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ABSTRACT
The Bradshaw Mountains region of central Arizona 

contains two distinct ages and at least 5 types of vein 
mineralization. The five types include Proterozoic quartz 
veins, and post-Proterozoic quartz-rich and quartz-poor vein 
systems.

I

Veins in the Cherry Creek district appear to be 
Proterozoic, quartz-rich, deformed, highly oxidized, and may 
have formed at temperatures above 330* C.

Quartz-poor high angle veins at the Gold Button and Fat 
Mexican mines in the Minnehaha district, and the Gladiator 
mine in the Tiger district appear to be post-Proterozoic; one 
mineralized quartz veinlet at the Gladiator mine formed at a 
minimum temperature of 256® C.

A high-angle massive quartz vein at the Boaz mine in the 
Minnehaha district appears to be post-Proterozoic, and formed 
at a minimum temperature of 270* C.

A massive sulfide vein at the McCabe-Gladstone mine in 
the Ticonderoga district appears to be post-Proterozoic and 
to have formed at a temperature of 340® C or greater.

Epithermal veins at the Silver Cord and Golden Belt 
mines in the Black Canyon district appear to be post- 
Proterozoic and formed at temperatures of at least 210* to
250® C.
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CHAPTER 1 

INTRODUCTION

History
The Bradshaw Mountains and surrounding area of Yavapai 

County Arizona is highly mineralized. The metallic mineral 
deposits in the area are of two main types: yolcanogencic
massive sulfide deposits, including those at Jerome and the 
Iron King mine near Humboldt, and vein deposits (Figure 1). 
Porphyry copper deposits also occur in the area. Much has 
been written on the massive sulfide deposits, but a 1926 
study by Lindgren stands as the most authoritative work on 
the vein systems. Significant amounts of gold and silver and 
minor base metals have been produced from vein deposits 
located in the Bradshaw Mountains region. In 1863 placer 
gold was discovered on the Hassayampa River, Lynx Creek, 
Turkey Creek, and Big Bug Creek by members of the Walker 
party (Henderson, 1958). Shortly thereafter some veins were 
discovered and there was a silver rush to the area that ended 
in 1905 (Jaggar and Palache, 1905). The discovery of these 
veins resulted in the first major influx of population to 
Arizona (Dunning, 1966). The precious metal veins of the 
area have previously been classified into three groups; veins 
of Precambrian age that were formed in the hypothermal 
environment, veins of Late cretaceous-early Tertiary age
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FIGURE 1. Location Map of Thesis Area. Mines studied listed 
underneath district.
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FIGURE 2. The Bradshaw Mounatins Region. Photograph taken 
looking south from the Bluebell mine, 6.5 km north of 
Cleator. Rock units in foreground are metavolcanics and 
metasediments of the Yavapai Supergroup, hill in background 
is the Crazy Basin Quartz Monzonite. See figure 6 for 
orientation.
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related to plutonism formed in the mesothermal and/or 
epithermal environment, and veins of middle Tertiary age, 
usually associated with low-angle structures (Lindgren, 1926; 
Keith et al., 1983).

Purpose and Methods of Study
The goals of this study were to: (1) constrain the 

formation conditions of some of these poorly studied vein 
systems, and (2) test and improve the existing classification 
system. The methods used were: (1) fluid inclusion studies,
(2) Pb isotope analysis of galena from the respective veins,
(3) multi-element analysis, (4) ore petrography, and (5) mine 
and field observations.

Field work was conducted in May, June, July, and 
October, 1990. First a reconnaissance study of the veins in 
the area was undertaken, known mine sites were visited and, 
if possible, observations of the vein structure were made and 
samples were collected; if access to the deposit could not be 
obtained, dump material was collected and described. After 
this initial phase was completed, 10 mines from 5 districts 
were chosen for further study with access to insitu vein 
material being the primary criteria for selection. An 
attempt was made to select several mines from each of the 3 
categories of Keith et al. (1983a,b) who classified the veins 
of Yavapai County into 3 groups, Proterozoic, Late
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Cretaceous-early Tertiary, and middle Tertiary. The Boaz 
Mine in the Minnehaha district and the Sunnybrook Mine in the 
Cherry Creek District were chosen to represent the 
MProterozoic" vein set. The Fat Mexican (local name) and 
Gold Button mines in the Minnehaha district, and the Monarch 
and Gold Bullion mines in the Cherry Creek District were 
chosen for complementary studies. The Gladiator Mine in the 
Tiger District and the McCabe-Gladstone Mine in the 
Ticonderoga District were chosen to represent the Late 
Cretaceous-early Tertiary vein set. The Silver Cord and 
Golden Belt Mines of the Black Canyon District were chosen to 
represent the low-angle, middle Tertiary veins (Figure 1). 
At each mine observations of the vein structure were made, 
and at least one complete section of the vein, including 
footwall and hanging wall bedrock was sampled. One zone 
thought to represent the major ore-bearing unit was tested 
with the methods described above where possible. sulfur 
isotope analyses were done on sulfides from the McCabe- 
Gladstone and Monarch mines in an effort to determine the 
source of sulfur.

Location
The veins studied occur in an area of about 1300 square 

kilometers in central Yavapai County, Arizona (Figure 1). 
All of the veins except those in the Cherry Creek district
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are located in the Bradshaw Mountains, a rugged mountain 
range with a maximum elevation of 2158 meters located south 
of Prescott. The Cherry Creek district is located in the 
Black Hills, approximately 30 kilometers northeast of the 
Bradshaw Mountains. All of the mines are accessible by car 
on gravel roads with a maximum of one kilometer of walking 
necessary at several mines. The three major highways 
accessing the study area are U.S. highway 89 and Arizona 
highway 69 west and east of the Bradshaw Mountains 
respectively, and Arizona highway 279 northeast of the Black 
Hills (Figure 1).

Previous Work bv Other Geologists
Jaggar and Palache (1905) studied the geology and ore 

deposits of the Bradshaw Mountains region. They visited many 
well-defined fissures with "vein filling being separated from 
the walls by clay gouge". The valuable ore minerals 
described include: native gold and silver, galena, 
argentite, pyrargyrite, chalcocite, chalcopyrite, and 
tetrahedrite. Less valuable metallic minerals include: 
pyrite, sphalerite, arsenopyrite, bournonite, bornite, 
jamesonite, stibnite, magnetite, and pyrrhotite. Gangue 
minerals include: quartz, chalcedony, siderite, dolomite, 
calcite, barite, fluorite, epidote, and hornblende.

Reid (1906) described the geology and vein systems in
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the Cherry Creek District.

Lindgren (1926) studied the geology and ore deposits of 
the Bradshaw Mountains region including all of the districts 
and most of the deposits in this study. He described two 
vein sets, one of Precambrian age, and a group of later 
veins. The Precambrian group, which included mines of the 
Minnehaha and Cherry Creek districts, and . the McCabe- 
Gladstone Mine, consisted of veins of massive, usually 
strained quartz without druses; tourmaline is a typical but 
rare gangue mineral, and alteration of the country rock is 
slight (Figure 3) . Sulfides consist of pyrite, chalcopyrite, 
sphalerite, and galena. He described two classes of 
Precambrian veins, "one with bunches and pockets of free 
coarse gold and another in which the principal value lies in 
the sulfides, which carry finely disseminated gold". 
Lindgren believed that these veins were formed in the 
hypothermal or deep zone and were probably associated 
genetically with the Bradshaw Granite, the name given to much 
of the Proterozoic granite in the area at that time.

Lindgren*s later set consists of typical fissure veins 
with a gangue that is mainly quartz of milky color and drusy 
structure that in places grades into well-defined comb 
structure. Sulfides in the later set consist of
arsenopyrite, pyrite, sphalerite, chalcopyrite, galena, 
tetrahedrite, and less commonly, ruby silver. Sericitization
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FIGURE 3. Typical massive, high-angle, Precambrian (?) 
quartz vein in the Bradshaw Mountains region. Photograph 
taken .8 km ENE. of the Silver Cord Mine near Cleator.
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and carbonatization of the country rock is common. Lindgren 
believed that the veins were post-Proterozoic and that most of 
them showed characteristics of having formed in the 
intermediate zone by thermal solutions ascending toward the 
surface. No evidence for their age was cited. This work by 
Lindgren remains the best reference on vein mineralization in 
Yavapai County.

Jerome (1956) described the geology of the Black Canyon 
Schist Belt which is host to the Golden Belt and Silver Cord 
mines. He recognized 2 generations of quartz veins, a 
Precambrian (?) set and a Laramide (?) set. The Precambrian 
set is largely barren but some shatter planes are filled with 
thin, discontinuous stringers and disseminations of pyrite, 
chalcopyrite, spahlerite, galena, and precious metals. This 
set locally contains tourmaline and it was suggested that the 
veins are related to some of the coarser grained acid 
intrusives and that they could represent a highly 
differentiated phase of such rocks. The "Laramide" set 
differs from the Precambrian set by being relatively flat 
lying and having much clearer quartz that has a tendency to 
occur in vugs.

y. Anderson and Creasey (1958) described the geology and 
ore deposits of the Jerome area including the Cherry Creek 
district and the McCabe-Gladstone mine. The McCabe-Gladstone 
vein structure is interpreted as being of probable Precambrian
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age.

Henderson (1958) studied the history of the Prescott and 
Bradshaw mining districts. Dunning (1966) described the 
mining history of many mines in the area. Wilson et al. 
(1967) gave brief geologic descriptions of many mines in the 
area including the Cherry Creek, Minnehaha, and Black Canyon 
districts, the McCabe-Gladstone Mine, and the northern part of 
the Tiger District. Most of their geologic descriptions were 
taken from Lindgren (1926). Krieger (1965) described the 
geology of the Prescott and Paulden quadrangles and described 
as a group two sets of veins, one of Precambrian age, the 
other being more recent. Koschman and Bergendahl (1969) 
described some of the mining districts in Yavapai County. C. 
Anderson (1972) studied the Precambrian rocks of the Cordes 
area and largely quoted Lindgren (1926) and Jerome's (1956) 
geologic interpretations of the Silver Cord and Golden Belt 
mines.

C. Anderson and Blacet (1972) studied the Precambrian 
geology of the northern Bradshaw Mountains. They assign a 
Laramide age to the McCabe-Gladstone mine.

Keith et al. (1983a,b) classified the veins of Yavapai 
County into 3 groups, Precambrian, Late Cretaceous-early 
Tertiary, and middle Tertiary. This classification system 
assigned deposits to mineral districts based on their geology 
and metal ratios. The Precambrian classification is based
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largely on Lindgren's (1926) work. The Laramide-early 
Tertiary veins are thought to be associated with nearby 
plutons of the same age. The middle Tertiary ages were 
assigned to a group of predominantly flat lying 
veins.

Blacet (1985) described the Proterozoic geology of the 
Brady Butte area in the northern Bradshaw Mountains including 
several veins. Holmes (1987) studied the McCabe-Gladstone- 
Rebel-Little Kicker systems in the Ticonderoga district. 
Welty et al. (1989) compiled an extensive bibliography for the 
mineral districts in Yavapai County using Keith et al.'s 
(1983) classification as a base. Lindberg (1989) described 
Precambrian ore deposits in Arizona and suggested that some of 
the "veins" of Proterozoic age in Arizona, including the 
McCabe-Gladstone mine, could instead be Proterozoic 
volcanogenic mineralization.

Titley (1989) noted that veins from the study area were 
rich in gold relative to veins southeast of the projected 
southern extension of the Holbrook lineament. According to 
Karlstrom and Bowring (1988) the southern extension of the 
Holbrook Lineament could correspond to the Moore Gulch Shear 
zone and/or the Slate Creek movement zone (Figure 4). Titley 
(1989) suggested that the precious metal character of Arizona 
veins was independent of process and may be profoundly 
influenced by intrinsic properties of crustal setting.
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CHAPTER 2
GEOLOGIC SETTING OF VEINS

The districts studied lie in Yavapai County within the 
"transition zone", a zone that represents a transition from 
the Basin and Range Province to the south where the dominant 
features of the land are the result of Tertiary volcanism and 
extensional faulting, and the Colorado Plateau to the north, 
which is composed dominantly of flat-lying Mesozoic and 
Paleozoic sedimentary rocks (Figure 4). Proterozoic rocks in 
the Transition zone are part of a larger northeast-southwest 
trending belt of early Proterozoic rocks. This belt 
stretches approximately 1300 km north to south from the 
Archean Wyoming craton to Sonora, Mexico, and west to east 
from Arizona and Sonora to the Late Proterozoic Grenville 
Province of the eastern United States (Figure 5). This large 
orogenic belt is thought to have accreted to the Wyoming 
craton in the time period 1.6-1.8 Ga ago and represents a 20% 
addition to the North American continent in 200 m.y (Hoffman, 
1989). The Proterozoic basement rock in Yavapai County 
consists of metamorphosed mafic to felsic volcanic and 
volcaniclastic strata and metasediments metamorphosed 
dominantly to the greenschist to amphibolite facies. These 
strata were intruded by two generations of plutonic rocks, a
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FIGURE 4. Extent of Proterozoic outcrop (stippled) in 
Arizona, southeastern California and Nevada. Dark lines are 
major shear zones which bound separate tectonic blocks. 
SC=Slate Creek shear zone, MG=Moore Gulch shear zone, 
SH=Shylock fault zone, CH=Chaparral fault zone, P=Pinal 
schist, S=Sunflower block, M=Mazatzal block, A=Ash Creek 
block, B=Big Bug block, G=Green Gulch block, HB=Hualapai- 
Bagdad block, MO=Mojave block, SI=sinyala fault zone, 
BA=Bright Angel fault, MB=Mesa Butte fault, G=gravity and 
magnetic lineament, HO=Holbrook lineament. All of the veins 
studied are in the Big Bug and Ash Creek blocks. From 
Karlstrom and Bowring (1988).
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SUPERIOR 
> 2.5 b.y.

500 1000 km

FIGURE 5. Distribution of major Precambrian orogenic belts 
and age provinces in North America. Lower Proterozoic rocks 
were added to southwestern North America between 1800 and 
1600 Ma. This resulted in growth of the North American 
continent by some 20% in 200 m.y. From Karlstrom et al. (1987).
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FIGURE 6. General geology of the study area. Modified from 
Darrach (1988).
C  Vein D istricts Studied
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generally subduction-related group dated between 1750 and 
1630 Ma and a post-tectonic group dated between 1425 and 1375 
Ma (P.Anderson, 1989b) . This terrane has been compared to an 
Archean greenstone belt (C. Anderson and Silver, 1976). This 
basement is covered in places by Lower Paleozoic sedimentary 
rocks and Tertiary volcanics and is intruded by several Late 
Cretaceous-early Tertiary granitoid plutons.

Geology of Yavapai Countv
All of the veins studied are hosted by Proterozoic 

metavolcanics of the Yavapai Supergroup and the pre 1.7 Ga 
Minnehaha Granodiorite and Cherry Springs batholith of P. 
Anderson (1989b) (Figure 6).

C. Anderson et al. (1971) defined the Yavapai Series 
as the time-stratigraphic interval from 1770+10 to 1820 Ma 
(1750 to 1800 with corrected dates). The Yavapai Series 
along with the Yavapai Schist (Lindgren 1926) have been used 
loosely to refer to the metamorphosed Proterozoic volcanic, 
volcaniclastic and sedimentary rocks in central Arizona. 
Karlstrom and Bowring (1988) and P. Anderson (1989b) proposed 
using the term "Yavapai Supergroup" in place of Yavapai 
Series for the metavolcanics and metasediments. The Yavapai 
Supergroup is a diverse sequence of mafic to intermediate 
volcanic rocks and volcaniclastic sedimentary rocks. These 
rocks were divided by Anderson et al. (1971) into two groups,
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the Ash Creek Group and the Big Bug Group with the Big Bug 
Group being made up of the Green Gulch Volcanics, Spud 
Mountain Volcanics, and the Iron King Volcanics. DeWitt 
(1979) suggested that the stratigraphy determined by Anderson 
et al. was reversed. P. Anderson (1989b) placed the earliest 
low-K tholeiitic mafic volcanics of the Jerome area in the 
Ash Creek Group and proposed separating the Big Bug Group of 
Anderson et al. (1971) into three groups: the Bradshaw 
Mountains Group, the Mayer Group, and the Black Canyon Group.

Structural Setting
The metavolcanic and metasedimentary strata of central 

Yavapai County exhibit distinctive steeply dipping foliation 
or cleavage,and have many folds with steeply plunging axes. 
The average orientation of foliation west of the Moore Gulch 
shear zone is N. 20° E. to N. 45° E., whereas the average 
foliation in the younger belts east of the Moore Gulch shear 
zone is N. 40° E. to N. 70° E. (P. Anderson 1989a,b)(Figure 
4) . P. Anderson (1989a,b) interprets this subvertical fabric 
to have developed from one deformational event, with each 
individual tectonic belt being thickened and stabilized by 
its own erogenic event that accreted it to the Archean 
Wyoming craton between 1750 and 1650 Ma. Karlstrom (1989) 
sees evidence for FI recumbent folds with amplitudes 
exceeding half a kilometer related to northwest-directed
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thrusting, refolded by upright or inclined F2 folds on a 
regional scale. The FI thrusting and F2 upright folding are 
interpreted as being part of progressive deformation related 
to convergence of volcanic arc terranes during accretion to 
North America about 1700 Ha. The area is characterized 
by a series of north- and northeast-trending shear or high 
strain zones (Figure 4) . All of the veins studied occur 
within the Big Bug and Ash Creek blocks of Karlstrom and 
Bowring (1988), which are bounded by the Chaparral, Shylock, 
and Moore Gulch shear zones (Figures 4 and 6).

The Chaparral Shear Zone. The Chaparral shear zone is 
west of the study area. It is a major shear zone 2 km wide 
trending N. 30° E. bounded by the Chaparral and Spud faults 
across which stratigraphic correlations are difficult 
(Krieger, 1965). Karlstrom and Bowring (1988) propose 3 to 
5 km of dextral strike-slip movement along the zone.

The Shvlock Zone. The Shylock zone bisects the study 
area and includes the Silver Cord and Golden Belt mines. 
This zone is part of a 75 kilometer long, 2 to 3 kilometer 
wide, north-south-trending zone of vertical foliation with 
dominantly vertical lineation (Karlstrom and Bowring, 1988). 
Winn (1982) and P. Anderson (1989b) interpret the zone as 
being a zone of high strain, with strong horizontal
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shortening and vertical extension, but no major offset, 
controlled by the emplacement of the Cherry Springs batholith 
to the east, and the Prescott and Wilhoit Granodiorite to the 
west. Karlstrom and Bowring (1988) interpret the zone as 
having resulted from transpressional convergence between 
tectonostratigraphic blocks.

The Moore Gulch Shear Zone. The Moore Gulch shear zone 
is a northeast-trending shear zone east of the study area 
which involves many faults and possibly offset of major rock 
contacts (Maynard, 1986) (figure 4). Karlstrom and Bowring 
(1988) interpret this zone as being a suture between two 
diverse terranes or collections of terranes, the "Yavapai 
Province" to the northwest and the "Mazatzal Province" to the 
southeast. P. Anderson (1989b) agrees that the zone 
separates the younger New River Mountains felsic complex to 
the east from the older more mafic rocks to the west but 
proposes stratigraphic correlations across the zone and 
interprets it as a mirror image of the Shylock zone with both 
zones originating as boundaries to the horst block of the 
Cherry Springs batholith.

Tectonic Setting
The Proterozoic sequences of Yavapai county and vicinity 

probably represent intraoceanic island arc, continental 
margin arc, and back-arc basin assemblages (P. Anderson
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1989b). There is a distinct trend from older more primitive 
sequences to younger more evolved sequences from northwest to 
southeast across the area (Karlstrom and Bowring, 1988; P. 
Anderson, 1989a,b). The change from primitive to more 
evolved sequences is thought to occur across the Moore Gulch 
fault zone (Karlstrom and Bowring 1988; P. Anderson 1989b) 
(Figure 4).

Evolution of Thought. Hinds (1936) recognized a 
profound difference between the eastern and western parts of 
the belt and proposed a major contact in the Mazatzal 
Mountains, the Mazatzal Quartzite and associated rocks being 
of a younger Precambrian age than the "Archean" rocks to the 
west. He believed that the rocks to the west underwent 
deformatiion during an "Archean" "Arizonan Orogeny", the 
results of which were granitoid pluton emplacement and 
folding of strata to vertical. Rocks to the east were 
subjected to the "Mazatzal Orogeny" during which great thrust 
faults and folds developed. Wilson (1939), after observing 
that the older Precambrian rocks of central Arizona had 
undergone intense folding, accompanied by reverse and normal 
faulting and widespread batholith intrusion, proposed one 
early Precambrian crustal disturbance, the "Mazatzal 
Revolution", which took place after deposition of the 
Mazatzal Quartzite, and before deposition of the Younger
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Apache Group. C. Anderson (1951) supported, with 
reservation, the contention that the Prescott-Jerome area had 
been subjected to one period of orogeny which was followed by 
intrusion of granitic rocks. Krieger (1965) stated that it 
is unlikely that there was only one period of orogeny in 
central Arizona in a time span as immense as the Precambrian, 
but could produce no evidence to support a second orogeny. 
C. Anderson and Placet (1972) recognized three blocks of 
Precambrian rocks defined by the Chaparral fault and Shylock 
fault zones (figures 4 and 6) but made no attempt at orogenic 
interpretation.

DeWitt (1976) recognized the following series of events 
in the Mayer-Crown King area: bimodal basalt-rhyolite 
volcanism; minor regional tilting; deposition of shallow 
water pelitic sediments; granodioritic intrusions and 
possible arching of volcanic and sedimentary rocks; uplift 
and erosion of plutons; and regional metamorphism and 
deformation.

C. Anderson and Silver (1976) compared rocks of the 
Yavapai Series to an Archean greenstone belt and suggested 
that the mafic volcanics represent the accumulation of 
oceanic basalts. They recognized two cycles of orogeny. The 
first cycle took place in the Prescott-Jerome area; 
stratified rocks dominated largely by volcanic products were 
deformed and intruded by plutons between about 1820 Ma and
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1720 Ha. A second cycle, recognized in the Mazatzal 
Mountains to the east, involved the accumulation of rhyolitic 
rocks and great volumes of assorted sedimentary rocks between 
about 1720 and 1660 Ha.

In the 1980's, two working hypotheses emerged to 
describe the orogenic evolution of this volcanic belt. Model 
one proposes progressive southward growth from the Archean 
Wyoming craton by progressive addition of continental margin 
volcanic arcs and arc-related or continental margin 
sedimentary basins (Condie, 1982; P. Anderson, 1986,1989 
a,b) . Model two (Karlstrom and Bowring, 1988; Bowring and 
Karlstrom, 1990) suggests that the Moore Gulch fault zone is 
a suture across which two large allochtonous terranes were 
juxtaposed on thrust and strike-slip faults (Figure 4) . 
Model two also suggests that other shear zones could 
represent sutures and that the entire orogenic belt could be 
an assembly of allochtonous terranes with collisions of 
terranes not necessarily proceeding from north to south.

I
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CHAPTER 3
THE CHERRY CREEK DISTRICT

The Cherry Creek district, centered on the settlement of 
Cherry, 46 km east of Prescott, is located in the Black Hills 
(Figures 1, 7, and 8). The district consists of at least 40 
mines occurring along lenses or pods in sheared zones 
(Dunning, 1966). All of the mines are hosted by the Cherry 
Springs batholith, the largest pretectonic batholith in 
central Arizona (P. Anderson, 1989b). The quartz diorite 
(tonalite) phase of the batholith hosting the veins is a 
metaluminous calcic-series tonalite with a high Sr content; 
it was mapped and described by C. Anderson and Creasey 
(1958), and P. Anderson (1986, 1989b). The veins range in 
width from 3 cm or less to 2 m, but average .3-.6m; where the 
strike changes or the dip flattens, the thicknesses appear to 
increase (Lindgren, 1926). The veins have a pinch and swell 
character which can be observed at the Gold Bullion mine, 1.5 
km NW. of Cherry (Figure 7). The Gold Bullion mine is on a 
structure that strikes approximately N. 15° E. and dips 50° 
W. This structure is dominated by .8 meters of iron-stained 
quartz which is flanked by clay-rich fault gouge (Figure 9). 
North of the mine along the structure the quartz content 
gradually decreases, and 150 meters north of the mine the
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FIGURE 7. Map of the Cherry Creek District Showing Selected 
Mines. Geology from Anderson and Creasey (1958). See Figure 
1 for District Location.
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FIGURE 8. The Black Hills, Location of the Cherry Creek 
District. Looking WSW. from the Verde Valley. PS-Paleozoic 
Sediments, CSB-Cherry Springs Batholith, VF-Approximate 
Location of the Verde Fault, VV-Floor of Verde Valley, MM- 
Approximate Location of Monarch Mine, TB-Tertiary Basalt.



37

FIGURE 9. Ore Zone at the Gold Bullion Mine, Cherry Creek 
District. FG-Fault Gouge, OQ-Oxidized Quartz, SG-Sheared 
Granite. Lines within OQ are clay-filled fractures. There 
are several thin (1cm) quartz veinlets within the hanging 
wall granite.
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structure consists only of sheared and altered granitic rock. 
Minor constituents in the veins include: gold, tourmaline, 
pyrite, and small quantities of chalcopyrite, bornite, 
sphalerite, and galena, with the sulfides usually being 
oxidized to an iron oxide at the surface (Lindgren, 1926). 
Gold and sulfide minerals are associated in most of the ore 
shoots (Lindgren, 1926) . Most of the mining was in the 
enriched oxidation zone at the surface with few shafts 
extending below 90 meters (Lindgren, 1926). Production from 
the district has been small, with most of it being around the 
turn of the century. Keith et al. (1983b) report production 
from 1907 to 1948 as being 4,000 oz. Au, 6,200 oz. Ag, 
28,0001b. Cu, and 150 lb. Pb. True production is almost 
certainly higher than these figures. The quartz veins and 
alteration zones are limited to the Proterozoic granitoid 
rocks and have not been observed in the overlying Paleozoic 
sediments; this strongly suggests that the veins are 
Proterozoic in age (Lindgren, 1926; Figures 7 and 8).

The Sunnybrook and Monarch mines were chosen for 
detailed study. The lead isotope ratios of galena from the 
Monarch mine suggest a Proterozoic age for the vein. Quartz 
from the Monarch mine appears to have formed at a minimum 
temperature of 331° c. Sulfur isotope values of pyrite from 
the Monarch mine are consistent with a magmatic sulfur
source.
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The Sunnvbrook Mine

The Sunnybrook mine is located 1.2 km west-southwest of 
Cherry (Figure 7). The mine consists of an incline shaft on 
the vein, and 20 meters below the collar, short drifts 
connect to the shaft from the north and south. The mine is 
currently flooded to the drift level. The vein strikes 
approximately N. 15° W. and dips 50° W. The gold content and 
the dip of the vein are reported to decrease with depth (C. 
Anderson and Creasey, 1958). Drifts have been driven on the 
vein both north and south of the mine. This vein system is 
pinch and swell in nature. At several locations both north 
and south of the mine, the shear system contains little or no 
quartz, with any quartz occurring as pods or stringers.

At the Sunnybrook mine, one zone 1.1 meters wide 
consisted dominantly of both massive and highly fractured 
quartz, most of which was iron-oxidized. The quartz zone is 
flanked by both footwall and hanging wall clay-rich 
alteration material that probably represents fault gouge 
(Figures 10a, and 10b) . No sulfides were observed in the 
mine owing to near surface iron oxidation. The abundance of 
oxidation material indicates that the vein was originally 
sulfide rich. Abundant hematite-goethite was observed in the 
vein matierial. Several dump samples contained coarse, 
unoxidized pyrite. The quartz at the mine is highly deformed 
and shows evidence of ductile deformation (Figure 10c). Most



FIGURE 10. Photographs and Photomicrograph from the 
Sunnybrook Mine, Cherry Creek District. Photographs are on 
following page.

A. Shear zone just south of the Sunnybrook mine. 
Hammer is on quartz which is overlain and underlain by 
fault gouge.
B. Gold-rich fault gouge overlain by oxidized quartz. 
Sample CHE-24.
C. Photomicrograph of quartz that shows signs of 
ductile defomation.
D. Pseudotachylyte zone just west of main tunnel, 
Sunnybrook Mine.
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FIGURE 10. Photographs and a Photomicrograph from the 
Sunnybrook Mine, Cherry Creek District. Continued Next Page. 
Explanation on Previous Page.
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FIGURE 10. Photograph and Photomicrograph from the 
Sunnybrook Mine, Cherry Creek District. (Continued).



42
of the quartz observed exhibits undulose extinction. Twenty 
two meters west of the mine is a shear structure which 
strikes N. 15 * E. and dips 56e W. The structure consists of 
altered and sheared granitic rock and contains a 10 cm thick 
pseudotachylyte zone (Figure lOd). This structure appears to 
be an offshoot of the main structure hosting the Sunnybrook 
mine and its strike and dip are consistent with most of the 
structures in the district. This pseudotachylyte zone could 
be evidence that the structure has experienced two 
deformation events; the first event is ductile and 
represented by the deformed quartz, the second is brittle and 
represented by the pseudotachylyte zone (Wise et al., 1984). 
Three samples from the Sunnybrook mine were analyzed for 39 
elements. CHE-20 was collected from a limonite-rich, highly 
fractured quartz pod, CHE-24 was collected from blue and red 
footwall fault gouge (Figure 10b), and CHE-26 was collected 
from copper-stained massive quartz just south of the mine 
(Figure 10a). The quartz pod assayed 1.93 oz./ton Au, 4.37 
oz./ton Ag, 4000 ppm Zn, 2865 ppm Cu, 2.72 % Pb, and 46 ppm 
Mo. The fault gouge assayed .24 oz./ton Au, 1.1 oz./ton Ag, 
2600 ppm Zn, 501 ppm Cu, and 1361 ppm Pb. The massive quartz 
assayed 251 ppb Au, .61 oz./ton Ag, <100 ppm Zn, 233 ppm Cu, 
and 252 Pb (Figure 20, Appendix II) . There is a direct 
correlation between Au and: As, Sb, Fe, Br, and Bi and 
anomalous Mn occurs in CHE-20 (Figure 11a). Tourmaline was
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reported by Lindgren (1926) as being an important component 
of the Cherry Creek district veins and in other Precambrian 
veins in the Bradshaw Mountains area. Tourmaline was not 
observed at the Sunnybrook mine but more boron occurs at the 
Sunnybrook mine than at any of the other mines studied 
(Figure lib). This anomalous boron could be an indication 
that tourmaline is present in the system.

The Monarch Mine
The Monarch mine, located 4.3 km NNW. of Cherry (Figure 

7), has probably yielded more gold than any of the mines in 
the Cherry Creek district (Lindgren, 1926). At the mine 
there are several veins striking N. 10*-20° E. and dipping 
40-70° W.; the strike length of the most developed vein is 
about 365 meters (Gray Eagle Mining Corp., n.d.). The 
country rock adjacent to the veins shows practically no 
alteration (Lindgren, 1926) . The veins occur along weak shear 
zones and the quartz is discontinuous along strike length; 
when quartz is absent the zone is marked by a white altered 
zone up to .3 meters wide (Gray Eagle Mining Corp., n.d.). 
Coarsely crystalline white quartz occurs in lenses several 
feet in maximum width, and carries native gold in irregular 
pockets and small shoots (Lindgren, 1926). Access to the 
mine could not be obtained, but several dumps were inspected. 
Most of the dump material is highly Fe-oxidized quartz.



Several samples on the dumps, probably from below the 
oxidation zone, contained pyrite, chalcopyrite, and minor 
galena. Sample CHE-30, sulfide-rich quartz, assayed .18 
oz./ton Au, .17 ppm Ag, 570 ppm Zn, 842 ppm Cu, 103 ppm Pb, 
and 37 ppm B (Figure 11a).

44
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ELEMENT VALUES CHERRY CREEK DISTRICT

Log ppm

Au Ag Zn Mo As 3b Fe Cu Pb Bl Mn

0  CHE-20 

D  CHE-24 

A  CHE-26 

X CHE-30

BORON VALUES FOR BRADSHAW MOUNTAINS VEINS

LOG B ppm

MINE

FIGURE 11. Cherry Creek District Element Analyses.
A. Multielement analyses for the Cherry Creek District. 
CHE-30 is from the Monarach mine, the remainder are from 
the Monarch mine.
B. Boron analyses for Bradshaw Mounatains veins. (1,2) 
Black Canyon district, (3) Cherry Creek district (4) 
Black Canyon district, (5) McCabe-Gladstone mine, (6) 
Gladiator mine.
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CHAPTER 4
THE MINNEHAHA DISTRICT

The Minnehaha district is located approximately 8 km 
southwest of Crown King (Figures 1 and 12) . Gold has been 
produced from structurally-controlled vein-type deposits and 
alluvial workings in Minnehaha Flat and Oak Creek. Keith et 
al. (1983b) report total production between 1901 and 1950 as 
being 400 oz. Au, 1400 oz. Ag, 1,200 lb. Cu, and 8,600 lb. 
Pb. There currently is limited exploration, development, and 
testing work being conducted at the Gold Button mine 
(formerly the Fortuna), and at several mines and prospects 
near and south of Logan Mine Spring in section 1, T9N, R2W.

It appears that there are two types of mineralized 
structures in the Minnehaha district: 1) roughly east-west
trending shear zones dominated by quartz including the Boaz 
and Button mines, and 2) high-angle, roughly north-northeast
trending shear zones that are quartz-poor and sulfide-rich 
including the Gold Button (Fortune) and Fat Mexican mines. 
The "Fat Mexican" is a local name. Bedrock in the district 
includes amphibolite schist and the Minnehaha granodiorite of 
P. Anderson (1989b). The Minnehaha Granodiorite is a 
biotite>hornblende, metaluminous, low-K calc-alkaline 
granodiorite (P. Anderson, 1989b). Lindgren (1926) and Keith
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FIGURE 12. Map of the Minnehaha District with Selected 
Mines. See Figure 1 for District Location.



et al. (1983a) classified veins in the district as being 
Precambrian.

The Boaz, Gold Button, and Fat Mexican mines were 
visited. The Boaz mine was chosen for detailed study. A 
Proterozoic age for mineralization at the Boaz and Fat 
Mexican mines is indicated by lead isotope studies of galena. 
The lead isotope signatures at the two mines is dramatically 
different (figure 46), this suggests that a different crustal 
lead reservoir was tapped to form the two deposits. Quartz 
at the Boaz mine appears to have formed at a minimum 
temperature of 270® C.
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The Gold Button Mine
The Gold Button Mine (Fortune Mine), located 1.5 km 

north of Minnehaha (Figure 12) is along a structure that 
strikes approximately N.15° E. and dips 55° W., and it 
appears to be the same structure hosting the Fat Mexican 
mine. The structure at the mine is hosted by both granite 
and amphibolite. The shear zone was observed to vary between 
25 cm and 2 m in width. The zone consists dominantly of 
fault gouge and sheared, altered bedrock with some quartz 
pods and stringers. Pyrite and oxidized iron are abundant 
throughout the mine.
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The Fat Mexican Mine

The Fat Mexican mine is located 0.4 km west of Minnehaha 
(Figure 12) . Lindgren (1926 p. 177) described the mine as 
being a silver-lead deposit. Minnehaha Granodiorite is the 
host rock for the mine (P. Anderson, 1989b). The mineralized 
structure strikes approximately N. 21° E. and dips 76° W. 
Greater than 50% of the zone consists of fault gouge and 
sheared, altered granite; the remainder is highly iron 
oxidized quartz. A mafic dike was observed at the mine.

The Boaz Mine
The Boaz mine is located 1.5 km southwest of Minnehaha 

(Figure 12) . The mine is hosted by the Minnehaha 
Granodiorite, and is located along a structure that strikes 
N. 84° W. and dips 44° N. At present the mine consists of a 
N. 34° E. striking drift that accesses the east-west-striking 
vein. The vein is extensively stoped and there is a shaft 
from the vein to the surface. The vein consists 
predominantly of quartz and varies in thickness from .8 to 
1.7 meters, and it is brecciated, containing fragments of 
the granitic country rock. Fault gouge is present in the 
hanging wall, and there is evidence for several generations 
of quartz. In the mine, the ore zone appears to coincide 
with highly fractured quartz (Figure 13). These fractures 
have an average strike of N. 8° E. and a dip of 78° W. Many
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mineralized shear zones in the district have similar 
attitudes. Just east of the Boaz mine the structure 
continues and it is represented by an outcrop of massive 
quartz 3.3 m thick (Figure 14). This quartz is not fractured 
and is unmineralized; sample MIN-32 was collected from the 
vein (Figure 15) . Two quartz generations from the mine were 
analyzed. MIN-23 represents vitreous, highly fractured 
quartz that contains minor sulfides and iron oxidation 
associated with fractures. This sample was relatively barren 
in gold, silver, and base metal contents (Figure 15). Sample 
MIN-30 was collected from a quartz zone similar to MIN-23 but 
with more sulfides and more iron oxidation. This sample 
contained anomalous amounts of base and precious metals (1.17 
ppm Au, 9ppm Ag, 4300 ppm Zn, 89 ppm Mo, 1179 ppm Cu, 6729 
ppm Pb). Elevated values of Mo, Cd, As, Sb, Fe, Br, and Mn 
are associated with the richer ore (Figure 15). Two types of 
quartz are observable in samples MIN-21 and MIN-30, 
relatively coarse-grained, undeformed quartz and fine-quartz 
that appears deformed. Sample MIN-21 contained the following 
ore minerals, listed in order of decreasing abundance: 
pyrite, galena, and covellite; hematite-goethite was also 
observed. Sulfide-rich quartz vein material represented by 
MIN-30 contained the following ore minerals, listed in order 
of decreasing abundance: galena, pyrite, chalcopyrite, 
sphalerite, acanthite(?), and covellite.
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FIGURE 13. Quartz Vein at the Boaz Mine. Dark Layer Near 
Hammer Head is Sulfide Including Galena. Note Series of 
Fractures Perpendicular to Vein.
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FIGURE 14. Unmineralized Massive Quartz Vein Just East of 
the Boaz Mine Along the Same Structure. Vein is 3.3 Meters 
Thick.
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FIGURE 15. Element Analyses for 3 Samples at the Boaz Mine.
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CHAPTER 5
THE TICONDEROGA DISTRICT

The Ticonderoga district is located approximately 3 km 
west of Humboldt, and consists of mines along the Silver 
Belt- McCabe vein, the parallel Kit Carson vein, and a 
discordant north-trending vein system, the Henrietta vein 
(Figures 1 and 16) . For many years these veins were included 
in the Big Bug district which includes volcanogenic massive 
sulfide deposits including the Iron King, Butternut, Lone 
Pine, Boggs, and Hackberry mines (Lindgren, 1926) . Keith et 
al. (1983a) separated the vein mines from the massive 
sulfides and assigned the veins to the Ticonderoga district. 
Keith et al. (1983b) report total production for the district 
between 1867 and 1979 as being 189,000 oz. Au, 1,575,000 oz. 
Ag, 3,217,000 lb. Pb, 2,593,000 lb. Cu, and 29,000 lb. Zn. 
The veins are hosted by both early Proterozoic Spud Mountain 
andesite breccia of the Big Bug Group (Mayer Group of P. 
Anderson 1989b) with interbedded tuffaceous rocks, and Late 
Cretaceous-early Tertiary aged (?) granodiorite of the Big 
Bug Pluton (C. Anderson, 1968; C. Anderson and Blacet, 1972) 
(Figure 16). The Silver Belt-McCabe and Henrietta structures 
crosscut both the andesite and granodiorite (C. Anderson and 
Blacet, 1972; Holmes, 1987). This crosscutting relationship
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Structural Features. Modified from Holmes (1987). The
(1968) . Holmes (1987) presented an age of 742 Ma for the 
granodiorite.
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was used to assign the veins in the district a Late 
Cretaceous-early Tertiary age (C. Anderson and Blacet, 1972; 
Keith etal., 1983). Sturdevant (1975) observed propylitic 
and quartz-sericite alteration and copper mineralization 
associated with the Big Bug pluton. He also noted that the 
chalcopyrite content of the Silver Belt-McCabe vein system 
increased after it crossed the pluton contact, and he 
compared the Big Bug pluton to a Laramide porphyry copper 
system. Isarangkoon (1978) studied the lead and zinc zoning 
and alteration associated with the pluton, and concluded that 
the exposed portion of the pluton represented the upper 
levels of a Laramide porphyry copper system. Keith et al.
(1983a,b) suggested that vein mineralization in the 
Ticonderoga district was related to a porphyry copper system. 
Holmes (1987) presented a K-Ar age of 742 ± 27 Ma for the Big 
Bug pluton. He then suggested that the age could represent 
a resetting of an older age. This is in marked contrast to 
C. Anderson's (1968) K/Ar age of 70 m.y. for the pluton.

The McCabe-Gladstone mine was chosen for further study.

The McCabe-Gladstone Mine
This study suggests that the main period of 

mineralization at the mine is post-Proterzoic and that the 
quartz associated with the massive sulfide mineralization was 
formed at a minimum temperature of 342°C.
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History and Previous Work

The McCabe-Gladstone mine was founded in the early 
1870*5, and rich oxidized ore was initially exploited. The 
mine was worked continuosly from 1898 to 1913 and was opened 
briefly in 1934 (Wilson etal., 1967). Through 1934 the 
McCabe-Gladstone mine produced approximately 15,000 ounces of 
gold and 38,000 ounces of silver (Holmes, 1987). Stan West 
Mining Corporation began exploration and development work in 
1980. In 1990 Magma Gold Ltd. began exploration and 
development at the mine. The initial mine was developed by 
two shafts 244 m apart, the McCabe on the east (274 m deep), 
and the Gladstone on the west (335 m deep) (Wilson etal., 
1967). Current exploration is concentrated on the McCabe 
shaft.

The McCabe-Gladstone orebody occurs along the Silver 
Belt-McCabe vein system, a 6 km long structure which hosts 
several orebodies (Figures 16 and 17) . The strike of the 
structure ranges from N.65°E. in the south to N.30°E. in the 
north, the dip ranges from 70°NW. to 80° SE, and the width 
varies from 1.8 to 4.6 meters (C. Anderson and Creasey, 
1958). The structure appears to have been mineralized only 
locally, with the ore shoots occurring as lenses or pods that 
rarely occupy the entire width of the vein. (C. Anderson and 
Creasey, 1958). The McCabe-Gladstone and Rebel-Kicker mines 
at the south end are different from other mines along the
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FIGURE 17. The Silver Belt-McCabe vein. Photograph taken 
looking NE. The headframe in foreground is the Rebel-Little 
Kicker mine, the next group of buildings northeast is the 
McCabe-Gladstone mine. See figure 16 for orientation.
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Silver Belt-McCabe vein system and parallel systems in that 
they have high gold contents; the Arizona National and Silver 
Belt mines on the north produced silver and lead, and the 
Lookout mine between the two groups produced a mixture of 
silver, copper, lead, and zinc (C. Anderson and Creasey, 
1958; C. Anderson and Blacet, 1972; Webb, 1979; Holmes, 
1987) . Webb (1979) attributed this zoning to a hydrothermal 
system that was generated by the Laramide Big Bug Pluton, 
south of the McCabe Gladstone mine, with high gold and copper 
values found close to the intrusion, and Pb, Zn, and Ag 
values farther removed. Mineralization at the McCabe- 
Gladstone mine is hosted by the lower member of the Spud 
Mountain Volcanics which consists of coarse-grained flows 
and pyroclastic rocks of andesitic to weakly basaltic 
composition with intercalations of porphyritic andesite and 
massive fine-grained andesite (Pape 1986). According to Pape 
(1986) three distinctive types of mineralization can be 
identified at the mine: massive sulfide, fine grained bedded
sulfides, and quartz pyrite ore. The massive sulfide ore is 
the most important and by definition it is material 
containing 50% or more sulfide minerals over an average width 
of 30.5-38 cm. There are two types of massive sulfide: (1)
lead-zinc-silver type, and (2) massive chalcopyrite type 
with gold content generally correlating with copper content. 
Fine-grained, bedded sulfides constitute less than 5% of the
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total sulfides and are similar to fine grained "sedimentary" 
sulfides at the Iron King Mine (Pape, 1986) . Pape (1986) 
suggests that these sulfides could be large xenoliths. These 
xenoliths could have been eroded from nearby sulfide deposits 
including the Iron King mine. Quartz-pyrite mineralization 
is hosted by quartz-sericite tuffs and can contain up to .33 
oz./ton gold. Gold content varies dramatically and does not 
appear to be directly associated with pyrite content (Pape, 
1986). Ore minerals reported at the mine include: pyrite, 
arsenopyrite, sphalerite, chalcopyrite, tetrahedrite, and 
galena (Holmes, 1987).

Geology and Ore Mineralogy
One ore zone in the 0,0 stope, 1050 level of the mine 

was chosen for detailed study. This zone is typical of ore- 
bearing horizons at the mine (Pape 1990, personal comm.). 
The ore zone appears to be structurally controlled and has a 
strike of N. 45° E. and dips 74° SE. The zone is 58 cm thick 
and consists dominantly of sulfides in a gangue of quartz, 
calcite, and ankerite (Figure 18). The sulfide zone contains 
greater than 50% sulfide and thus can be classified as 
massive sulfide. Within the massive sulfide zone are several 
xenoliths of the country rock. Underlying the massive 
sulfide zone is a 15 cm zone of clay-rich, sulfide-bearing 
material resembling fault gouge. The basal 3 cm of the
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fault gouge zone is galena-rich. The nature of the vein 
changes over small distances. Approximately 10 m vertically 
above the section described above, the vein contains many 
anastomozing veinlets of carbonate (figure 19). Ore minerals 
observed in samples TIC-3 and TIC-4 in order of decreasing 
abundance include: pyrite, chalcopyrite, loellingite (?), 
acanthite-argentite (?), arsenopyrite, covellite, and galena 
(figure 20) . Textural evidence observed in TIC-3 suggests 
that the coarse-grained quartz was deposited prior to or 
contemporaneous with the sulfide (Figure 21).

The intersection of the Henrietta and McCabe structures 
on the 1050 level was also visited (figure 16). Forty meters 
southeast of the McCabe vein, beyond its intersection with 
the Gladstone vein, the Henrietta vein appears similar to the 
McCabe vein described above (Figure 22). The vein strikes 
N. 350 E. and dips 76° SE. The ore zone varies in thickness, 
it is 60 cm wide at its thickest, and it consists dominantly 
of sulfide minerals in a quartz gangue. There also is a 
clay-rich footwall fault gouge zone less than 4cm thick that 
varies in thickness and is locally galena-rich. Massive 
sulfide zones from the McCabe (TIC-3) and Henrietta (TIC-16) 
structures are gold-, silver-, and base metal-rich. Fault 
gouge collected from the 1050 level is gold-, silver-, and 
base metal-rich. A sample of sulfide-bearing carbonate from 
the 1250 level (TIC-21) and sulfide-rich quartz vein material
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FIGURE 18. Massive Sulfide ore zone at the McCabe-Gladstone 
mine, 1050 level 0,0 stope. (1) Massive Sulfide, (2) Fault 
Gouge, (3) Calcite, (4) Sheared, Altered Bedrock.
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FIGURE 19. Massive sulfide ore zone at the McCabe-Gladstone 
mine, 1050 level, 0,0 stope, approximately 8 meters above 
figure 29. (1) Altered, sheared andesite bedrock, (2) Fault 
Gouge, (3) Massive Sulfide, white and brown areas are 
ankerite and calcite, (4) Andesite xenolith.
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FIGURE 20. Ore minerals at the McCabe-Gladstone mine. Ig- 
Loellingite, py-Pyrite, cp-Chalcopyrite, cv-Covellite.
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FIGURE 21. Textural relationship between quartz and sulfide 
at the McCabe-Gladstone mine. Section is 150 microns thick, 
quartz is blue and dull white, sulfide is black. The 
relationship suggests that the sulfide was deposited as open 
space filling contemporaneous with or slightly later than the 
quartz was deposited.
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FIGURE 22. McCabe-Gladstone mine. Henrietta vein 40. meters 
southeast of its intersection with the McCabe Vein (see 
figure 27). Dark green material is massive sulfide. 
Structure dips 76° east (left). Thin brown zones at contacts 
between massive sulfide and footwall and hanging wall are limonite-rich clay.
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(TIC-22) collected from the mine contained less base and 
precious metals (Figure 23; Appendix II). The McCabe- 
Gladstone mine samples contained anomalous amounts of Bi, Cd, 
Co, Cu, and Mn relative to the other veins in this study 
(Figure 23).

Alteration
Wall rock alteration surrounding the McCabe-Gladstone 

deposit consists predominantly of silicification, 
sericitization, and carbonatization ( Holmes 1987, Pape 
1986) . Anomalous amounts of Cu, Pb, Zn, Ag, and Au are 
associated with this alteration envelope (Holmes 1987, Pape 
1986).



68

Log ppm

ELEMENT VALUES McCABE-GLADSTONE MINE

Au Ag Zn Mo Co Cd Ae Sb Cu Pb

0  TIC-1

D t ic -s

A TIC-1 B 

X TIC-Z1 

■ nc-zz

FIGURE 23. Element analyses for 5 samples at the McCabe- 
Gladstone mine.
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CHAPTER 6
THE TIGER DISTRICT

The Tiger district is centered on Crown King and 
consists of vein mines thought to be associated with the 
Laramide-aged Crown King Granodiorite, and copper-molybdenum- 
bearing breccia pipes within the stock, including the 
Springfield mine (Figure 24). Lindgren (1926) described 2 
districts in the area; the Crown King, War Eagle, Del Pasco, 
Lincoln, Springfield and Gladiator mines north and west of 
Crown King were placed in the Pine Grove district, and mines 
south of Crown King including the Tiger, Gray Eagle, Oro 
Belle, and New Jersey mines were placed in the Tiger 
district. Keith et al. (1983a) combined the two districts 
into the Tiger district and interpreted the district to 
represent a porphyry copper system associated with the 
Laramide Crown King Granodiorite. The veins lie both within 
the stock (Tiger mine), and outside the margins of the stock 
(Gladiator, Crown King, and Oro Belle mines) (Figure 24) . 
Ball (1982) cited an unpublished K-Ar date of 64 m.y. for the 
Crown King stock. Breccia pipe mineralization within the 
Crown King stock was studied by Ball (1982) . Lindgren (1926) 
described three prominent vein systems north of Crown King 
which trend north-northeast and dip about 60° WSW., one of
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'CROWN KINO

#  Mine
—  —  —  Approximate outline of crown King Granodiorite

FIGURE 24. Map of the Tiger district with selected mines. 
Outline of the Crown King Granodiorite from DeWitt (1976).
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these vein systems includes the Crown King and Gladiator 
groups and it crosses the contact between the Crown King 
Granodiorite and "Yavapai Schist". Few of the veins are more 
than 1.5 m in width and they contain quartz with some 
ankerite and • calcite, much of the quartz is drusy and 
contains pyrite, chalcopyrite, "zinc blende", and galena with 
some tetrahedrite (Lindgren, 1926). Lindgren (1926) 
recognized that the Crown King stock was younger than the 
surrounding "Yavapai Schist" and stated that all of the veins 
are of a similar type, further suggesting that they could 
have a genetic connection with the stock and that the veins 
are almost surely post-Cambrian and probably Mesozoic or 
Tertiary in age.

Keith et al. (1983b) report total production from the 
Tiger district as being 122,000 oz. Au, 1,115,000 oz. Ag, 
806,000 lb. Pb, 3,312,000 lb. Zn, and 1,518,000 lb. Cu. 
These figures are almost certainly low as production figures 
for 1880 to 1900, were reported only for the Tiger and Crown 
King mines.

The Gladiator mine was chosen for detailed study. Lead 
isotope ratios suggest that mineralized quartz veinlets at 
the mine are post-Proterozoic. Quartz in the veinlets 
appears to have formed at a minimum temperature of 256* C.

The Gladiator Mine
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The Gladiator mine is located 3 km north of Crown King 

(Figure 24). The War Eagle and Gladiator mines exploit the 
same vein which is traceable on the surface for at least 1525 
meters (Lindgren, 1926) . The Gladiator was one of the few 
mines allowed to produce gold during World War Two because of 
its high base metal content (E. Moores personal, 
communication) . A typical ton of ore from the mine at this 
time assayed .44 oz. gold, 3.0 oz. silver, .35% copper, 4,5% 
lead, and 15.0% zinc, (Dunning, 1966). Norquest Inc., a 
subsidiary of Noranda, produced some gold from the mine in 
the 1980's. The mine was originally accessed by the 
Rattlesnake shaft, at the top of a hill. Current access to 
the mine is obtained through a tunnel on the 560 level, 560 
feet below the Rattlesnake shaft. The mine exploits a shear 
zone one to 2 meters wide, and it is mapped as being near the 
contact between Proterozoic (pre-1.77 Ga) basaltic flows and 
calcareous mafic tuff (DeWitt, 1976). The zone contains many 
quartz pods and veinlets a maximum of 30 cm wide, but usually 
10 cm or less, interspersed with sheared bedrock and calcite 
veins (Figures 25 and 26). The approximate strike of the 
zone is N. 15° E., and the dip is 70° W. Much of the 
mineralization is not associated with quartz, but many quartz 
veinlets are highly mineralized. There are many thin zones 
of massive sulfide within the metabasalt not associated with 
silicification that consist dominantly of sphalerite. These
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FIGURE 25. Shear zone at the Gladiator mine, 560 level. 
Zone consists of sheared, silicified mafic volcanic bedrock 
and quartz veinlets.
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FIGURE 26. Quartz Veinlets at the Gladiator Mine.
A. Standard thin section. Grains are quartz, black is 
sulfide, white stringers are calcite. Note calcite 
crosscutting both quartz and sulfide.
B. 150 micron section. Sulfide-bearing veinlet 
crosscutting bedrock.
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sulfide zones exhibit some crosscutting relationships that 
suggest that the zones are not synvolcanic. A sample of a 
metasediment collected from the dumps at the War Eagle mine 
had layers of pyrite concordant with bedding that were 
subsequently folded, probably in the Precambrian. Layers of 
pyrite concordant to the volcanic bedrock were noted within 
and outside of the shear zone at the Gladiator mine. Near 
the Gladiator mine, an outcrop of iron formation was 
observed. These data suggest that there could be some 
component of Precambrian mineralization at the Gladiator 
mine. Many of the quartz veinlets are brecciated containing 
xenoliths of the mafic metavolcanic bedrock. Several 
brecciated quartz veinlets were examined in detail (TIG-17, 
TIG-18, TIG-22, TIG-24). The veinlets contain at least 2 
varieties of carbonate including calcite and ankerite. There 
are two types of carbonate texture, banded and coarse
grained. Arsenopyrite, chalcopyrite, sphalerite, galena, and 
pyrite were observed in the veinlets. In general there are 
two types of quartz present in the veinlets, coarse, 
euhedral comb textured quartz, and a later fine-grained 
quartz that commonly occurs as fill between the coarser 
crystals. One of the samples appears to have an early quartz 
veinlet that is concordant with the bedrock, this veinlet is 
crosscut by a sulfide-bearing veinlet. Sulfide in the 
veinlets is associated with both coarse- and fine-grained
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quartz. Pods of massive quartz are also present at the mine. 
This coarse-grained quartz appears to be deformed and is 
crosscut by thin veinlets of sulfide-bearing quartz and 
carbonate. These pods appear to be relatively unmineralized, 
a sample of one of these quartz pods (TIG-28) contained .013 
ppm Au, 26 ppm As, <100 ppm Zn, and 29 ppm Pb. In contrast, 
2 quartz veinlet samples (TIG-17 and TIG-30) from the mine 
contained 5.85 and 73.7 ppm Au respectively, and elevated 
amounts of other metals and associated elements (Figure 27, 
Appendix II).
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FIGURE 27. Element analyses for 3 samples from the Gladiator 
mine.
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CHAPTER 7
THE BLACK CANYON DISTRICT

The Black Canyon district is located near Cleator, 40 km 
southeast of Prescott (Figure 28). Keith et al. (1983b) 
report total production from the district as being 263,000 
lb. Cu, 3,580,000 lb. Pb, 225,000 lb. Zn, 32,000 oz. Au, and 
949,000 oz. Ag. The Black Canyon district of Lindgren (1926) 
consisted of both: (1) Precambrian quartz veins, mainly in
the vicinity of Bumblebee and Bland Hill, and (2) quartz 
veins which dip at low angles and appear to be connected with 
younger dikes of rhyolite porphyry. The classification 
system of Keith et al. (1983b) put the low-angle veins 
including the Silver Cord and Golden Belt mines into the 
Black Canyon district; the Precambrian veins were put in the 
Richinbar district. Jerome (1956) suggested that the "flat" 
veins were probably related to "Mesozoic-Cenozoic (?)" 
intrusions. Jerome (1956) stated that the fault zones 
associated with these veins can be up to 9 meters wide and 
laced with many small barren quartz stringers; usually the 
zone contains one, sometimes 2, vuggy quartz veins from 15 to 
30 cm wide. After studying many specimens from different 
localities Jerome (1956) presented the following paragenetic 
sequence for the low-angle veins, the events are listed in



79

st. Johns

y  ̂ Golden Belt 

# Golden Turkey

Gray Goose

^  French Lilly

Silver Cord

Gold Crown

^  Bimetals

6^ Thunderbolt

Howard Silver
li MIU 

JlKUOMITtl^  Mine
Road

FIGURE 28. Map of the Black Canyon district with selected mines•
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order of decreasing age: (1) opening of zones accompanied by 
sulfides and quartz including cubic pyrite and arsenopyrite 
(?); (2) shattering accompanpanied by sphalerite, 
chalcopyrite (?) , galena, quartz and scattered sulfides; (3) 
shattering accompanied by ankerite; and (4) shattering 
accompanied by banded calcite locally.

The Silver Cord and Golden Belt mines southeast and east 
of Cleator were chosen for detailed study (Figure 28). The 
Silver Cord and Golden Belt mines occur in shear zones 
approximately one meter thick and both contain veinlets that 
have comb texture with open-space filling and sulfides 
associated with the open-space filling. Both mines appear to 
have been formed in the epithermal environment at minimum 
temperatures of 210 to 250* C. Both mines have post- 
Proterozoic lead isotope signatures. The Silver Cord and 
Golden Belt mines are hosted by Early Proterozoic Spud 
Mountain Rhyolite within the Shy lock fault zone (C. Anderson, 
1972) .

The Silver Cord Mine
The Silver Cord mine is located 3.7 km southeast of 

Cleator (Figure 28) and is accessed by two workings, the 
Upper Workings, and the Orphan Workings. Initial development 
was associated with high-grade gold values (> l oz./ton) 
within the upper Workings, later development of the Orphan
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Workings was related to high grade silver ores (15-40 
oz./ton) (Lundin, 1985). The mine exploits a shear zone that 
varies in thickness and attitude but generally strikes close 
to east-west, dips less than 20° southeast, and averages one 
meter in thickness. The fracture zone consists of sheared
rhyolite bedrock, thin comb-textured, sulfide-bearing quartz 
veinlets, massive quartz, Fe-rich breccia, and fault gouge. 
Rhyolite within the fracture zone is highly fractured and 
exhibits extreme iron oxidation. Figures 29 and 30 
illustrate the nature of the zone. The fracture zone is 
hosted by rhyolite and andesite of the early Proterozoic Spud 
Mountain Volcanics (C. Anderson, 1972). Later Precambrian 
(?) gabbro and diabase and Phanerozoic andesite-microdiorite 
dikes cut across the foliation of the Spud Mountain Volcanics 
(Lundin, 1985). The early reports on the mine state that 
mineralization was often associated with basic dikes within 
the fracture system. Microdiorite dikes and a mafic unit 
(diabase?) that appears to be intrusive into the Spud 
Mountain Volcanics, appear to be crosscut by the low angle 
mineralization (Lundin and O'Hara, 1986).

Galena, sphalerite, arsenopyrite, pyrite, and
chalcopyrite were observed in samples of the comb textured 
quartz veins. These sulfides are invariably associated with 
fine-grained quartz occuring as open-space filling between 
euhedral quartz grains. Three samples from the mine were
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FIGURE 29. Low angle shear zone at the Orphan Workings, 
Silver Cord mine. Most of the zone is sheared, silicified 
rhyolite. Lense cap is just below quartz vein.
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FIGURE 30. Shear zone, Orphan Workings, Silver Cord mine.
A. Hammer tip at bottom of thin, sulfide-bearing quartz vein.
B. Breccia from shear zone. Clasts are rhyolite.
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assayed. BC-2 and BC-13 represent thin, sulfide-rich, comb 
textured quartz veinlets. BC-6 was collected from a more 
massive quartz pod. The veinlets are more enriched in base 
and precious metals than the massive quartz (Figure 31; 
Appendix II). BC-2 contained .13 oz./ton Au, 18.3 oz./ton 
Ag, 5.8% Zn, 472 ppm Cu, and 6.90 % Pb. BC-6 contained .02 
oz./ton Au, 2.7 oz./ton Ag and 2.63% Mn (Figure 31).

The Golden Belt Mine
The Golden Belt mine is located 2.7 km east of Cleator, 

and is accessed by one tunnel (Figure 28). The Golden Belt 
was one of the largest producers in the Black Canyon district 
with greater than 30,000 tons of recorded production (Lundin 
and O'Hara, 1986) . The mine is hosted by rhyolite and 
andesite of the early Proterozoic Spud Mountain Volcanics (C. 
Anderson, 1972). Several low-angle veins crop out in the 
vicinity of the Golden Belt mine and appear to converge and 
diverge with and from each other (Lundin and O'Hara, 1986). 
The Golden Belt vein is extremely variable, it strikes 
approximately N. 60° E., dips from 10° to 23° SE., and occurs 
within a fracture system that has been interpreted as a 
thrust fault (Wilson etal., 1967; Lundin and O'Hara, 1986). 
The fracture zone, as seen underground, is dominated by 
sheared rhyolite that is highly fractured, and it is filled 
with iron oxidation material. Massive, fractured, iron-
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FIGURE 31. Element analyses for 3 samples from the SilverCord mine.
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stained quartz pods, breccia, and many small (1cm) quartz 
veinlets are also present. In many places two highly 
mineralized quartz veins 5 to 22 cm thick are present within 
the fracture zone (Figure 32). These thin veins consist of 
comb textured quartz with finer quartz and sulfides 
occcurring as open-space filling (Figure 33) . Hematite- 
goethite, jarosite, galena, pyrite, sphalerite, chalcopyrite, 
covellite, and arsenopyrite were observed associated with one 
of the thin mineralized veins (Figure 34). Galena, 
magnetite, pyrite, covellite, sphalerite, and very fine
grained silver were observed in a quartz pod (sample BC-28). 
The thin veins exhibiting open- space filling appear to be 
more gold-rich than the more massive quartz pods. Two 
samples from different veins (BC-22 and BC-33) averaged .88 
oz./ton Au, 4.1 oz./ton Ag, 5.5% Pb, 608 ppm Cu, and 5090 ppm 
Zn. A quartz pod (BC-28) contained .01 oz./ton Au, .79 
oz./ton Ag, 1.56% Pb, 280 ppm Cu, and 250 ppm Zn (Figure 35).
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FIGURE 32. Fracture zone at the Golden Belt mine. Hammer is 
on sulfide-rich, gold-rich quartz vein. Most of zone is sheared rhyolite.
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FIGURE 33. Photomicrograph of open-space filling at the
Golden Belt mine. Thin section is 150 microns thick. Large
and small grains are quartz. Black material is sulfide.

• •i
.l



89

| 100 iA-mJ

FIGURE 34. Photomicrograph of ore assemblage in epithermal 
style quartz vein at the Golden Belt mine, cv-covellite, py- 
pyrite, cpy-chalcopyrite, gl-galena, spl-sphalerite.
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35. Element analyses for 3 samples at the Golden Belt
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CHAPTER 8
FLUID INCLUSION THERMOMETRY

In order to constrain the minimum temperature of 
formation of quartz and the approximate salinity of fluids 
associated with ore zones, 2 phase (vapor + liquid) fluid 
inclusions in quartz were studied. Standard heating-freezing 
techniques were applied to the inclusions on a SGE gas-flow 
heating and freezing stage. A total of 209 homogenization 
temperatures, and 18 melting temperatures were determined for 
fluid incluisions in quartz from ore zones at 6 mines: the
Monarch mine in the Cherry Creek district, the Boaz mine in 
the Minnehaha district, the Gladiator mine in the Tiger 
district, the McCabe-Gladstone mine in the Ticonderoga 
district, and the Silver Cord and Golden Belt mines in the 
Black Canyon district. Fluid inclusions were present but not 
abundant in most of the samples studied. Most of the 
inclusions were less than 10 microns in size. The small size 
of the inclusions made freezing determinations difficult.

Istrument Calibration
Two thermocouples were used during the course of the 

study. The thermocouples were tested against standards. 
Correction factors of 1.0166 and .9886 were applied to 
heating measurements done with the respective thermocouples.
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Fluid Inclusion Phases and Pressure Calculations 
When crystals grow or recrystallize in a fluid medium of 

any kind, growth irregularities of many sorts trap small 
portions of the fluids in the solid crystal, these trapped 
droplets of fluid are fluid inclusions (Roedder 1979). 
Inclusions that are sealed during the growth of the 
surrounding crystal are primary, those formed by 
recrystallization along fractures at some later time are 
secondary. Most samples contain both primary and secondary 
inclusions; commonly the primary inclusions are sparsely 
distributed and large, whereas secondary inclusions are small 
and very numerous (Roedder, 1979). It is often very
difficult to distinguish between primary and secondary 
inclusions (Roedder, 1979). Many inclusions contain vapor 
bubbles that exolve from the trapped fluid upon cooling. 
These inclusions can be heated to a point at which the vapor 
bubble homogenizes with the liquid, the homogenization 
temperature is thought to represent the minimum temperature 
of trapping of the fluid inclusion and thus the minimum 
temperature of formation of the crystal. If a fluid
inclusion is trapped along the boiling curve the 
homogenization temperature equals the trapping temperature 
and no pressure correction is needed. If no evidence for
boiling is found in an inclusion, the temperature of trapping 
was probably higher than the homogenization temperature.
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Pressure corrections can be calculated using information 
including estimated depth of erosion, salinity of the 
inclusion, and density of the fluid. In this study the 
information available did not permit accurate pressure 
correction determinations so it must be emphasized that the 
homogenization temperatures reported represent minimum 
temperatures of formation. Epithermal deposits in the 
temperature range of 150* to 300* C that have features such 
as open-space filling are thought to have formed near the 
surface and commonly no pressure correction is applied to 
these systems. Higher temperature deposits are thought to 
require a greater pressure correction. Veins at the Silver 
Cord, Golden Belt, and Gladiator mines exhibited 
characteristics of the epithermal environment and the 
homogenization temperature is thought to approximate the true 
temperature of trapping. Quartz veins at the Boaz, Monarch, 
and McCabe-Gladstone mines are more massive, this may suggest 
formation in a zone deeper than the epithermal environment so 
the homogenization temperature probably represents a minimum 
temperature of trapping.

Visual characteristics of fluid inclusions upon freezing 
and melting can be used to estimate the composition of the 
ore-forming fluid. Freezing determinations in this study 
were inconclusive because of the small size of the inclusions 
and the cloudy nature of the quartz.
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DISCUSSION OF RESULTS
Owing to the small size of the inclusions, their 

scarcity, and the sometimes cloudy nature of the quartz, it 
was often difficult to distinguish between primary and 
secondary inclusions. In many samples it appeared that the 
larger inclusions exhibited primary characteristics and that 
many inclusions, too small for analysis, exhibited secondary 
characteristics. Inclusions were assigned to primary and 
secondary categories by the following criteria: sometimes 
ambiguous visual methods, the volume of vapor present, and 
after a group of homogenization temperatures were recorded, 
all available criteria were reevaluated, and groups were 
assigned based on temperature. This method is not without 
error, but it is believed that most inclusions designated as 
primary are correctly interpreted.

Studies of fluid inclusions from ore zone quartz at six 
mines delineates three population groups of probable primary 
fluid inclusions (Figure 36) . Population one consists of 
small epithermal syle veins within low-angle fault zones at 
the Golden Belt and Silver Cord mines, and in a high-angle 
shear zone at the Gladiator mine. These small, highly 
mineralized veins exhibit characteristics typical of the 
epithermal environment and formed at minimum temperatures 
between 210° C and 260° C. Population 2 is represented by a
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FIGURE 36. Summary of the results of fluid inclusion 
homogenization temperature studies for 6 mines in the 
Bradshaw Mountains region, Arizona. Each histogram
represents a population of primary fluid inclusions. 
Frequency is the number of temperatures that defined the 
population. The temperature listed is the mean temperature 
of the population.
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massive high-angle quartz vein at the Boaz mine, the minimum 
temperature of formation for the quartz is 270° C. 
Population 3 consists of the Monarch and McCabe-Gladstone 
mines where quartz formed at minimum temperatures between 
330° C and 350° C.

The Sunnvbrook Mine
Six thick sections were examined for fluid inclusions 

(CHE-13, 14, 15, 20, 26, and 27). The samples represent both 
highly fractured, iron-rich quartz vein material and massive 
quartz. Because of the deformed nature of the quartz no 
fluid inclusions suitable for detailed study were found 
(Figure 10c).

The Monarch Mine
Sample CHE-31, relatively undeformed quartz vein 

material containing minor pyrite and abundant hematite- 
goethite, and having large well-formed euhedral quartz 
crystals, was examined for fluid inclusions. The inclusions 
average 8 microns in size. Forty seven homogenization 
temperatures were determined from fluid inclusions in the 
quartz (Figure 37). There is a wide, fairly even spread in 
homogenization temperatures between 170° and 370“ C (Figure 
38). Visually there are two groups of inclusions; one group 
has from 40 to 60 % vapor and are regular shaped, and the
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FIGURE 37. Photomicrograph of fluid inclusions in quartz 
from sample CHE-31, Monarch mine, Cherry Creek district. (P) 
Primary fluid inclusion. (S) Group of secondary inclusions.
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other are irregular shaped having 10 to 25% vapor. The 
irregularly shaped inclusions greatly outnumber the regular 
shaped inclusions. Of 11 inclusions with homogenization 
temperatures over 300° C, 10 have greater than 40% vapor; 
most of the lower temperature fluid inclusions have irregular 
shapes and many decrepitate upon heating over 240° C. This 
behavior could be evidence for a high temperature event that 
distorted higher temperature inclusions leaving a remaining 
gas phase, with this phase being liberated upon heating. The 
11 large vapor bubble inclusions with homogenization 
temperatures greater than 300° C and a mean temperature of 
331° C are interpreted to be primary. The lower temperature, 
irregular shaped, small vapor bubble inclusions are 
interpreted to represent both secondary, and remnants of 
primary inclusions that were altered during a metamorphic 
event (Figure 38). Sufficient geologic information was not 
acquired to apply an accurate pressure correction to the 
homogenization temperatures. As there is evidence that the 
vein underwent some kind of deformation event and no evidence 
of boiling was found, a pressure correction is probably 
necessary, and 331° C is only a minimum temperature of 
formation. Owing to the small size of the inclusions, 
accurate freezing determinations were difficult to obtain. 
Thirteen last melt and 6 eutectic temperatures were 
determined, though visual conditions were poor. The last
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melt temperatures range from -14.3* C to -1.4* C, 12 of the 
temperatures range between -4.3* and -1.4* C, all of these 
inclusions are thought to be secondary or deformed primary 
inclusions. This defines a significant population with a 
mean temperature of -3.1® C. The eutectic temperatures range 
from -30.1* C to -6.0® C; 5 of the temperatures are between 
7.2® and -6® C. This suggests a population of eutectic 
temperatures with a mean temperature of -6.8® C. According 
to Potter et al. (1978) a melting temperature of -3® C would 
imply a salinity of 5% NaCl equivalent. As the exact 
relationship of these inclusions to the primary inclusions is 
not known, the salinity of the ore bearing fluids remains 
uncertain.

The Boaz Mine
Fifty one fluid inclusions were studied in a sample of 

mineralized, fractured quartz vein material (MIN-21). 
Because of their small size (average 9 microns), and the 
cloudy nature of the quartz, accurate salinity determinations 
by freezing methods were not obtained; it was also difficult 
to determine if inclusions were primary or secondary. 
Homogenization temperature studies define 2 significant 
populations of fluid inclusions (Figure 39). Population one, 
interpreted as being secondary, includes 12 temperatures from 
140-190® C, the mean of which is 165® C. Population two,
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BOAZ MINE SAMPLE MIN-21
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345-355

FIGURE 39. Fluid Inclusion Data From Quartz in Ore Zone at
the Boaz Mine.
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interpreted as being primary, includes 33 fluid inclusions 
between 240* and 320* C, the mean of which is 270® C. Three 
fluid inclusions with an average homogenization temperature 
of 352® C could represent a third population. These fluid 
inclusions could represent an earlier higher temperature 
generation of quartz. Geologic information did not permit 
estimation of a pressure correction. Because of the massive 
nature of the quartz and the absence of open-space filling it 
is probable that the vein formed at some depth, so 270* C is 
the minimum temperature of formation.

The McCabe-Gladstone Mine
Holmes (1987) reported homogenization temperatures of 

220* C for quartz at the McCabe-Gladstone mine. In this 
study, homogenization temperatures for 33 fluid inclusions in 
quartz associated with the gold-rich massive sulfide 
mineralization define a distinct population from 310® C to 
365® c (Figures 40 and 41). The average homogenization 
temperature for this population is 342* C. Attempts were 
made at freezing fluid inclusions to determine salinity 
without success, probably due to the small size of the 
inclusions. Fluid inclusions from the quartz generally 
contained greater than 35% vapor and averaged 5 microns in 
size. Geologic information was not available to estimate an 
accurate pressure correction so 342* C is the minimum
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FIGURE 40. Photomicrograph of fluid inclusions in quartz at 
the McCabe-Gladstone mine. Black material is sulfide.
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McCABE-GLADSTONE MINE SAMPLE TIC-3
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FIGURE 41. Fluid inclusion data from ore zone quartz at the
McCabe-Gladstone mine.
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temperature of formation of the quartz.

The Gladiator Mine
Fluid inclusions in brecciated veinlet sample TIG-17 

were studied. Fluid inclusions were not abundant in the 
sample. Homogenization temperatures were obtained for 22 
fluid inclusions. There appear to be two populations, a 
group represented by 8 inclusions between 180* and 220*C with 
a mean temperature of 195* C, and a group of 14 inclusions 
between 230® and 280® c with a mean temperature of 256® C 
(Figure 42). The lower temperature group is interpreted as 
being secondary, the higher temperature group is interpreted 
as being primary. The veinlets are interpreted as having 
formed near the surface because of their open-space filling 
nature. No pressure correction was applied to the 
temperatures and the homogenization temperature is thought to 
closely approximate the temperature of formation.

The Silver Cord Mine
Fluid inclusions in sample BC-13, a 13 cm thick, 

sulfide-rich, gold-rich, comb textured quartz vein exhibiting 
open- space filling were studied. Fluid inclusions are 
abundant in relatively coarse euhedral quartz crystals but 
most of them are too small for analysis. Host of the sulfide 
is associated with a later fine-grained quartz occurring as



106

GLADIATOR MINE SAMPLE TIG-17

FREQUENCY
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FIGURE 42. Fluid inclusion data from ore zone quartz at the
Gladiator mine.
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open-space filling. The fine-grained, sulfide-bearing quartz 
is interpreted as being only slightly later than the comb 
textured quartz. Fluids that formed the coarser-grained 
quartz are interpreted as being similar to those which formed 
the fine-grained ore bearing quartz. Homogenization 
temperatures were obtained for 26 fluid inclusions (Figure 
43). The average size of the inclusions was 8 microns. The 
small size of the inclusions precluded accurate melting 
temperature determinations. Two fluid inclusion populations 
were identified based on homogenization temperature, visual 
characteristics, and percent of the inclusion filled with 
vapor. Population one, interpreted as being primary fluid 
inclusions consists of 24 inclusions between 200* C and 280* 
C, having a mean homogenization temperature of 247* C. These 
inclusions average 20% vapor. Population 2, interpreted as 
being secondary, consists of 2 fluid inclusions with an 
average homogenization temperature of 181* c. These 
inclusions average 12% vapor.

The Golden Belt Mine
Twenty nine fluid inclusions from the Golden Belt mine 

were studied (Figure 44) . The inclusions were extremely
small in size averaging 5 microns. Owing to their small size 
no accurate freezing determinations were made. Several poor 
determinations on small inclusions indicate that the last
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SILVER CORD MINE SAMPLE BC-13
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FIGURE 43. Fluid inclusion data for ore zone quartz from the
Silver Cord mine.
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melting of ice may occur between -9° and -4° C. No daughter 
salts were observed in the inclusions. Epithermal precious 
metal veins are commonly formed from low salinity fluids, so 
a maximum salinity of 10% NaCl. equivalent may be inferred 
based on the calculations of Potter et al. (1978) . One 
distinct population of inclusions was delineated by 
homogenization temperature determinations ranging from 170* 
C to 260* C and having a mean temperature of 217® C (Figure 
45). Many of these inclusions were interpreted as being 
primary. Two of three fluid inclusions with homogenization 
temperatures between 110® C and 160® C were interpreted as 
being secondary. Because of the dominance of open-space 
filling in this vein, a near surface environment of 
deposition is inferred and no pressure correction is used. 
This suggests a minimum temperature of formation of 217® c 
for the mineralized veins at the Golden Belt mine.



110

FIGURE 44. Photomicrograph of fluid inclusions in quartz 
from mineralized epithermal style vein at the Golden Belt
mine.
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CHAPTER 9
LEAD ISOTOPE ANALYSES

Seventeen galena samples from 8 mines in the study area 
were analyzed for isotopes of lead. Seven of the mines were 
vein deposits included in this study, galena from the Iron 
King mine a Proterozoic massive sulfide deposit (Gilmour and 
Still, 1968) located near the McCabe-Gladstone mine was also 
analyzed. The results show that the Iron King and Monarch 
mines have a Proterozoic signature, the remaining 6 mines 
have post-Proterozoic signatures.

* Methods
The lead isotope procedures were conducted in the Branch 

of Isotope Geology, U.S. Geological Survey, Menlo Park, 
California by Robin M. Bouse under the supervision of Joseph 
L. Wooden. Approximately 20 to 30 milligrams of galena were 
dissolved in 3 milliliters of concentrated HN03 and then 
diluted to 15 milliliters with H20. A 10 microliter aliquot 
of the galena and HN03 and an added drop of .5 N H3P04 were 
dried at 100* C and the sample formed into a bead. A drop 
containing a mixture of silica gel and .5 N H3P04 was added to 
the sample bead, thoroughly mixed, and then pipeted and baked 
onto a Re filament. The samples were analyzed on a Finnigan



113
MAT 262 thermal-ionization mass spectrometer by simultaneous 
collection of the masses lead 208, 207, 206, and 204 between 
1150* C and 1250* C. The normal laboratory blank is less 
than one nannogram of Pb and is insignificant for galena 
analyses. The mass fractionation was corrected to MBS 981 
and NBS 982 and the mass correction is 0.11% per mass unit. 
The total uncertainty is 0.1%.

Background
Ordinary lead has 4 naturally occurring isotopes, 2MPb, 

206Pb, 207Pb, and 208Pb; the first being nonradiogenic, the 
second two being decay products of uranium, and the last 
being a decay product of thorium. Table I lists the isotopes 
of lead with their parent isotopes and their respective half 
lives. The lead isotope ratios of galena do not change with 
time because of the minerals low uranium and thorium content. 
The values measured are the initial values of the galena at 
the time of separation from a lead reservoir.

Results
The volcanogenic massive sulfide deposit at Jerome, 

Arizona has a geologically well-constrained age of 1.75 Ga. 
Galena from Jerome is thought to have the initial lead 
isotopic values of crustal rocks in the area as both would 
have separated from a lead reservoir at about the same time
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TABLE I
ISOTOPES OF LEAD

Parent
Isotope

Abundance (%) Half
Life(years)

Daughter
Isotope

238u 99.2743 4.468 x 10* Mfipb
23$u .7200 .7038 x 10* 207Pb
232Th 100.00 14.010 x 10* 208Pb

204Pb is a stable reference isotope. 
From Faure (1986)
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(Wooden et al., 1986). Galena from the Iron King mine, a 
Proterozoic massive sulfide deposit in the study area, plots 
very near Jerome which would indicate that the initial lead 
isotope composition in the study area was similar to Jerome 
(Figures 46 and 47). The line in figure 46 is the 1.75 Ga 
Pb-Pb isochron defined by crustal rocks in central Arizona, 
and the field in figure 47 represents crustal rock values in 
central Arizona (Wooden and Miller, 1990).

Data from this study suggest that there are 2 broad ages 
of mineralization in the study area: Proterozoic represented 
by the Monarch mine in the Cherry Creek district, and post- 
Proterozoic represented by the Silver Cord, Golden Belt, 
McCabe-Gladstone, Gladiator, Boaz, and Fat Mexican mines 
(Figures 46 and 47) . Table II lists the values analyzed for 
each mine. The Monarch mine has an isotopic signature very 
similar to Jerome and Iron King suggesting a Proterozoic age 
for the vein. The remaining mines plot along the 1.75 Ga 
isochron (Figure 46) and in a field (Figure 47) representing 
whole-rock values for central Arizona, which suggests that 
the galena from these veins separated from the same reservoir 
that yielded the lead for galena at Jerome and the crustal 
rocks in central Arizona, but more recently.

There appears to be a crude east-west zonation in the 
206pb vs. 207Pb values for the post-Proterozoic veins, the 
values becoming slightly more radiogenic to the west.
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(Figures 46 and 47) . This same relationship does not hold 
for %*Pb (Figure 47); this suggests that thorium behaves 
differently than uranium in these systems. Samples from 
different zones at the different mines plot very close to 
each other suggesting very little in-mine variation (Figure 
46b). Samples from the Silver Cord and Golden Belt mines, 
two very similar deposits in the Black Canyon district plot 
very close to each other. The Boaz and Fat Mexican mines in 
the Minnehaha district have very different signatures, but 
these are very different deposit types. Lead in galena at 
the Fat Mexican and Boaz mines was probably derived from 
different crustal lead reservoirs.
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BRADSHAW MOUNTAINS Pb ISOTOPE DATA
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FIGURE 46. Graphs of 207Pb/2t)4Pb versus ^Pb/^Pb.
A. Reference line is the 1.75 Ga isochron defined by 
Proterozoic crustal rocks in Arizona. Jerome value firm 
Wooden and Miller (1990) B. Same graph as A with the 
post-Proterozoic portion enlarged.
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BRADSHAW MOUNTAINS Pb ISOTOPE DATA

CENTRAL AZ WHOLE ROCK (Wooden AMHIer 1990)
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FIGURE 47. Graph of 2”Pb/20<Pb versus ^Pb/^Pb. Field 
outlined represents central Arizona whole rock values. 
Jerome value from Wooden and Miller (1990).



119

TABLE II
LEAD ISOTOPE DATA FOR BRADSHAW MOUNTAINS VEINS

MINE SAMPLE **Pb/%*Pb JOTpb/HKpb **Pb/**Pb
Iron King IK-1 15.769 15.767 35.296
Jerome* 15.72 15.27 35.34
Monarch CHE-29 15.782 15.306 35.420
McCabe TIC-1 18.020 15.533 37.424
McCabe TIC-16 17.978 15.514 37.349
McCabe TIC-20 18.019 15.525 37.499
McCabe TIC-23 17.863 15.522 37.497
Gladiator TIG-22 18.332 15.555 37.376
Gladiator TIG-30 18.511 15.579 37.416
Boaz MIN-21 18.966 15.636 37.497
Boaz MIN-29 18.914 15.610 37.654
Fat
Mexican

MIN-7 20.319 15.755 37.344

Golden
Belt

BC-22 17.856 15.491 37.423

Gold Belt BC-36 17.858 15.523 37.516
Gold Belt BC-44 17.863 15.522 37.497
Silver
Cord

BC-17 17.839 15.494 37.424

Silver
Cord

BC-21 17.943 15.501 37.471

* Jerome values from Wooden and Miller (1990)
All samples in table have less than .1% error. 
See appendix B for sample descriptions.
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CHAPTER 10
SULFUR ISOTOPE ANALYSIS

Sulfur isotope analyses were done on sulfides from the 
McCabe-Gladstone and Monarch mines at the Laboratory of 
Isotope Geochemistry, University of Arizona. Table III gives 
the results of these analyses.

Methods
Sulfur dioxide was prepared from sulfide samples by 

combustion at 950° C with Cu20. Water was separated in an 
ehanol-dry ice trap, and carbon dioxide was separated using 
a trap of n-penthane at its melting point. The gas was then 
measured on a mass spectrometer and *S values were obtained.

Discussion of Results
Sulfur isotope analysis was done on 3 galenas and 4 

pyrites from the McCabe-Gladstone mine, and values range 
between -2.8 o/oo and +1.1 o/oo. The average value for 
galena was -1.7 o/oo, and for pyrite -0.6 o/oo. These values 
are consistent with a magmatic source for the sulfur. Sulfur 
isotope values from 2 pyrites at the Monarch mine have an 
average value of +5.5 o/oo. These values are consistent with 
a magmatic source for the sulfur (Ohmoto, 1986).
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TABLE III
SULFUR ISOTOPE ANALYSES

MINE SAMPLE SULFIDE *S o/oo
McCabe-
Gladstone

TIC-10 Galena -2.3

TIC-15 Galena -2.8
TIC-22 Galena —2 • 4
TIC-3 Pyrite —1.6
TIC-13 Pyrite +i.i
TIC-16 Pyrite -1.5
TIC-22 Pyrite — • 5

Monarch CHE-30-1 Pyrite +4.5
CHE-30-2 Pyrite +6 • 4
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CHAPTER 11 
ELEMENT ANALYSIS

To further characterize the veins, 21 samples from 7 
veins were sent to Bondar-Clegg Inc. in Sparks, Nevada for 
analysis. Each "sample” was collected from a specific zone 
at the respective mines (see Appendix A), and an attempt was 
made to collect the highest grade material available. The 
samples ranged in size from one hand specimen to a collection 
of specimens from the zone, and ranged between 340 grams and 
2.3 kilograms. The following 34 elements were analyzed for 
by direct irradiation/INAA: Au, Ir, Ag, Zn, Mo, Ni, Co, Cd,
As, Sb, Fe, Se, Te, Ba, Cr, Sn, W, Cs, La, Ce, Sm, Eu, Tb Yb, 
Lu, Sc, Hf, Ta, Th, U, Na, Br, Rb, and Zr. The following 4 
elements were analyzed for by atomic absorption: Cu, Pb, Bi,
and Mn. Boron was analyzed for by the D.C. plasma method. 
Appendix B gives the results of these analyses. The results 
for 22 elements were below the detectable limit or were 
determined to be of little use in this study, these elements 
were: Se, Te, Ba, Cr, Sn, Cs, La, Ce, Sm, Eu, Tb, Yb, Lu,
Sc, Hf, Ta, Th, U, Na, Br, Rb, and Zr. The element data were 
used for 2 purposes: (1) ratios of elements were used to
characterize the vein mineralization in the region; and (2) 
results for relevant elements for each mine were plotted by
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sample number to characterize each vein and delineate the 
most favorable environment for mineralization. The regional 
data are discussed in this section, the data for each mine 
are discussed in the sections on individual mines.

Regional Trends
To characterize this metallogenic province and compare 

the different vein systems, graphs of metal ratios for 
relevant elements were prepared. When the result for an 
element was reported as below the detectable limit, a value 
that was half of the detectable limit was used in 
constructing the graph. All of the mines studied have 
anomalous values of gold, silver, and the base metals. Most 
of the mines have produced varying amounts of base metals, 
but with the exception of the Silver Cord mine, which has 
operated as a silver mine, the commodity of primary interest 
is gold. To better understand these systems, especially the 
behavior of gold, several elements were compared with gold, 
and several base metals were plotted against each other. All 
of these ratios were then compared with the crustal average 
as reported by Taylor (1964). There is an extreme variance 
of the ratios at the mines. Silver, arsenic, and antimony 
are all enriched relative to gold when compared to the 
crustal average. Bismuth, copper, manganese, and zinc are 
all depleted relative to gold when compared to the crustal
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average. The ratios are summarized in table IV.

The silver/gold ratio for the 22 samples ranges between 
.769 and 144, the average value is 36.6 (Figure 48a) , and the 
crustal average is 17.5 (Taylor, 1964). The silver/gold 
ratio taken from reported production statistics reported by 
Keith et al. (1983b) for the 5 districts studied is 10.5.

The arsenic/gold ratio for the 22 samples ranges between 
4.6 and 25,185, the average is 2115 (Figure 48b), and the 
crustal average is 450 (Taylor, 1964).

The antimony/gold ratio for the 22 samples ranges 
between .5 and 1519, the average is 122 (Figure 49a), and the 
crustal average is 50 (Taylor, 1964).

The bismuth/gold ratio for the 22 samples varies between 
.06 and 296, the average is 33 (Figure 49b), and the crustal 
average is 42.5 (Taylor, 1964).

The copper/gold ratio for the 22 samples varies between 
5.5 and 5404, the average ratio is 871 (Figure 50a), and the 
crustal average is 13,750 (Taylor, 1964).

The manganese/gold ratio for the 22 samples varies 
between 3.2 and 36,027, the average is 6966 (Figure 50b), and 
the crustal average is 237,500 (Taylor, 1964).

The zinc/gold ratio for the 22 samples varies between 
7.9 and 274,182, the average is 15,838 (Figure 51a), and the 
crustal average is 17,500 (Taylor, 1964).

The copper/zinc ratio for the 22 samples varies between
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.008 and 6.7, the average is 1.0 (Figure 51b), and the 
crustal average is .8 (Taylor, 1964).

The copper/molybdenum ratio for the 22 samples varies 
between 2.4 and 4591, the average is 511 (Figure 52a), and 
the crustal average is 36.6 (Taylor, 1964).

The lead/zinc ratio for the 22 samples varies between 
.004 and 15.4, the average is 15.4 (figure 52b), and the 
crustal average is .2 (Taylor, 1964).
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TABLE IV
METAL RATIOS FOR BRADSHAW MOUNTAINS VEINS

RATIO RANGE AVERAGE CRUSTAL
AVERAGE

Ag/Au .7.69-144 36.6 17.5
As/Au 4.6-25,185 2115 450
Sb/Au .5-1519 122 50
Bi/Au .06-296 33 42.5
Cu/Au 5.5-5404 871 13,750
Mn/Au 3•2—36,027 6966 237,500
Zn/Au 7.9-274,182 15,838 17,500
Cu/Zn • 008—6•7 1.0 0.8
Cu/Mo 2.4-4591 511 36.6
Pb/Zn .004-15.4 15.4 .2

The ratios reported are for 21 samples from 7 vein mines in 
5 districts in the Bradshaw Mountains region. Samples range 
in size from one hand specimen to a collection of hand 
specimens collected from the ore zones at the respective 
mines.

Crustal averages are from Taylor (1964).
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SILVER-GOLD RATIOS FOR BRADSHAW MOUNTAINS VEINS

LOG Ao/Au ppm
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LOG Ab/Au ppm

B
MINE

FIGURE 48. Element Ratios for Bradshaw Mountain Veins. (1) 
Silver Cord Mine, (2) Golden Belt Mine, (3) Cherry Creek 
District, Sunnybrook and Monarch Mines, (4) Boaz Mine 
McCabe-Gladstone Mine, (6) Gladiator Mine, (7) average.

(5) crustal
A. Silver/Gold
B. Arsenic/Gold
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FIGURE 49. Element Ratios for Bradshaw Mountains Veins. (1)
Silver Cord Mine, (2) Golden Belt Mine, (3) Cherry Creek 
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COPPER-GOLD RATIOS FOR BRADSHAW MOUNTAINS VEINS
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ZINC-GOLD RATIOS FOR BRADSHAW MOUNTAINS VEINS
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COPPER-MOLYBDENUM RATIOS FOR BRADSHAW MOUNTAINS VEINS
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FIGURE 52. Element Ratios for Bradshaw Mountains Veins. (1)
Silver Cord Mine, (2) Golden Belt Mine, (3) Cherry Creek 
District, Sunnybrook and Monarch Mines, (4) Boaz Mine, (5) 
McCabe-Gladstone Mine, (6) Gladiator Mine, (7) crustal average.
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CHAPTER 12
SUMMARY AND CONCLUSIONS 

Summary of Vein Types
Previous workers have classified the vein districts of 

the Bradshaw Mountains region into 3 types: 1) Proterozoic 
and high temperature, 2) Late Cretaceous-early Tertiary
related to porphyry systems, and 3) middle Tertiary (Lindgren 
1926, Keith et al. 1983). The classification was based on 
limited field observations. The results of this study 
confirm the presence of both Proterozoic and post-Proterozoic 
veins. The Proterozoic veins are represented by the Monarch 
mine in the Cherry Creek district. The post-Proterozoic 
group is represented by veins in the Minnehaha, Tiger, 
Ticonderoga, and Black Canyon districts. The Minnehaha 
district was previously classified as Proterozoic. No 
distinction between Late Cretaceous and Middle Tertiary veins 
could be made but field relationships suggest that veins in 
the Tiger and Ticonderoga districts may be associated with 
Laramide intrusions. Fluid inclusion studies, element 
analysis, field relationships, and lead isotope studies 
suggest that there are at least 5 types of vein 
mineralization in the region.
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Type One

Type one is represented by the Monarch, Sunnybrook, and 
Gold Bullion mines in the Cherry Creek district. The veins 
are all similar in nature, and lead isotope work on quartz 
from the Monarch mine suggests that they are Proterozoic in 
age (Figures 9 and 10) . Fluid inclusion studies on quartz 
from the Monarch mine suggest a minimum temperature of 
formation of 331* C for the vein (Figure 8) . Owing to 
limited geologic information no pressure correction was 
applied so the temperature of formation could be much higher, 
possibly in the hypothermal zone of (Lindgren, 1926). Gold 
is present in both highly oxidized quartz and fault gouge. 
The Monarch and Sunnybrook mines are boron-rich relative to 
other mines in the Bradshaw Mountains region which could 
suggest the presence of tourmaline (Figure 20b).

Type Two
Type two consists of quartz-poor, high-angle shear zones 

represented by the Fat Mexican and Gold Button mines in the 
Minnehaha district and the Gladiator mine in the Tiger 
district. Lead isotope studies of galena from the Fat 
Mexican and Gladiator mines suggest a post-Proterozoic age 
for these deposits (Figures 9 and 10). The shear zones are 
dominated by sheared and altered bedrock, but quartz and 
fault gouge are important components. At the Gladiator mine
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gold is associated with thin epithermal style quartz 
veinlets; one of these veinlets formed at a minimum 
temperature of 256* C (Figure 8) . At the Gladiator mine 
there is some evidence of Proterozoic mineralization, as iron 
formation and syndepositional pyrite are present near the 
vein. Zones of massive sphalerite are present at the 
Gladiator mine. Further work would probably justify 
classifying the Gladiator mine separately from the Minnehaha 
district veins.

Type Three
Type 3 is represented by the Boaz mine in the Minnehaha 

district. Mineralization is hosted by a high-angle quartz 
vein and lead isotope studies of galena suggest that the 
mineralization is post-Proterozoic (Figures 9 and 10). The 
quartz appears to have formed at a minimum temperature of 
270* C (Figure 8) . Ore appears to be associated with a 
series of fractures perpendicular to the vein.

Type Four
Type 4 is represented by the McCabe-Gladstone in the 

Ticonderoga district. The ore zone consists of massive 
sulfide in a quartz, calcite, and ankerite gangue within a 
high-angle structure. Lead isotope studies of galena suggest 
that the mineralization is post-Proterozoic (Figures 9 and
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10) . The quartz appears to have formed at a minimum 
temperature of 342* C (Figure 8). Gold appears to be 
associated with chalcopyrite (Figure 34). Anomalous amounts 
of Bi, Cd, Cu, Co, and Mn are present relative to other mines 
in the area.

Type Five
Type 5 is represented by the Silver Cord and Golden 

Belt mines in the Black Canyon district. The mines are 
associated with low angle fracture zones. Rich ore is 
associated with thin quartz veins within the fracture zones. 
These veins exhibit features typical of epithermal systems 
such as open- space filling. Lead isotope studies of galena 
suggest a post-Proterozoic age for the mineralization. 
Quartz in the veins appears to have formed at minimum 
temperatures between 210* and 250* C (Figure 8).

Conclusions
This study has shown that a combination of lead isotope 

analysis, fluid inclusion studies, and field and laboratory 
observations can be used to discriminate between different 
types of mineralization.

Galena from all of the deposits studied have lead 
isotope signatures similar to central Arizona Proterozoic 
crustal rocks. This suggests that lead in the deposits was



drawn from the same lead reservoir that contributed lead to 
the formation of the crustal rocks, with that reservoir being 
more evolved to form the post-Proterozoic galena.

136
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APPENDIX A SAMPLE DESCRIPTIONS

SAMPLE
NUMBER

MINE DESCRIPTION

CHE-13 Sunnybrook Pyrite-bearing quartz from dumps.
CHE-14 11 11 Oxidized, highly fractured quartz.
CHE-15 II 11 Oxidized quartz.
CHE-20 II It Highly-oxidized quartz.
CHE-24 It II Blue and red clay fault gouge.
CHE-26 II II Iron and copper-stained quartz vein 

material just south of mine.
CHE-27 II II Highly-fractured quartz with many 

fractures containing alteration.
CHE-29 Monarch Galena-bearing quartz from dumps.
CHE-30 II II Sulfide-bearing, oxidized quartz 

from dumps.
CHE-31 II II Oxidized quartz from dumps with 

euhedral crystals.
MIN-7 Fat Mexican Galena-bearing, oxidized, silicified 

granite collected from dump.
MIN-21 Boaz Massive, oxidized, Cu-stained, 

sulfide-bearing quartz.
MIN-23 II 11 Vitreous, sulfide-bearing quartz.
MIN-29 II II Galena-bearing quartz.
MIN-30 It 11 Sulfide-rich quartz.
MIN-32 II 11 Massive quartz east of mine. |
TIG-17 Gladiator CaCOT & Sulfide-rich quartz veinlet.
TIG-18 II II Quartz veinlets within mafic 

metavolcanic bedrock.
TIG-22 II H Various ore samples from stope floor
TIG-24 It II Veinlet-rich, sulfide-rich ore.
TIG-28 II II Massive quartz pod.
TIG-30 II 11 Sulfide-rich, brecciated quartz 

veinlet
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APPENDIX A (continued) SAMPLE DESCRIPTIONS
1-----------SAMPLE
NUMBER

MINE SAMPLE DESCRIPTION

TIC-1 McCabe-
Gladstone

ZnS, PbS, and carbonate-rich clay fault 
gouge. 1050 level 0,0 stope.

TIC-3 It II Massive sulfide ore in a quartz gangue.
1050 level 0,0 stope 1

TIC-10 IIII Faultigouge, 1050 level, 0,0 stope.
TIC-13 IIII Massive sulfide ore, 1050 level.
TIC-15 IIII Hanging wall PbS-rich fault gouge, I

Henrietta vein, 1050 level.
TIC-16 IIII Massive sulfide, Henrietta vein, 1050 

level.
TIC-20 IIII Galena-bearing massive sulfide.
TIC-21 IIII Sulfide-bearing carbonate, 1250 level, 2s 

stope.
TIC-22 IIII Sulfide-rich quartz vein.
TIC-23 II II Galena-bearing massive sulfide ore.
BC-2 Silver

Cord
Sulfide-rich, comb textured quartz from 
Orphan Workings.

BC-6 mi Quartz pod, Orphan Workings.
BC-13 n n Sulfide-rich quartz. Orphan Workings.
BC-17 it it Oxidized, quartz with open space filling, 

Orphan Workings.
BC-21 it n Galena-rich quartz. Orphan Workings.
BC-22 Golden

Belt
Comb-textured, sulfide-rich quartz vein 
material.

BC-28 It II Oxidized, massive quartz pod.
BC-33 It II Comb-textured vein quartz.
BC-36 mi Comb-textured, sulfide-rich vein quartz.
BC-44 n n Comb-textured, sulfide-rich vein quartz 

collected from dumps.
IK-1 n n Fine-grained, massive sulfide ||
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APPENDIX B
RESULTS OF BONDAR-CLEGG ELEMENT ANALYSES

SAMPLE
NUMBER

AU
ppm

Ag
ppm

Zn
ppm

Mo
ppm

Ni
ppm

CO
ppm

Cd
ppm

BC-2 4.36 628 58300 8 <51 <5 310
BC-6 .73 94 6600 9 30 6 43
BC-13 4.81 61 21900 18 160 <5 120
BC-22 35.28 90 280 7 <20 <5 <5
BC-28 .514 27 250 7 <20 <5 <5
BC-33 24.86 190 9900 8 <25 11 86
CHE-20 66.14 150 4000 46 <140 <23 <88
CHE-24 8.09 38 2600 7 <20 <5 <5
CHE-26 .251 21 <100 7 <20 <5 <5
CHE-30 6.27 6 570 7 <20 <5 8
MIN-23 .047 <2 <100 11 <20 <5 <5
MIN-30 1.17 9 4300 89 <20 <5 57
MIN-32 .071 <2 <100 10 <20 <5 <5
TIC-1 13.10 989 123800 <9 <82 <11 1140
TIC-3 68.78 414 7500 11 80 220 49
TIC-16 14.13 426 17500 13 90 130 160
TIC-21 .081 <2 780 4 <20 <5 <5
TIC-22 .275 23 75400 11 66 72 480
TIG-17 5.85 <9 920 18 180 <5 <25
TIG-28 .013 <2 <100 8 <20 <5 <5
TIG-30 73.71 120 1400 6 <20 13 12

See Appendix A for Sample Descriptions.
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APPENDIX B (continued)
RESULTS OF BONDAR-CLEGG ELEMENT ANALYSES

SAMPLE As Sb Fe Cu Pb Bi Mn
NUMBER ppm ppm pet ppm ppm ppm ppm
BC-2 7330 647.0 1.7 472 69000 17 230
BC-6 2550 147.0 4.7 107 5343 <1 26300
BC-13 10250 342.0 2.7 1474 13100 12 275
BC-2 2 228 80.7 2.4 193 61000 2 197
BC-28 130 23.8 2.0 280 15600 <1 39
BC-33 2530 182.0 8.3 1023 49000 5 2526
CHE-20 1230 5360 12.0 2865 27200 256 371
CHE-24 90.1 364.0 3.0 501 1361 18 34
CHE-26 15.0 37.6 .4 233 252 3 75
CHE-30 29.0 3.2 1.0 842 103 35 49
MIN-23 2.7 1.6 .5 27 121 3 35
MIN-30 6.8 5.7 1.0 1179 6729 2 111
MIN-32 1.8 0.7 .4 44 115 <1 20
TIC-1 9700 1290 9.4 13741 260700 384 1549
TIC-3 4570 194.0 29.6 55000 3602 1475 251
TIC-16 16500 238.0 33.1 25000 19600 1058 1373
TIC-21 2040 123.0 3.9 268 165 24 4676
TIC-22 1130 10.2 15.0 1486 323 35 6898
TIG-17 16500 85.1 5.7 156 15 6 2853
TIG-28 26.0 0.9 0.6 19 29 <1 325
TIG-30 419 61.2 4.9 1751 49000 56 237

See Appendix A for Sample Descriptions
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SAMPLE Ba Cr W Th U Br B
NUMBER ppm ppm ppm ppm ppm ppm ppm
BC-2 <250 250 <5 <2.0 <1.1 29.0 15
BC-6 100 290 2 1.6 <0.2 11.0 26
BC-13 <250 290 28 <2.0 <1.2 34.0 40
BC-2 2 <50 450 42 <0.5 0.7 2.9 23
BC-28 <50 430 47 <0.2 <0.2 2.2 17
BC-33 <130 420 3 <1.0 3.3 9.2 15
CHE-20 <980 <680 <12 <8.2 <5.1 113 322
CHE-24 290 70 30 1.8 3.9 10 1627
CHE-26 <50 460 <1 <0.2 0.2 1.6 32
CHE-30 190 420 4 0.3 0.3 <0.5 37
MIN-23 110 470 <1 0.9 2.7 <0.5 30
MIN-30 620 360 2 2.4 7.5 1.7 36
MIN-32 410 510 <1 <0.2 0.4 <0.5 17
TIC-1 <430 <270 <9 <3.3 <2.2 49.0 17
TIC-3 <180 270 <4 <1.4 <1.2 15.0 10
TIC-16 <290 260 <6 <2.2 <1.5 36.0 <10
TIC-21 <50 <41 <1 0.6 0.6 8.5 <10
TIC-22 <50 190 <1 3.5 2.7 5.7 54
TIG-17 <250 <170 7 <2.0 <1.3 38.0 16
TIG-28 <50 460 <1 <0.2 <0.2 0.6 12
TIG-30 80 420 <9 1.3 2.6 3.8 27 ||

See Appendix A for Sample Descriptions
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SAMPLE Ir Se Te Sn Cs La Ce |
I NUMBER ppm ppm ppm ppm ppm ppm ppm 1
I BC-2 <180 <29 <91 <890 <1.5 <2 <49 I
1 BC-6 <50 <10 <32 <310 <0.5 5 <16 I
1 BC-13 <190 <30 <95 <890 <1.5 6 <50
j BC-22 <50 <5 <21 <220 1.0 2 <17
BC-2 8 <50 <5 <10 <100 <0.5 <2 <5
BC-33 <50 <17 <47 <460 <0.5 <2 <30
CHE-20 <680 <120 <370 <3700 <4.5 5 <210
CHE-24 <50 <10 <33 <330 5.4 19 35
CHE-26 <50 <5 <10 <100 <0.5 <2 <5
CHE-30 <50 <5 <10 <100 <0.5 <2 <5
MIN-23 <50 <5 <10 <100 <0.5 <2 <5
MIN-30 <50 <5 <10 <100 <0.5 8 14
MIN-32 <50 <5 <10 <100 <0.5 <2 <5
TIC-1 <300 <50 <150 <1500 <2.5 2 <87
TIC-3 <190 <24 <65 <620 <1.1 <2 <45
TIC-16 <210 <34 <100 <960 <1.7 <2 <61
TIC-21 <50 <5 <24 <230 <0.5 <2 <12
TIC-22 <50 <5 <10 <100 4.7 29 68
TIG-17 <180 <30 <97 <860 <1.4 <2 <50
TIG-28 <50 <5 <10 <100 <0.5 <2 <5
TIG-30 <50 <5 <21 <100 <0.5 5 <13

See Appendix A for Sample Descriptions
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SAMPLE
NUMBER

Sm
ppm

Eu
ppm

Tb
ppm

Yb
ppm

Lu
ppm

Sc
ppm

Hf
ppm

BC-2 0.17 <3 <0.5 33 1.7 <0.8 <5
BC-6 2.70 <1 <0.5 9 0.6 2.8 <1
BC-13 2.50 <3 <0.5 35 1.6 2.5 <5
BC-22 0.64 <1 <0.5 <2 <0.2 3.8 <1
BC-2 8 0.21 <1 <0.5 <2 <0.2 1.0 <1
BC-33 0.62 <1 <0.5 9 <0.6 3.4 <2
CHE-20 0.67 <15 <1.9 120 <3.7 <1.9 <18
CHE-24 2.40 <1 <0.5 9 0.5 3.9 <1
CHE-26 0.21 <1 <0.5 <2 <0.2 <0.2 <1
CHE-30 0.31 <1 <0.5 <2 <0.2 0.9 <1
MIN-23 0.24 <1 <0.5 <2 <0.2 0.6 <1
MIN-30 1.40 <1 <0.5 <2 0.4 2.0 <1
MIN-32 0.11 <1 <0.5 <2 <0.2 <0.2 <1
TIC-1 0.26 <5 <1.3 43 2.6 <1.3 <8
TIC-3 0.27 <1 <0.5 8 0.8 <0.6 <3
TIC-16 0.33 3 <0.5 35 1.2 1.6 <5
TIC-21 0.50 <1 <0.5 7 <0.2 <0.2 <1
TIC-22 4.70 <1 <0.5 3 0.2 2.9 <1
TIG-17 1.00 <2 <0.5 30 1.3 1.5 <5
TIG-28 0.13 <1 <0.5 <2 <0.2 <0.2 <1
TIG-30 0.68 <1 <0.5 <2 <0.2 0.8 <1 ||

See Appendix A for Sample Descriptions
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SAMPLE
NUMBER

Ta
ppm

Na
pet

Rb
ppm

Zr
ppm

BC-2 <0.5 <0.07 <28 <1200
BC-6 <0.5 0.05 11 <200
BC-13 <0.5 <0.05 <30 <1100
BC-22 <0.5 0.03 7 <200
BC-2 8 <0.5 0.02 <5 <200
BC-33 <0.5 <0.02 <15 <570
CHE-20 <2.8 0.44 <90 <3300
CHE-24 <0.5 0.43 29 <200
CHE-26 <0.5 <0.02 <5 <200
CHE-30 <0.5 0.04 13 <200
MIN-23 <0.5 <0.02 16 <200
MIN-30 <0.5 0.03 36 <200
MIN-32 <0.5 <0.02 <5 <200
TIC-1 <1.2 <0.20 <46 <1900
TIC-3 <0.5 <0.02 <22 <810
TIC-16 <0.5 <0.05 <34 <1300
TIC-21 <0.5 <0.02 <5 <200
TIC-22 <0.5 0.04 10 <470
TIG-17 <0.5 <0.02 <30 <1100
TIG-28 <0.5 <0.02 <5 <200
TIG-30 <0.5 <0.37 29 <200

See Appendix A for Sample Descriptions
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