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confidence level. The maximum depth of consideration for the occurrence of 

undiscovered deposits for the quadrangle is defined as I krn from the surface. 
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SUMMARY OF GEOLOGY 

The Livengood quadrangle lies within the western part of the Yukon-Tanana Upland as 

defined by Wahrhaftig (1965). It is underlain by a northeastward trending sequence of 

Precambrian to Tertiary sedimentary, me tasedimentary, and lesser volcanic and 

metavolcanic rocks metamorphosed mainly to greenschist facies, and intruded by 

widely scattered granitoid plutnns of Cretaceous and Tertiary ages that form prominent 

topographic features. The major faults in the area are strike-slip splays of the Tintina 

fault zone, and northwest-verging thrust faults. The southeastern part of the 

quadrangle is underlain by crystalline rocks of the Yukon-Tanana metamorphic 

complex; the oldest rocks in the complex are crystalline schists. The metamorphic rocks 0 
range from greenschist and epidote-amphibolite facies to garnet-amphibolite facies 

(Robinson and others, 1990). The metamorphic grade generally decreases toward the 

northwest across the quadrangle. Scattered throughout the central and southern parts 

of the quadrangle are Cretaceous and Tertiary granitoid plutons. 

Precambrian-Cambrian argillites, Ordovician mafic volcanic rocks, Silurian to Devonian 

limestone, and Mississippian(?) quartzite form the White Mountains, a highly faulted 

and folded block in the central part of the quadrangle. Mesozoic basinal deposits, north 

and west of the White Mountains, extend southwestward across the quadrangle and 

consist of conglomerate, sandstone, siltstone, and shale. North of the basinal deposits is 

a belt of grit, slate, mafic-ultramafic rocks, dolomite, chert, conglomerate, shale, and 

limestone of Precambrian to Triassic age, In the western part of the quadrangle, a major 

structural feature is displayed in a Mesozoic sequence that is folded around a core of 0 
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0 Tract 3b encompasses the gold-bearing streams in the area about 30 km (20 mi) to 

the north and south of Livengood (Karl and others, 1988), The area has been thoroughly 

explored so that the probability of Inany new discoveries is low. The upper reaches of 

Hess Creek and Bear Creek however contain numerous gold-bearing samples and 

warrant further evaluation. 

Tract 3c comprises the gold-bearing streams in the Sawtoot11 Mountains and its 

vicinity. Numerous streams draining the north flank of the Sawtooth Mountains contain 

gold in stream-sediment samples. The gold found in Hutlinana Creek and in upper 

Uncle Sam Creek may be related to low-sulfide gold quartz veins or disseminated gold 

in the metamorphic rocks in the area. 
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Figure 4. Area of mineral resource tracts 3a, 3b, a n d  3c (shaded) .  
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the following attributes common among tin-bearing granites: 1) silica-rich leucogranite, 

2) peraluminnus and potassic composition, 3) presence of topaz, tourmaline, fluorite, 
e 

and muscovite, 4) presence of miarolitic cavities, 5) presence of anomalous values of tin 

in the bedrock at 15 localities in the pltlton, 6) anomalous concentrations of W, Pb, Zn, 

Cd, Ag, B, Bi, and Be in and around the pluton, and 7)  abundant cassiterite recovered 

from heavy-mineral pan concentrate samples from streams draining the exposed 

pluton. The occurrence of tin at Cache Mountain was first noted by Chapman and 

Weber (1972). Later, brief reconnaissance mapping and sampling by the U.S. Bureau of 

Mines (Dean Warner, USBM, 1984, unpublished report) showed 1,050 ppm tin from 

weakly altered fine-grained granite in the southeast part of the pluton. A pan 

concentrate sample from Brigham Creek yielded 2,390 ppm tin. The earlier discovery of 

tin in the Rocky Mountain (Lime Peak) pluton, 20 krn to the northeast (Circle 

quadrangle), had prompted the investigation at Cache Mountain. Warner stated that 

the Cache Mountain pluton is "identical to the Lime Peak pluton", that is, a composite 

pluton consisting of distinct phases that have correlative counterparts in the Lime Peak 

a 
pluton. With the exceptions of an aplitic phase and a hypabyssal porphyritic phase both 

c7f which were observed to cut coarser-grained varieties, gradational variation 

commonly over a few rncters among several textural types, has since been found to be 

the pattern most typical of relations among constituent rocks in the Cache Mountail1 

pluton (Weber and others, 1988). There is insufficient evidence to conclude that Cache 

Mountain represents a composite pluton. 

West of Cache Mountain, between Fossil Creek and Beaver Creek, the occurrance of 

several small isolated outcrops of granitic rock similar to that at Cache Mountain 

indicate the possibility of a buried granitic intrusion. This inferred pluton, if related to 

the Cache Mountain intrusion could also represent a potential for additional tin greisen 

resources. 
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Iyikrok Mountain, Misheguk Mountain, and Avan deposits in the northwestern Brooks 

Range, the Kaiyuh River deposit in west-central Alaska, and the Halibut Bay, Claim 
e 

Point, and Red Mountain deposits in southern Alaska (Nokleberg and others, 1987). 

Serpentinized ultramafic rocks form a long, narrow, discontinuous 

northeast-trending belt across the quadrangle from northwest of Manley Hot Springs in 

the Tanana quadrangle to Beaver Creek. The ultramafic rocks are highly serpentinized 

and the original mineralogy is difficult to determine Varied compositions reported for 

the unit include serpentinized peridotite interlayered with hypersthene gabbro and 

hornblende gabbro (Bundtzen, 1983), serpentinized harzburgite and associated minor 

dunite (Loney and Himmelberg, 1988), and clinopyroxenite gabbro, rnicrogabbm, and 

diorite (Wcber and others, 1988). Loney and Himmelberg (1988) interpr~ted the original 

petrology (harzburgitc and minor dunite) and texture to be consistent with that of a 

dismembered ophiolite sequence. They cite the long, narrow thrust-bounded 

distribution and the presence of tectonized rodingite (medium- to coarse-grained, 

commonly enriched gabbroic rock) blocks as additional evidence supporting an 
e 

ophiolite origin. K-Ar dates on diorites intruding the serpentinite indicate a minimum 

age for the serpentinite at 643 Ma (F.R. Weber, USGS, oral communication, 1990). 

The serpentinized rnafic and ultramafic units northeast of Livengood, between the 

Tolovana River and Beaver Creek contain locally anomalous concentrations of Cr and 

Ni in rock samples (Bie and others, 1993) as well as in stream sediment samples from 

drainages flanking the unit (Arbogast and others, 1991). In addition to Cr and Ni, Foster 

(1969) reported Pt (up to 0.012 ppm), and Pd (up to 0.011 ppm) from this area. 

Anomalous concentrations of Cr and Ni have been reported from several of the placer 

deposits in the vicinity of Livengood dome (Cobb, 1974,1975). Barker (1978) reported a 

Ni-Pt occurrence in the mafic-ultramafic unit near Beaver Creek. Mertie (1937) reported 

a platinum-gold nugget recovered from one of the placer deposits in the 1,ivengood 

area. Cathrall and others (1987) and McDanal and others (1988) reported Pt as a 0 
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Probabilistic estimates of the remaining endowments of metallic resources were 

generated by combining the estimates of the numbers of undiscovered deposits with the 

grade and tonnage models for each deposit type in the U.S. Geological Survey's 

MARK3 Simulator (Root and others, 1992). The input for each tract consists of the 

estimates of the numbers of undiscovered deposits and the grade and tonnage model 

data for each deposit type. Output from the simulator includes estimates of total metal 

endowments and deposit tonnages in rank order based on 4,999 simulations. Metal 

endowments for the 90th, 50th, loth, 5th, and 1st percentiles of the simulated 

distributions for each metal by deposit type within each tract are shown in table 4. The 

estimates of metal endowments represent in-place undiscovered resources. The 

estimates of the total metal endowments within the quadrangle are shown in table 5. 

The gross in-place values of these resources are shown in table 6. The gross in-place 

@ values were calculated assuming 5-year average metal prices for the years 1988-1992 

using the data in the Mineral Commodity Summaries (US. Department of the Interior 

Bureau of Mines, 1993). The 5-year average metal prices are the following: copper, 

$l.lX/lb or $2,605/metric ton; gold, $384.22/oz or $l2,352,878/metric ton; silver, 

$4.98/oz or $160,llO/metric ton; zinc, $0.66/lb or $1,449/metric ton; lead, $0.38/lb or 

$847/metric ton; molybdenum, $6.68/kg or $6,68O/metric ton; antimony, $0.88 /lb or 

$1,949/metric ton; tin $3.13/lb or $6,909 / metric ton; rare-earth oxides, $2.78 /kg or 

$2,782/metric ton, Based on these prices, the total gross in-place value of the 

undiscovered metallic resources in the quadrangle is estimated to be 1.4 billion dollars. 

Such an estimate does not imply that these resources would be economic to produce. 

Such a determination would require a complete analysis of the costs of discovering the 

deposits, engineering feasibility studies of mining and concentrating the ores, and an 

economic evaluation of metal production (White and others, 1989). The estimated 

@ gross-in-place value does provide however a measure of the total mineral resource 
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