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ABSTRACT

Because of its easy accessibility and relatively simple geology, 

the Silver Bell claims in the Dos Cabezas Mountains, Cochise County, 

Arizona offer an excellent opportunity for investigating tungsten in 

limestone associated with a contact metamorphic environment.

A two-meter wide quartz vein of mid-Tertiary age has intruded 

tilted Paleozoic limestones, altering them locally. A systematic change 

in alteration occurs as one approaches the vein, a change characterized 

by the mineral assemblages marble marble+tremolite wollastonite+calcite+ 

quartz quartz.

The quartz vein contains a variety of sulfide minerals (galena, 

sphalerite, chalcopyrite, and pyrite) as well as scheelite. The major

ity of the sulfides occupy veinlets in the quartz vein, whereas the 

scheelite is found in the same quartz vein as veinlets and in oblong, 

pod-like bodies.

Hot, silica-rich solutions containing tungsten invaded tilted 

Paleozoic limestones, altering them locally to the aforementioned sili

cate assemblages. This transformation of carbonate minerals to denser 

silicate phases increased the number of channelways available for the 

movement of this solution. With cooling, silicate and sulfide minerals 

formed, but because of its large ionic radius, tungsten was unable to 

enter into these crystal structures and remained in the residual fluid 

phase. Eventually the solubility of scheelite was exceeded and it pre

cipitated out of the solution into existing veinlet openings and cavities.

vii



INTRODUCTION

The Silver Bell claims in the Dos Cabezas Mountains, Cochise 

County, Arizona offer a unique opportunity to study the geochemistry and 

mineralogy of tungsten in limestone contact-metamorphic environments for 

two reasons. First, the alteration associated with this deposit con

sists of a simple mineralogy which is wholly contained within the con

fines of its limestone host. This should minimize complexities 

anticipated when additional rock types are influenced by hydrothermal 

solutions. Second, the quartz vein in which the scheelite occurs is al

so mineralogically simple. In addition, the deposit is well-exposed and 

readily accessible.

The study was conducted in three phases. The area was first de

lineated and mapped at a scale of 1 inch equals 200 feet. The geology 

and alteration of the Ella Shaft adit and the region adjacent to the re

lated quartz vein were also mapped to help define the geologic framework 

into which the quartz vein was emplaced.

Samples were collected and the ore mineralogy and variations in 

mineral chemistry studied, using the electron microprobe, x-ray diffrac

tometer, and petrographic and reflecting microscopes. Finally, data ob

tained from the literature helped to estimate the thermochemical 

properties and parameters necessary to precipitate scheelite in this 

type of environment.
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Previous Work

Several authors (Gilbert, 1875; Durable, 1902; Sarle, 1922; and 

Darton, 1925) have touched briefly on the geology of the southern flank 

of the Dos Cabezas Mountains, but few have done detailed work there. 

Sabins (1955, 1957), for instance, elucidated the stratigraphy of the 

Paleozoic sediments. In 1960, Dale, Stewart, and McKinney accurately 

documented the geology of the Silver Bell claims. Finally, Erickson's 

(1969) Ph. D. dissertation shed additional light on the geochemistry and 

petrology of the Dos Cabezas Mountains. In was his work which unrav

elled the geochronology of the local igneous phases.

Location and Mining History

The Silver Bell claims (S. 29, T. 14 S., R. 28 E.) are located 

at an elevation of approximately 6000 feet on the southwestern flank of 

the Dos Cabezas Mountains, Cochise County, Arizona (Figure 1). These 

claims are accessible by a jeep trail which branches off the Apache 

Pass road and leads into Woods and Siphon Canyons.

The five claims contain one shaft (Ella shaft) and two short 

adits (Ella Shaft adit and Little Ella adit). The property was first 

located in 1910 or 1911 by a Mr. Fisher. In 1932, DeBorde bought the 

claims and held them until 1949. Then he and Thomas Bean relocated four 

of the claims in 1950 (Dale et al., 1960). In 1976, Murray Zults and 

Woods Canyon Mining, Inc. attempted to process and concentrate scheelite 

from the Ella Shaft dump, but they were forced into bankruptcy by 1978. 

The property is presently owned by Cyprus Johnson Copper Company of Los 

Angeles, California.
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Figure 1. Location Map of the Silver Bell Claims, Cochise County, 
Arizona.



STRATIGRAPHY

Rocks in the field area include lithologies ranging in age from 

Cambrian to Cretaceous. These lithologies include: Cambrian Bolsa

Quartzite, Ordovician El Paso Limestone, Devonian Portal Formation, 

Mississippian Escabrosa Limestone, Pennsylvanian Horquilla Limestone, 

and lower Cretaceous Glance Conglomerate (Figure 2, in pocket).

The Bolsa Quartzite is a thickly bedded to massive white resis

tant orthoquartzite. Locally it is cross-stratified and in some basal 

portions there are conglomerate beds with quartzite cobbles up to sev

eral centimeters in diameter. The conglomerate unit is two to three 

meters thick and delineates the northern boundary of the mapped area.

The El Paso Limestone consists of a series of limestones inter- 

bedded with silty and sandy dolostones. Field relations suggest that 

the contact of the El Paso Limestone with the underlying Bolsa Quartzite 

is conformable, but there is no outcrop to provide definitive evidence.

Resting conformably upon the El Paso Limestone is the Devonian 

Portal Formation. Sabins (1957, p. 476) describes this unit as a "se

quence of interbedded calcareous shales and siliceous shales and lime

stones." The lowest member of this formation is a sandy dolostone, two 

to four meters thick, which in this area has been altered to a ridge of 

massively wollastonitized rock. In many places, coarse wollastonite 

crystals are observed; whereas, in other sections faint relic cross

stratification is preserved in a more massive wollastonite host.

4



Stratigraphically above and conformable with the Portal Forma

tion is the Escabrosa Limestone. This unit consists predominantly of 

blue-grey, thick-bedded limestones with abundant crinoidal debris. Lo

cally, thermal alteration has marmarized the rock into a clean white 

marble. In its basal portions, nodules of chert are present. On a 

weathered surface it tends to take on a greyish cast.

Paraconformably resting on the Escabrosa is the Pennsylvanian 

Horquilla Limestone. It is very similar to the Escabrosa in lithology • 

and, as Gilluly (1956, p. 36) states, "The base of the Horquilla Lime

stone is an obscure surface of disconformity which has not been identi

fied more closely than within a score of feet, stratigraphically."

There are several criteria which I did employ, however, ,to distinguish 

these two units. The Horquilla Limestone contains abundant crinoidal 

debris as does the Escabrosa, but it also contains horn corals, cri- 

noids, and more importantly, fusilinids. Furthermore, chert stringers 

can be found in the Horquilla Limestone, and many of these have been 

folded.

The southern boundary of the field area has been delineated by 

the occurrence of the lower Cretaceous Glance Conglomerate. This unit 

consists of well-rounded pebbles and cobbles of limestone (formerly 

Horquilla or Escabrosa?) and quartzite (Bolsa?) cemented in a quartzose 

matrix which gives these rocks great resistance to erosion so that they 

form ridges.

During mid-Tertiary time, these sedimentary rocks were intruded 

by aplite dikes and quartz veins (Erickson, 1969). The aplite dikes
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trend roughly east-west throughout the area and range in width from one 

to two meters. They are fine-grained and appear megascopically as high

ly silicified, lemon-yellow felsites. Petrographic examination shows 

that they are composed almost entirely of quartz and plagioclase, opaque 

minerals constituting less than one percent by volume. Euhedral pheno- 

crysts of zoned plagioclase are scattered throughout the very fine 

grained quartz and plagioclase matrix and are consistently about 

as estimated by the Michael-Levy method.

In the Little Ella adit, another type of aplite dike occurs.

This rock is also a silicified yellow to brown, fine-grained felsite 

dike. Thin sections reveal a flow texture which is highlighted by 

aligned limonite staining. The matrix consists of very fine grained 

subhedral quartz and possibly plagioclase, in which phenocrysts of eu

hedral cubic magnetite and interlocking quartz "eyes" are embedded.

The quartz vein ranges in width from one to two meters, has an 

east-west strike similar to that of the aplite dike, and forms sharp 

contacts with its associated wall rock. Although one aplite dike is 

spatially near the quartz vein, they never intersect. Consequently, age 

correlation is not possible. Erickson (1969), however, has assigned a 

mid-Tertiary age to both the aplite dike and the quartz vein based on 

crosscutting relationships and K-Ar age dating.

These quartz veins host the local economic mineralization. Al

though only sparsely present, galena, sphalerite, chalcopyrite, pyrite, 

and scheelite have been identified as the predominant ore mineral phases. 

Details concerning these ore minerals are contained in the section on
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ore mineralogy. In general, though, the quartz vein is a coarsely crys

talline quartz mass, locally infested with quartz-filled vugs and vein- 

lets containing sulfides and tungstates. Near the center of this vein 

also occur ore-grade pods, pockets, lenses, and stringers of scheelite 

ranging from several centimeters to several meters in dimension. The 

quartz vein has been fractured and faulted subsequently, and the frac

tures are filled with calcite.

It should be noted that approximately one-quarter mile to the 

northeast of the mapped area is a large, coarse-grained weakly porphy- 

ritic granodiorite stock which Erickson (1969) dated as 29 ± 1.7 m.y. in

age.



STRUCTURAL GEOLOGY

Structurally the area is relatively simple. The rocks have been 

tilted to give an average strike of N85°W with a dip of 68°W (Figure 3). 

Although jointing has occurred. Figure 3b shows that it appears to have 

no preferred orientation. During the course of mapping, three areas 

were selected for performing a detailed documentation of the joints. 

Figure 4 illustrates the stereograms for these results. The dike rock 

is the youngest igneous event. Consequently, the joint pattern super
imposed upon the dike reflects stress/strain events occurring during or 

after mid-Tertiary time.

The most prominent fault in the field area is visible on aerial 

photographs and controls the position of the Siphon Canyon stream bot

tom. It is nearly vertical in dip and has an apparent horizontal dis

placement of about 50 feet. A few vertically-dipping minor faults in 

the area are subparallel with the Siphon Canyon fault.

Folds were observed in both the Horquilla and Escabrosa Lime

stones. Those in the Horquilla are asymmetrically folded chert string

ers located only near the Horquilla-Escabrosa contact. G. H. Davis 

(1979) suggests that these Horquilla folds may be the product of grav

ity sliding by the younger Horquilla over the older Escabrosa. A 

stereographic plot of the axial surfaces for these folds (Figure 5a) 

gives little aid in defining the average axial surface, but using the 

axial surface method (Wheeler, 1976) for determining the slip-line

8
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a) 153 bedding-plane measurements.

b) 170 joint measurements.

Figure 3. Structural Measurements (Pole to Plane) from Areas Adjacent 
to the Silver Bell Mine.
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25 points 31 points

12 points

Figure 4. Joint Sets Measured in Selected Locations across the Field 
Area.
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a) Fifty-four axial surface measurements.

I

b) Slip-line method for determining the slip direction of folds.

Figure 5. Structural Data of Folds Found in the Horquilla Limestone.
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direction, it can be defined as S20°E 43° (figure 5b). The stratigraphic 

cross section involving these folds can be seen in Figure 6.
Intense folding in a thinly bedded unit of the Escabrosa Lime

stone was observed in the Ella Shaft adit (Figure 7, in pocket) and 

probably resulted from plastic flowage of the thin beds within or across 

local lithologic boundaries during emplacement of the quartz vein.





ALTERATION

The alteration associated with the Silver Bell deposit is con

tained primarily within the confines of the Escabrosa Limestone, and al

though it is not continuous throughout the area, the alteration is 

systematic. On the periphery of the altered area (Figure 8), the lime

stones have been locally marmarized and range in appearance from slight

ly altered limestone in which the texture has a swirly or smeared 

appearance to those in which the marbles have been recrystallized into 

white sculpture-grade stone.

Interior to but often coincident with these marmarized regions 

is a thin zone in which "bows" of tremolite are found. The bows are 

several centimeters in length, show excellent crystal habit, and most 

often are located along fractures.

The zone between the quartz vein and the tremolite+calcite zone 

exhibits patchy alteration and is characterized by the assemblage 

wollastonite+calcite+quartz. There are also silicified limestones and 

minor quartz veinlets present in this zone. Typically, the areas with 

the highest density of quartz veinlets will become totally wollastonit- 

ized. The wollastonite often occurs as intergrown euhedral to subhedral 

crystals several centimeters long and frequently is found as alteration 

selvages of the limestone along the quartz veinlets. The abundance of 

wollastonite and quartz veining increases as one approaches the deposit.

The contact between the Horquilla Limestone and the Escabrosa 

Limestone spatially lies very close to the ore-bearing quartz vein, but

14



//'
TlEllUTt . 

UlCITE »•

WIIU8IWIITE 

9IMTZ  
CUC1TE

Figure 8. Diagrammatic Map Displaying the Alteration Adjacent to the Ella Shaft.
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the effects of alteration are significantly different between the two 

rock types despite their similar distance from the vein. No wollasto- 

nitization is observed in the Horquilla Limestone. There is minor mar- 

marization of the Horquilla and sparse tremolite has also been observed, 

but other than that, the alteration pattern which is so well displayed 

in the Escabrosa Limestone is lacking in the Horquilla Limestone. The 

presence of quartz stringers in the Horquilla implies that it has a 

higher silica content and is probably more resistant to fracturing than 

is the Escabrosa Limestone. This reduction in fracturing would decrease 

the permeability of the rock, and hence is the controlling factor re

stricting alteration.



ORE MINERALOGY

Ore samples were collected from the dump of the Ella shaft and 

examined with both the petrographic and reflecting microscopes. Selec

ted samples were also examined with x-ray and electron microprobe tech

niques. The following section presents the data collected from these 

analytical procedures.

Galena

Galena is the predominant sulfide in the quartz vein. It most 

commonly occurs in veinlets as small, anhedral masses intermixed with 

sphalerite, pyrite, scheelite, quartz, and calcite.

The mineral associations galena+sphalerite+quartz, galena+ 

sphalerite+calcite, and galena+pyrite+calcite are found in small vein- 

lets in the larger quartz vein. Calcite appears to transect the galena+ 

sphalerite and galena+pyrite assemblages, and some of the carbonate most 

likely entered the system after these sulfides were deposited. In other 

instances, though, late-stage calcite veinlets contain galena and spha

lerite which are clearly syngenetic.

The associations galena+sphalerite+quartz, galena+pyrite+quartz, 

and galena+quartz are also observed. In all cases, the subhedral to 

euhedral nature of the sphalerites and pyrites suggests that these min

erals were deposited before the galena. Furthermore, sphalerite and 

pyrite are commonly embedded in the galena mass, and galena's growth at 

the expense of the sphalerite and pyrite may have aided in reducing 

sphalerite's and pyrite*s morphology from euhedral to subhedral.

17
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In only one instance was galena found associated with scheelite; 

the galena occurs as an 'anhedral rimming of a subhedral scheelite grain.

Sphalerite

Petrographic examination of the sphalerites from this system has 

shown that all of the grains are resinous "root-beer" brown in color 

under unpolarized light and anhedral to subhedral in shape. The major

ity of the grains are embedded within the anhedral galena host in a 

quartz matrix. Less frequently, sphalerite may be found in contact with 

or embedded in pyrite, and very rarely is it found alone in quartz.

When sphalerite occurs in a quartz vein, it can be found in the 

mineral assemblages galena+sphalerite+quartz and pyrite+sphalerite+ 

quartz. In the late-stage calcite veinlets it is only seen in the 

galena+sphalerite+calcite assemblage.

Table 1 displays the range of elemental concentrations obtained 

from microprobe analysis of selected sphalerite grains. The four ele

ments Zn, S, Fe, and Cu make up the bulk of the sphalerite chemistry. 

Optical examination of these grains under reflected light reveals that 

minute inclusions of chalcopyrite are scattered throughout the sphaler

ite. Deer, Howie, and Zussman (1975, p. 457) comment that "Blebs of 

chalcopyrite are often found in sphalerite, and are attributed to exso

lution on cooling from a higher temperature ZnS-CuFeS2 solid solution." 

Furthermore, a triangular plot of Zn-S-Fe (Figure 9a) shows that the 

microprobe analyses deviate considerably from the ideal sphalerite com

position (ZnS); whereas, if a chalcopyrite component is subtracted from
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Table 1.

Element
W

Ranges of Elemental Concentrations 
Detected by Electron Microprobe
Analysis of Sphalerites.__________

Range of Weight
____________________ Percent Values

0.00-0.06
Mo

Fe

Mn

Cu

Pb

Cr

Ca

Ti

0.00-0.11 
1.96-2.83 

0.00-0.04 

0.27-1.28 

0.00-0.00 

0.00-0.02 
0.00—0.00 
0.00-0.02

Zn 61.72-63.17

S 33.12-35.04
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a) Plot of microprobe data.

s
31

b) Plot of same microprobe data with a chalcopyrite component subtract
ed out.

Figure 9. Zn-Fe-S Weight Percent Plots of Sphalerite Compositions as
Detected by Electron Microprobe Analysis. —  Samples are from 
the Ella Shaft adit.
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from the analysis (Figure 9b), the analyses do not deviate as much from 

stoichiometry.

Chalcopyrite

Only one sample collected contains appreciable amounts of chal

copyrite. It occurs as a large, anhedral mass transected by a 

scheelite-bearing quartz veinlet. Euhedral to subhedral pyrite and 

sphalerite grains are embedded in their chalcopyrite host, and thus the 

chalcopyrite is probably younger in age.

Seven chalcopyrite grains were chemically analyzed by the elec

tron microprobe. The actual analyses are contained in Appendix II, and 

a summary of the chemical variability is given in Table 2. Chalcopyrite 

does appear to be able to incorporate small amounts of W, Mo, Mn, Cr, 

and Ti into its crystal structure. Furthermore, a triangular composi

tional plot of the major elemental concentrations found in chalcopyrite 

(Figure 10a) shows that the microprobe analyses cluster about the stoi

chiometric chalcopyrite composition.

Pyrite

The majority of pyrite observed in the quartz vein appeared as 

randomly oriented small cubes. .In those instances where it was associ

ated with either sphalerite or galena, it was usually anhedral in form. 

In some cases, the pyrite cubes appeared superimposed upon a galena+ 

sphalerite+quartz assemblage, whereas in other examples small, subhedral 

sphalerite grains occurred within the pyrite crystals. In another in

stance, anhedral pyrite was rinmed by galena. On this basis it is
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Table 2. Ranges of Elemental Concentrations 
Detected by Electron Microprobe 
Analysis of Chalcopyrite Grains•

Element
Ranges of Weight 
Percent Values

W 0.00-0.14

Mo 0.00-0.06

Fe 29.61-31.13
Mn 0.00-0.06

Cu 33.02-38.61

Cr 0.00-0.03
Ti 0.00-0.01
S 32.53-36.52
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a) Chalcopyrite.

$

b) Pyrite.

Figure 10. Cu-Fe-S Weight Percent Plots of Chalcopyrite and Pyrite Com
positions as Detected by Electron Microprobe Analysis. —  
Samples are from the Ella Shaft adit.
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concluded that when pyrite precipitated alone it grew as euhedral cubes, 

whereas when it grew with other sulfides, it assumed various forms 

which depended on its paragenetic order of deposition. Thus, pyrite 

probably was syngenetically deposited with the other sulfides.

Pyrite was observed in the following assemblages: pyrite+

galena+sphalerite+quartz, galena+pyrite+quartz, pyrite+sphalerite+quartz, 

and pyrite+scheelite+quartz. It was also observed in the younger cal- 

cite veinlets with galena.

Microprobe analysis of selected pyrite grains are presented in 

Appendix III. Table 3 and Figure 10b summarize the variations in chem

istry. On the whole, these pyrites were very pure, minor contamination 

being from the elements Cu, W, and Mn.

Scheelite .

Scheelite is the only tungsten mineral identified in this depos

it. It is predominantly subhedral to anhedral in morphology with only 

two selected cases being observed where the scheelite is euhedral. 

Scheelite is fleshy-white in color and very hard to distinguish from 

feldspar, but under short-wave ultraviolet light, scheelite fluoresces 

a blue-white color, which is indicative of a low Mo content (Greenwood, 

1943).

Scheelite is always associated with quartz, and usually the as

sociated quartz grains are the same size as the scheelite. It has also 

been found in contact with galena, sphalerite, and pyrite— galena being 

its most frequent association after quartz. Furthermore, scheelite
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Table 3

Element
W

Ranges of Elemental Concentrations 
Detected by Electron Microprobe
Analysis of Pyrites.______________

Ranges of Weight
___________________ Percent Values

0.00-0.09

Mo 0.00-0.06

Fe 45.00-47.40

Mn 0.00-0.07

Cu 0.06-0.41

Cr 0.00-0.03

Ti 0.00-0.06

S 52.28-54.99



stringers or blebs tend to concentrate on the perimeter of the quartz 

veinlets.

Scheelite was found in the following mineral assemblages in de

scending order of abundance: scheelite+quartz, scheelite+galena+quartz,

scheelite+pyrite+quartz, and scheelite+galena+sphalerite+pyrite+quartz. 

One subhedral grain of scheelite observed was rimmed by galena, whereas 

in another instance, scheelite was found as subhedral blebs associated 

with pyrite+quartz and in stringers with pyrite+quartz. A few subhedral 

scheelite grains were also observed in chalcopyrite.

Table 4 presents the chemical variations detected by electron 

microprobe analysis of 28 scheelite grains. It should be noted that 

molybdenum concentrations vary considerably between scheelites of simi

lar depositional times (No. 10/21-12a,b,c) (Figure 11), and that these 

analyzed scheelites fluoresced blue-white. Trace amounts of Pb, Cu, and 

Fe were also detected in the scheelite grains, and although solid inclu

sions were not observed optically, microprobe analyses did detect large 

amounts of sulfur. This leads me to believe that the scheelite contains 

microinclusions of galena, chalcopyrite, and pyrite rather than having 

solid solutions with stolzite, cuproscheelite, and/or wolframite. The 

association of these sulfides with scheelite in the quartz vein also 

supports this belief.

A euhedral crystal of scheelite occupying a small quartz vug was 

analyzed by emission spectroscopy, the results of which are contained in 

Appendix IV, showing that emission spectroscopy and electron microprobe 

techniques report similar values.
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Table 4. Ranges of Elemental Concentrations De
tected by Electron Microprobe Analysis 
of Scheelites.

Oxide
Ranges of Weight 
Percent Values

W°3 80.33-81.91
CaQ 18.35-19.19
M o 03 0.01- 0.25
FeO 0 .0 0- 0.07
MnO 0.00- 0.13

S03 0.05- 0.13

CuO 0 .0 0- 0.09

PbO 0.00- 0.09

Cr^O^ 0.00- 0.04

Ti02 0 .0 0- 0.10
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Figure 11. CaO-WOg-MoOg Compositional Plots of 27 Scheelite Grains as 
Detected by Electron Microprobe Analysis.—  Samples are 
from the Ella Shaft adit.
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The majority of the scheelite is concentrated into large "pods," 

stringers, pockets, and lensoid forms. These occur near the center of 

the quartz vein, range from a few centimeters to several meters in size, 

and have very sharp contacts with their quartz host.

Scheelite can also be found in small quartz veinlets ranging 

from one to three centimeters in width. In these veinlets fluorescence 

of the scheelite leads one to believe that it completely fills the vein, 

but microscopic examination of these veinlets reveals that the scheelite 

tends to exist as small, anhedral blebs throughout the veinlet, the high

est concentrations occurring at the veinlet*s periphery.

The unit cell parameters of one large euhedral crystal were de

termined by x-ray diffraction. Table 5 compares these data with the 

unit cells of other scheelites. The size differences between these 

cells may be caused by the incorporation of varying amounts of molyb

denum into the scheelite*s structure.

Quartz

Quartz is associated with all the minerals of the ore zone, and 

although macroscopic examination leads one to believe that the whole 

quartz vein was one continuous episode of deposition, thin sections re

veal that many generations of quartz veining occurred. The crosscut

ting nature of these veinlets can be recognized by the uniformity of a 

particular grain size, and the linear arrangement of these common-sized 

grains cutting across larger anhedral grains. Each generation of quartz 

deposition appears to be intimately related to these two factors.



Table 5. Scheelite Cell Parameters.

a
AXIS(A)

c Author
5.26 11.35 Vegard (1925)

5.26 11.41 Barth (1926)
5.246 11.349 Hanerud (1931)

5.241 11.375 this study

5.244 11.367 this study

5.242 11.367 this study
5.242 11.374 this study
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Subsequent generations of veining had smaller fracture openings, 

and consequently the size of the quartz grains filling these fractures 

also diminishes in size. Unfortunately, though, no correlation could be 

made in this study between the various generations of quartz veins and 

the timing of the sulfide deposition. It does, however, appear that 

sulfide deposition occurred very late in the filling sequence of the 

quartz vein, for no quartz veinlets are seen crosscutting the sulfide

bearing veinlets.

The quartz in the sulfide veinlets is closely associated with 

galena, sphalerite, chalcopyrite, pyrite, and scheelite. Individual 

grains range from coarsely crystalline interlocking subhedral and euhed- 

ral sizes to very fine grained anhedral sizes. Again, size is propor

tional to vein width.

Quartz-filled vugs are prominently displayed at a surface out

cropping of the quartz vein. These vug crystals are typically hexagonal 

prisms with the m(1010) faces horizontally striated. Equal development 

by the rhombohedrons r(1011) and z(0111) give the terminations of these 

quartz crystals the appearance of hexagonal pyramids (Dana, 1949). A 

thin coating of calcium carbonate covers these crystals.

Calcite

Calcite exists predominantly as small patches and veinlets in 

the quartz vein and can occur with galena, sphalerite, and pyrite. This 

is probably a function of reopening fractures containing sulfides and 

depositing calcite, for calcite frequently transects sulfide grain
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boundaries. Furthermore, the calcite coating the quartz-filled vugs is 

another example of late-stage calcite.

As previously mentioned, there are instances of calcite veinlets 

containing sulfides. These veinlets are the youngest event, and in 

these veinlets the sulfides and calcite are probably syngenetic in age.

Manganocalcite

Manganocalcite, the intermediary between calcite and rhodochro- 

site, was found lining a small vug. The crystals are beige in color and 

form mats comprised of needle-shaped crystals. These manganocalcite 

crystals are associated with euhedral galena cubes and iron oxide 
staining.

Supergene Minerals

Hematite and linonite were observed as alteration products of 

pyrite, and malachite was seen coating chalcopyrite.



PARAGENESIS

Petrographic examination of the ore minerals leads to the para- 

genetic sequence which follows (Figure 12): early deposition by spha

lerite and quartz was followed by deposition of pyrite to form the 

mineral assemblages sphalerite+quartz, pyrite+quartz, and sphalerite+ 

pyrite+quartz. This stage was subsequently followed by the deposition 

of chalcopyrite, leading to the mineral assemblages chalcopyrite+ 

sphalerite+quartz and chalcopyrite+pyrite.

In only one instance was scheelite observed completely surround

ed by chalcopyrite. Scheelite was either deposited earlier than the 

chalcopyrite or else the presence of scheelite in chalcopyrite repre

sents an oblique section of a scheelite vein transecting a chalcopyrite 

grain. Because of its rare occurrence, the latter explanation is the 

more plausible one. Scheelite did, however, begin to precipitate before 

galena.

Galena was the last sulfide to form, and consequently it common

ly forms anhedral halos around the other minerals. This produces the 

mineral assemblages galena+sphalerite+quartz, galena+sphalerite+ 

chalcopyrite+quartz, galena+pyrite+sphalerite+quartz, galena+pyrite+ 

quartz, galena+scheelite+quartz, and galena+scheelite+sphalerite+ 

quartz.

Finally, the majority of the scheelite formed, giving rise to 

the mineral assemblage scheelite+quartz. Quartz, however, continued to
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Sphalerite--------  —?
Scheelite - - —  — ----
Pyrite ------  —»
Chakopyrite
Galena #

Quartz ------
Delate

TIME

Figure 12. Paragenetic Sequence, Ella Shaft Adit.



precipitate even after tungstate and sulfide deposition had terminated 

and thus filled any open fractures.

The rocks were then refractured and the openings filled with 

calcite. The observed mineral assemblages galena+sphalerite+calcite and 

sphalerite+pyrite+calcite imply that additional sulfides were deposited 

at this late stage. The calcite, however, often transects the galena+ 

sphalerite association, suggesting that these sulfide+calcite assem

blages are the result of calcite filling reopened sulfide veinlets 

rather than deposition of additional sulfides with calcite.

Recent erosion has exposed some of the minerals to surface con

ditions. This has resulted in the formation of various oxides and car

bonates from their respective sulfide progenitors.
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ANALYSIS OF DATA

In summary, the Paleozoic sediments were tilted to their present 

attitude during the Laramide orogeny (Erickson, 1969). Fractures, cre

ated as a result of this Laramide tilting or by the emplacement of the 

nearby Ninemile Stock during the mid-Tertiary time, became the channel- 

ways through which the ore solution(s) travelled initially. These solu

tions were hot enough to produce a thermal aureole into the encompassing 
carbonate wall rocks. With time, this aureole expanded away from the 

fracture resulting in marmarization of the limestone.

Tremolite formed in those regions where the limestones were high 

in magnesium and silica or by circulation of silica-rich solutions 

through dolostones, as shown by (Winkler, 1976):

5CaHg(C03 )2 +8Si02 + H 20 = Ca2Mg5Si802 2(OH)2 + SCaCOg + 7C02

The water required for this reaction may have been derived from the pore 

fluids in the limestone.

Chemical interaction between the carbonate wall rock and the 

silica-rich solutions prevailed adjacent to the channelway, giving rise 

to extensive wollastonite formation as is suggested by the reaction:

CaC03 + Si02 = CaSiO3 + C02

This reaction best represents the dominant alteration occurring in this 

deposit, and there are several important consequences to the formation 

of wollastonite. The above reaction has a change of volume of

36
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O-19.692 cm . Hence, one would expect a concomitant increase in perme

ability and porosity as the volume of rock decreases and an increase in 

the surface area available with which the solutions may react. The cool

ing rate of the solution should be at a maximum at the solution-wall rock 

interface and the solution will extend further into the wall rock with 

continued calc-silication. The third factor is that as more limestone 

is replaced by silicates, more CO2 will be liberated. If the system 

were open, the CO2 would escape; if the system were closed, this would 

result in a build-up of the partial pressure of CO2 or enter into the 
fluid as H^COg.

Garnet is a typical constituent of many skams, yet in this de

posit it was not observed. An absence of aluminum and ferric iron or a 

build-up of PCO2 would prohibit garnet formation, as calcite would be 

more stable and the preferred calcium-bearing mineral phase.

As the character of the solution changed, different minerals 

would deposit as their solubilities were exceeded. This generated the 

minerals in the paragenetic sequence observed. Eventually, the quartz 

vein became sealed and only erosion and weathering remained as factors 

which acted on the deposit.

Precise pressure calculations are not possible for the Silver 

Bell deposit because of the geometries involved as the quartz vein in

vaded tilted sediments. A rough calculation was made in the following 

manner: the beds were reconstructed to their original horizontal posi

tions. Then the distance between the quartz vein and the contact of 

the sediments with adjacent intrusives was determined. The beds were



38

then tilted to their present attitudes (ignoring the effects of erosion) 

and overburden was calculated based on the geometric relationships of 

the tilted beds to the location of the quartz vein. From these calcu

lations, it is estimated that this deposit originated at a depth of less 

than one kilometer and therefore, a maximum of only a few hundred bars 

of lithostatic pressure could have been exerted upon it. The presence 

of open-spaced filling in the quartz vein also supports the belief in a 

shallow emplacement.

The ore solution primarily contained silicon, sulfur, lead, cop

per, zinc, iron, and tungsten. Since sulfur is commonly transported in 

ore solutions as hydrogen sulfide, an acidic environment is preferred 

for transporting base metal sulfides, for it would allow for more sulfur 

to complex and thus increase the solubility of the base metal sulfides. 

The base metal ions are also transported as complexes, but the absence 

of salt crystals in primary or secondary fluid inclusions observed in 

scheelite-bearing quartz gives little aid in determining the chemistry 

of these complexes. Many workers (e.g., Park and MacDiarmid, 1975), how

ever, feel that chloride complexing is the most reasonable way to trans

port these ions.

The CO2 released by the decarbonation of the limestones can also 

complex with hydrogen to form various carbonate species as is shown by 

the following reactions:

C02 *4“ — COg

C03= + H+ = HCO3 

HCO3 + H+ = H2C03
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In an acidic solution I^CO^ would probably be the predominant carbonate 
species. Hence, the introduction of CC^ into the ore solution will de

prive the bisulfide ions of hydrogen. LeChatlier's principle predicts 

that as the hydrogen ions are used in the formation of the carbonate 

species, base metal sulfides will form. Furthermore, the decrease of 

free hydrogen ions will cause the pH of the solution to increase. One 

possible mechanism, then, for effecting deposition of the sulfide miner

als from such solutions is through neutralization of the ore solution 

by the introduction of COg-

Sulfides were the first minerals to be deposited, but as the 

chemical data show, these minerals incorporated very little tungsten 

into their crystal structures (Table 6), probably because of the large 

charge difference of the ions involved. As the tungsten was prohibited 

from entering the sulfide structures, it must have remained in the re

sidual fluid phase. Furthermore, although similar in valence, tungsten 

will not substitute for silicon because of their large size differences 

(ry+4 = 0.69A,rgi+4 = 0.41A). Thus, tungsten remains in the residual 

fluid as silicates are formed from the ore solution as well.

Fluid inclusions from scheelite-bearing quartz were studied in 

an attempt to measure directly the homogenization temperature for 

scheelite, but this was unsuccessful because the fluid inclusions were 

few in number and extremely small in size. Thus it was necessary to 

calculate the temperature of formation for scheelite from the literature. 

A histogram of homogenization temperatures from 20 similar style scheel

ite deposits can be seen in Figure 13. The graph reveals that in the



Table 6Table 6 . Ranges of Tungsten Concentrations Found in 
the Sulfides by Electron Microprobe 
Analysis. —  All concentrations are in 
weight percentages.

Mineral
Range of

Tungsten Concentrations
sphalerite 0.00-0.06

chalcopyrite 0.00-0.14

pyrite 0.00-0.09

galena no data



Figure 13. Fluid Inclusion Homogenization Temperatures for Scheelites 
from Deposits Similar to the Silver Bell Claims.

1 - this study
2 - Zarembo and Andryanova (1976)
3 - Shepard et al. (1976)
4 - Henley et al. (1976)
5 - Enjoji and Tackenouchi (1976)
6 - Sigurdson and Lawrence (1976)
7 - Sigurdson and Lawrence (1976)
8 - Sigurdson and Lawrence (1976)
9 - Mankov and Andreeva (1975)
10 - Imai et al. (1975)
11 - Davidenko (1975)
12 - Morozov, Alidodov, and Ishan-sho (1973)
13 - Morozov et al. (1973)
14 - Rekharskiy and Pashkov (1974)
15 - Park and Choi (1974)
16 - Imai et al. (1974)
17 - Kim et al. (1972)
18 - Kim et al. (1972)
19 - Takenouchi and Imai (1970)
20 - Sillitoe and Sawkins (1970)
21 - Pomirleanu (1968)
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majority of these deposits scheelite formed at temperatures between 

200 and 350°C.

One would not expect to find huebnerite (MnWO^) forming in this 

deposit because there is a general absence of manganese minerals, and 

low manganese concentrations were verified during microprobe analysis 

of the sulfides and scheelites. Ferberite, the iron analog to huebner
ite, was also never observed. Pyrite, however, occurs in this deposit 

as pre-scheelite or synchronous with scheelite deposition. Bryzgalin 

(1958), Wedepol (1970), and Yih and Wang (1979) concluded that when a 

system is high in calcium and tungsten, scheelite will form in prefer

ence to any other tungstate mineral. The oxidizing conditions required 

for scheelite formation would also stabilize pyrite, as the following 

reactions indicate:

Fe+2 +3/2 H2S + 1/2 SO^^ = FeS2 + 2H20 + H+ 

Fe+2 + 2H2S + l/202 = FeSg + H20 + 2H+

L. C. Hsu (1978). states "that whenever tungsten is available 

scheelite is formed at the expense of all other calcium-bearing miner

als, at least within the temperature 300-700°C at 1000 bars P^. Even 

under the environment Pco2 :> P^ Q , scheelite grows at the expense of 

calcite by the reaction

CaC03 + W03 = CaWO^ + C02

Hsu's work would explain the conspicuous absence of the scheelite+ 

calcite association. Furthermore, if tungsten-rich solutions had



43

reached the wall rock adjacent to the quartz vein, scheelite would have 

replaced the wall rock wollastonite. Field observations never observed 

this phenomenon though. Hence, the tungsten solutions were probably re

stricted to the interior portions of the quartz vein.
The depositing scheelite would fill any pre-existing voids, and 

thus assume the forms into which they deposited. This is why scheelite 

in well-defined pods, stringers, and lensoid forms is so frequently en

countered in limestone contact environments. The relative position of 

these pods in the quartz vein host is a direct function of the sealed 

and fractured nature of the quartz in the vein. In general, though, 

these pods tend to concentrate in the center of the vein because vein 

sealing is accomplished by open-space filling.



APPENDIX I

ELECTRON MICROPROBE ANALYSES OF SPHALERITES
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Table 1-1. Sphalerite Grains Embedded in a Chalcopyrite Host.

Element
WEIGHT PERCENT

AMCP-1 AMCP-la AMCP-2a AMCP-4 AMCP-8 AMCP-9 AMCP-9a AMCP-10
W 0.04 0.02 0.06 0.00 0.00 0.00 0.00 0.00

Mo 0.11 0.00 0.00 0.00 0.00 0.04 0.06 0.01

Fe 2.20 2.35 2.75 2.28 2.83 4.42 1.96 2.42

Mn 0.03 0.00 0.04 0.03 0.04 0.02 0.01 0.00

Cu 0.64 0.71 0.92 0.50 1.27 3.82 0.27 0.64

Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cr 0.01 0.00 0.02 0.00 0.02 0.00 0.00 0.00

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ti 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00

Zn 62.44 62.51 62.87 63.06 61.72 58.58 63.17 62.21

S 34.42 34.30 33.22 34.04 33.97 33.12 34.39 34.61

Total 99.89 99.89 99.88 99.91 99.85 100.01 99.86 99.89



APPENDIX II

ELECTRON MICROPROBE ANALYSES OF CHALCOPYRITE
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Table II-l. Chalcopyrites, Ella Shaft Adit
WEIGHT PERCENT

Element AMCP-11 10/79-1 10/79-2 10/79-3 10/79-4 10/79-5 10/79-15
W 0.00 0.01 0.00 0.02 0.00 0.00 0.14
Mo 0.06 0.00 0.00 0.00 0.00 0.04 0.00

Fe 29.86 30.36 31.13 30.12 30.25 30.89 29.61

Mn 0.00 0.00 0.00 0.06 0.00 0.00 0.00

Cu 37.62 33.50 34.79 33.06 33.02 35.40 34.20

Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cr 0.00 0.02 0.00 0.00 0.01 0.00 0.03

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ti 0.00 0.00 0.01 0.00 0.00 0.01 0.01

Zn 0.00 ND3 ND ND ND ND ND

S 32.53 35.91 33.86 36.55 36.52 33.45 35.82

Total 100.07 99.80 99.79 99.81 99.80 99.79 99.81
aNo data



APPENDIX III

ELECTRON MICROPROBE ANALYSES OF PYRITES
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Table III-l. Pyrites Embedded in a Chalcopyrite Host (Ella Shaft Adit).
WEIGHT PERCENT

Element AMCP-5 AMCP-6 AMCP-7 10/79-7 10/79-8 10/79-9 10/79-10 10/79-11 10/79-16 10/79-17
W 0.09 0.08 0.00 0.00 0.00 0.05 0.00 0.00 0.02 0.00

Mo 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 47.35 47.40 47.39 45.00 45.59 45.13 44.67 44.98 45.74 45.75
Mn 0.00 0.00 0.00 0.04 0.00 0.07 0.00 0.03 0.01 0.04
Cu 0.21 0.07 0.06 0.11 0.22 0.17 0.30 0.27 0.24 0.41

Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cr 0.00 0.01 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ti 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06

Zn 0.00 0.00 0.00 NDa ND ND ND ND ND ND

S 52.28 52.38 52.55 54.84 54.13 54.55 54.99 54.70 53.96 53.70

Total 99.99 99.99 100.00 99.99 99.98 99.97 99.97 99.98 99.97 99.96
aNo data

VO
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Table IV--1. Electron Microprobe Analyses from the Ella Shaft Adit •

WEIGHT PERCENT
Element 10/21-5 10/21-11 1 0/21-12a 1 0/21-12b 1 0/21-1 2c 10/21-18 1 0/21-201 1 0/21-20d
W 64.84 63.77 64.04 63.88 63.81 64.68 64.82 64.81

Ca 13.12 13.61 13.71 13.72 13.66 13.51 13.46 13.54

Mo 0.10 0.09 0.17 0.01 0.11 0.11 0.13 0.09

Fe 0.02 0.00 0.02 0.01 0.05 0.04 0.00 0.00

Mn 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00

S 0.04 0.05 0.02 0.04 0.04 0.04 0.04 0.03

Cu 0.00 0.00 0.00 0.00 0.07 0.00 0.02 0.03

Pb 0.00 0.00 0.07 0.02 0.03 0.01 0.01 0.00

Cr 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00

Ti 0.01 0.02 0.02 0.00 0.00 0.00 0.00 0.00

0 22.31 22.22 22.36 22.20 22.24 22.40 22.41 22.41

Total 100.47 99.77 100.44 99.88 100.01 100.79 100.89 100.91



Table IV-1. Electron Microprobe Analyses from the Ella Shaft Adit, continued
WEIGHT PERCENT

Element AMCP-4 AMCP-5 AMCP-6 AMCP-7 AMCP-8 AMCP-9 AMA-G AMA-H AMA-T 1 0/21-2
w 63.70 63.96 ,63.81 64.24 64.18 64.10 64.19 64.62 64.95 64.76

Ca 13.30 13.26 13.51 13.39 13.38 13.50 12.40 12.52 12.48 13.26

Mo 0.13 0.06 0.17 0.02 0.11 0.11 0.06 0.06 0.14 0.11

Fe 0.01 0.02 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00

S 0.03 0.04 0.04 0.04 0.03 0.04 0.04 0.02 0.03 0.05

Cu 0.00 0.06 0.00 0.02 0.02 0.01 0.03 0.00 0.01 0.00

Pb 0.05 0.06 0.02 0.03 0.03 0.03 0.04 0.03 0.04 0.00

Cr 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

Ti 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.02 0.01

0 22.04 22.10 22.47 22.19 22.25 22.28 22.51 22.01 22.27 22.61

Total 99.27 99.56 100.03 99.93 100.00 100.20 99.73 99.59 99.93 100.80



Table IV-1. Electron Microprobe Analyses from the Ella Shaft Adit, continued.
WEIGHT PERCENT

Element AMA-1 AMA-3 AMA-4 AMA-9 AMA-10 AMA-11 AMA-12 AMA-13 AMCP-2 AMCP-3
W 64.88 64.70 63.99 64.44 64.61 64.76 64.27 64.14 64.26 63.74
Ca 12.98 13.42 13.42 13.49 13.42 13.46 13.41 13.21 13.43 13.40

Mo 0.04 0.05 0.15 0.15 0.05 0.08 0.09 0.05 0.17 0.15

Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mn 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S 0.04 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.04 0.05
Cu 0.06 0.03 0.03 0.02 0.00 0.02 0.00 0.00 0.00 0.00

Pb 0.04 0.02 0.00 0.03 0.08 0.01 0.05 0.02 0.05 0.00

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01

Ti 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01

0 22.23 22.32 22.29 22.34 22.30 22.37 22.26 22.07 22.27 22.15

Total 100.27 100.58 99.93 100.51 100.49 100.75 100.13 99.54 100.23 99.51

LnW
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Table IV-1. PHK 14-78: Small Scheelite Crystal
Found in Quartz Vug. —  Crystal is pale 
yellow in color and measured 3x3x5mm. 
Ella Shaft adit, emission spectroscopy 
analysis.

Element Weight Percent
W 60.400

Ca 13.300

Y ND <0.002

Yb ND <0.004

Mo ND <0.020

Sr 0.340

Si 0.500

Mn 0.018

Mg 0.490

Pb 1.700

Fe 0.094

A1 0.600

Cu 0.0014

Ti ND <0.002

Ce ND <0.040

Ba ND <0.080

K ND <0.100

Na ND <0.060

Bi TR <0.002
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