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INTRODUCTION

The Tolovana mining district is located at common corner of the
Livengood B-3, B-4, C-3 and C-4 quadrangle in east central Alaska (see
Figure 1), The district is in the northwestern portion of the Yukon-
Tanana Upland Schist Terrane (see Figure 2). The Livengood B-3, B-4, C-
3 and C-4 quadrangles were geologically mapped (Bundtzen, 1982;
Albanese, 1982a; Smith, 1982; and Robinson, 1982) and geochemical
samples were collected from the mapped areas (Alb&nese, 1982b) as part
of a joint Mineral Industry Research Laboratory - Alaska Division of
Geological and Geophysical Surveys project entitled "Mineral Resource
Appraisal of Interior Alaska Mining Districts®. The following report
contains: a statistical analysis of the geochemical samples; a
definition of anomolous elemental concentrations; and a determination of

the spatial relationships between the anomalous samples and the bedrock

and economic geology.

BEDROCK GEOLOGY

As noted previously, the Tolovana mining district is located on the
northwestern margin of the Yukon-Tanana Uplands Schist Terrane. FPigure
2 1s generalized geological map of the terrame which is bounded on the
south by Denali Fault and on the north by the Tintina Fault (Foster, et
al., 1973)., The terrane is composed of Precambrian and Paleozoic
metamorphosed sedimentary and volcanic rocks that contain lower
greenschist to amphibolite facies, eclogite facies and granulite facies
mineral assemblages. The metamorphic rocks were considered Precambrian

and were formerly designated Birch Creek Schist by Mertie (1937). The
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metamorphic rocks are unconformably overlain by Paleozoic, Mesozoic and
Tertiary sedimentary and volcanic rocks. The metamorphic and
sedimentary sequences are intruded by Paleozoic, Mesozoic and Tertiary
rocks ranging in composition from peridotite to granite. Regional
1:250,000 scale geological mapping of the Tolovana district and the
Livengood quadrangle has been completed by Chapman et al. (1971).

The bedrock geology of the Tolovana district has been mapped by
Chapman et al (1971), Albanese (1983), Bundtzen (1983), Robinson (1983)
and Smith (1983). Smith (1983) and Bundtzen (1983) define eight
tectono-stratigraphic sequences separated by major thrust faults (see
Pigure 3). From north to south these sequences include:

A. Rampart Group (Permian or Triassic)

B. Paleozoic Clastics and Chert Unit (Silurian or Devonian)

C. Grit Unit (Late Proterozoic or Cambrian)

D. Chert Terrane (Middle Ordovician to Silurian)

E. Devonian Clastics and Mafic Complex (Middle Devonian)

F. Mesozoic Flysch (Jurassic or Cretaceous)

G. Paleozoic sedimentary, igneous and low grade metamorphic
rocks (Cambrian or Ordovician)

H, Tolovana Limestone (Silurian and Devonian)

The Grit Unit includes conglomerate coarse-grained arenaceous
sandstone, quartzite, siltstone, maroon and greenish slate, phylite, and
coarse crytalline limestone or dolomitic limestone. Chapman and others
(1971) refer to this sequence of rocks as the 'Grit Unit' of the Yukon

Tanana Uplands and have made a tentative correlation with the late
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and adjacent areas (after Albhanese, 1983; Bundtzen, 1983;
Robinson, 1983; and Smith, 1983). See text for rock unit
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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, éabbro, and diorite.
The amyqdaloidal greenstone is aphanitic to coarse-grained with vesicle
fillings of calcite and prehnite. The gabbros and diorites are medium
to éoarse—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 siltstone. The lower portion of the map unit contains dark gray to
green massive and highly altered mafic volcanic rock and fine-grained
recrystallized dolomitic limestone. Fauna evidence suggests a range in
age from Middle Ordovician to Silurian (Robinson, 1983),

Paleozoic Clastics and Chert Terrane defined by Robinson (1983) is
composed of chert and shale pebble congolmerate; gray to brown, fine to
medium grained lithic sandstones; maroon and green siliceous shale; and
medium gray to buff recrystallized dolomitic 1iﬁestone. The unit
appears to overlie rocks of the Chert Terrane. With the exception of
the absence of mafic volcanics, the map unit is similar to the Paleozoic
sedimentary, igneous and low grade metamorphic rocks to the southeast
described by Bundtzen (1983). Robinson (1983) does not indicate how the
age of the Paleozoic Clastic and Chert Terrane was determined.

The Tolovana Limestone as defined by Mertie (1937) includes a belt
of carbonate rocks that extends from Willow Creek, north of Cache
Mountain to Globe Creek. In the Globe Creek, area Bundtzen (1983)
divided the formation into three members. The Limestone Breccia member
is a medium gray recrystallized limestone breccia with angular fragments
up to 25 cm in diameter, The angular clasts contain amphipora and coral
fragments. The Laminated Limestone member is a medium grey, thinly
layered silty limestone that is locally brecciated. The Massive Lime-
stone member is medium to dark-blue-gray massive oolitic and dolomitized
micritic limestone. Faunal assemblages include Amphipora and
Dendrostrella sp; D. Rhenana of Middle Devonian age.

The Devonian Clastics and Mafic Complex contains conglomerate,

sandstone, shale, chert, and black dolomitic marble; andesitic flows and



agglomerate; mafic aphinitic to coarse grained igneous rocks; and
serpentinite. The sandstones and conglomerates are gray to brown thin
bedded to massive sublithic rocks. The coarse clastics are interbedded
with gray to olive shale that locally grades to siltstone, The
andesitic to dacitic flow rocks are interlayered with gray banded chert,
black dolomitic marble, and clastic rocks. The flow rocks contain
phenocrysts of plagioclase, hornblende and quartz and have vesicle
fillings of calcite and epidote. The mafic igneous }éck include fine to
coarse—grained olive to tan weathering hypersthene gabbro, hornblende
gabbro, augite bearing diorite, and massive greenstone, The
serpentinite is a green to black altered peridotite occurring in and
adjacent to the mafic igneious rocks (Bundtzen, 1983).

The Rampart Group in the Livengood C-3 and C-4 guadrangles is
composed of mafic to intermediate intrusive and volcanic rocks
intercalacted with clastic sediments including sandstone, siltstone,
shale and chert. The instrusive rocks range in composition from gabbro
to diorite and occur as irregular stocks and sills. The extrusive rocks
range in composition from altered baslat to rhyodacte with the more
mafic rocks predominating (Robinson, 1983; Smith, 1983).

Brosge and others (1969) provide faunal evidence for a Permian age
of the Rampart Group rocks while potassium-argon determinations on
hornblende from an intrusive grabbro indicate a Triassic radiometric
aqge.

The Mesozoic Flysch has been divided into two sub-units that
contain varying proportions of conglomerate and finer clastics, The

conglomerate, minor sandstone and siltstone unit is composed of medium



to dark-olive-gray polymictic conglomerate with cobbles of greenstone,
diorite, serpentinite, quartzite, siltstone, slate, phyllite, limestone
and chert. The siltstone, sandstone and minor conglomerate unit is
composed of medium-gray to greenish-gray siltstone, shale, and fine to
medium-grained sandstone. The rocks exhibit graded bedding as well as
flute casts, ripple marks, flame structures, cut and fill structures and
channelling. The rocks are very immature and contain clasts and lithic
fragments similar to those in the conglomerate unit. These 1lithic
fragments are of probable local origin.

Invertebrate fauna includes Inoceramus and Buchia thus suggesting a
Late Jurassic or Early Cretaceous age of the sediments.

The composition and sedimentary structures of the Mesozoic
sediments indicate a proximal turbidite fan environment of deposition.
Similar rocks occur on a northeast-southwest strike for over 150
kilometers and occur over a 60 kilometer wide area. The original size
of the Mesozoic basin is indeterminant since the sediments have been
structurally thickened.

These sequences have been intruded by Cretaceous and Tertiary age
granitic rocks that range in composition from quartz monzoﬁite to quartz
syenite, and rhyolite quartz porphyry. The felsic intrusives of the
Livengood quadrangle yield potassium-argon ages ranging from 58,0 to
88,8 my (Turner and others, 1975).

The above described tectono-stratigraphic sequences are deformed
into isoclinal overturned and recumbent north vergent folds with axes

generally striking northeast-southwest, The major terranes and rock



units within the terranes are separated by thrust faults of probable
Mesozoic age. The thrust faults are cut by high angle generally north
trending normal faults. The high angle structures may be controls for
the localization of the Cretaceous and Tertiary felsic intrusives in the
Livengood quadrangle. A major normal fault (Barnes, 1961) forms the
eastern boundary of Minto Falts (see Figure 2) and can be traced in a
north=south direction for 100 kilometers as a linear feature on Landsat
imagery and aerial photography. The Tolovana Hot Sﬁéings Dome Pluton as
well as other unnamed felsic intrusives are located along the fault in
the Eagle and Wilbur Creek area and in the Shorty and Steel Creek area.
The linear feature terminates near Livengood at Money Knob and several

quartz monzonite stocks also outcrop in this area.

ECONOMIC GEOLOGY

Prior to this investigation there were: six known lode gold
prospects; a lode antimony prospect, a lode chrome—nickel prospect and a
copper-molybdenum porphyry prospect in the area. Previous descriptions
of the economic geology of the Tolovana mining district includes: Mertie
(1918);s Overbeck (1920); Joesting (1942, 1943); Foster and Chapman
(1967); Foster (1968); Robinson and Metz (1979); and Metz and Robinson
(1980),

Foster (1968) describes the six known lode gold deposits as

follows:

1, Gertrude Creek Prospect (Location 2, Plate II)
-~ Massive, ironstained silica—carbonate rocks which is green

on fresh surfaces, contains minor amounts of gold.”
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2, Ruth Creek Prospect (Location 3, Plate II)
- "pyritized, brecciated, iron-stained igneous rock shows
replacement by silica and carbonate and contains traces of
gold.”

3. Lillian Creek Prospect (Location 3, Plate II)
- "Narrow auriferous arsenopyrite-quartz-scorodite veins occur
in and near a limonite-stained dike in altered and contorted
graywacke-argillite country rock. Sampléé from the prospect
contain from 0.5 to 48 ppm gold."

4, Griffin Prospect (Location 4, Plate II)
-~ "Massive sulfide-bearing, green-stained silica-carbonate-
talc rocks veined by quartz contains as much as 3.9 ppm gold."

5, 0l1d Smoky Prospect (Location 4, Plate II)
- "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 ppm gold.*

6. Sunshine No. 2 Prospect (Location 4, Plate II)
- "A northwestward~trending, crumbly, auriferous dike with
internal limonite veinlets is in contact with altered
argillite."

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
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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 gquartz 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
side of Livengood Creek near the mouth of Amy Creek>(1ocation 1, plate
II). 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 II). 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 Met2z (1979) briefly describe an occurrence of
disseminated copper mineralization in a quartz feldspar porphyry near
the head of Shorty Creek (locatjion 6, Plate II). The host rock is a
light gray to green quartz feldspar porphyry with relict potassium
feldspar altered to sericlite 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.
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The Shorty Creek porphyry is located along the previously described
major north-south linear feature that is probably an extension of the
Minto Flats Fault. The porphyry is hosted in the siltstone, sandstone
and minor conglomerate unit of the Mesozoic Flysch Terrane. The mineral
occurrence was originally located for antimony and 80 state mining
claims were staked in 1972 by the Earth Resources Company. The property
was subsequently drilled by British Petroleum Minerals, however that
drill data is not currently available. |

Placer gold was discovered in the district in 1914 and the first
definitive descriptions of the placer deposits was by Mertie (1918), He
notes that the major placer deposits occur on Livengood Creek both as
major paystreaks on bedrock or other impermeable layers and as fine-
grained disseminations throughout the gravels. He also provided
considerable physiographic evidence for stream capture and the resulting
changes in the flow direction of Livengood Creek. Metz (1984) has shown
that stream capture, and the resulting change in flow direction and
Stream gradient is an important process in the formation of alluvial
placer paystreaks. Fine-grained disseminated placer deposits generally
occur in distal areas such as beach deposits or as residual or eluvial
deposits. The later process is probably responsible for the fine-
grained disseminated deposits above the bedrock paystreaks of Livengood
Creek.

Mertie (1918) suggests that the lode sources for the gold placers
of Livengood Creek and its tributaries were quartz feldspar porphyry
dikes and stocks and associated quartz veins. The intrusives and quartz

veins are located on or near Money Knob and Amy Dome. Foster (1968)

13



provides additional geochemical evidence to support that hypothesis but
also suggests a potential for Carlin-type and massive sulfide related
mineralization in the area. The high gold fineness values of 907 to 934
(Metz and Bawkins, 1980) for Amy, Gertrude, Lillian, Livengood, Lucky
Myrth, and Olive Creek would be compatible for the Carlin type genetic
model. The moderately low value of 866 for Ruth Creek would support a
massive sulfide source as proposed by Foster (1968). The occurrence of
placer gold on Wilbur Creek (818 fine) indicates an additional source
area southeast of Amy Dome. The low fineness value could be attributed
to either a massive sulfide or a subvolcanic porphyry source.

From 1914 to date the Tolovana mining-district has produced
approximately 375,000 troy ounces of placer gold (Robinson and Bundtzen,
1979) most of which has come from Livengood Creek. Hargraves (1975) and
Albanese (1981) have discussed the history, mining methods and estimated
placer gold reserves of Livengood Creek, The deposit is estimated to

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

GEOCHEMICAL DATA REDUCTION

Albanese (1983) reported analyses for 1597 stream sediment, 297 pan
concentrate and 305 rock samples from the Livengood B-3, B-4, C~3 and C-
4 qua&tangles. Antimony, arsenic, gold, lead, molybdenum, and silver
contents were determined at the ADGGS laboratory by atomic-absorption
spectrophotometry on aqua-regia digests. Cadmium, chromium, cobalt,
copper, iron, manganese, nickel and zinc were analyzed at the ADGGS
laboratory by inductively coupled plasma emission spectrophotometry on

aqua-regia digests. Detection limits were lppm for antimony, cadmium,

14



copper, lead, molybdenum and zinc; 10ppm for arsenic, chromium, cobalt,
iron, manganese and nickel; and 0.lppm for gold and silver. Tin,
tungsten and mercury were analyzed by Bondar-Clegg and Company Ltd.,
Vancouver, B,C, Canada. Tungsten was analyzed by colorimetry with a
lower limit of detection of 2ppm. Mercury was analyzed by cold-vapor
atomic-absorption spectrophotometry with a lower detection limit of
5ppb. Tin content was determined by x-ray flourescence with a lower
detection limit of Sppm (Albanese, 1983).

Since all the samples were not analyzed for all the elements, data
reduction could not be completed for all elements for all three groups
of geochemical samples. Data reduction including histograms and log-
concentration-probability plots (see Figures 4 - 39) were completed for
the following elements:

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

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

C. Rock samples - Cu, Au, Pb, Mo, Ag, W, 2Zn.
Anomalous sample concentrations were estimated by the technigue
described by Lepeltier (1969) and are defined as concentrations above
the 97,5 probability level. Table 1 is a tabulation of threshold values
of elements from geochemical samples from the Fairbanks, Richardson and
Tolovana mining districts,

Plate I indicates sample locations of all geochemical samples from
the Tolovana mining district while Plate II displays the anomalous
sample locations for the region. Anomalous samples are defined as those

with one or more elements above the threshold value.

15
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TABLE 1. Threshold values in PPM for stream sediment, pan concentrate, and
rock geochemical samples from the Fairbanks, Richardson and
Tolovana mining districts, Alaska
----- FAIRBANKS~—~—-- ——~===RICHARDSON——~=—— - ~~TOLOVANA=-—-———~
Stream Pan Stream Pan Stream Pan
Element Rocks Sediment Concentrate Sediment Concentrate Rocks  Sediment  Concentrate

Sb 42 -— 10 — 42 - - —-
As 22 52 - - 30 - 25 -
Cu 180 28 - 36 - 160 48 68

Au 0.50 —— 0,45 - 0.45 0.20 - 0.20
Pb 48 17 -— 18 - 40 22 -

Hg 6 - - — 0.12 — - 0.16
Mo - — - -— — 20 - —
Ag 1.00 0.50 — — 0.70 0.70 ¢.40 -
Sn 15 - 10 - 22 - — 10
W 27 - 19 - 27 20 —~— 12
Zn 110 74 - 70 - 60 116 170
Ni - - - 40 — - -= -
Fe - —— — 4000 - —— - o
Mn - -~ - 1100 -~ - - -—
Cr == - - 45 -— — — —

n=812 n=1013 n=158 n=378 n=111 n=30% n=1597 n=297

i




DISCUSSION:

The anomalous localities shown on Plate II 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 II depict
these anomalous areas.

Area I is located in T10ON, R6W, 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 II is located in T9N, R4W, 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 III is located in T9N, R3W, F.M. 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, R6W, F.M. The major elemental

associations are As-Cu-Au-Pb-Hg-Mo-Ag-Zn. Bedrock is Chert Terrane
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including gray and tan chert, chert conglomerate and chert breccia
(Robinson, 1983),

Area V is located in T7N, R5W, F.M. The major elemental
associations are As-Cu-Pb-Hg-Mo-Ag-Zn. Bedrock is Mesozoic Flysch
including shale, siltstone, and sandstone. In the north and south
extremities of the area the sedimentary rocks are intruded by quartz
porphyry (Albanese, 1983), The quartz porphyry dikgs and plutons may be
structurally controlled since they occur along a major north-south
linear feature,

Area VI is located in T7N, R4W, F,M. The major elemental
associations include As-Cu-Pb~Mo-Ag-Zn. Bedrocklin the area is Mesozoic
Flysch including conglomerate, minor sandstone and siltstone. The
sedimetary rocks are intruded by quartz porphyry dikes and plutons. The
plutonic rocks are sericitically and propylitically altered and sulfides
were reported in the plutons and in a shear zone in the western extreme
of the Livengood B-3 gquadrangle (Bundtzen, 1983).

Area VII is located in T6N, R3W, F.M. The major elemental
associations are Pb-Hg-Ag-Zn. Bedrock in the area is gabbro and diorite
of the Paleozoic Sedimentary, Igneous, and Low Grade Metamorphic Terrane
(Bundtzen, 1983).

Area VIII is located in TSN, R6W, F.M. The major elemental
associations are As-Cu-Pb-Ag *+ Sn-W. Bedrock is the quartz monzonite of
the Tolovana Hot Springs Dome and the shale and siltstone unit of the
Mesozoic Flysch Terrane (Albanese, 1983). Chapman and others (1971)

report a biotite K40/ar40 age date of 63.3 + 2.5 m,y. for the pluton.
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The intrusive contains up to 8 percent biotite, 7 percent blue-green

hornblende and traces of tourmaline and pyrite,

GENETIC ORE DEPOSIT MODELS

Epithermal gold-quartz veins associated with quartz monzonite
stocks and quartz feldspar porphyries have generally been accepted as
the lode source of the major gold placer deposits of the Tolovana mining
district, The veins and intrusive rocks are centered around the Money
Knob/Amy Dome area and are hosted in the Devonian Clastics and Mafic
Complex.

As note above, Foster (1968) suggested that the Devonian
carbonaceous siltstones, argillites, cherts, and marbles exhibit
petrologic, structural and trace elemental associations similar to the
Carlin~-type gold deposits. From a review of recent geological mapping
and a statistical analysis of concurrent geochemical sampling of the
district the following generalizations can be made:

1. Precious metal mineralization ocecurs in the Chert Terrane, in
the Mesozoic Plysch Terrane in agsociation with porphyritic
intrusives and in the Paleozoic Sedimentary, Igneious, and Low
grade Metamorphic Terrane as well as in the Devonian Clastics
and Mafic Complex.

2. In addition to the epithermal vein and Carlin-type genetic ore
deposit models, a Precambrian greenstone/exhalite type gold

model should be considered to account for the mineralization

in the Chert Terrane.
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3, The copper-molybdenum porphyry at Shorty Creek and the
anomalous areas V and VI should be examined to determine if
these systems are of the gold porphyry type of Harris (1979)
and Sillitoe (1879).

4, A precious metal enriched massive sulfide model should be
considered in the evaluation of both the Ruth Creek area and
anomalous area VII since both areas contain mafic volcanic
sequences.

The above genetic ore models are summarized in Table 2 along with

tonnage and grade ranges for each genetic type.

SUMMARY AND CONCLUSIONS

Stream sediment, pan concentrate, and rock geochemical sampling in
the Tolovana mining district indicate eight additional areas of
potential lode mineralization. These areas of mineralization are in
tectono-stratigraphic terranes not previously considered as lode gold
source areas. The elemental associations in the anomalous areas of the
Chert Terrane and host rock lithology suggest a Precambrian greenstone /
exhalite type ore deposit mode of origin., The arsenic, antimony,
copper, molybdenum * gold and silver anomalies associated with quartz
feldspar porphyries in the Mesozoic Flysch terrane are suggestive of
gold porphyry type mineralization. The base and precious metal
anomalies associated with mafic volcanic rockg in both the Devonian
Clastic and Mafic Complex and the Paleozoic Sedimentary, Igneous, and
Low Grade Metamorphic Terrane may be indicative of precious metal

enriched massive sulfide type mineralization. These genetic ore deposit
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Table 2. Genetic ore models for the Tolovana mining district, Alaska

Hydrogen/
Elemental Host Rock Ore Gangue Age of Sulfur Oxygen Isotope
Genetic Model Exampleg Associations Associationa Mineralogy Mineralogy Age of Host Mineralization Isotope Ratios Ratios

1. Precambrian Yellowknife, N.W.T. A, Ag, A Metamorphosed  Native goid, quartz, Archian or Archian or 2} 6130 811 per
Greenstone Canada; Hemlc Ontario, Basalt, arsenopyrite ankerite Proterozolce  Proterozic mil.
Tesrane Canada; Red Lake Ontario, andesite, Pyrite, siderite, remobil ized
Hosted Gold Canada; Little Long Lac, felsic vol- magnetite, albite fram host.

Ontaric, Canada; Larder canice & myrrhotite, sericite,
Lake Area, Ontarlo, pyroclastic hawatite tourma—
Cannda; Hamegtake/Rock- rocks, silicic sphalerite, line,
ford, Black Hills, South carbonate, tetrahedrite, cuming-
Dakota, USA; Minae Gerals, exhalite chert, scheellte, tonite,
Brazil; Ramagiri Goldfield, talc/fuchgite ¢alena chloritoid
India; Kolar Goldfield, achist, bDlack fuchsite
India; Western Australla; schist, cum—
KiloMoto Area, Zaire; mingtonite
Barberton Goldfield, achist,cherty
South African Repoblic fron formation,

phyllite.

2. Precious Flin Flon, Manitoba, n, Cu, Pb, m-basalt, m- pyrite, See Host  Archian to — 835 s ta 6180 o 20 per
metal Canada; Manitouwadge, Au, Rg andesite, m- sphalerite, Rock Type Miocene +10 wil.
enrlched Ontario, Canadar Kidg hyaloclastites, chaicopyrite
massive Creek, Ontario, Canada; m-rhyolite, pyrrhotite,
sulfides Noranda, Quebec, Canadag tuff, m-kerato~ galena,

Mattagami, Quebec, Canada; phere, muscovite tetrahedrite,
Vermillion, Ontaric, quartz echist, barite
Canada; Crandon, m—~chert, talce- magnetite,
Wisconsin, [SA; Buchans, actinolite bornite,
Newfoundland, Canada; schist, m~chert and moly-
Granby Bay, British carbonate, chert bdenite
Columbia, Canada; Shasta, breccia, black

California, US5A; Pueblo schist, slate,

Viejo, Daminican Republic; fuchsite schist,

Bergalagen, Sweden; and jaspilite.

Outokumpu, Finland; Rio
Tinto, Spain; Innsbruch,
Austria; Montenegro,
Yugoslavia; Hitachi,
Honsku, Japan; Mt. Lyell,
West Tasmanla
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Table 2. {cont'd)
Reglonal Local
Lead/Lead Fluid Inclusions Structural Structural Tonnage Grade
isotope Ratios Type Salinity Temp. Hon, Temp. Trap. Setting Control Range Range Comnment s References
1. (7 Hy0+  1-10 wtt  300-360°C 400-500°C Mobile belts Remcbilized B80-900 9-20 Ore bodies include Brown et, al, 1959; Riley,
Ség Na Ci adjacent to mineraliza- tomnes grams/ sulfide/gold dissemina- 1872; Borwood and Pye,
Byuiv, stable tion in At tonnes tiohe and lenses 1in 1955) Bragg, 1967; Ridler.,
cratong, stratabound metavolcaniclaatics, 1970; Rye and Rye, 1974;
Early quartz extalites, and iron for- Bayley, 1972; Galr, 1962;
tensional carbonate mations and major shear Tolbert, 1964; Flelscher
and sub— veina and zone related mineral- and Routhier, 197};
sequent in major ization exhibiting both  Putzec, 1976; Ghosh, et
COMpr es— shear zones open space filling and al., 1970; Krishnaswanmy,
sional with both replacement structures 1972; woodall, 1975,
tectonlce normal and and textures. Woodth, 1961; Gribnitz,
acconmpanied strike slip 1964; viljoen, et al,,
by regional camponents. 1969; Pye and Roberts,
greenschist Remobllized 1981, Anhaeusser, 1976;
facies meta~ mineraliza-— Patterson, 1981,
morphl am, ticn also
localized at
fold hinges,

2, 206/204, 13.2- Hy0  1.0-5.0  200-350°C 300°-500°C Back arc, Minerali-  3-1lmMt, 1-5%, Ore bodies include Koo and Mossman, 1975;
15,7; 207/204, + wtg inter-arc, zation Zn; 0.5— IZn; gulfide and gold Suffel et al., 1971;
14.4-15.5; NaCl NaCl and lntra- occurring 2Mt, CQu; 0.5~ dissaninations in Matulick et al,, 1974;
208/204, 33.1- (lig., equiv. cratonic generally 25-480Tt, 4% Cu; volcaniclastics rocks Spence & de Rosenspence,
35.3. vapor) baging in volcani- Pop 31~ 0.5-1 and sediments, Massive 1975; Roberts, 1975;

formed in clastic 200t, %, Pb; sulfide lenses may be Martin, 1957; Staff,
tensional sequence in Au; 0.5~ 0.14- up to tens of meters Engineering Mining Jour.,
tectonic transition 15Tt, Ag. 3.7 in thickness and 1977; Thurlow, 1975
envicon- zone from gn., contiruous for several Thampson & Panteleyev,
ment . mafic to o H thousand meters on 19767 Albeca, 1966,
Formed feleic 7-70gm strike. Staff, Engineering
by aub— volcan] am Ag, Mining Jour,, 1977;
marine and in Skilliings, 1876;
volecanic gediments ¢ 19703
and occurring Peltola, 1978; Strauss,
exhalative in local et al., 1977; Schulz,
activity. structural 1972; Cissarz, 1957
depressions Imal, 1978; Reid, 1975.
in the

volcanic plle.
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Table 2. (cont'g)
Rydrogen/
Elamental Host Rock Ore Gangue of suifur Onygen Tsotope
Genetic Model Examp]les Associations Assoclations Mineralogy Mineralogy Age of Host Mineralization Isotope Ratics Ratios
3, Carlin type Carlin, Cortez, Gold MrAg-As- Dolomite Gold, pyrite, Quartz, Cambrian Younger than - -
gold, Acres, Getchell, Pinson- ﬂ)—ﬂq—'fF eilistone, arsenopyrite, sericite, to Devonlan. host.
Preble, Nortiwmberland pilty orpiment, kaolin,
Manhattan, Marlboro limestone. realgar, carbonate,
Canyon, and Windfall, stibnite, illite,
Nevada; Mercur, Dtah USA, cinnabar, montmoril-
barite, lonite, &
sphalerite ocganic
(tr), galena carbon,
(t[)o
4, Precious Bajo de la Alumbrera, Qu—Mo~Pu~  Aeaociated Gold, chalco- Biotite, Hercynian Slightly -
metal en— Argentina; Saindak, Aqg. with either pyrite, alkali to Cenozoic younger than
riched Pakistan; Cariboo-Bell, high-K molybdenite, feldspar host intrusive.
porphycy Afton, Galora Creek, and shoshonitic bornite, actinolite,
deposits, Fish Lake, British rockse ranging pyrite, tremolite,
Columbia, Canada; Santo fram diorite magnetite, gamet,
Tomag, Dizon, Marian, to syenite or arsenopyrite, albite,
Mountain Mines, Boneng, with low-K stibnite, carbonate,
and Amacan, Philippines; calc-alkaline and sericite.
Mamut, Sabak; Panguna, quartz diorite sphalerite.
Bougaliville Ie,; Cabang to grano—

Firi, Sulawesi; OK Tedi,
Papua-New Guinea; Salave,
Spain.

diorite, Host
tocks for the
intrusives may
be of any age
or composition.
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Table 2. {cont'd)
Regional Local
Lead/Lead Fluid Inclusions Structural Structural Tonnage Grade
Isotope Ratlos Type Salinity Temp, Ham. Temp, Trap. Setting Control Range Range Commnents References
3. - Holm  2-5 wts 150-300°C 200-300°C  Paleozoic High angle 10-160 3-7 Ore bodies include tab~ Dbickson, et al., 1979;
Cﬁ - NaCl Btable plat- faults tonnes grams/ ular or lrregular Harcis and Radtke, 1976;
Naﬁ.l equiv, form carbor— generally A, tonne. ceplacement with att]- Bayba, 1983; Rash, 1972
(lig- ate subjected provided tudes almilar to the Noble and Radtke, 1578;
1iq, to Paleozoic conduits hoat rocks or as plpe- Radtke, et al., 1972;
vapor) and Mezoic for the like and veln type ore Radtke, et al,, 1980;
+ compressional low to bodiee spatially related Roberts, et al., 1971;
hydro~ tectonic and modecate to high angle faults. Roedder, 1984, Wargo,
carbon. thrust fault- temperature Alteration envolope 1979,
ing. Subse~ ore foming include silicification,
quent ten- fluids and sericitization, kaolini-
sicnal tec- wmoat ore zation and carbonation.
tonlca and repiacements
formation of are asso-
the Bagsin & clated with
range pro- the hanging
vince by high walls of
angle faults, these
structures,
4, - gao— 5-15 250-350°C 300-400°C  Intrusive Gold occurs 50xi0®  0.4- Gold mineralization is Harris, 1979; Sillitoe,
- wth hoats often  in stock- to 31000 1.08 centrally located in 1979; 1980; 1982.
Nall Nacl near major work vein- x10 Qu; cores of potassium
(lig- equiv, thrust and lets asso~ tonnes 0.02- silicate alteration,
vapor} high angle ciated with ore. 0.2% The gold mineraliza-
faulta. chalco~ Mo; tion may In turn be
pyrite, 0.5 surrounded by a
bornite, ot 3.1 malybderum rich zone
8TEENOPY- Pom and or a zone of
rite or as Au, sericltic or propy-
inclusions litic alteration.
in dissemi-
nationg of
the above

minerals.,



Table 2. {cont'd)
Rydrogen/
Elemental Host Rock Oce Gangue Age of Suifur Oxygen Iectope
Genetic Wodel Examples hasoclations Associations Mineralogy Mineralogy Age of Host Mineralization Isotope Ratios Ration
5. Epithermal  Oatman, Arizona; Manitor, Au, Ag +  Andesitic to  Altaite, Adularia, Early to Usually §345-5 to §D, ~50 to
precioun Bodie, California; Eureka, Pb + Zn ¢+ rhyolitic silver, alunite, late 2-3 million +10 per wmill, =126 pﬂm
wetal veins Creede, Lake Clty, Red Q1 Sb+  volcanics aguilarite, ankerite, Tertiary, years mill; 6O
in velcanic Mountain, Summltville, Ag, and argentite, barite, minoc younger than 0 to -16
and Colorado; Delamar, Idaho; hypabyssal arsenopyrite, calcite, Cretaceous host.
hypabyasal Guanajuato, Packuca, plutong, gold, bornite, cerussite,
inteusive Mexico; Camstock, Tonopak, browmirite, chlorite,
rocks, Golafield, S{lver Peak, chalcocite, dolamite
Rourd Mountain, Murora, chalcopyrite, F£luorite,
Nevadas Colgul, Julecani, covellite, kaolinite,
Peru, cerarqgycite, lamontite,
electrum, bz
enargite, {chal cedony)
famatinite, rhdochroaite,
goldfieldite, rhodonite,
galena, sericite,
rematite, tourmaline.
kessite
jamesonite,
marcasite,
miargyrike,
molybdenite,
naumannite,
pyracgyrite,
polybasite,
pyrrhotite
pyrolusite,
prosatite,
powellite,
pyrite, realqar,
semseyite,
stephanite,
Smuitﬁ]
stromeyerite,
stibnite,
tetrahedrite,

tennanite.
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models as well as the Carlin-type model proposed for the Money Rnob/Amy
Dome area by Foster (1968) are large tonnage low grade models relative
to the epithermal gold-quartz vein model of Mertie (1918), Based on
analogy with major precious metal producing districts worldwide, the
possibility of exhalite, porphyry, massive sulfide, and Carlin-type
precious metal mineralization in the Tolovana district indicates a
greater potential for the area than could be predicted from the previous

2

gold quartz vein epigenetic model.
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