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Abstract

The Donlin Creek gold deposit, southwestern Alaska, has an indicated and inferred resource of approxi-
mately 25 million ounces (Moz) Au at a cutoff grade of 1.5 g/t. The ca. 70 Ma deposit is hosted in the Late Cre-
taceous Kuskokwim flysch basin, which developed in the back part of the arc region of an active continental
margin, on previously accreted oceanic terranes and continental fragments. A hypabyssal, mainly rhyolitic to
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rhyodacitic, and commonly porphyritic, 8- X 3-km dike complex, part of a regional ca. 77 to 58 Ma magmatic
arc, formed a structurally competent host for the mineralization. This deposit is subdivided into about one
dozen distinct prospects, most of which consist of dense quartz = carbonate veinlet networks that fill north-
northeast-striking extensional fractures in the northeast-trending igneous rocks. The sulfide mineral assem-
blage is dominated by arsenopyrite, pyrite, and, typically younger, stibnite; gold is refractory within the ar-
senopyrite. Sericitization, carbonatization, and sulfidation were the main alteration processes.

Fluid inclusion studies of the quartz that hosts the resource indicate dominantly aqueous ore fluids with also
about 3 to 7 mol percent CO, + CH, and a few tenths to a few mole percent NaCl + KCL The gold-bearing
fluids were mainly homogeneously trapped at approximately 275° to 300°C and at depths of 1 to 2 km. Some
of the younger stibnite may have been deposited by late-stage aqueous fluids at lower temperature. Measured
680 values for the gold-bearing quartz range between 11 and 25 per mil; the estimated 0180 fluid values range
from 7 tol2 per mil, suggesting a mainly crustally derived fluid. A broad range of measured 8D values for hy-
drothermal micas, between ~150 and —80 per mil, is suggestive of a contribution from devolatilization of or-
ganic matter and/or minor amounts of mixing with meteoric fluids. Gold-associated hydrothermal sulfide min-
erals are characterized by 6%S values mainly between -16 and —10 per mil, with the sulfur derived from
diagenetic pyrite and organic matter within the flysch basin. A smaller group of 6%S measurements, which
shows values as depleted as —27 per mil, suggests a different local sulfur reservoir in the basin for the later hy-
drothermal episode dominated by stibnite. Initial £yq of -8.7 to —3.1 and ¥’Sr/*Sr measurements of 0.706 to
0.709 for the ore-hosting dikes also indicate a crustal reservoir for some of the Late Cretaceous magmatism.
Overlapping lead isotope data for these intrusive rocks and for sulfide minerals suggest a crustal contribution
for the lead in both.

Copper- and gold-bearing stockwork veinlets in hornfels occur at Dome, a prospect located at the north-
ern end of the Donlin Creek deposit. These stockworks are cut by the younger auriferous gold veins that de-
fine the main Donlin Creek gold mineralization. Highly saline, gas-rich, heterogeneously trapped fluids de-
posited the stockworks at temperatures approximately 100°C hotter than those of the main gold-forming
event at Donlin Creck. The genetic relationship of the Dome prospect to the main Donlin Creek gold re-
source is equivocal.

The epizonal Donlin Creek deposit shows affinities to the gold systems interpreted by various workers as
orogenic or intrusion related; it shows important differences from typical epithermal and Carlin-like deposits.
The ore-forming fluids were derived by either broad-scale metamorphic devolatilization above rising mantle
melts or exsolution from a magma that was dominated by a significant flysch melt component.

Introduction
156° 153°

THE DONLIN CREEK gold deposit is a recently defined low-
grade, large-tonnage resource in the Kuskokwim Mountains
of southwestern Alaska (Fig. 1). The deposit is located about
450 km west-northwest of Anchorage and 20 km from the
Kuskokwim River. The indicated and inferred resource has
been recently increased to 25.4 Moz Au at a 1.5 g/t Au cutoff
grade (Placer Dome press release, 4/9/03). The resource is
open at depth and along strike. Low gold prices, the refrac-
tory nature of the potential ore, and the relatively remote
location have collectively hindered development of the prop-
erty to date. Nevertheless, the property represents a world-
class gold resource of great interest and the largest lode gold
deposit in the northern Cordillera of western North America.
The Kuskokwim Mountains region (Figs. 1-2A) is charac-
terized by rolling hills that reach maximum elevations of
1,000 m. The dominant bedrock is very weakly metamor-
phosed Upper Cretaceous basin fill, which is widely intruded
by Late Cretaceous to earliest Tertiary igneous rocks (Figs. 1, Y
3). Mineral production in this region has historically been
from scattered placer gold accumulations that have yielded
almost 3.5 Moz Au (Bundtzen and Miller, 1997; Swainbank et
al., 2001). Almost one-half of this placer production has come 61°
from the Iditarod district, where the auriferous quartz veins
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Fic. 1. Location of the Donlin Creek gold deposit, Kuskokwim region,

of the Golden Horn deposit, hosted by the Black Creek stock,
providéd a significant lode source (Bull, 1988).

Three general groups of metallic ore deposits are recog-
nized in this region (Fig.1): (1) small, epithermal mercury-
antimony deposits (e.g., Red Devil) that cut Cretaceous clas-
tic rocks and mafic dikes (Sainsbury and MacKevett, 1965;

southwestern Alaska. Other metallic mineral deposits in the region include
(1) epithermal mercury-antimony deposits at Red Devil (RD) and Barome-
ter Mountain (BM); (2) other gold-rich stockworks and veins at Golden Horn
(GH), Chicken Mountain (CM), Ganes-Yankee Creek (YG), Julian Creek
(JC), Granite Creek (GC), Vinasale (V), Stuyahok (not shown; 200 km SW of
Donlin Creek), and Gold Run (GR); and (3) calcic, gold-rich copper skarns
at Nixon Fork (NF). After Miller et al. (2002).
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FIG. 2. A. Overview photo of the Donlin Creek deposit area that is centered on a series of topographic domes in the rolling
hills that define the Kuskokwim Mountains of southwestern Alaska. B. Most of the mineralization at the Donlin Creek gold
deposit occurs in a series of drilled prospects within an 8-km-long, NNE-trending igneous dike complex. The gold resource
is located in the more southerly prospects. C. Typical rhythmically banded siltstone and graywacke of the Kuskokwim Group,
which is the country rock to the dike complex. D. Early, thin pyrite veinlet cutting rhyodacite porphyry. E. Quartz vein with
gold-bearing arsenopyrite selvage cutting earlier pyrite vein. F. Late vein with realgar, native arsenic, and stibnite that over-
prints earlier auriferous arsenopyrite event. G. Graphite clots in coarse-grained rhyodacite host that often give a bluish tinge
to the intrusive rocks. H. Typical rhyodacite host rock with strong ankerite (top) and kaolinite (bottom) alteration. Some of
the photos reproduced from unpublished report of Piekenbrock and Petsel (2003).
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- Fic. 3. Local geology of the area surrounding the Donlin Creek deposit,

southwestern Alaska, after mapping of Miller and Bundtzen (1994). The de-
posit occurs in a structurally complex region of the Kuskokwim basin, where
it is hosted by a granite dike complex located a few kilometers to the east of
the Donlin Creek fault and on the western edge of a series of regional folds.
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Gray et al., 1997); (2) gold-rich stockworks and veins that are
hosted by multiphase volcanic-plutonic complexes (e.g.,
Golden Horn) or are spatially associated with granite por-
phyry dikes (e.g., Donlin Creek) or stocks (e.g., Vinasale
Mountain, Shotgun), which intrude the clastic sequence
(Bundtzen and Miller, 1997); and (3) calcic, gold-rich copper
skarns (e.g., Nixon Fork) where plutons intrude adjacent car-
bonate platform rocks in allochthonous terrane blocks (New-
berry et al., 1997). The specific genetic associations between
all three groups of deposits, as well as the igneous rocks, re-
main enigmatic, although all ore systems and much of the
magmatism reflect an important broad thermal event in
southwestern Alaska at ca. 70 Ma (Bundtzen and Miller, 1997;
Goldfarb, 1997; Miller et al., 2002). An obvious possibility is
that the epithermal mercury-antimony deposits of the
Kuskokwim Mountains may be distal parts of zoned, gold-rich
hydrothermal systems.

Small-scale placer mining along Crooked Creek (Fig. 4),
downstream from the newly defined Donlin Creek lode re-
source, has taken place intermittently for almost 100 yr (e.g.,
Cady et al., 1955) but with total production of <50,000 oz Au
(Ebert et al., 2000b). The gold from these placers has the
highest average fineness among any of the placers in this part
of southwestern Alaska (approx 940; Bundtzen et al., 1985).
Discontinuous, thin quartz-calcite veins, some associated
with massive stibnite, were historically prospected on the
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FiG. 4. The Donlin Creek gold deposit is comprised of the Ophir, Dome, Duqum, Far Side, Quartz, Snow, Queen, Roche-
lieu, Lewis, South Lewis, Far East, Nuno, Vortex, Aurora, Akivik, ACMA, and 400 prospects, with the present resource con-
fined to the southernmost part of the deposit. The deposit is defined by an 8- x 3-km zone of NN E-striking narrow veins, which
are mainly hosted by extensional fractures within and adjacent to a NE-trending zone of granite porphyry dikes and sills that

were emplaced immediately east of the Donlin Creek fault. Recent interpretation of air photos, aeromagnetic data, and resis-

. tivity data suggests that the Donlin Creek fault is not as straight as previously mapped but instead has a stepped pattern. The
southern part of the rhomb-shaped stepover (see Fig. 3) is an EN E-striking fault referred to as the “070 fault” by some work-
ers (e.g., Ebert el al., 2000b). Surficial geology as defined by Bundtzen and Miller (1997) and Piekenbrock and Petsel (2003).
Cross section A-A' is presented in Figure 7.







