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ABSTRACT

Along the southwestern side of Middlemarch Canyon 
in the central Dragoon Mountains, lower Paleozoic and lower 
Cretaceous rocks have undergone Laramide deformation and 
Tertiary alteration and mineralization. Laramide deforma
tion is characterized by a period of major folding and re
verse faulting followed by normal faulting

Intrusion of the Tertiary Stronghold Granite pro
vided the heat source for contact thermal metamorphism and 
fault-controlled pyrometasomatic alteration of the lower 
Paleozoic and lower Cretaceous carbonate rocks. Pyrometa- 
somatism postdates isochemical thermal metamorphism. Pyro
metasomatic alteration products were, in paragenetic order, 
grossularite-wollastonite, andradite, epidote, phlogopite- 
chlorite with associated copper, lead, and zinc sulfides, 
and finally quartz and calcite. This paragenesis is the 
result of early addition of iron, aluminum, and silica to 
limestone and quartzite pebble-bearing conglomerates fol
lowed by hydrous potassium-magnesium alteration and finally 
by C02 metasomatism. Temperatures probably decreased from 
approximately 500°C during early skarn formation to 300°C. 
Pressures were probably low, from 0.5 to 1 kilobar.
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INTRODUCTION

Previous writers on the geology of the central 
Dragoon Mountains have devoted most of their energies to 
stratigraphic and structural descriptions of interpreta
tions of the rocks with little or no mention of mineraliza
tion (Darton, 1925, Cederstrom, 1946, Gilluly, 1956, Keith, 
1976) . Two exceptions are Perry (1964) who discussed al
teration and mineralization in the Abrigo Formation at the 
Abril Mine 5 km northwest of this thesis area, and Rushing 
(1978) who studied some of the skarns in the Abrigo Forma
tion in the Stronghold Canyon area 5 km to the north. To 
date no detailed study of the geology, skarn alteration, 
and mineralization in the Middlemarch Canyon area has been 
completed. The skarn alteration and mineralization in Mid
dlemarch Canyon is of interest because it is hosted by 
limestone and quartzite-pebble conglomerates of the Lower 
Cretaceous Bisbee Group sedimentary rocks, and because the 
only intrusive bodies exposed in the area of the skarns are 
the Precambrian Cochise Peak Quartz Monzonite and thin Ter
tiary thyolite and lamprophyre dikes which may be related 
to the Tertiary Stronghold Granite.

The purpose of this study is to investigate the 
possible effects of the chemically diverse host rock
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2
lithologies on alteration mineralogy, paragenesis, and 
zoning; to determine controls on localization of the alter
ation, be it stratigraphically controlled, structurally 
controlled, or intrusion related; and to determine which 
intrusive rock in the area was responsible for the thermal 
event which generated the skarns.

The text of this paper is organized into sections 
on stratigraphy, structural geology, and alteration- 
mineralization. The section on stratigraphy will deal 
primarily with the lithology of the Early Cretaceous Bisbee 
Group sediments which host the ores, with very brief de
scriptions of the other lithologies present. Structural 
Geology will give a brief summary of the thinking of previ
ous writers on the geology of the central Dragoon Mountains 
followed by brief descriptions of the dominant structures 
present in Middlemarch Canyon, some of which control the 
localization of alteration, and finishes with a summary of 
the structural history of Middlemarch Canyon. The altera
tion and mineralization section will describe the occur
rence, paragenesis, and compositions of the alteration and 
mineralization assemblages with some concluding statements 
on the causes of, controls on, and chemical evolution of 
the skarns.

Detailed mapping at the scale of 1:1200 onto aerial 
photographs was completed for an area extending on both
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sides of the western ridge of Middlemarch Canyon from Mid- 
dlemarch Road northwest to approximately 0.4 km southeast 
of Cochise Peak. Surface geology (Figures 1, 2, in pocket) 
was supplemented by data from the cores of three drill 
holes (Appendix C), old records of the Middlemarch Mine and 
Cobra Loma Mine, and mapping of the accessible mine work
ings in the Middlemarch Mine and Iron Age Claim Mine. Un
derground workings in the Cobra Loma and Loma Linda Mines 
were inaccessible, as were most of the workings in the Mid
dlemarch Mine. Lithologies, alteration mineralogy, and 
paragenesis were studied from numerous outcrops, hand spec
imens, polished sections, and 107 thin sections. Mineral 
identification and compositional variations were supple
mented by X-ray and scanning electron microprobe analyses. 
Fluid inclusion homogenization and freezing point depres
sion temperatures representative of skarn formation condi
tions were not obtainable for all of the skarn silicate 
assemblages, but data were derived for a late phase quartz.

Location and Access
Middlemarch Canyon is located on the eastern side 

of the central Dragoon Mountains approximately 16 km west 
of Pearce, Arizona, and 26 km east-northeast of Tombstone 
(Figure 3). Access is provided by Middlemarch or Middle 
Pass Road. The Middlemarch Mine is accessible by a road 
that heads up Middlemarch Wash from the southern end of the
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Figure 3. Location map of the area of study. —  Middle- 
march Canyon, central Dragoon Mountains, Cochise County, Arizona.



canyon. The specific area of study is located in sections 
11, 12, and 13 of T18S, R23E (Figure 3). Elevations range 
from 1,620-2,050 meters above sea level.

History
The Middlemarch Canyon deposits were first worked 

in 1897 by the Middlemarch Mining Company. Initial ores 
from the glory hole of the Middlemarch Mine were of mixed 
oxides and sulfides at an average grade of 6% copper. By 
1903, 100,000 tons of 4-5% Cu, 0-10% Zn, 2 oz/ton Ag, and 
0.84 grams/ton gold ore were blocked out, with another 
100,000 tons estimated reserves. Four thousand feet of 
workings with a 625 foot tunnel and two 100 foot and 305 
foot shafts were used to extract the ores. In 1906, the 
Middlemarch Mining Company proposed consolidating with the 
Cobra Loma Mining Company, bringing the company's stock 
value from $1,000,000 in 1897 to $3,000,000 in 1906. De
velopmental work continued on the Middlemarch Mine from 
1906 to 1912. In 1913, the Cobra Loma Mine was in produc
tion with a 200 foot adit providing access to 5% copper 
ores containing chalcopyrite and bornite(?).

Production was slow from 1912 to 1919. The Middle- 
march Mine was worked to the seventh level with most of the 
concentrates from the 100 tpd mill being shipped to Bisbee, 
Arizona, for smelting. The mine was shut down in 1919, 
after management attempted to start up equipment that had

5



6
been sabotaged by striking miners. New management named 
the Arizona Middlemarch Co. was brought in after settlement 
of the disagreements, and work recommenced.

By 1920, the Middlemarch Mine was extended to the 
eighth level where rich (2-16%) copper ore was encountered. 
Further work on the seventh level yielded high grade copper 
and 3-50 oz/ton silver ores. All work on the properties 
shut down in September 1920. The Middlemarch pit (Figure 
1) between the Middlemarch Mine and the Cobra Loma Mine was 
worked in the early 1970s and again later in 1977-78 with 
limited production from ores very similar to those from the 
Middlemarch Mine. No current development is being carried 
out.

Previous Work
Previous geologic work in the Middlemarch Canyon 

area has been restricted to regional studies with emphasis 
on structural and stratigraphic work. Discussion of the 
major structural interpretations of previous writers is 
deferred to the section dealing with structural geology.
In brief. Barton (1925) typifies Middlemarch Canyon as a 
syncline of Lower Cretaceous rocks between two Paleozoic 
anticlinal masses. Cederstrom (1946) was the first to do 
any detailed study of the Dragoon Mountains, initiating the 
"folded thrust" hypothesis which was accepted by subsequent 
workers. Gilluly (1956) confirmed many of Cederstrom1s
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interpretations, adding several reinterpretations of li
thology and structure. Regionally with respect to south
eastern Arizona, Drewes (1976) reinterprets Gilluly1s 
structures in Middlemarch Canyon as representing the east
ern edge of a vast thrust sheet. Keith and Barrett (1976) 
completed the most recently published detailed study in the 
central Dragoon Mountains south of Middle Pass, resulting 
in several major reinterpretations of the structural his
tory and deformational style of the central Dragoon Moun
tains. Davis (1979) uses the same structures as Drewes 
(1976) as evidence that the Dragoon Mountains lie at the 
eastern margin of a vast basement-cored uplift.

Keith has completed an unpublished study of the 
central Dragoon Mountains north of Middle Pass. Regional 
structures and metal zoning patterns which are not observ
able on the scale used for this paper were discovered by 
Keith in his regional study and will be mentioned later.



STRATIGRAPHY

The best reference for detailed descriptions of the 
rock types in the central Dragoon Mountains is Gilluly 
(1956). This section concerns itself primarily with a de
tailed description of the Lower Cretaceous Bisbee Group 
rocks which are the host rocks to nearly all ores studied 
in this project. The remaining rock types are briefly dis
cussed.

Cochise Peak Quartz Monzonite 
The Cochise Peak Quartz Monzonite was named by 

Gilluly (1956) in the type locality in Sorens Canyon.
Cederstrom (1946) considered this granite to be a phase of 
the Tertiary Stronghold Granite. Gilluly designated the 
Cochise Peak Quartz Monzonite as a Jurassic-Triassic equiv
alent of the Gleeson Quartz Monzonite. Cooper and Silver 
(1964) described very similar rocks to the north in the 
Dragoon Quadrangle near the Tungsten King Mine and in the 
Winchester Mountains as possible Precambrian equivalents to 
Gilluly1s Jurassic-Triassic Cochise Peak Quartz Monzonite. 
Keith and Barrett (1976), Rushing (1978), and this paper 
designate the Cochise Peak Quartz Monzonite to be Precam
brian based on depositional contacts of the overlying Bolsa 
Quartzite. A duplication of this contact relationship is

8
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present in the Dos Cabezas Mountains between the Bolsa 
Quartzite and a similar granite dated 1375 +40 m.y. by 
Erickson (1968, 1969).

The Cochise Peak Quartz Monzonite is a slope
forming , grey to pink grey, brown to yellow-tan weathering, 
medium- to coarse-grained biotite quartz monzonite with lo
cally abundant, porphyritic, Rapakivii K-feldspars up to 5 
cm in length. Major constituent minerals in the quartz 
monzonite are microcline, quartz, plagioclase, muscovite, 
and biotite with minor accessory apatite, sphene, magne
tite, zircon, and rutile. The biotite is ubiquitously al
tered to chlorite as the result of widespread, weak 
cataclastic deformation (Figure 4) and possible recrystal
lization of the quartz monzonite. Cataclasis is manifested 
as numerous chlorite-coated fractures which offset and oc
casionally rotate grains. This texture is difficult to see 
on most outcrops, but is readily visible in slab section 
and drill core. Cataclasis varies in intensity and distri
bution from weak, sparse fractures with chlorite to moder
ately intense fracturing to the point where phenocrysts are 
not recognizable and the rock appears green due to the 
abundance of chlorite.

Bolsa Quartzite
The Cambrian Bolsa Quartzite is a light pink to 

light grey, medium- to coarse-grained, moderately to
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Cataclastic deformation in the Cochise Peak 
Quartz Monzonite. —  Sample is from 735 feet 
depth in Kerr McGee's drill hole #1. The dark 
mineral is chlorite (ch), quartz is grey (q), 
and K-feldspar is tan (k). 1.3x.

Figure 4.
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well-sorted, moderately to well-rounded, silica-cemented 
cliff-forming quartzite. The lower 30 to 60 cm is arkosic 
with local concentrations of quartzite pebbles to 3 cm in a 
coarse arkosic matrix. This lower unit grades upward to a 
clean quartzite lacking detrital feldspar. Bedding in the 
Bolsa Quartzite is massive and indistinct with cross
bedding locally evident.

The basal Bolsa Quartzite in the area of the Emmons 
Summit Mine consists of thin, interbedded, fine-grained 
sandstone, mudstone, and shale. No other correlative to 
this lithology was observed elsewhere in the area studied. 
These beds are believed not to be Pinal Schist due to the 
lack of schistosity and low muscovite and biotite content 
typical of that present in the Pinal Schist elsewhere in 
the Dragoon Mountains.

The Bolsa Quartzite varies from 0 to approximately 
100 feet thick, depending on the amount of Jurassic- 
Triassic and Early Cretaceous erosion. Maximum thickness 
of the Bolsa was not directly measurable. No contacts with 
the overlying Abrigo Formation were observed.

Abrigo Formation
Outcrops of the Abrigo Formation are restricted to 

deformed fault slivers. No depositional contacts with 
younger or older sediments were observed. The Abrigo For
mation consists of 1- to 3-cm-thick interbeds of grey to
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tan siltstone which weather in relief to the 1- to 5-cm- 
thick grey limestone beds. The siltstones are composed 
primarily of quartz and feldspar with minor muscovite in a 
calcareous matrix. The siltstones are commonly metamor
phosed to light grey-green hornfels. The limestone inter
beds have been metamorphosed to marble. The thickest 
section observed in outcrop is approximately 20 meters 
thick. The Abrigo Formation is deformed everywhere in the 
mapped area. Deformation ranges from small open folds to 
completely contorted and dislocated bedding.

Escabrosa Limestone
Exposures of Escabrosa Limestone are limited to 

fault blocks and exotic blocks in the basal Bisbee Group. 
These exposures are only partial sections with no upper or 
lower contacts observable. The two exotic blocks (Figure 
1) are grey, medium- to coarse-grained, thick-bedded to 
massive limestone with chert interbeds and occasional rel
ict crinoid fragments. They have been slightly metamor
phosed and deformed.

At the north end of Middlemarch Canyon a large mass 
of highly^deformed, grey, fine- to coarse-grained marble 
has been interpreted as Escabrosa Limestone. This inter
pretation is based on the marble's freedom from chert and 
shale, its thickness, and the fact that color continuity is 
similar to that of the lower Escabrosa Limestone lithology



in the Dragoon Mountains south of Middle Pass (Gilluly,
1956) . No other Paleozoic rock types were exposed in the 
area mapped for this paper.

Bisbee Group
Bisbee Group lithologies make up the major portion 

of rocks exposed in the mapped area. The Bisbee Group is 
representative of a continental fanglomerate-shallow marine 
environment which covered much of southeastern Arizona dur
ing Lower Cretaceous time (Ransome, 1904, Gilluly, 1956, 
Titley, 1976, Bilodeau, 1978). Bisbee Group rocks in Mid- 
dlemarch Canyon were divided into lithologic groups based 
on the dominant rock types in surface exposure. Lithologic 
classifications are modeled after methods outlined by Folk 
(1974), with modifying adjectives to describe clast or ma
trix compositions.

Total thickness of the Bisbee Group in Middlemarch 
Canyon is not known. Two kilometers to the southeast on 
the eastern slopes of the Dragoon Mountains, Gilluly (1956) 
estimated the Bisbee Group to be at least 1 kilometer 
thick. Twenty kilometers to the north in the Dragoon Quad
rangle, Cooper and Silver (1964) estimated the Bisbee Group 
also to be approximately 1 kilometer thick. Most of this 
thickness is sandstone, mudstone, and shale with about the 
lowermost 150 meters being the Glance Conglomerate.

13
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Glance Conglomerate

The Glance Conglomerate is the basal facies of the 
Bisbee Group in the Middlemarch Canyon. The lithology of 
the Glance Conglomerate reflects the lithology of its local 
source area sediments. In Middlemarch Canyon this conglom
erate may be divided into two facies based on clast compo
sition and percent of clasts present, the lower quartzite 
pebble conglomerate and the upper limestone pebble conglom
erate.

Lower Quartzite Pebble Conglomerate (Kgq). The 
quartzite pebble conglomerate facies is a mixed facies of 
grain-supported quartzite pebbles in a sandy, siliceous ce
ment matrix to matrix-supported quartzite and limestone 
pebbles in a sandy limestone matrix. Limestone pebble con
tent does not exceed 50% of the clast content greater than 
1 centimeter diameter. Clasts are poorly sorted, subangu- 
lar to subrounded, and range in size from 1 centimeter to 
20 centimeters with occasional boulders and rare exotic 
blocks of limestone to approximately 100 meters long.
Clast compositions vary from Bolsa Quartzite and Precam- 
brian granite to Paleozoic limestone and dolomite. Quartz
ite and Precambrian granite clasts are most abundant in 
conglomerates depositionally in contact with Bolsa Quartz
ite and Cochise Peak Quartz Monzonite.



Matrix compositions usually reflect the dominant 
clast compositions, ranging from silica-cemented, poorly 
sorted, angular to subrounded quartz, feldspar, and lithic 
fragment sand to quartzitic sand and silt in a fine- to 
medium-grained grey limestone. Matrix clast content ranges 
from 30% to 80% of the matrix.

The more quartzite-rich outcrops weather to a 
rounded, brown to ferruginous reddish-brown color depending 
on detrital iron content derived from the Precambrian gran
ite and lower Bolsa Quartzite. The quartzite pebble con
glomerate facies rarely exceeds 30 meters in thickness in 
outcrop and is transitional to, intercalates with, and is 
overlain by the limestone pebble conglomerate facies.

Upper Limestone Pebble Conglomerate (Kgl). The 
limestone pebble conglomerate facies is similar to the 
quartzite pebble conglomerate facies in texture but differs 
in composition. The conglomerates are thick-bedded to mas
sive and range from grain-supported to matrix-supported 
clasts with matrix-supported lithologies increasing in 
abundance toward facies transition zones with the sandy 
limestone facies. Pebble compositions range from limestone 
to dolomite with not more than 50% quartzite. Clasts are 
subrounded to rounded, poorly to moderately sorted, and 
range from 1 cm to 25 cm in size. The matrix is ubiqui
tously grey, sandy limestone with sand content rarely

15
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exceeding 50% of the matrix. Outcrops are rounded and low, 
weathering grey to tan, and they yield few usable strike 
and dip surfaces. Common channel scour structures may con
fuse strike and dip readings. Pebble imbrication direc
tions indicate that carbonate clasts were derived from the 
northeast (Bilodeau, 1978) .

Thickness of the limestone pebble conglomerate is 
variable. From Middlemarch Road northwest to the Middle- 
march pit, the limestone pebble conglomerate in outcrop and 
in Kerr McGee drill hole #3 (Appendix C) is a consistent 
lithologic unit more than 150 m thick with less than 20% 
interbedded sandstone, mudstone, shale, and sandy lime
stone. In the area of the Middlemarch pit, the limestone 
pebble conglomerate appears to become intimately interca
lated with quartzite pebble conglomerate, sandy limestone, 
sandstone, mudstone, and shale which compose approximately 
60% of the 946 feet of sediment present in Kerr McGee's 
drill hole #2 (Appendix C). Further to the northwest, lit
tle limestone pebble conglomerate is seen. The basal 
quartzite pebble conglomerate is locally well developed and 
quickly grades upward to interbedded sandstones, mudstones, 
and shales, of the sandstone-mudstone and mudstone-shale 
facies. Therefore the total thickness of the limestone 
pebble conglomerate may range from less than 20 meters to 
more than 300 meters.
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Sandy Limestone Facies (Kssls)

Intercalated with and transitional to the limestone 
pebble conglomerates is the sandy limestone facies. This 
facies is represented by grey, moderately thick-bedded 
limestone with 10-40% sand and not more than 10% limestone 
and quartzite clasts greater than 1 cm in diameter. 1 Sand1
content ranges from silt- to sand-sized granular fragments 
of subangular to subrounded, poorly to moderately sorted 
quartz with 0-10% feldspar and 0-10% calcite clast content. 
Outcrops are rounded and low, weathering tan to light brown 
in color. Individual beds average 35 cm in thickness and 
are continuous along strike for up to 100 meters. Sili
ceous clasts weather in relief, while calcite clasts are 
almost undetectable in outcrop. Sandy limestone beds are 
occasionally cut by channels filled with limestone pebble 
conglomerate. The thickness of the sandy limestone facies 
is difficult to measure due to commonly intercalated lime
stone pebble conglomerate and sandstone-mudstone facies 
sediments. A best thickness estimate would be no less than 
3 meters and no more than 15 meters for any one continuous 
grouping of beds.

Sandstone-Mudstone Facies (Kssms)
The sandstone-mudstone facies and the mudstone- 

shale facies sediments compose a major portion of the 
Bisbee Group present in Middlemarch Canyon. In the field
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these two lithologic groupings are commonly intercalated 
and are difficult to separate due to the slight metamor
phism and deformation. These two facies are probably 
equivalent to the Morita and Cintura members of the Bisbee 
Group, but they lack the well-defined bedding displayed to 
the southwest in exposures in the Mule and Huachuca Moun
tains .

The s ands tone-muds tone facies is a mixed lithology 
facies ranging from sandy mudstones with greater than 10% 
sand content to relatively clean, grain-supported, sili
ceous sandstones. The sandstones are poorly to moderately 
sorted, moderately to very-well-cemented, green-tan to tan 
to dark grey in color, with a siliceous to muddy matrix 
making up 5 to 50% of the rock. The clastic component 
ranges in size from silt to 5 mm, occasionally to 2 cm, 
with an average grain size of 0.6-1 mm. Compositions are 
primarily quartz with 0-10% potassium-feldspar and traces 
of plagioclase.

The mudstones are composed of a brown to black 
silty mud with 10-50% quartzose sand content of which 0-10% 
may be feldspar. The sand grains range in size from silt 
to 2 mm, are rounded to subrounded, moderately sorted, and 
fairly evenly distributed throughout the rock. The mud
stones weather to low, blocky, brown to black outcrops 
which reveal very few bedding or other sedimentary
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structures. The sandstone-mudstone facies increases in 
sand content in areas where quartzite pebble conglomerate 
and quartzite pebble and sand content in limestone pebble 
conglomerate are the highest. Sandstone to mudstone ratios 
vary from approximately 5:1 to 1:3. The sandstone-mudstone 
facies sediments are commonly interbedded with all other 
facies mentioned. Transitional to the sandstone-mudstone 
facies is the mudstone-shale facies.

Mudstone-Shale Facies (Kmssh)
The mudstone-shale facies is similar to the 

sandstone-mudstone facies, the primary difference being 
percent sand content. The mudstones are typically dark 
brown to black, moderately to well-cemented, blocky- 
weathering units with indistinct bedding. Sand fractions 
making up 10-30% of the rock are moderately rounded, moder
ately sorted silt to medium-grained quartz with traces of 
feldspar.

The shaley fractions are black, moderately to very- 
well-cemented, poorly outcropping units with moderately 
well-developed fissility which is more the result of ther
mal metamorphism and structural deformation than bedding.
No pure shales were observed in thin section. All samples 
had at least 3-8% silt to fine-grained sand. Occasional 
coarse, thin, sandstone lenses do cut the mudstone-shale 
lithology but rarely coalesce to form a consistent
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lithologic unit for more than 30 meters along strike and 1 
meter in thickness.

Ratios of mudstone to shale are nearly impossible 
to determine in the field due to the fine-grained nature of 
the rock, intimate mixing of lithologies, poor exposure, 
thermal metamorphic effects, and deformational effects. 
Fissility, which is actually axial plane cleavage, is de
veloped in many areas dominated by shale. Sparse, nodular 
to thin-bedded to occasionally massive, discontinuous, 
slightly marbleized limestones with pelecypods and gastro
pods are present in the mudstone-shale facies. These fos- 
siliferous beds may correlate to.those noted by Gilluly 
(1956) in the Bisbee Group east of Black Diamond Peak.
Total thickness of the mudstone-shale facies is not defin
able due to intercalations of the other facies and a lack 
of continuous measurable outcrop.

Facies Characteristics
As previously mentioned, the Bisbee Group in Mid- 

dlemarch Canyon represents a complex interfingering of fan- 
glomerates and shallow marine sediments. The facies were 
divided into map units based on the dominant rock type 
present in surface exposure. Any one of the facies men
tioned may be present to a minor extent in any of the other 
facies; that is, thin, discontinuous channel scours filled 
with limestone and quartzite pebble conglomerate are found
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in the mudstone-shale facies and vice versa. General fa
cies relationships (Figure 5) represent packets of sedi
ments which become finer grained up section. Repeats in 
this pattern are more common near the base of the Bisbee 
Group with the more homogeneous finer-grained sediments 
dominating the upper section. Bilodeau (1978) concluded 
that pebble imbrication directions indicate the source 
areas for the limestone pebble conglomerates of the central 
Dragoon Mountains were probably to the northeast. In Mid- 
dlemarch Canyon facies transition directions indicate that 
source areas for most of the Glance Conglomerate were from 
the west and southwest. Clasts of the basal quartzite peb
ble conglomerates were derived from sources much closer to 
the site of deposition than the limestone pebble conglom
erates .

Stronghold Granite
Occurrences of the Stronghold Granite in the thesis 

area are restricted to bleached, shattered outcrops in the 
eastern to northeastern portion of the area mapped, the 
last 646 feet of drill hole #1 by Kerr McGee (cross section 
G-G', Figure 2), and the lowermost workings of the Middle- 
march Mine (cross section C - C , Figure 2).

In outcrop, the Stronghold Granite is a white to 
pink, fine- to medium-grained quartz and feldspar rock with 
1-4 mm potassium-feldspar and quartz phenocrysts and minor
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Kssms-Kmssh

Figure 5. Diagramatic cross section of the facies rela
tionship in the Bisbee Group. —  The section is 
taken subparallel to the strike of bedding with 
approximate locations of Kerr McGee1s drill 
holes #2' and #3 superimposed. No vertical or 
horizontal scale.
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accessory biotite and locally muscovite. On the sixth 
level of the Middlemarch Mine, the Stronghold Granite is a 
grey, fine- to medium-grained granite with 1-4 mm quartz 
phenocrysts and occasional (<1%) large potassium-feldspar 
phenocrysts to 2 cm. Biotite makes up 3-5% of the granite 
along with traces of accessory apatite and alteration seri- 
cite and epidote. The Stronghold Granite in the bottom of 
Kerr McGee's drill hole #1 (Appendix C) is similar to that 
in the Middlemarch Mine but lacks the large potassium- 
feldspar phenocrysts and sericite-epidote alteration. Dis
tances to surface exposures of Stronghold Granite are 3 km 
to the west, 1.2 km to the north, and 0 km to surface expo
sures in Middlemarch Wash on the eastern edge of the mapped 
area. At depth below Middlemarch Canyon, the Stronghold 
Granite contact with the overlying stratigraphy dips gently 
to the south to approximately Middle Pass where the dip 
steepens (Gilluly, 1956). The several K-Ar age determina
tions published for the Stronghold Granite range from 
22 +3 m.y. (Damon and Bickerman, 1964) to 27 +2 m.y. and 
24.1 +1 m.y. (Marvin and others, 1973).

Tertiary Rhyolite Dikes
Numerous northwest-trending, steeply southwest

dipping rhyolite dikes cut the central Dragoon Mountains. 
Many of these dikes have outcrop lengths of more than 2 km, 
with some exceeding 10 km. On weathered surfaces, the
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rhyolites are light tan to pinkish with occasional light 
greyish-purple hues. The dikes usually stand in relief 
above most other lithologies, weather spheroidally, and 
show very little evidence of deformation. Textural varia
tions range from 1-5 mm phenocrysts of potassium-feldspar 
and quartz in an aphanitic groundmass of the same mineral
ogy to large (1 cm) potassium-feldspar phenocrysts in a 
coarse matrix of potassium-feldspar and quartz. Chilled 
borders 5-12 cm thick are commonly present. Quartz pheno
crysts are commonly embayed. Accessories include biotite, 
rare apatite, and sporadically distributed 0.5-2 mm eu- 
hedral pyrite cubes. In thin sections, graphic to myrme- 
kitic intergrowths are occasionally seen to surround quartz 
and potassium-feldspar phenocrysts.

The Tertiary rhyolite dikes display crosscutting 
relationships with all lithologies except the lamprophyre 
dikes, with which no contacts were observed.

Lamprophyre Dikes
Small, greenish-grey lamprophyre dikes with domi

nantly north 60-70° east trends are present sporadically ' 
throughout the Middlemarch Canyon area. These dikes rarely 
exceed 1.5 meters in width and could be traced no more than 
30 meters along strike. Few of these dikes are shown on 
the geologic map primarily due to the extremely poor out
crop nature of the lamprophyres. Lamprophyre rubble is
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commonly seen in outcrop or in float, but it rarely can be 
traced to a definite source area or outcrop.

Petrographically, the lamprophyre dikes consist of 
green hornblende phenocrysts to 5 mm in length in a ground- 
mass of fine-grained hornblende and plagioclase with minor 
accessory apatite, magnetite, and possibly traces of ortho- 
clase. Later alteration calcite, quartz, and epidote are 
present along fractures. Gilluly (1956) classed the 
lamprophyres as being the spessartite type. Lamprophyre 
dikes cutting Stronghold Granite are present in the north
ern Dragoon Mountains (Gilluly, 1956) . In the Little 
Dragoons they cut Texas Canyon Quartz Monzonite and younger 
related aplite dikes (Cooper and Silver, 1964). Gilluly 
(1956) related the lamprophyre dikes to a phase of the 
Stronghold Granite which is younger than the rhyolite 
dikes.

Quaternary Talus (Qtal) and Alluvium (Qal) 
Quaternary talus is primarily slope-covering, 

unconsolidated sediment of 1 to possibly 8 meters in thick
ness. Quaternary alluvium is a grouping of older gravels 
and sands which stand above but near the present stream 
base, and recent stream sands and gravels occupying present 
stream channelways. No chronologic work was done to define 
the age relationships of these Quaternary sediments.



STRUCTURAL GEOLOGY

The complexity of the structural geology present in 
Middlemarch Canyon proved to present a problem beyond the 
scope of this paper. The structural geology presented in 
Figure 1 and Figure 2 is a best fit for the geology mapped 
on the surface. The structural geology may well be more 
complex, and is probably not simpler than that presented 
here. The primary purpose for mapping the structures pres
ent in Middlemarch Canyon was to deliniate structural con
trols of the skarn alteration and mineralization and to 
substantiate or disprove previous thinking on the struc
tural evolution of Middlemarch Canyon and the central 
Dragoon Mountains. This section summarizes the thinking of 
previous workers in the Middlemarch Canyon area, presents 
brief descriptions of the structures in Middlemarch Canyon, 
and finally relates these structures to the geologic his
tory of the area.

Previous Work
Darton (1925) first described the general geol

ogy of the central Dragoon Mountains as dominated by a 
northwest-trending fold (Figure 6) which is cut off to the 
north by the Stronghold Granite which intruded the exist
ing rocks up through the Lower Cretaceous Bisbee Group.

26
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"V is

Lower Cretaceous

SECTION C

Figure 6. Cross sections from Barton (1925). —  Compare 
the central portion of Section B with cross 
sections D-D1 of Cederstrom (1946), Figure 7, 
and cross sections B-B1 (Figure 2).

Cederstrom (1946) , also noting the fold dominance in the 
central Dragoon Mountains, named the syncline at the mouth 
of Middlemarch Canyon the Middlemarch Syncline (Figure 7). 
Cederstrom summarized the structural events in the central 
Dragoon Mountains as:

1. Sedimentation in the Paleozoic and Mesozoic;
2. Low-angle overthrust faulting, probably from the 

southwest;
3. Folding of the sedimentary section into broad, open 

folds, with reverse faulting where the competent 
strata were unable fully to adjust to the compres
sive forces by folding; and

4. Intrusion of the Stronghold Granite and associated 
rhyolite dikes, with minor normal faulting and vol- 
canism.
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A A*

B

Figure 7. Cross sections from Cederstrom (1946). —  Com
pare cross sections C-C and D-D' to cross 
sections G-G1 and C-C1 (Figure 2) respectively.

Steps 2 and 3 initiated the subsequently popular "folded 
thrust" hypothesis. Cederstrom thought the Precambrian 
Cochise Peak Quartz Monzonite in Sorens Canyon to be part 
of the Stronghold Granite. Gilluly (1956) concurred with 
Cederstrom's "folded thrust" ideas, stating that.folding is 
the result of the "structural ungluing" of Paleozoic and 
Mesozoic from basement as thin thrust slices which piled up 
into a high anticline subsequently breached by the Dragoon 
fault (Figure 8). This thrusting required "several miles" 
of crustal shortening. Gilluly was the first to name and
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Figure 8. Cross sections from Gilluly (1956). —  Areas between the brackets pertain 
to Middlemarch Canyon geology. Cross section V-V roughly correlates 
with cross section F-F1 (Figure 2) of this paper. Cross section VI-VI1 
is taken 120 meters south of cross section A-A' (Figure 2). toVO
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differentiate the Cochise Peak Quartz Monzonite from the 
Stronghold Granite, correlating the Cochise Peak Quartz 
Monzonite with the Jurassic-Triassic Gleeson Quartz Monzo
nite. Gilluly described Middlemarch Canyon as dominated by 
low-angle thrust faults with very few folds.

Jones . (1963) suggested that the central Dragoon 
Mountains are an upright anticlinal uplift of Phanerozoic 
sediments draped over a narrow differentially uplifted core 
of Precambrian granite which may have undergone 20,000 feet 
of "Laramide" uplift. Cooper and Silver's (1964) struc
tural interpretation of the geology in the Dragoon Quadran
gle to the north agree with those expressed by Cederstrom 
and Gilluly for the central Dragoon Mountains. MacRae 
(1966) expanded on Gilluly's thrusting model with the addi
tion of renewed gravity gliding along preexisting thrust 
planes in the Courtland-Gleeson area in the southern 
Dragoon Mountains. Drewes (1976) interprets the Dragoon 
fault of Cederstrom (1946) and Gilluly (1956) to be the 
eastern exposure of the Cochise thrust fault at the base of 
the Cochise thrust plate which may have undergone 60 miles 
of east-northeast transport over the larger underlying 
Hidalgo thrust sheet. The western exposure of the Cochise 
thrust fault occupies the western slopes of the Huachuca 
Mountains 60 km southwest of the central Dragoon Moun
tains. Keith and Barrett (1976) present a simpler
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interpretation of the structural geology of the central 
Dragoon Mountains in the area south of Middle Pass. Impor
tant relationships which they established include the Pre- 
cambrian age of the Cochise Peak Quartz Monzonite and the 
reestablishment of the structurally overturned attitude of 
the surface of deposition of Cretaceous sediments on Paleo
zoic carbonates (Figure 9) , a concept which discredits the 
Dragoon or Cochise fault. Keith and Barrett also found 
little supportive evidence for Cederstrom, Gilluly, and 
other authors1 "folded thrust" concepts. Briefly summa
rized, Keith and Barrett’s structural chronology is as 
follows:

1. Conformable Paleozoic sedimentation;
2. Early Jurassic-Triassic movement on the high-angle, 

normal-displacement Black Diamond fault;
3. Deposition of Bisbee Group sediments (Lower Creta

ceous) ;
4. Laramide (72-52 m.y.) northwest-trending compres- 

sional folding and fold-related reverse faulting;
5. Post-compressional normal faulting;
6. Intrusion of the Stronghold Granite, mineralization 

along existing faults, intrusion of the rhyolite 
dikes, and possibly 15° of northeastward rotation; 
and

7. Basin and range block faulting.
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The chronology of events and style of deformation 
described by Keith and Barrett for the area south of Mid
dle Pass are similar to those present in the Middlemarch 
Canyon area.

Most recently, Davis (1979) has related the struc
tures in the central Dragoon Mountains to the structural

2evolution of a large (5,000 km ) basement-cored uplift.
The northeastern portion of the Dragoon Mountains occupies 
a northwest-trending zone of close to tight, upright to 
overturned folds and reverse thrust faulting which is 
peripheral to the large, homoclinal to gently folded, 
Precambrian-cored, vertically uplifted terrain to the 
southwest. Uplifting was the result of northeast-southwest 
compression during Laramide time. Vertical displacement 
between the homoclinal and folded terrains was greatest on 
steep Triassic-Jurassic faults. Vergence of structures in 
the more highly deformed peripheral zones is away from the 
uplifted block which is to the northeast in the central 
Dragoon Mountains and to the southwest in the Huachuca 
Mountains.
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Structures in Middlemarch Canyon 
Interpretations of the structures in the Middle- 

march Canyon area studied for this paper are based on sur
face outcrop patterns and geometric requirements based on 
those patterns. Structural styles reported in surrounding
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areas played an important role in determining the geome
tries of features that have little or no surface expres
sion. Faults such as the Red Ant fault and Cobra Loma 
thrust play a major role in controlling the localization of 
skarn alteration and mineralization. Faults such as the 
Cobra Loma thrust, Scorpion thrust, and Brown Bear fault 
separate the area's geology into domains with distinct 
deformational styles (Figure 10). The following section is 
a set of brief descriptions of the more dominant structural 
features separating or occupying the domains shown in 
Figure 9.

Folds
Most of the folds present in Middlemarch Canyon oc

cupy an area designated the folded domain (Figure 10), 
which is bounded on the northwest by the Cobra Loma thrust 
and on the southeast by the Brown Bear thrust. The Middle- 
march Syncline is the largest fold structure in Middlemarch 
Canyon (Figure 10 and cross sections A-A' and B-B', Figure 
2). This fold is an open, upright, slightly asymmetric 
fold. In the southeastern portion of Middlemarch Canyon, 
the syncline axis trends N530W and plunges 5° to the south
east. To the northwest, the axial trace deviates westward, 
becoming ill-defined southeast of the exotic Escabrosa 
block west of the Middlemarch Mine.



THRUST DOMAIN

Figure 10. Structural domains present in Middlemarch Canyon.
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The Middlemarch pit occupies the hinge zone area of 

a similar, open, upright, northwest-trending fold. The 
western limb of this fold is cut off by a southwest
dipping, high-angle reverse fault, the Red Ant fault, which 
juxtaposes Cochise Peak Quartz Monzonite against the Bisbee 
Group. Lowermost Bisbee Group conglomerates deposited on 
top of the Bolsa Quartzite and Cochise Peak Quartz Monzo
nite on the western side of the reverse fault are inter
preted to occupy what may be the western limb of the 
Middlemarch pit fold. This fold is not traceable northward 
along trend due to cover, but it may be a southern exten
sion of the synclinal limb of the Loma Linda fold.

The Loma Linda fold has a more complex geometry 
along strike than the two folds previously mentioned. The 
Loma Linda fold (Figure 11) is very similar to the much 
larger Silver Cloud fold of Keith and Barrett (Figure 9). 
The Loma Linda fold is a northwest-trending, northwest- 
plunging, northeast-vergent fold pair with the upper anti
clinal fold faulted off by the Cobra Loma thrust fault 
(Figure 11). Still present is the northeastern, steeply 
dipping to overturned middle limb and synclinal limb, which 
is faulted off further to the northeast by the Brown Bear 
fault.

Surface expression of the Loma Linda fold is pri
marily that of the northeastern synclinal limb, with the
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Kssms-Kmseh

Figure 11. Diagramatic cross section of the Loma Linda
fold. —  Cross section is taken SW-NE through 
the Loma Linda fold in the area of cross sec
tion D-D' (Figure 2).
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overturned middle limb present at depth under the Cobra 
Loma thrust. A good exposure of the overturned middle limb 
and the axis of overturning is located approximately 670 
meters northwest of the Middlemarch pit near the west- 
central portion of cross section F-F* (Figure 2) near the 
Glance Conglomerate and Cochise Peak Quartz Monzonite con
tact. In this area much of the Glance has been altered to 
garnet and epidote, but bedding and pebbles are still dis
tinct. The axial plane strikes N10-36°W and dips from 16° 
to 64° southwest to west. The generally shallow dip, along 
with the curviplanar nature of the axial plane and inter
secting offsets by small faults, causes the axial trace to 
parallel the topography with minor deviations. The axial 
trace is impossible to track northwest as far as the Loma 
Linda Mine, but probably extends to the northwest subpar
allel to the Cobra Loma thrust fault.

Small scale folds present in the mudstones and 
shales appear to reflect the geometry of the Loma Linda 
fold. The occurrence of these small scale folds is proba
bly fairly common but exposures are poor and only a few are 
observable. Occurrences 250 meters north of the Cobra Loma 
Mine and at the southeastern-most exposure of shale and 
mudstone near the Tertiary rhyolite dike (southeast corner, 
sec. 12) both display northeast-vergent, southeast- to 
northwest-plunging, northwest-trending fold pairs of tight,
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asymmetric, inclined folds with overturned northwest limbs. 
The well-exposed fold set in the southeast quarter of sec
tion 12 has an axial plane surface which strikes N20-25°W 
and dips 15-20° to the southwest. The axial trace plunges 
15-20° S18°E. Axial plane cleavage is locally well devel
oped in the more shaley units. Slickensided fold surfaces 
suggest flexural slip control in interbedded mudstone, 
sandstone, and shale units with passive slip folding more 
dominant in the shaley units.

Faults
Fault geometries in Middlemarch Canyon vary with 

chronologic development, so descriptions of fault geome
tries will be. presented in chronologic sets as follows: 
thrust faults, high-angle reverse faults, and normal 
faults.

Thrust Faults. The Cobra Loma and Scorpion thrust 
faults are both low- to moderate-angle reverse faults with 
moderate displacement. The Cobra Loma thrust, named by 
Keith (unpub.), is dominant in the northwestern portion of 
Middlemarch Canyon, where it juxtaposes Precambrian Cochise 
Peak Quartz Monzonite against the Cretaceous Bisbee Group. 
This reverse fault strikes approximately N40°W and dips 
from 45-55° southwest. Slickenside lineations on the Cobra 
Loma thrust surface are noted on the map and generally fall 
within 10° of the dip of the fault plane surface.
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Displacement along the Cobra Loma thrust increases to the 
northwest from as little as 20 meters west of the Middle- 
march pit to at least 600 meters and possibly to as much as 
1600 meters near the Cobra Loma Mine. The Cobra Loma 
thrust has skarn mineralization along its footwall surface 
where the fault cuts favorable host rocks; for example, the 
Cobra Loma Mine.

The Scorpion thrust fault is also a low- to 
moderate-angle thrust fault which juxtaposes Precambrian 
granite, Lower Paleozoic lithologies, and undeformed Bisbee 
Group limestone pebble conglomerate onto flattened Bisbee 
Group limestone peble conglomerate. The fault surface of 
the Scorpion thrust fault is undulatory, producing variable 
strikes, dips, and outcrop patterns. In general the fault 
strikes N40°W and dips southwest. The amount of displace
ment is not known but is probably less than that of the 
Cobra Loma thrust. Only sparse skarn alteration is present 
along or near the Scorpion thrust plane.

The northeastern contact between the flattened 
Glance Conglomerate (Kgl) and the crushed Precambrian 
Cochise Peak Quartz Monzonite (Figure 1 and cross section 
G-G1 and H-H1, Figure 2) near the northwest corner of sec
tion 12 is also a low-angle contact which probably has had 
some thrust movement. This fault (?) is not named because 
of the possibility that the Glance Conglomerate is
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depositional on top of the quartz monzonite and has not 
undergone any notable displacement, but merely apparent 
displacement due to the deformation in both the Glance Con
glomerate and the Cochise Peak Quartz Monzonite. The sur
face dips at approximately 30° to the southwest.

Both Cederstrom (1946) and Gilluly (1956) inter
preted the contact between the Escabrosa Limestone and 
Bolsa Quartzite that cap the hill southwest of the Middle- 
march Mine adit and glory hole as a thrust fault. This 
"thrust fault" is not a fault but is a structural misinter
pretation by the previous writers of the previously men
tioned depositional contact relationships between the Bolsa 
Quartzite and an exotic Escabrosa "megaclast" (Figure 1 and 
cross section C-C1, Figure 2) in the lower Glance Conglom
erate .

High-Angle Reverse Faults. Of several high-angle 
reverse faults inferred to exist in Middlemarch Canyon, the 
only one of any notable displacement and association with 
significant skarn mineralization is the Red Ant fault. The 
Red Ant fault strikes N40°W and dips 80-90° southwest. In 
the Middlemarch pit, the Red Ant fault occupies the south
west hanging wall, and brings Cochise Peak Quartz Monzonite 
in contact with the now-mineralized skarns in the Glance 
Conglomerates. Surface evidence for the Red Ant fault di
minishes in the area of the northwest end of the
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Middlemarch Syncline. But Kerr McGee's drill hole #3 (Ap
pendix C) penetrated 535 feet of Bisbee Group rocks requir
ing the extension of the Red Ant fault to the southeast in 
order to preserve the contact relationships shown to the 
north and south on cross sections A-A* and C-C (Figure 2). 
The northwest extension either dies out in the mudstone- 
shale facies or more probably is intruded by a rhyolite 
dike.

Normal Faults. Cutting both low- and high-angle 
reverse faults are moderate- to low-angle normal faults.
The only major fault belonging to this class is the Brown 
Bear fault and associated splays. The Brown Bear fault 
bounds the southwestern edge of the Scorpion thrust plate 
from just northeast of the Middlemarch pit to north of the 
Cobra Loma Mine. The fault appears to have a curviplanar 
surface with variable dips and common splays. Northeast of 
the Loma Linda Mine the fault splits into two faults which 
merge further (250 meters) to the northwest. Although the 
present sense of movement on the Brown Bear fault is normal 
displacement, the Cochise Peak Quartz Monzonite fault 
sliver shown on cross section E-E' (Figure 2) requires pre
vious reverse movements along the fault.

On the west-facing side of Middlemarch Ridge near 
the Emmons Summit Mine are several allochthonous blocks of 
Bolsa Quartzite on top of Precambrian Cochise Peak Quartz
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Monzonite. These blocks have undergone a small amount of 
displacement down dip along low-angle normal faults in a 
basal shaley and sandy member of the Bolsa Quartzite. Both 
bedding and slickensided planar surfaces strike N15°E and 
dip 22°NW. Slickenside plunge directions of 12°S450W indi
cate that transport directions were oblique to the dips of 
the bedding and slickensided surfaces.

As evidenced in the field and in Figure 1 nearly 
all of the skarns present in Middlemarch Canyon are local
ized along or in close proximity to fault surfaces. The 
Middlemarch pit, Loma Linda Mine, and Cobra Loma Mine are 
three very good examples of this relationship. No other 
structural feature appears to influence the localization of 
mineralized skarns. The skarns present along the faults 
show no post skarn brecciation or fracturing; no post skarn 
fault movement has taken place.

Foliation
As mentioned previously, the limestone pebble con

glomerate in the cataclastic terrain northeast of the 
Scorpion thrust fault is flattened to varying degrees. Ap
proximately 50 data stations (Figure 1) were located in 
order to measure the strike, dip, and plunge of the 
stretched pebbles. Visual approximations of the degree of 
deformation ranked 0 to 10, from 0 = undeformed to 10 = 
color-streaked massive marble (Figure A-l), were made at
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each locality (Appendix A) with pebble dimensions measured 
where possible.

The strike and dip measurements on the lineated 
pebbles define a foliation which does not appear to vary 
from what may be interpreted as bedding, averaging N44°W 
strike with 34°SW dip (Figure 12). Plunge directions of 
the long axis of the stretched pebbles in the foliation 
plane averaged S39°W (Figure 12), within 5° of interpreted 
bedding-plane dip.

Cleavage
Within the folded terrain, axial plane cleavage is 

pervasively developed in the shaley units of the Bisbee . 
Group. Poor outcrop of the shaley units made it impossible 
to gather a large enough population of measurements to de
lineate any consistencies or deviations in direction. 
Overall, the strike of axial plane cleavage is subparallel 
to parallel to the strike of the host rocks at an average 
N30-40°W. Cleavage plane dips are usually oblique to the 
dip of the sediments, averaging 40-50°SW. Good exposures 
of axial plane cleavage may be seen near the southeast cor
ner of section 12 occupying the banks of a small creek near 
the southeast end of the rhyolite dike.
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Figure 12. Poles to (a) and plunge frequency (b) of folia
tion of stretched pebbles in the Glance Con
glomerate (Kgl) from the cataclastic domain.
—  Data points are tabulated in Appendix A.
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Regional Offsets

Mapping a small complex area on a scale of 1:1200 
does not reveal much about regional influence on its struc
tures. Recent regional work by Keith (unpub.) in the cen
tral Dragoon Mountains surrounding Middlemarch Canyon 
revealed an apparent shear zone in which major N35-45°W 
structures and dikes deviate to a N60-70°W trend with a 
sense of left lateral offset. One segment of this zone 
passes through Middlemarch Canyon between the Loma Linda 
Mine and the Middlemarch Mine. In this area evidence of 
left-lateral deviation is exhibited in the behavior of the 
rhyolite dikes, Brown Bear fault, and Scorpion thrust.
This same zone is apparently more anomalous in copper con
tent than are the surrounding zinc-rich areas (Keith, per
sonal communication).

Chronology
The structural chronology of Middlemarch Canyon is 

essentially the same as that proposed by Keith and Barrett 
(1976) for the area south of Middle Pass.

Conformable Paleozoic deposition took place over• 
the entire central Dragoon Mountain area. Triassic- 
Jurassic block faulting and subsequent erosion stripped 
most of the Paleozoic section off the Cochise Peak Quartz 
Monzonite in the southwestern half of the Middlemarch Can
yon area while a large Paleozoic section remained intact in
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the source areas to the northeast. Bisbee Group sediments 
were deposited at near conformity on top of a moderately 
low-relief terrain. Perhaps 70% of the sediment for the 
basal quartzite pebble conglomerate was derived locally, 
but most of the elastics for the remaining Bisbee Group 
sediments were derived from the northeast.

Laramide-age compression produced northwest
trending folds. Folding progressed to the point that the 
Cobra Loma and Scorpion thrust faults and the Red Ant re
verse fault breached the related fold systems. With the 
cessation of compression, gravitational adjustments in the 
form of moderate- to low-angle normal faulting took place 
as along the Brown Bear fault. Normal fault movement on 
the preexisting thrust and reverse faults was locally sig
nificant.

Intrusion of the Stronghold Granite (22-27 m.y.) 
was for the most part relatively passive. Regionally, the 
Stronghold Granite cuts off structures and bedding with 
little intrusion-related deformation. Northwest-trending 
rhyolite dikes and later lamprophyre dikes were intruded 
soon after the Stronghold Granite. Many of the dikes cut 
smaller preexisting structures with little to no deviation, 
suggesting intrusion into a tensional environment possibly 
induced by doming over the Stronghold Granite intrusive.



Assuming the rhyolite dikes to have been intruded 
vertically, approximately 10-15° of tilting to the north
east has occurred between the time of intrusion of the 
dikes and the present. This tilting is believed to be re
lated to doming over the Stronghold Granite (Keith and 
Barrett, 1976). Subsequent to the intrusion of the Strong
hold Granite and related phenomena, the Dragoon Mountains 
were block faulted and eroded to their present day physiog
raphy.

The N6-70°W shear zone mentioned earlier does not 
present any features chronologically relatable to the other 
structures. The zone is probably a deep, long-lived fea
ture whose structural grain effected some of the local 
structural trends both during formation and possibly by 
later offset. The rhyolite dikes do not appear offset but 
merely deviate in direction as they cross the zone.
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ALTERATION-MINERALIZATION

Alteration in Middlemarch Canyon can be grouped 
into the two categories of isochemical-thermal metamorphism 
and pyrometasomatism. Isochemical-thermal metamorphism is 
weak but widespread. Intensity decreases from northwest to 
southeast as presumed depth to the Stronghold Granite in
creases. Manifestations of thermal metamorphism included 
slight marbleization of the limestone pebble conglomerates 
and nodular limestones, color change in the sandstones, 
mudstones, and shales from browns, olives and dark grey to 
black, and the development of a weak phyllitic texture and 
grain alignment in the mudstones and shales due to the 
crystallization of very fine-grained muscovite layers.

Pyrometasomatic alteration in Middlemarch Canyon is 
the most conspicuous type of alteration and the most impor
tant one in terms of ore deposits. Most of the skarns in 
Middlemarch Canyon can be directly or indirectly related to 
faults which cut and offset the lithologies present. The 
Middlemarch pit skarn is localized along the Red Ant fault, 
the Cobra Loma and Loma Linda Mine skarns are localized 
along or near the Cobra Loma thrust, and the Iron Age and 
Emmons Summit skarns are localized along two unnamed 
faults. The Middlemarch Mine workings are not localized
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sulfides
— 30 meters

Figure 13. Relative abundance of alteration phases in relation to distance from the 
controlling fault. —  Relationships reflect those observed in the Mid- 
dlemarch pit, Middlemarch Mine, and several prospect pits in Middlemarch 
Canyon.
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along a surface-mappable fault, but its pipe-like configu
ration which plunges within the bedding plane of the host
ing carbonates suggests the intersection of bedding or 
bedding plane faults and some other fault-like structures. 
All of the economically mineralized skarns in Middlemarch 
Canyon occur in the basal Bisbee Group Glance Conglomerates 
and sandy limestones or conglomerate and limestone lenses 
in other facies.

Host rock response to skarn formation is dependent 
on lithology and proximity to the controlling structure.
All rocks which had any carbonate content which are near or 
at the controlling fault now contain epidote and chlorite 
alteration. Alteration intensity at the fault is generally 
100% with lesser intensities occurring in rocks deficient 
in carbonate such as mudstone, sandstone, and quartzite 
pebble conglomerate. Intensity decreases away from the 
fault with the most dramatic decrease occurring at the 
skarn-marble contact (Figure 13). Alteration zone width 
ranges from 5 cm in several prospect pits to more than 70 
meters in the area of the Middlemarch pit.

Limestone, sandy limestone, and limestone pebble 
conglomerate alters to marble with spotty to abundant wol- 
lastonite. Garnet in these host rocks are grossularitic. 
Epidote and phlogopite-chlorite alteration is sparse, ex
cept at the controlling fault, and mineralization consists



of pyrite and pyrrhotite with weak, spotty aggregates of 
galena and sphalerite. Chalcopyrite is all but nonexis
tent.

Quartzite pebble conglomerates with calcareous ma
trix cement contain no wollastonite, the garnets are andra- 
ditic, and epidote and phlogopite-chlorite alteration are 
more intensive, extensive, and pervasive than in limestone 
pebble conglomerates. Sulfide mineralization is primarily 
pyrite, sphalerite, and chalcopyrite with little galena. 
Sandstones, mudstones, and shales with no calcareous con
tent do not form skarn assemblages unless sandwiched be
tween calcareous units, but rather are silicified and 
weakly mineralized with pyrite and pyrrhotite.

Alteration and mineral paragenesis (Figure 14) de
termined for the skarns in the Middlemarch Mine, Middle- 
march pit, and Cobra Loma Mine skarns provide good evidence 
for the chemical evolution of the skarns with time. Alumi
num and silica were added to calcareous rocks forming 
grossularite garnet, wollastonite, and quartz. Later, iron 
pyrometasomatism, along with transported aluminum and sil
ica, deposited andradite garnet, specular hematite, and 
epidote respectively. Minor quartz and calcite deposition 
was followed by hydrous potassium and magnesium alteration 
to phlogopite and chlorite with associated sulfide deposi
tion. Finally, carbon dioxide alteration resulted in the
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Figure 14. Paragenetic sequence for skarn silicates, sulfides, and oxides in the 

Middlemarch Canyon skarns. —  Not all phases are present in any one 
sample or sample location. U1w
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local breakdown of most of the previous skarn minerals to 
quartz and calcite. The overall sequence of early iron 
pyrometasomatism followed by later potassium-magnesium py- 
rometasomatism and sulfide deposition is a sequence of al
teration relatively common to mineralized skarns such as 
Washington Camp, Arizona, and Bingham, Utah.

Figure 13 shows the relative abundances of skarn 
minerals in the Middlemarch pit as related to the horizon
tal distance away from the Red Ant fault which controlled 
localization of the skarn mineralization. Distance to the 
edge of alteration is inferred since no complete section 
from the fault to fresh rock was observed. The abrupt edge 
of alteration is based on relationships observed in the 
Middlemarch Mine, Iron Age Claim Mine, and several prospect 
pits in the area. Variations of the general relationships 
shown in Figure 13 are locally common. Note that the min
erals are not zoned with respect to each other but are de
veloped paragenetically with intensities of alteration 
varying with distance from the fault. The paragenetic se
quence (Figure 14) which evolves from the pyrometasomatic 
events mentioned previously provides the format for the de
scription of the skarn minerals.

Garnet-Wollastonite
Grossularitic garnet, wollastonite, and quartz ac

companied by limestone recrystallization is common and
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widespread in many of the limestone pebble conglomerates 
and sandy limestones near the Middlemarch Mine, Middlemarch 
pit, and in drill core samples. Paragenetic evidence in 
these samples indicates that grossularite-wollastonite al
teration preceded all other alteration assemblages noted. 
Intensities of garnet-wollastonite alteration vary from a 
slight replacement of sandy matrix with marbleization of 
the rims of limestone clasts (Figure 15) to the total re
placement and textural destruction of the conglomerates. 
Most samples exhibit strong matrix alteration surrounding 
clasts with coarse wollastonite rims around coarse, recrys
tallized calcite cores.

Grossularite compositions obtained from microprobe
analysis range from Adi2*"Gr88 to Ad43“Gr57 (Appendix B) , 
averaging Ad2Q. These grossularite garnets are commonly a 
fleshy tan to a greenish-tan color, with a dull, greasy 
luster. In thin section, the grossularite is commonly an- 
hedral to occasionally subhedral. Anisotropism is crys- 
tallographically controlled with growth zoning all but 
nonexistent. Individual crystals range from 0.01 mm to 1.5 
mm.

Wollastonite had no detectable compositional varia
tions. Crystals range from 0.1 mm to 10 mm and are typi
cally arranged in subparallel and radiating groups. 
Grossular garnet and wollastonite have mutual boundaries
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Figure 15. Grossularite and wollastonite alteration of the 
matrix of limestone pebble conglomerate. -- 
White areas are grossularite and wollastonite; 
grey areas are marbleized Paleozoic limestone 
pebbles. The sample is from the Middlemarch 
pit. .75x.
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and are mutually penetrative. Distances of grossularite- 
wollastonite alteration from controlling structures was not 
directly measurable. No sulfide deposition can be directly 
related to grossularite-wollastonite alteration.

Andradite
Andradite garnet is the most common garnet found in 

sulfide-bearing skarns and altered quartzite pebble con
glomerates. The andradites are commonly 0.1-7 mm, tan- 
green to red-brown, complexly growth-zoned, and euhedral 
with respect to other minerals. Compositionally the andra
dites vary from Ad78-Gr22 to Ad^00 (Appendix B) with values 
usually greater than Adg3. Growth zones vary from 0.1-1 m m 1 
with the cores of the andradite being unzoned. In the 
cores of some of the andradite garnet there are numerous 
solid inclusions too small to identify by X-ray or micro
probe techniques. Morphologically, the inclusions resemble 
diopside, but no diopside is found in the altered conglom
erates outside the garnet cores. If this mineral is diop
side, it may be related to earlier alteration of dolomitic 
clasts in the conglomerates. Lateral extent of andradite 
is unknown. Andradite may or may not be present at the pe
ripheral skarn-marble interface. No sulfide deposition was 
paragenetically contemporaneous with andradite deposition, 
but later sphalerite and chalcopyrite appear to prefer 
skarn with some andradite content.
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Early Specular Hematite

Temporally later than andradite garnet alteration, 
but closely associated with it, is specular hematite. 
Specular hematite occurs as black, metallic blades and 
plates to 10 mm long which are euhedral to all minerals 
except andradite garnet and later sulfide replacement min
erals. Specular hematite is most common in the darker- 
colored skarns in the Middlemarch pit and in the Cobra Loma 
skarns. In hand specimen, the hematite is most abundant in 
areas with coarse, recrystallized calcite, interstitial 
calcite and areas of abundant andradite, and does not vein 
any of the previous minerals. Specular hematite is not 
present in skarns dominated by grossularite-wollastonite 
alteration.

Early Epidote 
Epidote is the most extensive and pervasive iron

bearing alteration mineral in the Middlemarch Canyon 
skarns. Textures in drill core samples, hand specimens, 
polished sections, and thin sections indicate that epidote 
propagated outward along permeable zones such as grain 
boundaries, fractures, and bedding. Epidote is commonly 
euhedral to subhedral, to 5 mm in length, and ranges in 
composition from Epgo to Ep1Q3 (Appendix B). Epidote 
grains abut garnets but never penetrate them. Epidote com
monly replaces calcite, wollastonite, and detrital quartz
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grains (Figure 16). Epidote appears to have been 
garnet-stable, but wollastonite-, quartz-, and calcite- 
destructive. In limestone and quartzite pebble conglomer
ates, epidote replaces the matrix and veins the clasts. 
Siliceous mudstones and sandstones rarely contain epidote, 
and only as veins with thin, bleached halos. Epidote in 
the Cochise Peak Quartz Monzonite in fault contact with the 
altered conglomerates consists of sparse, thin veins less 
than 1 meter long with halos of sericite and clay.

Lateral extent of epidote alteration from reactive- 
nonreactive contacts varies with the size of the alteration 
halo. In the Middlemarch Mine and several prospect pits, 
strong epidote alteration has a sharp boundary with the 
peripheral marbleized host rock. No sulfide mineralization 
is directly associated with epidote deposition and epidote 
appears to have no direct influence on later sulfide depo
sition.

Quartz Flooding
Prior to phlogopite-chlorite alteration but later 

than epidote alteration was a minor silica flooding event 
that locally engulfed garnet and epidote and destroyed what 
was left of wollastonite. Quarts flooding was not perva
sive throughout all of the skarns observed but was locally 
important in protecting garnet and epidote from later 
phlogopite-chlorite alteration.
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Figure 16. Epidote (e) replacing a detrital quartz (q) 
sand grain in quartzite pebble conglomerate 
from the Middlemarch pit. —  Greenish matrix is 
a mixture of chlorite and epidote. transmitted 
light, lOOx.
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Phlogopite-Chlorite Alteration 

Phlogopite-chlorite alteration is the most impor
tant alteration type in terms of ore deposition in the 
skarns. Paragenetically, phlogopite was earlier than to 
contemporaneous with chlorite deposition with chlorite con
tinuing to be deposited after phlogopite deposition ceased. 
Spatially, phlogopite is more common in the darker-colored 
skarns close to the controlling structure with chlorite 
being dominant further away from the fault (Figure 13) to 
the edge of skarn alteration. Phlogopite-chlorite altera
tion locally destroyed garnet and epidote, while in other 
locations garnet and epidote are euhedral to and stable 
with respect to phlogopite-chlorite. Phlogopite-chlorite 
alteration ranges in intensity from minor, thin veins (Fig
ure 17) to greater than 60% alteration of the previous 
skarn. Intensity increases as the controlling fault is ap
proached. Distance from the fault contact to the periphery 
of phlogopite-chlorite alteration again varies with the in
tensity and size of the alteration halo. In the Middle- 
march Mine and in prospect pits, chlorite is present with 
epidote in the periphery of the skarn in sharp contact with 
recrystallized carbonates.

Base metal copper, lead, zinc, and precious 
metal mineralization is clearly related to the

L
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Figure 17. Chlorite (blue) veining predominantly epidote 
(e) skarn. —  The sample is from the Middle- 
march pit, collected approximately 20 meters 
from the Red Ant fault. crossed nicols, 30x.
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phlogopite-chlorite alteration. The highest grade ores 
occur where phlogopite-chlorite alteration is best devel
oped. Phlogopite-chlorite alteration was synchronous with 
to later than sulfide deposition. Metallization cannot be 
accredited to either phlogopite or chlorite separately. 
Sulfide mineralization decreases away from the controlling 
contact more rapidly than does phlogopite-chlorite altera
tion. The sulfides rarely show replacement textures with 
the skarn silicates, most commonly occurring as replacement 
of remnant matrix calcite and recrystallized calcite. Epi- 
dote and garnet commonly have both ragged, etched faces and 
euhedral faces against sulfides. Etching appears to be 
the result of phlogopite-chlorite alteration rather than 
sulfide replacement (Figure 18).

Late Epidote and Hematite
Occasional, ill-defined veinlets of epidote cut all 

previous skarn assemblages. Associated with to slightly 
later than the epidote veins are disseminated red blebs and 
streaks of hematite. The epidote veins occur as ragged, 
sinuous to straight veins of 1-5 mm width which are diffi
cult to see in outcrop. The hematite is oogenetic with to 
slightly later than the epidote veins. This hematite 
differs from the earlier large, black, platy, metallic 
hematite in that it occurs in small, red, sooty blebs dis
seminated throughout the matrix, and in short discontinuous

L
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Figure 18. Andradite garnets (g) with euhedral faces to 
sphalerite (s) but ragged, etched faces to 
chlorite (ch). —  Quartz (q) and calcite (c) 
occupy the white areas. Sample from the 
Middlemarch pit. transmitted light, 30x.

La
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veinlets apparently associated with late, small scale, 2 to 
5 mm long shears. This later alteration phase is only lo
cally developed and has no related sulfide mineralization.

Late Quartz-Calcite Flooding
Late quartz-calcite flooding is locally the most 

destructive phase of alteration observed. Quartz and cal- 
cite are common throughout the skarn assemblages and are 
commonly not discernible as to the period of deposition. 
Where discernible, the late quartz-calcite flooding was 
nearly 100% effective in obliterating all previous skarn 
minerals except hematite, magnetite, and sulfides. Remnant 
garnet grains are intensely fractured with calcite filling 
the fractures. Epidote and phlogopite-chlorite show only 
remnant shadows, giving the quartz a cloudy to streaked ap
pearance (Figure 19). Controls of the late quartz-calcite 
alteration are not known. Quartz and calcite veinlets are 
observable cutting sulfides, but appear to vanish into sur
rounding areas of pervasive quartz and calcite alteration. 
No zonal relationships to the other skarn minerals were 
noted.

The only fluid inclusion data obtained from the 
Middlemarch Canyon skarns was from quartz related to the 
late quartz and calcite alteration. Twenty-three inclu
sions yielded temperatures ranging from 302° to 371°C with 
a maximum of 340°C (Figure 20). No boiling was indicated.
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Figure 19. Late quartz and calcite (q & c) flooding show
ing destruction of garnet (g), epidote (e), and 
chlorite (ch). —  Sphalerite (s) is brown. The 
sample was collected in the Middlemarch pit. 
transmitted light, lOOx.



- 7.0 - 4.0
°C  ®C

Figure 20. Histogram of fluid inclusion freezing point depression (a) and homoge
nization (b) temperatures for late phase quartz from the Middlemarch 
pit.
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no daughter products were present, and no carbon dioxide 
was visible in the inclusions. Freezing point depression 
temperatures for the same inclusions clustered between 
-4.4° and -4.8°C giving an average salinity of 7 wt. % NaCl 
equivalent.

Calcite and Quartz Veins 
Sparse, thin calcite veins and quartz veins are 

commonly seen cutting all earlier assemblages of altera
tion. In these veins, quartz and calcite are approximately 
equal in abundance. These very late veins are distinguish
able from earlier quartz and calcite veins by their fine
grained texture, the distinct optical orientation of the 
calcite grains to the vein walls, and the lack of included 
material. These late veins are not relatable to any alter
ation phases of the skarns, but merely cut them. The veins 
have sharp contacts with the host skarn minerals and do not 
appear to alter any of the minerals they cut or are in con
tact with. It is therefore assumed that these late veins 
are related to a late skarn-stable veining or to post-skarn 
weathering and groundwater movement.

Prehnite Veinlets
In one thin section, sparse veinlets of prehnite 

were observed cutting the grossularite garnet and wollas- 
tonite assemblage in the limestone pebble conglomerate.
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These same veinlets are altered by late calcite and quartz 
alteration. The prehnite veinlets are not directly relat- 
able to a specific alteration phase but could be an andra- 
dite garnet alteration equivalent in a higher calcium, 
lower iron environment as will be discussed later.

Other Skarns of Interest
The Iron Age Claim skarn and the Emmons Summit 

skarn are located on the west-facing slope of the west 
ridge of Middlemarch Canyon. Both skarns are small and of 
no economic relevance to the area, but they warrant further 
consideration due to the host rock or skarn assemblages 
present at each. Both are localized by faulting.

Iron Age Claim Skarn
Skarn exposed in the adit of the Iron Age Claim on 

the west side of Middlemarch Ridge (Figure 1) is localized 
along a fault between Cochise Peak Quartz Monzonite and 
limestone pebble conglomerate of the Bisbee Group. The 
skarn assemblage, unlike those observed elsewhere, is pri
marily massive hedenbergite. Paragenetically, hedenbergite 
was the earliest alteration mineral to form. It was fol
lowed by minor andradite garnet (<1%), then rare epidote 
(<1%), and finally by sulfide deposition. The sulfides 
again are concentrated in calcite-rich veins and clots, but 
they do not have associated phlogopite and chlorite



alteration. Five microprobe analyses of hedenbergite are 
reported in Appendix B.

Skarn is developed 4 to 5 meters from the fault and 
decreases in intensity away from the fault with a 1-1.5 
meter marble zone between the hedenbergite skarn and unal
tered limestone pebble conglomerate.

Emmons Summit Mine Skarn
The Emmons Summit Mine skarn is localized along a 

small (5-10 meter) displacement, 85°NW dipping reverse 
fault which strikes N40°E. The host rock is composed of 
thinly interbedded sandstones, mudstones, and shales which 
appear to be basal members of the Bolsa Quartzite. Cochise 
Peak Quartz Monzonite occupies the hanging wall.

Skarn alteration consists of intense epidote and 
later chlorite. Epidote is most common replacing the sand
stones and veining the shales. Chlorite is most common in 
the shales as disseminated patches, veins, and massive re
placements. The bedding control on alteration mineralogy 
accentuates the bedding and gives the rock a banded appear
ance .

Nearly all of the original sulfide content has been 
leached out, with minor pyrite and chalcocite remaining.
The sulfides were associated with chlorite. Magnetite is 
locally abundant as aggregates and discontinuous veinlets 
in areas dominated by chlorite.

70
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Mineralization

Sulfides associated with the phlogopite-chlorite 
alteration are, in decreasing order of abundance, sphaler
ite, chalcopyrite, pyrite, galena, and pyrrhotite. Para- 
genetically (Figure 14), pyrite was the earliest sulfide to 
develop, usually displaying euhedral faces to all skarn 
minerals except specular hematite and later sphalerite. In 
thin section, euhedral pyrite universally shows a several- 
micron-thick calcite layer coating and paralleling the eu
hedral faces in contact with silicates.

Polished section textures indicate that sphalerite, 
chalcopyrite, and galena occur paragenetically later than 
pyrite. Sphalerite, chalcopyrite, and galena abut and sur
round euhedral pyrite grains with sphalerite occasionally 
embaying and replacing the pyrite. Sphalerite also embays 
and replaces specular hematite (Figure 21). Chalcopyrite 
is paragenetically synchronous with to later than sphal
erite and galena. Other than exsolution blebs in the 
sphalerite, chalcopyrite always appears to surround and 
sometimes vein sphalerite. Sphalerite ubiquitously con
tains exsolution blebs, not stars, of chalcopyrite. Oc
casionally sphalerite contains exsolved galena and rarely 
exsolved pyrrhotite. Exsolved galena blebs usually have 
a halo devoid of chalcopyrite exsolution blebs (Figure 
22). Galena never envelopes sphalerite or chalcopyrite
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Figure 21. Sphalerite (s) replacing a hematite blade
pseudomorphed by magnetite (hm). —  Sample is 
from the Middlemarch pit. chalcopyrite (cp), 
calcite (c), reflected light, parallel nicols, 
30x.
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Figure 22. Sphalerite (s) with chalcopyrite (cp) and
galena (g) exsolution (?) blebs. —  Note the 
absence of chalcopyrite exsolutions in the 
area of galena exsolution (?) as compared to 
those in the sphalerite of Figure 21. The 
matrix is calcite (c), quartz (q), and chlo
rite (ch). The sample is from the Middlemarch 
Mine. reflected light, parallel nicols, lOOx.



but is commonly surrounded by both sphalerite and chalco- 
pyrite. Mutual boundaries between all four minerals are 
common.

Scheelite is very sparse, at most composing 0.1% of 
the darker skarn rocks. Information as to the relationship 
of the scheelite to skarn genesis and alteration was not 
obtainable. Scheelite fluorescence under short-wave ultra
violet radiation indicates a small percentage of powellite 
component which accounts for the small percentage of molyb
denum present in the skarns.

Weak rock type or mineral preference is exhibited 
by the sulfides. Sphalerite, chalcopyrite, and the large 
euhedral pyrites exhibit a preference for calcite-rich 
areas in moderately to strongly phlogopite-chlorite altered 
host rocks in which the garnets are principally andraditic 
in composition. Galena is usually all but nonexistent in 
strong phlogopite-chlorite altered rocks. Galena is most 
common in altered limestone pebble conglomerates with a 
high percentage of green to flesh-colored grossularitic 
garnet. The galena does not appear to replace the garnet 
but is present in the fractures in the garnet and in the 
matrix surrounding grossularite garnet grains. Chlorite is 
present with the galena but is not observable without the 
aid of a hand lens or microscope.
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Silver and trace amounts of gold contained in the 

ores do not occur as separate phases. Higher silver values 
are coincident with higher lead content which is indicative 
of silver occurring within galena. Polished section and 
microprobe electron backscatter analysis did not reveal any 
separate silver-bearing phase of detectable size and quan
tity in or associated with the galena present in the ores. 
Gold did not appear in visible or detectable quantities in 
any of the samples studied but is present in the copper 
concentrates, possibly indicating association with chalco- 
pyrite.

Sulfide mineralization in sandstones, mudstones, 
and garnet-wollastonite-altered limestone pebble conglomer
ates consists of pyrite and pyrrhotite with rare,* spotty 
blebs of sphalerite. Pyrite and pyrrhotite in the sand
stones occur as spheroidal clusters, replacement along 
crossbeds, fracture fillings, and disseminated grains. Py
rite to pyrrhotite ratios vary from approximately 20:1 to 
1:5. Pyrite and rare pyrrhotite occur in mudstones and 
shales as fine disseminations composing up to 3% of the 
rock and as fillings in fractures lined with earlier chlo
rite.

Pyrite, pyrrhotite, and rarely sphalerite replace 
altered matrix material in the limestone pebble conglomer
ate which have been altered to grossularite-wollastonite.
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Epidote and phlogopite-chlorite alteration are commonly 
poorly developed in these rocks, but they are always pres
ent to a minor extent where sulfides are present. Pyrrho- 
tite is more common than pyrite in the altered limestone 
pebble conglomerates. Sphalerite, as before, always has 
chalcopyrite exsolution blebs. Pyrite and pyrrhotite may 
compose up to 5% of the rock by volume.

Metal Zoning
Metal zoning at the mine scale was not discernible 

with certainty. Old newspaper clippings and mine reports 
of the early 1900s give the impression that higher copper 
and silver values and lower zinc values were encountered as 
the Middlemarch Mine workings were deepened toward the con
tact with the Stronghold Granite. Regionally the central 
Dragoon Mountains are anomalous in zinc, with the highest 
copper values occurring in a N60-70°W trending deformation 
zone with apparent left-lateral displacement (Keith, per
sonal communication) which was mentioned in the structural 
geology section.

Supergene Mineralogy
All of the skarns exposed at the surface have been 

weathered to some extent. Oxidation products accompanied 
by leaching are common in underground workings and drill 
core. Oxidation limonites are present at 1,100 feet depth



in Kerr McGee's drill hole #1. Supergene mineralogy de
scribed here is a collective account derived from numerous 
scattered occurrences. Not all of the minerals mentioned 
are present at any one locality.

Secondary chalcocite and covellite in the oxidized 
ores occur as very thin surface and fracture replacements 
of sphalerite and chalcopyrite, but not pyrite. Enrichment 
is insignificant in terms of total metal content.

The most common secondary oxide minerals other than 
limonites are azurite and malachite with chalcanthite and 
other efflorescent minerals present in some of the older 
mine workings. The glory hole above the Middlemarch Mine 
was developed primarily for its malachite and azurite "ox
ide" ores. Dipyramidal, flesh-colored wulfenite is present 
in one prospect pit at a rhyolite dike-Glance contact. 
Sparse, minute, blue euhedral chalcomenite (CuSeOg'ZH^O) 
crystals were found on garnets and quartz in Middlemarch 
pit. Sources for the selenium could not be found by elec
tron microprobe. X-ray, or polished section techniques. 
Selenium may be dissolved in trace amounts in the sulfides 
since no separate primary selenium-bearing phase was found.

Economic Geology
The potential for a large, bulk tonnage base metal 

deposit in Middlemarch Canyon is slight. However, the po
tential for relatively shallow, small tonnage, ore grade
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base metal deposit(s) plus or minus precious metal sweet
eners is relatively good. The best potential appears to be 
in the area between the Middlemarch Mine and the Middle- 
march pit where faulting, favorable host rocks, skarn 
alteration, and sulfide mineralization are all present. 
North of the Middlemarch pit blind ore deposits are present 
in the footwall of the Cobra Loma thrust where the thrust 
cuts lenses of calcareous rocks, the best example of which 
is the Cobra Loma Mine. The potential for ore in this area 
is considerably decreased due to the lack of favorable host 
rocks caused by the facies transition from carbonate- 
rich fanglomerate facies of the Glance Conglomerate to 
sandstone-, mudstone-, and shale-rich facies. No great 
amount of ore may be inferred at depth due to the shallow 
depth of intrusion of the Stronghold Granite.

Controls on Alteration
As previously stated, fault or discordant contact 

control of skarn localization in Middlemarch Canyon is not 
totally unequivocal, but it appears to be the dominant con
trolling factor of skarn localization. Alteration inten
sity and sulfide mineralization appear to be developed with 
respect to fault surfaces, showing a decrease in intensity 
and abundance away from the controlling surface.

The 22-27 m.y. Stronghold Granite is the most 
likely thermal source responsible for generating the
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skarns. The Stronghold Granite represents the most exten
sive potential thermal source in Middlemarch Canyon. It is 
present in the shallow subsurface beneath all of the area 
studied (Figure 2) and is responsible for the widespread, 
low-rank thermal metamorphism throughout the area. Skarn 
alteration is directly related to the Stronghold Granite 
elsewhere in the Dragoon Mountains (Keith, personal commu
nication; Rushing, 1978). In Middlemarch Canyon, skarns 
are often proximal to Tertiary rhyolite dikes but they also 
appear to be cut by them. Rhyolite dikes may cut favorable 
lithologies with no skarn development peripheral to the 
dikes and without any discernible thermal effects on rocks 
adjacent to the dikes. The rhyolite dikes show no evidence 
of having enough thermal mass to have generated the skarns. 
At the Abril Mine, approximately 5 km northwest of the Mid
dlemarch Mine, Perry (1964) noted the close association of 
skarns and related mineralization to the intrusion of 
lamprophyre dikes. Lamprophyre dikes are present through
out the Middlemarch Canyon area but lack the thermal mass 
to have generated the skarns present. Lamprophyre dikes in 
the Iron Age Claim Mine and in a bulldozer cut 30 meters 
northwest of the Middlemarch pit cut limestone pebble con
glomerates with no visible thermal or chemical alteration 
effects.
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Chemical Evolution of the Skarns

The additive nature of the skarns could not be doc
umented quantitatively due to the widespread sugergene 
leaching of nearly all of the skarns observed. A qualita
tive estimate of the chemical evolution of the skarns is 
possible by comparing the relative percentages of compo
nents in the altered rock to the relative percentages of 
the same components in what is assumed to be the unaltered 
rock composition. Percentages were calculated from thin 
section grain counts and hand specimen estimates.

The grossularite-wollastonite alteration in the 
relatively clean limestone pebble conglomerates requires 
either the presence of original kaolinite clays or the ad
dition of silica and aluminum. Grossularite is most common 
in the matrix between clasts. This localization is coinci
dent with the highest detrital silica and clay content in 
the conglomerates, but thin sections do not reveal enough 
detrital material, or at least original aluminum content, 
to account for the abundance of grossularite. Wollastonite 
developed in both limestone clasts and matrix requires the 
addition of silica to the Paleozoic limestone pebbles. 
Andradite garnet development in the more ferruginous, 
quartzite-rich conglomerates may not have required any ad
dition of iron for initial nucleation, but the abundance of 
andradite and the closely associated specular hematite
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represents too high an iron content to be accounted for by 
indigenous iron. Atkinson and Einaudi (1978) cite 
grossularite-andradite compositional zoning as being re
lated to distance from the reactive-nonreactive rock con
tact at Bingham, with andradite being closest to the 
contact. In the Middlemarch pit area skarns, both andra
dite and grossularite are present at the fault contact, 
though in different host rock lithologies. Andradite is 
the more common garnet near the fault in sulfide-bearing 
skarns exposed in the workings. Atkinson and Einaudi1s re
lationship is not observed in the exposed skarns or in 
drill core samples. Rather, paragenetic relationships seen 
in drill core and two thin sections suggest that where they 
occur together the andradite garnet is later than grossula
rite garnet and may even replace grossularite (Figure 14). 
The intensity and pervasiveness of epidote alteration in 
the skarns require the addition of ferric iron, aluminum, 
and possibly silica. Numerous hand specimens show massive 
intergrown epidote needles around quartzite pebbles. Thin 
sections reveal that epidote initially replaced detrital 
quartz sand grains (Figure 16), and then proceeded to alter 
the remaining rock. This relationship appears to be indic
ative of an initial silica deficiency followed by the addi
tion of silica which enabled epidote to replace the 
remaining low silica calcite matrix and limestone clasts.
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Calcium may be accounted for in the original sediment, but 
not iron, silica, and aluminum.

All components of the phlogopite-chlorite altera
tion phase except potassium, magnesium, and base metal 
sulfides may have been acquired from the alteration of the 
previous skarn minerals. No previous magnesium- or 
potassium-bearing minerals were present in the skarns prior 
to phlogopite-chlorite alteration. Copper, lead, zinc, and 
sulfur were introduced with the hydrous potassium-magnesium 
alteration. The sulfide replacement of calcite suggests an 
acid neutralization and precipitation control on sulfide 
deposition. Hydrogen pyrometasomatism may also have been 
responsible for phlogopite-chlorite alteration of the pre
vious skarn minerals.

Quartz and calcite were being added or depleted 
throughout the skarn-forming processes. Late quartz- 
calcite flooding and related alteration is an obvious mobi
lization of silica, calcium, and carbonate. Most, if not 
all, of the silica and calcium may have been derived from 
the alteration of previous skarn minerals with the aluminum 
and iron products from reaction flushed out of the system 
or reprecipitated in small amounts as late phase epidote 
and hematite.

On activity-activity diagrams (Figures 23, 24, and 
25), a path for the systems based on the compositions and
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Figure 23. Phase relations in the system CaO-AlgO^ 
-SiOg-HgO for aH Q = 1 as a function of

2log a^ ++/a „+ and log ae._ at 1 kb and
_Ca - H Sl02 (a£)

400°C. —  The dashed curves represent satura
tion in the fluid phase with wollastonite, 
quartz, and amorphous silica. From Bird 
(1978).
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Figure 24. Phase relations in the system CaO-FegOg-AlgO^
-SiOg-HgO in the presence of quartz and aqueous 
solutions (a„ _ = 1) as a function of log— flgU

a^+t/a2^  and log aFe+++/a3H+ at 1 kb, 400°C.
—  The dashed curves depict saturation in the 
fluid phase with wollastonite, andradite, and 
hematite but the short dashed curve is an ex
trapolation of the phase boundary between epi- 
dote solid solution > 0.33)

and grandite garnet. From Bird (1978).
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Figure 25. Phase relations in the system CaO-FeO-FegOg
-Al203-Si02-H20 in the presence of quartz and
one or more minerals in the system CaO-FeO

2-Fe203-SiC>2 as a function of log a^a++/a H+ and 
log f^Q at 1 kb and 400°C. —  The dashed

curves represent phase relations in the system 
Ca0-Fe0-Fe203-Si02 (labeled with the slanted
mineral names) in the presence of quartz, but 
that for wollastonite represents saturation 
with respect to the fluid phase. From Bird 
(1978).
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parageneses of the silicates and oxides present in the 
skarns can be approximated. Grossularite-wollastonite (1) 
initiated skarn formation in high a(Ca++)/a(H+)^ and low 
a(Fe+++)/a(H+)^ environments. Iron pyrometasomatism 
shifted the stability field from grossularite-wollastonite 
to andradite, with the subsequent stability in higher 
a(Fe+++)/a(H+)^ space giving an assemblage of andradite and 
specular hematite (2). Stabilization of epidote (3) in the 
skarns could have been accomplished by any one, any combi
nation of, or by all of the following: increase in activ
ity of hydrogen, decrease in a(Ca++), decrease in a(Fe+++), 
increase in a(Al+++), a decrease in temperature, and an in
crease in a(Si00) A l l  of these relationships may be 
inferred to have occurred based on the epidote composi
tions relative to andradite and hematite, and noting that 
epidote development is followed by the deposition of 
quartz.

Hydrous potassium-magnesium metasomatic alteration 
typified by the phlogopite-chlorite assemblage does not 
plot in the compositional fields of Figures 23, 24, and 25. 
Potassium- and magnesium-bearing minerals were not present 
in the preexisting skarn assemblages, so potassium and 
magnesium must have been added from an external source. 
Phlogopite- and chlorite-stable alteration was destructive 
of the previously existing skarn silicates. This
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destruction of prior silicates may be a manifestation of 
hydrogen pyrometasomatism which accompanied the addition of 
potassium and magnesium. Sulfide mineralization which ac
companied phlogopite-chlorite alteration exhibits strong 
acid neutralization control on sulfide deposition. Sulfide 
replacement of the previous silicates is relatively rare 
compared to sulfide precipitation in areas of high calcite 
content. These few relationships suggest hydrogen pyro
metasomatism of older skarn silicates resulting in the pre
cipitation of phlogopite and chlorite and related sulides 
of the general form:

Mg++ + K+ + HS” + metals + skarn silicates-- *-
metals sulfides + phlogopite + chlorite + quartz + Ca+

Late stage quartz-calcite alteration and related 
local, wholesale destruction of the previous skarn mineral
ogy may be attributed to carbon dioxide metasomatism. The 
iron and aluminum released were apparently flushed out of 
the system or locally reprecipitated in small amounts as 
late epidote and hematite.

Prehnite, present in trace amounts as veins in the 
grossularite-wollastonite skarns in limestone pebble con
glomerates, is probably paragenetically equivalent to an- 
dradite formation in an environment too low in iron for 
andradite formation (Figures 23 and 24). Precipitation in
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this low a(Fe+++) environment could have been the result of

4— 2a decrease in a(Ca )/a(H ) , a decrease in temperature 
from grossularite-wollastonite stability, or both. Heden- 
bergite skarns in the Iron Age Claim formed as the result 
of the addition of iron, alumina, silica, and minor manga
nese to clean limestone pebble conglomerate. Magnesium 
content in the hedenbergite possibly came from dolomitic 
clasts in the conglomerate. Hedenbergite formed rather 
than andradite garnet, possibly as the result of lower oxy
gen fugacity (Figure 25).

The sandstones and shales present in the Emmons 
Summit Mine skarns are at best slightly calcareous, and 
thus the addition of calcium is required in order to form 
the skarns. Aluminum and silica were present in sufficient 
quantity to account for the skarn minerals, but iron must 
have been added to account for abundant magnetite and epi- 
dote. Potassium and magnesium were added to form the 
chlorite.



SUMMARY AND CONCLUSIONS

The geologic history of the study area began with 
the intrusion of the Precambrian Cochise Peak Quartz Monzo- 
nite (1400 m.y.?) into a terrain characterized by Pinal 
Schist. The Paleozoic Era saw the deposition of a sequence 
of shallow marine sediments typical of the Sonoran Geosyn
cline in southeastern Arizona. The Permian-Jurassic time 
period was characterized by local block faulting and ero
sion. Early Cretaceous seas encroaching from the southeast 
onto fanglomerate-covered terrain resulted in the deposi
tion of the Bisbee Group. Laramide deformation was 
characterized by northwest-trending folds with associated 
low- and high-angle reverse faulting, a deformation result
ing from northeast-directed compression. Upon cessation of 
compression, gravitational adjustments resulted in normal 
fault movement along both new structures and older fault 
surfaces.

Tertiary intrusion of the Stronghold Granite re
sulted in an isochemical metamorphic halo around it, a halo 
cut by fault-controlled pyrometasomatic skarn alteration. 
Thermal metamorphism is manifested in slight marbleization 
of carbonate sediments and weak development of sericite in 
the sandstones, mudstones, and shales. Thermal metamorphic
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effects are weak to nonexistent in the Cochise Peak Quartz 
Monzonite. Pyrometasomatic alteration is predominantly 
structurally controlled with the most intense alteration 
and mineralization occurring along major northwest-trending 
faults, such as the Red Ant fault and Cobra Loma thrust, 
which bring the Cochise Peak Quartz Monzonite in contact 
with the Glance Conglomerate member of the Bisbee Group.
The pyrometasomatic mineral paragenesis and assemblages are 
typified by those exhibited in the Middlemarch pit. The 
cleaner limestone pebble conglomerates altered to grossu- 
laritic garnet and wollastonite. The more silica- and 
iron-rich quartzite and limestone pebble conglomerates al
tered to andradite garnet. This andradite could be a later 
replacement of earlier grossularite but no direct evidence 
of this relationship was found. Specular hematite deposi
tion closely followed andradite. Widespread and locally 
pervasive epidote alteration replaced most of the remaining 
sediments which had not been altered to andradite or hema
tite. Sulfide deposition was contemporaneous with and as
sociated with phlogopite-chlorite alteration. Locally, 
phlogopite and chlorite alteration was destructive of pre
vious skarn minerals. Retrograde(?) C02 metasomatism ac
companied by the deposition of quartz and calcite followed 
phlogopite-chlorite alteration.
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The early assemblages of grossularite through epi- 

dote required the addition of aluminum, iron, and silica to 
the initial rock. Phlogopite-chlorite alteration required 
the addition of potassium and magnesium. Deposition of the 
base metal sulfides was predominantly the result of acid 
neutralization, pH-increase reactions with calcite. De
struction of andradite garnet and epidote did accompany 
phlogopite-chlorite alteration and sulfide deposition but 
did not appear to be a prerequisite for sulfide deposition.

Thermal evolution of the skarns could not be docu
mented. Polished sections of grossularite, wollastonite, 
andradite, epidote, hedenbergite, and quartz were studied 
with the intent of gathering fluid inclusion data, but only 
the late quartz-calcite alteration phase yielded workable 
inclusions. Initial temperatures for grossularite- 
wollastonite-andradite formation were probably close to the 
500°C temperatures reported by Surles (1978) for the Wash
ington Camp skarns, where temperature decreased with time 
to approximately 300°C. The late phase quartz-calcite al
teration from the Middlemarch pit yielded 300° to 370°C 
temperatures with salinity ranging from 7 to 10 wt. per
cent. Near Stronghold Canyon, 5 km to the northeast. 
Rushing (1978) reports homogenization temperatures of 
>500°C in the cores of garnets with subsequent growth 
yielding inclusions with temperatures of 300°-460°C, with
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maxima at 360° and 440°C. Later quartz veins yielded tem
peratures of 200o-400°C with maxima at 300° and 380°C. The 
skarns from which the data was collected occur in a differ
ent host rock with different mineral assemblages but the 
structural setting, chemical evolution, and relationship to 
the Stronghold Granite of Rushing's study are similar to 
those present in the Middlemarch Canyon skarns.

Pressures during metasomatism could not be calcu
lated accurately due to the unknown structural configura
tion and thickness of sediment which could have overlain 
the skarns. Boiling was not indicated in any of the fluid 
inclusion studies. Pressures of 0.5 kilobar or more are 
reasonable approximations assuming that there was at least 
1 km of Bisbee Group sediments deposited on top of the 
Glance Conglomerate and that the section was thickened to 
more than 1 km due to folding and thrusting prior to skarn 
formation.



APPENDIX A

STRIKE, DIP , AND PLUNGE MEASUREMENTS 
OF STRETCHED PEBBLES IN THE 
DEFORMED GLANCE CONGLOMERATE
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Degree
Length* Width Thickness Strike Dip Plunge Deformation**_________Remarks.

v1 N57W 38SW — 6-7

r2 N60W 37SW S30W 7-8

r3 10.20 8.25 2.54 N45W 30SW S40H

/ 8.89 6.35 1.27 N50W 22SH S40W
S45W

Y5 11.43 3.81 1.27 N30W 23SW —
8.89 . 3.81 0.95

r6 7.62 5.08 0.64 N30W 22SW S30W 8 crumbly matrix
10.16 5.08 1.27
8.26 6.35 1.27

11.43 6.35 0.95
6.35 3.81 0.64

y 7 10.16 4.45 1.27 N50W 33SW S20W
15.24 8.26 2.54
17.78 10.80 2.22

y 8 — — S35W

y 9 N50W S53W S40W

Y10 20.32 11.43 3.81 N68W(?) 39SW S40W
15.24 — 2.86

11 13.96 5.71 1.27 N80H(7) E-W(?) S38W poor outcropY 16.51 9.53 2.22 strike and dip 
approximate

Y12 N30W 40SW S28W

v13 12.70 7.62 2.54 M24W 30SW S30W

VO



Length Width Thickness Strike Dip
14y 3.35 .32

15.24 8.25 1.59
N48W

M40W
N-S(?) 
N10W(?)

N25W

Y19 N25W
N54W

15.24 5.08 .95
16.51 6.35 1.27

E-W(?)
N23W

23Y 30.48 7.62 1.90 N65W
N37W

Y24
Y25 25.40 10.16

30.48 10.16

N15E(?)
2.54
5.72

26Y N32W

27Y
28Y
29Y

N75W
N80W
N44W

33SW

38SW
54SW 
40 SW

55SW
35SW
37SW

35SW
46SW
33SW
37SW
28NW

37SW

40SW
33SW
25SW

Degree
Plunge Deformation
S30W

S40W 10
S42W COi

S45W 10

S38W 7-8
S30W 7-8
S60W(?) 8-9
S22W 5-6

S53W
S60W

01G\

S40W 5-6

S50W 6-7
6

S30W
S35W

7-8

S15W 8
S40W 10
S55W
S40W
S60W

10

Remarks

strike and dip are 
approximate

plunge is approximate

crumbly matrix

voui



Length Width Thickness Strike Dip

NW sw

N15W 30SW
N60W 30SW
E-W 50SW
NW SW
N42W 25SW

20.32 12.7 3.81 N80W 22SW

N76W 24SW
N39W 28SW

7.62 2.54 1.29 "N35W “32SW
11.43 3.08 1.90
7.62 5.71 .9 5
8.89 7.62 1.27

10.16 10.16 1.90
10.16 3.08 1.27
10.16 5.08 2.54 N40W 35SW
20.32 8 .8 9 3.79

11.43 6.03 2.54
11.43 9 .8 4 1.90

N10W 25SW

Plunge
Degree

Deformation Remarks
S35W 3-5
S40W(?) 3-5
S30-40W 5-7

— 8-9 crumbly matrix
—— 10

S40-50W 3-5
S45W 7-8
S35W
S40W
S50W
S40W

7
5-6

S38W 5
S43W 5-6 poor outcrop for

strike and dip

S44W 5-6

S35W
S35W
S44W

5-6

S40W 5 -6

S45W 4-5



Length____ Width____ Thickness____Strike____Dip____Plunge
r46 N30W 42SW S43WS35W
r47 N65W 35SW S44W
y48 N60W 39SW S48W
r49 H23W 32SW S43W
r50 N44W S34W S39W

*Pebble dimensions are recorded in centimeters 
**Figures A-la, b, and c.

Degree
Deformation Remarks

5-6

5-6
6
6

5-6

KO
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Figure A-l. Limestone pebble conglomerate in the cata- 
clastic domain showing various degrees of 
deformation. —  (a) undeformed texture.
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(b) deformed to a ranking of 5 to 6.
(c) deformed to a ranking of 9.

Figure A-l.



APPENDIX B

ELECTRON MICROPROBE ANALYSES 
FOR SOME SKARN MINERALS
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MINERAL L O C A T I O N C a O A 1 2°3 s i o 2 r e 2°3
G A n R , MMP 31.76* .02 34.87 31.27

G A R C MMP 32.57 .04 34.60 31.76

G A R c MMP 32.01 .02 35.54 31.82
GAR MMP 31.27 35.00 31.47
g a r r MMP 32.09 .04 36.37 31.38

G A R C MMP 32.46 .05 35.89 31.52

G A R C DH2 34.00 15.20 39.15 9.85
G A U r 0112 34.01 12.08 38.10 14.05

G A R R2 D M 2 36.55 19.27 38.70 6.25
GAR DM2 36.53 18.96 39.08 4.10

G A R R3 DM 2 36.4 3 19.51 38.79 4.48

G R R C3 DM2 35.44 13.74 38.68 12.19

G A R C4 DM2 36.49 19.56 39.28 4 . 5 0
g a r r 4 DM2 36.28 19.16 39.25 5.06

GARC1 CLM 31.98 3 4 . 9 9 31.69

g a r r i CLM 32.50 .06 34.85 32.02

g a r r i CLM 32.60 .11 35.39 3 2 . 4 4
G A R C2 CLM 31.88 .03 35.88 31.73

G A R R3 CLM 32.44 1.27 35.76 30.56

G A R R4 CLM 32.33 .05 3 4 . 9 9 31.33

G A R C5 CLM 31.55 .05 34.76 3 1 . 5 4

FeO M g O  H n O  K ^ O  N a  O  1 ^ 0  F R A C T I O N
HOLE

.95
.11 .14
.14 .17

.76 .04
.01 .08
.03 .19

.12 .46 .2927

.09 .40 .4260

.20 .33 .1389

.12 .39 .1214

.01 .36 .1279

.08 .43 .3617

.10 .38 . 1282

. 0 4 .41 .1442

.02 .43 1 . 0 0 0 0
CMo .62

.02 . 66
1.30
.55
.57
.85
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MOLE
M I N E R A L L O C A T I O N C a O A 1 2 ° 3 S i 0 2 F e 2 ° 3 F e O M g O M n O •j N a 2 0 "2° F R A C T I O N

G A R R 5 C L M 3 2 . 9 5 . 1 0 3 5 . 2 8 3 1 . 8 3 . 0 9 . 2 0
G A R C 6 C L M 3 2 . 4 0 3 5 . 2 2 3 1 . 7 7 . 9 3 1 . 0 0 0 0
G A R R 6 C L M 3 1 . 9 6 . 1 3 3 4 . 5 2 3 1 . 7 1 . 8 2

G A R D H 2 3 6 . 0 4 2 0 . 2 5 4 0 . 0 4 4 . 5 5 . 0 9 . 5 2 . 1 2 5 4
, 3 6 . 3 0 1 8 . 9 7 3 8 . 3 9 4 . 6 9 . 0 8 . 3 6 . 1 3 6 3

IIED I A C 2 2 . 5 3 . 1 5 4 8 . 8 8 1 8 . 7 6 2 . 6 9 7 . 3 0 . 0 4 . 1 8 . 6 0 6 0
M E D I A C 2 7 . 5 3 . 1 3 4 8 . 1 3 1 8 . 7 6 3 . 7 8 4 . 8 4 . 0 7 . 1 3 . 6 1 7 5
IIED I A C 2 1 . 0 0 . 8 4 4 7 . 4 7 2 2 . 1 1 . 5 8 6.84 . 0 4 . 3 2 . 7 3 5 4
IIED I A C 2 1 . 1 8 1 . 0 3 4 5 . 7 8 2 0 . 2 7 1 . 6 0 7 . 5 3 . 1 3 . 4 2 . 6 5 9 2
IIED I A C 2 1 . 2 3 1 . 5 0 47.99 1 9 . 4 8 2 . 8 0 5 . 8 6 . 0 4

X

. 4 0 .6405

EP M M P 2 2 . 6 9 2 0 . 9 1 3 6 . 7 0 1 5 . 5 2 . 0 6 . 5 7 . 0 2 1.86 * *
MMP 2 2 . 9 5 2 0 . 7 1 3 7 . 0 2 1 5 . 1 2 . 0 5 . 3 9 . 0 4 1.86
MMP 2 2 . 7 6 2 1 . 2 8 3 7 . 2 1 14.93 . 0 3 . 3 8 . 0 2 . 0 3 1.86

Kt*C MMP 2 1 . 9 6 1 9 . 8 0 3 7 . 1 8 1 6 . 1 9 . 0 6 . 7 4 1.86 . 34  3 0
e p r MMP 2 3 . 0 8 1 9 . 8 7 3 6 . 5 2 16.47 . 0 9 . 3 7 1 . 8 6 . 3 0 7 2
EPc MMP 2 2 . 5 2 2 0 . 9 3 3 7 . 5 9 14.62 . 0 6 . 2 1 1.86 . 2 7 0 5
e p r MMP 2 3 . 1 4 2 2 . 5 0 3 7 . 2 9 1 3 . 3 2 . 0 9 . 6 2 1.86 . 3 1 0 5
E P C MMP 2 3 . 0 7 2 1 . 2 3 3 7 . 5 1 1 5 . 0 8 . 2 2 1.86 . 3 3 1 3
E P MMP 2 2 . 0 4 19.56 3 6 . 4 6 1 5 . 7 0 . 0 2 . 9 3 1 . 8 6 . 3 0 4 2
E P , MMP 2 3 . 2 5 2 1 . 3 5 3 7 . 4 7 1 4 . 7 7 . 1 4 . 3 0 1 . 8 6 . 3042

e p k M M P 2 3 . 0 9 2 2 . 7 6 3 6 . 9 4 1 2 . 8 9 • 0 3 .48 1.86 . 2 6 2 6
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MINERAL

CIIL

MOLE
LOCATION CaO A 1 2°3 s l o 2 F e 2°3 FeO MgO MnO OfNX Na20 "2° FRACTION

CLM .09 17.45 28.13 20.75 19.06 .86 .03 .04
.15 17.54 27.12 26.03 15.50 1.77 .06 .02
.07 17.76 28.78 21.92 18.55 1.00 .05 .08
.08 15.62 27.82 24.52 17.01 1.14 .02 .02

A B B R E V I A T I O N S  % M N P M i d d l e m a r c h  P i t  S a m p l e
C L M C o b r a  L o m a  M i n e  S a m p l e X » M o l e  F r a c t i o n
Dll 2 K e r r  M c G e e  D r i l l  H o l e  # 2  S a m p l e M o l e s  F e

C l a i m  M i n e  S a m p l e X A D M o l e s  F e  + A 1I A C I r o n  A g e
G A R * G a r n e t i R - R l m  a n a l y s i s M o l e s  F e

*EP M o l e s  F e  + A1 e3
G a r n e t s C - C o r e  a n a l y s i s M o l e s Fe

EP E p l d o t e i C » C o r e ,  R - R l m X H E D Moles F e  4- M g  +  M n
C H L C h l o r l t @
II E D H e d e n b e r g i t e

100

^Values are in weight percent. 
^^Theoretical percentage.
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APPENDIX C

LITHOLOGIC LOGS FROM DIAMOND DRILL CORES OF 
DRILL HOLES #1, #2, AND #3 BY KERR MCGEE, 1974

Drill holes are located on Figure 1 and cross sec
tions C-C’ and D-D', Figure 2.
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ALLUVIUM—  Unconsolidated sand and gravel

TALUS—  Unconsolidated to loosely consolidated slope-covering sand and gravel

LAMPROPHYRE DIKES”" Small, grey-green dikes of hornblende and plagioclase

RHYOLITE DIKES— Pinkish-brown, to light purple, porphyritic rhyolite: quartz
and K-feldspar phenocrysts in an aphanitic groundmass: 5-12 cm
chill margin is commonly present

STRONGHOLD GRANITE—  Light grey to pink, equigranular to porphyri tic granite:
pinkish outcrops are commonly sheared

MUDSTONE—SHALE FACIES Mixed lithology of muds tones and shales, commonly
black, slope former: commonly displays pervasive
axial planar cleavage

SANDSTONE—MUDSTONE FACIES—  Mixed lithology of brown to black sandstones and
mudstones: occasional clasts to 5 1 cm

SANDY LIMESTONE— Brown to grey sandy limestone with less than 10% clast
content greater than 2 cm in diameter

GLANCE CONGLOMERATE —  Limestone pebble conglomerate (Kgl) and quartzite
pebble conglomerate (Kgq) in sandy to sandy limestone 
matrix. Flattened limestone pebble conglomerate 
indicated by Kgl

ESCABROSA— Massive, grey, coarse-grained limestone with occasional grey 
to white chert beds

ABRIGO FORMATION— Interbedded siltstone and limestone: thin bedded, bedding
is commonly deformed to gnarly, contorted, and broken beds: 
Ribbed texture on weathered surfaces

BOLSA QUARTZITE — White to pink, fine- to medium-grained, moderately well
sorted quartzite, local arkosic and conglomeratic base 
indicated by e»*e

COCHISE PEAK QUARTZ MONZONITE —  Porphyritic quartz monzonite with distinct
K-feldspar phenocrysts to 5 cm: aplitic
where indicated (ap): commonly cata-
clastically deformed with chlorite along 
shears: weathers to tan to brown rounded
slopes

SYMBOLS

T

®

Strike and dip of bedding

Strike and dip of overturned bedding

Strike and dip of foliation: trend of pebble lineation indicated by
number for Appendix C indicated by 3,

Horizontal bedding 

Vertical bedding

Contact: dashed where inferred: dip indicated where measured

location

Trace of syncline: dashed where inferred: plunge indicated where measured

Trace of overturned syncline: dashed where inferred: plunge indicated where
measured

Fault: dashed where inferred: dip shown where measured: trend and plunge of
slickensides indicated by.—

Low angle fault: dashed where inferred: dip shown where measured: trend and
plunge slickensides indicated by— : teeth on upper plate

w Area of skarn alteration Facies transition zone

T Adit W Mine or prospect dump

0 Shaft Prospect pit

o Drill hole c O Building

to o  4 0 0

r t « T______ yo___
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