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VEIN MINERALOGY, PARAGENESIS, AND FLUID INCLUSION STUDY 
OF THE SILVER DISTRICT, LA PAZ COUNTY, ARIZONA 

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, 

0OO oz. of silver and 2,300,000 Ibs. of lead between 1880 and 1949 

(Wilson, 1951). In recent years, the district has been best kno~ 

as the site of the Red Cloud Mine, a major source of high-quality 

wulfenite, vanadifiite, and mimetite specimens (Edson, 1980). The 

district has been the subject of two previous M.S. theses (Parker, 

1966; Pietenpo!, 1983) detailing the petrology, mineralogy, and 

structural geology of the area; this study focuses on mineral par- 

agenesis, formational temperatures, and fluid 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; ~esozoic quartz-sericite-K-fe!dspar 

schist, correlated to the Pelona-Orocopia Schist of southern Cal- 

ifornia (Haxel and Dillon, 1978); Laramide granodiorite stocks, 

dated at 73 m.y. (Weaver, 1982); and a 600 - IOOOm-thick sequence 

of Tertiary andesitic and rhyolitic volcanics. This regional !ith- 

ology is bisected by a large detachment fault, exposed in the north- 

ern Trigos add extending beneath the range (Garner et. al., 19S2). 

The upper plate, composed of Tertiary vo!canics aud Precambrian 

crystalline rocks, is further deformed into a series of NW- and 

NE-trending anti- and synforms, cut by NW-trendin~ high-angle nor- 

mal faults gemeral!y dipping SW, indicating that detachment trans- 

port was to the southwest (Garner, op. cir.). 

The district geology reflects the lithology and structural 

elements of the Trigos. Precambrian schist crops out in the south 

and eas~, showing a baked contact in the south aud a fault contact 

to the east with Laramide granodiorite. The intrusive is also 

faulted in the west against Tertiary vo!canics, 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, trend- 

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 ~eronimo mines; the central Mc~eal-Padre 

Kino faults, hosting the Black Rock, Princess-Hamburg and Padre 

Kino mines; and a large, unnamed fault system on the east side 

~s from the ~end~vil claims in that contains a string of prospe ~ ..... 

the south to the Clip Mine in the north. 

The primary gangue mineralogy consists of manganiferous, Fe- 

oxide-bearing "black" calcite, fluorite, barite, and quartz. The 

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, inc!udinT chlorargyrite, cerussite, anglesite, wu!fen- 

ite, vanadinite, smithsonite, wi!lemite, hemimorphite, mimetite, 

cinnabar, hematite, F~n-oxides, and a recently discovered occurrence 

of the rare ~-~ ~ ha±±d~ tocornalite (D. Shannon, pets commun., 

1985). The only sulfide phase present is argentiferous galena ; 

however, the presence of ~mmtn~onlte and other Zn-oxidatiou pro- 

ducts suggests that sphalerite~ was also originally deposited. The 

Veins exhibit classic open-space-filling textures, with rhythmic 

banding, cockade and co!loform structures displayed throughout the 

district. Alteration Of the wall rock is limited to si!icifica- 

tion, sericitization, and hematization of vein selvages, with weak 

chloritization developed in the granodiorite and andesite (Parker, 

op. cit. ). 

The paragenetic sequence of the primary mineralization can 

be summarized as follows: 

Sta~e I - Deposition of massive black calcite, fluorite, 
and quartz, with minor barite; virtually all 
sulfide and most silver mineralization was de- 
posited in this stage. 

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

Stage l!I - 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 ! minerali- 

zation (calcite-fluori~e-sulfide) is best developed in the south 

and along the Red Cloud Vault to the west, while calcite-quartz 

and barite-quartz 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). 

Fluid 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- 

azure of fluorite was 153.5 C. Calcite measurements from Sta~@ 

I mineralization . . . . .  ~now a consistent south-to-north trend of decreas- 

ing temperature, from means of 164 - 174 C at the Red Cloud and 
% • 

~rincess-Hamburg to 138 C at the Clip Mine. Stage !!i filling 

temperatures are fairly consistent at 128 C. Salinity measure- 

ments made from freezing point observations are more constant, 

with a total variation from 18 wtj~ to I¢.5,% in the north. 

The evidence from gangue distribution, sulfide cccurrence 

and fluid iuclusien data indicates that the mineralizing solutions 

entered the district from the south and migrated north along ma- 

jor fault zones, in the process losing temperature and precipi- 

tating fluorite and calcite. As transport continued, the solutions 

also experienced increases in pH and f , as indicated by the change 

from fluorite- to barite-dominated assemb!eges. These shifts in 

~hemical parameters were probably generated by boiling and by re- 

action with hematite-rich wall rocks. The salinity values are 

high for "normal" ~ ep=~aermal 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 detachment 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 mineralization and its 

attendent lead and silver values are coucentrated. In particular, 

the Red Cloud Fau!t ~n~the vicinity of the Geronimc Mine shows 

potential for further mine~a!ization at depth. 

• L . , . . . .  
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TEACHING EXPERIENCE 

Pima College 
Instuctor 
-Taught Mineralogy an d  Petrology 
-Led, Organized Field Trips 

Spring 1 9 8 6 - S p r i n g  1987  

Tucson Gem and Mineral Society 
Instructor 
-Taught Mineralogy 
-Led, Organized Field Trips 

Spring 1984-Spring 1 9 8 6  
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