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INTRODUCTION 

The Tolovana mining d i s t r i c t  i s  l o c a t e d  a t  common c o r n e r  of t h e  

Livengood B-3, B-4, C-3 and C-4 quadrang le  i n  east c e n t r a l  Alaska ( s e e  

F igu re  1). The d i s t r i c t  i s  i n  t h e  no r thwes t e rn  p o r t i o n  of the Yukon- 

Tanana Upland Schis t  Terrane (see Figure 2). The Livengood B-3, B-4, C- 

3 and C-4 quadrangles  were g e o l o g i c a l l y  mapped (Bundtzen, 1982; 

Albanese,  1982a; Smith, 1982; and Robinson, 1982) and geochemical  

samples were co l lec ted  from the  mapped a reas  (Albanese, 1982b) as part 

of a j o i n t  Minera l  Indus t ry  Research Labora tory  - Alaska Div i s ion  of 

Geo log ica l  and Geophysical Surveys p r o j e c t  e n t i t l e d  "Mineral Resource 

Appraisal of I n t e r i o r  Alaska Mining D i s t r i c t s " .  The f o l l o w i n g  r e p o r t  

c o n t a i n s :  a s t a t i s t i c a l  a n a l y s i s  of t h e  geochemical samples;  a 

de f in i t i on  of anomolous elemental concentrat ions;  and a determination of 

the s p a t i a l  re la t ionships  between t h e  anomalous samples and t h e  bedrock 

and economic geology. 

BEDROCK GEDLOGY 

As noted previously, the Tolovana mining d i s t r i c t  is  located on t h e  

northwestern margin of the Yukon-Tanana Uplands Schis t  Terrane. Figure 

2 is generalized geological map of t h e  te r rane  which is bounded on t h e  

south by Denali Fault  and on the  nor th  by the  Tintina Fault  (Foster,  e t  

al., 1973). The t e r r a n e  i s  composed of Precambrian and P a l e o z o i c  

metamorphosed sedimentary and v o l c a n i c  rocks  t h a t  c o n t a i n  lower  

greenschis t  t o  amphibolite fac ies ,  e c log i t e  facies and g ranu l i t e  facies 

mineral assemblages. The metamorphic rocks were considered Precambrian 

and were formerly designated Birch C r e e k  Schis t  by Mertie (1937). The 
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Figure 2. Generalized gmlogical map of the Yukon-Tanana Uplands 
Schist Terrane, Alaska. 
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metamorphic rocks a r e  unconformably over la in  by Paleozoic, Mesozoic and 

T e r t i a r y  s e d i m e n t a r y  a n d  v o l c a n i c  rocks .  The m e t a m o r p h i c  and  

sedimentary sequences are int ruded by Paleozoic, Mesozoic and Te r t i a ry  

r o c k s  ranging i n  composi t ion from p e r i d o t i t e  t o  g r a n i t e .  Regional  

1:250,000 scale geo log ica l  mapping o f  t h e  Tolovana d i s t r i c t  and t h e  

Livengood quadrangle has been completed by Chapnan e t  a l .  (1971). 

The bedrock geology of t h e  Tolovana d i s t r i c t  has  been mapped by 

Chapman e t  a 1  (19711, Albanese (19831, Bundtzen (19831, Robinson (1983) 

and Smith  (1983). Smith (1983) and Bundtzen (1983) d e f i n e  e i g h t  

tectono-strat igraphic sequences s e p a r a t e d  by major t h r u s t  f a u l t s  (see 

Figure 3) .  From north to  south these  sequences include: 

A. Rampart Group (Permian or  Tr iass ic)  

B o  Paleozoic Clastics and Chert Unit (Si lur ian or Devonian) 

C. Gr i t  Unit (Late Proterozoic or Cambrian) 

D, Chert Terrane (Middle Ordovician t o  S i lu r i an )  

E, Devonian C l a s t i c s  and Mafic Complex (Middle Devonian) 

F. Mesozoic Flysch ( Ju ra s s i c  or Cretaceous) 

G. Paleozoic sedimentary, igneous and low grade metamorphic 

rocks (Cambrian or  Ordovician) 

H. Tolovana Limestone (S i lu r i an  and Devonian) 

The G r i t  Unit  i n c l u d e s  conglomera te  coarse-grained a renaceous  

sandstone, quar tz i te ,  s i l t s t o n e ,  maroon and greenish s l a t e ,  phyl i t e ,  and 

coarse c r y t a l l i n e  limestone or dolomit ic  limestone. Chapman and others 

(1971) r e f e r  t o  t h i s  sequence of r o c k s  as t h e  'Grit  u n i t 1  of t h e  Yukon 

Tanana Uplands and have made a t e n t a t i v e  c o r r e l a t i o n  w i t h  t h e  l a t e  



RAMPART GROUP 

MESOZOIC FLYSCH 

Figure 3. Generalizd geological map of the 'Iblovana mining district 
and adjacent areas (after Albanese, 1983; Bundtzen, 1983; 
Fabinson, 1983; and S m i t h ,  1983). See text for rock unit 
descriptions. 



Precambrian to Cambrian quartz rich shelf deposits of the Windemere 

Group of southern Canada and the northwestern United States. The rocks 

are regionally metamorphosed to lower greenschist facies with 

progressive increase from the northwest to southeast, 

The Paleozoic sedimentary, igneous and low-grade metamorphic map 

unit includes fine to medium grained quartzite, dark gray to black 

phylite, gray slate, gray to green banded chert, light gray coarse 

crystalline limestone and amygdaloidal greenstone, gabbro, and diori te. 

The amygdaloidal greenstone is aphanitic to coarse-grained with vesicle 

fillings of calcite and prehnite. The gabbros and diorites are medium 

to coarse-grained rocks composed of diopside, orthophyroxene, 

hornblende, biotite and plagioclase feldspar (An 40-60). 

The Paleozoic sedimentary rocks were correlated with the Oldhamia- 

bearing grits of Noodor Dome by Chapman and others (1971). The igneous 

rocks within the map unit are similar to the Fossil Creek volcanics of 

Church and Durfee (1961) which occur on strike to the northeast. The 

Fossil Creek Volcanics are of Middle Ordovician age and thus the 

Paleozoic sedimentary, igneous and low grade metamorphics may be of 

Cambrian or Ordivician age. The above map unit is regionally meta- 

morphosed and metamorphic grade progressively increases from the north- 

west to southeast. 

The Chert Terrane defined by Robinson (1983) includes the Livengood 

Dome chert of Chapman and others (1979). The lower portion of the map 

unit is composed of light gray to tan fine-grained and thinly layered 

chert; variegated black, red, green, blue, and white massive bedded 

radiolarian chert; chert congomerate; and grayish black siliceous shale 



and s i l t s tone .  The lower por t ion of t h e  map u n i t  contains  dark gray t o  

green massive and highly a l t e r e d  ma£ i c  v o l c a n i c  rock and f ine-grained 

recrys ta l l i zed  dolomit ic  limestone. Fauna evidence suggests  a range i n  

age from Middle Ordovician t o  S i lu r ian  (Robinson, 1983). 

Paleozoic C la s t i c s  and Chert Terrane defined by Robinson (1983) is 

composed of che r t  and sha l e  pebble congolmerate; gray t o  brown, f ine  t o  

medium grained l i t h i c  sandstones; maroon and green s i l i c e o u s  shale; and 

medium gray t o  buff r e c r y s t a l l i z e d  d o l o m i t i c  l imes tone .  The u n i t  

appea r s  t o  o v e r l i e  rocks  of t h e  Cher t  Terrane. With t h e  except ion  of 

the absence of mafic volcanics, the map unit is similar to t h e  Paleozoic 

sedimentary, igneous and low grade metamorphic rocks t o  the  southeast 

described by Bundtzen (1983). Robinson (1983) does not  i nd i ca t e  how t h e  

age of the  Paleozoic Clastic and Chert Terrane was determined. 

The Tolovana Limestone as defined by Mertie (1937) includes a b e l t  

of ca rbona te  rocks  t h a t  ex t ends  from Willow Creek, n o r t h  of Cache 

Mountain t o  Globe Creek. I n  t h e  Globe Creek, a r e a  Bundtzen (1983) 

divided the formation i n t o  t h ree  members. The Limestone Breccia member 

is  a medium gray r ec rys t a l l i zed  limestone breccia wi th  angular fragments 

up t o  25 cm i n  diameter. The angular clasts contain amahiwra and coral  

fragments.  The Laminated Limestone member is  a medium grey,  t h i n l y  

layered s i l t y  l imestone t h a t  is  loca l ly  brecciated. The Massive Lime- 

s tone  member is medium t o  dark-blue-gray massive o o l i t i c  and dolomitized 

m i c r i t i c  l i m e s t o n e .  F a u n a l  a s s e m b l a g e s  i n c l u d e  A n g h i ~ o m  and  

Dendrostrella sp; Do Rhenana of Middle Devonian age. 

The Devonian Clastics and Mafic Complex c o n t a i n s  conglomerate,  

sandstone, shale, che r t ,  and black dolomitic marble; andes i t i c  flows and 



agglomera te ;  maf ic  a p h i n i t i c  t o  c o a r s e  gra ined  igneous rocks ;  and 

se rpen t in i te ,  The sandstones and conglomerates a r e  gray t o  brown th in  

bedded t o  massive sub l i t h i c  rocks. The coarse c l a s t i c s  a r e  interbedded 

w i t h  g ray  t o  o l i v e  shale t h a t  l o c a l l y  g rades  t o  s i l t s t o n e .  The 

andes i t i c  t o  dacitic flow rocks a r e  in ter layered w i t h  gray banded cher t ,  

b lack  d o l o m i t i c  marble, and clastic rocks. The f l ow rocks c o n t a i n  

phenoc rys t s  of p l a g i o c l a s e ,  hornblende and q u a r t z  and have v e s i c l e  

f i l l i n g s  of c a l c i t e  and epidote. The mafic igneous iock include f i n e  t o  

coarse-gra ined  o l i v e  t o  t a n  wea the r ing  hypersthene gabbro, hornblende 

g a b b r o ,  a u g i t e  b e a r i n g  d i o r i t e ,  a n d  m a s s i v e  g r e e n s t o n e .  The 

s e r p e n t i n i t e  i s  a green t o  b lack  a l t e r e d  p e r i d o t i t e  o c c u r r i n g  i n  and 

adjacent  t o  the  mafic igneious rocks (Bundtzen, 1983). 

The Rampart Group i n  t h e  Livengood C-3 and C-4 quadrang le s  i s  

composed of maf i c  t o  i n t e r m e d i a t e  i n t r u s i v e  and  v o l c a n i c  r o c k s  

i n t e r c a l a c t e d  w i t h  c l a s t i c  s e d i m e n t s  i nc lud ing  sands tone ,  s i l t s t o n e ,  

s h a l e  and chert.  The insttusive rocks range i n  composition from gabbro 

t o  d i o r i t e  and occur as i r r egu la r  s tocks  and sills. The ex t rus ive  rocks 

range i n  composi t ion from a l t e r e d  b a s l a t  t o  rhyodacte  w i t h  t h e  more 

maf i c  rocks predominating (Robinson, 1983; Smith, 1983). 

Brosge and others (1969) provide faunal evidence f o r  a Permian age 

of the Rampart Group rocks  w h i l e  potassium-argon d e t e t m i n a t i o n s  on 

hornblende from an i n t r u s i v e  g rabbro  i n d i c a t e  a T r i a s s i c  r a d i o m e t r i c  

age. 

The Mesozoic Flysch has  been d iv ided  i n t o  two sub -un i t s  t h a t  

c o n t a i n  va ry ing  p ropor t ions  of conglomerate  and f i n e r  c l a s t i c s .  The 

conglomerate, minor sandstone and s i l t s t o n e  un i t  is composed of medium 



t o  dark-olive-gray polymictic conglomerate wi th  cobbles of greenstone, 

d i o r i t e ,  se rpen t in i te ,  quar tz i te ,  s i l t s t o n e ,  s l a t e ,  phyl l i t e ,  l imestone 

and c h e r t ,  The s i l t s t o n e ,  sands tone  and minor conglomerate  u n i t  is 

composed of medium-gray t o  greenish-gray s i l t s t o n e ,  shale,  and f i n e  t o  

medium-grained sandstone. The rocks e x h i b i t  graded bedding a s  we l l  as 

f l u t e  casts, r i p p l e  marks, flame s t ruc tu re s ,  c u t  and f i l l  s t r u c t u r e s  and 

channelling, The rocks a r e  very immature and contain c l a s t s  and l i t h i c  

f r agmen t s  s i m i l a r  t o  those  i n  t h e  conglomera te  uni t .  These l i t h i c  

fragments a r e  of probable local or igin .  

Inver tebra te  fauna includes and Buchia thus suggesting a 

Late J u r a s s i c  o r  Early Cretaceous age of t h e  sediments. 

The c o m p o s i t i o n  and s e d i m e n t a r y  s t r u c t u r e s  of the Mesozoic 

sediments i nd i ca t e  a proximal t u rb id i  te fan environment of deposition. 

Similar rocks  occur  on a no r theas t - sou thwes t  s t r i k e  f o r  over  150 

kilometers and occur over a 60 kilometer wide area. The o r ig ina l  s i z e  

of t h e  Mesozoic bas in  i s  inde t e rminan t  s i n c e  t h e  sed iments  have been 

s t r u c t u r a l l y  thickened. 

These sequences have been intruded by Cretaceous and Te r t i a ry  age 

g r a n i t i c  rocks t h a t  range i n  composition from quartz monzonite t o  quar tz  

s y e n i t e ,  and r h y o l i t e  q u a r t z  porphyry. The f e l s i c  i n t r u s i v e s  of t h e  

Livengood quadrangle  y i e l d  potassium-argon ages  ranging from 58.0 t o  

88.8 my (Turner and others, 1975). 

The above desc r ibed  t e c t o n o - s t r a t i g r a p h i c  sequences a r e  deformed 

i n t o  i s o c l i n a l  overturned and recumbent n o r t h  ve rgen t  f o l d s  w i t h  a x e s  

g e n e r a l l y  s t r i k i n g  nor theast -southwest .  The major t e r r a n e s  and rock 



u n i t s  w i t h i n  t h e  t e r r a n e s  a r e  s e p a r a t e d  by t h r u s t  f a u l t s  of p robab le  

Mesozoic age. The t h r u s t  f a u l t s  a r e  c u t  by high angle generally north 

trending normal fau l t s .  The high angle s t ruc tu re s  may be cont ro l s  f o r  

the  l oca l i za t ion  of t he  Cretaceous and Ter t ia ry  f e l s i c  in t rus ives  i n  t he  

Livengood quadrangle .  A major normal f a u l t  (Barnes, 1961) forms t h e  

e a s t e r n  boundary of Minto F a l t s  ( s e e  F igu re  2)  and can be t r a c e d  i n  a 

north-south d i r ec t ion  fo r  100 kilometers as a linear fea ture  on Landsat 

imagery and aerial  photography. The Tolovana Hot Springs Dome Pluton as 

well  as other unnamed f e l s i c  in t rus ives  a r e  located along the  f a u l t  i n  

the  Eagle and Wilbur Creek area  and i n  t h e  Shorty and Stee l  Creek area. 

The l i nea r  f ea tu re  terminates near Livengood a t  Money Knob and severa l  

quartz monzonite s tocks  a l s o  outcrop i n  t h i s  area. 

ECONOMIC GEOLOGY 

P r i o r  t o  t h i s  i n v e s t i g a t i o n  t h e r e  were: s i x  known l o d e  go ld  

prospects; a lode antimony prospect, a lode chrome-nickel prospect and a 

copper-molybdenum porphyry prospect i n  t he  area. Previous descr ip t ions  

of the  economic geology of the  Tolovana mining d i s t r i c t  includes: Mertie 

(1918) ; Overbeck (1920); J o e s t i n g  (1942, 1943) ; Fos te r  and Chapman 

(1967); Fos t e r  (1968); Robinson and Metz (1979); and Metz and Robinson 

(1980) . 
Fos te r  (1968) d e s c r i b e s  t h e  s i x  known l o d e  go ld  d e p o s i t s  as  

follows : 

1. Gertrude Creek Prospect (Location 2,  P l a t e  11) 

- Massive, i ronstained s i l ica-carbonate  rocks which is green 

on f r e sh  surfaces,  contains minor amounts of gold." 



2. Ruth Creek Prospect (Location 3, Plate 11) 

- "Pyri tized, brecciated, iron-stained igneous rock shows 

replacement by silica and carbonate and contains traces of 

gold. " 

3. Lillian Creek Prospect (Location 3, Plate 11) 

- "Narrow auriferous arsenopyrite-quartz-scorodite veins occur 
in and near a limonite-stained dike in altered and contorted 

graywacke-argillite country rock. Samples from the prospect 

contain from 0.5 to 48 ppm gold," 

4. Griffin Prospect (Location 4, Plate 11) 

- "Massive sulfide-bearing, green-stained silica-carbonate- 
talc rocks veined by quartz contains as much as 3.9 ppm gold." 

5. Old Smoky Prospect (Location 4, Plate 11) 

- "Narrow, northwestward-trending auriferous arsenopyrite- 
quartz veins occur in a ferruginous quartzite footwall near 

the intersection of an altered porphyritic biotite monzonite 

dike and a potassium feldspar-rich porphyritic dike. Samples 

from the prospect contain from 3 to 13 ppn gold. " 

6 . Sunshine No. 2 Prospect (Location 4, Plate 11) 

- "A northwestward-trending, crumbly, auriferous dike with 

internal, limonite veinlets is in contact with altered 

argillitemU 

Foster (1968) concluded that the known lode gold vein type deposits 

of the Livengood area are either below economic grade or have low 

potential for large tonnage mineralization, however, the known 

occurrences may be an indication of concealed deposits at depth. The 



host rock lithologies, trace elemental associations, and structural 

features of the area are similar to the Carlin-type deposits of north- 

central Nevada which are relatively low grade but large tonnage deposits 

thus future exploration should encompass the Carlin type genetic model 

as well as the gold quartz vein hydrothermal model (Foster, 1968). 

Overbeck (1920) and Joesting (1942) report the occurrence of 

stibnite in bedrock at an alluvial bench placer deposit on the north 

aide of Livengood Creek near the mouth of Amy creek (location 1, plate 

11). Prior to the current investigation this was the only evidence of a 

potential lode mineral source north of Livengood Creek. 

Foster and Chapman (1967) report chromite, magnetite, and iron- 

nickel alloys in a serpentinite located on the southeast side of Amy 

Dome (location 5, Plate If), Although there is considerable strike 

length to the serpentinite bearing sequence only one lode sample 

contained anomalous elemental concentrations, and Foster (1968) found 

only minor chrome and nickel concentrations in stream sediment samples 

collected below the serpentinite outcrops. 

Robinson and Metz (1979) briefly describe an occurrence of 

disseminated copper mineralization in a quartz feldspar porphyry near 

the head of Shorty Creek (location 6, Plate 11). The host rock is a 

light gray to green quartz feldspar porphyry with relict potassium 

feldspar altered to sericite and plagioclase feldspar altered to albite- 

quartz-calcite. The quartz and feldspar phenocrysts are up to a 

centimeter in diameter. The groundmass is light gray to green and 

weathers to light tan. The rock contains disseminated pyrite, 

chalcopyrite, arsenopyrite and rutile. 



The Shorty Creek porphyry is located along the  previously described 

major no r th - sou th  l i n e a r  f e a t u r e  t h a t  i s  probably an e x t e n s i o n  of t h e  

Minto Fla ts  Fault. The porphyry is hosted i n  the  s i l t s t o n e ,  sandstone 

and minor conglomerate uni t  of the  Mesozoic ~ l y s c h  Terrane.   he mineral  

occu r rence  was o r i g i n a l l y  l o c a t e d  f o r  antimony and 80 s t a t e  min ing  

c la ims were staked i n  1972 by t h e  Earth Resources Company. The proper ty  

was subsequen t ly  d r i l l e d  by B r i t i s h  Petroleum Minerals ,  however t h a t  

d r i l l  da t a  is not  current ly  available. 

Placer g o l d  was discovered i n  t h e  d i s t r i c t  i n  1914  and t h e  f i r s t  

d e f i n i t i v e  descr ip t ions  of the  placer deposits was by Mertie (1918). H e  

n o t e s  t h a t  t h e  major p l ace r  deposits occur  on Livengood Creek bo th  a s  

major p a y s t r e a k s  on bedrock o r  o t h e r  impermeable l a y e r s  and a s  f i n e -  

g r a i n e d  d i s s e m i n a t i o n s  throughout  t h e  grave ls .  He a l s o  p rov ided  

considerable physiographic evidence f o r  stream capture and t he  r e s u l t i n g  

changes i n  t h e  flow direct ion of Livengood Creek. Metz (1984) has shown 

t h a t  stream c a p t u r e ,  and t h e  r e s u l t i n g  change i n  f low d i r e c t i o n  and 

s t r e a m  g r a d i e n t  is an impor tan t  p r o c e s s  i n  t h e  format ion  of a l l u v i a l  

p lacer  paystreaks. Fine-grained disseminated placer deposi ts  genera l ly  

occur i n  d i s t a l  areas such a s  beach d e p o s i t s  o r  as r e s i d u a l  o r  e l u v i a l  

d e p o s i t s .  The l a t e r  process is  p robab ly  r e spons ib l e  f o r  t h e  f i n e -  

grained disseminated deposits  above t h e  bedrock paystreaks of Livengood 

Creek. 

Mextie (1918) sugges t s  t h a t  t h e  lode sou rces  f o r  t h e  go ld  p l a c e r s  

of Livengood Creek and i ts t r i b u t a r i e s  were quaxtz f e l d s p a r  porphyry 

dikes  and stocks and associated quar tz  veins. The in t rus ives  and quar tz  

v e i n s  a r e  located on or  near  Money Knob and Amy Dome. Foster (1968) 



provides addi t iona l  geochemical evidence t o  support t h a t  hypothesis but  

a l s o  suggests a po ten t i a l  fo r  Ca r l i n - type  and massive  s u l f i d e  r e l a t e d  

mineralizat ion i n  t h e  area. The high gold f ineness  values of 907 t o  934 

(Metz and ~ a w k i n s ,  1980) f o r  Amy, Ger t rude ,  L i l l i a n ,  Livengood, Lucky  

Myrth, and Olive Creek would be compatible for the  Carl in type gene t i c  

model, The modera t e ly  low value of 866 f o r  Ruth Creek would s u p p o r t  a 

massive s u l f i d e  source a s  proposed by Foster  (1968),,. The occurrence of 

p l a c e r  go ld  on Wilbur Creek (818 f i n e )  i n d i c a t e s  an a d d i t i o n a l  s o u r c e  

area southeast  of Amy Dome. The low f ineness  value could be a t t r i b u t e d  

t o  e i t h e r  a massive su l f ide  or a subvolcanic porphyry source. 

From 1914 t o  d a t e  t h e  Tolovana mining d i s t r i c t  has produced 

approximately 375,000 t roy ounces of p lacer  gold (Robinson and Bundtzen, 

1979) most of which has come from Livengood Creek. Hargraves (1975) and 

Albanese (1981) have discussed the  h i s to ry ,  mining methods and est imated 

placer go ld  r e s e r v e s  of Livengood C r e e k ,  The d e p o s i t  i s  e s t i m a t e d  t o  

contain 600,000 t roy  ounces of proven, probable, and possible reserves. 

GEOCHEMICAL DATA REDUCTION 

A l b a n e s e  (1983) reported analyses f o r  1597 stream sediment, 297 pan 

concentrate and 305 rock samples from t h e  Livengood B-3, B-4, C-3 and C- 

4 quadrangles .  Antimony, a r s e n i c ,  gold, l e a d ,  molybdenum, and s i l v e r  

contents were determined a t  the ADGGS l a b o r a t o r y  by a tomic-absorp t ion  

spec t rophotomet ry  on aqua-regia d i g e s t s .  Cadmium, chromium, c o b a l t ,  

copper,  i r o n ,  manganese, n i c k e l  and z i n c  were  analyzed a t  t h e  ADGGS 

laboratory by inductively coupled plasma emission spectrophotometry on 

aqua-regia digests .  Detection l i m i t s  were lppm fo r  antimony, cadmium, 



copper, lead, molybdenum and zinc; lOppm f o r  arsenic,  chromium, cobalt ,  

i r o n ,  manganese and n i c k e l ;  and 0.lppm f o r  go ld  and s i l v e r .  ~ i n t  

t ungs t en  and mercury were analyzed by Bondar-Clegg and Company Ltd., 

Vancouver, B.C. Canada. Tungsten was ana lyzed  by c o l o r i m e t r y  with a 

lower l i m i t  of detect ion of 2ppm. Mercury was analyzed by cold-vapor 

a tomic-absorpt ion spec t rophotomet ry  w i t h  a lower  d e t e c t i o n  l i m i t  of 

Sppb. Tin c o n t e n t  was de te rmined  by x-ray f l o u r e s c e n c e  w i t h  a lower  

detect ion l i m i t  of 5ppm (Albanese, 1983). 

Since a l l  the  samples were not  analyzed f o r  a l l  t he  elements, da ta  

reduction could n o t  be completed f o r  a l l  elements f o r  a l l  th ree  groups 

of geochemical  samples. Data r educ t ion  including histograms and log- 

concentration-probability plots (see Figures 4 - 39) were completed f o r  

the  following elements: 

A. Stream sediment samples - As, Cu, Pb, Ag, Zn. 

B. Pan concentrate samples - Cu, Au, Hg, Sn, W, Zn. 

C. Rock samples - Cu, Au, Pb, Mo, Ag, W, Zn. 

Anomalous sample c o n c e n t r a t i o n s  were e s t i m a t e d  by t h e  technique  

desc r ibed  by L c p e l t i e r  (1969) and are  d e f i n e d  as c o n c e n t r a t i o n s  above 

the  97.5 probabi l i ty  level.  Table 1 is a tabulat ion of threshold values 

of elements from geochemical samples from the  Fairbanks, Richardson and 

Tolovana mining d i s t r i c t s .  

P la te  I indicates  sample locat ions  of a l l  geochemical samples from 

t h e  Tolovana mining district while P l a t e  I1 displays the anomalous 

sample locat ions  fo r  t he  region, Anomalous samples a r e  defined as those 

wi th  one or more elements above the  threshold value. 
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TABLE 1. Threshold values in PPM for stream sediment, pan concentrate, and 
rock geochemical samples fran the Fairbanks, Richardson and 
Tolovana mining d i s t r i c t s ,  Alaska 

------- FAIRBANKS------ 
Stream Pan 

Rocks Sediment Concentrate 

------ RICHARDSON------ 
Stream Pan 

Sediment Concentrate 

------- mW>VmA------- 
Stream Pan 

Rocks Sediment Concentrate Element 

Sb 

As 

Cu 

Au 

Pb 

Hg 

Mo 

Ag 

Sn 

W 

Zn 



DISCUSSION: 

The anomalous localities shown on Plate I1 suggest that there are 

at least eight areas of potential lode mineralization in the district in 

addition to those previously defined by Foster (1968) and Robinson and 

Metz (1979). Anomalous areas are defined by more than one sample with 

one or more anomalous elements. Samples with a single anomalous element 

are generally less significant than those samples with multiple 

anomalous elemental concentrations. Roman numerals on Plate I1 depict 

these anomalous areas. 

Area I is located in TlON, R 6 W ,  F.M. The major elemental 

associations include As-Cu-Pb-W-Zn. Bedrock in the area is Rampart 

Group including greenstone, gray chert and variegated chert (Robinson, 

1983). Arsenic concentrations are restricted to areas with chert 

exposure. High zinc concentrations in stream sediment and pan 

concentrate samples can be attributed in part to the relatively high 

zinc content of the Rampart Group greenstones with a mean of 

approximately 70 ppm (see Fig. 38).  

Area XI is located in T9Nf R 4 W ,  F.M. The major elemental 

associations include As-Cu-Au-Pb. Bedrock in the area is Chert Terrane 

including gray and tan chert and chert conglomerate (Robinson, 1983; 

Smith, 1983). 

Area 111 is located in TgN, R3W, F o M o  The major elemental 

associations are As-Cu-Pb-Hg-Ag-Zn. Bedrock is Chert Terrane including 

gray and tan chert, chert conglomerate and chert breccia (Smith, 1983). 

Area IV is located in T8N, R 6 W ,  F.M. The major elemental 

associations are As-Cu-Au-Pb-Hg-Mo-Ag-Zn. Bedrock is Chert Terrane 



i n c l u d i n g  g r a y  and t a n  c h e r t ,  c h e r t  conglomera te  and c h e r t  b r e c c i a  

(Robinson, 1983). 

Area  V i s  l o c a t e d  i n  T7N, RSW, F.M. T h e  ma jo r  e l e m e n t a l  

a s s o c i a t i o n s  a r e  As-Cu-Pb-Hg-Mo-Ag-Zn. Bedrock is Mesozoic F lysch  

i n c l u d i n g  s h a l e ,  s i l t s t o n e ,  and sands tone .  I n  t h e  n o r t h  and s o u t h  

e x t r e m i t i e s  of t h e  a r e a  t h e  s ed imen ta ry  r o c k s  a r e  i n t ruded  by q u a r t z  

porphyry (Albanese, 1983). The quar tz  porphyry dikes and plutons may be 

s t r u c t u r a l l y  c o n t r o l l e d  s i n c e  they  occur  a long  a major nor th-south  

l i n e a r  feature.  

Area  V I  i s  l o c a t e d  i n  T7N, R 4 W ,  F.M. The ma jo r  e l e m e n t a l  

assoc ia t ions  include As-Cu-Pb-Mo-Ag-Zn. Bedrock i n  the  area is Mesozoic 

Flysch i n c l u d i n g  conglomerate,  minor s ands tone  and s i l t s t o n e .  The 

sedimetary rocks are intruded by quar tz  porphyry dikes and plutons. The 

plutonic  rocks are s e r i c i t i c a l l y  and p r o p y l i t i c a l l y  a l te red  and s u l f i d e s  

were reported i n  t he  plutons and i n  a shear zone i n  the  western extreme 

of t h e  Livengood B-3 quadrangle (Bundtzen, 1983). 

Area V I I  is l o c a t e d  i n  T6N, R3W, F.M. The major e l e m e n t a l  

associa t ions  are Pb-Hg-Ag-Zn. Bedrock i n  t h e  area  is gabbro and d i o r i t e  

of t h e  Paleozoic Sedimentary, Igneous, and Low Grade Metamorphic Terrane 

(Bundtzen, 1983). 

Area V I I I  i s  l o c a t e d  i n  TSN, R6W, F.M. The major e l e m e n t a l  

assoc ia t ions  a r e  As-Cu-Pb-Ag & Sn-W. Bedrock is the  quartz monzonite of 

t h e  Tolovana Hot Spr ings  Dome and t h e  sha le  and s i l t s t o n e  u n i t  of t h e  

Mesozoic F lysch  Terrane (Albanese, 1983). Chapman and o t h e r s  (1971) 

r e p o r t  a  b i o t i t e  K ~ ~ / A ~ ~ ~  age date of 63.3 + 2.5 m.y. f o r  t h e  p lu ton .  



The i n t r u s i v e  c o n t a i n s  up t o  8 p e r c e n t  b i o t i t e ,  7 p e r c e n t  blue-green 

hornblende and t r a c e s  of tourmaline and pyrite. 

GENETIC ORE DEPOSIT MODELS 

Epi thermal  go ld-quar tz  v e i n s  a s s o c i a t e d  w i t h  q u a r t z  monzonite 

s t o c k s  and q u a r t z  f e l d s p a r  po rphyr i e s  have g e n e r a l l y  been accep ted  a s  

t he  lode source of t h e  major gold placer deposi ts  of the  Tolovana mining 

d i s t r i c t .  The veins  and i n t ru s ive  rocks a r e  centered around the  Money 

Knob/Amy Dome a r e a  and are hosted i n  t h e  Devonian C l a s t i c s  and Mafic 

Complex. 

As n o t e  above ,  F o s t e r  (1968) s u g g e s t e d  t h a t  t h e  Devonian 

carbonaceous s i l t s t o n e s ,  a r g i l l i t e s ,  c h e r t s ,  and marb les  exhibit 

petrologic, s t r u c t u r a l  and t r a c e  elemental associa t ions  s imi l a r  t o  the  

Carlin-type gold deposits.  From a review of recent  geological mapping 

and a s t a t i s t i c a l  a n a l y s i s  of concur ren t  geochemical  sampling of t h e  

d i s t r i c t  the  following general izat ions  can be made: 

1. Precious metal mineralizat ion occurs i n  t h e  Chert Terrane, i n  

t he  Mesozoic Flysch Terrane i n  a s s o c i a t i o n  w i t h  p o r p h y r i t i c  

i n t ru s ives  and i n  the  Paleozoic Sedimentary, Igneious, and Low 

grade Metamorphic Terrane a s  w e l l  a s  i n  t he  Devonian Clas t ics  

and Mafic Complex. 

2. In  addi t ion t o  t h e  epithermal vein and Carlin-type genetic ore 

deposi t  models, a Precambrian g r e e n s t o n e / e x h a l i t e  t ype  go ld  

model should be considered t o  account f o r  the  mineralizat ion 

i n  the  Chert Terrane. 



3. The copper-molybdenum porphyry a t  Shor ty  Creek and t h e  

anomalous a r e a s  V and VI should be examined t o  de t e rmine  i f  

t h e s e  sys t ems  are of t h e  gold porphyry type  of H a r r i s  (1979) 

and S i l l i t o e  (1979). 

4 ,  A prec ious  m e t a l  enr iched  massive s u l f i d e  model should be 

cons idered  i n  t h e  e v a l u a t i o n  of both  t h e  Ruth Creek a r e a  and 

anomalous area V I I  s i n c e  both a r e a s  c o n t a i n  maf i c  vo lcan ic  

sequences. 

The above genet ic  o r e  models are  summarized i n  Table 2 along w i t h  

tonnage and grade ranges f o r  each genetic type. 

SUMMARY AND CONCLUSIONS 

Stream sediment, pan concentrate, and rock geochemical sampling i n  

t h e  Tolovana mining d i s t r i c t  i n d i c a t e  e i g h t  a d d i t i o n a l  a r e a s  of 

p o t e n t i a l  l ode  m i n e r a l i z a t i o n .  These a r e a s  of m i n e r a l i z a t i o n  a re  i n  

tectono-strat igraphic t e r r anes  n o t  p rev ious ly  cons ide red  a s  l o d e  qo ld  

source areas. The elemental  associat ions i n  t he  anomalous a reas  of t h e  

Chert Terrane and host rock l i thology suggest a Precambrian greenstone / 

e x h a l i t e  type  o r e  d e p o s i t  mode of o r ig in .  The a r s e n i c ,  antimony, 

copper, molybdenum gold and s i l v e r  anomalies associa ted wi th  quartz 

f e l d s p a r  porphyr ies  i n  t h e  Mesozoic Flysch t e r r a n e  a r e  s u g g e s t i v e  of 

go ld  porphyry type  m i n e r a l i z a t i o n .  The base and p r e c i o u s  meta l  

anomal ies  a s s o c i a t e d  w i t h  maf i c  vo lcan ic  rocks  i n  bo th  t h e  Devonian 

C la s t i c  and Mafic Complex and the  Paleozoic Sedimentary, Igneous, and 

Low Grade Metamorphic Te r r ane  may be i n d i c a t i v e  of pxecious  meta l  

enriched massive s u l f i d e  type mineralization. These genet ic  ore  deposit  



Genetic Model 

1. Precambrian 
Greenstone 
%r rane 
Hoated Gold 

2. Precious 
metal 
enriched 
massive 
sulfides 

Table 2. Genetic ore models for the Tolovana mining district, Alaska 

Hydrogen/ 
Elenental HostRock Ore Gangue l bgeo f  alf ur OWWl Isotope 

Exmples Associations Associations Mineralogy Mineralogy ?qe of Host Mineralization Isotope Ratios Ratioa 

Yellowknife, N.W.T. A& w, 
Canada; Hemlo h t a r i o ,  
CanaQ; Red Lake Chtario, 
CaMdar Lit t le  h g  hc, 
a t a r i o ,  Canada; Larder 
Lake Area, mtario, 
Canada; Honestakekk- 
ford, Black H i l l s ,  South 
Dakota, USA; Hinas Gerais, 
Brazil ; Ramgiri Goldfield, 
India; Kolar Goldfield, 
India; Western Australia; 
K i l m t o  Area, Zaire; 
Barbertan Goldfield, 
South African Repblic 

Flin Flm, Manitoba, 
CaMda ; Hani touwadge, 
Qltario, Canada; Kidd 
Creek, h ta r io ,  Canada; 
Noranda, Quebec, Cam&; 
Mattagami, Quebec, Canada; 
Vermillicm, Chtario, 
Canada; C r a m ,  
Wisconsin, USA; Buchans, 
Newfoundland, Canada; 
Granby Bay, British 
Colunbia, Canada; Shasta, 
California, USR; W b l o  
Viejo, Daninican W b l i c ;  
Bergslagen, Weden; 
I)utokuqx~, Finland; Rio 
Tinto, Spain; Innsbruch, 
Austria; Montenegro, 
Yugoslavia; H i  tachi , 
tlmeku, Japan; Ht .  tyell ,  
West Tasmania 

As Mtanorphosed 
Basalt , 
an&si te, 
felsic vol- 
canfcs L 
Wroclastic 
rocks, s i l i c i c  
c a r h a t e ,  
exhalite chert, 
talc/fuchai t e  
schist, black 
schist, clmr 
minqtoni t e  
8chist,cher t y  
iron formation, 
phylllte. 

Native *Id, 
arsenopfrite 
Write, 
magletite, 
pyrrhotite, 
henratite 
spttalerite, 
tetrabedrite, 
scheelite, 
galena 

quartz, Archian or Archian or 12) 61°0 8-11 per 
ankerite Proterozoic Roterozic m i l .  
s iderite,  remobil ized 
albite f ran host. 
~ e c i c i t e ,  
tourma- 
line, 
c d n q -  
m i t e ,  
chlorf toid 
f uchsite 

Zn, Cu, Pb, mbasalt, m- 
A& kg andesite, m 

hyaloclastites, 
m-rhyolite, 
tuff,  m-kerato- 
phece, muscovite 
quartz schist, 
m-chert, talc- 
actinolite 
schist, m-chert 
carbonate, chert 
lxeccia, black 
schist, slate,  
flachsite schist, 
and jaspilite. 

wr i t e ,  See Host kchian t o  - 6346 - 
s@alerite, Rock ?Lpe Mocene + 10 
chalcogyrite 
~ r r h o t i t e ,  
gal end, 
tetrahedr i te, 
barite 
mgwt i t e ,  
bornite, 
and moly- 
Wenite 

-5 to dl% t o  10 per 
m i l .  



Table 2. (cont'd) 

W k a d  
Isotope Ratio8 

Fluid lnclusfons 
Wpe Salinity Tenp. Han. Tanp. hap.  

1 -0-5 .O 200-350'~ 3 0 0 ~ - 5 0 0 ~ ~  + H20 ytl 
NaCl NaCl 
(liq. equiv. 
vapor 

Regional 
Structural 
Setting 

kcal 
Structural lbmaqe Grade 
Control Range Range Cuments 

W i l e  belte 
adjacent to 
stable 
cratons. 
Early 
tensional 
and sib- 
sequent 
canpres- 
sional 
t ec tmics  
accanpanied 
by regional 
greenschist 
f a c i e  meta- 
morphism. 

Back arc, 
inter-arc, 
and intra- 
c ra tmic  
basin8 
formed i n  
tensional 
tectonic 
envi con- 
ment. 
mrmed 
by 5+ 
marine 
volcanic 
and 
exhalative 
activity. 

&mobilized 80-900 
mineraliza- tonnea 
tion in Au 
stratabound 
quartz 
c a r b t e  
veins and 
i n  major 
shear zones 
with both 
normal and 
s t r ike  s l i p  
canponents. 
Ranobilized 
mineraliza- 
tion a l m  
localized a t  
fold hinges. 

9-20 Ore bodies include 
gram/ sulfide/gold dissenina- 
tonne8 tims and lcneee i n  

metavolcaniclastics, 
exhalites, and iron for- 
mations and major shear 
zone related mfneral- 
ization exhibiting both 
open space f i l l i n g  and 
replaceaent structures 
and textures. 

Hinerali- 3-11Mt, 1-5%, Ore bodfes include 
za tion Zn; 0.5- Zn; sulfide and gold 
occurring W t ,  Cu; 0.5- diaseainatims i n  
generally 25-4&0n, 4% 01; volcaniclastics rocks 
i n  volcani- Pb; 3- 0.5-1 and sediments. Hassive 
c las t i c  200t, B, Pb; sulfide lenses may be 
sequence in Au; 0.5- 0.14- up t o  tens of meters 
transition 15W, Ag. 3.7 in thickness and 
zone f r m  gn., conthuous for several 
mafic t o  ; thou&3 meters on 
felaic 7-70911 strike. 
volcanim As. 
and i n  
sediments 
occurring 
in local 
structural 
depressions 
in the 
volcanic pile. 

References 

B r m  et .  a l l  1959; Riley, 
19721 lorwood and Pye, 
1955; Bragg, 1 x 7 ;  Ridlerr 
1970; Rye and Rye, 1974; 
Bayley, 19721 Gair, 1962; 
l b l k r t ,  1964; F le i sckr  
and Rauthier, 1973r 
Futzer, 1976; Ghosh, et 
al., 1970; K r i s ~ m r y ,  
1972; Woodall, 1975, 
Wmdth, 1961; Grihritz, 
1964; V i l  joen, e t  dl., 
1969; Pye and Roberts, 
1981, Anhaeuseer, 1976; 
Patterson, 1981. 

Koo and kmman, 1975; 
a f f e l  e t  al., 1971; 
Hatulick e t  al., 1974; 
spence h de Rosens-, 
1975; Roberta, 1975; 
Martin, 1957; Staff, 
mgineering Mining Jour., 
1977; murlow, 19751 
molpmi l6  Panteleyev, 
1976; Albers, 1966, 
Staff, mglneer tnq 
Mining Jour., 1977; 
Skillinga, 1976; 
Phg\uson, 1970; 
Peltola, 1978; Strauss, 
et al., 19771 Schulz, 
1972; Cissarz, 1957; 
I m i ,  1978; Reid, 1975. 



Table 2. (cont'd) 

w r w e n /  
flenental ~ost Rock Ore Gangue Ase Of Sulfur Oxygen IWtOPe 

Genetic -1 Examples Rssociatians Associations Mineralogy Mineralogy Rge of Host Mineralization Imt- Ratios Ratios  

3. Carlin type Carlin, Cortez, Gold Ru-Rg-As- Dolmite Gold, mr i te ,  
gold. &re& Getchell, Pinson- S4Hg-W siltstone, arsenopyrite, 

Preble, Northunbefl and T1 s i l ty  o r p h t ,  
Manhattan, Marlboro limestone. realgar, 
Canyon, and Windfall, etihni te, 
Nevada$ Mercur, Utah U S .  cinnabar, 

barite, 
s w e r  i te 
( t r ) ,  galena 
Itr).  

4. Precioua Bajo de l a  Alunbrere, 
metal en- Argentina; Saindak, 
riched Pakistan; Cariboo-Bell, 
porPbrY Mtm, mlora Creek, and 

~n deposi ta. Fish Lake, British w Coltmbia, Canadat Santo 
'IbMs, Dizm, Marian, 
Clwntain Mines, Baneng, 
and Amacan, Philiwines; 
Pbnut, Sabak; h t I g U M ,  
BaPgaiville Is.; Cabang 
Kiri, Sulaweei; Mi, 
Pap-New mineaf Salave, 
-in* 

Ch-bku- ABaociated Gold, cblccr 
pbg- with either pyrite, 

high-K mlybdenite, 
skshonit ic  bornite, 
rmka ranging pyrite, 
f ran dforite nmgnetite, 
to ayenite or arsenopyrite, 
with low+ stitmite, 
calc-a1 kaline and 
quartz diorite sphalerlte. 
t o  grano- 
diorite. Host 
rocks for the 
intrusives my 
be of any age 
or canposition. 

Ouartz, Cambrian Younger than 
sericite,  t o  Devonian. host. 
kaolin, 
carbonate, 
i l l i t e ,  
montmoril- 
lonite, 6 
organic 
cetrbon. 

Biotite, Hercynian Slightly 
alkali t o  Cenozoic younger than 
feldspar host intrusive. 
actinolite, 
tremolite, 
garnetl 
albf te,  
carbonate r 
sericite. 



Table 2. (cont'd) 

Lead/bad Fluid Incluaion8 
Isotope Ratios ZLpe Salinity Tenp. Ham. Teap. Trap. 

3.  - 2-5 wt$ 150-300'~ 200-300'~ 

equiv. 
(liq- 
l iq.  
vapor 
+ 

hydro- 
carbon. 

250-350'~ 300-400'~ 

(liq- equlv. 
vapor) 

Regional Lacdl 
Structural Structural TbllMge 
Setting Control Range 

Paleozoic High angle 10-160 
s table  plat- faults t m e s  
form carbon- generally Au. 
ate subjected povided 
t o  Paleozoic &its 
and Mezoic for the 
C m p r e s s i o ~ 1  lcw to  
tectonic and maderate 
thrust  fault- tenperature 
ing. S u b  ore forming 
qwnt ten- fluids and 
sional t e e  most ore 
tonics and replacements 
focmation of a re  ass* 
the Basin 6 ciated with 
rmge pro- the hanging 
vlnce by high walls of 
angle faults. these 

structures. 

mtrusive G O I ~  occurs 50x106 
hosts often in stock- t o  &000 
nearmajor workvein- x10 
thrust  and l e t s  as- tames 
high ar~gle ciated w i t h  ore. 
faults. chalm- 

 rite, 
bornite, or 
a rsenow 
r i t e  or as 
inclusions 
in d i s s d -  
nations of 
the abwe 
minerals. 

Grade 
Range Canents Ref erenoes 

3 -7 
g r a s /  
tonne. 

Ore bodies include tab- 
ular or irregular 
replacement with a t t i -  
tudes similar t o  the 
host rmks or a s  pipe- 
l i k e  and vein type ore 
bodies spat ia l ly  related 
t o  high angle faults.  
Alteration envolope 
include s i l ic i f icat ion,  
sericit ization, kaolini- 
zation and carbonation. 

Dickson, e t  al., 1979; 
Harris and Padtke, 1976; 
Hayba, 1983; Nash, 19728 
Noble and Radtke, 1978; 
Radtke, e t  dl., 1972; 
Radtke, et al., 1980; 
Roberta, et al . ,  1971; 
Fbddec, 1984, Wargo, 
1979. 

Gold mineralization is Harris, 1979; S i l l i toe ,  
centrally located in 1979; 1980; 1982. 
cores of pataseim 
s i l i c a t e  alteration. 
Rse gold mineraliza- 
tion may in turn be 
s u r r ~  by a 
mlybdenun rich zone 
and o r  a zone of 
s e r i c i t i c  or p r o p r  
l i t i c  alteration. 



Table 2. (cont'd) 

Genetic Hodel 

5. Qithernral 
precious 
Eta1 veins 
in volcanic 
and 
m b ~ s s a l  
intrusive 
rocka. 

Elenental Host Rack 
-1- Associations Associations 

Oatman, Acizarai mitor, AU, ~g k AraBesitic to 
Bodie, Californiar Eureka, Fb 2 Zn 2 rhyolitic 
Creede, Lake City, Red + Sb + volcanics 
Mwntain, Smnitville, As. and 
Coloradot Delmar, Idaho; 
Guana juato, Packuca, 

hVpabys=l 
plutons. 

Elexico; Castock, m k ,  
Coldfield, Silver m k ,  
Ikmd Mountain, Aurora, 
Nevada ; Colqui , Julcani , 
Peru. 

ore GanqW Rse Of 
Mineralogy Mineralogy Age of Host Hineralizatian 

Altaite, *laria, Early to Usually 
silver , alunite, late 2-3 million 
aguf lari te, ankeri te, Wrtiary, years 
argentite, barite, minor Younger 
arsenopyrite, calcite, Cretaceous host. 
gold, bornite, ceruasite, 
brawrite, chlorite, 
chalcocf te, dolani te 
chalcopyrite, fluorite, 
cwellite, kaolinite, 
cerarqyri te, launonti te, 
elwtrm, quartz 
enargite, (chalcedony 1 
farnatinite, rbhrosite, 
goldfieldite, rhodoni te, 
galena8 sericite, 
re~tite, tourmaline. 
kessi te 
jamesonite, 
marcasite, 
mfargyrite, 
mlytdenite, 
~crmannite, 
pyrargyrite, 
polyhasi te, 
~rrhotite 
~rolusite, 
prmsti te, 
powellite, 
write, realgar, 
8etn5eyf te, 
stephanite, 
sphalerite, 
strawyecite, 
stitni te, 
tetrahedrite, 
tennani te. 

Hydrogen/ 
Sulfur 

Isotope Ratios 
oxwen 1-w 

Ratio6 

634S-5 to 6D, -9 to 
+10 per mill. -120 per 

mill; BO" 
0 to -16 





models a s  w e l l  a s  the Carlin-type model proposed for t he  Money Knob/Amy 

Dome area by Foster (1968) a r e  large tonnage low grade models r e l a t i v e  

t o  t h e  e p i t h e r m a l  go ld-quar tz  ve in  model of M e r t i e  (1918). Based on 

analogy w i t h  major  p r e c i o u s  me ta l  producing d i s t r i c t s  worldwide, t h e  

p o s s i b i l i t y  of e x h a l i t e ,  porphyry, mass ive  s u l f i d e ,  and Car l in - type  

precious metal m i n e r a l i z a t i o n  i n  t h e  Tolovana d i s t r i c t  i n d i c a t e s  a 

greater  p o t e n t i a l  fo r  t he  a rea  than could be predicted from the previous 

gold quartz vein epigenet ic  model. 
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