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by

Harry J. Olson

THE GEOLOGY OF THE GLOVE MINE,
SANTA CRUZ COUNTY, ARIZONA

ABSTRACT

The Glove Mine is located on the southern extremity of an iso

lated synclinal sedimentary block of Paleozoic and Cretaceous sediments 

on the southwest flank of the Santa Rita Mountains.

Solutions probably associated with a quartz monzonite intru

sive, emplaced to the south of the Glove fault, have deposited argen

tiferous galena, sphalerite, and lesser amounts of quartz, pyrite, and 

chalcopyrite along permeable zones caused by bedding-plane fault inter

sections within a favorable limestone horizon of the Naco group. A pre- 

ore latite porphyry sill has prevented the spread of the mineralizing 

fluids into the limestones and siltstones to the north on the upper levels 

of the mine by acting as a deflecting barrier which has channeled the 

ascending mineral solutions along its footwall side.

As the result of extensive oxidation, only relics of the primary 

sulfides exist in the mined portion of the deposit. Cerussite, lesser
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amounts of anglesite, wulfenite, smithsonite, and other products of the 

oxidation of the primary sulfides, have been concentrated in caverns 

leached along the mineralized zone by acids formed by atmospheric 

COg and the oxidation of pyrite.

A zone of increased silver values occurs at the interface be

tween the oxide and sulfide zones.

Mining at the Glove terminated at the top of the sulfide zone 

after producing over 21,000 tons of ore worth slightly over one million 

dollars.
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1. INTRODUCTORY COMMENTS

(1.1) Introduction

The Glove Mine has been a small high-grade lead- silver - zinc 

deposit—a type which is becoming increasingly ra re  in this age of large, 

low-grade open-pit and block-caving operations. The geological prob

lems are complex and abundant, and many remain unsolved. Only the 

oxide portion of the deposit has been extracted, and the nature and ex

tent of the sulfide portion can only be inferred by speculation. The 

mine is extremely interesting, because its compact size enables one to 

see the changing aspects of mineralization over short distances, and to 

visualize the concept of the varied and ever-changing face of ore.

(1.2) Location

The Tyndall Mining D istrict lies along the west flank of the 

Santa Rita Mountains from Elephant?s Head on the north to the disman

tled railroad track, which runs along Sonoita Creek in the San Jose de 

Sonoita land grant, on the south (see Fig. 1.1). The Glove Mine occurs 

along the southern extremity of an isolated block of sedimentary rocks 

just north of Cottonwood Canyon in the north-central portion of the 

district in sec. 30, T. 20 S., R. 14 E ., Gila and Salt River Base and
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Meridian, at an elevation of approximately 4,200 feet. It may be easily 

reached from U. S. Highway 89 by driving approximately 10 miles east 

from Am ado along a graded gravel road which leads into the mountains.

(1.3) Previous Work

Comparatively little detailed geology has been done in the Santa 

Rita Mountains. Schrader (1915) mapped the Santa Rita and Patagonia 

Mountains on a small scale. The fieldwork for Schrader's report was 

accomplished from March 7 to June 20, 1909, and emphasized the 

"occurrence, distribution, and development of the mineral resources 

of the a rea ." Schrader himself did not visit the Glove workings, and in 

his report mislocated the mine by placing it in the "Devil's Cash Box" 

about 1. 5 miles north of its actual location.

Anthony (1951), working from the summer of 1947 to the spring 

of 1951, mapped the Montosa Canyon-Cottonwood Canyon area on a 

1:12,000 scale. Sulik (1957) did further work on the stratigraphy and 

structure of the Montosa Canyon area in the northern portion of the 

sedimentary block.

Bryant (1955), using modifications of Anthony's (1951) results, 

has integrated the Pennsylvanian-Permian sediments into the regional 

stratigraphy of southern Arizona. Button (1958), again using Anthony's 

(1951) work, integrated the structure of the area into the structural 

framework of southern Arizona.
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In the Glove group, Anthony (1951) mapped the West "Workings 

(the Blacksmith Adit of this report), and slightly over 300 feet of the 

adit level of the Glove Mine. However, at that time the main ore body 

had not been discovered, and the Glove Mine was still in a prospect 

stage.

(1.4) Scope and Method of Investigation

Mapping was undertaken at the Glove Mine in April of 1957, 

and was carried on approximately once a week during the school year, 

and intermittently through the summers until December of 1959. Dur

ing this time, while employed by the Sunrise Mining Company, the 

author also carried out the routine tasks of mine surveying, sampling, 

and claim surveying and staking.

Initially mine maps based on a previous transit survey by 

Allan Rugg were used in mapping the adit, 210 and 240 levels, but as 

the workings progressed deeper, the previous survey was extended by 

E. J. McCullough and the author through the 240 level and down to the 

300 level. Portions of the 300 level, practically all of the stope workings, 

and all of the 360 level were mapped by Brunton survey from points es

tablished by this transit survey. The Blacksmith Adit workings were 

mapped from points established by Rugg's survey, which is tied into the 

transit net of the Glove Mine.

Surface geological mapping was initially carried out using an
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enlarged aerial photograph of the mine area with a scale of 1 inch to ap

proximately 125 feet as the base. Later, topography and supplementary 

geology were plotted by plane table survey on a scale of 1 inch to 150 

feet. E. J. McCullough also assisted in this project. The initial map 

using the aerial photo as the base was then photographically reduced to 

1 inch to 150 feet, and the two maps combined.

Rock and mineral samples have been examined in hand speci

men, thin section, and polished section; some samples have been analyzed 

qualitatively by the spectroscope, and by X-ray spectro-chemical tech

niques; and many mineral identifications have been made using powder 

X-ray photographs.

(1. 5) Acknowledgments

Acknowledgment is due to Dr. "W. C. Lacy, Dr. S. R. Titley, 

Professor J. "W. Anthony, Dr. E. B. Mayo, and Dr. R. L. DuBois of 

the Geology Department of the University of Arizona for direction and 

advice in the preparation of this thesis; to H. D. Pilkington for assist

ance in thin-section interpretation; and to A. M. Durazo for cooperation 

and assistance in gathering data at the mine. Acknowledgment is also 

due to the Sunrise Mining Company for employment while collecting the 

information and for permission to present the results.



2. MINING HISTORY AND PRODUCTION

(2.1) Claiming

The original Glove group of 15 claims was located by Dan J. 

Sheehy, Edward T. Sheehy, Jerry  Sheehy, Pat J. Sheehy, and A. 

O'Donnell between March of 1907 and January of 1911. The final claim 

of this group was added in April of 1923 when a fraction was discovered 

and located. This brought the total number of claims in the Glove group 

to 16.

No further additions were incorporated into this group, until 

Edward A. Mack, then general manager of the Glove Mine for the Sun

rise  Mining Company, located the Zombie and Zeco claims to the south 

of the Glove group in 1954 in conjunction with Joseph G. O'Brien and 

Otho Kinsley, Jr. Further claims surrounding the original group were 

located by the Sunrise Mining Company from 1954 to 1957, bringing the 

total number of claims in the group to 55.

(2.2) History and Production

Although the original staking of the Glove group of claims was 

undertaken in 1907, production did not start until 1911. This group.

6
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originally of 15 and later of 16 unpatented claims, belonged to E. T.

Sheehy with various associates until 1951, when it was purchased by 

the Sunrise Mining Company. Final payments for this property were 

made in 1959, when Sunrise assumed complete ownership. Of the Glove 

group, only two claims—the Rover and the Glove—have proved to be of 

economic importance (see Fig. 2.1). Over 21 thousand tons of pre

dominantly lead-silver ore, worth over one million dollars after smelter 

costs, has been produced from these two claims.

The production from the Glove group can be divided into three 

periods. During the period from 1911 to 1917 the first active work was 

undertaken, and although production was small, it was more or less 

continuous through this period. The second period extends from 1918 

to 1950 and marks a time of inactivity. Only two shipments to the smelter 

at El Paso are recorded during this time. The third period, from 1951 

to 1959, was a time of continuous production in which the main ore body 

was discovered and the carbonate ores were exploited down to the sulfide 

zone.

Ore from the original workings, known as the Sheehy-O^Donnell 

Mine, consisted of a mixture of galena and a variety of cerussite known 

as ’’sand carbonate. ” The ore was hand sorted and hauled by mule team 

about 5 miles west to Chaves, Arizona, a station on the Tucson-Nogales 

line of the Southern Pacific Railroad. From there the ore was shipped 

to the American Smelting and Refining Company at El Paso, Texas.
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Smithsonite, which occurred as "dry bone, " was soon recognized 

as an economic source of zinc. This mineral, which had been mined 

from the 125-foot shaft and was previously thrown on the dump as waste, 

was later hand sorted and combined with the current production and 

shipped as a lead-zinc concentrate. Several shipments of this ore were 

made to the U. S. Zinc Company in Colorado in 1912, and to the Ozark 

Smelting and Milling Company in Coffeyville, Kansas in 1914.

In 1914, Thomas M. Park was managing the property. At this 

time the property, known as the O. K. Mine, was bonded to a syndicate. 

During the year of 1914, the largest tonnage of ore for the period of 

1911 to 1917 was taken from the mine under Mr. Parkrs direction.

Most of this production came from the 125-foot shaft which now con

nects the upper and lower levels of the Blacksmith Adit on the Glove 

claim. However, ore was also mined from the 50-foot shaft and the 

67-foot shaft on the Rover claim. The 50-foot shaft now connects with 

the adit level of the Glove Mine near the portal, and the 67-foot shaft 

connects with the adit level of the Glove Mine just to the west of the 

main inclined shaft.

Schrader reports that in September of 1914, the mine employed 

40 men and produced 20 tons of zinc as well as of lead-silver ore per 

day that was predominately of shipping grade. This information does 

not seem reliable in view of the available smelter returns. However, 

the smelter returns for the period of 1911 to 1917 are admittedly
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incomplete.

Anthony (1951) reports: "It is interesting to note that litigation 

between Park and the Sheehys resulted in the first enforcement of the 

then new Miners Lien Law. As a direct result of this litigation, an 

amendment to the law rendered effective the recording and posting of 

non-liability notices."

Shipments were made to the El Paso smelter in 1916 and 1917. 

After this the mine was idle until 1925, when another small shipment of 

lead-silver ore was made to El Paso by E. T. Sheehy. In 1949, E. J. 

Sikes leased the property and worked the 67-foot shaft area.

The Sunrise Mining Company purchased the property from E. 

T. Sheehy in 1951, and began operations with E. A. Mack as general 

manager. The adit level of the Glove Mine was extended and the main 

ore body, lying along the south contact of the latite porphyry sill and 

the limestone, was discovered. This ore body and several small ore 

pipes were followed down to the 240 level by early 1957. However, in 

spite of the high metal prices then prevailing, the mine was near the 

point of ruin.

After a change in management in April of 1957, G. W. Irvin 

became general manager, Alfred M. Durazo became the mine superin

tendent, and the author was hired as the mine geologist. Then, after a 

brief period of development to increase the efficiency and safety of the 

mine, production was again resumed.
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Ore on the levels above the 240 was soon mined out, and a shaft 

was sunk to open the 300 and 360 levels. These levels were worked 

until the ore there was exhausted, and shortly thereafter the mine closed, 

in December of 1959, after almost 10 years of continuous operation. The 

mine closed not for a lack of mineralization, but for a lack of direct 

shipping ore, as lead-zinc sulfide mineralization requiring beneficiation 

occurs on the lower level extending downward.

During the period from April 1957 to December 1959 the mine 

employed approximately a dozen men and produced from 20 to 25 tons 

of lead-silver ore per day, which was smelted at ASARCO's El Paso 

smelter.

A relatively complete record of production is available. The 

smelter returns for the period between 1911 and 1917 are incomplete 

as would be expected. However, as production during this time repre

sents only a small fraction of the later production, which is more com

pletely recorded, the total value and total production figures are ap

proximately correct. Smelter returns for the period between 1951 and 

1955 were not available, and therefore direct computation of the average 

grades for those years was not possible. However, from pre-existing 

compilations it was possible to secure the range of the grades for those 

years. The summary of production of the Glove Mine given on Tables 

I and H is a compilation of data from Anthony (1951), two unpublished 

reports compiling data from receipts of the El Paso smelter by Reed



TABLE I
HISTORY OF PRODUCTION

(Data are incomplete. All ore shipments are to the El Paso Smelting Works of the American Smelting and
Refining Company except where marked)

Year Dry
Tons

Oz. Ag 
Per Ton

% Pb . % Zn %Cu
(Net Value 
Per Ton 

After 
| Smelting

Value
After

Smelting

Net Return 
To Shipper

1911 64.0 7.4 34.7 12.0 _ 1,097.84
1912 26. 9 6.0 28. 6 13.3 - 279.76
1912* 43.3 - 10.6 34.7 - 20.37 629.71
1914 167.3 8.2 28.8 14.2 - 1,542.66
1914** 218. 8 - 21. 6 17.0 - 14. 72 1,731.72
1916 29.2 11.2 43.1 7. 8 - 1,052. 78
1917 62.3 4.9 25.8 9.4 - 852.18
1925 31. 5 7.3 31.2 1 - 1,064.05
1949 39.0 5.0 29.4 0.4 1, 752.83

Total 682. 3 $9, 985. 53

* Shipped to U. S. Zinc Company, Colorado.

** Shipped to Ozark Smelting and Milling Company, Coffeyville, Kansas.



TABLE II
HISTORY OF PRODUCTION

Year Dry
Tons

Oz. Ag 
Per Ton

% Pb % Zn % Cu
Net Value 
Per Ton 

After 
Smelting

Value
After

Smelting

Net Return 
To Shipper

1911-49
1951-52

682,3 
884. 7 (3. 9-8. 4) (14. 7-34. 5) (10.3-18.1) 53. 34 47,191.61

$ 9, 985. 53
32,383.38

1953 996.7 (3. 1-6.9) (17.1-27.9) (6.0-18. 7) - 42. 43 42,294. 22 27, 701. 25
1954 921.5 (4.1-5.9) (17.9-28.5) (6. 8-10. 5) - 42.21 38, 894.27 25, 630. 36
1955 2,086.0 (3. 5-10.2) (27.1-38.3) (4.0-12. 0) - 63. 09 131, 609. 87 87, 196. 02
1956 jj 3,072.9 4.2 22.0 2. 6 0.1 47. 31 145,387. 37 105, 400.54
1957 4,828.5 4.9 22.8 1.9 0.1 44.36 214,180.12 147, 292. 62
1958 4, 171.0 9.2 3L 5 3. 8 0.1 53. 76 224,215.00 154, 977.64
1959 3, 244. 7 13.3 26.3 8.1 0. 2 46.95 152,310.11 109, 214. 68
1960 202,7 8.2 20,0 20. 5 0.2 31.15 6,315.56 4, 645.35

Total

Average
Grade
(1956-60)

21,091.0

7.7 25.7 4.1 0.1

$49.12* $1,002,398. 13* $704,427. 37

* For years 1951 through 1960; ( ) Data are incomplete, only the grade range is known.

Shippers: 1911-17, Copper Queen Mining Company; 1925, E. T. Sheehy; 1949, E. J. Sikes;
1951-60, Sunrise Mining Company.
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F. Welch in 1958 and 1959, and the smelter returns of the El Paso 

smelter from 1956 to 1960 from the files of the Sunrise Mining Company.

No history of the Glove Mine would be complete without men

tioning the spectacular and abundant occurrence of wulfenite crystals. 

The Glove Mine has been one of the major sources of wulfenite crystals 

for both private collectors and university and museum collections for 

the past decade. The last major crystal find at the mine was made in 

the summer of 1957. Now that the sulfide zone has been reached, the 

chance that more crystal finds will be made is exceedingly small, un

less more exploration and development is conducted above the 300 level.



3. GEOLOGIC SETTING

The geologic setting is of particular importance in any thesis 

on economic geology because the nature and the history of the area will 

ultimately determine the limits of mineralization, and hence the extent 

of worth. The portion of the Santa Rita Mountains in which the mine is 

located has not been mapped in detail, and consequently little is known 

of its complex geological history and structure. The area mapped in 

this thesis is such a minute part of the region as a whole that it would 

be presumptious to try to project the regional geology from the small 

portion studied in detail. However, it is possible to fit in the observa

tions obtained in the mine area with the results of previous work in the 

area so as to gain a more complete regional understanding of the geol

ogy. As such, only a general geologic setting can be given here.

The Glove Mine is located on the southern extremity of an iso

lated synclinal sedimentary block on the southwest flank of the Santa 

Rita Mountains. This block of Paleozoic and Cretaceous sediments 

probably represents the deformed remnant of a portion of the south

western limb of an anticline which has been breached by the intrustves 

of the main mass of the Santa Rita Mountains. In its location the mine 

rests approximately one mile west of a geologic crossroad which may

15
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be of some magnitude (see Fig. 3.1). The Glove fault parallels the 

direction of the Texas Lineament which traverses this area in a broad 

belt about 150 miles wide (Mayo, 1958). Another strong linear extend

ing southeastward from the Esperanza pit to the northwest intersects 

the extension of the Glove fault direction approximately a mile to the 

east of the mine workings, and continues down along the western side 

of the southern extension of the Santa Rita Mountains.

The Santa Rita Mountains in this area have not reacted as a 

unit in their formation. The Southern Santa Rita Block (Lutton, 1958), 

of which the Glove area is a part, is separated from the Box Canyon 

Block to the north by a zone of left-lateral faulting in the Sawmill Canyon 

area. The Southern Santa Rita Block is also separated from the adjoin

ing block to the south by a zone of left-lateral faulting which trends N. 

75° "W. (Lacy, personal communication). The Glove fault is one of the 

faults of this zone. Both these zones of left-lateral faulting are aligned 

in the direction of the Texas Lineament, and are considered by both 

Lacy and Lutton to be breaks of major magnitude.

The other tectonic direction which is prominent in the area is 

the N. 40° "W. direction (Lacy, personal communication). This direc

tion is readily apparent on the aerial photographs in Plate 1. This zone 

has been repeatedly intruded by the igneous complex which forms the 

core of the Southern Santa Rita Block. Intrusions into this zone have 

conformed to its alignment.
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The intrusives with the N. 40° W. alignment have acted as the 

buttress against which northeast-directed forces, which may be related 

to the N. 75° "W. shear direction, have thrust the Paleozoic sediments 

over the Cretaceous section to the north of the mine. Portions of this 

thrust plate have assumed a northwest trend which conform to the north- 

east-southwest regional compression usually accorded to the Laramide 

stress field.

The alignment of the southern hogback on which the Glove Mine 

is located may be due to effects of the left-lateral shearing with later 

modification caused by the thrusting effects of the emplacement of the 

quartz monzonite to the south. This intrusive is aligned in a N. 75° W. 

direction and reflects the importance of the breaks in this direction. 

Drag folding in the Glove Adit at the quartz monzonite-limestone con

tact indicates that in the last movements the quartz monzonite moved 

up with respect to the limestone as would be expected along an intrusive 

contact. There is no evidence which would indicate the depth at which 

this intrusive may underlie the limestone in the mine area.



4. GEOLOGY OF THE MINE AREA

(4.1) General Surface Geology

The Glove Mine is located on the south flank of an east-west

trending synclinal block of sedimentary rocks which is bounded on the 

north and the south by quartz monzonite intrusives of the main mass of 

the Santa Rita Mountains. The southern flank of the syncline in the vi

cinity of the mine is composed of the Naco group of PennsyIvanian- 

Permian age (Anthony, 1951) which strikes roughly N. 75° W. -N. 60° 

W. and dips approximately 60° to the northeast. These limestone sedi

ments are separated from the quartz monzonite to the south by the 

nearly vertical Glove fault (see Pis. 2, 3, and 15).

The large amphitheater - like embayment in the hill to the north 

and to the west of the Blacksmith workings is a result of differing rates 

of weathering of the limestone and the quartz monzonite. In this area 

the quartz monzonite makes a deep embayment into the limestone. As 

the quartz monzonite weathers more rapidly in this semiarid climate 

than does the limestone, the quartz monzonite has been eroded down 

and back forming the amphitheater.

Faulting is not thought to have caused the abrupt north swing

of the drainage cut to the east of the mine workings. The area has been
19
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covered in detail both on the surface and with aerial photographs, and 

no evidence of faulting, "healed" faults, or offsetting were discovered.

The limestone is intruded by a latite porphyry sill which reaches 

a maximum surface thickness of approximately 30 feet several hundred 

feet to the east of the Glove Adit portal. This sill which has dilated the 

country rocks is discontinuous and generally follows bedding trends in 

the limestone to the north of the Glove fault. It is continuous to the east 

of the main adit, but pinches out and reappears at least twice to the west. 

This suggests that the fault or bedding surface along which it was emplaced 

was either discontinuous or not opened along its entire length.

The limestone is also intruded in the extreme northeast portion 

of the mine area by a dacite porphyry sill which attains a maximum 

thickness of at least 34 feet. This sill can be traced for approximately 

2, 500 feet to the east of the mine. Although this sill has a considerable 

extent to the east, it pinches out approximately 250 feet to the west of 

the intermittent stream channel which runs north-south along the east

ern border of the area mapped. There was no apparent alteration of 

the intruded sediments, and ore mineralization does not appear to be 

associated with the dacite porphyry intrusion. Anthony (1951) has 

mapped this sill as being post-Cretaceous in age, because of the in

trusive relation of the dacite porphyry in the region to a latite porphyry 

outside the mine area.

The Glove fault clearly follows an intrusive contact, which is
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roughly concordant with the bedding of the limestone as to strike, but 

discordant as to dip. The intrusive nature of this contact is most vividly 

illustrated in the area between the main adit and the 40-foot shaft. Here, 

the quartz monzonite has sliced into the limestone, partitioning the 

limestone into thin septa and aligning the inclusions. The contact is 

always nearly vertical, usually dipping steeply to the north, although at 

one surface outcrop the contact was noted to be dipping steeply south

ward.

The hill south of the Blacksmith Adit offers further evidence 

of the intrusive nature of the quartz monzonite into the limestone. The 

west portion of the hill is composed of a block of Snyder Hill limestone 

(Anthony, 1951), which has been separated from an exposure of this 

formation to the west of the mine area by the intrusion of the quartz 

monzonite. This separated block has probably lost its alignment as a 

result of the greater distance it has moved since separation from its 

parent block.

Contact metamorphic effects of the quartz monzonite intrusion 

and the latite porphyry sill are minor. The limestone has been meta

morphosed to a white to pinkish marble near the contact. This marble 

grades northward into unaltered limestone and siltstone strata which are 

typical of the lower formation of the Naco group. Near the contact, 

chlorite is common in the siltstone and cherty layers. No continuous 

tactite zone has been developed in the limestones along the contact of
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either the quartz monzonite or the latite porphyry sill. At the quartz 

monzonite-limestone contact, one exposure of epidote 3 feet in width 

occurs just to the east of the 125-foot shaft in the Blacksmith area.

There is no evidence of silication along the contact except in this area. 

Iron staining is common, but not strong along the contact except just to 

the east of the 50-foot shaft where a kidney of specular hematite with 

minor copper "bloom" crops out. Areas of iron staining result from 

iron introduction along fractures which have healed as a result of the 

introduction of the quartz monzonite. The quartz monzonite which lies 

to the south of the Glove fault shows effects of silification and more in

tense sericitization and kaolinization, due probably to the action of 

solutions rising along the contact after the introduction of the quartz 

monzonite.

The minor evidences of lead-copper mineralization in outcrop 

in the area of the Glove workings are much less than would be expected 

from the extent of subsurface mineralization. These mineralized out

crops are concentrated in the area of the 125-foot shaft and occur in the 

limestone generally associated with the quartz monzonite-limestone or 

latite porphyry sill-limestone contacts, although some lead and copper 

showings do occur in the limestone some distance from the quartz 

monzonite-limestone contact. One isolated outcrop of disseminated 

lead-copper mineralization occurs in the limestone approximately 900 

feet east of the Glove Adit portal and about 75 feet north of the projected
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quartz monzonite-limestone contact at the curve in the arroyo.

All mineralized outcrops are essentially the same, varying 

only in the degree of solution and oxidation. The lead minerals occur 

as small stringers and blebs in minor fracture zones. The limestone 

in the areas of mineralization is marbleized, but is only locally iron 

stained. The lead usually occurs as cerussite, sometimes with galena 

cores, although in particularly tight ground the lead may exist as darkly 

tarnished galena. Evidence of copper mineralization is not readily ap

parent, but on close inspection small splotches of copper "bloom” are 

sometimes noticeable.

One ore occurrence which is notable for lack of extensive sur

face indications of mineralization is the ore body found in the 67-foot 

shaft. However, much of the original surface is covered by dump ma

terial which may cover the existing outcrop, or the outcrop may have 

been removed in sinking the shaft.

(4.2) Description of Rock Types

(4.2.1) Igneous Rocks _

Quartz Monzonite: The quartz monzonite in the mine area has 

been described by Anthony (1951) as the "fine quartz monzonite" to 

distinguish it from a "coarse quartz monzonite" which occurs as isolated 

masses within it, and as a large intrusive mass to the northeast. The
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quartz monzonite in the mine area varies from fine to medium grain.

It usually weathers to a light-orange-brown shade due to a fine coating 

of limonite, although in places it may be seen weathering to a greenish 

brown or greenish black. Joints are often abundant and, especially near 

the limestone contact, are frequently stained red, brown, or black by 

iron oxides. The quartz monzonite usually has a fresh appearance ex

cept near the limestone contact, where it appears to have been some

what altered. Quartz often appears more abundant near the contact.

Microscopic examination revealed the feldspars to be altering 

to sericite and kaolinite. Frequently the plagioclase feldspars alter to 

calcite. Secondary muscovite is present, but not abundant. It appears 

to be of the same age as the sericite, and may represent more complete 

alteration.

Primary mafic silicate minerals were absent in all but one of 

the sections studied. This section, taken from a sample near the lime

stone contact, contained roughly 25 percent hornblende. Chlorite is 

common in some specimens as shreds replacing the feldspars and sur

rounding some of the disseminated pyrite. Limonite is almost univer

sally present as stringers between mineral grains, and as fracture 

filling.

Irregular anhedral quartz is abundant. Much of the quartz near 

the limestone contact appears to be secondary, which suggests that 

fluids, perhaps related to the ore solutions, continued rising along the



25

contact after intrusion of the quartz monzonite. A portion of this quartz 

may be due to release of silica during sericitization of the feldspars. 

However, it is thought that the major portion of this secondary quartz 

is introduced, as sericitization of the latite porphyry sill has not pro

duced an equivalent amount of silica.

Anthony (1951) from thin-section analysis quantitatively esti

mated the mineral constituents of the quartz monzonite to be:

Quartz 50%

Microperthite 30%

Andesine-oligoclase (Abgg-Angg) 17%

Limonite 2%

Unknown silicate mineral 1%

Latite Porphyry: The latite porphyry weathers greenish to 

greenish-gray with abundant phenocrysts of chalky white plagioclase on 

outcrop. Underground in unaltered areas it has a more uniform green 

appearance. Although sometimes badly shattered on the surface, the 

latite porphyry has an appearance of being relatively unaltered. On 

first inspection it appears that the phenocrysts, which at first appear 

to be composed entirely of plagioclase, suggest its classification as an 

andesite. However, on inspection over a large area, occasional pheno

crysts of orthoclase and quartz become apparent, indicating it to be a 

dacite or even a quartz latite.
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Microscopic examination revealed the phenocrysts to be highly 

altered crystals of plagioclase with only an occasional rounded pheno- 

cryst of quartz. Primary quartz comprises approximately 3 percent of 

the groundmass. Secondary quartz, released by sericitization of the 

feldspars and also introduced by the general silicification of the area is 

also present in the groundmass in minor amounts. Orthoclase com

prises a large portion of the groundmass, thereby giving the rock its 

latite porphyry classification. There are no primary mafic silicate

minerals. Opaque minerals comprise about 2 percent of the specimens 

studied.

The feldspars forming the phenocrysts and groundmass have 

been extensively altered to sericite, kaolinite, chlorite, and minor 

muscovite and calcite. Chlorite often occurs associated with the 

muscovite shreds forming bands of alteration on the more completely 

altered plagioclase phenocrysts.

Dacite Porphyry: The dacite porphyry has a purplish-brown 

appearance, which is accented by abundant large phenocrysts of pink 

orthoclase. Smaller phenocrysts of chalky white plagioclase, quartz, 

and chlorite are also readily apparent upon closer inspection. Large 

phenocrysts (approximately 1 cm) of both plagioclase and orthoclase 

were noted on one occasion to have weathered out of the dacite porphyry. 

Anthony (1951) from thin-section analysis quantitatively estimated the
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mineral constituents of the dacite porphyry to be:

Andesine (Abgg-Angg) 60%

Quartz 15%

Orthoclase 10%

Chlorite 8%

Muscovite 5%

Magnetite 1%

Calcite 1%

(4.2. 2) Sedimentary Rocks

Naco Group: The limestone sequence in which the Glove Mine 

is located has been identified by Anthony (1951) as a portion of the Naco 

limestone, and included in the Naco group of Bryant (1955). Anthony 

measured a stratigraphic section just east of the Blacksmith Adit.

The Naco group in the mine area consists of alternating lime

stones and siltstones with minor shale units occurring occasionally in 

the section. The limestones weather white, pink, gray, and brown.

The siltstones and cherty layers usually weather to a shade of greenish 

brown or black. Underground in the mine the limestone horizons are 

usually white, although they may be pink, gray, or various shades of 

brown depending upon the type and degree of alteration. The limestones 

in the vicinity of the ore horizon have all been somewhat marbleized. 

The siltstone horizons underground are usually some shade of green.



gray green, or more rarely gray. The general green color is due to 

the presence of chlorite in the rock.

The limestone beds are usually pure, although they may con

tain small amounts of silt-sized quartz. The siltstone beds are com

posed chiefly of quartz, with perhaps small amounts of clay minerals. 

Occasionally these siltstone beds are quite limy, and small amounts of 

calcite are present in almost all of the sections studied. Chlorite also 

is present in varying amounts, and was observed in almost all of the 

thin sections examined. Epidote was identified in the siltstone at only 

one locality other than the quartz monzonite-limestone contact men

tioned previously.

(4.3) Glove Mine

(4.3.1) Structure

Bedding; The limestone which crops out in the Glove Mine 

area strikes approximately N. 75° IV. to N. 60° TV. and dips roughly 

60° to the north. Metamorphism of the limestones in the underground 

workings is such as to make the determination of bedding attitude un

certain. However, the siltstone-limestone contact suggests that the 

bedding has a variable attitude (60° N., adit level; 75° N ., 210 level; 

88° N., 240 level; 85° N., 300 level; and 60° N., 360 level). Level 

maps of the Glove Mine may be found on Plates 16 to 20.

28
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Faulting: The limestone beds are cut by a series of faults 

which have approximately the same attitude as the bedding, and are 

probably bedding-plane faults. Cross faults are not common on the 

upper levels of the mine workings, but become more abundant in the 

lower levels. Northwest-trending faults are, for the most part, tight, 

and show no evidence of extensive movement. Solution by ground water 

aided by acids from the oxidation of the sulfides, especially in the zones 

of brecciation developed at fault intersections, has produced cavernous 

pipes which trend approximately N. 60° W. and plunge roughly 30° to 

the southeast. Some of the pipes are empty; others are filled with the 

products of oxidation of the primary sulfides.

Three major faults are associated with the ore body: the 

Porphyry fault, the Main fault, and the South fault. The Porphyry fault 

is probably the master fault of the mine area. It lies along the footwall 

side of the latite porphyry sill, and follows the same approximate N. 75° 

"W. -N. 60° TV., 60° N. attitude which the sill assumes. The Main fault 

’’horsetails" off the Porphyry fault at approximately the 180 level, and 

assumes a more northwesterly strike, although its dip remains fairly 

constant at 60° to the northeast. The South fault also "horsetails" off 

the Porphyry fault in the vicinity of the 180 level. At its intersection 

with the Main fault, the South fault has an attitude of appr oximately N. 

60° E ., 60° S. Farther to the west of this intersection the South fault 

assumes a more east-west strike, and may even swing northwesterly.
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The zone of brecciation caused by the intersection of these two faults 

has been the locus of ore deposition and concentration in the main stope 

area from the 180 to the 360 level. However, in the lower levels the 

South fault appears to have exerted an increasing amount of control over 

ore deposition. Above the 180 level, the Porphyry fault has been the 

dominant control of ore deposition.

Minor faults which "horsetail" off these major faults have 

produced splits in the ore body. These splits become important below 

the 180 level as sites for ore deposition. These splits or ore pipes 

seem to increase with depth. Thus, at any level below the 360 level, 

the tendency would be for more, but smaller ore pipes.

A fault zone along the hanging-wall side of the sill produced a 

small ore pipe above the adit level, but exploration consisting of three 

"longholes" on the 210 level failed to pick up the possible downward 

projection of this pipe.

There was a period of minor post-mineralization adjustment 

as evidenced by curving cleavage traces in the galena (see PI. HA). 

There is, however, no evidence of any post-ore faulting offsetting any 

of the areas of mineralization.

(4. 3. 2) Ore Bodies

The lead-zinc-silver ores of the Glove Mine occur in a variety 

of forms. The main ore body represents, to a large extent, a cavern
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which has been filled by the products of the oxidation of the original 

sulfide mineralization, and later deposits of wad, calcite, gypsum, 

and minor silica. The ore minerals were cerussite, with minor 

amounts of anglesite and unaltered galena. Cerussite occurs as 

massive bodies which represent oxidation in place of the primary 

galena. Cerussite also exists as a "sand carbonate" developed by the 

leaching of the gangue minerals with subsequent downward migration 

of lead and its eventual concentration as cerussite. The cerussite oc

curs both as a relatively pure, poorly consolidated sand, and as crys

talline cerussite disseminated throughout limonite, wad, and secondary 

calcite and gypsum.

The main stope complex which has been mined from the 180 

level to the 360 level, is irregular in plan and section. This stope rep

resents a permeable area developed by intense brecciation associated 

with major fault intersections. Boulders of limestone and marble rep

resenting rock fragments from the back which have collapsed during 

the leaching of the cavern are scattered throughout the cavern fill (see 

PI. 6). Other limestone boulders or partitions represent remnants of 

unreplaced country rock.

The smaller oxide pipes are not necessarily associated with 

fault intersections. They have been developed along low-pressure zones 

caused by irregularities on the fault surface, or within brecciated zones 

of high permeability along faults or joints which have been enlarged and
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filled with the oxide products. Most of these pipes were sites of primary 

sulfide mineralization. Many of the small, shorter pipes, however, may 

not have been sites of sulfide mineralization, but appear to be pipes 

filled with the oxide products derived from neighboring sulfide zones.

In areas of restricted ground-water circulation and in scattered 

zones of massive sulfide mineralization, the oxidation of the primary 

sulfides has not gone to completion, and veins, cobbles, and boulders 

of anglesite, which often contain galena cores, occur in close associa

tion with the cerussite. Incomplete oxidation of the sulfides also pro

duces masses of galena altering directly to cerussite. In localities in 

which the faults are tight and have retarded or prevented the oxidation 

of the sulfides, unaltered galena still exists. Such occurrences are not 

uncommon in the upper levels. One such zone extends, with interrup

tions, from the surface at the 67-foot shaft down the old incline shaft, 

to nearly the 180 level. This is an area of low permeability along the 

Porphyry fault zone. Where lesser faults have intersected the Porphyry 

fault, creating zones of brecciation and high permeability, oxide zones 

and cavern fill occur similar to that of the main stope area.

Galena, which is clearly replacing the calcite, also occurs as 

disseminations in the marble in the proximity of the main ore body. 

Disseminated galena also occurs on the 360 level associated with what 

appear to be small breccia pipes. These pipes are characterized by 

coarse-grained calcite, disseminated galena, and their association



33

with disseminated and vein silica.

The silver values are associated with the lead, and throughout 

the mine vary roughly with the percentage of lead. Silver values are 

not associated with the zinc. These relations are illustrated graphically 

in Figure 4.1. In the upper levels of the mine which have been oxidized 

and extensively leached, silver assays have run approximately 4. 5 

ounces per ton. The amount of silver slowly increases with depth, and 

the greatest concentrations of silver are located just above the 360 level. 

This high silver zone occurs as an irregular blanket just above the 

ragged interface between the sulfide and oxide zones. In this zone sil

ver assays have run as high as 27 ounces per ton, with 13 ounces per 

ton as a fair approximation of the average. The silver content drops to 

approximately 8 ounces per ton in the sulfide zone.

In the upper portions of the oxide zone the sphalerite has been 

completely leached away. Zinc values, in the order of 5 percent or less, 

occur, probably as smithsonite or hydrozincite, disseminated through

out the oxidized products. This low concentration of zinc is due to its 

removal and transportation downward by leaching. In the lower portions 

of the oxide zone, zinc assays increase to the order of 15 to 20 percent 

as veins and incrustations of "dry-bone" smithsonite. Smithsonite first 

occurs in a recognizable form on the 300 level, and is fairly abundant in 

the San Xavier stope complex from the 300 to the 360 level. Some zinc 

occurs as sphalerite associated with galena in the lower portions of the



FIGURE 4.1

ORE GRADE AND ORE RATIOS 
FROM 1956 THROUGH 1960

The plots on the graph represent the average 
monthly ore grade and the ore ratios as com
puted from smelter returns. Shipments to the 
smelter were not made in every month of the 
period presented, so each year is not neces
sarily represented by 12 figures.

The time encompassed by ’’A" represents the 
period in which the upper oxidized and leached 
zone was mined. It is characterized by gener
ally low silver and zinc values, by a Ag:Pb 
ratio which ranges between 0.2 and 0.3, and 
by a low Zn:Pb ratio. The zinc anomalies rep
resent the mining of large amounts of smith- 
sonite on the 300 level.

The time encompassed by "B" represents the 
period in which the lower portion of the silver- 
enriched oxidized zone was mined. It is char
acterized by high silver values, increasing 
zinc values, a high Ag:Pb ratio, and an in
creasing Zn:Pb ratio.

The time encompassed by "C” represents the 
period in which substantial amounts were 
mined from the sulfide zone. It is character
ized by decreasing silver values, increasing 
zinc values, a moderate Ag:Pb ratio, and the 
attainment of a 1:1 Zn:Pb ratio.
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oxide zone, but the amount is minor.

At the top of the sulfide zone near the 360 level, galena and 

sphalerite occur in approximately equal amounts in stringers and grains 

scattered throughout the calcite of the ore zone. Minor amounts of 

chalcopyrite and pyrite occur as inclusions in the ore minerals.

(4.3.2) Ore Controls

The lead-zinc-silver mineralization at the Glove Mine is of the 

limestone-replacement and fissure-filling types. The pipe-like struc

tures of galena and sphalerite above the 360 level have been largely 

oxidized, and the carbonate and sulfate products of their oxidation have 

migrated downward, filling caverns in the limestone. These caverns 

were leached by acids formed from atmospheric COg and from the 

oxidation of pyrite. Some of the oxide pipes may therefore, not nec

essarily represent ore solution conduits, although they usually do.

Permeable zones within a favorable limestone horizon strati- 

graphically overlying a siltstone horizon have controlled the areas of 

sulfide deposition in the mine. No ore occurrences have been encountered 

in the siltstone, and it can be considered to be unfavorable to sulfide 

deposition.

The permeable zones have been caused by brecciation and 

assuring of the limestone by faulting. Fault intersections have pro

duced larger areas of permeability and consequently larger stapes are
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located in these areas. The smaller faults which converge upward into 

the larger fault zones have acted as local conduits which have channeled 

the mineralizing fluids into the main ore zones. The control is not so 

much the intersection of a fault zone or zones with a favored limestone 

horizon, as this implies a crossing relationship. Most of the major 

faults are bedding-plane faults, or nearly so, with the result that the 

ore control is more closely related to the intersection of faults within 

the favorable limestone horizon. Metamorphism associated with min

eralization healed all but the larger fractures. These have been re 

opened and enlarged through the leaching effect of the ground water in 

the mine area.

Below the 240 level the latite porphyry sill seems to have had 

no effect upon sulfide deposition. Between the 240 and the 180 levels, 

the Main and South fault zones were captured by the fault along which 

the latite porphyry sill was emplaced (the Porphyry fault). Above the 

240 level, the sill acted as a deflecting barrier which, along with the 

gathering effect of the Porphyry fault, channeled the ascending solutions 

along its footwall side. This prevented to a large extent the spreading 

of the mineralizing fluids into the limestones to the north.

As the sill was emplaced, lenses and possibly a complete layer 

of the favorable limestone were split off, and are now located to the 

north on the hanging-wall side of the sill. This area of favorable lime

stone apparently has not been extensively mineralized because of the
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barrier effect of the sill, and the limestones become progressively less 

altered away from the sill. It is possible that other favorable limestone 

horizons exist north of the sill, but in the crosscut to the north of the 

sill on the adit level no evidence of any major faulting or mineraliza

tion was encountered. Perhaps, on the 210 level, cross fractures 

allowed mineralizing fluids to cross the sill and enter the favorable 

zone to the north. The extent of sulfide deposition here is not known, 

but is not thought to be great. There has been little exploration in this 

area below the adit level.

Host rock alteration may present a more subtle form of con

trol. The favorable limestone horizon is relatively pure calcite. The 

siltstone is largely quartz. Prior to the introduction of the ore-bearing 

fluids the host rock was silicified. The ore zone appears to have been 

only slightly silicified. Areas of more intense silification seem to have 

been by-passed as sites of sulfide deposition. The siltstone is unfavor

able. Pure or only moderately silicified calcite appear to have been 

favorable to ore deposition, while the areas of more intense silicifica- 

tion were unfavorable.

(4.4) Blacksmith Adit

(4.4.1) Structure

Bedding: The subsurface structure of the Blacksmith Adit
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reflects the surface bedding and is similar to that in the main Glove 

workings. On the surface the strike of the limestone remains relatively 

constant at N. 65° W ., but the dip steepens to 60° to 80° to the north

east. As in the Glove, metamorphism has destroyed the bedding under

ground, and it is not possible to determine the original attitudes. Level 

maps of the Blacksmith Adit may be found on Plates 21 and 22.

Faulting: The faulting seems to follow bedding trends observed 

on the surface. Most of the faults are minor, but show evidence of ex

tensive "horsetailing." This "horsetailing" is particularly noticeable 

in the faults which show evidence of iron introduction. Movement along 

these faults seems to be relatively minor.

There is a tendency for tight shear zones to develop along the 

contacts between the limestone and the quartz monzonite. The mineral

ized shear zone along the contact down which the 125-foot shaft was 

sunk is an exception. It has been opened by leaching and oxidized down 

to the upper level of the Blacksmith workings.

(4.4.2) Ore Bodies

The lead-zinc-silver mineralization at the Blacksmith Adit is 

similar in many ways to that at the Glove. However, it is different in 

some aspects.

Galena, pyrite, and chalcopyrite are found disseminated around
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and through iron-stained fractures in the quartz monzonite at and near 

the limestone septa-quartz monzonite contacts. The amount of min

eralization is small, but does represent a difference in the mode of 

occurrence of the minerals. The mineralization in the quartz monzonite 

is accounted for by the proximity of the sulfide mineralization conduits 

in the vicinity of the Blacksmith workings. On the adit level of the 

Glove workings, the quartz monzonite is unmineralized and far re 

moved to the south from the mineralized zone. The quartz monzonite, 

however, may be mineralized at depth.

The 125-foot shaft was not mapped because of safety considera

tions, but early reports and smelter returns indicate that the ore was 

largely cerussite and smithsonite. Mixed galena and sphalerite occur 

in the fissures which are exposed on the upper level. This occurrence 

of the sulfides, and especially the zinc minerals, indicates that the 

ground was much tighter at the Blacksmith Adit than at the Glove, and 

that solution and oxidation of the primary sulfides had not progressed 

as deeply.

The main ore zones at the Blacksmith are pipe-like in shape, 

similar to those at the Glove. However, the Blacksmith ore pipes seem 

to plunge to the northwest instead of the southeast. The small oxide 

pipe to the north of the sill on the upper level plunges steeply to the 

east, and is similar to many of the smaller mineralized oxide pipes at

the Glove.
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(4.4.3) Ore Controls

The ore controls of the mineralization in the Blacksmith Adit 

are similar to those at the Glove. At the Blacksmith, the favorable 

horizon is the limestone septum to the north of the aligned limestone 

inclusion (see PI. 22). One small mineralized oxide pipe occurs in the 

limestone to the north of the latite porphyry sill which indicates that 

this is also a favorable zone for mineralization. This may represent 

the same horizon present north of the sill in the Glove Mine.



5. ALTERATION

(5.1) Igneous Rocks

Both the quartz monzonite and the latite porphyry sill have 

been extensively altered at least locally. On the surface the quartz 

monzonite has been noticeably silicified along the contact with the 

limestone. This relation holds true underground in the Blacksmith 

workings, but as the limestone-quartz monzonite contact is encountered 

in the Glove workings only on the adit level, silicification at depth can 

only be inferred.

Alteration of feldspars to sericite, kaolinite, and calcite in

creases toward the contact zone. Chloritization of the feldspars is 

also present although not to the extent of the other alteration.

At the surface, the latite porphyry sill appears megascopically 

to be only slightly altered. However, in thin section the phenocrysts of 

plagioclase^ as well as the groundmass material with its high orthoclase 

content, are highly altered to sericite, kaolinite, and smaller amounts 

of calcite, muscovite, and chlorite. Secondary silica derived from the 

alteration of the feldspars as well as introduced silica is present. This 

pattern of alteration continues down with uniform intensity at least to the 

300 level, which is the lowest depth at which the sill has been intersected.

41
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The uniformity of this alteration suggests that the alteration on the sur

face is not due entirely to weathering, and that the alteration is prob

ably associated with the introduction of the ore-bearing solutions.

In the area of the cross structures on the 210 level, the in

tensity of alteration of the latite porphyry is such as to make mega

scopic identification extremely difficult. However, the character of 

the alteration is the same.

(5.2) Sedimentary Rocks

Alteration of the sedimentary rocks is more subtle. The lime

stone has been extensively recrystallized to marble in the mineralized 

areas. This effect diminishes with distance from the mineralized zone 

and from the quartz monzonite contact. At the surface along the quartz 

monzonite contact the limestone is often notably silicified, although 

never obviously so. Silicification of the limestones is extremely dif

ficult to detect underground. Silica in most of the limestones is minor, 

and when visible is usually represented by super gene quartz in vugs 

and vein filling, or as cryptocrystalline quartz such as chalcedony (see 

PI. 14).

Silicification in some areas is quite extensive. The introduced 

quartz is often euhedral and commonly exhibits relic structures and 

calcite inclusions. The limestone of the favorable horizon which was 

studied in thin section appears to have been quite pure, and the silica
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which is present now has all been introduced. The intensity of silicifi- 

cation appears to have been related to the permeability of the rock.

The siltstone horizons appear to be in the process of being 

replaced by calcite. The quartz fragments are extensively veined by 

calcite which was probably released by the silicification of the lime

stones. However, some of this calcite may have originally been pres

ent in minor amounts in the siltstone as a cementing material. Most 

of the siltstones have also been moderately chloritized which gives 

them their green color underground. The chloritization of the silt- 

stones probably occurred from the reaction of minor amounts of clay 

minerals inherent in the rock, with possible magnesium and calcium 

introduction in response to the increased energy conditions accompany

ing the metamorphism of the ore zone. Rarely, epidote and garnet are 

also formed.

Occasionally the limestone itself has been silicated. In the 

125-foot shaft on the upper level of the Blacksmith workings at the 

limestone-quartz monzonite contact, a zone at least 12 feet in width 

has been completely silicated to epidote and garnet. This zone has a 

small surface expression 3 feet in width just to the east of the 125-foot 

shaft. Not all silication is associated with the contact area however; a 

mineralized outcrop several hundred feet north of the 40-foot shaft has 

developed abundant epidote and garnet. No evidence of silication was 

noted in the limestones of the Glove workings.



The extent to which the limestone has been altered to dolomite, 

if at all, is unknown. Some replacement of the limestone by siderite 

has been observed.
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6. SULFIDE MINERALIZATION

Only relics of sulfide minerals exist above the 360 level in the 

Glove Mine. This is due to incomplete oxidation of the sulfides in some 

areas of the oxide zone, and to impermeable areas in which the oxidiz

ing ground waters did not gain access. In all the mine workings only 

the extreme top of the sulfide zone has been reached in mining, and 

consequently much of the process of sulfide mineralization must be 

extrapolated from remnant occurrences in the oxide zone and occurrences 

at the top of the sulfide zone.

The main concentration of sulfide minerals has been confined 

to permeable zones of brecciation within favorable limestone horizons 

in both the Glove Mine and the Blacksmith Adit workings. The primary 

minerals deposited along these permeable zones were deposited as fis

sure fillings and as a metasomatic replacement of the limestone host 

rock. Often the replacement ends abruptly with sulfides abutting un

altered or metamorphosed limestone. The sulfide mineral assemblage 

is quite simple and consists of minor amounts of pyrite and chalcopyrite 

associated with galena and sphalerite. Minor amounts of supergene 

covellite are often found associated with the oxide alteration products of

these minerals.

45



46

Pyrite has never appeared in great abundance in the mine ex

cept locally. The possibility exists, however, that pyrite may have 

been much more abundant in the upper portion of the oxide zone, and 

has been more or less completely oxidized, leaving only remnant crys

talline aggregates and disseminations.

Minor occurrences of iron and copper sulfides associated with 

specular hematite have been discovered at the limestone-quartz mon- 

zonite contact near the portal of the Glove Adit. Also galena, pyrite, 

and chalcopyrite have been found disseminated along joints and small 

fractures in the quartz monzonite on both levels of the Blacksmith work

ings.



7. OXIDATION OF PRIMARY MINERALS

When excised to the weathering process, a sulfide ore 
body tends to develop a zonal arrangement of different min
eral associations which reflect various degrees of oxidation. 
Minerals tend to reach equilibrium with their environments, 
and the change in one or more of the environmental factors 
results in a change in mineral association. If a mineral can 
no longer exist in the new environment, it undergoes chem
ical reactions and the reaction products may either be re 
moved from the system or form a new mineral that is stable 
under the new conditions. Each mineral has a characteristic 
range of chemical immunity. Accordingly, a certain amount 
of environmental change may affect one mineral but not 
another; a change in the mineral assemblage results (Sato,
1960, p. 929).

Southern Arizona enjoys a semiarid climate with a large portion 

of the annual rainfall falling during the late summer months. The oxide 

portion of the Glove Mine is wholly above the water table and consequent

ly the Glove workings are dry. During periods of high seasonal rainfall 

surface runoff is captured by the open fractures and cavernous zones in 

the limestone, which provide entry for the downward percolating ground 

water in the mine area. The oxidizing environment of the lead-zinc 

sulfides at the Glove Mine has then been one of alternating periods of 

moistness and dryness, with perhaps some intervals of flooding. In 

this environment the water is constantly receiving oxygen from the air

as the dissolved oxygen is being consumed by the oxidation of the
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sulfides. Lovering (1948) suggests changes in barometric pressure as 

an effective mechanism for pumping air in and out of the rock and min

eral voids. He also maintains that in arid and semiarid regions where 

the water table is deep, slow ’’breathing of the earth” causes more 

oxidation than the downward movement of the ground water.

Galena at the Glove Mine alters directly to anglesite or 

cerussite. Anglesite, where present in large amounts usually alters 

to cerussite. The environments of stability of anglesite and cerussite 

are quite different. In the presence of COg and the carbonate ion 

anglesite is stable in an acid environment while cerussite is stable in 

a mildly acidic to a basic environment (Takahashi, 1960)^.

Anglesite is relatively ra re  as would be expected, because 

circulating acid water would quickly be neutralized by contact with the 

limestone host rock providing an environment in which cerussite is 

the stable mineral. Anglesite would tend to be stable only in the stag

nant backwash areas of restricted circulation away from the main zones 

of ground-water circulation. In these areas, where the ground water 

would have little chance of extensive contact with the limestone, low pH 

conditions could result from oxidation of the pyrite. Anglesite does

1/ Taro Takahashi has recently completed a study of the super
gene alteration of zinc and lead deposits in limestone. His work is per
tinent to this thesis, and much of the following data represent the re 
sults of Takahashi1 s work.
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occur in such an environment at the Glove Mine. Under these condi

tions, a large concentration of oxidizing pyrite would not be necessary 

to provide the acidic environment needed for anglesite stability. Ab

normal amounts of pyrite were not noted in or near the anglesite occur

rences in the mine.

In areas of extensive ground-water circulation solutions would 

tend to have a higher pH, because of their proximity to the limestone. 

This is the environment of cerussite stability and thus explains the 

presence of cerussite as the principal oxidized lead mineral.

Plattnerite (PbOg) has not been noted, and if present is prob- 

ably quite rare. Plattnerite is stable in natural environments only under 

highly oxidizing and mildly basic conditions. The lead oxides massicot 

(PbO) and minimum (Pb30 4) probably are not present as they are un

stable in the presence of COg (Takahashi, 1960).

Wulfenite is common at the Glove Mine. It exists as fine crys

tals throughout the entire oxide body, as spectacular crystalline aggre

gates along the backs and sides of numerous caverns, and in one stope 

between the 180 and 210 levels, comprised the principal lead ore.

Molybdenite was not noted in polished section in or around any 

of the sulfide minerals. Examination of the polished sections under 

vertical and oblique illumination failed to discover any galena altering 

directly to wulfenite. If molybdenum were present in the galena, direct 

alteration to wulfenite would be expected as wulfenite is the stable
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oxidized lead mineral in the presence of the molybdate ion (Takahashi, 

1960). Cerussite will be stable and form only after all the molybdate 

ions have been combined.

In the absence of a molybdate ion source wulfenite becomes un

stable and is removed in solution to be reprecipitated later by the pres

ence of a large lead ion concentration or by evaporation of the solution.

A qualitative analysis of unaltered galena by X-ray spectro- 

chemical methods, conducted by R. W. G. Wyckoff, revealed an in

significant amount of molybdenum, which further substantiates the ob

servation in the polished sections that there is no primary molybdenum. 

The source of the molybdenum would therefore have to be outside of the 

mineralized zone, and probably outside of the mine area. Introduction 

of the molybdate ions to the mine area by ground water offers a possible 

explanation for the abundance of molybdenum in the mine. A possible 

source of the molybdate ions could be oxidizing disseminated molybdenum 

mineralization nearby.

Sphalerite was not recognized above the 300 level, but at that 

level becomes fairly abundant. Smithsonite was also first recognized 

at this level, although zinc values in the order of 5 percent had been 

encountered in m in in g  from the surface. Zinc above the 300 level is 

finely disseminated throughout the oxide zone, and its mineral form is 

not known. The absence of zinc values equal to those of lead in the upper 

oxide zone is probably due to the greater solubility of the zinc minerals.
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and their migration and later precipitation on the lower levels.

In an oxidizing aqueous solution smithsonite is the least soluble 

and hence the most stable mineral in the pH range between 6. 2 and 8.1 

(Takahashi, 1960). This suggests that perhaps smithsonite might also 

be the zinc mineral disseminated throughout the upper oxide zone. How

ever, in the absence of a plentiful supply of ground water in a dry en

vironment, the carbon dioxide concentration may be so low that hydro

zincite (2ZnCOg' 3Zn(OH)g) would be more stable than smithsonite 

(Takahashi, 1960). In this event a portion of the zinc values above the 

300 level could quite well be carried in hydrozincite.

Silver occurs with the lead values. The concentration of silver 

is highest in anglesite, intermediate in galena, and lowest in cerussite. 

The silver concentrated in galena may be present as silver ions "ad

mitted" into the galena structure. Prim ary silver in the form of 

argentite was not recognized in polished section.

Oxidation of galena with "admitted" silver releases silver ions 

into solution. Probably only a very minor amount of chlorine ion is 

available in the mine to combine with the silver ion to form the rela

tively insoluble silver chloride cerargyrite. Cerargyrite has a solu

bility similar to that of cerussite, and some of the silver disseminated 

throughout the oxide zone is probably in this form. As cerargyrite, it 

has concentrated and moved with the cerussite. However, the small 

am mint of chlorine available evidently is insufficient to tie up all of the
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silver ions.

Silver ions in solution may precipitate later as argentiferous 

plumbojarocite or argentojarosite. The brown and yellow colors of 

these minerals would be well masked by the abundant limonite of the 

ore zone. These silver ions, which are concentrated in the sulfate 

phase, are released into solution by the oxidation of galena and the 

solution of anglesite. With insufficient chlorine to precipitate all of 

the silver immediately, the silver ions would be transported downward 

by ground water. This may perhaps explain the low abundance of silver 

in the upper oxide zone.

Silver ions in solution coming in contact with the sulfides at 

the top of the sulfide zone will act to replace the sulfides of iron, zinc, 

lead, and copper. In the environment of intermittent wetting and drying 

previously described, silver ions in solution would be washed into this 

ragged area of increased sulfide concentration and precipitated as 

secondary argentite. Continuation of this process would cause the 

blanket of increased silver concentration found lying just above the top 

of the sulfide zone to form.



8. PAR AGENESIS

(8.1) Hypogene Minerals

Quartz: The hypogene mineral par agenesis at the Glove Mine 

follows roughly the classic pattern of mineral deposition. Initially the 

country rock was fractured permitting access to the ascending mineral

izing fluids. Quartz was deposited during or after this period of initial 

fluid access. The area has not undergone intense silicification, nor has 

the early quartz been highly shattered or crushed. In some local areas 

the limestone has been silicified to a considerable extent, but some of 

this silicification may be due to a later period of supergene silica depo

sition. In any event, the initial hypogene silicification was evidently too 

minor to appreciably affect the competency of the limestone. The quartz 

is earlier than all the sulfides with the possible exception of pyrite.

"When present, in the sections studied, it usually has a highly corroded 

appearance, and shows evidence of being replaced by one of the later 

sulfides (see PI. 7A).

Pyrite: Pyrite is clearly earlier than the ore sulfides, and is 

veined by all these minerals. The age relation of the pyrite to the quartz 

is not clear in the sections studied. Crystals of pyrite exist from
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perfectly euhedral forms to highly corroded, veined, and fractured an- 

hedral masses which produce the "exploded bomb" texture that is so 

characteristic of pyrite (see PL 7B). The pyrite may exist as single 

disseminated crystals throughout the ore sulfides or as aggregate crys

tal masses which locally may compose a large percentage of the ore 

sample.

Crystalline pyrite often occurs associated with the oxide prod

ucts of the alteration of the ore sulfides. The pyrite crystals in this 

environment appear unaffected and unreplaced by the ore oxides. In 

one specimen taken in the main ore zone between the 300 and 360 level 

single, uncorroded, euhedral crystals of pyrite were completely sur

rounded by smithsonite. Many of the pyrite crystals were altering direct

ly to limonite, and several crystals had completely altered to limonite 

pseudomorphs. However, there was no attack of the pyrite by the smith

sonite.

Minute blebs of the other sulfides are occasionally found in the 

pyrite. This might suggest contemporaneity in time of deposition with 

the other sulfides. However, since these blebs are usually associated 

with small fractures in the pyrite, and since the pyrite is veined by all 

the other sulfides, the pyrite is thought to be earlier than the main mass 

of the sulfide mineralization.

Sphalerite: Sphalerite was not recognized in the Glove Mine
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above the 300 level, but has become increasingly abundant in the vicinity 

of the 300 level as the sulfide zone is approached. At this level the 

amount of sphalerite approximately equals the amount of galena.

Sphalerite veins the quartz and pyrite, and is clearly later than 

these minerals. It exhibits, for the most part, mutual relations with 

the galena with which it is practically contemporaneous in time of depo

sition. However, the sphalerite is veined by galena enough times to 

suggest that the sphalerite began deposition slightly before the galena 

(see Pis. 7B and 8).

Chalcopyrite: Much of the sphalerite, especially on the 300 

level, contains small blebs of chalcopyrite (see PL 8A). There is a 

tendency for the larger chalcopyrite blebs to concentrate near the cen

ters of the sphalerite crystals while the smaller blebs seem to concen

trate near the periphery. The occurrences of chalcopyrite blebs in 

sphalerite do not exhibit the characteristic patterns of chalcopyrite 

bleb concentrations near the sphalerite borders and sphalerite cores 

barren of chalcopyrite blebs as noted at Johnson Camp, Arizona (Baker 

m , 1960).

Although some of the occurrences of chalcopyrite blebs are 

random, there is a marked tendency for the blebs to align themselves 

in linear patterns along preferred directions in the sphalerite. In areas 

of high bleb concentrations the blebs often coalesce to form rod- or vein

like stringers.



The uniform pattern of distribution, shape, and size of the 

chalcopyrite blebs suggests unmixing from a solid solution. Some of 

the larger blebs, however, exhibit characteristics which by themselves 

would be suggestive of contemporaneous deposition, or even replace

ment. No relationships were observed which prove conclusively that 

chalcopyrite is contemporaneous with or replacing the sphalerite, or 

that the distinctive texture is due to the unmixing of a solid solution.

Buerger (1934) has shown that chalcopyrite can enter into solid 

solution with sphalerite, and that once in solid solution unmixing occurs 

within the range of 350° to 400° C. This clearly limits the minimum 

temperature of formation of the sphalerite-chalcopyrite to 350° C. 

However, Lyon (1959) has shown that the characteristic intergrowths 

of unmixing textures can exist only if the minerals are chilled rapidly, 

and that equigranular mineral associations can be the end products of 

complete unmixing of a solid solution.

Chalcopyrite bleb concentrations at the boundaries and their 

absence in the cores of the sphalerite crystals were not noted. This 

suggests that the time in which the deposit cooled was long enough for 

the blebs to form, but yet short enough so that the ordering process in 

the sphalerite did not have time to completely exsolve a portion of the 

sphalerite. This data is directly opposed to the temperature conditions 

which would be expected in the proximity of an igneous intrusion near 

which the heat loss would be exceedingly slow.
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Galena: Galena is the most abundant sulfide mineral on the 

upper levels of the mine, and is common in all the areas of tight ground 

where oxidation of the sulfides has been prevented or retarded. Galena 

also exists as relic occurrences associated with the oxide products of 

the main ore body. It occurs veining quartz, pyrite, and occasionally 

sphalerite. It has mutual boundaries with chalcopyrite and most of the 

sphalerite. In the polished sections studied, galena was replaced by 

cerussite, anglesite, and covellite. This replacement usually occurred 

along fractures, crystal interfaces, and cleavage planes. These features 

provided zones of fluid access, and hence controlled the sites and degree 

of replacement.

(8 . 2) Supergene Minerals

This lis t of supergene minerals is by no means complete. The 

natural mineral assemblages are complex and varied, and are compli

cated by mechanical mixing. Many of the minerals are exceedingly 

small, and cannot be identified by general megascopic or optical tech

niques. This list, then, represents only the basis for further mineral- 

ogical work.

Copper Minerals: Covellite appears to have been the only

secondary sulfide. Supergene argentite may be present, but has not 

been recognized. Covellite replaces chalcopyrite, sphalerite, and



galena. In replacing the earlier sulfides it usually assumes an auto- 

morphic habit. Chalcocite may also be present in minor amounts, but 

was not recognized.

Covellite is most abundant fringing galena crystals where it 

forms the interface between the galena and the anglesite or cerussite 

(see PI. 10B). In some isolated instances covellite was observed 

seemingly veining anglesite in replacement and fissure veins. This is 

not interpreted as replacement, but rather as relic forms preserved due 

to relative stability of the covellite in the environment in which anglesite 

replaces galena. Covellite, however, is replaced by anglesite. Data 

which suggest this conclusion are the absence of covellite ’’islands” in 

the anglesite at any distance from the anglesite-galena interfaces.

Green copper minerals are sparsely disseminated throughout 

the oxide zone. In one thin section, cerussite was observed being re 

placed by malachite which was in turn altering to chrysocolla. A small 

botryoidal green mineral resembling malachite which occurred moss

like in the open space of a boxwork structure was identified as rosasite 

by an X-ray powder photograph.

Lead Minerals: Cerussite is the most abundant lead mineral.

It occurs as a replacement of galena and anglesite. It replaces galena 

along cleavage and crystal interfaces, and occurs associated with galena 

as fissure filling (see Pis. 11 and 12). It may be massive, finely
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crystalline—either tightly or loosely cemented, or as delicate small 

white crystals in open spaces associated with other oxides.

Anglesite is relatively ra re r than cerussite, and often occurs 

in banded kidneys replacing galena. It also occurs in galena as replace

ment veins and fissure filling (see PI. 10B). When present, anglesite 

is usually replaced on its outer surface by a zone of cerussite.

Wulfenite is disseminated throughout the oxide zone of the mine 

as fine crystalline masses. It occurs as massive deposits, and frequently 

as a crystalline coating on the backs and sides of water courses as spec

tacular crystal aggregates (see Pis. 4 and 6A). In these occurrences 

the wulfenite is usually intermixed with coatings of manganese oxides, 

iron oxides, calcite, and gypsum. Wulfenite also appears to form a 

coating of metallic lustre on some botryoldal specimens of wad. The 

crystal habits of wulfenite include platy, pseudo-cubic, and doubly 

terminated prism s. The color ranges from dull brown, to bright orange, 

to light transparent yellow, to plates which are so lightly transparent as 

to be practically colorless.

Hexagonal barrel-shaped crystals were observed in two loca

tions on the 240 level. These crystals were often coated with what ap

peared to be extremely fine-grained wulfenite, which when scraped away 

revealed a reddish color and resinous lustre suggestive of vanadinite. 

Spectrographic analysis revealed faint arsenic lines along with stronger 

lines of vanadium, suggesting that the mineral probably occupies a

59



60

position somewhere along the vanadinite-mimetite series (Palache, et 

a l ., 1951). These crystals occur near wulfenite in the mine as incrusta

tions along the top and sides of cavernous water courses.

Zinc Minerals: Smithsonite occurs most commonly as boxwork 

structures and incrustations of "drybone" in the oxide zone below the 300 

level. It also occurs as alteration stringers which replace sphalerite 

along cleavage and crystal interfaces (see PI. 10A).

Manganese Minerals: W. B. Purdom in an unpublished report 

conducted a study of the manganese minerals of the mine. From this 

study it was concluded that the wad present in the mine was composed 

of a mixture of manganese oxides of which manganite and pyrolusite 

were the most abundant minerals. Hausmannite was present in lesser 

amounts, and psilomelane may be sparsely present. These manganese 

oxides occur in large quantity disseminated throughout the oxide zone. 

They occur as fluffy coatings, fine-grained masses, botryoidal forms 

coating caverns and filling boxwork structures, and in stalactitle 

masses coating the backs and sides of cavernous water courses (see PI. 

5B). Often manganese oxides are also found coating the sides of joints 

and faults. These manganese oxides at present have no economic im

portance as they also contain high lead values.

The source of the manganese found in the mine is still specula

tive. A possible source could be the original manganese associated with
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the limestones of the mine area. Mason (1958) gives the average con

centration of manganese in crustal rocks as 0.1 percent. Goldschmidt 

(1954) notes the average concentration of manganese in the upper litho

sphere as 0. 09 percent, but further states that remarkably little is 

known about the primary content of marine limestones. Goldschmidt 

also states that in hydrothermal solutions related to magmatic rocks, 

manganese exists in the manganous state and is usually precipitated 

with other divalent metals as such manganiferous carbonates as man- 

ganiferous siderite, (Fe, Mn)COg, manganiferous ankerite, Ca(Fe, Mg, 

Mn) (0 0 3 )2, 311(1 more rarely rhodochrosite, MnCOg. The only sulfide 

into which manganese can enter freely is sphalerite.

The possibility that these minerals provide the source of 

manganese at the Glove Mine is only speculation as chemical analyses 

of the limestones and sphalerite are not available. However, sphalerite 

is present in large quantities, siderite is abundant, and a pinkish stain

ing of the limestones suggestive of rhodochrosite, especially associated 

with minor fractures, is common.

Manganous manganese in the carbonate form is readily taken . 

into solution mainly as the bicarbonate by even mildly acidic solutions. 

In solution the divalent manganous ion is quickly oxidized to the quad

rivalent state, and is precipitated as very insoluble hydroxides and 

oxides. This could account for the large amount of wad disseminated 

throughout the oxide portion of the mine. The sheets and stalactitic
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masses of wad found along the sides and backs of cavernous water courses 

are caused by evaporation of manganese-bearing solutions, and a more 

complete deposition of the manganese.

Iron Minerals: Iron oxides occur in great abundance through

out the mine. Limonite and red hematite, often associated with vein 

calcite, occur as coatings on joints and faults throughout the mine.

Fluffy limonite is almost universally present disseminated throughout 

the mineralized areas of the oxide zone, as are occurrences of earthy 

limonite and hematite. Limonite occurs also as boxwork structure, as 

fissure and water-course filling, and as coatings on the backs and sides 

of cavernous areas. Oxidation of the pyrite and the leaching and oxida

tion of the ferrous iron to ferric iron present in siderite provide a 

source of the iron oxides of the mine area. The amount of iron oxides 

present in the oxide portion of the ore body indicates that the abundance 

of pyrite, or siderite, or both, were greater in the upper portion of the 

mine than the observed occurrences indicate.

Other Minerals: Gypsum and calcite are also found disseminated, 

often in crystalline form, throughout the oxide zone (see PI. 5A). Calcite 

commonly occurs as vein filling along faults which have been opened.

Both calcite and gypsum occur as filling in boxwork structures. Gypsum 

is quite common as a coating along cavernous water courses.

Silica is  common but not abundant. It occurs as chalcedony
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deposited as open-space filling in vugs and openings in the limestone in 

areas of high permeability, and as a minor filling of boxwork structure 

(see PI. 14). Stalactites of chalcedony occurred in one water course at 

the side of the ore zone just above the 300 level.

(8. 3) Paragenetic Sequence

A supergene paragenetic sequence has little meaning unless 

related to a particular Eh-pH environment. Moreover, in many in

stances such an environment alone has little meaning, since, for ex

ample, the amount of dissolved carbon dioxide may bear a controlling 

relationship to mineral stability. The minerals are in constant inter

action with one another, and mineral suites change with changes in 

environment. Different mineral suites are undoubtedly stable at dif

ferent levels of the mine. One mineral may form first at one location, 

but be highly unstable in another environment close by. Therefore, the 

supergene minerals are placed on the diagram as being contemporaneous, 

as indeed they are.



/

64

Paragenetic Sequence

Hypogene Supergene

Quartz ______
Pyrite ______?
Sphalerite _______
Chalcopyrite _________
Galena _____
Fracturing _____
Covellite ________
Malachite ________
Chrysocolla ________
Rosasite
Cerussite
Anglesite
Wulfenite
Vanadinite-Minetite
Smithsonite
Manganite ~
Pyrolucite
Hausmannite '
Psilomelane
Limonite
Hematite ~
Calcite
Gypsum '
Chalcedony ________



9. SUMMARY OF GEOLOGICAL EVENTS

Certainly, few conclusions regarding the geological history of 

an area can be reached from the study of such a small portion of it. 

Therefore, an attempt is made only to outline the events of the Laramide 

deformation which immediately preceded and were important in the for

mation of the Glove deposit. A summary of the events which may have 

resulted in the formation of the lead-zinc-silver deposit is as follows:

(1) Shearing in the N. 75° W. -N. 60° W. direction, subse

quent thrusting from the southwest of the Paleozoic and Cretaceous 

sediments that lie to the north of the mine, and intrusion of the quartz 

monzonite along the Glove fault. The intrusion of the quartz monzonite 

probably modified the alignment of the southern hogback to its present 

position.

(2) Intrusion of the latite porphyry sill.

(3) Opening of the bedding-plane faults, formation of breccia 

zones within the favored limestone horizon, and introduction of the ore-

bearing hydrothermal solutions.

(4) Oxidation of the lead-zinc-silver sulfides of the deposit.
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PLATE 1

AERIAL PHOTOGRAPHS OF THE SANTA RITA MOUNTAINS

A

Aerial view of the southern Santa Rita Mountains. 
The sedimentary block is in the center foreground; 
Elephant Head is at the left foreground; the 
Grosvenor Hills are at the right middleground; the 
southern Santa Rita Mountains are in the middle- 
ground; the Canelo Hills are in the center back
ground; the Patagonia Mountains are in the right 
background; and the Huachuca Mountains are in the 
far center background. Photograph taken by 
Richard A. Laidley.

B

Aerial view of the sedimentary block on the south
west flank of the Santa Rita Mountains. The Glove 
dump may be seen as the white spot at the base of 
the near limestone hogback. Photograph taken by 
Richard A. Laidley.





PLATE 2

PHOTOGRAPH OF THE SOUTHWEST PORTION OF THE 
SANTA RITA MOUNTAINS

Ground view looking southeast of a portion of the 
southwestern Santa Rita Mountains. The darker 
hills in the foreground form the sedimentary block 
in which the Glove Mine is located.
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PLATE 2



PLATE 3

PHOTOGRAPHS OF THE GLOVE MINE AREA

A

View of the Glove workings. The 67-foot shaft is 
near the center of the top dump; the 50-foot shaft 
is behind the middle dump with the water tank; the 
Glove portal is between the two shacks behind the 
loading bin.

B

View of the Blacksmith workings. The Blacksmith 
portal is to the left of the house in the center fore
ground; the 125-foot shaft is at the left end of the 
dump above the house; the 40-foot shaft is at the 
end of the upper road on the hillside.
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PLATE 4

UNDERGROUND PHOTOGRAPHS,
SECONDARY MINERALS

A

Crystalline aggregate of wulfenite along the side of 
a water course which opened into a cave above the 
main ore zone between the 240 and 300 level.

B

Crystalline aggregate of wulfenite along the side of 
a water course which opened into a cave above the 
main ore zone between the 240 and 300 level.
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PLATE 5

UNDERGROUND PHOTOGRAPHS,
SECONDARY MINERALS

A

Gypsum incrustations on the back of a cave above 
the main ore zone between the 240 and the 300 
level.

B

Stalactites and coatings of wad along the back and 
sides of a cave above the main ore zone between 
the 240 and 300 level. Note the boulder coated 
with gypsum below.
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PLATE 6

UNDERGROUND PHOTOGRAPHS,
SECONDARY MINERALS

A

Wulfenite and wad as incrustation on the sides and 
back of a cave above the main ore zone between the 
240 and the 300 level. Note the gypsum incrusted 
boulders. These boulders represent the product 
of roof collapse.

B

Gypsum incrusted boulders which represent the 
rubble caused by roof collapse. From a cave 
above the main ore zone between the 240 and the 
300 level.
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PLATE 7

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Highly corroded early quartz surrounded by cerussite. 
Cerussite has completely replaced the galena which 
was replacing the quartz.

360 Level, 10585E-10155N 90X

B

Pyrite in "exploded bomb" texture, being replaced 
by sphalerite. Early quartz appears at the top and 
bottom of the photomicrograph.

360 Level, 10585E-10155N 90X
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PLATE 8

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Sphalerite with chalcopyrite exsolution blebs which 
have a tendency to alignment along preferred direc
tions. The chalcopyrite bleb in the galena exhibits 
mutual boundaries. Galena appears to be replacing 
sphalerite, although they may be in part contempo
raneous. Inclusions of galena also occur in the 
sphalerite.

300 Level, 10440E-10200N 90X

B

Galena veining sphalerite.

Upper Level, Blacksmith Adit, 9437E-10389N 90X
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PLATE 9

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Galena replacing a highly corroded crystal of py- 
rite. Galena and sphalerite are contemporaneous. 
Sphalerite is altering to smithsonite.

360 Level, 10642E-10180N 90X

B

Galena replacing pyrite. Cerussite replacing 
galena. The cerussite occurs veining the galena 
and as fissure filling in the fractures of the py
rite. Note the matching sides of the fractured 
pyrite.

360 Level, 10642E-10180N 90X
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PLATE 10

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Sphalerite being replaced by smithdonite along 
fractures and crystal interfaces. Euhedral pyrite 
in galena. Galena is not effected by the replace
ment of the sphalerite.

360 Level, 10575E-10158N 90X

B

Early quartz. Contemporaneous galena and sphal
erite with chalcopyrite exsolution blebs. Anglesite 
occurs as fissure filling along open cleavage planes 
of the galena. Covellite replaces galena along the 
cleavage planes out from the anglesite-galena inter
face.

300 Level, 10440E-10200N 90X



75

PLATE 10



PLATE 11

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Cerussite replacing galena. Note the drag folding 
of the cleavage traces on the galena which illus
trates a period of post-depositional deformation.

360 Level, 10585E-10155N 90X

B

Galena being replaced by cerussite along cleavage 
planes. Note that the cleavage triangles are the 
same on both sides of the cleavage break. This 
indicates that the galena in the section is a single 
crystal.

300 Level, 10440E-10200N 90X
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PLATE 12

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Cerussite replacing galena along an open fracture. 
Much of the cerussite is fracture filling. Vertical 
illumination.

360 Level, 10642E-10180N 90X

B

Cerussite replacing galena and as fracture filling. 
Same as "A ." Oblique illumination.

360 Level, 10642E-10180N 90X
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PLATE 13

PHOTOMICROGRAPHS OF POLISHED SECTIONS

Platy hematite in cerussite. Cerussite is replacing 
the galena.

360 Level, 10585E-10155N 90X
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PLATE 14

PHOTOMICROGRAPHS OF POLISHED SECTIONS

A

Chalcedony as open-space filling around cerussite. 
Note vug in the upper right hand corner. Vertical 
illumination.

300 Level, 10440E-10200N 90X

B

Chalcedony as open-space filling around cerussite. 
Same as ”A. ” Oblique illumination.

300 Level, 10440E-10200N 90X
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