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W .Emm Io  Length Siver (0z/0)

175 a0 15 34

175 120 135 15 1.30
185 115 156 - 40 2.7
200 35 50 18 -2.54
200 120 140 20 037

. 245 180 216 35 172
220 125 160 . 35 0.8
195 100 165 85 2.29
145 85 125 40 2.85
213 30 65 35 0.88
145 95 100 5 2.64
126 g5 108 10 2.04
175 135 155 20 1.89
185 120 150 30 1.8
110 25 35 10 1.71
110 80 10 10 0.57
115 45 55 10 1.67
305 86 125 40 0.82
305 20 265 38 211
160 20 50 30 0.01
145 25 a8 60 0.05
105 10 50 40 - 003
116 25 60 25 0.37
115 80 105 25 0.10
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VEIN MINERALOGY, PARAGENESIS, AND FLUID INCLUSION STUDY
OF THE SILVER DISTRICT, LA PAZ COUNTY, ARIZCNA

Mark A. Bradley
Dept. of Geosciences
University of Arizona

The Silver District - located 59 km. north of Yuma, Arizona,
in the southern end of the Trigo Mountains = produced over 1,500,
000 oz, of silver and 2,300,000 1lbs. of lead between 1880 and 1949
(Wilson, 1951). 1In recent years, the district has been best known
as the site of the Red Cloud Mine, a major source of high-quality
wulfenite, vanadinite, and mimetite specimens (Edson, 1980). The
district has been the subject of two previous M.S. theses (Parker,
1966; Pietenpol, 1983%) detailing the petrclogy, mineralogy, and
.structural geology of the area; this study fccuses on mineral par-
agenesis, formaticnal temperatures, and fluld chemistry as deter-
mined through outcrop, thin-section, and fluid inclusion determin-
ations.

The lithologies in the Silver District and elsewhere in the
Trigos can be subdivided into four major groups - Precambrian
schist, gneiss, and granite; iMesoczoic quartz-sericite-K-feldspar
schist, correlated to the Pelona-0rocopia Schist of southern Cal-
ifornia (Haxel and Dillon, 1378); Laramide granodiorite stocks,
dated at 73 m.y. (Weaver, 1982); and a 600 - 1000m-thick sequence
of Tertiary andesitic and rhyolitic volcanics. This regional lith-
ology 1is bisected by a large detachment fault, exposed in the north-
ern Trigos and extending beneath the range (Garner et. al., 1932).
The upper plate, composed of Tertiary volcanics and Precambrian
crystalline rocks, 1is further deformed into a series of NW- and
NE-trending anti- and synforms, cut by NW-trending high-angle nor-
mal faults generally dipping SW, indicating that detachment trans-
port was to the southwest (Garner, op. cit.).

The district geology reflects the lithology and structural
elements of the Trigos. Precambrian schist crops out in the south
and east, showing a baked contact in the south and a fault contact
to the east with Laramide granodiorite. The intrusive is alsc
faulted in the west against Tertiary volcanics, which make up most
of the exposed lithology in the northern two-thirds of the dis-
trict. Major structures consist of high-angle normal faults, ftrend-

ing NW to NE and dipping E or W, that form a series of half-grab-



ens and horst blocks across the district., Mineralization in the
district is restricted to a set of narrow veins localized along
three major fault zones: the Red Cloud Fault in the west, contain-
ing the Red Cloud and Geronimo mines; the central McN¥eal-Padre
Kino faults, hosting the Black Rock, Princess-Hamburg and Padre
Kino mines; and a large, unnamed fault system on the east side
that contains a string of prospects from the Mendevil claims in
the south to the Clip Mine in the north.

The primary gangue mineralogy consists of manganiferous, Fe- -
oxide-bearing "black" calcite, fluorite, barite, and quartsz. Théh"
veins have been heavily oxidized from the surface to the water ta-
ble (153.3 m depth) and an extensive secondary mineral suite has
developed, including chlorargyrite, cerussite, anglesite, wulfen-~
ite, vanadinite, smithscnite, willemite, hemimcrphite, mimetite,
cinnabar, hematite, PMn-oxides, and a recently discovered occurrence

T

ig-Ag halide tocornmalite (D. Shannon, pers. commun.,

of the rare ig
1985). The only sulfide phase present is argentiferous galena ;
however, the presence of smithsonite and other 7Zn-oxidation pro-
ducts suggests that sphaleritée: was alsc orizinally deposited. The
veiéns exhibit classic open-space-filling textures, with rhythmic
banding, cockade and colloform structures displayed thrcughout the
district. Alteration of the wall rock is iimited to silicifica-
tion, sericitization, and hematization of vein selvages, with weak
chloritization developed in the grancdiorite and andesite (Parker,
op. cit.).

The paragenetic sequence of the primary mineralization can
be summarized as follows:

Stage I - Depcsition of massive black calcite, fluorite,
and quartz, with minor barite; virtually all

sulfide and most silver mineralization was de-
posited in this stage.

Stage TI - Brief stage of banded quartz-calcite deposi-
tion, with accessory fluorite; minor silver
mineralization as Ag-bearing Mn-oxides.

Stage TIT - Massive white barite, with intergrown quartz
and calcite; much hematite and Mn-oxide min-
eralization, but no Ag-values,

These stages display a district-wide zonation. Stage I minerdi-
zation (calcite-fluorite-sulfids) is best developed in the scuth
and along the Red Zloud Fault to the west, while calcite-quartsz

and barite-cuartz mineralization predominates to the north and



east. Galena is contained exclusively within Stage I mineraliza-
tion, and zinc minerals are also abundant in the south of the dis-
trict (Wilson, 1951).

FPluid inclusion measurements were obtained from over 40 doub-
ly~polished sections of fluorite, calcite, and quartz, represent-
ing all three stages of mineralization. The mean filling temper-
ature of fluorite was 153.5 O. Calcite measurements from Stage‘

I mineralization show a counsistent south-to-north trend of decreas-
ing temperature, from means of 164 - 174 C at the Red Cloud and
Princess-Hamburg to 138 £ at the Clip Mine. Stage III filling
temperatures are fairly consistent at 128 €. Salinity measure-
ments made from freezing point observations are more constant,

with a total variation from 18 wt% to 14.5% in the north.

The evidence Ifrom gangus distribution, sulfide cccurrence
and fluid inclusicn data indicates that the mineralizing solutions
entered the district from the south and migrated north along ma-
jor fault zcnes, in the process losing temperature and precipi-
tating fluorite and calcite. As transport continued, the solutions
also experienced increases in pH and f , as indieated by the change
from fluorite- to barite~dominated assembleges. These shifts in
chemical parameters were probably generated by boiling and by re-
action with hematite-rich wall rocks. The salinity values are
high for "normal" epithermal systems, but coincide“well with the.
values obtained by Beane, Wilkins and Hedrick (1985) for epi~
thermal systems in the upper plates of detachment faults. They
propose that the fluids in these systems are basinal brines, formed
in extensional basins during detathment events and transported
via the detachment structure. Certainly, the high salinity values
of Silver District minerals strongly support this theory.

The best target areas for future exploration in the district
lie to the south and west, where Stase I mincralization and its
attendent lead and silver values are concentrated. In particular,
the Red Cloud Fault-in-the vicinity of the Gercnimec Mine shows

ati

potential feor further mineralization at depth.
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208 assays pending - -
297 5 8.0 .58
298 10 17.5 .56
208 barren - -
300 35 11.2 61
301 30 7.8 1.69
35 15.2 1.38
- 302 45 10.5 3.08
308 20 11.0 1.22
304 30 2.35 3.59
305 20 4.2 4.94
308 5 8 5.07
307 10 16.2 77
308 10 6.3 1.84
309 | 65 12.1 3.65
310 55 15.8 .58
80 18.1 3.62
311 85 9.9 4.80
312 25 868 3.17
313 barren . .
314 30 7.1 1.30
315 15 18.8 .68
316 5 10.9 59
317 ] 12.1 A7
318 35 10.8 83
319 20 15.4 1.33
320 20 86 142
321 10 5.6 173
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|_Padre Kino 30
323 a5 13
324 60 08
825 20 Al
328 45 .03
_827 __40 01
328 55 A3
929 20 .03
330 _80 09
331 53 _ 03
332 2 1.07
333 48 01
334 35 01
Piincass 305 .8 20
338 _10 09
837 ni___ ol
338 ol |
339 18 1.7
Princoss 340 15 02
34 0 05
342 nil ni
343 20 0t
344 16 02
345 10 .01
8 18 0t
247 15 _ar
348 8 .03
|_Siver King 349 20 .01
350 nil _ni
351 18 37
352 - .03
353 35 0
354 45 01
858 18 01
358 8 01
357 i i
358 nl ni
359 5 68
360 40 02
361 115 24, 08
Sver Glance a7o 48 16.4 1.24
ar1 20 4.77 1.77
372 15 - 68 15.74
373 5 . 80 51
374 50 85 1.02
978 B 9.0 10
are 18 A 1.98
arnr 20 11.8 3.33
378 25 __ 3 3.12
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TEACHING EXPERIENCE

Pima College
Instuctor
—Taught Mineralogy and Fetrology

-Led, Organized Field Trips

Tucson Gem and Mineral Society
Instructor

—Taught Mineralogy

-Led, Organized Field Trips

Spring 1986-Spring 1387

Spring 1984-Spring 1986

PUBLICATIONS: Mineralogical and Geochemical Zoming, San Antonio

Mine, Santa Eulalia, Mexico: in Clark, K.F., Megaw,
P.K.M. and Ruiz, J., eds., 1986, Lead-Zinc—-Silver
Carbonate—-hosted Deposits of Northern Mexico.

SEG Press, p. 233-253.

Trace Element Geochemistry, San Antonio Mine, Santa
Eulalia, Mexico: abstract in Proceedings of the
1986 Annual Meeting of the (Geological Society of
America. p. 545.

Mercury Minerals of the Silver District, La Paz
Co., Arizona: in Rock Talk, Tucson Gem and Mimneral
Society Bulletin, p. 11.
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