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Figure 1. Index map showing sources and coverage of geologic mapping used
in compiling areas outside of the authors' personal knowledge.
ACNC - American Copper & Nickel Company (1994 - 1998; authors' employer)
RAA - Resource Associates of Alaska (1976 - 1987)
USGS - United States Geological Survey (Nokleberg et al., 1992)
(companies in parentheses provided significant but lesser information)

MAP SYMBOLS

Dominant Foliation
Contact — approximately located: dashed where inferred: dotted where concealed.

Fault — approximately located high-angle fault; dashed where inferred: dotted where concealed. U,
upthrown side; D, downthrown side. T, towards viewer: A, away from viewer. Arrows indicate
direction of relative motion.

Thrust fault — major thrust fault inferred from age relations. airborne resistivity, and regional
mapping; dotted where concealed. Teeth indicate upthrown side.

Normal fault — approximately located: dotted where concealed. Hachures indicate down-slide
direction.
Landslide scarp — approximately located head of landslide. Hachures indicate down-slide

direction.

U-Pb SHRIMP sample locality — labeled with age (Ma).

MINERAL RESOURCES

Historic Mine — Stibnite Creek Mine: minor production of antimony ore from structurally
controlled quartz-stibnite deposits during 1914, 1940, and 1976.

Massive-Sulfide Deposit — polymetallic drilled deposit with calculated inferred resource.
Typically pyritic lenticular bodies with Zn>Pb>Cu>Ag>Au.

Massive-Sulfide Prospect — outcrop and float prospects of significant size and grade.

Massive-Sulfide Occurrence — minor outcrop, subcrop, or float occurrence of potentially
significant massive-sulfide, exhalite, or pyritic rocks.

Gold Prospect — outcrop. trench, or drill-tested gold-bearing shear zones and alteration envelopes.

Mineral Resource ID numbers refer to Appendix 3, Table 1 in the accompanying report, which
identifies resource, name, type. size, and grade where known..

MAP HISTORY

Initial geologic mapping was done in conjunction with the discovery and early delineation of
massive-sulfide deposits by Resource Associates of Alaska (RAA) from 1976 to 1982, with
contributions from Anaconda Copper Company in 1980 and 1981.

Between 1983 and 1987, RAA and their partners concentrated efforts exploring for gold deposits in
the eastern portion of the map area.

The regional geology mapped by the United States Geological Survey (Nokelberg ef al., 1992)
provided a regional geologic framework for correlating units and subterranes.

Further geologic mapping and reinterpretations based on geophysical and lithochemical data by
American Copper & Nickel Company. Inc. (ACNC) and supported by Northern Associates, Inc.
(NAI) provided the current stratigraphic interpretation presented. This work took place between
1994 and 1998: subsequently, Grayd Resource Corporation focused exploration and geologic
mapping on gold prospects in the southeastern portion of the district.

Fundamental contributions to the geologic mapping and interpretations were made by R. Blakestad,
K. Bull, N. Callan, G. Dimo, N. Duke. R. Fankhauser, L. Freeman, D. Gaard, B. Hoffman, P.
Lindberg, J. Muntzert, C. Nauman, S. Newkirk, J. Payne, J. Proffett, W. Shalosky, N. Shriver, J.
Vorobik, D. Witte. and others not known by the authors.

Data assembled and presented by Northern Associates, Inc. under contract #10-00-082 from the State
of Alaska, Department of Natural Resources, Division of Geological & Geophysical Surveys.

Permission to publish proprietary data was kindly granted by the current owner, Grayd Resource
Corporation.
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Explanatory text accompanies map sheets.

DESCRIPTION OF MAP UNITS
UNCONSOLIDATED DEPOSITS
ice Glacier Ice and Moraine
qp | Moraine (Quaternary) — glacial moraine, gravels, rock glaciers, and other semi-frozen till
' deposits.
Qa Alluvium (Quaternary) — unconsolidated stream gravels, sands, silts, and clays.
Qu Quaternary Deposits, Undifferentiated — unconsolidated fluvial. colluvial, and glacial
deposits
PLUTONIC ROCKS

Alkalic Mafic Dikes (Cretaceous) — lamprophyre and lesser pyroxenite, gabbro, diorite, syenite,
and monzonite occur in numerous small dikes, sills, and stocks cutting all units in the map area.
Two suites of alkalic intrusives were studied in detail (Foley, 1984): an older (76-108 Ma, K-Ar)
amphibole-bearing suite that predominates in the region southeast of Rumble Creek, and a
younger (63-69 Ma, K-Ar biotite) suite present mostly to the northwest of Rumble Creek. A tri-
lobate breccia pipe (northwest corner of map) exceeding 4.000 feet in diameter is partially
exposed, and its full extent is inferred from its aeromagnetic signature (Butler, 1995).

|

Granite (Cretaceous) — biotite-hornblende granite and granodiorite pluton west of Rumble Creek.
Fine- to medium-grained, subhedral granular texture, locally porphyritic with plagioclase and
potassic-feldspar phenocrysts. Ascribed a tentative age of late Cretaceous based on a K-Ar
homblende age of 89 Ma (Nokleberg et al.. 1992).

Gabbroic Intrusions (Triassic) — medium- to coarse-grained gabbro-ferrogabbro to diorite. The
mafic bodies consist primarily of plagioclase and amphibole pseudomorphs after clinopyroxene,
commonly with several percent leucoxene or other iron-titanium minerals and exhibiting sub-
ophitic texture. These mafic bodies have undergone greenschist-facies metamorphism, and most
are semi-conformable sills that inflate stratigraphy. locally cross-cut bedding, and truncate
massive-sulfide deposits in Drum and Lagoon. Sizes range from narrow sub-mappable units to
irregular bodies in excess of 800 feet thick and with extents exceeding 4 miles at surface. The
gabbros are tentatively assigned a mid-Triassic age based on U-Pb zircon dating of two gabbroic
samples (J. Mortensen, written commun., 2002). “Ar/”Ar ratios determined at University of
Alaska Fairbanks yield a complex age spectrum (P. Layer, written commun., 2001) owing to
thermal effects of metamorphism, but the weighted average for nine fractions is 277 Ma+ 50 Ma,
which brackets the U-Pb zircon age.

METAMORPHIC ROCKS

HAYES GLACIER BELT

- Hayes Glacier Belt (Mississippian) — fine-grained phyllitic schists and mylonite derived from
sedimentary and volcanic protoliths. The basal part of the package consists of mafic to
intermediate composition metavolcanics, overlain by interbedded felsic metavolcanic units and
extensive pelitic and graphitic metasediments at lower greenschist-facies metamorphic grade.
The rocks display locally intense structural deformation with increasing proximity to the Denali
fault. This unit conforms to the Hayes Glacier subterrane as mapped by the USGS (Nokleberg et
al., 1992), and the Kimball belt of RAA (Nauman et a/., 1982). The mapping of Hayes Glacier belt
is summarized entirely from work of RAA (Blakestad ef al., 1978; Nauman et al.. 1982). Hayes
Glacier belt is separated from Tok River unit of the Jarvis belt by a major facies change, indicated
by considerable interfingering of Tok River unit metasediments with Hayes Glacier mafic
metavolcanic units (Nauman e7 al.. 1982). The belt is bounded on the south by the Denali fault.
No definitive age has been determined in the map area. A tentative U-Pb age of “~375? Ma™ is
published (Nokleberg, et al., 1992a). however it was considered imprecise at the time of
publishing, and is judged to be inappropriate for comparison with recent U-Pb SHRIMP dates
from the district (J. Aleinikoff, personal commun.. 2002).

JARVIS BELT

Tok River Unit (Mississippian) — thick metasediment-dominated assemblage of chloritic
phyllites, quartz-muscovite (£ chlorite) schists, variably phyllitic quartz-eye metagrits,
carbonaceous (rarely graphitic) phyllite, and minor marble. Some metagrits include feldspathic
detritus and are locally calcareous. Protoliths are predominantly sedimentary with only thin and
volumetrically minor interbeds of felsic volcanics that are similar in composition to Drum unit
rhyodacites and dacites. The Tok River unit forms the uppermost unit in the Jarvis belt, and is
bordered on the south by metavolcanic and pelitic rocks of the Hayes Glacier belt. This upper
contact appears to be a major facies break, indicated by considerable interfingering of Tok River
unit metasediments with Hayes Glacier mafic metavolcanic units (Nauman et a/., 1982). The
basal contact of Tok River is delineated at the bottom of the metasediment-dominated
stratigraphic interval, on top of the last major metarhyodacite member in Drum unit. Tok River
unit is ascribed an Early-Mississippian age based on its conformable relationship overlying the
Drum unit volcanics dated at 359 Ma (J. Aleinikoff, written commun., 2002). Thickness of the
unit is undetermined, but estimated to exceed 2,000 feet.

A quartz-sericite (+ pyrite) schist member (Quad marker horizon, informal) forms a ferruginous
color anomaly and is indicated by a darker orange hue on the map (p). A recessive-weathering
graphitic schist member is a second marker horizon that closely underlies the Quad marker. It
forms only sporadic outcrops, but can be traced as a low-resistivity zone on electromagnetic
surveys. This member is stippled gray on the map (g). In hand specimen, the Quad marker has
been interpreted as pyritic rhyolite flows, tuffs, and silica-pyrite exhalite.

MDd Drum Unit (Mississippian and Devonian) — white to pale gray-green, rusty weathering, fine
quartz-eye bearing, quartz-sericite (+ chlorite, pyrite) schists with minor gray to black
carbonaceous phyllite and rare chloritic phyllite interbeds. Quartz-eye content is typically 1-3
percent. though more abundant in some members. A fine, dark gray phyllite parting is often
present within Drum sericite schists. Drum protoliths typically are dacite to rhyodacite dominated
by lesser rhyolite compositions. The basal contact is transitional with underlying Tiger
metavolcanics, as recognized by the increasing chlorite content and diminished sedimentary
component of Tiger unit. The upper contact of Drum unit lies above the highest major quartz-
sericite schist member, succeeded by the conformable phyllites of the Tok River metasediment-
dominated unit. Gabbroic intrusions in Drum are common, and form thick sill-like bodies that
locally cross-cut stratigraphy. The Drum unit has been dated at the Devonian-Mississippian
boundary based on results of two SHRIMP U-Pb zircon ages from the DD South massive-sulfide
deposit (359 £6Ma) and the HD South mineralized horizon (364 £7Ma). (J. Aleinikoff, written
commun., 2002). The Drum Unit averages between 200 and 500 feet thick, exclusive of gabbroic
sills.

Tiger Unit (Devonian) — banded pale- to dark-green to gray chlorite schists with variable amounts
of quartz, sericite, a dark brown micaceous mineral identified as stilpnomelane (Nauman and
Gaard, 1981: R. Newberry, written commun., 2002), and rare black biotite (Pattisson, 1994).
Tiger unit forms a distinctive, relatively homogenous, and massive metavolcanic package that is
barren of massive-sulfide mineralization. The unit generally is unaltered, but strained zones
locally exhibit a pervasive iron-carbonate alteration that weathers to a rusty, pinkish hue with
compositional banding still evident. Thin, but laterally extensive carbonaceous phyllite horizons
mark the occasional brief eruptive pause in the otherwise monotonous stratigraphy. Rare local
buildups of clastic metasediments mark local basins or structural complexity. A marker horizon
containing magnetite porphyroblasts commonly is found in the basal section. Volcanic protoliths
are predominantly dacite and rhyodacite, with minor andesite and basalt. Gabbroic intrusions are
rare. The basal Tiger contact with the underlying Lagoon unit is transitional, occurring over a
thickness of less than 100 feet, preceded by the magnetite porphyroblast horizon(s) in the
overlying 120 feet. The upper Tiger contact with Drum unit also is transitional, and is recognized
by the decreasing chlorite content of the metavolcanic schists, and locally by a carbonaceous
phyllite member at the base of the Drum. The Tiger unitis 1,200 to 2,600 feet thick.

Lagoon Unit (Devonian) — abasal section of banded. medium- to coarse-grained, quartz-sericite (£
chlorite) schists and carbonaceous schist, with finer grained schists and phyllites in the upper
9 section. Protoliths in the basal section are immature sediments or wackes, mudstone,
quartzarenite, and lesser calc-arenite and carbonate. Thin, gray to white and pale green,
interbedded metavolcanic members of the lower Lagoon typically have dacite and rhyodacite
protoliths, with lesser andesite to basalt. A graphitic member (g) in the lower sequence serves as
a stratigraphic marker near the lower contact, and is traceable in float and as an extensive low-
resistivity zone in electromagnetic surveys. A less prominent, but distinctive, chloritoid-kyanite
assemblage within the graphitic member (K. Bull and N. Callan, written commun., 1996) formsa
discontinuous 3-mile-long horizon. In the middle Lagoon section. the sequence transitions
through a succession of dark gray, rusty, phyllitic metamudstones with interbedded light gray to
white to pale green siliceous, quartz-sericite (+ chlorite) schists, locally with coarse blue quartz
eves and rare fragmental volcanic textures preserved as chloritized lithic fragments. The
metavolcanic component becomes volumetrically much more significant higher in the section,
and the uppermost part of the sequence is dominated by white to pale green, massive to finely
laminated. quartz-eye bearing, quartz-sericite (£ chlorite) -pyrite schists and lesser black phyllitic
metamudstones with thin intercalations of quartzite and fine metagrit. Similar to the lower
Lagoon, volcanic protoliths in the upper Lagoon are dominantly dacite to rhyodacite, but andesite

to basalt protoliths are somewhat more abundant in the upper Lagoon section.

The basal Lagoon contact is transitional through several hundred feet below the carbonaceous
schist unit that characterizes lower Lagoon. The upper Lagoon contact with Tiger unit also is
transitional, but occurs over a much narrower interval (generally less than 100 feet). This contact
is recognized primarily by the change to the pale to dark green, more chloritic schists in the Tiger
unit. Gabbroic sills and lenses are common throughout the Lagoon unit. These significantly
inflate the sequence, and crosscut massive-sulfide deposits.

Thickness of the Lagoon unit is uncertain, but is estimated at a minimum of 1.000 feet locally and
exceeding 2,000 feet exclusive of gabbroic sills. A structurally repeated section of Lagoon
stratigraphy is mapped south of the main package. The section is a thrust-faulted slice of
carbonaceous metasediment-dominated phyllite with lesser intercalated felsic metavolcanics and
carbonate members similar to lower Lagoon stratigraphy in the north. The structurally repeated
section of the Lagoon Unit has been dated at 372 = 6Ma based on SHRIMP U-Pb zircon analyses
from samples of a felsic volcanic interbed (Aleinikoff, written commun., 2002).

Dtp Tushtena Pass Unit (Devonian) — Green to gray, medium- to coarse-grained, quartz-sericite-
el @ chlorite schist, commonly calcareous with local carbonate interbeds. Tushtena Pass rocks are
typically schistose to blocky. laminated to medium-bedded, quartz-eye bearing. quartz-rich
lithologies with subordinate muscovite/sericite and chlorite. Strained zones often exhibit
pervasive iron-carbonate alteration and weather with a distinct reddish hue. Discontinuous bands
of sandy limestone and dolomite, and black, weakly pyritic siltstones are common. A poorly
exposed graphitic member in the upper sequence (g) serves as a stratigraphic marker (stippled)
traced between exposures using electromagnetic surveys. Quartz-carbonate veins and bands
impart a characteristic calcareous nature to much of the Tushtena Pass unit. Tushtena Pass unit is
dominated by metasedimentary rocks with calc-arenite, limestone, and siltstone protoliths.
Interbedded metavolcanics have trachyandesite-andesite to rhyodacite protoliths with lesser
basalt. The sequence is intruded and thickened by gabbroic sills and mafic dikes. The Tushtena
Pass unit forms the basal member of the Jarvis belt and is truncated along the basal contact by the
Elting Creek fault. The upper contact with Lagoon unit is transitional. and is defined for this map
as the last occurrence of the characteristic green, quartz-carbonate veined/banded, quartz-chlorite
schist that characterizes much of the unit. The total thickness of the Tushtena Pass unit is
undetermined.

MACOMB BELT

Dp€m Macomb Belt (Devonian and older) — pelitic schist, quartz-mica-garnet schist, calcareous schist,
rare amphibolite, felsic to intermediate intrusive orthogneiss, and mylonitic rocks of upper
greenschist to epidote-amphibolite metamorphic grade. This belt is equivalent to the Macomb
Subterrane in the Mt. Hayes Quadrangle (Nokleberg er al., 1992), the Birch Creek Schist in the
Tanacross Quadrangle (Foster. 1970), and the Birch Creek Schist Terrane of RAA (Nauman et al.,
1982). It is ascribed a minimum Devonian (or older) age based on a U-Pb isotopic age of 372
+8Ma for the metagranitic rocks (Nokleberg ef a/., 1992) that intrude the metasedimentary units.
The Macomb belt is truncated on the west by the Elting Creek fault.




