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ABSTRACT

The Golden Rule mine area is located in the northernmost ex

tension of the Dragoon Mountains, Cochise County, Arizona, where a 

500-foot-thick sequence of Cambrian Abrigo Formation, which trends 

northwest and dips 30° N E., is folded into one major syncline plunging 

to the northeast.

Intrusions of quartz rhyolite porphyry, which are older than 

72.4 + 1 .4  m .y ., to the south and west of the sedimentary rocks caused 

the folding and emplacement of small but possibly economic quartz vein 

deposits of pyrite, argentiferous galena, sphalerite, chalcopyrite, and 

gold in both the intrusive and sedimentary rocks. The principal deposit, 

the Golden Rule mine, consists of narrow tabular veins controlled by 

bedding-plane faults in thin-bedded limestone occupying the mid slope 

and southeast limb of the synclinal fold.

Following local compressional stress relaxation, open-space

filled quartz veins were emplaced; later, normal faulting dislocated 

these previously continuous veins. Subsequent erosion of the area 

formed gold-bearing placer deposits which led to the discovery of vein 

deposits and the development of the Golden Rule mine.

ix



INTRODUCTION

Purpose of Study and Method of Treatment 

This thesis represents the results of a mine geology survey of 

the property and the immediately surrounding area known today as the 

Golden Rule mine, Dragoon Mountains, Cochise County, Arizona. The 

purpose of this study is to evaluate the relationships between the min

eralization, host rock, and intrusive rock with respect to age, origin, - 

and distribution.

Field work involving geologic surface mapping on a scale of 

1:1200 and sampling of the surface area and underground workings 

amounted to approximately 40 days and was accomplished during Febru

ary and March 1972. The field work was supplemented by the age dating 

of an andesite dike by whole-rock K/Ar analysis and laboratory study 

which involved a petrographic and mineragraphic study of the rock and 

ore in the area.

Geographic Setting

The Golden Rule mine is located in the northeasternmost exten

sion of the Dragoon Mountains of central Cochise County, southeastern 

Arizona (Fig. 1). The map area is approximately 2,500 feet north-south 

by 2,500 feet east-w est and lies largely within the NEl/4 sec 23,

T. 16 S . , R. 23 E ., Gila and Salt River Meridian and Base Line. The 

mine is approximately 75 miles southeast of Tucson, Arizona, via Inter

state 10, the Triangle T road, and a light-duty road 4 .4  miles east of 

Dragoon, Arizona.

1
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History

A handwritten claim notice found on the property by the present 

owner, Mr. Matt V. Lee, indicates that the Golden Rule mine potential 

was first realized by W. Mansfied, G. Fisher, and J. AM, while travel

ing to the 1849 California gold rush. Atop the northeast end of the intru-
;

sion, a lookout position was manned during Cochise's activity in the 

Dragoon Mountain area to signal the Butterfield stage. The stage stopped 

overnight at the Golden Rule mine settlement on its way to Dragoon 

Springs from Apache Pass and Fort Bowie if Indian harassment seemed 

imminent. After Cochise's death in 1879, prospecting in the Dragoon 

Mountains again located the Golden Rule mine potential. The mine is 

noted to have intermittently produced approximately a quarter of a million 

dollars worth of gold, silver, and lead between 1883 and 1957.

The Golden Rule mine at present is actively maintained and 

continually developed by its present owner. Other mines in the Golden 

Rule district include the Texas-Arizona, Bignon, and Barrett mines. The 

mine is workable at present but has been posted as condemned by the 

Arizona State Inspector of Mines at Mr. Lee's request to ward off poten

tial vandals or persons who might become victims of accident through 

curiosity and inexperience.

Previous Work

The amount of published geologic information on the mine prop

erty and surrounding area is scant, and that available, although suitable 

for its time and purpose, is old and summary in scope or is part of a 

regional work which incorporates a very generalized interpretation of the
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geology of the area. The earliest and best known report on the mine 

property is by Wuensch (1927) and is a reconnaissance for the Missouri- 

Kansas Zinc Corporation with attention paid mainly to mapping, sampling, 

and brief descriptions of the mine, equipment, and prospects. Subse

quent reports by Hight (1928) and Lundquist (1929) on the district are 

taken largely from Wuensch. Small-scale maps of regional coverage, 

such as those of the Arizona Bureau of Mines and the U .S. Geological 

Survey, incorporate the district geology in only broad categories of rock 

type, age assignment, and structure. Within the last few years, the 

property has received renewed attention in the form of geophysical sur

veys conducted by Bear Creek Mining Company and an independent con

sulting firm. Although exploration drilling has been advised and 

recommended by all mine survey reports, none has been conducted to 

date. Cooper of the U .S . Geological Survey remapped the W illcox,

Fisher H ills, Cochise, and Dos Cabezas quadrangles reported in the 

1960 "Mineral Investigations Field Studies Map MF-231." There has 

been no previous academic focus on the area.



GEOLOGY OF THE GOLDEN RULE MINE AREA

The Golden Rule mine workings (Fig. 2, in pocket) and the 

study area (Fig. 3, in pocket) are in the northernmost extension of the 

Dragoon Mountains which extend along the west side of the Sulphur 

Springs Valley from the middle of T. 20 S . ,  R. 23 E. to the Southern 

Pacific Railroad which passes through Big Draw at the northern end of 

the valley. Outside the mapped area, to the southwest, is a small 

outcrop of igneous rock (Fig. 1). Directly northwest of the study area 

across half a mile of alluvium-filled valley, known as Dragoon Pass or 

Big Draw, is the southeasternmost extension of the Gunnison H ills.

Rdsum6 of Regional Geology

The northern end of the Dragoon Mountains consists largely of 

Paleozoic limestones more than 2,000 feet thick, which have been tilted 

and thrust faulted to the southwest (Fig. 1). The Cambrian is represented 

by the Abrigo Formation limestone, sandstone, and shale. The M issis-  

sippian Escabrosa Limestone lies in thrust fault contact with the Cam

brian rocks. The Pennsylvanian Horquilla Limestone rests conformably 

upon and locally in thrust fault contact with the Escabrosa Limestone.

The Earp Formation of Pennsylvanian-Permian age lies conformably upon 

the Horquilla Limestone and in fault contact with the Bisbee Formation of 

Cretaceous age. The Permian Colina Limestone is conformable with the 

Earp Formation below and is overlain conformably by the Epitaph Dolo

mite of Permian age. The Bisbee Formation of Cretaceous age contacts

5
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the Paleozoic rocks by thrust fault. The Cambrian Abrigo Formation and 

the Horquilla Limestone are intruded by a quartz rhyolite porphyry which 

is older than a narrow andesite dike which has been assigned a K/Ar 

date of 72.4 + 1.4 m .y. by P. E. Damon (1972, oral communication).

This andesite dike occurs in the lower and middle members of the Abrigo 

Formation at the Golden Rule mine. Gilluly (1956) noted that post- 

Paleozoic and pre-Cretaceous deformation in the northern Dragoon Moun

tains is recorded by angular unconformity and quartz monzonite intrusion, 

and Darton (1925) noted that the Abrigo Formation at the Golden Rule mine 

is cut off to the south by a mass of igneous rock resembling monzonite. 

After thin-section examination, the writer concluded that this igneous 

rock is a sericite-altered quartz rhyolite porphyry.

A brief summary of the sequence of geologic events in the 

northern Dragoon Mountains follows. During Paleozoic time, marine 

sedimentation developed upon a Precambrian erosion surface consisting 

of metamorphosed and intruded Precambrian Pinal Schist. Orogenic 

activity occurred in the central Dragoon Mountains during Permian- 

Cretaceous time. Following deposition of the Horquilla Limestone, a 

quartz rhyolite porphyry intrusion, which is more than 10 m .y. pre- 

Tertiary in age, was emplaced. The Bisbee Formation was deposited 

during Early Cretaceous time in an estuarine and shallow-water environ

ment. Early Tertiary compressive forces of probable northeast-southwest 

trend resulted in extensive thrust faulting and broad open folds. Em

placement of the Stronghold Granite in the central Dragoon Mountains, 

largely by sloping with accompanying contact metamorphism, occurred 

after this period of intense deformation. The Stronghold Granite has been
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dated at approximately 22 m .y. by P. E. Damon (1972, oral communica

tion) . Later in Tertiary time, the area experienced the normal faulting 

characteristic of the Basin and Range province.

General Lithology

Folded and faulted sedimentary rocks occur as two hills in the 

west-central third of the study area. The southern third of the area is 

composed of a quartz rhyolite porphyry intrusion. The remainder of the 

area is covered by Quaternary alluvium in which no exposures of older 

rocks were observed. The unnamed dominant hill in the central portion 

of the study area which contains the Golden Rule mine is mapped as the 

Golden Rule Hill. The stratigraphic section (Fig. 4, in pocket) was 

measured on the south slope of Golden Rule Hill between the igneous- 

sedimentary contact in the stream bed and the peak of the hill (Fig. 3, 

in pocket). The measured section was constructed using Jacob staff and 

Brunton compass.

The sedimentary rocks have a prevailing northeastward gentle 

dip, although it is interrupted by many local deflections, and the oldest 

units are displayed to the southwest. The stratigraphic sequence is ap

parently upright since no contrary evidence e x is ts .

Cooper (1960) did not differentiate between the Abrigo and El 

Paso Formations on his map (Fig. 1), but review of recent stratigraphic 

literature and comparison of field notes on local distribution, orientation, 

and rock description indicate that the El Paso Formation is not repre

sented in the stratigraphic sequence at the mine area. Therefore, the only 

sedimentary rocks mapped in the mine area are the Cambrian Abrigo

/
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Formation. The subdivision of the Abrigo Formation into lower, middle, 

and upper members, as suggested by Krieger (1968), is used in this 

study to simplify rock correlation and description.

The stratigraphic sequence beginning at the igneous- 

sedimentary contact southwest of the Golden Rule mine includes the 

upper 150 feet of the lower member of the Abrigo Formation. This lower 

member is characterized by thin-bedded sandy mudstone, claystone, and 

siltstone. The middle member consists dominantly of 200 feet of thin- 

bedded, very fine grained, ribbed, light-gray limestone, which grades 

upward into the 130-foot-thick lower unit of the upper member, which is 

largely coarse-grained, crossbedded calcite and dolomite cemented 

quartzese sandstone. As a result of pre-Martin erosion, the upper unit 

of the upper member is absent in many places between Bisbee and the 

Santa Catalina Mountains (Krieger, 1968). This upper unit of buff, thin- 

bedded, medium-grained dolomite was not observed in the stratigraphic 

column anywhere in the study area. Quartz veining, associated with a 

quartz rhyolite porphyry intrusion, is cut by an andesite dike with a 

K/Ar age of 72.4 + 1.4-m .y. This dike is the youngest rock mapped in 

the mine area.

Sedimentary Rocks

Regionally, the sedimentary rock sequence of the Abrigo For

mation is composed of a heterogeneous assemblage of limestone, dolo

mite, sandstone, siltstone, and shale, typically thin to medium bedded, 

and overlies the Bolsa Quartzite with gradational contact. Gilluly (1956) 

noted that the Abrigo Formation seems to have been deposited in a
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relatively shallow seas and that the Cambrian sequence in southeastern 

Arizona was the result of a single sedimentary cycle. The Bolsa Quartz

ite represents the transgressive phase of marine invasion from the south

east, and the clastic beds at the top of the Abrigo Formation characterize 

the regressive phase. The following detailed stratigraphic and petrograph

ic descriptions of the members and individual units of the Abrigo Forma

tion in the Golden Rule mine area are summarized in Figure 4 (in pocket). 

Structures within the members will be discussed later in this chapter.

Lower Member. The lower member of the Abrigo Formation (Fig.

5) is represented in the study area by 150 feet of thin and irregularly 

bedded, yellowish-brown, gray-green to red-brown-weathering, sandy 

mudstone, siltstone, and claystone with a few beds of carbonate and 

sandstone. The lower member occurs as annular outcrops around the 

base of the two hills composed of sedimentary rocks and contacts the 

quartz rhyolite intrusions to the south and west (Figs. 2 and 3, in pocket).

The lower member is characteristically covered by slope debris and is
u

topographically expressed as subdued mounds and gentle slopes.

The carbonate, a dark-gray-green arenaceous limestone (Fig.

6) , is composed of approximately 75 volume percent medium- to coarse

grained calcite up to 30 volume percent fine-grained, well-rounded quartz, 

and less  than 5 volume percent clay minerals. This limestone is inter- 

laminated and interbedded with micaceous, sandy mudstone. Limestone 

is more abundant in the upper part of the member.

The mudstone has over 25 volume percent muscovite flakes 

along its bedding lamination and approximately 15 volume percent finer 

grained sericite in the clay matrix. Silt minerals include 45 volume



10

Figure 5. Exposure in Prospect Pit Showing Very Thin Individual 
Beds of Sandstone, Shale, and S iltstone in Lower Member, Abrigo For
mation

Exposure is  on the south slope of the Golden Rule H ill 150 feet 
w est of the Jackson shaft and s tra tig raph ica lly  75 feet below the Main 
vein system . The outcrop is approxim ately 5 feet th ick .

Figure 6. G ray-green , Thin-bedded, C oarse-g ra ined , Sandy 
Lim estone in Lower Member, Abrigo Formation

Outcrop is on south slope of Golden Rule H ill, 150 fee t w est of 
the Jackson shaft and s tra tig raph ica lly  70 feet below the Main vein sy s 
tem . The outcrop is approxim ately 4 feet th ick .
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percent quartz and less than 5 volume percent subangular to round 

feldspar.

The sandstone is composed of approximately 90 volume percent 

fine- to medium-grained, well-rounded to subhedral quartz, loosely  

cemented with interstitial calcite. Clay minerals comprise less than 3 

volume percent of the calcite matrix.

Throughout all the rock types of the lower member, sand-size 

euhedral grains of pyrite and microscopic shreds of sericite are randomly 

oriented and disseminated in amounts varying from negligible to approxi

mately 5 volume percent. Neither type nor amount of these minerals 

seems to favor any particular rock type.

Middle Member. The middle member of the Abrigo Formation is 

distinctive because of its ribbed appearance (Figs. 7 and 8) caused by 

differential weathering of the abundant, irregular, anastomosing layers 

of light-brown-weathering, more resistant, micaceous, sandy mudstone 

or silty limestone (Krieger, 1968). The middle member is represented by 

thin-bedded, light-bluish-gray limestone, which weathers light yellow

ish gray and is composed of microcrystalline to very fine grained ca lcite . 

The middle member forms ledges at midslope on the hills and crops out as 

annular patterns in map-view topographic expression (Fig. 3, in pocket). 

The lowermost middle member is unique in the study area because it is 

the only rock unit in which major bedding-plane quartz veining is found.

The middle member grades gradually upward, becoming increas

ingly more sandy and more thin bedded. Other prominent features of the 

middle member are the alternation of relatively thin beds of clastic and 

carbonate rocks in which the bedding is wavy or gnarly and the '



Figure 7. Ribbed Limestone in M iddle 
Member, Abrigo Formation above the Segment of 
the Main Vein System Just W est of the Breccia 
Fault

The open stope a t the bottom is 18 
inches high. Photograph was taken  about 100 
feet northw est of the Jackson sh a ft.

Figure 8. Ribbed Lim estone in Middle 
Member, Abrigo Formation above the Segment of 
the Main Vein System Just East of the Breccia 
Fault

The open stope a t the lower le ft is 
approxim ately 20 inches h ig h . Photograph was 
taken about 100 feet e a s t  of the Jackson sh a ft.

to
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intraformational flat-pebble or edgewise conglomerates common through

out the formation (Bryant, 1968). The limestones are generally bluish 

gray but are locally mottled with yellow from silty or micaceous material 

irregularly disposed in the limestone beds which are generally less than 

4 inches thick. These silty parts of the middle member are commonly 

silicified on weathered surfaces, and many outcrops etch into patterns 

of relief. In some places, cherty patches extend along silty interbeds 

into the body of the rock for a considerable distance and may represent 

"stratigraphic chert," but most of the chert in the middle member appears 

to be superficial (Gilluly, 1956).

Upper Member. The lower unit of the upper member of the 

Abrigo Formation consists largely of coarse-grained, thin- to medium- 

bedded, light-gray, dark-brown-weathering, crossbedded glauconitic 

quartzose sandstone (Fig. 9). The lower unit is exposed as a subdued 

ledge topping the two hills made up of Abrigo Formation in the study area 

(Fig. 3, in pocket). The sandstone is composed of approximately 95 

volume percent medium- to coarse-grained, subangular quartz, loosely  

cemented with interstitial calcite and dolomite. In the lower part of the 

unit, calcite dominates over dolomite by a ratio of approximately 4:1, 

but this ratio gradually reverses upward through the lower unit. Detrital 

glauconite grains comprise approximately 5 volume percent of the total 

rock constituents. Pyrite occurrences are similar to those described in 

the lower and middle members, but sericite is only present in negligible

amounts.
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Figure 9. Outcrop of C o arse -g ra in ed , C rossbedded Sandstone 
from Lower U nit, Upper Member, Abrigo Formation

Outcrop is on the south slope of the Golden Rule H ill approxi
m ately 450 feet w est of the Jackson shaft and stra tig raph ically  250 fee t 
above the Main vein system .
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Igneous Rocks

Quartz Rhyolite Porphyry. The main intrusion of quartz rhyolite 

porphyry occupies the southern third of the mapped area (Fig. 3, in 

pocket). Because the igneous mass is extensively jointed, the slopes 

are largely covered with a rubble of cobble-size boulders containing 

quartz veinlets and with pebble-size fragments of quartz veins. The 

outcrops of quartz rhyolite porphyry (Fig. 10) consist generally of mas

sive blocks nearly in place but slightly separated and shifted from their 

original positions. The rock shows light colors of tan to nearly orange 

in places. Iron oxide stain is pervasive over the rock mass, although 

not equally distributed or abundant. It was proposed by earlier workers 

(Hight, 1928) that the heavily iron oxide-stained area southwest of the 

quartz rhyolite porphyry intrusion was a gossan. Field observations 

supported by thin-section and binocular microscopic examination revealed 

that oxidation of pyrite from the neighboring intrusion was concentrated 

in a sedimentary rock remnant of the lower member of the Abrigo Formation 

which tops a small quartz rhyolite porphyry mound.

Hand specimens of the extensively weathered and altered 

quartz rhyolite intrusion commonly show medium-grained subrounded 

quartz "eyes" and sericitized feldspar phenocrysts up to 0 .5 inch long 

in a microcrystalline groundmass of quartz, feldspar, and minor apatite. 

Sand-size pyrite as both fresh and weathered grains comprising up to 3 

volume percent is common in the intrusive rock. The exact nomenclature 

of the rock was petrographically determined as a sericite-altered quartz 

rhyolite porphyry, based on an average composition of five samples 

(Table 1). In thin section, the rock is composed of approximately 75
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Figure 10. Outcrop of Q uartz Rhyolite Porphyry on the C rest of 
the N ortheast End of the Intrusion

Note quartz veining in northw est-strik ing  jo in ts . The quartz 
vein in the foreground is approxim ately one inch th ic k .
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Table 1. Petrographically Estimated Mineral Modes for the Quartz
Rhyolite Porphyry

(Given in volume percent.)

Mineral
AHGR

#2
AHGR

#3
AHGR

#4
AHGR
#8C

AHGR
#15 Average

Groundmass
quartz 40% 40% 40% 30% 55% 41%

Quartz "eyes" 35% 40% 30% 30% 30% 33%

Orthoclase 
(altered to 
sericite) 30% 16% 24% 30% 12% 20%

Plagioclase 
(altered to 
calcite) 5% 4% 6% 10% 3% 5%

Pyrite 1% 1% 1% 1% 1% 1%

Secondary
K-feldspar 1% 1% trace trace 1% 1%

Magnetite trace trace trace trace trace trace

Apatite trace trace trace trace trace trace
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volume percent quartz with quartz "eyes" comprising up to half of the 

total quartz content. After observing fresh, unstriated phenocrysts in 

hand specimen and twinning and cleavage characteristics in thin section, 

orthoclase was determined to be the dominant feldspar. Altered ortho- 

clase and plagioclase generally occur in a ratio of approximately 4:1. 

Accessory minerals, such as biotite, hornblende, and clinopyroxene are 

absent, but euhedral to anhedral grains of apatite and magnetite were 

observed in negligible amounts.

In thin section, the quartz "eyes" have halos approximately 

0.01 mm thick composed of microcrystalline quartz grains. These grains 

grade into the microcryptocrystalline groundmass, suggesting that the 

quartz "eyes" are early alteration products forming at the expense of 

surrounding groundmass material. Approximately 10 percent of the quartz 

"eyes" were subsequently being corroded at their grain boundaries and 

fractures by microscopic, euhedral to anhedral, crosscutting sericite 

grains. Orthoclase is extensively but not totally altered to sericite, 

and fresh secondary K-feldspar grains are observed within and cross

cutting the boundaries of relict orthoclase grains. Calcite is also seen 

replacing orthoclase, but it could not be determined whether its origin 

was alteration of plagioclase or a result of igneous intrusion of lime

stone country rock and subsequent chemical readjustment.

Andesite Dike. Intruding the lowermost middle member of the 

Abrigo Formation is a fine-grained mafic dike approximately 10 feet 

thick. This dike is seen cutting the Main vein system only on the first 

and second levels of the Golden Rule mine workings and has the same 

orientation as the Breccia fault, one of the major faults in the mine area
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(Fig. 3, in pocket). The dike, which is not brecciated, lies immediately 

east of the fault plane, is exposed only in the hanging wall of the fault, 

and appears not to cut the Breccia fault as no footwall extension has 

been found and the dike exposure is lost in the back of the first-level 

workings (Fig. 2, in pocket). Petrographically, the dike rock can be 

classified as an andesite showing hypidomorphic-granular andesine com

prising approximately 50 volume percent of the rock. The plagioclase has 

a composition ofAn^g.^g as determined by extinction angle. Interstitial 

to the plagioclase, anhedral grains of hornblende (25 volume percent) 

and aggregates of flaky chlorite crystals (15 volume percent) constitute 

approximately 40 volume percent of the dike rock. Pyroxenes were con

spicuously absent but were probably altered to the chlorite aggregates 

just described. Calcite, occurring as veinlets which have microscopic 

to 1 mm wide veinlets, comprises 5 volume percent of the dike rock and 

was probably derived from the limestone country rock. Euhedral to an

hedral magnetite grains are disseminated throughout the groundmass and 

constitute up to 3 volume percent of the total rock composition.

The dike rock at its intersection with the Main vein system 

contains ore metal values (Appendix) that are higher than the background 

abundances of average igneous rocks (Hawkes and Webb, 1962, Table P). 

For example, silver content is ten times the background abundance of 

average igneous rocks. The source of these ore metal values could not 

be determined petrographically.

Correlation and Age

Sedimentary Rocks. Correlation of sedimentary units and tracing 

of beds in the thesis area is accomplished easily in spite of a thin blanket



20

of admixed erosional debris. Lithographic correlation of the middle mem

ber of the Abrigo Limestone is always definite because of its distinctive 

thin-bedded, edgewise conglomerates (Figs. 7 and 8), local mottling of 

silty or micaceous material irregularly disposed in the limestone beds, 

irregular interpenetrations of argillaceous and carbonate layers causing 

a ribbed weathered surface, and common occurrence of silicification on 

the weathered surfaces of the more resistant silty interbeds.

Correlation of the stratigraphic sequence observed in the study 

area with other known occurrences of the Abrigo Formation in southwest

ern Arizona was positive. No fossils were observed in the sedimentary 

rocks from the thesis area, but trilobites and brachiopods of Middle and 

Late Cambrian age were identified in Abrigo Limestone in other localities 

(Krieger, 1968) and the positive lithographic correlation of rocks in the 

study area with dated rocks from other localities indicates a Middle and 

Late Cambrian age for the stratigraphic sequence in the Golden Rule mine 

area.

The Cambrian Abrigo and Ordovician El Paso Formations are 

considered to be lithologically similar, time-transgressive units. The 

Abrigo Formation in southeastern Arizona is restricted to Cambrian age, 

while the El Paso Formation in southwestern New Mexico is confined to 

Ordovician age (Bryant, 1968). Descriptions of the El Paso Formation in 

the Chiricahua, Swisshelm, and Pedregosa Mountains have been reported.

Igneous Rocks. The quartz rhyolite porphyry of the intrusion 

cannot be dated directly due to the lack of biotite and the sericitization 

of K-feldspars (P. E. Damon, 1972, oral communication). However, the
I

quartz veining in the Golden Rule mine is cut by an andesite dike which
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is dated at 72.4 + 1.5 m .y . ,  which places the age of ore deposition as 

10 m.y. or more pre-Tertiary. This quartz veining in the sedimentary 

rocks, which will be described in the next chapter, is compositionally 

and texturally similar to quartz veining the quartz rhyolite porphyry in

trusion. If the quartz veining cut by the pre-Tertiary dike is considered 

genetically related to the intrusion, the quartz rhyolite porphyry can be 

indirectly dated as pre-dike. Cooper (1960) assigned a mid-Tertiary age 

to this quartz rhyolite porphyry intrusion but gave no evidence for the 

age designation. Moreover, no isotope dating of the rocks in the area 

was done by the U.S.  Geological Survey during the time of Cooper's 

investigation (P. E. Damon, 1972, oral communication), and no relative 

age dates indicating a mid-Tertiary-age intrusion are shown on Cooper's 

map (Fig. 1).

andesite dike are given below, through the courtesy of P. E. Damon and 

the staff of the Geochronology Laboratories of the Department of Geo

sciences, The University of Arizona:

Information pertinent to the determination of the age of the

Potassium 1.49%

42%

1.95 x 10~10 moles/gram 

72.4 + 1.5 m.y.

Air argon

Radiogenic argon

Age date

Branching equations used:

Xe = 0.589 x 10**^ per year 

Xb = 4.76 x 10~10 per year

= 1.21 x 10“4 grams/kilogram.
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Structures

The study area is moderately deformed by folding and faulting 

resulting from adjustments to regional and local stresses which are both 

pre- and post-intrusive in age . The geomorphology of the area as modi

fied by erosion is primarily the product of a northeast-plunging synclinal 

pattern and a northeast fault, named the "Breccia" fault that cuts the mine 

workings (Figs. 2 and 3, in pocket). For discussion, the structures are 

divided into those of the sedimentary rocks and those of the igneous 

rocks. The sedimentary rock structures are further divided into major 

features that span the stratigraphic column and minor features that are 

lo ca l.

Fold Structures of the Sedimentary Rocks

Major Folds. The most pronounced structural features of the 

sedimentary rocks are the local folds that are exhibited as two 25° NE.-  

plunging synclines (Fig. 3), which have been cut by a northeast normal 

fault, called the "Saddle" fault, of approximately 200 feet dip separa

tion. Folding is most obvious in the Golden Rule Hill and the small hill 

to the southwest of the Golden Rule Hill, where the sedimentary rocks 

bend sharply around the synclinal axis from a north-northwest strike 

with an east-northeast dip to a northwest strike and a northeast dip 

(Fig. 3). A shallow trough of the major syncline appears to be along the 

ridge crest of the Golden Rule Hill (Fig. 11). Except for a few prospect 

pits on the north-northeast limb of the Golden Rule Hill fold, the main 

mining activity and known mineralization are restricted to the lowermost 

middle member limestone unit in the northeast limb of the syncline. To 

the southwest of Golden Rule Hill, a small hill of Abrigo Formation forms
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Figure 11. Exposure of Major Syncline on the N ortheast End 
of Golden Rule Hill

Axial plane of syncline trends from upper le ft of photograph to 
b u sh . Anticline -  s y ncl ine drag-fold  system  occupies cen ter and fore
ground of photograph. Photograph was taken facing northw est.
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the hanging wall of the Saddle fault. This syncline in the Abrigo Forma

tion continues in the same axial plane as the Golden Rule Hill fold. The 

attitudes of the beds are similar to those found on the Golden Rule Hill 

syncline, but quartz veins in the lowermost middle member limestone 

unit are located on the north side of the hill in contrast to the main work

ings which are located on the southeast slope of Golden Rule Hill.

Minor Folds. Considered here are the small flexures on the 

scale of drag and intraformational folds. The limestone and sandstone 

units throughout the mapped area are so competent that they more com

monly fracture and fault than fold.

A small but distinct drag fold pattern seen on Figure 11 is ex

posed in the northeast end of the Golden Rule Hill syncline as a more 

tightly folded anticline-syncline system within the southeast limb of the 

larger fold. The smaller system has axial planes parallel to that of the 

syncline of which it is a part and is probably a result of adjustments of 

stresses within the limb of the Golden Rule Hill syncline. Evidence of 

other small fold patterns is not apparent in areas of slope cover or where 

changes of rock attitude are much more gradual and less easily inter

preted. Rare drag folds along small thrust faults are observed only in 

the middle member limestone within the northeast limb of the major syn

cline at the southwest end of Golden Rule Hill (Fig. 12).

There are areas in the Abrigo Formation in which thinly laminated 

silty limestones are strongly distorted with crenulations of folds, faults, 

and drag effects. These areas appear to be located wherever a large fault 

has caused a separation of laminae of the usually competent middle mem

ber limestone. The silty laminae acted as glide planes for the
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Figure 12. Drag Fold along Thrust Fault in Middle Member 
Limestone, Abrigo Formation

Photograph was taken on the southeast end of Golden Rule Hill. 
The knife is 3 inches long.
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thin-bedded limestone, allowing shearing and drag folding, as exempli

fied at the 141-foot inclined shaft after the Saddle fault movement (Fig. 

13). Drag folding also occurs in quartz veins as a result of faulting 

which occurred after ore deposition.

Fault Structures of the Sedimentary Rocks

Major Faults. The area is probably cut by many moire faults 

than could be mapped, but at least three major faults are present. The 

most prominent of the three faults is the northwest-striking, 50° SW.- 

dipping Saddle fault (Fig. 14). The Golden Rule Hill is the footwall of 

the Saddle fault and the small hill to the southwest is the hanging wall. 

The Saddle fault forms a topographic saddle between these two h ills . 

Movement on the fault is defined by the fact that the upper member 

sandstones southwest of the separation lie adjacent to middle member 

limestones on the northeast side of the fault. Additional evidence for 

the direction of movement is exhibited by drag folding of middle member 

limestone in the plane of the Saddle fault (Fig. 15). Movement along 

this fault is concluded to be post intrusion because similar attitudes of 

major structures and correlative rock types indicate pre-fault continuity 

of both deformational stresses and sedimentary units. The fault is in

ferred to be post ore, since the quartz veins of similar composition and 

values apparently were deposited in correlative rock types and subse

quently separated by fault movement. This separation of quartz veining 

appears obvious from the location of prospect pits on opposite sides of 

the Saddle fault (Fig. 3, in pocket). Veins offset from the Main vein 

system of the Golden Rule mine are not seen south of the saddle in the 

hanging-wall fault block due to extensive erosion.
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Figure 13. Surface Exposure of Glide Planes along Which Drag 
Folding Occurs in the 141-foot Inclined Shaft

Folding w as observed within the shaft along the same glide 
p lanes ind icated  by dotted  lines a t the surface ex p o su re . Photograph is 
taken a t the entrance to the 141-foo t shaft.



Figure 14. Topographic Expression of the Saddle Fault

The Saddle fault forms the topographic saddle between the 
Golden Rule Hill and the small hill to the southwest which is the hanging 
wall of the fault. Note the separation and movement indicated by mine 
dump in the footwall and the ledge-forming limestone in the center fore
ground in the hanging wall, both of which are in the same lithology. 
Dotted line indicates fault plane. Facing north.

Figure 15. Drag Fold in Middle Member Limestone of the Abrigo 
Formation Exposed in the Footwall of the Saddle Fault Plane

. Photograph was taken in the saddle at the southeast end of the 
Golden Rule Hill. Dotted lines show fold.



Figure 15. Drag Fold in Middle Member Lim estone of the 
Abrigo Formation Exposed in the Footwall of the Saddle Fault Plane
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A second major fault, the Breccia fault, strikes N. 50° E. and 

dips 45° SE. This fault crosscuts the quartz veins within the lowermost 

middle member limestone with a net slip movement of 85 feet and can be 

seen on both levels of the mine workings and on the surface (Figs. 2 and 

3, in pocket; and Fig. 16). The breccia of the fault zone is composed of 

fragments of mineralized and unmineralized country rock cemented with 

coarsely crystalline mineralized quartz. The surface exposure of the 

fault extends from near the igneous-sedimentary contact through the 

Main vein system to approximately 500 feet northeast of the apex of the 

vein on the surface.

The third major fault is at the contact between the Abrigo For

mation and the quartz rhyolite porphyry intrusion. This fault, called the 

"Contact" fault, has not been observed at the surface, but an igneous

sedimentary breccia observed as dump material at the Contact shaft (Fig. 

3) is evidence for movement. The breccia contains angular pieces of 

quartz rhyolite porphyry cemented by a mylonite matrix.

Bedding-plane Fault System. The presence of a pre-ore 

bedding-plane fault system is necessary as the deposition site for quartz 

veins and their ore minerals (Fig. 17). These faults appear to crosscut 

stratigraphic boundaries at extremely shallow dips (Fig. 18, in pocket) 

and continue approximately 600 feet west and 400 feet east of the Jack- 

son shaft, as indicated by the presence of open stopes on the Main vein 

system (Figs. 2 and 3, in pocket). Fault gouge containing iron oxides 

and rare kaolinite is found on both sides of the Main vein system, and
I

this gouge contains extremely small drag folds and fragments of quartz
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Figure 16. Outcropping Rubble Zone of the Breccia Fault

Photograph w as taken on the south side of the Golden Rule Hill 
approxim ately 250 feet w est of the Jackson sh a ft. The fault zone is ap 
proxim ately 3 feet w ide.
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Figure 17. Bedding-plane Fault Exposed in Pillar in Open Stope

This bedding-p lane fault in lowerm ost middle member, Abrigo 
Formation shows in tense  iron oxide stain ing  of pulverized rock a t the 
upper and lower con tac ts  of a M ain vein segm ent p illa r and lim esto n e . 
Dotted lines ind icate  fault p lan e s . Knife a t upper con tac t is 3 inches 
long.
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indicating post-ore movement. Notable occurrences are seen in the open 

stopes, inclined shafts, and prospect p its.

Minor Faults. Throughout the mine workings are numerous indi

cations of local adjustment of the rocks to stress. The effects of this 

adjustment are commonly seen for only a few tens of feet over a relative

ly small area or are seen restricted to a particular bed or sedimentary 

unit. Apparently, depending on the nature of the stress and individual 

rock characteristics, various types of minor faults were developed, in

cluding strike-slip, normal, thrust, and bedding plane. The widespread 

occurrence and variety of types can be categorized into either the north

w est- or northeast-striking fault systems (Fig. 2). The northwest- 

striking, southwest-dipping, high-angle faults are earlier than the 

northeast set and are definitely post-ore in age, since they cut the Main 

vein system at the Golden Rule mine. Upon oxidation, the gouge in 

these faults developed iron and manganese oxides which made these 

3-inch gouge zones appear promisingly mineralized, and consequently 

the miners invested a great deal of work into this system of faults with 

negative results. A younger set of faults strikes northeast and dips at 

various angles to the southeast and was subsequently mineralized with 

calcite and siderite. Relative age is inferred from the fact that a north

west-striking fault is cut by a northeast-striking fault (Fig. 2, in pocket; 

and Fig. 19).

Joints in the Sedimentary Rocks

During the geologic investigation of the mine area, approximate

ly 200 joint orientations were measured and many of the sedimentary
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Figure 19. Fault In tersec tion  Exposed in Open Stope

The northw est-trending  fault a t le ft and cen ter is cu t by the 
no rtheast-trend ing  fault on the right of the photograph. Dotted lines 
and strike and dip sym bols ind icate  fault p lan e s . Stope is 250 feet 
northw est of the Jackson sh a ft. The knife in the in te rsec tion  of the 
two fau lts is 3 inches long.
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units were observed to exhibit joint patterns of distinct orientation. All 

three members of the Abrigo Formation display three major sets of joint 

orientations, but the slope debris covers lower member rock type expo

sures and joint patterns in the lower member are only accessible in a 

few prospect p its. The first of the two most prominent joint orientations 

strikes N. 40° W ., dips 70° SW ., and comprises 70 (35 percent) of the 

200 joint measurements. The second, major joint orientation strikes 

N. 65° E ., dips 60° SE., and constitutes approximately the same num

ber and percentage as the northwest-striking joints. The third joint 

orientation strikes N. 60° E ., dips 70° NW ., and comprises 40 (20 per

cent) of the total joint measurements. The three major joint orientations 

favor no particular sedimentary rock type or stratigraphic unit, but a 

pair of nearly vertical north-south and east-w est joint s e ts , comprising 

20 (10 percent) of the total joint measurements occurs exclusively in the 

more thinly bedded limestones of the middle member. Approximately 15 

percent of the three major joint orientations exhibit random filling of 

fractures with weakly mineralized quartz and caliche. The minor joint 

patterns are often caliche filled , but rarely are quartz fillings observed 

other than in a few north-south jo ints.

The joint patterns permit thick-bedded rock types to weather 

into blocky angular fragments, while producing a shattered effect and a 

jumble of sharp jagged fragments in the more thin-bedded rock species. 

Pulverization, as an additional type of rock breakage, is only found 

along bedding-plane faults.
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Structures in the Igneous Rocks

A study of 200 mineralized and nonmineralized joints plotted 

plane to pole on a Schmidt equal-area net and percentage contoured 

(Fig. 20) revealed important relationships. The percentage contour map 

shows the two main joint orientations in the igneous rocks as N. 60° E. 

and N. 60° W. with the northwest-striking joints being more often quartz 

veined and mineralized (Fig. 10). The northeast-striking joints predomi

nate numerically at 55 percent and have dips of 50°-80o SE. or NW ., but 

the northwest-striking joints, comprising 35 percent of the total joint 

orientations, with dips of 50o-80° NE. or SW ., show slickensides and 

pulverulent iron oxide as evidence of post-mineralization movement. A 

subordinate number (10 percent) of near-vertical north-south and east- 

west joints exhibit low ore metal value quartz veining. The similarities 

in joint orientations in the igneous and sedimentary rocks could only 

suggest some regional stress after both rock types were in place.
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3 \  10

C O N T O U R  I N T E R V A L  = 1 %

Figure 20. Schmidt Equal-area Net Plane to Pole Plot and Per
centage Contour Map of Joint Orientations in the Quartz Rhyolite Porphyry 
Intrusion



THE GOLDEN RULE MINE

Although mining in the Golden Rule mine area began with early 

placer and later lode development, emphasis of this study is on the lode 

mining potential. Consequently, the examination was concentrated on 

lode occurrences and particularly on the most developed deposit, that of 

the Golden Rule mine.

History and Description

The Golden Rule mine is located on the south slope of Golden 

Rule Hill (Fig. 21) in the lowermost middle member limestone of the 

Abrigo Formation directly north of the contact between an igneous intru

sion and the gently uplifted, folded, and faulted sedimentary rocks. The 

mine is part of the Golden Rule claim group, which consists of 13 con

tiguous unpatented claims covering approximately 280 acres. Half a mile 

north and 250 feet below the mine, a water well and a 10-stamp mill are 

located on the fourteenth claim of the group.

The mine is developed by a 227-foot tracked inclined shaft, 

which actually began as a raise from a lost drift on the second level. 

This shaft is called the Jackson shaft (Fig. 22). The original 325-foot 

inclined shaft to the second level with a 75-foot northwest-trending 

winze below is located 400 feet southeast of the Jackson shaft near the. 

igneous-sedimentary contact. The original shaft was filled with sand 

and gravel by a cloudburst in 1910 after the completion of the Jackson 

shaft in 1904.
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Figure 21. The Golden Rule Mine on the South Slope of Golden Rule H ill

Facing n o rth ea s t, from le ft to righ t, are open stopes and dum ps, blacksm ith shop and dump, 
and ore b in . W illcox Playa is in the upper righ t. W idth of photographed area is approxim ately 400 fee t.
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Figure 22. The Jackson Shaft

Located on the south slope of the Golden Rule Hill 50 feet north 
of the stream  bed, the inclined  Jackson shaft began as a ra ise  along a 
segm ent of the Main vein system  from the second lev e l.
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The Jackson shaft, through the open stopes it follow s, dips 32 

degrees for 132 feet, trending N, 10° W ., to the first level where the 

dip becomes 30 degrees, and the shaft leaves the vein in the footwall of 

the Breccia fault. From just below the first level, the shaft dip again 

flattens to 28 degrees for 95 feet to the bottom of the 109-foot second 

level. There are approximately 2,000 feet of accessible underground 

workings, consisting of drifts, winzes, raises, and a large bedding- 

plane fault vein stope of considerable extent (Fig. 2). Hoisting is done 

with track-mounted, one-half-ton ore cars lifted by a Fairbanks-Morse 

6-hp gasoline hoist. Surface fixtures at the Jackson shaft include the 

hoist house and adjacent blacksmith shop, various milling equipment, 

and a 60-ton ore bin. On the north slope of the Golden Rule Hill, aban

doned living quarters, and a warehouse remain as testament of a once 

thriving camp (Fig. 23).

Rdsuml of Mining Activity

The following rdsum£ of mining activity is based primarily on 

Wilson's (1951) summary of Arizona lead and zinc deposits, data pub

lished by the U .S . Bureau of Mines in various volumes of Minerals 

Yearbook, and the unpublished notes of Tenney (1929).

The main range of the Dragoon Mountains in which Cochise's 

Stronghold, one of the principal forts of the Apache Indians, is located 

was little prospected until after the death of Cochise in 1879 and the 

subsequent removal of the Indians to the San Carlos Reservation (Tenney, 

1929). The Golden Rule (or Old Terrible) mine of northern Cochise 

County is 3.9 miles east of the town of Dragoon, 800 yards south of the 

road to Route 666.



Figure 23. Buildings on the North Slope of Golden Rule Hill

Facing sou thw est, from left to righ t, are white stone house used as o f f ic e , living q u a rte rs , 
and w arehouse in cen ter of photograph, and m iners' living q u a rte rs . W idth of the photographed area 
is  approxim ately 400 fe e t. ^



42

Although knowledge of early mining history is scant, the prop

erty was known to have been located during the late 1870's. In 1883, 

the Tucson Star and the United States Mint reports (both cited by Tenney, 

1929) credited the mine with a production of $125,000 in gold (Table 2).

A yield of $20,000 was reported for 1884, after which the next recorded 

output was in 1891, when $12,000 worth of ore was shipped to Pinos 

Altos, New Mexico. The mine was acquired by the Golden Queen Con

solidated Gold Mining Company in 1897, which built a small mill and 

produced an estimated $10,000 in gold by amalgamation. This production 

consisted of gold bullion and concentrates which were shipped to the 

smelter at El Paso, Texas. Intermittent production continued through 

1902, during which time the company was reorganized or purchased by 

the Old Terrible Mining Company. From 1905 to 1908, the Manzoro Gold 

Mining Company operated the property with a new mill and produced 

$16,235 worth of lead and gold. No production was reported until 1916, 

when the Golden Rule lessees  produced lead and gold from the property. 

Small intermittent production, largely by le sse e s , has continued since 

1916. Since 1919, the mine property has been owned by Mrs. E. J. 

Jackson and her sons of Benson, Arizona. The most active year in this 

century was 1927, when about $14,000 in gold and lead was produced. 

The mine has a recorded production of about $224,000 from 1883 through 

1929.

Although known chiefly as a producer of gold, the Golden Rule 

mine was credited with an output of 320,000 pounds of lead prior to 1930 

and with intermittent shipments of lead ore during recent years (Table 2).
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Table 2. Production from the Golden Rule Mine

Year3

Lead
Price

($)
Lead
(lbs)

Gold
(oz)

Total
Value

($) Operator

1883 6,047 125,000 Golden Rule Mining Co.*3
1884 968 20,000 Golden Rule Mining Co.*3
1891 581 12,000 Golden Rule Mine Co.? ^
1897 484 10,000 Golden Queen Cons. Gold 

Mining Co. c
1902 0.041 50,000 242 7,050 Old Terrible Mining Co. c
1905 .047 5,000 24 735 Manzoro Gold Mining Co. c
1906 .057 50,000 242 7,850 Manzoro Gold Mining Co. c
1907 .063 50,000 242 7,650 Manzoro Gold Mining Co. c
1916 .069 29,212 29 2,621 Golden Rule (lessees)

1926 .080 32,827 152 5,758 Golden Eagle (lessees)
1927 .063 89,644 398 13,865 Golden Rule (lessees)
1928 .058 1,631 1 106 Golden Rule (lessees)
1929
Total
1883-
1929

.063 8,774

317,088

43

9,453

1,442

224,077

Golden Rule (lessees)

1942 11,700 23 Golden Rule (lessees)
1949 11,570 53 Golden Rule (lessees)
1957 5,016 10 Golden Rule (lessees)

a. Information for years 1883-1929 from Tenney (1929); for 
years 1942-1957 from smelter reports, Southwest Division, ASARCO, 
Tucson, Arizona.

b. Mint reports cited by Tenney (1929).
c . Estimate given by Tenney (1929).
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Principal production has come from three segments of a faulted 

vein that lies parallel to the bedding plane of the middle member of the 

Abrigo Formation (Fig. 2, in pocket). These segments have smooth, 

regular walls and are traceable for approximately 1,000 feet along strike. 

On two of the vein segments, stopes about 75 to 100 feet long by 2 to 3 

feet wide extend for 50 to 60 feet downdip from the surface (Wilson, 

Cunningham, and Butler, 1967).

Geology of the Golden Rule Mine

Structures

The structure of the deposit was easily discerned underground 

because the walls of the mine workings are clean and accessibility to 

structural features is relatively convenient and sa fe . The overall attitude 

of the deposit generally conforms to that of the enclosing sedimentary 

rocks with the major part of the deposit west of the Jackson shaft, having 

a prevailing strike of N. 50o-60° W. and dip of 30° NE. The only abrupt 

change in strike occurs in the first-level westerly drift at the Big Stope 

(Fig. 2), where the Main vein system has a strike nearly east-w est and 

a dip of 80o-85° N. This change of attitude indicates that the Main vein 

system cuts the country rock from one bedding-plane fault to another.

The wall rock in the winze at this structure indicates fault movement by 

slickensides on an inch-thick coating of earthy pulverulent heavily iron- 

stained gouge enclosing a brecciated quartz vein of only 4 to 6 inches in 

width. Fault movement is concluded to be both pre-ore deposition which 

allowed emplacement of quartz vein open-space filling and post-ore depo 

sition which facilitated brecciation of the solidified vein.
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The dominant pre-ore deposition structure of the deposit is the 

bedding-plane fault that localizes the main part of the vein system . The 

fault plane is best displayed by the main vein system and underhand 

stopes that constitute most of the mine workings. Faulting and vein em

placement could not have been contemporaneous, but minor post-ore 

movement along the same fault planes is inferred throughout the workings 

from the clay gouge coatings on the wall rock and the brecciation of the 

Main vein system.

The Main Vein System of the Golden Rule Mine

The Golden Rule mine deposit is a lode of thin, discontinuous 

parallel veins, predominantly of quartz, occurring as open-space fillings 

along bedding-plane faults in a sequence of thin-bedded limestone in 

which contact metamorphism is conspicuously absent. The deposit ap

pears to have been localized along the lower flank of the southeast limb 

of a northeast-plunging syncline (Fig. 3, in pocket). Although the de

posit has been described as a vein system, a composite vein, or lode, 

there is only one large vein of possible commercial value, which is 

called the "Main" vein. The Main vein, not accompanied by an immedi

ately adjacent subparallel veining, is cut by a later stage of faulting 

which resulted in segmentation of a once continuous quartz vein. This 

Main vein will be described in detail. The rest of the deposit occurs as 

minor isolated outcroppings of en echelon mineralized open fillings 

stratigraphically 60 feet above the Main vein. Although similar to the 

Main vein in composition and orientation, there was insufficient expo

sure to determine if these 10-inch-thick surface outcrops represent 

another vein similar to the Main vein. Previous operators had done
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extensive work off an incline off the 156-foot shaft sunk along a north

east--striking fault (Figs. 2 and 18, in pocket), but no evidence of vein- 

ing was found during the excavation or later examination by Wuensch 

(1927). The absence of the Main vein in the workings is explained by 

Wuensch as a result of the shaft passing through a barren zone between 

faulted segments.

The attitude of the Main vein system is generally conformable 

to the bedding of the enclosing sedimentary rocks with a prevailing strike 

of N. 50o-60° W. and dip of 28o-30° NE. in the fault-fold structure 

(Fig. 2, in pocket). The Main vein system as a whole is tabular, pinch

ing toward the bottom of the mine and in both directions laterally along 

the bedding plane.

The contact of all the veins with the wall rock is sharp, and 

contact metamorphism is conspicuously absent. A vein may be dislodged 

freely from the wall rock, indicative of open-space filling. This mode 

of emplacement is prevalent throughout the mine, and no evidence of re

placement deposition is indicated.

Rocks Enclosing the Main Vein System. The Main vein system 

apparently remains within the lowermost middle member limestone of the 

Abrigo Formation because the bedding-plane fault dips only slightly more 

than does the bedding plane of the middle member itself (Fig. 18, in 

pocket). Correlation of the host rock enclosing the faulted segments of 

the Main vein by stratigraphic, petrographic, and structural methods is 

described below.

The rock enclosing the Main vein system has been described as 

a very fine-grained, light-gray limestone with a unique ribbed appearance
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caused by differential weathering of abundant, irregular, anastomosing 

layers of wispy laminae of light-brown-weathering, more resistant mud

stone. The limestone host rock is conspicuously unmineralized and not 

silicified except along contact with the Main vein segments and the 

Breccia fault. The only change in rock character is observed at the 141- 

foot inclined shaft (Fig. 2, in pocket) where the Saddle fault has caused 

the middle member to move along contacts between the thin-bedded lime

stone and clastic rock, thereby destroying any ribbed appearance.

Minor pyrite and sericite pervade the middle member limestone 

as evidence of widespread hydrothermal alteration. Hydrothermal altera

tion of limestone at the quartz vein-wall rock contact is indicated by the 

presence of minor kaolinite, calcite, and dolomite. Contact metamorphic 

minerals are conspicuously absent in the wall rock adjacent to quartz 

veining except for the possible occurrence of phlogopite. Random occur

rence of weakly mineralized quartz, caliche, and unfilled joints is com

mon only in the upper part of the middle member. Wuensch's (1927) 

report gives no account of contact alteration, mineralization, or descrip

tions of either the quartz rhyolite porphyry intrusion or of the limestone 

host rock within the 156-foot shaft workings, which are no longer 

accessib le.

No igneous rocks are exposed within the mine workings which 

are accessible at the present time. However, in 1927 Wuensch de

scended the 156-foot shaft (Figs. 2 and 3) by windlass and his report 

states finding quartz rhyolite porphyry at the bottom of the shaft.

The Main vein system is composed predominantly of milky-white 

quartz with subordinate iron staining along fracture and vug w a lls .
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Texture varies from massive and tight to crystalline, commonly vuggy, 

and comb structured, particularly in the upper mine levels. The maximum 

vein thickness of approximately 26 inches is seen in surface open stope 

pillars (Fig. 17). Generally, the thickness of the Main vein system is 

about 18 inches. The Main vein segment on the eastward drift on the 

second level thins noticeably to about 10 inches downdip and to the east 

along vein strike. The 24-inch segment to the east of the Jackson shaft 

has been underhand stoped 400 feet along strike length and downdip to 

the eastward drift on the second level where the vein pinches to 10 

inches. The 26-inch segment to the west of the Jackson shaft has been 

underhand stoped 600 feet along strike length, but downdip the vein is 

cut off by northwest and northeast faults before reaching the 70-foot 

westward drift on the first level (Fig. 2, in pocket). This drift follows 

the strike of the vein, and underhand stopes of considerable lateral ex

tent have been excavated to obtain ore. The vein on this drift pinches 

to the north at an east-w est fold-fault structure (Fig. 2) and is bounded 

east and west by northeast parallel faults. The Main vein, which was 

preceded and accompanied by minor pyritic alteration of channel walls 

carries chiefly the ore minerals pyrite, galena, sphalerite, and chalco- 

pyrite with minor metallic gold. The ore minerals are erratically distrib

uted throughout and are estimated to comprise from 15 to 60 volume 

percent of the vein from observation of in-place vein exposures. The 

ore mineral content of the veins ranges from 15 to 35 volume percent and 

as much as 60 volume percent in post-ore deposition faults.

Surface indications of the Main vein system are nearly absent 

due to extensive underhand sloping, but a small fault block of undisturbed
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Main vein is exposed 75 feet northwest of the Jackson shaft (Fig. 2, in 

pocket, and Fig. 24). At this surface outcrop, the Main vein is approxi

mately 20 inches wide and is composed of white, massive, coarsely 

crystalline, vuggy quartz. A caliche "capping" (Wuensch, 1927) occurs 

as fracture fillings in and coatings on the quartz. The vein strikes N.

55° W. and dips 30° NE.

Reconstruction of the Main Vein. Projection of the segments of 

the Main vein system onto the Jackson shaft cross section (Fig. 25, in 

pocket) strengthens the argument for a continuous vein as the west and 

east first-level drifts coincide almost exactly when reconstruction of 

pre-fault structures is observed. Assay data showing consistent values 

throughout all the segments also suggest the possibility of a once con

tinuous Main vein at the Golden Rule mine.

The Golden Rule mine workings are developed along segments 

of what was apparently once a continuous vein which occurred along a 

bedding-plane fault. Similarity of stratigraphic, petrographic, and struc

tural examinations, as well as assay values of the segments, lead to 

this conclusion. All the segments lie in the lower middle member lime

stone approximately 10 feet above the contact with the lower member. 

Petrographically, the ribbed limestone directly above and below each 

segment is identical.

Mineralogy of the Main Vein. The ore minerals in the Main vein 

system, in order of decreasing abundance, are pyrite, galena, sphalerite, 

chalcopyrite, bornite, and native gold. Pyrite averages 40 volume per

cent and galena 35 volume percent of the sulfide mineral content in the 

veins. The ore minerals comprise an average of 20 to 25 volume percent
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Figure 24. Outcropping Main Vein Segment on the South Slope 
of the Golden Rule Hill

This is the only rem aining segm ent of the Main vein exposed at 
the su rfa c e . The vein is approxim ately 20 inches w ide. Note the ca liche  
"capping" reported to have occurred with a ll quartz-vein  surface expos
ures in the sedim entary ro c k s . Photograph taken facing no rthw est. Out
crop is 60 fee t north of the Jackson sh a ft.

V
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of the quartz veins. Sphalerite and chalcopyrite are seen throughout the 

ore mineral occurrence in the veins and comprise approximately 8 and 3 

volume percent, respectively, of the total ore mineral content; bornite 

is rare. No silver minerals were seen, but silver bromides have been 

reported to occur as coatings on quartz vug walls (M. V. Lee, 1972, 

personal communication). Throughout the Main vein segments , micro

scopic to fine-grained native gold is present in varying amounts from 

0.04 to over 2 oz/ton of quartz vein material (Appendix). Gold distribu

tion and values are best revealed by assay and polished section. The 

form of occurrence of the predominant sulfide minerals is of 0.1 mm to 

1 cm disseminated grains and as aggregates of these minerals in bands 

and clumps subparallel to quartz vein-wall rock contacts (Fig. 26). Na

tive gold predominantly occurs as 0.01 to 0.1 mm euhedral to anhedral 

grains and shreds. However, Mr. Lee has a mine sample in which native 

gold filled a quartz fissure approximately 0 .5 mm thick and 2 inches 

square.

A dozen polished sections of the various segments of the Main 

vein were examined with composition and sequence of deposition ob

served to be constant with distribution varied. Percentages of ore min

erals relative to one another varied within a range of 5 percent, both 

laterally and downdip to the second level in the Main vein. Distribution 

of ore mineral content within the Main vein varied with depth and struc

tures. On the first level, ore mineral content increases to approximately 

30 to 35 volume percent of the total vein material. These percentage 

ranges remain true throughout the lateral extent of the Main vein deposit. 

However, when the Main vein is cut by post-ore deposition faults on
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Figure 26. Polished Section from the Main Vein on the East 
Drift on the Second Level

Note bands of ore m in e ra ls . Polished section  w as made from a 
hand specim en taken from an in -p lace  Main vein exposure 75 fee t 
sou theast of the bottom of the Jackson sh a ft.
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both lev e ls , ore mineral content is as much as approximately 60 volume 

percent of the total vein material. Minerals present are quartz, pyrite, 

galena, sphalerite, chalcopyrite, bornite, cerussite, and covellite. The 

quartz gangue is massive but cut by subsequent quartz veinlets perpeh- 

diculat to Main vein orientation; its boundary with the ore minerals is 

smooth with lensoid, podiform, and euhedral sulfide cast embayments. 

Pyrite is present in euhedral to anhedral crystals and fragmented clusters 

of "exploded bomb" texture. The formation of these microscopic to 2 mm 

wide quartz veinlets caused the fragmentation and cementation of the 

"exploded bomb" pyrite grains. Sphalerite is present as minor remnants 

of pyrite replacement, and chalcopyrite occurs as emulsion texture ex

solution blebs in sphalerite similar to that in reports by Eidel, Frost, 

and Clippinger (1968) and Stewart (1971). Galena occurs as massive 

interstitial quartz filling and is also fragmented by the quartz vein lets. 

Galena cleavage traces are commonly wavy and bent and galena is ob

served to replace all other minerals except pyrite, particularly sphaler

ite. The presence of islands of other minerals in a matrix of surrounding 

galena is a prominent feature. Complete replacement of sphalerite leaves 

the blebs of exsolved chalcopyrite in the galena. Covellite is observed 

as thin films and blebs that rim the grain boundaries of galena associ

ated with cerussite. Covellite is probably a supergene product.

Several examples of quartz veinlets cutting pyrite and galena 

indicate more than one interval of quartz deposition, but generally the 

paragenetic sequence of gangue and sulfide minerals is established as 

follows, from earliest to latest: euhedral grains and casts of pyrite in 

quartz indicate contemporaneous deposition followed by sphalerite (with



54

exsolution blebs of chalcopyrite) replacing pyrite. Galena surrounds and 

postdates all previous minerals, and covellite rims galena.

Pyrite is disseminated throughout the deposit, both in the vein 

and in the wall rock. Galena is as abundant but is restricted to vein 

occurence. Lead values fluctuate slightly throughout the veins but in

crease sharply at the 109-foot second level. The galena is argentiferous, 

as indicated by positive results from chloride and potassium mercuric 

thiocyanate microchemical tests. High silver values generally correlate 

with high values of lead (Appendix). Assay data show erratic gold values 

at sample sites underground, but assay reports of ore shipments from 

throughout the mine indicate an average gold content of 0.62 oz/ton  

(Appendix). The gold values, like the silver and lead values, increase 

downdip. Ninety percent of the gold observed in polished section occurs 

as microscopic blebs and shreds bordering iron oxides. Approximately 

2 volume percent of the gold observed occurs as 0.1-mm cubes in bulk 

quartz and 8 volume percent as microscopic shreds in quartz veinlets 

cutting the Main vein. All of these veinlets contain 2 to 3 volume per

cent pyrite as microscopic euhedral to anhedral grains and blebs which 

are concentrated at irregularities in the veinlet w a lls . The gold shreds 

in these veinlets are generally associated with the concentrations of 

pyrite grains.

Oxidation of sulfide minerals throughout the Golden Rule mine 

workings is pervasive but not complete. Approximately half of the total 

pyrite content of the Main vein is oxidized to limonite. The limonite is 

observed as either total or partial oxidation of pyrite grains. Limonite 

occurs as pseudomorphs of pyrite. Cerussite halos comprise up to 30
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percent of total lead content in the Main vein and up to 60 percent in 

post-vein deposition fault zones. In the main vein, sparse occurrences 

of malachite are seen as coatings on vug wall. Depth of oxidation for 

the Golden Rule mine area is apparently relatively shallow as indicated 

in the 141-foot inclined shaft, although oxidation of sulfides in near

surface exposures is extensive. The lower limit of extensive oxidation 

is approximately 15 feet below surface as indicated by galena and cerus- 

site distribution in the 141-foot shaft.

Genesis of the Main Vein. Although total ore grade is lower in 

the quartz veining in the intrusion, the ore and gangue mineralogy in the 

intrusion is similar to that of the quartz veining in the sedimentary rocks. 

An investigation was conducted to ascertain if the quartz rhyolite por

phyry intrusion might have been able to carry enough water to deposit 

the quartz veining seen in the Golden Rule mine area. The solubility of 

quartz in water is approximately 0.07 weight percent at the 250°C to 

300°C and 500 bars pressure conditions indicated by the sulfide mineral 

deposition (Fig. 27). If known quartz veining totaled 35,000 tons by 

estimation at 13 cubic feet per ton (Wuensch, 1927) and the intrusion 

totaled 250 million tons by estimation at 10 cubic feet per ton, only 

0.02 weight percent water was needed in the intrusion to deposit all 

the quartz veins in both igneous and sedimentary rocks. Therefore, it 

is entirely possible that the ore minerals were deposited from the intru

sion even if only slight solubilities were involved.
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OTHER MINERAL DEPOSITS

Ore minerals outside the Golden Rule mine occur principally as 

quartz veins in the two rock types: limestone and intrusive quartz rhyo

lite porphyry. The small placer deposits in the stream channels on the 

mine property have become uneconomical since the discovery of the lode 

system. Any attempt at developing these placer deposits would be hind

ered by the lack of sufficient water, the closest water being half a mile 

north of the mine in a 156-foot well which supplied the 20-stamp mill 

formerly on the mine property and a 10-stamp mill now located at the 

well site .

Vein Deposits

Most vein deposits in the sedimentary rocks occur in the north

western part of the study area and northwest of the Golden Rule mine 

(Fig. 3, in pocket). In the quartz rhyolite porphyry, most exposures are 

on the northeast flank of the hill in the southeastern part of the mapped 

area. Most vein deposits observed are exposed by prospect pits and 

shallow shafts. The small dumps and excavations indicate that very 

little development has been done and that most workings qualify only as 

minor prospects. The more notable workings in the intrusion are the 

Contact shaft and other shafts, all now inaccessible, in the southeastern 

part of the mapped area (Fig, 3, in pocket). The Manzoro shaft, the only 

other noteworthy workings besides the Golden Rule mine in the lowermost 

middle member of the Abrigo Formation is located on the north slope of 

the hill west of the saddle. Records of production are not known, but an

57
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estimated total tonnage of vein material extracted from all the workings 

in the quartz rhyolite intrusion is probably not more than 1,000 tons, of 

which 800 tons are still stockpiled at various vein deposit workings on 

the quartz rhyolite porphyry h ill.

Vein Deposits in the Sedimentary Rocks

At the Manzoro claim, 400 feet northwest of the 141-foot in

clined shaft (Fig. 3) is a 24-foot, southwest-inclined shaft along a 1- 

foot-thick, white, vuggy, coarsely crystalline, bedding-plane quartz 

vein with approximately 15 to 20 volume percent combined pyrite and 

galena.

Other quartz vein deposits in the sedimentary rocks occur pri

marily within the lowermost middle member limestone (Fig. 3). The atti

tudes of the veins generally are conformable to the bedding of the 

enclosing rock. Generally, the veins are of a tabular to pinching and 

swelling shape and are continuous for only short d istances. No vein 

was seen on the surface that could be traced for more than approximately 

50 feet. The maximum thickness is approximately one foot. The boun

dary between vein and wall rock is usually sharp and discontinuous.

All veins show slickensides and some brecciation of quartz indicative 

of post-ore deposition movement. Soft, earthy, limonite-stained gouge 

between the vein and the wall rock suggests that initial deposition of 

some veins was along planes of bedding plane slippage. The veins are 

of white, massive, coarsely crystalline quartz and contain approximate

ly 10 volume percent vugs penetrated by subhedral to euhedral quartz 

crystals.
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The largest working accessible in the sedimentary rocks besides 

the Golden Rule mine and the Manzoro shaft are a series of prospect pits 

in the northwest corner oLthe mapped area. The vein deposit is exposed 

primarily in a 30-foot, 45° SE.-plunging inclined shaft. The wall rock 

is thin-bedded, light-gray limestone with minor intraformational folds 

and fractures similar to those described at the 141-foot inclined shaft. 

The massive white quartz vein conforms to the bedding of the limestone 

and occurs as fracture filling of the limestone along planes of bedding 

slippage. The predominant ore minerals were pyrite and galena as indi

cated by casts of the former sulfides. Oxidation of the vein material to 

limonite and manganese oxides is thorough throughout the shaft. Sparse 

yellow coatings of wulfenite occur within the vugs of the quartz vein. 

Most other exposures are in shallow excavations which do not penetrate 

below the zone of oxidation so that ore minerals are obliterated by 

limonite and show only casts of the former sulfides. The remnants of 

fresh minerals are common enough to indicate that the bulk of the metal

lic minerals was pyrite and galena, present as disseminations and as 

segregated masses of intermixed coarse-grained crystals interstitial to 

the quartz. An overall estimate is that sulfide minerals did not consti

tute more than about 10 to 15 percent of the total volume of the veins. 

Although no gold or silver minerals were seen, assays (Appendix) show 

that the metals are present in minor amounts.

Vein Deposits in the Quartz Rhyolite Porphyry

Veins in the quartz rhyolite porphyry are steeply dipping and 

seem to present a pattern of preferred orientation of two principal strike
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directions. The larger and longer veins strike northwest and dip to the 

northeast at 70 to 80 degrees. The shorter, smaller veins trend north

east and dip to the northwest at 50 to 60 degrees. A third minor orienta

tion of quartz veining in the quartz rhyolite porphyry intrusion strikes 

east-w est and dips 60° N. Similar to those in the sedimentary rocks, 

quartz veins in the intrusion are tabular in overall dimension, with a 

long strike length relative to their thickness. Both the maximum thick

ness of approximately 18 inches and the longest traceable length of 

approximately 100 feet are seen in the vein cropping out on the northeast 

end of the intrusion at the system of shafts (Fig. 3, in pocket). The pre

vailing thickness of the veins is not more than 1 foot and most are 

traceable for less than 50 feet. The smaller veins most commonly are in 

distinct smooth-walled fractures and have sharp unfrozen boundaries 

with the wall rock. The larger veins occur within zones of sheeting 

which exhibit crushing and brecciation of the host rock. Although boun

daries are distinct, commonly bifurcations of the vein are separated from 

but parallel to the larger vein. Like the veins in the sedimentary rocks, 

those in the quartz rhyolite porphyry are of white, massive, coarsely 

crystalline, vuggy quartz.

The most extensive working in the quartz rhyolite porphyry is 

the Contact shaft at the foot of the northeast end of the intrusion (Fig. 3). 

A quartz vein in the Contact fault zone is opened by a vertical shaft, 

now inaccessible, which is approximately 70 feet deep. The only lateral 

work in an effort to reach the vein is a 40-foot northeast crosscut at the 

bottom of the shaft and a short southwest drift at 20 feet below the con

crete shaft collar. The vein is exposed in place at the surface in a
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prospect pit 40 feet east of the shaft collar, and 300 to 400 tons of 

stockpiled ore material from the underground workings is directly south 

of the shaft. The nearly vertical vein is generally continuous down the 

depth of the shaft, although the vein pinches and swells with thin con

nections between thick, short lenses (M. V. Lee, 1972, oral communi

cation) . Crushing and brecciation of the host rock which was observed 

at the prospect pit indicate post-depositional movement.

The sulfide minerals seen at the prospect pit are pyrite, galena, 

and minor chalcopyrite. Ore minerals occur as up to 0.25-inch grained 

disseminations and segregated clusters throughout the vein with approxi

mately 5 volume percent disseminated pyrite spreading several feet into 

the wall rock. Oxidation of sulfide minerals is pervasive and approximate

ly 80 percent complete throughout the vein. Oxidation is much more in

tense at this exposure than at veins in the sedimentary rocks or other 

intrusive quartz veins. Fresh sulfide minerals are not readily seen in 

the surface exposure of the quartz vein, and the principal secondary 

minerals are iron and minor magnesium oxides.

Minerals in a meta-mudstone of the lower member taken from 

approximately 60 feet in the subsurface workings indicate weak contact 

metamorphism. This conclusion is drawn from the presence of micro

scopic euhedral crosscutting muscovite and quartz grains which are 

subparallel to lamination planes and which comprise approximately 1 

volume percent of the total rock composition. These minerals are also 

observed in the meta-mudstone from the igneous-sedimentary contact 

exposed in a dry stream channel west of the mapped area.
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The other quartz veins of the igneous intrusion are exposed in 

three deep shafts inclined steeply to the northeast (Fig. 3). These veins 

are a system of subparallel, northwest-striking, northeast-dipping 

quartz veins.

Three deep shafts (Fig. 3) expose other quartz veins of the 

igneous intrusion, which form a system of subparallel, northwest- 

striking, northeast-dipping quartz veins. The most easterly shaft is the 

60-foot glory hole which follows a northwest-striking vein at the surface 

and then develops drifts along a north-south vein of reportedly greater 

than 5 oz/ton gold content (M. V. Lee, 1972, oral communication). The 

other two shafts are inclined 75° to 80° NE. along 20-inch tabular sur

face veins (Fig. 28), which pinch and swell downdip. Sheeting and 

brecciation of wall rock, fracturing of the quartz veins, and slicken- 

sides on the wall rock and quartz veins indicate post-ore deposition 

movement. The quartz veins are white, coarse-grained, vuggy, open- 

space fillings with both continuous and discontinuous sharp contacts. 

Minerals seen in surface dump material are pyrite, galena, and sphaler

ite . Limonite, malachite, anglesite, manganese oxides, and sparse 

covellite are principal secondary minerals.

Placer Deposits

No evidence for the past placer workings which led to the dis

covery of the Golden Rule mine vein deposit was found in either of the 

dry stream beds located within the mapped area. The first stream bed 

is located in the west-central part of the mapped area and drains from 

the saddle between the two hills of Abrigo Formation to Quaternary
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Figure 28. Quartz Vein Exposed in Shaft on the N ortheast 
Slope of the Quartz Rhyolite Porphyry Intrusion

Note pinching with depth in light-brow n quartz vein running 
from upper right to lower left through middle of photograph. Vein is 
approxim ately 20 inches wide a t the surface of the shaft and strikes 
e a s t-w e s t .
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alluvium to the northwest (Fig. 3, in pocket). The other stream bed lies  

south of the Golden Rule Hill and covers the sedimentary-igneous rock 

contact from the Golden Rule mine dump eastward to the Quarternary al

luvium. Both stream beds are short and- narrow with shallow ground fill 

of cobble-size erosional debris from the surrounding rock types. This 

poorly sorted cobble alluvium could carry some placer deposits of gold 

and is seen today as elevated benches flanking the present stream chan

nel where subsequent erosion cuts through these older channel deposits.



SUMMARY, INTERPRETATION, AND EVALUATION

The predominant rock types in the study area are the sedimen

tary rocks of the Abrigo Formation and the quartz rhyolite porphyry of the 

intrusion. The sedimentary rocks of the Cambrian-age Abrigo Formation 

make up the central and western third of the area and consist of a se 

quence approximately 500 feet thick of thin-bedded limestone, sand

stone, and mudstone with minor claystone and silts tone. The sequence 

has a prevailing northeast dip and is regionally folded into one dominant 

northeast-plunging syncline. Occupying the southern third of the area is 

a sericite-altered quartz rhyolite porphyry intrusion, which has folded 

the sedimentary rocks, altered them locally, and caused the emplacement 

of numerous small quartz veins, both within the igneous rock and in the 

surrounding country rocks. The veins are primarily fracture filling and 

carry the minerals quartz, pyrite, galena, sphalerite, and chalcopyrite 

with minor metallic gold. The ore solutions thus appear to have trans

ported SiOg, Fe, Pb, Zn, Cu, Ag, Au, S, and COg.

The outstanding feature of the area is the dominating influence 

of structure, as expressed regionally and locally in the individual rock 

units, and the control of vein and mineral emplacement. Structure dic

tates the form of total geologic expression as seen today. Possibly many 

of the individual features were formed contemporaneously, but it is also 

possible that a number of periods of stress and major faulting are repre

sented. Several principal events are postulated to explain the field 

evidence.
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Order of Geologic Events

The following is an interpretation of the nature and order of 

events in the geologic history of the Golden Rule mine area, from oldest 

to youngest.

1. Sedimentation

2. Quartz rhyolite porphyry intrusion

a. Folding of the sedimentary rocks

b. Emplacement of the mineralized quartz veins

c . Normal faulting of the sedimentary rocks

d . Second influx of silica

e . Intrusion of andesite dike

3. Regional thrust faulting

4. Local minor faulting

5. Erosion and formation of placer deposits.

Sedimentation

Deposition of the Abrigo Formation has been described earlier 

as a regressive phase of shallow marine invasion from the southeast. No 

fossils were observed within the Abrigo Formation in the mine area, but 

lithologic correlation with rocks dated by fossils in other localities indi

cate a Middle to Late Cambrian age for the Abrigo. Further east in New 

Mexico, the Abrigo and the Ordovician El Paso Formations are considered 

to be lithologically similar, time-transgressive units, but no rocks of 

the El Paso Formation were found in the mine area.
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Quartz Rhyolite Porphyry Intrusion

Second in the order of events is the intrusion of the quartz 

rhyolite porphyry to the southeast of the Golden Rule Hill. A noncon- 

formable contact with Pennsylvanian Horquilla Limestone to the south of 

the intrusion (Fig. 1) reveals a relative age date for the intrusion as 

post-Pennsylvanian. The intrusion must be contemporaneous with the 

time of initial folding of the sedimentary rocks as there is no evidence 

of encroachment on the northeast-plunging syncline.

Folding of the Sedimentary Rocks. The earliest effect of defor

mation due to the intrusion is the folding of the sedimentary rocks. This 

folding produced a dominant northeast-plunging syncline (Fig. 3, in 

pocket) in response to an apparent local northwest-southeast compres

sive stress produced by intrusion of the quartz rhyolite porphyry to the 

west and southeast. Depending partly on the lithology, rock strain at 

points of maximum stress took several forms, including formation of 

thrust faults, bedding-plane faults, and drag folds within the southeast 

limb of the syncline. Less competent beds responded to compression by 

bedding-plane slippage and intraformational crumpling as exposed in the 

siltstone-sandstone units of the lower member of the Abrigo Formation 

(Fig. 5). A syncline orientation is unique in the area because regional 

folds express a northeast stress.

Emplacement of Quartz Veins. Following the intrusion of the 

quartz rhyolite porphyry and contemporaneous folding of the sedimentary 

rocks, a relaxation of compressional stresses occurred. Previous 

bedding-plane faults became open-space fissures in which hydrothermal 

fluids emplaced the quartz veins. The concentration of veins in the
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syncline limbs in the west-central and south-central parts of the mine 

area are evidence of this emplacement. The most notable occurrence is 

the Main vein of the Golden Rule mine.

Normal Faulting of the Sedimentary Rocks. Post-ore deposition 

normal faulting caused the formation of the Saddle and Breccia faults. 

Minor dislocations of the once continuous Main vein at the Golden Rule 

mine accompanied the normal faulting. Lithologically, the middle mem

ber limestone of the Abrigo Formation above and below the Main vein seg

ments can be reconstructed by projection to their positions before normal 

faulting (Fig. 25, in pocket). From this evidence, it is concluded that 

the Main vein segments were one continuous vein prior to dislocation by 

normal faulting.
I \

Second Influx of S ilica . Normal faulting of the sedimentary ' 

rocks caused the Breccia fault and crosscutting fractures in the Main 

vein which were all subsequently filled by a second influx of silica .

This silica influx carried ore metal concentrations of approximately one- 

tenth of those found in the Main vein.

Intrusion of Andesite Dike. The andesite dike of the Golden 

Rule mine is indirectly dated as younger than the quartz rhyolite porphyry 

intrusion. The evidence for this conclusion was described earlier in the 

section concerning igneous rock correlation and age. The dike at the 

mine is observed to follow a fracture parallel to the plane of the Breccia 

fault, but it must be younger than the Breccia fault because the andesite 

is not brecciated. The dike rock contains values lower than those of the 

fault, indicating no mineralization of the dike by silceous solutions 

which filled the veinlets and cemented the fragments of the Breccia fault.
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The values contained within the andesite dike at its intersection with 

the Main vein were probably due to its intrusion of the Main vein and 

absorption of a small portion of the ore metal values contained within 

the Main vein. The andesite dike was dated by whole-rock K/Ar analysis 

at 7 2 .4 + 1 .4  m .y . (P. E. Damon, 1972, oral communication), which in

dicates a pre-Tertiary age.

Regional Thrust Faulting

Early Tertiary compressional forces of probable northeast- 

southwest trend resulted in extensive thrust faulting, as observed in the 

southwest part of the mapped area (Fig. 1, and Fig. 3, in pocket). Em

placement of the Stronghold Granite occurred in the central Dragoon 

Mountains after this period of intense deformation (Gilluly, 1956). This 

thrust faulting definitely occurred after the quartz rhyolite porphyry in

trusion, since Mississippian Escabrosa Limestone is thrust faulted upon 

the southwest flank of the intrusion (Fig. 3, in pocket).

Local Minor Faulting

Final adjustment of the rocks produced the local faults and gave 

the environment its present structural form. The minor movement along 

preexisting bedding-plane faults is demonstrated by iron-stained mud 

gouge and slight brecciation of quartz vein s. Minor movement along 

the preexisting normal faults allowed adjustments of local gravity set

tling by the sedimentary rock blocks .

Erosion and Formation of Placer Deposits

Subsequent erosion of the elevated south side of Golden Rule 

Hill and the north side of the intrusion removed mineralized quartz
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veining and host rock on both slop es. Apparently, uplift and erosion 

were rapid enough to produce the poorly sorted cobble alluvium that 

forms the elevated benches that flank the present stream channels and 

were the source of some placer gold deposits. Continued erosion has 

cut through these older channel deposits and, in general, modified the 

landform as it is today.

Classification of the Golden Rule Deposit

From an examination of the characteristics of the mineralized 

veins at the Golden Rule mine, an attempt was made to classify this 

deposit into Lindgren's (1933) genetic classification of hydrothermal 

ore deposits. Park and MacDiarmid (1970) describe the mesothermal and 

epithermal ore deposit classification terms proposed by Lindgren. The 

following is a summary of their descriptions.

Mesothermal deposits are formed at moderate temperatures 

(defined by Lindgren as 200oC-300°C) and pressures, with gangue min

erals of quartz, pyrite, and carbonates. The more characteristic ore 

minerals are ch a 1 copy rite, enargite, bornite, tetrahedrite, sphalerite, 

galena, and chalcocite. Although the mesothermal deposits are more 

typically replacement phenomena, veins, vugs, and open-space fillings 

are commonly present. Many deposits have sharp boundaries while others 

grade into the country rock. Extensive alteration zones around these 

deposits include sericite, quartz, calcite, dolomite, pyrite, orthoclase, 

chlorite, and clay minerals as alteration products. The most abundant 

products of the mesothermal deposits are copper, lead, zinc, silver, 

and gold.
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Epithermal deposits are formed within 3,000 feet of the surface 

in the temperature range 50°C to 200°C and are the products of direct 

magmatic origin. These deposits are most often in the form of vein fill

ings, irregular branching fissures, stockworks, and open-space fillings. 

Drusy cavities, comb structures, crustifications, and symmetrical band

ing alteration near veins is extensive even though vein walls are sharply 

defined, and the principal alteration products are chlorite, sericite, 

alunite, zeolites, adularia, silica , and pyrite. Gangue minerals include 

quartz, chalcedony, adularia, calcite, dolomite, rhodochrosite, barite, 

and fluorite. Epithermal deposit ore minerals characteristically include 

the sulfantimonides and sulfarsenides of silver, the gold and silver 

tellurides, stibnite, acanthite, cinnabar, and native mercury. Most 

epithermal ores are in or near areas of Tertiary volcanism, especially  

near volcanic necks.

Using these descriptions , it is concluded that the Golden Rule 

deposit has some characteristic features of both classes of deposits. The 

ore mineralogy, gangue, alteration, pressure and temperature ranges, 

and age relationships concur within reasonable limits to the mesothermal 

ore deposit classification, while only ore-wall rock boundaries, type of 

emplacement, and structures in the gangue indicate an epithermal 

classification.

In an attempt to resolve a similar dilemma within the Lindgren 

(1933) genetic classification of hydrothermal ore deposits, Ridge (1968) 

proposed dividing the hydrothermal deposits into two general categories. 

The first category included those deposits with slow decrease of heat 

and pressure (shallow gradients) and the second included those developed
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with rapid loss of heat and pressure (steep gradients). Ridge also con

sidered it sounder practice to remove epithermal from Lindgren's 

hypothermal-mesothermal sequence and place it in his second category. 

Ridge also substituted into the hypothermal-mesothermal sequence two 

new classifications which Graton in 1933 termed "leptothermal" and 

"telethermal." Ridge's (1968) modified Lindgren classification of hydro- 

thermal deposits is given in Table 3.

According to the classification of ore deposits given in Table 3, 

the temperature criterion could place the Golden Rule deposit in either 

leptothermal or mesothermal, but pressure of formation and depth criteria 

place it in the leptothermal classification.

The characteristics of the mineralized veins and host rock 

studied at the Golden Rule mine seem to indicate that the deposit like 

many other deposits has its own unique history. Structurally, the vein 

deposit is unusual as an open-space filling 1,000 feet along strike and 

minimally 250 feet downdip. As described previously, bedding-plane 

faults remained open long enough to allow an apparent one-stage em

placement of hydrothermal solutions containing quartz gangue and base 

metals with minor precious metals. The quartz veining is banded and 

all the minerals are coarse grained, indicating slow decrease in tem

perature and pressure. The mechanisms for allowing such relatively 

large open spaces could be due to bedding-plane faults crosscutting 

bedding planes as refraction faults. As movement along the bedding- 

plane fault occurred, the refraction fault became an open space as the 

upper bedding-plane fault block moved downdip and separated the walls 

of the refraction fault. M. V. Lee told this author that Wuensch



Table 3. Modified Lindgren Classification of Hydrothermal D eposits.—From Ridge (1968)

Classification
Temperature

(°C)

Conditions of 
Formation 
Pressure Depth

1. With slow decrease in heat and 
pressure

a. Telethermal 50-150 Low-Moderate' 
(40-240 atms)

Shallow
(500'-3000')

b. Leptothermal 125-250 Moderate 
(240-800 atms)

Medium
OOOO'-IOOOO')

c . Mesothermal 200-350 Moderate-High 
(400-1600 atms)

Medium
(5000'-20000')

d. Hypothermal
(1) In non-calcareous rocks 

(Lindgren1 s hypothermal)
300-600 High-Very High 

(800-4000 atms)
Great

(10000'-50000')
(2) In calcareous rocks 300-600 High-Very High 

(800-4000 atms)
Great

(lOOOO'-SOOOO')

2. With rapid loss of heat and 
pressure

a. Epithermal 50-200 Low-Moderate 
(40-240 atms)

Shallow-Medium
(500'-3000')

b. Kryptothermal 150-350 Low-Moderate 
(40-280 atms)

Shallow-Medium
(500'-3500')

c . Xe no thermal 300-500 Low-Moderate 
(80-700 atms)

Shallow-Medium
(1000'-4000')



74

suggested to him another mechanism to provide open space for quartz 

veining. Wuensch described the structure as a "fanning" of uplifted 

thin-bedded limestone units. He proposed that as the intrusions uplifted 

the Abrigo Formation, the silty limestone interlayering separated from the 

thin limestone bed and vein emplacement occurred in these separations. 

Finally, this author suggests that there is the possibility that the 

bedding-plane faults were allowed to open by a relaxation of the com

press ional stresses and that subsequent ore emplacement filled the open 

sp aces. The structure did not collapse because the Abrigo Formation is 

laminated and extremely competent. In the final analysis, the deposit 

must have occurred at moderate to near-surface depths to allow the 

unique open-space structure.

Other indications of near-surface ore deposition are consistent 

with a low-temperature-forming ore mineral environment that does not 

pervade or metamorphose the enclosing wall rock. The boundaries of the 

quartz veining and the wall rock are sharp and no contact chill zone was 

observed in the quartz gangue again indicating low-temperature vein em

placement. Wall-rock alteration is pervasive but minor and is more char

acteristic of a telethermal or hot springs environment in which the ore 

minerals are associated with a nearby igneous source. These medium- to 

coarse-grained ore minerals also suggest deposition in a slow-cooling 

environment. However, the ore minerals are relatively coarser grained 

and there are fewer vugs in the Main vein on the second level which may 

indicate higher temperatures and pressures at depth.



Correlation of the Golden Rule Mine 
with Nearby Mineral Deposits

The Golden Rule mine is generally not similar to any of the 

other deposits within a 35-mile radius. In the Little Dragoon Mountains 

northwest of the Golden Rule mine, the Johnson Camp deposit is a bedded 

replacement deposit in Cambrian Bolsa Quartzite and the middle member 

of the Abrigo Formation which is strongly metamorphosed. The predomi

nant ore metals, in decreasing order, are copper, zinc, lead, silver, 

and gold.

The deposits of the Gunnison Hills 1 mile north of the study 

area are described by Cooper and Silver (1964) as small vein and re

placement deposits of oxidized lead-silver ore. Most production comes 

from the Texas Arizona mine located on the west slope and midway along 

the length of the Gunnison H ills. The ore occurs as cerussite, angle s ite , 

and residual galena in a gangue of quartz dolomite and calcite localized 

as small bunches and thin tabular replacement masses in favorable beds 

and fracture zones of M ississippian Escabrosa Limestone. Cooper and 

Silver (1964) state that the lead-silver deposits of the Gunnison Hills 

are unique to the Johnson Camp area and Cochise mining district and 

indicate a concentration of lead and silver in the outer part of the meta- 

morphic aureole north and east of the Texas Canyon Quartz Monzonite 

stock dated at approximately 50.3 m .y. (P. E. Damon, 1972, oral com

munication) . Other workings in the Gunnison Hills include prospect pits 

on silicified fault zones and narrow quartz-filled fissures which contain 

base-metal sulfides or their oxidation products. Nearly all these metal

lized veins are in the Glance Conglomerate (Cooper and Silver, 1964).
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In the Sulphur Springs Valley, 12 miles southeast of the Golden 

Rule mine, near Pearce, Arizona, the Commonwealth mine occurs as s ili

ceous gold-silver ore in fissure veins and narrow replacement bodies in 

mid-Tertiary andesite and rhyolite (Arizona Bureau of Mines, 1969).

The Swisshelm mining district is in the northern portion of the 

Swisshelm Mountains about 30 miles north of Douglas, Arizona, and 

approximately 22 miles southeast of the Golden Rule mine. The Swiss

helm Mountains extend north-northwest from the Chiricahua Mountains 

on the east side of Sulphur Springs Valley. The ore deposits of the 

Swisshelm district which produced lead, silver, and gold intermittently 

between 1885-1918 occur as replacements in Pennsylvanian Naco Lime

stone (Wilson, 1951). Cretaceous and older rocks are intruded by 

"granite" which crops out over much of the western portion of the range. 

The "granite" is considered to be Late Cretaceous -Early Tertiary. Nu

merous small dikes of diorite cut the "granite" and sedimentary rocks. 

The Chance mine deposit in the northeastern part of the Swisshelm 

Mountains is in an overthrust block of Naco Formation. A relatively thin 

tabular body of diorite porphyry underlies this block. The replacement 

deposits of the limestone bed are in and adjacent to fractures which 

strike north-northeast and lie immediately above the diorite porphyry 

contact. These deposits could not be definitely traced to the diorite 

porphyry. The published information cited above about the Chance mine 

is out-of-date and may not be accurate at this writing.

In the southeast flank of the Dragoon Mountains, the lead- 

silver deposits of the Courtland-Gleeson region, 10 miles south- 

southeast of the Golden Rule mine, were described as oxidized sulfide
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replacement deposits along a previous pattern of fractures and minor 

faults within Pennsylvanian Naco Limestone (Wilson, 1927). The ore 

metals include predominant lead and silver with minor amounts of gold, 

copper, and zinc. The silver content varies independently of lead, and 

the origin of the ore was proposed to be hot ascending solutions from a 

quartz monzonite porphyry of pre-Lower Cretaceous(?) age (Wilson,

1927).

To the west of the southern end of the Dragoon Mountains and 

approximately 35 miles southwest of the Golden Rule mine are the de

posits of the Tombstone district, which are described by Butler, Wilson, 

and Rasor (1938) as structurally controlled sulfide replacement deposits 

in upper and lower parts of the Bisbee Group and the upper part of the 

Naco Limestone. The ore metals, in decreasing abundance, are silver, 

gold, lead, copper, manganese, and zinc and could be considered to be 

genetically related to the Laramide-age Uncle Sam quartz latite porphyry 

or the Schiefflein granodiorite.

In the central Dragoon Mountains area, the lead and zinc de

posits are represented by the Abril mine, which is located 15 miles 

southwest of the Golden Rule mine. These deposits are irregular sulfide 

replacement deposits in Permian-age impure quartzite and limestone 

beds. The ore minerals at the Abril mine are principally sphalerite and 

chalcopyrite, with subordinate amounts of galena. Silver in an unrecog

nized form and molybdenite are sparingly present. The Stronghold Granite, 

which has been assigned an age date of 22 m .y. (P. E. Damon, 1972, 

oral communication) lies directly under the host rock and the ore bodies 

are closely associated with garnet, epidote, and other contact s ilica tes.



The Hubbard mine is located in the northwestern margin of the 

Dragoon Mountains approximately 10 miles southwest of the Golden Rule 

mine and is credited with a production of several hundred tons of zinc 

ore. The deposit consists of tabular replacements in complexly faulted 

limestone (Wilson, 1951).

After this general survey of the mineralization regionally sur

rounding the Golden Rule mine deposit, this writer has concluded that 

with present information the Golden Rule mine is unlike any of the near

by deposits described. The evidence indicates deposits of the surround

ing region may be mineralogically similar to the Golden Rule mine but 

differ in age, origin, and type, and are localized in rocks.of different 

lithology and age.

Economic Evaluation of the Mineral Deposits 

The Golden Rule Mine

After evaluation of all features, the Golden Rule mine deposit, 

as presently exposed, could be economical to mine as a small indepen

dent operation. In the Main vein there are approximately 20,000 tons 

of probable ore reserves (Fig. 29, in pocket) worth over $600,000 at 

current market prices for gold, silver, and lead. Based on information 

from Taggart (1945), Krumlauf (1966), and the U .S. Department of the 

Interior (1970), the costs of mine refitting, mine operation, ore trans

port and milling, further exploration, and current market value must be 

considered before any substantial investment is made. Specifically, 

features against large-scale minability are (1) the veins are narrow and
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discontinuous, (2) the tenor of base-metal ore minerals is too low, and 

(3) the tenor of gold and silver is too low at present market prices.

Prospects for extension of the Main vein to more favorable con

ditions, both in depth and laterally, are not encouraging. The vein ap

pears to pinch with depth. However, the Main vein could sw ell, and 

ore values increase with depth, as has been reported here earlier by 

observations and assays. Similar reasoning holds for lateral extension 

as the Main vein is cut off by the Saddle fault to the west and the vein 

appears to pinch where it is exposed in the east extension of the first 

and second levels. The fact that upon his investigation into the 156- 

foot shaft and workings, Wuensch (1927) reported no contact with the 

Main vein indicates a probable northeast limit to the ore (Fig. 18, in 

pocket). The 156-foot shaft workings are 220 feet below and 400 feet 

northeast of the Jackson shaft (Fig. 3, in pocket). The presence of other 

equally rich veins is possible but not supported by surface observations.

Other Mineral Deposits

Vein D eposits. Other occurrences of mineralization in veins 

in the sedimentary and igneous rocks do not now constitute ore deposits 

nor is it reasonable to expect that they would develop into such at depth. 

The vein occurrences in the sedimentary rocks are essentially in the same 

environment, both as to rock type and to structure, as the Golden Rule 

mine, and the same limitations may be applied.

Placer D eposits. Although placer deposits were not extensively 

studied , it would appear that the lack of sufficient water, erratic distri

bution of fine gold, and the narrow, short gulches with shallow ground
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fill will not support a mining operation (Fansett and Wilson, 1961). The 

only area which might be geologically promising for a placer prospect 

would be the gulch between the Golden Rule mine workings and the 

quartz rhyolite porphyry intrusion.

Other D eposits. The emphasis of this study is on vein lodes 

of the Golden Rule mine and their mining potential, but some attention 

was directed toward the possibility of other types of lode occurrences, 

such as bedded replacement deposits or deposits of the disseminated 

sulfides of copper and molybdenum. Because the Johnson Camp copper 

district is only 8 miles to the northwest, the local features of the Golden 

Rule mine area that are relevant and associated with bedded replacement 

deposits should not be overlooked. At Johnson Camp these features are 

the close association of an igneous source with the middle member of 

the Abrigo Formation which Cooper and Silver (1964) found to be min

eralized.

Although the poorly mineralized quartz rhyolite porphyry in it

self does not present a favorable target, it is weakly mineralized ad

jacent to the quartz veins with evidence of disseminated chalcopyrite. 

This mineralization is observed in the host rock up to approximately 6 

inches on both sides out from the quartz vein observed in the Contact 

shaft prospect pit (Fig. 3, in pocket). The Bear Creek Mining Company 

(1970) conducted a dipole-dipole induced polarization survey which in

dicated mineralization of some type at a depth of approximately 1,000 

feet. The presence of an igneous intrusion in a faulted position in a 

mineralized, structurally complex area could be significant with a view 

toward hidden disseminated sulfide deposits.



APPENDIX

ASSAY DATA, GOLDEN RULE MINE

Samples taken by Eight were collected from channel cuts 4 

inches wide and 1 inch deep in the Main vein. Channel cuts ran from 

upper wall-rock contact to lower wall-rock contact and include the 

gouge zones above and below the Main vein. The cuts ran perpendicular 

to the Main vein orientation in underground in-place exposures of the 

vein. Samples were cut over a canvas sheet, then thoroughly mixed and 

quartered. Opposite quarters were placed into separate sample sacks 

with identically numbered tags. One of the quarters was assayed and 

the other quarter was retained.

The samples for this study were taken in the following manner. 

Samples numbered 1 through 4 and sample number 6 were grab samples 

from ore stockpiles. Samples numbered 5 and 7 through 20 were chip 

samples from in-place exposures. All samples weighed approximately 

2 pounds. After thorough mixing, the samples were halved. The halves 

were put in separate sample sacks and identically numbered. One half 

was assayed and the other half was retained.
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Assays Results for Samples Taken by Eight (1928)

Sample
N o .a Location Map

Au
(oz/t)

Ag
(oz/t)

Pb
(%)

42 Fig. 2 0.42 2.6 3.6 .

43 Fig. 29 2.48 2.9 7.4

44 Fig. 29 0.36 3.1 6.7

45 Fig. 29 .60 2.3 5.4

46 Fig. 29 .72 4.9 5.8

47 Fig. 29 .55 3.6 4.9

48 Fig. 29 1.22 1.6 9.5

49 Fig. 29 0.42 2.0 6.4

50 Fig. 29 .51 1.4 5.2

51 Fig. 29 .63 2.7 6.8

52 Fig. 29 1.98 2.2 7.7

. 53 Fig. 29 0.97 3.4 4.6

54 Fig. 29 1.18 2.5 7.4

55 Fig. 29 0.42 1.5 7.4

56 Fig. 29 1.60 3.6 11.0

57 Fig. 29 0.32 3.8 8.2

58 Fig. 29 .31 2.5 4.6

59 Fig. 29 .92 2.0 8.3

60 Fig. 29 .44 2.6 7.5

61 Fig. 29 1.05 2.9 8.2

62 Fig. 29 0.82 2.4 7.1

63 Fig. 29 .55 2.5 5.5
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Assays Results for Samples Taken by Eight (1928)—Continued

Sample 
No.a Location Map

Au
(oz/1)

Ag
(oz/t)

Pb
(%)

64 Fig. 29 0.98 3.1 6.8

1 65 Fig. 29 .45 2.6 5.8

66 Fig. 29 .37 2.1 6.2

67 Fig. 29 .83 2.0 7.5

68 Fig. 29 .62 2.5 6.0

69 Fig. 29 .38 2.7 7.8

70 Fig. 29 .04 0.20 0.40

71 Fig. 29 .24 4.1 11.2

72 Fig. 29 .80 2.2 7.8

73. Fig. 29 .92 2.7 8.1

74 Fig. 29 .81 4.1 17.3

75 Fig. 29 .66 2.5 6.8

76 Fig. 29 .72 2.1 4.7

77 Fig. 29 .84 3.0 7.7

78 Fig. 29 1.16 2.5 8.8

79 Fig. 29 0.44 1.6 5.3

80 Fig. 29 .92 3.1 6.3

81 Fig. 29 1.04 3.0 11.5

82 Fig. 29 0.41 1.4 5.6

83 Fig. 29 .26 6.4 3.6

84 Fig. 29 .52 1.1 9.2

85 Fig. 29 .57 2.9 5.7
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Assay Results for Samples Taken by Eight (1928)—Continued
!

Sample 
N o.& Location Map

Au
(oz/1)

Ag
(oz/t)

Pb
(%)

86 Fig. 29 1.16 3.7 6.3

87 Fig. 29 0.41 2.9 6.5

88 Fig. 29 .62 2.5 5.7

89 Fig. 29 .70 4 .8 5.5

90 Fig. 29 .57 3.7 5.0

91 Fig. 29 .35 2.1 2.8

99 Fig. 2 .68 2.6 9.9

100 Fig. 29 .46 2.8 6.0

a . All samples were taken from quartz vein s.
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Assay Results for Samples Taken During This Study

Sample 
No. a Location Map

Au
(oz/t) b

Ag
(oz/t) b

Pb.
(%>b

1 Fig. 3 0.02 0.30 0.50
2 Fig. 3 .01 .20 .30
3 Fig. 3 .01 .30 .4
4 Fig. 3 .40 .60 2.40
5 c Fig. 3 .0005 .05 0.15
6 Fig. 3 .10 .60 .70
7 Fig. 29 .55 2.3 5.8
8 Fig. 29 .61 2.5 6.4
9 Fig. 29 .41 2.1 5.8

10 Fig. 29 .36 2.5 6.1
11 Fig. 3 .65 2.3 7.9
12 Fig. 3 .34 2.5 5.9
13 Fig. 3 .41 1.0 4.5
14 Fig. 2 .55 2.0 6.9
15 Fig. 29 .60 2.5 8.9
16 Fig. 2 . 65 2.3 9.4
17 d Fig. 2 .04 0.25 0.10
18 e Fig. 2 .01 .05 .05
19 Fig. 29 .74 4.1 6.1
20 Fig. 3 .49 1.9 5.1

a. All samples were taken from quartz veins unless otherwise
noted.

b. Assays performed by Jacobs Assay Office, Tucson, Arizona.
c . Sample from gossan.
d. Sample from Breccia fault.
e . Sample from diabase dike.
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Assay Data for Three Shipments from the Golden Rule Mine to the South
west Division, American Smelting and Refining Company, Tucson, Arizona,

1942

1 2 3

Au 0.77 oz 0.54 oz 0.55 oz

Ag 3.95 oz 2.1 oz 7.20 oz

Pb 10.15% 5.25% 23.1%

Cu 0.45% 0.35% 0.29%

S i02 71.6% 66.0% 27.4%

Fe 7.0% 6.6% 21.8%

Zn 0.4% 0.5% 1.3%

CaO 2.0% 0.8%

S 0.3% 1.4% 1.4%

a12°3 2.9% 5.7% 1.3%

As 0.12%

Bi 0.02%

Wet 15.040 tons 13.560 tons 9.89 tons

Dry 14.8895 tons 13.099 tons' 9.527 tons

Location Clean-up 
from Big Stope
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Assay Data for Two Shipments from the Golden Rule Mine to the South
west Division, American Smelting and Refining Company, Tucson, Arizona

1949

1  2

Au 0.465 oz 0.7435 oz

Ag 1 . 8 oz 2.725 oz

Pb 4.65% 7.80%

Cu 0.19% 0 . 2 0 %

s io 2 78.0% 62.6%

Fe 4.4% 7.1%

Zn 0 . 6 % 1 . 0 %

CaO 2 . 8 %

S 0 . 6 %

AI2 O3 4.4%

As 0.25% 0 . 1 %

Sb 0.32% 0.55%

Wet 53.015 tons 35.67 tons

Dry- 52.81 tons 33.87 tons -

Location Half Moon Stope
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Assay Data for Single Shipment from the Golden Rule Mine to the South
west Division, American Smelting and Refining Company, Tucson, Arizona

1957

l a

Au 0.633 oz

Ag 3.175 oz

Pb 7.55%

Cu 1.5%

S i0 2 6 6 . 6 %

Fe 7.1%

CaO 3.7%

S 0 . 8 %

AI2 O3 5.0%

As 0.27%

Sb 0 . 1 0 %

Wet 34.53 tons

Dry 33.356 tons

a. Location—clean-up from various stopes
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EXPLANATION

N

B'

X

FIGURE 25 PROJECTION ONTO CROSS SECTION B-B' OF THE MAIN VEIN, WEST DRIFT, GOLDEN RULE MINE, FACING WEST
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FOR CROSS SECTION LOCATION

FIGURE 18 CROSS SECTION A-A' GOLDEN RULE MINE AREA,
MODIFIED FROM WUENSCH (1927)

COCHISE COUNTY, ARIZONA, FACING WEST.--
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EXPLA NATIO N
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FIGURE 29 ASSAY SAMPLE LOCATION MAP, MAIN VEIN, WEST DRIFT, GOLDEN RULE MINE
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COCHISE COUNTY, ARIZONA
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