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INTRODUCTION

The Fairbanks HHining District is located within the
northwestern portion of the Yukon-Tanana Uplands Schist Terrane
in central Alaska (see Figure 1.) Figure 2 is a generalized
geological map of the terrane which is bounded on the south by
the Penali Fault and on the north by the Tintina Fault (Foster et
al., 1973). The terrane is composed of Precambrian or Paleozoic
metamorphosed éedimentary and volcanic rocks that contain lower
greenschist to amphibolite facies, eclogite facies and granulite
facies mineral assemblages. The metamorphic rocks were formerly
designated Birch Creek Schist (Yertie, 1637). The metamorphic
rocks are unconformabhly overlain by Paleozoic, Mesozoic and
Tertiary sedimentary and volcanic rocks. The metamorphic and
sedimentary sequences are intruded by Paleozolic, Mesozpic and
Tertiary rocks ranging in composition from'peridotite to granite.

Gold was discovered ip the Fairbanks gistrict in 1902 and
since then the area lhas produced 7,500,000 troy ounces of placer
yold and 250,00C troy ounces of lode gold. In addition, the
district has produced several thousand tons of antimony and
several thousand short ton units of tungsten.

Prindle and Eatz (1913) were the first to provlide a general
description of the bedrock and surficial geology of the
Fairbtanks district. apy of the roeck units which they defined
have been retalned by subsequent investigators; however, the rost
sipnificant contribution was their detailed descriptions of the

rold placer deposits. Prindle and Kkatz (1213) related the placer
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Figﬁre 2. Generalized geological map of the Yukon-Tanana Upland Schist Terrane
Alaska

EXPLANATION 2

D Poleozoic,Mesozolec,and Tertiary
' sedimentary ond volcanic rocks
undifferentiated.

AXK] Paleozoic,Mesazoic,and Tertiary intrusive ‘n-.:
rocks undifferetiated. 1‘“40 .:'5
x|k
7175 Paleozoic and (or) Precambrian metamorphic < 2!2
reccks of the Yukon Tanona Uplands Schist Terrane, _ng
including lowar greenschist to amphibotlite,eclogite, and NE
granulite facles. Formerly Birch Creek Schist, =>-
— Contact l
~~  Fault,dotted where conceated.
50 ' S0 miles
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deposits to gold-quartz-sulphide veins, the formation of which in
turn was attributed to the intrusion of grgonitiec rocks in tke
district.

a Smith (1913) has provided detailed descriptions of several
lode deposits which gave support to the earlier observations of
Prindle and Katz (1913). Chapin (1914, 1219), Mertie (1918) and
Hill (19833) also described the lode deposits of the district amd
noted the close spatial relationship of the, K placer deposits to
the lode occurrences. The gold-quartz veins were considered to be
the sole lode source and the veins were thought to be related to
‘"the granitic intrusive rocks of Gilmore Dome and Pedro Dome.
Chapman and Foster (1969) also related thd gold—gquartz vedin
deposits of the district to the granitoid intrusions of
Cretaceous age and concluded that the quartz veins were the sole
source_g; the placer gold. |

‘g;;z (1977) ;nd Metz and Robinson (1980) suggést t;af the
antimony-tungsten and associated lode gold mineralization of the
Fairbanks district 1s related to previously unrecognized
metavolcanic rocks in the Yukon-Tanana Uplands Schist. Recent
1:24,000 gscale geological mapping (Metz, 188Z2; Bﬁhdtzen, 128,
and Robinson,1982) has delipeated the extent of these
metavolc;nic rocks (see Filgure 3). The majority of the kéown locle
mineral occurrences in the district are within these metavolcanic
rocks which have been named the Cleary Sequence (Metz, 1982);
however, the lode occurrences are not necessarily spatially

associated with the exposed intrusive rocks.
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Detailed investigations of the lode ﬁinera] deposits have
resulted in the definition of the followipg five major types of
lode mineralization within the district:

I. VOLCANOGENIC STRATABOUND MINERAL&ZATIOR- in which
intergrowths of arsenopyrite, Jamesoniﬁe, galena, sphalerite,
pyrite, chalcopyrite, gold and scheelite occur in conformable
laminae and lenses parallel to both foliation and compositional
Ibanding in the metavolcaniec host rocks. The Ag=-Sb~Zn-Pb~-Au
mineralization is associated with metafelsic rocks while Cu-¥
mineralization is assoclated with metabasic hogt rocks.l-

I1. LEAD SULPHOSALT~BEARING QUART2 SULPHIDE VEINS- with
argentiferous galena, sphalerite, éhalcopyrite,-jamesonite!
arsenopyrite and trace gold and stibnite occurring in shear zones
in Cretaceous intrusives. | -

III. TUNGSTEN SKARN MINERALIZATION~- in wkich scheelite

£ 2 AT :
bearing calc-silicate mineralization occurs sdjacent to the.

Gilmore and Pedro Dome granitic stoéks.

IV. GOLD- BEARING POLYMETALLIT QUARTZ SULi?HIIDE VEINS—- which
occur as fracture fillings in shear zones that cross-cut the
metavolcanie host rocks of the schist sequence- I‘he‘ 'veins. contain:
quartz, boulangerite, jamesonite, .robinsonite, semseyite, galena,
sphalerite, arsenopyrite, tetrahedrite, chalcopyrit:=, and gold.

V. STIBNITE GASH VEINS AND FRACTURE FILLIRGS- associated
with axial planel shears in the metavolcanic bost rocks. The
mineralization is monominéralic and includes massive ang
subhedral stibnite with minor traces of gold.

The above mineral classification system is based on

mineralogiec, petrologic, fluid inclusion, and field



investigations, however the classification system may be

additionally constrained by sulphur istope analyses.

SAMPLING AND ANALYTICAL TECHNIQUE

0f the 188 known lode mineral occurrencea in the Pairbamks
mining district, twenty-eight were agelected for detailed
mineralogic, petrologic, fluid inclusion and' isotoric' studiesn.
Two of thes; occurrences afe_Type IIT tungsten skarn deposits
with no suitable sulphides. The twenty-six sampled sulphide-
bearing occurrences include: 43 sulphides from ZType I
minerélisation; and five stibnite samples from Type V déposits.

Sulphur isotope ratios were determined in the BKEERC Stable
Isotope Pacility at the British Geological Survey in London and
at the Geochron Laboratorieé, Cambridge, Mass.

The <following procedure was adopted at the London
laboratory.

Sulphur dioxide from sulphides was extracted for analysis
by oxidation with Cuprous oxide at 1070°C, using essentially the
method described by Robinson and Kusakabe (1975). The ieotcpic
analyses of the purified sulphur dioxide were made on a modified
Micromass 602 mass spectrometer with heated 1inlet =system. %he
resulté were corrected for isobaric interference assuming a con-
stant oxygen isotopic content and. instrumental croastalk
(Coleman, 1977; 1980) aﬁd expréssed in convéntional del notation
with respect to the Canon Diablo meteoritic troilite standard.

Analytical uncertainty, mainly in the oxygen isotope cor-

rection, amounts to between 0.05 and 0.1 o/oo.

7



s3bs Sample:[;‘s ] -1 x 1000 %
S standard

Fractionation between two phases is expressed as @
3 = 3 - o
RESULTS AND DISCUSSIONS

Sample descriptions and results are given im Table 1 and
summarized io Figure 4. Generally the duplicate samples ran at
each laboratory were within 0.5 per mil and in some cases within
0.1 per mil. Stratabound sulphide from the Type I miineralization
have a mean of 2.0 per mil excludiné two samples «of sulphides
from a single disseminated occurrence in eclogit-e €he have a
mean o{ 8.8 per mil., Sulphides from both Type II mimeralization
(endoshéars) and Type IV mineralization (exoshears} havé ?1 mean
of 1.4 and 2.2 per mil respectively. Stibnite from 1late antimony
veins (Type V mineralization) have a mean of -4.2 per mil. The
mean per mil values for the stratabound and vein mHAineralization
are approximately equivalent to thé expected values for volcanic
sulphide and modern hydrotherms respectively (Kiels=n, 1979). The
sample means of Types I,IXI angd IV mineralization}are not
significantly different as are the variances of 2.1¢, 1.23 and
1.21 per mil respectively, however the small number of samples
particularly from Type II mineralization precl ude rigorous
hypothesis testing.

The prescnce of disseminated galenga and spha Yerite in the

eclogite rocks was not expected anor can descriptions of analogues



feleite -

Table 1. Sulphur Isotopic Compositions of Sulphides from the Fairbanks District, Alacka.
Mineral Occurrence/ Description } CDT (% )
Sample No. Gm 181 Py Cp Ag Ja St
Chatham Creek
Prospect
B #I 01 Bl Banded Sulphides o +1.7 +3.2
murble ard metachert
¥ 851 M1 01 B) Banded Sulphides 1in +2.6 +3.6
. marble and metachert
* 51 bl 01 Bl Banded Sulphides in +2.0 +2.4
marble and metachert
Cleary Uill
Mine
Bl KL 02 A Cuartz Sulphide vein +2.7 +1,6
®*E2 CY 02 A iz Sulphide vein in -8.4
N caic~schist w/sulphides
B2 i 02 8 Banded Sulphldes in -4.0
calc-schist and wetachert
82 CH 01 Stibnite vein w/trace -0.5 =5.1
sphalerite
Clipper Mine :
81 WI 03 (tz vein in mica- +3.1 +3.2
quartzite
%*B81 M1 03 Utz vein in mica- +2.6
) quartgite
Christina Adit
BZ CA 01 Yassive Stibhnite in =3.0
metafelsite e
EZ CA 0} (uartz vein. in meta-~ +2.1
felsite
*B2 CA 04 Cuertz vein in meta- +2.8

—— S e 2y

Deposit Type

1,IV,V

v

LIV, v
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of that type of mineralization be found in the literature. Lead
isotopic analyses of galena from the disseminated nmineralization
in, the Eclogite Terrane and from stratabound and veiln
mineralization in the Cleary Sequnce indicate two distinctive
lead isotope populations for the two tectono-stratigraphic units
(letz and Swainbank, unpublished data). Although sulphur isotopnic
data for the Eclogite Terrane is very limited there is a
difference of about 7 per mil. in the mean Qélues of the Cleary
Sequence and Eclogite Terrane sulphlides. Although these two
tectono~stratigraphic units both contain stratabounc
mineralization the modes of origin of the mineralization were
probably significantly different. In addition, the two rock units
and hosted syngenetic mineralization were subsequently subjected
to radically different pressure-temperature conditions during one
or more regional metamorphic events.

Mineral deposit Types II and IV show the largest differerce
in sulphur isotope sample means however the sample means are rot
significantly different cbove the £0 percent confidence interval.
Given the order of isotopic exchange rate galena> sphalerite>
chalcopyrites pyrite (Lrown et al., 1875) it ray be expected that
the metamorphosed Type I mineral occurrences would show narrower
ranges for galena than pyrite as compared to Types II and IV
mineralization. This is not the case as shown in Tierure 4. There-—
fore it can be concluded that metzmorphism has had no sienificznt
eflfect on the sulnhur isotope values and the dercrze of
equilibtrium or disequilibrium in the systems are a functicn ¢Z

the original conditions of ore deposition.



The stibpite 2from Type V mineralization contains
significantly lighter sulpbhur than the othgr mineral deposit
types. The antimony bearing phase in Type V 1s always restricted
toiétibnite. The stibpnite contains only trace amounts of arsenic
and gold. Conversely in Types I, II and IV mineralization, the

antimony bearing phases are complex sulphoéilis_and stibnite

"oceurs only in trace amounts in 2 limited number of occurrences.

Figure 4'1nd1udes fluid inclusion homogenization and salinity
data- (yetz. 1984) for Types. I (excep¢ the eclogite occurrenco)
thru -V&;I;:‘Bral occurrences as vall AS selected -etamorphic and
intrustva 1gneous rocks f'om the mining district. Table 2 18 a
tabulation of calculated temperatures from sulpbhide mineral pairs
from seven Type 1 mineral locations (including the eclogite
occurrence) and one Type II mineral occurrence. Four of the Type
) occpﬁygnces have sulphide palirs that iodicate temperatures
comp;tible with the ranges of temperatures.indicated by the
sulphide and metamorphic mineral assemblages amd by the fluid
inclusion homogenization. The remaining three Type I sulphur
isotope pairs indicate temperatures incompatible with those
obtained from fluid idclugion measurements. Tbe-two sulpbide
mineral)l pairs from the Silver Fox Mine (Typé II occurrenca):
indicate temperatures 200°C above the fluid inclusi;n homo~
genization temperatures. From these data it éan be concluded that
isotopic equilibrium may have been'attained in some of the Type 1
occurrences but was not approached in the Type I1 oécurrence. No
sultable sSulphur isotope mineral pairs were available for Types

IV and V mineralization thus no estimate can be made from sulphur

species concerning equilibrium conditions in these systems.

16



Table 2., Calculated temperatures from sulphur isotopic
compositions of sulphide mineral pairs and fluid tnclusion
homogenization temperature ranges from the Fairbanks M¥ining
District, Alaska.

Mineral Sulphide Calculated Deposit Range of fluid
Occurrence Mineral Temp. ( °C) Type Inclusion
Pair - Homogenization
Temp( °C)

Chatham Creek Py-Ga 700 I 280-360
Prospect
Christina Adit Py~Sl 300 I 7
Newboy Ext Py-Ga 700 1
Prospect S1-Ga 630 I
Ridge Prospect Sl1-=Ga 290 I
Silver Fox Py=Ga 580 11 300-380C
Mine S1-Ga 600 11
Steese S1-Ga 330 I ?
Eclogite Prospect
Wackwitz Py-Ga . 400 1 280~-360
Prospect Py-S1 100 I

e S1-Ca 100 I -
Willow Creek Py-Ga 630 I
Prospect S1-Ga 1200 I

17



Types I, II, and IV mineral occurrences contailn quartz with
COy rich fluid inclusions. Types II and IV mineral occurrences
often contain variable density CO, inclustions that homogenize at
thé same temperature thus suggesting effervescence ol CO; during
vein formation. Type V minerazlization contains relatively minor
CO; (3 mole percent maximum) compared to Types I, II and 1V
minerslization (13+ mole percent). Type V mineral occurrences do
not show any evidence'og CO; effervescence.. The effervescence of
CO,will gé‘gult in an increase 1n pH and an increase in pH should
shift the-..sulphur species to more positive 53"S»val_ues. A decrease
in temperiture or an increase in oxygen partial pressure should
cause a shift to lighter _531‘5 (bhmoto, 1972). The disequilibrium
conditions in some of the Type I mineral occurrrences and in the
Type II deposit probably reflects rhpid chanmges in pH,
temepgq._?t\:pre and partial pressure of volatile phases. .

The sample means of Types I and V an@ IV ang V
mineralization differs by approximately 6 per mil. Ohmoto and Rye
(1979) and Robinson and Farrard (1982) suggest that equilibrium
stibnite values are about 4 per mil lower tham M,S in an ore
fluid at Ithe temperature range of 150 to 200 degrees °C. Fluid
inclusion homogenisation temperatures for Tybe V miperalization
indicate ore deposition took place betweeh 180 and 220 d;grees c,
thus sulphur from either Types I, II or IV mineralization could
account for the 53[‘8 values in Type V mineral deposits. In

addition, it is possible that Type I mineralization cou-ld have

been the source of sulphur for Types II and IV mineral deposits.
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