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ARIZONA GEOLOGICAL SOCIETY 

1 9 8 8  Spring Field Trip 

VISIT TO THE BIGHORN, SOCORRO AND COPPERSTONE GOLD MINES, ARIZONA 

April 1 6  and 1 7 ,  1 9 8 8  

Hugo Dummett and Nora Colburn, Trip Leaders. 



COPPERSTONE GOLD MINE, LA PAZ COUNTY, ARIZONA. 

View of the new open pit of Cyprus Coppers tone Gold Corp. 

The photo faces south towards the main ranges of the Dome 
Rock Mountains, which are on the skyline. The low 
foothills in the upper right hand part of the photo are 
called the Moon Mountains by some, but referred to as the 
Dome Rock Mountains at the mine. A large detachment fault 
that strikes NW-SE daylights in the these foothills and 
dips to the northeast (i.e. towards the lower left corner 
of the photo) under the orebody. The ore at the mine is 
in the Coppers tone Fault which dips to the northeast at 
about 30°, and is exposed in the pit. The pit parallels 
the strike of this fault. The dark dump between the pit 
and the office-plant complex is ore. The access. road to 
the property can be seen at the upper left edge of the photo. 



CONTENTS 

INTRODUCTION: 

ACKNOWLEDGEMENTS: 

ITINERARY AND ROUTE MAP: 

ROAD LOGS: 1 )  WICKENBURG TO AMBROSIA MILL. 

2) AMBROSIA MILL TO SOCORRO MINE. 

3) PARKER TO COPPERSTONE MINE. 

GUIDEBOOK PAPERS: 

BACKGROUND MATERIALS: 

MAPS: 

LIST OF PARTICIPANTS: 



INTRODUCTION 

On behalf of the Ar izona Geological Society, we would like to 
welcome you to the 1 98 8  Spring Field trip. As most of you know, 
the trip will include visits to two new gold mines at Bighorn and 
Copperstone, as well as a visit to the Socorr o  Mine, which is an 
important gold pr ospect. 

The selection of Bighorn and Copper stone as two of the mine sites 
for this field tr ip has much to do with the fact that they are 
two of Ar izona's newest gold mines Bighorn will go into 
pr oduction this y ear, whereas Copperstone went into pr oduction 
late in 1 98 7 .  They also repr esent a type of or e deposit and 
style of mineralization that appears, thus far, to be restr icted 
to western Arizona, southeastern California and northwester n 
Sonor a. In particular, the gold ± silver miner alization is 
hy dr othermal, and is primar ily associated with hypogene 
specular ite ± hematite + silica in association with base metals 
(copper ±zinc ± lead) . 

The zones of miner alization are hosted by nor mal faults which may 
be listr ic in char acter, and which appear to be subor dinate to 
lar ger, regional structures. In some instances the lar ger 
str uctur es can be identified as detachments, wher eas in some 
examples such a structur al association is difficult to establish. 

Two of the papers wr itten for this guidebook by Dick Beane and 
Tony Kuehn r eview and discuss the geochemistry of the fluids that 
may be r esponsible for emplacing this ty pe of gold miner al
ization. It is suggested, for example, that these particular 
fluids ar e moder ately saline and that gold may be tr ansported as 
a chlor ide complex. These two char acter istics explain why ir on 
is pr esent as an oxide and why the associated minerals ar e base 
metals. 

By way of contrast, it should be remember ed that many of the 
volcanic-hosted and sediment-hosted gold deposits of Nevada and 
California ar e associated with ir on sulfides and a suite of 
elements that commonly include antimony, ar senic and mercur y. 
The fluids associated with these particular deposits ar e pr oposed 
to be dilute with r espect to salinity and include gold complexed 
with sulfur . 

These "Sonora- type" deposits then 
class of gold deposit that exhibit 
contr ol at their sites of emplacement 
been accomplished by fluids that have 
unique geochemistry. 

appear to be a distinctive 
a very strong structur al 

and miner alization that has 
a restricted and somewhat 

We hope you all find the mines exciting and enjoy the opportunity 
to meet with other member s of the AGS in a very informal setting. 
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I TINERARY 

Field T r ip Leaders: Hugo Dummett and No ra Colburn. 

Saturday , Apr i l  1 6, 19 8 8 . 

8 :30 am 

9:00 am 

1 0:30 am 

11 :45 am 

12:15 pm 

1 :1 5  pm 

2:05 pm 

3:05 pm 

4:05 pm 

5 :  30 pm 

6:30 pm 

Depart from the Ame r i c inn Motel park ing lot , 
wickenbu rg. 

stop 1 .  Hills south of Vul tu r e  M ine. 

stop 2. B i gho rn P r oject. V i s i t  mine s ite. 

Leave B i gho rn Mine. 

Lunch s top (±45 
Hassayampa P l a in. 

minutes ) overv iew o f  

s top 3. Overview o f  Ha rquahala Mount a ins. 

Amb ros i a  M i l l .  

s t op 4. Soc o r ro M ine. 

Leave Socorro M ine. 

A r r ive at 
partic ipants 
P a rker. 

P a rke r , A r i zona. Field t r i p 
w i l l  s t ay at v a r ious ho tels in 

BBO for all f i eld t r ippe r s  at River I s l and St ate 
P a rk. The State P a rk is about 1 5  minutes d r ive 
north o f  P a rk e r  and a map i s  attached to the 
guidebook that w i l l  g iv e  you d i rect ions on how 
to get there. 

Sund ay , Ap r i l  1 7 ,  19 8 8 . 

8 :00 am 

8 :45 am 

Leave from parking lot o f  the Hol iday Kas bah 
Motel and d r ive to Coppe rstone. 

A r r ive at Coppe rs tone M ine and s pend the morn ing 
v i si t ing the mine. The tou r of the mine w i l l  be 
l ed by the Cyp rus Coppers tone mine geolog i s t , 
Graham Kelsey. 

1 2:00 noon Depart for home. 
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DAY I 
ROAD LOGS 



GEOLOGIC OVERV I EW OF THE VULTURE MOUNTAINS 

The Vul tu r e  Mounta ins consi s t  o f  three p r inc ipal t ime - l i tholog i c  
un i t s ,  P roterozoic metamo rphics, Cret aceous ( L a r am ide ) intrus ives 
and Tert i a r y  volcanics and subo rd inate sed iments . The P rotero
zo i c  and Cretaceous l i thologies form the basement for the area 
and a r e  unconformably ove r l a in by the Tert i a r y  rocks. 

The oldest rocks a r e  members o f  the P rotero z o i c  Yavapai 
Superg roup (1 .8 -1 .7 Ga ) ,  which consists of amphibol i te, schist 
and gne i ss, whose protol i ths volcanic, s ed iment a ry and pluton ic 
rocks. Fol i a t i on attitudes commonl y st r ik e  northeast to 
northwe s t  and d ip mod e rately to steeply to the no rth. The Late 
Cretaceous int ru s ives are equ igranul a r  to porphy r i t i c  g r anite and 
granod i o r i te of the Wickenburg B a thol ith, a no rtheas t-t rend ing 
body that is at l e ast 1 5  miles long by 4 miles wide ( s ee Fig.2 in 
this report ) ( Rehr ig and othe rs, 1 98 0). 

The Tert i a ry volcan i cs a re early to midd l e  Miocene in age and 
have an aggregate thicknes s  o f  about 45 00 feet ( Rehr i g  and 
othe rs, 1 98 0, and Gru bensky and othe r s ,  1 98 7 ). The package is 
dominated by ultrapotas s ic rhyo l i t e  flows, that may be up to 1 000 
feet thick, and a r e  separated by pyroc l a s t i c  a i r-fall o r  base 
surge d epo s i ts. The more resistant of the s e  flows fo rm many o f  
the prominent r idges i n  the vulture Mounta ins, e.g. Vulture Peak. 
Intrus ive rhyo l i tes are common in the d i st r i c t  as d ikes and s il l s  
that a r e  somet imes empl aced parallel to the P recamb r i an 
fol i a t i on . 

The gross st ructu r al set t ing o f  the Vul ture Mountains i s  
dominated b y  mid-Tert i a ry c rustal extension (1 8 to 15  Ma ) that 
a ccompan i ed or post -d ated volcan i sm .  The oldest s t ructu res are 
low-to mod e r ate-angle, planar and l i s t r i c, normal faults that 
have s t r ikes perpend icul a r  to the no rtheast - s outhwest extens ion 
( St imac and othe rs, 1 98 7 ). These a re cut by north- to no rthwest
s t r i k ing faults (d ips o f  1 0· to 5 0· to southwest ) which t i l t  and 
rotate both the Tert i a ry and unde rl ying basement rock s .  Sense o f  
rotat ion o n  these faults is down o n  the northe a s t  s id e  o f  each 
block, c l ockw i se when fac ing northwes t. Some blocks have been 
rota ted to the extent that the uni t s  are now overtu rned. 

Most of the impo rt ant metal depos its in the Vu ltu re Mountains ar e 
a s s o c i a ted w i th gold and s i lver. The mos t  impo rt ant of these i s  
the Vultu r e  M ine, which w i ll be d i s cu s s ed at the f i r s t  of the 
s tops. P rec ious metals at this mine occur ma inly on the hang ing
wall and footwall of a 8 5  Ma qua r t z  mon z onite s i ll ho st ed in 
Y avapai schists . Elsewhere in t he Vul tu res, prec ious metal 
prospects, often w i th associ ated i ron o x ides and base metals (CU, 
Zn and Pb ) ,  a r e  local i z ed along low- to mod e rate-angle faults 
that are intensely brecci ated and healed by quartz and black 
c a l c i t e . This type of mine r al i z at ion appea rs, in most examples, 
to post-date o r  even be contempo r aneous w i th d i spl acement along 
the hos t  s t ructures . 
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Fig. 2. Generalized geologic map and cross section of the Vulture Mountains. Note a crude 
northeast-oriented zonal pattern of Precambrian rocks. Mafic schists are common in the southern 
part. S1l1cic Tertiary rocks are intruded by a swarm of northerly trending dikes. Structural grain 
strikes north to northwest and is represented by dikes. normal faults. and tilted elongate fault 
wedges of silicic .volcanic rocks. 



ROAD LOG FROM WICKENBURG TO THE AMBROSIA MILL 

Hugo Dummett , No ra Colburn and Geo rge Allen . 

The field t r i p  will a s s emble in the p a rk ing lot of the Ame ric inn 
Motel , which i s  on U . S. Highway 60, 1 .2 miles e a s t  of the br idge 
a c ro s s  the Ha s s ayampa R iver at Wickenburg. All partic ipants will 
leave from the hotel no later than 8 .30 a.m .  becau s e  we will have 
a fa i rly long d ay ahead of u s .  The cars will d r ive wes t through 
W i c k enburg on U.S. 60, c ro s s  beneath the AT&SF t r acks and proceed 
fo r anothe r 2.5 m i l es to a shopping mall on the left that 
includ es a Safeway s to re ; at thi s  point turn left onto the 
Vul tu r e  M ine Road and begin the road log. 

CUM I NCR 
M I L  M I L  

0.0 0.0 

1.0 1 .0 

1 .6 0.6 

3.0 1.4 

4.4 1.4 

4.6 0.2 

5 .0 0.4 

Vultu r e  M ine Road. Historical ma rker commemo rates 
d i scovery of the mine by Henry Wickenburg in 1 8 63. 

Road c ro s s e s  alluv ium cove red g r anod i o r i t e  of the 68 
Ma Wickenbu rg bathol i th . The Vulture Mount a ins are 
at 9:00 to 3:00 with Vultu re Peak at 1 2:00. Porphyry 
coppe r mine r al i z at ion (? ) was d r ill evaluated on 
Wickenburg Mountain at 9:00. Ox i d i z ed coppe r 
mine rals occu r  in i r regul a r  stockwo rks in 
granod i o r i t e . 

Trenches on r ight hand s id e  o f  road a r e  cut in 
Wickenburg g r anod i o r ite and expo s e  copper c a r bonate 
mine r al i z at ion with t r ace amount s  of a s s o c i ated gold 
and s ilver. On the left of the road is the R ancho de 
los Cabal leros golf cou r s e  and hou s ing estate. 

Pavement end s . 

Twin P e ak s  at 1 2:30 to 3:00. Thes e hills a r e  capped 
by 1 3-1 4 Ma oliv ine basalt flows that rest in marked 
angula r  d i s c o rd ance on 20-26 Ma s il i c ic , fel s ic tu ffs 
and flows . 

Cross the unexpo s ed t r ace of the Vul ture Peak low
angle normal fault that underlies the t i l ted volcanic 
sect ions o f  Vulture and Caballeros Peaks . 

Road c ro s s e s  low pass . Red d i s h  un its ad jacent to 
road a r e  red beds (s and s tone and conglome r ate ) that 
comp r i s e  the base of the Tert i a ry section. On the 
left of the road , the s e  a r e  ove rl a in by p rominent 
outc rops of gray-weathe r ing rhyol i te . 
outc rops on r ight hand s id e  o f  road a re Cretaceous 
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9.5 0. 5 

g r anod i o r i tes that a re separ ated from the Tertiary 
un its by a N-S s t r i k ing fault that d i ps to the west 
at about 40°. 

About he re you have to look back to the west ( r ight 
hand s id e  o f  the road ) to see very good exposu res of 
no rthwest-d ipp ing, l i ght colored, Tertiary rhyol i t ic 
tu ffs that a r e  offset along a s e r ies o f  southwest
d ipp ing, low-angle, normal faults a t  about 4:30. The 
d a rk un i t  that caps the ridge i s  a ±1 3.5 Ma, post
faulting, o l i v ine b a s alt. 

M ine wo rk ings at 9:00 are 
brecc i ated qu a r t z  vein a t  
Cretaceous granod i o r i te and 
Al len (1 98 5 )  bel i eves much o f  
miner al i z at ion ( i.e. thick, 
v e ins ) i s  L a r amide in age. 

al ong a NE -s t r i k ing 
the contact between 

P recamb r i an gne i s s .  
this style of gold 
i ron-s t a ined qu artz 

Renegade and Lucky Day M ines tu rn-off on r i ght s ide. 
Thes e  two mines a re s im i l a r  to the work ings at 6. 0 
miles. 

Road c ro s s e s  zone between Cretaceous g r anod iorite and 
Protero z o i c  gne i s s ,  which fo r next 2. 5 miles i s  cut 
by a numbe r o f  no rth-s t r i k ing T e r t i a r y  rhyol ite 
d ikes . The gne i s s  i s  overl ain, in part, by fault
bound ed blocks o f  rotated T e r t i a r y  fel s ic flows and 
tu ffs. 

Vul tu r e  Peak at 9:00. Tert i a r y  rhyo l i t ic flows on 
the top o f  the peak d i p  to the no rthe a s t  at about 
60°. The rhyol ites rest on a 1 0° to 30° west-d ipp ing 
fault that s ep a r ate the volcan i c s  from und er lying 
P rotero z o i c  gne i s s e s . 

Cattle gua rd . Approximate pos it i on o f  P rotero z o i c 
gne i s s -schist contact . The s ch i s t s  a re part o f  the 
P rotero z o ic (1 . 8 -1 . 7  Ga ) yav apai Superg roup whose 
protol i ths includ e s ed iments ,  volcan i c s  and fol i ated 
plutons . From here to the vul ture mine the road 
c r o s s e s  Yavapai l i tholog ies overla in, in places, by 
t i l ted fault blocks of the Te r t i a ry volcan i c s .  

Road on r i ght hand s id e  t o  Buckshot, Ba rons and Queen 
Lode; also the Stone M ine, oper ated by Phen i x  Min ing 
Corp . The s e  are a number o f  sma l l  work ings that are 
pr inc ipally i r regul a r  au r i fe rous qu a r t z  vein zones ( ?  
age ) in Yavap a i  schists . 

Caballeros Peak at 9:00 and the whi t e  T ank Mountains 
on the s kyl ine at about 1 0:00 to 1 1 :00. The White 
Tanks a r e  a metamorphic core compl ex. 
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Vulture Mine buildings at 2:00. 

Main Gate to the vulture Mine. 

Vulture Mine tailings dumps 
headframe at 3:30. 

at 2:00 to 3:00, 

Road junction. Field trip follows left fork which is 
the "Whispering Ranch" road. On the skyline at 10:00 
to 1:00 are the Belmont Mountains. 

STOP 1. Park along road edge and walk up hill on 
right. The hills at the viewpoint are strongly 
altered (clay ± silica) Tertiary volcanics. From 
this vantage point we will have an excellent view of 
both the vulture Mine which is north of the viewpoint 
and the Belmont and Bighorn Mountains which form the 
skyline to the south and west. 

The Vulture Mine is one of the most famous historic 
gold mines in Arizona. It was reportedly discovered 
in 18 63 by Henry Wickenburg. Legend has it that 
Wickenburg threw a rock at a vulture that had come 
too close to inspect his obstinate and very tired 
pack burro. The rock missed the vulture but broke 
open when it hit the ground, revealing its golden 
interior, hence the discovery and the name of the 
mine (Williams, 198 1). 

Total recorded production from 18 63 to 1942 is about 
11, 000 kg (290, 000 OZS) of gold and 8 , 000 kg (210, 000 
OZS) of silver. Mined grades during the above period 
averaged ±0.35 opt gold and 0.25 opt silver (White, 
198 8 ). 

Precious metal mineralization (gold and electrum) is 
Laramide in age and is intimately associated with a 
1000 foot long and 60 foot thick, sill- like apophy sis 
of porphyritic quartz monzonite, that dips to the 
north at about 35 °, parallel to foliation in 
enclosing Proterozoic schists. Ore zones are 
localized in siliceous, pyritic zones that overlap 
the hanging-wall and footwall contacts of the sill. 

The mine is currently under lease. For a much more 
comprehensive description of the mine refer to the 
1988 paper by Don White that is included in the 
background materials for this guidebook. 
The view to the south and west is of the Belmont and 
Big Horn Mountains. The Belmont Mountains are 
principally comprised of the mid- Tertiary, fluorite
bearing Belmont granite that has been tilted about 
40° to the northeast and, in effect, is ly ing on its 
side (Reynolds and others, 198 5 ). 



west of the Belmont granite the range is largely 
Lower Proterozoic schist overlain by some small 
fault-bounded blocks of Tertiary volcanics, e.g. at 
Belmont Mountain. 

At 1 :30 to 3:00 (facing south) are the Bighorn 
Mountains. The ridges are Tertiary rhyolites and 
rhyodacites and the valley s are Tertiary basaltic 
andesites and Precambrian units. The Big Horns are 
similar to the Vulture Mountains inasmuch as they 
consist of the same three main time- lithologic units, 
i.e. Proterozoic metamorphics, Cretaceous (Laramide) 
intrusives and Tertiary volcanics. 

The dominant rock unit within the range are the lower 
to middle Miocene (21 to 1 6  Ma) Big Horn volcanics, 
which comprise ten different members. From oldest to 
youngest these are the Morningstar, Old Camp, 
Hummingbird, Blue Hope, Sugarloaf, Mine Wash, unnamed 
basalt, Moon Anchor and Beer Bottle members. Basalts 
of the Dead Horse member are interbedded with the 
four lowermost units. The aggregate thickness of 
these volcanics is difficult to calculate because of 
faulting but is estimated to be between 1 5 00 to 2000 
feet (Capps and others, 1 98 5 ). 

The mid-Tertiary volcanism was accompanied by low-to 
high- angle normal faulting and rotation of the older 
volcanic units and subj acent cry stalline basement. 
Most of the normal faults strike NW and have 
contemporaneous NE-striking faults that probably have 
a strike- slip component. The Big Horn Mountains 
comprise the upper plate of a southeast-dipping 
detachment fault that outcrops at the eastern edge of 
the Harquahala Mountains and may be an extension of 
the Bullard detachment (Rehrig and Rey nolds, 1 98 0, 
and Allen, 1 98 5 ); the Harquahala Mountains are 
immediately west of the Big Horns. 

There are three mid- Tertiary and one Laramide mineral 
districts in the Big Horns. Laramide gold 
mineralization occurs in the northwestern part of the 
range in the Big Horn distrhct associated with the 
northwestern margin of a large Cretaceous 
granodiorite. Tertiary districts, from west to east 
are the Tiger Wash barite- fluorite district, the 
Aguila manganese district and the Osborne base and 
precious metals district. The U.S. Mine is part of 
the Osborne district. Each of these districts is 
described in some detail in a copy of Allen ' s  (1 98 5 )  
report that forms part of the background material for 
this guidebook. 
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At 12:00 are the Belmont Mountains, with the 
prominent mountain dead ahead being Belmont Mountain. 
The Tonopah-Belmont Mine is on the north and south 
sides of this mountain and is the second largest 
producer of precious metals in the Osborne district 
(the largest being the U.S. Mine) . A galley proof of 
a paper on the mine authored by George Allen and 
William Hunt is attached as part of the background 
material for this guidebook. 

Mineralization at the mine is principally copper 
carbonates with minor gold and silver and which are 
hosted by east- northeast striking structures. These 
structures are filled with brecciated quartz veins 
that cut Miocene volcanics surrounded by Proterozoic 
phyllites except on the southeast where the volcanics 
are faulted against Belmont granite. Oxidation has 
produced a variety of good quality rare minerals of 
interest to the collector, e.g. rosasite and 
molybdofornacite. 

Recorded production from the mine totals 
approximately 1 million pounds of copper, 15 0, 000 ozs 
of silver and 8 5 00 ozs of gold. 

For the next 5 .5 miles we 
Hassayampa Plain which is 
Tertiary basin fill. 

will drive across the 
a very large area of 

Cattle guard. Bert Smith and Ber Mar Mines turn-off 
on right side. These mines are also operated by 
Phenix Mining Corp. They appear to be very small, 
placer operations on the pediment and are located 
about two miles to the west. 

Nomad Energy Pilot Plant and Project Site turn- off on 
left side. Apparently this site is still under 
construction. Pieces of equipment include components 
of a large steel tank, a large cement mixer and an 
ore? bin with a screw- feed take-off. 

Cross under the 345 KV Mead-Liberty power line. 

Cross under the 161 KV Parker Dam-Phoenix power line . 

Cattle guard and turn right onto the Buckeye-Tonopah 
Road. Prominent mountain at 1 2:00 is Black Butte 
with Eagle Eye Peak on the skyline at 1 1 :00. 

Cattle guard. 

Belmont Ranch road turn- off on left side. 

Cattle guard. 
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Cross Jackrabbit wash. 

Low rounded hill on right is composed of Lower 
Proterozoic amphibolite and granite (?). At least 
four small prospect pits are located on narrow, NW
striking, iron-stained quartz veins (also some Pb and 
Ag?). Epidote alteration locally present in the 
amphibolite. 

Cross under powerline. Low hills at 3:00 are 
Tertiary Hummingbird rhyolite tuffs and flows. 

Outcrops of massive and irregular white quartz veins 
in L. Proterozoic gneiss on left side of road. Low 
hills at 2:00 to 3:00 are more Hummingbird rhyolite 
flows and tuffs. 

Foothills of the Bighorn Mountains at 9:00 to 12:00 
are Tertiary Sugarloaf rhy olites. 

On sky line at 10:00 to 12:00 are the Harquahala 
Mountains. 

Cross Dead Horse Wash. 

TURN OFF to U. S. Mine to the left. Please watch for· 
the turn-off because it is not very obvious! 
Tertiary, Sugarloaf rhyolites form low, promine nt 
ridges about a mile distant at 9:00 to 10:00. 

Cross Dead Horse Wash again. Outcrops on right hand 
side are Tertiary , Dead Horse massive to vesicular 
iron- stained andesites. 

Lead Dike Mine is just off the road on the left side 
at 9:00 to 10:00. This mine is the northernmost 
expression of the U. S. Mine mineralized zone. The 
main workings expose a 20 foot long breccia zone in 
Cretaceous (Laramide) granite, that is subvertical 
and filled with iron-stained, siliceous breccia. 
Limited exposures suggest a total strike length of at 
least 300 feet. Mineralization include s galena, 
cerussite, chrysocolla, barite, amethyst and 
hematite. 

For next 1.5 miles the road crosses Upper Cretaceous 
granite/granodiorite. 

Turn left at fork for the U. S. Mine. 

contact Mine turn- off on right side of road. 
Prominent ridges at 2:00 to 3:00 are Tertiary Old 
Camp, quartz- rich, rhyolite flows. 
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The contact Mine is on property controlled by the 
owners of the u.s. Mine. Gold mineralization occurs 
in a narrow (5 '-1 0"), quartz-hematite filled 
structure that extends north from the u.s. Mine. At 
this site, the structure is hosted by L. Proterozoic 
gneisses. An amethyst stockwork is also exposed in 
road cuts at the mine. 

Cross small wash. outcrops in 
Hummingbird rhyolites that include 
gray vitrophyre. 

wash at 3:00 are 
gray and blackish 

Prominent hill on left side of vehicle is capped by 
at least twenty feet of gray vitrophyre belonging to 
the Sugarloaf member. For next 1 .3 miles the road 
cuts across north-striking, Old Camp rhyolitic flows 
and lithic tuffs that are interbedded with Dead Horse 
basalts. 

Entrance to U. S. Mine. 

The u.s. Mine is currently the "Big Horn Project" of 
the joint venture operated by Roddy Resources of 
Vancouver and Belmoral Resources of Toronto. 
The earliest recorded production was by the Hauxhurst 
Copper Company between 1 908 and 1 920, although this 
production was reportedly very small. In 1 943 about 
45 00 tons of ore was milled which contained 0.1 3 opt 
gold. In 1 961 , three shipments of ore, totalling 1 33 
tons, sent to the Superior and Hayden smelters 
averaged 0.091 opt gold and 2.01 % copper. The 
property was acquired by one of the present lessees 
in January, 1 984. 

Gold mineralization is associated with a large 
subvertical, NNW- striking, FeOx- stained, normal fault 
(listric?) that persists for at least three to four 
miles north and south of the mine and is the host for 
a number of other small gold prospects in the Osborne 
district. This structure transgresses the district 
fabric and in the mine area is close to a contact, 
that is subparallel to 

the fault, between Tertiary volcanics on the east and 
a mixed package of Proterozoic metamorphic rocks on 
the west. 

In the mine area the mineralized fault is enclosed by 
volcanics that are probably Dead Horse and Old Camp 
equivalents. At this site, as well, the "main" 
mineralized fault is also intersected by a younger, 
maj or, northeast- striking, northwest-dipping, normal 
fault that offsets the main fault to the west. 



In detail, the mineralization occurs within an 
intense stockwork of quartz veins and veinlets, that 
are commonly banded and contain abundant drusy 
cavities. Black specular hematite and red, earthy 
hematite, up to 3 0  volume percent, occur as fine 
impregnations within the various episodes of 
silicification as well as the wallrocks. Intensely 
silicified and brecciated zones up to 1 6  feet wide 
are interior to the mineralized zones. 

Gold in the mineralized structure is present in 
grades that vary between 0. 01 and 1. 0 opt in 
association with copper oxide, Announced open 
pittable, leachable, reserves for the mine are about 
600, 000 tons with an average grade of 0. 09 opt gold. 
Production is anticipated at about 3 000 tons per day. 

Extended descriptions and additional information on 
the U.S. Mine can be found in George Allen's 1 985 
report (pages 1 01 through 109) and maps that are 
appended to this guidebook in the background 
information and map sections. 

After the tour at the U.S. Mine we will return 3 .2 
miles to the fork that will take the us to the Aguila 
Microwave road for the continuation of the tour. 
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· RODDY RESOURCES INC. 
1984 DRILL HOLE SUMMARY 

BIGHORN PROJECT 
MARICOPA COUNTY, ARIZONA 

Interval Core Len9th Oz/ton Gold (uncut) 

70-120 50 Ft. 0.116 (incl. 20' 0.186) 
140-185 45 Ft. 0.012 

5-75 70 Ft. .075 ( 1nc1. 5' .410) 
0-120 120 Ft. . 092 (incl. 30' 0.179 & 15' 0.226) 

70-90 20 Ft. .031 
165-205 40 Ft. .070 
120-135 15 Ft. .054 
230-245 15 Ft. .044 
130-150 20 Ft. .030 
Weakly Mineralized 

85-190 105 Ft. .020 
150-220 70 Ft. .055 (incl. 15 ' 0.117) 

or 135-225 90 Ft. .047 
120-170 50 Ft. .037 
195-250 55 Ft. .016 

60-65 5 Ft. .096 
90-130 40 Ft. .017 

100-125 25 Ft. .047 
90-175 85 Ft. .020 .019* 

175-225 50 Ft. .177 .170* (incl.·15' .246 & 10' 
or 90-225 135 Ft. .078 

No Mineralization 
10-50 40 Ft. .058 
50-110 60 Ft. .022 

or 10-110 100 Ft. .037 
105-170 65 Ft. .020 .019* 
170-220 50 Ft. .092. (incl. 20' 0.171) 
220-310 90 Ft. .027 

or 105-310 205 Ft. .041 . 
390-410 20 Ft. .094 
410-425 15 Ft • . .032 

or 390-425 35 Ft. .068 
200-245 45 Ft. .037 .041* 
240-265 25 Ft. .038 
230-270 40 Ft. .036 
220-235 15 Ft. .061 

or 190-245 55 Ft. .028 
85-115 30 Ft. .021 

185-210 25 Ft. .022 
Missed zone, faulted off 
205-225 20 Ft. .067 

or 160-230 70 Ft. .033 
Weakly mineralized over wide intervals 

* Check assays at a different laboratory. 
, 

.-



Re-start mileage at fork connecting U.S. Mine road with Aguila 
Microwave road, i.e. at mileage "3 0.6" as above. 

0.0 0.0 

0.7 0.7 

1 .0 0.3 

1.3 0.3 

2. 1 0.8 

2.8 0.7 

3 .0 0.2 

3 .2 0. 2 

3 .9 0.7 

4 . 2 0.3 

From turn-off for about one mile to crossing at Dead 
Horse Wash, road crosses , Upper Cretaceous 
granite/granodiorite which is cut by small bodies of 
Lower to Middle Miocene mafic and intermediate 
intrusives, e.g. at 0.5 miles. 

Dozer trench on 
carbonates in 
intrusive. 

left side of road exposes copper 
irregular veinlets in the Cretaceous 

Cross small wash which is approximate position of 
trace of large, N-S striking normal fault, downthrow 
to the west. Fault juxtaposes Cretaceous 
granite/granodiorite on east against undifferentiated 
Tertiary (M. to U. Miocene) fanglomerate, sedimentary 
breccia and megabreccia on the west. 

Cross Dead Horse Wash 
wells in and adjacent 
the wash, the road 
wheel drive vehicles. 

(to.3 miles wide). Corrals and 
to the wash. After crossing 
is rough but passable for two-

West of the wash road crosses the same Tertiary units' 
that occur on east side of wash. 

outcrops on left and in the road are tertiary 
Sugarloaf rhyolites which include irregular patches 
of gray and black vitrophyre. 

Join Aguila Microwave road and turn sharp right. Low 
outcrops on immediate left side of road are lithic 
tuffs of the Tertiary, Blue Hope rhy olite member. 

Prominent small hill at 10:00 is Upper Cretaceous 
granite/granodiorite. 

On right side of road is contact of Tertiary Dead 
Horse tuffs and sediments with U. Cretaceous 
intrusives. Outcrops on sky line at 9:00 to 12:00 
are L. to M. Miocene rhy olites. 

Trenches on right side expose copper carbonates in U. 
Cretaceous granite/granodiorite. 

LUNCH STOP and overview. At 3:00 is Vulture Peak, at 
2:00 is Black Butte. Ridge tops at 9:00 to 11:00 are 
sanidine-rich flows of the Tertiary , Hummingbird 
rhyolite. This unit is separated by a valley at 
11:30 from hills at 12:00 and 1:00 that detached 
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brecciated blocks of Tertiary 
andesite that host a number 
prospects. 

De ad Horse basaltic 
of small mangane se 

The manganese oxides occur in highly 
stockworks and interstices of the breccias 
in some steeply-dipping faults. Up to 2.9 
and 1 5 %  lead is reported from one of these 
the valley View. 

Cattle guard. 

STOP. Overview of the Harquahalas. 

irregular 
as well as 
opt silver 
prospects, 

Low ridges at 1 0:00 to 2:00 are L. Proterozoic 
schists, phyllites and gneisses. 

Purple Pansey Mine (Pump Mine) and Fugatt Mine turn
off on left side. 

The Purple Pansey mine has been recently evaluated as 
a heap-leach gold prospect. Gold mineralization 
occurs in an E-W striking quartz vein which is about 
45 00 feet long, varies in thickness from 6 inches to 
6 feet and dips to the north at about 45 °. The vein 
occupies a fault zone in Precambrian metamorphics 
that are strongly mylonitized near the vein. 

The Fugatt Mine is a manganese mine that has 
reportedly produced at least 7 5 00 tons of ore from a 
pit which is about 200 feet in diameter and 5 0  fe et 
deep. The mineralization occurs as veinlets and 
irregular masses in Tertiary Dead Horse basalt. 

From this turn-off to the Ambrosia Mill, the road 
traverses valley fill of U. Miocene to Holocene 
alluvium. 

Black sand in small wash on left hand side is 
magnetite weathered from Precambrian metamorphics not 
manganese oxides. 

Dumps at 3:00, part of the Ambrosia Mill. 

Join Eagle Ey e Road and turn left. 



CUM INCR 
MIL MIL 

ROAD LOG AMBROSIA MILL TO SOCORRO MINE 

Nora Colburn 

0.0 0.0 Ambrosia Mill road junction with Eagle Eye Peak road, 
heading southwest. Northward about 5 .1 miles is the 
junction with the Tonopah-Aguila road, and 5 .2 miles 
further on is the junction with US 60, in the town of 
Aquila. Looking north, Eagle Eye Mountain and Eagle Eye 
Peak should be visible. At .the base of Eagle Eye Peak 
the contact between the mid-Tertiary volcanics and 
sediments (SW dipping) and the Precambrian my lonitic 
granitics is the chloritic/my lonite zone of the NE
dipping Bullard detachment surface. 

1.4 1.4 Cross wide, shallow drainage, Pump Mine Wash. Black
manganese stained hills at 1 2:00, and low ridge of 
brown-weathering volcanics at 1 1 .3 0  to 9:3 0. 

The high main mass of the Harquahala Mountains extends 
from 1 :00 to 3 :00 and has elevations above 5 000 ft. The 
range front is dominated on this southeastern side by 
Mesozoic and Cenozoic intrusives (toward the NE end) 
and Proterozoic (1 .7 -1 .8 ? Ga cry stalline and 
metamorphic rocks in the central portion). 

From 3 :3 0  to 5 :3 0  the extreme northeastern peak (4 5 25 
ft. elev.) of the Harquahalas exposes my lonitic 
Brown's Canyon granite (U. Cretaceous(?)-L.Tertiary (?)) 
in contact with L. Proterozoic rocks. These rocks and a 
portion of the Bullard detachment surface are displaced 
by a NW-trending, west-down high-angle normal fault, 
isolating the unnamed peak from the rest of the 
mountain range. 

The varied crystalline and metamorphic sequences of the 
Harquahala block do not stop at the mountain base, but 
are found as scattered outcrops under a veneer of 
alluvial lag deposits. The erosion surface on top of 
these basement rocks is a true pediment, and may in 
certain areas also be the exposed thrust surface. 

2.9 1.5 Black volcanic knob at 1 1 :00. Just on the other side is 
the Black Nugget Mine area; manganese was actually 
recovered from here. Going south, the arbitrary line 
between the Bighorn Mountains on the east and the 
Harquahala Mountains is the Tiger Wash and the road. 

3 .0 0.1 "Metal Technology" on northwest side of road; on maps 
may be called "Rogers well" and was a Ba? prospect. 



3 .5 0.5 Road off to SE and a more travelled road, at C.3 mile s 
south, lead to EITigre Mine, about 2.9 mile s towards 
Little Horn Peak. The El Tigre was mined for gold, and 
in the same area the Knabe Mine is also a Au prospect. 
See George Allen's M.S. thesis in background material 
for detailed descriptions. 

Other mines and prospects in this west portion of the 
Big Horn mountains form the Aguila manganese mineral
district, having an estimated total production (195 0-
195 8 )  of >42 million pounds (Keith, and others, 198 3 ). 
Mid-Tertiary in age, some of these Mn-occurrences are 
the Black Rock (Warrior), Apache (Dulcy) and Mollie 
Davenport (Pegram, Sisson). 

3 .8 0.3 Road on NW leads to several different prospects 
including marble/limestone and gold plus silver ± CU, 
Be, Si in the Sunset Canyon area. One of the ubiquitous 
diorite dikes in the Harquahala-Harcuvar region has 
been sampled from this or the next cany on south and 
been dated by K-Ar on paired biotite: 22.10 ± 1.3 0 Ma 
and hornblende: 28 .60 ± 1. 90 Ma. The dike cuts 
metamorphics, my lonites and granitics (Reynolds, and 
others, 198 6). 

6.4 2.5 

6.6 0.2 

6.8 0.2 

The Paleozoic sequence in this portion of Arizona has 
sedimentological and provenance affinities to both 
northern and southern stratigraphies. The lower 
Paleozoic is similar to southeastern Arizona, so the 
terminology used is Bolsa and Martin for Cambrian and 
Devonian respectively. Both Escabrosa and Redwall have 
been used for the Mississippian limestone. The- upper 
Paleozoic rocks are similar to the Supai, Coconino and 
Kaibab of the Grand Cany on sequence. 

Windmill to southwest is Tiger Well. 

The mine timbers at 9:00 mark a shaft at the Black 
Queen (Hatton) manganese mine. 

Cross Tiger Wash. Road off to north at 4 :00 goes to 
Arrastre Gulch area. 

7.25 0.4 Mn-blackened, SW-dipping volcanics at 11:00 to 8 :3 0. 
Road off to southeast leads to Lions Den mine (Mn) on 
other side of ridge. 

7.4 5 0.2 Road to southeast goes 
fluorite and Ba, Ca. 

to white Rock prospect-

8 .05 0.6 Cross small wash near a road that goes northwest to 
several prospects: Ag, Pb, Au at Leadville-Arizona and 
CU, Au, Ag at Copper-, Gold- or Old Blue Belt. 
Harquahala Peak is visible; this portion of the range 



is capped by the Harquahala thrust shee t, so that Lowe r 
Proterozoic granitic and metamorphic rocks now rest on 
the entire regional sequence. Exposed in erosional 
windows through this plate are completely inverted and 
amphibolite-grade metamorphosed Paleozoic sequences. 
The Arrastre Gulch - Sunset Canyon area is one of these 
windows. Stratigraphic relations as Bolsa quartzite on 
Precambrian rocks are preserved. Overturning occurred 
during recumbent folding (SE directed) sometime post
Jurassic (?) but prior to L. Cretaceous- E. Tertiary 
tectonic events. (Hardy , 1 9 8 4 ) .  

8 .55 0.5 Tiger Wash parallels road on southeast. Little Horn 
Peak is visible at 8 .4 5. 

8 .65 0.1 Precambrian (?) schistose low hills from 10:00 to 1:30; 
Weldon Hill at 2:00; near road to Princess Ann fluorite 
- barite prospect located to the southeast. 

9.45 0.8 Road on northwest side of road goes to Snowball 
prospect (F, Cal. 

12.0 2.5 Road heading off to W/SW towards Weldon Hill (Cu, AI, 
Ca - F?) branches westward and northward to the Rainbow 
(Cu, Au, Ag) and Alaska (Au, Cu, Ag) mines, as well as 
the Snowball. Generally present are various intrusive 
rocks and/or olive-colored schists, somewhat altered 
and brecciated near quartz and/or fluorite-calcite 
veins. 

12.7 0.7 Cross here, and for the next 0.4 miles, a series of 
channels draining a bajada surface sloping onto the 
Harquahala Plains and into Centennial Wash. 

13.1 0.4 Low tan hills at 1:00 are outlier blocks of Mesozoic 
volcanic and clastic sedimentary rocks, Jurassic?
Cretaceous? 

15.7 2.6 Eagletail Mountains forming the ragged faulted skyline 
at 11:30 -2:00, are predominantly volcanics and related 
clastics. The Eagletail volcanics consist of flows and 
at least one latitic to rhy odacitic ash-flow tuff ly ing 
directly upon basement, which dated 23.70 ± 0.60 Ma. 
(K-Ar, biotite, Reynolds and others, 1 98 6 ) .  A massive 
welded zone is well-exposed in Courthouse Rock, where a 
y ounger quartz latite dike is dated at 19.98 ± 0.58 Ma. 
(K-Ar, biotite, Rey nolds and others, 1 9 8 6 ) .  Intruding 
some metasediments below the Tertiary units is a 
medium-grained diorite with an 52. 8 0  ± 1.10 Ma. age
date (K-Ar, biotite, Rey nolds, 1 9 8 6 ) .  The mountains 
beyond, extending to 3:00, are the Little Horn 
Mountains. Cone-shaped Big Horn Peak and another 



southern peak in the Big Horn Mountains-Burnt Mountain
are at 10:3 0-1 1:00; even further to the southeast is 
Saddle Mountain and the Palo Verde Hills. 

16.6 0.9 By looking back to north there is an erosional 
embayment into the upper plate rocks of the Harquahala 
thrust, composed of Lower Proterozoic metasediments and 
Middle Proterozoic granites. The whole range front here 
is essentially the dip slope of the thrust surface. The 
low red hills in the foreground are in part McCoy 
Mountains Formation (J?-K?) sediments. 

James Hardy (1984), as part of his MS thesis, collected 
samples in and near the Harquahala thrust zone from the 
white Marble Mine area located on the northwest side of 
the range. These dates provide some constraints on the 
timing of the actual displacement motion. The minimum 
age is 49. 5 0  ± 1 . 9 Ma (K-Ar on biotite) from a thrust
mylonitized Proterozoic porphyritic granite located 60 
m below the thrust. There are a cluster of dates, which 
may reflect cooling ages (older dates positioned higher 
structurally than younger dates) rather than age of 
movement. These range from 5 6. 1 0 ± 2 . 1 Ma (biotite 
schist /5 m above), 5 8. 4 ± 2. 2 Ma (amphibolite gneiss 
/1 0 m above) to 62. 5 ± 2. 3 Ma (fluorite-bearing, 
muscovite schist /5 m above). So the Harquahala thrust 
was in motion during the Late Cretaceous-Eocene and the 
upper plate translated southward in response to a broad 
regional compresson. 

17.1 0.5 Cross cattle guard. 

*19.2 2.1 Pavements begins. Prepare to make STOP and sharp RIGHT 
TURN onto Salome-Buckeye road; heading northwest. 

19.4 0.2 Big Horn Peak at 3. 00; Granite Wash Mountains at 1 2:00; 
Harquahala Mountains at 1:00 to 2:30 - the peak at the 
northeasternmost end. The Little Harquahala Mountains 
at 1 0:30-1 1 :30 consist of stacked thrust sheets - from 
base to top: Sore Fingers, Centennial and Hercules. 

The ridge extending SW to 5 :30 from the Little 
Harquahala Mountains is mainly the cry stalline rocks 
(Proterozoic? and Jurassic?) forming the Hercules 
plate. The Sore Fingers granite has a partially reduced 
Jurassic age of 1 40. 0 ± 4. 0 Ma. (K-Ar, biotite, 
Reynolds and others, 1986). At the extreme SW end of 
this ridge is Lone Mountain consisting of Mesozoic 
sediments, including a conglomerate containing Permian 
Kaibab limestone clasts. Keith and others, 1980, have 
included these within the Golden Eagle thrust sheet. 

21.1 1.7 Cross wash. 



21 . 7  0 . 6 Leave Mar i copa county - enter La Paz County . 

22 . 0  0.3 Road to south is County 7 5 - E  (4 miles to I- 10 ) , Bi g 
Horn Peak at 5 :00. 

22 . 1 0. 1 Cattle guard, 18 miles to Salome. 

22 . 6  0 . 5 Reddish low hills, in foreground at 1:00 to 2� 00 as 
r oad curves, ar e Mesozoic clastic rocks, including 
McCoy Mountains formation sedi ments Jurassi c (? ) 
Cr etaceous(?) and possibly older Jurassi c(? ) volcani cs. 
As the r oad gradually approaches the pass between the 
Little Harquahalas and the western foothills of the 
Harquahalas the structurally jumbled nature of the 
r epeatedly faulted thrust- and fold- sheets wi ll become 
mor e obvi ous. 

24 . 0  1 . 4 At 2:00 various wor kings and dri llr oads can be seen i n  
metamorphosed Paleozoic rocks, predominantly limestone 
/marble ) and quartzi tes. The Hi dden Treasure (Magic ) 
group is gener ally located to the west and the Why Not, 
Cli pper and Gold groups are located to the east withi n 
the SE- dipping belt of N60E- trending Paleozoic meta
sedi ments. Other mine names may be i n  current usage 
however. Some of the larger cuts were probably fr om 
gyp sum extracted from diagenetic evaporite lenses i n  
the upper portion of the Permian Kaibab fomati on. Past 
production or reported mineral occurences have i ncluded 
free to spotty gold with silver, associ ated with copper 
and minor lead- zinc. Consistently present are i r on 
and/or manganese oxides r elated to alteration and 
silification near shears and/or diori te, someti mes 
felsic, dikes. 

25 . 7  1 .7 Harcuvar Mountains on distant sky line. 

26 . 4  0 . 7 Granite Wash Mountains at 12:00 skyline. 

27.1 o • 7 Road to Pancho ' s  on south si de of road. 

27 . 7  0 . 6 Pri ce Ranch r oad to south. 

27 . 9  0.2 Cr oss cattle guard as r oad curves. Mi ned- out gy psum 
cuts at 3 .3 0. 

30 . 0  3 . 0 Southern ridge of Har quahalas at 10:30. The Hercules 
and Centennial thrust plates are cut and offset by a 
high- angle fault. The great contrasts in lithology and 
metamorphic grade of adjacent p late assemblages are the 
r esult of a post-permian tectonic history of multip le 
foldi ng and faulting, i ncluding low- angle duplexing, 
all overprinted by the latest high- angle faulting of 
the Basin and Range type period. 



3 0.6 0.6 Southward dipping layers and segments of thru s t  p l a t e s  
in peak at 2 : 30 - 3 : 0 0 .  Harquahala Mountain ( 5 6 8 1  ft. 
elev.) and the main ridgeline are from about 2 : 15 to 
4 : 00 .  

32.0 1.4 Fulmer Co. road to SW. As the road curves, 'S'Mountain 
comes into view, as well as the Socorro Mine area at 
12 : 0 0 - low, near the apex of a maj or alluvial fan. 

32.2 0 .2 Light colored area at 1 : 30 is Socorro mine. Be 
prepared to make turn onto access road. 

* 32.4 0 .2 TURN RIGHT onto road paralleling the high pressure gas 
line. 

33.8 1.4 Road i ntersecting from west leads back to the Salome
Buckeye road about 1 mile away . 

34 .1 0 .3 Trenched area. Low red hills at 11 : 0 0 in line with ' S' 
Mountain. 

34 .5 0 .4 Good view of mid-Tertiary volcanic and sedi mentary 
rocks southeast of road. North of the road from 9 : 0 0 to 
10 : 30 southeastward tilting of units can be seen. 

35 .0 0 .5 Road forks, take the north or left branch; they will 
rej oin in 0 . 1 mile . 

* 36 .6 0 .4 SOCORRO MI NE GATE. Continue up r oad to the area near 
the old building and park where there is adequate 
space. For a very comprehensive discussion of the 
geology and history of the Socorr o  Mine, refer to Stan 
Keith's paper in the "Guidebook articles" section. 

The Socorro Mine and other prospects located on the 
north and south slopes of this southwestward extension 
of the Harquahala Mountains, plus the var ious non
manganese mineral occurrences in the Arrastre Gulch
Sunset Canyon window and additional pr ospects along the 
curving front of the southeastern edge of the range 
are considered to form a single metallic mineral 
district. Over all, it is characteriz ed as a gold 
district, with mid-Tertiary mineraliz ation having 
variable to significant silver production and which may 
or may not have associated copper or lead ores. 
Historical r ecorded pr oduction as summar iz ed in Keith 
and others, 1 9 8 3, for 19 05 through 198 1 is : copper-
6 1, 000 pounds; lead - 1, 5 0 0  pounds; GOLD - 2, 8 00 opt; 
SILVER - 7 , 300 opt. out of a total tonnage of 21, 00 0 .  

I t  is an interesting comparison to make that the best
known and p erhaps the better or e grades and larger 
pr oduction was from the what is now called the Little 
Har quahala mineral district. The initial gold 



d i scovery in the ' S alome ' ar ea was the " Gl o ry Ho l e "  
pocket located in the southern Granite Wash Mount a ins. 
This led to fu rther explorat ion a ft e r  news paper repo rts 
' Back East ' brought prospectors in on the t r a in. 

However the Harquahala M ine also somet imes called a 
' gl o ry hol e ' ,  and known as Bonan z a ,  Golden Eagle o r  
Yuma Wa r r i o r  mine , w a s  a maj o r  gold producer ( al though 
ea rly reco rds a r e  inadequate ) from 1 8 8 8  to 19 18 , with 
add i t ional recoveries from t a i l ing and dumps in the 
mid - 1 9 6 0 ' s and 19 7 0 ' s ( 1 ) . Ove rall summary o f  
production f o r  the L ittle Harquahala d i s t r i ct ( Ke i th 
and othe rs , 1 9 8 3 )  fo r 1 8 8 8  through 1 9 6 4  is : coppe r-
5 0 , 000 pound s ; lead - 15 6 , 000 pounds ; GOLD - 14 3 , 000 
opt ; S ILVER - 9 0 , 000 opt. out o f  a total tonnage o f  
15 9 , 000. 

A ft e r  v i s it to the Soco rro M ine , retu rn 4 .2 miles to 
S al ome-Buckeye road , make RIGHT TURN. 

0.0 0 . 0 Tu rn onto S alome- Buckeye road and res t a r t  mileage log 
from this pOint. 

2.1 2.1 Cross Centenn i al Dam and enter Ha r r i s burg Valley. 
Centenn i a l  Wash i s  the s ingle maj o r  d r a inage exit ing 
McMullen valley. The main McMullen Valley is ahead and 
is an unusual s emi-i s ol ated ba s in w i th a elongate NE - SW 
a x i s .  S al ome i s  at the southern end o f  the val ley. 
The l i ght-colo red outc rop at the j o in between the 
Granite Wash Mounta ins and the southern Ha rcuv a r  
Mountains i s  the 8 5  Ma Tank P a s s  Granite ( a  two-mica 
garnite ) .  The age o f  the granite may be near the 
max imum age for thru s t -fault mot ion between plates , in 
that only port ions o f  this pluton are fol i ated o r  show 
the cha rac t e r i s t ic northeast l ineat ion. 

9.0 6 .9 Road angl ing to sw to Salome Ai rpa rk , Ind i an Hills 
Estates also leads eventually to the Harquahala M ine. 

9.2 0.2 Center o f  town o f  Salome at int e r s ect ion w i th US 6 0  
highway TURN LEFT. From a h i s t o r i cal marker: 

, SALOME WHERE SHE DANCED ' 
Thi s  desert town was made famou s by the humou r o f  D i c k  
W i c k  Hall - Healths eeker and Ope rator o f  the L aughing 
Gas Station. Hall ' s  publ icat ion , the SALOME SUN , was 
filled w i th ext ravagant tales o f  the Des e rt ' s  
ad aptation o f  s pec ies. He told o f  h i s  frog that was 
seven yea r s  old and never learned to swim . 

10.7 1.6 ( MP 5 5 ) Town o f  Harcuvar in 0 . 7 miles . 

16 .1 5 .4 RIGHT TURN at intersect i on o f  U.S. 6 0  and AZ 7 2  to 
Bous e . 



21 .5 3.0 ( MP 4 7 )  Rock shop on west . 

24 . 4 2.9 Cros s Cent ral A r i z ona Canal. 

27.3 0.2 ( MP 4 4 ) .  

34 .6 7.3 utt ing s id ing . 

4 2.7 8 .1 Joshua road . 

4 6 .7 4 .0 S agua ro Guards road . 

53.5 6 .8 ( MP 17 ) .  

58 .2 4 .7 Junct ion with AZ 9 5 ,  keep s l i ghtly to RIGHT to go to 
P a rk e r. 



DAY 2 
ROAD LOG 



ROAD LOG FROM PARKER TO COPPERSTONE MINE 

Mod i f ied from the l og o f  stan Keith, J an Wilt and Robert 
S c a r b o rough ( AGS Fall F i eld T r ip, 19 8 3 ) . 

The field t r i p  will a s s emble in the park ing lot o f  the Kas bah 
Motel , which is on State Route 6 2  on the northwest s id e  of P a rker 
j us t  before the b r idge across the Colo r ado River into Cal i fornia. 
The mileage for the log will commence at the inter sect ion of 
st ate Route 72 and 9 5  with Mohave Road, which i s  on the southeast 
s ide o f  Parker j us t  before the r a i l road c ro s s ing . 

CUM I NCR 
M I L  M I L  

0.0 0.0 

2.4 2.4 

4 .1 1.7 

4 .4 0 . 3 

7.4 3 .  a 

Mohave Ro ad . ( Note tu rn-o f f  to P a rker ho sp ital . )  
st ay on S tate Route 7 2  and 9 5  going south. 

The no rthe rn extens ion of the Moon Mount a ins are at 
12:00 to 1:00 . The road fo r the next several miles 
t r ave rses t e r r aces in the alluv ium related to the 
Col o r ado River d r a inage, which is o f f  to the 
s outhwe s t . 

The l a rge butte at 9 :  00 is Bl ack Peak ( " P Mount a in " ) .  
Black Peak i s  capped by a t i lted middle M i ocene ( 16 
Ma ) and e s i t ic basal t  sequence . Thes e  volcanics are 
ove r l a in by fl at-ly ing, younger b a s alt that are 
intercal ated with clastic sed iment a ry rocks o f  about 
8 - 15 M a . Old Osbo rne Wash to the northeast . 

Shallow road cut is in a r rested dunes ,  which were 
d eveloped by w ind act i on although the source mate r i al 
was nearby, and a r e  very well s o rt ed ,  100 feet thick 
or l es s , fluv i al s and s which o r i g inally rested on the 
Bou s e  Fo rmat i on . The dunes cont a in eol i an cross
bedd ing . Blow out pits in the dunes conta.in ea rly 
P l e i s tocen e  rema ins of ter rapins and / o r  terres t r i al 
torto i s e s  and othe r vertebrates ind icat ive of near 
water, terrestr ial cond it ions . The source bed s and s 
o f  the s e  dunes may be correlative with the Chemehuev i 
Fo rmat ion fa rther north j u s t  south o f  the Lake Mead 
a r e a . 

The low t e r raced ridge at 2:00 to 3:00 i s  e i the r 
P l iocene B ou s e  Fo rmat ion o r  pos s i bly olde r  Osborne 
Wash Fo rmat i on . An apparent unconfo rmity can be seen 
at 2:30 b etween d i f fe rent phases o f  sed iment ary 
mat e r i al that und e rl i e  the terr aced ridge . The l a rge 
peak at 1 :00 which is part of Mesquite Mount a in is 
in fo rmally called Pos ton Peak ( Ke i th and others , 
19 8 3 )  and i s  und e r l a in by an und i fferent i ated gne iss 



10.4 3.0 

10.8 0.4 

17 .5 6 .7 

18 . 1  0.6 

t e r r ane . This a s s embl age o f  c ry s t a l l ine rocks at the 
southwest end of the Pos ton Peak a rea is appa rently 
in contact with und i fferent i ated upper Paleo zoic 
meta s ed imentary rocks . Thes e  rocks would p resuma bly 
und e r l i e  the regional detachment faults in the 
Plomo s a  Mountains, which a r e  southwes t  of here . 

Tu rn r i ght 
Qua rt z s ite . 

onto state Route 9 5 ,  southbound fo r 
Poston Peak at 3 : 00 a fter tu rn ing ri ght. 

B r idge ove r  Bouse Wash . 

To the east about e i ght miles away a r e  the no rthern 
Plomo s a  Mount a ins . " The general geology of the 
no rthe rn Plomo s a  Mounta ins is best des c r ibed as a 
s equence o f  low- angle faults that v a r iou s ly includ e 
older Cret aceous to ea rly thru s t  faults and mid
Terti a ry detachment faul ts at higher s t ructu r al 
l evel s "  ( Ke i th and othe rs, 19 8 3 ) . The Fou r Peaks 
area, which i s  at the northern end o f  the Plomos a s 
cons i s t s  o f  t il ted , middle Tert i a ry, fel s ic to 
inte rmed i ate volcanics in the upper plate o f  the 
reg ional Plomo s a  det achment fault . This fault occurs 
mostly along the east s id e  of the c rest o f  the 
No �the rn Plomo s a  Mounta ins . Mos t  of the c rest l ine 
i s  P recamb r i an c rystall ine rocks o f  v a r i ous k ind s in 
the B i gho rn Plate bene ath the Plomo s a  detachment 
fault . This is the lowermos t  plate in the s t acked , 
low- angle fault complex that p e rv ades the northern 
P lomo s a  Mountains . 

At 2 : 00 to 2 : 30 about five miles away a r e  the Moon 
Mountains . The gene ral geology o f  the Moon Mount a ins 
is d ep icted in enclosed Map 7, which also shows the 
location o f  Copperstone M ine . This area ( exclud ing 
the mine l e a s e ) is cu r rently be ing mapped as p a rt of 
a doctoral prog r am  at M . I . T .  by J im Knapp . His 
mapp ing has ident i fied three p r incipal l i thologies; 
P recambr i an met a s ed iments, gne i s ses and schi sts,  
Mes o z o ic s ed iments ,  and Cretaceous g r an i t i c  
int ru s ives . The s e  l i thologies fo rm the lower plate 
a s s embl age of a low- angle det achment fault that 
outc rops at the northern end of the Moon Mountains. 
This fault ( the Moon Mount a in detachment faul t )  
s epa rates an a rea o f  pervas ive detachment faul t ing 
northea s t  o f  the Moon Mountains from an a rea to the 
s outhwest, whe re the s e  faults a r e  absent ( Jon 
Spencer, pers . comm . ,  19 8 8 ) .  

The upper plate a s s emblage, which was t ranspo rted to 
the northeast, is comp r i s ed of Mes o z o i c  volcanics, 
which a r e  v e ry poorly expo s ed becau s e  mo st o f  these 
l i thologies are cove red by eol i an s and . The 
det achment fault st r ikes NW-SE and d ips to the 



20.9 2.8 

27.0 6 .1 

northeast. D r i l l ing on the Coppe rs tone property 
ind icates that this fault i s  undul atory and that it 
und e r l i e s  the o rebody at some depth . The Coppe rs tone 
fault, that hos t s  the gold mine r al i z at ion is in the 
uppe r plate o f  the Moon Moun t a in detachment faul t. 
I t  is not known if the Coppe rstone fault i s  a s play 
off the und e rly ing detachment faul t . Where it has 
been d ri l l  inters ected southwest of the mine, the 
Moon Moun t a in det achment fault does not conta in gold 
mine ral i z at i on. 

Turn r ight onto the Cyprus Coppers tone M ine road. 
This i s  a d i rt road of 6 . 1  m i l es to the Office and 
Pl ant complex . After tu rning onto the mine road, 
dus t  should be a min imum, but please note the S PEED 
L IM I T  on this road ! As you d r ive wes t  tow a rds 
Coppers tone there are two sets o f  dumps at 1:00. The 
dump to the l eft is the o r e  dump ( > 0.02 opt gold ) ,  
which is on the color photo that i s  part o f  this 
gu idebook, whereas the right dump is the " low grade 
waste " dump ( 0 . 01 0  to 0 01 9 opt gold ) . 

Ent r ance to the Coppers tone M ine. All vehicles w ill 
p a rk out s ide gate and fence a t  the Office bu ild ing, 
which is j us t  ins ide the mine gate and to the l e ft. 
As ou r group will be too l a rge fo r a presentation in 
the o ffice, we will given a geological presentat ion 
in the p a rk ing lot . This present a t i on w i l l  be by 
Gr aham K e l s ey, the mine geolog i s t ,  who c o - authored 
the d e s c r ipt ion of the m ine espec i ally fo r this 
gu idebook . 

After the t alk by Graham K e l s ey, we will v i s it the 
mines i t e  and this will includ e a t r ip into the p it. 
So as to minim i z e  the number of vehicles go ing into 
the pit, please t ry to have as many people per 
vehicle as is comfo rt a bl e . 

WHEN WE ARE IN THE PIT, WE WOULD ASK EVERYONE PLEASE 
TO EXERCISE AS MUCH CAUTION AS POS S I BLE AT THE PIT 
WALLS . THI S  WILL MEAN NO CLIMB ING UP OR DOWN THE 
WALLS, NO MATTER HOW TEMPTING THE SAMPLE ! 
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A G e n e r a l  C o m m e n t  o n  F e O x - G o l d  D e p o s i t s  a n d  G o l d  S o l u b i l i t y 

S u p e r g e n e  a l t e r a t i o n ,  o r  � e a t h e r i n g , o f  p r e - e x i s t i n g p y r i t e g e n e r a l l y  

r e s u l t s  i n  c o m m o n  a m o r p h o u s  o r  v e r y  p o o r l y  c r y s t a l l i n e  F e - o x i d e s s u c h  a s  

g o e t h i t e a n d  l i m o n i t e .  O n  t h e  o t h e r h a n d , w e l l - c r y s t a l l i z e d s p e c u l a r  h e m a t i t e 

i s  g e n e r a l l y  n o t  a s s o c i a t e d w i t h  t h e  s u p e r g e n e  e n v i r o n m e n t ! h o w e v e r  

s p e c u l a r i t e i s  p r e s e n t a t  s o m e  g o l d d e p o s i t s  s u c h  a s  C o p p e r s t o n e ,  A I , t h e  

R o s s  M i n e  a n d  K i r k l a n d  l a k e ,  O n t a r i o  a s  w e l l a s  i n  g o l d d e p o s i t s  i n  t h e  

d e t a c h � e n t  f a u l t e n v i r o n m e n t .  A t  m o d e r a t e l y l o w t e m p e r a t u r e s  ( �250ac ) g o l d  

i s  v a r i a b l y  s o l u b i l e  u n d e r  m u c h  o f  t h e  s a m e  c o n d i t i o n s  i n  t e r m s o f  o x i d a t i o n 

s t a t e  a n d  p H  w h e r e  p y r i t e i s  s t a b l e .  T h e  c o m m o n  a s s o c i a t i o n o f  g o l d  w i t h  

p y r i t e i n  m a n y  t y p e s  o f  p r e c i o u s  m e t a l  d e p o s i t s  i s  e x p l a i n e d  b y  t h e  f a c t  t h a t 

g o l d � a y  b e  t r a n s p o r t e d a n d  d e p o s i t e d i n  e q u i l i b r i u m w i t h  p y r i t e .  G o l d 

d e p o s i t s  w h e r e  n a t i v e g o l d o c c u r s  w i t h  o x i d i z e d i r o n  m i n e r a l s t h e r e f o r e  p o s e  

a n  i n t e r e s t i n g p r o b l e � w h e n  v i e w e d  i n  l i g h t  o f  t h e  g e o c h e m i s t r y  o f  g e o t h e r m a l  

f l u i d s  a n d  e p i t h e r m a l  o r e d e p o s i t s  ( B e r g e r a n d  B e t h k e , 1 9 8 5 ) . I f  t h e  s p e c u l a r  

h e m a t i t e  i s  h y p o g e n e a n d  c o g e n e t i c  w i t h  t h e  A u , t h e n  c e r t a i n  c o n s t r a i n t s  a r e  

p u t  o n  t h e  n a t u r e  o f  t h e  o r e - b e a r i n g  f l u i d s  a s  w e l l a s  t h e  p o s s i b l e  . o d e s  o f  

g o l d  t r a n s p o r t  a n d  d e p o s i t i o n .  

I n  t h e  e p i t h e r m a l  e n v i r o n m e n t  g o l d i s  g e n e r a l l y  t r a n s p o r t e d  a s  s o m e  

s o r t  o f  s u l f i d e c o m p l e x ,  w h e r e  g o l d - b i s u l f i d e , o r  A u ( H S ) 2 - i s  t h e  

d o m i n a n t  c o m p l e x u n d e r n e u t r a l  t o  s l i g h t l y  a l k a l i n e c o n d i t i o n s  ( F i g u r e  1 ) . 

M a x i m u m  A u  s o l u b i l i t y o c c u r s  w h e r e  t h e  H z S / H S - b o u n d a r y  m e e t s  t h e  

S 0 4 2 - f i e l d .  B e c a u s e  t h e  s t a b i l i t y f i e l d  o f  h e m a t i t e l i e s  a t  h i g h e r a O z  

v a l u e s , g o l d s o l u b i l i t y w i l l  h a v e  d e c r e a s e d  s e v e r a l  o r d e r s  o f  m a g n i t u d e  b y  

t h e  t i m e t h e  f l u i d  i s  i n  e q u i l i b r i u m w i t h  h e m a t i t e .  T h i s  e f f e c t i v e l y 



p r e c l u d e s  a n y  g o l d - b i s u l f i d e t r a n s p o r t g i v i n g  r i s e t o  c o g e n e t l c  g o l d - h e m a t i t e 

a s s o c i a t i o n s .  
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I n  b o t h  f i g u r e s t o t a l  c h l o r i d e 
a c t i v i t y i s  e q u a l  t o  1 . 0  a n d  t h e  
t o t a l  s u l f i d e a c t i v i t y i s  e q u a l  
t o  0 . 0 1 .  T h e  s t a b i l i t y f i e l d s  f o r 
t h e  d o m i n a n t  i r o n  m i n e r a l s a r e  

s h o w n  b y  h e a v y  l i n e s  a n d t h o s e  
f o r t h e  s u l f u r s p e c i e s b y  l i g h t  

l i n e s .  T h e  s o l u b i l i t y  c o n t o u r s 

f o r g o l d a r e  s h o w n  b y  d a s h e d 
l i n e s  a n d  l a b e l e d  i n  p p b . 

N o t e  h o w  a t  h i g h e r t e m p e r a t u r e s  t h e  r e g i o n o f  A u C 1 2 - s o l u b i l i t y 

e x p a n d s  c o n s i d e r a b l y  a n d  b e g i n s t o  c o i n c i d e  w i t h t h e  s t a b i l i t y f i e l d  o f  

h e m a t i t e o v e r r e a s o n a b l e  p H  r a n g e s . B o t h  h i g h e r t e m p e r a t u r e  a n d  h i g h e r  

10 



s a l i n i t y p r o � o t e  A u - c h l o r i d e s o l u b i l i t y ( C a t h l e s ,  1 9 8 7 ) . G o l d  d e p o s i t � o n 

w o u l d b e  p r o m o t e d b y  c o o l i n g ,  i n c r e a s i n g p H ,  r e d u c t i o n t h r o u g h  r o c k - w a t e r  

i n t e r a c t i o n o r  m i x i n g a n d  d i l u t i o n w i t h  a n o t h e r  f l u i d .  

F i g u r e  2 i s  s i � i l a r t o  F i g u r e  1 b u t  c a l c u l a t e d f o r a n  i n t e r m e d i a t e  

t e m p e r a t u r e  o f  2 0 0 · C . F i g u r e  2 a l s o s h o w s t h e  t o p o l o g y  f o r i r o n  s o l u b i l i t y 

c o u n t o u r s a s  w e l l a s  a r e f e r e n c e  p o i n t  f o r K a o l i n i t e / M u s c o v i t e  s t a b i l i t i e s .  

I t  i s  i n t e r e s t i n g  t o  n o t e  h o w  F e  s o l u b i l i t y i s  a l s o  p r o m o t e d b y  l o w e r  p H  

v a l u e s , a n d  t h a t a t  t h e  n e u t r a l  t o  s l i g h t l y  a l k a l i n e  p H  c o n d i t i o n s  w h i c h 

o p t i � i z e  g o l d - b i s u l f i d e t r a n s p o r t , t h e  f l u i d  e f f e c t i v e l y h a s  � i n i m a l  

t r a n s p o r t  c a p a c i t y f o r d i s s o l v e d F e .  A t  m o r e  o x i d i z i n g c o n d i t i o n s  

F e - h y d r o x i d e  c o m p l e x e s m a y  s i g n i f i c a n t l y  c o n t r i b u t e  t o  i r o n  s o l u b i l i t y .  
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F i g u r e  2 .  S o l u b i l i t y o f  
A u  a n d  F e  a s  a f u n c t i o n 
o f  f 0 2 a n d  p H ,  a l o n g  
w i t h  s p e c i a t i o n o f  
d i s s o l v e d  S a n d  F e  
m i n e r a l o g y  a t  2 0 0 · C .  
D a t a f r o m S e w a r d  ( 1 9 7 3 , 
A u - S  c O ll p l e x e s ) ! W a l s h e  
a n d  S o l o m o n  ( 1 9 8 1 , F e  
s o l u b i l i t y ) , E Q 3  d a t a b a s e  
o f  W o l e r y  ( 1 9 7 9 , R e v i s i o n 
o f  N o v . 1 9 8 1 )  a n d  H e l  g e s o n 
( 1 9 6 9 , A u - C l  c o m p l e x e s , 
m u s c o v i t e - k a o l i n i t e ) . 
A c t i v i t y o f  K + = 1 0 - 1 , 
b a s e d  o n  N a / K = 1 0  a n d  
1 � N a + .  D i a g r a m b y  
A . IiI . R o s e , P e n n  S t a t e , 1 2 1 8 3  
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F l u i d s  w h i c h c a n  t r a n s p o r t  Au u n d e r o x i d i z i n g c o n d i t i o n s  a r e  

n e c e s s a r i l y  o f  l o w p H  a n d  h i g h c h l o r i d e c o n t e n t  a n d  t h e r e f o r e  w o u l d  a l s o  h a v e  

a m p l e  t r a n s p o r t  c a p a c i t y f o r s i l v e r  a n d  b a s e  m e t a l s .  I n  g o l d  d e p o s i t s  



a s s o c i a t e d  w i t h  c o g e n e t i c  h y p o g e n e  i r o n o x i d e s  t h I s s h o u l d b e  r e f l e c t e d � j  

t h e  a b s e n c e  o f  h i g h A u / A g  r a t i o s a n d  a n o m a l o u s  C u , P b , a n d Z n  a s  o p c o s e d t o 

t h e  � o r e  t y p i c a l  e p i t h e r � a l  a s s e m b l a g e  o f  A s , S b , H g  a n d  T I . L o w - p H  

a l t e r a t i o n a s s e m b l a g e s s u c h  a s  c a r � o n a t e  r e m o v a l  a n d / o r a r g i l l i z a t i o n  o f  

K !F l - b e a r i n g  p h a s e s  i n  i g n e o u s  r o c k s  w o u l d a l s o  b e  e x p e c t e d . D e p o s i t i o n o f  

h y p o g e n e  . l u n i t e w o u l d a l s o  b e  p o s s i b l e  u n d e r  v e r y  l o w p H  a n d  o x i d i z i n g 

c o n d i t i o n s  i f  a � p l e  s u l f u r w e r e  a v a i l a b l e .  
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CON D I T IONS OF GOLD M I N ERAL I ZAT I ON I N  THE 
DETACHMENT FAULT ENV IRONMENT 

R i c h a r d  Bean e , J oe W i l k i n s ,  J r .  
D a l l ho l d  R e s o u r c e s , I n c . , T u c s o n , A Z  

T o m  H e i d r i c k 
C h e v r o n  O i l F i e l d  R e s e a r c h  C o . , L a  H a b r a , CA 

* from a t a 7 k  p resen t e d  a t  t h e  1 986 A r i zona Ge0 7 0g i ca 7 Soc i e t y  
mee t i n g  " Fron t i e rs i n  Ge0 7 0gy a n d  Ore Depos i t s o f  A r i zona a n d  t h e  
Sou t h wes t " ,  Tucson 

T h e  mate r i a l  p r e s e n t e d  h e r e  i s  d r aw n  f rom i n v e s t i g a t i on o f  
s ev e r a l  g o l d  p r o s p e c ts i n  de t a c h me n t  f au l t e n v i ronmen t s . T h e  X ' s  
on F i g u r e 1 s h o w  a numbe r of l o c a t i on s  i n  A r i z o n a  w h e r e  g o l d  
m i ne r a l i z a t i o n o c c u r s  r e l ated to d e t a c h m e n t  f au l t s .  P r edom i n a n t  
amo n g  t h e se a r e  t h e  P i c a c h o  and t h e  C o p p e r s t o n e  d e p o s i t s .  T h e  
P l an e t  D i s t r i c t ,  l oc a ted i n  t h e  B u c k s k i n  M o u n t a i n s a n d  s hown b y  
t h e  c i r c l e d X o n  F i g u re 1 ,  w i l l  b e  u s e d  a s  a p r otot y pe . 

F i g u r e 2 i s  a s c hemat i c  c ro ss - se c t i on w h i c h  i l l u s t r at e s  s ome 
of t h e  geo l o g i c  f e a t u r e s  of t h e  d e t a c h me n t  f au l t  e n v i ronme n t . A 
l ow - an g l e  d i s l oc a t i on s u r f ac e  a l on g  w h i c h d e t a c h me n t  f au l t i n g 
oc c u r r e d  i s  i n d i c ated b y  L i n e A - B . L ow e r  p l ate c r y s t a l l i n e r o c k s  
a r e  c r o s s c u t  b y  a l ow a n g l e  my l on i t i c  f a b r i c  w h i c h  i s  shown b y  
t h e  d a s h e s  ( C ) . T he m y l on i t i c  f a b r i c  i n c reases i n  i n t e n s i t y 
mov i n g u pw a r d , a n d  me r g e s  i n to a c h l o r i t i c  b r e c c i a  i mmed i ate l y  
be l ow t h e  d e t a c h m e n t  f au l t  ( D ) . W i th i n  t h e  u p p e r  p l ate a r e  s e t s  
o f  r o t a t i o n a l  l i s t r i c - n o rma l f au l ts w h i c h f l a t t e n  a n d  me r g e  i n to 
the d e t a c h me n t  f au l t  ( L i n e E- F a n d  p a r a l l e l  l i ne s ) . H l g h - an g l e  
t e a r  f au l t s i n  t h e  u p pe r p l at e  s t r i ke p a r a l l e l  to moveme n t  of t h e  
de tac h e d  b l o c k  and pe r p e n d i c u l a r t o  t h e  l i s t r i c  f au l t s .  S u c h  a 
t e a r  f a u l t  m i g h t  make u p  t h e  s u r f ac e  i n  t h e  u p p e r  p l ate u po n  
w h i c h t h e  c r o s s - s e c t i on s hown i n  F i g u re 2 i s  d r awn . 

C h l o r i te o c c u r s  at t h e  d e t ac h me n t  a n d  i n  o v e r l y i n g l i s t r i c  
f au l t s ( e g . , G ) . B l oc k s  of c a l c i um c a r bo n ate o f  u n c e r t a i n  o r i g i n  
( H )  a p p e a r  a b o v e  t h e  d e ta c h me n t  f au l t .  I ron and c o p p e r m i n e r a l i 
z a t i o n o f  a p p r o x i mate l y  t h e  s ame age as d e t a c h m e n t  f au l t i n g h as 
t h r e e  modes o f  o c c u r r e n c e  at o r  i mmed i ate l y above t h e  d e t ac h me n t  
f au l t :  1 )  m a s s i v e r e p l aceme n t s  i n  s i l i c i f i ed and b r e c c i ated 
m a r b l e ,  2 )  g r a n u l a ted , sme a r e d - o u t  bod i e s w i t h l n  and i mme d i at e l y 
a b o v e  t h e  d e ta c h me n t , a n d  3 )  o p en - s p ac e  f i l l i n g s  i n  b r e C C l a  z o n e s  
r e l ated to l i s t r i c f au l t i n g .  

Two d i s t i n c t  m i ne r a l  as semb l ag e s  a re r e c o g n i z e d  i n  t h e  

d e t ac h m e n t  f au l t  e n v i ronme n t . A s u 7 f i de a s semb l ag e  c o n s i s t i n g 

p r i ma r i l y  of c h l o r i te ,  s p e c u l a r hemat i te ,  c h a l c o p y r i te and p y r i te 

o c c u r s  at t h e  d e t a c hme n t  f au l t  o r  i n  r e l ated l i s t r i c  f au l ts .  A n  

oX 7 de as semb l ag e  composed of goeth i t i c  hemat i te ,  c h r y s o c o l l a ,  

m u s c o v i t e ,  b a r i t e  and c a l c i te i s  mos t  c ommo n i n  h i g h - an g l e  t e a r  

f a u l t s a n d  adj a c e n t  l i s t r i c  f au l ts .  T h e  ox i d e assemb l a g e  i s  

u s u a l l y  l a te r t h an t h e  s u l f i d e as semb l ag e , w i t h goe th i t i c  h ema

t l te re p l ac i n g e a r l i e r - f o rmed i ro n - m a g n e s i um c h l o r i te or p y r i t e .  



- 2 -

T h e  s u l f i de assemb l a ge i s  o f t e n  seen to h a v e  u n d e r g o n e  e x t e n s i v e 
s u pe r ge n e  ox i d at i on to c h r y s o co l l a  a n d  p u l v e r u l e n t  l i mo n i te .  T h e  
h y p o g e n e  ox i de a s s emb l ag e  i s  d i s t i n g u 1 s h e d  b y  d e n s e  c h r y soco l l a  
w h i c h i s  not h y g r o s c o p i c ,  a n d  b y  d e n s e  g o e t h i te ( o f t e n  r ep l ac i n g 
c h l o r l t e )  commo n l y  w i t h a l ac k  o f  r e l ated boxwo r k s  w h i c h i n d i 
cates t h e  a b s e n c e  of p r e - e x i s t i n g s u l f i d e m i n e r a l s .  

A det a i l e d s t u d y  i n  t h e  P l an e t  a r e a  s howed go l d  oc c u r r e d  
on l y  i n  asso c i at i o n w i th t h e  o x i de a s s em b l ag e . Go l d  c o n t e n t s  of 
s u l f i de assemb l a g e  s amp l e s were v e r y  l ow ,  dom i n a n t l y  l e s s  t h a n  
t e n  p a r t s  p e r  b i l l i o n go l d .  T h e  o n l y  s i g n i f i c an t con c e n t r at i o n s  
o f  go l d  w i t h t h e  su l f i d e assemb l ag e  oc c u r red w h e r e  th i s  was c u t  
b y  l a t e r  f r a c t u r e - f i l l i n g s  o f  t h e  o x i d e as semb l a g e . F i g u r e 3 i s  
a p l o t of c o u p l e d go l d  a n d  c o p p e r  c o n t e n t s  of a g r o u p  o f  d u m p  
sam p l e s .  T h i s  d i a g r am s h ows t h at w h e r e a s  go l d  d o e s  n o t  oc c u r  
w i t h o u t  c o p p e r , t h e  r e v e r s e i s  n o t  t r ue . T h i s  i s  because go l d  
a c c om p an i e s c h r y so c o l l a  f r om t h e  ox i d e assemb l age , b u t  n o t  
c h a l c o p y r i t e f r om t h e  s u l f i d e assemb l a g e . Note t h at a s i g n i f i 
c a n t  p o r t i o n o f  t h e s e  d u m p  s amp l es h a v e  go l d  c o n t e n ts i n  e x c e s s  
o f  o n e  p a r t  p e r  m i l l i o n .  

A p p rox i mate l y  3 0 0  f l u i d  i n c l u s i on s  w e r e  an a l y ze d  f rom a 
p r o s p e c t  w h e re t h e  g o l d - be a r i n g o x i d e a s semb l ag e  r e p l aces e a r l i e r 
c h l o r i t e a n d  s p e c u l a r i te ( F i g u re 4 ) . S u l f i d e m i ne r a l s w e r e  n o t  
d e p o s i te d  w i th t h e  c h l o r i te a n d  s p e c u l a r i te at t h i s  l oc at i o n .  
F i g u r e 5 i s  a h i s t o g r am of f l u i d  i n c l u s i on homo g e n i z at i on temp e r 
a t u r e s  w h i c h h av e  b e e n  r e s o l v ed i n to two f am i l i e s . A n  e a r l y  g e n 
e r at i o n of q u a r t z  a l o n e  fo rmed n e a r  2 9 0o C .  H omoge n i z at i on tem
p e r a t u r e s  for f l u i d  i n c l u s i o n s  w i th the i n te rmed i ate s t age of 
c h l o r i t e a n d  s p e c u l a r i te have a me an v a l u e  of a bo u t  2 4 5 ° C .  N o  
q u a r t z  o r  o t h e r t r a n s p a r e n t  m i ne r a l s w e r e  r e l ated p a r ag e n e t i c a l l y  
to go l d ,  so t h e  f o rmat i o n tempe r a t u r e  o f  m i n e r a l i z at i on cou l d  n o t  
b e  d e t e r m i n e d  d i r e c t l y .  S t at i s t i c a l  an a l y s i s  o f  t h e  d a t a  r e l ated 
t o  q u a r t z - c h l o r i te- s p ec u l a r i te ( F i g u re 6 )  s hows t h i s  p o p u l at i o n 
1 S  composed o f  two s u b s e t s , o n e  w i t h a me an of 2 4 4  + - 1 2° C  a n d  t h e  
ot h e r  w i t h a me a n  o f  2 4 4  + - 2 0o C .  One o f  t h e s e  i s  p ro b ab l y r e l a
ted to go l d  m i n e r a l i z at i on .  N o  e v i d e n c e  o f  bo i l i n g w a s  o b s e r v e d . 

F i g u re 7 i s  a p l o t of f l u i d  i n c l u s i o n h omo g e n i z at i o n tem
p e r at u r e s  v e r s u s  e q u i v a l e n t  mo l a l s o d i um c h l o r i d e s a l i n i t i e s f o r  
two l oc at i o n s . T h e  c ro s s e s  a re d a ta f rom t h e  p ro s p e c t  d e s c r i bed 
abo v e . S a l i n i t i e s f r om 1 2  to 22 w e i g h t  p e r c e n t  N aC l e q u i v a l e n t  
o c c u r o v e r  a 6 0° C r a n g e  i n  h om o g e n i z at i o n  tempe r a t u r e s , a n d  t h e r e 
i s  n o  s y s temat i c  r e l at i on between t h e  two p a r ame t e r s . T h e  d o t s  
r e p r e s e n t  f l u i d  i n c l u s i on s  f rom t h e  M i n e r a l H i l l  c o p pe r m i n e 
o c c u r r i n g i n  t h e  d e t ac hme n t  f au l t ,  a n d  t h u s  a r e  r e p r e s e n ta t i v e o f  
t h e  s u l f i de m i n e r a l  a s s em b l ag e . T h e  s u l f i de a s se m b l ag e  f l u i d  
i n c l u s i o n s  h a v e  a me an s a l i n i t y o f  s l i g h t l y  mo r e  t h an t h r e e  mo l a l 
N aC l e q u i v a l e n t  ( a bou t 1 5  we i g h t  p e r c e n t ) .  A s  at t h e  p ro s p e c t . 
no ev i d e n c e  o f  b o i l i n g was s e e n  i n  i n c l u s i o n s  f rom t h e  M i n e r a l  
H i l l  M i n e .  P e t r o l e um p r o d u c t s  w e r e  p r e s e n t  i n  s ome of t h e  f l u i d  
i n c l u s l on s  f r om t h e  M i n e r a l H i l l  M i n e .  
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F i g u re 8 i s  a m i n e r a l  s t a b i l i t y d i ag r am f o r  t h e  s y s tem C u 
F e - S 2 -02 a t  3 0 00 C i n  t e rms of t h e  c h em i c a l  ac t i v i t i e s o f  s u l f u r  
a n d  o x y ge n . T h e  m i ne r a l s s hown ( l abe l e d )  a r e  p y r r h o t i te ( p o ) ,  
p y r i te ( p y ) , hemat i te ( h m ) , a n d  a m i n i mu m  s t ab i l i t y f i e l d  fo r t h e  
i ron comp one n t  o f  c h l o r i te ( c h l ) .  T h e  a re a  e n c l osed b y  t h e  
d a s h e d  l i ne i s  t h e  r e g i on w h e r e  c h a l co p y r i te coex l s t w i t h t h e  
v a r i o u s  i r on m i n e r a l s .  Bo r n i t e coex i s t s  w i t h t h e  i r on m i n e r a l s 
i mme d i a te l y  o u t s i d e t h e  c h a l c o p y r i te s ta b i l i t y f i e l d .  T h e  l i n e 
b e tween P o i n t s  A a n d  C i n d i cates c o n d i t i on s  u n d e r w h i c h hema t i te ,  
p y r i te ,  a n d  c h a l c o p y r i te can coex i s t .  A bo v e  Po i n t A c h a l c o p y r i te 
i s  n o  l o n g e r  s t a b l e .  A t  P o i n t C ,  c h l o r i te j o i n s t h e  h emat i t e ,  
p y r i te a n d  c h a l c o p y r i t e .  T h e  dotted l i n e p a s s i n g th r o u g h  PO l n t B 
r e p r e s e n ts a m i n i mu m  s t ab i l i t y  bou n d a r y  f o r  c a l c i te re l a t i v e t o  
an h y d r i te a n d  wo l l as t o n i te i n  t h e  p r e s e n c e  of q u a r t z . I n c reas i n g 
c a r bon d i o x i d e p r e s s u r e  mo v e s  t h i s  d o t t e d  l i n e  tow a r d  t h e  u p p e r 
r i g h t  on t h e  d i a g r am . Obse r v e d  m i n e r a l  assemb l ag e s  i n  t h e  P l a n e t  
a n d  o t h e r  a r e as i n d i c ate t h at ox y ge n  a n d  s u l f u r  ac t i v i t i e s a t t e n 
d i n g fo rmat i on o f  t h e  s u l f i d e assemb l ag e  l a y somew h e r e a l on g  t h e  
l i n e between P o i n t s  B a n d  C ,  p o s s i b l y e x te n d i n g u p  t o  P o i n t A .  

F i g u r e 9 s h o w s  m i n e r a l s t a b i l i t y r e l a t i on s  f o r  t h e  ox i d e 
a s s emb l ag e  at 2 2 50 C ,  a g a i n i n  te rms of t h e  ac t i v i t i e s of s u l f u r  
a n d  o x y g e n . T h i s  tempe r at u r e  w a s  c ho s e n , based on f l u i d  i n c l u 
s i o n d a t a  a n d  m i n e r a l s t a b i l i t y c o n s i de r at i on s , a s  r e p r e s e n t a t i v e 
of ox i d e a s s em b l ag e  m i n e r a l i z at i on . T h e  p h as e s  o b s e r v ed f o r  t h l S  
a s s emb l ag e  a re h emat i te ( h m ) , c h r y so co l l a  ( x c ) , m u s c o v i te ( mu s ) ,  
b a r i t e ( b a r ) , c a l c i te ( c a l ) a n d  go l d .  T h e  hemat i te p l u s c h r y s o
co l l a  s t ab i l i t y r e g i on p l aces a l ow e r l i m i t o n  ox y g e n  ac t i v i t y 
( v e r t i c a l  L i n e A- B ) . T h e  p re s e n ce o f  m u s c o v i te r a t h e r t h an 
a l u n i t e p l ac e s  an u p p e r  l i m i t  o n  t h e  o x i de e n v i r o n me n t  ( d i ag o n a l 
L i n e C - D ) . S t a b i l i t y of c a l c i te r a t h e r t h an wo l l as t o n i te i n  t h e  
p r e s e n c e of q u a r t z  d e f i n e s  a m i n i mu m  p a r t i a l p r e s s u r e  o f  c a r bo n  
d i o x i d e .  U s e  o f  t h i s  p a r t i a l  p re s s u r e  i n  t h e  ba r i te-w i t h e r i t e  
reac t i o n ,  s h o w n  b y  d i agon a l  L i ne E- B ,  p rov i d e s  a l ow e r l i m i t o n  
c o n d i t i o n s  of fo rmat i on of t h e  o x i d e  a s s em b l age w h i c h e x t e n d s  
be l ow Po i n t B o n  t h i s  d i ag r am .  T h e  a r e a  o n  t h e  d i a g ram c o r r e s 
p o n d i n g t o  t h e  o x i d e assemb l ag e  i s  s h ad e d . T h e  f i e l d  e x t e n d s  t o  
h i g h e r  v a l u e s  o f  o x y g e n  ac t i v i t y w l th c o r r e s p o n d i n g d e c rease i n  
s u l f u r  ac t i v i t y .  

T h e  r e l at i v e  p o s i t i o n s  o f  t h e  s u l f i d e a n d  ox i d e m i n e r a l 
a s s emb l a g e s  i n  te r m s  of t h e  ac t i v i t i e s o f  s u l f u r  a n d  o x y g e n  a r e  
s h o w n  o n  F i g u re 1 0 .  T h e  ox i de assemb l ag e  i s  fo rmed at h i g h e r  
o x y g e n  ac t i v i t i e s t h a n  t h e " s u l f i de a s semb l ag e . T h e  most d i s t i n c 
t l v e d i f fe r e n ce between t h e  two as s em b l ag e s , h owev e r , i s  t h e  
d r as t i c a l l y  l ow e r ac t i v i t i e s o f  s u l f u r  f o r  t h e  o x i de p h as e s . 
Ca l c u l ated t o t a l c o n c e n t r at i on s  o f  d i s so l v e d  s u l f u r  fo r t h e  two 
assemb l ag e s  are c o mp a r ab l e ,  a l t h o u g h  t h e y  e x i st i n  d i f f e r e n t  
f o rms : s u l f i d e f o r t h e  a s s em b l ag e  w i t h t h e  s ame n ame , a n d  s u l f a t e  
f o r  t h e  o x i de a s s e m b l ag e . 

A t  an y po s i t i o n o n  a d i ag r am s u c h  as F i g u r e 1 0 ,  o x y g e n  a n d  
s u l f u r  ac t i v i t i e s c a n  be u s e d  t o  c a l c u l ate go l d  s o l u b i l i t i e s a s  
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c h l o r i d e a n d  b i s u l f i de comp l ex e s  a s  a f u n c t i o n of s o l u t i o n pH at 
a p p r op r i ate temp e r at u r e s  u s i n g eq u i l i b r i u m c o n s t a n t s  f o r  t h e  
f o l l ow i n g r e ac t i on s : 

Au + S 2 + 1 .  5 H 2 0 = Au ( H S ) 2 - + O .  7 5 02 + H +  

A u  + 2 C l - + 0 . 2 5 0 2  + H +  = A uC 1 2 - + 0 . 5  H 2 0 

T h e  f i r s t  e q u a t i o n d e f i n e s  d i s so l u t i o n as t h e  go l d  b i s u l f i de 
comp l e x ,  a n d  t h e  l ow e r  e q u at i o n s hows d i s so l u t i on o f  go l d  as t h e  
c h l o r i d e comp l e x .  T empe r a t u r e  a n d  c h l o r i d e ac t i v i t y a r e  dete r 
m i n e d  f r om f l u i d  i n c l u s i o n an a l y s e s . Go l d  so l u b i l i t i e s a r e  
c a l c u l ated as a f u n c t i on o f  so l u t i o n pH a t  o x y ge n  and su l f u r  
ac t i v i t l e s d e te rm i n e d  u s i n g  m i n e r a l  s t a b i l i t y r e l at i on s  as 
d e sc r i bed p r ev i o u s l y .  Go l d  so l u b i l i t i e s f o r  t h e  s u l f i d e and 
o x i d e assemb l a g e s  as a f u n c t i o n o f  so l u t i o n pH a r e  s h own o n  
F i g u r e 1 1 .  T h e  d a s h e d  l i ne s  a r e  3 0 0° C s o l u b i l i t i e s f o r  Po i n t s  B 
a n d  C on F i g u re 8 .  Go l d  d i s so l v e s  as t h e  c h l o r i d e comp l e x i n  
ac i d  so l u t i o n s  a n d  as t h e  b i s u l f i d e comp l e x at p H  v a l ues abov e 
a bo u t  f i v e .  T h e  s o l i d  l i n e i s  t h e  m i n i mu m  go l d  so l u b i l i t y f o r 
t h e  ox i d e a s s em b l ag e  at 2 2 5° C .  T h i s  s o l u b i l i t y i s  e n t i re l y a s  
t h e  g o l d  c h l o r i d e comp l e x .  A s  o x y g e n  ac t i v i t i e s i n c rease a b o v e  
t h a t  f o r  t h e  c h r y s o c o l l a- c u p r i te ( c r ,  F i g u re 9 )  eq u i l i b r i um 
b o u n d a r y ,  s o  too d o e s  t h e  s o l u b i l i t y  o f  go l d  w i t h t h e  ox i de 
assemb l ag e  as s h ow n  by t h e  a r rows . 

A t  tempe r a t u r e s  s u c h  as t h e se , ac i d / base n eu t r a l i t y l i e s  a t  
a s o l u t i o n pH o f  a b o u t 5 . 5 .  C a t i o n mas s  t r an s f e r  and m i n e r a l  
s t a b i l i t y r e l at i o n s  f o r  t h e  s u l f i de a n d  ox i d e as semb l ag e s  i n d i 
c a te t h a t  so l u t i o n pH v a l u e s  m u s t  h av e  been at l e a s t  mode rate l y  
ac i d i c .  Be l ow a pH o f  4 . 5 ,  w h i c h i s  on l y  abo u t  one u n i t  be l ow 
n e u t r a l i t y a t  t h e  tempe r a t u r e s  be i n g c o n s i de re d , go l d  s o l u b i l i 
t i e s f o r  t h e  o x i d e  a s s emb l ag e  a r e  at l e a s t  two o r d e r s  o f  magn i 
t u d e  h i g h e r  t h an f o r  t h e  s u l f i d e a s s e m b l ag e . T h i s  s i g n i f i c a n t  
d i f f e r e n c e  i n  g o l d  s o l u b i l i t i es b e twee n  t h e  t w o  assemb l ages u n d e r  
mo d e r a te l y  ac i d i c  c o n d i t i on s  l e a d s  t o  t w o  c o n c l u s i on s : 

1 )  T h e  h i g h g o l d  c o n t e n t s  seen w i t h t h e  ox i de as semb l ag e  
c o m p a r e d  t o  t h e  s u l f i d e a r e  p r o b a b l y  a d i r e c t  r e s u l t  o f  t h e  
d i f f e r e n c e s  i n  g o l d  t r an s p o r t  c a p ac i t y o f  t h e  d i f f e r e n t  
f l u i d s w h i c h f o rmed t h e s e  t w o  assemb l ag e s . 

2 )  T h e  ox i de assemb l ag e  f l u i d s r e a c h e d  go l d  s a t u r at i o n a t  
h i g h e r  c o n c e n t r a t i on s  t h a n  t h o se p e rm i t ted f o r  t h e  s u l f i d e 
assemb l ag e . T h e r e f o r e , t h e  o x i de as semb l a g e  f l u i d s a r e  n o t  
s i mp l y o x i d i z e d  s u l f i de assemb l ag e  f l u i d s ,  b u t  h a v e  ev o l v e d  
i n d e p e n d e n t l y .  

. 

F l u i d s r e s p o n s i b l e  f o r  b o t h  m i n e r a l  as semb l ag e s  i n  t h e  
d e t ac h m e n t  e n v i r o n me n t  ex h i b i t comp a r a b l y  h i g h s a l i n i t i e s .  T h i s  
s u g g e s t s  a common s o u r c e  f o r  t h e  t w o  d i f f e r e n t  f l u i d s .  T h e  
o c c u r r e n c e  o f  t h e  p e t ro l e um p ro d u c t s  i n  s ome d e t a c h me n t  f l u i d s ,  
t h e  h i g h f l u i d  s a l i n i t i e s ,  a n d  c o n s i d e r at i o n o f  t h e  geo l o g i c  
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f e a t u r e s  o f  t h e  d e t a c h me n t  f au l t  en v i r o n me n t , l e ad u s  to s u g g e s t  
t h a t t h e  m i n e r a l i z i n g f l u i d s we re o r i g i n a l l y  s a l i ne bas i n  b r i n e s . 

We s u g g e s t  t h a t  b r i n e s  w e r e  i n i t i a l l y  h e ated i n  m i d d l e  
T e r t i a r y  g r a be n - t y pe bas i n s ( F i g u r e 1 2 )  b y  t h e  h i g h geot h e rma l 
g r ad i e n t  a t t e n d i n g t h e  e x t e n s i o n a l  e n v i ronme n t . T h e  d r i v i n g 
f o r c e  f o r  mov i n g t h e se b r i n e s  i n t o  t h e  de t a c h me n t  f a u l t  a n d  o v e r 
l y i n g p l ate cou l d  h av e  t w o  o r i g i n s .  T h e  f i r s t  i s  s i mp l e  b as i n  
e x p u l s i o n r e s u l t i n g f rom ove r b u r d e n  compact i o n as h as been s u g 
g e s t e d  f o r  t h e  M i s s i s s i p p i  V a l l e y - t y pe d e p o s i t s .  We p ro p o se 
ano th e r  p o s s i b i l i t y w h i c h i s  l at e r a l compact i o n o r  c om p r e s s i o n at 
t h e  l e ad i n g e d g e  o f  the de tachme n t  p l ate , mov l n g as s h own by t h e  
u p p e r  a r row . 

T h e  b as i n  f l u i d s wou l d  be c h l o r i d e b r i ne s  c a r r y i n g s i g n i f i 
c an t  c o n c e n t r a t i o n s  o f  mag n e s i um ,  i ro n , a n d  c o p p e r w i t h mod e r a te 
amo u n t s  o f  su l f i d e s u l f u r . The temp e r a t u re o f  t h e s e  b r i n e s  i s  
e s t i mated to h av e  b e e n  on t h e  o r d e r  o f  2 2 5° C ,  t h e  nece s s a r y  h e a t  
h av i n g b e e n  s u p p l i e d b y  an abno rma l l y  h i g h g e o t h e rma l g r ad i e n t  
re l ated to t h e  e x t e n s i o n a l  t e c t o n i c  e n v i r o n me n t . T h e  b as i n  
f l u i d s we re d r i v e n  a l on g  t h e  d e t a c h me n t  f au l t  an d t h e n  u p w a r d  
i n to l i s t r i c  a n d  t e a r  f au l t s a s  s h own b y  t he so l i d  a r rows . T h e  
f l u i d s mov i n g i n  t h i s  man n e r  r e t a i n e d  t h e i r o r i g i n a l l y  r e d u c i n g 
c h a r ac t e r  a n d  p r e c i p i tated c h l o r i te an d t h e  o t h e r s u l f i d e as s e m
b l a g e  m i n e r a l s .  T h e  temp e r at u r e of t h e  s u l f i de a s s emb l a ge f l u i d s 
w a s  r a i s e d  a b o v e  t h at o f  t h e  p a r e n t  ba s i n  b r i n e b y  h e a t  p r ov l d e d  
b y  t h e  c r y s t a l l i n e l owe r p l a t e  r o c k s  and f r om f r i c t i on g e n e r a t e d  
b y  p l ate moveme n t . 

F l u i d s mo v i n g a t  h i g h e r  l e ve l s  i n  t h e  u p p e r  p l ate a l o n g  t e a r  
f au l t s ,  s h own b y  t h e  s t r i p e d  a r rows , w e r e  mo r e  o x i d i z i n g i n  
c h a r a c te r . T h e  o x i d at i on i s  s u g g e s ted to h a v e  been p ro v i ded b y  
m i x i n g w i t h m i n i ma l  amo u n t s  o f  s h a l l ow g r o u n d  wate r . M i x i n g o f  
t he p a r e n t  bas i n  b r i ne s  w i t h l a r ge f r act i on s  o f  s h a l l ow wate r s  
w ou l d  i n c r ease t h e  o x y g e n  ac t i v i t y o f  t h e  o r i g i n a l  f l u i d s ,  bu t 
w ou l d  a l s o d e c r e as e  t h e  tempe r a t u r e  a n d  s a l i n i t y of t h e  b r i n e s . 
T h e s e  f ac t o r s  w o u l d  d i m i n i s h t h e  c a p a c i t y of t h e  f l u i d s to d i s 
so l v e g o l d  as t h e  c h l o r i d e comp l e x .  Go l d  d e p o s i t i on r e s u l ted 
w h e r e  the t e a r  f au l ts p ro v i d e d  ac c e s s  of the o x i d i z i n g f l u i d s t o  
e a r l i e r - f o rmed c h l o r i te o r  p y r i te w h i c h se r v e  as r e d u c i n g a g e n t s . 
Ox i d a t i o n of c h l o r i te r e s u l t e d  i n  g e n e r a t i o n o f  t h e  goe t h i t i c  
h emat i te and m u s c o v i te o bse r v ed as p a r t  o f  t h e  ox i d e assemb l a ge . 

C a l c u l a t e d  g o l d c o n t e n t s  o f  t h e  h i g h - l ev e l  f l u i d s we re s i g 
n i f i c a n t , b u t  t h e y  w e r e  l ow e r  i n  b o t h  t h e  d e ep e r  f l u i d s f o r m i n g 
t h e  s u l f i d e a s s e m b l ag e  and i n  t h e  p re s umed p a r e n t  bas i n  b r i ne .  
T h e  s i n g l e  mo s t  i mp o r t a n t  c h em i c a l  c h a r a c te r i s t i c  l ead i n g to t h e  
g o l d  t r a n s p o r t  c a p ac i t y o f  t h e  h i g h - l e v e l f l u i d s w as t h e i r h i g h 
o x y g e n  ac t i v i t y w h i c h i s  d e f i n e d  b y  t h e  h y d r o t h e rma l c h r y soco l l a .  
O u r mode l r e q u i re s  a c q u i s i t i on o f  t h e  d i s s o l v e d  g o l d  af t e r  t h e  
b r i n e s  we r e  o x i d i z e d . T h i s  r e q u i r es t h a t  g o l d  c a r r i e d b y  t h e s e  
f l u i d s w as de r i v e d  f r om t h e  r o c k s  i n  t h e  u p p e r p l ate of t h e  
d e t ac h men t f au l t  t h r o u g h  w h i c h t h e  o x i d i z i n g f l u i d s m i g r ated . 
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P A�T I I : D ETAILED GEOLOGI CAL AN D  

GEOCMEMICAL INVESTIGATIONS O F  THE 
SOCORRO REEF GOLD ANOMALY 

Introduction 

During geologic mapping and geochem ical sampling on the Socor:-o 
Mining Corporation property in early April 1 98 2  an intriguin g  alteration 
anomaly in the Bolsa Quartzite on the Palo Verde and Bluebird clai m s  was 
encountered ( S ee panorama in F igure 18A and 1 8B ) .  The general geo graphic 
position of the Socor=o Reef go ld anomaly is shown on Plate 5. E l even 
geochemical sam p l e s  f r o m  the alteration anomaly all yielded w e akly 
anomalous to strongly ano malous go ld values ( . 0 1 6  to 6 . 0  pp m ) . Following 
my initial recommendation for further work on the go ld ano maly 
( unpublished report dated May 3, 1982 ) ,  at Socorro Mining Co�poration ' s  
request I began negotiations with major mining compani es in M ay, 1 9 8 2  to 
obtain addi tional surface infor�ation on ��e go ld ano maly which has been 
named the S o corro Reef go ld anomaly. Subsequent vis i ts to this ground by 
myself and numerous major mining companies have led to the acqui sition of 
abundant surf ace data that strongly suggests ��e pres ence o f  a m a j or , 
lo w-grade , large-tonn a ge , disse minated gold dep o s i t  w ith an indicated 
gold value o f  over 340 million do llars ( at $ 4 5 0 /oz ) in over 3 5  million 
tons. Part I deve lop e d  a regional disseminated go ld model that was 
applied to the S al o m e  r e gion in general; this r e gi onal mode l w as derived 
from data at ��e Socorro Reef gold anomaly and surrounding mineral 
de�osits. P art II develops a detailed , site- specific , geo chemical and 
geometric model for the diss eminated gold dep o s i t  that is inf erred to lie 
benea�� the S ocorro Ree f go ld anomaly. 

Exploration and Development History 

The history and development of the Socorro P eak area is strongly 
tied to the dis covery o f  bonanza go ld ores in 1 8 8 8  at the Harl:i'lahala 
( Bonanza) M ine in the Little Harquahala M ountains 1 0  m iles to th e  
southw est ( S e e  T ab l e  1 in P ar t  I) .  B y  1 9 0 5  ge l d  mineralization h a d  been 
discovered and w as being developed at ��e old S o corro M ine in ��e S ocorro 
Peak area. T he explor ation and development of mineral depos its in the 
S ocorro Peak area can be divided historically into four periods - before 
1 9 6 9 , 1969- 1 97 9 ,  1 9 79-April 1 9 8 2 , and April 1 9 8 2 - De c ember 1 9 8 2 .  

EARLY DEVELOPMENTS ( BEFORE 1 969 ) 

The yearly reported production fro m mines in the Socorro Peak · area 
is listed in Table 1 2 . Three mines ( ��. Socorro M ine , Mars and M escal 
Mine , and Why Not M ine ) operated dis continuously from 1 9 0 5  to 1 9 3 8 .  The 
exp loration and deve lopment his tory for each of the s e  mines is summarized 
be low . 
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Socorro 

Iron Door 1 & 2 
( Mars & Mescal ) 

Iron Coor 3 & 4 
( Why N o t ) 

Table 1 2 : Recorted Production by year for mines w i thin the 

Socorro Mininq .. f,0rporation Property Po sition 

Operators : D eath Valley, �A. S alisbury , Gilbert and Schmidt ,  

Socorro Gold Co. , Socorro M ines , Inc. 

Year 

1 9 0 5  
1 9 0 6  
1 9 1 1 
1 9 1 3  
1 9 1 4  
1 9 3 4  
1 9 3 5  

Totals 

Ore Treated 

( Short Tons ) 

2 2 0 0  
1 46 1  

5 7 0  
5 9  
2 5  
60 
4 1 1 

4786 

Go l d  

23 0 
2 0 7  
1 3 4  

5 9  
3 1  
1 8  

4 
683 

Silver 

1 4 5  
1 22 

6 2  
3 7  

5 
1 2  

8 8  
4 7 1 

Operators : Jerome Wenden Co . ,  Nuevo Mundo 

Year 

1 9 1 6  
1 9 1 7  
1 9 1 8  

Totals 

O re Treated 

( Short Tons ) 

5 6  
2 1  
3 2  

1 0 9 

Gol d  

1 5  
1 
o 

1 6  

S ilver 

1 8  
8 

3 0  
5 6  

Lead 

5 0  
5 0  

Copper 

1 5 , 23 4  
6 , 7 4 6  
1 , 8 7 6  

28 , 856 

Au : Aq 

1 . 59 
1 . 6 9 
2 . 1 6 
1 . 5 9 
6 . 2  
1 . 5  

. 0 4 5  
1 . 45 

Au : A q  

. 83 

. 1 25 

. 2 86 

Operators : Kuisto & Smith ,  A . E .  Lang & Gilbert , A . E .  Lang , 

T . F .  Johnson 

Year 

1 9 3 2 . 
1 9 3 3  
1 9 3 4  
1 9 3 5 
1 9 3 6  
1 9 3 7  
1 9 3 8  

Totals 

O re Treated 

( Short Tons ) 

4 1  
1 42 

6 5  
3 0  

8 
2 4  
85 

395 

Gold 

3 7 
1 1 2 

1 6  
25 

2 
6 

3 5  
2 3 3  

Silver 

4 0  
1 3 4 

7 5  
9 0  

1 
1 0  

.ill. 
689 

C opper 

o 
9 6 0  

o 
3 3 8  

o 
46 

268 
1 , 6 1 2  

Au : Aq 

. 9 2 5  

. 8 36 

. 2 1 3  

. 2 78 
2 . 0  

. 60 

. 25 2  

. 3 38 



Socorro and Henry B e ll Mines 

The = a j ority o f  ��e reported production in the Socorro Peak area was 

in 1 9 0 5  and 1 9 06 w hen the S ocorro Mine prOduced 346 1 tons of ore that 

yielded 437 ounces o f  go ld and 267 ounces of silve r .  In 1 9 0 1 the Socorro 
Go ld Mining Company acquired the mine and within four years sank a 3 7 5-
foot inclined shaft and developed 23 0 0  feet of drifts away from the 
shaft. A � O - stamp m i l l  equipped for amalgamation , concentration , and 
cyanidation was built in 1 9 0 4. Intermittent operations from 1 9 0 5  to 1 9 1 4  
yielded about $ 20 , 0 0 0  in go ld bullion from at least 6 6 1 ounces o f  gold 
extracted from over 40 0 0  tons of ore. In 1 9 3 4  the Socorro Mine produced 
60 tons of ore that yielded 18 ounces of gold. 

The 1 9 3 5  production listed under the Socorro Mine lab e l  may not 
actually have co m e  f r o m  the S ocorro Mine , but rather could have come from 
the Henry Bell property .3 mile southeast of the Socorro Mine site. The 
1 9 3 5  production listed from the Socorro Mine is predominantly silver 
production. The gold: silver ratio of the 1 9 3 5  production is .045 , which 
is very similar to geochemical results from recent drilling and sampling 
on the Henry B e l l  claim by Socorro Mining Corporation and Noranda in 1 9 8 2  
( F igure 1 2 ) .  The grades o f  the Socorro Mine production are plotted 
sequentially by yea r  on Figure 9.  All of the grade s  fall within the 
Socorro Reef go ld anom al y  field except the 1 9 3 5  production , which plots 
in the Henry Bell f i eld. In addition, George Campbel l ,  S r .  has L�f ormed 

me that he worked as a miner at the Henry Bell property in 1 9 34- 1 9 3 6  when 
the property was being developed by an adit. At that time the adit was 
connected by an aerial tram way to a millsite near the botto m of an 
unnamed canyon 5 0 0  f eet southw est of what is now called the Henry B ell 
tunnel . Only the f oundation for this mill remains today and no remains 
of the former tramw ay w e r e  noted during my mapping. Accor ding to George 
C ampbell the mill di d  process some ore , w hi ch could we ll have been the 

1 9 3 5  production reported under the Socorro Mine lab e l .  The Henry Bell 
property was o ffered to ASARCO in 1 9 36 and the results of their 1 9 36 

sampling are included with the ASARCO data in Appendix IX. 

Why Not Mine 

Curing my field w or k  in 1 9 82 claim notices were found in the NW 1 /4 

o f  S ec .  3 6 , T. 5 N . , R. 1 2 W .  f o r  the J e s s i e  A l l a r d  c l a i m  l o c a t e d  b y  W . J .  
Stoke on June 8 ,  1 9 1 6 . ' Thes e  claims were at least partially relocated 

under the Why Not Gold labe l  on April 3 0 ,  1 9 30 by Tho mas F. Johnson and 
A.E .  Linnell.  I t  is probable that at least 16  Why Not Gold clai m s  were 

located at this t i me. These claims are most likely related to the 
production in 1 9 3 2- 1 9 3 8  from the Why Not Mine ( Table 1 2 ) . M o s t  of this 

production probably came from numerous pits and adits in the NE 1 /4 of 
S e c .  2 5  an d the S E  1 / 4 of S e c .  24 , T . 5N. , R 1 2  W .  G e o c h e m i c a l  va lue s o f  
samples from thes e  locations closely approximate the recorded production 
( F i g ur e  1 2 ) . 



Mars and Mescal Mine 

C uring- World W ar I the Mars and Mes��l property produced 1 0 9  tons ot 
copper ore from 1 9 1 6  to 1 9 1 8 .  The copper production mdst likely came 
trom adits and inc lined shatts in gold-bearing- j asperoid lenses in the SE 
1 /4 of the NW 1 /4 ot S ec. 1 9 ,  T.SN. , R 1 1 W. Geochemical values ot samples 
taken by Socorro Mine Corporation and by Noranda at this location closely 
approximate the reported production from the M ars and Mescal property 
( S ee F i g-ure 1 2 ) . 

Other Acti vi ty 

Reports tor th e  Campbell tamily by Thomas C. 1Cl.ng- Eng-ineering- in 
1973 indicate that during- 1927 and 1928 a company named the 1:1 T i gore 
Mining- Company ot old Mexico eval.uated much ot the Socorro Peak area. 
Xing- reportedly hAd i� ormation that the 1:1 Tigore Mining- Company took 
possibly 5 0 0 0  samples and assays during- two separate channel camp4iqns. 
Various sample cuts were reportedly found by lti.ng- on the Henry Bell and 
Tres Padres clai m s. In addition , lting- claims the 1:1 Tigore Mining- Company 
concluded that there was an indicated 1 6 , 0 0 0 , 0 0 0  tons assaying- . 1 79 troy 
ounces ot 9'01d per ton in the Socorro Peak area between the Henry B ell 
claim and the Iron Door claim. No sample or assay results substantiating
this gold gorade have been conveyed to me. However , independent mapping
and sampling- by myselt and Noranda tail to tind anything- even close to 
the reported 1:1 Tigore numbers. 

Since 1935 there has been no reported production trom mines in the 
Socorro Peak area and little is known ot any veritiable explor ation or 
production activity , except tor claim staking- in F ebruary of 1 9 5 8 , when 
Georc;e W., Sr. ,  H enrietta , and John S. Campbell located the Henry Bell 
claim. . There are reports that hiC;h gra.de pockets of gold ore were 
encountered in the Socorro Peak area (S.. lti.ng- I:ng-ineerinc; report of 
1 1 /24/72 in Appendix U ) ,  but none ot these reports has been 
substantiated to date. Apparently the material that wu taken out was 
processed by arrastre milling- in B&rrisburC;, where the remains of 
numerous arrastres ar e  reported to still exist. 

DEVELOPMENT 1 969 - 1 979 

On March 8, 1969, Georc;e Campbell, Jr., Robert L Barritt , and Frank 
S ayre located the Tr.. Padres claim .3 miles northeast of the Socorro 
ant gold anomaly. Thus beqan a new period ot explora.tion and 
development in the Socorro Peak area. In June and July of 1969 Georc;e W. 
Campbell ,  Sr., located the Yellow Gold No. 1 claim , the Palo Verde No. 1 
c laim , and the B luebird claims over what is now the center ot the Socorro 
Reet gold anomaly. In M ay of 1973 Thomas C. Xing-, Georc;e Campbel l ,  Jr . , 
and Hayden S. Brown located the Iron Door claims over what formerly had 
been the M ars and Mescal and the Why Not properties of earlier years. 
Also , Carl F. Ludw ig- located the Socorro claim on M ay 27, 1 9 7 2 ,  and the 
Socorro Annex claim in September of 19 7 3 .  In June 1 9 7 4  the Campbell 
tamily , in asso ci ation with nine other parti es ( the S ocorro Reef 



Association ) located the Reef Group of claim s. 

locations of all o f  the aforementioned claim s ) .  
( S ee P late 1 for specific 
Between 1 9 74 and 1 9 78 

the Socorro Reef Association leased the above mentioned claim s to B and B 

Mining Co. ,  now a member of the Noranda
" group. F rom conversations with 

George Campbel l ,  J r . ,  B and B Mining sampled the Henry Bell claim , put in 
most of the open cuts , and stockpiled some of the mineralized material 
taken from the open cut. Following these oper ations they terminated 
their lease.  I have not seen any assays or reports re lating to the B and 
B Mining Co. work , although George Campbel l ,  Jr.,  indicated that he has 
copies of material relating to this activity. 

After the B and B Mining Company involvement and probab ly in early 

1 9 7 8 ,  C ampbell and associates leased ��. property to Jordan Industries 
Inc . ,  a Otah-based company. Jordan Industries attempted to mine the block 
of ground beneath the old Henry Bell adit on the Henry B ell claim by 
open-cut techniques.  They added an additional bench , ins talled a milling 
facility with a stated 1 0 0 0  ton/day crushing capacity , and reportedly 
stockpiled at least several thousand tons of Henry B ell material on the 
o ld Socorro Mine dump. Mr. Joe Behunin w as the p rincipal representative 
for Jordan Industries during this time ( ear ly 1 9 7 8  to early 1 9 79 ) .  S o  
far as is known no production was ever realized f r o m  these operations. 
Various reports and assay results for the 1 9 6 9  to 1 9 79 period are 
presented chrono logically in Appendix II. 

DEVELOPMENT 1 9 79 - APRIL 1 9 8 2  

In 1 9 7 8  an d  1 9 7 9  Jordan Industries experienced financial 
difficulties in rai s in g  capital to develop the H enry Bell c laim and 
initiated bankruptcy proceedings. On April 2 3 , 1 9 79 ,  the leases with 
Jordan Industries ( i.e. ,  B ehunin and o��er s )  exp ired and the C am pbell 

family locked the gate and had an in j unction issued against B ehunin to 
keep him off the property. My understanding is that in the spring o f  
1 9 79 Mr. James M.  Jacobson , S r . ,  an d  Simon Srybnik of B rooklyn , New York 
were shown the prop erty by Mr. B ehunin; they w er e  favorably impressed and 
formed Socorro Reef Mining Company to infuse new capital into . the Jordan 

Industries operat.ion to get the property into production. After several 

reports ( in  chronological order in Appendix II I )  had been p repared by 
s everal different consultants who reached mostly f avorable conc lusions , 
Socorro Reef Mining Company entered into a j o int venture wi th Jordan 
Industries to continue developing the proper ty. However , sam pling of ��e 
Henry Bell claim by Socorro Reef Mining Company personnel ( Jake Jacobson, 
Jr. ,  personal communication , May 1 992 ) failed to substantiate the high 
gold values of the earli er reports. ( See assay certificate dated October 

1 7 ,  1 99 0 , Appendix I II ) .  C onsequently, Jake Jacobson , Jr . ,  sam pled an 
area in the Bolsa Quartzite in a saddle where B ehunin had formerly 

dri lled s everal sha l lo w  percussion holes about 1 /2 mile west of the Henry 
Bell adit. He obtained encouraging results that averaged .0 1 5 3  ounces 
per ton of go ld ( S ee assay certificate dated November 20 , 1 98 0 , Appendix 
III ) .  The s e  data are from the center of w hat would later become known as 

the Socorro Reef go l d  anomaly. On the basis of the assay results dated 
November 2 0 , 1 9 8 0 , S ocorro Reef Associates dec ided to develop a small 
open pit in the quartzite and to heap leach material taken from ��e pit. 
Socorro Reef Mining Company then commiss ioned Duane Grey to des ign and 



opera�e the heap leach pad. By la�e February 1 98 1 precious metal-bearing 
solu�ions were being recovered from a. leach pad from approximately 30 , 0 0 0  
tons o f  material that had been placed above the Henry B ell material on 

the old Socorro Mine dump. Resampling o� ,material from within the pit 

yielded discouraging results , but 37.7 troy ounces of m etal ( in six 
pieces that contained 6 6 \  gold) were recovered from leach solutions 

before recovery problems set in at the leach pad ( Jake Jacobson , personal 
communication , May 1 9 8 2 ) .  Much o f  the equipment currently on th e  
property ( see Appen� XII ) relates to this period o f  activity. 

On May 1 5 , 1 9 8 1 ,  a new lease was signed betwe en Socorro Ree f  M ining 
Company ( So corro Reef Associates ) and the underlying property owne r s  ( ��e 
Campbell family and as sociates ) to bring the property into full 
production within one year. After the lease was si gned $ 1 0 , 0 0 0  of 
drilling totalling 60 0 feet was done from June 1 ,  1 9 8 1 to June 4 ,  1 9 8 1  by 
Arizona Drilling Services Company to explore for poss ible gold ore on the 
P alo Verde , Socorr o ,  and Henry Bell claims. This drilling was done under 
the direction of Duane Grey, the heap leach operator , and Bob Rose , an 
accountant in Sco ttsda l e ,  Arizona. The analytical results of this 
drilling are presented in Appendix X. 

DEVELOPMENT APRIL 1 9 8 2  - DECEMBER 1 982 

As part of the lease dated May 1 5 , 1 98 1 ,  Socorro Reef Associates 

( no w  Socorro Mining Corporation) had to geo logically ass ess go ld deposits 
on the Iron Door and Tres Padres claims and, if geologic studies 
indicated the go ld occurrences were economically feasible , Socorro Reef 
Associates was required to develop the area by roadwork and drilling. 
Initially J ake Jacobson of Socorro Reef Ass ociates contacted Noranda 
Exploration Inc. in Tucson , Arizona , about examining this are a .  After an 
initial visit to the property in early 1 98 2 , Noranda conducted follow up 
sampling in mid-March 1 9 8 2 .  However , it became apparent that Noranda 

w ould not be able to make a detailed geologic assessment of this ground 
availab le to Socorro Reef Associates by M ay 1 S ,  1 98 2 ,  the expiration date 
of the 1 9 8 1 lease. Hence , Socorro Reef Associates contacted me , at the 

�ggestion of Noranda , about examining the Socorro Reef property position 

w i th  special empha s i s  on the Iron Door and Tres P adres claim s. My report 
dated May 3 ,  1 9 8 2 , identified an interesting gold anomaly on the Palo 

Verde and Bluebird claims and recommended further exploratory w ork. At 
the reques t  of Socorro Reef Associates ( no w  Socorro Mining Corporation ) I 
initiated discus s ions w ith m a j or mining companies to o btain additional 
surface geologiC assessment of the Socorro Reef gold anomaly. What 

follow s is a summary of my activity and that of various major m ining 
co mpanies between M ay 1 9 8 2  and December 1 9 8 2 .  The sequence of co mpany 

summaries is arranged chronologically in the order of initial contact 
with these mining companies. Analytical data and correspondence relating 
to the various activities is contained in Appendices IV - X. A briefly 
summarized description of surface work commitment performed by the 

various m a j or mining companies is presented in Table 1 3  along w ith its 
approximate do llar value. 



Company 

Norancla 

Phillips 

Table 1 3 : Collar value of work commitments by 
m ajor mUlUlg companie s ,  1 9 8 2  

Type of Work 

Geoch«m.ical Sampling during March , 
June , and S eptember 
Geoch«m.ical Induced Polarization Survey 
in June 

Geochemical Sampling in June 

u . s .  B orax Analytical Geochemical Work on Socorro 
Mining and Phillips samples 

St . Joe 

Exxon 

ASARCO 

C etai led surface geochemical sampling 
Ul August and September 

C onf irmatory geochemical s ampling 

Conf irmatory geochemical sampling 

Approximate 
Collar Amount 

6 , 3 0 0  

4 , 50 0  

3 ,  0 0 0  

7 , 0 0 0  

4 , 8 0 0  

8 0 0  

1 , 2 0 0  
27 , 6 0 0 . 0 0 



Noranda Activity 

Because Moranda Exploration , Inc. bad already performed recent 
sampling, I contacted them first in mid May. During these initia l  
discuss ions i t  became apparent that Noranda had independently identified 
the Socorro Reef go ld anomaly and was interested in follow up studies. 
However , their budget was ti ght so that their tim ing for such work was 
indef inite. In late May I contacted Phillips about sampling the Socorro 
Reef gold anomaly. When Noranda learned About these contacts , they 
indicated they w ould conduct a detailed surface geochemical sam p ling and 
geophysical survey during mid-June. ( See letter dated June 8 ,  1 98 2  in 
Appendix V ) .  Data re lating to this work were trans mitted to Socorro 
Mining Corporation on July 1 3 , 

·
1 9 8 2. Noranda considered the results 

encouraging, but not encouraging enough to immediately acquire the 
ground. Subsequently, I initiated discussions with other major mining 
companies ( s ee be low ) and kept Noranda informed of these activities. On 
September 29 , 1 9 8 2 , I visited the property with Noranda per sonnel to 
further acquaint them with the property in view of what was currently 
known. At this tim e  Noranda took additional samples from an adit. ( See 
analytical report dated O ctober 1 3 ,  1 982 ) .  The next day Jeff Sno w ,  
President o f  Noranda Exploration in charge o f  o.s. exploration , vis ited 
the property, was f avorably impressed , and authorized lease negotiations 
with Socorro M ining that evening in Phoenix , Arizona. The initial offer 
called for $ 3 0 , 0 0 0  of initial work commitment by Noranda over an initial 
period of three months in 1 982. I f  results are favorable , Noranda 
propos e s  to escalate its work commitment to $ 1 0 0 , 0 0 0  a year for the next 
severa l  years. N e gotiations with Noranda are sti l l  ongoing. 

Phi llips Activity 

After my initial contact with Phillips , I visited the Socorro Reef 
gold anomaly on June 1 ,  1 982 with Robert D. Enz , M inerals Geo logy 
Supervisor for the Minerals Group of Phillips Petroleum Co. Enz was 
favorably impr e s s e d  and indicated that Phi llips would do fo llow up 
sampling in the Socorro Reef gold anomaly later in June. On June 2 1 -23 
Phi llips collecte d  61 samples within the Socorro Reef gold anomaly. 
Howeve r ,  Phillips announced that week that they were terminating their 
S trategic Minerals D ivis ion as of S eptember 1 ,  1 98 2 .  Hence , Phi l lips was 
not able to obtain analyses for the samples , but did send me on July 1 5 ,  
1 98 2  sample des cription s ,  location data , and the samples they had 
collected . 

U.S .  Borax Activity 

In late July I contacted Dick Ahern , a consultant for O.S .  Borax 
about analyzing the Phillips samples. In return for monitor rights and 
receipt of existing Socorro Mining Corporation data regarding the Socorro 
Ree f gold anomal y ,  O.S. Borax has analyzed the Phillips samples for 
copper , mo lybdenum ,  lead, zinc , gold, silver , arseni c ,  antimony, 
tungsten , mercury , and uranium. In addition , U.S .  B orax has reanalyzed 
the Socorro M ining Corporation samples co llected by myself in April 1 9 82 
for go ld, si lver , lead , zinc , and copper and has furnished additional 



analyses on the S oc orro Mining Corporation s am p les for mol ybdenum , 
tungsten , uranium , antimony, ar senic , and mercury. These data have now 
been received in s everal lots from October 1 1 , 1 98 2  to the present. 
Numbers S - 1 0 9  through 5 - 1 43 remain outstanding an d  shoul d be received 
shortly. u.s. B o rax continues to moni t6r competitor activities at 
Soco rro Ree f ,  al though it do es not appear that they will co mpete with the 
Noranda. 0 f f e r .  

Exxon Minera l s  Activity 

In early August 1 9 8 2  I contacted personnel in the Tucson off ice of 
Exxon Miner als Company about the Socorro Reet property. F o llowing an 
initial examination o f  the property on August 3 1 ,  1 9 8 2 , Richard Chuchla 
of Exxon Minerals w as f avorably impres sed and recommended f o l low up 
sampling. Exxon spent two addditional days performing confirmatory 
sampling at S o corro Reet in S eptember ot 1 98 2  and the results of that 
sampling were tran sm itted to me by phone on October 8 ,  1 9 8 2  ( Appendix 
VII ) .  The Tucson o f fice has recommended that Exxon obtain S o corro Rest 
for drilling evaluatio n ,  but have yet to make a form a l  o f f er to Socorro 
Mining Corpor ation .  Whether they will compete with ��e No randa of fer at 
this point in time is somewhat doubtful . 

S t. Joe American A ctivity 

In late Jul y of 1 9 8 2  I contacted geo lo gists for St. Joe American 
C orporation about the S oc orro Reet property and on August 3 ,  1 9 8 2  I 
presented the property to Tom Chapin of St. Joe in the field. He was 
favorably impressed and reco mmended a detai led sampling program which S� 
Joe conducted S ep tember 9- 1 3 ,  1 982. The results of thi s  program were 
encouraging and S t. Joe geo logists have reco mmended to their district 
manager that S t. Joe acquire the ground for drilling evaluat ion. On 
Cece mber 2, 1 98 2  Joe Rankin, the southwestern O. S ,  exploration manager 
for S t. Joe out of Tucson , visited the property with Noe l  Cous ins , the 
St.  Joe superviso r  f or St. Joe ' s exploration at the S ocorro Reef property 
to date. Rankin w a s  favorably impressed w i th  the sur f ace geo logy, but 
when he observed s everal air-track drill holes on the ri dge west of 
Socorro Minin g Corp oration ' s  open cut , he becam e  mo re skeptical. His 
impression was the the ground may already have been evaluated by these 
air- track holes ( probably former Jordan Industry w ork by B ehunin ) .  
Cousins indicat e d  to m e  b y  phone on Cecember 3 ,  1 9 8 2  that S t. Joe would 
proceed no further unti l  Socorro Mining determines the status of 
informati on relating to thes e  holes and conveys it to St. Joe. 

ASARCO Activity 

curing my initial mapping and sampl ing activities in Ap ril 1 9 8 2  a 
repres entative o f  ASARCO , Inc . also visited the Socorro Reef property. 
Following that evaluation ASARCO remained inactive unti l I contacted them 
on September 9 ,  1 9 8 2  and sho wed them the N oranda and S ocorro Reef data. 
After exam inin g  this data ASARCO reevaluated its position and contacted 
me w ith a verbal w ork commitment ot fer for $ 20 , 0 0 0  of air-hammer dril ling 
and supportive assay work. They made this o f ter contingent upon 



t avorab le results trom additional surface sam pling by their acting 
regional manager , B il l  Kurtz . This work was conducted on September 23 , 

1 9 8 2  and the results o f  that work , together with analytical da ta for the 
April 1 9 8 2  sampling and for 1 9 3 6  sampl��g of the Henry B e l l  adi t  
workings , are pre sented in Appendix IX.- ASARCO has been info r�ed o f  the 
Noranda offer and ,  w hi le they were tavo rably impre ssed w i th th e ground , I 
do not be lieve they will compete with ��e Noranda otfer .  

New mont Activity 

On S eptember 9 ,  1 9 8 2  I made an of tice pres entation to geo lo gists for 
New mont M ining C o rp oration using the Noranda and Socorro M ining data. 
Their geo logists were tavorably impressed and indicated that they woul d 
contact me about v i s i ting the S ocorro Reef p roperty in the tield. They 
have yet to make this contact. My teeling is that Newmont prefers to 
"let the traf f i c  c l ear" before initiating any work. 

Hecla Activity 

On Septembe r  1 3 ,  1 9 8 2  I received a call trom Dick N ie l sen , a 
consultant tor H e c l a  Mining Corp. , who had heard about the S ocorro Reef 
property "on the grap evine". After turther contact with Hecla I vis ited 
the S o corro Reef property on September 24, 1 98 2  with Lou Knight, the 
regional exploration manager trom the Denver off ice ot Hecla. He was 
t avorably impres s e d  with the ground, but has since indi c ated to me that 
Hecla is not interested in any "bidding war s " .  T hey also believe that 
the available dat a  indi cate the Socorro Ree f depos it is slightly too low 
grade to warrant a m a j or entry by Hecla into Socorro Ree f  at thi s tim e .  
However , if S ocorro Mining h a s  not entered into a n  exploration lease with 
a maj or mining c ompany by the f irst of 1983 , Dr. Knight has ins tructed me 
to make additi onal c ontact w ith him regarding the S ocorro Reef property 
because he expec t s  that his 1 9 8 3  budget will be much more f lexib le in 
term s o f  acquiring new dri lling pro j ects. 

Utah International Activity 

On October 1 8 ,  1 9 8 2  I received a phone call from Alex As cencios , 
district manage r  of U tah I nternational exploration o f f i c e  in Tucson. Mr. 
Ascencios had hear d  about Socorro Reef "on the grapevine "  and w a s  
interested in looking a t  the S ocorro Reef da ta .  That day I made an 
office presentation to Utah International and they indi cated they were 
interested and would contact me later about a subsequen t  field 
examination o f  the property. At the time I talked with the m I informed 
them that several o ther companies were interested and tha t  N o randa had 
made a formal o f f er. 

When S t. Joe geo logists were visiting the Socorro Ree f pr operty on 
D e c e mber 2, 1 9 8 2 , they encountered one geo logist ( M iles S ha w ) and an 
ass istan t  who w e r e  co llecting numerous geochemical sampl e s .  I n  a 
telephone convers ation wi th Alex Ascencios on Dec ember 3 ,  1 9 8 2  he re lated 
that he and Shaw had visited Socorro Reef in mid-Novembe r and had decided 
to follow up the ir t i rst visit with a de tailed sampling program for 3 



days in early December . They were scheduled to complete this sam pling by 
December 3 ,  1 9 8 2 .  Ascencios indicated that Utah Internationa l was taking 

S O  to 75 samples which would be analy%ed for gold , silver , mercury, 
arseni c ,  lead , %inc , thallium , and at my suggestion , tungsten. From our 

conversation it appeared that Utah was" interested in sam p ling the granite 
to increase the potential minable tonnage s .  They indicated interest in 

all of the data Socorro Mining Corporation has accumulated since my 
contact with Utah in October and that perhaps they w ould be ready to 
" swap" · data by mid December. I illtormed them that Socorro M ining was 
very close to cutting a deal with Noranda and Ascencios indi cated Utah 
would proceed accordingly. 

Gulf M inerals Activity 

In early November of 1 9 8 2  Monte Swan , a consultant with Gulf Mineral 

Resource s  Company, a division of Gulf O� , contacted me about the Socorro 
Reef package .  I showed h.im the data on November 8 ,  1 9 8 2  and later that 
week he recommended the property to Tom Heidrick, the regional manager 
for w e stern o.S. exploration in Denver. On November 1 6 ,  1 9 8 2  I 
transmitt ed Socorro Reef data to geologists in the Tucson office of Gulf 
Mineral Resources Co. for inclusion in their 1 98 3  budget meetings in 
Denver on the 1 7 th and 1 8 th  of November. Tom Heidrick has since informed 
me by phone on November 22 , 1 9 8 2  that he is serious ly cons idering putting 
Socorro Reef into his 1 98 3  budget if ��e financial term s  are right. I 
indicated that I believed a minimWll of $ 5 0 , 00 0  in drilling woul d be 

nee ded to fairly test the Socorro Reef gold anomaly. (See my letter 
dated May 20 , 1 9 8 2  in Appendix X ). Heidrick indicated that they could 
spend at least $ 5 0 , 0 0 0  in an initial work commitment. Thus , I strongly 
believe that Gulf M ineral Resources Co. will seriously compl e t e  with the 
Noranda of fer . I a m  scheduled to give an office presentation to Gulf 
Mineral Resources Co. geologists including Tom Hedrick on December 7 ,  
1 98 2 .  Following this presentation I expect that Gulf geo logists w i ll 
visit the Socorro Reef property later in the week. 

Keith Activity 

In addition to all of my activities with the major minin g  companies 

between M ay and D e c e mber , of 1 98 2 , I have conducted detailed geo logic 
mapping in the area of the Socorro Reef gold anomaly, acquir e d  additional 
protection ground immediately south of the Socorro Reef go ld anomaly, 
obtained and evaluated the June 1 9 8 1 Socorro Reef drill hole information 
for inclusion in the Socorro Reef data base , and conducted discussions 
and nego tiations w ith the Campbell family who own part of underlying 
property . 

After receipt of the Noranda data in July 1 9 8 2  it became apparent 

that some of the gold mineralization might extend south of the Socorro 
Ree f  property pos ition as of July 1 9 8 2 .  Also , it was apparent that any 
open pit mining would include a small part of the ground in the NW 1 /4 of 
S e c .  36 , T.5N.,  R. 1 2 W. in which the mineral rights were owned by the 
S tate of Arizona. Af ter approval from Socorro Mining Corporation 1 6  Reef 
Annex claim s were located on August 16 and 25 , 1 9 8 2 .  After Sept ember 1 ,  

1 9 8 2  the
' 

Reef Annex group was repapered on October 1 3 ,  1 98 2  and recorded 



at the . Yuma County Courthouse on October 1 9 ,  1 98 2 .  The repape ring was 
done so that Socorro Mining would have an additional as s e s s ment year to 
evaluate the ground. The repapering in eff ect saves Socorro Mining 
corporati on $ 1 6 0 0  o f  1 9 8 3  as s e ssment an�, ties the ground up unti l 
S eptember 1 ,  1 98 4 .  The location and recording notices for the Reef Annex 
group are contained in Appendix XI along with ownership inf ormation for 
the Reef , I ron Coor , P alo Verde , Bluebird, and Tres Padres c laim s. 

Curing my var ious trips to the Socorro Reef property in August and 
S eptember of 1 98 2 , I conducted about 2 days of detailed geo logic mapping 
at a scale of 1 inch - 5 0 0  feet to obtain more precise geo lo gic 
information about ��e occurrence of gold within the S ocorro Reef gold 
anomaly and also to obtain ti ghter sample control for all of the various 
m a j or minin g  company geochemical sampling. Curing discuss ions w ith 
Noranda geo logi s t s  in Tucson it was learned that Arizona cri l ling 
S ervices had done dr i lling at the S ocorro Reef property in mid 1 98 1 .  I 
was previous ly unaware of this information. After phone calls with James 
L. W itt o f  Arizona C r i lling S ervices and Bob Rose , Socorro M ining 
Corporations accountant in Scottsdale , Arizona , · I obtained over the 
talephone the drill ho le names and locations and the analytical r esults 
for gold and s ilver in 1 2 0  five- foot co mposite sam ples collected during 
the reverse- circulation drilling. Notes bearing these data are contained 
in Appendix X. 

On September 29 , 1 9 8 2 ,  I vis ited with the Campb e l l  family in S alome , 
Arizona. A t  this time I discussed my new geologic interp r etations and 
the economic impli c ations of those interpretations with the Campbells. I 
also tran s m i tted to the C ampbells a copy of my M ay 1 0 ,  1 98 2  report. The 
main intent of the s e  di s cussions was to convince the Campb e l l s  of the 
poor commercial potenti a l  for deposits on the Iron Coor c l aims and to 
s tr e s s  the hi gh co mmercial potential of the Socorro Ree f  go ld anomaly. 
This was done to a l lo w  the C ampbells to more reali stically r e a s s e s s  ore 
depos its on their c laim s and to convince them that the Socorro Reef 
property is not yet a mine and that much exploration remains to be done 
before a mine could be brought into production. My overall purpo s e  in 
this r egard w as to explain to the Campbells that term s in the M ay 1 5 ,  
1 98 1 lea s e  agreement pertaining to mine production and royalty payments 
were unrealis ti c  �ons i dering the incompleteness of geologic data 
regarding the Socorro Reef property as of May 1 98 1 .  My recommendation to 
the C ampbell' s was to replace the mine production requirements w i th new 
requirements pertaining to efficient exploration of the Socorro Reef 
property . 

Geology 

The regional geo lo gy  of the S ocorro Reef go ld anomaly is sho w n  on 
Plate 2 .  C ur in g  August an d  September of 1 9 8 2  t w o  days w e re spent 
r evising the geo logic map of the S ocorro Reef go ld ano maly and viCinity 
at a s ca l e  of one inch equals 5 0 0  feet ( P late 19 ) .  Three cross s ections 
w ere drawn through the S ocorro Reef gold anomaly and are p r e s e nted in 
Figure 1 9 .  



ROCKS 

The re gional stratigraphy in the SoCorro Peak area was summarized in 
P art I. Roc k  units specif ically p resent in or near the S o corro Reef gold 
ano maly inc lude the Precambrian ( probab ly 1 .4 b.y. old) porphyri tic 
biotite granite , the depositi onally overlying Middle to Upper C ambrian 
Bolsa Quartzite and Abrigo Formation , the Upper Devonian Martin 
Formation , the M i s s is s ippian Redwall Formation , and the P ennsy lvanian
Permian Supai Formation. F or' litho logic descriptions of these units see 
Figure 4 in P art I .  T h e  highly anomalous t o  moderately anomalous portion 
of the Socorro Reef go l d  anomaly is contained entirely within the Bolsa 
Quartzite and Abrigo Formations. In addition , weak to moderate gol d  
values are present in the Precambrian porphyritic grani te beneath the 
Bo lsa Quar t z i t e .  

S i gnificantly, go ld values drop to back ground in the Paleozoic 
carbonate section immedi ately south and southeast of the B o lsa-Abrigo 
contact. Thus , the contact betwe en the Bolsa-Abrigo formations and the 
Martin Formation represents a firm assay wall and abrupt geo lo gic 
boundary for the southern boundary of the Socorro Reef go ld ano maly. 
Thus the southern boundary of the Socorro Reef go ld ano maly is strongly 
controlled strat i gr aphically by the basal Martin contact. Convers e l y ,  on 
��e basis of pres ent geo chemical data , no firm assay wall exi s ts in the 
Precambrian porphyr i ti c  gr anite beneath the Bolsa Quartz ite. 

P aleo z o i c  carbonate strata also exert a s trong strati graphic control 
on peripheral mineralizatio n  south of the Socorro Reef go ld ano ma ly. 
E rratic go l d-bearin g  j asperoid lenses exclusively occur in the upper 
cherty carbonate member of the Mis sissippian Redwal l  Limestone ( for 
example at s everal prospects south of the S ocorro Reef go ld ano m al y  in 
the N E  1 / 4 o f  th e N E  1 / 4 o f  S e c .  3 5 , T . 5N . ,  R. 1 2 W . ) .  

A sequence o f  northwe s t-trending, calc-alkalic , microdiorite dikes 
is present along the S ocorro fault zone at and south of the Socorro Mine 
for about 1 /2 mile along the fault. Three such dikes were mapped: a 
fourth microdior ite dike w as mapped s a o  feet southw e s t  of the Socorro 
f ault zone about 1 0 0 0  f eet south of the S ocorro Mine. The micro diorite 
dike swarm along the Socorro fault mostly occurs w i thin the northeast end 
of the S o corro Reef go l d  anomaly and is chlor itically altered , especially 
where the dikes traverse the gold anomaly. 

STRUCTURE 

S truc tural geo logy in the region around the Socorro Mine has already 
been outlined in P ar t  I. The main elements of ��e s tructural geo logy 
locally present at Socorro Reef are shown in cross sections A-A' , B -B ' ,  
and C-C' o n  F i gure 1 9 . The locations for these section lines are on 
P l a t e  1 9 .  



Low-angle T hrust Faults 

The main s tructure at the Socorro ·· �ne and vicinity is the Golden 
Eagle thrus t ,  one of the mi ddle thrus ts in the regional thrust f ault 
sandwich that is present throughout the Salome region. As can b e  seen in 
the cross sections , the Go lden Eagle thrust divides the area into tw o 
major plates. T he lowermost plate is composed mostly of Precambri an 
porphyritic granite with minor metasedimentary inclus ions. S everal 
exotic lenses of Paleozoic rocks occur along the thrust faul t ( S ee Plate 
19 for the map pos ition of these lenses ) .  The largest of the se l enses is 
co mposed o f  B o l s a  Quartzite. The northeast end of this lense , which 
actually is compo s e d  of several lenses , begins about 5 0 0  feet nor��east 
of the Socorro Mine within the Golden Eagle thrust zone . T he lense 
reaches its maximum thi ckness about 200 f eet southwest of the Socorro 
Mine where the quartz ite is about 1 5 0  feet thick. The quartz ite lense 
progress ively attenuates to the southwest and is no lon ger present about 
1 0 0 0  feet south w e s t  of the Socorro Mine . O ther tectonic lens e s  of 
Paleozoic strata w i thin the Golden Eagle thrust zone inc lude a s ma�, 
one-hundred- foot lon g lense of Martin Formation about 1 0 0 0  feet northwest 
of the Socorro M i ne and a S a O - foot long s liver of Supai Formation 
beginning about 20 0 feet southwest of the collar of the Socorro Mine 
inc line . 

The upper plate of the Golden Eagle thrust is co mposed o f  
Prec ambrian , co arse- grained , porphyritic biotite granite , which is 
depos itionally overlain by a steeply south- to southeast-dipp i n g  
Paleozoic se ction th at contains a normal P aleozoic stratigraphic sequence 
from basa l ,  M i ddle C ambrian Bolsa Quartzite to Permian Kaibab Limestone. 
Porphyritic gr an i te rests tectonically on the Paleozoic tectonic lenses 
in the Go l den Eagle thrust zone. This older over younger j uxtapos ition 
of rock units de mons trates the fundamental thrust nature of the Go lden 
Eagle thrust. The steep south and southeastward dip of the Paleozo i c  
section a n d  w e s twar d attenuation w a s  probably imposed dur ing regional , F 1 
southeast-directed folding in mid-Cretaceous tim e .  T he Socorro Mine area 
and the S oc orro Reef go l d  anomaly are within the lower , right- s i de-up 
limb of a m a j or F ,  fold. T he hinge of this fold is expo s e d  one m i l e  east 
of the mine area· ( F igure 7 ) .  A few F 1 minor fo lds are p r esent in the 
Pennsylvanian-Permian Supai section southeast of the Socorro Mine. F old 
hinges for these folds are s hown in P late 1 9. 

The Golden Eagle thrus t  throughout the Socorro Mine area 
consistently dips either south or southeast. The south or southeast dip 
is post-thrust in age and i s  probably related to F 3  folding ( Event No . 
1 1 ,  Geo logic History S ection , Part I ) .  Hence , the S ocorro Mine area is 
inferred to be in the south limb of a broad northeast-trending anticline 
w hose axis i s  about one mile north of the Socorro Mine ( S ee P late 2 ) .  

High- angle Faults 

The thrust p lates in the Socorro Mine area are broken by nu merous 
membe rs of the high-an gle , northwest- to w est-northw est-striking fault 
set. The principal fault of this set in the Socorro Mine area is the 
Socorro f ault. T he S o corro fault dips about 60 degrees to the northeast 



and disp lac e s  t�e P a l eo zoic sl ivers in the Go lden Ea gle thrus �  zone 
nor�heas� o f  the Socorro fault up and to the southeast. H enc e ,  there is 
about 250 f e e t  of r i ght separation and about 20 0 feet of reverse 
separation th:oug� the Socorro faul t zone. S outhwest of the Socorro 
f ault nucerous high-angle , no r��- northw es�� s�r iking to west-nor�hw es�
s�riking faults o f ! s e� the Paleozoic sec�ion between the Socorro f ault 
and the B luebird fault ( S ee P la�e 1 9 ) .  S epar a�ion on the nor�hw es�- to 
w e s t -no rthw e s t-erending faults is sinis tral , whereas separation of th e  
more northerly trending faults i s  gene rally dex�ral . S inis�ral o r  left 
separation on �� e west-northw es�- striking faults is only about one-thi r d  
that of ��e dextral separation o n  more northerly f aults. How ever , the 
Bolsa- granite contac t  wes� of Hill 2462 ha s  be e n  of fset repeatedly ( 6  
inches to 3 f e e t )  in a sinis�ral way by numerous nor�hwes�- to w e st
nor�hwest- strik�ng f aul ts tha� were too small to map. 

The geo logy about 1 0 0 0  feet south of the S ocorro inc line has been 
co mplica�ed by the presence of an additional thrust ( no w  ti lted) that 
trends dir e ctly �� ough Hill 2462 ( S ee Figure 1 S B ) .  As shown on cross 
sec�ion B-a' ( F igur e  1 9 )  Bolsa Quartzite is repeated thr ee times on now
ti lted thr�st faults.  The Hill 2462 thrus� probably formed j us t  before 
the F 1 fo l di�g event and was tilted during the F 1 folding even�. 

Inspect�on of P late 19 reveals that ��e ge nerally nor��east
strikin g, southeas t - dipping Paleozoic section which oc curs northeas t of 
��e S ocorro f ault bends into an east- wes�, s teeply south- dipping 
ori entation sou�hw e s �  of the Socorro fault near the edge of outcrop 
( e s p e c i a l l y  in the N E  1 / 4 ,  S ec .  35 , T. S N . , R. 1 2 f,tj . ) .  T h i s  b e n d i n g  m ay be 
due to drag along a m a j o r  west-northw est-striking f ault conce aled j us� 
b eneath the a l luv ium in the NE 1 /4 ,  S ec .  3 5 .  This fault could be an 
ex�ension o f  or a s liver o f  the high- angl e ,  northw est- to w e s �-northwe st
striking C en�ennial W a s h  f ault zone , which tr ends up C entennial Wash west 
o f  the Socorro Peak ar e a  ( S ee Figure 3 ) . M ovem ent on this faul t and the 
assoc iated r ight drag of the Paleo zoic s ec tion in the Socorro Mine area 
might reflect regional right shear along the northwest-trending fracture 
system about 1 2. 5  to 5 m.y. ago ( Event No. 1 1 ,  Geo logic His tory S ection ,  
Par� I ) .  I f  th i s  interp r e tation i s  corr ect ,  east-west bending of the 
Paleo zoic s e ction w ould be post- mineral in age. 

ALTERATION AND MINERALIZATI ON 

T he geo gr aphic pos ition of the Socorro Reef go ld ano maly ( P late 5 ,  
Part I )  es s entially coincide s  w i th  the alteration and mineraliz ation. 
Alteration and mineralization is expressed in several di f f erent w ays 
w i thin the Socorro Ree f  go ld anomaly: 1 )  supergene hematite-clay 
alteration an d  hypo gene quartz-seri cite-pyrite phy l lic alte ration in the 
Bolsa Quartz i te :  2 )  quartz-veining and moderate phyllic alteration and 
chlo r i ti zation o f  the Precambrian porphyr itic granite : and 3 )  epido te
chlor i t e  a l teration in the calc-alkalic microdior ite dikes. 

W i thin the B o lsa Quar�zite gold minerali z ation is specif ically 
related to a r e a s  of pervas ive phy l lic alteration. S upergene expre s s ions 
o f  this a l t e r at ion f e ature a hema�ite- goethi te- j arosite- c lay alt era�ion 
as s e m b lage , w hi c h  is commonly as socia ted with replaceme nts of euhe dr a l  
pyr ite by go e th i t e .  H e m a t i t e  occurs a s  the earthy r e d  va riety and the 



highes� go ld va lues are associated w i eh  rock that contains red, 
pulverulent hematite and limonite and/or go e thitic replacemen�s o f  
euhe dral pyr ite cub e s .  Locally, weak ,  coppe r  oxide staining ( ma lach ite 
and/or chrysoco l l a ) occurs in areas of strong hemati te-go e thite coati n gs 
and/or goe th ite r ep lacements of pyrite �es. Areas where a visual 
copper associ ation was noted also commonly carried highly ano ma lous gol d  
values . 

Hypogene expr e s s ions of phy llic alteration in the Bolsa- Ari go 
s e ction are mani f e sted by sericitic replacements of detrital f e ldspar 
within the more arko s i c  litho logies and by pyritic cube s  di s s e m inated 
throughout the rock near clos e l y  spaced, quar�- f i lled micro f ractur e s  and 
quart z - fi l led stockworks and microfracture net�orks. Local l y  the pyr.ite 
cubes are num erous enough so that the alter ation may be termed pyr i tic. 
These ar eas cons i s t en tl y  yield strongly ano malous ( > . 9  pp m go ld)  go l d  
values. F i gure 20A and 2 0 B  are photographs o f  s o m e  of the better pyr itic 
alteration. W i thin the Socorro Reef gold ano maly phyllic alteration 
w i ��in the Bo lsa Quartz i te-Abrigo section is developed bet�een a nor��
northw est- t=endi n g ,  unnamed f ault about 6 0 0  feet northea s t  of the Soco rro 
f ault and an unna m e d  north-north west-trending f ault east of the B luebird 
f aul t ( S ee Plate 1 9 ) . T hi s  area of altered Cambrian clastic rocks is 
about 3 3 0 0  f ee t  long and about 200 feet wide .  In the structurally 
complicated area on Hill 246 2 the southernm o s t  band of Bolsa Quartzite is 
the best mineralized section. P hy llic alteration within the Bo lsa 
Quartzi te-Abr i go Formation section is terminated abrup tly to the south at 
the contact w ith the D evonian M artin Formation. 

Phy ll i c  a l t e r ation does extend, ho weve r , into the Precambr i an 
porphyr itic granite north of ��e Bolsa Quartzite. Here the phy llic 
alteration is mor e  specif ically limited to macroscopic fractur es which 
a r e  line d w i th quar�-sericite-pyri te or its super gene equival e nts , 
quartz - clay-hematite- goethite. F erromagnes ian m inerals in th e  
porphyr itiC biotite grani te between phy llically altered f ractures are 
generally chloritized. Precambr ian granite further north of the Bolsa 
Quartz ite- granite depositional contact is less phy llically a l tered but it 
doe s  contain moderate propy litic alteration in the form of chlori tization 
and minor epido tization of the biotite and p l a gioclase f el dspars w i thin 
the gr ani t e .  Areas o f  p ropy litically altered gr anit e north of the B o l s a  
Q uartzite generally. c ontain weakly anomalous go ld value s , whe r e as more 
phy llically a l tered granite closer to the Quartzite generally contains 
w eakly to moderately ano malous go ld values. The precise geo graphic 
extent o f  the altered granite north of the B o l s a  Quart z i t e  is yet to be 
quantitative l y  determined. On a pre liminary b a s i s  phy l li c  or p o rphyri tic 
a l teration in the granite probably extends from 1 0 0  to 4 0 0  feet north of 
the phy llically a ltered Bo lsa Quartzite-Abr i go Formation b lock. 

As was previous l y  mentioned several microdiorite dikes occur along 
the S o corro f ault zone southeast of the Socorro Mine. Where thes e  dikes 
cross the Socorro Ree f  go l d  anomaly they co mmonly e xhibit mode rate to 
strong chlor iti zation and epidotization of the ferromagnesian mine rals. 
Also the dikes contain moderate to s�rong he matite and goe th i t e  along 
fractures an d loca lly contain small goe thi tic replac e ments o f  f ormer 
p y r i t e  cub e s .  
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Peripheral al ter ation outs ide of the Socorro Reef go ld ano Maly is 
less ,co Mmon, less pervas ive where it occurs , and is limited to di s crete 
fractures or stratigraphy. North of the Socorro Reef go ld ano Maly 
alteration is expre s s ed as quartz veins with Minor sericitic envelopes 
within fractures in the Precambrian grani�� below the Golden E agle 
thrust .  East of the Socorro Ree f  gold ano Maly similar quartz veins occur 
in the Precambrian granite ,  irregular , flat-lying quartz lenses occur in 
the Redwall Lime s tone on the Tres padres clai m s ,  and Minor silicification 
with moderate goethite occurs along northeast-trending fractures in the 
Bols a  Quartzite. s outheast of the Socorro Reef gold anomaly Moderate 
sili cification is locally accompanied by bar ite , manganes e  oxides and 
iron oxides and occurs along fractures and stockw c:lrks in the Martin
Redwall section on the Henry Bell claim northeast of the Socorro faul� 
South of the Socorro Reef gold anomaly siliceous , gold-bearin g j

'
aspuoid 

lenses occur in the upper cherty carbonate member of the Redwall 
Limestone an d  black calcite with local goethite occurs along faults and 
locally alon g small- s cale, fractures in the Martin Formation. 

PHYSICAL CON'rlU)LS OF GOLO 
MINERALIZATION 

The cross s ections in Figure 1 9  show the phy sical distribution o f  
go l d  Minerali zation w ith respect to th e  structural geology outlined 
previous ly. Gold m ineralization at the Socorro Mine occurred within the 
lo wer part of the Golden Eagle thrust zone be low the Bolsa Quartzite 
sliver ( See cro s s  section C-C' , F igure 1 9 ).  Gold mineralization at the 
Socorro Mine is inf erred to extend down the dip of the Golden E agle 
thrust and in cros s sections A-A' and B-B' gold mineraliz�tion is shown 
penetrating into the p late above the Go lden E agle thrus t where it 
mineralized highly fractured, Cambrian Bolsa-Abrigo strata. The cross 
sections also show ho w the mineralization is abruptly truncated at the 
contact with the ove r lying Paleozoic carbonate strata. This structural 
interpretation is strongly r.�orced by geophysical data that w i ll be 
discussed in a s ub s equent section. 

At the Socorro Mine and in prospects 50 0 feet south of the Socorro 
Mine gold mineralization is controlled by the high-angle , northwest
striking fracture system. In these fractures gold-bearing quartz pods 
are common .  Also , s everal high- grade ( greater than 1 pp m) samples came 
from northwe st- to w e s t-northwest-striking fractures in the Bolsa 
Quartzite-Abri go s ection about 3 0 0  feet west-northwest of the common 
corn e r  o f  S e c .  2 6 , 2 5 , 3 5 , and 3 6 , T . 5N. , R. 1 2 W. T he B o l s a  Quart z i t e  in 
this general area also contains moderately common , northeast-trending, 
gold-bearing quartz lenses along high-angle fractures. I ndeed , bedding 
planes within th e  Cambrian c lastic strata and northeast-trending 
fractures within the underlying Precambrian granite have exerted a subtle 
secondary fracture control on gold mineralization w ithin the Socorro Reef 
go ld anomaly. O ff se t s  on fractures of this orientation have not been 
Mapped and no s i gni f icant faults of this orientation exist w ithin the 
gold anomaly. 



Geochemistry 

The Socorro Reef go ld anomaly is now one of the best documented, 
though yet undrilled, surface gold anomalies that I am aware of anyw here 
in the southwestern O.S .  S ince March 1 98 2 ,  745 samples yielding 4 8 06 
analyses for various metals have been collected and analyzed by seven 
mining companies. About 360 of these samples w er e  collected from within 
the Socorro Ree f  go l d  anomaly. The geochemical sampling program s of the 
various companies are summarized in Table 1 4  an d  sample locations for 
this work are shown in Plates 20 and 2 1 .  As a result o f  this work the 
geographic pos ition of the gold anomaly is now firmly known and has been 
rigorously conf irmed. Geological implications of the geochemical data 
are discus sed below. E conomic imp lications of the geochemical data are 
di s cussed in the s ection entitled Economic Evaluation. 

RESULTS 

Gold 

Gold contents and locations of all samples co llected by Socorro 
Mining Corporation , Noranda ' and Phillips in the Socorro Mine area are 
presented in P late 2 2 .  Gold contents and locations of all samples 
collected by St. Joe , ASARCO , and Exxon in the S ocorro Mine area are 
shown on Plate 23. A composite gold anomaly map for all samples 
co llected is presented as P late 24. 

The main components of the Socorro Reef go ld ano maly are the 
moderately inten • •  gold zones ( 0. 09 to 0.9 ppm gold) that coincides w ith 
hi ghly fracture d ,  phy llically altered, and locally pyritized Bolsa 
Quartzite. The strong •• t and most continuous of these moderately 
intense go ld zones be gins at the Socorro fault where it inters ects the 
southerly B o lsa Quartzite unit southwest of the fault ( S ee Plate 19 ) ;  it 
extends for about 2S 0 0  feet to the southwe s t  along the Bolsa Quartzite 
outcrops to its termination by a north-northwe st- trending fault that is 
30 0 feet eas t  of the B luebird fault. This anomaly is about 25 0 feet 
w i de. A second area of moderately intense go ld values occurs in the 
Bolsa Quartzite northeast of the Socorro fault and extends indefinitely 
into the underlying Precambrian granite. A third area enclosed by the 
moderately intense gold contour is at the old Socorro Mine site where 
high- grade quartz lens •• in the Golden Eagle t�t zone w ere mined in 
the ear l y  1 9 0 0 ' s. 

Several �ot spots· of strongly anomalous gold values occur w ithin 
the moderately intense contour . The stronges t  and most continuous of 
these strongly anomalous areas is a zone about 6 0 0  feet long that be gins 
in the Bolsa Quartzite about 4 0 0  feet west of the NE corner of S ec .  35 , 
T.5N. , R. 1 2 W. This zone is about 1 0 0  feet wi de and has been extens ive ly 
prospected by m eans of s everal adits and shafts. A second "hot spot" 
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exists in the Bo lsa Quartzite and Precambrian granite about 2 0 0  feet 
west of Hill 246 2. A third "hot spot" of hi gh- grade go ld was mined at 
the old Socorro Mine. 

The moderately anomalous zones of go
·t� occur within a lar ger , more 

di f fuse ,  weakly ano malous field that constitutes the overall area of the 
Socorro Reef go ld anomaly. The southern contact of the weakly anomalous 
contour is essentially the contact between the Abrigo Formation and 
Martin Formation. North of the Bolsa Quartzite , however , a lar ge area 
ot Precambrian granite is apparently weakly anomalous and the 
northw es tern boundary of the Socorro Reef gold anomaly is indef ini te in 
several areas ( S ee P late 24 ) .  

The Socorro Ree f  go ld anomaly is flanked outward by severa l , 
s maller discontinuous anomalies. These dis continuous ano malies are 
associated with tungst-en-bearing quartz veins in the Precambrian granite 
north of the S ocorro R ee f  gold anomaly, with siliceous , northeast
trending fracture zones in the Bolsa Quartzite , and with irre gular 
quartz lenses in the Redwall Limestone northeast of the Socorro Reef 
gold anomaly. Scattered, moderately anomalous go l d  values are 
associated with si licit ied fractures in the Martin Formation at the 
Henry Bell property southeast and south of the Socorro Reef gold anomaly 
on the Henry B e ll and Palo Verde claims , the moderately ano malous values 
are also associated w ith j asperoid lenses in the upper cherty member of 
the Redwall Lime s tone south of the Socorro Reet gold anomaly on the Reef 
N o .  50 cla i m .  

S i lver 

Silver content s  of samples collected by Socorro Mining Corporation , 
Phillips, and N oranda are shown on Plate 2S and silver contents of 
samples collected by Exxon , ASARCO·, and St. Joe are shown on Plate 26. 
A composite silver anomaly map for all the samples co llected is 
presented as P late 27 . As shown on Plate 27 , anomalous silver values in 
the Socorro Mine area o ccur much less frequently and are much more 
erratically di stributed than anomalous values of go ld. The moderate to 
strongly ano malous values of silver that do occur are in the outlying 
prospects mentioned in the gold section north and east of the Socorro 
Reef gold anomaly. Also , anomalous silver values occur in the Paleozoic 
carbonate section that is immediately south of the Socorro Reef gold 
anomaly and also occur within the S ocorro Reef gold anomaly at its 
westernmost end. Hence, high silver values appear to be arranged 
concentrically around the Socorro Reef gold anomaly. 

Gol d : S ilver Ratios 

Gold : silver ratios of samples collected by S ocorro Mining 
Corporation , Phillip s ,  and Noranda are depicted on P late 28 and 
go l d : silver ratios o f  rock chip and rock channe l samples co llected by 
Exxon , ASARCO , and S t. Joe are shown on P late 29. A synoptic 
go ld: silver ratio map for the entire Socorro Mine area is pres ented as 
P late 3 0 .  

'
This map strongly emphasizes the theme developed in previous 

sections , namely that go ld-dominant areas within the Bolsa Quartzite are 



flanked outward by peripheral prospects with go ld- s ilver and silver
do minant ratios. Virtually all of the go ld- dominant ratios are 
restricted to the Bolsa Quartzite-Abrigo sections that are northeast of 
and southwest of the Socorro fault; a smaller go ld- do m inant area occurs 
in the Golden Eagle thrust zone a� the ol� ISocorro M ine. Interestingly, 
the part of the Socorro fault zone tha� occurs be tween the Socorro Mine 
and the Bo lsa Quar�zite outcrops to the southeas� appears to have a 
silver-do minant char acter. The gold: silver ra�o map ( P late 30 ) 
s�rongly hi ghlights the gold-dominant character of the Bo lsa Quartzite 
that crops out in an ar cuate area southwest of the Socorro fault. Here , 
an arcuate- shaped outcrop area exists that contains numerous samples 
with gol d : silver ratios tha� are gold-dominan�. T his zone is about 25 0 0  
fee� long and 2 5 0  f e e t  wide. I t  is , by farl th e  most interesting 
disseminated go ld target within the Socorro Reef go l d  anomaly. 

O ther Me�als 

The distribution of other metals in the Socorro Reef go ld system 
has already been di s cussed in Part I and is only summarized here. As 
developed in Part I ,  go ld-dominant portions of the Socorro Reef go l d  
anomaly carry high concentrations of tungsten , w hich are po sitively 
correlated with go ld content. Lead and minor coppe r  bas e  metal 
ano malies occur locally within the gold- dominan� ar ea. The go ld
do minant area is also characterized by a dist.inc� lack of silve r ,  zinc , 
mo lybdenum , arseni c , anti mony , and mercury. Convers ely, zinc , s ilver , 
molybdenum , arseni c ,  antimony, and mercury are frequently anomalous in 
ou�lying prospects. Tungsten is locally strongly anomalous in outlying 
prospe�s , especially in a tungsten-bearing si lver vein in Precambrian 
gr anite 5 0 0  f eet north w e s t  of the wood frame house that is west of the 
Socorro Mine ( Geor ge Cam pbel l ,  Jr . ,  personal communi cation , summer 
1 9 82 ) .  Mercury i s  consistently anomalous in Paleozoic rocks east of the 
Socorro Reef go ld anomaly. 

Metal Zoning at S o corro Reef 

Plate 3 1  sho w s  the inf erred zonal relationships of the Socorro Reef 
go ld system. In thi s  plate the Socorro Reef go ld anomaly repres ents the 
gold-tungsten- lead-copper-rich central zone of a di s s eminated go ld 
system .  The gold- tungsten- dominated central zone is flanked outward by 
a surroundin g ,  gold- s i lver-polymetallic zone and by a si lver-dominant 
p eripheral area at the Henry Bell Mine. More complete descriptions and 
implications of th i s  me�al zoning for other calc-alkalic gold districts 
of mid-Tertiary age in the Salome region were discus sed in Part I. 

Geophysics 

I n  order to obtain preliminary information about three- di mens ional 
aspects of the Socorro Reef gold anomaly, Mining Geophysical Surveys 
Inc .  conduc�ed a time- do main , induced po lar ization and resis�ivity 
survey ( IP )  for Noranda Exploration Inc. in June of 1 9 8 2 .  Two north
south IP lines (Lines 1 & 3 )  were run through the Socorro Reef gold 
anomaly and one north - sou�h IP line (Line 2 )  was run through non-



mineralized Bolsa Quartzite 5 0 0  feet west of the Socorro Reef go ld 
anomaly. The locations for these lines are shown in Figure 2 1  and the 
time- domain ,  induc e d  polarization and resis tivity profiles are 
reproduced in Figures 22 (Line 1 ) , Fi gure 23 (Line 2 ) ,  and Figure 24 
( Li ne 3 ) .  � ! I 

The IP survey yielde d  intriguing resultS I namely, the presence of a 
w eak to moderate , southward- inclined , apparent po larization response in 
the Bolsa . Quartzite that terminates approximately 30 0 to 400 feet below 
the surface. The bottom of this anomaly could be structural and could 
reflect the presence of the Golden Eagle thrust beneath the southward
dipping Paleo zoic s e dim entary section. By analogy w ith surface 
exp o s ur e s  to the north e a s t  in S ec . 1 7 ,  T . SN. , R. 1 1 W . ( S ee P l ate 2 ) ,  th e 
Golden Eagle thru s t  probably truncates the southward-inc lined P aleozoic 
section; it woul d ,  therefore , represent the geologic bottom of the go l d  
mineralization i n  the B o lsa Quartzite. The termination of the 
southward-inc lined IP anomaly is cons istent with this interpretation. 
The consistency of the moderate intensity IP anomaly suggests that the 
Bolsa Quartzite and underlying granite are well enough fractured and 
contain enough pyrite ( probably about 2/3 wt. \) an d  intervening 
inter granular flui ds to continous ly conduct current. Consequently, the 
shape of the IP anomaly eff ectively outlines the downdip proj ection of 
surf ace alteration an d  gold minera�zation in the Bolsa Quartzite an d  
underlying Precambr i an  gr anite. · 

The southw ar d- inc line d ,  moderate intens ity IP anomaly, which is 
well developed in Lines 1 and 3 ,  is absent from Line 2. In Line 2 ,  
however , there is a noticeable polarization contrast between the granite 
and the P aleo zoic s e ction to the south where the contact is cro ssed 
between stations C-5 an d  C-6 on Line 2. The gr anite north of the 
contact is more conductive w ith apparent polarization values ran ging 
between 1 0  and 1 5  m illivo lt- seconds/volt whereas the Paleozoic section 
south of the contact is clearly more resistant w ith apparent 
polarization values ranging between 1 and 6 millivo lt- seconds/volt. The 
po larization contrast in Line 2 appears to have a near vertical dip to 
about 400 feet. T hi s  dip is consistent with the vertical dip of the 
contact at the surface. 

I mplications of the time- do main ,  induce d  polarization data for the 
gold mineralization at S ocorro Reef were taken into cons ideration during 
the construction of the geologic cross sections ( F igure 1 9 ) .  In cros s 
sections A-A' and B-B'  gold mineralization is sho wn w ithin the Bolsa 
Quartzite and Precambrian granite as a tabular mineralized body that 
parallels the strike an d  dip of the Bolsa Quartzite. The mineralization 
is shown to extend into the granite and terminate somewhere in the 
granite because of the IP data in Lines 1 and 3. Mineralization is then 
shown to dip southward into the Golden Eagle thrust where it is 
terminated by the thrust. Minera lization is also shown within the 
Golden Eagle thrust zone beneath the Paleozoic section. Although the IP 
data did not verify this idea , it is reasonable bas ed on an analogy with 
the go ld mineralization that was mined at the old Socorro Mine. 
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Geologic Model for Socorro Reef 
Dis seminated Gold Deposit 

Figure 25 is a geometric model for gold minerali zation beneath the 
Socorro Reef go ld anomaly and is based on data discussed in previous 
sections. In thi s  model gold mineralization ascended the Socorro fault 
zone following the emplacement of microdiorite dikes about 25 m.y. ago . 
When the gold- bear i n g  hydrothermal fluids encountered the pre- mineral 
Golden Eagle thrust zone , the increased prameability induced depos ition 
of the gold-tungs t en- lead- copper assemblage in the central zone. This 
minerali zation was depos ited along the thrust and in the upper plate of 
the Go lden Eagle thrust in permeable Precambrian granite and the 
overlyin g ,  south- and southeast-dipping, Bolsa Quartz ite-Abrigo section. 
Lateral migration of f luids along the thrusts to the north and to the 
south of its intersection with Bolsa Quartzite led to depos ition of the 
per ipheral gold- si lver-polymetalli c  as semblage. Also , cooling 
hydrothermal f luids laterally and vertically migrated into the upper 
plate Paleozoic s ection where depos ition of the gold- silver-polymetallic 
ass emblage and the s i lver-base metal-mercury- man gane sse assemblage 
occurred peripheral to the gold- tungsten- lead- copper- rich central 
ass emblage in the B o lsa Quartz ite. Consequently, one should not expect 
the gold- dominant a s s e mblage to occur directly beneath silver- dominant 
depo s its , such as those on the Henry Bell ground , because of their 
predicted lateral pos ition away from the gold- dominated central core. 
That is , the gold-do minated central core is inferred to have near
vertical walls w ith p erhaps minor lateral extensions near the Golden 
Eagle thrust ( S ee F i gure 25 ) .  The entire Socorro Reef go ld system has 
subs equently been ti lted south and southeastward by post- mineral tilting 
around northeast- trending fold axes. For a more general discus sion of 
the disseminated gol d  deposit model as it applies to gold dis tricts in 
the Salome re gion an d  the geologic history of the Salome re gion , the 
reader is referred to Part I. 

E conomic Evaluation of the Socorro 
Reef Gold Anomaly 

CONFIRMATION AND DOCUMENTATION 

Following the initial i dentif ication of the Socorro Reef gold 
anomaly by S ocorro Mining Corporation and Noranda in March and April 
198 2 ,  follow up field studies were conducted by Noranda , Phillip s ,  
Exxon , S t. Joe , and ASARCO from June through S eptember 1 98 2 .  Most 
recently, follow up studies have j ust been completed on December 3 by 
Utah International. Th. results of these studies have confirmed and 
do cumented the exis tence of the Socorro Reef go ld anomaly in an 
impress ive way. From what is presently known ,  the moderate- intensity 
portion of the Socorro Reef gold anomaly in the Bolsa Quartzite is over 
3 3 0 0  feet lon g and averages about 250 feet wi de ( S ee Figure 26 ) and is 
inferred to be about 35 0 feet deep. This constitutes about 35 .5  million 
tons of go ld- r i ch mat erial . 



"l ..... .0 C 
t1 
ID 

N 
lJ1 

11l ..... () 
o ::J t1 
n H\ 0 
o 111 UI 
t1 t1 UI 
t1 t1 
o 111 UI 0. 111 
:n n 
III o. rt  III ..... ..... Hl Ui O  

UI ::J .0 III 
o a ..... .... p . .... 
O' ::J  .... III C III rt UI ::J III rt 
o 0. t1 , .0 � 
.... 0 ..... '< .... ::J 0. .0  

0. 1D  
ID )( 

'0 '0 
o .... 
UI 0 
..... t1 
rt III 

rt tT ..... 
ID 0 
::J ::J 
ID 
III a 
rt 0 :r Oo  

ID 
rt .... :r 
ID H\ 

o 
t1 

Bend In sect ion 

l o ok lno Sout hwe lt  �I� looklno Nor thwllt 

,. ..... ..... , 
\ 
I 
, 
, 

R.d"all 
For",ollon 

+ 

, '-.. \ .... , " \ , \ \ . • I 
, 

, 
, . 

(Abri'..: Formal/on 

" , \ \' \ 
\ \ )<- 801so 
'. \ , Ouarlril. 
• � I " I I , 

, , , I " 

+ 1 

[±!l Pre cambrian Granlt. ,/ V.lns 

Gold - Sl i v e r  poly IMta l l ic 
Interme d Iate zane l r.:��lm Gold - Tuno,ten - le a d  -Copp.r 

\ .. :.�;.: cen tr al zonu 

/ Jasp.rold lenses I n  
Pal.ozolc Rockl 

� Thru . t  fau l t  

/ Fau l t  

+ 

.0" •• 1.'':' + 
Socorro Mine t:f. Mar fin ,� .; Form ation 

+ 

+ 

i" ! ,. . 
q: 
, .. ' '.' 

+ 

.. t I�c fonlc 
:, . sliv�r t , . .:,' +f�1� 

�" � 
� :' t);;" + + 

+ 

Mlcrodioril. 
plu lon ? 

S. AN6ElON 



0 

� :of 

I 
�oo 

I 
FEET 

_.....-... 

SOCORRO MINE INCUNE -.... � 

£1 15 6 , 2 5 0  tons 
. 284 o :: / to n  gol d  

2 1 , 562 ounces of go l d  

F ! '  $ 9 , 70 3 , 000 

. 011 o::/ton go l d  

SOCORRO REEF 

E� 12 , 760 , 000 tons 

139 , 800 ounces of gol d 

$ 63 , 000 , 000 GOLD ANOMALY ----b-..::;....::::,... 

1 , 4 5 8 , 000 tons 

. 02 2  o ::/ton gold 

01 11, 4 5 6 ,  000 tons 

�o....L!"-M 25 2 , 600 ounces of go l d  

$ 113 , 0 0 0 , 000 
SAD-I 

SOCORRO MINING OPEN ClJr 
.-,-.c:...----e l  u . 

C_ '01" 1 4 . 0 10 . 000 ton • 
• 0 2 4  oz/ton gol d 

96 , 2 0 0  ounces o f  gold 

$ 4 3 , 000 , 00 0  

5 , 815 , 000 
. 04 1  oz/ton gol d 

2 3 8 , 100 ounce. of gol d  

$ 10 7 , 000 , 000 

. 00 8  oz/ton go ld 

1 1 , 600 ounc es of gold 

$ 5 , 215 , 000 

� Wea k l y  a noma lous .009 - .09 p p m 90 ld 

M o d e r a t e ly anom a l o u's .09 - .9 ppm 90ld 

[I�.��/:/f�� Stronqly  a n o m a lous � .9 p p m  9 0 l d  

t:::t Ore b l oc: k s  

F igure 2 6 . Map o f  S o co rro Reef go l d  ano mal y  s howing drill hol e 
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The Phillips s ampling in June 1 982 was des i gned to confirm the 
existence of the aurif erous quartz ite block to the west of the open cut 
in the saddle southwest of Hill 2462 an� l

to sample the granite north of 
the quartzite in order to add additional tonnage . Nor anda w ork during 
the same period was des i gned to confirm the known block of ano malous 
quartzite and to determine how far northeast and west of the Socorro 
Mining Corporation open cut the anomalous quartzite persisted. Noranda 
also obtained geophysical information to es�ate the depth extent of 
the surface anomaly. Results of these studies defined the w es t  limit of 
the anomaly about 5 0 0  feet west of the B luebird fault ( S ee Plate 1 9 )  and 
extended the anomaly for at least 9 0 0  feet to the northeast of the 
Socorro M ining open cut. 

. 

In August and September of 1 9 8 2  Exxon M inerals and ASARCO took 48 
s amples to confirm the existence of the anomalous quartzite as 
established by the Noranda and Socorro Mining w ork. Exxon took more 
s amples in the P aleozoic carbonate section south of the quartzite 
section to confirm that the carbonate section di d  not carry anomalous 
gold. The obj ectives of the Exxon and ASARCO w or k  were met. The work 
by Exxon firmly established that the carbonate section south of the 
Socorro Reef gold anomaly contains very little gold. 

In August and September of 1 98 2  St. Joe conducted extens ive 
sampling of the Socorro Reef gold anomaly to confirm the preetisting 
geochemical data and to determine how much gold was contained in Bolsa 
Quartzite exposures northeast of the known auriferous quartzite and how 
far gold minerali zati9n extended to the northeast of the Socorro Mine 
along the Golden E agle thrust zone. Also , the m ethod of sampling by st. 
Joe within the known anomalous quartzite was by continous rock channe l  
sampling rather than by point rock chip samplin g ,  as the previous 
sampling program s had been. Aqain , s t. Joe rock channel sampling witlUn 
the known quartzite gold anomaly confirmed the existence of the gold 
anomaly and suggested that this anomaly was very continuous because of 
the sampling method employed. Also , St. Joe established that the 
quartzite block northeast of the Socorro fault was w eakly to moderately 
auriferous for about another 875 f eet. St. Joe sampling northeast of 
the Socorro Mine failed to uncover any continuous go ld mineralization 
w i thin or below the Golden Eagle thrust zone . St. Joe sampling also 
e stabli shed that granite and quartzite exposures between Hill 2 4 6 2  and 
the Socorro Mine were w eakly ano malous. Hence , as of the S t. Joe 
sampling ,  the Socorro Mine , which had constituted a separate anomaly on 
previous map s ,  is now known to be physically continuous with the 
moderate to stron g intensity gold anomaly in th e  quartzite to the south. 

In October and November of 1 98 2  Borax analyses of the June P hillips 
sampling became avai lab le. These analyses again reaf f irmed the 
exi stence of moderately to strongly anomalous quartzite west of the 
Socorro M ining open cut. The Borax analyses of granite samples , which 
were taken at the B o lsa- granite contact and for about 1 0 0  feet north 
into the granite , showed that the granite also was weakly to moderately 
anoma lous. These re sults added another 50 to 75 f eet of w i dth to the 
moderate intens ity portion of the Socorro Reef gold ano maly west of the 
Socorro M�ning open cut in the saddle southwest of Hill 2 4 6 2 .  



Accumulated data from all studies to date allows the inf erence that 
much of the Precambrian granite north of the quartzite- granite , moderate 
intensity anomal y is at least weakly anomalous with spotty go ld values 
of moderate intensity. M ore sampling wq�d be needed to dis cover any 
lar ge areas of moderately intens e gold values , but the , granite block 
does represent a potential addition of lar ge tonnages to existing 
tonnages ( perhap s as much as 40 , 0 0 0 , 00 0  Tons ) .  However , alteration 
patterns in this gr anite do not look promising enough to directly allow 
inference ot the s e  tonnages at the surface and much of this area would 
have to be evaluated by dri lling for a blind, thrust- re lated target. 
Such drilling at this time is considered a wildcat venture ,  especially 
in light ot the more essential drilling that would confirm mineable 
ground beneath the moderately intense gold anomaly in the Bolsa 
Quartzite and immediately underlying granite. 

GOLD AND SILVER GRADES 

Go ld Grades 

Average Gold Grades. F igure 27 is a frequency his togram for all 
3 68 samples analyzed tor gol d  within the S ocorro Reef go ld anomaly. 
Average yearly gol d  values for seven years ot reported production data 
from the Socorro M ine are also shown for comparison ( also refer to T able 
1 2 ) . Samples w ithin the moderately intense go ld anomaly exhibit a 
bimodal frequency distribution w ith one mode between 0. 1 1  and 0 . 4  ppm 
and another mode at 1 . 1 5 ppm. S amples from the weakly to moderately 
anomalous Precambrian granite ( which is north of the moderately intense 
portion of the Socorro Reef gold anomaly) are weakly anomalous ( mode at 
0. 0 65 ) to moderately anomalous ( mode at 0 . 0 1 5 ) .  

Excluding the 1 9 0 4- 1 9 34 production data , gold value. for all 368 
samples collected by surface sampling and drilling w ithin the S ocorro 
Reef gold anomaly average 1 .0 2  ppm ( 0.03 oz/T ) .  Excluding hi gh grade 
s amples ( greater than 9 ppm) and low- grade samples ( less than 0 . 0 2  ppm) , 
334 samples average d  0 .5 1 72 ppm ( 0 . 0 1 5 2  oz/T ) .  O f  the se , 1 0 0  samples 
f e l l  within the w eakly anomalous interval ( 0 . 1 1  to 0 . 09 ppm) an d  
averaged 0 . 0 5 3  pp m go ld; 1 9 3 occurred in th e  moderately ano malous 
interval ( 0 . 09 to 0 .9 ppm )  and averaged 0 . 3 1 9  ppm; and 48 samples 
occurred in the strongly anomalous category ( 0 .9 to 9 pp m )  and averaged 
2 . 5 9 ppm. 

� Content � � �. During the sampling it became apparent 

that both the B o lA Quartzite section and the Precambrian granite north 

of the Bolsa Quartzite contained go ld mineralization. To evaluate the 

distribution of gold value. w ithin these two rock types ,  a frequency 

histogram was prepare d  for samples collected within the quartz ite and 

another for those from the granite. Inspection of Figure 28 reveals 

that the Bolsa Quartz ite carries systematically higher values of gold. 

1 58 samples know n  to have been co llected from the Bolsa Quartzite-Abrigo 

section contained an average of 0 .485 ppm go ld, whereas 49 samples known 

to have been taken from the Precambrian porphyritic granite contained an 
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average of 0 . 2 1 3  pp m gold. BOUl groups of s amples are bimo dal and in 
both

' 
groups Ule principal modes are at 0 . 0 6 5  ppm go ld and 0 . 1 5  ppm gold. 

However , the principal mode for the Precambrian granite is 0 . 0 6 5  ppm 
gold, whereas the principal mode £04 the Cambrian Bolsa Quartzite-Abrigo 
section is 0. 1 5  ppm gold. In summarY , _ r�gure 28 cl early sho w s  the 
pref erence of hi gher grade gold values �or the Bolsa Quartzite-Abrigo 
section. Thus , rock type exerts a cons iderable control on ��e 
di stribution of go l d  grades. Neve4theles s ,  samples of Ule Precambrian 
granite , especia�y where it o ccurs directly below the B o lsa Quartzite , 
are anomalous and do add to the overall tonnage amounts at Socorro Reef. 

Presence of Coarse Gold. The bimodal character of samples enclosed 
by the contour around the moderately intense anomaly within the Socorro 
Reef gold anomaly suggests that coarse gold might be pre sent. That is , 
there could be two or more populations of sizes of gold particles within 
the auriferous quartzite. The coarse gold fraction w oul d produce fewer 
particles per given vo lume of rock. This would introduce a sampling 
problem in that sampling would m�y sample , the fine go ld fraction and 
would irre gularly sample or miss the coarse gold fraction. 

To evaluate to what extent there might be coarse go ld present, 
Exxon analyzed two sample splits from the same samples in the anomalous 
Bo lsa Quartzite-Abrigo section by the same analytical technique ( atomic 
ab sorption ) .  They found signif icantly increased gold contents in one 
out of seven samples that contained anomalous gold. These data suggest 
that some coarse go ld is present within the moderate intensity po4tions 
of the S ocorro Reef gold anomalY7 they also support the ide a  that the 
bimodal aspects of the Socorro Reef gold anomaly are , at least in par t ,  
possibly due t o  size di f ferences between fine gold and coarse gold. 
Thus , when a partic le of coar s e  gold enters into an analytical split, it 
w ill signifi cantly increase the gold contents to one ppm or more from a 
background , fine- go ld population that would range betwe en 0 . 3  and 0 . 5  
ppm. Enough samples have been collected so that th e  avera ge figures 
quoted in the preceding paragraphs on gold grades probably represent 
r ealistic average value. for gold at the ground surf ace w ithin the 
Socorro Reef gold anomaly and would include a representative sample of 
th e  coars e  gold f ra ction. 

S ilver Grades 

Figure 29 is a frequency h.istogram for 267 samples that were 
analyzed for silver w ithin the Socorro Ree f  gold anomaly. As can be 
seen from Figure 29 silver is not an important ingredient in the Socorro 
Reef go ld system. Average silver values for the 267 samples was much, 
much les s  than 1 . 23 pp m because most of the samples w ithin the Socorro 
Reef gold anomaly contained less than detectable silver at the 0.2 ppm 
level. The probable silver content can be estimated by assuming that 
the gold : s ilver ratio for the 1 9 0 4- 1 9 3 4  Socorro Mine production applies 
to the Socorro Reef go ld anomaly in gene ral. Thus , if one divide s  
0 . 5 1 72 pp m ( the average go ld content of the So corro Reef go ld anomaly 
without the high and low grade samples ) by 1 .77 ( the go ld: silver ratio 
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for the 1 9 0 4 - 1 9 3 4  S o corro Mine production ) ,  a value of 0 . 29 pp m silver 
is obtained. Thi s  number is probably a reali stic number for silver 
value s wi thin the S o corro Reef go ld systam. 

Pos sible Variations in Gold Content with Depth 

F igure 3 0  is a go ld- silver variation diagram for all samples 
analyzed for go l d  and s ilver within the Socorro Reef gold anomaly. A s  
is Figure 9 in P art I ,  go ld exhibits a go o d  pos itive corr elation with 
silver value s over the domain of the Socorro Reef gold anomaly. A minor 
exception to th i s  corre lation is silver data analyzed by B orax on 
Phillips sample s ,  w hich yielded systematically hi gher values of silver 
for s amples be low the 2 ppm level. This discrepancy is probably a 
function of the di f f er ent analytical techniques for silver us ed by the 
two laboratories. 

Fi gure 3 0  als o  sho w s  the production data for the Socorro Mine from 
1 9 0 4  to 1 9 3 4 .  The si gnif icant point about the S ocorro Mine production 
and geochemical sam pling within the Socorro Mine portion of the Socorro 
Reef go l d  anomaly is that this mineralization was depos ited at a low er 
structural level �  that is , the gold mineralization at the Socorro Mine 
was deposited along the Golden Eagle thrust rather than structurally 
higher in the upper plate quartzite. I f  it is assumed that the Golden 
Eagle thrust directly beneath the anomalous Bolsa Quartzite is 
mineralized w ith gold grades s�ilar to thos e  encountered in the Socorro 
Mine , then there i s  a good poss ibility that gold contents obtained from 
surface samples of Bolsa Quartzite might systematically increas e  
downward tow ar ds the Golden Eagle thrust. Sampling to date within the 
Socorro Mine portion of the Socorro Reef gold anomaly ( B lock F on F igure 
26 ) averages 0 . 1 38 oz/Ton base d  on 23 samples. This grade is s li ghtly 
les s  than the 0 . 1 5 5  oz/Ton average grade for the 1 9 04- 1 9 3 4  S ocorro Mine 
p roduction. This grade is about three and a half times higher than 
average value s for go l d  on the 'surface within the quartzite portion of 
the Socorro Reef go l d  anomaly. 

Some inf ormation is available about what happens to gold values in 
the quartzite portion of the Socorro Reef go ld anomaly with depth. In 
June of 1 9 8 1 Arizona Drilling Services drilled one 2 0 0 - foot, reverse
cir culation , rotary hole in the floor of the S ocorro Mining open cut 
southw est of Hill 2 4 6 2 .  The location for this ho le , named SAO- 1 , is 
shown on Figure 2 6 .  Cuttings were collected and composited for every 5-
foot interval in th e  drill hole. The first 5 0 - foot interval averaged 
0 . 0 1 0 5 oz/Ton , th e  interval from 5 0 - 1 0 0 feet averaged 0 . 0 1 35 oz/Ton ,  the 
interval from 1 0 0- 1 5 0  feet averaged 0 . 0 1 6  oz/Ton , and the interval from 
1 5 0 - 2 0 0  feet ave rage d  0 . 0 1 5  oz/Ton. Thus , in the SAO- 1  drill hole , 
there is a s li ght increase in grade with depth , although the grade level 
is not as high as one w ould like. Appendix X contains analytical data 
for the SAD- 1  drill ho le , for two holes ( designated GH - 1  and GH-2 ) 
dri lled in and near the Socorro Mine portion of the S ocorro Reef go ld 
anomaly, and for two ho les de si gnated CAM - 1  and CAM-2 dril led on the 
Henry Bell claim . Locations for these holes are shown on Figure 26. 
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Based on all the data currently at hand it is reasonable to suggest 
that grades near the surface in the quartzite po�tion of the Socorro 
Reef gold anomaly might doub le with de� towards the Golden Eagle 
thrust. One could, of course , assume that grades might be as much as 
3.5 times higher from the foregoing discus s ion , but a factor of 2 is 
more reasonab le given the possible tonnages invo lved. The influence of 
depth on do llar values for go ld within the Socorro Reef gold anomaly 
will be discussed in a sub8equ�nt section. 

Verification of Gold Grades 

Gold grades in the preceding section are almost entirely based on 
atomic absorption analyses performed by Skyline Laboratory in Tucson, 
Arizona. Although atomic absorption techniques are reliable for 
estab lishing the presence of anomalous gold , they lack resolution in 
identifying quantitatively the exact concentration of gold in anomalous 
samples. Typ ically, atomic absorption underestimates the amount of gold 
in an anomalous samples ' where gold is greater than 0 . 1  ppm. H enc e ,  the 
S ocorro Mining C orporation samples were resubmitted to u.S. Borax for 
reanalysis by a fire assay data with an atomic absorption finish 
technique. St. Joe also obtained fire ass ay data f or many of their 
samples w here gold exceede d  1 . 2 ppm. 

Figure 3 1  compare s  gold values determined by Skyline Laboratory by 
atomic absorption w ith gold values determined by Borax-Anaheim 
Laboratory by fire as s ay methods with atomic absorption f inish for th e  
same samples. T h e  di a gonal line through th e  diagram represents a line 
of perf ect correlation between laboratories. Samples that appear above 
and to the left of this line indicate that Skyline analysis is high 
relative to the Borax analysis of the same sample. The opposite u the 
case for s amples that p lot below and to the right of the line , tnes. 
samples indicate the Borax analysis is hi gh re lative to Skyline analysis 
of the same s ample. -It c an  be seen on ' the diagram that Borax analyses 
are systematically hi gher than Skyline analyses for the same sample. It 
i s  also apparent from Figure 31 that above 0 . 1 ppm B orax samples exhibit 
a goo d  correlation with Skyline samples. The s lope for this correlation 
falls below the lin. of perf ect correlation indicating a bias to wards 
higher go l d  values for the Borax samples. B elow 0 . 1 ppm and especially 
be low 0 . 0 5  ppm a signif icant number of B orax analyses have no 
correlation at all w i th  Skyline analyses. Thus , in samples with less 
than 0 . 1 ppm go ld, it is impos sible to tel l whether or not gold contents 
based on Borax an alytical data alone are weakly anomalous. Howeve r ,  one 
can evaluate wheth.r or not Borax data is weakly anomalous for gol d  by 
comparin g  Borax data w ith Skyline data for the same sample. From the 
diagram it is apparent that weakly anomalous Sky line samples above 0 . 0 09 
ppm go ld correlate positively with Borax data. A line fit through this 
data corresponds closely with a line fit through Borax and Sky line data 
in samples above 0 . ' pp m go ld. Thus , the Borax analyses that do 
corre late pos itively with Skyline data in the w eakly ano malous gold 
category are probably real. It is also apparent that the line w hi ch 
fits all weakly through strongly anomalous Borax and S ky line analytical 
pairs is systematically steeper than the line of perfect corre lation. 
Thus , Borax samples w ith low go ld values ( below 0. 1 ppm gold) are 



systematically m uch higher than S ky line analyses. At higher go ld values 
Borax numbers are systematically hi gher than Skyline analyses but to a 
much less extent. 

The de gree to w hich Borax analyses were systematically higher than 
Skyline analyses f or the same sample is shown on F igure 32 and was 
determined in the following manner. Fir s t , all samples where the 
Skyline analysis contained less than 0 . 0 09 ppm gold were i gnored, 
because of the compl ete lack of correlation with Borax analyse s. 
S e condly, the Borax analysis of a given sample w as divided by the 
Sky line analysis for that sample. In 44 out of 53 cases the Borax 
analysis was higher than the Skyline analys is .  In the 9 cases where the 
Skyline analysis w as greater than the Borax analys i s ,  the Skyline 
analys is was divided by the B orax analysis. The results of these 
calculations are presented in Figure 32. On the diagram the factor by 
which a S ky line or B orax analysis is greater than the other is plotted 
with refer ence to go l d  contents in the Skyline samples. The variation 
diagram shows that, for samples above 0 . 09 ppm gold, B orax analyses, on 
the avera ge , are about 1 .3 tim es greater than the Skyline samples. F or 
samples below 0 . 0 9  ppm gold, B orax data are much higher than Skyline 
analyses by a f actor of 1 .3 to 3 . 5  times. Consequently, based on this 
exercise , average gold values for a given portion of the Socorro Reef 
go ld anomaly may be increased by a factor of about 1 .3 where stated gold 
contents exceed 0 . 0 9  ppm gold. For example , the average go ld content 
determined for the entire Socorro Reef go ld anomaly on the basis of 
atomic abs orption data was stated in the go l d  grade section to be �ut 
0 . 0 1 5 2  oz/Ton. I f  this number is multiplied by 1 . 3 ,  a value of 0 . 0 1 9 8  

oz/Ton i s  obtained. This amounts to an increase o f  about 0 . 0 1  oz/Ton 
gol d  for go ld gr ade s between about 0 . 0 2  and 0 . 04 ppm. As will be seen 
in the next section , this factor will signif icantly increase the gold 
yields in both ounc e s  and do llars. 

DETERMINATION O!" PO'rEN'rIAL ORE RESERVES AND DOLLAR VALUE 

Data in the fore go in g  sections now allows the construstion of 
econo mic models 

'
o f  the S ocorro Reef gold depos it. Based on geology and 

average go ld content s , the moderately intense portions of the Socorro 
Reef gold ano maly w er e  divided into six blocks denoted A - E on F igure 
2 6 .  Average go l d  grade s  w ithin each block w er e  calculated by averagin g 
the gold contents f or all samples w ithin each block, including subsurface 
data where available. Tonnages ( in  short tons ) were calculated by 

. determining the volume of each block in cubic feet and dividing that 
volume by a tonnage f actor of 1 2 , which is the number of cubic feet of 
granite and/or quartzite per ton. The map di mens ions of each block w ere 
obtained from the 1 inch • 5 0 0  foot scale map of the Socorro Reef gold 
anomaly ( P late 24 ) .  These blocks are also outlined on F igure 26. The 
verti cal dimension or depth of B locks A, B ,  C, and E was estimated to be 
about 3 5 0  feet based on geophysical data and s tructural modeling 
discus s ed in previous sections. 
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The depth of Block 0 ,  which contains 
Hill 246 2 ,  was taken as 450 feet with the additional 1 0 0  feet added 
because of higher el evations in the hill. P lan dimensions of B lock F 
were taken from the maps and the vertical dimens ion of 20 feet was taken 
from intercepts in the GH- 1  drill hole and from estimated heights of 
stopes w ithin the old Socorro Mine workings . All of the above 
information is summarized in Table 1 5 .  

Total gold content, go l d  grade , an d  do llar value o f  go l d  w ithin each 
block was ca lculated accor ding to three models (Table 1 5 ) .  The first 
calculation ( Mode l 1 )  assumed a conservative mode l  where average go ld 
values de rived from Skyline Laboratory' s analytical data were as sumed to 
represent true surface values and do not increase with depth. The second 
mode l ( M odel 2 )  assumed that the Skyline Laboratory . analyti cal data is 
systematically low by a factor of 1 . 3  ( See section on Ver ification of 
Go ld Grade ) ,  and that there was no increase in grade with depth. The 
third and mos t  optim istic mode l ( Model 3 )  assumed the average go ld values 
from Skyline Laboratory were low by a factor of 1 . 3  and therefore had to 
be adj usted upward as in Model 2 and also assumed the go l d  grades 
increased with depth by a factor of 2 ( S ee section on Poss ible Variations 
of Gold Content w i th Depth ) .  

Dol lar values for all models in Table 1 5  were calculated at a gol d  
price o f  $ 4 50/oz. Go l d  contents and dollar value s a t  v� ious gol d  prices 
for var ious combinations of blocks and economic mode ls are sho wn in Table 
1 6  • .  From pre s ent data the si lver content w i thin the Socorro Reef gol d  
anomaly i s  too l o w  t o  be o f  economic interest ( T able 1 7 ) .  T h e  total 
indicated silver value f or all blocks w ithin the S ocorro Reef gold 
anomaly is only $ 2 , 30 0 , 0 0 0 1  this is 79 times less than the do l lar value 
of gold. The above numbers for silver assumed a gold: silver ratio of 
1 .7 7  over the Socorro Reef go l d  anomaly and a go ld : silver price ratio of 
45 : 1 .  

Model 1 i s  clearly th e  most conservative of the three mode l s  and 
probably is too conservative because of the analytical technique used to 
obtain the go ld value s .  Model 2 is perhaps the most rea listic of the 
thre e  models given what is currently known about the Socorro Reef gold 
anomaly. If it is assumed ( and this is a sizeable assumption ) that the 
SAD - 1  drill hole represents a fair test of gol d  grades w i th depth, then a 
significant increase in depth from surface values is not predi cted. The 
SAD - 1  drill hole data is reinforced w ith the induc ed po lari zation ( IP )  
data ,  w hich suggests the sul fide-bearing material is fairly evenly 
distributed throughout the quartz ite portion of the Socorro Reef go ld 
anomalY ' and doe s  not increase w ith depth. 

Ho wever ,  there are substantial reasons to question the Model 2 

assumptions. F irst, one drill hole is probably not repres entative. 
S econd , as out lined in the previous section on Variations in Gold Content 
w ith Depth , gol d  grade s w ithin the SAD- 1  drill ho le do increase slightly 
with depth. The lower 1 0 0  feet of the hole averaged 0. 0 1 55 o z  go ld/Ton 
based on 40 5- foot compos ite samples of drill cuttings , whereas surface 
samples within B lock C average 0 . 0 1 23 o z  go l d/Ton based on 44 samples. 
Thi s latter number is very close to the average grade ( 0 . 0 1 2  oz go ld/Ton ) 
f o r  � o  c.: c r:' � 0 s i t c  s a!:1. c> l c ::;  f r o ::J.  t1:e upp e r  1 0 0 f e e t  of the SnD - l  <.lr i L i. hole. 

1 0 2  
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T&l:Ile 1 5  : .Gold Grade and tonnage information for 
var ious qold-bearing blocks within the 
Socorro Ree f qold ano .. l y  

BLOCX 
ECONOMIC PA�ERS 

A B B high �ade C 0 

Map O imens ions ( feet ) 250 x 200 725 x 275 725 x 1 30 550 x 250 940 x 325 
Depth extension ( teet ) 350 350 350 350 450 
Number ot surface samples 1 4  6 4  ( . 0 23 ) 37 ( . 0 35 ) 44 ( . 0 1 23 ) 4 1  
Number ot subsurface 

samples 1 6  ( . 0 1 2  ) 1 6  ( . 0 1 2  ) 40 ( . 0 1 3 8 ) 
( trom adi t )  ( trom adit ) ( traa SAD-I ) 

N�r ot surface and 
subsurtace samples 1 4  80 53 84 4 1  

Average gold grade trom 
subsurf ace and surface 
data ( oz/ton ) . 004 1 . 0 2 1  . 0 28 . 0 1 3  . 0 1 1 3  

Stancl&r.d deviation 
( oz/ton ) . 006 . 04 1 5 . 049 1 . 0 1 66 . 0 1 56 

Tonnage ( short tons ) 1 , 4 58 , 0 0 0  5 , 8 1 5 , 0 0 0  2 , 749 , 0 0 0  4 , 0 1 0 , 0 0 0  1 1 , 4 56 , 250 
Total gold content ( oz )  5 , 97 8  1 22 , 1 1 5 · 76 , 97 2  52 , 1 3 0  1 29 . 45 3  
ool lar value ( I  $ 450 /oz ) 2 . 690 , 0 0 0  54 , 9 5 2 , 0 0 0  34 , 6 37 , 00 0  

·23 , 4 58 , 0 0 0  58 , 3 54 , 0 0 0  
• ( 1 . 84 ) ( 9 . 45 )  ( 1 2 . 60 ) ( 5 . 85 ) ( 5 . 09 ) 

RECALCULATION OF ABOVE 
ASSOIUNG GOLD GRAPE 
ADJUSTMENT FROM BORAX OATA 
( Hodel 2 )  

Average gold grade ot 
all data ( oz/ton ) . 00 5 3  . 0 2 7 3  . 0 363 . 0 1 6  . 0 1 47 

Total qol d  content ( oz )  7 , 7 2 7  1 58 , 7 5 0  99 , 789 64 , 1 60 1 68 , 4 0 3  
COllar value ( I  $ 4 5 0 /oz ) 3 , 47 7 , 1 5 0  7 1 , 43 7 , 0 0 0  44 , 90 5 , 00 0  28 , 87 2 , 00 0  7 5 , 78 1 , 00 0  

• ( 2 . 38 )  ( 1 2 . 28 )  ( 1 6 . 34 )  ( 7 . 20 ) ( 6 . 6 1 ) 

RECALCULATION or ABOVE 
ASSUIUNG INCREASE IN 
GOLD GRADE WITH OEP'nI 
( Model 3 )  

Average gold grade ot 
lower 1 /2 ot block 
( oz/ton ) . 0 1 0 6  . 0 546 . 0726 . 0 3 2  . 0 294 

Tonnage ot lover 
1 /2 ot block 729 , 00 0  2 , 90 7 , 50 0  1 , 37 4 , 50 0  2 , 00 5 , 00 0  5 , 7 28 , 1 2 5  

Gold content o t  lover 
1 /2 ot block 7 , 70 0  1 5 0 , 70 0  99 , 80 0  64 , 20 0  1 68 , 40 0  

Average gold grade o t  
upper 1 /2 o t  block 
( oz/ton ) . 004 1 . 0 2 1  . 0 28 . 0 1 3  . 0 1 1 3  

Tonnage o t  upper 
1 /2 ot block 729 , 00 0  2 , 90 7 , 00 0  1 , 374 , 50 0  2 , 00 5 , 00 0  5 , 72 8 , 1 2 5  

Average gold grade ot 
entire block ( oz/ton ) . 00 8  . 04 0 9  . 0543 . 02 4  . 0 22 

Gold content ot upper 
1/2 ot block 
( ounces ) 3 , 90 0  79 , 40 0  49 , 500 32 , 1 0 0  84 , 20 0  

Total gold content ot 
block ( ounces ) 1 1 , 60 0  238 , 1 0 0  149 , 300 96 , 20 0  252 , 60 0  

Oollar Value (f $ 4 5 0 /oz ) 5 , 2 1 5 , 0 0 0  1 0 7 , 0 0 0 , 0 0 0  67 , 0 00 , 00 0  43 , 000 , 0 0 0  1 1 3 , 00 0 , 0 0 0  
• ( 3 . 57 ) ( 1 8 . 40 ) ( 24 . 37 ) ( 1 0 . 7 2 )  ( 9 . 86 )  

• Number in parenthesis is qold value in dollars per ton • 
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E F 

8 7 5  x 500 250 x 375 
350 20 

23 9 ( . 0 1 44 ) 

1 1  ( . 23 ) 

23 23 

. 00 56 . 1 38 

. 0 1 1 4 . 284 
1 2 , 760 , 0 0 0  1 56 . 250 

7 1 . 4 56 2 1 , 56 2  
3 2 , 1 5 5 , 0 0 0  9 , 7 0 3 , 000 

( 2 . 52 )  ( 62 . 20 ) 

. 00 7 3  . 1 79 
73 , 1 48 27 , 969 

4 1 , 9 1 7 , 00 0  1 2 , 586 , 00 0  
( 3 . 28 )  ( 80 . 68 )  

. 0 1 4 6  

6 , 38 0 , 00 0  

93 , 20 0  

. 00 56 

6 , 38 0 , 00 0  

. 0 1 1  

46 , 60 0  

1 39 , 80 0  
63 , 0 00 , 00 0  

( 4 . 94 ) 



i 
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.1 
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1 

ECONOl'lIC P�ERS II + C 
Model 

Tonnaqe ( mi llions 
ot short tons ) 9 . 82 5  

Gold Grade ( o:/ ton ) . 0 1 8 

GoleS Con�ent ( 0: )  1 7 4 , 24 5  

Oollar value 
i 4 0 0 /0: 7 0 , 00 0 , 00 0  

• ( 7 . 1 2 ) 

I 4 5 0 /0% 78 , 00 0 , 00 0  
( 7 . 94 ) 

f 5 0 0 /0% 8 7 , 00 0 , 00 0  
• ( 8 . 85 )  

I 600/0: 1 0 5 , 00 0 , 00 0  
• ( 1 0 . 69 )  

ECONOMIC PARAMETERS II+C+O+' 
Model 1 

Tonna ge ( mill ions 
ot .hort ton. ) 2 1 . 43 7  

Gold Grade ( o%/ton ) . 0 1 52 

Gold content ( 0: )  3 25 , 26 0  

Do llar Value 
I 4 0 0 /0% 1 30 , 00 0 , 00 0  

• ( 6 . 06 )  

i 450/0: 1 46 , 000 , 00 0  
• ( 6 . 8 1 ) 

, 5 0 0 /0: 1 6 2 , 00 0 , 00 0  
• ( 7 . 56 )  

, 600 /0: 1 9 5 , 000 , 000 
• ( 9 . 1 0  ) 

Table 1 6 : Gold content and Dollar value combi nation s 
ot various block. 

II + C II + C II + C + 0 II + C + 0 
Hode l 2 Mode l 3 Hodel Mode l 2 

9 . 8 2 5  9 . 82 5  2 1 . 28 1  2 1 . 28 1  

. 0 2 3  . 0 34 . 0 1 4 3  . 0 1 84 

222 , 9 1 0  334 , 300 3 0 3 , 698 39 1 , 3 1 3  

89 , 00 0 , 00 0  1 3 4 , 00 0 , 00 0  1 2 1 , 00 0 , 00 0  1 5 7 , 00 0 , 00 0  
( 9 . 06 )  ( 1 3 . 64 )  ( 5 . 7 1 ) ( 7 . 40 ) 

1 0 0 , 00 0 , 00 0  1 5 0 , 000 , 00 0  1 3 7 , 00 0 , 00 0  1 7 6 , 00 0 , 00 0  
( 1 0 .  1 8 ) ( 1 5 . 27 ) ( 6 . 46 )  ( 8 . 30 ) 

1 1 1 , 00 0 , 0 0 0  167 , 00 0 , 00 0  1 5 2 , 00 0 , 00 0  1 9 5 , 0 0 0 , 00 0  
( 1 1 . 30 )  ( 1 6 . 99 )  ( 7 . 1 7  ) ( 9 . 20 ) 

1 3 4 , 00 0 , 00 0  20 1 , 00 0 , 00 0  1 8 2 , 00 0 , 00 0  235 , 0 0 0 , 00 0  
( 1 3 . 64 )  ( 20 . 46 )  ( 8 . 58 )  ( 1 1 .  08 ) 

II+C+O+' B+C+O+' A+II+C+O+!+' A+II+C+O+!+' 
Hodel 2 Model 3 Hodel 1 Mode l 2 

2 1 . 43 7  2 1 . 43 7  3 5 . 655 35 . 65 5  

. 0 1 92 . 0 284 . 0 1 1 3 . 0 1 4 4  

4 1 2 , 87 5  608 , 46 2  40 2 , 694 5 1 3 , 75 0  

1 65 , 00 0 , 00 0  243 , 00 0 , 00 0  1 6 1 , 00 0 , 00 0  205 , 50 0 , 00 0  
( 7 . 69 )  ( 1 1 . 33 )  ( 4 . 5 1 ) ( 5 . 76 )  

1 85 , 00 0 , 00 0  2 7 3 , 00 0 , 00 0  1 8 1 , 00 0 , 00 0  23 1 , 00 0 , 00 0  
( 8 . 63 ) ( 1 2 . 73 )  ( 5 . 08 )  ( 6 . 48 )  

2 0 6 , 00 0 , 00 0  304 , 00 0 , 00 0  20 1 , 00 0 , 000 257 , 00 0 , 00 0  
( 9 . 6 1 ) ( ' 4 .  1 8 )  ( 5 . 64  ) ( 7 . 2 1  ) 

247 , 00 0 , 00 0  365 , 00 0 , 00 0  242 , 000 , 00 0  30 8 ,  000 , 000 

( 1 1 . 5 2 )  ( 1 7 . 03 )  ( 6 . 79 )  ( 8 . 64 ) 

• Number in parenthe.i. i. gold value in dollar. per ton . 
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B + C + 0 
Mode l 3 

2 1 . 28 1  

. 0 2 76 

586 , 90 0  

23 5 , 00 0 , 000 
( 1 1 .  08 ) 

264 , 00 0 , 00 0  
( 1 2 . 45 ) 

293 , 000 , 00 0  
( 1 3 . 82 ) 

3 5 2 , 00 0 , 00 0  
( 1 6 . 60 ) 

A+B+C+O+E+F 
Model 3 

3 5 . 65 5  

. 0 2 1 3 

759 , 86 2  

30 4 , 00 0 , 00 0  
( 8 . 6 1 ) 

34 2 , 000 , 00 0  
( 9 . 59 )  

380 , 00 0 , 00 0  
( 1 0 . 66 ) 

45 6 , 00 0 , 000 
( 1 2 . 79 )  
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Table 1 7 : Economic data for si lver 

within the Socorro Reef Gold Anomaly 

B lock 

ECONOMIC PARAMETERS 

A B B high grade C D E F 

Gold grade ( oz/Ton ) . 004 1 . 02 1  . 0 28 . 0 1 3  . 0 1 1 3  . 00 5 6  . 1 38 

Si lver grade ( oz/Ton ) * . 0 023 . 0 1 2 . 0 1 6 . 0 073 . 0 064 . 0 0 3 2  . 078 
Tonnage ( short ton ) 1 , 458 , 00 0  5 , 8 1 5 , 00 0  2 , 749 , 000 4 , 0 1 0 , 00 0  1 1 , 456 , 000 1 2 , 760 , 00 0  1 5 6 , 250 

Total S i lver ( oz )  3 , 3 5 3  69 , 780 43 , 984 29, 273 73 , 1 39 40 , 370 1 2 , 1 82 
Dol lar Value 

( @  1 0 . /oz ) 3 3 , 534 69 7 , 800 439 , 840 292 , 73 0  7 3 1 , 390 40 3 , 70 0  1 2 1 , 820 

Total S i lver in do l lars 

$2 , 29 1 , 00 0  

* Ca lculated assuming a gold : si lver ratio of 1 . 77 ( based on 1 90 4 - 1 9 3 4  Socorro Mine product ion ) 



Third, the induced polari zation ( IP )  data discus sed in the geophysics 
section is not resolved enough to identify s mall tonnage zones ( about 
2 0 0 , 0 0 0  tons or les s )  that contain higher sulfide-bearing zones which are 
presumably more go ld rich , even though the method doe s  generally identify 
a zone of moderately intense , apparent polarization witbin the quartzite
granite blocks. Fourth, Model 2 assumes that no hi gh- grade , bonanza 
pockets are present within Blocks A-E. Even one bonanza pocket, like the 
one encountered in the 'Castle Garden' stope within the Bolsa Quartzite 
at the Harquahala Mine in the Little Harquahala M ountains , would 
substantially increase the overall gold content of the Socorro Reef gold 
depos it. As outlined · in the previous section on Variation in Gold 
Content with Depth, there are substantial geologic reasons ( by analogy 
with the high- grade material within the Golden E agle thrust at the old 
Socorro Mine ) to expect an increase in gold content with depth towards 
the Golden E agle thrust. The presence of high- grade bonanza pockets , the 
presence of intermediate-tonnage , moderate- grade gold zones ( 0 .08 to 0 . 1 2  
oz/ton ) , an d  the overall increase in grade w ith depth are all taken into 
consideration in Mode l 3. B ecause the removal of the large tonnage s that 
are involved would considerably dilute the effect of bonanza pockets and 
moderate-tonna ge , higher grade zones ,  the overall factor by which the 
grade can be reasonably expected to increase above surface grades is 
taken to be a factor of two or double the known surface grades. This 
increase is proj ected for the lower one hal f  or the lower 1 7 5 feet of 
Blocks A-E. Economic aspects of Models 1 ,  2 ,  and 3 are shown in Tables 
1 5  and 1 6 . 

The summation of all data for B locks A-F (Table 1 6 )  reveals that in 
the moderately anomalous portion of the Socorro Reef gold anomaly there 
is an indicated tonnage of 35.6 million tons with an average grade ( us ing 
Model 3 assumptions ) of 0 . 0 2 1 3  oz gold/Ton. At $ 45 0/o z ,  and usin g  Model 
3 assumptions , this amounts to a total of $ 34 2 , 0 0 0 , 0 0 0  of gold with a 
gold value of $9. 59/Ton. It is clear from T ab les 1 5  and 1 6 ,  however , 
that the average gold grade quoted above is not evenly distributed over 
all blocks , within the moderately anomalous granite and quartzite blocks, 
Blocks B, C, 0, and F have substantially hi gher grades and constitute an 
attractive gold target w ith an indicated 2 1 .4 million tons of potential 
gold ore. Of these, B locks B and C are the mos t  economically attractive. 

From the existing data the B locks with the most potential for mining 
are B locks B, C, and F and a 'high-grade ' subblock within B lock B 
containing an indicated 2.75 mi llion tons comprises the most attractive 
pos sibility. With Mode l 2 as sumptions , the indicated surface grade for 
this subblock is 0 . 0 36 oz gold/Ton ,  which is comparable to gold grades of 
cyanide heap leach properties in Nevada that were operating in 1 9 79 ( S ee 
Table 1 8 ) .  with Model 3 assumptions for this higher grade subblock of 
B lock B, the average indicated gold grade for this ground increas es to 
0 . 0 54 o z  gold/ ton , which is very close to the grade of most of the 
properties listed in Table 1 8 .  Obviously, B lock B should be given the 
highest priority for confirmation dri lling. S everal larger tonnage 
targets within the Socorro Reef gold anomaly are also attractive , 

particularly a 9.8 mi llion ton block that comprises B locks B and C. This 

block of ground contains $ 1 0 0 , 0 0 0 , 0 0 0  of gold ( using Mode l 2 assumptions ) 

or $ 1 5 0 , 0 0 0 , 0 0 0 of gold ( using Model 3 assumptions ) ( S ee Table 1 6 ) .  The 

0 . 03 4  oz/Ton grade of this block (using Model 3 as sumptions ) is s imilar 
to the gr ades of produc i n g  prope r t i e s  at W i nd f a l l ,  C o rt e :>: ,  ,'I nn r.0 ' �  �. ,- - .� "  
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Table 18 : Comparison of Socorro Reef with other 
disseainAted . low- grAde 9Ol� deposit. 
in the western United State. 
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in N evada (T able 1 8 ) .  Grade continuity and a s light increas e in grade 

with depth for Blocks B and C have already been tested to some de gree by 

the SAD - 1  drill hole in B lock C. I f  Block 0 is added to the B lock B and 
C package , the indi cated tonnage increases to over 2 1  mi llion tons and 
( using Model 3 as sumptions ) contains $ 26 4 , 0 0 0 , 0 00 of go l d  at $ 4 50 /o z. 
However , m ining costs within B lock 0 would be substantially hi gher 
becaus e of the additional waste material that would have to be removed 
from aill 246 2 to gain access to the mineralized quartz ite block. Thus , 
drilli n g  confirmation should be acquired first for B locks B and C. The 
hi gh- grade ground w ithin B lock F is too low in tonnage to j ustify an open 
cut m ine by itself. However , high grade portions of this ground could be 
blende d with lower grade rock in Blocks B and C to obtain hi gher and more 
evenly di s tr ibuted gold grades for recovery purposes; B locks A and E, 
whi l e  containing about 1 4  million tons of gold-bearing material , do not 
contain high enough grades to j ustify drilling confirmation at this time. 

From Table 18 it can be seen that pre-tax operating costs per ton 
for various , recently operating, open-cut gold m ines in the southwestern 
U.S .  are subs tantially lower than the overall dollar value of gold 
content per ton of ore mined by at least a factor of 3.  As c an be 
inferred from the table this factor can be considerably influenced by the 
price of go ld, so that one would like the difference between actual gol d  
content an d  cost o f  mining to be a s  high a s  possible. It should be noted 
that the Windfall Mine , which has the lowest grade of the operating 
properties in Table 1 8 ,  c losed in 1 9 8 1  when the price of gold fell be low 
$ 35 0 /o z ,  but is expected to open soon as the price of gold has now been 
consistent ly above $ 4 0 0 /oz. Therefore, the difference be tween gol d  
content and pre- tax operating costs a t  Socorro Reef gold depos i t  should 
cons i s tently be greater than 2.5 to 1 before the Socorro Reef go l d  
depo s i t  coul d  b e  brought into profitable production. A t  a gol d  price of 
$ 45 0 /o z  a 2 . 5  to 1 ratio of go ld value to cost o f  production seems viable 
for B locks B ,  C ,  0 ,  and F using Model 3 assumptions , for B locks B and C 
usin g  Mode l 3 as sumptions , for Block B using either Model 2 or M ode l 3 
assumptions ,  and for the ' high- grade' subblock within B lock B using Model 
1 ,  2 ,  or 3 assumptions. Thus , based on present data , B lock B at the 
surface is comparable to producing, open-cut, heap- leach, gold operations 
elsewhere and could be brought into production if drilling confirmed the 
surface grades to depth. B locks B and C could be brought into production 
i f  dr i lling substantiates Model 3 assumptions or if the price of gold 
increas e s  to and remains above $ 5 5 0 /oz. Thus , about 10 m i llion tons of 
ground w i thin the Socorro Reef gold deposit is co m mercial pending 
dr i l ling confirmation of Mode l  3 assumption , and is commercial as it 
stands if the price of gold increases to and remains over $ 5 5 0 /oz and 
mining costs do .not escalate. 

Conc lusions and Recommendations 

Geologi c ,  geochemical , and geophysical data presented in Part II 
stron gly suggest the inference that the Socorro Reef gold ano maly is the 
surface express ion of a lar ge-tonna� ,  low- grade ,  dis seminated go ld 
deposit.  Economic evaluation of all available surface data using 
optimi stic , but reas onable, geologic assumptions ( Mode l  3 )  su gge st that 
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about 7 60 , 0 0 0  ounces of gold ( 0 . 0 2 1 3  oz of gold/Ton) are contained within 
3 5 . 6  million tons of gold-bearing material in six blocks ( Figure 26 ) .  At 
a gol d  price of $ 4 5 0 /o z  the above material contains $ 34 2 , 0 0 0 , 0 0 0  of gold. 
Under present economic conditions about 1 0  million tons of gold- bearing 
rock in B locks B and C are commercial pending drillin g conf irmation of 
gold grades with depth. The estimated value of gold in the 1 0  million 
ton block using Model 3 assumptions is about $ 1 50 , 0 0 0 , 0 0 0 .  I f  economic 
conditions improve slightly, that is , if the price of gold increases to 
and remains over $ 5 0 0 /o z ,  then another 1 1  million tons of gold- bearing 
rock can be added to the 10 million tons des cribed above and the net 
worth of the Socorro Reef gold deposit would increase to about 
$293 , 0 0 0 , 0 0 0 . 

I t  is recommended that drilling priority be given to B locks B and C 
with the ob j ective of confirming and hopefully increasing gol d  grade s  in 
ground beneath surface exposures of thes e  blocks. A fair test of these 
b locks w ould cons ist of five shallow drill holes ( fully cored) of 5 0 0  
feet each t o  obtain subsurface information on gold grades beneath B locks 
B and C. At a cost of $ 20/foot this amounts to about $ 5 0 , 0 0 0  of 
drilling. Supportive geochemical work should cons ist of gO ld, silve r ,  
and tungsten assays for every 1 0- foot interval o f  core , this amounts to 
approximately $ 2 7 5 0 . 0 0  of analytical work. S ome of the holes should be 
angl e d  across the wi dth of the exposed gold anomaly in order to obtain 
information about gold grade s  in representative cross section s .  At this 
time , no new surface information is required because abundant data has 
already been obtained from previous surface sampling programs conducted 
by the various ma j or mining companies. The recommended drilling work can 
be done by Socorro Mining Corporation under my supervis ion or by one of 
th e  m a j or mining compani es currently interested in the property. This 
work could easily be done within six to nine months of the lease date. 
It is recommended that the confirmatory drilling be done a s  soon as 
poss ible by either Socorro Mining Corporation or a mining company lease
partner , because the economic c limate is becoming increasingly favorable 
for development of low- grade , disseminated gold deposits. With many 
m a j or mining companies now directing their exploration programs toward 
such tar ge t s ,  the Socorro Reef gold deposit is now a prime exploration 
tar get .  
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P a ge - 1 
I NTRODUCT I ON 

The Copperstone mi ne i s  a n  ep i therma l ve i n  - brecc i a  go l d  depo s i t  
s i tua ted i n  La  Paz County , Ar i zona a bout  16 mi l e s  north of Quart z s i te 
( F i gure 1 ) .  There i s  good acce s s  by way of U . S .  H i ghway 92  for 1 2  mi l e s  
north from Qu� rtz s i te ,  then northwe s t  o n  graded road for 6 mi l e s  to the 
mi ne . The depo s i t i s  owned by Cyprus  Mi nera l s Company and i s  l oc a ted on 
290 conti guous  c l a i ms . 

H I STORY 

The Copperstone c l a i m  b l oc k  has no  ear l y mi n i ng h i s to ry p receed i ng 
the 1960 ' s .  

Dur i ng 1968 to 1980 the a rea now covered by the Coppe rs tone c l a i ms  
wa s he l d  by  Char l e s  E l l i s  of the Southwe s t  S i l ve r  Company . The property 
wa s then known as the Conti nent a l  S i l ve r  c l a i m  grou p .  S i x  rotary hol e s  
we re d ri l l ed at wi de l y  sca tte red l oc a t i on s , b u t  data fo r on l y  one of 
these ho l e s wa s � va i 1 a b 1 e .  Th i s  7 10 - foot  dr i l l  hol e wa s comp l eted , 
cutt i ng s  were panned , and  a p re l i mi n a ry l og preoared . C h rysoco 1 1 a
ame thys t-quartz- bari te- s pecu l a ri te mi nera l i za t i on wa s noted i ntermi tten
t l y  to the bottom of the hol e .  The Southwe s t  S i l ve r  Comp� ny l e t the c l a i ms 
l a pse  i n  1 980 for l ac k  of a s se s smen t  wor k . The a rea wa s then re sta ked by 
l oc a l  pro s pector Dan Patch  of Qua rtz s i te ,  Ari zona . 

Cyprus/Amoco acqu i red the 6 4  Copperstone c l a i ms from Mr . Patch  i n  
1 980 and i n i t i a ted a d ri l l i ng program short l y  after l and acqu i s i t i on .  
These i n i t i a l  rotary ho l e s encountered go l d  i ntercepts from 10  feet to 1 50 
feet  wi de , rang i ng from 0 . 05 to 0 . 10 ounce gol d per ton . From 1 980 to 
p resen t , 3 5 9  rotary and  reverse c i rc u l a t i o n  ho l e s  and  7 3  d i amond core ho l e s 
h a ve been dri l l ed to outl i ne the go l d  mi nera l i za t i on . 

GEOLOG I C  SETT I NG 

The Copperstone c l a i m  b l oc k  conta i n s a P recambr i an basement comp l ex 
of gne i s s , s c h i s t , quartz i te ,  and  augen gne i s s  wi th  severa l generat i on s  of 
i n tru s i ve roc k s . A t h i n  sec t i on of Pa l eozo i c l i me s tone and c l a s t i c strata 
overl ays th i s ba sement . Th i c k  sequences of mi dd l e  Me sozo i c  c l a s t i c roc k s  
and  quartz  1 a t i te extru s i ve roc k s  cap  t h e  P a l eozo i c strata . Low ang l e  
norma l fau l ts sepa rate the Mes ozo i c  a n d  Pa l eozo i c  s t ra ta from the under
l yi ng P recambri an  basement .  These  l ow ang l e fau l ts may rep re sent  detach
ment s u rface s re s u l t i ng from i so s ta t i c u p l i ft of metamorp h i c /c rysta l l i ne 
core comp l e x  roc k s . A s  the u pper  p l a te Me sozo i c  and P a l eozo i c  s trata . 
mi g rated away from t he u p l i ft ,  a seri e s  of s u bs i d i a ry l i st r i c fau l ts formed 
d u r i ng  the s l i d i ng eve n t .  The l ow ang l e  and l i str i c fau l ts a re i n  turn 
c ro s s - c u t  by h i gh-ang l e NNW and NNE fa u l t s . The Copperstone go l d  depo s i t  
i s  l oca l i zed i n  1 i st i c  fa u l ts whe re mi ne ra l i z i ng so l ut i on s  have  depo s i ted 
a comp l ex mi nera l  a s semb l age .  
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The Copperstone mi ne i s  hosted by three l i thol og i c  un i t s ( Fi gu re 2 ) .  
The s t ra t i graph i ca l l y  l owe s t  un i t  i s  a mi dd l e  Me sozo i c  po rphyr i t i c quartz 
l a t i te .  Thi s quartz l a t i te i s  a wea k l y me tamo rphosed , we l ded tuff compo sed 
of 1 mm to 4 mm qua rtz , k - fe l d s pa r ,  and p l agi ocl a se phenoc ry s t s  set i n  a 
fi ne to med i um grai ned quartz- fe l d s pa r- seri c i te-ch lor i te ma tri x .  

A chaot i c  brecc i a  overl yi ng  the quartz l at i te tuff forms the second 
l i t ho l og i c  ho s t .  The brec c i a conta i n s  angu l a r  to s ubrounded cobb l e s  and 
b l oc k s  o f  q u a rtz l at i te i n  a non-me tamo rphosed , hema t i te- seri c i te - c l ay 
ma tri x .  I t s  c haoti c ,  u n sorted nature and c l ayey unmetamorphosed ma tri x 
sugge s t s  the brec c i a may rep re sent a mud s l i de event post-da t i ng  depo s i t i on 
and  me tamorph i sm of the quartz  l at i te tuff . Howe ve r ,  seve ra l othe r  geneti c 
mode l s have been po s t u l a ted fo r the b recc i a ' s  o ri g i n  wh i c h i nc l ude : ( 1 )  a 
hyd rotherma l brec c i a ;  ( 2 )  col l apse  b recc i a ;  and ( 3 )  fa u l t brec c i a .  

The t h i rd and p r i ma ri l y  mi nor  host  i s  a ves i c u l ated Te rt i a ry ( ? ) b a s a l t .  
The b a sa l t i s  cro s s - c u t  by go l d  bea r i ng  amethyst- quartz - s pec u l a ri te vei n s  and 
saturated by a c l ay- hema t i te a l te ra t i on . 

Structure 

Coppers tone go l d  mi nera l i za t i on i s  l oc a l i zed a l ong the mode rate l y  d i p
p i ng po rt i on of a l i str i c fau l t  ( F i gure 3 ) .  The fau l t  sepa rates mi nera l i zed 
footwa l l q u a rtz l at i te tuff from go l d- beari ng hang i ng wa l l  c haot i c  brec c i a .  
Th i s downwa rd curv i ng s tructu re refe rred to a s  the Coppers tone Fau l t  str i kes  
N 2 5W and  d i p s  25  to 40 degrees nort he a s t .  A seri e s  of h i gh-ang l e  NNW and  NNE  
fa u l t s cro s s- c ut  the  Copperstone Fa u l t .  Thes e  h i gh- a ng l e  fau l t s appear  to 
have been act i ve dur i n g  the Copperstone mi nera l i z i ng even t . The ent i re 
fau l t sys tem prov i de s  exce l l en t  ground p repa ra t i o n  and represents  the path
way t h rough  wh i ch go l d- bear i ng  so l u t i o n s  were depo s i ted . 

Mi nera l i za t i on 

S u rface and s u b s u rface observa t i on s  at the Coppers tone mi ne s u gge s t  
mu l t i p l e  phases  of fl u i d  i n trod u c t i on to form a comp l e x  ve i n  sys tem a s soc i ated 
wi th i ntersec t i ng structure s . The mi nero l ogy i s  compo sed of nume rou s ,  i n ter
sec t i ng  q u a rtz- amethyst , s pec u l a r i te , goeth i te ( ma gnet i te ) , b a ri te- fl uori te , 
carbonate and  c h rysoco l l a  ve i n s  wi th  l oca l l y  a s soc i a ted ea rthy , red hema t i te 
s a t u ra t i on .  Textura l l y  the ve i n s  a re coa rse l y  banded and vu ggy wi th  comb 
and coc kade quartz- ame thyst .  A hyd rot he rma l brecc i a ,  fractures  and  brec c i a te s  
t h e  ve i n s ,  s u rroundi ng t h e  fragme n t s  wi t h  fi ne- gra i ned s i l i ca and ca rbonate . 
Fi ne l y  l ami n a ted , cha l cedon i c  quart z  a s  wel l a s  col l oform , frambo i da l  ( ra s berry 
textu re ) and  l i esegang textures  a re a l s o  present .  

Go l d  mi nera l i za t i on i s  not  re l a ted to pyri te but  to specu l a r hema t i te ,  
wh i c h appears  to be i ntroduced i n to the  host by hydrotherma l mechan i sms . 
Seconda ry effects  ha ve a l tered the specu l a r hema t i te to earthy , red hema t i te 
wi th  a s soc i a ted Mn0 2 . 
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M I NERA L I ZA T I ON -Cont . 

The a l tera t i on mi nerol ogy a s so c i ated wi th the vei n i ng con s i s t s  of 
seri c i te- kaol i n i te ( ? ) and  c h l ori te . 

Mi ne Prod u c t i o n  and Re se rves 

Su rface mi ne p roduct i on i s  expe c ted to l a s t  6 years  and recover 
447 , 000 ounce s . The l i fe of mi ne  str i p rati o i s  7 . 0  to 1 . , wh i c h equates 
to 4 1 , 38 9 , 7 20 ton s of wa ste ma te ri a l  and  5 , 880 , 0 1 7  tons of ore grad i ng 
. 082  ounces  per ton . 

The mi ne operates 2 s h i ft s  pe r day , 40 hours pe r wee k .  The ore i s  
stoc k p i l ed fo r b l end i n g  to the mi l l  wh i c h operates 7 days per wee k , 
24 hours  a day .  The actua l mi n i ng i s  contra c ted to Morri son - Kn ud sen 
Corpora t i on , wh i c h operates 1 5  ya rd front  end l oaders and 1 20 ton e l ect
ri c dr i ve h a u l truc k s . The mi n i n g con t ractor h a s  5 5  emp l oyees on s i te a n d  
Cyprus  h a s  il emp l oyee s  a s s oc i a ted wi th  mi n i ng an�Mi l l i n g .  

CONC LUS ION  

The  Coppe rstone depo s i t  i s  l oca l i zed a l ong the  moderate l y  d i pp i ng 
porti on of a downwa rd c u rv i ng  fau l t  that  separates Me sozo i c  quartz l a t i te 
tuff from a c haoti c . brec c i a .  Th i s po s t u l a ted l i s tr i c norma l fa u l t  shou l d  
converge a t  depth wi th  a l ow a ng l e  d i s l oca t i on s u rface ( detachmen t ) wh i c h 
separates  the  bri ttl e ,  we l l  fractured u pper p l a te from the myl on i t i zed , 
me tamorph i c  to p l uton i c  ba sement  terra ne . H i g h  ang l e  fau l t s  and a s soc i a ted 
vei n i ng res pect i ve l y ,  refractured and permea ted the p revi ous l y  estab l i s hed 
structune s .  The i n tersec t i ng fau l t  sys tem appears to repre sent the pa thway 
through  wh i c h mu l t i - stage , hyd rotherma l fl u i d s  depo s i ted go l d  i n  an epi sod i c 
manne r .  
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ABSTRACT 

Mesozoic and Tertiary mineral 
depos its in west-central Arizona are 
commonly associated with Mesozoic thrust 
faults and Tertiary detachment faults , 
respectively . Quartz -kyanite rocks and 
pyritic quartz-sericite schists with 
local anomalous gold are the product of 
probable Jurassic arg i l l ic alteration of 
Jurassic volcanic , sedimentary , and 
plutonic rocks fol lowed by Cretaceous 
thrust burial and associated metamor
phism . Sl ivers and sheets o f  Paleozoic 
carbonates along Mesozoic thrust faults 
were locally sites o f  syn- and post
thrust minera l i zat ion . Widespread brec
ciation along Tertiary detachment faults 
resulted in increased permeabil ity along 
fault zones . Elevated thermal gradients 
also resulted from detachment faulting 
and apparently caused convective aqueous
fluid circulation along detachment faults 
and associated Fe+Cu�Au mineral i zation . 

INTRODUCTION 

Quartz-kyanite-pyrophyll ite mineral 
assemblages with locally occurring pyrite 
and anomalous gold have recently been 
recognized within Mesozoic metasediment
ary and metavolcanic rocks o f  west
central Arizona and southeasternmost 
Cal i forn ia . These deposits are most 
common in the wal l  rocks of Jurassic 
plutons and below thrust sheets of crys
tall ine rocks ( Reynolds et a l . ,  in 
press ) .  Thrust faulting and tectonic 
burial are not cons idered to be respon
s ible for the genesis of the depos its , 
but are thought to be responsible for 
the i r  preservation and , in part , the ir 
metamorphism . Maj or gold depos i ts are 
assoc iated with similar a luminous mineral 
depos its in the southern Appalachian 
Mounta ins , raising the possibi l ity that 
sign i ficant gold deposits of similar 
origin are present in the Southwest as 
well .  

Detachment-fault-related mineral 
deposits of mid-Tertiary age are numerous 
in west-central Arizona and southeastern 
Cal i fornia . Virtual l y  a l l  of these depo
s its have the same mineral assemblage : 
mass ive or fracture-fill ing specular 
hematite with younger , fracture- f i l l ing 
chrysocol l a  and mal achite or brochantite . 
Some deposits contain early-formed copper 

and iron sul fides that are now largely 
oxidized . The l arger deposits form 
replacements in upper-plate rocks direct
ly above the detachment fault .  Numerous 
smaller replacement and fracture-fill ing 
deposits are present along detachment 
faults or are within a few tens to 
perhaps a hundred meters above or below 
the faults . Consistent mineralogy , 
structural style , and associat ion with 
Tertiary detachment faults indicate that 
these deposits are genetically related to 
faults ( Reynolds , 19 8 0 ;  Wilkins and 
Heidrick , 1982 ; Spencer and Welty , 1 9 8 6 ) . 
Copper has been the primary commodity 
produced from these depos its , with 
additional production of minor gold , 
silver, lead , and z inc . 

MESOZOIC ALUMINOUS METASOMATIC DEPOSITS 

Mesozoic metavolcanic , metasedimen
tary , and plutonic rocks in west-central 
Arizona and southeasternmost Cal i fornia 
host aluminous metasomatic rocks that are 
local ly associated with anomalous gold . 
The most striking of the aluminous meta
somatic rocks are those composed almost 
entirely of quartz and kyanite ; other 
common combinations are quartz-muscovite 
and quartz-pyrophyll ite . Minor associ
ated mineral s  are andalusite , s i l l i 
manite , pyrite , tourmal ine , rut ile , 
ilmenite , biotite , lazul ite ( hydrous Mg
Fe aluminophosphate) , apatite , dumor
tierite , stauro l ite , K-feldspa r ,  and 
magnetite . The most common assemblage 
comprises quart z ,  an aluminosil icate , a 
Ti-bearing mineral ,  and a p-bearing 
mineral ( Reynolds et al . ,  in press ) . 

Aluminous metasomatic rocks are most 
common in schistose metavolcanic and 
metasedimentary rocks , espec ially near 
Mesozoic thrust faul ts (Granite Wash 
Mountains) or near the intrusive margins 
of Jurassic plutons ( Dome Rock Moun
tains ) . They have also been recognized 
as pods within granitic rocks ( Fig . 1 ) . 
Schistose fabrics and evidence of green
schist-grade metamorphis. are common in 
host rocks , especially near thrust faults 
and plutons . Virtual ly a l l  of the 
Mesozoic supracrustal rocks in west
central Arizona and southeasternmost 
Cal i fornia underwent Cretaceous thrust 
burial and associated prograde metamor
phism and fabric development . The coarse 
aluminous mineral s  in the aluminous meta-
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Figure 1. Schematic diagram showing 
sites of minera l i z ation in Mesozoic 
mineral deposits commonly found in assoc
iation with thrust faults . ( A )  Aluminous 
metasomatic deposits below thrust faul ts . 
( B ) Aluminous metasomatic deposits in the 

wa l l -rocks of Jurassic plutons . ( C )  
Aluminous metasomatic depos its forming 
pods in Jurassic granite . ( D) Cu-Au 
deposits within Paleozoic carbonate 
sl ivers along thrust zones . Wavy l ine 
segments indicate shearing and fol iation . 
Symbols are as fol lows : JXYcaJurassic to 
Proterozoic crystal l ine rocks , Pzu-Paleo
zoic metasedimentary rocks , MzvzMesozoic 
metavolcanic rocks , Mzs-Mesozoic metased
imentary rocks , Jg-Jurassic granitoid . 

somatic rocks almost certainly formed 
during this period of deformation and 
metamorphism ( Reynolds et al . ,  in press ) . 

Pyrite and anomalous gold occur in 
metavolcanic rocks adj acent to massive 
aluminous metasomatic rocks in the 
central Granite Wash Mounta ins . Dis
seminated , low-grade gold deposits are 
present within and adj acent to areas o f  
aluminous metasomatism in the Dome Rock 
Mountains . 

Aluminous metasomatic rocks in west
central Arizona and southeasternmost 
Cal ifornia are po.sibly the product of 
hydrogen-ion metasomatism of quartzo
feldspathic rocks during c irculation of 
cl -rich , acidic fluids at high water-to
rock ratios ( Wise , 197 5 :  Dillon , 1 9 7 6 ) . 
During metasomatism the rocks were 
leached of relatively mobile elements and 
left enriched in the relatively immobile 
elements Al , Ti , and P.  The aluminous 
metasomatic rocks in the Granite Wash 
Mountains are interpreted as metamor
phosed products of a shallow-level hydro
thermal system : synvolcanic near-surface 
arg i l l ic alteration produced clay-rich 
rocks and hydrothermal s inter that were 
subsequently converted to quartz-kyanite 
rocks during thrust-related tectonic 
burial and metamorphism . In the Dome 
Rock Mounta ins , it is inferred that wal l  

rocks underwent arg i l l ic a l te r a t i o n  
during emplacement o f  granitic magmas and 
were later metamorphosed to quartz
kyanite-pyrophyll ite rocks . Sulfides and 
gold were probably introduced during the 
earlier, arg i l l ic alteration event 
associated with magmatism .  Metamorphism 
and preservation of such depos its was 
largely the result of Cretaceous thrust 
burial during a time of elevated geo
thermal gradients associated with Late 
Cretaceous plutonism ( Reynolds and 
others , in press ) . 

Metamorphic rocks in the Blue Ridge 
and Piedmont provinces of the eastern 
Appalachian Mounta in. of the southeastern 
United State. conta in numerous quart z 
kyanite , quart z-sil l imanite , and quart z 
pyrophyl l ite deposits commonly associated 
with upper Proterozoic to lower Paleozoic 
metavolcanic rocks ( Espenshade and 
Potter , 1 9 6 0 ) . These deposits contain 
virtual ly identical mineral assemblages 
a. the Arizona-Ca l i fornia deposits . 
Pyriti ferous gold deposits in the 
southern Appalachian Mounta ins with 
associated aluminous metamorphic minerals 
have been interpreted as metamorphosed 
volcanogenic epitherma l-exhalative 
deposits ( Ki f f  and Spence , 1987 ) . 

OTHER MESOZOIC THRUST-RELATED DEPOSITS 
Sl ivers and sheets of metamorphosed 

Paleozoic and Mesozoic metasedimentary 
rocks along thrust faults in west-central 
Arizona and southeastern Cal ifornia are 
local ly sites of copper and gold mineral
ization.  such depos its , such as the Yuma 
Mine deposit in the Granite Wash Moun
tains , possibly formed by movement of 
aqueous fluids along thrust zones and 
into contact with reactive carbonate host 
rocks . 

TERTIARY DETACHMENT-fAULT-RELATED DEPOSITS 
Detachment faults are large-displace

ment , low-angle normal faults that are 
thought to have formed at low angles . 
Much of the crustal extension that 
affected the Bas in and Range Province in 
Tertiary time was accommodated by move
ment on detachment faults . Upper-plate 
rocks are general l y  cut and distended by 
numerous l istric and

· 
planar normal fault. 

that merge downward with , or are cut by , 
the underlying detachment fault .  Mylon
itic fabrics present in rocks exposed 
beneath many detachment fault. are 
inferred to have formed by ductile 
shearing a long the downdip proj ection o f  
detachment faults early in their move.ent 
history ( Wernicke , 198 1 :  Davis , 1983 : 

. Reynold. , 198 5 :  Davis et a l . ,  1 9 8 6 ) . 

A maj or detachment fault exposed in 
the Buckski n ,  Rawhide , Harcuvar , and 
Harquahala Mountains of west-centra l 
Arizona and in the Whipple Mountains of 
southeastern Cal i fornia j uxtaposes a wide 



variety of Proterozoic and Phane rozoic 
rock types over variably mylonitic 
crystall ine rocks . Middle Tert iary 
mineral deposits assQciated with this 
fault are more numerous than in any other 
known area ot detachment tault ing . 
Detachment-tault-related depos its are 
also present in the northern Plomosa 
Mounta ins , Moon Mountains , and Bighorn 
Mountains . 

specular hematite ( specularite ) is by 
far the most volumetrically sign i ficant 
mineral in detachment-fault-related 
mineral deposits ot west-central Arizona 
and southeastern Cal i tornia . Where 
mass ive , it is typica l ly tractured and 
conta ins fracture- till ing chrysocol la and 
less common malachite , brochantite , 
quartz , calcite , barite , fluorite , and 
manganese oxides . In some lower-plate 
depos its , such as those on the flanks of 
Planet Peak in the Buckskin Mountains , 
quartz and chlorite are intimately inter
grown with 1- to 10-mm-diameter crysta l s  
of unusua lly hard specul arite . Upper
plate deposits hosted by noncarbonate 
rocks , such as the Mesozoic calc
sil icate , metasandstone , and phyl l ite in 
the area of the Mineral H i l l  and Planet 
mines in the Buckskin Mounta ins , contain 
much fine-grained ( lmm or less) specu
larite and earthy hematite . In these 
depos its , abundant earthy hematite and 
fracture-fill ing specularite are common 
at the margins of the zone ot massive 
specularite mineral ization. 

Copper and iron sul f ides tormed early 
in the genesis ot many of these depos its , 
although their s igniticance is ditficult 
to assess because o f  extensive oxidation 
and overprinting by younger specularite
chrysocol l a  minera l i zation . Pyrite is 
rare to nonexistent in most deposits , but 
rel ict , l imonite-stained cubes or cubic 
pits are local l y  common . Chalcopyrite 
veins and disseminations within massive 
specular hematite were the target o t  
underground mining a t  the Swansea Mine in 
the central Buckskin Mountains , and are 
loca l ly present at many other deposits . 

Common s ites and styles ot minerali
zation are as tol lows ( Fig . 2 ) : ( 1 ) 
replacement deposits in sl ivers of 
Pal eozoic ( ? )  carbonate rock within lower
plate crystal l ine rocks , ( 2 )  tracture
fill ing and replacement ( ? )  deposits 
within h igh-angle ,  lower-plate shear 
zones , ( 3 )  fracture- fill ing deposits 
within crushed and tractured rocks within 
or directly adj acent to the detachment 
fault , ( 4 )  massive replacement depos its 
within Paleozoic carbonate rocks and 
Mesozoic calc-sil icate rocks directly 
above the detachment fault , ( 5 )  fracture
fill ing deposits along high-angle shear 
zones in upper-plate rocks , and ( 6 )  
stratabound sedimentary manganese 
deposits within Miocene clastic sedimen
tary rocks (Wi lki�s and Heidrick , 198 2 ; 
Spencer and Reynolds , in press ) . 

Figure 2 .  Schematic diagram showing 
sites of mineral i zation in Tertiary 
mineral deposits associated with detach
ment faults . s ites and styles of miner
alization are as follows : ( A )  Replacement 
deposits in carbonate sl ivers within 
lower-plate crystall ine rocks , ( B) 
Fracture-till ing and replacement ( ? )  
deposits along lower-plate high-angle 
shear zones , ( C ,  0 ,  E)  replacement 
depos its within a variety ot calcareous , 
upper-plate host rock types ,  ( F) 
fracture-till ing mineral deposits within 
and along the fault zone , ( G )  replacement 
deposits adj acent to upper-plate normal 
faults , ( H ,  J )  tracture-till ing deposits 
adj acent to upper-plate noraal faults , 
( I )  stratabound sedimentary manganese 
deposits . 

Fluid-inclusion studies indicate that 
minera l i z ing aqueous tluids ranged froa 
approximately 1 7 5  to 3 0 0  degrees C 
minimum temperature with sal inities 
ranging from 12  to 22 , HaCl equivalent 
(Wilkins et al . , 1 9 8 6 ) . Replacement 
minera l ization in calcareous host rocks 
was the primary style ot mineral i zation 
in the larger depos its , whereas many of 
the smaller deposits are fracture 
fill ing . High geothermal gradients that 
caused convective tluid circulation are 
interpreted a. the result of rapid 
tectonic upl i tt of hot footwal l  rocks , 
pos.ibly locally augaented by magaatic 
heat input . 

Gold production from the approxi
mately one dozen detachment- fault-related 
mineral district. in west-central Arizona 
and adj acent southeastern Cal i fornia ( not 
including depos its near Yuma ) ranges from 
less than 100 OZ to as much as 12 , 000 oz 
( Keith et al . , 1 9 8 3 ; Spencer and Welty , 
198 6 ) . Copper has been the primary metal 



produced from detachment-fault-related 
minera l districts . The recently d i s 
covered copperstone gold deposit i n  the 
northern Moon Mounta ins rekindled 
interest in minerali zation related to 
detachment faults , although it is 
uncertain what the relationship is 
between the Copperstone deposit and the 
adj acent detachment fault . 

CONCLUSION 

Low-angle tectonic features were 
important in the formation and preserva
tion of many mineral deposits in west
central Arizona and southeastern 
Cal i forn ia . Mesozoic thrust faulting was 
respons ible for thrust burial and , in 
part , for metamorphism of arg i l l ically 
altered and locally gold-mineral ized 
Mesozoic sedimentary and igneous rocks . 
Fault sl ivers a long thrust faults were 
locally the s ites of syn- to post
thrust ing minera l i z at ion , presumably 
because of aqueous- fluid c i rculation in 
the thrust zone . Tertiary mineral 
depos its related to detachment faults 
were the product of circulating , largely 
ascending brines that moved along the 
highly fractured rocks within and 
adj acent to the detachment fault . Fluid 
circulation was probably caused by 
elevated geothermal gradients associated 
with upl i ft of hot mylonitic footwall 
rocks . Many mineral deposits related to 
detachment faults have yielded gold , 
although they are primarily base-metal 
deposits . 
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The crustal heritage of silver and gold ratios in Arizona ores 

S. R. TITLEY Department o/Geosciences, University 0/ Arizona, Tucson, Arizona 85721 

ABSTRACT 

The ratios of produced grades of silver and gold in ore deposits of 

Arizona, representing nearly a century of mining, correlate with their 

geologic setting. The deposits occur south and west of the Colorado 

Plateaus where two geological domains are recognizable on the basis 

of type and age of rocks and geological history. The eastern or "Naco" 

domain has a basement of Proterozoic Pinal Schist, formed from a 

protolith of mostly clastic sedimentary rocks, and widely scattered 

younger Proterozoic granites, overlain by Paleozoic platform strata 

and Mesozoic volcanic and clastic rocks. The "Western Deserts" do

main is characterized by an older Proterozoic section of largely sub

marine volcanic and volcaniclastic strata, together with Proterozoic 

granites; it is largely devoid of Paleozoic strata, but Mesozoic clastic 

and volcanic strata are widely exposed. In both domains, middle and 

late Tertiary volcanic rocks are extensive. 

Ore deposits of many genetic types, of Proterozoic, Nevadan, 

Laramide, and younger Tertiary ages, are present; deposits of Lara

mide and younger Tertiary ages occur in both domains, but deposits of 

Proterozoic age are confined mostly to the Western Deserts, and those 
of Nevadan age are restricted to the Naco domain. The ore deposits 

evolved at different times under different conditions of tectonic stress. 
The produced grades of silver and gold, and the silver to gold 

ratios, reveal a bimodal distribution. Most deposits of all epochs and 

genetic type in the Naco domain show Ag enrichment relative to the 

ratio of the Ag:Au crustal abundance (clarke ratio) (17.5:1). Except 

for two Laramide porphyry copper deposits and the Proterozoic mas

sive Cu-Pb-Zn ores, whose ratios are close to the clarke ratio, most 

other districts of the Western Deserts domain are enriched in gold 

with respect to the ratio. 

The regional zoning transgresses ore-deposit type, time, tectonic 

style, and reported igneous rock types and metal associations. It does 

not appear to be related to the hypothetical results of subduction 

processes wherein metals and magmas are directly derived from par

tial melting of a descending slab of oceanic rocks. Rather, the 

precious-metal characteristics may represent inheritance from specific 

kinds of crust. 

INTRODUCTION 

Metallogenesis in Arizona resulted in formation of precious and base 
metal ores of many genetic types during the complex evolutionary history 

of the region. Base-metal mining since the early 18th century in Arizona 

has had a varied history influenced by advances in the technology of 

mining and metallurgy as well as broad-scale economic changes. On the 

other hand, mining of precious metals (silver and gold) has been more or 

less continuous, relatively less affected by technology and vagaries of 

economics. 

This study presents an analysis of the distribution of silver and gold 

from a hundred years of production by Arizona mines. The produced 

grades of these metals in mining districts have been compared on the basis 

of their production from two different geologic settings in the southern half 

of the State. The results reveal broad characteristics of the precious-metal 

ratios in mining districts that relate to the geological domains in which the 

districts occur. None of the many variables that may influence the compo
sitions of ores, such as epoch, ore deposit type, tectonic history, or igneous 

rock associations appears to have had the subtle, but real, effect that 

appears to have been brought about by the crustal setting of mining 

districts in this region. These characteristics of occurrence establish a sub

stantial basis for the notion that metals of these ores are inherited from the 

crust. 

GEOLOGICAL DOMAINS 

An essential and integral basis of this study has been the fact that 

Arizona may be separated into three distinctive geological domains (Fig. 
1) based upon different basement and other geological characteristics. 

Each domain manifests a distinctive evolutionary history that commenced 

in the Proterozoic and continued througQ the Phanerozoic in episodic 

pulses that affected parts of the State in different ways. The domains of 

Figure 1 have been generalized from a more detailed analysis (Titley, 

1981; Titley and Anthony, 1987), and two are termed here the "Naco 

domain" of the southeastern part of the State and the "Western Deserts 

domain" of the central and southwestern part; the third domain is the 

Colorado Plateaus of the northeastern third of the State. Two of the 

domains are characterized by the nature of bedrock geology and tectonic 
history rather than on the traditional basis of geomorphic features. The 

Colorado Plateaus province (domain III) remains as established in the 

traditional geomorphic sense, but both southern domains comprise rocks 
of both the Central Mountain region and Basin and Range province. 

Domain I of Figure 1 is underlain by a complex and variable base

ment dominated by Pinal Schist (ca. 1.68-1.70 Ga) intruded by granite of 

at least two ages (ca. 1.65 and 1.4 Ga) (Silver, 1978). Pinal Schist com

prises a varied section dominated by metamorphosed clastic strata, now 

quartz-sericite schist, quartzite, argillite, and slate. Locally thick sections of 

amphibolite are present, as are thin rhyolite flows and breccias, as well as 

intrusive rhyodacite (Cooper and Silver, 1964; Condie and others, 1985). 
The base of the column is not exposed, but the Pinal section in the Little 

Dragoon Mountains of domain I may be at least 6 km thick (Silver, 1978). 

Additional material for this article (an appendix) may be secured free of charge by requesting Supplementary Data 8735 from the GSA 

Documents Secretary. 

Geological Society of America Bulletin, v. 99, p. 814-826,10 figs., 4 tables, December 1987. 

814 



SIL VER AND GOLD RA nos, ARIZONA ORES 815 

1I 
I 

P RINC IPAL 
GEOLOGICAL DOMAINS 

IN ARIZONA 
DOMAIN 1 "

Naco Terrane" 

Pinal Schist-sediment-granite 

basement; PaleozoIc. Mesozoic. 

and Cenozoic cover. 

DOMAIN IT IIWestern Desert 

Terrane
ll 

Gneiss - greenstone

granite basement; scattered 

Mesozoic-Cenozoic cover. 

DOMAIN ill Colorado Plateaus 

" ...... Paleozoic outcrops of the 
Basin and Range Province 

'\:)a Yavapai Se ries (P£) outcrops 
� Gneiss outcrops 

"'--_ Colorado Plateaus boundary 
/;/ Linear magnetic anomaly 
/' 

Figure 1. Map of geological and metallogenic domains in Arizona as established for this analysis. Features of geology shown are principal 

distinguishing features for domains, separated by linear magnetic anomalies and their projections. 

Pinal strata are flanked on their northwestern edge by rocks of the Mazat

zal Quartzite, believed to be basin margin facies of the Pinal (Silver and 

others, 1986). A succession of still younger Proterozoic rocks (Apache 

Group) and diabase sills and dikes locally compose the uppermost Pre

cambrian rocks of the domain. 

The Paleozoic of domain I comprises carbonate-dominated sections 

whose original thickness was in excess of 2 km. The Mesozoic consists of 

remnants of clastic and volcanic rock successions whose original thickness 

may have been as great as 4 to 6 km. The Cenozoic is represented by 

widespread volcanic rocks representing many local centers of origin, and by 

sediments and sedimentary rocks of clastic and mixed clastic-volcanic 

lithologies. 

Precambrian rocks of the Naco domain have undergone syntectonic 

metamorphism of varying but low grade between 1.625 and 1.680 Ga 

(Silver, 1978). The domain was a site of Triassic volcanism as well as 
Jurassic volcanism, intrusion, and deformation. In Laramide times, base

ment cored uplift (Davis, 1979), the result of regional compression, was 

accompanied by widespread volcanism and intrusion; the middle to late 

Tertiary was a time of widespread volcanism and, ultimately, evolution of 

extensional tectonism and formation of present-day landforms. Ore depos

its formed in the Naco domain during the Proterozoic, Jurassic, Laramide, 

and the middle to late Tertiary. 

Domain II of Figure 1 also is characterized by a Proterozoic base

ment but a basement more variable in lithology from that of the Naco 

domain. Over the extent of the Western Deserts, the basement consists of 

two distinct, northeasterly trending belts of metamorphic rocks. Age and 

metamorphic grade of the basement increase northwestward. Metamor

phic strata of the Yavapai Series (Anderson and others, 1971), about 1.78 

Ga, flank Proterozoic strata of domain I and are flanked to the northwest 

by gneisses derived from volcanic protoliths (Thomas, 1949). Yavapai 

Series strata consist of mixed volcanic and sedimentary rocks of a thick

ness on the order of 12-15 km (Anderson and Creasey, 1958). Detailed 

studies by Anderson (1968, 1972), Anderson and co-workers (1955), 

Anderson and Blacet (1972), and Anderson and Nash (1972) reveal sec

tions where several-kilometre thicknesses of basalt and andesite are present 

together with relatively thinner strata of tuff and sediment, as well as 
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TABLE I. REPRESENTATIVE OREBODY TYPES, AGES, DOMAINS, RELATED IGNEOUS ROCKS. AND METALS IN SOUTHERN ARIZONA 

Age Genetic type Domain Associated rock types 

Proterowic X VOlcanigenic massive II Andesite, rhyolite 
(ca. 1.75 Ga) sulfide II Andesite, volcanogenic 

sediments, etc. 

Intfusion-cenlered, Granite/sedimentary 
vein or contact ore rocks 

Proterozoic Y Vein or contact ore Granite 
(ca. 1.4 Ga) 

Nevadan I ntrusion-centered Granite, qtz monzon. 
(ca. 180 Ma) and carbonate replace· Granite, qtz monzon. 

menl ore 

Laramide Intrusion-relatoo I Peraluminous granite 
(ca. 70-50 Ma) vein and replacemem n Peraluminous granite 

Porphyry copper I Calc-alkaline granite 
II and granodiorite ser. 

Vein-replacement ores Sediment and metasedimentary 
rocks, felsic intrusions 

II 

Pyrometasomalic ores Granite, Granodiorite, 
Paleozoic sed. rocks 

Middle to late Veins I Rhyolite, andesite, 
Tertiary II ialile, trachyte 
(ca. 28-12 Ma) 

Veins and replacement I Granite/granodiorite. 
II carbonate/clastic sed. 

Detachment faults I Metamorphic granites, 
II volcanics, and seds. 

mid-T ert. voles. 

Quaternary Placers I,ll 

pyritic or other iron-bearing sedimentary rocks. Intrusions of Proterozoic 

granite of -1.4 and - 1.6 Ga age are widespread, apparently more 

abundant than in domain 1. 
Remnants of Paleozoic strata are uncommon in the Western Deserts 

domain, although they are inferred to have been widely deposited as 

platformal sediments (McKee, 1951; Peirce and others, 1970). The Phan

erozoic cover of domain II is dominated by Mesozoic clastic and volcanic 

strata, locally strongly metamorphosed, and widespread Tertiary volcanic 

cover. 

Only a few Laramide ore deposits occur in the Western Deserts, 

although Laramide intrusions are common; ores of Proterozoic and Ter

tiary ages are present. In a way comparable to that of the Naco domain, 

the crust of the Western Deserts has been subjected to the extensional 

tectonism of the middle and late Tertiary and the compressional tectonics 
of the Laramide, 

Domain III, the Colorado Plateaus province, is not considered further 

here because of the absence of significant base- and precious-metal produc

tion up to this time, although the province has been a region of major 

production of uranium ores. 

Domains I and II are separated on the basis of contrasting basement 

ages and compositions, as well as sharply contrasting Mesozoic and Ce

nozoic geologic histories. The boundary between them, however, is diffi

cult to establish in a rigorous sense in the Basin and Range province, 

Figure 1 shows the trace of a linear magnetic anomaly beneath the Colo

rado Plateaus, which, if extended, approximates the domain boundaries 

premised on geological bases. This discontinuity, informally termed the 

"Holbrook linear" (Titley, 1981), separates Proterozoic Mazatzal-Pinal 

strata from Yavapai Series units in the Central Mountains of Arizona; 

projection of the line southwestward separates terrane comprising wide

spread outcrops of Paleozoic strata of the Naco domain from the Western 

Deserts where only sparse remnants of Paleozoic strata remain. The pro

jection of the line is also a northwestern limit to Laramide porphyry-ore 

systems in the Basin and Range province of southeastern Arizona (Titley, 

Metals Ag/Au Example References 

Cu·Zn(Au-Ag) 36 United Verde Anderson and Nash (1972) 
Pb-Zn(AgXAu) 200-36 Bruce, Iron Gilmour and Still (1968), 

King Larson (1984) 

W o.a. Money Maker Oale (1961) 
(Peck) 

W o.a. Wagner Keith and others (1983a, 1983b) 

Cu-Pb-Zn-Ag-Au 28 Bisbee Hogue and Wilson (1950) 
Cu-Pb-Ag(Au) 49 Counland·Gleeson Wilson (1927) 

Cu-Pb-Ag(Au) 215 Cochise Cooper (1957) 
Cu-Au(Ag) 0.11 Fortuna Wilson (1933a). Smith and 

Graubard (1987) 

Cu·Mo(Ag-Au) 19 San Manuel Thomas (1966) 
Cu-Mo(Ag-Au) 57 Bagdad Anderson and others (1955) 

Cu-Ag(Au) 57 Superior Hammer and Petersen 
(1968) 

0.40 LaPosa(?) Keith and others (1983a, 1983b) 

Cu-Pb-Zn(Ag-Au) 326 Washington Lehman (1978) 
Camp 

Ag(Au) 98 Pearce Howell (1977) 
Au(Ag) 0.58 Oatman Durning and Buchanan 

(1984) 

Cu-Pb-Ag(Cu) 255 Middle Pass Keith (1973) 
0.44 laPaz Wilson and Others (1934) 

U n.3. Blue Rock Warner (1982) 
Au-(AgXCu) 5.66 Sheep Tanks Wilson and others (1934) 

Au·Ag 0.10 Wilson (1933b) 

1981). Another geophysical linear anomaly in Figure I marks a well

defined geological boundary between metamorphic terranes in the Central 

Mountains, This feature, the Bright Angel-Mesa Butte linear (Shoemaker 
and others, 1978), separates the gneissic terrane of northwestern Arizona 

from the greenschist-amphibolite terrane of the Yavapai Series in central 

Arizona. 

CHARACTERISTICS OF ORE GENESIS IN ARIZONA 

Ores have been formed in Arizona, in both geological domains, in a 

wide variety of deposit types and at different times (fable 1)_ The predom

inating production has been from both the bodies of complex ores and the 

porphyry-related ore systems. Silver- or gold-dominant ores have been 

mined from some orebodies, but such ores have been subsidiary to silver 

and gold extracted from complex orebodies. Table 2 lists production of 

principal metals as related to epoch. Proterozoic production is dominated 

by sedimentary/volcanic exhalative ores with lesser production from vein 

systems; the Nevadan is almost solely represented by production from 

Bisbee, an intrusion and breccia-cored replacement, vein, and porphyry 

system; Laramide production is dominated by porphyry-related ores 

where copper, molybdenum, silver, and gold have been significant, and to 

a lesser degree by complex base-precious-metal vein and replacement 

ores_ Middle to late Tertiary ores have been taken from vein-dominant 

systems. Epigenetic ores of every epoch are hosted by a variety of rock 

types, but in the Laramide deposits, Paleozoic and Mesozoic sedimentary 

sections predominate, whereas the hosts of younger Tertiary ores appear 

dominated by metamorphic, volcanic, or clastic rock successions. In cen

tral Arizona, a variety of Precambrian rocks are hosts to ores of all ages. 

Metals produced from deposits of Nevadan, Laramide, and the mid

dle and late Tertiary ages have been closely associated with centers of 

intrusion. The Nevadan and Laramide deposits are associated with stocks 

or small plutons of calc-alkaline or alkali-calcic series (Peacock, 1931; 

Titley and Beane, 1981). Igneous rocks associated with middle Tertiary 
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and younger ores represent various differentiation series that include al

kalic, alkali-calcic, high K-calc-alkalic, and others (Keith, 1978; Westra 

and Keith, 1981). Some of these rock types are inferred to be associated 

with, or related to, different kinds of ores (Spencer and Welty, 1987). Ores 

of the different epochs are interpreted as having formed under tectonic 

regimes influenced by normally converging plates resulting in crustal com
pression during the Proterozoic (Anderson, 1986), the Nevadan (Coney, 

1978), and the Laramide (Heidrick and Titley, 1976, 1982). Oblique plate 
convergence in the middle Tertiary is inferred to have resulted in, or to 

have been coincident with, extensional tectonics in the Basin and Range 

province. 

In Arizona, the many combinations of genetic ore type, associated 

igneous rock type, epoch of formation, tectonic setting, and metal assem

blages compose an unusual sampling of process, time, and geological 

associations. 

SILVER AND GOLD PRODUCTION 

Production figures published by Keith and others (1983a, 1983b), as 

well as data from Elsing and Heineman (1936), Wilson and others (1934), 

Keith (1973, 1974, 1975, 1978), and Welty and others (1985) have been 

used to determine produced grades of silver and gold from 233 mining 

districts representing about 5,500 mines in Arizona (Appendix 1).1 In 

every case, the production values have been determined from values of 

total production of ore and total production of metal for each district. The 

number includes both porphyry and nonporphyry production from 12 

Laramide districts as examples of differences of grade and precious-metal 

ratio between contrasting types of ore occurrence in the same district. 
The use of data from districts, rather than from mines, and use of 

production figures must be further explained. Many Arizona districts are 

"complex" in the sense that several genetic types of ore occurrences may 

be present. The use of grades based upon district production in this study 

are believed to yield values that integrate metal compositions and include 

the different kinds of ore that are present in most Arizona districts. District 

values would also appear to accommodate effects of lateral zoning of grade 

across ore deposits of the same genetic type as well as differences in 

precious metals of different base-metal mineral assemblages. 

Production figures of precious metals may be a measure of concentra

tion of base metals in complex mining districts, even though in many 

instances, particularly before the turn of the century, base metals were not 

recovered unless of exceptionally high grade or minimally amenable to 

existing metallurgical treatment. Attempts to discover meaningful relation

ships between base metal production and the precious metals in this study, 

however, have been only partially successful. Nonetheless, it is held that, in 

the 100-yr period of recorded production from the state, and the fact that 

mining was occurring simultaneously in many districts throughout the 

state, miners and metallurgists were seeking to optimize their profits, and 

extraction of gold and silver was carried out with more or less the same 

efficiency on the same kinds of ores, regardless of where they occurred. 

There is no reason to suspect that either metallurgy or economic goals 

differed with geography at any particular time. 

Production grades of silver and gold are expressed in g/tonne (parts 

per million). They are plotted on a series of diagrams, of the same loga

rithmic scale and format, showing produced grade of gold versus produced 

grade of silver. A reference line on each plot represents a constant ratio of 

I Appendix I consists of tabulated production grades for Arizona deposits 
separated by metallogenic epoch and sorted on the values of the Ag:Au ratios. It 
may be secured free of charge by requesting Supplementary Data 8735 from the 
GSA Documents Secretary. 

TABLE 2. ARIZONA METAL PRODUCTION AND PRODUCTION BY METALLOGENIC EPOCH 

Total state proouction 
of metal 
(ca. 1880-1980) 

Percentage of State 
production by metal· 
logenic epoch 

Proterozoic 
Nevadan 
Laramide 
Middle to late 

Tertiary 
Percent totals 

Cu 
(K tons) 

33,306 

Cu% 

11 
81 

2 

100 

Pb 
(K tons) 

682 

Pb% 

18 
23 
41 
18 

100 

Zn Ag 
(K tons) (1060') 

1,132 474.3 

Zn% Ag% 

45 19 
15 16 
31 47 

9 18 

100 100 

Au 
(1060') 

13.8 

Au% 

26 
5 

33 
36 

100 

Mo 
(K tons) 

244 

Mo% 

83 
17 

100 

Note: approximate figures based upon data in Keith and others (1983a, 1983b), Keith (1973, 1974, 1975. 1978), 
Elsing and Heinemann (1936), and miscellaneous sources. Production by epoch based upon weight percentages of total 
State production. Base metals in thousands of short tons; precious metals in Troy OU0c.e5. 

crustal abundances (or the ratio of the clarkes) (Ahrens, 1965) of silver 

(,07 ppm) to gold (.004 ppm). Grades are illustrated and discussed in three 

formats; the first is by known or inferred age of metallogenesis, the second 

is related solely to geological domain, and the third is a sampling of 

mineralization of all ages within or hosted by Precambrian rocks in central 

Arizona, 

Production Grades of Silver and Gold by Epoch 

Figures 2A and 2B show, respectively, a map of areas of Precambrian 

mineralization and a plot of produced precious-metal grades, The districts 

shown are distinguished (as in succeeding plots) according to geological 

domain, As shown in Figure 2A, most deposits of Precambrian age corre

spond to the distribution of exposed Proterozoic rocks in domain II (see 

Fig. I). Two districts of domain I shown in Figure 2B occur in sedimen

tary rocks adjacent to the inferred domain boundary. Although Protero

zoic rocks of the Pinal-Mazatzal strata, Apache Group strata, and granite 

bodies are widespread in ranges of domain I, other Precambrian precious

metal-bearing deposits are unknown in this terrane. 

Figures 3A and 3B show, respectively, a map of Laramide districts, 

and a plot of their produced precious-metal grades, Figure 4A shows the 

location of porphyry copper districts, and Figure 4B plots precious-metal 

grades of both porphyry and non porphyry ores in porphyry copper dis

tricts. The data in Figure 4B are incorporated with values shown in 

Figure 3B. 

Data from the Laramide districts show pronounced differences in 

silver and gold values with respect to domain, Districts of the Western 

Deserts show enrichment in gold with respect to the ratio of the c\arkes, 

contrasting with enrichment in silver with respect to the ratio, of districts 

in the Naco domain. Although the sample population for Laramide depos

its of domain II is small, the values nonetheless reflect the relatively higher 

gold values from both vein and intrusion-centered ore districts of this 

region, 

The location of middle and late Tertiary districts is shown in Figure 

5A, and a plot of precious-metal grades is shown in Figure 5B. The map of 

districts reveals the fact that southeastern Arizona, where Laramide 

porphyry-centered districts have been so economically dominant, is also a 

region of widespread post-Laramide districts. Middle Tertiary ores have 

also formed in central Arizona, where Precambrian wall rocks are domi

nant. In Figure 5B, produced grades of precious metals reveal the same 

general and gross separation of silver to gold ratios with respect to domains 

that are shown in values for Laramide production. 
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Figure 2A. Map of areas of Proterozoic mineralization in Ari

zona, adapted from Keith and others (1983a, 1983b). This figure and 

the foUowing maps of Figures 3A and SA are of mineralized areas 
rather than of districts as historically and traditionally considered. 

Designation of areas is the convention adopted on maps and in tables 

of the principal source materials (Keith and others, 1983a, 1983b) and 

is followed here. In these reports, many traditional districts of Arizona 

have been redefined on the basis of coherence of geological features 

and other metallogenic criteria and in many instances renamed. Thus a 

"district" in the sense of Keith and others, and consequently in the 

sense used in this paper, may compose a group of separated outcrops, 

hills, or small ranges and are shown as such in the maps of this report; 

conversely, more than one "district" may be located in a single area 

shown on the map. The reader is referred to the citations for detailed 

information. 

Production Grades of Silver and Gold by Domain 

Production values of districts of all ages are plotted according to 

domain (Figs. 6 and 7). Although the separation of composition, along the 

line of the constant ratio of clarkes, is not exact, there is an overall 

difference in the silver to gold ratios that is clearly related to different 

terranes. At high produced grades of silver and gold, compositions overlap, 

and the distinction between domains is not discernible. Figure 8 is a plot of 

production grades from deposits of Precambrian, Laramide, and younger 

Tertiary ages that occur in Precambrian wall rocks in domain II where 

Yavapai Series strata and Precambrian granites occur. It is noteworthy that 

precious-metal ores of domain II reveal grades in the same compositional 

ranges as those of all deposits in Precambrian rocks shown in Figure 8. 
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Figure 28. Logarithmic plot of produced grades of silver and 

gold in districts of Proterozoic ores in Arizona. In this figure and in 

Figures 38, 48, 58, 6, and 7, a reference line representing a constant 

ratio of crustal abundances of silver and gold (17.5) is reproduced for 

comparative purposes. See text for further discussion. 

Summary of Production Data 

The data presented here establish more rigorously than has been done 

heretofore the generally gold-rich character of districts of western Arizona 

and the relatively silver-rich character of the districts of eastern and south

eastern Arizona. This is not a revelation, as these differences have been 

part of conventional knowledge for many decades. The significant aspect 

of the data is the fact that this difference in metallogenic character trans

gresses time, deposit style, variations in igneous-rock compositions, and 

episodes of different tectonic evolutionary styles. 

Data for districts in adjoining states are scattered and mixed, treating 

reserves as well as partial or total production (Wilkins, 1984). Neverthe

less, those data reveal the existence of relatively gold-rich ores of many 

ages and types in southeastern California and Nevada, and relatively silver

rich ores in southwestern New Mexico. Further consideration of these 

adjoining states in this study is not possible, however, because of the lack 

of published and comparable data. 
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Figure 3A. Map or areas or Laramide mineralization in Arizona. 

A small number of districts show strikingly different compositions, 
with respect to the ratio of clarkes and domains. Relatively gold-rich 
deposits in domain I are known in the Mammoth district where middle 
Tertiary ores are also anomalously rich in molybdenum and vanadium; 
other relatively gold-rich ores of domain I occur in the Rincon, Apache 
Pass, Teviston, and Mammon districts. Relatively silver-rich ores occur in 
domain II in the Peck, Shea, Tiptop, McCracken, Silver, and New Water 
districts. Why such districts differ so much from others in their respective 
domains is not known; their number, however, is less than 5% of the total 
considered in this analysis. 

Within the Proterowic districts, there are four districts with synvol
canic or synsedimentary mineralization (Old Dick, Hualapai, Big Bug, and 
Verde), where ores are best characterized as Pb-Zn-Ag(Au) or Cu-Zn
Ag(Au). In the plots of production, Big Bug and Verde districts lie in the 
area of overlapping compositions of the two domains. Old Dick and 
Hualapai show anomalous ratios for their domain. Precambrian deposits 
of this nature, however, are sometimes distal parts of larger metallized 
systems where gold is sometimes concentrated with copper close to a 
thermal center. 

If the distribution of precious-metal grades with respect to domain 
may be tentatively accepted as a manifestation of some regional metal
logenetic control, the districts cited above merit further study to assess 
causes for their apparently anomalous characteristics. Such difference may 
result from contrasts in metal sources, local contrasts in crustal composi
tions, erosion across vertically zoned mineralization, unknown aspects of 
ore-solution chemistry, or possibly even the existence of undiscovered 
parts of broader and as yet unrecognized zoned districts. 
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Figure 38. Logarithmic plot of produced grades of silver and 
gold in districts of Laramide ores in Arizona. See text for further 
discussion. 

SILVER AND GOLD METALLOGENESIS 

In many districts of both domains, silver and gold are associated with 
a diverse base-metal mineral assemblage. Silver and gold occur as trace 
elements in sulfide minerals; as discrete complex minerals, such as sulfides 
or sulfosalts; as electrum; and more rarely as native silver. As members of 
the hypogene assemblage, the precious-metal minerals can seldom be set 
apart in time or space from the mainline of mineral paragenesis, although 
insufficient rigorous mineralogical studies exist to be certain that this is 
always the case. Importantly, however, the tenor of precious metals in 
base-metal deposits may vary directly with the tenor of base metals-in 
vein and replacement deposits with lead, zinc, or copper (individually or in 
combinations), and in the porphyry ores with copper or molybdenum. In 
zoned districts, silver and gold may occur with all mineral assemblages, as 
well as occurring in discrete spatial locations where they are the sole 
members of mineral assemblages (Fig. 9). 

The characteristics of hypogene mineralization suggest that gold and 
silver are contained within hydrothermal solutions that were carrying 
other metals as well as sulfur. Whereas it may be that both base and 
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Figure 4A. Location map of Laramide and Nevadan porphyry 

copper deposits, Laramide porphyry copper districts (where porphyry 

ores are known or inferred but not developed), and Nevadan districts. 

precious metals have a common source, such a characteristic cannot be 

determined to any greater degree of certainty than can the provenance of 

solutions which carried them. In the context of modern ideas of Cordil

leran ore genesis, reasonable and substantiated hypotheses involve 

solutions of different provenance and metalliferous characteristics interact

ing at sites of metal concentration. Results of this study point to a strong 

correspondence of precious-metal ratios with specific geological domains 

from which may be inferred a fundamental relationship of both metal and 

solution to some characteristic of geographic position; although the base 

metals of precious-metal-containing deposits may have a similar associa

tion, this cannot yet be convincingly demonstrated. 

An unknown but probably significant proportion of the silver and 

gold produced in this region has been from oxidized ores. Both metals tend 

to be enriched either chemically or residually in this process. Because of its 

relatively greater solubility, silver would be expected to be depleted with 
respect to gold. Oxidized, silver-rich ores, however, were mined in domain 

I; whereas oxidized, gold-rich ores, together with the predominance of 

gold placer production in the State, were characteristic of domain II. There 

is no evidence to suggest that weathering histories of the late Tertiary and 

Quaternary were different in the two domains. Although the ratios of 

metals determined from production of oxidized ores may not be precise 

representations of their original proportions in hypogene ores, the data 

suggest nonetheless that the gold- versus silver-rich character of oxidized 
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Figure 4B. Logarithmic plot of produced grades of silver and 

gold for Laramide and Nevadan porphyry deposits and non porphyry 

ores from related districts in Arizona. Values shown for the Bisbee, 

Wallapai, and Eureka districts exclude values of porphyry copper 

production. Values for Dos Pobres have been interpolated from maps 

of Langton and Williams (1982). Values shown for copper orebodies 

include, for the most part, a cumulative value that includes production 

away from copper centers. Data available for these districts are inade

quate to make a separation of grades by genetic type or other mines. 

ores in the two domains represents their fundamental proportions in pri

mary ores. 

From this overview of general metallogenic characteristics of Arizona 

ores, further aspects of silver and gold mineralization in Arizona may be 

outlined, and constraints on metallogenetic theories may be proposed. 

1. The silver-to-gold ratios are unrelated to metallogenic epoch. Ex

cept at high produced grades, most ores of all ages appear to contain gold 

concentrated in excess of the Ag:Au clarke ratio in western Arizona, and 

silver in excess of the ratio in southeastern Arizona. 

2. The silver-to-gold ratios have not been affected by variations in 

deformational style. Comparison of districts related to Laramide compres

sion and Tertiary extension in both eastern and western Arizona suggests 
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in Arizona. 

only that styles of structural control of ores change, not the broad charac

teristics of silver-to-gold ratios. 

3. The diversity of igneous rocks and the ranges of compositions 

within different differentiation series that have evolved since the Precam

brian in this region appear to have had little effect upon distribution of 

precious-metal ratios. This interpretation may be best assessed by compar

ing metal compositions of the two domains during Laramide and younger 

Tertiary metallization. In southern Arizona, the Laramide was a time of 

emplacement of a variety of calc-alkalic and alkali-calcic rocks as well as 

two-mica granites during its close; the middle and late Tertiary were times 

of emplacement of numerous granite bodies, as well as volcanic rocks in 

western Arizona (Westra and Keith, 1982) and some volcanic rocks of 

alkalic-subsilicic composition. The differences between metal ratios at dis

trict scale in the domains, however, appear to have been largely unaffected. 

4. The precious-metal ratios, where composited at the scale of dis
tricts, appear to have been little affected by the diverse styles of ore 

occurrence. Although there are gold mines, silver mines, and copper mines 

in individual districts, compositing their production at district scale leads to 

the conclusion that, where district-scale anomalies are considered, there 

appear to be fundamental properties of metal content that transcend char

acteristics of ore occurrence at mine scale. 

5. Whereas silver and gold are sometimes vertically zoned with re

spect to each other in ore deposits, there is no evidence for contrasts in 

weathering styles or weathering histories across southern Arizona that 

would preferentially expose one metal or the other in the different 

domains. 
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Figure SB. Logarithmic plot of produced grades of silver and 

gold in districts of middle and late Tertiary mineralization in Arizona. 

See text for further discussion. 

GENETIC CONSIDERATIONS 

The points elaborated above lead to the conclusion that the ratios of 

silver to gold in Arizona deposits define two metallogenic provinces. There 

remain the questions of metal source and of reasons for the time-enduring 

metallogenic contrast. The identification of geographically related distinc

tions in the ores of Arizona provides a new basis upon which concerns 

about general problems of ore genesis and metal source may be further 

addressed. 

The Interrelationship of Metal Source and Process 

Notwithstanding many theories concerning the source of metals in 

hydrothermal ore deposits, such sources remain enigmatic in a truly defini

tive sense. Furthermore, the credibility of any theory of source is heavily 

dependent upon the validity of theories of process. The two are inextrica

bly linked in establishing the origins of hydrothermal ore deposits and, 

importantly, in consideration of the nature of metallogenic provinces. 
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Figure 6. Logarithmic plot of produced grades of silver and gold 

for districts of all ages in domain I. 

The numerous kinds of ore deposits of this region except, perhaps, 

some of the Proterozoic deposits that formed at contemporary surfaces 

(Derry, 1973), resulted from hydrothermal flow through and deposition of 

metal in rocks, The argument may be made that the mere heating of 

solutions and driving them through rocks results in the productive or 

barren metallogenic properties seen and, furthermore, that such a process 

acting anywhere would result in deposits of identical metallogenic charac

ter. It is not clear that unequivocal examples of such solely process

dependent hydrothermal metallogenesis exist. Alternatively, it may be 

argued that the metallogenic character of ores is source dependent, As 

considered here, and at the scale of districts, identical processes in the two 

domains formed virtually identical ore deposits with different precious

metal content. At this scale, however, it is also obvious that precious-metal 

content of the preponderance of Arizona districts bears a strong corre

spondence with the different geology of domains, and thus a source-rock 

dependence is hypothesized 

Processes 

Results of many detailed studies of ores during the past two decades 

from a wide variety of hydrothermal ore deposits in Arizona reveal that, 
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Figure 7. Logarithmic plot of produced grades of silver and gold 

for districts of all ages in domain II. 

for the most part, those exposed of Nevadan and Laramide age formed 

under conditions of the mesothermal environment, whereas those of the 

younger parts of the Cenozoic formed mostly in the epithermal environ

ments. In regionally zoned mineralization of many Laramide districts, 

however, the distinction is difficult to establish, district scale mineralization 

transgressing the "boundaries" of the hydrothermal classification. Stable
isotope studies in deposits of this region have shown that in the porphyry 

copper systems the hydrothermal fluids contained a large component of 

meteoric water at various stages of alteration and mineralization (Shep

pard and others, 1971); similarly, epithermal deposits have been found in 

most instances to have formed from solutions dominated by meteoric 

waters (Field and Fifarik, 1985). 

Debate concerning the role of igneous rocks in formation of 

intrusion-related ore systems continues. Beyond the problems of implied or 

argued metal sources, the intrusions in large systems are surrounded by 

areas, more than an order of magnitude greater than the intrusions, of 

densely fractured rock through which solutions flowed, depositing and 

forming a wide spectrum of ore and alteration minerals (Titley and others, 

1986). Field evidence of these phenomena in this region is widespread and 

abundant. It may be concluded that at the very minimum the process of 

ore formation was influenced by the energetics of pluton emplacement and 
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Figure 8. Logarithmic plot of produced grades of silver and gold 

for districts of middle and late Tertiary, Laramide, and Precambrian 

ages in Proterozoic host rocks of domain IT in central Arizona. The 

preponderance of compositions are closely clustered in the same 

ranges of composition as Proterozoic ores shown in Figure 2B. 

cooling, the results of which were to form large fracture-controlled flow 

networks in substantial volumes of wall rock, through which large vol

umes of fluid were driven by pluton-derived heat. At district or 

large-orebody scale, the evidence for involvement of crustal rocks and 

their contained water is compelling. 

Metal Sources 

The source of metals in hydrothermal ores has been an object of 

many studies and comment but with few convincing arguments to substan

tiate any particular point of view. The nature of the problem has been 
outlined by Krauskopf (1967, 1971) and Skinner (1979); Meyer (1981, 

1985) has reviewed time-dependent aspects of the origin of ores. A mantle 

source of metals in ores of the Cordillera has been proposed by Noble 

(1970); Spurr (1922) was explicit in his contention that metals originated 

beneath the crust. Lowell (1974) suggested that Laramide copper ores of 

this region were derived from the crust or upper mantle, but those ideas 

were opposed by Sillitoe (1975), who favored a metal source in a sub-
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Figure 9. Metal zoning map of the Eureka (Chloride, Cerbat, 

Mineral Park) district of northwestern Arizona. Zoning shown is a 

well-studied example of the style of zoning in many Laramide districts 

and represents deposition of metals from a hydrothermal system at an 

original level about 2 km beneath the surface. Geology adapted from 

Eidel and others (1968) with data from Wilkinson and others (1982). 

ducted oceanic slab. Clearly, there is no consensus on the solution to the 

problem in the American Southwest. 

The evidence of widespread igneous activity coincident with many 

hydrothermal ore districts in this part of North America is conspicuously 

and unequivocally clear. Most districts were formed in proximity to igne

ous rocks andlor at times and under regimes of locally elevated crustal 

temperatures. Recent studies of Laramide and younger intrusions in the 

Southwest have identified a source of magma within the crust at Bingham, 

Utah (Farmer and DePaolo, 1983), and at several localities in southern 

Arizona (Farmer and DePaolo, 1984). Results of a study of a suite of 

Laramide igneous rocks at Sierrita, Arizona, indicate a contribution of 

mantle material in earliest volcanic rocks but with progressively greater 

contributions of crust to ensuing metal-related intrusions (Anthony and 

others, 1985; Anthony and Titley, 1987). If the tenet of a direct relation

ship between metals and igneous rocks of ore deposits is to be held, this 

growing body of evidence suggests that metal sources of some ore deposits 

must still be constrained to crustal sources. A resulting theory of ore 

genesis would invoke crustal anatexis with metals of ores inherited from 

resulting magmas. 

Complementary processes that extract metals from wall rock may 

also be important. The presence of district-wide, fracture-related, wall-
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rock permeability in numerous pluton-centered districts of Arizona (see 
Fig. 9) requires consideration of a hypothesis that metals may be extracted 
from crust by solely hydrothermal processes and that wall rocks to the 
systems are the metal sources. 

Crustal sources may be further considered. Figure 10 is a histogram 
of the log of ratios for domains plotted at intervals of 0.25 against numbers 
of occurrences. Tables 3 and 4 present compilations of means of the log of 
ratios related to domains (Table 3) and as related in domains to epoch 
(Table 4). Shown, as wei~ in Table 4 are means of the logs of silver:gold 
ratios for separate groups of rocks from Boyle ( 1979), representing impor
tant lithologies of Proterozoic basement rocks in the two domains. The 
ratios shown in Figure 10 are bimodal in each domain, and each domain 
shows a peak very close to the ratio of the clarkes. Although it is unwise to 
press the interpretations of this sort of information too far, it is noteworthy 
that districts close to the clarke ratio are related to rhyolites in which the 
ratio of silver to gold is close to that of the ratio of clarkes-13.5 (Boyle, 
1979). 

In Table 4, it may be seen that irrespective of age, silver-to-gold ratios 
of deposits within domains are similar to each other, but the ratios differ by 
an order of magnitude between domains. The compositions of Proterozoic 
rocks of the two domains are approximated by the lithologies shown in the 
table, and it may be further noted that the silver-to-gold ratios of these 
rocks as presented by Boyle ( 1979) are closely similar to the averages of 
districts in the respective terranes. 

Metallogenic Inheritance 

Many points in evidence prompt a consideration of a hypothesis of 
metallogenic inheritance for the precious metals of Arizona ores; that is, 
the evolution of ores by processes that have acted on pre-existing rocks to 
extract and transport metals and to concentrate them in younger rocks. In 
1957, Knight proposed the "source bed concept," a genetic hypothesis that 
proposed that metals of ores in sedimentary rocks were derived from their 
hosts by processes of later heating. Tweto (1960) described scheelite 
occurrences in Colorado in which inheritance may be strongly inferred. 
Schuiling ( 1967) suggested a crustal source of some tin ores; those ideas 
were tested by Lehmann ( 1982), who modified the idea by suggesting that 
certain tin-bearing granites were of crustal origin. In broadly based consid
erations of these problems, Routhier ( 1969) and co-workers (Laboratoire 
de Geologie Appliquee, 1973) have discussed the concepts of consanguin
ity, heritage, and province-interrelated aspects of metal occurrence, proc
ess, and time. 

Production data for Arizona have been presented here, and the ulti
mate interpretation is left to the reader. Inheritance may take place by 
many stages of concentration, and it is not possible to rule out, for certain, 
potentially important roles of mantle evolution, subduction, and crustal 
evolution. The coherence of evidence of what is presently understood 
about processes and the many sources of water, of the provenance of 
magmas in this region, and, most importantly, the fact that ores of two 

TABLE 3. SUMMARY OF SILVER TO GOLD RATIOS IN PRODUCED ORES 
OF ARIZONA BY DOMAIN 

Soutfx:m Arizona distrias (234) 
Domain I districts (116) 
Domain II dist1icts ( 120) 

*Ag and Au in weight units. 

Ag/ Au* 

18.5 
88.9 
4.5 

mean 
log Ag/ Au* 

1.268 
1.949 
0.660 
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Figure 10. Histogram of logs of ratios of silver to gold in domains 
I and II, plotted at 0.25 log intervals. Dotted line is at a value of 1.24, 
the log of the ratio of the crustal abundance (ratio of clarkes) of silver 
to gold. 

regions mimic basement compositions in a striking way must lead to a 
consideration of inheritance of precious metals, in these deposits, from the 
crust. It is not at all clear what different kinds of processes resulted in the 
compositions of ores observed. Anatexis of crustal rocks and preservation 
of metals in their original ratios in ore fluids, or irreversible solution of 
metals by ore fluids moving through crustal rocks are each likely, acting 
independently or in concert. 

The Role of Subduction 

Whereas it is obvious from the distribution of Mesozoic and younger 
ores in the circum-Pacific terranes that there is both spatial and temporal 
coincidence of their formation with subduction of oceanic plates, the 
effects of the process (Sillitoe, 1972a, 1972b; Keith, 1978; Mitchell and 
Garson, 1981; Sawkins, 1984) must be constrained in interpretations of 
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TABLE 4. SUMMARY OF SILVER TO GOLD RATIOS BY DOMAIN AND AGE AND 
COMPARISON WITH DATA OF VARIOUS LITHOLOGIES FROM BOYLE (1979) 

Ag/Au* mean 
log Ag/Au' 

Domain J (all) 88.9 1.949 
3 Nevadan districts 23.4 1.370 

79 Laramide districts 105.4 2.023 
23 Middle to late Tertiary districts 65.2 1.814 

Common rocks of the Proterozoic of Domain I 
(from data of lithologies by Boyle, 1979) 

Slates 90.8 1.958 
Amphibolites 35.5 1.550 
Shale, mudstone, argillite 24.5 1.390 

Domain II (all) 4.5 0.660 
27 Proterowic districts 7.7 0.887 

9 Laramide districts 2.0 0.307 
82 Middle to late Tertiary districts 3.4 0.528 

Common rocks of the Proterozoic of Domain II 
(from data of lithologies by Boyle, 1979) 

Sulfidic shale, pyritic graywacke 4.5 0.650 
Granite, aplite 4.4 0.642 
Andesite, trachyte, dacite, etc. 6.4 0.792 

* Ag and Au in weight units. 

hydrothermal ore genesis in the American Southwest. From a different 

perspective, Guild (1978) has also expressed similar reservations. Through 

the times of subduction-related tectonic compression and extension, 

through times of evolution of different igneous rock suites, and across a 

spectrum of kinds of ore-deposit types, the precious-metal ratios in Ari

zona ores have maintained a consistency that can be identified for certain 
only with a geographic location that corresponds to distinctively different 

successions of rocks. There is no evidence that this regional zoning can be 

related to selective evolution of metals from a subducted slab; further, the 

evidence of crustal sources of many ore-related magmas would appear to 

preclude their direct parentage from subducted slab or sandwiched mantle. 

The production of subduction-derived heat, however, may be very impor

tant in generating magmas at higher levels. An additional important effect 

of the process is that of structural preparation of the crust, which develops 

deeply penetrating channel ways for transfer of heat by magma or 

solutions. 

CONCLUSIONS AND IMPLICATIONS 

The distinctions of gold and silver character of ores, as they relate to 

geological domain, are not inferred to stop at the political boundaries of 

the State. The ramifications of this study have a more far-reaching impact. 

That this analysis has been carried out in this region is a result of the 

existence of an excellent data base for a region with a complex history of 

ore genesis. Importantly, it must be noted again that comparable data for 

contiguous regions are not available for public use to extend the analysis 

further. 

Regardless of how the precious metals and their distinctive ratios 

originated in the Arizona terranes, the fact remains that the ratios are 

broadly different when viewed from the perspective of domain of occur
rence. This suggests that certain characteristics of ores may be used in the 

analysis of metallized regions as a basic aid to prospecting, in assessment of 

metal potential or endowment, and to geological interpretation-or as an 

adjunct to tectonic analysis. As examples of such analysis, Campa and 

Coney (1983) have noted general differences in kinds of ore deposits in 

different accreted terranes of Mexico. Albers (1981, 1983) has shown a 

correspondence of ores and ore types with crustal geology of California, as 

well as regional correspondence in the varied geological settings of the 

Great Basin. 

Beyond the potential applications to study of regional geology and 

ore search, this study reveals important characteristics relevant to continu

ing study of source and process in ore formation. The time-enduring 

character of precious-metal metallogenesis present in the Arizona domains 

appears to be a manifestation of properties of specific kinds of crust and 

defines, in a fundamental way, the nature of metallogenic provinces. 

Further, it is believed that identification of probable metal sources of 

hydrothermal ores, as is suggested to have been done here, constrains an 

important variable in continuing studies of processes of formation of hy

drothermal ores. 
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Abl trac t .  th e  Vulc:ura Mina !lur Wickanburg , 
Ar1zOQ& was a sa j o r  lold producar f ro. 1863 to 
1 94 2 ,  bav1nl yialded about 1 1 , 000 k3 Au and 
8 , 000 .k3 AI .  Gold occurs al coars. t1&tiv. saul 
and elactrua in quartz vainl and als o  f inely 
d1s • .tnated within a quartz aICInzonita slll and 
itl lilici.tied wall rock . the s111 11 1.-1-
conf o rmabla wi thin a Protarozoic volcaniclaleic
dominatad .aqUaDC., all dipp ing !lorth about 3 S · .  
!arly ainil1l tocuaed on the v.in-hol ted lold , 
particularly in th. �iaea hanlinl wall and 
tootwall of the lill . �c:ar aHorta included 
• 0 .. 0paD-pietinl of the ouecroppinl .ill and 
adjac ant aleered and ain.ralized rock . Tvo 
•• el of po.t-aiD.ral taulel have coapliC&ted 
the oubody I-ery . 

Th. s111 11 a 350a lonl apophya1. fros a 
quartz �zonit. leock to the w •• e of the ain. 
aru . 'nI. Itock hal b •• n <iaeed at 85 Dr)' and 
coneainl abunci&ne l •••• r lo ld occurranc .. in 
itl cora and about it. sarl1n. . Th. Protarozoic 
rock. ara !loubly l un in prac iou. lD.tall axcapt 
wh.ra altar.d in prox1aity to the Cr.tacaoua 
seock and s111 . Circuaa eancas dictaea an 
in tarpratation of ap igan.e1c lDineralization 
ralated to the LAramid. intru.ion .  

Introduction 

'nI. Vul tur. ltin. 11 1 7  IaII sauthv .. e of 
Wickmburg in Maricopa County , Arizona and 
acca •• ible by th. Vul ture �. acad south f ro. 
Seata Hilhway 60 (l1(ur. 1 ) .  O •• pit. itl 
pr.a.1Dec. a. a lold produc.r , it baa not b.aD 
w.u unct.raeooci bac:aua. v.ry little 1.01017 va. 
racorcied durinl its uj o r  p.riod of production 
in the la e. nin.teaDtn cantury , and bac:aua. it 
hal long b.e pateted and IUArdaci . eH activaly 
pnvC tinl Wldern-d&y s tudy . Only aplo rat1on 
in the 1 9 3 0 '  I and 1 98 0 ' .  accWllllated IllUCh 
info rmation of lub. tanc e on the t1&ture of the 

Figura 1 :  �ocation Map. and reg ional geo l o gy of 
the Vulture Menl ai ter Rehrig . ec . 
al . , 1 980 . 

gold occu rranc. and IllUCh of thac hal bean pro
priata ry .  !his paper is an .f f o rt to conso l idat. 
and share whac is known for the baDef i t  of tne 
ancir. geo logie community . 

Hiltory and Production 

HaDry Wickeaburl is c redi ted wi th discovery 
of t1&c1v. lold in outc rop in 186 3 .  For the !laxc 
80 y .. rl , th. caap cxp ericced the clas l ic boou 
and buaca of _Itern !Dining includinl problema 
of Apach. raids , no _ t.r . d1m1nis binl Irad • •  
and d1acontinuiei •• caua.d by fault. . Milling 
was by arras tr .. on the lta ... yurpa Uv.r , a 2 1  1aII· 
b.&a&l by burro or _1011 train. until wacar -. 
piped eo th. 1Din. in 1880 and an 80-s tamp aill 
in.tall.d . !arly amallamAtion wa. eVaDtually 
replaced by cyan1d&eion . Stop •• cav.d to the 
.urfac. and opcn1nI' so f ormad w.ra aDlargad 
ineo OpaD pits to ineluci. low lrada material 
durin, the 1 9 30 ' 1 .  tailinll r.proc .. .  ing and 
pillar robbinl coapleted production to 1942 f rom 
which tima it has ramained cloud . Scenic 
r •• idancal , otf ic,s , Ihop •• and �l s truc tures 
rauin &I do .. a vinug. h .. cit r&lll. ( Fi gura 2 ) . 

Production f iaur •• ara approxima t e  becau •• 
accouat. w.ta ai tb.r !lot kapt or w.r. 101t . 
Ov.rall value of production by varioul op.rators 
f ro. 1 8 6 3  through 1 94 2  is 'I t imatad at 900 laat ric 
ton. ( 1  aillion s . t . )  conuininR abou t 1 1 , 000 kg 
( 3 50 . 000 Ouac 'l )  of lold and 8 , 000 kg ( 2 5 0 . 000 
ouae .. ) of Illver . G rad. hanca av.rag.d 1 2  gra_ 
Au and 9 Ira .. Ag ,  . 35 and . 25 oz . r.sp.ctively . 
th.r. waa ainor copp.r and laaci production . 
th ... figur .. do noe includ. the undocUlll&Ot ad 
bue 11kaly l.all plac.r lold produc tion . 

Geo logy 

a.sional S.ttin, 

Th. Vul tura Min. is in the 'lul tur. �uneains 
wh.r. the edl' of the p.dimant ID&rg.s with the 
low du.rt alluviua of the ltal.ayampa Plain . 
the !Diddl. to low alavat ion. ar. und.rlain by 
foliaeed thin flow. of ba.al t .  pyroclastic and 
volcaniclutic rockl and cla.tic s.dimentary 
rocks of Prot.rozoic age which ara graaDschi. t 
to low.r urphiboli te faci.s of regi onal ID&ta
Wl rphi... !h ... rocks ara intrud.d by a s tock 
of quartz IDOnzoaita which is 8 S �  3 =y old by 
Rb / S r as. det eraina tion (Krue�er . 1 98 7 ) aad 
which hal a s lll-like apophys is containing the 
Vul ture �.. �is s tock outcroos over an 
aru of 1 . 3  �2 but is known t r o� gaopny s ical 
surv.ys to extaad over aa araa o f  6 . 3 �2 ( 2 . 5 !Di2) .  Th. sill -l 1ka apo�hysi. ex t ends 350  � f 
( 1 1 5 0  i t )  f ros the aast adga of the s toc� 
thrOulb the 1D1n. araa . ( Fi gura. 3 and 4 )  

!h. Wickanaurl batho l i th .  a �ranitoid body 
68 Dr)' old by (/Ar a,. d.t arm1na tion ( Rahrii . at . 
al • •  1 98 0 )  ouecrop. within the Vul ture Mountain. 
S � noreh of the a1n. li t. . Th. p .. ks of the 
WlUUeatna are basal t f l ow. aad po ta •• ic rhyol i t a 
pyrocla.eic rocks of mid-Tertiary asa ( Rahrig , 
ae . &1 • •  1 98 0 ) . All of th ••• rocks . and the 
go ld occurrence of the Vul ture Min • •  are b rokan 
by low aagl. faul ts of probable early CenOZOic 
as. and , ta.p faul t. o f  mid-Cenozo ic ag • .  
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Figure 2 :  1987 exploration f or low arad • •  op.n-pitable 
re •• rv •• adj acen t  to circa 1890 headframe on the v .. t 
inclin • •  sit. of 19th century high-srade und.rground 
m1I1ing . 

The Gold Occurrence 

Gold at the Vulture Kin. 1a native m.tal and 
el.ct �  with euh.dral pyrite.  ar,entif .rou. 
galena . and m1I1or chalcopyrit. and sphalerit e  
in quartz vein. within and subparallel to the 
porphyritic quartz manzonite sill . a. di.�.rs.d 
grain. within the sill . and in vein • •  veinlets . 
and area. of silicif ication within the Prot ero
zoic rocks immediately adj acent to the .ill 
(Figur .. 3 and 5 ) .  

Within the .ill . ,old arade 1a eypically 1 
to 2 g l t  ( . OJ to . 06 oz/ • •  t . ) .  Near .;b • •  111 ' .  
_rgin. and within the imlMdiau wall rock. 
arade i. more f ickle but gen.rally hilher. Old 
stope. typically f ollow the hangin, wall and 
f oo twall of the sill . Ranging vall .top .. are 
more continuou. and w.re aenerally of b .tter 
grade .  Preciou. metal content app .. r. to 
d1minish with depth a. ba •• _tal content 
incr ..... . 

Many g.ologists suapect a Pr.caabrian •. • yu
ganetic origin for the Vulture gol d .  Bcvcv.r . 
this s.ama unlikely liTeD the notable ab.ance 
of gold within the Precambrian rocks of the 
area and the pr .. eDce of Otlly a fev thin . 
barren . horizon. of oxide-facie. iron f or.ation . 
Only within and about the Vulture s tock do .. 
gold occur. Quartz vein. within the stoclc. are 
generally aurif erou. . Such v.in. are v.ry 
small and hav. beeD pro.pected thorouahlY for 
IIIOre than a cantury but rarely have more than 
3 g l t  which occurs locally a. visible lold . 

The spatial and temporal relation.hip of 
gold distribution to the apophy.is of the quartz 
monzonite s tocle. sugges ts that gold concentration 
wa. related to emplac .. ant of that stock and . 
at most , the siiOificance of the Proterozoic 

ba._t i. on. of .truc:tural penis.ivan ... and 
parnap. so.& a.och-=1.cal inheritance . Dilruption 
of the ,old occurreDce by low anile and steep 
Tertiary fault. confine a,e of min.ralization 
to pr�ddle Tertiary (U,ure. 4 and S ) . 

Placer ,old i. allO UlOWD . It 1a j uvenile 
coarse and f ine gold . Nugl.t. containing quartz. 
galena . and dendritic gold have b.en f ound in 
the basal Quarternary ,ravel. within hundred. of 
_ters f ro. the min • •  

Alteration 

Amphibolite-burinl .chiltl in the fooewall . 
lenerally dark Ireen to black. and foliated . are 
pale ,reen . hard . le •• di.tinctly foliated . and 
contain more quartz • •  ericite . and epidote 
within 20 m of the porphyritic quartz manzonite 
sill . The · hanling wall iI very .aricitic . 
quartzo. e .  and li,ht colored . Quartz veins 
within the sill c�y have indiltinct _rain. 
or lIlerge with patch •• of fin. ar.ined quartz 
which occur erratically throulhout the .ill and 
into vall rock . particularly the haulin, wall . 
Quartz i. almo.t alway. acc�anied by pyrite 
and abundance of both mineral. correlatea very 
well with abundanc e  of gol d .  

Structure 

Structur. at the Vulture i. fairly .imple 
exc.pt f or pra-a1ll.r.l and po.t-a1n.ral taul tinl . 
The Prot.rozoic •• quence dip. north 3S· and i. 
aeDtly warped . The uncoufor.ably ovarlyinl 
Tertiary volcaniC rock. dip about l S ·  ea.t .  The 
porphyritic quartz monzonit. .ill appear. to be 
conformable to ca.po.itioual lay.rinl and a 
structural zone !la rked by what hal beeD called 
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a "quartz pebbll conalOlleratl" 1 1  .. at 1tl foot
wall .  lt 11 �� convinc1naly intlrprltld al 
an intruaive b reccia . lt conl1stl of subroundlCi 
clales of quartz witt11n a gray-o rovu . very f inl 
grainld . sil1cloul matrix that 1. probably 
sil1c if 1ld goug l .  

thl maj or explanation of f 1 tf ullnl" in thl 
Vulturl ' s  production hi.tory is thl po.t-sinlral 
f aul ting . Two maj or Sit. of fault. cut thl 
occurrlDCI into a&Dy f rasmants . thl 11 •• 
troub llso .. arl ... t - trlDdinl . south-d1ppina 
normal faul ts . lach with d1splac ... nt of 1 to 
lO =. this is rlf l ec t ed  in a wa.hboard pattlrn 
to thl S tOPI' (F 1aurl S ) .  thl =orl SIVlrl 
prob lema relatl to northwll t-strikinl . stllply 
�orthla. t-dippinl normal faults with 3 to 200 = 
or ar .. tlr d1splac ..-n t. . About lSO = of 
Tlrt iary ba.al t • •  a.h and alalozara tl arl prl
served in a grablD bounded by thlse faul ts . 
j us t  ... t of thl Vulturl Mini . !hUI f aults 
arl probably related to dlvelopment of the 
aa.1n and Ranll Provinc i .  

Earl1l1t m1ninl b etwlen L 8 6 3  and L 8 79 
procledlCi r ... onably SllGo thly doVll dip f rOll 
surfac. outcrop. of b oaauza gold Vlins throuah 
to thl 6S0 l.vel . In t87 9 .  hOVlver .  thl tal
_dll faul t .  a Ba.in and Rana. normal fault 
with about 70 a of obl 1qu. slip . was IDcount.red 
and cOllfined Dlininl frOll L879 throuah t888 to 
pillar robb1na and clunup Wl til an exten.ion 
was loca t ld acro.. thl faul t and =inld f rOll 
l 908 to 1 9 L8 . ouly to be 10lt again alonl the 
Aator faul t  at the 950 llvel . Only =!no r f ault 
draa orl wa. f ound during exploration through 
thl l 5 50 l ivil . �o additional vlin exten.ions 
havi b lln t ound . dlSpitl ef f o rts in L930 to 

1 9 3 2  which includld some drilling and shaf t 
sinking furthlr .. st into the nlXt suspec ted 
fault bloc� . 

Currlnt Ac tivi ty 

Sinci L 984 thl Vul turl property . conS is t ing 
of 14  pa ten tid claims and 460 unpat entld lodl 
and placlr claims (about 23 km2 ) has bien undlr 
1 .... to A . F .  Budg. (Mining) Limitld . Thl 
remaininl tailings �nd the n .. r surfac •• low 
gradl ma terial adjacent to the old pits ha�e 
bien lvaluated by drillina . thlre arl about 
200 . 000 t o f  ta ils grading t . 3  g/ t .  !hI 
opan-p itab ll . hard roc� rlslrvls arl S imilar 
gradl : !hlrl is also SO=I l imited placer 
pot ential 'Ji t� coa rsl and f inl gold in the 
pldiment gravels surround ing thl Vulture �ne . 
Ef forts to locatl additional gold resl rves are 
cont inuing . 

Acknowl.d�en t s . !hI original oppo rtun i ty to 
study the Vulture and shari thl rl�ults was p ro 
vid.d by thl latl B en  F.  O ic�lrson . 111 . Carol e 
A .  O ' B rien is now rlprlSlntatiVI of A . F .  Budge 
on this and othlr pro j lc t s . To both of thlm 1 
ave lratitud. f or con tinued suppo r t  of I1l'f wor" 
and permis. ion to prlSent thlsl ¢ata . Geo log ical 
vicva by many I visitor to thl Vulturl have 
help.d i=DIn.ely . that includls S t lphln J .  Rey
nold. and Will iam A. Rehrig in par t icular . � s t  
notably I than" Robert W .  aodder t o r  his willing
ness to edit this paplr and his ongoing 
ass is t ance on thl p ro j lc t . 
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THE 

Tonopah-Belmont Mine 
:M:ARICOPA C OUNTY, AR I ZONA 

George B. Allen 

Route 6, Box 32 
Golden, Colorado 80403 

William Hunt 

10350 Andover Avenue 
Sun City, Arizona 8535 1 

The Tonopah-Belmont mine is a micromounter's paradise. An un
common suite of base-metal oxides, carbonates, silicates, phos

phates, arsenates, vanadQ,tes, sulfates, molybdates and chromates can 
be found at the mine. The abundance of species makes it an ideal 
introduction to the many mineral occurrences of the Big Horn M oun
tains. 

• • • •• 

INTRODUCTION 

The Tonopah-Belmont mine is the second largest producer of metals 
in the aerially extensive Osborn Ag-Au district of Maricopa County 
in west-central Arizona. The primary property in the district is the 
U . S .  mine, where a 1 .4-million-ton orebody is now under production 
(Kerr, Dawson and associates, 1 984) . Mineralogically significant 
properties in the Osborn district include the Pack Rat, Moon Anchor 
and the Potter Cramer claims. The Pack Rat is the co-type locality 
for hemihedrite (Williams and Anthony, 1 968), and the Potter Cramer 
claim is the type locality for wickenburgite . The Tonopah-Belmont 
mine is located in the southwest quarter of section 36, T4N, R7W, 
at the boundary between the Big Horn and Belmont Mountains of 
west-central Arizona. The mine is approximately 40 km south of 
Wickenburg. To get there drive south out of Wickenburg on the Vulture 
Mine road until the Tonopah-Aguila Road is encountered. From there 
continue south along a poorly maintained dirt road until Belmont 
Mountain, the host for the Tonopah-Belmont mine is in view. Then 
follow the obvious spurs toward the lone peak. 

HISTORY 

There are two conflicting accounts of the discovery of mineralization 
at Belmont Mountain .  Ramsing ( 1 957) reports the occurrence was 
discovered in 1 904 and subsequently named the Belmont McNeal. 
Wilson ( 1 967) reports that the discovery was made by George Dillar 
in 1 907 . In any event, the claims were sold in 1 926 to the Tonopah
Belmont Company of Nevada which renamed the claims the Tonopah-
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Belmont mine. The Tonopah-Belmont company sank a 1 55-meter shaft 
and built a 50-ton bulk flotation plant (Ramsing, 1 957).  The mine 
was operated from that time until the Depression, at which time low 
metal prices forced closure . During the closure , some time between 
1 937 and 1 939,  a mine fire erupted. The rising hot gases from the 
fire traveled to the main adit level and along it to the old shaft which 
acted as a chimney. During the fire the roof of the tunnel melted to 
slag and some of the minerals were altered to a depth of 8 cm. 

From 194 1  until 1 947 Ernest Dickie owned the mine. He extracted 
the high-grade pillars and reachable ore on each side of the shaft. 
Consequently the stopes caved up to the adit level and the shaft timbers 
collapsed. 

The Arizona Bureau of Geology and Mineral Technology files report 
total historic production of 450,000 kg of copper, 4250 kg of silver 
and 240 kg of gold. Present mine workings consist of two steep inclines 
on the north side of Belmont Mountain, a 20-meter shaft on the south 
side which connects to a haulage adit, and numerous cuts and trenches 
which circumscribe Belmont Mountain. 

GEOLOGY 

West-central Arizona is a region of varied, highly deformed Pro
terozoic,  Mesozoic and Tertiary crystalline and (rare) sedimentary 
rocks . Our understanding of the geologic framework for this region 
is a product of a renaissance of regional and detailed geologic studies 
of the past seven years (Reynolds, 1 980; Rehrig and Reynolds, 1 980; 
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Figure 1. Belmont Mountain; mine dumps at center. 

Rehrig eta/ .. 1980: Reynolds and Spencer. 1985: Hardey. 1984; Capps 
eT a/ .. 1985a and 1985b). These works have established that the 
Harquahala Mountains to the west of the Big Horn Mountains and 
the White Tank Mountains to the southeast of the Belmont Mountains 
are metamorphic core complexes. raised segments of the middle crust 
which are bounded by low-angle normal faults. These faults are major 
structural discontinuities and are tem1ed detachment faults. A de
tachment fault probably underlies the Big Hom and Belmont Moun
tains. Movement along the detachment fault and related faults in the 
upper plate is probably the cause of widespread tilting of the Tertiary 
rocks throughout the region. 

Three major lithologic terrains crop out in the Big Hom and Belmont 
Mountains: (I) Proterozoic amphibolite. phyllite. shist. gneiss and 
granite. (2) Mesozoic monzonite to diorite intrusives. and (3) Cenozoic 
mafic and silicic volcanic rocks and rare clastic sedimentary rocks. 

The entire Big Horn-Belmont Mountains area is cut by and tilted along 
north to northwest-trending low to moderate-angle normal faults that 
in places are cut by east to northeast-trending strike-slip faults. Four 
mineral districts occur in the Big Horn-Belmont ranges: the Tiger 
Wash barite-fluorite district. the Big Hom gold district. the Aguila 
manganese district. and the Osborne silver-gold-base metal district. 
The Big Horn district is thought to be Laramide (early Tertiary! in 
age (Allen 1985 l. The other three districts are likely to be mid-Tertiary 
in age and of an interrelated genesis (Allen 1985). ~ Quaternary colluvium 

~ Miocene (?) flow-banded 
~rhyolite 

ti"!7.!.:J tuff 

~ limonite alteration 

-~-,. __ 

Miocene basalt andesite 

Precambrian phyllite 

contact, dashed where 
approximately located or 
inferred 

The geologic setting of the Tonopah-Belmont mine is moderately 
complex. The mine is hosted in a structurally isolated block of Miocene 
rocks that are surrounded by Proterozoic phyllite on all sides except 
to the southeast where the Miocene block is in fault contact with mid

Tertiary Belmont granite (Capps eta/ .. 1985al. The oldest rocks in 
the mine are Proterozoic phyllites. which are laminated steel-gray 
when fresh and brown to tan when weathered. Typically the phyllite 
is fine-grained and consists of I Oo/r quartz and 90o/r muscovite. The 
phyllite generally strikes northeast with highly varied dips that are 
generally steep. Unconformably overlying the phyllite is a 26 to 40-
meter sequence of mid-Tertiary volcanic and volcaniclastic rocks. 

·~~~!; ;..:.. base metal replacement 

fau~. dashed where 
approximately located, 
barb on down thrown side 
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Miocene rhyodacite dikes 

Miocene conglomerate 
and laharic conglomerate 

strike and dip of bedding 

strike and dip of foliation 

strike and dip of quartz 
vein 
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Clockwise from left: 
Figure 2. Wulfenite crystal, 3 mm. 

Figure 3. Brochantite crystals to 2.6 mm. 

Figure 4. Willemite sprays, 1 . 3  mm, on 

brochantite. 

Figure 5. Caledonite crystals, 0.6 mm. 

Figure 6. Linarite crystals, 1 mm. 

Figure 7. Vanadinite crystal group, 3.5 
mm, with descloizite. 

Figure 8. Rosasite sphere, 3.5 mm. 

Figure 9. Molybdofornacite crystals, 1 
mm. 

All photos by William Hunt. 
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From bottom to top the sequence is,  ( I )  1 0  to 1 3-meter basalt How, 
(2) 12 to 1 8  meters of dark gray to green laharic sedimentary rock 
that has abundant phyllite clasts, (3) a thin How of basalt, (4) 3 1  
meters of rhyolite and tuff along with a How-foliated rhyolite intrusive 
named the Morning Star Rhyolite , and (5) rhyodacite dikes which 
intrude each of the units in the section. 

The major structure of the area is a N400W-striking, southwest
dipping , low-angle fault that drops out from 500 meters northwest of 
Belmont Mountain for 2 km to the southeast where the fault changes 
to a north strike and a west dip (Capps et ai. , 1 985a). The low-angle 
fault juxtaposes moderately northeast-dipping rocks in the hanging 
wall against the Proterozoic phyllite. This major fault is offset by east
northeast-striking cross faults that are loci of mineralization. The 
N75°E to N65°E-striking, southeast-dipping normal faults are the lo
calizing structures of the south and north Tonopah-Belmont veins. A 
N200W-striking, northeast-dipping normal fault cuts off both veins 
on the west end of Belmont Mountain. On the east end of Belmont 
Mountain the northern vein appears to die out whereas the southern 
vein is offset by a N700W-striking, southwest-dipping normal fault. 
The structural relationships suggest that mineralization occurred during 
low-angle faulting, but did not continue after tectonism. The fact that 
the veins were cut off by a fault at the l 30-meter level (AZBGMT 
Files) supports a syntectonism age of mineralization . 

The north vein trends N700E and dips 600SW. It is exposed along 
strike for 1 20 meters , and ranges in thickness from I to 1 2  meters . 
The vein is mostly banded milky quartz with lesser copper carbonates 
as fracture fillings in a fault zone. The encompassing fault zone is at 
the contact between the basal Morning Star rhyolite How or intrusion 
and a basalt How. Whether the Morning Star unit is an intrusion or a 
How determines the exact nature of the localizing contact. The char
acter of this contact is obscured by the highly varied vertical How 
foliations in the rhyolite, the absence of demonstrable offset on the 
north and south sides of the outcrop, and the unclear nature of the 
contact between the Belmont Mountain massif and the Morning Star 
tuff to the northeast. 

The south vein trends N75°E, dips 800NW, extends for 1 50 meters 
and varies from 2 to 10 meters in thickness. The south vein is localized 
at the contact of the basal laharic unit with the lowermost basalt, both 
of which are in the hanging wall of the steeply dipping normal fault 
of small displacement. This vein consists mostly of milky quartz 
breccia and replacement textures in contrast to the banded fracture
filling appearance of the northern vein. 

Fluid inclusion studies were initiated with specimens from the Ton
opah-Belmont veins, but a paucity of suitable calcite or quartz pre
vented acquisition of thermometric or compositional data. Studies on 
specimens from the geologically similar U . S .  mine, however, were 
successful.  Homogenization temperatures and freezing point depres
sions, which indicate the temperature and salinity of ore forming Huids, 
suggest temperatures and salinities ranging from 1 90° to 225° C and 
8 to 1 4% total salt (Allen 1 985).  

MINERALS 

Even though 46 minerals have been found at the Tonopah-Belmont 
mine, the micromount collecting potential has only begun to be probed. 
The fact that most of the underground workings are inaccessible in 
no way detracts from the collecting possibilities . Each of the identified 
species has come from the dump samples and all but three are found 
in euhedral microcrystals .  

The large dump below the ad it contains much barren rock but, with 
some searching, mineralized material can be found . Fortunately the 
small dump above the adit mostly consists of mineralized rock. 

Outcrops peripheral to the old workings include 5 to 50-cm mineral 
veins that were ignored by the early miners. These small seams afford 
good specimens for those willing to break bedrock.  

Table 1 lists and describes minerals found to  date and their asso-
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Table 1. Minerals found at the Tonopah-Belmont mine 

Species/Composition 

Anglesite 
PbS04 

Aurichalcite 
(Zn,Cu),(CO,MOH)6 

Azurite 
Cu,(CO')2(OH)2 

Barite 
BaS04 

Brochantite 
Cu4(SO.)(OH)6 

Calcite 
CaCOJ 

Habit and Associations Location 

Mainly as a gray rind I ,  2, 3 
surrounding relict galena which 
is,  in tum, surrounded by 
cerussite. There is a second 
generation of white, poorly 
crystallized material associated 
with linarite, brochantite , 
caledonite and leadhillite. 

Found sparingly as pearly blue- I ,  2 

green blades with malachite and 
rosasite . 

Represented by malachite 8 
pseudomorphs after azurite to 6 
mm. 

Mainly as opaque white laths in I ,  2 
quartz; also as brilliant, 
transparent, euhedral 
microcrystals to 1 . 5 mm, with 
descioizite. 

Bright green microcrystals ,  
acicular to prismatic, with 
linarite , caledonite, leadhillite 
and anglesite. 

Rare , opaque white 
rhombohedrons on willemite 
with hydrozincite. 

1 , 2 , 3  

Caledonite Pale blue crystals to 2 mm with I ,  2, 3 
Pb,Cu2(CO,)(S04),(OH)6 Iinarite , brochantite, leadhillite 

Cerussite 
PbCO, 

and anglesite 

White crystalline crusts on I ,  2 
anglesite rinds surrounding 
galena cores, also transparent 
euhedral crystals to 5 mm with 
brochantite. 

Chalcophanite Found only in peripheral quartz 3 
(Zn,Fe,Mn)Mn,oi3H20 veins outside the orebody,  as 

striated rhombohedrons (with a 
brilliant c face) to 1 . 5 mm, 

Chalcopyrite 
CuFeS2 

Chlorargyrite 
AgCl 

Chrysocolla 
(Cu,AI)2H2Si20,(OH).· 
nH20 

Coronadite 
Pb(Mn +4,Mn+ 2).O'6  

with cryptomelane. 

Weathered remnants, sometimes I ,  2,  3 
covered by covellite. 

Seen in a fragment of high 4 
grade ore with gold and 
willemite. 

Cavity fillings and I ,  2,  3, 5 
pseudomorphs after an acicular 
mineral . 

Pitch-like botryoidal 4 
incrustations with radial 
structure . 
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Covellite Iridescent purple coatings on 1 , 2 Molybdofornacite Pale to dark green euhedral 2 , 3 , 6 
CuS chalcopyrite and sphalerite. Pb,Cu[(As,P)041 crystals to 1 . 2 mm, and rosettes 

[(Mo ,Cr)041(OH) of subhedral microcrystals with 

Creaseyite Pale green acicular crystals to 5 willemite, wulfenite and 

Pb,Cu,Fe,Si5O, ,'6H,O 0 . 8  mm with plumbojarosite. pyromorphite . 

Cryptomelane Acicular crystals with 3 Murdochite Brilliant cuboctahedrons in a 

K(Mn+\Mn+ ').O,6 chalcophanite, in peripheral PbCu6O •. x(CI,Br),x single willemite pocket . 

quartz veins. 

Plattnerite Tufts of brilliant black acicular 

Descloizite Sparingly as pale to dark brown 1 , 2 , 7  PbO, crystals in oxide ore . 

PbZn(V04)(OH) crystals to 1 .4 mm on barite 

and vanadite . Plumbojarosite Pale to dark brown hexagonal 5 

PbFe6(S04).(OH) " scales, some coated by 

Epidote Pale green microcrystals in 7 creaseyite , at one location . 

Ca,(AI,FeMSiO.),(OH) basalt. 

Pyrite Represented only by 8 
Galena Corroded cores mainly , but also 2 FeS pseudomorphs.  
PbS in one small cavity as O . I -mm 

cubes . Pyromorphite Colorless to pale green 2 ,  3 ,  4, 6 
Pb5(P04),CI prismatic crystals,  some 

Goethite Thin iridescent to yellow 1 , 2 , 3 ,. 5  tapered, to 2 .5  mm with 
FeO(OH) velvety coatings.  fornacite, vauquelinite and 

wulfenite. 
Gold In high grade ore with gypsum. 4 
Au Quartz Mainly a gangue mineral but 1 , 2 , 3 , 

Gypsum 
SiO, also as druses on secondary 5 ,  6 

" Ram' s  horn" habit. 4 minerals .  
CaSO.2H,O 

Hematite Bright red scales and botryoidal 1 ,  8 
Rosasite Balls of acicular crystals to 4 1 ,  2, 3 

Fe,O, masses. 
(Cu,Zn),(CO,)(OH), mm; blue to green. 

Hemimorphite Locally abundant as rosettes of 1 , 2 , 3  Sphalerite Only as remnants in weathered 

Zn4Si,O,(OH),'H,O 5-mm crystals with most of the ZnS ore, sometimes coated with 

secondary minerals . covellite 

Hydrozincite Pearly , matted crystals on one Sulfur On one specimen with gypsum 5 

Zn5(CO,),(OH)6 specimen with calcite and S and gold. 

willemite. 
Vanadinite Orange to red prisms to 5 mm, 3 ,  6, 7 

Jarosite Pale to dark brown tabular 2, 5 Pb5(V04),C1 some with full or partial 

KFe,(S04),(OH)6 crystals to 2 mm. pyramidal terminations. Scarce 

on the south side of the 
Leadhilli te Subhedral crystal crusts and 2, 3 mountain but plentiful on the 
Pb.(S04)(CO,),(OH), also surface alteration coatings north. 

on cerussite, intimately 

associated with caledonite and Vauquelinite Greenish brown to brown 2 ,  3 ,  6 
linarite . Pb,Cu(Cr04)(P04)(OH) crystals to 2 mm in groups with 

willemite , wulfenite and 
Linarite Subhedral crystal groups; 1 ,  2, 3 pyromorphite . Much rarer than 
PbCu(S04)(OH), occasional euhedral transparent fornacite. 

blue crystals to 1 . 5  mm with 

brochantite, caledonite, Willemite Very plentiful as transparent, 1 ,  2, 3 
anglesite and leadhillite . 

Zn,Si04 prismatic crystals to 3 mm, 

Malachite Sprays of acicular crystals with 2, 8 
some tapered. Also as sprays of 

Cu,(CO,)(OH), rosasite; less abundant than 
white acicular crystals.  

brochantite. 
Wulfenite Pale to dark orange tabular 2 ,  3 

Mimetite Sparingly as opaque, yellow 2, 3, 7 PbMo04 crystals to 8 mm with 

Pb5(As04),CI 0. 5-mm pyramidal crystals with pyromorphite , mimetite, 

wulfenite, fornacite and willemite, fornacite and 

willemite . vauquelinite. 

Minium Bright red pseudomorphs after Zircon Dark brown crystals, less than 

Pb,04 cerussite on willemite. ZrSi04 0 .05 mm, in andesite . 
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ciations. The numbers at the right-hand column are keyed to the list 
directly below and indicate where the minerals are found. 

I -Large dump below the adit 
2-0ld dump above the adit 
3-0utcrops above the old workings 
4- Underground on the adit level 
5-Dump on the north side of the mountain 
6-0utcrops on the north side of the mountain 
7-Prospects on the north side of the mountain 
8-Prospects on the east side of the mountain 

PARAGENESIS 
The sequence of crystallization of the major phases. from early to 

late. is: sphalerite-pyrite-chalcopyrite-galena as primary sulfides plus 
gold; quartz as primary gangue. Aurichalcite. smithsonite, azurite. 
malachite and jarosite are secondary minerals. A detailed paragenitic 
study based on microcrystals indicates early pyrite-galena-chalcopy
rite-sphalerite-gold-hematite-native silver-barite and quartz. A second 
generation of minerals include coronadite, goethite. covellite. an
glesite. cerussite. brochantite. caledonite, leadhillite. linarite. auri
chalcite. malachite. rosasite. chrysocolla. hemimorphite. pyromor
phite. vauquelenite. molybdofornacite, wulfenite, mimetite. 
descloizite. jarosite and chlorargyrite. The final generation includes 
minor calcite and hydrozincite along with more abundant minium and 
gypsum. 

The chemistry of the paragenesis suggests some overall patterns: 

Paragenesis 

Galena 
Chalcopyrite 
Sphalerite 
Gold 
Hematite 
Silver 
Barite 
Quartz 
Coronadite 
Goethite 
Covellite 
Anglesite 
Willemite 
Cerussite 
Murdochite 
Brochantite 
Caledonite 
Leadhillite 
Linarite 
Aurichalcite 
Malachite 
Rosasite 
Chrysocolla 
Hemimorphite 
Pyromorphite 
Yauquelenite 
Molybdofornacite 
Wulfenite 
Mimetite 
Descloizite 
Jarosite 
Chlorargyrite 
Calcite 
Hydrozincite 
Minium 
Gypsum 
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primary introduction of metals and sulfur resulting in an early sulfur
native element stability phase with barite-quartz gangue; a diverse 
episode of oxide, sulfate, carbonate and lesser silicate stability; an 
episode introducing the heavy elements phosphorus, arsenic, molyb
denum and vanadium; and a final episode with oxide-sulfate and lesser 
carbonate stability. 

As stated previously, complex variations in the water table and 
limited accessibility of the lower workings have prevented determi
nation of a definitive paragenesis. The paragenetic chart below was 
worked out using only specimens from locations I. 2 and 4. These 
locations are all on the same zone of mineralization. 

DISCUSSION 
The stratigraphic, structural and geochronological framework es

tablished by Capps eta/. ( 1985 a and b), combined with the district
wide fluid inclusion data of Allen (1985) and the paragenetic data 
presented here. suggests an integrated geologic history for the Ton
opah-Belmont mine mineral occurrence. 

Mineralization at Belmont Mountain occurred between 21 and 16 
million years ago during a period of widespread volcanism and block 
tilting. The lower age is constrained by radiometric determinatio~s 
on biotite from the Morning Star Rhyolite host rock. The upper age 
is constrained by the age of the fault that cuts the Tonopah-Belmont 
vein at its eastern end. This fault is of a generation that regionally 
cuts 16 m.y. basalt. The mineralizing fluids that formed the Tonopah
Belmont deposit were probably dilute brines, having temperatures of 
170° to 230° C. The range-wide similarity of fluid inclusions and 
widespread occurrence of potassium-metasomatized rocks (Allen 
1985) suggests that these fluids were regional in distribution and 
manifest themselves only where local structures connect to deeper 
seated conduits. The mineralization at the Tonopah-Belmont mine 
may be a consequence of fluids rising along the conduits of the rhyolite 
vent at Belmont Mountain. and subsequent cooling and dilution as 
meteoric waters mixed with the hydrothermal fluids (Allen. 1985). 
The fluid inclusion data from the U.S. mine permits cooling and 
dilution as a mechanism of mineral precipitation. 

The paragenetic sequence outlined combined with the historic record 
of a mine fire suggest five mineral-forming episodes: (I) an early 
base-metal sulfide, native precious metal. quartz. barite hypogene 
episode which was caused by dilution and cooling of hydrothermal 
waters by meteoric waters; (2) a series of oxide-silicate-hydroxide
carbonate-forming episodes as a consequence of fluctuating watertable 
levels: (3) a possible second phase of epithermally introduced elements 
expressed by the appearance of phosphates, arsenates, molybdates 
and vanadates: (4) a final dropping of the watertable and seasonal 
formation of calcite. hydrozincite. minium and gypsum as a result of 
descending perennial waters; and (5) an episode of high-temperature 
low-pressure mineral stability resulting from the late 1930's mine fire. 
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PREFACE 

Thi s study of the econonrt c geol ogy of the Bi g Horn Mounta i n s �s 
co� l eted by George Al l en in  parti al  ful l f 1 l l ment of the requi rements f or an 
M. S .  degree at the Department of GeoSCi ences , Uni versi ty of Ari zona . The 
study i s  i ntended to co-pl e  .. nt recent geol ogi c mapp i ng of the B i g  Horn and 
eel mont Mounta i n s  as part of the Cooperat i ve Geol ogi c Mlpp1 ng Program 
( COGEeJo'AP ) , funded joi ntl y  by the Ar i zona Bureau of Geol ogy and Mi neral 
Technol ogy and the U . S .  Geol ogi cal Survey . Prel 1 .1 nary geol ogi c  maps of the 
Be lmont and eastern 81 g Horn Mountai ns have Deen rel eased as AZ8� Open-F 1 l e  
Report 85-14 ( Capps and others , 1985 ) and Mi l l  be i nc l uded i n  a Bureau Bul l eti n 
on the geol ogy and Irl neral resources of the are. ( Reynol ds and others ,  i n  
prep . ) .  Thi s contri buti on by George Al l en Mi l l  be i nc l uded as a chapter i n  
the forthcoa1 ng bu l l et i n ,  fol l �1 ng rev1 eM Ind edi ti ng by Burelu staff . The 
avai l abi l i ty of thi s  bul l eti n Mi l l  be announced i n  a future i ssue of 
F1 el dnotes , the Bureau ' s  quarterl y  pub l i cati on . 

Or . Stephen J .  Reyno l d s  
C06EOMAP Coordi nator 
Ar1 zona Bureau of &eo l ogy 

Ind Mi neral Technol ogy 
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ABSTRACT 

The Big Horn Mountainl ara a geolorically co.�lex range that ext ends 

over 500 .quare ka in velt-cantral Arizona. Three aaj or lithologIc 

terrane. out cro� : (1 ) 'roteroloic a.�hibolite, phyllite, .chi. t. , 

gnei •• , and granite; (2 ) Melozoic monlonita to dio rite {ntrulive. ; and 

(3 ) Ceno zoic malic to s11icic volcani c rock. and claltic rocks . The 

entire area 1. In the upper plate of a de tachaent fault and , 

con.equently, containa aaay l� � to hilh-an.le noraal fault • •  

Each lI thologic terrane ha l  It . ... ociated aineral occurrence • •  The 

Bi, Rom di. trict 1. exclUl ively hOlted 1n the pre-Tertiary t e rrane . 

Mol t  of it. mineral occurrence. ara .�atlally related t o  the Lace 

Cretaceoul 1ntru. ive rockl. ane occurrance, the Pump Mine ,  .. y be • 

metaaorphic secre tion depoli t ,  and thertore , would be middle 

'roteroloic . 

The va. t aaj ority of the aineral occurrence. in the Blg Ro m 

Mountain. are aiddle Tertiary, 1n age and occur In three dls t ricts : the 

Tiger �a.h barite- fluori te di. trict; the Agu!la aangane •• di s t rict:  and 

the O.bo rne b .. e and precioul metal di.tri ct .  Fluid lnclu. ion. f r o m  

Tiger �a.h fluori te (Th 1 20 to 2 100 C, NaCl v t .  equivalent 1 7  to 1 8  

percent not corrected for C02) and nearby d a e ach.ent- f aul c- ho. t ed 

Rarquahala di.trict fluorite (T h 1 50 to 2300 C., NaCl v t .  equiva l en t  

1 S.5 to 20 percent not corrected for CO2) ,ulle.t coolin, and d i l ut i on 

of fluid. a. they ara pra.u.ed to evolve fro. the de t ach.ent fau l t  int o 

the u�per plata. Ma.e-balance calculation. IU.le.t that the propo.ed 

evo lution of fluid. i • •  ufficient to account f o r  the ob.erved tonnage o f  

barite and fluorite. The Tiger �a.h occurrences grade d i re ctl y lnto 

cal ci t .-�angue-do.inat .d manganese oxIdes of the Agui la d i s t r i c t .  A vide 



ran,. of homog.nization te m�.ratur •• (Th 200 t o  3700 C.) , an absence o f  

CO2 and l o w  .alini t i  • •  (N.Cl wt . equival lnt 1 t o  2 plr Clnt ) in thl 

Aguila di. trict calcit e-ho. t.d fluid inclu. ion. argue for dis t i l l a t i on 

of fluid. during boil ing or bo t l ing of non s . l ine-�eteoric waters .  Mas s

bal.nci calcul.tion. aodelin, the .vo lution of Ca .nd Mn dur ing 

pot ••• ium a.t&loaati._ o f  pla,iocla •• in b • •  alt sug'l.t ch.t l i tt l e  i f  

any influx o f  th. s .  cation .  i .  a.c •••• ry to f ora ch. c.l ci t e- domi n a t ed 

m.ngan ••• oxide tonna,. ob •• rved. Th. !luila d i s tr ict grades d irectl y eo 

che ea. t inco ch. b •• e- metal and precioue- m. cal occurrence. of ch. 

O.borne d i . t r i ct .  Preliminary d.ta de.crib ing geol og ical s e t tings , fluid 

i nclu.i on. , and g.ochlm i . t ry .u" e . t  th.t the O. borne d i s trict h •• a 

continuum b.tw •• n gold- rich to silv.r-rich e�i t herm.l occurrences. Thl 

,o l d- ri ch .y. t e  •• h.ve do.in.nt ly qu.rtz �anlU. , w i t h  or without 

fluo rit e ,  and .r. ho. t ld in a varilty of roc� , but are proxi m.l to 

Prlcambri.n phy l li c .  or mid-T ertiary rhyo li t e. �l uid inclu. i on. from cwo 

o ccurrlnCI. re� re. entative o f  the gold- r i ch syste •• s� rl.d acrol. a 

�inor range (Th 190 t o  2300 C., N.Cl wt . equ ival.nt 17  to 23 percen c n o t  

corrected for CO2) .  Dilution of highly s.lin. fluid. i. th� int e rrld 

mech.ni s. for �r.cipit.tion of ,old in thl gold-au.rtz sy s t em •• 

Th. s i lv.r- ri ch sy. tl •• have domin.ntly cal c i t e  gangue w i th or 

wi thout quartz ,  and are ho. tld in mid-T ert i a ry  bas a l t .  Calci t e  fluid 

incl u. ion. f ro. a r�r •• entati ve hig h- s i lve r  occurrenci d i s� iay a wide 

raDii of ho_o,lnlution t e m�eratur .. and sal i ni t i es (Th 1 20 t o  3700 C.,  

NaCl vt.  eouival.nt 7 c o  2 3  perclnt) . Bo i1 1ng and con • •  qulnt 

nlutral izat ion of aci d i c  solut ion. i. the inferrld mech.ni sm for t h e  

s i lve r- ri ch ,  calci ce gangue sy.tlm • •  

A modl l  inferring a rlgional fluid- flov rlgi.1 and l ocal sources o f  



.etal. i. propo.ed. Four po • •  ible regional and local cau.e. of fluid 

flow in upper-plate de tach.eat reg i.e. are propo.ed :  ( 1 )  regional 

elevat ion of ,eotheraal (radient. a. a re.ul t of .1ddle-eru.tal . lower

plate rock. ri. in, to upper eru.tal levela: (2 ) .eteo ric .at er recharge 

along the .outhe .. t flank of the Rarquahala ant1 fora and con.equent 

di.plaee.ent ot connate vaters in the upper-plate of the 11g Rom 

Mountain. ; (3 ) local e.place.ent of feeder .tock. to rhyolitic flow. : 

(4 ) and til ting of .aj or upper-plate structural blocks . 

- / 



tN"l'ROOOC'l'ION 

The Bi, Bo ra Mountain. , and i t s  con t iguous range , t he Belm ont 

Mountains , eztend ove r  SOO s quare km i4 vest- central Ar izona ( Figure 1 ) . 

The mal t  recent geolog i c  map of Arizona ( Wilson e t  al ., 1 96 9 )  del ine ate, 

,1x cry.tal line uni t '  in the ran,e; Prot erozo i c  gne i s s ,  P�ot erozo i c  

I chi It , P�o t ero zoic Gran i t e ,  C retaceoua andeS i te ,  Cretaceous rhyo l i te ,  

and Tertiary-Cr etaeeou. rhyo l i ti c  intru.ive.. The range w a  • •  l s o  

bri efl y de. cribed b y  Rehrig e t  al.(1980).  They establ ished t he 

vo l cani c, .. midd le Te rt iary .. oppo.ed to the Cr e taceous .,e inferred 

by Wils on. lurt hermore , they aoted tha t the vo l cani cs in the .a. t e rn  

tva third. of the ran,e are .teeply t o  moderately t i l t ed to the 

no rthea.t and that the volcanics i4 the ve. t e rn  third of the range are 

til ted to the ve. t and .outhvest. lroa the.e relation.hi pi they 

inferred the ranee i. d i , . ected by li.tric noraal faul t •• 

The entuing eeonoaic geology study is part of a j o iat U . S.G.S.

Ari z ona Bu reau of Geo logy COGEOHAP project to ,ain a ref ined 

unde r, tandin, of the ,eology and mineral occurrence. of the Big Ro m and 

Bel.ont Mountaint. The re.ult1a, inve. t igati on. ( thi. volu.e )  

&%ten. ively decail. the .trati,raphy and .truc ture of the B i g  Ro m  and 

Bel mont Mountaint. Maj or a.ead.ent . to t he . tratigraphy involve : the 

pre.ence of Pro terozo ic grani t e  ia the ves t e rn  t hi rd of the range; t he 

pre.ence of aD ezt en. ive Late Cretac eous mo azon i t ic to granod iori t i c  

intrua1ve that hal af finity t o  the Wi ckenburg Batho l i t h  of Re hrig e t  a1 . 

( 1 980 ); the pre.ence of fl uvial cla. tic rocks and l aharic s ed i m en tary 

rocks at the ba.e of the Mi oeeae .ect ion; the presence of maf i c  

vo lcani cs intersper.ed throulhout the Miocene .e ct ion; and the 

likelihood that the Belmont grani t e  i, mid-T e r t iary (Reyno l d .  et a1 . ,  



F1,ure 1 .  LocatioD aap for Ii, Born Mountai� a1neral di.tricts. 
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1 985 ) in aca a. oppo.ed to a Pr.cambri�n �ga ( Wi lson at al. ,  1 9 57 ) .  

Structural ravelations are: the pr.senca o t  maj o r  northea. t-trendin, 

fault. in the ... t.rn halt ot the ran,e that may have considarable 

s t rike-slip ottset;  and the existenca ot h1lh- to moderate-anile faul ts 

cut tin, lov-autle .truc tura. in the ve.t ern extre.e and in the sou th

cantral portioD ot the ran,e. The.e lat ter relationship • •  ug,e't 

.ul tiple leneration. ot normal taul tiD,. 

The great aerial extant ot the ranee and the variaty ot terrane, 

o tters innumerable opportuni ties tor econo .ic ,aololY s tudies. � a 

re, ional s tudy, the ampha. is hera i. to ill uainata di. trict- t o-dis tri ct 

disparatie, and attini tie. , theraby e. tablishin, a me tal logeny for the 

ran,a. The ,ao loCic framavork tor e. tabli.hine .e tallo,eny is a product 

ot the rena1s.anca ot rel10nal and detai lad ,aololic .tud ie. of tha pa. t 

fiva yaars in ve. t-cantral 4rizona (Cone,. aad RaynoU. , 1 980; Raynold. ,  

1980; Raynold. et al., 1980 ; !ehri, and llayaoU. , 1980; !ehril , 1980 ;  

Raynoldl , 1 982; l1chard , 1 98 2; Raynold. and S pencar, 1 985;  Rardy, 1 984; 

Capp. at al., 1985 ). The.e vorkl astablished the lovar-plate de t�chm.nt 

set tin, ot the Rarquahala Mountains on the .e. tarn peri.atar ot the Bi, 

Horn Mountins. The .outh.a.t dip ot the Bullard detachment faul t on the 

wes tarn tlank of the B1I Rom Kountains .u" ast. that the Bi, R�rn 

Kountain. are underlain by one or mora detachment taul t. . The 

relationship between this aajor structural di.continuity,  hydrother:al 

fluids , and .ineral occurrance, hi,h in the upper plate h.s no t been 

�ddra • •  ed .  Bowever, numerous 1nve.ti,ation. have been undert �en near 

im mediat ely axpo.ed datach.ant surface. (Conay and Reyno ld. , 1 980; 

Wilkins and RaUrick, 1982;  Barc et al., 1982; Spencer and Wal ty, 1 98 5; 

V�n No rdt �nd Barri. ,  1 9 85 , ;  and Beane and Wi lkin. , 1985 ) . Tha,e 

inv., ti gations mOltly da. cribe �1neral occurrences in tha Colorado 

.. 



TroUlh area at deep level. of ezpo.ure in de tach�ent terrane.. One 

av.DU. of thi • •  tudy .a. to o bta1n hO�OIeD1 za t 10n temperature. and 

fr •• s1na po 1nt d.pr ••• 10n. on fluid 1nclua10n. fro� prec10ua-�e tal 

. .  

occurr.nc •• on the Barquahala d.t achm.nt tault aDd compare the. to fluid 

1nclu. iona f ro. Mi ddl. T. rtiary occurr.nc.. hiCh in the upp.r plate and 

at .xt en. 1ve di.tanc .. a.ay tro. the expo.ed detach •• nt fault. 

S1milarly, e.tabli.baent of the d1ver •• character of midd l e  Tert iary 

occurr.nce. that run 1n a ••• t-.a. t tran •• ct f ro m  the Barquahala 

Mounta1na to the lel.ont Moua ta1M would place prelim1nary con. tra1n t s  

on the character ot d.tach • •  n t  cont •• poraneou • •  1ddl. Tertiary fluid 

tlow. Hewet t  ( 1964)  d1acu • ••• the ph.no •• na of lateral and a .. u.ed 

vert 1cal lonation of bari t e- tluori t e- a&DI ane . e- prec 10u • •  e t al- ba •• • e tal 

occurrenc... In thi. paper evid.nce i. pr •• ented to r.tine and del1 . i t  

H.we t t '. mod.l of epither.al IODation. 

The Yirtual .patial co incid.nce of the 111 Bo rn  lold di. tr1ct with 

the Aluila .,nlane. e  di.tri ct ,  m.ri t. clar i f 1cat 1 on. Iy analogy w i th 

ot her lold-quartz •• 1n d1.tr i ct. 1n Central Arizona ,  and , pre.u. ab l y ,  on 

the ba. 1. of it • •  pat1al coincidence with the m 1ddle Tertiary .anganese 

aineral1 zation, E.ith et al. ( 1 983)  arru.d that the 111 Born di . trict is 

of middle T.rtiary .... W.lty et ale ( 1 98S)  further thi. 1nfe rence by 

not1na that the proximity o f  the Harquahala detachment faul t .ugge. t s  

that the ,old veina could b e  a d.tach.ent-rel ated occurrence. We l ty et 

al e  ( 1 98S ) 'UI, •• t .0 .. of the 1 1 1  Born occurrence. may be Lara.ide 

becau.e th.y have ... o ciated north ... t- trendina .1 l1c1c dik ... 



B IG BORN DISTRICT 

IntroductioD 

The Bi, Born di. trict 1. locat ed 1n tne northwes t  quarter of ehe B1g 

Born Mountain. (Figure 1 ) ,  but includ •• on. outl ier 1n the no rth-central 

part of the rane.. Th. di.tri ct 1. a north.a. t- trendin, swath of 

pro.pect pit. , shafts ,  and incl1n... Th. hi s toric production ot ene Big 

Be rn  dis trict 1. nporud a. ; 2 , 800 oz. ,old, 1000 oz. silver ,  26 , 300 

l b. .  c o p p.r , and 6000 lb..  lead ( �d . t h  et al . ,  1 9 8 3 ) .  

Th. B1, Be rn  dis tr1ct 1 s  OD. o t  f1v. ba.e �.nt-ho.ted , go ld-qua rtz-

vein d1s tri cts 1n Maricopa County, aDd OD. ot ehirty-thre. 1n ehe s t at e .  

ODt11 recently, the age and �od. o f  ori,in ot t h  • • •  d.po. i es had 

rece1ved 11ttl. att ention. An ab •• nc. of de.on8 trably a •• ociated 

Phan.ro zo ic rocks and a d.arth of radios.tric data fro. ,an,u. �ineral s 

inhibits a,. desirnatioa.. Rahrig and H.idrick's (1 9 72) study ot late 

Phan.rozo ic v.in aDd fractur. tr.nd. provid.d a firs t cosprehensive tool 

for s.tal loseay. Davis ( 1 9 8 1 ) establi.hed the evo lution ot s train 

throuah tis. for south.a. t Ar1zoft& and adjac.nt ar ... , th.reby 

establishin, a valuable tras.work tor relatiac f racture and 1ntrus ive 

trend. to epi.od •• of �in.ralization. Orei.r (1 98' ) sp.cifical l y  

s tudied the ort.ntation of �in.ra1ized ve ins fro � the L a t e  Cret aceous 

through the Te rti.ry, thereby allowin, age cons t rain ts to b. placed on 

l.te Phanero zoic vein. wi thout radio �etric age d.ter�inations. Ke 1 eh et 

al. ( 1 983 ) u.ed th ••• cri t eria, radios.tric ag. d.t ersiaation. of 

ain.ralizatioa- ralated rocks , and ,eolo,1c s.t t ings to produce a 

�.tallo,.ll1c tap of Arizon., wh.re th.y int e r  a sid-Tertiary a,e for ehe 
. 

Big Rom dis trict and for all of the b ••••• nt-ho.ted ,old depos i t  • • 



W.lty et ale ( 1 985)  detailed crit eria from li t lraturl reviewl that are 

the b .. il for al. d •• ienationa , aDd , in .o.e ca ••• , f urther inf erenclS 

that conflict vith laith .t al. W.l ty .t al e ( 1 98S ) refined the 

eat.,ory of b ••••• nt-ho. t.d , prob.bl. ai d-T.rtiary ,old d.po. i t s  by 

li thot.ctonic di. tinct ione. Th.y no c. that f i f t.en of the thirty-thr.e 

d.poe i t. are r.lat.d to aid-T.rtiary d. tacha.nt terran... Furt her , they 

di.tinsui.h a cat.,ory of .i crodiorit e-dike-ralat.d d.po.its.  El even of 

the the thi r� thra. ba •••• nt-ho. t.d d.po.it. are l pa t ially rel ated to 

eicrodior1t. d1k... Iy .naloey to d.tai l.d I.ochronololic work on 

ai crod i o ri t e- r.l.ted d.poli t. in the South Kount.in. (a.ynold. , 1 984 ) ,  

th.e. dapo. i t  • •  r • •  ie-T.rt i.ry .. v.ll. W.lty .t .1. ( 1 98S)  

cl .. .  ific.tion l .. v .. .. ven b ..... n t  bo . t.d dia tr1 ct. of .quivoeal 

li thot.ctonic •• t t iDi .nd .... Th ... ar. the Iii Born, Vul tur. , Cave 

Cr •• k, Winifred , Gila lend ,  Pik .. P.ak, SaD Do.inlo ,  and Sunr1.. .  In 

vi.v of the curr.nt int .raet in ,old exploration , an underl tandinl of 

tha •• cantral Arizona ,old di. trict. vould be an ie poreant aid to 

explo ration. Thi • •  tudy v .. und.rtak.n to charact.rize the Bi, Horn 

di. trict I.ololic •• ttina to cona train it . .... 

Geo lOlic S.tt ins 

1aynold • •  t al e ( thi . volu •• ) d.ecrib. the l.ol OlY of the nort hwest 

.nd v •• t- c.ntral 111 Born Kountaina. Prot erozo ic roc� con. titute about 

tvo third. of the .ncoe p .. .  ina Iii Horn di.trict. The olde.t 

Proterosoi c  rockl ara .chi.t and In.ia. which outcrop in the leolraph1c 

c.ntar of tb. di. tri ct and account for about half of the total out crop. 

Th ••• • chi. t. ar. typically fine-crain.d. a.phiboli ta. with 35 to 60 

p.rc.nt a.phibol. ,  35 to 60 p.rc.nt l.ld.par and up to 5 p.rcent 

quartz. Th. gn.i •• i e- t .xtur.d amphibolit •• have ptYl matic ve inlets and 

7 



Fi,ure 2. S.l ect ive out crop map fo r the Bi, Horn ,old dis t ri ct .  
Individual pro.pectl are de.cribed in Table 1 .  
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veiue ot sedium-grained 
'
co pegm ac i t i c  gran i te. ! nt rud in, chese 1s  a 

Pro t erozo ic medium-grained bio t i t e  grani te whi ch accoun t s  for one third 
ot che cotal out cro�. The ,rani ce haa 60 to 80 per cent feld spar , 1 S  eo 

l5 percent quartz,  auG l 2  to 20 percent b io t i c e. The bio t i t e  is 

commonly weathered to chlorite. !id,e-cop. ot the dis trict expo.e 

coarse- grained to pe,matitic graDi t e  pod. with u� to 10 percent 

aueco.1 te. The grani t e  ha, sporadlcally de.eloped , widely occurring 

myloni t ic fabrlcs. The contacts be tween che grani t e  and the older 

Pro t e rozoic rocka are typlcally ,radat lonal. 

Fine-grained monzodlori tic to dio r1 c ic intru,ione make up about one 

percent ot che to tal outcrop ( Figure 2). These intrus ions are 

frequently nor�hea. e- alirned expoeu re. or have related no rtheas t

crending dikes. The. e  intermediate compo.leion in tru. ive s  are hig hly 

varied : 45 eo 75 percent pla,iocla.e;  l5 to 30 �ercent blo t i c e  or 

ampblbole, but noe both; and 0 to lO percent quar�z. Rarely, some 

dike. have poeas . 1um teld.�ar. The.e rocka are no t myloni tized ,  and , as 

discus .ed i n  the l!! .ec�i on, are a • •  umed to be Lat e  �retaceous 

relat ive. ot the bat ho lithic granodiori te • •  

The rl maioins twenty percent or lo o t  t he outc ro� i. compo.ed ot 

the undi f f ereneiated dark gray, brown, and red ,  vel icular to mas s ive 

mult i- f low. o f  the aid-Mlocene Dead Ho rse basalt . The basalt res es 

unconformably on the base ment and i s  po rp hyr i t i c  to aphyr i c .  The 

porpbyri t i c  basal ts contain 5 to 20 percenc phenocrys cs ranging f o rm 2 

to 1 0  percent oli.ine, 2 to l 5  percent clinopyroxene , 2 to 5 pe rcent 

pla,iocl .. e ,  and trace to 3 pe
'
rcent orthopyroxene ( Cap". e t  al., 1 985 ) .  

I n  many place. the baealt 1, brecciaced and veined with cal ci t e. 

The Proterozoic s chi l t s  and gneis.e. are inten.ely folded. 

Cry. tal loblas t i c  foliation atti tudes vary gre. e ly, but no rchw el e  co 

lc;) 



e .. :-vea: I:rikel vi:h conl il :en: mod era :e :0 I :eep northeal t to north 

dip. are typical. In the eaat-central part of the di. t ri ct the aaj o r  

rradati onal contact between the Prot.rozoic m.tamo rphic rocka and the 

f ine- to m.dium- rrained rrani t e  trenda N3SOW. The linear1 ty of t hi s  

contact 'US'.lt. it 1a a Pro terozo ic tec tonic . truc ture. The 

Pro: erozoic aranite baa rare , local .yloni tic fabri cI , vbi ch ,  in the B ig 

HOrD dil tric: , have no cona i l t ent trend. 

The .iddle Te rt iary .:ruc :ure. are locally complex. Mi nor 

. :ruc:ure. are :yp1 c&lly nor:h- to north-northwea:-.:rikina. high-an,le 

nor .. l faul t . .  The .aj o r  . tructure. of the di. t rict are N40 0V-.tr 1kin, . 

lov- to moderate-an,le nor.al faul:l . In place • • • trike-slip .ove.ent 

in t ear faul t .  i. lus,ea ted by hori zontal I li cken. idel and apparene 

dilplace.enc .  Apparent Ihin,line of low-.nale f.ulta in the Lion 'l Den 

Mi ne are. IUCle. t  .t le .. t evo lenerae ion. of nor .. l f.ul t in,. 

Charac :er of M1neraliz.tion 

Miner.l occurr.nce. of :he Ii, Born , di l t ri ct .re ,old-ri ch , 

b ••• •• n e-ho . t ed .  narrov-qu.r:z-poda .nd veina th.t ar. co.monly 

"Iociated wieh northeaa t- trendin" Late Cretaceoua . int ermediaee

compo . i t i on 1ntrua iv.a . and commoaly have leri ci eic al ter.:ion. Table 

.um.arizes ehe ,eolory of individual prol pectl. The .nauin, •• ct i ons 

d.acribe th. ,eolory of occurr.nc .. that dilplay the variety 1n ehe 

character of tbe Ii, Born dil trict. 

The !l Ti,re Mine 

The !l Ti,re mine il in the northve l t  par: of the ran,. , 1.6 K. 

no rthve. t of Li ttle BOrD P.ak ( F1,ure 2 ) .  The El Ti,re .1ne i. the 

pre.ier ,o ld produce r  of the d1 s t r1 ct , accoune 1ng for over 80 percent of 
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F igure 3. Geo loeic eros .  section o f  the northwest- facing open cut o f  
the !l Tiere _ine. 
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Figure 4. Geo log ie sap of the !l Tigre mine. 
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the district '. production. !h. workings consi s t  o f  a sin,le , open 

inclin. that 1s approxi mately 74 s.ter, dllp, two llvil. at dlvllops.nt , 

a larll, nor�hwest-taciDl op.a-cut (Fi,ur. 3 ) ,  and nuslrous proap.ct 

pits . 

The !l Ti,r. vein 1s hoa ted in a mOderately co mpl ex as.lmbla,e o f  

cry.talline rocks (Filur« 4).  The olde.e rocks are int.nsely detor�ld 

Proterozo i c, s chise. with ,nei •• band. and granitic pod •• !hesl rocks are 

incruded by an as.embla,e at coarle-grain.d to p.,matitic ,ranite and 

,abbroic pI,matice.. The ,abbro concains pyroxene. up co 5 c� in 

diamecer and 1s locally foliaced. The ,ranitic p.,maeiel i. aot 

folia t ld . 

The youngest intrusive uni t ae the ' sine 1. a �edium- rrain.d , 

.qui,ranular quartz diorite who.e contact to the ,abbro-pe,saeitl 

.... mbl .... trends northeas t. The quarez diori te 1s ,oa.an stainld and 

the flldspars are slightly ar(1llically altered. The quartz dio ri tl is 

considered to be younge r than the s chilt complex and the ,abbro

pI,matite .. sembla,e becaus. the quar� z  diorite lack. foliation and hal 

a r.lacively -lre.h- appearanc.. A second crit lrion, whoae sys tesatics 

are dis cus sed leparacely, the coincidence o t  the IE! patcern of a sam ple 

fros the quartz diorit. (IT 1 ) with thl pattern of the 70.1  Ma rl,ional 

granodiorite (larnold. ee al., this vol �') t arcue. tor a Late 

Crlcaclous a,l for thl quartz diori te  intrus ive at chi !l fi,re.  !he 

crys talline rocks are overlain by Mioclne Diad Horse basalt and poorl y 

to sod.racely sorted t.&ee Tlrtiary-Quaurnary ,ravlls. 

!he structural ,eolOlY of the !l Ti,r. mine is relatively .imple. 

The !l Ti,rl vein i t.ell trlnd. N4000p; 300 NV and i s  along a fault or 

shlar zone ( F!iur. 3).  Slicklnsides .triae and mullions plunge do wn thl 

dip. A rl,ional structurl , thl Li t t le Ro m Peak faul t ,  trends NSO O w 



and h .. a low to moderate .outhwe.t dip. The faul t drop. moderatel y  

dippina mid-Tert iary baaalt down .. ainat the Proterozo ic rock. and cuts 

off the El Tilre .ein on it • •  outhwe.t eDd. The !l Tilre vein i • 

• imilarly cut off to the north ... t by an interred . tructure that is 

pre.umably .ympatheti c to the Little Born Peak fault. 

The El Tilre .ein outcrop. alonl .trike for 30 • and i. 2 • thick 

o.er a 3 to 5 a length. To either .ide of  this bulge , the vein thins 

down lilnificantly (Filure 3).  The aaj or lenl i. paralleled by leve ral 

... ller one. and i. dilcordant to Proterozoic foliation. The vein 

aaterial i. brecciated, iroe-ozide- .tained bull quartz that locally 

contain. native ,old. At depth, .pecul arit e ,  l iaonite, and aangane.e 

ozidel are abuDdant . The wall rocka have lpotty ,  aoderately inten.e 

alterati on .  

A linale doubly polilhed Ilide o f  milky quartz wa. made f ro. vein 

aaterial. Fluid inclu.iona of Ireater than 5 mi cronl are rare and 

difficult to find. Mo.t of the inclu.ion. are le •• than 3 micron • •  ' The 

inclu. ion • .  are .imple two phaae,  vapor-li quid inclu.ions and range fro. 

8 to 20 percent .apor (a.ereage of 1 2  percent .apor) . None of the 

inclu. ion. homogenized when heated to 4000 C. Preauaably the incl us i ons 

would either ho.olenize at hilher te.peraturel or would never homogenize  

be cau.e the .aall lize met .. tabl y inhibitl  hocoienization. The • •  al l 

lize of the inclUliona precluded rea.onable expectationl of achieving 

freezinl point depre • •  ion. , aDd 10 no atteaptl were aade. 

Al laYI (Table 2) fro. a DUmber of different .ourcel were plotted to 

characterize .etall froa the Iii Born diltrict (Nicor fil .. , 1 985 ;  Tri

con file. , 1984; thil Itudy) . Plots di.play fairly t ilht clultering of 

the El Tigre a.laYI (Figure. S, 6, and 7 ) . The relative ho.ogenei ty o f  



Figure 5 .  Aa vs. Au a •• ay plot tor sel.cti�. pro. pect. ot che Big Bo rn 
dis t rict. tach a.say · 1s fro. high (rade du.p or �ei n  �at .rtal from ch. 
repective mine. Puap .1ne and Kolly Davenport a •• ays court esy ot !RICCN 
Mining . 
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Figure � AI VI. Au plo t tor seleetive pro'peets fro. the Big Rom 
distri ct .  !.eh .. .. y 1. fro. h1,h ,ride du.p or veia materi.l fros the 
repeet 1ve .ine. Pusp sine and Kolly Davenport •••• ys courtesy of !l!CON 
lUn1q . 
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'i,urI 1 .  Pb VI. Au plot tor silictivi prospects f ro� chi Big Rom 
di stri ct .  !ach .. l ay 1 s  tro� hi,h ,ride dum p  o r  �ein sa tlrial tro� che 
rlpeccive .ine. Pu. p  .inl and Molly Davlnport ... ays courtlsy ot TRICOM 
Mininc · 
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Table 2. Mecal usay. are troll hie" I'l'ade dUII1' crab sall1'l ... High grade 
sall1'le. vere taken to 1 11 ulI1na te acallalou, aetal. and are �ot· intended 
to represent ore (rad... Sall1'l.. location. are on dis trict location 
upa . 



Table 2. Precious and Ba.e Me tal � •• ys 

S .. �le Au AI Ph %n Cu 5b 

15 3GA 23.99 19.88 
1 1 5GA 0.09 2.4 
15 2GA 0.0 1 1.4 
141GA 0.46 3.0 
I1GA 0.26 30.0 
123GA < SO <0.5 96 200 26 68 22 

BIll <50 5.5 38 1 30 96 (5 0.8 

0 <50 <0.5 32 210 130 5 1 .0 

ET4 (SO (0.5 34 69 290 1 2  0.5 

Dead Bo rse 0.03 3.2 
Pe,rin Vell 0.1 6 0.8 
�4 <0.2 0.2 
Vi. conain 3.5 0.2 
Mo 1 1 1 e  D. <0 . 0 2  0.2  
Mollie D.  (0.0 2 0.4 
ETl 0.09 2.0 81 1 23 30 31 2 
ET2 0.435 2.4 54 3 653 60 44 2 

ET3 0.21 0.7 32 106 20 13  2 

ET4 0.4 � 0.9 50 1 70 38 6 1  2 

ETS O.�O 0.5 55 271 53 24 2 

ET6 0. 18  0.2 70 400 65 11 2 
ET7 0.055 0. 1 26 154 82 1 3  2 

ET8 0.065 0.1 45 1 28 6 1  23 2 
m 0.055 0.1 57 228 71 15 2 
ETI0 0.0 10 0.1 33 1 24 65 21 2 
Al 235 3.3 23 10 ,000 4700 1 5 . 000 
A1 236 6.8 20 90 �O 75 
Al 237 0. 17 2.6 1400 100 930 
A1 238 (0.02 1.4 1 10 55 290 
PM l 0.005 . 5. 1  27 3 256 317  1 2  
PM2 0.005 1 .3 1 7  86 20 28 

PM3 1.61 10.2  69 1 6 1 5  4791 27 7 

PM4 1.040 1 .4 315  60 413 1 36 

PMS 3.350 2.9 4 3 26 1 31 6  406 1 1 3  

PM6 4.400 2.5 1 36 3  1 88 2099 51 6 

PM1 0.970 0.2 1 3 9  596 390 81 

PM8 0.05 0.1 26 1 6 3  42 10 

PH9 3.9 4.0 334 1 40 523 2 1 8  

PMlO 0.07 5 0.1 21 1 48 38 14 
PM 1 1  0.005 0.4 2 1  99 32 12 

PH 1 2  56.00 1 0.0 23.442 1 249 4 1 29 49 25 

KD l  0. 1 15 1 . 1  282 99 64 24 2 

MD2 0.002 0.7 32  236 32 1 2  2 

KD3 0.003 0.5 5 1  45 1 5 1  9 2 

MD4 0.003 0.6 43 21 2 43 2 2 

KD5 0.00 2 0. 1 19 20 19 20 2 

KD6 0.004 0.4 24 23 24 10 2 

KD7 0.0 1 6  0.2 1 0  6 10  10 2 

KD8 0.008 0.2 29 28 29 1 5  2 

KD9 0.002 0.5 26 1 6  26 1 1 9  2 



MD I0 0.004 0.7 8 3  67 83 9 2 
HD1 1 0.004 0. 1 40 48 40 37 2 
MDl 2  0.006 /).2 1 1 3 37 1 l i S  4 1  2 
Bal lO <1 
R.a1nbow <0.02 <.2 
Ra1 abo" I. <0.0 2 0.2  
(Jeldon 0.04 47 
Saovball 0.05 0.4 
.\lulta 1 .3 1 .4 
'aleoz. <0.02 0.02 
'aleoL 0.4 1  1 .2 2' 140 4400 
Black Q. <0.02 1 .0 
Black Nu, .  0 .0 '  <0 .2  
Al'ache 0.0 4 <0.2 
Valley V '1 <0 .0 2 3.4  
Valley V 1 2  0.0 3 0.4 
'u, a t t  <0.02 3.2 
B23GA ,..5 )4000 210 
Sco c c  <0.02 3.4 
Xll3 0.3 2  1 3  330 210 210 7 2.2 
(Jell 0.05 0.6 
Black D1 .. 0.8 3  2.8 '5  40 20' 90 '<2 
Black D1a. 0.06 6.2 200 305 950 20 <2 
A-1 8 1 1  1.6  62 1 3 , '00 1 6 ,000 1 0 . '00 20 4 
A- 18 1 2  3.1 )3'0 1 7 ,000 24,000 89 ,000 220 1 6  
nl2 <0.0' 0.' 1 60 360 22 22 2.3 
n1 3 2.1  1 000 2 4 ,000 8600 1 20,000 980 '8 
A-1 8 1 6  1.9 3.4 24 5 1 5 5  1 300 40 2 
A- 18 1 1  1 . 1  1 .4  1 70 10 800 <10 <2 
A-1 8 1 8  0.86 1.4 60 63 740 30 2 
A- 18 1 9  8..5 2.4 l '  1 00 1 450 30 <2 
D,1 1.9 7.0 2600 99 9500 S3 3.4 
D9 1 10 0..5 1 30 32 330 I S  1 .0 
A-1 8 23 0.96 1.2 20 1 10 '300 
A- 1 242 0.34 0.6 5 1 ,000 1 300 1 5  
A-1 243  0.0' 5.8 64 ,000 1 400 1 20 
A- 1 244 <0.02 3.6 26,000 10' 2' 
11.1 1 0.03 



the r.t iOI luc,eltl a lin,le sin.rali zing ev.nt. 

The �be Mine 

The �be Min. 11 located in northve. t p.rt of the r.n,.. Th. mine 

1. approxi m.tely 2 km ve. t of Lit tl. Born Pe.k. No aineral production 

hal been documented fros the property and development 1. limited to 

three pro.pact pita , thr.e- set.r de.p drill hole. , and .0 •• bulldo z.r 

Icr.pin,. .djoinins the pit •• 

Th. old •• t rock. in the In.be .re • •  r. the •••• .ch1.t. and Ift.i • •  es 

that .n found 1.6 ka to the north .t the El Tisn .1ne (ll1ure 8) .  The 

set • •  o rphic rockl .re intruded by . sr.ni te which hOl tl sineralization 

aDd 11 locally hi,bly fractured. The ar.nit. 11 typically .ed1um

cr.ined, but locally PI,..tit1c. Biotite con. titute. up to 4 perc.nt 

of the ,ranit., aDd 11 co •• oUy altered to chlorite. Li.oni te al ter 

pyrite i. CO •• on 1D fr.cture.. MU8covite 1. co.aon in the li.oni t i c  

zon • •  vhere i t  occur. .. clot. .nd co. po... up t o  10  percent o f  the 

rock vo lum.. Qu.rtz-ey. porphyry texture .1.0 com.only occur in 

alter.t1on zon... The aranit. 1. .r,i llically .ltered in .in. r.liz.d 

zon.l. It 1. uncl •• r froa field rel.t 1on. wh.th.r the grani te 1. 

Prot.ro zoic, Lat. Cr.t.c.oU8 , or an ••••• bl.S. of both. At the 

boundari •• of th. ,ranit., in ar.a. i ••• diat.ly .urroundinl the tnabe 

pit , are porphyritic, li.onitic diori te dike. of varied ori.ntatidna. 

Th.1r outcrop pattern .uc, •• t. th.y .r. border pha.... Thi. 

interpret.t1on would •• ke the .ain ,r.nit • •  or. likely to be l.te 

er.t.ceoul th.n Prot.ro zoic becaua. the lEE pat t.rn of dioritic dik.. is 

.xactly coincident with the aa pattern of the 70. 1  Ma aranodiori te 

(rtsur. 10).  Al t.rnativ.ly, dik.. that are .patially •• aoci.ted with 

.in.ralization could po. tdate the bioti te Iranite. The tot.l ar.a of 



Figure 8.  Geologic map of �he tnabe mine. 
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alteraciaa doe. noc exceed 200 square se c ers and occurs io Qumerous 

patcn... Kineralization is mo.tly ezpre.sed a. 1roQ-ozide .tainiol 1n 

granite adj acent to diori tic dike.. Outcrop. in che nor�hve. c e rnmo s c  

pro.pect p i e  have �p c o  20 percent limoni te a t t er pyritohedral pyri te . 

The teldspar. of che hoe t ,rani t e  are 'O percent arsillieally al tered. 

Coarse sericite is abundant ill tbe .ineralized zon .. , but va. noc 

ob.erve d  outside ot the 1 •• ediate lDaba area's ,rani t e. 

The Puap Kille 

The Purple Pallsey or Pu . p  Kine 11 located 10 che no r�he rn end of che 

ran,e. The mine haa produced a s.all amount ot ,old and con. i s ts of 

chree .aj or .balts aDd au.e rous pit. . III 1984 , TUCOK Mineral s  of 

Vancouver tried a heep leechill, oparatiaa vhi eb left a small o re pile 

near che uill road. Tha followiq d1lcu .. ioll 11 based aa .ap1) io, by P. 

Willard , nICOlf Kinerau ( 1984).  

The country and heM C rocks are .adi� ... grade .etavo lcanic and .e ca

intnsive roca . The uta- illtrwliva rocks are intanaaly .yloni tized 

near tbe vein. The Paap i. coincident vith tha .a. teramo. t occurreoce 

of sedci te tetlin ill the a� Bon Kountuna (1eyaolds et al, this 

volume) . Killera11zat1oll occurs ill a 1440-.-loD, quar�z ve i n  ot highly 

varied thickne •• (lllure 9) The quartz ve1n 1s in a shear or tault zone 

chat raace. troa l '  em to 2 • in thickne... The souche rn hal t o f  the 

vein treads K800S to N80 OW, dip. 40°, aDd cut. cry. c alline roc� chac 

have a N6'Oz, 4,orv attitude. At 1ts va. t  end, tbe veill bead. co che 

aor�h, probably ill re.ponsa to dr .. on a aid-Tertiary low- to .cderac e

an,le tault. Katz,er (1 931) reports i ron, copper, le.d , and zioc oxide 

at the surfac. w i th their re.pec�ive sulf i de. at depth. Epidoce is a 

perv •• 1ve ,.ncua. Wulfeni t e  and an �1dentified yellow mineral 



( .... icot 1)  vere found on a dual' vest of the aain road. Metal-rat io 

plots display a biaodal dis tribution for Puap Mine ,old values (Fi,ure, 

6,7  aDd 8).  The lar,er population 1. distinctly hi,her than 

representative Ii, lorn district ,old occurrences at the !l T1,re and 

Molly Davenport lUna. The secoad , saaller population i. typ1cal of the 

district. In coaparison v1th the !l Ti,re and Moly Davenport mines , the 

aetal plots also p01nt to higher arsenic values for the lar,er of the 

tvo Pump populat iona. 

The Puap aiDe is di. tinct iye fro. the other a1nes vith1n the B1g 

Horn district for the follov1na r ... oaa; ( 1 )  the absenca of Late 

eretaceau. roc&. , ( 2 )  the pre.ence of .1licic aetavolcani c hos t ' , ( 3 )  

the eut-ve. t and northveat .trik .. , · (4) the rouah coincidence of 

a1neral!zation vith cry.talloblast1c foliation, (S) the apparently 

elevated arsenic valu .. , (6 ) the presence of abuDdant epido te, and (7 )  

and the areat linear atent of the Puap Mine. The ,enera! attribut es of 

the Puap are peraiss 1ve of a .eta.orphic origin as propos.d by Ioyle 

(1 979) for the Archean occurrences of Canada. 

The Dead Hone Prospect 

Dead Ho r.e prospect is located at the north.maolt headwat ers of 

Dead Hor.e Wuh. No production 1 1  mo wn froa the pros pect . Development 

couiu. of short treches and a vertical shaft ,  which 1s 15 a deep that 

.erve. a level of unknown extent . The country rock. aDd host are 

pe,.atit1c aDd ap11tic varieties of the re,1onal La t e  Cretaceous 

aonzon1t1c to aranodior1t1c intru.1ve.. The biotites of the aonzon1 te 

are coupicuously fresh. Kineralization 1s localized in quartz pod. of 

indistinct orientation, but iron-oXide st&1nina i. rouahly alianed ea. t

.es t  and covers an are. 100 a by 7 m. There i. also a ainer.lized 



'i,ure 9. Geo lolic ouccro� �a� o t  che Pua� �1ae ( �od1t1.d .te er 
�app1nl by P. �1 11ard of TIlCOM Minerals, 1984). 
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?igura 1 0. Choudri t. aor�alized R!! �lot of mid-Tertiary vo lcaai cs ,  
or. related iatruaive. (13 , !T 4 ,  B23GA) , and tha Late Cretaceoua 
granodiorite. Leedey ehoudri te uled for aor�alizat ioa ( Masuda et al., 
197 3 ) .  The Be laout Grani te and the Be.r Bo t t le rhyo lite Eu as.ay. are 
belov detection li81t. of 0.2 ppm and 0.4 pp. re.pectively. thole 
li.it. vere arb1trar.ly choolea to depict the unknoWft concentration for 
the R!! ploc •• Cappa et ale aad layaoldl ec ale ( thi. volu.e) provide 
delcri�tiona aDd ac. deceraiaacionl re.pectively for the Belmout 
Graui t. and Bil Bora .uit. rocks. 
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Table 3. Trace elemenc a •• aYI are moa cly from al c ered but no c rep laced 
hoat rock material from variou. pro.peccs. Saaple 10caCiona are keyed 
to dis trict mapa. Ill 3 1. a sample of vein replaclment �ater1al from 
the Tonopah-Belmont mine. 



Tabl. 3 .  Trac. El ... ntl . 

Sa.ph SC Cl MN FE CO NI SE II. U Sll MO 

Illl 3.3 240 92 9. 1 %  a 14 (1 0 a (1 00 (1 000 10 
D 1 3 .0 10 840 7 . 3% 19 1 8  (10 (5 260 290 <1 
11.3 1 2 . 0 70 870 2 . 4% 5 15 (1 0 (5 (1 00 (1 000 (I 
Blue Bope 8 . 4  300 960 4 . 2% 1 1  21  (10 (5 200 830 (I 
I23GA 1 5 . 0  200 4300 S . O %  1 2  34 (1 0 (5 180 300 (I 
ET4 8. 1 300 S60 4 . 3% 6 20 (10 (5 1 60 790 (I 
D.9 3 . 0  190 3S0 36% (5 <S (1 0 (5 (1 00 (1 000 10  
n 1 2  4 . 3  200 92  1 . 2% (5 6 <10 (5 250 7 0  ( I  
n1 3 (0 . 5  80 40 3 . 8% 100 1 1 (1 0 a (l aO (1 000 20 

en CS y ZI. KI II. LA CE NO SM ED 

nl (2 (2 <0 . 1 % 15 35 10 1 . 7 O . S  

lC3 (2 24 (10 1 40 30 23 55 20 4 . 1  0 . 9  
n3 <2 (2 8000 2 8 (1 0 1 . 3  0 . 9 
Ilue Bope (2 3 10 1 60 10 28 6 1  20 3 . 8  0 . 9  
123GA <2 9 10 1 20 20 24 44 20 3 . 7  0 . 8  
ET4 (2 4 (10 1 60 20 3 1  S8 20 4 . 1  1 . 1  
D,9 <2 <2 (1 000 3 8 (10 (O . S  <0 . 5  
nl l 2 3 50 210 20 76 142 60 9 . 9  1 . 1  
n13 2 <2 (1 000 1 8 (1 0 1 . 2 (O . S  

n LD B1' TA ti TH 0 

Xlll 1 . 7 0 . 2  2 (2 470 4 <S 
D 1 . 5· 0 . 2  4 (2 (10 3 (5 
D.3 1 . 5 0 . 2  (1 (2 40 1 (5 
Blue Bop 1 . 5  0 . 3  6 (2 (10  8 <S 
123GA 1 . 0 0 . 2  3 (2 20 2 (5 
ET4 1 . 5  0 . 3  5 (2 (10 7 <S 
D.9 <0 . 2  (I (2 1900 3 (5 
n12 4.0 0 . 7  8 (2 (10 1 2  1 4  
n1 3 <0 . 5 <D . S (1 (2 20 (I 1 9 



structurl that trlna. N�2� SOoSE. Sericici and '�Ien �i ca arl bo ch 

CO II.On. Chry.ocoll. is abund.nt in vein acerhl. Chrysocoll. rial' on 

rl �nant chalcocitl  corl' al.o occur in dump at lrial. An .... y ot 

hia tlly alterld . c:hry.ocoll.- bearin, lIoftZoDite yhUed 0.03  ppm Au and 

3.2 ppa 'I. The Dead Bor .. prolpect 18 notlworthy becau.e it is 

ezclu.ivily hOI tid in the Latl Crltacloua plutonic rocks . chlreby 

'Ulle. t in, th.t thl 111 Born di.trict �inlralization c.nno t. excl u. ivel y 

be thl result of Protlrozoic eVlnts. 

an: Dat. 

To cons train the agl of Big Born lIinlralizat ion REE a ••• ys ware 

obcained troll chree 111neralized intrus ive. chac ara spatially rllaced t o  

B1, Bo rn  �. cr1ct prolplct..  che re,ional L& t e  Crl caclou. incru.ivI • •  

che lelliont Grani tl. and tour of the �aj or lIid-Terti.ry . ilicic tlow 

uni t.. Thl.e d.ta show a di. t inctive billodal pactern (lieure 1 0 ) .  The 

B1I Born di.cri ct .... y. all cluater ti,htly to,lchlr with chondri t e

noraalizld La / 'l'b  averagin, 6.4 1  aad ran,in, tro. 5.01 t o  6.83. Th e  

silicic flow. aad their inflrred relation, the Belliont Granit. (Reynolds 

It al •• this volgae) . have a lover aVlr.,e chondrit e-nor •• lizld La/Tb ot 

6.34 and a (reater ran,e of 4.1 4  to  1.98. 1'heu dac • •• kl 1t hiehly 

unliklly ch.c B1, Bo� dis tri ct �ineralLzac ion 1s re latld to �id

Terti.ry volcani... The s trong s1�i l aric y a t  che R!E paetlm of a l c a red 

Bi, Born dis crict intru.ive. with th.t of the rl,10na1 granod1 0r i c e  

IUI,lSt they .re co ..... t 1c.  aad therlforl , che Bi, Born dis c ri ct 1.  a 

product of Laee Cretaceous pl utonic Ivent •• 

SWlllllary 

Four stylI. of �inlra1i zation occur in the B1, Ro m dis trict : ( 1 ) 



nor�he •• t- trendin, quartz- vein. with .s .ocia t ed  intermed ia te intrus ive 

rocK. ; (2 ) indi.tinct quartz-pod. wi thout ... ociated inter.ediate 

intru.i.e rocki; (3 ) Late Cretaceous iatru.ive-no.ted chrysocol la 

be.ria, quartz-pod.,  (4 ) &ad a meta.olcanic and .eta- intru. ive ho. ted 

liaearly exteoaive qu.rtz vein. The v .. t .. j oricy of the occurrence • 

• re the northea. t- trendin, qu.rtz-.eia .nd pod. with ... oci.ted 

iater.ediate rocki . The intru.ive. r.Ule �n compo. ition froa aonzoni te 

to diori te .nd typically contain li monite after pyri te. The.e depol i t s  

h •• e low AI/Au ratios < .vera,e of hi.toric production S ) .  Their 

al teration cOUli. t. of li a1ted ar,1lli c and .ericitic halo. with 

abund.nt iroD-oxide .taiD1ac. 

The .econd cate,ory of occurrence. i. repre.ented by ainor pro.pect . 

boundin, the we.tera peri .eter of the d1.tr1� .  The Gold Bullion aiae , 

the Go ld Cord aiDe , &ad location B1SGA are quartz pod. of indi. tinct 

orientation and wi thout .patially related 1Dtru.i.... The.e prospects 

have qu.rtz with l1mOD1 te af te� pyri te, j .ro.ite, .nd rare copper 

carbonate.. Prospect 1 1SGA h .. 'phaleri te, .alachi te, wulfenite,  and 

probably b.rite. 

Three occurrence, differ from the aaj ority of the pro.pect •• 

Nuaerou. cbaracter1.tics di.t1acui.h the Puap .iae. It i. loa,er than 

any other vein in the Ii, Bora di'tr1ct ,  and it trend. ea. t-we . t  and 

northve.t in contraat to the typical northe •• t trends. In addi tion ,  i t  

i. not proz1aal t o  intermediate-composition intrusive. , and i t  1 .  hOl t ed 

and rOUlhly conformable to an a.phibolite- serici te .chi.t .equence. 

lur�her.ore , .... y. 'UlI •• t the Pu.p •• y have tvo popul.tion. of ,old, 

ar •• nic and l.ad .alu .. ; oa. of whi ch i. conai.tent with .alues 

cons idered typical for the di.trict , wherea. the othe r  hal hi, her gold 

and ar.enic value.. The D.ad Ror.e pro.pect and the Blue Rope aine 



coaa c1tuce a fourth, lomevhat, diltinctive I tyle of 11, Bo ra  dil tri ct 

aineraliaatiOD. loch are halt ed  in Lace Crataceoua granitoidl in 

iadi. cinct quarta podl and veiaa. Chrysocolla il the domiuant ae t�l 

phase, aad .eric1te 11 the characteristi c al taraci� 

Discual ion 

Litholol1c aad . t ructural relatioaah1pI combiDed w1 th � �at chlng of  

R!! pacternl of .. Iociatad i,neou. roc� to thac of  the 70.1  Ma ragional 

,raait01d sUI,e.C that malt of the 111 Born di. trict 11 relacad to the 

evoluc ion of the .re,lonal 1ntru.ive.. The I t ructur�l avidence 1s 

maa1told , it somevhat oblique. The consi s tent di sco rdance of the veins 

with Protarozoic foliation arruas that the minarali aation pOl tdatls the 

aa1n pul.a of .etamorphism. The docuaented occurrence of ,old-quarcz 

velaa that are di.co rdant to .etamo rphic tabric but are .till roug hly 

contemporaneous wi th .ecamorph1sm ( Colvinel at al., 1 984 ) randars 

discordance only parmissiva evidence for a pOlt-.etamo rphi •• chronololY. 

The prevalence ot north ... t at ti tude. , in the li,ht of the rl,ional 

detoraacion h1sco� (1ehril and Baidri ck, 1 9 7 6 ;  Oav il , 198 1 ;  Draier, 

1 98' ) ,  lends further Itructural lupport to a Late Cretaceoul orilin tor 

mOl t of the 11, Barn dis trict. The tact that aineralizat lon �s.�c1�ted 

1IDeoua rocks are unlikely to be al d-Terc1�ry aad the tact that the mld

Tertiary Li t tle Ho rn Peak taul t cuc. o tt the El T1 ,ra vein bo th argue 

that the dis trict 11 pre-Kiocane. !11 mlnat ln, Pro terozoic �e tamorphlsm 

mecallo,any aad Hlocene vo lcanic .e tallogany make. a Laramide a,e 

preferred, it for no othe r re .. on, tor lack o t  another ,old-quartz vein 

.etallo,eny. A fourth, alternative , .etallo,anic .ett in, 1. that the 

di.tri ct 1s related co the Protero zoic biotite ,raDi te. P .  Anderson 

(personal co.municat ion, 198� ) SUSlests that quartz ve1ns s1m11ar to  



tho.e ln the 111 Born dl.tri ct are found l urrouad 1Q1 the Protero z oic 

Crazy ... in batholith ln louthera ta.apa1 County. The coapletely barren 

nature of t� Proterozoic ITani te ln the 111 Bora Mountain and the 

ab.ence of atneraliaed apophy .e. arrue . ..  ainat thi. lntru.ive al the 

procenitor of the 111 Born occurrenc .. . 

The Dead Ro rse pro. pect and the Ilue Bope .lne are chry.oco lla

dom1nat ed .  quartz pod. aad velnt that are bo .t ed in the Late Cre t aceoul 

arani told. Their clol e a" ociation w1th the Late CretaceoUi arani to1d 

IUlle.t. they are a • •  ociated ·with the e.olution of the cran1 toid. 

The Pump aine alone elude. Late CretaceoUi af f inity. The fact that 

tbe .e1n doe. not have the cbaracteriltic Dorthea.t trend . but in.t ead 

hal a ea. t-we. t ,eneral trend ar,ual .. ain.t a Lat e Cre taceou. 

affinity. A Proterozoic ace i. peraitted by the fact that the .ein i. 

Dearly coincldent with cry. tallobla. tlc Proterozoic follat ion . the 

apparent ar.enic anoaaly. and the interpre tat ion that the occurrence i. , 

hOl t ed in a .etavolcanic lequence. The.e charact eri . tics rouah1y 

corre.pond to Io yle'. ( 1 979)  model f or .. ta.orphic .ecre t10n depol1tl. 

It 1. unclear whether the eKten.ive lencth of the vein lupport. or 

detract. from the l ecretion .odel. 



TIGER �ASH DISTRICT 
Introduction 

The bari t e- fluorita pro.pect s of the axtra me vestern and of the B1, 

Horn Mountain. are hera naaed the Tiler �a.h di s tr 1ct. The Tiger �a. h 

Dis t rict 1. Ofte ot 60 ai.tinct aid-Tertiary barita occurrancas that l i e  

i n  a northve.t-trendin, belt runaia, fro. Cochi.e throuch Mohave County 

CReve t t ,  1964). The areat a.t producer of the.e d1strict. wa. the 

Grafti t a  teal Mine near Phoeftix vhich produced 300 ,000 ton. ( S te wart and 

Pfis t ar, 1960). Vain sy. taa. surroundinl the Pl 0.0.a Mountain. , 1 50 

ki lomat ar. we. t of the Iii horna , con.t itute tha Ire.tast 1 1n,le 

cOftcant ration of bari e a  vein. in Arizona (S c evar t  and Pfis ter,  1 9 6 0 ) .  

Th i .  s tudy of field ralat ion. aDd fluid 1ncluaion charact eris tics of the 

Tiler Wa.h aad the adj acent e .. t aarquahala di. t rict ha. been undert aken 

to place p reli minary cocatra1nt. oyer tluid-flov d yna.ics froa the 

Bullard de tach.ent fault into the upper plat a. To achieve this the 

proj ect Val expanded to include reconnai •• ance s tudy of the ,eo logy o f  

the e .. t e m  Harquahala ,di. tri ct pro.pect. (Table 4 ). 

The Tiler W .. h di. trict cocai.t. o f  several occu rrence. ot bar i t e  

aineralizat ion w1th .o.e develop.ent aDd a ainor fluo ri te pro. pect .  The 

only publi.hed de.cr1pt�on of the Tiler Wa.h occurrence. is by S t ewart 

and Pf i. tar (1 960) who rapo rt product ion of 600 t on. fro m  the Princess 

AnD aroup. Currently, the.e pro.pects have a deep open cut adj acent t o  

a bul ldozer-.craped area. Th e  Whi t e  o r  Ilue B1 rd clai m • •  the o t h e r  

developed occurrence, contai n  four co ntiguous unpatented claim. that 

vere e.tabli.hed 1n 1950. Develop.ent. include a 6 5  a lon, haula ge 

adi c ,  aad au.eroua open cuts. 



Geolog1c Sett 1ng 

The T1,er W .. b D1. tr1 ct occur. in a .equence of M10cene aafic 

volcani c flow. that overlie and are 1nt erbedded w1th arko.1c .and . t one 

and con,lo aerate , vhi ch locall y  ren. UDConf or.ably on Precaabr1an 

cry.talline rocka. The Miocene volcani e- .edimentary .equence 1s 1n the 

upper plate of the Bullard detach.en t- fault which 1. buried beneath the · 

recent aravel. of Tiger Wa.h ( F1,ure 1 1 ) . The Mi o cene .equence d 1 p. 

ve.t to.ard the detach.eat faul t at aodera ce aa,le. aad 1. di.placed 

alon, lov-an,le nor1l&l. faul u .  The .atic volcani e-.edi .encary .equence 

of the Ti,er W .. h di.tri ct correlat .. wi th the Dead ·Hor.e ba.ale .e.ber 

of the 11, Bona volcanic. ( capp. et al., 1985). The Dead Bo rae basalt 

occur. near the baae of the Tertiary .• action. In the Ti,er Wa.h 

di. tr1 ct,  a ,eneralized . tratiaraphic .equeace fro. bo tto. to top i . :  

(1 ) 35 . of arltolic con,loaerate v 1 th .oltly haca.brian crya talline 

claat.;  (2 ) 90 • of apbyric ba.alt flo •• iatercalated v1th f1ne- to 

aediua-,ra1ned arlto.e bed. that are .. thiclt u 23 a; (3 ) 3 a o f  

partially welded biotite tuf f; and (4 ) l O S  • o f  ba.alt flow. that cap 

the .equ e n ce .  

An outcrop o f  Paleozoic li.e. t one , quartz i t e ,  aad dolo.ite hOl t . a 

1 .. 11 fluori te prolpect one ki lo .. ter louth of the Prince.1 Ann group . 

The Paleozo 1 c  rocka dip ,ently to the aortheaa t ,  aad are cut by num e rous 

aiaor faulta. The expo.ed lequeace , f ro. top to bot to. , include. the 

follOwing: 1 6 . of quartzite; 2. of li.e. tone; 1 a li moni te be.ring 

pbyllite; 23 • of quartzi te w1th interbedded .ili ceou. li.e. tone ;  and 23 
• of brown dolomite that �ade. 1nto blue-grey li.e . t one. 

S t ructural Setting 

The Tiger Wa.h bari te- fluor1 t e  diltrict 11 in the upper pla t e  of the 

L·rl 
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'ilure 1 1 . Location aap for the Tiler �ash and eastern Rarquahala 
dis trict • •  hovia, the Bullard-detachment- faul t ( from unpubli . hed 
aapp1Q1 by S. 11 chard , 1984). 
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Figure 1 2. Geologic s.� of the northern portion of the Tiger Wash 
dis tri ct . 
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Bullard detach.ent tault (lehri, and Reynold" 1 9 80 ; Reynold" 1 98 2 ) .  

The detach.ent tault il .�oradically expo.ed throuch the rravel. 0. 1  t o  

1 ki lo.eter ve.t o t  the di. trict ( Figure 1 1 ) . Opper-plate nOD

aylon1tic vo lcan1c and .edi.eneary rocka di p 450 to the ve. t and 

di,cordaatly abue iaeo the deeachaeat taul t ,  vhich overlie. h1Shly 

detormed lover-plate Preca.briaa, 'aleoleic, and Me.ozoic rocks. To the 

north and northe .. t ot the bari te-tluorite .ineralization, the Miocene 

.ection rradually bend, toward the northwe.t ' trika. and dip. become 

much more erratic. Li. tric taultl ,  .paced 0.5 to 1 k. apa� ,  are 

probably re,pOftlible tor the variation in att i tude. The ' t rik. of the.e 

faults .y. te .. tieally variel fro. north-south at the ,outhernmos t barite 

pro.�ect to !SOo; ae the norchemao.c occurrence (Ft,ure 1 2). The di p. 

re .. in .aderaea. The ,y. te .. tic chan,e in the ' t rike of the beddin, and 

lil eric faults .ay be the re,ul t ot lar ..... cale dra, foldinl alon, the 

detach.ent fault,  such AI de,cribe ellewhere (Reynold" 1982: Reynold, 

_ad Spencer, 198'). The 'aleozoic .ection on avera,e strike. N6S0y 

and dip. 35� Kinor taultiDl co.plicate. the .tructure at the 

.outhern extre .. of che 'aleozoic block. Alt eration and minor 

brecciation aloae beddiDl plane. in the central part of the block 

sUl.e.t .o.e beddiac-plane di.place.ent. In place. the quartzite  uni t 

i, brecciated alone the aarlin. of  the block. Inferenc.s f rom regi onal 

,eolol1 and attribut., 'pecific to thi. block ' tron,ly IUI,es t  a 

.. ,abreccia ori,in &ad per.it ,�culation that the block maybe tr1 �ly 

allocchonou. Qleyaold. et al., thi. voluae). 

Struceural Control Over Mineralization 

The three bari te- fluori te occu�ence. ot the di. trict are all 

localized on or near faul t. ( Figure 12) .  The Prince • •  Ann clatm. are 



directly abo.e and to the ea. t ot the Bullard detachment fault and are 

localized alona a tault that .trika. tf'SOW and dip. 30ota:. Thil 

occurrence i. aore .eiD-like than the le •• product ive Whi t t  lock claim. 

aDd the adj acent , uunaaed occurrence. to the north. The Whi te Rock and 

nearby unnaaed occurrence. are all localized alonl low-anale normal 

taultt , vith aineralization occurri na both in the hangina vall and 

footwall. Where the expo.ure i. ao. t  clear, the hangina val l  is the 

preferred 10CUI of barite aineral ization and ba.altic ande, ite i. the 

preterred ho. t. The occurrence to the north of the Whi t t  lo ck clai m. 

�i.play. arka.e ho.t for barite breccia. 

Mineralization in the Paleozoic Block 1. al.o localized alonl 

.tnactur... The fluorite pod. at the l outhern end of the block are 

localized alona • R4SoV-I trikina. louthwe. t-dipp1 na ,  lov-anlle taul t. A 

zone of li moni te after pyrite exi . t. alon, a po • •  ible low-anile , 

beddinc-plane fault in the northern one third of the Paleozo i e blocL 

Paraseneli. 

Bari t e ,  fluorite. and calci t e  are the only pha.el noted by Stewart 

and Pfi.ter (1960) in the Prince • •  AnD and the Whi te Rock claim .. This 

author ne.er ob.erved calcite directly ... ociated with barite 

m1neralization in the dil trict , but fl uori te wa. con. i l tently .een to 

exi. u  both .. a "' t111ina in barite and to be compl etely enca .. d in 

barite at the Pnnce .. AIm and W'h1te lock claiml . The .. ob.e1"'laUonJ 

.uc,e.t that either ban te preceded fluori te Ind a pha.e of bari te 

aineralization followed , or the phaae. co-precipitat ed. The aineral 

occurrence 1amediately north of the Whi te lo ck claim. hal bari te only. 

The 'aleozoic block ha. fluori te wi th le •• than 10 percent calci te , 

minor chry.oco lla, aDd .ome po. ,1ble turquoi.e. Ther. are also •• a l l  

_ .. 



metall ic bleb, in fluortt e  that say be chalcopyri te. !he relationship 

of the fluo rite to the calci te 1. undet ermined , bue the chalcopyri t e  ( ? )  

p reauaably preceded the fluorite, aDd the copper lil 1cate aad pholph.te 

cyolved after fluorite. The ab.ence ot di.solut ioa texture. or obs e rved 

cro •• cuttiac veia. permit. the intereace th.t .11 of the ph •••• 

precipitated in a narrov time fr •••• 

nu1d Incluaioa S t udi .. 

Fluid incluaion .tudie. v.re undertaken on fluori ta coll .cted f ro m  

fiv a  pro. pacc. 1 a  the Ti,ar �a. h and e •• t a rn  Barquah.la di. t rict. 

( F iiure 1 1 ) .  Cle.v.,a . l ivar. of fluori ta v.ra u.ad for all o� tha 

1ncluaion stud i... Bo.oleaization temper.tura. , freezin, point 

d.p re.s ioal , aDd pr.liminary cru.hinl experimeat. v.ra doa. to 

char.ct eriz. the ore-form1ac lolutioaa. A m.j o r  pi tf.ll 1n verkin, v i th 

fluorite 1. the lik,lihood ot . tret chinl durinl h •• tine or coo lins 

(Bodnar • •  Dd Bethke, 1984). Two procadur •• ve re •• ploy.d to ,u.rd 

alain. t .t retchiDi. Fir.c . .11 of the ho.ocaniz.tion d.terminations 

ve re .. de bet ore any freeainl v .. doa. b.eau.. fre.zin, 1. sora likel y  

t o  . t ratch an 1ncluaion than heatiac ( Bodnar .ad !e thka . 1 984). 

Secoadly. when f reeainC det er.inat ioa. v.re rua, .om. of the fre.z ing 

rua. vere 1 mm.di.t ely coupled vith homoseniu t io a  d. termina t ion. to see 

if the ho.o,eniz.Cion t.mperature v.. aaoaalou. ly hig her than the 

previou.ly ch.r.ct erized population. Al.o , ho.oleai z.tion aad f r  •• zing 

poine depr ... ioaa vere co • •  oaly doa. tva or sore t1... oa •• ch 

iaclu.ion. Al thoUfb the su. ot the •• prec.ution. do.s not eli.1n.te the 

po •• ib11i ty ot .,.ce .. tic error. the ab •• ace ot any .videncI ot 

. tret chinl tro. th •• e cro •• ch.cks is r •••• urine. 

nuid 1aclu.ioa. fro. all of the pro'pects ar. liquid-vapor 



iDClu.1oa. , co •• oaly with a third ,a. pha.e pre.ent. All
' 

of the lamples 

displayed two .tyle. of inclus10D'. Fluid 1nclu.lon. fro. tbe Pr 1nc ••• 

AnD pro.pect coa.i.t of .011tary 1nclus 1oa. that ar. pri.ary aDd 

extended array. that are p.eudo.ecoDdary. The priury lncl udon. are 

,.Derally .pheroid. and le.. co •• oal y ha.. rectilinear outlines. They 

raDI. in . iz. fro. 1 0  .1crona to 1 00 .icroD. aDd ar. typlcally 30 

.ierona. On av.ra,e, tbey ha •• 1 1  perc.nt .apor, .o.t of whi ch is 

... u.ed to be vater. !laDy of  the the iDcludona hav. funt double 

anDuli , reflectlD1 the llkely pre.ence of a thlrd ph.... Th. 

p.eudo.ecoDdary inclu.ion. are cb&ract.rl. itlcal1y •• aller than the 

pri.ary includoa. Th •• e inclusioD' ru,e fro. 5 .1crona to 30 

aicrona. The p.eudo.ecoDdary includo.n. are ,.D.rally .pberoidal. Their 

anay. do DOt cut aero.. the pdaary iDclua1oa. The p •• udo.econdary 

inclusiona a.era .. about 1 1  p.rce�t .apor. Bow •• er, the trac. of a 

.econd anDUlua il .uch le .. co •• on in th •• e .ecoDdary-appear1nl 

includon • •  

The fluid inclusion. fro. the Whit. Rock pro.pect ar. not .arkedly 

different fro. tho.e at the Prince •• ADD. One dl.tlnct1oD 1. that the 

p.eudo.econdary 1nclusion. .or. co •• only h8ve r.ct ilinear outlin.s than 

do the .econclary lnclua iona fro. the Pdnce .. AnD. ne Whlte Rock 

p.eudo.ecoDdary 1nclu.ion. are also .. aller , on a •• rale . than tho. e from 

the Prince.. � There ar. aDy array. of 3 .icron aDd ... ll.r 

p.eudo.ecoDdary Inclualona in the White lock .a.pl ... A .econd 

distinctlon 1. that the White I.ock fluid Inclu.10n. av.r ... 9 percent 

.apor .. oppo.ed to the 1 1  perc.nt total .apor for the Prlnces. AnD 

1nclu.ioa . Al thoUCh tbe .econd annulus 1 .  al lll-defin.d in the White 

lock .a.ples a. 1n the Princ ••• Ann, .any of the pri.ary inclul ion. , and 
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so.e of the p.eudo.econdary inclusions appear to have a third phase. 

°The fluid incluaion. fro. the Paleolo 1c block fluorit e are similar 

in character to the afore.entioned p�pulatioaa , bue they tend to be 

larger. Their .ize ran ,e. up to 200 micron.. The di. tinct ion between 

the primary aM p .. udoeecondary incluaioM i. more marked than 1 t is 

vi th the fluorite tro. the two barite proepects.  The vapor t raction 

raDle. tro. 9 to 1 2  percent , and a .li,he seCOM &nnulua is generally 

evident . 

Pluo rite tro. the Snowball and Weldon mine. of the eal tern 

Rarquahala district vere selected tor fluid 1nclu.ion s tudy. 'luid 

1nclu. ioftl from the Snowball Mine (Figure 1 1 )  are large (averaging 40 

micron. , varying fro. 20 to 1 20 micronl) , co •• only necked , and very 

abuDdanc .  They have aD averale ot 8 percent vater vapor and nearly all 

.bow a .U,ht second aMulul ot a third pha... The uj ori ty of these 

inclul ioel are pre.uaed to be  pleudo.econaary. A .sall percentage ot  

tbe incluaioM are solitary aDd, tor  thac real on are aSlu.ed to  be  0 

priury. The Weldon Mine incluaionl are delcriptively similar to the 

Snowball fluid incluaioaa except that the aver .. e '1apor volu.e ot the 

.. lUlled pri mary incluaioel t. 11 percenc. The p.eu.cioleconaary 

inclus ion. tros the Weldon Mine can al.o be distinguished trom their 

correlaries at the Seowball on the balis ot '1apo r percentage. The Weldon 

Mine pleudolecoDdary inclusions typically have S to 8 pe rcent vapor. 

A total ot 131 ho.oleDization temperature. and 26 freezing- po i n t  

depre.siona wera deterained for the Tiger Wuh dis t ri ct .  The resul ts 

(Filure 1 3 )  .bow dist inct cluseering of the ho.ogenization te�peratur. '. 

The plot ted te.perature. are noC pre.lure corrected. Escimation of the 

overlyin, column of rock durinl the mid-Tertiary 'UCles ts 0.3 t o  O.S km 

burial. Since conditiona ot <3.8 mole percent C02 and 20 percant NaCl 



requlre le.. than 20 te.perature correct lon for pr ••• ure. at 2000 C. 

(&oedder , 1 984 ) ,  a uap.ratur. corr.ction for pre •• ur.· 11 Do t n •• d.d . 

Th. boao,.nization teaperatur •• for the Princ ••• ADn and Wh l t e  lock 

to 1 90 0  
C with a f.w 1.01ated d.t.r.ination. 

clat •• rau,. froa 1350 

est.ndln, the ran,e fro. 1 230 to 2000 C. rluid lnclu.lona from the 

fluorlte pro.p.ct on the Paleozo l c  block have boaocenlzatlon 

t •• p.ratur •• that cr. dl. tlnct fro. the Princ ••• ADn and Whi t e  Rock 

barlte- fluorit. pro.p.ct. ho.o,.nization t •• p.ratur... Th e  fluori te 

t.8peratur •• narrowly clu.t.r froa 1 900 to 2 1 00 C ( Pi,ur. 13).  

rif�y hoao,anization t.ape ratur. d.t.rainati ona on fluo ri te v.re 

.ad. froa the Snowball and W.ldon 8in •• of the .a. e.rn Barquahala 

dl. trict aat.rial. letw • •  n the two ain •• th.r. 1. a di.tinct bi aodal 

di.tributlon (ri,ur. 13 ). Th. Saowball Kia. di.play. a raa,. f roa 1 600 

to 1 900 C vi th a f.v d.t.ralnationa 1a the 2000 to 2200 C rans'. In 

eoatru t ,  the bulk · of tb. W.ldon Kln. ho.o,.nizatlona clu. ter trom 200 0 

t o  2 3 0 0  C around a p.ak of 2 1 0 0  t o  2 20 0  c. 

Th • •  alia1ti •• (ri,ur. 14)  ar. total NaCl .quival.nt cal culat ed 

fro. fre.zlac-point d.pr.l lion. u. 1na the .quation fro. Pot t ar et ale 
(1 97 8).  Th. rav d.ta i. pr • • •  nted .ad not eorrect.d for po • •  l b l .  CO 2 

eont.at beeau •• the au •• rou. uncert.lntl •• ov.r the .p.ei •• and vo l ume 

of po •• ibl. CO2 ia th ••• iaclualoa.. Collin. ( 1 979)  aad Had.nqul.t and 

B.al.y ( 1985 ) di.cua. the i.portaat coatrol. that noa-vat.r ph .... , aad 

002 1a p.rtlcul.r, bav. ov.r fr •• zin, poiat d.pr ••• ion. To d.term1n. 

tb. extant of C� in the Ti,er Wuh fluid 1nclul 1oDl , a number of 

... pl.. v.re cool.d to ainu. 960 C. No cl.thr.t.. fora.d and no double 

a.ltin, p0 1nt vu ob .. rv.d .  Th. lara' siu of t he ob .. rvad 1nclus i ons 

(It •• tar than 100 al eron.) aak.. 1 t  •••• unlikely that the clat hrat e, 



Figure 13.  Hi s tograml of homogenizat ion temperature. from range w id e  

tluid inclu. ion locat iona. Determination. are not pre.lure correct ed. 
Fluid inclusion hal t minerals are a. fo llowl : !al tera Rarquahala 
dis trict , tluo ri te; Tiger Wa.h di.tr ice , fluori te; Aluila dis tri ct ,  
calci te; Olbo rne dis trict; the O S  mine, tluorite,  the Contact �1ne ,  
&mythestine quartz,  the Scott  mine ,  calcite. Small , s ingle blocks 
indicate a s1nlle determination. Lar,e blocks indicate a number ot  
det erainationa that tall w ithin a ,0 C ranee. 
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Fi,ura 14.  Hi . tolr ••• of wei,ht percant NaCl equivalence of · tl�id 
inclu. ion. tro. the lig Koma. Salinitla. ara not correctad tor CO 2  
contant o r  probable hl,h pot&l. iu. proportion. Fluid 1nclution hos t  
sineral. are .. tollow. : !a.tarn Rarquahala distric� ,  tl�ori te: Ti,er 
Wa.h di. trict , fluorice; A1uila district , calcice: O. borne district , 
the US sine , tluorite; the Contact sine , a.ychascine quartz; the Scott 
sine, calcite. S.&11 , .in,le blocK. indlcate a s1n,la daterainat ion. 
Lar,. blocK. 1ndicat. a ausber ot detar.iaaclonl that fall wi thin a 5 0 

C r an,e. 
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v.r. �1s.ed. Alt.rnativ.ly . i t  is a.sumed ei ther that the CO 2  cont ent 

is too low to allo w clathrate tormation, or that the annulus on the 

vater vapor bubbl .. is tro. ano ther ph.... Preli mia&ry cruahinc 

exp.rtm.nts vith boch ,lycerine and kerol.ne indicated the pre.ence ot 

botb CO2 and m.thane, or poas ibly. a more complex hydrocarbon. 

A total ol 4 1  free.inc-point d.pr ••• ion �.asure •• nc. vere obtaioed 

tro. tb. Ti,.r W .. h dis trict fluori tes (PiCure 14).  Th. lalini tie. 

clust er tiChcly at 17 to 1 8  perc.nt. Twency .ev.n freezior-poiot 
, 

d.p r ••• 1on �.asure •• nts v.re obcained tro. the eas tern Rarquahala 

di. trict prosp.cts. The MaC! equivalents ot the Snowball Mine rang. 

trom 16 to 1 8  percent . The Nael equivalents for the Weldon Mioe rang. 

froa 1 6  to 20 p.rcent. 

Th. fluid charact eris tic. fro a the Snowball �in. are not no cably 

d1l fecent fro. tho •• of the barite- fluorite prospects in the Ti,er Walh 

district. Th. unc.rtainties over coapre.s 1ble ,as content rend.r che 

ablolut. value of che Nael equivalent ol unkDova .ianificanc.. The 

fact , however . that the NaCl equival.ncs are h1,h. 17 to 1 8  p.rcenc . 

and all clus ter ti,hely tOI.ch.r re .. ins ac table.  The n.arly ident i cal 

.al1nitie. luc,e.t all of th ••• occurrence. evolved trom the sam. 

hydro theraal .y. te.. Th. bi,b Nael equivalencs for an epith.raal 

deposit . even vhen corrected tor as much as 7 p.rcenc CO2 vh1ch would 

require a 50 p.rcent .alinity co rrection o f  t he average NaCl equiv al ent 

to 1 2  percent, places the Ticer Wash- forminc hydroche rmal s olut ions ac 

chI exer • •• ead of .alini tie. for e pi th.rmal .ys tems (Roedder , 1 984 ) .  

The hi,h lalinitie • •  uc,e.t ei the� a ..... t i c ,  metamorphic. or basinal 

brine coaponent to the fluid. re.poaa1ble tor Ticer Wash di.crict 

�ineralizat 1on (Bean. and Wi lkins , 1985)  • .  

Bypoth.tical Mechaois ms for Barite-Fluo ri te Mineralization 



Bolland .Dd M.linin (1 9 7 9 )  outlin.d lik.ly a.ch.n1s=s for b.ri t • •  nd 

fluorite pr.cipit.tioa. Vi.bl • •• chant ... for fluorite pr.cipit.tion 

includ • •  n incr .... in .aliDity , d.cr •••• in t •• per.tur., incr •••• in 

pH, .Dd a1%1nl of fluorine-be.ring .olutions with c.lciu.-rich 

solution.. Vi.bl • •• chanis= to pr.cipit.te barite includ. d.cr •••• d 

total N.Cl , d.cr •••• d t .. p.r.tur., .Dd =1x1ft1 of conn.te brin.s with 

hydroth.r=al solution •• 

A co.parison the fluid ch.r.ct.ri.tic • •  Dd .tyl •• of =in.raliz.tion 

of the d.tach •• nt-ho.t.d d.po.its  in the Karquahal. di.tri ct to tho •• of 

the Til.r Wa.h di. tri ct p.r.it. t •• t ing the .aau.ption that the h •• t 

.ourc. for upper-plat. ain.rali zation 1. the .l ••• t.d I.oth.r=al 

,radi.nts of the .iddle- cru. tal, lo •• r-plat. rocks. Iy ••• u=inl fluid 

flow fro. the d.tach •• nt .urt.c. into the upp.r plat., the diff.r.nc •• 

in fluid charact.ri. tic. betw •• n the 100 •• •• rv •• to aod.l the .fficacy 

at ain.ral-pr.cipitation •• ch.nt .... 

tn co.parine the char.ct.ri. tic. of the W.ldon Min. fluori te fluid 

inclu.ion. to tho •• ot the Til.r W •• h di.trict , • w •• k ca •• can be .. de 

for a •• linity cradi.nt , but a f.irly ' 1Inificant teaper.ture gradi.nt 

can be interred fro. the ho.og.niz.tion t •• perat ure differ.nc •• betw.en 

the ar.... Th. clutt.rine o f  the W.ldon ho.ol.n1zat ion te.peratur.s 

.roUDd 21,0 C contr .. t. with the Paleozoic-block, fluori te 

ho.oleDilation t •• per.tur •• th.t clutt.r .round 1 950 C and e.en aor. 

aark.dly .0 with thOi. of the White lock cl.i •• th.t clu.t.r at 1 5 5 0 C. 

Th. d.t. 'USle.t a 600 C t •• p.ratur. di!f.�ential betw.en the precious 

a.tal d.t.ch.ent ho.ted fluo rite ,.ngue .Dd fluorite fro= 5 k. to the 

northve s t . 

Ef ficacy cal culat ion. based on this 60° te.perature d i f ference, 



ther.oche.ica! data fro. Ri chardson and Ro lland ( 1 91 9 ) , and ch • 

... uapt ion thac the Whic e Rock prolp.cts have a c o c al o f  100 c an. of 

fluo ri c e  chat vaa d.po. iCed t ro. 2 molal NaCl solu ciona , yt .ld a flov 

rac .  o f  l�O ,OOO lit.rs/y.ar for 100 , 000 y.ars a. chi n.c.ssary vol ume co 

d.po. ic 100 toa.. Th. 1 to 2 p.rcanc t o c al  .al inicy diff.r.nca b.tw •• n 

the Waldon and tha Whita lo ck clai .1 is too •• al l  to b. s ignif 1cant 1n 

viaw o f  th • •  xcenliv. uncar t a1nti • •  of th • •  a calculationa. In any cas. , 

a d.cr •••• in .alinicy caul •• dis.oluc ion of tluo ri c . ,  not 

p r.ci pitat ion, thu. r.nd.rin, s.linit y  change an unlik.ly caus. o f 

fluorite pr.cip iCat ion in the Ti,er W •• h dis t r1ct. Non. of chi 

ob • •  rv.ti oa. mada tor chis .tudy can conlt r.in the pOI . �bili ty of a 

chance in pH a. control over fluori c a  pr.cipi tat 10n. Tha fourth of the 

viable .echaa1s •• for fluo ri te preci pitation that Bo lland and Malinin 

(1 97 9 )  dis cu. .  11 the .1x1n, o f  fluori t e- ri ch vat.r. vich calcium- rich 

w.t.rs. So •• ,eolo,ic evidanc. can conltr.in the poI.ibl. 1nflu.nc. o f  

this •• chanis.. The occurr.nca o f  the White lo ck clai.s (Fi,ur. 1 2 )  at 

the f.ult contact b.tw •• n ca1ciu.-baaal t on c he hancinl wall and arko. 1 c  

con,lomer.c. i n  • low.r foo twall .llow for risin, fluorine rich 

solution. aixina wich fluids in .qui libriu. w i th the upp. r  calcium- rich 

be. al c .  

The di f feranca in fluid ch.racc.ris t i cs fro. the We ldon Mine c o  che  

Whi t. Rock p ro.p.cts can also b. u • •  d t o  te. t t h e  vi abiliey of 

•• chaais • •  for barita precipitat ion. O . iac tha charmoch • •  ical dat a f ro. 
Blount ( 1977 ) .nd the a • •  uaption o f  2 molal NaCl sol ut iona , a 900 con 

barite depo. i � can b. ,en.ratad by ••• a. of the 600 C diff.r.nca at a 

rat. of 3�O,OOO li cars of bydro t har.al fl uid per y •• r tor 1 00,000 

y •• rs. O . in, tb. 2 percent v.i,ht NaCl equival.nt diff.r.nce trom che 



Weldon Mine to t he Whi te Rock, and a •• um i na  t he  fluida were at 2000 C 

and 500 bara , Blount '. ( 1 97 7 )  data .how. a rate of 350 , 000 li ter. 

hydrother1lal fluid/year for 1 00,000 year. would allo yield the 900 tons 

of bari te. Non. of the r .... rch .nlal.d hare l.nd. direct bearing on 

tbe aix1nc aodel for barite d.po. ition. The ' Ulla.tion that detach.ent

relat ed , bilh-salinity fluids aay ha.e a baainal brine coaponent . ( Beane 

and Wilkins , 1 985 ) coupled wi th tha obs.rvatlou that the minu.al 

depo. it ion i. rouahly cont.1Ipa raneau. with vo lcani •• , per.l t s .  but does 

not pro • •  , aizing of hydrotbaraal f luid. with ba.in brines. 

A Modal f or larit a-rluorite Minaralizat ion 

Tha pre cl.a cbronolory of a inaral1zatiou with r •• pact local 

fault inc and datacha.nt tau1t 1D1 r.aa1us elu.i.e. Th. ab •• nce of bed dad 

d.po.1 t. ,  which on. allht Ul)eCt i f  the alnaral1za t ion c01lpl etel y  

preced.d faultlD1 , aake. a coapl e tely pra-defor1lation orilin W1l1kely. 

Tha pre.enc. of barite claa t. 1n f ault breccia at the north.rn.o.t of 

the occurrence. place. an upper .. e bracket on 8ln.ralizat ion, and 

de .on. trate. that at l.a. t .01le of the minaral ization wa. 

cont e.paran.OUt with taul Un,. The aaat-northea.t to north ... t offset 

of the Ti,.r Waah pro.pects f r08 the Weldon .ine i. con. is tent with the 

•• us. of of fs.t alon, the Bullard detach •• nt. If t he fluid. flowed up 

into the upp.r plate and t he Tl,er Wa. h  occurrence. are the upp e r- level 

.zpr ••• lous of the W. ldon 8ine 8ineralization, th.n th. mln.ralizac ion 

occurr.d before tha final 4 to 8 kiloaet.r. of off • •  t along th. Bullard 

de tact.ent . 

Th • .  hydroth.raal lTadl.nt 18plied in drawinl a .cure. 11n. fro. the 

Waldon Mine in the Rarquahala di. t ri ct throuch the Paleo zoic-b lock 

fluori t e  pro.pact to the Prince •• Ann prolp.et and be yond to the Whi t e  

/ . 0 



Rock clai ms su" •• t s  an evo lut ion of fluids. Schematically , the fluids 

s tare a. fluorina and barium ri ch at 220 0 C, than flow Qor�hea. t 

toward tha 'alao zoi c  block whare a coolin, of l� o C cau.a. preCipi tat ion 

ot fluori t e  and sino r .ullid.. . 'urt har flow to tha Princ e s s  Ann 

prospact is attendad by a 2�o C te.parature drop and a sli,ht d1 1ut1on 

ot 1 to 2 weiCht perca= NaCl , whereupo n bari ta aad fluorite are 

depos ited. Ta.parature drope cente red Oft the low-anile faults ot the 

Whi te lock area cauaa furthar bari te aDd fluori te d epoaition. The fluid 

is tharaat ter s o  dapleted in fluorina that only bari te precipitates upon 

furthar coolin, in tha northarnaoat prospa cts . Il ona allows for 

coolin, .. tha only mechanisa for fluori te precipitat ion and coo lin, 

eouplad with dilution for bari ca praci pitation, fluids taka 150,000 and 

1 7 5 ,000 yaars ra.pactively to account for an estisated 1000 t ons of 10 

parcant fluo ri ta an d  90 parcant barite. 



AGOILA DISTllI CT 

Introduction 

The A1uila .aft,ane.e di. trict , located in the ve.tarn and wal t

central Ita Born Mountain, ranks .. the .ecODd ,raatest producar o f  

aaD,ane .. in Arizona. Production va. 186 , 1 1 7  lb. (Welty a t  ale 1985 ) .  

At th. pre.ent-day price o f  7 0  cents per pound of aan,ane.e, production 

fro. the A1uila dis trict is valued at $32,000 , 000 , vhich i. thirty ti.es 

the value of li,horn ,old di. tri ct production aDd ten tlae. the value of 

0. borne district production. 

Pre.ioua In.es ttaatiOD. 

The lnd1Y1dual aine ,eolOlY, de.elopaent .tatUl , aad production 

history of the "uila district are de.cribed 1n Jone. aDd lan.oae 

( 1 9 1 9 ) , Willon aDd lutler ( 1 930) , aDd Parnha. aDd Ste.art ( 1 958).  The .. 

author. focuaed OIl ore-body leo.e tri .. , localizinc .tructure. , and aaj o r  

feature. o f  ho.t litholo,le. and par aaeneli.. The ir work i. the ba. is 

for the indlvidual pro.pect tabulation (Table 6 ). The early workers did 

not addres. the relatioDlhip of the ainerallzatlon to dl. trlct-wlde or 

relional .tructures. This pre •• nt .tudy va. directed at understanding 

the influence of relional .t ructure. and hos t-rock type. on 

llineralizatlon . 

Welty et ale ( 1 98 5 )  characterized the di. trict aineralizat ion and 

. tau that the abulldaDce of aaD,ane.e pro. peCCI bolted 1n aid-Tertiary 

volcanic. require. that aineralization be aid-Tertiary or younler. They 

did not di.cu.. the po •• lble relatioDlh1p to detach.ent event • •  

Geo lo,lc Sett1n, 

The re,ional .etting of the Alui la distri ct 1. the .a.e a. the Big 



, t , ur l  1 ' . Ou c cr o �  aa� o f  O.ad !o r' l ba.al e ,  s c rU C C U � I S , and s i n. 
l o ca c i oa. t o r  c h i  Acui l a  aaa,aa .. . d 1 l c r1. cc . As .ays fro lll i a d t .., tclual 
pro.�.c:. (Tabl. 2 )  are froe hi,h arad. clua p  saa�l... Iad1v1dual 
pro.�.ccs ara d.scribed 1A Tabla 6. 
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PROOU(:T I OV 
OEVElOPt1Etn 
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t on .  ave . 
22 . 8  " tin . 
a. l o n g  I n
c l l n . o f  
unk . dep t h ,  
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HOST 
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STRU(:TURE/ 
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3 v e i n  f r itc t u r  .. 
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w i de and .ep.r a t ed 
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1 . � � w i de ,  t he 
o t he r  1 20. X 1 
t o  1 . 5f • •  80 t h  
a t r l k e  n o r t h  

w i  t h  u .. e p  d l  p s  
Th. e •• t ve i n  
d l  p .  t o  t he 
tr it _  t ( 1 ) , t he 
ue s t  v e i n  d l p 5  t o  
t h  .. "Ie. t • 

11 I NERAlOGY/ 

GE OCHEt1 1 STRY 
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o x l d  •• • 

Py r o l u l. l t  .. and 
ar.d . ome 
p .  I 1 of.el iIIn e • 

C . l c l t e  I _  
IPaj o r  gan gu e . 
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8 1  act. 
R a", .n 

O l ack 
Rock 

..... 1/4 Se� 
I ,  T 4H  
I U O,",  , 0 1  g 
Ho r n  1 5 ' . 

t.fE 1 / 4  
S.c 34 , T �  
Rgw , O l g 
Ho r n  1 � ' . 

�OO t o n ,  
ave . 2� tin .  
O.v e l o p  ... n t  
, t a t u ,  
u n k n o",n . 

1 �8 , �66 t o n ,  
av . .  1 ' . 8� 
tin f r oM 
1 9�6 t hr o u gh 
1 '�9 . Op.n 
270M I n  
d l  ... t .r and 
1 1 0M d •• p .  

And .any 
ad l t , .  

l a t .  
Cr . t aceou l. 
.on z on l t  • •  

Oa,al t 
and t u f f . 

1 0  o r  ",o r .  
, • •  I n , .  So",e 
•• t end f o r  60 t "  
90 .. .  T h l c t. n e " e, 
r ang. f r oM O . �  .. 
t o  .2 . � .  
A t  t I t ude , v ar y  
g r . a t l y . Ho , t  
ar e e i t he r  n o r t h  
t end i n g  an d 
. t e.p l y  .w • •  twar d 
d l "p l n g o r  ea. t 
. t r l k l n g and 
Mod.r a t e l y  .ou t h  
d i pp i n g .  

Hangan e . e  I .  
l o cal l z .d b. tw . 
t .... . t r  I k l ng .od
.r a t . l y  NE 
d l  pp I n g  n o r.al 
f au l t . .  H l n . I ,  
a t  t he t "p " f  
t h. Dead Ho r •• 
• •  c t l  on I n  t h. 
han g l  ng wal l o f  
t he r .g l o n a l  

I I  t t t e  tlo r n  P.ak 
f au l t • 

Py r o l u . l t . ,  
.angan l t .  
p . I I "",. l ane • 

Abundan t 
c a l c i t e .  

P s I J o",.l ane 
py r o l u  •. 1 t .  
", angan I t e ,  
c a l c l  t e ,  a 
q t z . An t hony 
and o t he r .  
( 1 97 7 )  
r ep " r t 
R am sdel l I t • •  
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t he hang i n g wal l 
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s t r i k i n g ,  Mo der 
a t e- t o  l ow- an g l e 
. o u t h  d i p p i n g 
n o r  ... l t au l t .  

t in o x l d  • •  
C? ) • 

Py r o l u s l t .  
e a l e l  t e ,  
and q u a r  t z . 
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an e x  t en a l  " e  ,. .... 
• t r l k l n 9 51-1-
d l pp l n 9 moder a t e 
t o  1 O"J- an�d . 

no rmal f aul t • 

Py r o l u -. l t .  
SOMe 
p . 1  1 o",el an . 
and cal c i t e .  

py r o l u . l t e  
p . l l omel ane , 
",a9n e t l t e ,  
I I Mo n l t . ,  
and .bun dan t 
c.l c l  t • •  



ro 
a 

Kn abe 
. 4  

Kn abe 
.6 

l l o n ' a  
Oen 

SE 1 /4 Sec 
3 3 , T 5f.1  
R9W , D i g 
Ho r n  1 5 ' . 

S 1 / 2  S.c 
32 , T 5N  
Ra .. , 
D i g Ho r n  
1 5 ' . 

NE 1 / 4  Sec 
25 , T5N 
R 1 0W ,  Lon. 
H t n . 1 5 ' . 

1 2 , 00 0  t o n a  
l ow g r ad •• 
acr •• n.d t o  
y l . l d  1 00 0  
t o  2 0 0 0  t o n a  
o f  a c r e.n ed 
•• t .r i al 
• u. . 1 r" . Hn . 
Ov .r . l l 370. 
aqu . .. .  op.n 
p i t a .  

1 000 t o n a  � 
tin .  25 X 1 6M  
op.n p i t .  

600 t o n a .  
1 2  X 3 X 3nl 
o p en cu t .n d 
i n c l i n . .  3nl 
d •• p o p .n 
cu t • 

Pr eciObr I at. 
( 1 )  
Gr an i t e .  

Two f .. ae t u r .  
z o n . . . E . a t z o n e  
i a  1 8  X 32M . 
Wea t  l a  �O X 6 t o  
91ft .  00 t h  a t r  Uc . e 
t o  t he n o r t h  and 
d i p . t .ep l y  t o  
t he we. t • 

P r . e ambr l an Sh .... o r  b r ecc i a 
gr .n l t . .  Py .. o l u a l t . ,  

O a a a l t .  
and t u f ( . 

z on e  30 X 1 0  t o  
c a l c l  t e  and 
1 6M  w i d. .  No r t h 
t r .nd l n g .  

O r ecc l a z onea 
30. X 3 to 7M . 
Zone a t r l k .a t o  
t he n o r t h .  Zone 
i a I n  han g i  n g  
wal l o f  a n o r t h
t r .n d l n g  a t e.p 
l y  .aa t er l y  
d i pp i n g n o r.al 
f au l t • 

Py r o l u a l t . , 
e a l c l  t . , and 
q u .r t z .  

Py .. o l u . i t e ,  
c a l c i  t . ,  and 
q u ar t z  • 

Hn o x i de 
c a l c i  t . ,  and 
i r o n  o x i de .  



� 
� 

Pum i ce 

Ro .d. l de 

Sambo 
Agu l l .  

Unn amed 
• 1 

Unn amed 

• 2 

SH 1 /4 S.c 

1 6 ,  T SN  
R ... , 
Agu 1 1 . 
1 5 ' . 

Mol 1 /4 Sec 
28 , T 5N  

• 
R 9W ,  B i g 
Ho r n  1 5 ' . 

SH 1 /4 Sec 
36 , T 5N  
R ... , 
Agu l l . 

SH 1 / 4  Sec 
23 , T� 
R gw , 
Agu l l .  
1 5 '  . 

NE 1 / 4  Sec 
25 , T5", 

R 9U ,  B i g 
Ho r n  1 5 ' . 

Sev . r .l 
hundr .d t o n .  
o f  l ow 
g r .de . Op en 
cu t • •  n d  
5h.l l ow I n c l i n e 
.h.1 t .  

Sm.l l . 1 0  X 
3 X 2M cu t • 

4 300 t o n .  
p l u s  . t  39"'A 
Hn .v e .  
gr .de . 30 X 
• nd 3 .h.f t s  
3 t o  7m 
deep . 

No 
p r odu c t i on .  
H l n o r  p i t • •  

No p r o du c t -
1 0 n . H l n o r  
p i t !  . • 

B ••• l t .  
.nd 
Sug.r 1 0 .1 
r hy o l l t  • •  

B a  • •  1 t .  

B • •  a l t .  
and t u f f .  

Pr ec..-br l an 
g r an l  t e .  

T u l f . 

Ve i n • •  nd 
b r ecc l . z o ne • •  
H.j o r  f e . t u r e . 
.r e l o u r  v e i n .  
r .n g i n  9 I r om O .  8 
t o  1 . 8m I n  
t h l ck n  • • • • On e 
occu r r .nce had 
I r r egu l ar .e..-. 
o u t cr op p i n g o v e r  
600m . 

Two f r .c t u r e  
z o ne . . ..... .  t z o n e  
I .  3 0  X 1 t o  2M .  
E • •  t z on e  I .  90 
X 6 t o  9M .  Bo t h  
t r .n d  no r t h o  

Ov . r  1 0  ( r .c t u r e  
z on.. . The mo . t  
ex t en . l v e z one 
I .  30 X 1 � .  The 
z o n  •• t r .nd n o r t h .  

Unk n own g.ome t r y  
.n d o r l en t . t l o n .  

Un k n own geom. t r y  

an d o r i en t a t i o n .  

Py r o l u s i t e ,  
mang.n l t . ,  
cal c l  t . ,  . n d  

q u ar t z .  

Py r o l u 5 1 t e 
.nd c al c l  t • •  

Py r o l u . l t . ,  
....n g .n l t e , 
p . l l omel .n e ,  
.nd c a l c l  t e  • 

Hn o x l de • • 

Hn o x i de • 
( ? ) • 



<» 
r 

Val l ey 
V i ew 

'''ebb 

Jt 
! 

....... 1 / 4  Sec 
20 , T 5N 
R81 .. , 
Agu U a  
1 5 ' . 

SE 1 / 4  S.c 
1 9 ,  T 5N  
R gw , 
Agu i l a  
1 5 ' . 

1 30 0  t o n • 
• •  t I ",a t ed .  
Open cu t • •  

S.v e r a l  1 00 0  
t o n .  0 '  l ow 
gr ade . 30 X 
6 X &. 
I nc l i n e .  

B • •  a l  t .  

Ba.al t 

Fou r v e i n .  30 t o  
60.. ap ar t o  Th. 
,"aj o r  v e i n  I .  
t he Val l ey V i ew 

wh i ch .x t end. 
' O y  over 330 • 
an d y an g  • •  ' r o .. 
0 . 3  t o  3M i n  
t h i ck n . . . . Al l 
o f  t he v. i n . 
• t y l k e  ••• t -w • •  t 
and d i p  . t eep l y  
t o  t he . o u t h .  

Two ' r ac t u r ed 
z on e .  24M ap ar t .  
No r t he r n  z o ne • •  
4 5M  X _ .  
Sou t he r n  l one 
• •  20 X :5 t o  
6 . 5fft . Bo t h  ar e 
e •• t -we. t 
t y .n d i  ng and 
. o u t h  d i pp i n g _  
Zon • •  ar e I n  
t he han g i n g wal l 
o f  an ex t en . i v  • 
.. o d.r a t .  t o  l ow 
an g l e no .... a l  
t au l t w i  t h  t he 
5 ame a t t l t u d. 
e5 t he z o ne • •  

t1angan I t e , 
p y r o l u . i t e  
p 5 i l o.e l a n e , 
and abu ndan t 
c al c i t e .  
Hew i t t  
( 1 964 ) 
r ep o r t .  
f l u o r ' t .  and 
bar ' t .. 
an d an 
a • •  af . - - __ -. 

v-t tifd i n g  2 .  9"-� 
0 1 . Ag/ t o n  ') . and 1 5� Pb . 

Py r o l u 5 i t e ,  
50Rle 
p . i l om.l ane 
and c al c i  t • •  



(l) 
(}l 

Y a T n el l t-IE 1 / 4  S�c 
20 , T �  
REI" ,  
Agu 1 1  a 
1 5 ' . 

P T o duc t l o n 
no t d l f f e T 
Im t I a t ed 
f r o", t he 
Val l ey V i ew .  
Open cu t • •  

-

Oa.al t .  V. l n . a r .  t he 
w •• t e r n  ttx t en 
. I on o f  t he 

Val l ey V i ew 
v tt l n . .  Or l .n t a
t l on .  a r e  t he 
s .... a .  Val l .y 
V i ew .  

A • •  um.d t o  
b. . .... a .  t htt 
Val l .y V I  ew e  



Ba rtl cUnric:t. 

GaololY at the Mangan • • •  Depol it. 

A g.neral ized d • •  cr1ption at the mangan • •  e occurrences is al fo llows 

(l'antha. and St evar t , 1958): 

Th. indi9idual d'POl it. range fro. narrov veinl .  
vith I.all but .nrich.d or. Ihoota . t o  vid. Ih.ar and 
br.ccia zone. ot lower grade aat.rial. The chi.l  
.. nlane.e aineral. ar. the co • •  on oxides . u.ually 
occurrin. aa a aixtur. of pyrolU8ite.  pltloaelan • •  vad , 

and aanlani ce. The ganlue i. co.poa.d tarll1y of 
calcite,  quartz:  and unreplaced fra,.ents at vall rock. 

!he individual occurrence de.cr1ptiona are summarized in Table 6. 

Roat llocK. 

Manlanese aineralization occurs 1n the Pro terozoic granit •• Late 

eretaceoua aonzodiori t e. and Mi ocene Dead Ror.e balal t and tutf.  Sevea 

occurrence. are in the Proterozoic �anite . two are in the Late 

Cretaceous monzodiorite. el ... n occurrence. are in the ba.alt .  and two 

are in mid-Miocene tull. Many of the ba.ale-holted occurrences incl ude 

minor aaoune. at biotite  tutf. Ninety-thr.. percent of the tocal 

produceion v .. tro. depo.it. hoa ted in baaalt .  The re .. inin, fract ion 

at production ca.e fro. occurrenc •• hoa ted in Procerozo t c  ( MlDS . 1 9 8 3 ) .  

Structural Relat10na t o  Mineral ization 

!he '-uila dis trict 1. c01ncident with a regional ant i form described 

by lehril ee ale ( 1 980 ) .  All of the mangane.e occurrence. are 

localized alonl tectonic structure. , and aone are scracatorm. Nearly 

all of the produceion tonna.e v.. localized ae che top of the Miocene 

sect10n proxi •• l to r1110n.l aorth-norchve . t-strikin., norchea.t �nd 

louthve. c-d1ppios .  low- to moderace- angl. . norm. I faul ts (Figure 1 5 ) .  

!h e  e • •  c ernaol t occurrence. ,  1n the Pua ice group, are localized along 



rouchl y ... t-v.s t .tr1kil1l , . outh-t!ippin, structure. . Int!ividual 

aancan •• e pot!. ar. localiz.d alon, alnor hilh- an,le noraal fault.. Th. 

cro • • • ect10n of the .outh- facin, wall of the Jlack lock ain. , the 

aaj or produc.r of the t!l. trict,  illuatrat.. the 10cal izat10n of  

aan,an ••• pot!. alODl .aall . cal • •  tructure. (P!lure 16).  Th. tvo 

lar, • •  t ainel , the Jlack lock and the PUlat t ,  are locallzed at ainor 

1nfl .ction. 1n the faul t trace.. Tb. Pro t.rozoic-ho.t.d occurr.nc •• are 

al.o.t .xclu.iv.ly loc.l iz.d alon, north- tr.nt!inl, .t •• �ly v •• t-dl p�in� , 

fractur •• or , �o •• ibly. fault.. The De • •  rt 10 • •  ain., ho.t.d in tat. 

eretac.ou. aonzot!1 0ri te� 1. along a .tructur. th.t .trik •• N10� and 

t!ipe SSo$! .tructur •• 

fiaia, of Kln.ralization 

W.ll-�o •• t! ,.olo,i e r.latioDl in t he Jlack lock pit con.train the f 
ti.il1l of aln.rallzation vlth re.p.ct to re,ioDal detach •• nt ev.ntl.  

th. plt floor of the Jlack aock aine ( PiJur. 16 ) i. Prot.rozoic s chist  

and m.i • • • •  , wh.rea. the plt v.lls are Kioc.n. ba •• lt. Th. contact 

batv.en the tvo unit. 1. the Littl. Rom Peak noraal fault vhi ch s t rik.s 

N30OV , and t!lp. 200SW (aeynold • •  t al., thi. volua.) . Kiner.lizat ion 

doe. not ext.nd into the footvall , .0 .in.ral i za t ion probably started 

af t.r the OD.et of faultin,. th. pre.ence of aangan •• e a1n.ral • 

•••• rad alol1l ainor fault. 'UlC •• t. th.t the .ineralization vas , in 

p.rt , pre- faultin,. Th. ov.rall fi •• ur. fillln, and vein charact.r of 

the .ineraHzation. however, aak •• it unlikely that Ilineraliza tioa vas 

.ntir.ly pre- faul t in, becau.e one voult! .spact .o.e .tratafora .angane • •  

occurrenc •• if pre-fault ing •• ngan • •  e pr.ci pi tation bad occurred. S ince 

traDl lat ion along low-to aod.rate-angl. fault .  1n the u�.r plat •• of  

detach •• nt regi ••• i. cont.aporaneou. v i th detacha.nt faul ting , and the 

- -



'i,ure 16. Geolo(1c cro ... ,.ct10ft ot ch. louch- facio, wall o t  eh. B l ack 
ltoc: k a in •• 
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eineralizaeion appears eo be conc .spa ranaoua vith faul t inr. the 

aiaeralizaeion 1. coac.sporaneou. vich aiddle T.rtiary decachsenc 

taul cinr · 

All ot che A«a1la dl. crice ocearraaca. , excapc tor the Vall., V1 •• 

pro_veec. ac che ... cara .ad of che di.tricc.  con. i.c of .an,anes e  

oxide. l n  a raacue ot calclca , aDd , la.a cossoftl y .  quartz. P S i lo .elana 

and Prr0luait. ara the soat abundanc sangana.a a1ne ral . .  bac .an.ani t. 

1. locally pra • •  ne .  Raa.dallita ,  a rare aangana.e o�ida . 1. f.ound only 

at tha Black lock Mine (Anthony at al., 1971 ). Ra.a t t  ( 1 9 7 2 )  1 .p11 e. 

ehac ao. c  ot che ..arana •• o�da. are h�lene and conca.Doraoeoua v ich 

cal ci c .  NO relacioaahip ... e.cabll.had betwaen quartz and the ra. t  a t  

che suice. The 'allay 'le. Min. di.play. layar. o t  barica and fluori t e  

cryscal. that alcarft&ca . i c h  black calcica CRa.e t c .  1964). Th a  s equence 

ot davo.icion in a •• ll-&ZDO.ad Ya1n ... : aancane •• o�da. tollowed by 

fluori t . ,  barita, and calc1 t. CRa •• c c .  t �64). Ra.atc ( 1 964 ) ao te. thac 

aan.ane.e ainaralizacion hoat ad  in ..tic yolcaa1 cs i. ubi¢u1 eou.l y 

... ociacad wich tbr..-quarcer. to .hol .. ala raolac.sant of pla.io clase 

by adul a ri a .  

To �racter1za or .. for�inr tluid. , tlui a- inclu.ion noeogen1:a c 1 on 

teaperacura. aDd fr ... 1ar po lnc depra •• 1on. vere dac .�inad tros calclte  

thac 1 . ... ociacad .ich saftlane • •  oxida. ln tha cha alack Quaan and 

Vallay Vl .. pro.peee. ..ra selacc ed. Fluid inc lu.lon. tros bo th 

pro.Decc. ara jarred or elon.ac. in out11na and concain liquid �lu. 

vapor. The Slack Qu .. ft inclu.1on. avara,a 20 .i cron. in c hair l arge s e  



d1a •• ut> ad ranl.d fro. 9 to 1 2  p.rcaDt 1D "apor contaM . Tha Valley 

Vi •• iDClu10u par .. a 1 m.croM iD th.l r larla.t dla.atar aDd ha"e a 

a.Dilcs. ara fouDd lD a1 th.r •• t of fluid lDclu1oM. Tharafore , thare 

1. probably 11 ttla to DO CO2• 

Tha cl1fUc:ulty of UDdiq 8U1table 1DcluiloDa pera1tted 

ho.ola�izatioa dacarm.Dat1oaa oaly on four iDClulo�. fro. the !lack 

QuHD ad m1DatHn tro. the Valla,. Vie. aiDa. Th. datarainat 10na are 

.pr.ad froa 2000 to 3400 C with a .ao fro. 2800 to 3100 C and a .o t i tary 

datar.1Dat lo� at 3700 · C  Crllura 1 3 ). Jo i�clul�. fro. the Black 

Qu •• n alD • •• r. fou�d au1tabl . �or trees1DC-polDt daor •• aioD 

d.tara1natlou. 'our iDcluio�a tro. the Vall.,. V1 •• M1D. yl. 1d.d 

frees1DI polDt d�raaai�a that all claatarld around 1 to 2 percant NaCl 
• 

co.biD.d .lth tha aaoaaloualy 10 • •  aliDi ti.a 'UCla. t  the .olutioaa vara 

boll1DI at tha t1 •• of dapoelt10D of calcita. Tha pauclt,. of the daea 

and eha Clacked app .. ra�ca of  the tDclualoaa placa tha •• conclu. 1 0na 1n 

Gaa.ai. of tha Aluila Di. tr1ct 

A ta. _.�ara11tla. about eha Aluila dia trict e.er,e fro . field 

ralatiou ad oba.r9at10D. of par .. ana.l • • • iDeraloli eal ,  aDd alterat lon 

c .... tt . 1964 . 1972).  Tha Aluila occurranca. are calcl ee-do.iaa t ed ,  

o f  a aaUc 901caa1c flov .equetlca aloae I taao local . truccur.. chae are 

ancillary to axtellei"a ralional 10'" to aDdarace-anlle noraal taul ts.  A 

hot .prinea oTi�n 1. 1ndicat.d by ehe fol lovinc : (1 ) .ode m analocs to 

Alui l.- llke, aan.ane •• "e1n .,.. te.a (H.vatt , 1 964 ): (2 ) the location of 



.oa t at che occurrenca. ac che co� ot che Mioc.ne .eccioa: (J ) aad che 

f l u1 d- 1nclu.10a charact ar1sti c •• 

!o 1linl ot che fluid. in che ve. tarn and vest-eancral port ion of c�e 

Iii 80ra Mouataina v .. pro bably facili ta eed by che hi,hly fracturld 

eharact ar ot che ba8alc.. The hilb tracture denaicy .1,he be a rlsul e 

of t rac:uriac durinl che lor.atioa of che lie Hora Mouneain.'  ane i form. 

In che Mi dway Mountaina o t  .outhe .. earn Califoraia. .&Dlanese vl1n 

occurranca. arl tound in tanl c ars above ant 1 torsl in cha uadlrlyinl 

detach.lnt- faulc (Jeri IC al.. 198 2).  H che antitor. described by 

aehri l  Ie ale ( 1 980 )  is a refllct ion ot an arch in chI dlcach.lne 

�face, a re lationlhip .ay Ixts t bee.lln racou.i cil. in undlr lyinl 

deeach.ent surfac .. , f raceure denai ty  in up,a r placl rocks , aad 

conaequnc permeability. 

The .ourc. of che aanlane.e and ot che hydro chermal fluids in che 

hoc .prices 1 • •  or� probll.aeic. Moet .cud1e. o t  ho cs�rinll dlpol t es 

reveal a do.ioanc ly .ec loric ori�in lor ehe fluids ( �i e  • •  1980 ) .  Oue 

place te. coa.craint. oa che ori l1n of .ecals. Revlce '. ( 1 964)  

obler9acion of po e  .. liu • •  eealo.act . .  ubiqui cou. ly allociaced wieh 

.af i c-vo l canic-holeed aaalane •• occurrlnc •• aad the , rl.enCI ot  " incln.1 

t-.ecuo.ati •• in che 11� Sam Mouncain. (alynold. Ie al • •  chis vo lum l )  

sue ••• e a ,eaeeic .ode l solely de�lndlnc oa t- ri ch .  r.O,- blarin, 

solution. rlace1nl with .at1c volcanics . 

M .... balanc. calculac10na 1ndicacI chae al eerac10a ot 20 ,Irc.ne ot 

che coeal plal1oclaa. in ch. ba8alc of ehe ve.eern 1il 80m Mounea1ns co 

adularia caD accoune tor all o t  ch. calci cl obler9ed and 10.. of che 

.an'.n.... Th. ,enerac ion ot calc1c I t. a conlequenc. of cat ion 

.xchanle of ,0eul1u. tor calciua ,  conlequlne .uolr.aturacion of fluids 

wic h  �lciu. , and concurrlnc t •• isc1bt l l 1.�a rae 10n ot CO , durin. 



boilinc. Th. a&ft.an... 1. pr •• u •• d to evolve durinc �-m.ta.omat1.m of 

pla.1ocla •• becau •• adularia contains betw •• n 2 and 10 time. l •• s 

a&ft.an ••• thaD int.r •• diate pla.iocla •• ( Wed.po hl ,  1969- 1978).  Cal cite,  

aaouatin. to tv.lv. percent of the total volua. of  ba.alt in  the we.tern 

Iii Born Mountain. and on. ..v.nth the total .an.an •• e produced 

(1 2 , 300 , 000) are evolv.d if on. a •• ume. the follovin,: an average 

content of 10 ppa Mn in adularia, 60 ppa Mn in pla.1ocla.e , 29 percent 

pla.1ocla •• in ba.alt (Turn.r .t al., 1 97 9 ) ,  .uff1c1.nt CO2 in the 

fluid. to ,.D.rat. CaC03 , aDd that 20 p.rcent of the pla,iocla.e in �8 

� cub.d ( •• t1aated total .oluae of ba.alt in the v •• tern Ii, Born 

Mountain. ) i. alt.r.d to adularia. 

Th • • •  calculations , all th.ir unc.rtainti •• notwith.tandin" 

d.mons trate that the o b  •• rv.d alt.ration o f  pl&iiocl ... to adularia can 

account for co.monplac. calcit. ,an,ue and .0 .. of the .an'an • • •• 

AlthoUlh non. of this . tudy coaatra1n. the al t.rat1on of  aaphibole and 

pyroxen. , the r.action of the •• • 1n.ral. with alkali-rich .olution. 

pr •• umably could account for much of the aaDlane.e wi thout having to 

r •• ort to initially aancan •• .-b.ar1n, iolution.. If th1 • •  odel is 

corr.ct . and the .olution. were �-rich . then the • • • olution • •  ay have 

had a briDe charact.r prior to boilin •• and th.r.f ore would be af fine to 

th. T1,.r W .. h hydroth.raal fluida. 



OS!ORN! DISTRICT 

IncroductiOll 

Th. O.born. di.crict i. a It'0u� ot app roximac .ly tv.nt y  Pb-Zn-Ag

Au-Cu occurr.nc.. that clu.t.r in a north-northea.t tr.ad in the .a. t

c.nt ral and .a. c . rn  Ii, lorn Moun t ain. ( ri,ur. 1 7 ) . Th. O . bo rn . 

di. tri ct 1. on. of tv.ney- fiv. siddle T.rtiary b ...... tal di s tricts in 

Arizona (Xe1th .t al., 1 983).  Of th ••• dll trictl tw.nty two are ?b- Zn

A, d o . i nant and t h r  •• a r  • •  il". r-do sinant v i Ch l .... r Pb and Zn. Th e 

Al-do.inanc di. trict. are the .curc. of th. va. t  .aj ority ot  th. dollar 

value f ro .  th • •  i d d l .  T. rt i ary ba • .- s. t al d l . t r i c t s . Th e O . bo rn. 

di. crict rankl ei, hth in t.r • •  of pre •• nt day value of produc t ion t ro. 

t h  • • • • i ddl .  T. rti ary d 1 . crict . ( W. l ty . t  al . ,  1 9 8 5 ) .  Th. d i . t � i ct 

p roduc.d 1 , 3 6 9 , 000 I h .  Cu , 7 , 7 1 0 , OOO lb • •  Pb , '00 lb • •  Zn , 1 3 , 00 0  o z .  

Au, and 1 9 '  , 000 o z. AI (Xe l th e t  al • •  1 9 8 3 ) .  

Mi d-Te rt i a ry ba • •  - .e t al d i . t ri c t .  can b .  subd i vi d.d i n t o  t h o l '  

d i s t ri c t .  t h a t  a r e  ho. t .d 1ft t i l t ed vo l can i c. and t h o  • •  tha t  a r e  n o t .  

Th .  d1. t1nct ion i .  noteworthy 1 n  two relard.. 'i rst . tva o f  the thr •• 

silver-do sinacad d1. tnct. are in nonti1tad volcani cs ,  and the thi rd .  

Min.ral 1111 ,  i .  ho. c ad  1 n  Pinal Sch1. c. Therefor. . the silv.r- rich 

mi d-Te r t i a ry b a  • .- • •  t al d.po. l t . are no t loca ced 1 n  d e t a c n nl . n t  

t.rrane..  Secondly, of the dis tricts ho. t .d l n  tilted \TO lcanic rOCKS . 

the O.borne rank. third 1n pr.s.nt day value of hls coric production. 

Geologic S. t tin, 

The old •• c rockl in the dl.trict ar. Pro terozoic rockl thac cons l s c  

o t  phyl l 1 c .  and . ch 1 . c  in the . a. t . rn hal t o t  t h e  dl s t r i c t  and a r e  

dominantly aaphibo llt. wi th . 0  •• gnel • •  e and nlec:a-.ran1 told i n  t h e  

w • •  c . rn  po r t i o n  o f  t h e  d i s c ri c t  ( Capo • •  t , 1 .  1 9 8 ' ) .  Th . r .  1 1  a l . o  a 



. 1n�le o c cur�.nc. o f  �.bbro that 1 • • • •  um ed to be P r o t e r o z o i c .  The 

no rthv e . t port i on o f  the eli . t r 1 c t  h •• • xt .n. 1 9. ou t crop. o f  L a t e 

Cr.taclou. cranitoid. th.t are t1l'ically Iphene-bearin, granodiori te. 

Unconfor .. bly o"edylq th ... units are the lover and .iddl e  Miocene 

B1, Born vo l c.n1cl , wh i ch are 1 00 0  to 3 5 00 • t h 1 ck and a r e  t h e  p r e

dominant outcropping rock. of the c.ntr.l O. born. di.tr1 ct . The ba. al 

uni t of t h e  M i oc.n • • • q u ence ran, • •  f r om • c o a r s e  sand s t o ne and 

con, l o . e ra t .  to  lah.ric 'Idi •• n't a ry rocks. The .. b •• al elas tic: rocks 

a r. ov.rl ain by ba. a l t  .nd lIa. d t i c and •• i t l  f l o w l  and pyr o c l as t i c  

rocks of the De.d Bo r  • •  lIa • •  lt .e.ber. Overlyin, .nd int.rlay.red �ith 

the D • •  d B o r  • •  ba. a l t .  a r e  a l e ri e l  of rhyo l 1 t l  t o  rhyod aci t e  f lo � 1  

o f  the Old ca.p .nd Bu • •  in�lIird Sprin«. rhyolite • •  The.e tlovl , .lon� 

.i th the o"erlyinl Mine Wa.h .nde. lte. Suearloaf rhyolit. , Moon Anchor 

aDde. lt •• , .nd I.er Io t t l. rhyo lite outcrop in the c.ntral port 10n of 

the d i . t r i ct .  The e a. t . rn  po r t 10n o f  the di . t r i c t h •• M o rn i n� S t a r  

rhyolite .. the ba.al l 111cic flov 1nn .ad o f  the Old Call1'D rhyoli t e. 

Rock. youn,er th.n the B l l  Horn 90 l c.n l c. lnc l ud e  mi d d l e  t o  u 'D p e r  

M i o c . n .  l .nd . l i d e- t y p  • •  e � ab r e c cia. , • •  d 1 m.nt ary br e c c1 a . and 

fan,lo •• rat •• , Middl. Mioc.n. Hot Rock ba •• lt, and variou. ,enerat ions 

of alluvium. 

The .iddl. Tertiary .truc tur •• 1n the O. born. d11 trict are cO�'Dl ex 

(R.yno ld • •  t al , this  v o l u  •• ) . Th • •  aj o r  . t ru c tu r  •• are r e , i o na l l y  

.xt .n. i •• R25 0W- t o  R45 0W - I t r ik 1 nl , dominant l y  louth • • •  t- d i p p in" 

.od.rat ... to low-.n,l. nor • •  l f.ul t • •  A I .t of N20ot- to N80�-. t r1k1n, 

f.ult .  o f  .ppar.nt . tr i k e- . l i p  el i . p l c • •• nc , o f f . e t  or o t h e rw i s e  

t. rain. t e  the lov- t o  .od . r.t ... . n' l .  n o ra al taul t • •  Thr e e  t o  f ou r  

kilo • •  c er. o f  Itrike- .lip off set i .  lu�, •• t e d  by t h e  out cro'D pa tt e rn  

alon, the N45ot- trend1n, fault  that disse c ts the north- cent ral port ion 



. I 

ri,ure 17.  a.borne di. trict proapect location .ap. Individual proapect 
de.c1pt1oa. are found in Table 7. 
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P IO S P E CT 

• l a c k  
P e a � 1  
H l n e 

. l a c k  
Vu l t u � e  
H t ne 

Co n t . c t  
H t n e 

LOCAT I O N  

N V  1 /4 
S e c  2 0  
T 4 N  a 1 V .  
.e l .o n t  
H t  • •  

I S ' • 

N V  1 /4 
S e c  2 I 
T 4 N  I 1 V . 
. e l .o n t  
H t a . 
I S  • • 

NV 1 /4 
S e c  1 1 
T S N  R 1 W . 
. t ,  lI o r n 
Ht  • •  
1 5  • • 

T a b l e  1 .  Oa bo � n e  D l . t � l c t . 

P RO DU CT I ON /  
D E V E LOPHENT 

N o  p � od • •  
o n e  . h . l t  
. nd . o . e  

p l t . �  

No p �od • • 
• I n o �  wo � k -
t n l · · 

No r e c o � d -
e d  p � od u c . 
Two a h a f t  • •  

a n  .d l t .  
. n d  e c a t t -
e � e d  o p e n  
c·u t a  o v e r 

0 . 4  k .  
v n  . t r ' k e  
l e n l t h . 

HOST 

. . . . .  t .  
A I . o 1 1 .0 .  

• f t .  PJ
b e a � t n« .  
t � o n 
o Jl t d e 
. t . l n ed .  
1 0  I 6 .  
p l ul ·  . 

• • • •  I t  • 

G n e  • • • •  

Pod . 0 f 
l a � n e t -
b e a r l nl 
p e K e r l n e -
I � a l n e d  
.a f l c  d t k e a  
a p a t t a l l , 
a S 8 0 c i a t e d 
w/ . I n e r . l -

I z e t l o n .  

STRU CTU I E I  
G EOHETI' 

V e t n .  2 t o  1 .  
v i d e . E x po . e d l o �  
4 .  a t  t n c l t ne • 
E x t e n d  • •  po � . t J c
. 1 1 , I 0 � 1 20 • •  

T � e n d .  N 1 S V  1 0 N E .  

U nk n own . 

V e i n  t � . c e-
a b l e  f o �  2 k • •  

� a nl e a  u p  t o  2 .  
w i d e . A t t i t u d e  
� a nK e a  f r o. N l0 
N S O W , v a r ' e d 
d i p s  • .  t y p ' c a l l y  

.o d e � a t e  

. n R l e  • •  

H I N E R A LOG' / 
GEOCHEH I ST I '  

· H . ' n  l n c l t ne 
h • •  a p e c u l . � t t e .  
c . l c l t e v e t n
I n« . n d  .. u . � t z 
v e l n t nl v . t h  
b l . c k  c . l c t t e 
I n  t h e c o � e . 

H n  o x i d e  • •  

c . l c l t e  • h e  •• -
t l t e .  . nd 
•• n l a n l t e .  

V e t n  o f  
•• y t h e . t  u p  
t o  I • S • • v i d e . 
C h � , . o c o l l a 
f a  c o  •• o n . 
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G e n e r a l  
G r a ll t  
H l n e 

L e a d  
D i k e  
H l n e 

. Lo . t  
S p a n i a r d  
H l n e 

M E  1 / 4 
S e c  I I  
T 4 1  . 7 V  
l e l .o n t 
I S '  • 

I I  1 / 4 
S e c  2 1 . 
T 4 1  . 7 V  
Al u l l a  
1 5 • • 

I W  1 / 4 
S e c  2 4 , 
T 4 M  . ' V .  
l e l .o n t  
H t  • •  

1 5 '  • 

N o  p r od . 
O n e  a d l t . 
I n f l l i e d 
p i t  • •  a n d 
t r e n c h  

N o  p r od . 
O n e  II • •  
o n e  2 4 .  
• h a  I t . 
Cu t .  
a n d p i t  • •  

N o  p r od . 
O n e  10 . 
a h .  f t  • 

O n e  a d l t . 

H u  •• l n« h l r d 
S p r l n l .  
r h y o l i t e 
a n d 
. n d e . l t e .  

L . t e  
It . p h e n e 
be . r l n" 
I r a n o
d i o r i t e . 

R u  •• l n l b l r d 
r h y o l i t e  
a n d  
ba a . 1 t I c 
a n d e . l t e .  
' r e c a . b r l a n 
o r  l e l .o n t  
I r a n l t e  a .  
c o u n t r y  
r o c k . 

2 1 0  t o  2 4 0 .  
l o n l  I 4 5  t o  
60. w i d e  zo n e  
o f  b r e c c l a 
a p p e a r .  t o  
t o  NW . D i p I e  
u n c l e a r . 

6 .- I o n« 
b r e c c l a 
d i k e z o n e  
t r e n d l n « 
M 8 W  7 4 N I 
a t  . a l n  a h . f t . 
S p o r a t l c  o u t 
c r o p a  . h ow 
w e l n  . , . t e . 
e x t e n d .  f o r  
a t  l e a . t  
9 0 .  I n  t h e 
I Ii.ed l a t e  
a .. e a . 

V e i n  I n  
f a u l t  z o n e  
w b • •  a l t l c  
a n d e . l t e  o n  
H W  a nd O l d  
C a . p  r h y o  l i t  e 
o n  ' W .  V e l n
f a u l t  t r e n d 
M 6 5 £  1 0 M  w .  

L I . o n l t e a f t . 
p y  I n  c a J. c l t e  
v e l n t e t • •  I t o  
2 c .  I r r e « " l a r  
v e l n l e t  • •  R a  • •  l t  
I .  p r o p y l l t l c a l t y  
. l t e r e d . 

G a l e n a  a n d 
c e r r u a l t e  o n  
. a l n  d u .p . 
So.e • •  y t h e a t • 

A t  p i t  6 5 .  � F.  
o f  .a l n  . h a f t  
I • •  I n o r  c r y a 
o c o l l a  a n d  
p o a a l b l e  
b a r i t e . 

U n  .. a u a l  . I n e r a l 
a u l t e  ( A n t h o n y  e t  a l  • •  

1 9 7 1 . ) .  A J o l t e ,  c e r r u a l t . 
c r e a . e y l t e , c r o l c t t e .  
h e . l h e d r l t e ,  h yd r o 
c e r r u a l t e .  l a u. o n t l t e .  
. a a l c o t  • •  I n l u. ,  d u f t l t e  
p h o e n l c o c h r o l t e ,  
a h a t t u c k l t e ,  v a u l q u e �  
l l n l t e , w l c k e n h u r R l t e .  
g a l e n a . c h a l c o p y r i t e ,  
h o r n l t e .  c e r r u � l t � • 

• a t a c h l t e , a z u r I t e , q t z . 
f t u o r . 



,.0 
Ol 

Hoon 
A n c h o r  
H t n e 

Ho r n t nll 
S t . r  
H t ne 

Ho r n t nl 
S t . r  
E x t e n a t o n 

S c o t t 
H t n e 

SII 1 / 4 
S e c  1 1 
T 4 N  1 1 11  
• t lC  Ho r n  
H t  • •  
I S '  • 

Nil 1 / 4 
S e c  6 
T 1N 1 1 11  
.e l .o n t  
H t  a .  
I S '  • 

SII 1 / 4 
S e c  1 6  
T 4 N 1 1 11 
• e l .o n t  
H t . .  I 5 • • 

Nil 1 / 4 
T 4 N  1 1 11  
.e l .o n t  
H t a .  

S .a l 1  
p r od . 
l 6  I 1 .  
r o o. d r t v 
e n . 10 I 8 
I 2 • p i t .  

1 1  t on • •  
O n e  . h . f t  
1 20. d . e p  
a no t he r  
2 1  • •  10. 
o p e n  c u t  
b e t v .  t n
c l l n • • • 

No p r od . 
]0 . 
. h a f t . 

1 1  t o n a  
o z / t o n . 
1 0 .  
a h .  I t  • 

H o r n l n. 
S t e r  
r h y o l t t e 
• n d  
b • •  a l t .  

• • • •  I t  
• n d  
O l d  C • •  p 
r h y o U t e .  

• • • •  I t  • 

• • • •  I t .  

N 1 5 E 10 
• t r t k t n lC 
v e i n  . 1 0 n R  
f . u l t  • 
E . t l •• t e d 
. I & e o f  p o d  
h l S l '  • •  

V e i n  I .  1 . 1 • 
I 1 0 • •  
T r e n d l nl NIOE 
1 0  N il  . t  ve a t  
e nd . n d  N l 01 
6 0 N II  . t  e • •  t 
e n d . 

D i k e  h l O I 
10 • •  T r e n d  l a  
N 2 011 6 5 N I  a l onl 
. p p . r e n t  f .u l t  • 

V e i n  I I ] 1  • • 
T r e n d a  N l 011 6 S N E  
. t  a h . f t .  I r o n  
o x i d e a t . l n e d  
2 0 .  w e a t o f  
a h . f t  t ... e n d s  
N h O W  90 . 

U nu s u . l  . I ne r . l  
a u l t e  ( An t ho n y  e t  a l  . •  

1 9 1 1 ) .  l e ud . t l t e . 
f o r n a c t t e �  . I . e t t t e  • 

. j o l t e • •  l • •  o a l t e .  
pho e n . c n c h r o t t e , 
v l c k e n bu rl l t e . q u  . ... t z  . 

• n d  poa. l b l e  f l u o r 
I t e .  P r o b. b l e  n e v  
. p e c l e a  nov . t  t h e 
S. I t h . o n l . n ( . 1 1 1  
Hu n t , pe r . o n . l c o  •• -
u n l c . t l o n ) . 

qu . r t z .  c h . l c o p y  • •  
co p pe r  c . r bo n . t e s . 
O .. e r e p o r t e d l y  
h . d  l l X  c a  .. b o n . t e a  
( A Z IGHT . ) . 

No v l a l b l e  
. I n e .. a l l & . t l o n . 

. I a c k c a l c i t e  l a  
h • •  p r ob . h l e  . I n-
l u  • • P y r i t e .  c h r y a o 
c o i l . ,  . n d  p r o b a b l e  
r h od o c r o . l t e .  
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To n o p a h 
B e l . on t 
H l n e  

U S  H l n e 

Ve i l  
P r  c t  

S V  1 / 4 
S e c  1 6  
T 4 11  . I V 
le t .o n t  
H t  • • 
1 5  • • 

N V  1 / 4 
S e c  I 
T 4 11  . I V  
I I I H o r n  
Ht • •  
1 5  ' • 

NV 1 / 4 
S e c  
T 5 N . I V  
I I I  H o r n  
Ht a .  
1 5  ' • 

5 0 . 00 0 +  
t o n a . 
1 00 , 000+ 
0 1:  All . 
11 0 0 0 +  0 1:  
A u . 
I . f l l . + 
l b a .  C u . 
1 I n c l l n e a  
t o  1 20 .  
d e p t h .  . 
H a n y  a u r f . 

4 2 0 0  p l u a  
t o n a  p r od . 
a t  O .  U I o a  
A u / t o n a n d  
0 . 7 5 5 C u . 
Two . h a f t a .  
o n e  2 0 .  
a d l t ,  . a n ,  
p i t • •  
5 6 5 , 000 
t o n a  a t  
0 . 0 9 0 1:  A u /  
t o n  n o w  
b l o c k e d ou t . 

No p r o d . 
Two .a J o r  
p i t a  . I o n l  
v e .l n .  O n e  
l a  2 .  d e e p .  

l a a a l t i c  
a n d e a l t e .  
l a h a r i c  
. e d l .e n t a r , 
r o c k a .  a n d 
H o r n l n l 
S t a r  
r h y o l l t e .  

l e e r 
l o t t i e 
r h y o l i t e ,  
l a h a r i c  
• e d l .e n t a r ,  
r o c k . ,  
a n d 
b a . a l t I c 
a n d e a l t e . 

La t e  I 
.o n a o n l t e 
a n d a p l l t l c 
. o n a o n . t e .  

No r t h  v e i n  
I t o  1 2 . w i d e  
1 2 0 .  1 0 n R . 
t r e n d a  N 7 0 E  
.a O S V .  S o u t h  
v e i n  2 t o  1 0 . 
w i d e . 1 5 0 .  
l o n l . t r e n d a  
N 7 5 P! II O N V . 

N o r t h  b r e c c l a 
v e i n  a o n e  l a  
5 t o  2 5 .  w i d e  
a n d  t r a c e a h l e  
f o r  2 0 0  • •  I t  
t r e n d e  d u e  
n o r t h ,  a n d  I e  
v e r t i c a l . T h e  
a o u t h  v e i n  I: o n e  
v a r l e a 5 t o  2 5 .  
a n d  e x t e n d e  f o r  
100 • •  T r e n d a  d " e  
n o r t h  t o  N 4 0 E . 
9 0  t o  N V  

V e l n a a n d  
I n d i s t i n c t  po d a  
A t  I S '  . a p  

a h . f t  v e t n  
t r e n d a  N 2 0 V  
5 0  t o  7 5 SU . 
5 0 .  n o r t h  o f  
.a l n  a h . f t  I s  

2 . 5  I I I . 
v e i n .  

U n u a u a l  . I n e r a l 
e u l t e  ( A n t ho n ,  e t  a l  • •  

1 9 7 7 ) .  S e e  t e x t . H I R h 
R r a d e d  d u. p  e a . p l e  
a h o w s  e l ll n l f ' c a n t  
e n r l c h  • •  n t  I n  Cu , P h . 
Z n . A u . AR . A e . Cd . a n d  
S b . C o  e nd U a r e  a o . e 
wh a t  e n r i c h e d . P! x t e n
a l v e a r R l l l l c  a l t . 

Qu a r t z  a n d  f ' " o r l t e  
a r e  . a J o r  R a n l u e . 
A.y t h e a t  I e  r a r e . 
S p e c u t . r l t e  a nd . a l a 
c h l t e  a r e c o  • •  o n  • 
A a u r l t e  r a r e . C a l e n a . 
a p h a l e r l t e .  a n d  
c h a l c o p , . r e p o r t e d  
a t  d e p t h . H l l h - . r a d e d  
d u . p  a a .p l e  I n d l c a t e a  
a n e .a l o u a  C u  a n d A u . 
S l l R h t  e n r l c h .e n t  I n  
AR . V .  a n d  P h . C o l d  
t a  r e po r t ed a a  n a t i v e .  

H l l k ,  q t a  a n d  f l u o r . 
A b u nd a n t  I r o n - o x t d e  
a t a l n l n R ·  
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o f  the d l l t r i c t through t h e  U S  . 1 ne .  Th e p r e . ence o f  ao e x t e n a i v e 

fenl t e r  in the louthera port ion of t he d i . trice ,  vith high-angle nor.al 

faul t s  cut tit1l the upper pla t e ,  'Ulle. t .  at l eas e two di s t inct epi . od e s  

o f  aiddle Tereiary- faultiuc. 

Characterizae ion of Mineral izae i on 

B e y ond t h e  f a c t  t h a t  t h e  o c c urrenc e .  ar e b a . e- m e e al d o minant , 

fracture or faul t  local i z ed , and epitheraa! in charact e r ,  the O.bo rne 

d l l t r i c t  p r o . pe c t .  have f e v  uni f y i nl a t t r ib u t e l  (Tab l e  7 ) . The 

occu rr e n c e .  can be I roupe d by . ev e r a l  c l a  •• 1 1 1 ca t i on .  b a . e d  on 

d i l f e r e n c  .. in ho. t r o ck type . ( t 1 l 1 c i c  v • •  a a f 1 c  rock . ) , t r e n d s  o f  

lo cal i z inl . t ru ct u r e .  ( no r t h  t o  nort h v e . t  v • •  ea . t- v e . t ) , o r  �an,;ue 

.ui t e .  ( cal c i t e  v • •  quartz p l u .  o r  ainu. f l uo r i t e ) .  G e n e ra l l y ,  t he 

ca l c i t e- d o. i n a t ed , .a l i e- ro ck-hol t ed occurrences have a Ph-Ag .e tal 

lui t. ,  vh.r... . the quartz-doainat ed ,  .i1 1cie- roc1t-ho. t.d occurrenc.s 

have a Cu-Au-Pb-ZD-Ag ae t al sui t e. The .. f ie- rock-ho. t ed occurrenc .. 

clut ter froa unna.ed locale A1 247 10 the v •• t through the Lo.t Spani a rd 

.in • •  even kilome t er. to t he ... t ('ilur. 1 7 ). Th •• e occurrence. 

incl ude calcite- and quartz-dominated , angu • •  yit .... The clu. t e r  of 

occurrence. lroa the US a ine northv.st to the Lead Dike mine includ e s 

ao.t of the p rolpect. localized along north-northvel e- t rending 

.tructure • •  Th e  •• prol pect. are ao. tly quartz-doainat ed and include 

both .. f i � and .ilicic hOlta. To i llu.trat'l the vari.ty of a1ne ral 

occurrence. in the Ot bo rne di. trict , the ,;eo1011 of aa� o r  aine. is 

d •• cribed belovo Indiv1dual occurrence d •• cr1ption. are .u ... rized in 

Tab l e  7 .  

Th e  U S  M1n. 

Th e U S  m 1 ne i. l o c a t ed n e a r  t h e  h e . d  o f  W o o d c h o p p e r  W a s h. Th e 

i..o 1 



Figure 18. Geologic era. . seecion and aap ot the OS a ia •• 
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Figure 18.  Geologic cro. . section and map o f  the US m ine. 
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prospects cove r a nor th- trend l a, r1d.e top that con talns t h e  mos t 

conspi cuously lroa-ozide-stained rockl in t he Ii, Hora Mountain.. Roddy 

Resources Iac. of Vancou.er, B.c. eur�ently controls the pro�erty . which 

cons i s t .  o f  ten pac enced and tvel.e unpac ented clai . s  ( Ial l k .  1 9 8 5 ) .  

The propere, contalna two 1 50 .-deep shalts vith crosscuts at the 30 m 

and 6 0  a l eve ls . ' The r e  l s  also a 30 • ad i t  at the north end o f t h e  

p�operty" 4 , 500 tOftS o f  duap on vith �ades a t  0. 1 28 o z  Aul ton and O . S  

to 0.7 5 percent Cu vere al l1ed ln 1 943 ( Bel1k, 1 985).  In 196 1 .  1 3 3  tons 

at o r e  ave ra,l n, 0 .09 1 o z  Au/ t on aad 2.0 1 p e rce n t  Cu were s h i p ped 

(Bel1 k. 1 985). Roddy a.sourees reporcs blockln� out 565 .000 tonI of ore 

at 0.09 oz Au/ t on. The ,eolo,lc se t t l a, of the .1 ne is co a p l e x .  Tvo . 

or posslbly th� .. , Proterozolc uni ts occur In t he vestern thi rd of the 

.ine a r ea (Pt ,ure 1 8 ) . A . e d l u.-�ral ned a.phlbo l 1 t e  crop s o u t  i n  t h e  

l ou th v e . t e rn  portlon o f  t h e  a r e  • •  In ,�adat lon.l con t act w l t h t h e  

a.ph1bo l 1 t e  l s  a aecl1ua-,�alned t o  porphyr it lc �eis.ic ,rani t .. Th. 

gneialic cranite 1s co •• oftly aylon1t1zed and 1nter- to�ued v 1 th l .nses 

of a.ph1bol1 te. A ... 1 1  outcrop of tourmalln1 te 00 percent tourmaline 

1n a a11k1 quartz aatrix) exts ts In the gne1a.ic-,rani te. but �oes not 

have a me taaorphlc fabric. ConseQuently, l ts a�e is uncl.ar. 

Onconfor.ably overly1n, the b .. ement is 3 to 30 m of greenish , to  

purl' l 1 s h ,  lahar i c  . e d i ment a ry b r e c c i a .  I a t e r l aye red th r o u g h o u t  t h e 

M l oeflu, .. s .quence a r e  tho aa.ft .:  f ll) II II  of  Oead Bo rs e b as a l t .  They have 

�lghty varied t�ieknes.e. and are of discontinuoua lateral exc ent .  The 

tlov. are purplish-srey or reddlah, and ,enerally aphyric, but locally 

contain clinopyroxene or biotite. The oldes t silicic �lo w  uni : in the 
Miocene sequence are �rey rhyodacite ftow� �nrl r. l a t .� dl�ss and tuf t .  

o t  t h e  O l d  C a . p  m e a b e r .  The u n i t  eon. l s t s  o f  mul t i p l e  f l o w s  t h a t  



typi cally have 8 to 1 2  percent �lag iocla se �he nocry�t s , 2 to 3 �e rC P"t 

biotHa, aDd aero to 3 1)ercent quartz. o.erlyin, the Old Camp .embe r , 

1n  the no rthea.t c o rn e r  o t  the .apped a rea . i .  a l o c a l l y  .a�p. b l e  

.a r i e n t  o f  t h e  D e a d Ho r . e  b a . a l t .  T h e  u n i t c o n . i . t s  o f r e d  

;linopyroxene-b.arin, dik.e. alld deri.at i •• • i . llature , sedi llle n t a ry 

t'ocks. Lyiq in angul a t'  "nconfor.ity over the remaind e r  of the M i o cene 

p a ckage are the i n t e n . e l y  � l o w- f o l l a t e d  fl o w s o f  t h e  B e e r  B o t t l e 

rhyo li te. In the US lIine araa the flows h.ve 5 to 1 2  pe rcent potas s i um 

f.ldlDar phenoc�ts , 3 t o  5 percent qua rtz Dheno crys ts , and , cO llllll onl y. 

1 t o 3 p e r cent l i . oni t e  a f t e r  pyr i t e  cry. t a l l  that are usu a l l y  l e i S  

than 1 .m in dia.eter. 

Th e . t ru c tural . e t t i n, o f  the US .ine , wi t h  a few i.po r t ant 

d i . t in c t i on. , a. cribe.  t o  the outl ine e . t a b l i .hed 1 n  the ove r a l l  

,e o l o ll c . e t t ln,. I n  cont ra. t t o  the regional . e t t in, whe r e  n o r t h

northve.t-trendlna nor.al fau l t s  predomina t e  and nor t heal t- t rand in� 

s t ru c t u r e l  a r e  o f  s u b o r d i nate s i ,ni l icance , north ea. t- t r e n d i n g  

s t ru cture. are the l o c i  o f  .aj or d i s pl a ce.ent , and north- t r e n d i n � .  

in.tead o f  north-northve.t-trendiDi .tructurel , are the secondary loci 

of displace.ent ('lIure 18) .  The no r t h- to no rth-no rthwe . t- t r end i ng 

fault s  aDDear t o  be .ode rat e- to high-angle pormal faW: u. These fau l t s  

dip to the Watt i n  the northe!"'l't quart'!,. o f  the ""'l'!,ed � r  .. .  , and t o  the 

••• t 1n the .outhera three quarter. of the mapped area. The northeas :

t r.nd 1 n, t au l t .  con. h t e n t l y  e ro • •  cut  the no r t h- tr e nd lna faul : s and 

appear to be H,he- lateral • • tri.ke- sl h faults in the . out hern hal � of 

the &apped ar ... where they ha.e larae otf.ets, .nd left- lateral � Iults 

1 n  th e no r t h e rn pe r t  uE t h e a r e a .  Th e no r t hea. t- t r e nd i ng f au l ,;: ' t h a t  

o f f . e t  a block o f  le e r  lo t t l e rh yo l i t e n o rt h  o f  the center  o f  t h e lIl a o  

are likely to be no�al faul t s  with some s t rl � e- s l i � d 1 s p l ace.en t .  Th e  

� - -



aaj or northea. t-trendinc . I trike-slip faul t that transVerse. the center 

ot the area de aon. t r a t e s  at l e al t  0 . '  \til o f  o f f s e t  vhen the 1 l1l lla t u re 

laharic unit 18 projected back fro. the OS lIine shaft to 1ts cOIl�anion 

ouc crop 1n the louchv .. c corner ot the aap. 

M1neral iz acion ac the O S  aine cencers on two vert ical Quartz-vei ned 

b r e c c i a  zone. thaC are o t t s e c  alon. a no r theas t- trend i n. f au l t . Th e 

northern zone vari e. in thi cknes s  fro. , to 2' a and can be traced for 

200 11 alon, strike. The southern zone varie. s illilarly in thi ckness and 

can be d i s cont i nuous l y  t raced fo r 300 a (�e rr e t  al . ,  1 9 8 4 ) .  Ae r i al 

phoco.rapha dellon. trate that the OS lI ine i. in the northern third o t  a 

zone o f  i ron o xi d e- s t a i n i n, that  e x t e nd s  in a n o r t h- s ou ch trend f o r  

ove r 1 0 k a .  

M i n e r a l i z a c i on occu r s  a. ve i n. and . t o ckwo rlts o f  q u a r t z  at t h e  

Procero zoie-aaiddle tertiary uncoaloraa1ty. In duaap lIa terial . re,lace lllent 

textures are aore prevalent than open- space t t llin,. , but bo th occur. 

the o r e- ,rade aaterial i .  hOl t ed in lee r !o t t le rhyo l i t e  i n t ru s i ve 

dikel , and to a .uch t e s l e r  ext ent . i n  the ba.al laha r i c  . e d i lll e n t ary 

ro cks ( 1' 1,ura 1 8 ) .  ne northern a r e  body 1 1  in the hanging v al l o f  a 

hi gh- angl e  no rsal fau l t  o f  unknown d i s p l ace se n t .  Th e f a c t  t h a t  t h e  

laharic sedtaeatary rocks are 1 n  d e , 0 1 1 t 1 0 nal c o n t a c t  v i th g ne i s s i c  

granite diractly to the north a t  tha lIlineral ized zone sug,e, ts that the 

d i spl ace.enc alon, th. h i ,h- an.le f au l t  i s  lI i n i llal. The out cro p p i n g  

slicken.ide plane. boundin, the ore zone lIay b e  a con.equence of dike 

1 nt ru s i o n  and rather than t rue t e c t on i c  d i splace llent . O r e-. rade 

aaterial blocked out in the souchern zone is  1I0re discontinuous , but 1s 

also hOlced in dika. ot Beer Bot t le rhyolite,  and , to a lesser ext ent , 

1 n  basal t .  



trcm-oxUe .taining .nd .rgi llic al ter.t ion ext end for u� to O.2S 

k. to the ••• t of the or. zan •• into the .dj .cent Beer Bot tle lhyo l i te. 

Th • •  l t e ra t ion 1. much more . u bdu.d 1n the P r o t . ro z o i c  rock. to t h e  

v • •  t o f  t h e  m . i n  a r e  z a n  • • • n d  i n  t h e  b • • •  l t  t o  t h e  l o u t h  o f.  t he U S  

min • •  haf t. The B.er Bo t tI. r�yolit. h .. ',or.ti c  .rgi l l i c  .l ter.t ion 

.nd l i m oni t e- . t . i ni n g  t h r oughout t he U S  K i n  • •  r •• • A . i n g l e  m u l t i 

.le ment •• •• y of dump .. t .ri.l .hov. the or. to b. m.rkedly .nri ched 1 n  

C u  .nd Au .nd . l i gh t l y  e n r i ch.d in AI ,  W • •  n d  Pb ( T.b l e  3,  XlI . n d  

1l2). Du a p  .. t.ri.l froa the U S  K i n  • •  haf t  . r  •• con. i . t .  o f  coapletely 

r.pl.c.d Be.r Bo ttle rhyo l i t e  th.t 11 nov •• rthy he1U t i te ,  j .ro. 1 te ,  

o c t . h . d r . l  f l u o r i t e , . n d  . p e c u l . r i t e .  ' l u o r i t .  c o n . t i t u t e  • •  

conaid.r.ble pereent.,. of the I.uau • •  nd fluorit e  •• i n. loeally occur 

to 1 0  ca thickn •••••• Th. ao. t  int.na.ly ain.r-al i z .d rocks h •• e co��er 

c . r bon. t • •  , oxid •• , .nd . i l i e . t  •• th.t l o c . l l y  r.ng. u� t o  S to 1 0  

percent by vo lume (B.lik, 1985 ) .  Th .  lold occur . .. n.t iv. gold ( Balik, 

1 9 85 ) .  t n. e c  • • •  i b i l i t y o f  t h e  v o rk i n l '  p r e . e n t .d • •  t . b l i . h i n �  i f  • 

.ul fid • •  ui t • •  t i l l  .xi . t. , .nd , there fore, vh.t i t .  p.r.gen •• is milht 

b e .  O b  • •  r • •  t i o n  o f  t h e  c r o  • •  - c u t t i n l  . n d  m u t u . l l y  . n c l o . i n �  

r. l . t i on . h i p .  o f  f lu o r i t . ,  . p . cu l . ri t . ,  .nd q u . r t z  r •••• l th.t they 

.utu.ll y ero . ... cut •• eh oth.r. 

On the ••• ua pt ion th.t fluori te fluid inclu. ion • •  re r.pr •• ent a t 1ve 

ot or.-for.i ng condition • •  t the U S  m1ne , hoao«.niz .tion t.m p. ratur •• 

• n� f r. e z inl p o i n t  d e p r  •• � i on t •• p.r.t ure. v.re d e t . r a i n ed . F l ui d  

inclu. ion • •  r. v.t.r liqui d-•• por type • •  nd .r • •  ery .hund.nt in t he U S  

Kine .pecimen • •  About hal f  of t h  •• • r • •  i,aoid.l .nd h.l f h •• e .nlul .r 

p r o f i l e . . a.re I n c l u . l o n. h.v. n . gat i v. t e t rah.d r.l . h a � e . . The 

inclu. ion. r.nge in the i r  l.rge.t diame t er from ' S  to 50 micron •• V.�or 

bubble vol ume doe. not gr •• tly v.ry .nd ave raged around 1 0  percent . All 



ot the bubblel h.d traces ot double aeni,ci v hich are as,umed �o be a 

thi rd ph.... P'C'el i minary crushi n ,  exp.ri a e n t .  i n  «lyce rine reve. l ed 

some evolution of ,al which is presumed to be CO2 , No clathrat e. ve re 

ob.erved upoa f'C'e.a1q. Tventy-nine h o m o sen i za t i o n  t e a p . ra t ur e s  v e r e 

de t ermined ('i,ure 1 3 ). They �uater in a ranle t'C'om 1 900 to 22� o C. 

One d e t e rm 1 na t i oft va. at 2 3 5 0  C. S e ve n  f r eez i n, p o i n t  d e p r e s s i o n s  

v e 'C' e  d e t e rm i ned ( Fi,ure 1 4 ) .  Th e • •  a re re c o rd ed in NaCl v e i gh t  

equivalent, .. calculated fro m Pot t er ( 1 977) . aftd are not cO rTect ed for 

p o t en t i a l CO 2 , Th e f reez i n g p o i n t  d e p r e s . i o n .  o c cu r  in t h r e e  g r oup s 

t h a t  ran,e fro . 8 t o  1 4  p . r c e n t  Na C l  eq u i v a l e nt . I f  a CO 2 c o r r e c t i o n  

t o r  7 pe rc e e t C O 2  v e r e  i a po . ed O ft  t h e  M. C l  eq ui va l e n t . .  t h e  NaCl 

e q u i v a l e ft t s  v ou l d  ran,e t 'C' o m  app 'C' o xi .at ely 5.' to 9.' p er cent NaC l  

vei,ht equivalent (Co l lins , 1979).  

F l u i d  i n c l u s i on s  in aae t hy. t f ro m  the nea 'C'by Co n t a c t  a t ne v e r e  

s i mi l arly . tudied t o  t es t  the as sumption t ha t  the fluo rite !'C'o a �he U S  

a in. i .  r e p r e l e n t . t i ve o t  f luid. at t h e  ti ae o f  aineral i z a t i o n .  

C on t a c t  a i n e  i nclus ions a 'C' e  ve ry . i .i l a r  i n  t h e i r  . o rpho l og y  � o  

incl us ions t'C'o a  U S  . ine f l uo ri t e. Seveftteeft h9mo,eni zat 10n t emperatures 

vere d e t ermined. They are coincident in the i r  te.perature range .., H h  

the US aine fluon t e  homo,enizat ion. (li,ure 13).  S i x  freedn'l -tlo i nt 

d eprelaions ve re det ermined (ligure 14).  The l • ..,ere plott� ident1 call y 

t o  t h e  p r o c e d u r e  t o r  o t h e r  i n c l u . i o n  . u i t e  • •  Th e N a C l  v e i g h t  

equivalents ran,e f'C'om 17  t o  2' p.'C'cent . Cor'C'ection for 7 percent CO2 

( a maxi mum f o 'C'  noft- cl at h ra t 1 n, C0 2 )  y i e l d s  1 1 . 5  t o  1 4 .' p e r c e n t  �aCl 

equivalent . 

Da t a  p re s en t ed a b o ve el t ab l i l h 1 m p o r t an t  co n . t ra i n t s o v e r  t h e  

chrofto lolY o f  .ine ralization i n  relation to s t ructural his tory and over 



the character of aineral 1 z ing fluids. The �res ence o f  aine ral i z a t ion in 

the l e e r  lo t t l e  rhyo l i t e  l i a i t s t he o r e  f o rll i-ng ev e n t  t o  � O l t 

ea�laceaent of the Beer Io t tle rhyo li t e ,  la test Mi ocene s i l i c i c  flow,  

dated at 1 6.4 Ka (hyDoldl e t  al., this .oluae) . The fact that the Beer 

Io t t l e  rhyo lite 11el in anlwar unconfo naity o.er earUer t i l t ed flows 

argues that aine ralization occurr ed  alter eOl t of the def o r.a t i on. The 

pre.a l en c e  o f  ve r t i c a l  to lub-.e r t i cal .e1ns throughout the d i s t ri ct 

a l l o arguel for a pO l t- t i l t i nl chrono l ol Y. The o f t . e t t i n g of the t He 

body by s�linter faul t l  o f f  of the eaj or northeal t- trending I t r ike- s l i p  

faul t further conl t rainl the ti ainl t o  prior to the lal t  aoveaent along 

f au l t l  I yn ch ronoul v i t h  the e ru o t 10n o f  the lig Bo rtl vo l c an i c .  

I.e gi onal eap� ial ( Ca�pI e t  al . ,  1 9 8 5 )  I UIRa s t l  t h a t  the d 1 J � l a ce ae n t  

a l o n g  t h e  ao r t h ea l t - t r ead 1al f a u l t  i l  oa t h e  o rd e r  o f  t h r e e  to f ou r  

k i l o e e t e rl .  The f a c t  t h a t  a i a e r al i z a t i oa 1 1  only o f f l e t  0 . 2 5  km 

lU�porta the infereace that m i ne ralizat ioa occurred prior to the end of 

tecton i _ .  

Th e  fluid iaclUlioa dat a  froe bo t h  the OS a ine aDd the Contact mine 

d i s p l ay coal i a t ea t  h o eo g e n i z a t 1 0 n t ea pe r a t u r e l , and . e v e n  v h e n  

c o r r e c t e d  f o r  p O. l i b l e  CO 2 , con l i a t e n t l y  e l e va t ed s a l i n i t i . s .  T h e  
conl i lt ency of hOllolenization t em peratures from t vo di f ferent g angues 

that v e r e 1 . S  ka a p a r t  IUlg e l t  t e a o e ra t u re and p r e . l u r e  h o m o g e ne 1 t y  

o.e r ext e ad e d  d i l t an ce l . The e l e . a t e d  s a l i n i t i e s ne ce. s i t a t e  a non

eet eodc fluid coe1)Onent. Th e  relat ively diluted lalini ties of the U S  

aine in cont ra.t t o  tho.e of t h e  Contact aine aay b e  interpre e ed a s  a 

func t i o n  o f  gradual i a f lux o f  ae t eo r i c  f l u i d s  o v e r  t i a. at t h e 

potentially lonler li.ed . O S  aine sYl e e  •• Al t e rnatively.  the sal ini t 1y 

di f f e r e n c e s  eay re f l e c t  va r i a t i o n  i n  CO 2 con t en t  vhi ch . xa �g e r a t e s  

f ne z ing poine de�res s 1 ons ( Coll1u. , 1 979 ) .  



The Tonol)ah-�e lllont Mine 

The Tono�ah-!elllont �ine is located in the eas te rn  part of the B i g  

Bo ra Mount ain. and a t  the wes t end ot  the l e l llont Moun t a i n s ( Fi g u r e  

1 7 ) .  lecorded prod u c t i o n  t r o ll  the �lne spans t r o a  1 9 26 t o  1 9 5 7 ,  and 

consll ts at approximately 1 1I1llion Ibs. at Cu, 1 50 , 000 oz Ag ,  and 8 500 

o z  Au (AZBGMTt 1 1 e s) . Th e  only current s ou r c e  of ac t i vi ty  at t h e  m i n e  i s  

fro. alneral collectors explottin. the unusual super,ene sui t e  �ound at 

the � i ne ( Anthony et al . ,  1 9 7 7 ) .  M i n e  work in,s cons i s t  of t wo s t e e p  

inc l i ne. o n  t h e  no r t h  s i d e  o f  l e l llon t Moun t a i n ,  a 2 0  II ad i t on t h e  

south s lde o f  lelllont Mountain, a ,lory hole openln, fro m  s topes to the 

ad l t . and nUll e rous open cut .  c l r cua , cr i b in, le lllont Moun t a 1 n .  The 

worki"" are rel)orted to ha.e extended to the 1 2' II le.el where the o re 

1. faul t ed  ott (AZBCMTfUe,) . 

The ,eolollc .ettlft1 1s lIoderately coa�lex (P1�ure 19 ) . The mine 1 s  

ho, t ed in  a s t ructural l y  i . o l a t e d  block o f  M i o cene rocks t h a t  are  

surrounded by Pro t e rozo i c  phyl li te on a l l  ,td .. exc.pt t o  t h e  

southe .. t where the Miocene block 1, i n  fault contact with mld-Tert i ary 

( ? )  Be l llo n t  Granl t e  ( Capp. e t  al ., 1 9 8 ' ) . The o l d e s t  rocks in t h e  m i ne 

area are Proterozoic phyll itu , whlch are l a. ina ted , ste.l-grey when 

t re s h ,  and brown t o  t an where weat he red . Typ i cal ly the p h y l l i t e  i s  

� in.- grai ned and cons i s  t s  o f  1 0  percent qua r t z  ana 9 0  o e r c e n t  

�cov1te. Th e  phyllite ,enerally strlkes northeast with highly va r 1 ed 

dips that are typically ,t •• l)- Unconformabl y ov.rlyi� the phyll t te is 

a bas a l t  How that 1 s  10 to 1 3  a t h i ck. 0. e r l y1n, the e a r l h s  t bas al  t 

f lo w  i s  a 1 2  to 1 8  II o t  lahari c sedi men t ary rock th ae. is dark g r ey i n  

out crop and gr.en- t l n t ed i n  f re s h  ,�e c i me n ' .  Th e un! t has  3 0  o e r c e n t  

suban�ular phyllite clas ts  that ran,. tram 1 IIIlD to  1 • .5 cm 1 n  ti1alu t er.  

j , L) 



ltound e d  q u a r t z p e b b l e .  con. t 1 t u t e  3 p e r cent o f  the c l  .. t • •  Ov e r l y i n g 

t h e  l a h a r I c un i t  1 .  a t l o w  o f  ba.al t that a l . o  o.er l i e . the M o rn i ng 

S t a r rhyo l i t e  (Capp. et al.,  1 9 8 5 a) .  In t h e  .ine area the e a r l i e . t 

Moraine S tar rock. are the flow-foliated flowl or intrua i onl that form 

Be llllont Mountain. Phenocry.t cont ent il le.. than 1 percent f e l d s�ars 

that are ar,1 1 1 i cally alte red. The.e rhyol 1t el are coemonly brecciated , 

. 1 1 1 c i f l e d  and I U ,h t l y  to . od e ra t e l y  i r on- ozi d e  . t a i n e d .  L i lllo n i t e 

a f e e r  py ri t e  cu be. t h a t  av.ra,e 0.1  a lii i n  d i a . e t . r  typ i c a l l y  lIlak e u� 

0.1 t o  1 percent of the rock. On the northea. t .nd of Bellllont Mount ain.  

in un c e r t ai n  . t r a t i graph i c  � e l a t i o n  t o  t h e  Be l . ont M oun t a i n  t l o w

f o l i a t ed rhyo l i t e ,  i l  a l eq u e n c e  o f  M o rn i n, S t a r t u f f .  and f l ow-

f o l i a t ed rhyo l i t e  f l o wi .  ' ro lll b o t t o m  t o  t oP .  the . e qu.n c e  is as 

follo wl:  ( 1 ) 6 III of flow foliat.d . fra�.ented aphyric rhyo l l t e  w i th 0.3 

p e r c e n t  U . on i t e  a f t . r  py r i t e  and i ron ozi d e  I t ai n ;  (2 ) 3 III o f ttunky . 

nonl i th i c ,  .. ry fine-ITa ined aphyri c  tuf f  of lIIod.rat e tndurat 1 0n .  and 

bearin, 0.5 percent , O.5-.... on-a-l1d. . cube. of 11.on1 t e  a f t e r  pyr i t e  

cube . :  (4 ) 2 . 5 • o f  wh i t e and p i nk lIIo d . ra t e ly-indura t e d  l 1 t h i c  t u f f  

w i th 40 percent aphyric . i l i c i c  flow volcan ic fragment. whOle ave rage 

. i z e  i .  1 c.: t h e  tu t f  be d .  are 3 to 5 c. t h i ck w i t h  a t r a c e  o f  

11.on i t e  af ter pyrite; (5 ) 10 • o f  l i thic tuf f-bea r1n� 40 to S S  pe r cent 

aphyT1c . il i c1c li th1c f rag.ent. and 5 percent ba.al t fra�lIlen t l :  (6 ) 1 1  

• of blocky flo.- foliat ed rhyolite with 0.5 percent quartz phenocrys ts 

, 

that a.e ra,e 1 •• i n  c U a .e t e r .  and 1 1 l11o n i t e  a f t e r  py r i t e  that 

c09 t 1 tute. 0.8 percent , and averag .. 0.5 • •  in dia.eur. Rhyod acite 

dike. t h a t  have up to 7 p e r c e n t  p l agi o c l a . e  phenocry. t s  and s p a r s e 

quartz phenocry. t s  intrude the ent i re seouence , includi ng the youngest 

ba • •  l t  fl ow. The pr.et.e ext ent of the rhyodac i t e  int ru.ive period is 

uncl e ar . 



Figura 1 9. Ceolo,1c cro • • • ect1oa aad aap ot the Tonopah-Bel mont �1n • •  
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Th e aaj o r  s t ru c t u re o f  the area 1 s  a N40 0 W- s t r ik1n, . s o u t h v . s  e-

dippin, .  low-an,le fault that out crop. fro. O.� ka northwe s t  of Bel mont 

Mountain for 2 k. to the .outhe .. t vhere the fault chan,es eo a north 

s trike and a .e.t dip (capp. et ale 1985).  The 10'- an,l e  fault 

justapo.e. moderately northea. t-dipp1n, rocK. 1n the han,1n� vall 

a,a1n. t the Proterozo ic phylli te. Thi. maj o r  fault i. oflset by .a. t-

northe .. e- strikin, cro •• fault. that are loci of m1nerali zat 10n (Figure 

19) . The N15�- to N65�- s t r1kiDl .  southea. t-d1ppin, nor�al fault. are 

tha localiz in, Itructura. of tha .outh and north Tonopah-Be l mont �eins. 

A N20OW-str1k1nc . northea. t-d1ppin, norsal tault cut. off both �.1ns on 

tha we. t  and o t  Belaont Mounta1eL. Oa the ea.t and o f  Belmont Mounea1n 

the northern vein a�ear. to die out vhera.. the southam vein 1.  

of fset by a N10W-.trikin,. southwe.e-d1ppin, normal faul t.  The 

s tructural rel at 10nship. su" est that a inerali zation occurred durin, 

�ow-an,l.- faultin •• but did not continue aftar tactoni ••• The fact ehae ' 

tha .. in. vare cut oft by a tault at the 1 30  a l evel (AZ!GMTfl lu) 

support. a s� tectoni.a a�a ot a1neralizat ion. 

The no rth vain trend. N70� 600S� . i. expo.ed alon, s trike for 1 20 

m of strike lenSth, and ran,es 1n thickness from 1 eo 1 2  m. The ve i n  i s  

ao.tly banded silky quartz w i th les.er copper carbona tes & I  ft"acture 
. 

fillin,. in a tault zona. The encoapa.s 1n, faul t zone 1s at the con t ace 

between tha b .. al Morniac Star rhyo lite flow or intrusion and a basalt 

flow. Whe ther the Mornin, S t ar uni t 1s an i n t ra . i o n  or a f l o w  

detera1nes tha exact nature of the locaLi zins contact. The character  o f  

this contact 1. ob.cured by the h1,hly varied �ertical �low f o l i a t ions 

1 n  the rhyo L i te , the ab. ence o f  d e llo n s tr a b l e  o f f s e t  on  t he no r t h  a nd 
s ou t h  . i des  o f  the outcrop.  and the un clear n a t u r e  o f  t he cont ac t 



betw •• n the I.l.ont Mount.in .... if .nd the Morning S t.r tuf t  to the 

north ••• t. Th • •  outh .e 1n tr.nd. N75 �, dip. 80� • •  xt.nd. for 1 5 0  m.  

and .ari •• fro. 2 to 10 • i n  thi ckn.... Th • •  outh ve in i l  loc.li z.d a t  

the cont.ct o f  the b .. a l  l.h.ric aDi t  with the low.rmol t  b a  • •  l t , bo th 

of vhich ar. in the h.nging v.ll of a It •• ply-d i �p1ng Dormal f ault o f  

. a . l l  d i .� l a c • •• n t .  Thi • •• i n  h •• mo . t l y  .1 1ky qu a r t z  b r e c c i a  and 

r.pl.c • •• n t  t .x t u r  • •  i n  cont r  •• t t o  the b.nd.d , f ra c tu r e f i l l i n g  

.ppe.r.nc. o f  the DOrth.rn •• in. 

Two .... y. (T.bl. 3, Xl12 .nd Xl 1 3 ) ,  on. f ro • •  l i,htly iron- oxid e

. t .in.d M o rn i n, S t .r rhy o l i t e ,  .nd the o t h . r  f r o m  h i , h- ,r .d .  v e i n  

•• t . r i . l  r . v  • •  l . i ln i U c.nt .nri ch • •  n t  1 n  Cu . Pb , Zn . Au , Ag . A. , Cd , 

.nd Sb . Cob.l t .nd U .r • •  1 . 0  . o a . wh.t .no m.l oa • •  W. Hun t ( pe r . onal 

co • •  uni ca t i on ,  1 9 8 5 )  r . p o rt . the p r  .. enc. o f  33 p h  •• • •  in t h e  o r e : 

a u r i c h . l c i t . ,  b a r i t e .  b r o c h a n t i t . , c a l . d o n i t e , c . r u I . i t . ,  

c h . l  c o � b . n i  t . .  c b rY l o c o l l a ,  co ron.di t . ,  cov . l l i  t . ,  cr • • • •  y i  C . ,  

c ry p t o . e l .n. , d e . c l o i z i te ,  .� i d o t e ,  f o rna c i t . .  ,al . na . , o . t h i t . ,  

g a ra . t ,  h • •  i .o rp b i t . ,  j . r o . i t e .  l . p i dochro. 1 t  • • lina r i t e ,  m.lachi t e  • 

... . icot • • in1ua , .urdochit. , pluaboj aro .i t. ,  pyTo.or�h1 t. , rOla. i t e .  

t .n o r i t  • • • an.d i a i t . ,  vauq u . l .n i t  • •  v i l l . a i t  • •  and vul f. e n 1 c • •  Th i s  

author al.o found .pbal.ri t e  and calc ite. A prel iminary para,.n.s 1s , o f  

•• j o r  pb • • • • • f ro • •  a r l y  t o  l . t . 1 . :  .phal.ri t  ... �1 t ... ehalcopyr1 t e

,.lena a .  pri .. ry .ulfid • •  , q u.rtz .. pri.ary ,.ngu • • • n d  auri chalc1 t • •  

I. i t h l on i t . ,  azuri t • • • •  l a chi t .- c. l c i t . , and j a r o l i t .  al s u p e r �ene 

. i n. rall . A . i n g l .  who l .- ro ck an. 1 Y  • •  I o f  t h e  M o rn i ne S t .r rhyo l 1.  c e  

(Ta b l e  8 .  n I 2 ,  �20 i l  9 . 9 9  p . r c . n t )  lug, • •  u that t h e  h O l t  r o c k s  . r e  

pot.l l i ua • •  t . .  o aa t i zed. A. l ingle sUd .  of q uart z with sphal e r i c e  .nd 

c o p p . r  ca r bo na t . 1 W . I  e x a . i n.d f o r f l u i d  1 n c l u . 1 o n l . Th . q u a r t z  h a s  

myr1ad s mal l incl us i ons. A cou p l e  o f  c wo p h a  • •  , l i auid and vapor w a t e r  
i .  _ 



1nclu. ion. , of workable siz. w.r. f ound. Th.y av.rag.d around 5 � i eron. 

in . i z  •• None of the 1ncl�.10n. hoao •• ni zed at t •• per. tur •• �p t o 3 50 0 

c. I t  1 1  pre . ua.d th. t  the .a.ll . h .  o t the 1ac lul 1 o a. a . t u t a b U y  

prevent.d hoao,.uts.t1aa. 

Th. Scott Mine 

Tb . Sco t t  M i n. 1 .  l o c a t e d  ••• t . rn  l ig Ro m Moun t. 1n. . R.po r t e d 

p r od� c t i o n  1 .  t ro a  the y • •  r. 1 9 4 2  t h rough 1 9 4 9  vh.n approxi =a t e l y  

1 2, 000 U • •  Ph , 5 00  lb ••  tn, and 100 o s  AI vera produc.d (A.Z!CM'1' tUes).  

Th.r. 1. a .in,l. 3�d.ep .hal t .  Th.r • •  r. ,al.o two r.c.n tly dri l l ed 

!b .  Sc o t t  !Un. 1 1  1n • t opo,r. ph1 c ba. 1n t h . t  h • •  p o o r  .xpo .u r e s . 

The sur�ound1ft1 t.�.ne 1. ao.tly calcite-v.ined D.ad Ror •• b •• a l t ,  and 

les, • •  r M o rn 1a, S t a r  rhyo l i t e ( C.pp • •  t al.,  1 9 8 5 ) .  Th .  b a . 1n i s  

bound.d b y  circui t aor • •  l t.ult.  on it. ve.t , north and ••• t s 1 d .s .  The 

. ou t h . rn  ba. ia aarlia •• y .1.0 be t .u l t  bound .d. Th .  Sc o t t  M 1 n. i s  

ho.t.d 1 n  Dead Bor.e ba.alt. Mineralis.tion occur. a. • 32 � lon. v. 1n 

that rani" tro. 1 t o  2.5 a wide, .nd vari •• troa a N5,Oq .t rik. , and 

800 N! dip at 1t • •  outh.a. t .nd to • N7 00q s trike and 6 5 �  d i p  at i e s 

northves t  .nd. Th. v.i n  i. eor.d by 10 to  40 e. o f  bl.ck cal e i t .  and 

contain. outer Ye1a .elva�.s o t  b.nded quart z t ha t  11 0.5 ill thi ck. 

Typical duap sat.rial i. 30 perc.nt bl.ck calci t. and 70 p.r e.nt h 1ghly 

alt.r.d b ... lt. The bl,ck calcit. h •• • orans. =in.r.l tound 1n ea lei t. 

el.aval" that 1. pr •• uaed to be aiaium. Th . r. a re s.all cry. e al. ot 

p�1 t. i a  quartz ve1nl.t. !ro = duap sat.ri.l of  b ••• le ic and .s i t. 

br.ceia. Minor ehrysocolla and probable rhodocro. i t • •  1 .0 occur. Tvo 

a. •• y. of higb-lTad. duap saa pl •• •••• y. , on. tor Ph , Zn and Ag, eh. 

och.r for Aa and Au, sUII" C the pro. p.ct i. ' i,ntI i e .nc ly .nri eh.d 1n 
-1 "  1_ 



Pb .Dd Ac .  but not .nom.loully .nrich.d 1n Au or Zn. 

Vyin, on the '1Ium�tion th.t the Pb- .Dd Ac-be.ring .no •• loul bl.ck c.l c1 

11 p.r.,.n. t 1 c.lly cont •• por.n.ou. vi th th • •• t al pha ••• , fl u1d  

incl u l i on homog.n 1 z .t i on t • •  �.r. tur.1 .nd fr  •• zing point depress ion 

d e t . r .i n.t i onl v.re o b t .in.d f r o .  c . l c i t  •• The incluI 1 0ni are  two-

ph •• • •  l i qu1d- •• �or type . th.t d i l pl .y no • •  i d ence o f  a t h i rd phas  • •  

Th. inclulionl .r. commonly d.Ddritic 1n protil., .�p •• r to be n.cked .  

and .r. found 1 n  rhoaboh.dr.l cl........ On .  qu.rt.r of the 1ncluI10ni 

d •••• d lu i t . b l e  for th.rmo •• t ry .r • •  n,u l.r in pro f i l e  .nd three  

quart.rl .r. Iph.roidal. Th. lnclualonl r.n,. in th.ir t.rs.lt di.m.ter 

tro. 10 t o  20 .l crona . Th. rao m. t ry procedur.1 out l ined i n  •• r l i e r  

• •  ctionl v.r. tollov.d for th ••• d.teralnat!onl. Th1rty--ei.ht ho.o.e

tUz.U'on te.per.turel v.r. obtained. '!"bey r'ne. from 1 2So to 3700 C .Dd 

cluat.r 1n thr •• Iroupl :  from 1S00 to 1700 C,  tro. 2S00 to 2900 C ,  and 

fro. 340 0 t o  370 0 C ( P 1 gure 1 3 ) .  Tv.l •• f re.dns-po int d . p r u l i on 

d.termin.tionl r.n,ed from 8 to 22 M.el vd,ht p.rc.nt .qui valent (Figure 

1 4 ) .  Th. 1 •• 1 1  l i ze of the I.mpl. popul . t i on � r e  •• n t s  d i s t i n c t  

clult.rin,1 trom bein, ident1fi.d. Th .  v1d. di. t ri bution of both the 

hoaolen i z . t ioft t •• p.r.tur •• • nd the treez i n, p0 1nt d . � r e l . i ons . 

howev.r, .r. per.ill ive of  • boilinl interpr.t.tion for the �.ne.1. of 

the calcite. Th.raodynami c  coftltraintl (Drua •• nd .nd Oh.oto, 1 985 ) also 

IUCI.l t  boilinl .. . lik.ly •• n •• il for hydroth.rmal calcite. 

,Volc.nic Enri chm.nt '.cton 

AaI.Ys for fifty-three e l.ment. vera obt.ined for four of the •• j or 

silici c  !ig Rom volc.nic uni t. in orde r to I •• it .ny o f  the rhyol 1t.s 

are afto •• loully enri ch.d 1n b •• e or precioul .et.l . ,  .nd . therefore . 

coul d be a p re f e rred ore h o s t  or source. Ratios  o f  e l e ments ana l yzeri 



Fi,ure 20. Vo lcanic enrich.ent fact ors plo t ted a. earli est s ilicic �id
Tertiary eruptive ( MomiDi S tar rhyolite) over the late.t .id-Te rtiary 
silicic eruptive ( Beer Bo tCle rhyoli ce) .  !le.ents vi thout b.rs �e.n bo th 
a • •• y. vere below detection lisit  •• Bars vi th arrows �e.n the depl eated 
rock' s .... y va. below detectioa lillit • •  �en b.rs are of equal len,th for 
e.ch .... y_  th'e .... y. an ot equal value. 
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fro • •  pri. tine ,a.ple of  Mo rnins St.r rhyo li t e, the e.rli e. t silicic 

eruptive , di.ided by .nalyses of pri .tine Beer Bottle thyo lite, the 

lates t sili cic eruptive were plot ted as vo lc.ni c enrich.ent fact o rs to 

cOD8 t rain whether concentration at .e tal .  e.rly or l.te in the erupt ive 

his tory ot the 90lcanics .� any relaeionship to hos e-rock sys te •• ties 

or chronolory-chronology of .inerali%.tion (?1gure 20 ) .  The plot sho ws 

enri ch.ene ot Ca-Zn-Aa-Aa and � in the e.rlies t eruptive. Pb is 

enri ched in the l.te.t , and AI .. . .  ys were below detection li.it, f o r  

both � 

Os borne Dis t rice  Su ••• ry 

Os borne di. t ri ct .ineral occurrences di, play a variety ot gansue 

sui te" vein oriene.tions , meeal suite" and espeCially, hos t  rock 

types. M1nerali%ationa occurs in Protero zoic amphibo li te, Late 

Creeaceoul (r.nodiorit e .  Miocene lah.rtc conglo.erate, Mi ocene Dead 

Horse b.salt Miocene Moraine S tar thyol1ee. Miocene O ld C •• p 

volc.nics , .nd Miocene her la t tle rhyo lite. Umited ,eoche.ic.l data 

su" e. t there .ra two •• tal .uiee, that cor�al.te to the two .aj or 

,angue .ui c es.  The g.nsue luice of qu.rtz plus or .inus fluorite 

correlaees co the Ca-Au-Pb-Zn-AI .e tal s ui te ,  and the gangue sui te of 

bl.ck calci te plus or sinus quartz co rralates to the Pb-Ag . e t a l  sui t e .  

Vein orientationa v ary  widely, but there i. a weak correlation be tween 

"I t-ves t . trikas and the calcit e-do.inated occurrence. at the Valley 

Viev (roup .nd che Sco t t  lead mine. The U.ck Pe.rl Sine ,  the onl y 

othar calcite-do.inated occurrence � • difterent orieneation. 

The mos t ob.ious overall corral.tion between the.e eri teri. is thae 

the Ca-Au-Pb-Z n-Ag sui c e  1. d o . i n.n e l y  in  the q u .r t z - f lu o r i t e  

o c cu r rence • •  which are m o s e l y  hos t ed 1 a  rhyo l i t e s  o r  a t  t h e  l o w e r  



contact be tween rhyo l i t e  and the ba. al lahar1 c .edi men t a ry ro ck, o r  

bal alt.  An excep tion i.  the  Contact ain., whi ch 1 1  p roximal t o  t he ba.al  

Tertiary contact,  but il  hOI ted 1n lDei • •  , aua cov1te ,ranite,  and a 

aaf ic dika. The Vell aine i. allo an exception because it i. ho.t ed 1n 

Late Cretaceoul Granodiorite. The Pb-AI occurrence. al .o elude 

Iy. te.atic correlation of del criptive criteria. Bowever, three of the 

five Pb-AI occurrence. (The Scott Lead , the Ilack 'e arl , and the Ye llow 

lock) all occur in basalt and have predoainantly black calcite langue. 

The Valley View .ine , di.cus.ed prev10uly in the Aluila di. truct , i. 

exceptional becau.e 1t 1. a Pb-Ar- ri ch .anlane.e occurrence ho. ted in 

SUI arloaf rhyoli te. 

OI borne Di. trict D1. cu •• ion 

The fact that ao. t of the O.borne di.trict occurrence. are ho. ted 
I 

in a id-Tertiary vol cani c . ,  alonl aid-T ert iary . t ru c tur e. , and in a f 
d i l crete  no r t h-northwe . t  t readinl be lt , a rlue f o r  a mid-T e r t i ary 

metallolene.i. 
,
for the entire di. tri ct. The ab.ence o f  mineralizat ion 

that 1 1  ext en. i.el y o f f l et by f aul t s , and the lood expo.u r e s  of 

.li,htly off.et aineralization in Beer Iot tle Rhyolite at the US mine 

, ull e . t  miaeral iza t i on o c cu rred up un t i l  the l a t e . t  mod e ra t e- angle 

aoraal fault di.place.ent. , approximately 1 6  Ma (Reynold. et  al. ,  this 

volu.e). The ab.ence of aiaeralization ia the lat e.t hi,h-anlle normal 

faul t • .ake. it unlikely that aineralization continued beyond 1 6- 1 5  Ma. 

The pre.enca of mineral occurrence. alona low-anile . tructures in the 

Ko rninl S t a r  Rhy o li t e  at the Moon Anchor a ine place. a l o w e r  t i se 

bracket of 21 Ma ( radio.etric date of Hornina S tar , I.eynold, at al., 
this vo lu. e)  on ai nera l i z a t i on. Th e f a c t  that the aine ral i z a t i o n  1 s  

a l o n g l o w - a n i l e  f au l t .  l e n d  • •  u p p o r t  t o  th i s  m a x 1 m u a  a , e  o t  

1 7 .L 
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minu 'a l i z a ti on be ca, u e  the lov-an,le no rmal hul t s  are likely to  be 

or1,il1&l1y formed aoderate- to h1,h-an,le normal faults that have been 

r o t a t ed to aore , e n t l e  d i p s  by cont inued extens ion. ( Reyt10 1 d s  e t  a l . ,  

this volume) . The cona train1n, of O.borne aineralization to the siddle 

Mi ocene ind i c a t ea that t he hyd ro thermal e.ent. vere conceapo ran�ou. 

v i t h  extena ive t rana lac ion o f  t he Ii, Born Mou"taina d�=ing s i d d l e  

T e r t i a ry d e t achment- f aul t i n, a a  docum e n t ed by Reynolds and S p e n c e r  

( 1 985 ) • 

The p robab le co n t e apo rani e ty o f  diversely hoa ted occurrences and 

the clu.cer1ar of the d1. trict in a no r th- no r thve s t  t r end sug,e s t s  a 
regionally n:tenaive hyd rothe rmal sys t e a  Val act ive. The l o ca l  

variation in ,aDlue and aetal sui tea , ther e fore , say b e  a tunction o f  

varioua o t  derreea equi11 brat1on between the hyd rothermal tluids and 

h o s t rock. . The vo l can1 c enri chment f a c t o rs lend suppo rt to the  

in f e r en c e  t h a t  m i n e r a l i z a t i o n  i.  n o t d i r e c t l y  related t o  t h e  

emplace sent o f  specific volcanic f lov.. The predoainant concent ration 

o f  ae t a l .  in the earl i e . t  f l o v .  vould lead one to exp e c t  that i t  

aineralization vere solely related to the e.placement of flovs , then 

s i n e r a l i z a t i o n  w o u l d  b e  r e s t r i c t ed t o  the ea r l i e s t  f l o v s  and 

s t ru c tu r e  • •  The f a c t  that the only kno vn o re bod y in  t h e  di s t r i c t 

occurs in the lates t e rup t i ve argues agai n s t  i s po r t an t  i n f l u e n c e  o f  

l o c a l  f l o  v ' s  trace e l e ae n t  content over sine r a l i z a t i o n .  the high 

.a11ni t ie. ot f l u1 d  inclua i ona . e l e c tively studied froa the dis t ri ct 

al.o support the notion that fluids are re,ional in character and not 

local aeteoric fluid •• 

Di f f e rent aechan i s m .  of aineral preci p i t a t i o n  also ap p e a r  t o  

con t r o l  a e t a l  sui tes . The relatively h i g h  sul f i de ch a r a c t e r  ( i n 



cont r a s t  to the c. l c i t e- d o a i n . t ed o c curren c e . )  o f  t h e  O S  = 1 n . and 

Tonop.h-Bel.ont alne .UCI •• t th.t bl.ul f lde co.pl.xing of ,o ld ( B.rnes . 

1 9 7 9 )  a.y h.ve been . icni f l cant for the ,o ld- rlch occurr.nc ••• The w i de 

rani. of ,alinity .alu., In the O S  . 1ne fluori t., ,ulle s t s  d i l u t ion as 

the .echani •• of gold pr.cipi t.tion for the,e .y. t •••• In cont r a. t , the 

b • •  e- .e t . l  ri ch . y . t . . . . l ik e  the S c o t  t Lead . i ne .  • • • •  to be 

r.l.ti.ely low-,ul fid • .,.t • • •• Th.ore t l c.l . tud i .s .ugges t that ha. e

•• e.l. tr •• el ., chloride co.pleza. (lam .. , 1979) .  Th. �re�onde r.nce 

o f  c.l c i t  • •  nd p e r . i . , i v  • •  v i d . n c. o f  boi l l n, at t h e . e  o c c u r r e n c . s  

argue th.t the chloride-co.pl.xed .  b .... .. t.l. pr.cipi t.t .d .. b •• • -

•• t.l .in.r.l. vb.n the CO2 buf fer VII d •• t roy.d durin, bo i ling 

(Dru ••• nd .Dd Ohaot o ,  1985).  



Int.rr.l.t ions hi p ot Middl. Te rtiary Di s tri ct s 

Dlv.r •• • ae. ot d.e. ,u'I •• t th.e the H.rquahala precious a.t.l ,  the 
Tig.r � •• h barl te- fluori t.,  the !Cuil. a.ngan ••• , and the Ol borne ba.e 

and precioua a.tal di.eri cts b.v. an ine.rrel.t.d g.n •• is.  Th. ao. e  

provoc.elv. avid.nc. i .  eh. ti,he .�.ei.l ov.rl.p ot the four d1s tr1cts. 

Th. Harqu.hal. dis tri ct pr.ciou .. a.tal and fluorite occurr.nc •• end 

v1 thin tvo kilo •• t.rs ot  the v.se .maole T1g.r �a. h occurrence (Figure 

1 1 ) . Th. w •• e.rnaole mang.n .... calcit. is 0.3 ka v •• t ot the 

ea. e .rn.o. t b.ri t. occurr.nc., the Whit. lock claias. !h. !Cuila 

di.tri ct 1. d.void ot b .... .. t.l val u.s until lts  eas t em.o. t extent , at 

the Vall.y Vl.v claia. ( Figur. 13 ) , vh.re a ••• y. run a. hi,h as 2.9 o z  

All ton and l '  parcent lead (Heweet, 1 964).. Th .  preci • •  chrono log1 cal 

rel.tion.hip. betv.en the.e di. t rlct. 1. not obviou.. Th. loc.lizae i on 

at •• ch at thea. di. erices in aiddl. Terti.ry structure. , in conj unct ion 

with �-Ar chronology. br.ckets th •• • 11 b.tw •• n !a�ly and Mlddl e  

Mloc.n.. Boa e-rock r.lae ion.hip. pe� l t  ain.ral i z.tion t o  have begun 

aft.r the .apl.c ••• ne at the earli •• e vo lc.nic flo •• ln •• ch re.pective 

•• ction. The pr •• enca ot man,.n •• a 1n the Sucarlo.l rhyolite ae the 

Pu.ic. cl.i.s (Fi,ure 13 ) 1U" •• es lo.e aangana.a .inerali zat lon 

occurr.d alt.r 1 9.6 M. (lAynolds et al.,  t hi s  volum.) . The pre. enci o f  

Olborn. di. erict aineralizat ion i n  the high • •  t sili ci c  fl ows requi res 

th.e .0 •• O. born. dis eri ct ain.r&l lz.cion pOl cdace. the 1 6.4 Ma Beer 

Bo etl. rhyoli te (a.ynold • •  c ale thi. vo lume) . Th •• e bracke ts impl y 
thac aineralization ia progr •• s ively youn,.r to the ••• c .  

Liait.d fluid-1nclua10n data froa •• c h  district pre • •  n c  provocative 

s i.ilariti... The a�p.r.nt ab.enc. ot secondary inclus ions f ro� each 

discrict argu.s &lains t lmpo rtanc aul tipl. ph .... ot mineralization. The 



coincidence of ho.olenizat ion te. perature. and freez inr-�oint 

depre •• ion. f ro. occurrence. lackin, evidence o f  bo ilinl furthers th i s  

inference. The perv .. i.ely hi,h .al initie. found i n  all inclu. ion. that 

lack evidence of boilin, i. 'UCle. t i.e e.idence for a . i.ilar provenance 

of fluI d. for each di.t ri ct .  loedder ( 1 9 84 )  report. that the NaCl 

.ei,ht equivalent. ( .alini t ie.) of epithersal occurrence. are general ly 

lov ,  ran,1n, f ro. 0 to S percant; 12 percent i. con.ider ed  to be the 

extre.e of typ ical epi thermal occurrwnce •• The .alini tie. throughout the 

Bi, Born Mountaina and in the Barquahala di.tri c t are .o.tly above 1 2  

percent , e.en i f  one account. for the .ax1 .ua po • •  ible exe.ge rat ion by 

CO2 clathratiDi. The •• • alini tie • •  UCle. t that e i ther .0 .. unkno wn 

proce.. i. concent rat in« alkali. throughout the ran,e or that all of the 

fluid. ha •• • nOQ- •• teoric charact.r ,  and th.refore , .ay have a . ia i la r 

ori,in . 

Th. ob •• rvat ion of wide.pread �-•• ta.oaati •• pre.ent . ano the r 

attri bute , whi ch, alonl with the fluid- inclu. ion data, .uc,e.t af f i ni ty 

of ran,e-vide hydrotheraal fluid •• · aehrig et al. ( 1 9 80 )  e.tabl i .hed the 

pre.ence of hi,h-� rockt in the adj acent Vulture Moun t ai ns ,  and Ca�p. 

et al. ( this vo lua.) pre.ent .iailar evidence tor wide.oread . al bei t .  

_pont i c ,  �- .et .. o .at 1a. of the Bill Born vo l cani c. (Tabl e 8 ) .  The 

pot .. .  iua enrich •• nt of Late Cr.t aceou. ,ranod iorl te n.ar the Blue Roo • 

• ine (Tabl. 8 )  qual itati •• ly illua trate. the ext ent of I- .eta.oaat 1 sm. 

If the .odel pre •• nted for len.rat ion of aan.ane. e  occurrence. by 1-

.et .. o aati • • • odel i. acceo t td ,  then the ob.ervat ion of calcite ve1nln. 

1n Dead Bo rle b .. alt. fro. the ea. t ernao . t  bari t e  occurrence al l the .ay 

through the ea. t. rnao. t Os borne o ccu rrence further illu. t rate. the 

extent o f  aeta.oaat 1sa and its iapo rtant s oa t i al a., oci a t i on in e ach 



F1,ure 2 1 .  Sche.ac1e era.. .eec iaQ chrough the mid-Tertiary =ineral 
dis tricc. ot the Bi, !a ro.. Bi, arro w re�resent hi,h sa1 1ni ty, 00 2-
bearin, fluids. S.all arrow. re�reseftt me teoric wat ers .  The =eeeor1c 
fluid. flov1Q1 doVQ the de tachaent are .ho VQ drivin, connate waters 
toward the e .. c. 
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Table 8. Whole ro ck analy.e. are fro. �1dely se�erat.d sam�l. loca t i on 
ot the •• me unit. They are displayed to qual i t.tively de mon. crate che 
wide. pre.d occurrence of poc ••• iu. .et •• o aatil. in the region. The 
u�per al l.y of the pai rs i • •  rela tively pri . t ine sam�le. The lo �er 
.. s.y or .... y. are po ta • •  ium meca. o m.t iled. The lower a • •  ay trom the 
b ••• l t. i s  probably not X- meta.omaci sed. The sam � l e  locacionl and rock 
eype. are al to llows : 853-26-1 .  S 1 /2 Sec 1 3 .  T5N R8V ,  Alu1la 1 5 ' ,  B l ue 
Rope , N 1 /2 Sec 3 1 ,  T5N 18W ,  Ii, Ro m I S ' ,  both are Lac e  Cretaceous 
Granodiorite; 1&-56 ,  S 1 /2 Sec 22. T5N 18V ,  !Cuila IS ' ,  7 2-60 , N 1 /2 Sec 
24 (aehri, ee al ., 1 980 ) ,  T7N 16W , Vul ture Mouncaint 1 5 ' ,  boch are m i d
Mi ocene balaltic ande.ite; IBC-2 1 1  S 1 /2 Sec 6 ,  T3N 17V ,  le l mont M t s .  
1 5 ' , leer Io ctle rhyol1u, IBC-2 1 5  S 1 /2 S e c  30, T5N 17W ,  81, Rom 1 5 ' , 
Ol d Camp rhyo li ce, aDd D,U, W 1 /2 Sec 36 ,  T4H 17V .  le lmont Me •• 1 5 ' ,  
Morn1ac S car rhyoli te. 



Table 8 .  Po ta •• 1um-Keta.omat1zed �cka 

Sa.ph SI02 AL203 CAe HGO HA20 �O FE203 ' !!NO Vnaltered-
Al t ered 

15 3 - 2 6 - 1  6 6 . 7  1 5 . 5  3. 5 1  1 .5 6  3 . 7 3 3.87  3 . 6 6  0.06 
Blue Bo pe 6 5.5 1 5.8 2.96  1 . 7 7  3.20 5 .0 3  4. 1 8  3.20 

IB-S6 49.0  1 5 .4 1 1 . 2  9 .08  2.66  0.77  8 .88  0. 1 4  
7 2-60 5 9.8 1 4.3 6.40 4.54 2. 9 2  1 .8 4  2. 38 0. 1 0  

IBC-2 1 1  7 7 .3 1 2. 2  0.33  0.08 4.36 4.45 0.81 210�plll 

. IHC-2 1 S  7 1.2 1 3.9 0.28 0.29 1 .6 1 9.58  1 . 7 0  6 20 p l)1Il 
n 1 2  7 4.0 1 2 .6 0. 2 6  0 . 1 7  0.30 9 . 9 9  1 • •  7 40l)plll 

Sa.ph n02 P20 5  Cl.203 LOI SO H  U n y Zll HI BA 

15 3-26-1 0.42 0. 13  0.0 1 0.62 1 00.0 1 50 590 10  1 60 10 1010  
Blue Bope 0.4 1 0. 14  0.03 3.39 1 00.4 200 830 10 1 60 10 2290 

IB-56 1 .00 0.42 0.03 1.47 1 00.2 30 7 60 20 1 10 20 440 
7 2-60 0.80 - - - - -

PC-2 1 1  0.03 1 30pp. 0 • .54 1 00.0 1 20 10  30 60 40 1 1 0  
.BBC-215  0.32 0.06 6 2pp. 0.93 1 00.1 290 80 40 300 30 1420 

%11 2 0.22 0.04 0.02 0.70 99.7 250 70 50 21 0 30 1 380 

-1 7 0 
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dis e ri ce . 

Al ehoUlh eh • •  aj o r  difference. ia ehe charact er ot ehe middle 

Te rti ary dis e rices sUl,es t s  dif terent ore- torainl condi tiona , a tev 

occur-rences sUiles t s  nearly ideneical ore- foraial condi e ion. exis e ed 1n 

distinct di.eri cts. The character ot th. i.�oreanc US .ine d.�0. 1 e  and 

eh. ,old occurrenc •• on th. Bullard d.tach •• nc · tault boch sUllest chat 

C02- beariDl, Au, AI, Cu. S1 . 'e . and ' enri ch.d tluids prec i pitat ed 

minerals at tes�ratures b. twe.n 1 600 to 2300 C ,  unde r  low ts and high 

tO le Th .  solueion. probably dittered i a  their alkali and ba.e �eeal 

cone en e .  The Bul lard tluid. were probably Ca- rich ,  t-poo r, and de� l et .d 

ia Pb and Zn, wherea. eh. U S  mine tluid. were p robably t- ri ch ,  Ca-�oor , 

and ear iched ia Pb and Zn. The .i lver- lead- rich. calcite-gangue

do .iaae ed character of eh. Vall.y Vie. prol pects tn eh. Aluila dis e ri ct 

and ehe Scoet Lead and Black Vul ture prolpects o t  th. Ol bo rne dis t r ict 

sUlles e chat C02-bearin. tluid. enri ched ia AI .  lb , aad po •• i bly Zn , 

precip itaeed •• tal. under 10. t" very hi,h t02 ' boilia� condie ions. 

A Model tor Mi ddle T. reiary Districts 

o t  ehe Ii, HorQ Mountainl 

Mi neralization in th. Rarquahala di.trice .  eh. Tiger Wa.h d i s t ri ct .  

the Aguila district , and ehe Ol bo rn. dis t rict i s  a resule ot int ense 

local ehe rsoch • •  i cal changes pnci):l i ta ting me eals ehae we re probabl y 

locally derived troa ho. e  rocu proxi .al Co the siCe  of ehe. mine ral 

occurrence. . The fluid. o r i� inal11 vere hi,h-t. CO2- bearing solut ions 

ot ba. inal orin. (?) ori,in which were aobiliz.d ehroua houe ehe u�pe r

):Ilace of a deeachaenc tault .  'luid-flo. a •• ociated with the torsaeion 

ot specific ain.ral occurrence • •  ay be driven by one or �ore o t  ehe 

to llo wlnl : relional and local �.o eheraal g-rad i enes , eopog-raphicall y 



conerolled fluid re,ime. , and tiltin, of  upper-pl aCe structural block 

( Pi,ure 2 1 ) .  

Conerols o.er eheraal and hydrolo,ic ,rad1enes for the eas tern 

Barquahala aDd Ti,er Wash dl. erlct. are:  ( 1 )  the init1ally elevated 

temperature. of br1ne. compared to aet eoric vater (leane and Wi lkins , 

1985 ); (2)  t1ltlD1 of upper-plate blocks and consequent grav i ty-driven 

fluid-flow; and (3 ) re,ionally elevated ,eothermal ,rad1ents as a r esul t 

of aiddl.- to lover-crus tal rocks rlsin, to upper- cru.t al level. 

(Spencer and Welty ,  1985). Beane and Wilkin. ( per.onal comaunicat ion, 

1 985)  in.oke bas1nal brine solutions a. the detachaent-fault- relat ed , 

ore- formln, fluid. to account for the hi,h .alin1tie. , comaonplac. CO2 , 

local aeehane , and nigh fluid-inclusion hoaocenlzation teapera ture. of 

lover-plau fluid inclUS ion.. They belie.e that the fluid. had t o  be 

thermally ele.ated before interactlna wi th the ho t  lover-plate rock. 

becau.e they belle.e lower-plate rocks are Dot hot eaouch to account for 

the 200·, to 30<f.. heao,enizatlem temperatur... The alneral o ccurrences . " 

o f  the eas tera Barquahala dl. trict are probably the re.ult of local 

thermal ,radient. dlrectly above the Bullard detachment fault. The 

o.erlyin, coluan of rock, and probable depth of  a ineralization va. 

probably the Ti,er Wa.h Mlocene .ection, which i. approx1 mately 1 km 

thick. Pre.uaably, the ,old-copper-rich ( plu. or minus fluo r i t e) 

character of eba Barquahala occurrence. 1. a reflection of aetal 

sca.enain, froa lower-plau amphibol1u and rranite. The barite-

fluorite occurrenc •• of ehe Tl,er Wash district are presuaed to be a 

consequence of coolina and dilution of  fluids thae flowed up from the 

hot lover place. The barlee- fluorite occurrence. probabl y for�ed 0.3 to 

o.s ka below the paleo-.urface. The .ource of the ioni c specie. 1s 

uncons trained , bue preliminary speculation 1. warrant ed. The pres ence 



ot sul fide, in the la' t l rn  Rarquahala district , and the likelyhood t hat 

the,e fluids floved into che oVlrlyiDi Mioclne vo lcani c. pointl to che 

lover- pla ci as a louree of S04. The cosson prl.lnce of fluori t l in chi 

Bullard dlcachslnc-ho. cld occurrlnce, lisil arly IUlle.c. , o r ig inacld 

fro. the lover-placi rocka. I.o�opLc .cudil' on ILaLlar occurrlnce. 

IUlI"� Ca L, dedved fros the tluorit .-ho .dnl basale.. (llui: It al., 
1 985 ). Prl,u.ably, the !a w as  der1vld fro. thl arke .l. and arko s i c  

conllo.lratl. whi ch arl p roxiaal t o  the occu rrences .  

Th l  hydrolog1c rlsial ot the Agui la dis t rict sa y  havi bien a 

consequinci of : (1 ) sltlo ric watlr. rlchar;ing off of thl sou cheas c lrn 

flank of the Barquahala Mountainl ant itor., and , lub lequlnt ly , dr1ving 

�-r1 ch ,  C02-bear1D1, connate watlr. co the laI C ,  down into thl Big Horn 

Moun�aLn' upper-placl; aud (2 )  graviry drivln, downvard, fluid- fl o w  as a 

coaaequenci of tiltiDi o f  uppe r-platl blocks and lubl equlnc hlating of 

the vaclr ae the bo c ,  lovlr- place rocka. Leach IC al. ( 1 983 ) pOl cul acl 

a .ltlOriC rlchargl Iy. cla for the Mi.li.l ippi ValllY or.- formiog 

(l uid,. They Invis ioned the forlland ot the Ouachi ta Mouncainl as a 

rlchargl ar .. drivinl basinal br1ne. co che nor�h. Thl prl.lnCI of a 

rllac ivlly thick .equenci of flUVial .ldi aencary rock, at chi WIl e  Ind 

ot thl Big Horn Mouneaioa luglll tS lurface watlrs may havi bien 

recharged thlrl. Thl rapid mid-Tlrc iary exclnl ion ra C I . , and cons equent 

t i l t1n, of uppe r-pla�1 rocks , .. y accounc fo r 10.1 gravi ty drivln fl u1d

fl ov. Whln the fluid, reach the high heac- flov from chi lowlr-place a 

hydrochermal cill would be .ec up. O pon Incounc lrins chI MiOClnl 

ba,alt. ,  hig h in the upper- placi (approxi.aclly 0.3 k. trom chi 

lurtacI) ,  thl �- r1ch fluid. rlac ted wi th C.-blaring phaSl1 in che 

basal t .  chlrlby, Ivo lv1US c& and Mn. Concurrlnc boiling, al a re.ul t ot 
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r.l •••• d pr ••• ur. in fr.cture .nd f.ult zan •• , cau •• d co- pr ec i p i t at i on 

o f  calcite and aan,.n.. . oxid ••• 

Th.r .. l .nd hyd rolo,i cal re,i.e. for the O. borne d1. t rict .r e much 

.ore difficul t  to con.tr.1n than tho •• for the ••• tern Barqu.hala , T1,er 

W •• h ,  .ad Alu11a d1. tr1c:.. S1(U1ficant fluahin, of connate v.t er. by 

.at.o ri c vatar. i. unli kaly becau.a of tha lar,. di.tance fro m the 

propo.ad Bullard r.charg. zona , aDd tha f.ct th.t Osborn. occurrences 

.r. ,ana rally not localized alan, •• jor . tructur.. . In. t e.d , e levated 

th ermal ,r.di ents .t t endant t o  the •• pl.ce .. nt of bi,n- level- rhyo li t e

faader dikei , and ITavi ty driven fluid- flo w ( outlined .bove) .re 

pre.uaed to be the cau.a. of fluid-fl o w  in the Os bo rne di. t r1ct. 

Local a. pl.ca.ant of hi,b- le.el , rhyolite,  f.eder . tock. 1 • ••• u •• d 

to be tha aaj o r  control ov.r the ,ane. i .  of ,old-rich occurrence. ro s  

.1na, aDd Tonopah-Iel .ont ai ne )  in the O.borne d1. t r1 ct .  Pre.um.bly,  

h1,n-�, C02-be.rinc flui d .  vare .obi lizad .. . con.equence of . tock 

em placa.e nt . . Tha lonsa. t- lived .y. ta •• extan.iv.ly equilibrated vith 

country rocks , and , dur 1 nc  tha th.r.al d. clina of the .Yl t e m . ,  

pra cip i t atad ba.e- and preciou.-.. tal. i n  re.pon • •  to cool ing and 

dilut ion. The dilut i on of the ore- bear1n, fluid. 1. a re.ult o f  the 

i nfl ux  of •• c eo r1 c fluid. . Th. w1d •• pr.ad occurrence of bre ccia at the 

US .1ne .UI, •• t. bo111n, aay al.o have contributed to •• tal 

precipit.t1on . 

Becau. e pr.cip1t.tion of .atal . in the Pb-Al- ri cb occurrence. o f  the 

O.borne d 1. t ri ct occurr.d pr.dominantly in a aaj o r  nortn- no rthve.t

trendin, fracture zan. that extand. for over 12 km , and not alon, the 

ra,1onal nor.al fault .  which are ... u.ed to be throucn-,oinS to a 

und.rly1n, d. cach •• nt faul t or faul t . ,  it i. unlikely that maj or f aul t s  

influenced m1neraliz.t1on. Con.equ.ntly, the mod el for grav i ey- induced 
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fluid-flow is preferred 1n ex�lainin, the aaj ori ty of the Osborne 

dis trict occurrenc... 110w u� into the uppe r- pla te .eructural block. 

presumably allowed cat 10n exchan,e of the '-ri ch fluids with the C.- rich 

host roc&. thereby caus in, the fluid. co be saturated wieh Ca. The 

hi,hly fracturad character of the ho.cin, ba.alt. cau.ad bollin, and 

consequent pracipi ta tion o f  calci te. The sudden drop in foo2 caused 

de. cabilization of bas.-metal chloride com�laZ8' and consaquent bas e

aatal precipitation. The bas.-.etal character of the fluids i. assumed 

to be a ra.ul t of leachin, of aetal. fro. che matavolcani c-Pro terozo i c  

ba.a meat . Th a  fact chat .. n,aae.e oxide. are spar1n,ly pre.ent sugges ts 

ehe f02 o f  the fluids ... si,a1ficantly lowar than che f02 o f  tha !gul l. 

di. trict fluids . 



APPEND IX :  INDUSTltlAl. KINEI.Al. lESOOtlC!S 

Ham. t itlc Alluvlua 

Approxia.tely 6,000 .cr •• of .llu.i.l pl.ln have been loc.ted by 
'red IL. Irown of Picacho •• a lar.e �. t i t. plec.r d,ool t t  in the 11, 
Bora Kountalna .. The alluw lal .rea coapriae. p.rt. of .ec. 9 .  1 0 .  1 4 .  
1 ' ,  1 6 ,  1 7 ,  1 9 , 2 0 ,  2 1 ,  2 2 , 2 3 ,  2 7 , 2 8 ,  2 9 ,  30 , aad 3 2 ,  T 4 N ,  19 "1 ••• T h e  
aarne t lte plac.r area . ta rt. about 1 7 aile • •  outh o f  the town o f  Agui l a ,  
j u. t  e •• t ot the A1uil. Tonopah road. 

Tl taaif.rou. a.,ne t i t .  occur. in alluviua aad I t reaa crave l s  
r.portedly r.n.in, fro a  a f e v  f e e t  to aor . thaa 1 00 r.et. The magne t i t e 
wi th .inor aaouat . of i la.n1 t e  aak •• up 3 t o  7 percent of the a l l uv ium; 
part. of the d.po. i t  contain a. auch .. 1 0  p.rcent magne t i te.  

B.ne f i cat ion t •• t . ..  d e  by 1 •••••• 1n 1 96 1 ,  iacluding s cree n i ng and 
.'rn.t l c  •• peracioa, yl. 1ded concen tra t •• containing 6S to 6 9  p.cent 
iron and 0.3 to 0.8 p.rcent t i canla. Th. ar.a ha. b.en pro.pec t ed by 

· Ieatured pits 10 and I S  r •• t d •• p. (Ba rrier , 1 964 ).  

Perlit e  

Ouc crop. o f  the SUKarlo.f rhyol i te i n  See 1 0 ,  I I , 1 4 ,  and I S ,  T4N 

18W , Ii, Ro m Mt •• I S '  have an un ....... d a.ouat of p.rli t e  ( MIlO S ) .  

:L3S'" 
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Parker, Arizona- Some Hi-Lites 

New in the area, the Moovalya Plaza Shopping 
Center is located on Az. 95 (Riverside Drive) just 
south of the Airport tum-off. Many large firms are 
located in the Center as well as a number of 
specialty shops. The Moovalya Plaza Shopping 
Center is located on Colorado River Indian 
Tribes Reservation under long term lease. 

The Joshua Street Mall, located directly across 
the street from the Parker Post Office, on Joshua 
Street, between Arizona Avenue and 14th Street, 
features a number of specialty shops, beauty 
shop, laundromat, fast food, video games, wes
tern and childrens shops, camera and film, pre
scription anctdrug centers, insurance and others. 
Conveniently located to the downtown area, 
with plenty of parking area. 

The Town of Parker Olympic size swimming 
pool is located on Agency Road and Navajo 
Avenue and is used each year for the Special 
Olympics Swim meet. Swimming lessons and 
special programs are a regular part of the 
summer months. The pool is complimented by 
Pop Harvey Park on the corner of Agency Road 
and Mohave Avenue, with a nice picnic area for 
our many visitors as well as local residents. The 
Parker Library is located across the street. 

Parker Community Hospital, a 39 bed full service 
acute care hospital is located on Mohave Road 
just south of Az . 95-72 (California Avenue). The 
Parker Community Hospital is a District hospital 
and is operated under a governing board of 15 
local residents from the area the hospital serves. 
PCH employs approximately 100 people, in 
addition to Physicians. I 
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River Island Unit Facilities 
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The depth of Block D, which contains 
Hill 2462, was taken as 450 feet with the additional 100 feet added 
because of higher elevations in the hill . Plan dimensions of Block F 
were taken from the maps and the vertical dimension of 20 feet was taken 
from intercepts in the GH-1 drill hole and from estimated heights of 
stapes within the old Socorro Mine workings. All of the above 
information is summarized in Table 15. 

Total gold content, gold grade, and dollar value of gold within each 
block was calculated according to three models (Table 15). The first 
calculation (Model 1) assumed a conservative model where average gold 
values derived from Skyline Laboratory's analytical data were assumed to 
represent true surface values and do not increase with depth. The second 
model (Model 2) assumed that the Skyline Laboratory.analytical data is 
systematically low by a factor of 1.3 (See section on Verification of 
Gold Grade), and that there was no increase in grade with depth. The 
third and most optimistic model (Model 3) assumed the average gold values 
from Skyline Laboratory were low by a factor of 1.3 and therefore had to 
be adjusted upward as in Model 2 and also assumed the gold grades 
increased with depth by a factor of 2 (See section on Possible Variations 
of Gold Content with Depth). 

Dollar values for all models in Table 15 were calculated at a gold 
price of $450/oz. Gold contents and dollar values at v~ious gold prices 
for various combinations of blocks and economic models are shown in Table 
16 •. From present data the silver content within the Socorro Reef gold 
anomaly is too low to be of economic interest (Table 17). The total 
indicated silver value for all blocks within the Socorro Reef gold 
anomaly is only $2,300,000; this is 79 times less than the dollar value 
of gold. The above numbers for silver assumed a gold:silver ratio of 
1. 77 over the Socorro Reef gold anomaly and a gold:silver price ratio of 
45:1. 

Model 1 is clearly the most conservative of the three models and 
probably is too conservative because of the analytical technique used to 
obtain the gold values. Model 2 is perhaps the most realistic of the 
three models given what is currently known about the Socorro Reef gold 
anomaly. If it is assumed (and this is a sizeable assumption) that the 
SAD-1 drill hole represents a fair test of gold grades with depth, then a 
significant increase in depth from surface values is not predicted. The 
SAD-1 drill hole data is reinforced with the induced polarization (IP) 
data, which suggests the sulfide- bearing material is fairly evenly 
distributed throughout the quartzite portion of the Socorro Reef gold 
anomaly · and does not increase with depth. 

However, there are substantial reasons to question the Model 2 
assumptions. First, one drill hole is probably not representative. 
Second, as outlined in the previous section on Variations in Gold Content 
with Depth, gold grades within the SAD-1 drill hole do increase slightly 
with depth . The lower 100 feet of the hole averaged 0.0155 oz gold/Ton 
based on 40 5-foot composite samples of drill cuttings, whereas surface 
samples within Block C average 0. 0123 oz gold/Ton based on 44 samples. 
This latter number is very close to the average grade (0.012 oz gold/Ton) 
for 40 composite samples from the upper 100 feet of the SAD-1 drill hole. 
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Table 15: Gold Grade and tonnage information for 
various gold-bearing blocks within the 
Socorro Reef gold anomaly 

BLOCK 
ECONOMIC PARAMETERS 

A B B high grade c D E F 

Map Dimensions (feet) 250 X 200 725 X 275 725 X 130 550 X 250 940 X 325 875 X 500 250 X 375 
Depth extension (feet) 350 350 350 350 450 350 20 
Number of surface samples 14 64 (. 023) 37 (.035) 44 (.0123) 41 23 9 ( .o 144) 
Number of subsurface 

samples 16 (. 012) 16 (. 012) 40 (.0138) 11 ( .23) 
(from aditl (from adit) (from SAD-1) 

Number of surface and 
subsurface samples 14 80 53 84 41 23 23 

Average gold grade from 
subsurface and surface 
data (oz/ton) .0041 .021 .028 .013 .0113 .0056 .138 

Standard deviation 
(oz/ton) • 006 .0415 .0491 .0166 .0156 • 0114 • 284 

Tonnage (short tons) 114581000 518151000 217491000 410101000 1114561250 1217601000 1561250 
Total gold content (oz) 51978 1221115" 761972 521130 1291453 71.456 21,562 
Dollar value (@ $450/oz) 216901000 5419521000 3416371000 '231 4581000 5813541000 3211551000 917031000 

• ( 1 .84) (9.45) ( 12.60) (5.85) (5.09) (2.52) (62.20) 

RECALCULATION OF ABOVE 
ASSUMING GOLD GRADE 
ADJUSTMENT FROM BORAX DATA 
(Model 2) 

Average gold grade of 
all data ( oz/ton) .0053 .0273 .0363 .016 .0147 .0073 .179 

Total gold content (oz) 71727 1581750 991789 641 160 1681403 731148 271969 . 
Dollar value (@ $450/oz) 314771150 711437,000 4419051000 2818721000 7517811000 4119171000 121586,000 

* (2.38) (12.28) (16.34) (7.20) (6.61) (3.28) (80.68) 

RECALCULATION OF ABOVE 
ASSUMING INCREASE IN 
GOLD GRADE WITH DEPTH 
(Model 3) 

Average gold grade of 
lower 1/2 of block 
(oz/ton) • 0106 .0546 .0726 .032 .0294 .0146 

Tonnage of lower 
1/2 of block 7291000 219011500 113741500 210051000 517281125 613801000 

Gold content of lower 
1/2 of block 71700 1501700 991800 641200 1681400 931200 

Average gold grade of 
upper 1/2 of block 
(oz/ton) • 0041 .021 .028 .013 .0113 .0056 

Tonnage of upper 
1/2 of block 7291000 219071000 113741500 210051000 517281125 613801000 

Average gold grade of 
entire block (oz/ton) .008 .0409 .0543 .024 .022 .011 

Gold content of upper 
1/2 of block 
(ounces) 31900 791400 491500 321 100 841200 461600 

Total gold content of 
block (ounces) 111600 2381 100 1491300 961200 2521600 139,800 

Dollar Value (!} $450/oz) 512151000 1071000,000 671000,000 4310001000 11310001000 6310001000 
* (3.57) ( 18.40) (24 .37) ( 10.72) (9.86) (4.94) 

• Number in parenthesis is gold value in dollars per ton . 
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1 
i 

i 
l 
1 , 

ECONOMIC PARAMETERS 

Tonnage (millions 
of short tons) 

Gold Grade (oz/ton) 

Gold Con~ent (oz) 

Dollar Value 
@ 400/oz 

@ 450/oz 

@ 500/oz 

@ 600/oz 

ECONOMIC PARAMETERS 

Tonnage (millions 
of short tons) 

Gold Grade ( oz/ton) 

Gold content (oz) 

Dollar Value 
@ 400/oz 

@ 450/oz 

@ 500/oz 

@ 600/oz 

• 

• 

• 

B + C 
Model 

9.825 

.018 

174,245 

70,000,000 
(7. 12) 

78,000,000 
( 7.94) 

87,000,000 
(8.85) 

105,000,000 
(10.69) 

B+C+D+F 
Model 1 

21.437 

.0152 

325,260 

130,000,000 

* (6.06) 

146,000,000 
• (6.81) 

162,000,000 
• (7.56) 

195,000,000 
• (9. 10) 

Table 16: Gold content and Dollar value combinations 
of various blocks 

B + C 
Model 2 

9.825 

.023 

222,910 

89,000,000 
(9.06) 

100,000,000 
(10.18) 

111,000,000 
( 11.30) 

134,000,000 
( 13.64) 

B+C+D+F 
Model 2 

21.437 

.0192 

412,875 

165,000,000 
(7.69) 

185,000,000 
(8.63) 

206,000,000 
(9. 61) 

247,000,000 
(11.52) 

B + C 
Model 3 

9.825 

.034 

334,300 

134,000,000 
( 13.64) 

150 ,ooo ,000 
( 15.27) 

167,000,000 
(16.99) 

20 1, 000, 000 
(20.46) 

B+C+D+F 
Model 3 

21.437 

.0284 

608,462 

243,000,000 
( 11.33) 

273,000,000 
( 12.73) 

304,000,000 
(14.18) 

365,000,000 
( 17.03) 

B + C + D 
Model 

21.281 

.0143 

303,698 

121,000,000 
(5 . 71) 

137,000,000 
(6.46) 

152,000,000 
(7.17) 

182,000,000 
(8.58) 

A+B+C+D+E+F 
Model 1 

35.655 

• 0113 

402,694 

161,000,000 
(4.51) 

181,000,000 
(5.08) 

20 1 , 000 , 00 0 
(5.64) 

242,000,000 
(6 . 79) 

B + C + D 
Model 2 

21.281 

.0184 

391,313 

157,000,000 
(7 .40) 

176,000,000 
(8. 30) 

195,000,000 
(9.20) 

235,000,000 
(11.08) 

A+B+C+D+E+F 
Model 2 

35.655 

.0144 

513,750 

205,500,000 
(5. 76) 

231,000,000 
(6.48) 

25710001000 
( 7. 21) 

308,000,000 
(8.64) 

* Number in parenthesis is gold value in dollars per ton. 
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B + C + D 
Model 3 

21.281 

.0276 

586,900 

23 5, 00 0, 00 0 
( 11.08) 

264,000,000 
( 12.45) 

293,000,000 
( 13.82) 

352,000,000 
( 16.60) 

A+B+C+D+E+F 
Model 3 

35.655 

.0213 

759,862 

304,000,000 
(8.61) 

342,000,000 
(9.59) 

380,000,000 
( 10.66) 

456,000,000 
(12.79) 



Table 17: Economic data for silver 
within the Socorro Reef Gold Anomaly 

Block 
ECONOMIC PARAMETERS 

A B B high grade C D E F 

Gold grade (oz/Ton) • 0041 .021 .028 .013 .0113 .0056 . 138 
Silver grade (oz/Ton)* .0023 .012 .016 .0073 .0064 .0032 .078 

!-J Tonnage (short ton) 1,458,000 5,815,000 2,749,000 4,010,000 11,456,000 12,760,000 156,250 
0 
V1 Total Silver (oz) 3,353 69,780 43,984 29,273 73,139 40,370 12,182 

Dollar Value 
(@ 10 ./oz) 33,534 697,800 439,840 292,730 731,390 403,700 121,820 

Total Silver in dollars 
$2,291,000 

* Calculated assuming a gold:silver ratio of 1.77 (based on 1904-1934 Socorro Mine production) 



Third, the induced polarization (IP) data discussed in the geophysics 
section is not resolved enough to identify small tonnage zones (about 
200,000 tons or less) that contain higher sulfide-bearing zones which are 
presumably more gold rich, even though the method does generally identify 
a zone of moderately intense, apparent polarization within the quartzite
granite blocks. Fourth, Model 2 assumes that no high-grade, bonanza 
pockets are present within Blocks A-E. Even one bonanza pocket, like the 
one encountered in the 'Castle Garden' stope within the Bolsa Quartzite 
at the Harquahala Mine in the Little Harquahala Mountains, would 
substantially increase the overall gold content of the Socorro Reef gold 
deposit. As outlined-in the previous section on Variation in Gold 
Content with Depth, there are substantial geologic reasons (by analogy 
with the high-grade material within the Golden Eagle thrust at the old 
Socorro Mine) to expect an increase in gold content with depth towards 
the Golden Eagle thrust. The presence of high-grade bonanza pockets, the 
presence of intermediate-tonnage, moderate-grade gold zones {0.08 to 0.12 
oz/ton), and the overall increase in grade with depth are all taken into 
consideration in Model 3. Because the removal of the large tonnages that 
are involved would considerably dilute the effect of bonanza pockets and 
moderate-tonnage, higher grade zones, the overall factor by which the 
grade can be reasonably expected to increase above surface grades is 
taken to be a factor of two or double the known surface grades. This 
increase is projected for the lower one half or the lower 175 feet of 
Blocks A-E. Economic aspects of Models 1, 2, and 3 are shown in Tables 
15 and 16. 

The summation of all data for Blocks A-F {Table 16) reveals that in 
the moderately anomalous portion of the Socorro Reef gold anomaly there 
is an indicated tonnage of 35.6 million tons with an average grade (using 
Model 3 assumptions) of 0.0213 oz gold/Ton. At $450/oz, and using Model 
3 assumptions, this amounts to a total of $342,000,000 of gold with a 
gold value of $9.59/Ton. It is clear from Tables 15 and 16, however, 
that the average gold grade quoted above is not evenly distributed over 
all blocks; within the moderately anomalous granite and quartzite blocks, 
Blocks B, c, D, and F have substantially higher grades and constitute an 
attractive gold target with an indicated 21.4 million tons of potential 
gold ore. Of these, Blocks B and C are the most economically attractive. 

From the existing data the Blocks with the most potential for mining 
are Blocks B, c, and F and a 'high-grade' subblock within Block B 
containing an indicated 2.75 million tons comprises the most attractive 
possibility. With Model 2 assumptions, the indicated surface grade for 
this subblock is 0.036 oz gold/Ton, which is comparable to gold grades of 
cyanide heap leach properties in Nevada that were operating in 1979 {See 
Table 18). With Model 3 assumptions for this higher grade subblock of 
Block B, the average indicated gold grade for this ground increases to 
0.054 oz gold/ton, which is very close to the grade of most of the 
properties listed in Table 18. Obviously, Block B should be given the 
highest priority for confirmation drilling. Several larger tonnage 
targets within the Socorro Reef gold anomaly are also attractive, 
particularly a 9.8 million ton block that comprises Blocks B and c. This 
block of ground contains $100,000,000 of gold (using Model 2 assumptions) 
or $150,000,000 of gold {using Model 3 assumptions) {See Table 16). The 
0.034 oz/Ton grade of this block (using Model 3 assumptions) is similar 
to the grades of producing properties at Windfall, Cortez, and Gold Acres 
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Deposit Tons (short) 

Ortiz, New Mexico 6,841,000 

Carlin, Nevada 9,370,000 
(1965-77 
Production) 

I BoOtstrap, Nevada 

~ 

1 
.~ Cort.ez, Nevada 422,000 
~ tons/year t 
-l 
.{ 

i 
~ Gold Acres, Nevada 907,000 

tons/year 

l 
~ 
~ 
j Round Mtn, Nevada 

~ 
c 
·1 

:, Windfall, Nevada 220,000 
·i tons/year 

1 
4 Socorro Reef, AZ 

·' ' ·~; B+C+D+F Model 3 21,437,000 
! \ 

B+C+D+F Model 2 21,437,000 

' B+C Model 3 9,825,000 'i 
J 
\ B+C Model 2 9,825,000 i 
l 

' , l 
l .. 

·~ 
' 
~ 
' ' ! 
~ 
l 

~ 
:; 

• '1 

Table 18: Comparison of Socorro Reef with other 
disseminated, low-grade go19 deposits 
in the western United States 

Gold Grade Gold Content Mining Costs 
( oz/ton) Dollars/ton Dollars/ton 

(@ $450./oz) (pre-tax) 

.053 23.85 9.84 (mid-1981 
total mining, 
processing and 
administrative 
cost) 

.32 144.07 37.20 
(Nov. 1981) 

.063 11 heap 1.67 direct 

.028 12 heap ( 1979) costs 

.036 16.20 1. 22 (1979) 

.036 16.20 1. 22 ( 1979) 

.06 27.00 5.32 (1979 
direct and 
administrative) 

.028 12.60 3.93 ( 1980 
mining and 
processing costs) 

.0284 12.73 

.0192 8.63 

.034 15.27 

.023 10. 18 
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Recovery Reference 
Method 

Cyanide Hickson 
Heap-Leach ( 1981) 

Milling Mining 
Record 
(Nov. 1981) 

Cyanide MCQuiston ' Heap-Leach Shoemaker 
( 1980) 

Cyanide MCQuiston ' Heap-Leach Shoemaker 
( 1980) 

Cyanide MCQuiston ' Heap-Leach Shoemaker 
( 1980) 

Cyanide MCQuiston & 

Heap-Leach Shoemaker 
( 1980) 

Cyanide MCQuiston ' Heap-Leach Shoemaker 
( 1980) 



in Nevada (Table 18). Grade continuity and a slight increase in grade 

with depth for Blocks B and C have already been tested to some degree by 
the SAD-1 drill hole in Block c. If Block D is added to the Block B and 
C package, the indicated tonnage increases to over 21 million tons and 
(using Model 3 assumptions) contains $264,000,000 of gold at $450/oz. 
However, mining costs within Block D would be substantially higher 
because of the additional waste material that would have to be removed 
from Hill 2462 to gain access to the mineralized quartzite block. Thus, 
drilling confirmation should be acquired first for Blocks B and c. The 
high-grade ground within Block F is too low in tonnage to justify an open 
cut mine by itself. However, high grade portions of this ground could be 
blended with lower grade rock in Blocks B and C to obtain higher and more 
evenly distributed gold grades for recovery purposes; Blocks A and E, 
while containing about 14 million tons of gold-bearing material, do not 
contain high enough grades to justify drilling confirmation at this time. 

From Table 18 it can be seen that pre-tax operating costs per ton 
for various, recently operating, open-cut gold mines in the southwestern 
u.s. are substantially lower than the overall dollar value of gold 
content per ton of ore mined by at least a factor of 3. As can be 
inferred from the table this factor can be considerably influenced by the 
price of gold, so that one would like the difference between actual gold 
content and cost of mining to be as high as possible. It should be noted 
that the Windfall Mine, which has the lowest grade of the operating 
properties in Table 18, closed in 1981 when the price of gold fell below 
$350/oz, but is expected to open soon as the price of gold has now been 
consistently above $400/oz. Therefore, the difference between gold 
content and pre-tax operating costs at Socorro Reef gold deposit should 
consistently be greater than 2.5 to 1 before the Socorro Reef gold 
deposit could be brought into profitable production. At a gold price of 
$450/oz a 2.5 to 1 ratio of gold value to cost of production seems viable 
for Blocks B, c, D, and F using Model 3 assumptions, for Blocks B and C 
using Model 3 assumptions, for Block B using either Model 2 or Model 3 
assumptions, and for the 'high-grade' subblock within Block B using Model 
1, 2, or 3 assumptions. Thus, based on present data, Block B at the 
surface is comparable to producing, open-cut, heap-leach, gold operations 
elsewhere and could be brought into production if drilling confirmed the 
surface grades to depth. Blocks B and C could be brought into production 
if drilling substantiates Model 3 assumptions or if the price of gold 
increases to and remains above $550/oz. Thus, about 10 million tons of 
ground within the Socorro Reef gold deposit is commercial pending 
drilling confirmation of Model 3 assumption, and is commercial as it 
stands if the price of gold increases to and remains over $550/oz and 
mining costs do .not escalate. 

Conclusions and Recommendations 

Geologic, geochemical, and geophysical data presented in Part II 
strongly suggest the inference that the Socorro Reef gold anomaly is the 
surface expression of a large-tonnage, low-grade, disseminated gold 
deposit. Economic evaluation of all available surface data using 
optimistic, but reasonable, geologic assumptions (Model 3) suggest that 
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about 760,000 ounces of gold (0.0213 oz of gold/Ton) are contained within 
35.6 million tons of gold-bearing material in six blocks (Figure 26). At 
a gold price of $450/oz the above material contains $342,000,000 of gold. 
Under present economic conditions about 10 million tons of gold-bearing 
rock in Blocks B and C are commercial pending drilling confirmation of 
gold grades with depth. The estimated value of gold in the 10 million 
ton block using Model 3 assumptions is about $150,000,000. If economic 
conditions improve slightly, that is, if the price of gold increases to 
and remains over $500/oz, then another 11 million tons of gold-bearing 
rock can be added to the 10 million tons described above and the net 
worth of the Socorro Reef gold deposit would increase to about 
$293,000,000. 

It is recommended that drilling priority be given to Blocks B and c 
with the objective of confirming and hopefully increasing gold grades in 
ground beneath surface exposures of these blocks. A fair test of these 
blocks would consist of five shallow drill holes (fully cored) of 500 
feet each to obtain subsurface information on gold grades beneath Blocks 
B and c. At a cost of $20/foot this amounts to about $50,000 of 
drilling. Supportive geochemical work should consist of gold, silver, 
and tungsten assays for every 10-foot interval of core; this amounts to 
approximately $2750.00 of analytical work. Some of the holes should be 
angled across the width of the exposed gold anomaly in order to obtain 
information about gold grades in representative cross sections. At this 
time, no new surface information is required because abundant data has 
already been obtained from previous surface sampling programs conducted 
by the various major mining companies. The recommended drilling work can 
be done by Socorro Mining Corporation under my supervision or by one of 
the major mining companies currently interested in the property. This 
work could easily be done within six to nine months of the lease date. 
It is recommended that the confirmatory drilling be done as soon as 
possible by either Socorro Mining Corporation or a mining company lease
partner, because the economic climate is becoming increasingly favorable 
for development of low-grade, disseminated gold deposits. With many 
major mining companies now directing their exploration programs toward 
such targets, the Socorro Reef gold deposit is now a prime exploration 
target. 
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