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ab st r a c t

The purpose of this study was to investigate the 
possibility that the trace element content of galenas 
from the southwestefft United States may allow the galena 
to be correlated with a particular type of deposit. The 
silver content of the epithermal galenas Studied is 
significantly different from that of the !non-»epithermal 
galenas studied. The silver content of these galenas 
was determined absorptiometrically.

Since the bismuth content of galenas may be 
related to the intensity of an orogenic event through 
an association with silver, it has been investigated 
in conjuiiction with the silver content of these galenas.
It is concluded that the bismuth content of the galenas 
investigated is not as dependent on deposit type as is 
the silver content. Polarographic determinations for 
bismuth and lead were completed on each galena specimen 
investigated in this study. '

An investigation was also made of the validity 
of a silver content-age correlation for these galenas.
Many more determinations are needed in order to establish 
a silver content-age correlation. ;

Various decomposition techniques were carried out 
on some galenas studied to investigate uranium distribution

viii



Fluorimetric analyses or alpha countings were completed 
on these galenas to determine the uranium lost. An 
uneven distribution of uranium was found in the galenas 
studied. i

ix



CHAPTER I

INTRODUCTION

1.1 Description of the Problem
Results of geochemical investigations have sug

gested that trace element cont ent may be an; indicator of. 
relative time of formation of galena in aimineral deposit 
(Vaasjoki and Kouvo, 1959). The silver content of galenas,, 
in particular, seems to show the mo,st obvious' relation to. 
relative time of formation. The silver content of galenas 
from certain provinces Appears also to vary markedly in 
different Orogenic periods {Vfeasjoki and Kouvo, 1959;
Cahen et al., 1958). ,

The purpose of this study was to investigate the 
possibility that the trace element content of galenas 
from southwestern United States may allow the galeha to 
be correlated with a particular type of ore deposit. An 
investigation was Also made of the validity o f s i l v e r

' '■ ' ' X .  ' ' ' ' "  I ■' 'content-age correlation for these galenas.
Investigations of the correlation of the silver or 

base metal content of galenas with model ages derived from 
lead isotope methods have shown that the silver content 
appears to be,related to the type of mineral deposit
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formed in a given metallogenic province (Cahen et al.„ 1958). 
It is possible that the silver content of;galenas may be 
used not only to judge the relative, age of a given deposit 
but also to determine whether the le#d in the galena is of 
a normal or anomalous isotope type,.

Since the bismuth content d>£ galenas may be related 
to the intensity of an orogenic evjetit through an association 
with silver, it is being investigated In conjunction with 
silver. Studies of galena occurrences (Fleischer, 1960) in 
the.Eastern Alps have shown that bismuth content varies with 
that of silver in that both are highest near the granite- 
gneiss massive and decrease with distance! from the massive.
It has been suggested,(Nesterova, 1958) that galena is 
isomorphous with a high temperature modification of
a-mat iIdit e, .AgBiS 9.

■
Polarographic determinations for bismuth have been

carried out on each galena specimen investigated in this
study. The results of each silver and bismuth analysis
have been compared with the mode of occurrence of each
sample to determine if the suggested correlations do exist.
Another objective of this study has been to investigate- the
possibility that galenas of certain metallogenic provinces
and metallogenic epochs are characteristically rich or poor

. tin silver and bismuth.
It is known that galenas contain interstitial uranium 

as well as uranimum disseminated within the crystal .lattice
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(Wright jet al.. 1960). Uranium cqntent within the crystal 
lattice must be determined.and uded in certain age deter
mination methods. Investigators (Wright et al... 1960) 
have studied some mechanisms by yhich uranium,is contained 
in galena and in some cases have determined the part of 
the uranium content that may be used for age dating. Total 
uranium content of galena has been first determined by 
gross alpha counting or ^luorimetry. Various decomposition 
and disintegration techniques were carried out on some 
samples and each followed by fluorimetric analysis o!
alpha counting to determine the uranium lost.

!:

1.2 Results of the past investigations
Few quantitative investigations of the trace 

element content of galena have been reported in the 
literature.- In most of these investigations the trace 
element content has been used to determine the approxi
mate temperature of formation or the relative agi of 
formation of the galenia. Some investigators (Wright et 
al.. 19601 Wright et al... 1957) have studied the distri
bution and role of certain elements such as silver or
uranium in galena.; . . j; ■ ■ ■

In a study of twenty galenas from; the Alps and
twenty-four galenas from North - Africa (Cahen _et al.. 1958) 5 
the silver content of each sample was determined and com
pared with its lead isotope model age. In most of these



occurrences it was. fdiind that. wHen. the model age was 
comparable to the age of the host formation the galena 
was found in veins and hid a high silver content,.
Galenas with model ages older than the hoist formation 
were located in sedimentary rockss appeared unrelated, 
to igneous activity, and were characterized by Silver, 
content lower than those galenas with model ages compir- 
able to that of the host formation. The authors suggest 
that the latter type of occurrence is rejuvenated from 
an older source of lead as implied by the model ages. 
These authors conclude that the silver content of the 
galenas may serve to distinguish between galena deposits 
in which the lead is rejuvenated and those emplaced for 
the first time. Another interesting result of their 
study is that the B^type leads, i.e. galenas with model 
ages older than the host formation, from t:he Alps have 
a silver content of less than 10G parts per million. In 
contrast, the B-»type leads from North Africa which were 
studied have a silver content as high as 400 parts per 
million.

An investigation of the lead isotope model ages 
and the base metal content of nine Finnish galenas (Vaas=> 
joki and Kouvo, 1959) showed that the specimens investi-* 
gated fell into two groups. It was found that one group, 
associated with the rocks of the synkinemAtic phase of an



earlier orogeny, had model ages very close to the age of
their host rocks,, and contained high concentrations of
minor base metals including silver and bismuth. This
group of galenas cdmmonly occtifred with many different
sulf ides .arid sulf <b gaits.* The other group*; associated with.
the rocks of a later orogerif, gave model ages much younger
than the age bf the host fdcks, was associated only with,
chalcopyrite, dhalcocite, and coveHite, and contained
low concentrations of base metals including silver and
bismuth. Supporting evidence that these galenas with
anomalous lead isdtope composition were epigenetic was
their occurrence as younger- fissure fillihgs. On consider-,
ing the lead isotope data and the trace element content of 

1 , ' 
each group4 Vaasjoki and Kouvo conclude that each group
had a different original source of material. Apparently
each group was associated with a different orogeny.

Marshall and Joensuu (1961) attempted a correlation 
of the trace element content of galenas with the crystal
form of that mineral. Numerous galena occurrences in the

j . ' ' I;upper Mississippi Valley, the Picher Field, and the south
western United States were investigated. In particular, 
the silver, bismuth, antimony, and copper contents were 
determined to find if these varied with either the octa
hedral or. the cubic habit of the crystals!. Generally, it
was found that within a district only antimony was enriched
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in galena crystals of leas dctahedral habjit. For Silver 
and bismuth no correlation was found with either octa
hedral or cubic habit. Sampled from the Holland Mine. ■ 
and the Flux Mine of southern Arizona were investigated.
Both were high in silver and bismuth, and the sample from 
the Holland Mine showed 18 parts per million thallium.
Both samples had prominent octahedral faces. Marshall 
and Joensuu concluded that temperature of formation.is 
one of the most important of many factors; in determining 
the crystal habit and trace element contept of galena. It 
was also suggested that the cubic habit and enrichment of 
antimony is dominant in galenas at lower temperatures of 
formation.

The results of acid leaches causing galena speci
mens to lose small amounts of uranium indicate that uranium 
is distributed throughout the sample in small amounts and 
is not concentrated aloh§ primary crystal; boundaries., 
fractures$ and cleavages, A study of the; distribution 
and the role of uranium in some base metal sulfides (Wright 
et al. «. I960) points out that little is known of the factors 
controlling solid solution on the trace element level par
ticularly in the case of lead and uranium; which have differ
ent atomic and ionic properties (Table I)1,



TABLE 1
at om ic an d* ionic -ra di i o f lead and u r a n i u m

Covalent Radius Ionic Coordination Numbef 6
(Pauling, 1945) Radius (Evans, 1938)

Pb (Coordination Numben .6)1,23 Pb^^ 1. 32 i

U (Coordination Number 6) , 1. 05

• ;
Solid solution of uranium and lead in galena, if present, 
would be expected only in very small amounts. Adsorption 
of uranium onto active surfaces and defects may result in 
a homogeneous distribution. It is suggested that homo
geneously distributed uranium in galena may have an upper 
limit of less than 100 parts per million ‘(Wright et al. . 
1960), They also suggest an inverse dependence of uranium 
concentration in galena with temperature of crystallization. 
This supports evidence, from the uranium distribution in 
natural, samples, that uranium does not occupy structural
positions in galena at trace element concentration levels

!,

(Wright et Al., 1960).
In another investigation of the uranium content of 

galena (Wiright et al. , 1957), it was fpphd that uranium 
occurs in abnormal amounts in base metal sulfides coexisting 
with urananite. It was also found that the uranium content 
of sphalerite, pyrite, and galena may vary from 0,1 part 
per million.to 1000 parts per million in each single 
mineral from a given deposit.



CHAPTER II

GALENA OCCURRENCES INVESTIGATED 
IN THIS STUDY

2.1 Locations and geologic descriptions
Most of the galena samples investigated in this 

study are from Arizona. The Location and a brief geo
logical description of each source is given. Many 
similarities as to mineral association, ore controls, 
and time of formation will be found. A few galenas 
from areas outside Arizona were also investigated, and 
a brief geologic description of their occurrence is also 
given. These samplds are from Butte, Montana, the Han- 
sonburg mining district, New Mexico, and the Alamosa 
mining district of Sonora, Mexico.

In addition, the results of silver, lead, and 
bismuth analyses of a suite of galenas from Fresnillo, 
Zacatecas, Mexico, are presented. These analyses were 
undertaken to study silver distribution in galenas from 
the ore body.

L
Saint Anthony Mine

rThe Saint Anthony Mine is located at Tiger in 
Pinal County. Ore occurs in vein deposits controlled
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Key to Figures 1, 2S 3, 4, 5

1. Copper World Mine 9 ,Arizona
2. Bagdad Mine^Arizona ;
3. Old Dick Mine, Arizona
• 4. Stukey Mine, Arizona i
5. Golden Turkey Mine, Arizona
6_ Iron King Mine, Arizona !
7*. United Verde Mine, Arizona
8. Tiger, Arizona
9. Quijotoa Mountains, Arizona ;

10, Cave west of the Baboquivari Mountains,
11. Tit for Tat Mine, Arizona i:
12, Esperanza Mine, Arizona
13, Glove Mine, Arizona
14. Tombstone, Arizona
15, Swissheltti Mountains, Arizona
16. Irish #a^ Mine, Arizona
17. Campbell Mine, Arizona :
18* Alamosa District, Sonora, Mexico
19, Eansonburg District, New Mexico
20. Butte, Montana ‘

Arizona
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by premineral and contemporanepus faulting in altered 
quartz monzoniteand rhyolite. . The altered quartz 
monzonite is a porphyritic part of the older Pre^Cambrian 
Oracle granite Ctire.a.sey.*- 1950a), The intrust!ve rhyolite 
cuts across the quartz toonzOnite.

The cftost pronounced Structural trend, and the 
youngest is northwest, The Mammoth and Collins veins of 
the Saint Anthony Mine as well as the Mammoth and post'* 
rhyolite faults in which the veins are located have, this 
trend and a westerly dip. The Mammoth fault actually 
faulted an original vein into two segments forming the 
Mammoth and Collins veins (Creaseys 1950a),

The veins are mineralized fault zones and grade 
from replacement to open space filling in brecciated 
areas. <

Ore deposition has been separated into six stages 
(Creasey3 1950a) each characterized by a distinct mineral, 
assemblagei The first two stages result in the emplacement 
of quartz, adularia, and specularite. Intense fracturing 
was associated with the formation of sulfides in the third 
stage. In this stage quartz and chlorite were deposited

,, : . . .  I : ; . ' 'first followed by pyrite and chalcopyrite, sphalerite, 
galena, and more pyrite in that order. Barite and fluorite 
were the last formed minerals of the third Stage which was 
followed by the formation of the Mammoth fault producing 
the Collins and Mammoth veins. In the fourth stage of
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mineralization ^lipergene copper, lead, and zifib minerals 
were formed. The fifth, and sixth stages prodhced wul- , 
fenite, quartz, and vanadium minerals as well as more 
supergene copper, lead, and zinc minerals.

The age of mineralization has not been determined 
at the Saint Anthony Mine although remnants of volcanic 
rocks that may be late Cretaceous or early Tertiary once 
probably covered the area where the veins of the deposit 
now outcrop.

Butte, Montana
The ore deposits at Butte occur in an extensively 

fissured area. The host rock is chiefly la quartz monzonite 
into which dikes of aplite and granite porphyry have intruded. 
In the first period of fracturing extensive heavily minerals 
ized fissures were formed which dip south and trend east.
These fractures are the most extensive in the district and 
are offset by a younger set of slightly mineralized fissures 
striking northwest and dipping northeast and southwest. The 
youngest set of faults trending northeast and dipping north-, 
west and southeast cut and displace the two older systems.
This system is very slightly mineralized.

The veins as well as the surrounding alteration 
zones converge with depth in the quartz monzonite. Broad 
mineral zoning is present in the veins as, well as the vein 
groups (Sales and Meyer^ 1948). From the deep center source,
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. ■ - i ^out:ward, zoning grades through primary ddpper minerals 
through a zone of principally copper And zinc sulfides 
to a zone of lead and zinc sulfides, manganese carbonates, 
and silicates. Lying bey end is a zorte of Quartz with 
limited copper, lead, and zinc sulfides followed by.a 
zone of quartz, carbonates, and sparse pyrite. In the. 
copper sulfide zone replacement of the host rodk by ore 
is common.

The succession of minerals (Lindgren, 1933) is 
quartz, pyrite, sphalerite, enarglte, terjnahtite, bornite, 
chalcppyrite, chalcocite, magnesium and qalcium carbonates. 
Lead^zinc-silvdr mineralization is late and is followed by 
shattering of the host rock and introduction of quartz, 
rhodochrosite, rhodonite, and sparse fluprite. This is 
followed by the formation of more quartz with sparse pyrite 
and chaicopyrite.

The age of the quartz monzonite porphyry and the 
veins is Eocene or later Tertiary (Lindgren, 1933).

Tombstone |
Tombstone is located in Cochise County about 25 

miles north of Bisbee. Extensive oxidation is found in 
the deposits of the area. The galena from Tombstone 
investigated during this study is from fissure vein 
deposits in .limestones And shales of the rNaeo and Bisbee 
groups, The steeply dipping, northeast-trending fissures
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are most intensely altered and mineralized when they cut 
anticlines of the,sedimentary rocks. Some of the fissure 
vein deposits merge with replacement deposits in. the. anti
clines (Butler et al., 1938).

In these deposits galena is one of the .latest 
fqr#ed sulfides,. It replaces pyrite., sphalerite, tetpar 
hedrite, and chalcopyrite.

Much primary ore in the district may be associated 
with steeply dipping northeast-, east-, and north-trending 
dikes 3 believed to have been associated with the later 
intrusive phases of the Schieffelin granodiorite and 
Uncle Sam rhyolite porphyry. After intrusion of the 
dikes, northeast^trending fractures were{opened and 
became sites of deposition of rmich primary ore. The 
exact age of ore formation in these fractures is not 
known. Ore formation in the district has taken place 
sometime between the mid-Mesozoic and the early Tertiary 
(Butler at al,_% 1938)1 ;

United Verde Mine
The United Verde Mine is located at Jerome in 

Yavapai County. The deposit.is in the Deception rhyolite 
and Grapevine Gulch formation of the Ash Greek group the 
youngest unit of the older Pre-Cambrian Yavapai series,
The massive sulfide ore bodies, tabular and pipelike, 
plunge 65° northwest and strike N, 20* W,. concordant
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with the general bearing of the foliation and minor folds 
df the Ash Creek group. The.ore bodies are localized in 
a north-northwest plunging anticline intruded by a semi- 
concdrdant gabbro. (Anderson and Creasey>;|1958).i

Anderson and Greasey conclude that the metasomatic 
deposits are replacements of schistose rock. Mineralizing 
Solutions were channeled by the inverted trough of gabbro 
and replaced the tuffaceous and sedimentary rocks of the 
Ash Credk group and the quartz porphyry forming the pipe- 
like body of massive sulfide.

Sever61 stages of mineralization Ihave been defined 
at United Verde (Anderson and Greasey* 1958), In the 
first stage the Grapevine Gulch formation was silicified. 
This was followed by the replacement of the Grapevine Gulch 
formation and quartz porphyry by massive pyrlte forming a 
pipelike body. The footwall rock consisting of quartz 
porphyry was then chloritized forming a dark schist.
Copper mineralization followed with chalcopyrite replac
ing earlier pyrite*.quartz* and carbonates. Minor amounts 
of galenas bornite* and sphalerite were also formed. The 
last primary mineralization consisted of the formation of 
quartz-carbonate veins carrying minor amounts of sulfides 
and some gold. :

The pre deposit was formed in the older Pre-Cambrian 
and may ppssibly be related to.the Bradshaw granite (Reber,
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1938).. Lead isotope model ages obtairied on galena from 
United Verde by Giletti give an age of 1̂ ,750 million years. 
This age is anomalous indicating that the deposit predates 
the surrounding rocks. The original ore:deposit was prob
ably rejuvenated dp ring the P re-Cambrian Hazatzal Revolution 
along with the met#morphism of the host troclvS and formation 
of volcanic rocks in the area (Damon et al.. 1963).

Hansonburg District
The Hansonburg mining district is located in the 

Northern Oscura Mountains of Socorro CountyNew Mexico.
Ore occurs as open space filling in fissures* fault breccia, 
and small caves in the Pennsylvanian Council Springs lime
stone and lower units of the Burrego formation. Some ore 
also occurs in the limestones of the Coane formation, the 
limestones of the upper Story formation, and the Moya 
formation all of Pennsylvanian age. Massive beds of non- 
cherty, Pennsylvanian limestone, broken and shattered along 
faults, are the best ore hosts in the district (Kottlowskis 
1953). Structural control of ore deposition within these 
beds is provided by fracture and joint systems about 30° 
apart and striking within 25° of north. I The bodies are 
elongated, irregular in shape, and pinch out along the 
strike into silicified shear zones and unaltered limestone 
(Kottlowski, 1953).

Most ore occurs as bands in gray siliceous lime
stone. Vugs lined with small drusy masses of quartz are
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also present. No large scale replacement of limestone by 
ore minerals is present„ Silidification of limestone is 
localized about fractures and other open Spaces.

It has been suggested (Lasky, 1932) that silica was 
deposited from solution first, and partly sealed off the 
limestone from replacement by later ore mitieral solutions. 
After the deposition of silica, crusts Of fluorite, galena 
cubes, and sparse chalcopyrite followed by barite were 
generally formed in the silicified areas. j; The large crystal 
size of barite, galena, and fluorite suggests that dilute 
solutions acted over long periods of time at low tempera
ture to form the mineral deposits (Kottlowski, 1953).

The source of ore is not known. Post-Datil (Eocene 
?) hornblende diorite dikes and sills in the area contain 
barite and could have the same magrn&tic source as the ore 
solution. j

Stukey Mine I:
The Stukey Mine, located two miles south of Bagdad 

in Yavapai County, consists of a series of shallow pits on 
a small , vertical, north-striking quartz vein in the Hillside 
mica schist of the older Pre-Cambrian Yavapai series and the 
Pre-Cambrian Lawler .Pjeak granite. The vein appears to be 
associated with northerly dikes and fissures related to 
Laramide mineralization of the area (Anderson et al.. 1955). 
Primary sulfides of the vein are pyrite, sphalerite, galena.
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and sparse ehalcopyrite.. The lead model age determined 
by Giletti using thp Russell-St#nton-Farquhar' -method on 
the galena is modern. The age, of., the, galena is probably 
Laramide with contamination from radiogenic lead resulting 
in the modern age (Damon _et al.» 1963). |

Glove Mine
The Glove iline is located in the Tyndall mining 

district on the Southwest pediment of the Santa Rita 
Mountains.in Santa Crup County. The ore body is in a 
block of Cretaceous and Paleozoic sediments which form 
the- remnant of the southwest limb of a sync line. A prom-' ■' ■ ■ V '■ V, I ■inent tectonic direction in the area, N. 40° W , , controls 
the intrusive rocks forming the Sjtnta Rita Mountains. 
Northeasterly directed forces have thrust Paleozoic 
sediments over the Cretaceous.section north of the mine. 
Remnants of the thrust plate have a northwest trend con-

I"
forming to the northeast-southwest regional compression 
developed by Laramide stresses (Olson, 1961). Few igneous 
intrusives are found in the area of the mine.

The Glove ore body is in the Naco group. In this 
area the Naco group dips 60* northeast and! strikes N. 60° 
to 75 ° W. The Glove fault, trending N, 75° W, , Separatesj;
the sediments from a quartz monzonite which has only 
slightly altered the limestones of the Naco group. A 
lafite porphyry sill also intrudes the Naco group in a
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northwesterly direction irt the vicinity of the mine.
Three major faults are associated with ore formation 
(Olson, 1961), The Porphyry fault is located oh the 
footwall side of the latite sill and has the same atti^ 
tude striking N. 60° to 75° W, and dipping 60° northeast. 
The South and Main faults hotsetail from the Porphyry ' 
fault. In the middle levels of the mine dre deposition 
has occurred in the zone of brecciation of the Porphyry 
and South faults. On the lower levels the shattered and 
brecciated zone of the South fault is the main ore control 
while the Porphyry fault zone controls ore deposition in 
the upper levels. Minor crosscutting fault zones are 
also important in controlling ore deposition. Adjacent 
to the permeable zones in the limestone some replacement 
by primary minerals has taken place. Replacement ends 
abruptly against metamorphosed limestone (Olson, 1961).

The primary ore mineral assemblage consists of 
galefta, pyrites sphalerite, and chalcopyrite. Quartz and 
pyrite were the first formed minerals. Sphalerite, 
chalCOpyrite, and galena were formed later. Moderate
amounts of silver are associated with galejba.

I'Olson concludes that Laramide deformation 
immediately preceded the formation of ore {deposits at 
the mine. The infpustion of the quartz monzonite porphyry 
along the Glove fault, the intrustion of the latite sill.
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and the formation of shear fractures trending N. 60° to 
75° W. fractured, and brs.cqfated, the favorable limestone 
beds of the Naco formation and permitted the passage of 
ore bearing fluids.

• i;

. Swisshelm Mountains
The Swisshelm Mountains, are located in douth central 

Cochise County. All known deposits occur as replacements 
in limestones of the Mississippian Escibrpsa formation 
ahd the Pennsy1vanian-Permi an Naco group near a quart z 
dipfite porphyry intrusive* The most productive ore bodies 
Are localized by the Interseet'ion of northeast- and no rthwest-' 
trending vertical tension fractures, and northwest«trending, 
folds. Older Paleozoic sedimentary rocks dipping east 
below the quartz diorite sill form the eastern flank of 
a compressed anticline plunging 15° northwest and dipping 
.45° northeast (Galbraith and Loring, 1951)..

Low angle thrust faults complicate the eastern 
flank of the anticline where upper Paleozoic rocks have 
been thrusted over the lower Paleozoic ropks. Another 
thrust fault has been intruded by the quartz diorite sill 
and the Paleozoic rocks directly above the sill, including 
the Naco group, dip west. (Galbraith and Lpping, 1951),. .

The chief primary minerals in the lore bodies are 
galena* pyrite,. calcite* apd quartz. The I sulfides contain 
appreciable silver and gold values.
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The age of the ore deposit has not been determined, 
but it is Post-Paleozoic, Cretaceous and folder rocks of 
the western edge of the district are cut by a granite 
which may have originated in the late Cretaceous or early 
Tertiary. It is not known if this granite is related to 
the quartz porphyry sill or the ore bodies in the Naco 
limestones above it.

Esperanza Mine
The Esperanza Mine is located in the Pima mining 

district south of Tucson in Pima County. The ore body is 
a porphyry copper deposit containing disseminated copper 
minerals in graywacke, arkose, breccia, intfusive andesite, 
and a quartz monzonite porphyry. The ore is apparently 
related to a quartz monzonite porphyry noirth of the ore 
body. Apophyses of quartz monzonite trend N. 30° to 40° W. 
in the area of the mine. The ore-bearing;faults trend N. 
30° to 40° W, and N. 50° to 70° E, The north side of the 
ore body is bounded by an east-west faultfdipping about 
30° South. The ore is believed to have been, emplaced 
after Laramide faulting occurred in the atea (Schmitt et 
al^f 1959). |

Bagdad Mine
The ore body of the Bagdad Mine at Bagdad in 

Yavapai County is a porphyry type deposit in a stock of
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quartz morizonite porphyry intruded into older Pre-Cambrian 
Hillside mica schist, slate, and Pre-Cambrian intrusive 
igneous rocks« The stock, one of a series trending N,
.76^0E, is located: at the intersection of i a quartz mon- 
zonite porphyry dike swarm trending N. 60f to 70® E* and 
a diorite porphyry dike Swarm trending M. 20® W. and 
dipping steeply. Two intersecting shear zones have 
controlled the intrusion of the quatftz monzonite 
porphyry as well as the younger intersecting dike swarms 
(Anderson, 1950), The quartz monzonite stock is believed 
to be late Cretaceous or early Tertiary in age, and ore 
formation followed its intrusion (Anderson, 1950).

Chalcopyrite and pyrite, disseminated throughout 
the stock, or present as minute veinlets, were deposited 
first along the original mineralized channels. Later 
solutions added molybdenite, sphalerite, and galena.

Copper World Mine
The' Copper World Mine is located in the central 

Wallapai fountains Of central Mohave County.
The ore bodies are precious and base metal veins, 

replacements# '.arid open fissure fillings ih an older Pre- 
Cambrian actinolite and siliceous arkose schist tentatively 
correlated with the Yavapai series (Romslo, 1948), The 
schist is located between two masses of Pre-Cambrian 
gneissic granite. A fault zone of steeply dipping
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northeast- striking fractures, in the schist has controlled 
ore deposition. Sulfide minerals are mostly chalcopyfite 
and galena with minor amounts of Sphalerite and pyrite.
It is belidved that sulfide mineralization occurred in 
the late Gtetaceous or early Tertiary (RpmSlps 1948)»

Quijotoa Mountains . j
The galena specimen comes from veins striking about 

N, 45° 6. and dipping 70° northeast and associated with 
fractures in a! quartz diorite in the northern Quijotoa 
Mountains 70 miles west of Tucson. Veins in this area 
contain galina, fluorite, .barite5 and quartz. Almost 
perpendicular to these veins is a set of irregular fis? 
sure veins dipping 65° northeast* The veins contain 
magnetite, hematitej epidote, quartz, and Iprobably some 
uranium minerals. Intrusive rocks are found throughout 
the area but their relationship to these veins is unknown 
at present. Lead dates on the galena of the northeasterly
striking system are anomalous. Approximate dates on the

!magnetite.of the northwesterly striking system obtained 
by the helium dating method are Tertiary (W. B, Green, 
personal communication).
' ' i;
Irish Mag Mine

The ore body of the Irish Mag Mine in the Bisbee 
District occurs in relatively unaltered. Abrigo and Martin



limestone. The ore body is actlially located in the foot- 
wall 6f the Dixie HowellsSenator fault which forms the 
northeast edge Of the Oliver fault block. The Olivet 
fault block is a Tertiary feature and its|formation was 
not aceottipanied by mineralization. The tabular ore bodies 
conform to the dip of the limestone beds, 35° southeast^ 
and are parallel to the bedding planes in;the limestone.
The ore bodies are associated with north-south fractures 
in the limestone beds.

Pyrite and sericite formed the first mineralization. 
These were closely followed by formation of bornite, chal- 
copyrite, and microscopic amounts of tennantite. Sphalerite, 
formed later, was followed by galena. Galena appears to be 
most abundant in the later stages of mineralization.. The 
age of mineralization is probably Laramide (Bonillas et 
al^, 1917),

Campbell Mine
The Campbell Mine is in the eastern part of the 

Bisbee district. The known ore bodies are mainly in<the 
Escabrosa limestone with some ore located in the Martin and 
Naco limestones. The ore bodies on the Upper levels are 
lenses separated hy limestones, striking northwest,. and 
dipping 25° northeast with the limestone. On lower levels 
a pyrite mass dipping almost vertically has replaced lime
stone (Schwartz and Parks, 1932), and the ore bodies are
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arranged around the outer edges of the pyrite mass. The 
footwall zone of the. ore bodies, passes outward from the 
pyritic body, through chalcopyrite and bbrnite, to chal- 
cppyfite mixed with galena and sphalerite to recry stair 
11zed limestone and hematitej to unaltered limestone.. The 
hanging wall zone of the ore bodies is irregular with ore 
grading to pyrite and silicified limestone to unaltered 
limestone.

Chalcopyrite is. the most abundantjprimary ore 
mineral. Somite*.' associated with chalcopyrite, is alio 
important. Other important sulfides and sulfosalts are 
sphalerite, galena, tetrahedrite, sfromeyerite and enargite. 
It 16 .believed pyrite is the first formed sulfide (Schwartz 
and Parks, 1932) followed by chalcopyrite and bo mite with 
tetrahedrite, tennantite, enargite, and stromeyerite. 
Sphalerite and galena are found in the border phases and 
seem to follow pyrite and the copper sulfides. Bpth galena 
and sphalerite are of minor importance.

Ore formation in the Bisbee district is post 
Pennsylvanian (Ransome, 1904). The district has undergone 
prolonged primary mineralization from the Permian and 
Triassic to the Laramide of the late Cretaceous or early 
Tertiary (Bonillas et ai.. 1917).
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Old Dick Mine
. .... The Old Dick Mine is located about three miles

southwest of Bagdad in Yavapai County. Ore occurs in 
the silicified and sericitized Bridle formation of the 
Yavapai schist in contact with the younger Pre-Cambrian 
Dick rhyolite. The lenses of ore trend northeast iri the 
foliated lava flows of the Bridle formation ands controlled 
by the foliation, dip steeply west. Along the margins of 
the Bridle formation vertical segments of ore ar6 controlled 
by nearly vertical fault zones.

The ore is massive sulfide replacement of dark 
sphalerite and some galena. Thin stringers of pyrite and 
chalcopyrite irregularly cut the sphalerite. Low grade 
copper-zinc ore is disseminated in the pock around the 
sulfide lenses. Silver values are associated with galena. 
The mineralization is believed to be late Cretaceous of.

'i . ■ /early Tertiary, or Laramide (Anderson jst ial.. 1955),

Iron King Mine
The Iron King Mine is located about 12 miles east 

of Prescott in the Big Bug mining district of Yavapai 
■County» The altered zone and the ore bodies.of the Iron

i!King Mine are located in a meta-andesite fuff of the 
Yavapai series. Regional foliation in the metamorphic 
rocks strikes N. 15° to 30° E. and dips steeply west.
The ore deposit is a massive sulfide replacement of
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met a-* and e s i t e tuff along veins which have completely 
replaced the host rock (Creasey, 1950b). The altered 
shear zone occupied by the later formed veins of the 
Iron King Mine, strikes N. 25° E. and dips parallel to 
the regional foliation. The en echelon system of veins 
within the shear zone strikes about N. 21° E. and dips, 
about 71° northwest and each vein extends! farther north 
than its neighbor oh the southeast. The veins are Op 
echelon in both horizontal and Vertical section with each 
vein to the west extending to a higher altitude. The 
veins are on the footwall side of the alt Sirat ion zone 
and,the north ends are closer to the footwall contact 
thah the south ends, i ! .

All veins are zoned in the same manner with the 
nbrth end of each vein consisting of massives greenish 
quartz and sparse pyrite. The quartz has;a sharp contact 
to the south with massive sulfides of mostly galena ancl 
sphalerite with some arsenopyrite$ tiennantite, and chal-* 
copyrite< These sulfides gradually decrease to the south 
as pyrite content increases> and quartz^pyrite stringers 
are formed farther south (Creasey, 1950b). SiIyer has 
been found more closely related to copper minerals than, 
to galena.

The ores of the Iron King Mine are believed to 
have formed in the Pre7Cambrian and may have been rejuvenated 
from older deposits with the metamorphism that formed, the
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Yavapai schist.. Lead isotope, model ages obtained On the 
galenas of the deposit by Giletti give ah age of 1*6.40; . 
million years. This age is older than the age of the 
host rock indicating that the ore has been rejuvenated .. 
from an earlier source.

Tit for Tat Mine
The Tit for Tat Mine is located in the Pima mining 

district south of Tucson in Pima County.. No information 
concerning the mine has been published. The ore bodies 
are small galena pods with minor amounts of pyrite and 
chalcopyrite in volcanic rocks. The ore bodies are believed 
to have been formed after Laramide ttirust faults originated 
in the district (W, Lacy, personal communication).

Golden Turkey Mine
The Golden Turkey M n e  is located in Yavapai County .

south of Cortes Junction. No specific information of the 
mine has been published. The ore bodies of the general 
area are found in the Yavapai schist and are small norths 
east-trending quartz veins carrying galena and pyrite with 
minor amounts of sphalerite and chalcopyrite. Gold and , 
silver are associated with the sulfides in the veins. The 
lead isotope model age determined by Giletti gives an,age 
of 53 million years (Damon et al.. 1963),



Alamosa District
The Alamosa District is located ih the state of 

Sonora* Mexico„ Little information of this district is 
available in the literature. The ore bodies of the district 
are primarily lead-zinc-silver deposits in Paleozoic and 
Cretaceous limestones. These bodies are believed to be 
related to igneous intrusive rocks throughout the district 
(Gonzalez Reyna, 1956).

Cave west of the Baboquivari Mountains i
The Baboquivari Mountains are located in Pima 

County between Sells ahd' Tucson. The galenas come from 
the Fresnal canyon area to the west of the mountains« Other 
than the presence of an undated granite, copper mineraliza
tion, and northeast- arid northwest-trending tension joints 
(Clark, 1956), no published information on the area could 
be found.
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K H uAro gr ap hig analysis ;

3,1 Description of analytical procedure ;
Galenas were prepared for polarographic analyses 

for bigmuth and lead by dissolving 0,1 gram of finely 
ground pure sample in three milliliters of 60% perchloric 
acid at a temperature of 135° centigrade. When the samples 
Were completely dissolved the solution was cooled, the 
sides of the beaker and cover glass washed with deioniged 
water, and evaporated nearly to dryness, j 1 normal nitric 
acid, the supporting electrolyte, was then added,; and the 
solution heated slightly to dissolve any salts that were 
present. The solution was then cooled, and its volume 
increased to fifty milliliters with Inprmal nitric acid. ,
. A Model XII Sargent-Heyrovsky Recording Polarograph

with a dropping mercury electrOEe and mercUty pool reference 
electrode was used. The dropping mercury electrode was 
found to have an optimum rate of one drop?per three seconds. 
1 informal nitric acid was used as the supporting electrolyte,, 
and one drop of 0.01% gelatin solution was used as a maxima 
suppressor. Lead and bismuth standards were prepared by 
dissolving dried, accurately weighed nitrates of these 
metals in 1 normal nitric acid,. All standard solutions

30
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TABLE 2
LEAD AND BISMUTH CONTENT OF INVESTIGATED GALENAS

Galena Localities Bismuthj 
parts per mijLliqn

Per Cent 
"'Ledd

Campbell Mine, Arizona 69 i 86,70
Tiger Mine,,Arizona 1183 80.33
Irish Mag Mine, Arizona 7675 : 83.80
Hansonburg, New Mexico X 2712 82. 86
Tit for Tat Mine, Arizona : 62 ' ̂ 80.50
Alamosa District, Sonora 90Q ! 83,80
Cave west of Baboquivari 

Mountains *< Arizona 1450 [ 86.10
Stukey Mine,Arizona :84,86
Es^eranza Mine, Arizona ' 988 ' 82,37 '
Butte, Montana 1940 85.33
United Verde Mine, .Arizona. , ' 1863 76.00
Golden Turkey Mine, Arizona 3940 79.91 ;
Glove Mine, Arizona V  . ; 2600 82.15
Swisshelm Mountains, Arizona 6185 84,16
Tombstone, Arizona . 275 ' 7 78.26
Qui '|o to a Mount ai n s - Ar i zo na 248 I - • 80,62
Iron king Mine , Ari zona . 272 80.65
Copper: World Inlinê  Arizona 5866 ' 78.89
Old Dick Mine, Arizona 1536 ; 80,00
Bagdad Mine, Arizona 90000 r- 74.90
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and samples were bubbled with nitrogen for fifteen minutes 
prior to analysiss and all were analyzed in the presence . 
of a nitrogen atmosphere. The pdlarograms were recorded 
on 6 x 10 inch Kodak Royal Bromide photographic paper.

TABLE 3 |
LEAD AND BISMUTH CONTENT OF THE FRESNILLO 

SUITE OF GALENAS

Fresnillo Suite partsB“ lUon ? Bead^

F§-340~12 446 !■ 82.55
FS-920-1 3290 80.58
FS^875-13 1155 ; 82.00
FS-875^25 423 81.70
FS^875-29 980 79.00
F$^425m4 7250 82.72
FS.425.5 748 jj 79.74
pS-425-11 1790 79.50

3,2 Results of polarographic analysis for bismuth
Bismuth standards and samples investigated for 

bismuth were analyzed at a voltage span of 0 to 2,0 volts 
with the dropping mercury electrode changing from positive 
voltage to negative voltage in order to fully record the 
polarogram of bismuth for which the half wave potential 
is -<0.01 vplts. Polarograms were obtained on standard
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solutions containing I, 2, 5, 10» 2o9 50s 1009 150, arid
V , :200 parts per million bismuth. The optimum galvanometer 

shunt ratio setting for recordiii^ the poljarogram of a 200 
parts per million bismuth solution was found to be 20 
while a setting of 1 or 2 was found best suited for 
recording polarograms from 1 part per million to 5 parts 
per million bismuth solutions. It was found that the 
instrument employed would record a polarogram for solu-* 
tions of bismuth concentration as low as 0.1 part per 
million.

Bismuth polarograms were reproduced with good 
precision. Half wave measurements on standard and sample
solutions (bismuth concentration from 1 to 5 parts per

),million) analyzed at shunt ratio readings! of 1 and 2 showed 
a variation of less than 3%, Standard solutions and samples 
analyzed at a higher shunt ratio readings! showed variations 
in half wave height of less than 1%.

In all samples analyzed it was foUnd that the 
optimum shunt ratio setting for recording the polarogram 
was. 1, 2, or 5. T h u s , no galena specimen analyzed gave 
the fifty milliliters of solution a bismuth concentration 
of greater than 10 parts per million or less than 0.1 parts 
per million. The higher bismuth content galenas such as 
the Swisshelm Mountains Sample and the Irish Mag Mine 
sample gave well defined polarograms on shunt ratio settings 
from 1 to 20 with the best curves at settings of 2 and 5.
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A shunt ratio setting of 50 was needed to record the
i "  '

bismuth polatogram of the Bagdad Mine galena. The low 
bismuth content galenas such as the Campbell Mine sample 
and the Tit for Tat Mine sample gave measurable polarograms
only on shunt ratio settings of 1 and 2, ;

■ ; ' . - LMost known galena occurrences are ass'dciated with
!:primary copper minerals and may contain copper contamina

tion due to finely intergrown copper minerals. When 1 
normal nitric acid is used as a supporting electrolyte 
in po1arographic analysis the half wave potentials Of 
copper and bismuth coincide„ Copper contamination was 
removed from the dissolved galenas by shaking the fifty 
milliliter sample for two minutes in a separatory funnel 
with an equ#l volume of 0.01% dithizone solution in carbon 
tetrachloride.

Ferric ion present in large amounts is the only 
other element which interferes with the bismuth half wave 
when 1 normal nitric acid is employed as a supporting 
electrolyte. However, only trace iron content should t>e 
expected in' galena. The possibility of interference from 
iron required shaking the dissolved galena samples with a 
dithizoni solution. However9 a citrate buffer was not 
employed, and therefore the dithizone would complex most 
of the iron present as well as the copper. In recording 
the polarograms of bismuth in no case was the polarogram 
of iron seen except in two Fresnillo samples,
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3.3 Results of po1arographic analysis for lead
Since galena does not occur as pure lead sulfide 

it was found necessary to express trace element values 
in parts per million lead. Polarographic analysis for 
lead was carried out on each dissolved specimen and the 
resulting range of' lead content was from 74.9% to 86.7%.

Lead standards and galenas investigated for lead 
were analyzed at a voltage span of 0 to 2,0 volts with the 
dropping mercury electrode increasing in the negative 
voltage range. In 1 normal nitric acid, the Supporting 
electrolyte, the half wave of lead is found at -0.405 volts. 
Polarograms were obtained on standard solutions of lead 
concentration of 0,0125 gram of lead per milliliter and 
0.0200 gram of lead per milliliter. The optimum shunt 
ratio setting for polarographic determination of lead in 
this study was found to be 200. This setting was also 
sufficient for recording the lead polarograms of the 
dissolved galenas as the lead values all fell within the 
range of the standard solution concentrations,

When 1 normal nitric acid is used as the supporting 
electrolyte in polarographic analysis for galena the 
reduction of thallous ion is the only reaction which 
interferes with the lead polarogram. Thallium is present 
in galena in trace quantities usually less than 1000 parts 
per million while lead is present in very high concentrations.



Therefores when a shunt ratio setting of 200 is used in 
analysis for lead the thallium polarogram; does not add 
tp the height of the lead polarogram because of the low 
Sensitivity imposed on the instrument by this high shunt
ratio setting. ;

;
Lead polarograms were reproduced with excellent 

precision. The half wave heights of the polarograms of
i

the 0.0200 gram of lead per milliliter standard solution 
were consistently 60% higher than those of the 0*0125 gram 
of lead per milliliter standard solution* The variation 
in half wave height of the lead polarograms of the galena 
samples analyzed was usually not measurable. The greatest 
variation in half wave height of the lead polarogram, 1%$ 
was found in the analysis in triplicate of the United 
Verde Mine galena.



CHAPTER IV

COLORIMETRIC ANALYSIS FOR SILVER

4*1 Description of analytical procedure
Silver content of these galenas was detefdined 

absorptiometrically by the double reversion prodess with 
dithizone as outlined by Bounsall and McBryde in Canadian 
Journal of Chemistry. Volume 38* 1960. In this process , 
Silver, copper> and mercury are extracted as dithizonates 
in chloroform from galena dissolved in weak nitric acid 
solution. Silver is separated from mercury and copper 
by decomposing silver dithigonate with a-15% sodium 
chloride solution in 0*015 molar hydrochloric acid. This 
solution is then diluted, the pH adjusted to 4.6, and 
silver again extracted as a dithizonate into chloroform. 
The silver content of this solution is then determined 
absorptiometrically. This analytical procedure was 
altered only by substituting a Fisher Model A, ■C, 
Electrophotometer with a 650 mp filter for a Beckman 
Model DU Spectrophotometer with a 610 mp filter.

4.2 Results of analysis for silver
Results of silver analyses are shown in Table '4. 

Most of the galenas analyzed are in the range of 100 to

37 ;
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TABLE 4 ;
SILVER CONTENT OF INVESTIGATED GALENAS

Galena Localities j Silver 
parts per million

Campbell Mine, Arizona 
Tiger, Arizona 
Irish Mag Mine, Arizona 
HansOnburg, New Mexico 
Tit for Tat Mine,,Arizona 
Alamosa District, Sonora 
Cave west of Baboquivari Mts. 
Stukey Mine, Arizona 
Esperanza Mine, Arizona 
Bptte, Montana 
United Verde Mine, Arizotia 
Golden Turkey Mine, Arizona 
Glove Mine, Arizona 
Swisshelm Mountains 
Tombstone, Arizona 
Quijotoa Mountains 
Iron King Mine,,Arizona 
Copper World Mine, Arizona 
Old Dick Mine,Arizona 
Bagdad Mine,,Arizona

f 430 
I 342 
2625 

; 293
695 

: 230
i; 1280
! 695
; 3i6
; 740
I 437 
| 2171 
! 698
!■ 7236 

134!'
310 

!: 655
4075 

; 1014 
2700
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700 parts per million silver. Seven samples are higher 
than 1000 parts per million silver. The samples from 
the Smsshelm Mountains and the Copper World Mine are 
very high in silver. Wo sample was found to have a 
silver content lower than 100 parts per million,

TABLE 5
SILVER COWTEWT OF THE FRESNILLO SUITEiOF GALENAS

Fresnillo Suite Silver 
parts per million

'FS~340*12 
FS-* 920-1 1200
FS-875-13 1367
FS-S75~25 1460
FS-875*29 1830
FS-425-4 1525
FS-425-5 1985
FS-425-11 2630

If was found that the double reversion process 
using a Fisher A. C. Electrophotometer could detect silver 
dithizonate in chloroform in concentrations as low as 0.1 
part per million. This seemed to be the lower limit of 
detection when a dithizone solution of ten milligrams 
per liter of chloroform was used to extract silver. Even 
lower silver concentrations could be detected using more
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dilute dithizone solutions to extract silver. A dithizone 
solution of at least twenty milligrams per liter in chloro
form was necessary to extract totally silver in concentra
tions greater than 60 parts per million in an unknown or 
standard solution.

A standard silver solution of ten micrograms per 
milliliter was prepared by dissolving dried5 accurately 
weighed s i l v e r  nitrate in 1:99 nitric acid. Standard 
solutions df 0.5, 1, 10$ 20, 50* and 100 jmicrogram^ of 
silver w6fe prepared from this solution. Standard curves 
were prepared by extracting the silver from these solu^ 
tions by the double reversion process.

In most cases a dithizone solution of ten milli
grams per liter of chlotoforni was sufficient to extract 
totally silver from dissolved galenas. In the cases of 
the Swisshelm Hountaihs sample and the Irish Mag Mine 
sample it was found that a solution of about fifty milli
grams of dithizone per liter of chloroform was necessary 
to extract totally silver from the dissolve sample. A 
stajidard curve for extracting silver values greater than 
60 parts per million by a fifty milligram dithizone solu
tion per liter of chloroform was necessary to evaluate the 
silver concentrations of these two samples.

Analyses of all standards and samples were corrected 
for a blank. The correction for a blank ifan as low as a
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very small fractioil of a part per million to as high as 
a part peifi million. It is believed that much of the 
correction fdt blank was not due only to silver contamina
tion but partly to the decomposition of dithizone solution 
during thd double reversion process»

The most precise results were obtained for 
stapdards and samples of silver concentration from 0*5 
to 15 parts per million* For standards and samples of 
silver concentration greater than 15 parts per million 
results were less precise. The widest variation in 
absorptiometric readings obtained on a galena analyzed 
in triplicate for silver was 20%.



CHAPTER V

URANIUM ANALYSIS

5.1 Results of fluorimefric analysis
The uranium content of each galena was determined 

fluofirtietfically (Table 6) using a Jarrell-Ash Model 
Galvanek-Morrison Fluorimeter. Between one and two 
tenths of a gram of pure, finely ground galena was dis
solved in twenty-five milliliters of concentrated hydro
chloric acid at a temperature of about 100° centrigrade. 
When the galena was completely dissolved the volume of 
the solution was increased to fifty milliliters and tfie 
solution stored in polyethylene bottles for not more than 
a week before analysis.

From a calibrated pipette four drOps of each 
galena solution was absorbed in a Fluoroflux tablet of 
98% sodium fluoride and 2% lithium fluoride. Each galena 
solution was analyzed in triplicate by treating three

i'

tablets with four drops each. Three more itabidtp were 
treated with four drops each of a standard solution of 
0.01 part per million uranium, and one tablet, a blank, 
was treated with four drops of water. The galena solution 
tablets, the standard solution tablets, and the blank solu
tion tablets placed in platinum crucibles were dried for

42



TABLE 6
URANIUM CONTENT OF INVESTIGATED GALENAS

Galena Specimen part^p^mllllon

Campbell Mine 2.31
Tiger (Saint Anthony) j: 2*76
Irish Mag Mine ; 2.02
Hansonburg 3.11
Tit for Tat Mine 2.90
Alamosa District ; 1,31
Cave west of Babo^uiVari Mts, ; 4.26
Stukey Mine ! 2.35
Espetanza Mine 2.75
Butte : 3,69
United Verde 1,57
Golden Turkey 3.70
Glove Mine ; 1.75
Swisshelm Mountains I 2.38
Tombstone ! 2.68
Quijotoa Mountains 6.65
Iron King Mine 1.80
Copper World Mine 4.12
Old Dick Mine 3.84
Bagdad Mine 2.81
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ninety minutes on a hot plate at about 150* centigrade„
After drying, each tablet was fused in its platinum 
crucible at 1000° centigrade for two minuted. The 
pellets were slowly cooled and analyzed in the fluorimeter. 
The readings obtained, corrected for blan%, were used to 
calculate the uranium content of each galena specimen.

It was found that, when more than three tenths of 
a gram of galena was dissolved in twenty-five milliliters 
of concentrated hydrochloric acid, sulfur would precipitate 
from solution on dilution with water to fifty milliliters. 
Fluorimetric analysis of these solutions,;after they were 
filtered to remove the sulfur, usually showed a lower 
uranium content. This suggested that, in this case.
Sulfur coprecipitates some uranium.

The final results indicate that all samples investi
gated were low in uranium content. The range varied from 
1.31 to 6.85 parts per million.

5.2 Investigation of the distribution of uranium in galenas
rUranium distribution was investigated in ten of the 

galena samples. Gross alpha counting using a two inch 
scintillation counter was undertaken on these samples.
The results given in Table 7. show that all the samples 
were of low activity. The sample from the cave west of 
the Baboquivari Mountains was the most radioactive of the 
samples counted. Various size fractions of this sample
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were counted and the activity showed little variation with 
size fraction indicating a fairly even uranium and thorium 
distribution.

Comparison of the alpha count data (Table ¥). .and . '
the fluorimetric analyses (Table 6) of some of the galenas

' -- : -  .

analyzed for uranium shows a non-linear variation. For
■ ■ ■ ’ , • liinstance, reference to Table 6. shows that the galenas 

from the Campbell Mine and the Swisshelm Mountains have 
similar uranium contents. However, the alpha count of the 
Campbell Mine galena is nearly five times that of the

i
TABLE 7 : i

ALPHA ACTIVITY OF SOME GALENAS

Galena Sample Alpha counts per hour

Campbell Mine 
Hansonburg
Tit for Tat Mine
Glove Mine
Swisshelm Mountains
Cave west of Baboquivari Mountains
Tiger (Saint Anthony)
Alamosa District
Irish Mag Mine
Butte

5,94
16.13
16.50
3.30
1.31 

30,12
2.43
1.80
1.17

14.00
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Swisshelm Mountains galena. This variation in alpha count 
data may be because of a higher thorium content of the 
Campbell Mine galena* or it may be because of loss of 
radioactive uranium daughter products during the history 
or the preparation of the Swisshelm Mountains galena.

As part of the investigation of uranium distribu
tion in galena the most radioactive samples were boiled 
for twenty-four hours in deionized water. The purpose of 
this treatment was to determine if any extraneous uranium 
and thorium present was in the form of water soluble 
material. The results shown in Table 8 show' that 
for three samples a significant reduction in radioactivity 
was accomplished. Practically no change in radioactivity 
occurred in the sample from the Swisshelm|Mountains as a 
result of the boiling water treatment. The sample from 
cave west of the Baboquivari Mountains shewed the highest

' . TABLE 8 I
EFFECT OF BOILING ON THE ACTIVITY 

OF SOME INVESTIGATED GALENAS

Alpha Counts Alpha Counts 
Galena Specimen per houfi per hour

before boiling after bpiling

Hansonburg 12,54 j 10,06
Tit for Tat Mine 12.60 11.60
Swisshelm Mountains 1.33 1,30
Gave.west of Baboquivari Mts. 28.80 19.38
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. ■ r
reduction of radioactivity as a result of [the boiling; water 
treatment. In all cases weight loss of the samples during 
boiling was negligible.

As a further investigation of uranium distribution 
ten samples were subjected to warm acid leaches for various 
lengths of time. Two tenths of a gram ofipures finely 
Crushed portions of each galena sample were subjected 
to leaching periods of thirty seconds,, one, five, ten, 
thirty, and sixty minutes in 3 normal hydrochloric acid 
at a temperature of 100° centigrade. After each leach 
the samples were rinsed thoroughly with deionized water 
until all the acid was removed. Particular care was taken 
to let any fine particles of galena settle during the 
rinsing process. The galena remaining was dried, weighed 
to determine the amount lost in leaching,and dissolved 
in twenty-five milliliters of concentrated hydrochloric 
acid. The volume of this solution was increased to fifty 
milliliters with deionized water, and four drops of the
solution transferred to each of three Fluoroflux tablets.

! •

These tablets and tablets containing standard solution 
were fused in platinum crucibles for two minutes at 1000°

‘j.centigrade. The tablets were then analyzed fluorimetrically 
and the uranium content of the leached galena fractions 
obtained. The results of the leached portions are shown 
in Table 9.
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TABLE 9
RESULTS OF VARIABLE TIME LEACH IN WEAK 

HYDROCHLORIC ACID ON SOME GALENAS

Leaching Time
30 1 5 10 30 1

secs. min. mins. thiri s. mins. hour

Campbell gms. remaining 0,132 O.^lb 0.191 0,17Y 6,140 Oil06
Mine ppm uranium 0.80 0.77 0.71 1.47 3.1 7.0

Hansonburg 0.226 0,200 0.180 0.171 0.134 0.097
- 1.64 1,7 1.76 .1.66 1.63 1.78

Tit for 2'40 0.229 0.177 o‘l75 o!ll5 0.090
Tat Mine 1.55 1,20 1.39 1.58 1.58 2.19

0.215 0.200 0.170 0.160 0.130 0.100
0.28 0.32 0.21 0.20 0.18 0.18

Swisshelm 0.240 0.220 0,183 0.156 0.126 0.108
Mountains 0.34 0.32 0.36 0.53 0.51 0.78

Tiger 0.230 0.200 0.168 0,120 0.110 0.08
(Saint Anthony) 0.71 0.38 0.82 1,00 1.10 1.65

Alamosa 0.220 0.195 0.190 O.IT'O 0.130 0.103
District 0.75 0.91 0.9p 0.90 0.85 0.88

0.228 ,0.205 0.177 0.150 0.130 0.120
1.50 1.34 1.14 1.40 1.23 1.14

: ■■■ " ‘ '• 0.213 0.190 0,180 0.160 0.171 0.100
2.58 2.84 2.08 1.94 2.00 1.80

Cave west of Babo- 0.230 0.210 0,180 0.170 0.058 0.040
quivari Mountains 1.12 1.05 1.12 1,11 3.90 6.80

Irish Mag 
Mine

Butte

Glove
Mine

Galena 
 ̂ Specimen



The purpose of this procedure was to determine if 
loss of uranium content in galenas during leaching was 
proportional to the amount of sample dissolved. Some of 
the ten samples on which the acid leach was carried out 
showed a positive correlation. It was particularly well 
shown on the Campbell Mine sample where uranium is con
centrated by a factor of about ten in the; progressively 
smaller unleached portion of the galena. The same results 
are shown in the Swisshe1m Mountains sample, the Tiger 
sample, the Tit for Tat Mine sample, and the sample from 
the cave west of the Baboquivari Mountains. The Irish 
Mag Mine sample, the Butte sample, and the Glove Mine 
sample showed a decreasing uranium content in the pro
gressively smaller undissolved portion of the galena. The 
samples from Hansonburg and the'Alamosa District have a 
uniform and constant uranium concentration.



chapter VI

CONCLUSION

6.1 Discussion of silver content of investigated galenas
All galenas analyzed were found to contain at 

least moderate amounts of silver. All the galenAS investi
gated are either definitely related to igneQUs intrusions, 
or are located in areas of igneous intrusions. NO tele- 
thermal galenas such as those found in the Mississippi 
Valleys which appear to be independent of an igneous source, 
and have low silver contents were investigated in this 
study.

For the purpose of discussion of the data presented 
in this study, galenas that contain less than 100 parts per 
million silver or bismuth will be referred to as low in 
silver or bismuth/ Galenas with silver or bismuth contents 
greater than 100 parts per million and less than 500 parts 
per million will be referred to as medium in silver or 
bismuth content. Galenas with silver or bismuth content, 
higher than 500 parts per million will be referred to as. 
high in silver or bismuth. ;

The Arizona samples investigated in this study 
were of high or medium silver content. These samples and

50
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the one from the Alamosa district are from the Basin and 
Range province which has lead-zinc-silver mineralization 
associated with widespread copper mineralization.

A variation in silver content from galenas of
different deposit types was found in this study, although

)• ■

definite extremes of silver concentration in a deposit 
type have not been determined. Table 10 shows the results.

Each parent deposit Of the galenas is classified 
hydrothermally by Lindgreh’s classification modified by 
Ridge. This method, based on mode of formation, mineral 
assemblage, and ore coritrol, is primarily a temperature- 
pressure classificatioh. Table 11 gives the temperature 
and general pressure of formation of each division of the 
hydrothermal deposits considered in this study.

TABLE 10 :
COMPARISON OF SILVER. AND BISMUTH CONTENTS 
OF INVESTIGATED:.GALENAS WITH DEPOSIT* TYPE 

AND AGE OF FORMATION OF DEPOSIT

Galena Localities

Swisshelm Mountains 
)6r World Mine 

Bagdad Mine 
Irish Mag Mine

Golden Turkey Mine

Silver Bismuth Type I of' Depbsit Age 
ppm ppm if known if known

7236
4075
2700
2625

2171

6185 Epithermal .
5866 Epithermali "

90006 Me $,b thermal
7675 Uhknown

3940 Unknown

Unknown
Laramide
Laramide
Laramide- 
Nevadan
Laramide
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TABLE 10 --Continued

Galeria Localities

Cave west of Babo- 
quivari Mountains

Old Diek Mine 

Butte
Glove Mine

Stukey Mine 
Tit for Tat Mine 
Iron King Mine

United Verde Mine

Campbell Mine

Tiger

Esperanza Mine 
Quijotoa Mountains

Hansonburg

Alamosa
Tombstone

Silver Bismuth Type of Deposit Age 
ppm ppm if known if known

1280 1450 Epithermal Unknown
1014 1536 Mesdthermal- Laramide

Hypd thermal
740 1940 Me so thermal Lar amide
698 2600 Meso thermal- Laramide

Leptothermal
695 648 Unknown Laramide
695 62 Epithermal Laramide
655 272 Mesothermal Pre-

Cambrian
437 1873 Mesothermal- Pre-

Hypo thermal Cambrian
430 69 Mesothermal Laramide-

Nevadan
342 1183 Mesothermal- Laramide

Hypd thermal
316 988 Mesothermal Laramide
310 248 MeSqthermal- LaramideLeptothermal
. ? v  . .295 2712 Leptothermal- Unknown

Epithermal
230 900 Unknown Unknown
134 275 Mesdthermal- Laramide

Leptothermal
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TABLE 11
LINDGREN1S HYDROTHERMAL CLASSIFICATION MODIFIED 

BY RIDGE (LINDGREN, 1933)

Hydrothermal 
' Division

Temperature
Range Pressure

Epithermal 50o-100° low to moderate
Leptothermal 150o-250° moderate
Mesothermal 200o-300° moderate to high
Hypothermal• 300o-500° high

The following equation, the "t" test, tests the
difference between two means:

• / r r r
V  nl n2

nl> n 2 ~ number of samples of which 
and are the means,

Xf, X2 = the two separate means,

Z(X^ - X^) + S(X2 - X2)2
n l + - 2

Application of the f,tn test, using mean silver 
content of investigated galenas from sources with epi- 
thermal characteristics as one mean and the mean silver
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content of investigated galena from sources without.epi- 
thermal characteristics as the other, mean, results in 
t = 2.01. lAtis,'; the difference betwen the. two means 
is significant on the 0.02 level, and the silver content 
of epithermal galenas studied is significantly different 
from that of the non™.epithermal -galenas ..studied with one 
chance in fifty of. being .wrong.

.Application of the 111’1 test to the difference 
between the two sample mearus, .where one mean is the silver 
content of Laramide galenas studied, and. the other:mean 
is the silver content of Pre-Laramide galenas studied, 
results in t = 2.03. Thus, the difference between the 
two means is significant on the 0.02 level, and .the silver 
content of the Laramide .galenas studied appears to be 
significantly different from that of. Pre~Larami.de galenas 
studied with once chance in fifty of beinjg wrong. How-* 
ever, it is doubtful .that the application of the "t" 
test is valid here. Only two galenas, the Iron King 
Mine sample Arid the United Verde Mine sample are defini
tely Pre-Laramide. The samples from the Bisbee area, 
the Irish Mag Mine sample, and the Campbell Mine sample 
may have originated in either the Nevadan or Laramide 
disturbance. Thus, the results of this study gave little 
basis for a silver content-age relationship in the galenas 
investigated. A silver content-age relationship may be 
determined when more Pre-Laramide galenas are investigated.
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It is possible to suggest that all three, dis- . 
turbances produced high and. medium -si-lyeis content. in the 
galenas studied, or the Laramide.. dLsturhaUce produced 
high and medium silver content galenas and contaminated 
any earlier formed low silver- galenas- (Figure 2) „ The
latter conclusion, the more impropable of the two., could
be proved by more lead isotope dates on the galena occur
rences of the state. The former conclusion could be. 
proved by determining the silver content of more Pre- 
Laramide galenas. However, it has been shown from the 
analysis of the Fresnillo galenas that the silver content 
of galena within a deposit may vary. Therefore, it may be 
necessary to make silver analyses on galenas from various 
locations within deposits in order to find ranges of silver 
contents to compare with lead isotope data. Few age deter- 
minations of Arizona galenas by the lead isotope method 
exist. Table .12'. compares the lead isotope model ages 
of Arizona galenas obtained by Glletti with their silver 
content. Many more determinations are needed in ofdel to 
establish a silver content-age relationship.

Also, from the resuIts presented in Table 10 it can
be coneluded that, of the galenas studied, those formed in 
epithermal deposits are higher in silver. The Sample from 
the Hansonburg district may be an exception. It is, however, 
not strictly epithermal as some leptothermal character!sties 
are also present. Lasky (1932) presents evidence that
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suggests a telethermal origin for deposits of the Han- 
sonburg district. . I

The mesothermal, leptothermal^ anid hypo thermal 
galenas investigated may also be high in silver but range 
downward to much lower values as with the samples from 
Tombstone and the Quijotoa Mountains (Figure 3). These 
deposits, except for those mesothermal deposits of
extremely high silver content, are practically ind'iLstin-

j;guishable when based on silver conteiit alone.
It is interesting to note that no galenA samples 

had silver concentration between 700 parts per million 
and 1000 parts per million except the sample from Butte, 
Montana. This sample is not from the same physiographic 
province of North America and therefore may not have the 
same basis for the trace element content as the samples 
from the Basin and Range province. j

The analysis of a suite of galenas from Fresnillo, 
Zacatecas, Mexico (Table 5) shows that silver content of
galena varies within the deposit. Analyses of galenas

■ !:from the Broken Hill deposit. New South Wales,Australia 
(Bounsall, 1961) also show a variation in silver content. 
The trace element content of a mineral should be expected 
to vary because of impurities from finely intergrown 
minerals, recrystallization through post-ore igneous and 
metamorphic processes, and oxidation by supergene processes.
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......TABLE 12.
COMPAEISQN -OF LEAD ISOTOPE AGES AND EILVER ..AlSID BISMUTH 

CONTENT OF INVESTIGATED GALENAS FROM ARIZONA

Galena Localities Silver
ppm Bismuth ppm ;

Lead isotope, 
model age id 
million years

StuKey Mind '695 648 ! modern
Golden Turkey Mine 2171 3940 !;

i;
53

Quijotoa Mountains 310 . 248 j anomalous
Iron King Mine 665 272 ; 1640
United Verde Mine 437 1863 ; 1750

6.2 Discussion of bismuth content of investigated galenas 
A wide range Of bismuth content for galenas from 

different types of hydrothermal deposits in the Basin and 
Range deposits was found. However, an extreme range of 
bismuth concentrations was found in galenas studied from 
all types of hydrothermal deposits„ The range of bismuth 
contents was much greater than that Of silver. The lowest 
sample of 62 parts per million bismuth was from the Tit 
for Tat Mine and the highest sample of 90,000 parts per 
million was from the Bagdad Mine. The sample from the 
Bagdad Mine had a bismuth content greater; than ten times 
that of any other sample studied. Repeated polarographic 
analyses on the sample substantiated this: result.



60

Most of the samples weire found to be high in 
bismuth content. This included the samples from but side 
the Basin and Range,.province. .From the results presented 
in Table TO it. can be concluded that the bismuth content 
of the galenas investigated is not as dependent On deposit 
type as is the silver content. All the hydrothermal types 
of deposits have representatives high in bismuth.

It is interesting that all samples investigated 
which had silver contents greater than 1000 parts per 
million have bismuth contents greater than 1000 parts 
per million. However, not all the samples with bismuth 
contents greater than 1000 parts per million are acconn 
panied by silver contents as great as this (Figure 4).

The polarographic analysis of the Ffesnillo suite 
of galenas (Table 3) shows a greater than tenfold varia
tion in bismuth content. This range is much greater than 
that of silver. On comparing the silver Analyses and the 
bismuth analyses of the suite, it can algo be seen that 
galenas of highest silver content do not necessarily 
contain the highest bismuth content. Further investiga
tions may find a wide range.of bismuth content in suites 
of.galenas from other localities investigated in this study.

Since few galenas investigated here are of Pre- 
Laramide origin, application of the t" test to define a 
bismuth content-age relationship! is not yalid. A bismuth 
content-age relationship may be determined when more



61

it,

15 ,

FIGURE 4

\3

3

*7

19

IO
<6a

6 149

17II

KEY ON PAGE 10

to5

io4

»8 ic?

To3*

io'
I O *  .  • .  I O *  I O *  • I O '

SILVER CONTENT ~  PPM

BI
SM

U
TH

 
C

O
N

TE
N

T 
 ̂

PP
M



62

Pre-Laramide galenas are investigated (Figure 5), As 
stated before, most of these galenas were formed with 
or as a result of the Laramide disturbance. The excep
tions are the samples from the Campbell Mine, the Irish 
Mag Mine, United Verde Mine, and the Iron King Mine.
These samples have bismuth contents similar to those 
formed in or as a result of the Laramide disturbance.
It appears that the relative age of formation of these 
galenas cannot be told by the bismuth content alone. 
Reference to Table 12 . comparing the silver and bismuth 
contents with the lead isotope model ages of some Arizona 
galenas shows no trend.

It was found in this study that the most impute 
galenas did not always contain the highest, amounts of 
bismuth and silver as in the case of the sample from the 
Bagdad Mine. For instance, the samples frpm Butte, the 
Stukey Mine, the cave west of the Baboquivari Mountains, 
and the SwlsShelm Mountains were found high in silver and 
bismuth but contained no substantial amounts of other 
impurities. j /

6,3 Discussion of uranium content of investigated galenas 
Many galenas formed should be expected to have some 

extraneous uranium. As has been stated before, few investi-
: \  v

gations of the uranium distribution in galena have been 
attempted (Wright et aI.. 1957, 1960). Consequently, in
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many cases it may be difficult to find a basis to dis
tinguish between disseminated uranium and uranium intro
duced into the mineral after crystallization (extraneous 
uranium). This is particularly true when:the uranium 
content of a given galena sample is low as in the cases 
Studied here.

The results of the present study merely show that 
the uranium distribution is uneven in most of the galenas 
investigated. The only real proof of the|presence of 
extraneous uranium is indicated from the results of the 
boiling procedure.

Disseminated (cogenatic) uranium can vary within 
a given mineral specimen. Qualitatively^[assuming that 
most of the uranium in these samples is not extraneous, 
it can be said that for samples with uranium, concentrated 
toward the center of crystals conditions favorable for 
dfanium concentration were present early in the mineral's 
formation. This may be the reason for the apparent con
centration of uranium toward the center of the crystals in 
the galenas from the Campbell Hine^ Tit for Tat Mine, Tiger, 
and the cave west of the Baboquivari Mountains (Table 9).

The presence of extraneous uranium :as water sol
uble material was shown in the more radioactive galenas 
investigated in this study. These samples which contained 
only a few parts per million uranium showed definite losses 
in radioactivity. The boiling water treatment was not
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attempted on the galenas of extremely low uranium content 
as it would be difficult to detect actual; losses due to 
this treatment. Of course, not all the extraneous uranium 
is present as water soluble material, and other methods 
are necessary to determine this material. A weak acid, 
leach will remove much of this material, but it will 
undoubtedly remove some disseminated uranium. This was 
probably the case in the acid leach procedures undertaken 
in this study. A decrease in uranium content of the 
remaining unleached portions of galena suggests that some 
uranium is concentrated in the outer portions of the crys
tals near primary fractures and surfaces and could be 
extraneous. This may apply to the samples from Butte, 
the Glove Mine, and the -Alamosa District although an 
alternative explanation is that uranium bearing solutions 
were introduced late during the formation of the galena.

Although not determined, extraneous uranium was 
probably lost from many of these samples during preparation 
and purification. These losses could be attributed to 
crushing, grinding, and emersion in liquids used for 
rinsing and mineral separation.

It should be noted that most of the mineralized 
areas of Arizona have been subjected to either several 
periods of mineralization or one long period of mineraliza
tion (Wilson, 1961), Thus, repeated introduction of uranium

I:
) . . •  ' 1 f -
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into previously formed galena may be possible in many 
cases. This widespread occurrence of extraneous uranium 
would limit the use of such age determinatiori methods as 
uranium-lead and uranium-helium if the extraneous uranium 
could not be determined. In cases where extraneous urinium 
is not determined these methods could be expected to give 
only ah age reflecting the introduction of later contamina
tion. I

From the low uranium concentrations obtained by the 
f luorimetric analysis of each galena occurrence* it is not 
possible to determine if uranium is concentrated in higher 
or lower temperature deposits. The low uranium concentra
tions obtained may be indicative of primary sources of low 
uranium concentration. However* without an investigation 
of the rahge of uranium content* this proposal may not be 
valid as uranium concentrations may hdve an extremely wide 
range within galena from any given deposit.

6.4 Suggestion for further investigations
The results of this study itiake pbsŝ iblfe suggestions 

for further investigations.
It is advisable to determine the range of silver 

and perhaps bismuth content within a galena deposit before 
using these to aid in classifying a deposit hydrothermally. 
this is necessary because considerable overlap and no 
definite boundaries of trace element contents were found 
for each type of hydrothermal deposit considered.
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It is concluded .that much more trace element and 
lead isotope-data on Arizona galenas is needed in order 
to establish a trace element^age relationship and to 
determine which, if any, otogenic disturbances produced 
high or low trace elemerit content galenas.:

If the helium age dating method is to be used on
galenas5 methods for determining extraneous uranium must 
be developed, A method has been given fop determining 
water soluble extraneous uranium, but methods for deter
mining other forms of extraneous uranium need to be 
developed.

It is suggested that ranges of uranium content 
in various galena suites be investigated in order to 
determine if these ranges are the result of later con
taminations or are cogenetic with the formation of the 
galenas. A study of this nature could be done with the
application of the helium age dating methbd.
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