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The Fairbanks mining district is located in the western portion of the
Yukon-Tanana Uplands and includes an area of approvimatelv 800 square miles,
Since the initial discpvery of gold placers in 1902, the area has produced

Rt 4

7.6 million troy ounces of placer gold, 250 thousand troy ounces of lode

goid, thus accounti£g—for nearlc 25 percent of Alaska's total producrion.
The district haglalso produced severzl thousand toms of antimeny and tungsten
en¢ significant amounts of building stone and aggregate.

Prindle and Katz (1913) were the first to provide z generesl descriptien
0f the Yedrock znd surficial geologv of the Fairbanks districr as well zs
detziled descriptione of the geold placer deposits., Smitk (1913), Chapin
(1914, 1919), Merrie (191B) ancd Fill (1933) described the lode deposits of
the dist;ic: znd noted the close spatial relationship of the placer deposits
to th« lode occurrences; much cf the earlv veork related lode occurrences to
intrusive bodies in the discrict. Metz (1977) suggested the gold-antimonv-
tungsten lodes might have similerities to stratabound deposits known cutside
of &laska.

Recent geclogic mapping ¢f the zrea (Smith and others, 1981; Robinson
znd others, 1982: Yorbes and Weber, 1962, Runcrtzen, 1981; Metz, 1981 ;
Robinson, 1981) has shown that bedrock expesed in the district ccmprise three
retzmorphosed stratigraphic vackages, which a2ppear te be in thrust fault con-
tact (Fig. 4). The lowermost seguence, referred to ac¢ the Fairbanks

Schist, consists



dominently of brown to gray quartzite and nuscovite-guertz shist with local
variants containing garmet, biotite and chiorite.’ Mineral assemblages in
this 4,000 ft thick unit are indicative of greengchist facies metamorphism.
Interstratified near the center of the Fairbanks Schist is a 400-800 £t thick
seguence consisting of interlensing felsic schist, laminated white nicaeous
cuartzite, chloritic or acginolitic greenschist, graphitic schist, minor meta-
hasite and metarhyoiite;ipalc-silicate beds, bandec grav marble, and signifi-
cant amounts of gquartzite and muscovite-—quartz schist indistinguishable from
the Fairbanks Schist host rocks. These rocks, referred to as the Cleary Se-
guence, appear to be largely of distzl volcanogenic origin and host most of
the concordsnt and discordant lode mineral occurrences in the district; they
are glso exposed upstream from most cigniffecant placer deposits (Smith and
others, 1921, Robinson and others, 1982).

Structurzlly above the Fairbanke Schist/Clearv Sequence is an interval
cf variable thickness containing dense banded awphibolite, tremolite warble,
coarse-grained garnet muscovite schist, biotite-rich schist, micaceous
cale-schist and pale green metachert (Chemz River sequence). Minereal assem-
blages and textural advancement in these rocks suggest thev were metamor-
phosed in the lower amphibolite facie§ (Ferbes and others, 1982),

Metamerphic rocks occurring along the northern part of the district
(Chatanika terrane) 2lso overlie the Feirbanks Schist in presumed thrust com-
tact, buf consist of 2 different rock assezblage, including gernet- cline-
prroxene eclopites, garnet amphibolites, tlack quertzite, marble and pelitic
schist (Swzinbank and Forbes, 1675).

Intrusive rocks in the district occur mainly 2s northeasterly-trending



bodies of (1) dark, fine-or medium-grained homopeneous hornblende-bearirg
granodiorite exposed near Pedro Dome and (2) light coalored, coarse-grazined,
mulciphase porphvritic quartz wonzonite/granodiorite present mainly on
Gilmore Dome. Numerous small plutons or hvpebyssal bodies of felsic to
intermediate composition occur throughout the district. Tield evidence
suggests a mesozonal level of emplacement for the intrusives. Cross cutting
relationghips show the,porphyritic quartz monzonite/granodiorite is vounger
than the hornblendéggég}ing granodiorité. Available K/Ar and Rb/Sr ages for
ché Pedrc Dome ané'éilmore Dome stocks range from 91 to 83 m.v.
Petrochemical and mineralopical eriteria suggest the porphvritic series may
be S-type granitic rocks, whereas the hornblende-bearing granodiorite has
characteris;ics of both & and I-type intrusive rocks. The initial 87Sr/SGSr
‘retio is.0.7l2. supporctive of an S-type origin (Blum, 1983).

The regional structural evolution of the Fairbanks region was dominated
by two fold episodes. The first resulted in Syometemerphic, overturned to
recumbeﬁt, sﬁbisoalinal. ncrtheast verging folds with wavelengths to about
1,000 fr and northwest trending axes. The second event folded tha previcusly
metamorphosed units into z series of broac northeast-trending open folds
which control the distribution of rock tvpes now exposed in the district.
Local structures include smzll scale folds, faults, joints, shears, zanéd
"crush zones.'" the latrer typicallv cluster in northeas: znd north-northeast
trending sets and are verizble In length tc several nilec; both sets have a
close spatizl aznd pgenetic relationship te discordent goléc, antimonv, and -
arsenic¢ mineralization in the éistrict. XNertheast trencing faults tvpically
show reverse offser a2nd southerly dips (fig, B). Fault structures on Ester

Dome sctrike generally north-scuth with steep dips and bo:h normel znc strike



slip offset,

Of 188 known lode gold occurvences in the Fairbanks district, (Chapman

and Foster, 1969) 65 have producedé ezn estimated 240,000 ounces of gold with

average ore values ranging fror (0.28 to 2.3 ounces per ton (Thomas, 1973),

The deposits are spatielly concentrated in four a2reas: Cleery Summit, Ester

Dome, Scrafford, and Gilmofﬁ Dome (fig A.) Gold and tungsten lodes of the

district 2re most numercii. on Clearv Summit Gilmore Dome and Ester Dome and

are hosted within various lfthologies of the Clearv Sequence. The lode

occurrences a2re classified as:

IT.

ITI.

v,

STRATAROURD VOLCAKNQGENIC(?) MINERALIZATION - in which intergrowths
of arsenic-zinc-antirouav-lead-and copper sulfides * gold and
scheelite occur in conformeble leminse and lensegs parallel to
foliation end compositional ganéing in the metavolcanic host rocks
with Au, Sb, As, Zn, 2nd Pb associated with metafelsic rocks and
Cu-W associzteé vith merabasirtes.

LEAD SULPHCSALT-BZI~RING QUARTZ SULFIDE VEINS - with argentiferous
galena, sphalerite, chalcopyrite, stibnice, arsepcopyrite, snd gold
occurring within Cretaceouslintrusives.

ﬁETASOHATIC TUNGSTIN SHARY MINKTRALIZATICN - tungsten in local
concentrations to 3 percent W0, as scheelite within prograde and
retrogracde calc-siliczte skerrn zssemblages in close proximiry to
the Gilpore anéd Pecro Dome grenitic stocks (Allegro, 1984, Bvers,
1957, Robinson, 1¢76). Mos: occurrences are replacements of
calcarecus beds of the‘CIeary'Sequencef

GOLD-BEARING POLVFTALLIC OUARIZ SULFIDE VEINS - which eross-cut



the metavolcanic host rocks of the Clearv sequence,
V. STIBNITE GASE VEINS AND FRACTURZ FILLINGS_- associated with awial
plane shears in the metavolcanic host rocks.
A geochemical reconnaissance of selected rock chips from metamorphic
rock units in the Fairbanks district indicates the following enrichments over
crustal abundence: Antimony - 210 X, Arsenic - 83 X, gold - 50 X, and

tungsten - 14 X. Samples frox highly minerslized porrions of the Cleary

v
w, ¥ .

Sequence range up Eﬁxqéveral thousand timee the crustal averages of these
elements, (Albznese, 1982a, b, ¢; Metz, 1984)
Fluid inclusions from quartz in veins and selected rocks show

contrasting compositions and homogenization temperetures as follows

—

(fig. _ C):

Type 1 Veins: 280-330°C, 5-6 wt. percent NaeCl eaguivzlent; 002 g mole
percent in samples with visible gold.
Scheelite 2lso contains COz—rich fluigd inclusions.

Types iI ang III>Veins: 300-400°C, 12-)¢ wtr. percent XNaCl equivalent.

Tvpe IV Veins: 290°-36C°C, 2-3 wt. NzCl equivalent, CO2 & mele percent in

samples with visible gold. BRoilipng cenditions indicated.
Type V Veins: 190-220°C, 2-3 wt percent KzaCl eguivalent,
Intrisive Rocks: 550-600°C, 20 percent KeCl equivalent, occasional daughter

ninerals

jetamorphic Rocks: Similar to Type T veins

Sulfur isotope rztios of most polvme:zl veln tvpes range frem =) to +4

per il 2s indicated on fig. D. Tepe V ocrominerzlic scibnite veins range
, 34 . P e : . .

from -6 to -2 per mil ST . None of the Sulfice paire from the varicus vein

tvpes vield reasonable thermometric estirztes, suggesting deposition or



subsequent mobilization unéer disequilibrium conditions.

Lead isotopes of galena samples from "straciform"_gnd vein ocecurrences
in the district are radiogenic in chzracter, and cluster near the end of
single stage growth curves (fip. T), similar to leads from continental rift
environments (Smith ané others, 1081).

The geoiogic setting 55 vell as geochemical ané isotopic data are
consistent with an ore g:..esis medel which includes: (1) bimodal volcanism
in 2 late Precambrian(?) extensionazl environment accompanied bv deposition of
submarine volcaniclastics and exhalites enriched in Au-Sb-As-W (2) regional
polvmetamorphism in at least two compressional events, early mobilization of
metzls into veins may have accompanied retamorphism (3) emplecement of
post-tectonic cretaceous anatectic(?) granictic rocks with concurrent
development of contact metzsomatic tungsten skarns and continued mobilization
of metals into minerzlized veins within fazvorable structural sites in the
Clezry Sequence. TFluid-inclusion datz ané vein mineralogy suggest mobilizing
fluids were enriched in CO2 , HS , antimonothio/arsenothic complexes;
ceposition of metals may have resulted ‘rom volatile release or beilimng, 2 ph

increase, ané mixing with lower salinity wmeteoric watex near the boiling

interface.
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Figure  A-E. (A) Generalizec #edrock geologic wzp cf the Fairbanks mining
disrtrict showing distribution of meteiliferous Cleary Sequence along
anticlinal ridge crests and locaerion of four principal mineralized
areas. Most lode gold mines and prospeéts (about 180) are localized on
vein systems developed within eor just zbove the Cleary Sequence. (B)
Model of tvpical mineralized shear zone in districc (Rall, oral. Comm.,

1981) Sigmoidal shears form crush zones where thev intersect competent

LA
POV
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cuartzirce uni;ﬁ:xﬁhears and associated crush zones were later infilled
vith vein matérial; multiple stages of shearing and vein emplacement
common, (C)_Homogenizstion temperature and NaCl equivalent ranges for
fluid inclusions in quartz from vein tvpes ané selected rocks freom the
ﬁist;ict. Tvpe 1 2né TV veing also ccntain fluid inclusions with CO2
contents in excess of 8 mole percent., (D) Sulfur isctope ranpes cf
sulfide minerals from vein tvpes showing contrast between late(?)
monominerelic stibnite veins and eerlier polysulfide veins. (E) Lead
isotope ratios of galena from stratiform and discordant mineralizartion

in Fairdbenks district compared witn theose fron continental rift sertings

2nd deep sea sediments.
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