in the Grand Canyon area. In the middle of the section the fine

grained units become thinner and the coarse-grained units increase 

in thickness until the top of the section is entirely coarse grained 

with no flat pebble conglomerates.

At the top of the Abrigo formation the limestone is very fine 

grained, black, and contains enough iron oxide impurities to cause 

the surface to be stained red when weathered. The upper contact 

of the Abrigo formation with the overlying Rincon limestone is sharp, 

showing channeling (PI. X). The channeled surface of the Abrigo 

does not show the evidence of weathering that it would if it had been 

exposed to atmospheric weathering. It is therefore assumed that 

no surface erosion of the Abrigo has taken place. Instead, a sus

pension of deposition of the Abrigo before the beginning of deposition 

of the Rincon limestone is suggested,, allowing some underwater chan

neling on the upper surface of the Abrigo.
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Rincon limestone. —The Rincon limestone is a very coarsely 

crystalline, pink limestone with sandy partings along the bedding 

planes. The limestone has glauconite dispersed among the coarse 

crystals of calcite in places. There are two jasper horizons in 

the formation in the southern part of the area (PI. X). Crossbedding 

is quite common in the sandy facies, while the more limy portions 

have coarse crystals of calcite recrystallized in such a way as to 

obscure the bedding.

A conglomerate of local extent has been formed of pebbles 

of medium-grained calcite crystals and has a matrix of medium- to 

coarse-grained calcite. This conglomerate has the general appearance 

but not the orderly arrangement of the lower flat pebble conglomerate.

The upper contact of the Rincon with the Martin limestone is 

a disconformity marked by a definite change in rock type, although 

the strike and dip of the two formations are the same.

Devonian System

Martin limestone. —The Martin limestone of the Whetstone 

Mountains is composed of thick units of fine-grained, dark gray 

limestone and dolomite that weather a characteristic tan on the 

surface. A horizon of light-colored chert is present.

A massive bryozoan reef is present in the Martin limestone 

of the Central ridge. The reef has its maximum thickness on the
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south side of the ridge and trends west-northwest to east-southeast; 

it thins out to the north and to the south. A matrix of white cal

cific sand surrounds the individual bryozoan branches.

The Martin limestone grades into the overlying Escabrosa 

limestone with apparent conformity. The contact between the two 

formations is placed at the change from the fine-grained Martin 

limestone to the coarser-grained Escabrosa which is slightly lighter 

in color and which contains crinoid stem fragments.

Mississippian System

Escabrosa limestone.—The Upper Paleozoic Middle Canyon 

rock units are represented by several cliff-forming members. The 

lowest of these massive cliffs is formed by Lower Mississippian 

Escabrosa limestone which is a medium-grained limestone which 

becomes coarse grained near the top. It is very resistent to arid- 

type weathering and forms a cliff 400 feet high. The compactness 

of its grains prevents weathering out of most fossils. Only when 

the fossils are completely silicified do they weather from the rock.

Several units in the Escabrosa are layers of chert from frac

tions of an inch to several inches thick. These chert units are, in 

some places, due to silicification on weathering while others are 

present as primary chert beds beneath the weathered surface.

The environment during the period of Escabrosa deposition ap

pears to have been a moderately deep sea basin, with the Whetstone
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Mountains area on the southwest side of the basin, and the nearest 

shoreline to the southwest as indicated by McKee (1951). The deep 

water limestone deposition was interrupted by periodic inflows of 

silica-rich water, causing silica gels to be deposited in place of 

the normal limestone deposition.

To the east of the thesis area is an outlier of Escabrosa 

limestone that is similar to the Escabrosa at the south end of the 

Whetstone Mountains, and to the type section. It does not, however, 

resemble the Escabrosa measured in the Middle Canyon. The lime

stone in the outlier is massive, coarse grained, light gray with many 

horizons of spirifers and crinoid stems.

Pennsylvanian System

Naco limestone. —The Naco limestone in the Whetstone Moun

tains is a massive, pink-gray limestone typical of the Naco of other 

sections of southern Arizona. The base is determined by a basal 

conglomerate composed of pebbles of the underlying Escabrosa lime

stone. Above this conglomerate the limestone is extremely fine 

grained, pinkish-gray in color, and is very sandy in the upper layers.

Quaternary Alluvium

The alluvium, or recent valley fill, is composed of limestone, 

sandstone, and shale pebbles in a sandy matrix. In most areas it is
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very thin, being only a few inches to several feet thick. In the upper 

part of the south fork a very coarse fanglomerate has been formed of 

boulders ranging up to two feet in diameter. At this place the alluvium 

has a depth of 20 feet.

Igneous Rocks 

Whetstone Granite

Intruding the early Precambrian Pinal schist is a Precambrian 

granite which has been named the Whetstone granite (PL XU, fig. 1).

It is a medium- to coarse-grained rock composed of feldspar, quartz, 

and muscovite with minor amounts of hornblende and biotite. The 

feldspar is predominantly white orthoclase and light colored sodic 

plagioclase.

.. The granite has been intruded by pegmatite dikes and veins of 

very coarse quartz and pyrite. The pegmatites are composed chiefly 

of flesh-colored orthoclase and very coarse-grained quartz.

Dacite

The dacite is a light tan, igneous intrusive which weathers to 

a buff porous rock. Megascopically this rock appears to be a diabase, 

but petrographic analysis shows it to consist of 65 percent andesine,

10 percent quartz, 1 percent biotite, 20 percent hornblende, and 4 per

cent sericite. The age of the dacite is considered to be Laramide
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because of its association with the faulting and its intrusion up one 

of the minor tear faults into the Cochise formation. The dacite of 

the Whetstone Mountains is found only in the Middle Canyon and is 

entirely within the Bolsa formation except for one intrusion into the 

Cochise formation (PL VIE). It terminates south of Bolsa Cliff and 

lenses out 350 feet north of Middle Canyon fault. The dacite shows 

foliation which is interpreted by the author as being due to drag fric

tion along the top and bottom of the dacite as the intrusion took place.

Metamorphic Rocks 

Pinal Schist

The Precambrian Pinal schist extends from the pediment sur

face on the east side of the Whetstone Mountains into Middle Canyon. 

In Middle Canyon, as well as to the south, the Pinal schist lies un- 

conformably beneath the Paleozoic section.

The Pinal schist consists of grayish-green to yellowish-gray 

quartz sericite with a satiny sheen. It lies unconformably under the 

Cambrian Bolsa quartzite, and in all probability is the equivalent of 

the other Precambrian metamorphics underlying the Bolsa quartzite 

in southeastern Arizona.

The strike and dip of the cleavage of the Pinal schist are 

N15°E and 80°SE respectively, but the relationship of the visible 

cleavage to the orientation of the minerals is not known.



The Lonestar fluorite mine is located in the Pinal schist. 

The fluorite vein is situated along a fault oriented at an angle of 

30° to the cleavage of th e . Pinal schist.



PALEONTOLOGY

The fauna of Middle Canyon is typical of the fauna found in 

the Paleozoic of southeastern Arizona. Specific identifications were 

not made by the author, and in many cases generic identifications 

were not attempted due to lack of material for comparative work at 

the University.

The best specimen fossils collected from the Middle Canyon 

area were found in the following manner — when a probable fossil- 

iferous horizon was located it was followed along the surface outcrop 

until a weathered zone could be found. In many cases these weathered 

areas were under dense undergrowth. From such locations a rock 

sample was taken and then split along the bedding planes. If the 

horizon did contain any fossils they would be exposed on the split sur

face, since there had been enough weathering to allow breaking of the 

rock but not enough to destroy the fossil. In cases where a weathered 

zone could not be found, a small overhanging ledge often produced ex«r 

cellent specimens. In such places the rock had been somewhat weath

ered, as the atmosphere could get at the surface of the rock, yet 

erosion had not removed the weathered rock.

17
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Cambrian

A few specimens have been collected from the Middle Canyon 

Cambrian section. Most of them were not identifiable below a generic 

level and many not below higher levels. No fossils were found in the 

Cochise formation in the area, although Stoyanow (1936) reports fossils 

from the Cochise four miles north.

The best fossil specimen was collected from unit 4 of the 

Abrigo limestone of Measured section 1. It was given to Stoyanow 

who identified it as Blountia between B. alethes and B. andres Walcott 

(PI. VI). There is a possibility that this is a new species and it will 

be described by Stoyanow in a forthcoming paper on the Cambrian of 

Arizona.

Numerous horizons of hyolithes casts and molds have been 

found in the Abrigo, located mainly in the zones containing debris of 

trilobites.

No fossils were collected from the shaly layers near the top 

of the Bolsa quartzite, but there is much evidence of animal life in 

the form of trilobite trails and worm burrowings.

The Rincon limestone in the Whetstone Mountains has numerous 

layers of unidentifiable fossil debris. The guide fossil for the Rincon 

as described by Stoyanow (1936) is Billingsella coloradoensis, Stoyanow,

but in the Middle Canyon area no specimens of this guide fossil were
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found. Many trilobite fragments were observed but none were com

plete enough to be properly identified. For the most part the frag

ments found were well preserved.

Devonian

Several fossil horizons were found in the Martin limestone of 

Middle Canyon. The lowest of these is a bryozoan reef that has been 

described under the section on stratigraphy. Above the reef is the 

lower zone of Atrypa, found only in Measured section 2. The upper 

zone of Atrypa is divided into three horizons and is present in Meas

ured sections 2 and 3. In the upper zone the lower horizon contains 

Cladopora and Atrypa, the middle horizon contains Cladopora, Atrypa 

and sponges, and the upper horizon contains gastropods, Dinorthis and 

Atrypa. Near the top of the Martin limestone are several horizons of 

Cladopora and unidentifiable fragments.

Mississippian

In the Middle Canyon area no fossils were collected from the 

Escabrosa limestone. Although a few were seen in the rocks, they 

could not be removed. Those identifiable were fragments of corals 

and some spirifers.



STRUCTURAL GEOLOGY 

General Statement

The Whetstone Mountains appear to represent a Basin and 

Range type of fault block, tilted westward and broken by cross faults. 

The presence of thrust faults such as occur in the Empire Mountains 

to the west is possible, but direct evidence is lacking. Blocks of 

Paleozoic limestones east of the Middle Canyon area might represent 

klippen or they might simply represent blocks emplaced by normal 

faulting. Detailed mapping of most of the range will be necessary to 

determine the major structural relationships.

Two sets of high angle faults are mapped within the Middle 

Canyon area, one trending generally northeast and a less important 

set trending generally northwest. The Benson and Middle Canyon 

faults (Fig. 2) belong to the northeast set. The fault blocks are 

almost all downthrown to the north of the faults, or, if strike slip 

movement is assumed, the displacement is right lateral.

Folding in the area is restricted to minor structures associated 

with the faulting and with intrusions.

20
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Middle Canyon Fault

The south fork of Middle Canyon is controlled by a fault which 

strikes N55°E and is apparently vertical. The movement has been 

such that the block to the northwest side of the canyon has moved 

down in relation to the block on the southeast side. The type of 

displacement cannot be determined as the fault may have had strike 

slip or dip slip movement. Evidence for the type of movement is 

meager. It is possible that the fault is a result of thrusting in the 

area, with the northwestern block moving farther northeast than the 

southeastern block.

In the Bolsa quartzite, immediately southeast of the Middle 

Canyon fault, a monoclinal fold is associated with and parallels the 

fault. The monocline dips to the south and may be in part due to 

the intrusion of the dacite sill, and in part to the movements along 

Middle Canyon fault.

Benson Fault

The Benson fault is north of the north fork of Middle Canyon 

and parallel to the Middle Canyon fault. The two faults appear to be 

related structurally. The Benson fault, as well as the Middle Canyon 

fault, may be the result of thrusting. If so, the north block of the 

Benson fault moved relatively to the northeast, and this movement is
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less than that of the block to the south at its southern edge along 

the Middle Canyon fault. The apparent vertical movement along 

the Benson fault is 60 feet.

Minor Faults

Several minor faults intersect the Middle, Canyon fault and 

are associated with it. Three of these are on the north side of 

the fault and one is on the south side. The displacement along 

these faults is between 2 and 10 feet. The minor faults produce a 

step-like appearance on the north side of the Middle Canyon fault, 

with the northeastern and southeastern blocks being downthrown com

pared to the western blocks (Fig. 2).

It is along one of these small faults that dacite has been in

truded into the lower part of the Cochise formation. The dacite was 

intruded from the sill in the Bolsa quartzite and it metamorphosed 

the Cochise formation along the fault. At the place that the intrusive 

extends into the Cochise, the beds have been tilted on end and strike 

parallel to the fault (N65°W).

South of the Middle Canyon fault only one minor fault can be 

definitely recognized, and another fault is inferred. The first fault 

is of the same type as those to the north of the Middle Canyon fault 

and intersects the main fault at an angle of 42°, the same angle as 

the faults north of Middle Canyon (Fig. 2). The movement along this
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fault appears to be the same as that along the faults to the north, 

with the eastern block having dropped with respect to the western 

block. The second fault, inferred, on the south side of the Middle 

Canyon fault occurs in Gower's Gulch. It is apparently related to 

the thrusting and intrusion of the dacite in the same manner as the 

Middle Canyon fault and the minor faults. Gower* s Gulch fault ex

tends in the shape of a sem i-circle from Middle Canyon through the 

saddle behind Moby. Dick Peak to French Joe Canyon. In the south 

fork of Middle Canyon the fault has cut the Bolsa formation and has 

set it against the dacite. To the south of the fault the Bolsa formation 

is above the dacite, indicating about 450 feet of vertical movement. 

However, there is no evidence of the fault in the saddle behind Moby 

Dick Peak. Although it cannot be found on the surface in the field, 

its probable position can be traced on the aerial photographs extending 

through the saddle into French Joe Canyon.

Folds

Folding in the Middle Canyon area is associated with the 

faulting, and only two minor folds were found (PL XV). The first 

fold is a monocline near the narrows of the south fork of Middle 

Canyon in the Bolsa formation with axis paralleling the Middle Canyon 

fault. It strikes N55°E, dips 45°S, and plunges 35°W. These 

measurements are averages only for the many strikes and dips taken
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over the exposed surface of the monocline.

In the block south of the Middle Canyon fault the Bolsa for

mation is cut by the fault in Gower's Gulch 300 feet south of the 

monocline. At the Gower's Gulch fault the Bolsa formation abuts 

against the dacite 450 feet below the Bolsa Cliff. At Bolsa Cliff 

the dacite has been intruded into the lower part of the Bolsa forma

tion. At the contact of the Gower's Gulch fault with the Bolsa for

mation the dacite has intruded above the Bolsa formation. The 

monocline may have been formed as a result of the Bolsa formation 

being forced down between the Middle Canyon fault and Gower's Gulch 

fault by the dacite.

The second fold in the Middle Canyon area is in the Cochise 

formation. The fold has twisted the Cochise formation from its 

normal dip and strike of N25°W and 20°SW to a vertical position 

with a strike of N65°W. This fold is along the eastern fault north 

of the Middle Canyon fault and is associated with the intrusion of the 

dacite, just west of the pinchout of the dacite. As the dacite moved 

up the fault plane it folded the Cochise formation and caused very 

light contact metamorphism.



ECONOMIC GEOLOGY

Lonestar Fluorite Mine

The Lonestar fluorite mine, located in the Whetstone Moun

tains, was mapped on a scale of one inch to ten feet, (Pis. n , m , 

and IV).

The mine has five levels at 60, 90, 190, 250, and 300 feet 

below the surface. The 60-foot level could not be mapped as it had 

been caved through to the 90-foot level to remove the ore. An in

clined shaft (80° from the horizontal) connects these workings with 

the surface. A head frame is set up over the shaft and a winch 

operated bucket is used for entrance to the mine and removal of 

the ore.

The vein of fluorite averages two feet in width on all the 

levels exposed. The vein narrows to only a few inches 50 feet 

south of the shaft. This southern extension of the vein which crops 

out at the surface 50 feet south of the shaft led to the discovery of 

the fluorite.

To the north of the shaft the vein has been mined 200 feet 

and probably continues some distance further. The 190-foot level 

was stopped in less than 200 feet, however, because the vein narrows
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and appears to pinch out. Very probably the vein widens again if 

it is like the 90 and 250-foot level veins which also narrow and 

widen again.

Pumping is necessary to keep the water below the 250-foot 

level. Pumping was stopped when production from the 300-foot 

level was terminated.

Geology

The vein is confined to the Pinal schist, and mineralization 

is controlled by a fault. The fault strikes on an average of N30°W 

and the foliation of the schist strikes N15°E and dips 80°SE. The 

foliation does not appear to have any control over the ore deposition 

along the fault vein. In several places the vein branches parallel 

to the foliation but the branches return to faults parallel to the main 

fault. Toward the north these faults converge into the main fault. 

Thus, the vein splits in places but most branches combine again 

north of the shaft,

To the north of the mine area is a medially truncated stock 

of Precambrian age. The vein is associated with the intrusion of 

the stock. By projecting lines of intersection of the stock and the 

surface it is seen that the vein in the lower levels of the mine is 

very close to the main body of the stock. Supporting evidence of 

the association of the vein to the stock is given by several pegmatite
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dikes which intrude the schist in a manner similar to that of the vein. 

Although the vein has not been traced to the stock, the pegmatite 

dikes have.

Mineralogy

The fluorite mined at the Lonestar mine is of a very high 

grade. It is used by the Arizona Eastern Fluorspar Corporation to 

improve the grade of ore taken from the fluorite mines near Duncan, 

Arizona.

The fluorite samples checked in the laboratory under a black 

light showed no tendency to fluoresce. This indicates there are very 

few impurities in the ore that is taken from this mine. The ore, if 

hand picked, would be of ceramic grade.

Associated with the ore from the Lonestar mine are sheets of 

colloidal silica that were deposited alternately with the fluorite. At 

no place in the mine could the exact number of stages in the deposi- 

tional cycle be determined, but there are repeated cycles of deposi

tion of the fluorite and silica.

During preliminary examinations of the mine an advance zone 

of hypothermal ore was looked for in the fluorite, but samples taken 

from all levels did not show the presence of any sulfides, including 

pyrite. The gangue mineral which is in a barren sulfide zone is the 

economic product.
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Economic Importance

At the time of this study the fluorite was being sold to the 

U. S. Government. It was being stock-piled by the government for 

use in the production of synthetic cryolite in the event the present 

source of cryolite from Greenland should be cut off.

Tungsten Prospects

In the northeastern part of the area mapped for this thesis 

there has been extensive prospecting for tungsten ores. All sites 

visited were barren of any tungsten bearing minerals.

In May 1953 a tungsten prospect was opened and worked in 

the north fork of Middle Canyon, The prospect is located in the 

Precambrian Whetstone granite in one of the cupolas of the main 

granite stock which has intruded the Pinal schist.

The workings are a very minor operation consisting of a 

single large adit in the side of the hill. The adit is several yards 

in length and strikes due north. Outward from the adit a dump has 

been built. However, there have been no tracks laid in the adit or 

on the dump. The workings are a quarter of a mile from the road 

which stops at the bottom of the canyon.

Ore is carried down the hillside by donkey and is transferred 

to a jeep pickup truck. From there it is taken out to the highway 

and moved to a dump truck.
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The ore is milled at Pomerene a few miles northeast of 

Benson, Arizona. The rock that was being taken to Pomerene was 

examined by the State mineralogist. He noted that the rock con

tained some black hematite in quartz but no tungsten. It was later 

learned that the material being dumped was scheelite and that this 

material is now being taken to the mill for refining.

The scheelite had been found in the dump by means of a 

black light. It is gray in color and in some cases forms euhedral 

crystals. The majority of it is diffusely scattered through the 

quartz gangue.

The scheelite ore is found in a pegmatitic dike of quartz, 

feldspar, specularite, and scheelite. These pegmatite dikes are 

very common in the Whetstone granite as described in the section 

on stratigraphy.

Where the Whetstone granite occurs near the mouth of Middle 

Canyon there have been numerous adits and trenches made in search 

of tungsten. In Cain Canyon there is a rather extensive excavation 

for tungsten which has been abandoned for a number of years and, 

hence, is no longer safe to enter. It was reported by Mr. Cain of 

Benson, Arizona, that the east side of Cindy Peak had been blasted 

on several occasions in the search for tungsten.

The tungsten prospect pits in the area near the Lonestar mine 

are along quartz veins showing some sulfide mineralization. Most



of the samples collected from these veins were pyrite in quartz 

gangue. These prospect pits were aligned with the quartz veins 

in an east-west direction paralleling a fracture system in the 

Whetstone granite.



GEOMORPHOLOGY

Middle Canyon, on the east flank of the Whetstone Mountains, 

has an east-flowing drainage (Fig. 2). The head of Middle Canyon 

is an amphitheater-shaped basin near the base of Apache Peak, the 

highest peak in the Whetstone Mountains. A ridge separating Middle 

Canyon from French Joe Canyon, and extending westward to Apache 

Peak is located at the head of Middle Canyon. Middle Canyon divides 

into the main southern fork and into a smaller northern fork. To 

the north of the northern fork is Cain Canyon, which also trends east- 

west. These three canyons spread out across a gently sloping pedi

ment forming part of the Tombstone pediment surface (Bryan, 1926), 

which slopes upward from the San Pedro River to the base of the 

Whetstone Mountains. Into this surface the streams from Middle 

Canyon and other canyons have been incised 40 to 60 feet, to the 

level of the San Pedro River. The San Pedro River has been re 

juvenated and is now 60 to 80 feet below the Pleistocene lake beds of 

the San Pedro Valley. Rejuvenation in the San Pedro Valley, as in 

other southern Arizona Valleys, has caused suspension of valley filling 

and the beginning of downcutting. Within the south fork of Middle 

Canyon and below the intersection of the two forks, there is evidence
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of two stream  bottoms. Above the narrows in the south fork, above 

the intersection of the north and south forks, there is a well-cemented 

conglomerate of 6- to 15-inch boulders extending 18 feet above the 

stream floor. At one time the narrows, formed at the Middle Canyon 

fault contact of the Bolsa and the dacite, acted as a dam which trapped 

the limestone boulders. Hand level sighting shows that the surface of 

the conglomerate is level with the top of the Bolsa dam through which 

the narrows have been cut. Then during rejuvenation the stream  cut 

through the dam at the fault zone and left the conglomerate remaining 

above the stream floor.

An alternative explanation of this surface is that it is part of 
/

the old Tombstone pediment surface now elevated by faulting. How- 

. ever, because of its position behind the narrows, it cannot be de

termined whether it is an extension of the pediment surface beyond 

the mouth of Middle Canyon.

In the north fork of Middle Canyon there is no similar con

glomerate above the stream floor. Before discarding the possibility 

that the conglomerate is related to the Tombstone pediment, investiga

tions in the other canyons will have to be made.

Below the narrows in the south fork and in the north fork of 

the . canyon, there is alluvial fill in the canyon through which the 

streams have trenched leaving benches along the edges. These 

benches are 70 feet below the upper conglomerate surface and are
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more nearly comparable to the pediment surface leading up to the 

Whetstone Mountains, They have been formed as a part of the re 

juvenation that has taken place in recent time.

The amphitheater formed at the head of the south fork of 

Middle Canyon is very steep and, like the re s t of Middle Canyon, 

is part of the very steep relief typical of the Whetstone Mountains.

In the amphitheater there is an ascent of 1,800 feet per mile. The 

ridge above the amphitheater extends to the south and then east to 

Escabrosa Peak. It continues on below two cliffs down to the saddle 

behind Moby Dick Peak. Below this peak is the steep Bolsa Cliff.

On the north side of the amphitheater is another ridge joining 

the west and south ridges and continuing to Apache Peak. This 

northern, knife-edged ridge trends northeast, then north until it 

branches. One branch trending east becomes the northern boundary 

of the north fork of Middle Canyon. The ridge also shapes the border 

of the re st of the canyon as far as Cindy Peak above the mouth of 

Middle Canyon. This northern ridge is created by cupolas of Whet

stone granite in the Pinal schist. The fact that the granite is more 

resistant to weathering than the schist accounts for this unique ridge. 

The crest of the ridge has a very irregular surface, and the cupolas 

produce nodes along the top of the ridge, giving a bread-knife effect, 

Cain Canyon to the north is the result of differential erosion 

between the Pinal schist and the Whetstone granite. The ridge to the



south of Cain Canyon is composed of cupolas of granite, and the 

ridge to the north, is the main body of the granite stock.

The ridges surrounding the amphitheater average 7,000 feet 

in elevation, Escabrosa Ridge being 6, 800 feet, To the north side, 

the ridge gradually descends to 5,700 feet at Cindy Peak. While 

the slope to Cindy Peak is rather gentle, below Escabrosa Peak 

the descent is by cliffs. Between the ridges surrounding the 

amphitheater is the ridge that separates the north and south forks 

of Middle Canyon. This ridge descends sharply to the east, and 

then southeast to the narrows formed in the southern fork of Middle 

Canyon (Fig. 2).
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APPENDIX A
DESCRIPTION OF MEASURED SECTIONS 

SECTION I

Measured along ridge of southern side of Middle Canyon.

Rincon Limestone:

Measured downward from conformable contact of 
the Abrigo formation and the Rincon limestone.

Abrigo Formation:

Unit Description Feet

15 Light gray limestone weathering reddish-brown on ex- 10 
posed surfaces, coarse grained, recrystallized; fossil 
debris present but not preserved well enough for re 
moval from rock.

14 Light gray to brownish-gray limestone, well stratified, 5
highly siliceous.

13 Brownish-gray sandstone and limy sandstone, weather- 32
ing reddish-brown on exposed surfaces, medium grained.

12 Light gray limestone, coarse grained, highly recrys- 674
tallized with numerous beds of chert. There are brown 
sandy pebbles in flat pebble conglomerates, with the 
flat pebble conglomerates overlying a thin-bedded yellow
ish shale. Many fossil horizons are present (PL n) and 
some samples have been identified by A. Stoyanow.

Total Abrigo Formation 721
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Cochise Formation:

11 Light gray, fine-grained limestone which cannot be 90
distinguished from the overlying Abrigo formation, 
except by the lack of sandy pebbles. Trilobites are 
present.

10 Dark gray to black, medium-grained limestone, show- 24
ing some recrystallization,

9 Gray, fine-grained limestone. Some iron oxide is 6
present giving certain areas of the section a reddish 
cast. Fragments of trilobites are present.

8 Reddish-brown, fine-grained sandstone showing no 5
bedding.

7 Light gray, fine-grained limestone showing some re -  3
crystallization.

6 Reddish-brown, limy sandstone, almost a quartzite. 9

5 "Buff sandstone with fucoids. It is possibly the Pima 2
sandstone.

4 Dark to light variegated quartzites and shaly sandstones, 30 
composing the basal unit of the Cochise.

Total Cochise Formation 169

Bolsa Quartzite:

3 Light tan, crossbedded quartzite, with crossbedding 33
shown by purple coloring along the bedding planes.
The original quartzose grains are very coarse and 
show some recrystallization which has enlarged the. 
grains.

2 Brown to purplish-brown shales alternating with 29
quartzites, with mica flakes along most of the cross
bedding planes. Many of the bedding planes show 
evidence of animal life and plant debris.

Unit Description Feet
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Unit Description , Feet

1 Brown, crossbedded quartzite. Crossbedding shows up 12
clearly due to a purplish color along the bedding planes; 
in many places this resembles leisegang banding.

Bolsa and Dacite formations present at Bolsa Cliff, separated from 
section I by the fault in Gower’s Gulch.

Bolsa Quartzite 350

Dacite 700

Bolsa Quartzite 70

Dacite 80

Bolsa Quartzite:

Coarse-grained conglomerate with large to small 6
pebbles of Pinal schist, quartz, and jasper. This 
is the basal conglomerate of the Bolsa quartzite.

Total Bolsa Quartzite 500

Total Dacite 780

Pinal Schist
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SECTION n

Measured on the south side of the Central Ridge in Middle Canyon.

Naco Formation:

Unit Description Feet

38 Dark gray, fine-grained limestone showing some re -  260 
crystallization. This unit has several horizons of 
Spirifer, low spired gastropods, crinoids, and bry- 
ozoans.

37 Basal conglomerate of pebbles of Escabrosa limestone; 13 
matrix is fine limestone.

Section measured does not represent 
complete thickness of Naco Formation.

Escabrosa Limestone:

36 A massive unit of light gray to flesh color, fine- 166
grained limestone alternating with many bands of 
chert which vary from 1/2 to several inches in 
thickness.

35 Fine-grained, red sandstone with fissures filled with 30
secondary calcite.

34 Similar to unit above the red sandstone. 138

33 Light tan, fine-grained limestone that weathers dark 40
brown on the surface and has numerous bands of 
chert 6 inches thick.

32 Dark gray, medium-grained limestone having a smooth 170 
appearance. The unit has a chert zone, a horizon of 
fossil debris, and a crinoid zone.

31 Pink to buff gray, fine grained, sugary textured lime- 40 
stone. The weathered surface of this unit is very 
rough, resembling karst topography in minature.
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30 A zone of fragmental fossil debris, the top half of 5
which is light gray and the bottom dark gray.

Total Escabrosa Limestone 589

Martin Limestone:

29 Brownish-gray, fine-grained limestone, containing a 90
fossil horizon of Cladopora and several fragmental 
zones with unidentifiable specimens.

28 Brownish-gray, very fine-grained dolomite, with fossil 28
horizons at several levels. The top horizon contains 
gastropods and Dinorthis, the second Cladopora, Atrypa, 
and sponges, the third a Cladopora zone, and the bottom 
one a zone of Atrypa.

27 Light gray, fine-grained limestone. 16

26 Light gray, medium-grained, crossbedded limestone. 12
At the top of limestone is the lower Atrypa zone.

25 Chert, light gray to buff. 2

24 Light gray to brownish-gray limestone. 11

23 Bryozoan reef with a matrix of coarse grained, white 10
calcitic sandstone.

22 Gray, medium-grained, crossbedded limestone. 4

21 Gray, very fine-grained crystalline limestone. 24

20 Gray, very fine-grained, laminated dolomite. 4

19 Greenish-gray limestone and sandstone in fine layers. 5
The quartz grains of the sandstone are well rounded.

Total Martin Limestone 206

Unit Description Feet
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Rincon Limestone:

18 Flesh-pink, crossbedded sandstone with extremely 12
well rounded quartz grains cemented with calcite.
A horizon of brachiopods and trilobites is located 
6 feet from the top of the unit.

17 Pink- to flesh-colored limestone; this color very 22
distinctive of Rincon limestone.

16 Pink conglomeratic limestone. 5

15 Pink conglomeratic limestone; pebbles are of coarsely 4
crystalline limestone.

14 Pink, coarse-grained limestone with jasper pebbles 30
at the base (PL X, fig. 1).

Total Rincon Limestone 73

Abrigo Formation:

13 Beige gray limestone with pinkish cast. It has a 47
banded appearance on the weathered surface. The 
bands are much siltier than the re s t of the rock.

12 Dark gray, fine-grained limestone that is very red on 8
the weathered surface.

11 Gray, fine-grained silty limestone. 28

10 Gray, medium-grained, very sandy limestone. 12

9 Dark gray limestone. Finely crystalline near base, 8
coarsely crystalline near top. Contains trilobite frag
ments.

8 Gray, coarsely crystalline limestone typical of the 222
Abrigo limestone. Very massive unit covered ex
tensively by slope wash. The change from massive 
to shaly limestone is considered the break between 
the Abrigo limestone and the underlying Cochise.

Unit Description Feet

Total Abrigo Form ation 325
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Cochise Formation:

7 Light gray, fine-grained limestone that is very shaly 150 
near the top, with inclusions of sandstone or pellets 
of silty material throughout the unit.

6 Greenish- to brownish-gray, well-cemented quartzite. 8

5 Bluish-green to greenish-gray, fine-grained quartzite 15
which shows no bedding. Glauconite gives it the 
greenish cast.

4 Dark gray to brownish-gray, limy quartzite, 80 per- 47
cent sandstone and 20 percent limestone.

3 Blackish- to medium-gray sandstone that appears to con- 7 
tain plant debris.

Unit Description Feet

2 Brownish- to greenish-gray, fine-grained, poorly cement- 8 
ed sandstone.

Total Cochise Formation 235

Bolsa Quartzite:

1 Brown- to reddish-brown, medium-grained, well- 370
cemented quartzite which shows excellent crossbedding, 
well defined by a concentration of purplish coloring 
along the bedding planes. No shale at top of Bolsa 
in this section although there is farther to the south.
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SECTION HI

Located along the ridge south of the North Fork of Middle Canyon.

Escabrosa Limestone:

Measured downward from contact of Escabrosa 
limestone and Martin limestone.

Martin Limestone:

Unit Description Feet

23 Dark gray to black,' partially recrystallized quartzite. 90

22 Brown- to off-white, crossbedded quartzite that is 5
cemented with silica and calcite. Grains well rounded.

21 Medium gray, fine-grained limestone that weathers tan 74 
on the surface. There is a two-foot zone of Atrypa 
5 feet from the top of the unit, and a four-foot zone 
of Cladopora, Atrypa, and horn corals 32 feet from 
the top of the unit.

20 Black chert. 3

19 Medium gray, fine-grained limestone that weathers tan 14
on the surface.

18 Medium gray, fine-grained limestone that becomes 7
siltier toward top of unit.

17 Bryozoan reef with a matrix of coarse, crystalline 2
calcitic sand.

16 Medium gray, fine-grained, limestone that becomes 93
siltier toward the top of the unit,

15 Flesh-colored, medium-grained, well-rounded sand- 5
stone cemented with calcite.

14 Black- to blackish-gray, fine-grained, rather porous 7
limestone.

Total M artin Limestone 304
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Rincon Limestone:

13 Pink to gray, fine-grained limestone and sandstone 48
alternating through the unit in thin beds. In many 
horizons coarsely crystalline limestone alternates 
with the finer beds. Numerous fossil horizons yield 
mainly trilobites and brachiopods.

12 Pink, coarse-grained, basal conglomerate with jasper 1
and limestone pebbles.

Total Rincon Limestone 49

Abrigo Formation:

11 Light gray, coarse-grained, recrystallized limestone. 120
Many horizons of fossil fragments, mostly unidentifi
able trilobites.

Unit Description Feet

Fault:

A vertical fault which strikes E38°S; may be the cause
for a repetition in Abrigo section.

10 Similar to unit 11 above the fault. 42

9 Cliff of light gray, alternating coarse and fine-grained 6
crystalline limestone.

8 Light gray, medium-grained limestone with numerous 133 
horizons of trilobite fragments.

Total Abrigo Formation 301

Cochise Formation:

7 Black oolitic limestone which has a gray matrix. 2
There are larger black pebbles 1/4 inch in diameter
and l /8  inch thick that are very smooth and well rounded.
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6 Gray, fine-grained limestone that shows some recrys- 20 
tallization and contains scattered limestone pebbles.
Bedding is l/2  inch thick.

5 Brownish-gray, medium-grained, sandy limestone. 5

4 Tan, very fine-grained shaly limestone that has 158
minute crossbedding. Near base of unit limestone is 
medium gray, very fine grained, aphanitic limestone 
that is black in places.

3 Buff gray, medium-grained, well-rounded quartzite 64
which grades downward into a buff to red quartzite 
that is very limy.

2 Medium-gray limestone composed of detrital fragments 65
of fossils, mainly trilobites, recrystallized limestone, 
and oolitic limestone.

Total Cochise Formation 314

Bolsa Quartzite:

1 Brown- to reddish-brown, medium-grained, crossbedded 370
quartzite with a concentration of purplish heavier min
erals along the bedding planes. In some places there 
appears to be liesegang banding.

Total Bolsa Quartzite 370

Unit Description Feet

Whetstone Granite



PLATE VI

Cambrian Trilobite, between Blountia 
alethes and andreas Wolcott.
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PLATE Vn

Middle Canyon, Whetstone Mountains 
as viewed from the access road, 
looking west.
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PLATE Vm

INTRUSIVE RELATIONSHIPS AND CONTACT METAMORPHIC 
EFFECTS OF CRETACEOUS DACITE

Figure 1, The Paleozoic section and the intrusive 
contact between the Cretaceous dacite 
and the Cambrian Bolsa quartzite as 
seen looking north from the south ridge.

Figure 2. Cambrian Cochise limestone that has
been partially metamorphosed by contact 
with the Cretaceous dacite intrusion.





PLATE IX

FLAT PEBBLE CONGLOMERATE IN THE ABRIGO 
FORMATION AND PRE-BOLSA CHANNELING

Figure 1. Flat pebble conglomerate in the
Cambrian Abrigo formation, taken 
on the south ridge.

Figure 2. Channeling in the Precambrian Pinal 
schist as seen in the south fork con
tact of the Pinal and the Bolsa quartz
ite.





SEDIMENTARY AND INTRUSIVE CONTACTS IN 
CAMBRIAN FORMATIONS

PLATE X

Figure 1. Contact between the Cambrian Abrigo 
formation and the Rincon limestone, 
also showing the jasper pebbles in 
the lower part of the Rincon.

Figure 2. The contact between the Cambrian 
Cochise formation and the under
lying Cretaceous dacite intrusive.
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PLATE XI

VIEWS OF THE BENSON FAULT

Figure 1. View of the Benson fault as seen from 
below the top of the west ridge, looking 
north.

Figure 2. Paleozoic section and the Benson fault 
seen from bottom of the north fork of 
Middle Canyon, looking northwest.





VIEWS OF THE BOLSA QUARTZITE CLIFF

PLATE XH

Figure 1. View of the Bolsa cliff looking west 
from the Lonestar mine.

Figure 2. The north and west sides of the 
Bolsa cliff area as seen from the 
top of the west ridge, looking 
southwest.
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PLATE X m

VIEWS OF INTRUSIVE AND FAULT CONTACTS IN
MIDDLE CANYON

Figure 1. Photograph showing the contact 
between the Precambrian Pinal 
schist and the Precambrian Whetstone 
granite, and the Middle Canyon fault. 
Picture taken from the saddle behind 
the Bo Is a cliff, looking northeast.
Note line of trees along the fault.

Figure 2. Looking along one of the minor 
faults from the central ridge. 
Also seen are the Bolsa cliff and 
the Middle Canyon fault. Photo
graph taken looking southeast.
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PLATE XIV

PALEOZOIC FORMATIONS IN MIDDLE CANYON

Figure 1. Looking north along the strike of the 
Paleozoic section from the saddle 
behind the Bolsa cliff.

Figure 2. The Paleozoic section and one of
the minor faults of the south ridge, 
looking south from the west ridge.





PLATE XV

FOLDS IN MIDDLE CANYON

Figure 1. Monocline in the Bolsa quartzite on 
the south side of the Middle Canyon 
fault, looking west from the south 
fork of Middle Canyon.

Figure 2. Small fold along one of the minor 
faults on the north side of the 
Middle Canyon fault, looking along 
the strike to the northwest.
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