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ABSTRACT

Epithermal vein mineralization in the Silver Bell district is
mid-Tertiary in age and represents a hydrothermal system separate from
the Laramide porphyry copper deposits in the area.

The mineralized

zones consist of an early quartz-cemented breccia followed by quartzcalcite-hematite-barite-fluorite mineralization, which is cut by late
fluorite-barite-galena-sphalerite-quartz-calcite veins.

Differences in

outcrop patterns of the various vein types suggest that the early veins
were structurally controlled by horizontal shearing with a right lateral
sense, and that the later veins were emplaced under a vertical maximum
principal stress.
Fluid inclusion data indicate that temperatures of the hydrothermal fluids ranged from 370 to 160°C in a 2.6 m NaCl solution.
eral deposition may have occurred due to simple cooling.

Min

Stratigraphic

reconstructions and fluid inclusion data indicate that the veins were
emplaced at a depth of at least 600 m.

viii

CHAPTER 1

INTRODUCTION

The Silver Bell district (Figure 1) is best known for its Laramide porphyry copper deposits.

The geology, mineralization, and struc

ture of the district, as they pertain to the copper mineralization, have
been well studied.

Epithermal lead-zinc-silver-barite-fluorite veins

which cut Laramide rocks and structures have been prospected since the
early 1900's but have been largely ignored because of their lack of eco
nomic mineralization.

These veins have been briefly discussed by previ

ous workers in the district (Stewart, 1912; Kerr, 1951; Watson, 1964;
Graybeal, in press), but little has been known, prior to this study,
about their mineralogy, structural control, or age of mineralization.
The purpose of this study was to investigate the mineralization,
alteration, and structural control of the veins and to determine their
relationship, if any, to the porphyry copper mineralization.

The geol

ogy adjacent to and between mineralized zones that contain the veins was
mapped on a topographic base at a scale of 1:4800.

Special attention

was given to vein composition and wall rock alteration.

Alteration and

mineralization were studied in hand sample and thin section; polished
sections of various vein assemblages were viewed microscopically.

Fluid

inclusion studies of various vein minerals were carried out to determine
temperatures and salinities of the mineralizing fluids.

Three specimens

were also studied with the electron microprobe to determine the silver
content of vein galena.
1
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Figure 1.

Location of the Silver Bell District.
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Characteristics of Barite-Fluorite-Galena
Deposits in Southern Arizona
Epithermal barite-fluorite-calcite-quartz veins with galenasphalerite-specularite and silver have been prospected and mined through
out southern Arizona.

The epithermal mineralization in the Silver Bell

district is similar to several deposits, including the Mammoth-St. Anthony
district in Pinal County (Peterson, 1939), and the Silver, Eureka, and
Castle Dome districts in Yuma County (Wilson, 1933; Peterson et al.,
1951).

Most veins of this type in southern Arizona are low-grade and

sporadically mineralized.
Epithermal mineralization in southern Arizona commonly occurs
within pre-Cenozoic rocks, although mid-Tertiary dikes and volcanic flows
i
are commonly present.

Thick sections of volcanic rocks typical of pre

cious metal districts of the western United States are absent.

Faults

which controlled mineralization generally strike north-northwest to northnortheast and exhibit a few to several hundred meters of normal
displacement.
Silver assays of vein material varied from 1.5 oz/ton in the Mam
moth district (Peterson, 1939) to 22 oz/ton at the Castle Dome mine
(Wilson, 1951).

Silver minerals were rarely observed; the silver is pre

sumed to have been contained within galena or in manganese oxides.

Silver

values were generally greatest in the upper 100 m of the mines, although
low-grade silver was mined at the 235 m level in the Mammoth district
(Peterson, 1939).

Lead and zinc ores were also recovered, and some veins

were also mined for barite.

The veins ranged in width from 0.5 to 20 m

and were often traceable for over 200 m along strike.

CHAPTER 2

GENERAL GEOLOGY

Various aspects of the geology of the Silver Bell district have
been described previously by Stewart (1912), Kerr (1951), Richard and
Courtright (1960), Watson (1964), Banks and Dockter (1976), Banks et al.
(1978), Galey (1979), Kanbergs'(1980), and Graybeal (in press).

These

workers defined the stratigraphic and intrusive relationships in the
district and named many of the map units.
district geology is given below.

A brief description of the

A more detailed description of the

lithologic units was presented, by Watson (1964) and Banks and Dockter
(1976).

Lithologic Units
The mineralization described in this study crosscuts all rock
units found within the district.

Pre-Laramide rocks are represented by

the Precambrian Oracle Granite and associated diabase dikes that outcrop
in the northern Silver Bell Mountains.

Paleozoic limestones, quartzites,

and shales are exposed in the southern portion of the district.

Skams

were generally formed from Paleozoic limestones at intrusive contacts
with the Laramide quartz monzonite porphyry.
Dacitic volcanic flows and clastic volcanic rocks of the Claflin
Ranch Formation constitute the base of a major Upper Cretaceous volcanic
unit.

These rocks are overlain by the andesite feldspar porphyry of the

Silver Bell Formation.

The andesites are capped by the welded dacitic
4
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lithic tuff of the Mount Lord Volcanics (Dockter, 1977).

The tuffs have

been dated at 70.3 ± 2.2 m.y. old (Banks et al., 1978), and are corre
lated with the Cat Mountain Rhyolite of the Tucson Mountains to the
south (Richard and Courtright, 1960).
Fragmental dacite porphyry, petrographically a quartz latite
porphyry (Watson, 1964), is the most widely exposed unit within the dis
trict.

Drilling data in the southern portion of the district indicate

that the dacite may be a sill that was intruded between the Claflin
Ranch Formation and the Paleozoic limestones (Watson, 1964; Graybeal,
in press).

However, in the northern part of the district, the dacite

is commonly distinctly flow-banded and contains up to 30% fragments of
rock units that were at the surface during Upper Cretaceous time, imply
ing that at least some of the dacite was a surface flow.

In the north

ernmost area mapped, a granodiorite feldspar porphyry intrudes the da
cite and the Upper Cretaceous volcanics and may be consanguineous with
them (Watson, 1964).

Monzonite and quartz monzonite dikes occur in the

eastern Silver Bell Mountains and are related to the quartz monzonite
stocks that are thought to be related genetically to the Laramide copper
deposits.
Tertiary fanglomerates lie unconformably on the Claflin Ranch
Formation in the northwesternmost Silver Bell Mountains.

The fanglomer

ates are most likely Oligocene in age and correlate with the lower Unit I
of Eberly and Stanley (1978), which includes the Gila and Cloudburst
Formations.

6
Tertiary andesite dikes and dike swarms represent the oldest
post-Laramide igneous activity in the district.

Fragmental quartz la-

tite porphyry and latite dikes form discontinuous isolated ridges along
a N30-40°W trend.

The dikes are thought to be consanguineous with the

25 m.y. old Ragged Top Latite (Banks et al., 1978).

The latite is a

plug- to dike-like body that forms a prominent outcrop northeast of the
area mapped (Figure 2).

Hornblende andesite flows cap the older gravels

in the northwest part of the district.

North of the Silver Bell Moun

tains, olivine basalts dated at 19 to 22 m.y. overlie the hornblende
andesite flows and in some locations are intruded by small quartz latite
bodies (Banks and Dockter, 1976; Banks et al., 1978).

Structure
District-wide structural geology, especially faults that appear
to have guided the intrusion of the quartz monzonite stocks, has been
discussed by Graybeal (in press).

In the area mapped as part of this

study, only west-northwest and north-northeast striking faults are pres
ent.

The west-northwest striking Ragged Mountain fault (Figure 3, in

pocket), places Precambrian Oracle Granite in contact with Cretaceous
rocks.

This high-angle normal fault has possibly 1350 to 2350 m of dis

placement.

A fault of similar strike, 700 m to the south, has only mi

nor displacement.

The texture of the copper, galena, and pyrite

mineralization and the strike of the structure suggest Laramide movement
along this fault.
Four north-northeast striking fault zones (the Barite-Belmont,
the Scott-Stump, the Mammoth, and the Atlas) have been mapped in the

7
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Location of Features within the Northern Silver Bell District.
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northern part of the district (Figure 2).

Except for the latter, the

fault zones contain parallel and subparallel vein-filled fractures and
subsidiary faults.

These fault zones were all active during mid-

Tertiary time, although at least the Mammoth fault shows evidence of
prior movement.

The mineralized fault zones are the subject of this

study and will be discussed in the body of this paper.
Minor folds have been mapped within the district, but they are
relatively unimportant.

The attitude of the Tertiary fanglomerates,

which lie unconformably on the Claflin Ranch Formation, indicate that
the district has been tilted approximately 30° to the northeast since
the Oligocene.

CHAPTER 3

AGE OF MINERALIZATION

Consensus on the age of epithermal mineralization in the Silver
Bell Mountains has not been reached by previous workers in the district.
Stewart (1912) suggested that the veins were definitely younger than the
copper mineralization and represented a separate event that was younger
than the quartz latite dikes.

Kerr (1951) indicated that the barite

veins represented low-temperature mineralization during the waning
stages of porphyry development.

Watson (1964) suggested that the barite-

fluorite veins were younger than the Laramide mineralization but were
older than the quartz latite dikes.
In the Silver Bell district, epithermal veins crosscut N60°Estriking Laramide structures, indicating that the veins are younger.
Detailed mapping during this study shows that the 25 m.y. old quartz
latite dikes are crosscut by the epithermal veins.

Further, veins at

the Scott claims appear to cut the older fanglomerates and overlying
hornblende andesite flows.

The hornblende andesite appears to be young

er than the Ragged Top Latite because it is unbroken by the Ragged Moun
tain fault, a feature along which the older latite was intruded.

This

evidence reveals that epithermal mineralization in the Silver Bell dis
trict represents a later hydrothermal event unique from that which pro
duced the Laramide copper deposits in the district, and that mineraliza
tion took place more recently than 25 m.y. ago.
9
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The mid-Tertiary (17-28 m.y. ago) in Arizona represented a major
regional thermal event.

This period in Arizona geologic history was

manifested by widespread volcanism, formation of the metamorphic core
complexes, and by resetting of K-Ar dates of many older rocks to ages
of 24-28 m.y. (Davis, 1975; Coney, 1978; Eberly and Stanley, 1978).

In

the Silver Bell district, andesite dikes and plugs announced the begin
ning of mid-Tertiary volcanism.

Emplacement of the Ragged Top Latite

about 25 m.y. ago also resulted in the formation of N20-40°W-striking
dikes; this orientation is consistent with the strike of 24-27 m.y. old
dikes throughout southern Arizona (Rehrig and Heidrick, 1976).

Major

volcanism continued within the Silver Bell area until 19-22 m.y. ago.
Andesites north of the Silver Bell Mountains have been dated by Banks
et al. (1978) at 22.2 ± 1.1 m.y. (plagioclase, K-Ar), and 19.5 ± 0.8
m.y. (whole rock, K-Ar);and are intruded by small quartz latite bodies
(Banks and Dockter, 1976).

Fission track dates of apatite from two sam

ples of the Laramide quartz monzonite have been reset to 21.8 ± 4.3 and
19.2 ± 2.8 m.y., while zircons gave an age of 50.6 ± 3.2 and 54.0 ± 5 . 1
m.y., respectively.

K-Ar dates of.the quartz monzonite have been reset

to an age younger than that suggested by geologic relationships (Banks
et al., 1978), clearly indicating that the Silver Bell district was af
fected by mid-Tertiary thermal events.
Epithermal mineralization probably evolved prior to or during
intrusion of the quartz latite plugs that intrude the younger andesites
north of the Silver Bell Mountains (Banks and Dockter, 1976).

Mineral

ized veins at the Scott claims appear to cut the Oligocene erosional

11
surface.

There is no evidence to suggest that mineralization in the

western part of the district vented or was formed at shallower depths
than elsewhere in the area, suggesting that the younger basalts and an
desite flows were present prior to mineralization and were subsequently
eroded.

Further, mineralization probably followed district-wide tilt

ing, suggested because volcanic flows dated at 19 to 22 m.y. old (Banks
et al., 1978), together with Cretaceous units, have been tilted 30° to
the northeast, approximately perpendicular to the strike of the vein sys
tem.

If the veins had been tilted, a vertical relief of over 1.5 km

would be exposed over their 6 km of strike length.

The minor changes in

mineralization along strike do not indicate extreme vertical relief along
the length of the mineralized zones.
Veins elsewhere in southern Arizona, similar to those present in
the Silver Bell district, are believed to be of mid-Tertiary age (Eberly
and Stanley, 1978;' Lamarre and Hodder, 1978).

The preceding discussion,

therefore, leads to the conclusion that epithermal mineralization in the
Silver Bell district occurred during or subsequent to 19-22 m.y. ago and
prior to 15 m.y. ago, a time generally accepted as the beginning of Basin
and Range tectonism in Arizona (Eberly and Stanley, 1978; Scarborough and
Peirce, 1978).

CHAPTER 4

MINERALIZATION

Mid-Tertiary epithermal mineralization in the Silver Bell dis
trict occurs along three north-northeast striking structures— the BariteBelmont shear, the Mammoth fault, and the Scott-Stump fault (Figure 2).
Gangue mineralogy is simple and.consists of quartz, calcite, barite,
fluorite, hematite, chlorite, and adularia (Figure 4).

Sulfides usually

constitute less than 2% of the vein volume and consist of galena, spha
lerite, pyrite, and covellite.
sample or polished section.

No silver minerals were observed in hand

In general, oxidation of the vein system is

not widespread.
The term 'vein,’ as described and discussed here, refers to any
tabular body containing gangue or sulfide mineralization.

Individual

veins range in width from 1 cm to 3 m and average less than 0.5 m wide.
Mineralized zones are up to 50 m wide and are composed of parallel to
subparallel sets of veins.

Mineralized veins are discontinuous along

strike; a continuous vein can rarely be traced more than 100 m.

Miner

alized zones, however, persist up to 6 km along strike.
Three distinct periods of mineralization are defined from cross
cutting relationships, textural and mineralogical differences, and ap
parent changes in structural control.

These periods are represented by

early quartz-cemented breccia veins and by intermediate trustified
quartz-calcite veins (Figure 4).

As shown in Figure 5, trustified veins
12
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always lie west of the quartz-cemented breccia veins.
of these veins are cut by barite-fluorite veins.

Frequently, both

These relationships

prevail whether or not the mineralization is continuous within a single
vein (Figure 5a) or is contained within several parallel to subparallel
fractures (Figure 5b).

The asymmetry of mineralization, crosscutting

relationships, and fragments of quartz-cemented breccia in trustified
veins suggest that mineralization is generally younger to the west.

Quartz-cemented Breccia Veins
The quartz-cemented breccia veins generally strike N55-30°E and
consist of a 30 cm to 5 m wide zone of wall rock fragments cemented by
clear to white quartz.

Quartz veining often extends laterally into wall

rocks up to 3 m away from the zone of brecciation.

Fragments are less

than 1 mm to 3 cm wide and consist of altered wall rock, colored chal
cedony, older vein material, and rock flour.

Breccia fragments are an

gular and randomly oriented, with well-defined contacts with vein
filling.
Spaces between the breccia fragments are 1 mm to 2 cm wide and
are filled by chalcedonic and granular quartz.

Minor sericite, calcite,

and hematite are intergrown with the finer quartz, barite and minor
chlorite are intergrown with the granular quartz, and vugs are filled
with fluorite and galena.
Barite in the veins of the quartz-cemented breccia and in the
quartz-calcite veins is generally biaxial negative with a birefringence
of approximately 0.006.

The low birefringence suggests that strontium

has substituted for some of the barium in the barite structure (Deer,

15
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Howie, and Zussman, 1966).

Spectroscopic analysis by Robert O ’Haire,

Arizona Bureau of Geology, confirmed the presence of strontium and re
vealed that no lead was present, although it is a common elemental sub
stitution for barium.
The quartz-cemented breccia veins are largely absent south of
the Belmont Mine.

A small patch of the breccia in the Mammoth fault

incorporates fragments of the Mount Lord Volcanics and the quartz latite
porphyry.

Quartz-calcite Veins
The N10°E ± 20"-striking quartz-calcite veins are the most con
tinuous and persistent vein type in the district and contain most of the
lead-zinc-silver values.

The quartz-calcite veins are informally sepa

rated into two subgroups, the massive calcite and the crustified quartzbarite veins.

In general the massive calcite veins are on the east side

of the crustified veins (Figure 5).
The massive calcite veins are 1 cm to 2 m wide and consist of
black to light gray to tan calcite of rhombohedral morphology.

The dark

color of the calcite is a result of microveinlets of early specular hema
tite cutting and outlining vein minerals.

Lighter colored calcite con

tains substantially fewer hematite microveinlets.

Calcite is generally

interbanded or intergrown with quartz, adularia, and barite.
The crustified quartz veins are composed of comb quartz crystals
intergrown with barite, calcite, and chlorite.

The 0.5 mm to 2 cm wide

bands are commonly contorted and sometimes brecciated.

Samples stained

with sodium cobaltinitrite revealed little or no adularia.

Galena,

17
covellite, specularite, and earthy hematite are found as microveinlets,
intergrowths, and in vugs.

Earthy hematite rims galena cubes and is

found as cubic pseudomorphs, probably after pyrite.

Hematite rims

around the galena may be replacing chalcopyrite or pyrite.

Chalcopyrite

and pyrite may have partially replaced or rimmed galena during hypogene
mineralization.

Base metal sulfides and oxides are typically fine

grained and make up less than 2% of the volume of the vein.
In general, the quartz-calcite veins appear to be barite-dominant
to the west.

Barite is massive or is present as veins cutting previous

vein assemblages.

Barite is commonly intergrown with quartz, adularia,

and hematite; epidote is rare but occasionally present.

Barite-fluorite Veins
Barite-fluorite veins represent the youngest mineral assemblage
in veins of the district.

These veins generally strike N10°E

20°, al

though their orientation tends to be more random than other vein types.
Barite-fluorite assemblages occur in 1 to 15 cm wide veins that commonly
crosscut earlier Tertiary mineralization or that occur as breccia
fillings.
Vein minerals are euhedral to massive, and the veins usually con
tain abundant open space.

Amethyst is the earliest vein mineral of this

assemblage and is followed by green fluorite.

Galena was usually depos

ited after green fluorite and was followed by clear fluorite.

Barite,

together with minor younger quartz and calcite, was usually late (Figure
4).

Fluorite crystals are cubic at the northern end of the vein system

and, with few exceptions, are octahedral to the south.

Barite-fluorite veins in the Barite segment of the BariteBelmont shear are different from these veins elsewhere in the district.
Veins on the Barite fault zone generally have higher-grade lead and sil
ver mineralization than elsewhere in the district and lack abundant open
space.

Mineralization in the 30-50 cm wide veins is generally more com

plicated than elsewhere and contains early fine-grained quartz, adularia
sericite, amethyst, and barite.

Galena and fluorite fill vugs, and ga

lena is partially replaced by sphalerite.

The entire assemblage is cut

by calcite veinlets that weakly replace fluorite.
cut all earlier minerals.

Chlorite-quartz veins

Fine-grained sphalerite and galena rimmed by

specularite fill fractures and vugs in later veins, and covellite is
present in some hand samples.
In El Tiro pit, barite-fluorite-galena veins crosscut the Laramide skarn and offset Laramide mineralization.

The mid-Tertiary veins

contain up to 75% massive white calcite of rhombohedral morphology with
later fluorite and minor quartz.

The epithermal veins contain 2 to 20%

galena and sphalerite.

Summary of Vein Mineralogy
In summary, vein mineralogy and textures change from east to
west across north Silver Bell from quartz-cemented breccia to dark gray
massive calcite to crustified quartz-barite-sulfide assemblages (Figure
5).

These assemblages are cut by amethyst and barite-fluorite-galena

veins.

Asymmetry of the veins, together with the paragenetic sequence,

suggests that mineralization is younger to the west.

19
Iron phases are absent from the early quartz-cemented breccia
and the younger barite-fluorite veins.

Iron, however, is prevalent as

hematite and pyrite in the other vein stages.

Manganese minerals common

in mid-Tertiary vein systems in southern Arizona are absent from the vein
system in the Silver Bell district.
No silver minerals were observed in any of the characteristic
mineral assemblages.

Three samples of galena from the three vein stages

were studied with an ARL electron microprobe and tested for silver.
silver above the 250 ppm lower limit of detection was observed.

No

The ex

pected value in these low silver veins would be 600 ppm if all of the
silver were in the lead mineral.
the iron oxides.
1952).

The unaccounted-for silver may be in

Fluorite may also carry up to 50 ppm silver (Allen,

CHAPTER 5

STRUCTURAL CONTROL OF MINERALIZATION

Epithermal veins in the Silver Bell.district occur predominantly
within three shear zones that have a general N10°E ± 20° strike.

Miner

alization is contained in faults with minor displacement and in tensional
fractures.

Displacement, where observed, generally is not constant along

strike.
Both vertical and lateral displacement on faults are present in
the three mineralized zones.

Vertical separation along the Barite Fault

is estimated to be less than 20 m.

However, complicated stratigraphic

relationships make the determination of actual displacement difficult
(Figure 3).

Evidence for lateral displacement is observed at the south

ern end of the Barite Fault, where several veins cut an andesite dike
and offset the dike about 2 m (Figure 3).

Minor lateral movement on

north-northeast trending faults cutting quartz latite dikes has been
mapped elsewhere in the district (Watson, 1964, Plate 1).

No displace

ment has been recorded along the Belmont segment of the Barite-Belmont
shear.

Mid-Tertiary displacement along the Scott-Stump fault and the

Barite-Belmont shear.
The Barite-Belmont Shear is the most complicated and best miner
alized of the three mineralized structural zones.

The fracture pattern

resembles a cymoid loop (McKinstry, 1948), with most of the mineraliza
tion and displacement localized on the Barite Fault and on the approximate
ends of the structure (Figure 3).
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The strike and width of the veins, as interpreted from outcrop
patterns of the three vein types along the Barite-Belmont shear, differ.
Lenses of the steeply dipping quartz-cemented breccia are only a few
centimeters wide where the structures strike N30-55°E or turn to the
right.

The change in strike generally occurs where the structure cross- .

es the contact of the dacite or Claflin Ranch Formation with granodiorite or quartz monzonite dikes.

There is usually no measurable dis

placement of the wall rock across the vein.

However, fragments of dikes

within the quartz-cemented breccia have been observed to have been dis
placed as much as 25 cm from their original wall rock position.
The quartz-calcite veins commonly strike N10°E ± 20°, although
the strike may vary from N30°W to N55°E.
where they strike N30°E.

The veins appear to be widest

The quartz-calcite veins are steeply dipping

where they dip to the west and shallow dipping where they dip to the
east (Figure 5).

Changes in dip of up to 80° may occur at places 3 m

apart along some discontinuous structures.

Lithologic Control of Vein Structure
Differences in rheologic properties of the various rock types
that are crossed by the mineralized structures appear to control the
attitude and width of the veins and mineralized zones.

Favorable units

for development of tensional fractures are the Mount Lord Volcanics, the
granodiorite, the quartz monzonite dikes, the skarn within El Tiro pit,
the dacite porphyry, and the fine-grained elastics of the Claflin Ranch
Formation.

Poor fracture development is recorded in the coarse elastics
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of the Claflin Ranch Formation, the Silver Bell Formation, the quartz
latite porphyry, and the dacite within the alteration halo of the Silver
Bell porphyry copper deposits.

The breccia zone on the Scott-Stump

fault, in the Mount Lord Volcanics, is as wide as 10 m, with fragments
up to 8 cm long.

To the south, the Scott-Stump fault disappears where

it crosses into the Silver Bell Formation, although minor fluoritecalcite-sulfide veins were observed for a distance of 40 m along the
projection of the fault.

Veins on the Barite-Belmont shear are very

poorly expressed within the coarse clastic rocks of the Claflin Ranch
Formation but are as wide as 5 m where the fine clastic units are pres
ent.

Along strike on the Barite-Belmont shear, the vein is as wide as

5 m in the granodiorite.
Narrow veins less than 3 cm wide and sporadic mineralization
are characteristic of the Barite-Belmont shear within the alteration
halo of the Laramide-age porphyry copper deposits.

Barite-calcite-

fluorite veins typically parallel the N60°E strike of Laramide fractures
related to the Silver Bell porphyries.

However, in the brittle s k a m in

El Tiro pit, numerous N50W- to N20°E-striking calcite-fluorite veins oc
cur and are up to 60 cm wide.

Discussion of Structural Data
Vein filling occurred during periodic opening along mineralized
structures, so the veins record local and perhaps regional strain during
mid-Tertiary time.

Outcrop patterns of the three vein types previously

described differ, implying changing structural control with time.

The

fracture pattern suggests that the early quartz-cemented breccia was
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predominantly controlled by horizontal shearing, with a right lateral
sense.

The quartz-calcite veins appear to reflect control by a vertical

maximum principal stress, although lateral shearing is also indicated.
Fractures are asymmetrically filled, and mineral assemblages
that are older in the paragenetic sequence are generally to the east of
younger vein assemblages.

The asymmetry of the veins implies that the

veins opened to the west with time.

Post-mineral shearing is also found

only to the west of the mineralized zones.

Some differences in vein

mineralogy and texture along the Barite and Belmont segments of the
Barite-Belmont shear suggest that opening along the two segments was not
always concurrent.
The north-northeast strike of the mid-Tertiary shear zones ap
pears to follow an inherited structural weakness.

Laramide fractures in

the western part of the district follow an arcuate pattern that strikes
N10°E

20° in the north (Graybeal, in press).

Several N10°E-striking

1-3 m wide zones of quartz stockwork mineralization of apparent Laramide
age have been mapped in the western part of the district (Kanbergs,
1980).

The Mammoth fault appears to have had at least two periods of

movement, one of which was prior to 25 m.y. ago.

The fault offsets a

Laramide quartz monzonite dike, right laterally, approximately 75 m;
however, several of the irregular mid-Tertiary quartz latite dikes that
the fault crosses have little apparent offset.

Watson (1964) has sug

gested that the original movement on the north-northeast striking faults
in the district resulted from collapse following the outpouring of the
ignimbrites of the Mount Lord Volcanics.
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A north-northeast directed minimum principal stress is suggested
from the north-northwest strike of the 24-27 m.y. old dikes in Arizona.
However, a change in the ambient and local stress field is indicated by
the prevalent north-northeast and north-south striking, later midTertiary structures and dikes in the state (Loring, 1976; Drewes, 1978).
Fractures containing epithermal mineralization in the Silver Bell dis
trict probably formed under this north-northwest directed stress field
along inherited directions of structural weakness.

CHAPTER 6

WALL ROCK ALTERATION

Wall rock alteration within and along the mid-Tertiary vein sys
tems in the Silver Bell district can be considered to fall in the broad
classification of propylitic alteration.. In general, the width of al
teration envelopes can be positively correlated with vein width.
Alteration has been separated into two zones, an inner zone and
an outer zone (Figure 6).

Inner zone alteration which envelopes the

quartz-calcite veins is distinct from that which is adjacent to the
quartz-cemented breccia veins.

In addition, alteration envelopes adja

cent to each of the two vein types do not change in the different rock
types in the district, apparently because the chemistry of the wall
rocks is similar.

Inner Zone Alteration
Inner zone alteration is against the vein and is usually narrower
than 40 m.

Characteristic inner zone minerals are sericite, epidote,

chlorite, montmorillonite, and adularia.

Quartz-cemented breccia veins

and quartz-calcite veins have different inner zone alteration assem
blages.

Alteration associated with the barite-fluorite mineralization

cannot be distinguished from the alteration associated with the other
two vein types.
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Quartz-cemented Breccia Veins
Wall rock alteration adjacent to the quartz-cemented breccia
veins generally extends less than 3 m from the vein edge.

The strongest

alteration is generally concentrated within the breccia fragments.
Inner zone alteration of the quartz-cemented breccia veins is shown in
Table I.
K-feldspar alteration of plagioclase phenocrysts in dacite was
determined by staining both thin sections and cut slabs with sodium cobaltinitrite.

The fine-grained, mottled nature of the alteration pre

cluded X-ray identification, but adularia would be the most stable Kfeldspar phase in this environment (Hurlbut, 1971).

Adularia alteration

is restricted to breccia fragments and quartz-adularia microveinlets and
is absent from the wall rocks and quartz veins which cement the breccia.
Sericite alteration appears to be superimposed on the K-feldspar alter
ation, but this relationship is unclear.

Quartz-calcite Veins
Inner zone alteration associated with the quartz-calcite veins
is prominent, both in the field and on air photos, as bleached bands
cutting the gray to brown rocks.

The altered rocks are less resistant

to erosion, so that vallies are commonly formed within the altered zone.
Inner zone alteration extends up to 20 m from the vein edge.

In

the felsic igneous and clastic volcanic rocks, alteration of the vein
is distinct from that which occurs several centimeters away from the
vein edge.

The most distinctive feature of the alteration directly adja

cent to the vein is a green tint in plagioclase phenocrysts.

Plagioclase

Table I.

Inner Zone Alteration of Fragments in the Quartzcemented Breccia Veins.
ORIGINAL
.ALTERATION PRODUCT
MINERAL
AND PERCENTAGES
Matrix
sericite-epidote-adularia(?)
Plagioclase phenocyrsts

K-feldspar phenocrysts

adularia (0-30%)
sericite (10-50%)
calcite (0-10%)
•sericite (0-30%)
calcite (0-5%)

Biotite

chlorite (60-100%)
sericite (5-10%)
epidote (0-10%)
quartz (0-20%)

Quartz

no alteration
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is 60-80% replaced by sericite with varying amounts of chlorite; up to
20% epidote is also present.

Epidote is most common as a fine-grained

replacement of feldspar and is rarely seen in hand specimen.

Sericite,

chlorite, and epidote also replace much of the matrix.
Inner zone alteration within the felsic igneous units is dis
tinguished in the field by green clay-bearing lenses and fracture fill
ings.

The width and abundance of the lenses decreases away from the

vein edge.

Thin section study of inner zone alteration mineralogy asso

ciated with the quartz-calcite veins is presented in Table II.
Devitrified glass in the dacite within the green clay-bearing
lenses is altered to montmorillonite.

The montmorillonite occurs with

epidote, finely crystalline quartz, calcite, and chlorite.

Devitrified

glass adjacent to the green clay-bearing lenses may be slightly altered
to montmorillonite, but some fresh K-feldspar remains.
Sericite microveinlets are a late alteration product.

Sericite

microveinlets overprint montmorillonite replacing devitrified glass,
wrap around epidote crystals, rim chloritized biotite phenocrysts, and
cut calcite microveinlets.

Sericite microveinlets and epidote decrease

away from the vein edge.
Inner zone alteration is generally

symmetrical with respect to

the veins except in the dacite at the Belmont Mine and in the granodiorite where the quartz-calcite vein is adjacent to the quartz-cemented
breccia.

At the Belmont, footwall rocks are friable and sheeted and are

light gray-green in color.

In thin section, it appears that chlorite,

calcite, minor sericite, and traces of epidote partially replace plagioclase phenocrysts; K-feldspar is usually less altered.

Cubic iron oxide

Table II.

Inner Zone Alteration Adjacent to the Quartzcalcite Veins.
ORIGINAL
ALTERATION PRODUCT
MINERAL
AND PERCENTAGES
sericite-chlorite-calciteMatrix
epidote-montmorillonite
Plagioclase phenocrysts

sericite (5-50%)
montmorillonite (0-15%)
epidote (0-5%)
chlorite (0-5%)

K-feldspar phenocrysts

sericite (5-20%)
chlorite (0-5%)

Biotite

chlorite (75-100%)
epidote (0-10%)
calcite (0-15%)
sericite (0-10%)
montmorillonite (0-15%)

Quartz

accretionary halos

30
pseudomorphs, probably after pyrite, constitute up to 5% of the rock.
This type of inner zone alteration appears to be common where the midTertiary veins crosscut the alteration halo of the Silver Bell porphyry
copper deposits.

Outer Zone Alteration
Outer zone alteration may be as wide as 300 m and consists of
weak replacement of the host rock by chlorite, calcite, sericite, and
montmorillonite (Table III).
Outer zone alteration is difficult to detect in the field, and
is only present within the dacite and portions of the Claflin Ranch For
mation.

No distinction can be made between outer zone alteration ex

tending from the quartz-cemented veins and that of the quartz-calcite
veins.

The contact between the inner and outer zones is gradational and

is marked by insignificant green alteration lenses.

The contact between

outer zone alteration and relatively fresh rock is also gradational and
is difficult to determine, because most of the rocks in the northern
part of the Silver Bell district show some degree of alteration.

Table III. Outer Zone Alteration.
ORIGINAL
ALTERATION PRODUCT
AND PERCENTAGES
MINERAL
calcite-sericite
Matrix
Plagioclase phenocrysts

sericite (0-10%)
calcite (0-15%)
montmorillonite (0-10%)

K-feldspar phenocrysts

calcite (0-10%)

Biotite

chlorite (80-100%)
calcite (0-15%)
montmorillonite (0-5%)

CHAPTER 7

LITHOLOGIC CONTROL OF VEIN MINERALOGY

Samples of the different vein types collected within the various
rock units were analyzed for lead, copper, zinc, and silver, and metal
ratios were calculated.

Although several interesting observations can

be made, many more samples would need to be collected and processed for
any correlation to be statistically significant.
Noteworthy changes in Zn/Pb, Zn/Cu, Pb/Cu, and the Ag/Cu ratios
occur in mineralization along the Scott-Stump fault (Figures 7-11).

The

ratios appear to increase by an order of magnitude within the Oracle
Granite.

The ratios of Zn/Cu, Ag/Cu, Ag/Pb, and Pb/Cu and assay values

from veins within the Claflin Ranch Formation are higher than from veins
where other wall rocks are present.

Mineralization in Laramide shear

zones crossing arkosic sandstones in the Claflin Ranch Formation adja
cent to Laramide dikes also contain high copper, lead, zinc, and silver
assays (Table IV).
Mid-Tertiary veins within the Laramide skarns contain 2-20% ga
lena and sphalerite; chalcopyrite is rare.

This contrasts with the 1-2%

sulfides commonly present in veins within the volcanic rocks.
Sulfide mineralogy of the veins appears to be related to host
rock composition.

Higher assay values within the Claflin Ranch Forma

tion, the Oracle Granite, and the limestone may reflect higher initial
base metal content of these rocks.
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Table IV.

Assay Values of Vein Samplesi (in ppm)

ROCK/VEIN TYPE
Daclte
quartz-calcite

.

Cu

Pb

Zn

Ag

•An

30
50
70
20
120

80
330
180
50
350

2800
1200
100
2900
1500

ii
-i
15
1
-1

-0.1
-0.1

Tertiary Andesite/Dacite
quartz-cemented breccia

20

300

520

1

Quartz Latite
quartz-calcite

190

280

1000

12

Granodiorite
quartz-calcite
quartz-cemented breccia
Laramide veins

55
20
1500

120
80
3300

155
120
2200

9
6
4

Claflin Ranch Formation
quartz-calcite
fluorite-barite
quartz-cemented breccia
Laramide veins

20
10
15
14000

670
195
395
27000

3700
5300
230
2700

47
5
15
135

Mount Lord Volcanics
fluorite-barite(?)

20

10

520

3

550
910

3300
8400

5700
1000

6
6

Oracle Granite
quartz-calcite

5

710

5700

9

Limestone Skarn
fluorite-barite

20

2500

2400

10

quartz-cemented breccia
breccia

Hornblende Andesite
quartz-calcite

CHAPTER 8

FLUID INCLUSIONS

Fluid inclusions from various vein minerals were studied to de
termine the temperatures and salinities of the mineralizing fluids.
All of the inclusions were secondary, and no boiling was observed.
Fluid inclusions in quartz, in the massive calcite and trusti
fied veins, and in amethyst and fluorite from the younger veins at the
Belmont Mine were studied.

Homogenization temperatures ranged from

372 to 160°C (Figure 12).

High-temperature inclusions recorded from

quartz in the early massive calcite veins were not observed in the
younger quartz, amethyst, or fluorite (Figure 12).
Samples of green fluorite were collected at the northern end of
the Barite Fault, the Belmont Mine, the El Tiro pit, and the Scott
claims.

The samples represent approximately 200 m of vertical relief

along the strike of the mineralized zones.

Homogenization temperatures

of secondary fluid inclusions in these samples range from 150 to 240°C
(Figure 13).

In general, the grouping of the data does not suggest a

systematic variation in the homogenization temperatures along the strike
of the mineralized zone.
Twelve inclusions in fluorite and amethyst from the Belmont Mine
were frozen to determine the salinity of the hydrothermal fluids.

In

clusions in the earlier assemblages were generally too small for freez
ing to be observed.

Salinities of inclusions in fluorite average 2.1
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molar NaCl with a range of 1.9 molar to 2.4 molar.

The lack of evidence

for different sources of hydrothermal fluids suggests that these salini
ties prevailed during much of the time of deposition of the entire vein
system.

Implications of the
Fluid Inclusion Data
Inclusions from the early massive calcite veins record homogeni
zation temperatures of 200 to 372°C, whereas inclusions from the later
fluorite veins record homogenization temperatures as low as 160°c, with
higher temperature inclusions absent (Figure 12).

Their absence suggests

that the temperature of the hydrothermal fluids decreased with time, and
that a simple cooling model at moderate salinities may therefore explain
mineral deposition.
Variations in the temperature and salinity of the hydrothermal
fluids partially control the solubility of the gangue minerals observed
in this system.

The solubility of calcite increased with decreasing

temperature, while that of barite, fluorite, and quartz decreased with
decreasing temperature (Figure 14).

If the veins are younger to the

west, calcite would be essentially isolated and.would not react with the
later hydrothermal fluids and should not dissolve with decreasing tem
perature.

However, where the massive calcite vein is cut by younger

quartz veins, minor replacement by silica along some cleavage plans is
common#
The solubility of barite is partially controlled by the salinity
of the hydrothermal fluids (Figure 14).
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solution, barite is highly soluble, and the solubility decreases rapidly
with decreasing temperature.

At lower salinities common in many epi

thermal deposits (Nash, 1972), the solubility of barite is low and not
significantly affected by changes in temperature.
fluorite follows a similar curve (Figure 14).

The solubility of

The barite-fluorite rich

nature of the veins in the Silver Bell district is probably a function
of the moderate salinity and temperature of the hydrothermal fluids.
The lack of boiling at the temperatures and salinities deter
mined from the fluid inclusions indicates that the veins at the Belmont
formed at depths greater than 400 m (Haas, 1971).

Estimations of the

amount of late Tertiary erosion, together with drilling information and
seismic mapping in Red Rock Basin to the south (Eberly and Stanley,
1978), suggest that the veins formed under at least 600 m of overburden.

CHAPTER 9

CONCLUSIONS

Epithermal mineralization in the Silver Bell district is Tertiary
in age and probably formed between 15 and 22 m.y. ago.

Mineralization

is associated with regional mid-Tertiary thermal events and is a hydrothermal system separate from that of the Laramide copper porphyry depos
its in the Silver Bell district.
Mid-Tertiary veins have been divided into three subdivisions—
the early quartz-cemented breccia veins, the middle quartz-calcite veins,
and the late barite-fluorite-galena veins.

The quartz-cemented breccia

always occurs east of the younger quartz-calcite veins, suggesting that
the veins evolved westward with time.
Vein filling occurred during periodic opening along minor faults
and tensional fractures.

Outcrop patterns of the three vein types indi

cate changing structural control with time.

The fracture pattern sug

gests that the early-formed veins were predominantly controlled by hori
zontal shearing that had right-lateral sense.

Structures containing the

quartz-calcite veins appear to have been predominantly controlled by a
vertical maximum principal stress.
Alteration has been separated into two zones, the inner zone and
the outer zone.

The inner zone is coincident with the veins and rarely

extends more than 20 m from the edge of the vein mineralization.
outer zone forms an envelope around the inner zone that extends
45
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approximately 150 m from the vein edge.

Width of the bands of altera

tion can be positively correlated with vein width.
The quartz-cemented breccia veins and the quartz-calcite veins
have different inner zone alteration mineralogies.. The alteration sel
vage of the quartz-cemented breccia consists of sericite, chlorite with
minor epidote, and calcite.

K-feldspar alteration is early and found

only within the breccia fragments.

Wall rock alteration beyond the

edge of the quartz-calcite veins consists of montmorillonite, sericite,
chlorite, epidote* and calcite.
lier alteration.

Sericite microveinlets overprint ear

Outer zone wall rock alteration consists of weak re

placement of feldspars by calcite, sericite, and chloritization of
biotite.
Fluid inclusion studies show that early mineral phases record
homogenization temperatures of 372 to 250°C, while inclusions in younger
fluorite have temperatures as low as 160°C, suggesting that the mechanism
for mineral deposition was simple cooling.

Freezing of inclusions in

the late amethyst and fluorite suggest average salinities of 2.1 molar
NaCl.

These salinities are moderately high for epithermal deposits and

probably explain the barite-fluorite rich nature of this system.

Both

barite and fluorite are highly soluble in moderately saline, hightemperature solutions.
temperature.

The solubility decreases rapidly with decreasing

Solubilities of more dilute solutions are much lower and

are not affected by temperature changes.
Low silver assays and the narrow width of the veins leave them
an unfavorable precious metal target.
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