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INTRODUCTION

•1

PREFACE .

The Harshaw -district was chosen for study, after having 
been suggested to the author by, the. faculty, of the department 

of geology of. the .University of Arizona. Its possibilities 
as ia valuable area for research were further manifested to 
the author upon' the occasion- of 'several trips into the region 
with members of the faculty of the University. ,. ' : ■ .

■ Interest in the problem was further accentuated by ,the- 
realization that comparatively little geologic work had. thus 
far been done in-the Patagonia Mountains. r : ■ F ' . •>

; Two possibilities for a thesis were suggested; -• v ■- • '

A southern portion, consisting.principally of Paleozoic - 
and Cretaceous sedimentary rocks>" and. a northern part phe-- 
dominantly of volcanic rocksv: ; The writer's paramount interest 
in volcanic rocks and the presence of some interesting mines 
prompted a choice of the northern igneous area.
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PREVIOUS WORK
Fray Marcos de Kiza, a Franciscan friar, and 

Estevanico, a black slave, crossed the border, Into 
v/hat is now Arizona, in 1539. This entry was made near 
Sonoita, Sonora. They traveled northward to Gila valley 
and on to Zuni villages where Estevanico was killed. The 
following year De Miza returned with Coronado, this time 
following the Santa Cruz river, passing just west of the 
Patagonia Mountains.

In 1687 Jesuit Father Eusebio Francisco Kino began 
his exploring and developing of the Santa Cruz valley and 
the Papago country. Some mining was. probably done at this 
time in the Santa Rita Mountains and adjoining ranges in 
Sonora, Mexico, especially in the Solas de Plata silver 
deposit at Arizonae in northern Sonora.

An Indian revolt in 1750 was followed by a presidio 
being established at Tubac in 1752.

The Gadsden purchase in 1853 placed this area in the 
United States and stimulated prospecting, which led to the 
discovery of the Mowry lead-silver mine in the Patagonia 
Mountains, in 1858 .....
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Sylvester i-iovrŷ  in 1863-1864 published the first 
reports about the Patagonia. Mountains.

Reports on the United. States and Mexican boundary 
survey by V/.H. Emory in 1857 had explained general conditions 
along the border, but contained, little directly pertaining to 
the Patagonia Mountains.

In 1895 E.C.E. Lord wrote a petrographic report on the 
rocks from the United States-Mexico boundary, U.S. Mat. Mus., 
Proc., Vol. 21, 1899.

In ISO? J.V,T. Prout wrote a thesis on the silver-lead 
deposits of the Mowry mine, including maps and sections.
This thesis is in the University of Arizona library.

Charles A. Dinsmore wrote a general report on the 
Patagonia region in Mineral World,Vol. 31, 1509.

F.C. Schrader and J.M. Hill spent the summers of 1909 
and 1910 in the Santa Rita and Patagonia Mountains and. pre
pared U.S. G-eol. Survey Bull. 582, Mineral deposits of the 
Santa. Rita and Patagonia Mountains. The bulletin was publish
ed in 1915, and contains a geologic map of the two mountains, 
detailed descriptions of the mines, and included reports of

1. Mowry, Sylvester Arizona and Sonora, Geography,History,
and Resources of the Silver Regions of 
North America, 3rd ed., 251 pp.,Harper 
& Bros., Mew York 1864.
The Geography and Resources of Ariz. 
and. Sonora, new ed; Am. Geog. Soc., San 
Francisco and New York 1863.
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mining conditions in the .Patagonia region up to 1214.
The Geology Department of the University of Arizona 

undertook a study of the Patagonia Mountains in the summers 
1228-1922, under the direction of R.J. Leonard. A topogra
phic map was prepared and much collecting was done, but 
the notes kept during this study were never systematically 
compiled .into a report. The base map has been used as a 
basis for this report.

Geologic maps and reports of individual mines have 
been prepared by geologists of the mining companies in this 
region, but these reports were not available in the pre
paration of this thesis.

FIELD WORK

During the school period from January to May, 1241, and 
then from the middle of May until June 17th continuously, 
field work was conducted and collections made. In the 
preparation of this thesis the writer made use of a topogra
phic map prepared by a class in field geology of the Univer
sity of Arizona during the summers of 1928-1929. This map 
was extended by the writer by means of a peep-sight alidade, 
a Brunton compass, and an aneroid barometer. This map has a 
scale of five hundred feet to the inch and originally had a
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contour interval of twenty-five feet, but in order to allow 
geologic features to be more clearly shown and to make it 
easier to read, a fifty-foot Interval has been employed.

A n  the mines which were accessible were visited, and 
mineral and rock samples were taken. Some of the mine work
ings have caved and are partially or wholly Inaccessible.

Due to extreme rock alteration, it was necessary to take 
numerous rock samples for petrographic study.

LABORATORY STUDIES

A series of 160 thln-sections was prepared from the 
rocks taken from chosen localities in the region. These 
thln-sections were studied microscopically and variations 
noted; in addition 39 polished sections of the ore-bearing 
rocks and minerals were made and studied. The Interpre
tations of mineralization and mineral relationship are 
based on the study of these sections. These relationships 
and changes are shown in the. pictures in the plates of the 
appendix.
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GEOGRAPHY
LOCATION

The Patagonia Mountains are divided Into five districts 
2 : ^

by Schrader, namely: Redrock, Harshaw, Palmetto, Patagonia, 
and Nogales districts. The Harshaw is in the north central 
part in Santa Cruz County, Arizona. This region extends 
from the town of Patagonia southward to American peak in the 
heart of the range, .and from Saddle mountain on the east to 
Alum Gulch drainage divide on the west. The portion covered 
by this thesis includes about six square miles: sections 29, 
30,31, and 32, township 22 south, range 16 east, and section 
5 and 6 with parts of 7 and 8, township 23 south, range 16 
east with reference to the Phoenix base line and the Gila 
and Salt River guide meridian, Latitude 31° 30* N. and 
Longitude 110° 451 west.

The area may be reached by three roads; one- from the 
south past Howry mine, one from Patagonia following Harshaw 
wash, and another from Patagonia following up Flux Canyon 

from the west. These roads are all unimproved and rough^ 2

2 Schrader, F.C. Mineral deposits of the Santa Rita
and Patagonia Mountains, Arizona.
U.S. Geol. Survey Bull 582, Plate 1, 
1915.'.
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but serve well for the amount of travel which they accommo
date.

The best road from Tucson Is the Tucson-Nogales high
way to Caiabasas, then along the Santa Cruz River to the 

Nogales-Patagonia highway, thence to Patagonia. An alternate 
route, shorter but rougher, is the Benson highway to Vail, 
then south along Davidson Canyon to Sonoita, thence westward 
following Sonoita Creek to Patagonia. It is about eighty 
miles from Tucson by this latter route.

TOPOGRAPHY

The general topography of the Patagonia Mountains is 
rugged. Steep western slopes contrast with the gentler 
eastern ones. Deep canyons cut the steep western side.

Arizona was divided by Ransome into three large 
physiographic regions: the high plateaus of the north
eastern part of the state, the low lying desert region 
in the southwest, and the intervening mountain region. He

placed the boundary line between the mountain region and the 
desert plains along the Santa Cruz River. 3

3 Ransome, F.L. Geology of the Globe copper district,
Arizona: U.S. Geol. Survey, Prof.
Paper 12, 1903.
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Gilbert^ placed both the mountain and desert regions 
In the basin and range province. Fenneman5 referred to 
the low flat desert region as the Sonoran desert.

The Patagonia Mountains are in the mountain belt in 
Ransome* s designation. Some peaks have elevations in 
excess of 6000 feet, and many steep sided cliffs rise sheer 
for 200 feet.

DRAINAGE

The Santa Cruz River ultimately receives all the drain
age from the Patagonia Mountains. Heading in the United 
States to the east of the area, the'river flows southward, 
where fourteen miles below the Mexican border, it swings 
westward around the end of the Patagonia Mountains and thence 
northward, again crossing the border and flowing along the 
west side of the Patagonia Mountains and on past Tucson. It 
finally disappears in the desert before reaching the Gila 
River into which it would flow if sufficient water were 
present. Harshaw Creek drains the northern end of the

4. Gilbert, G.K. Report on the Geology of portions of
New Hex., and Arlz.,: U.S. Geog. and 
Geol. Surveys W. 100th Her. Rept.,vol.3 
Geol., pp. 501-67, 1875.

5. Fenneman, N.M. Physiography of Western United States:
McGraw-Hill Book Co., N.Y. pp. 367-77, 1931.
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Patagonia Mountains. It- flows northward joining the
Sonoita River, near the town of Patagonia. Alum Gulch
trends westward, draining most of the area covered by
this report. It joins the Sonoita River four miles west 

■ ‘ ■ " ■ - of Patagonia." The Sonoita River enters the Santa Cruz
at Calabasas and its valley separates the Patagonia from
the Santa Rita Mountains.

CLIMATE

The climate is moderate with a temperature range from 
12 to 109 degrees Fahrenheit. Considerably lower temperatures 
are experienced at higher elevations; snow is common here in 
winter, and it sometimes remains for several weeks.

The - average yearly precipitation at Patagonia since 
1922 is 16.95 Inches. Most of the rainfall is during the 
summer, 47 percent coming during July and August, and not 
over 5 to 5 percent falling as snow in winter. The 
torrential character of the summer rains allows much run-off, 
but these storms are frequent enough to cause plants to grow 
and to give a green color to the countryside. A constant 
flow is maintained in some of the larger streams during the 
rainy season, but even these streams are dry during the 
spring.
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WATER SUPPLY

Water holes are scarce during most of the year, and 
in spite of many mines and prospects being filled with water 
in their lower levels, the larger mining companies must seek 
a source of water outside the mines themselves. No permanent 
running springs are in the area, but several locations are 
found where the water will stand in a pool if a suitable 
reservoir is provided; likewise a few springs produce a 
swampy area extending several rods below the spring. The 
water which accumulates in holes along the head of Alum Gulch 
in winter, spring and after summer showers is so filled with 
alum and other salts that it is unpalatable. Water draining 
from the andesite areas to the northeast is good for drinking 
purposes.

PLANTS

The common plants of the area are typical of most 

mountainous areas of southern Arizona. Desert flora 
occupies the more arid sunny slopes and thick chaparral 
the shady and more favorable slopes.
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ANIMALS

A great variety of animals inhabit the Patagonia 
Mountains, mostly the same as are found in other mountainous 
sections of the southern part of Arizona, but a few types 
are more typical of Mexico and may be represented in the 
Patagonia Mountains as their northern limit. Among these 
is the Mexican Trogon, a bird having a stout dentate bill, 
brilliant color and luster of plumage. The Coatl mundi is 
W  animal- found" here which is;not common elsewhere In this part 
of the state.
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GENERAL GEOLOGY .. -
GENERAL STATEMENT ' ' : :

The Patagonia Mountain range is characterized by 
a central core of granitic rock. Paleozoic and Mesozoic 
sediments overlie the granite and these sedimentary rocks 
are in turn covered in many places by lavas, a description 
which accords with Gilbert1s volcanic region . . ;

The rocks In the Patagonia Mountains range from 
questionable pre-Cambrian to Quaternary In age. ; Their 
sequence and character are described in the following ' 1 :'--
paragraphs.

Unconformities Indicating long breaks in deposition 
are present.

The Cretaceous rocks are represented by down-faulted 
blocks which have escaped removal by erosion. Shale, sand
stone, limestone and conglomerate make up the rocks of this 
age.

Extensive faulting and tilting followed deposition of 
the Cretaceous sediments. During the erosion which followed, 
the region was sculptured, so that it presented a subdued 
topography, as shown in the limestone outcrops in Flux canyon.

6 Gilbert,G.K. Report on the Geology of portions of New Hex., 
and Ariz U.S. Geog. and_ Geol.Surveys W. 100th 
her. Rept., vol. 3, Geol., pp 501-67, 1875.
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After this long period of erosion, extensive lava 
flows covered the region. They differ in age somewhat, 
and In composition. The writer believes that all the 
lavas In the area are Tertiary, because they rest on the 
Cretaceous rocks with marked unconformity and are in 
adjoining areas covered with Quaternary alluvium.

Faulting occurred after the Paleozoic deposition, after 
the Cretaceous deposition, and during the Tertiary period.
In general mineralizing solutions have followed the Tertiary 
faults, or older faults in which there has been renewal of 
movement, and mineralization is assigned to the Tertiary period.

STRATIGRAPHY

Since relatively little sedimentary rock occurs in the 
area covered by this thesis, and because of difficulty in 
correlating that which is present with other sedimentary 
rocks of the southern part of Arizona, a general summary of 
stratigraphic history of southern Arizona will be given, based 
principally upon Stoyanow* s “Correlation of Arizona Paleozoic 
Formations”7.

7 . stoyanow, A.A.Correlation of Ariz. Paleozoic for-
mations: Geol. Soc. Am. Bull., vol. 47, 
pp. 459-540, 1936.
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Detailed stratigraphic sections were worked out by 
R.J. Leonard and his students during a summer class in 
field geology. These sections will be Included for complete
ness and to give the best available picture of Paleozoic 
sedimentary formations in the Patagonia Mountains. Reference 
will also be made to other work which has been done in this 
area.

PRE-CAMBRIAN

The oldest rock formation thus far studied in southern 
Arizona is the Pinal schist, named by Ransome in 1903 from 
its occurrence in the Pinal Mountains near Globe. It is 
light gray to blue-gray in color with a silky luster. This 
rock is considered to be of the same age as the Vishnu schist 
in the Grand Canyon area, and to be, in large part at least, 
of sedimentary origin.

The Apache group is present in southeastern Arizona 
but is best represented in the Globe area, where basal 
Scanlan conglomerate is overlain successively by Pioneer 
shale, Barnes conglomerate, Dripping Springs quartzite, and 
Mescal limestone. The age of the Apache group has not been 
completely worked out, but is placed in pre-Cambrian by
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8Stoyanow who states, "the troy quartzite (Cambrian) over
laps the rocks of the pre-Cambrian Apache group and abuts 
against the Mazatzal quartzite".

CAMBRIAN

Bolsa quartzite is the base of the Cambrian in south
eastern Arizona, and is well represented in the Biebee area. 
This is considered as the upper part of the Troy quartzite. 
Bolsa quartzite is present in the Patagonia Mountains rest
ing on a granitic rock in the vicinity of the Mowry Mine.

Above the Bolsa quartzite is a thin four-foot bed of 
Pima sandstone which outcrops between the Whetstone Mountains 
and the Picacho de Calera Hills northwest of Tucson.

The Cochise formation consisting of three members lies 
between the Pima sandstone and the Abrlgo. The thickness of 
this formation in the Whetstone Mountains is 311 feet accord
ing to Stoyanow^.

S~. Stoyanow, A.A. Paleozoic Paleogeography of Arizona: '
Geol. Soc. Am. Bull., vol. 47, p. 467, 
1936.

9. Stoyanow, A.A. Correlation of Ariz. Paleozoic formations:
Geol. Soc. Am. Bull., vol. 47, p. 467, 
1936.
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The Abrigo formation is placed In the Upper Cambrian
by Stoyanow10 11 who states: "The Abrigo formation of south
eastern Arizona is to be correlated with the Weeks formation 
of the House Range section, both formations overlying the 
Middle Cambrian strata and contain Creolceohalus texanus 
in their lower portion".

Above the Abrigo formation are the Peppersauce Canyon 
sandstone in the Santa Catalina Mountains, the Rincon lime
stone in the Whetstone Mountains, and the Copper Queen lime
stone in the Bisbee area. This variation suggests local 
depositional areas.

The class in field geology of the University of Arizona^ 
studied sections in the vicinity of Molly Gibson Hill, in the 
Patagonia Mountains, and made measurements of Cambrian rocks 
as follows:

DEVONIAN

CAMBRIAN

1. Limestone, purple, granular; FEET
with five foot ropy banded chert,
bed at base, fossillferous.
(Creplcephalus texanus)........................ 49

2. Limestone, finely crystalline, gray,
thin-bedded, beds one inch to one foot........  15

3. Limestone, oolitic, dark gray to 
black and pink; lower twenty feet
with shaly partings............................ 83

10. Stoyanow, A.A., op. cit. p. -479, 1936.
11. Unpublished notes of R.J. Leonard.
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4. Limestone, fine grained, crystalline; FEET
moderately thick-bedded, pinkish
gray; with numerous shaly partings
spaced as close as one half Inch............  110

5. Limestone, thick beds, pinkish gray, 
dense; weathers to pink; gray mottled
in places.................................... 89

6. Limestone, thinly laminated, pink,
fine grained; weathers buff.................  2

7. Limestone, same as No. 5, about one
hundred feet above base.....................  93

Total....  441
Ordovician rocks have been described from the Dos Cabezas 

Mountains but have no bearing on this thesis and are not 
described here..

DEVONIAN

The Martin limestone Is the only representative of the 
Devonian In the extreme southeastern part of Arizona and In 
the region In which the Patagonia Mountains are located, but 
the Plcacho de Calera formation underlies the Martin In a 
northwestern direction, and the Lower Ouray formation rests 
upon the Martin limestone in the Peppersauce Canyon area.

The class In field geology^ of the University of 
Arizona made the following measurements of Devonian rocks 
in the vicinity of Molly Gibson Kill: 12

12. Unpublished notes of R.J. Leonard.
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DEVONIAN

MISSISSIPPIAN

1. Limestone, massive fine grained gray FEET
buff, and pink; weathers gray, buff,
and pink. Fish remains near base............  12

2. Marl, white, earthy; weathers very
light gray, usually covered..................  9

3. Limestone, pink, fine grained, weathers pink 
and gray, massive in greater part, few
large crinoid stems............................. 15

4. Limestone, red, fine grained, thin-bedded;
weathers pink.................................   7

5. Limestone, massive, fine grained gray; 
contains fine stringers of chert and
abundant and prominent silicified fossils....  21

6. Limestone, pinkish buff, dense; with
large crinoid stems........................... 10

7. Limestone, finely crystalline, light
gray, massive.........   35

8. Limestone, massive, finely crystalline,
gray, contains small, rounded, calcite 
concretions.....................................  23

9. Limestone, tan gray, fine grained, 
moderately thick-bedded; weathers
yellowish gray..................................  25

10. Sandstone, basal, grading upward into 
four feet thick,light gray sandy lime
stone containing lenses and crosscutting- 
pockets of sandstone.



20

The sandstone is brown, very FEET
calcareous and composed of small, 
rounded quartz grains. The cement 
is crystalline and single cleavage 
faces can be traced past several
quartz grains................................ 6

Total....  186

MISSISSIPPIAN

The Escabrosa limestone rests on the Devonian with 
apparent conformity. Stoyanow gives the thickness of the 
Escabrosa north of Douglas as 951 feet. It thins toward 
the northwest. In the Bisbee area there is apparent uncon
formity between this Lower Mississipoian limestone and the"'
overlying Pennsylvania limestone, and the work of Stoyanow13 14 15 

15and of Hernion has established the existence of Upper 
Mlssisslppian rocks in the Chlrleahua Mountains, thus prov
ing a deposltlonal break between Mlssisslppian and Pennsyl
vanian formations in a limited part of southeastern Arizona.

The class in field geology of the University of 
Arizona found the following lithologic members of the 
Mlssisslppian in the Patagonia Mountains*

13 stoyanow,A.A., Correlation of Ariz.,Paleozoic
formations: Geol.5oc.Am.Bull., 
vol. 47, p. 511, 1936.

14 Stoyanow,A.A. op. cit. p. 509, 1936.
15 Hernon,R.M. The Paradise formations and its

fauna: Jour. Paleont., vol. 9, no.
8, pp. 653-696, 1955.



PENNSYLVANIAN

MISSISSIPPIAN

1. Limestone, blue-gray, crystalline, FEET
crinoidal; weathers smooth, blue-gray........  27

2. Limestone, interbedded gray and buff 
beds, crystalline, crinoidal; with a
few large chert nodules......................  14

3. Limestone, moderately thick-bedded, 
gray, crystalline; weathers gray.
Two foot buff bed at base. Blastoids
in buff beds and just above them.............  26

4. Limestone, dark, gray-black, crystalline; 
weathers dark gray. Numerous red calclte 
veinlets in lower portion, becomes
lighter above. Blastoids at top........ ..... 159

5. Limestone, buff to red, fine-grained, 
thin-bedded, weathers smooth, buff;
contains corals............................... 8

6. Limestone, dark gray, finely crystalline; 
weathers dark gray. Contains corals
and fine calclte stringers...................  18

7. Sandstone, brown, calcareous; grades 
into limestone above. Calcareous cement
and fine rounded quartz grains...............  1

8. Limestone, coarsely crystalline, gray 
and white, speckled; light grayish white.
Surface rough and characterized by 
numerous caves and solution channels.
Chert bands at top...........   85

Total.... 338
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The Naco limestone rests with apparent conformity 
on the Escabrosa limestone at Blsbee. A depositions.! 
break occurred In late Mlssisslpplan time. A con
glomerate separates the Mlssisslpplan from the Pennsyl
vanian limestone in the Patagonia area, in the Empire 
Mountains and In other areas to the northwest.

The Naco limestone Is placed In the Lower Pennsylvanian 
epoch by Stoyanow^®. Its fauna on the basis of Stoyanow's 
studies also indicates that a time Interval between the Lower 
Pennsylvanian and the Permian Is represented somewhere within 
the clastic rocks above the Naco limestone.

The class in field geology of the University of Arizona 
measured the following Pennsylvanian beds in the Molly Gibson 
Hill area of the Patagonia Mountains:

PERMIAN

PENNSYLVANIAN

PENNSYLVANIAN

1. Limestone, fine-grained, dark gray; FEET
massive below to moderately thick-bedded 
above. At three feet above base is a 
two-foot bed of thin bedded cream limestone. 
Fossillferous; large gastropods, Cedaris 
spines, and productids......................... 139

16. Stoyanow, A.A. op. clt. p. 523, 1936
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2. Limestone, massive, fine-grained, dark FEET
gray; contains stilolitcs; weathers
lighter gray. Above base at 45 feet 1
is six inch bed of yellow-buff, fosslliferous
limestone. At 30 feet, one foot bed of
light buff fossllif erous limestone.............  69

3. Limestone, gray and tan, mottled, fine
grained; creamy limestone at top and
bottom; alternating thick and thin beds........  19

4. Limestone, thin-bedded, shaly, light
tan and lavender; weathers reddish brown.......  25

5. Limestone, same as number 3......   26
6. Limestone, yellow, argillaceous;;

weathers yellow..................     19
7. Limestone, dark gray, fine-grained.............  2
8. Limestone, fine-grained, mottled gray and 

lavender. Argillaceous, thin-bedded at
base; massive in middle; thin-bedded above.....  35

9. Limestone, dark gray, fine-grained, massive.....  22
10. Limestone, fine-grained, thinly laminated,

tan, weathers cream............................. 3
11. Limestone, dark gray, fine-grained, weathers

purple.....................    5
12. Limestone, sandy, yellowish, thin-bedded;

with shaly partings........   8
13. Limestone, fine-grained, massive, tan

to dark gray....................................  6
14. Limestone, fine, black; thin 2-3 inch beds,

weathers dark gray............... :............. 3 15 *
15. Limestone, moderate, thin-bedded, variegated;

weathers green to red argillaceous.............  138
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16. Limestone, fine-grained, light gray, FEET
with yellowish streaks, weathers grayish
white. Ten-foot bench concealed with
talus at top................................. 46

17. Limestone, argillaceous, thin-bedded,
pitted, yellowish gray; weathers brown......  11

18. Limestone, fine-grained, massive, white;
weathers light gray.... ...................... 21

19. Limestone, light blue; weathers pink;
largely concealed, rusty colored at top.....  38

20. Limestone, argillaceous, thin-bedded, 
fine-grained, olive green, weathers brown.... 26

21. Limestone, fine-grained, gray with
pink tinge; weathers blue, massive..........  9

22. Limestone, argillaceous, olive green,
thin-bedded; weathers brown.................... 68

23. Limestone, fine-grained, thin-bedded, 
pink, fosslllferous; weathers pink
and gray.......................   14

24. Limestone, argillaceous; section largely 
concealed; a few 1-2 foot beds of
gray limestone............................... 73

25. Limestone, argillaceous, olive green; 
medium to thin-bedded; weathers 
brown. Mottled in some horizons; 
spots weather out to form spheroidal
cavities...............    30

26. Limestone, gray, finely crystalline,
massive, weathers gray........................ 5 27

27. Limestone, argillaceous, fine-grained, 
olive green; weathers to brown, fine
sandy surface; beds i-inch thick.........   13
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28. Limestone, fine, crystalline, gray; FEET
contains a few buff, shaly partings.
Buff bed at base. Weathers light gray.......  18

29. Limestone, argillaceous, fine-grained, 
olive green; weathers to brown, fine sandy
surface..........................    12

• 30. Limestone, dark gray, finely crystalline;
beds 1-2 feet thick; weathers dark blue 
gray.............................   6

31. Limestone, argillaceous, thin-bedded, 
fine-grained, olive green; weathers
to brown, fine sandy surface................  9

32. Limestone, cherty, fosslllferous, dark 
gray, finely crystalline, massive;
weathers blue-gray..............     16

33. Limestone, fine-grained, argillaceous, 
olive green, thin-bedded; weathers to
brown, fine sandy surface...................  12

34. Limestone, fine-grained, pin):; weathers
mottled gray and buff.... ...................  9

35. Limestone, fine-grained^ gray, moderately
thick-bedded; weathers blue gray............  25

36. Limestone, argillaceous, fine-grained, 
thin-bedded, olive green; weathers to
brown, fine sandy surface...................   9

37. Limestone, gray, fine-grained;
one-foot beds; weathers gray................  13

38. Concealed, probably shale, buff.............  7
39. Limestone, fine-grained, gray; 

much chert and large Spirlfers;
bedding 2-6 Inches........................... 8

40. Limestone, thin-bedded, pink to gray,
fine-grained, fosslllferous, streaky, 
weathering buff to gray...................... 7
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Limestone, gray, cherty, fine-grained, 
foselllferous; appears crlnoldal
on surface but not on fracture...............  21

42. Limestone, shaly, buff, very
fossil If erous................................ 5

43. Limestone, gray, crystalline;
weathers gray................................ 25

44. Limestone, red, fine-grained; weathers 
buff with smooth surface and fine
holes......................................  2

45. Limestone, massive, blue-gray; lowest 
three feet dark gray, mottled; very 
crlnoldal In part; weathers light
blue-gray.....................    30

46. Limestone; purple shaly partings; 
grades upward Into solid shale with 
limestone nodules; limestone bed in
middle, light gray........................... 24

47. Conglomerate, basal; varies from few 
chert pebbles scattered In top of 
last Mlsslsslpplan bed to conglomerate 
with abundant pebbles & to 1 Inch 
of chert, red jasper, and limestone;
associated limestone is sandy...............  2

Total......  1223
The presence of Splrlfer rockvmontansls in the lime

stone in Flux canyon Indicates that this Is also Naco lime
stone, but the outcrops are small and afford little opportunity 
for study.

PERMIAN

The Permian of southeastern Arizona contains Manzano
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beds, Snyder Hill formation, and. Chiricab.ua limestone.
The iiansr.no beds in the Bishee area are limestone and 
rest directly on the Naco limestone, but to the north, as 
Stoyanov points out , these are distinguishable as 
independent stratigraphic units, v;ith clastic rocks alter
nating with the limestone. Stoyanow^® describes the Per
mian.of southeastern Arizona as follows:

"Above the Naco a sequence of shales, gypsum beds, 
and thin-bedded limestones aggregate 200 feet. These much 
softer beds form a saddle in the profile of the Naco hills. 
Within the upper part of these strata are limestone beds 
with the Manzano fauna. The term 'Manzano1 is applied here 
to the two discussed units in a broad sense, implying strata 
with the Permian Manzano fauna as described by Glrty rather 
than any accepted or suggested divisions of the Manzano 
group in New Mexico. The Snyder Hill formation, one of 
the most resistant of the Arizona Paleozoic rocks and often 
the cap rock of mesas and buttes in southeastern Arizona, 
is at the top of Hansome 1s original 1Naco limestone1.

"In a northwesterly direction, toward Tucson, the 
Permian basin was somewhat shallower in Manzano time; there 
are clastic rocks at the base of the Gypsiferous series; 
the gypsum layers are more abundant and.thicker; and the 
fossiliferous limestones in the upper part of the sections 
alternate with quartzites. These strata, between the Naco 
and the Snyder Hill, are now known in the Whetstone 
Mountains, Cochise County, and in the Empire Mountains,Pima 
County, southeast of Tucson; in the Santa Rita Mountains 
and in isolated hills between Tucson and Nogales, south of 
Tucson. In the Empire Mountains the gypsiferous series is 
1460 feet thick, and the overlying foesillferous limestones 17 18

17. Stoyanow,A.A.pprrelation of Arizona Paleozoic
formations: p. 556, 1936.

18. Stoyanow,A.A.,Paleozoic Paleography of Arizona:
Geol. Soc. Am. Bull. vol. 55' p. 1276,1942.
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and quartzites are about 5QQ feet thick (measured by F.W." 
Galbraith). The gypsiferous beds in the Santa Rita 
Mountains are 1500 feet thick; the limestones with the 
Manzano fauna aggregate 900 feet (measured by W.R.Jones).
The Manzano fauna is found invariably in the basal beds 
of the limestone series. It differs markedly from the 
faunal assemblages of the underlying Naco formation".

Permian rocks are present in the Patagonia Mountains,
but have never been adequately separated from those of
Pennsylvanian age. Fossils collected by the class in field
geology of the University of Arizona were identified by

Q  O Q
Stoyanow as Manzano fossils, and Hadley says the Snyder 
Hill is several hundred feet thick in the Patagonia Mountains.

CRETACEOUS

At the base of the Cretaceous in the Bisbee area is 
the Glance conglomerate, which varies in thickness from 0 
to 1800 feet. This is followed by the Morlta formation 
consisting mostly of shale. The Lowell formation is above 
the Morita shale and is a very fosslliferous bed containing 
Acilo fossils. Mural limestone is a cliff-forming member 
resting on the Lowell, and overlying this is the Centura 19 20

19. Stoyanow,A.A. Written communication.
20. Hadley, J.B. Written communication with Dr.

"A.A. Stoyanow.
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formation consisting mostly- of shale but with some quart
zite. The Cretaceous formations of this area are known 
as the Bisbee Croup, and are assigned to Lower .Cretaceous 
by Stoyanow. In the Patagonia Mountains Cretaceous rocks
are present in the southeastern part where according to

22  . . ■ ' '

Stoyanow four thousand feet of Cretaceous rocks were
measured by M.B. Lovelace, former Superintendent of the 
Mowry Mine. Stoyanow 1 places Cretaceous of the Patagonia
Mountains at the top of Wichita in the early Cenomanian, corre 
lates it'with the Crayspn-Pel- Rio of Texas, and gives it the 
name of Molly Gibson formation. Ammonites were found in 
the limestone along the highway about one mile northwest of 
the Howry Mine. The Cretaceous rocks of the Patagonia 
Mountains have been .preserved in part by a lava cover and 
In part by having been faulted below the effective erosion 
level. Faults everywhere separate these rocks from the 
Paleozoic, there being no depositional contact found in this 
region.

Overlying the Molly Gibson formation along Harshaw- 
Mowry road, is a conglomerate composed of pebbles of lava 21 22 23

21. Stoyanow,A.A.,Geol.Soc.Am.Proceedings for 1936,0.296;
for 1937, p. 117.

22. Stoyanow,A.A.,Oral communication 1941..
23. Stoyanow,A.A., Fossillferous zones In the Cretaceous

and Tertiary deposits of southeastern 
Arizona.(abstract) Geol. Soc.Proc., 
p. 296, 1936. "
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and limestone. This is Upper Cretaceous or post-Cretaceous 
but definitely earlier than most lavas in the Patagonia 
Mountains. The Igneous rocks included in this conglomerate 
suggest a period of volcanic activity during the Cretaceous 
period, or, if not Cretaceous, previous to the main period 
of Tertiary volcanlsm. Two other similar conglomerate deposits 
occur in the Harshaw district, one along the bottom of Flux 
Canyon, the other along the left fork of Alum Gulch, north 
of the January claim.

Paleozoic fossils are found in the limestone pebbles of 
Alum Gulch, and the Isolated patches of Paleozoic limestone 
show that erosion had worn down to the Paleozoic limestone 
and deposited the conglomerate on this uneven erosion sur
face.

The conglomerate along the left fork of Alum Gulch is 
composed mostly of gravels of porphyrltlc lavas.

The size of gravels in the conglomerate ranges from a 
fraction of an inch to eighteen Inches, and as the fragments 
are rather angular, the rock may be a fanglomerate.

The Cretaceous sediments were deposited in a shallow 
sea and were then uplifted. Extensive faulting took place 
during or after the uplift and before erosion had proceeded 
too far. It is possible that igneous activity accompanied



the uplift and faulting, as evidenced by the Igneous rock 
fragments found in the fanglomerates, which resulted from 
the erosion.

The truncation of Cretaceous sediments by pre-Tertiary 
or early Tertiary erosion brings out the faulting and tilting 
of some segments and elevation of some others. The erosion 
completely removed the Cretaceous sediments from uplifted 
parts of the post-Cretaceous mountains, and the Cretaceous 
rocks in the thrown blocks escaped complete removal.

The landscape after post-Cretaceous erosion is visualized 
as a maturely eroded, fault-segmented land, having Paleozoic 
blocks surrounding and protecting the Cretaceous blocks from 
erosion. Movement has occurred along these faults during 
subsequent times, and many of them have served as channel 
ways for later igneous activity and mineralization.

POST-PALEOZOIC IGNEOUS ROCKS

Igneous activity occurred before the post-Cretaceous 
erosion interval, as is shown by the presence of fragments 
of granitic rocks and lavas in the fanglomerates overlying 

the Cretaceous. Schrader^ mapped about nine square miles

2-- Schrader,F.C.,Mineral Deposits of the Santa Rita
and Patagonia Mountains,Arizona: U.S. 
Geol. Survey Bull.582,pi. II, 1915.
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in the western part of the -Harshav; district and adjoining
portions of Palmetto district as granite porphyry of pre-
Cretaceous or early Cretaceous age. This viewpoint is not
shared by the writer who believes it is Tertiary in age and
that the rock is coarse-grained rhyolite porphyry which grades

25into the overlying fine-grained rhyolite porphyry. Schrader

also mapped a north-south belt through the center of the
Harshaw district as of the same age. He described the
rock as quartz dlorlte, which he believed intruded the
granite, quartz monzonite and Paleozoic sediments, and
which In turn was intruded by granite porphyry. He indicates,
however, that this rock is interbedded with Tertiary lavas
around the border of the belt.

26. Schrader mapped as quartz dlorlte an irregular belt 
about three-fourths of a mile wide and nearly three miles • 
long, extending from a point about a mile southeast of Har

shaw north-westward to the World's Fair Mine and Alum Canyon.
Thin sections show the rocks which Schrader marked 

as quartz dlorlte to comprise an older andesite, fanglomerate, 

and a younger andesite. The older andesite overlies the 25 26

25. Schrader,F.C. Idem. p. 62. 1515 .
26. Schrader, F.C. Idem. PI. II 1515.



post-Cretaceous fanglomerat-e. The writer believes, there
fore, that these rocks are not Cretaceous. This viewpoint 
is upheld by Schrader's statement that the rock was more 
or less interbed&ed with the Tertiary lavas. The rock 
types will be described more fully under Tertiary lavas.
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TERTIARY LAVAS

COARSE-GRAINED RHYOLITE PORPHYRY

The older. Tertiary lavas are a coarse-grained, 
rhyolite porphyry and an andesite. The coarse
grained rhyolite was mapped by Schrader as pre-Cretaceous 
or early Cretaceous, but the field work in connection with 
this thesis s,nd a study of many thin sections, show no break 
between the coarse-grained rhyolite and the overlying rhyolite 
porphyry. It is therefore assumed that all is Tertiary in 
age. The coarse rhyolite porphyry has abundant quartz, 
much of which is interlocked with granitic texture which 
may be.the reason Schrader mapped it as granite porphyry.
Quartz.is the only residual mineral seen. The ground mass 
has been completely altered, showing a fine crystallization 
of sericite. This differs from the overlying finer grained 
rhyolite porphyry in the degree of sericitization shown, and 
•in the general shape of quartz grains.

In the field the coarse rhyolite does not appear every
where the same; some exposures show resistant rounded forms 
of quartz up to.one fourth inch in diameter; in other places 
these are not evident. The rock is red to pink from oxidation, 
and in places so changed by metamorphlc action and fracturing
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that all Identity is lost. The coarse porphyry makes up
the crest of the ridge which extends in a north-west south
east direction along the western part of the area studied.
It grades imperceptibly into the finer grained porphyry down 
the slope to the east. A pebble, from a pebble dike accom
panying the large "silexiteM dike parallelling Flux Canyon, 
is of the coarse-grained type indicating the presence of this 
rock underneath. .

FINER GRAINED RHYOLITE OR RHYOLITE PORPHYRY

The rhyolite proper grades into the coarser grained 
rhyolite porphyry with no perceptible break, so it is assumed 
to be the near surface equivalent of the same rock. In widely 
separated areas the rock presents a markedly different facies. 
The phenocrysts of feldspar are prominent but not large.
This rock is a bright red from decomposition of the ferro- 
magnesian minerals and pyrite. Some pyrite has resisted 
alteration. In places this rock is silicified and the 
feldspars removed, leaving only.cavities having the shape 
of phenocrysts.

Thin sections show quartz phenocrysts with embayments 
and rounded corners. Orthoclase, plagioclase, and mlcrocline 
are present. • Remnants of hornblende phenocrysts are evident
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in some sections. The feldspars are kaollnlzed to varying 
extent, and the groundmaes shows extensive sericitization, 
and pyrite and hematite permeates throughout.

The rhyolite occupies the southwest slope of Flux 
Canyon where it overlies the limestone and fanglomerate.
The rocks in the entire southwest corner of the area mapped blend 
into the coarser rhyolite porphyry on the west and overlie 
the Cretaceous and Paleozoic sediments in the south, but 
underlie the rhyolite tuff and agglomerate. The rhyolite rests upon 
the older andesite near the Marstellar claim which suggests 
that the older andesite is the earliest of the lavas.

OLDER ANDESITE

Extending along Alum Gulch from below the boundaries 
of the map to and including the Trench and Josephine mines' 
is a much altered andeSite. At the lower end of the canyon 
it extends up the slope's and is capped on the northeast side 
by younger andesite and rhyolite and on the southwest side 
by daclte and rhyolite tuff. This is the principal type 

mapped by Schrader as quartz diorlte.
No suggestion of granitic texture is shown in this rock, 

but abundant evidence exists as to its porphyritic texture.
The rock is highly altered throughout most of the area, _
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only altered phenocryets -are found but even where no original 
minerals are shov?n the outline of former phenocrysts can be 
seen. Plagloclase Is the only feldspar. Twining; strlatlons 
and.index of refraction show this to be andeslne. Ferro- 
magnesian minerals are mostly altered to chlorite or epidote, 
but.the long prismatic shapes suggest that both hornblende 
and .blotite were present.

The rock is blue in some places,while elsewhere,due to 
oxidation, it is brownish gray. Much of the rock is fine
grained with no visible phenocrysts; in other localities it 
is plainly porphyritic. This rock, like many others in 
this region, shows a gradation from top to bottom, showing 
the porphyritic, less altered andesite near the upper 
horizon, while in the bottom of Alum Gulch and in the lower 
exposures,it is almost flintlike with outlines of pheno
crysts showing only in thin sections. A section made from 
a specimen taken at the 800 foot level of the Trench mine 
shows relatively unaltered andesite.

DACITE

Overlying the older andesite on the southwest is a 
dacite which shows abundant flow lines with phenocrysts 
and inclusions around which the^flow lines curve. It Is
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pinkish gray v;lth many of the slllclfled flow lines standing 
out on weathered surfaces.

The ferromagnesian minerals have been completely . 
altered so that only outlines remain; these show some auglte, 
biotite, and hornblende. The index of refraction and ex
tinction angle of the plagloclase show it to be alblte.
Quartz phenocrysts though not abundant,are present. Much 
of the groundmass is slllclfled and small quartz veins cut 

across it.
The dacite forms a ridge extending southeast from the

Flux mine to the silexite ridge which extends up from the
Chief mine to the northeast. The Paleozoic limestone has
been thrust over the dacite along the south side of Flux
Canyon. Fanglomerate in Flux Canyon underlies both rhyolite
and dacite and erosion has removed the junction so the two

/rocks are nowhere found in contact.

YOUNGER ANDESITE

Northeast of Alum Gulch is a younger andesite which 
shows some fresher phenocrysts of feldspar and in general 
is much fresher looking. It Is amygdaloidal in some 
places and scorlaceous to dense in others. It is rather
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dark brownish gray, but where shattered and weathered it 
is red.

In thin sections the plagloclase is seen to be andesine, 
and phenocrysts are abundant. The groundmass is also finely 
crystalline, showing abundant fine lath-shaped plagloclase 
crystals. The ferromagnesian minerals are, in every case, 
altered to epldote, chlorite and cllnozolslte. Shapes 
indicate hornblende and biotlte, and some selective replace
ment Is evidenced in the fact that former plagloclase 
phenocrysts are now epldote.

The younger andesite Is found northeast of Alum Gulch 
and extends far to the east and northeast. It Is definitely 
injected, at the northern part of the mapped area into the 
older andesite and rhyolite and on one ridge several injec
tions can be seen.

Elsewhere along the contact between the older and 
younger andesites is a thrust fault, indicating the younger 
andesite was thrust from the northeast over the older. 
Sllckensides and a fault zone with a dip of 17° to the north
east show this fault in numerous places. This fault zone 
is mineralized, and pyrite is common. Veins are present, 
but are small; some are quartz, whereas others show copper 
stains, and Jarosite. Some small veins contain cerussite.
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RHYOLITE TUFF OR AGGLOMERATE.

Occupying the central part of the district is an area 
containing pyroclastic rock which is very coarse in places and 
fine-grained in others. The rock is generally reddish but 
almost white where made of the finer ash. Phenocrysts of 
quartz are found throughout. Bedding planes, though not 
very uniform, are conspicuous. On top of the hill Just 
east of the Chief mine the bedding strikes N. 80° W. and 
dips 66° S, while at the southern edge of this rock type 
it strikes N. 78° E. and dips 55° N. Fragments range 
from three feet in diameter down to dust size.

Thin sections show good embayed quartz crystals, and 
feldspars, chiefly orthoclase but also some sanidine. The 
finer matrix shows considerable serlclte, and ferromagneslan 
minerals have been completely altered to epldote and chlorite. 
Some feldspars are completely kaolinlzed showing only the 
outlines. The alteration of the ferromagneslan minerals 
has yielded the abundant hematite and other oxides of iron 
which give the rock its red color.

The rhyolite tuff and agglomerate occupies the central 
part of the district and is surrounded on all sides by older 
rock. On the east it is thrust over the older andesite but 
is probably overlying it with a depositional contact in most
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places. To the south It overlies the rhyolite also with a
depositions! relationship. Three small isolated hills

- -
are capped with this fragmental material, indicating a more 
extensive covering of this type at one time. On the west 
a fault separates this agglomerate and the rhyolite. Farther 
north the same fault separates the dacite from the agglomerate.

On the hill to the east of Chief nine is an area about 
two hundred feet in diameter containing fragments 
up to three feet in diameter, and around, these are flow 
structures. The writer believes this to be vent agglomerate 
and concludes that the rhyolite tuff and agglomerate were 
erupted from this place.

DIKES AND INJECTIONS 

DIABASE

Several dikes are found including.the silexite. dikes 
which form prominent landmarks. Three intrusions of diabase 
penetrate the rhyolite southwest of Flux Canyon and-the 
dacite northeast of the canyon. The dike on the southwest 
parallels a prominent silexite ledge and is just below it. 
This intrusion extends across Flux Canyon below the Flux 
Nine, where it can be traced to the steen western slooe of
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the range. This diabase shows two stages of oligoclase 
crystallization, one stage of coarse crystallization which 
is evident in hand specimens as laths; another that shows 
in thin sections the groundmass composed of fine laths of 
the same plagloclase. The groundmass is much altered and 
in most specimens pyroxene is converted to chlorite (pennlnite), 
epldote, and clinozolsite. Serlclte is common in the ground- 
mass and in large feldspars. Some well formed phenocrysts of 
augite as well as tourmaline crystals were found in this 
dike. The entire rook shows secondary albitization.,

The dikes which penetrate the dacite are much finer 
grained. They do not have the megascopic phenocrysts of 
feldspar. This diabase resembles that to the south of 
Flux Canyon, except for the presence of calcite in the finer- 
grained diabase.

One dike strikes almost due north and is near the 
center of the dacite area and near the.top of the hill; the 
other dike to the northwest is of the same type but strikes 
east-west. All these diabase dikes are nearly vertical.

SILEXITE DIKES

Silicification presents many variations from ledges
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of almost pure quartz to little altered rhyolite porphyry
and other rocks. The ledges are prominent throughout the
lava regions of the Patagonia Mountains and form the crests
of many resistant ridges. The most prominent ridge parallels
Flux Canyon on the southwest. It has a maximum width of
50 feet and Is continuous from the west side of the map to
where It crosses Flux Canyon. One silexite ledge near the
head of Alum Gulch is five hundred feet wide and another In
the same vicinity Is two hundred feet wide. •

27Schrader recognized the nature of these quartz ledges 
but called them ^plite"and tiplite rocks." He describes the 
ledges in the Patagonia Mountains as follows:

"From the rather typical aplite thus described these 
rocks, according to their mineral composition, range on the 
one hand through granitic aplite to aplltlc granite or even 
to granite, and on the other through alasklte aplite, alaskite, 
and alaskite porphyry to almost pure quartz, so that many 
of the dikes are very difficult to distinguish from quartz 
veins or quartzite, the determinative feature being as a 
rule a few small widely scattered feldspars embedded in the 
quartz and scarcely noticeable to the untrained eye. Some 
of the rocks seem to correspond closely with the alaskite 
and alaskite porphyry, in the Silver Bell district, described 
by Tolman and Stewart".

"A magmatic origin of the rock and its deposition as a 
dike, as opposed to an origin from aqueous solutions and its 
deposition as a vein are indicated by the granular texture of 
the quartz and the general absence of any resemblance to 
vein quartz". 27

27 Schrader, F.G., Op. cit. p. 66-67, 1915.



Johnson feels that some of these quartz masses are 
highly metamorphosed quartzites, while Spurr28 29 proceeds to 

show the close relationship between rocks which appear to 
be quartzite and those which are intrusive. Spurr gives 
a sequence of igneous intrusions in the Helvetia district 
as follows:

"1. Biotite granite.
1- a. Pegmatite and pegmatitle quartz veins,

£. Alaskite-granite porphyry-large intrusive masses 
and dikes.

2- a. Subsequent diorlte and quartz monzonite dikes.
3. Alaskite aplite; important and large irregular

dikes in granite.
3- a. Contemporaneous or slightly subsequent

pegmatite and pegmatite quartz veins.
4. Quartz aplite, or arizonite. Important dikes

and masses in granite.
4- a. Subsequent quartz veins, metalliferous;

carrying copper, with small amounts of 
galena, blende and molybdenite.”

Spurr further explains:
"The quartz aplite, or arizonite, (no.4) it may be explain

ed, is a peculiar highly siliceous aplite dike rock which 
I have first described from this locality, and named; it is 
an alaskite aplite with the feldspar reduced so as to form 
an accessory constituent, so that quartz is by far the most 
important constituent; thus, the rock belongs to a more 
siliceous group than do the alaskites. On account of the 
even aplitic grain and texture, the rock resembles very

28

28. Johnson, Yard H., op cit. p. 54, 1941,
29. Spurr, J.E., The Ore Magmas. McG-raw Hill Book

Company N.Y. pp. 310-52, 1923.
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closely a quartzite. Besides feldspar, the usual granitic 
accessories (zircon, muscovite, garnet, etc.)occur...The 
general process illustrated(by the sequence 1,2,3, and 4) 
is the growing siliceousness of the magpie by withdrawal of 
the ferromagnesian minerals and the calcic feldspars, the 
rock becomes more siliceous and. more alkaline; and finally 
the withdrawal of a large part of the feldspar, leaving an 
essentially quartz magma, which became intrusive into the 
earlier consolidated phases.

The fact that the quartz aplite or arlzonite solidified 
with a homogeneous fine grain throughout, the grain and 
structure being identical with that of the somewhat earlier 
but closely related alasklte aplite, indicates that the two 
magmas (quartz and quartz feldspar) had about the same 
viscosity, and cooled under the same conditions' and at the 
same rate. The quartz magma, which became arlzonite (like 
the slightly earlier quartz-feldspar magma which became 
alasklte aplite) was not attenuated and aqueous, even though 
residual. Crystallization set in simultaneously in numerous 
closely adjacent centers, so that the growing quartz crystals 
interlocked in a uniform quartzite like mosaic; and the 
great viscosity is evidenced by homogeneity of texture and 
composition..."

Regarding Spurr’s discussion of arlzonite, he explains 
that two types of magmas occur from which quartz crystallized, 
one highly fluid containing much water and gases, the other 
viscous and low in mobile constituents. The one low In 

■ mobility resembles normal magmas. The other is a residual 
magma, corresponding to pegmatites, with a relative con
centration of fluids, gases, and mineralizers.

Conditions in the Patagonia Mountains bear out these 
conclusions of Spurr1s and may explain the relative absence 

of mineralization accompanying the massive quartz ledges.
Silexite is a term applied to these quartz ledges by 

some now working in the Patagonia Mountains.



This name was proposed by Mi-11 er30 31 32 who found similar rocks 
in New York. He explains:

"The term sllexite is elsewhere proposed by the 
writer for any pure or nearly pure silica of Igneous or 
aqueo-igneous origin which occurs as a dike, segregation 
mass, or inclusion within or without its parent rock. 
So-called ’quartz dikes’ are included under 'sllexite1.

"Sllexite masses began to develop, probably as 
segregation products, while the granite magma still 
possessed a very considerable degree of fluidity, and 
they continued to form probably both as segregation 
products and as dikes, until the inclosing granite 
almost, or possibly completely solidified. "

"The sllexite masses represent very siliceous facies 
of the pegmatite development, gradations from nearly pure 
silica to ordinary pegmatite being not uncommon."

31Grout has interpreted the tern sllexite as applying 
to rocks containing over 67 percent quartz.

A similar rock occurring at Northfield, Maes* has been
32called northfieldite by Emerson who describes it thus:

"Its coarser varieties resemble vein quartz, or 
greisen, or pegmatite minus feldspar, its finer, a quartzite 
like the Cambrian in the Berkshlres. As a pegmatite or 
aplite dike may pass into a quartz vein, the central mass • 
of the batholith seems here to pass on a large scale up 
into this quartzose border variant.

30. Miller, W.J. Pegmatite, sllexite and aplite of
Northern New York, Jour.Geol.,vol. 27 
pp. 30-45, 1919.

31. Grout, F.F., Petrography and Petrology: p.54
. McGraw-Hill Book Company,New York,1932.

32. Emerson, B.K., Northfieldite, pegmatite, and
pegmatite schist; Am.Jour. Scl. vol.40 
pp. 212-213, 1915.
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"V/hile the exterior resemblance is close, it is 
not wholly satisfactory to apply the name-grelsen to 
this rock, since it does not seem to be the result of 
later pneumatoiitic changes whereby the feldspar of 
the granite has been removed, but to be rather an original 
ultra-acid contact differentiate and deposit of the magma. 
Since it is a member of the unaltered plutonic series and 
cannot be called a vein quartz, a quartzite or a grelsen, 
it is named here northfieldite from the mass in Northfield 
forming Crag Mountain.M •-

Intrusive rocks composed entirely of quartz have been 
recognized in many places throughout the United States.
Little doubt exists that *arizonite*, "northfieldite*, and 
sllexite refer to the same type of rock in widely separate 
regions. Because this rock type Is not confined to one 
region a name should be used which does not imply locality; 
therefore sllexite is here used.

The rock looks like quartzite In the field but has no 
sedimentary relationship with other rocks. It occurs, in 
most instances, as dike-like or hogback-like forms and 
surrounded by lavas, completely away from sedimentary rocks. 
Similar dikes, however, do occur in the limestones of American 
Peak, immediately east of the area studied.

The sllexite near the northwest end of the Flux Canyon 
dike looks more like a quartz vein with zones of banding and 
vertical layers, but it is continuous with the rest of the 
dike except for a few slight offsets due to faulting, and 
elsewhere along the dike it is very much like quartzite.
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At the southeastern end of the dike, in the edge of Flux 
Canyon, a breccia occurs with the very angular fragments 
of sllexite cemented together with more sllexlte, showing 
several periods of injection along the same fault zone, 
with periods of faulting in between.

The contact between sllexlte and adjoining rocks is 
usually gradational, which is further evidence that this 
siliceous rock is not quartzite. The transition is from 
pure sllexlte into siliclfied rhyolite, agglomerate or 
andesite. This might be Interpreted as a quartz vein with 
adjoining sllleiflcation except that the grains in thin section 
show a granitic texture instead of the texture usually found in 
vein quartz. It is possible that both replacement quartz 
veins and Intrusive quartz dikes occur. The down-hill side 
of Flux Canyon sllexlte is a fault contact, showing some 
sllckenside surfaces and an offset of about 50 feet.

Faulting is also evident in many other sllexlte dikes, 
but the fault often occurs in the sllexlte itself, and many 
thin sections of what seem to be solid sllexlte show angular 
outlines of breccia.

The dike contains, in addition to quartz, hematite, 
pyrlte, chlorite, kaolin, and serlcite. The red color 
which is seen in most of the sllexlte dikes is due to iron 
oxides from hematite and pyrlte.



Thin sections from the center of the dike show good 
granitic texture with interlocking quartz grains. Some 
hematite and sericite appears between grains, and some 
few grains are of the mineral penninlte. Near the edge of 
these dikes is an Increasing afnount of sericite, kaolin, 
and chlorite, but the interlocking grains still predominate. 
Still farther from the center outlines of former phenocrysts 
can be seen, but the rock still displays its granitic texture. 
Considerable sillclfication has occurred in the freshest lavas 
so that no sharp line can be drawn between the sllexite dike 
and adjoining lava.

Outcrops of genuine quartzite occur in a few places in 
the district, and these were compared with the sllexite. The 
difference in the field or in hand specimens is not great, 
but thin sections show well rounded quartz grains cemented 
together in the quartzite, but interlocking granitic texture 
in the sllexite. Pictures in the appendix show these 
differences. The crest of the dacite ridge shows one quartzite 
outcrop while another is on the down-slope side of the diabase 
dike which parallels the Flux Canyon sllexite ledge.

The sllexite dikes cut each type of rock, from Paleozoic 
limestone on American Peak to the rhyolite agglomerate which 
was the last surface eruption. This places the age of sllexite 
and diabase dikes as the last igneous activity, probably late 
Tertiary.
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AGE OF IGNEOUS ACTIVITY

All exposed lavas In this district are believed to be 
Tertiary. Schrader has classified the igneous rocks as 
follows:

Igneous rocks in the Santa Rita and Patagonia Mountains,
Arizona.

Quaternary Basalt
Thickness 
Six feet.

Lava flow's
Tertiary

Tuffs and agglomerate
Rhyolite
Andesite

2500 feet
Quartz-latite porphyry 
Rhyolite

Rhyolite porphyry 
Aplite and aplltic rocks
Granite porphyry

Acidic Younger quartz monzonlte 
Quartz diorlte 
Older quartz monzonlte 

Mesozoic Granite
Granite

intruslves . Diabase
Gabbro

Basic Syenite rocks
Lamprophyric dike rocks

Pre-Cambrian Granite (basal)
No justification is found in the Harshaw district for 

much of this classification. Schrader ^  places all the 32 * 34

32. Schrader, F . C .The geologic distribution and genesis
of the metals in the Santa Rlta-patagonia 
Mountains,Arizona. Econ.Geol.vol. .12 
pp. 237-69,1917.

34. Schrader,F.C. Mineral deposits of the Santa Rita
and Patagonia Mountains,Arizona.U.S.
Geol.Survey Bull.582,pp.70-75,1915,



Tertiary lavas in the Miocene but since no sediments or 
other features are present with which to date these lavas 
this classification seems unjustified. There is no reason 
for believing the lavas may not be Pliocene or Pleistocene.

ROCK ALTERATION AND METAMORPHISM

The igneous rocks of the Patagonia Mountains all show 
some degree of alteration, ranging from rocks completely 
silicifled to those only slightly altered. Those most extensive
ly changed show no trace of original characteristics, while others 
show only a beginning of breakdown of the minerals.

Identification of the more completely altered rocks was 
possible only by studying a number of thin sections. The 
method was to study the gradational changes from zones little 
altered to those where identity was no longer possible.

Alteration has been principally sillclfication but some 
albitizatlon, sericitization, epidotlzation, and kaolinization, 
has taken place. Where silicifIcation is prevalent, the 
entire rock is affected, but with epidotlzation and kaolini
zation a selective alteration of the feldspar is evident.

The alteration, it is believed, was caused by hydrothermal 
solutions and weathering, the hydrothermal solutions causing 
all the changes except kaolinization, which is attributed



to weathering. The solutions probably accompanied the 
intrusion of silexite dikes, as dikes rich enough In silica 
to deposit silexite would also produce solutions and gases 
rich in silica. Faults and Joints are numerous, and these 
have acted as passage-ways for the solutions. Some quartz 
veins are present, but they are not large and many specimens 
show the veins only by reflected light, as silicification 
has been so comnlete that grains are not limited to the vein 
itself, The vein is composed of clear quartz while
impurities remain in the surrounding rock.

Albitization is present in some of the rhyolite, diabase, 
and daclte, and it is assumed that the same hydrothermal 
solutions are responsible. The entire grbundmass of some 
specimens has been converted to albite showing a felty
texture*. ........

. Most' specimens show sericlte either in the groundmass 
or in the altering feldspar phenocrysts. . This change is 
found in all types of igneous rocks from andesite to rhyolite 

tuff. It varies from a slight trace to almost complete change.
Selective alteration is common, showing in some andesites 

epido.te pseudomorphs after plagioclase, in others uralltization 

of the pyroxenes or. chlorltizatlon of pyroxenes and hornblende.
A secondary brownish green blotite was found in the 

younger andesite, appearing as if late alkaline solutions
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had changed uralite to biotite. In this same rock a 
secondary granular sphene occurs in the altered pyroxene.
One thin section showed Iddingsite and serpentine where 
olivine once existed.

Weathering has altered the feldspars in most surface 
lavas to kaolin. The shapes are retained and some pheno- 
crysts show twinning. Some otherwise completely slllcifled 
lava specimens show kaolinlzed feldspars, some of which retain 
only an outline of the feldspar form.

Contact metamorphism is found in the Cretaceous and 
Paleozoic limestones in the southeast corner of the area 
included in the map. Three small canyons extend eastward 
from the area into Harshaw wash. In the northern-most 
canyon Is the Marstellar claim; in the southern-most canyon 
is the Blue Nose mine; in the intermediate canyon is a 
spring issuing from between the Cretaceous sediments and 
the overlying rhyolitic lavas. Along this latter ravine / 
the Cretaceous limestones are metamorphosed to a finely 
crystalline marble, with garnet and tremollte. mixed through
out. The igneous contact Is not visible here but must be 
below the metamorphosed zone. Similar contact-metamorphlc 
minerals are found on the hill to the north side of this 
ravine in some very flint-like quartzite; here likewise 
intrusive rock is not exposed.
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STRUCTURE

Depositional relationships exist between all Paleozoic 
formations while faults separate these from the younger 
Cretaceous rocks. Unconformities exist between the Paleozoic 
* and Cretaceous formations as in other localities of southern 
Arizona.

Extensive faulting followed Mesozoic sedimentation, 
allowing erosion to remove the Cretaceous rocks from the ' 
heaved blocks. • The surface was thus reduced to a low 
relief on top of which the Tertiary lavas now rest.

One large fault separates the American Peak Paleozoic
rocks from the Cretaceous along Harshaw Wash. This fault

0extends in a direction roughly N.25 W. It disappears 
under the rhyolite porphyry in the vicinity of Marstellar 
claims, but almost in line with this fault is a silexite 
dike which, It is believed, was intruded or injected along 
this fault and thence forced through the overlying lavas.

The writer believes that all the silexite dikes are 
associated with faults and that movements have been recurrent 
on many of the faults.

Thrust faulting has been responsible for Paleozoic 
limestone over-riding the daclte in Flux Canyon. The move
ment here was from the southwest. Thrusting from the
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northeast pushed the younger* andesite over the older 
andesite northeast of Alum Gulch. This is shown by 
slickenside surfaces and by a 1? degree dipto the fault. 
This condition where thrusting lias occurred from opposite 
directions is not characteristic, and may be the result 
of oVerthrusting of the limestone but an underthrusting 
of the older andesite, both due to the seme forces.

Numerous small faults occur in places within single 
rock types, or elsewhere extending from one lava into 
another as the Trench fault on which the Trench mine is 
located. Some of these small fault zones are stained 
with manganese and iron indicating the fractures were 
followed by mineralising solutions.

Throughout most of the area the rocks show shearing 
planes with the general trend N. 23° W, which is the direc
tion of the larger structural features of the Patagonia 
Mountains.

Numerous faults are visible In underground workings 

of the mines. Some of these bear a definite relationship 
to the ore bodies, such as in the World's Fair mine, where 
ore Is in the hanging wall of low angle faults.

The east-west fractures are barren while the ore is 
associated with a. vein trending N. 15° east.

Gravity faults with very steep dips occur near the
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junction of newer and older andesite. Most of these are 
mineralised and several prospect holes have been dug along 
this zone.

All the mines of the district are located on faults or 
fault zones which have been followed by mineralizing solutions.

ECONOMIC GEOLOGY 

HISTORY AND PRODUCTION

History does not record the first mining operations of 
the'Patagonia Mountains: however, prior to 1858 mining was 
conducted, as.evidenced by primitive workings found by early 

settlers in this vicinity.
An early period of lead-silver mining began in 1858 

with the discovery of ores at the Howry, Flux, and Trench 
mines. The initial activity was shortlived because of the 
Civil War, which was responsible for the withdrawal of troops, 
and the resultant Indian depredations.

The Mowry mine continued to produce in spite of diffi
culties, but the mining operations resulted in the arrest 
of Sylvester Howry when the Union troops again occupied the 
Arizona territory. The charge was that Howry had furnished
lead for Confederate troops, an accusation which was never 
substantiated.
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During the period of Mowry1s imprisonment his mine 
was worked by army officials who were not especially 
interested in the life of the mine. Mowry never succeeded 
in putting it into production again.

The Flux mine was first located in the early fifties, 
but little ore was removed and the assessment work was dis
continued. It was relocated in 1878. The Trench mine 
was also located in the early fifties and was worked by 
Colonel Titus in 1859. This mine was patented before 
1872 and continued to be one of the producing mines of the 
region.

The second stimulus for locating mines was probably 
the discovery of the rich mines at Tombstone in 1877. As 
a result in the seventies the Flux was relocated and the 
World1s Fair and Josephine also were located. Since this 
period of activity no large producing mines have been located 
within the area covered in this thesis.

The ores produced during the early days of mining were 
rich in lead and silver. Much of the silver bullion was 
hauled overland 280 miles to Guaymas, Mexico, and from there 
shipped to San Francisco. Some ores contained fifty percent 
lead as well as a high silver content. The lead was not 
considered worth shipping but was used in fluxing ores



which were otherwise difficult to smelt. The Flux mine was 
at first named the Goshen, but when the fluxing qualities 
of its ores were recognized, the name was changed.

The larger mines investigated in this study had pro
duced §2,195,000 in silver, lead and copper with a prepon
derance of silver up to 1950. From that year until the 
present time renewed activity has been stimulated by increase 
in price of gold and silver, and by demands for war purposes. 
A production of §2,102,884 was made from the Harshaw district 
between 1950 and 1940. The American Smelting and Refining 
Co. now controls the Trench, Josephine, and Flux mines, and 
considerable ore is being produced from them.

A railroad was constructed from Benson to Nogales in 
1885-1884 which did much to encourage mining. The concen
trates must, however, still be hauled by truck to Patagonia 
for shipment.

MINERALOGY OF THE ORES

The Harshaw district primarily produces silver, lead, 
and zinc, but some gold has also been recovered. Iron is 
somewhat abundant, but not in commercial quantities. 
Manganese is present in most of the mines but it is not rich 
enough to mine. The ores are grouped into sulfides, sulfo- 

salts, oxides, carbonates, native metals and sulfates.
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Several sulfides are present Including pyrite, bornite,
clialcopyrlte, galena, sphalerite and alabandlte. Sulfo-
salts Include tetrahedrlte, pearcelte, and frelberglte.
Metallic oxides are pyroluslte, hematite and llmonite.
Carbonates are cerusslte, rhodochroslte, azurlte, and
malachite. The only native metal seen In the ores studied
was silver. Sulfates are alunlte and jarosite.

The oxides, native-silver, carbonates, and sulfates
occur near the surface, above the water table. Many sulfides
occur above the water table but also continue In depth.

G-angue minerals are chiefly quartz, calcite and
35rhodochroslte. Schrader Indicated that barite was an 

important gangue in some mines but none was found during 
the present study.

ORIGIN AND CLASSIFICATION

Most of the ores are in fissure veins and the shattered 
zones connected with them. • Two periods of hypogene 
mineralization are Indicated, the first bringing In pyrite,

55. Schrader,F.C. Mineral Deposits of the Santa Rita and
Patagonia Mountains, Arizona. U.S. 
Geol. Survey Bull., 582, p. 250, 1915.
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al&ban&ite, freiberglte, and tetrahedrlte; the second, 
sphalerite, pearceite, and galena.

Supergene solutions are responsible for the carbonate 
ores, the native silver, and some secondary pyrlte which is 
found associated with small veins of rhodochroslte.

Polished sections show alabandite occurring in the 
Chief and Trench mines as an early sulfide mineral. It 
surrounds euhedral pyrite crystals, and may, therefore, be 
later than pyrite. Sphalerite and galena are found cutting 
the alabandite, but the galena shows this relationship more 
clearly than does sphalerite. The galena in some specimens also 
cuts tne spnalerlue. The alabandite is cut by small veins 
of rhodochroslte, showing an incipient breakdown. Small 
veins of rhodochroslte usually occupy 'the contact between 
alabandite and sphalerite.

Some of the rich silver ores from the World"s Fair 
are composed dominantly of pearceite, which is strongly 
pleochroic with crossed nicols." It is intimately assoc
iated with freiberglte from which it is distinguished in 

polished sections by the pleochroisnj of the pearceite.

Veins of pure pearceite penetrate the sphalerite and 

pyrltlc rock, indicating a later origin than the pyrite.
Under high magnification some good Intergrowths were 

observed consisting of pearceite,- freiberglte, and chalcopy-
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rite. Small inclusions of- chalcopyrlte occur throughout. 
Some very small patches of bornite were observed which also 
are probably due to secondary supergene solutions. Pearceite 
was also found on the 500 foot level of the Trench mine, 
associated with frelbergite, tetrahedrlte and pyrlte.

Native silver occurs in small veins cutting pearceite, 
frelbergite and sphalerite, and is one of the last minerals 
to form.

Good euhedral quartz crystals are surrounded by all 
the sulfides and sulfo-salts, indicating a very early period 
of quartz deposition.

SEQUENCE OF MINERALIZATION

The following outline shows the events leading to the 
formation of ore bodies. The sequence is based on infor
mation obtained by a study of relationships in the field, 
and. a study of thin sections and polished sections.

1. Introduction of silica as silexite and quartz 
veins with accompanying rock alteration.

2. Introduction of metal sulfides in order, galena, 
sphalerite, pearceite, and hypogene chalcopyrlte. 
Supergene chalcopyrlte, pyrlte and rhodochrosite 
line small veins which cut the earlier sulfide 
minerals.



Supergene minerals-malachite,asurite and native 
silver.
Late quartz and calcite veins.
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Yearly Production of Gold, Silver, Copper, Lead, and Zinc ]_ 
In Mining Districts of Patagonia and Nogales Quadrangles 1903-1912

Total 142,158 221.28 #4,576 297,156 179,465:928,732

GOLD SILVER | COPPER LEAD : ZINC
• * :

z Year

Ore
Treated
Tons

Fine
Ounces

tValue
Fine
Ounces

• ' '

Value : Pounds Value Pounds : Value :Pounds Value Total

:1903 266 4.83 100 3,966 $ 2,099: 1,562
•

# 216 66,884:$ 1,842: 4,257

• 1904 461 : 5,265 2,865: 27,000
.

2,510 37,855: 1,513.- 6,888
• 1905 1,500 31.93 661 73,590 44,448: 9,000

•
1,404 338,840? 15,925! 62,438

•1906 122,025 17.00 352 61,895 41,470: 7,934 1,507 1,454,972: 82,931! 126,260
,*1907 14,705 37.83 782 41,493 27,386:482,006 

4,788: 47,748
96,402 533,358: 28,268:57,038 3,365 156,203

• 1908 330 28.88 597 9,034 6,302 5,882: 24?! 11,934
♦ 1909 117 5.22 108 1,146 597: 21,222 

43,853: 40,085 
315: 18,915

2,758 2,276: 98: 9,561
•1910 673 41.84 865 81,209 5,091 86,666: 3,814:10,853 586 54,809
;i9ii 52 7.02 145 595 2,364 1,483: 67: 2,891
11912 2,029 46.73 966 18,933 11,644:273,260 45,089 39,145: 1,762: 59,461

— --— —

#163,643 2,567,361 $136,467 67,891 $3,951 488,102

1. "Mineral Deposits of the Santa Rita and Patagonia Mountains, Arizona". U.S. Gaol. Survey Bulletin 
582, p. 29, 1915.
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Santa Cruz County Metal Production'

Tons ' Gold Silver
Year ore, Lode Placer Total Lode and Placer

tailing Ounces Value Oz. Value Value Ounces Value

1900 25,000 1,132 23,400 23,400 150,000 93,000
1901 35,000 1,113 23,000 —— 23,000 150,000 90,000
1902 10,000 967 20,000 —— 20,000 140,000 74,200
1903 : 1,976 540 11,162 —— ——— 11,162 25,000 13,500
1904 461 —*•— 5,265 3,014
1905 1,508 67 1,385 —— 1,385 74,990 45,294
1906 122,049 19 386 386 62,459 41,848
1907 15,145 138 2,847 —•* — 2,847 49,674 32,785
1908 952 63 1,293 14 $ 299 1,592 15,718 8,331
1909 1,957 94 1,941 4 92 2,033 8,710 4,529
1910 793 86 1,787 42 871 2,658 83,219 - 44,938
1911 1,078 76 1,561 30 619 2,180 12,755 6,7601912 14,282 1,545 31,943 31,943 65,104 40,0391913 22,662 1,281 26,478 —— 26,478 59,834 36,1401914 12,823 303 6,262 15 307 6,569 128,270 70,9341915 14,360 295 6,096 24 506 6,602 68,734 34,848
1916 30,387 319 6,588 —•* 6,588 69,731 45,883
1917 64,879 252 5,203 —— 5,203 218,783 180,277
1918 104,195 448 9,252 —  : 9,252 271,197 271,197 |1919 24,801 168 3,477 —— 3,477t 223,241 250,030 I
1920 11,617 51 1,046 — — ■■ 1,046 107,0201 116,652 j
1921 1,043 25 510 510 16,058 16,058 i
1922 3,493 255 5,264 — m# "" 5,264 48,403 48,403 i
1923 6,738 146 3,012 —— — — — 3,012 83,001 68,061 !
1924 3,932 327 6,763 — — —■ 6,763 69,192 46,359 j
1925 3,586 66 1,354 1,354 46,595 32,337 !
1926 3,557 65 1,340 mm-mm 1,340 34,538 21,552 S
1927 6,248 131 2,712 7 135 2,847 42,497 24,096 |
1928 32,885 907 18,743 —— 18,743 158,299 92,605 1
1929 46,338 1,891 39,096 39,096 283,047 150,864 i
1930 29,862 1,605 33,175 —— 33,175 251,080 88,966 i
1931 2,316 110 2,277 33 685 2,962 130,080 37,723
1932 291 178 3,685 4 81 3,766 13,922 3,926
1933 502 345 8,811 4 92 8,903 5,540 1,939
1934 36,527 3,098 108,280 — — 108,280 196,713 127,168

Total 693,243 18,104 420,129 177 $3,687 423,816 3,348,669 $2,264,256
Prior
1900 • mmmmmrn 48,375 1,000,000 1,000,000 2,800,000 2,500,000

Total 693,243 66,479 $1,420,129 177 $3,687 $1,423,816 6,148,669 $4,764,256
Note; 1934 placer gold included with lode production.

le ^sing, Morris J. and Heinenan, Robert E.S. "Arizona Metal Production, ” 
university of Arizona Bulletin. Arizona Bureau of Mines, Economic Series 
0e Bulletin No.140,1936.
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COUNTY METAL PRODUCTION

1

Copper : Lead
: :

Zinc lotal Value 
(major

Year Pounds : Value : Pounds Value Pounds Value metals)
1900 3,000,000:$ 498,000: 3,500,000 154,000 — 768,400
1901 5,000,000: 835,000: 3,500,000 150,500 ——— 1,098,500
1902 2,000,000: 244,000: 100,000 4,100 ——— ——— 342,300
1903 4,162: 570: 1,370,658 57,568 82,800
1904 27,000: 3,375: 37,855 1,657 —— — —— 8,046
1905 9,000: 1,404: 338,840 15,925 — — 64,008
1906 10,382: 2,004: 1,468,556 83,708 —— —— — 127,946
1907 504,254: 100,851: 625,861 33,171 57,038 3,365 173,019
1908 83,277: 10,992: 85,015 3,571 ~ 24,486
1909 148,869: 19,353: 3*460 149 —— — 26,064
1910 42,261: 5,367: 107,500 4,730 10,853 586 58,279
1911 122,717: 15,339: 193,000 8,685 16,844 960 33,924
1912 1,922,102: 317,147: 100,004 4,500 25,539 1,762 395,391
1913 4.012.328: 621,911: 541,522 23,827 —— 708,356
1914 j 2.337.480: 310,885: 403,272 15,728 116,983 5,966 410,082
1915 810,774: 141,886: 1,192,492 56,047 432,582 53,640 293,023
1916 2,124,589: 522,649: 1,157,983 79,901 1,489,435 199,584 854,605
1917 4,101,176: 1,119,621: 1,839,390 158,188 1,945,189 198,409 1,661,698
1918 5,367,276: 1,325,717: 1,453,557 103,203 1,149,505 104,605 1,813,974
1919 1,192,656: 221,834: 1,078,228 57,146 —— — — 532,487
1920 857,034: 157,694: 1,581,499 126,520 — — 401,912
1921 72,190: 9,312: 201,763 9,079 — — — 34,959
1922 161,400: 21,789: 634,633 34,905 — 110,361
1923 311,863: 45,844: 1,127,865 . 78,951 — 195,868
1924 92,026: 12,055: 1,111,018 88,882 — —- 154,059
1925 38,780: 5,507: 1,021,591 88,878 14,365 1,092 129,168
1926 119,912: 16,788: 736,611 58,929 — —— 98,609
1927 541,460: 70,931: 771,068 48,577 : 146,451
1928 764,055: 110,024: 2,082,878 120,807 1,055,649 64,395 : 406,574
1929 1,057,700: 186,155: 3,275,876 206,380 2,278,046 150,351 : 732,846
1930 568,945: 73,963: 2,659,090 132,954 1,585,472 76,103 : 405,161
1931 40,767: 3,710: 254,118 9,402 — : 53,797
1932 3,206: 202: 37,633 1,129 ——— : 9,023
1933 20,156: 1,290: 53,054 1,963 —— : .14,095
1934 151,975: 12,158: 3,378,405

--- - _* ' _
125,001 1,799,581 77,382 : 449,989

Total
Prior

37,621,772.|7,045,327.38,024,295
• • 2,148,66 11,977,081 $938,200■:$ 12,820,260

1900 1,500,000: 198,000:14,666,000 524,174 •: 4,222,174
Total 39,121,772jf7,243,327;52,690,29 2,672,83 11,977,08 $938,20C>:# 17,042,434

1. Blsing, Morris j. and Heineman, Robert E.S. "Arizona Metal production,M 
University or Arizona Bulletin. Arizona Bureau of Mines, Economic Series 
No. 19, Bulletin No. 140, 1936.
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Approximate Production of Santa Cruz County by Mines 1

Copper: Lead Gold Silver Total
•

ipounds) (pounds) 'value) . (value) value

Harshaw District
World’s Fair, 1903-30 400,000 100,000 — 725,000 800,000
Flux, 1882-1925 — 4,500,000 ——— 100,000 300,000
Hardshell, 1880-1920 5,000,000 850,000 500,000
Trench, 1905-20 1,500,000 80,000 200,000
January, 1882-1910 —— — — 10,000 10,000.
Black Eagle, 1918-21 — 50,000 50,000 ,

Josephine, 1885-1930 ——- 2,000,000 525,000 625,000

Hermosa, 1880-1930 w“ 1,000,000 1,000,000

Salvadors, 1880-1910 25,000 25,000

American, 1880-1910 ' —— 75,000 75,000

Blue Hose 500,000 225,000 250,000

Total
400,000 13,600,000 #3,065,000 $ 3,835,000

1. Elsing, Morris J. and Heineman, Robert B.S. MArizona Metal Production11, 
University of Arizona Bulletin; Arizona Bureau of Mines, Economic 
Series Ho. 19, Bulletin Ho. 140, 1936.
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Metal Production In Santa Cruz County and Harshav 
District from IS30 Until 1S401 1

Earshaw District Sants. Cruz County

1930 C 60,227 $ 405,161
1931 44,460 53,797

1932 4,554 9,025
1233 1,255 12,391
1934 157 449,989

1935 2,843 1,493,650
1936 187,045 1,743,240
1937 187,880 1,803,241

1938 49,977 1,378,143
1239 492,490 1,681,419

1940 1,072,018 1,742,555

Total $2,102,884 $10,772,509

1. Mineral Resources 1930-1932 and Minerals Yearbook 
IS32-1240.
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MINERALS

GENERAL -STATEMENT

Many types of minerals are found in the Patagonia 
Mountains, some of which are reported from few other 
localities in the state of Arizona. The minerals will 
be arranged in the order followed by Dana1s System of 
Mineralogy.

ELEMENTS
Sulfur (3). Sulfur occurs as a coating on rocks 

where sulfides have been oxidized.
Gold (Au). Gold was reported from the World's Fair

3Gand Sunnyside mines by Schrader but none was observed in 
ores used for study in this thesis.

Silver (Ag). Excellent specimens of wire silver were 
obtained from the World's Fair nine during early mining.
It was also observed in ores recently collected from the 

World's Fair and Trench mines, occurring as white blebs 
and filling small veins. •

66. Schrader,F.C. op. cit. op. 250-256, 1215
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SULFIDES

.Molybdenite (MoSp). Schrader^ reported Molybdenite
from the Thunder claim near the head of Alum Gulch.

Galena (PbS) Galena Is one of the most abundant ore
minerals In the Patagonia Mountains. It has been found or
reported from every mine from which any production has been
made. It occurs as fine granular veins and Irregular

38masses. Galbraith records the occurrence of cubo-octa-
hedral crystals from the Flux mine.

Argentlte. (Ag^S). Argentlte has been reported from
the January, Blue Eagle,and Flux mines. Schrader^ reports
that the main ore obtained from the January mine was argentlte.

Chalcoclte (OUgS). Chalcocite has been reported from
40the World's Fair mine by Schrader .

Sphalerite (ZnS). Sphalerite Is abundant In most mines 
of the district, and in some It Is the main ore. It is 
usually associated with galena, alabandite, and chalcopyrite. 
Some specimens show the sphalerite free from inclusions, 
but samples from the lower part of the Flux mine have abundant 
specks of chalcopyrite as inclusions. 37 38 39 40

37. Schrader, F.O. op. clt. p. 257. 1915.
38. Galbraith, F.W. op. Minerals of Arizona: Univ. Ariz.,

Ariz. Bur.Mines Bull. 149, p. 14. 1941.
39. Schrader, F.C., on. clt. p. 253. 1915.
40. Schrader, F.C., op. clt. p. 250. 1915.
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Ajabandlte (Mn3). Alabandlte v;as observed in ores from 
the Trench and Chief mines. It occurs as an early hypogene 
sulfide and has been replaced in some places by secondary 
sulfides or later'primary sulfides. Rhodochrosite and 
quartz are common gangue minerals associated with it.

Bornite (Cu peg ). Bornite was observed in very small 0 4
masses associated with supergene chalcopyrlte. It occurs 
in ores from the Humboldt, Chief and Trench mines. It has 
been reported from some other mines in the district.

Chalcopyrlte (CuFeS^). Chalcopyrlte occurs in small 
amounts in most of the mines, but was not observed in any 
large quantity. It was observed in small Inclusions all 
through the sphalerite from the lower part of the Flux mine; 
as irregular inclusions and replacing pyrite along shattered 
zones from the Humboldt and Chief mines. Ores from the 
World's Fair mine show an unmixing of materials with some, 
very fine yellow colored material associated with freiber- 
gite. This is probably chalcopyrlte but the inclusions 
were too small to identify definitely.

ByTlte (FeSg). Pyrite is abundant in all mines as 
well as occurring in most rocks as disseminated grains. 
Irregular masses from some mines have been replaced by 
later sulfides along Irregular cracks. Some euhedral 
crystals of pyrite occur in the ores from the Trench mines
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and other mines. It is one of the earliest sulfide 
minerals. Excellent euhedral crystals up to one half 
inch in diameter were found in the prospect holes along 
Alum Gulch. These crystals showed great variation in 
form. Forms observed were cubes, pyritohedrons and 
diploids.

SULFO-SALTS

Tetrahedrlte (3Cu SSb0S ). Tetrahedrlte is common 
in small irregular masses in the ores from the Trench, Chief, 
Humboldt, and World's Fair mines. It is usually associated 
with chalcopyrlte, galena, and sphalerite. In appearance it 
is much like frelbergite and shows the same relationship to 
other ores. In general if the ore contains native silver 
or pearceite the mineral with it is frelberglte but if the 
ore is chiefly galena and sphalerite the associated mineral 
is tetrahedrlte. . In some specimens tetrahedrlte replaces 
pyrlte along cracks.

Frelberglte (Argentiferous tetrahedrlte). Frelberglte 
was found in the silver ores from the World's Fair mine 
associated with pearceite, native silver, and curious small 
inclusions which appear to be chalcopyrlte. This same
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type of ore was observed frota the 500 level of the french, 
mine.

Pearcelte (9 Ag SAs S ). In the rich silver oresc C u
from the World's Fair mine pearcelte Is commonly present. 
Samples were obtained from various levels and from tunnels 
which have their openings farther up the hill. These all 
show pearcelte in polished sections. In some It is the 
principal mineral; in others-it is subordinate to galena 
and sphalerite. Some rich samples were obtained from the 
500 foot level of the Trench which showed abundant pearcelte. 
It occurs in veins cutting other sulfides,

OXIDES

Quartz (SiO^). Quartz is abundant in rhyolite and 
dacite lavas, as a main constituent of the sllexlte dikes 
and quartzite outcrops, as a general groundmase in slllcifled 
lavas, and as crystals filling small cavities in some of the 
ore bodies. Some small veins of quartz were observed in 
thin sections, and a few veins were found in the field where 
quartz was observed.

Trldymlte (SIO^ ). Trldymite wad observed in the red
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colored rhyolite from Red Mountain, which borders on the 
northwest corner of the area covered by this thesis.

Cuprite (CUgO). Schrader^ reported the occurrence 
of cuprite from the Dewey claim which is located northeast 
of the World's Fair mine.

I-iasslcot (PbO). Galbraith^ records the occurrence of 
massicot in the Flux mine, where it is associated with minium 
and cerussite.

Tenorlte (CuO). Tenorlte is reported from the Sunnyside 
and Blue Eagle mines by Galbraith"^,

Hematite (Fe 0_). This mineral occurs as specularH 3
hematite scattered throughout most of the rocks. The red 
variety is responsible for much of the red color of the rocks 
of the district. One large stream rounded boulder ( one 
foot in diameter) composed entirely of hematite was found 
in upper Alum Gulch. This occurrence suggests the possi
bility of larger deposits of hematite in the area drained 
by the upper part of the stream.

—Eeucoxene (TiOgH^o). This material was observed as an 

alteration product in the rhyolite agglomerate, which occupies

41. Schrader,F.C. Mineral Deposits of the Santa Rita and
Patagonia Mountains,Arizona: U.S. Geol. 
Survey Bull.582,p.276.1915.

42. Galbraith,F.W. Minerals of Arizona: Univ. Ariz. Ariz.
Bur.Mines Bull.149,p.33, 1941.

43. Galbraith, F.W. Idem. p. 33. 1941.
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the central part of the district.

Minium (Pb^O^). Galbraith4" records the occurrence of 
minium associated with cerusslte and massicot- in the Flux 
mine.

Pyrolusite (MnO^). Many mineralized veins in this 
region contain pyrolusite. A mineralized zone on the hill 
east of the Trench mine shows considerable pyrolusite and 
psilomelane. The Blue Mose. mine contains pyrolusite and 
rhodochrosite in most surface exposures.

Llraonlte (mixture of hydrated iron oxides). Most mines 
and mineralized zones throughout the district show limonite 
in varying amounts. Mo deposits have been located which 
have any value.

Psilomelane (MnO Mn Q ). Psilomelane is oresent in
& E 0

the veins associated with the Blue Nose mine, in association 
with rhodochrosite .and pyrolusite.

CARBONATES

Caiclte (CaCo^). Many thin sections show calcite in £ .
cavities and irregular grains. Excellent specimens.of 

44% Galbraith, F.W., op. cit. p. 35. 1941.



scalenohedral crystals were obtained from the Flux mine.
Some of the amygdaloldal cavities In the younger andesite
are filled with calcite. The limestone outcrops show
varying amounts of metamorphism and the accompanying
crystallization to marble arid calcite.

Rhodochroslte (MnCO ). Rhodochrosite occurs In thec
Blue Nose, Trench, Humboldt and Chief mines as a secondary 
mineral in veins and cavities. It is common In the alabandite 
ores from the Trench mine.

Cerusslte (PbCO ). Cerusslte was observed in the 

oxidized material surrounding the open pit at the Flux 
mine. It occurs as white crystals in open cavities. Its 
presence at this location was Important enough to be listed 

in Dana'a Textbook of Mineralogy45, Schrader45 records

it at the Trench mine.

Malachite (CuCCTCu (OH)^). Excellent crystals of 
malachite were obtained from the dump at the Sunnyside mine. 
Some of these crystals were half an inch in length. The 
Dewey prospect shows crusts of malachite and azurlte.

45. Ford"] W.E. Dana's Textbook of Mineralogy: John Wiley
and Sons, New York, p. 525. 1952.

46. Schrader, F.C. Mineral deposits of the Santa Rita
and Patagonia Mountains, Arizona: U.S.
Ceol. Survey Bull. 582, p. 254. 1915,
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Azurite (ZGuCO^CutOH)-) Azurite was found only at
the Dewey prospect in the younger andesite.

4"

SILICAfES

: rt£l ' '4

.

Orthoclase (KAlSi o ). Orthoclase is the important
3 8

feldspar of the rhyolite porphyry and rhyolite tuff and
agglomerate. Host of the phenocrysts have been kaolinized,
but fresh crystals are found in some sections.

Sanldine (K,Na)AlSi o ). Good sanidine phenocrysts3 8
were observed in sections of rhyolite agglomerate.

%G|rQCline (KA1S1 0 ). The only microcline definitely
3 3

identified as such was found as a sand grain in a weathered

quartzite from the ridge between Flux Canyon end Alum Gulch.

Plagloclase (Na OAl 0^6 Si 0 )-(CaCAl 0 2510 ). The
^ 2 3 2 2 3 2

lavas of the region contain plagloclase ranging from albite

to labradorite. Andesite lavas contain oligoclase and

andeslne. Albite is common in the rhyolites and agglomerates.
47Enstatlte (MgSlO ). Galbraith lists enstatlte fromU

the younger andesites of the Patagonia Mountains, but none 

was observed in the thin sections studied.

47. Galbraith, F.W., Minerals "of Arizona: Univ.Ariz., Ariz.
Bur.Hines Bull.145, p.47, 1941.
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Pyroxene (Ca(Mg.Fe)Sl o ). Most <bf the pyroxene
2 6

observed in thin sections showed alteration but some
relatively fresh crystals were seen in the younger andesites.

Augite. (Ca,Mg, Fe,Ai} SiO 0̂." Some good crystals ofo
augite were observed in sections from the diabase dikes and
younger andesite. • : .'

- Hornblende (Ca,Mg,Fe,Al,SiO OH). The hornblende iso
completely changed in most sections, but in the daolte and 
rhyolite some remnants remained which would allow identi
fication.

Tremollte (CaMg Si o ). Tremolite was abundant ino 4 12
the limestone north of the Blue Nose mine, indicating a
zone of contact metamorphism.. . a. .

Andradlte (3 Ca0Fe_0^5Si0 „). The same limestone
& C)

which contained the tremolite has numerous'garnet grains, 
some of which are euhedral in form but others are -irregular

in form. - „ .. : .r .  : j . .

Chrysolite (Mg,Fe SIO ). This mineral-ms ‘-observed 

in only one section from the younger andesite.
Zircon (ZiSlO^.). Zircon grains were present in 

slides from rhyolite agglomerate, rhyolite porphyry and 
the coarse-grained rhyolite. The grains were small.
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Cllnozolslte (H CagAlgSigO^g). This mineral is 
associated with epidote in the cavities and amygdules 
from both the older and younger andesites.

Epidote ( H CagfAiFeigSigO^g). Epidote is abundant 
in many altered rocks. In some sections the epidote 
replaces entirely the plagloclase phenocrysts; in other 
sections the epidote is in grains and veins cutting the 
rock.

Prehnlte (HgCagAi^(SlO^)g). Prehnlte was. identified
in one thin section of siliclfied rhyolite.

Tourmaline (H9Ai^(B.0Hg)Sl^O^). Tourmaline was observed 
in two sections of diabase, and in one section of quartzite 
where it occurred as a detrital grain.

Muscovite (K K)Ai Si 0 ) ). This mineral occurs as
& v 4 O

grains in the rhyolite and rhyolite agglomerate and in the 
form of sericite in most of the altered rocks of the region.

Biotlte (H^K(Mg,Fe)^1(310^)^). Some outlines show
the presence of former biotlte flakes in the andesites, 
and in one altered andesite section a secondary brownish 
green biotlte was observed.

Chlorite (H^MggSigOg-H^MggAlgSlOg). Many thin 
sections contain chlorite usually replacing original 
ferromagnesian minerals. Most of the chlorite was
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identifed as penninite.

Serpentine (H Mg^Si q ). One thin section of older 4 0  2 y
andesite showed chrysolite altering to serpentine and 
iddingsite.

Iddingslte (Hg O.Fe 0 . 3 Si 0o4H 0). Iddingsite2 3 2 2
occurs as a dark brown alteration product around altered 
chrysolite.

Kaolin (H Ai 81 0 ). The feldspars from most lavas 4 2 2 9
of this region show some degree of kaolinization.

Nontronite (H Fe Si 0Q). One section of quartzite 4 2 2 v
and one of younger andesite contained nontronite.

Chrysocolla (Ou Si 0 2H 0). Schrader4^ lists3 2
chrysocolla as one of the minerals occurring at the 
Dewey prospect.

Sphene (CaTiSiO^), Grains of sphene were seen 

as secondary material altering from biotite and augite, 
in andesite.

PHOSPHATES

Apatite (Ca F) Ca (PO ),).4 4 3 Apatite occurs as

48. Schrader, F.C. hineral deposits of the Santa Rita
and Patagonia Mountains, Arizona: U,S. 
Geol.Survey Bull.582", p. 276, 1915.
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small prismatic crystals in sections of older and younger 

andesite.
Fvromornhite (Pb Cl) ?b (po ) . This mineral v:as4 4 3 •

AC-listed by Schrader-1' as one of the minerals occurring at 

the Trench mine.

SULFATES

Barite (3a SO ). Barite mas not seen in any of the 4 50sections studied, but Schrader lists it p.s an important 

gangue mineral at the World's Fair mine.
G-yosum (Ca. S0^.2H^0). Gypsum vras found in small 

veins in the surface workings of the'Blue Hose mine.
Ensomite (Hg S0^,7Ho0.). This mineral was also found 

in the Blue Nose mine as delicate growths from the walls 

"of stopes near the surface.
Chalcanthlte (Cu SO^.SK^O). Schrader^ lists copper 

sulfates from the Humboldt and Blue Eagle mines.

40. Schrader, F.C., on. cit. n. 254, 1915.
50. Schrader, F.C., Idem. p. 250, 1915.
51. Schrader, F.C., Idem. PP . 252-258, 1915.
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Alum (K Al (SO,) igH 0)(Na Al (SO ) .12H 0).* 2 2 4 2 2
Efflorescent growths of alum are common In the rocks 
elong Alum Gulch. It is assumed to be formed by a 
reaction of the decomposing pyrite with the rocks con
taining potassium and aluminum silicates.

Alunite (K Al (OH) (SO ) ). Thin sections from 
2- 6 12 4 4

the older andesites in one locality showed considerable
5Palunite. Schrader lists this mineral as being In

abundance at the 3H mine to the vest.
Jarosite (K Fe (OH) (SO ) )_ Jaroslte was observed 

2 6 12 4 4
in some small veins in the younger andesites associated with 

copper stains.

52. Scnrader, F.C.t Mineral Deposits of the Santa Rita
and Patagonia Mountains, Arizona:
U.S. Geol. Survey Bull.582, p.284,1915,
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HIMES OF THE DISTRICT.

FLUX MINE-

The Flux mine Is located near the steep western edge 
of the Patagonia Mountains on a ridge "between Alum Gulch 
and Flux Canyon. The early workings are near the top of 
the ridge but as progress was made downward,tunnels were 
extended out to the surface until at a deoth of 260 feet 
the tunnel opens almost in the bottom of Flux Canyon.

The Flux mine was first located in the fifties but 
little mining was done until the seventies, when much 
cerussite and' some argent!te was obtained from the shallow 
workings. This early mining was conducted in an extensive 
zone of oxidation. The material from this zone is bright 
red and contains some scattered crystals of cerussite and 
calcite.

The Flux mine was operated by lessees until 1939 
when the American Smelting and Refining Company obtained 
possession.

Access to the mine is through the glory-hole on top of 
the hill, or through the tunnels on the 100 foot/ 130 foot, 
and 260 foot levels. Until recently the ores were brought 
to the portal at the 260 foot level, then hoisted to the top
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of the hill with a cable oar, dumped in an ore bin, then 
hauled to the mill at the Trench mine.

To eliminate the multiple handling, the mine operators 
have built a road dawn the canyon to the east so the ores 
are loaded onto the trucks at the 260 foot level. The 
machine shops and other mine buildings are near the 260 
foot portal.

Mining has continued on down to the 430 foot level 
where some good deposits of sulfide ores are found. The 
deposits show no indication of diminishing in size or value, 
therefore, the Flux mine will probably continue to be one 
of the best mines in the district.

The Flux' mine is reported to have produced 3300,000 by 

1930; much of this was lead and silver, but at present the 
zinc is probably most important.

The ores of the Flux mine are located along a fault 
zone between limestone, silexite, and altered sandy-shale.
A zone of brecciation has aided the mineralizing solutions 

in their passage. The limestone is assumed to be Pennsyl
vanian in age corresponding to that farther up Flux Canyon. 
The fault has followed a silver of steeply dipping lime
stone extending from the bottom of Flux Canyon to the top 
of the ridge on which the original shaft was located.
Silicification has accompanied .the silexite injections,
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(or introduction of quartz-rich veins) so that many of the 
original rock characteristics have been erased.. The north- 
south zone of mineralization parallels the outcrop of lime
stone and the faults with which it is associated*

The unoxldized ores are largely composed of galena, 
sphalerite, chalcopyrlte, and pyrite. Pyrite or the rust 
from it is abundant throughout the mine. Below the 260 
foot level, the ores are sulphides. The percentage of zinc 
increases in depth, and considerable sphalerite is being 
mined with the galena from the 400 and 450 foot levels, at 
the present time.

Several prospects have been opened across the small 
canyon to the east where some mineralization is evident. 
Considerable pyrite is present in these prospects in addition 
to iron oxides and manganese discoloration.



WORLDS FAIR MINES
FROM MAP
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WORLD'S FAIR MINE

The World's Fair mine Is located on Alum Gulch at an
elevation of 4660 feet. It was located In 1879 but later
abandoned and relocated in 1883. It was sold to Frank Powers
who was responsible for most of the mining at this location.
The mining has been mostly on rich ores. Some of the ores
mined by Powers are reported to have brought from $8,000 to
$25,000 for a 25 ton carload. Early In 1929 the mine was
under the control of the Trench Mining Co. Until 1930 the
World's Fair had produced $800,000 and since 1930 has been

53operated by Mr. J.C. Shell who frankly admitted that his 
method has been to strip as much ore from the mine as possible, 
apparently with little thought for the future of the mine.
The lease held by Mr. Shell expired in 1941 and he did not 

renew it. There is still considerable rich ore in the 
mine but in small bodies, so that it will probably remain 
for lessees to remove it. Schrader states that in 1903 
$600,000 worth of ore was blocked out.

53. Shell, J.C. Oral communication. """ ”
54. Schrader, F.C., Mineral Deposits of the Santa Rita

and Patagonia Mountains, Arizona: U.S.
Geol. Survey Bull. 582, p. 248, 1915.
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The World1s Fair mine is still owned by the Frank 
Powers estate.

The Phelps Dodge Corporation became interested in the 
properties included in the World's Fair group, and in 1925 
made a detailed map of the mine and studied its ores. The 
map was made available to the writer by Mr. J.C. Shell. A 
reduction in size was made and is included with this thesis.

The mine has been developed to the 450 foot level with 
more than 3700 feet of drifts and crosscuts. The lower 
workings are now filled with water as there has been no 
pumping since 1930. Mining since 1930 has been conducted 
only on the tunnel level and openings farther up the hill.

The rock surrounding the World's Fair is andesite,
55although Schrader mapped it as quartz, diorite. A 

silexite ledge occurs up the hill from the mine at an 
elevation of 5280 feet. This dike is almost vertical and 
is encountered in the mine on the main level but is barren 
of values.

The main mineralization occurs in the hanging wall of 
lew dipping veins which strike N. 15° east and dip to the 

east, according to Shelf? However, successive levels are

Fsl Schrader, F.C., op. cit. Plate 11, 1915.
56. Shell, J.C., Oral communication to the author.
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to the west as shown on the"mine plan, because different 
veins.are encountered on different levels. On the 300 
foot level along one of the faults a fossil leaf was found 
which could be accounted for only by an open fissure or by 
fault movements.

The ores wherever found are rich but spotty. Samples 
were studied which assayed 1500 ounces in silver. This ore 
consisted principally of pearceite and native silver. Shell 
reports that the hanging wall on the 450 foot level contains 
ores which carry 800 ounces in silver. Pyrite and quartz 
are the common gangue minerals, and veins inside the mine 
are stained with manganese and iron.

JOSEPHINE AND TRENCH MINES

To eliminate misunderstandings which may otherwise 
arise, these mines are discussed together. The Trench 
mine was situated in the bottom of the middle fork of 
Alum Gulch along which the road Is built. The cement 
foundations for mine equipment may still be seen. The 
Josephine shaft is about 600 feet southwest of the road 
at an elevation of about 5050 feet. The mine and mill



located here are considered today the Trench mine.
Mine maps of underground workings show, the two mines 

to be located on the same vein and zone of mineralization, 
which strikes M. 57° W. and dips about 60° to the north
east.

The Trench mine was located in the fifties, but the
Josephine not until the seventies.

Mining has been conducted at intervals since the
Trench was discovered. . . Intensive mining at the
Trench began in 1936 when it was reopened. By 1940 this
mine was the largest producer of lead in the state and
ranked third in zinc.

57Schrader gives the production from the Josephine
as $750,000 but the figure given in "Arizona Mineral 

58Production" gives only $625,000 production until 1930. 
Schrader listed no production from the Trench so it appears 
that he included it with that from the Josephine.

The mine has been developed to the 800 foot level 
where mineralization continues. . The rock Is older
andesite on the 800 foot, level, the same as at the surface.

57. Schrader,F.C., Mineral deposits of the Santa Rita and
Patagonia Mountains,Arizona:.U.S.Geol, 
Survey Bull., 582, p. 254, 1915.

58. Arizona Metal Production, Unlv..Ariz.,Ariz. Bur.Mines
Bull. 140, p. 100, 1936.
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The best Indication as to thickness of any lava formation 
in the region appears here. The ore zone is narrow and 
pinches entirely out in places. Locally it is mined where 
only 2 feet thick so passage through some of the workings is 
difficult.

The American Smelting and Refining Co. completed con
struction of a new 200-ton flotation plant in 1939 and has 
treated the ores from both the Trench and Flux mines since 

that time.
Galena and sphalerite are the principal ore minerals 

but some ore was collected from the 500 foot level which 
contained pearceite, tetrahedrite, freibergite, and pyrite.
The silver production of the mines studied, is due to the 
presence of pearceite, freibergite, and native silver.

Alabandite occurs in rather pure form but locally is 
associated with galena, sphalerite, pyrite, quartz and 
rhodochroslte. Good samples of alabandite were obtained 
from the 590 foot level and the 800 foot level.

Water is present in the deeper parts of the mine, but 
it is Insufficient for needs of the mill, so water for operation 
purposes is obtained from the old Hermosa mine about one mile 
to the east.

Some of the older workings are caved, but it is estimated 
that 13,000 feet of underground excavations have been made.
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THE CHIEF MINE

The Chief mine is located near the head of Flux Canyon 
at an elevation of 4950 feet. The property consists of 13 
unpatented claims on which have been sunk a number of shafts 
and tunnels. Small excavations have been made on most 
fractures or zones of shattering.

The property is held by hr. 2.2. Bethel of Patagonia.
The mine buildings, compressor, and shafts are in a poor 
state of repair and would require considerable expenditure 
before mining could be resumed.

The rocks at the Chief Mine are Paleozoic limestone, 
oacite, silexlte, agglomerate, and rhyolite. The lime
stone is exposed at the surface near the shaft and is also 
encountered in the underground workings. A dike of silexite 
strikes K. 60° east which is the same zone followed by the 
drifts from the.main shaft.

5CAccording to a report by C.A. Lee " the main shaft is 
250 feet deep with levels' at 100 and 215 feet with about 460 
feet of drifts, and the Morrison shaft is 150 feet deep with 
levels at 40, 80, and 150 feet. The Kemp shaft is inclined 
with a depth of about 70 feet.

59. Lee, C.A. Unpublished report.



Samples of sulfide oree were obtained from some left 
near the main shaft. Polished surfaces of these were 
studied. Pyrite is plentiful as well as galena and 
sphalerite. Chalcopyrite is found in small soeels and • 
some frelbergite is present but judging from the amount of 
this mineral shown In the specimens studied, the ores are 
not rich in silver.

The Kemp shaft is to the northwest across Flux Canyon 
located on a fault zone which strikes north 30o-40° west and 
dips 40° to the southwest. This zone is stained with iron 
and manganese and can be traced for some distance down Flux 
Canyon. Limestone is present in the bottom of Kemp shaft.

HUMBOLDT MIME

The Humboldt properties, first located in 1835, consist 
of several claims with excavations located near the bottom 
of Alum Gulch. • The main excavation is a tunnel beginning 

in rhyolite agglomerate but extending to the older andesite. 
This tunnel is located a short distance up the main branch 
of Alum Gulch from the Flux-Trench road. It is at an eleva

tion of 4940 feet. About 50 feet above this tunnel is another 
which connects with the first by stones and manways'which are
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no longer passable* A production of $10,000 was made 
between 1837-1889 but very little was done between 1889

pr\
and 1958. The Minerals Yearbook for 1959  ̂ lists the 
Humboldt as a fairly large producer.

The mine is now controlled by Carl Scheler, Patrick 
Roscoe, Gib Mock and Reuben Mock. Mr. Scheler is actively 
engaged in prospecting in the mine.

The rock in the mine shows considerable alteration, 
with sulfates being common as white coatings and copper 
sulfate. Small veins show sulfide enrichment but no 
sizable deposit is present. Veins containing galena and 
sphalerite were found but the largest seen was six inches 
wide, and extended, only 20 feet,'. .

The general trend of the Trench vein is toward the 
Humboldt so there is some possibility of uncovering larger 
ore bodies by working back farther into the older andesite.

Polished sections of the ores show sphalerite and galena 
as the principal minerals. Pyrlte is common, much of which 
shows excellent fracturing with che.lcopyrite and tetrahedrite 
filling the cracks. Some quartz is present in the ore but 
it is not abundant.

Mr. Scheler had some ore on the dump which looked good, 

60:. Minerals Yearbook U.S. Bureau of Mines; p.225, 1959.
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but producing these small amounts was the result of days 
of work.

Several other openings occur about one half mile up 
Alum Gulch but in these the only mineralization observed 
was iron oxide and pyrite. Mo ores have been mined from 
these openings.

BLUE NOSE MINE

The Blue Nose mine is located at the southern end of 
the area studied,in a small canyon extending to the west 
from Barshaw Wash at an elevation of 5300 feet. It is 
controlled at present by Mike Kogan of Harshaw who has plans 
for opening the old workings and putting the mine into pro
duction again. Some ore was produced in 1927 but since then 
no production is recorded.

The surface rocks at the Blue Nose are Cretaceous
>

shales, which are strongly stained with manganese and Iron. 
Rhyolite dikes cut these sediments, and appear to be responsi 
ble for the mineralization. Limestone is encountered in the 
mine at a depth of 150 feet, and also as a ehaly limestone 
near the surface.

The bedding strikes N. 15° west and dips 54° southwest.
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This is the trend of the underground workings. The mine 
ho.s been worked to 350 feet with levels at 150, 250, and 
350 feet. Water stands at about 200 feet so the lower two 
levels are not accessible. i> map of the upper levels was 
prepared by i-l.B. Lovelace and is included in this thesis.

Only carbonates, epsomite, gypsum, pyrite, galena, and 
oxidized materials were obtainable from the accessible parts 
of the mine. Considerable oxidisation has made the ores 
here very crumbly and difficult to study. The mine has 
produced (;250,000 in lead-silver ores.

JANUARY AND RED BIRD MINES

The January and Red Bird (Norton) mines are located 
northeast of the Flux-Trench road along a silexite dike.
These two patented claims' are owned by the Blue Flag Mining 
Company, Colorado Springs, Colorado.

The rock consists entirely of older andesite and the 
silexite of the dike. The dike and mineralized zone strikes 
N*. 53° w. and dips 75'nE. -

Considerable pyrite is -found on the mine dump, and 
stains of manganese and iron are common along the dike. 
Mineralization is not uniform in the dike and some sections 
show practically none.



The shaft is caved and no maps of underground workings 
were available. From the amount of material on the dump 
it would seem that considerable work had been done under
ground.

The mine has produced ^10,000 in silver, which accord
ing to Schrader®"*" was from a pocket of argentite found near

6?the surface. Mineral Resources records the shipment of 
a. car of first-class sulfide silver-lead ore in 1928,

SUNKYSIDE MIME

The Sunnyside mine is located near the head of Alum 
Gulch, at an elevation of 6000 feet about one mile south
west of the Chief Mine and one and a half miles west of the 
Harshaw-Mowry road. The property consists of eight un
patented claims owned by Mr. R. Farrell.

Rhyolite agglomerate is present at the top of the hill 
where the shaft is located but the underground workings are 
principally in rhyolite porphyry. No prominent structural

61. Schrader,F.C., Mineral Deposits of the Santa Rita and
Patagonia Mountains,Arizona: U.S. Geol. 
Survey Bull. '582, p. 253, 1915.

Mineral Resources of the United States Part 1 Metals 
o. 804, 1928.

62 .
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features are present but a general shear zone strikes 
N. 40° W.

The vertical shaft on the hilltop has no ladder or
£5 'Zother means of entrance but Schrader ° reported it to be 

90 feet deep with cross-cuts at 35 and 80 feet, from which 
$5,000 in copper and silver was produced. This production 
came from five carloads. Located as it is one and a half 
mile's from a road, the ore had to be packed out. A small 
shipment was made from the Sunnyside mine in 1917.

Ores found on the dump show only well crystallized 
malachite, and limonlte. Sulfide ores may exist below 
the zone of oxidation, but apparently mining has not 
penetrated to that depth.

OTHER PROSPECTS

Numerous prospects are located in the district varying 
from those a few feet in depth to those with over 300 feet 
of excavations. They have been dug in every type of rock 
and in some of the most inaccessible parts of the district.

65. Schrader, F.C., Op. clt. pp. 254-256.
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Along the bottom of Alum Gulch to the south of the 
Sunnyside.mine ore three prospects comprising tunnels into 
the rhyolite porphyry. The tunnels follow faults or 
shattered zones and expose considerable iron oxide. The 
first of these is at an elevation of 5750 feet with a tunnel 
120 feet long which trends N. 65° w. The second at an 
elevation of 5810. feet has a 65 foot tunnel on a fault 
which strikes N. 57° V with a vertical dip. The third at 
an elevation of 5900 feet is 545 feet long and extends straight 
west. Mo mineralization is evident in these tunnels except 
the iron oxide.

About three-fourths of a mile east of the World's Fair 
mine, near the top of a ridge to the north of Flux-Trench 
road is a prospect in the older andesite which shows con
siderable copper and manganese stain, but this prospect 
has not been opened extensively so it is not possible to 
estimate its value.

Located about 1000 feet west of the Mowry-Harshaw road 
along a small tributary canyon is the Marstellar claim, 
situated in the Carboniferous limestone. A head frame has 
been constructed over the shaft but is now in poor shape; 
a small mine shop is located near the shaft. No minerali
zation other than iron oxide was seen in any of the material 
on the dump.
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Just beyond the northwest corner of the area along
Alum Gulch is the Blue Eagle mine. It is on an east-west
silicif.led zone which has the appearance of a silexite

64dike. Schrader reported the mine was producing when he 
made his studies, and had shipped 60 tons of ore to Douglas. 
The compressors and other mine equipment are still on the 
property but there has been no production for some years. 
Farther up Alum Gulch and up the. slope- to the north is the 
Hampson prospect located along a fault zone between the older 
and younger andesite. The material removed from the prospect 
is stained a bright red and is visible for some distance.
This property was formerly reached by a road which followed 
the bottom of Alum Gulch. This road has been in disuse for 
years and is in places completely obliterated so before either 
the Blue Eagle or Hampson could be put into production a new 
road would need to be built. ■

Many of the smaller prospects are not discussed because 
they consist only of small holes; some of them show only 
iron stains, and some are in rock as barren as any found in 
this region.

64. Schrader, F.C., Op. cit. pp. 257-258, 1915.

16213u
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ECONOMIC POSSIBILITIES OF, THE DISTRICT

The mines are all located along fissure veins which 
have served as passage-ways for mineralizing solutions and 
dikes. It is believed that an underlying Igneous body was 
the source of the ore minerals and the silexite dikes. The 
ore bodies have the characteristics of shallow-vein types, 
so extensive depth is not to be expected.

Past mining has failed to show any large or extensive 
ore bodies but rather to indicate that the ores where encounter
ed are high grade but very spotty, and only in small bodies.
It seems improbable that extensive ore bodies will ever be 
found in this vicinity, but small mining companies or indi
viduals may do well by working the high-grade small ore bodies. 
The Trench and Flux mines both have considerable ore in sight 
and are Important lead-silver— zinc producers.

The Flux mine shows the most promise for the Immediate 
future, but from a standpoint of location, rock types and 
structural conditions, the Chief group occupies a favorable 
position. The Sunnyside should be prospected below the 
oxidized zone to determine the nature of the primary ores and 
the extent of- secondary enrichment.

The Trench mine should continue to produce rich ores 
from its narrow zone of mineralization.
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PLATE I

A. Looking northwest along Flux Canyon. Large silexite 
ledge is to the left parallel to the canyon.

B . A view of the same silexite dike from the north. Flux 
Mine buildings in the foreground. A diabase dike 
parallels the silexite on the left side. :
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PLATE II

A. Brecciated silexite with the angular fragments 
cemented together with more silexite.

B. Another view of silexite breccia showing the size of 
fragments, and a recent fracture which cuts across 
the entire mass. No movement is shown on this fracture.





PLATE III

A. Showing the western end of the Flux Canyon silexite 
dike. Here it appears vein-like.

B. One segment of the same part of the dike as shown in A. 
Successive intrusions are shown by banding and layer
ing.





PLATE IV

Coarse fragmental vent agglomerate weathered to 
irregular masses. Some layers are fine tuff.

Close up of material at the vent, showing large frag
ments with flow-lines in the lava around them. Some 
fragments of quartzite were found included in the 
material from the vent.
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PLATE V

A. Fanglomerate along Flux Canyon. It weathers 
rough irregular surface forms.

B. Close up of the same fanglomerate as in A.

into

The frag
ment near geology pick is three feet across. Fragments 
of several types of lavas and limestone are included 
in the fanglomerate.



Plate V



PLATE VI

A. Rhyolite tuff or agglomerate showing distinct "bedding 
with steeply dipping beds, which strike N. 7 8° east 
and dip 55° north.

B. Fanglomerate from left fork of Alum Gulch and east of 
World’s Fair Mine. Shows the same characteristics 
as the other fanglomerates in the district.





PLATE VII

Looking east to where Alum Gulch cuts across 
rhyolite agglomerate which forms perpendicular 
cliffs. San Rafael valley in the distance.

View from ridge near vent looking southwest toward 
large silexite ledge over which the waters of Alum 
Gulch drop in a series of falls.
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PLATE VIII

View down Alum Gulch from hill northeast of World* 
Fair Mine. Shows the area where diabase dikes 
finger into the Red Mountain rhyolite.

Close up view of one of the ridges showing inter 
fingering of rhyolite and diabase, or younger 
andesite.
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PLATE IX

Looking toward American Peak. Shows silexite dikes 
which extend across Alum Gulch.

A fault in the large silexite dike in Alum Gulch 
It shows slickensides and gouge zone.



Plate. IK



PLATE X

Looking toward the head of Flux Canyon. It shows some 
prominent silexite outcrops and the uniform character 
of the rhyolite making up the main part of the dis
tant ridge.

r

A view showing jointed and alunitized lava from a 
ridge up left fork of Alum Gulch, to the east of 
World's Fair Mine.





PLATE XI

A. Chief Mine near Flux Canyon. The ridge in background 
is rhyolite agglomerate.

B . View showing contact between dacite and rhyolite
agglomerate. A silexite dike is at the contact. Bed 
Mountain is in the distance. The road leads to the
Chief Mine





PLATE XII i

Looking down into Alum Gulch showing the location 
of the World's Fair Mine. Red Mountain is in the 
background.

View showing buildings at the World's Fair Mine 
Foundation at the right is a remnant of the old 
mill. Looking down Alum Gulch.
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PLATE XIII
' X

A. Showing location of Flux Mine. View from the south 
showing Sonoita River valley in the distance.

B. Flux Mine as seen from Flux-Trench road
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PLATE XIV

A. Looking south at the Trench mine and mill. American 
Peak is shown in the distance left of the center 
of picture.

B. Trench Mine and mill from the west. The rock is all 
andesite except the distant peaks and ridges.



P l a t e  X t v

1

s



PLATE XV

American Peak as seen from the hill above Marstellar 
claim.

Blue Nose Mine as seen from the west. American Peak 
is to the right of the picture.
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PLATE XVI
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A. Thin-section photomicrograph of sandstone or weathered 
quartzite.from outcrop within dacite, shows rounded 
quartz grains and considerable iron in the cementing 
material. Magnification 30X.

B. Same with crossed nicols.

C. Thin-section photomicrograph of silexite. This shows no 
grains, and is to be contrasted with A. Magnification 30X.

D. Same with crossed nicols. Shows interlocking grains and 
igneous texture but entirely of quartz.
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PLATE XVII • :••

A. Thin-section photomicrograph showing completely 
silicified rhyolite with traces of phenocrysts 
entirely lost. Magnification 3OX.

B. Same with crossed nicols. The texture here is 
similar to that of silexite.

C. Thin-section photomicrograph showing rhyolite under
going alteration. The quartz is unaltered but 
feldspars are kaolinized.

Crossed nicols, Magnification 3OX.

D. Thin-section photomicrograph of rhyolite almost com
pletely silicified. One embayed quartz phenocryst 
remains and faint outlines of former feldspar 
phenocrysts can be seen.

Crossed nicols, Magnification 30X.
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PLATE XVIII

A. Thin-section photomicrograph showing embayed quartz 
phenocrysts in rhyolite porphyry. Magnification 30X.

B . Same with crossed nicols. Plagioclase is also shown 
beginning to alter to sericite.

C. Thin-section photomicrograph of plagioclase phenocryst 
showing beginning stage of sericitization.

Magnification 80X.
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PLATE XIX
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A. Thin-section photomicrograph of rhyolite which has 
altered considerably.

Magnification 3OX.

s':

". I:

B. Thin-section photomicrograph of altered rhyolite with 
quartz veins cutting across the phenocrysts.

Magnification 3OX.

C. Thin-section photomicrograph of silicified rhyolite 
with clinozoisite occupying the position of former 
phenocrysts. Magnification 3OX.

#





PLATE XX
’ : X.

A. Thin-section photomicrograph of coarse rhyolite por
phyry. It shows considerable alteration.

Magnification 3OX.

B. Same as A with crossed nicols. Secondary silicification 
is making inroads into original phenocrysts.

C. Thin-section photomicrograph of coarse rhyolite por
phyry showing the size of quartz grains.

Magnification 3OX.

D. Thin-section photomicrograph with crossed nicols, of 
completely altered rhyolite with one remaining 
phenocryst almost gone.

Magnification 8OX
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PLATE XXI#

A. Thin-section photomicrograph of coarse rhyolite por
phyry with quartz phenocryst remaining. Shows zones 
where silicification is taking place.

Magnification 30X.

B. Thin-section photomicrograph of quartz remnant in 
rhyolite tuff. Crossed nicols.

Magnification 80X.

C. Thin-section photomicrograph of andesite from the 800 
foot level of the Trench Mine. A small quartz vein 
is cutting across the rock.

Magnification BOX.

D Same with crossed nicols shows the andesite texture 
and abundance of plagioclase feldspar.
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PLATE XXII
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A. Thin-section photomicrograph of altered andesite. Most 
of the original characters have disappeared, but out
lines of phenocrysts remain. Shows degree of 
silicification. Crossed nicols.

Magnification 3OX

B. Thin-section photomicrograph of phenocryst in altered 
andesite. The rock is so completely altered that 
phenocrysts are difficult to see. White patches on 
the phenocryst are leucoxene. Crossed nicols.

Magnification 80X.

C. Thin-section photomicrograph of rhyolite tuff shows
fragmental character. Magnification 3OX.

D. Thin-section photomicrograph of a vein in andesite. 
Epidote lines the vein and quartz occupies the center.

Magnification 37X
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PLATE XXIII
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A. Thin-section photomicrograph of epidotized silexite.
Magnification 3OX.

B . Thin-section photomicrograph of younger andesite 
texture with large plagioclase phenocrysts. Some 
zoning is shown in feldspars. Crossed nicols.

Magnification 3OX.

C. Thin-section photomicrograph of epidote in a vein with 
quartz, the euhedral epidote is surrounded by vein 
quartz. Magnification 80X.

D. Same with crossed nicols.
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PLATE XXIV

Thin-section photomicrograph of phenocryst of augite 
in incite, almost completely altered to penninite.

Magnification 8OX.

Thin-section photomicrograph showing flow structure 
in dacite. Magnification 3OX.

Thin-section photomicrograph, crossed nicols, of 
younger andesite showing abundant lath-shaped 
phenocrysts of plagioclase. Magnification 37X.

Thin-section photomicrograph, crossed nicols, of 
younger andesite showing plagioclase and augite.
One feldspar phenocryst shows zoning.

Magnification 80X





PLATE XXV
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A. Thin-section photomicrograph of diabase showing two 
stages of crystals, and an abundance of iron oxide.

Magnification 3OX.

B. Same with crossed nicols.

C. Thin-section photomicrograph of diabase showing two 
stages of plagioclase phenocrysts and eight sided 
pyroxene phenocryst.

Magnification 80X.

D. Thin-section photomicrograph of diabase with only one 
stage of crystallization. Outlines of pyrite crystals, 
now altered to limonite, can be seen.

Magnification 8OX
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PLATE XXVI

A. Thin-section photomicrograph of typical dacite show
ing fine-grained groundmass with scattered phenocrysts.

Magnification 3OX.

B. Same with crossed nicols.

C. Thin-section photomicrograph, crossed nicols, of 
younger andesite showing amygdule s filled with "suns" 
of epidote. Feldspars show typical weathering.

Magnification 30X.

D. Thin-section photomicrograph of a border zone between 
andesite and tuff. The groundmass of the andesite
is now entirely iron oxide.

Magnification 3OX
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PLATE XXVII

A. Thin-section photomicrograph showing selective 
replacement of plagioclase by epidote.

Magnification 3OX.

B. Thin section photomicrograph of quartz-latite or 
a more basic phase of rhyolite. The specimen 
was from a region where rock is all of one type 
but other sections are rhyolite.

Magnification 3OX.

C. Same with crossed nicols showing twinning in the 
feldspar and the ophltic texture of the groundmass.
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A. Polished-section photomicrograph showing pearceite
■ ■■ : : ; 'cutting across sphalerite, and freibergite.

Magnification 4?X.

Symbols
.(Pearc) Pearceite

(Sp ) Sphalerite ;■

B. Polished-section photomicrograph1showing small vein 
of pearceite penetrating into sphalerite.

Magnification 47X.
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PLATE XXIX
. : X # #
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A. Pollshed-section photomicrograph showing chalco- 
pyrite and pearceite cutting across sphalerite 
and typical galena - pearceite intergrowth.

Magnification 88X.

Symbols
(g) ’ Galena 
(copy) Chalcopyrite 
(Pearc) Pearceite 
(Sp) Sphalerite

B. Polished-section photomicrograph of enlarged inter
growth showing galena, chalcopyrite and pearceite.

Magnification 320X.

Symbols
(g) Galena
(copy) Chalcopyrite 
(Pearc) Pearceite
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PLATE XXX

Polished-section photomicrograph showing close 
association of pearceite and freibergite, some 
intergrowths of galena and pearceite, with 
sphalerite as irregular masses.

Magnification 88X.

Symbols
(Sp) Sphalerite 

Galena 
(F) Freibergite 
(Pearc) Pearceite
5

Polished-section photomicrograph showing chalco 
pyrite as a secondary mineral along the borders 
and as intergrowths in the pearceite.

Magnification 32OX.

Symbols
(copy) Chalcopyrite 
(Sp) Sphalerite 
(Pearc) Pearceite
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PLATE XXXI "■?/ m

A. Polished-section photomicrograph showing freiber- 
gite and galena with veins of chalcopyrite and 
native silver.

Magnification 143X.

Symbols
' " 'r,'(g) Galena(ag) Silver 

(F; Freibergite
(copy) Chalcopyrite

B. Polished-section photomicrograph showing intergrowth 
of galena and pearceite penetrating into sphalerite 
and quartz.

Magnification ,47X.

(g) Galena
(Pearc) Pearceite 
(Q) Quartz
(sp) Sphalerite

Symbols
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PLATE X m l

Polished-section photomicrograph of pearceite and 
sphalerite, a small vein of chalcopyrite is cutting 
the sphalerite but not the pearceite.

Magnification 90X.

Symbols

(Pearc)
in
in

Chalcopyrite
Sphalerite
Pearceite
Galena
FreibergitePyrite
Alabandite

Polished-section photomicrograph showing pearceite and 
galena cutting across sphalerite and freibergite.

Magnification 90X.

Polished-section photomicrograph showing shattered pyrite 
with chalcopyrite and tetrahedrite in the cracks.

Magnification 300X

Polished-section photomicrograph showing euhedral pyrite 
surrounded by alabandite. Magnification 90X.
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PLATE XXXIII

Polished-section photomicrograph showing galena 
cutting into alabandite.

Magnification 90X,

Symbols
(A) Alabandite
Cg) Galena
(P) Pyrite
Q) Quartz
(R) Rhodochrosite

Polished-section photomicrograph showing alabandite 
quartz pyrite and rhodochrosite.

Magnification 90X.
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PLATE XXXV
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