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ABSTRACT

Scheelite in the Fairbanks mining district, Alaska occurs in small, discontinuous,
stratabound bodies along the northern flank of the Gilmore Dome intrusive up to 3 km
away ffom intrusive contacts within late Precambrian greenschist facies marble, calc-
silicate marble, and calcareous quartzite. Detailed studies of these prospects have led to
the conclusion, based on gangue mineralogy, structural controf, cross-cutting features,
and age of mineralization, that the scheelite 1s of metasomatic origin.

Scheelite occurs :n pyroxene (Hd90_40) - garnet (Gr82_70) skarn, ferro-
actipolitic harnblende + quartz + calcite retrograde skarn, and muscovite + biotite +
chlorite altered zones. Skarns are localized in calcareous horizons cut by veins, felsic
dikes and faults. Marble hosted skarns have higher tungsten + gold grades and show
spatial zoning from proximal garnet to distal pyroxene. Amphibole and white mica
from skarns have ages consistant with the cooling age of Gilmore Dome piuton

(85 - 91 Ma). These skarns are similar to other tungsten skarns worldwide.
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INTRODUCTION

The Fairbanks mining district in central Ataska, known primarily for its placer
and lode gold production, also has many small lode tungsten occurrences. Gold and
tungsten mineralization is concentrated north of Fairbanks along a2 northeast-southwest
trending belt that extends from Ester Dome to the northeast beyond Cleary Summit
(fig. 1) (Mertie,1918; Hill, 1931; Byers, 1957, Robinson and others, 1982).

The main tungsten occurrences in the district are found in the Gilmore and
Pedro Dome areas (Byers, 1957), with the majority of tungsten mineralization occurring
in metasediments along the northern flank of the Gilmore Dome pluton. Numerous
prospect pits in the area have shown the mineralization to be widespread but sporadic
and of variable grade. In the Pedro Dome area the mineralization is not as pronounced
and appears to be much less extensive (Byers, 1957).

Compared with the gold production from the district (approximately 7.5 million
troy ounces), tungsten mining has not been important. However, the origin of the
tungsten deposits, whether (1) contact metasomatic skarns or (2) syngenetic strata-bound
concentrations, recently has been a martter of ongoing debate (Metz and Robinson,
1980).

Early workers in the area described these occurrences as being the resutt of
contact metamorphic processes (Mertie and Overstreet, 1942; Joesting, 1942; Thorne and
others, 1948: Byers, 1957). Tungsten mineralization is associated with pegmatitic dikes,
along intrusive contacts in calcareous rocks and schists, in quartz veins, and within
rocks containing garnet and pyroxene. The occurrences, like many other tungsten
deposits worldwide have been reevaluated (Metz, 1977, Metz and Robinson, 1980) in
light of the tungsten-mercury-antimony syngenetic strata-bound mode! proposed by

Maucher (1976). Characteristics of the occurrences considered simitar to the strata-
1
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bound model are the stratiform nature of some of the tungsten mineralization, tungsten
occurrences mostly concentrated at considerable distance (up to several kilometers) and
extending for great distances along strike of certain lithologic units from intrusive
contacts, scheelite associated with amphibole-rich rocks, the presence of mafic volcanic
units, and the likely Precambrian to Early Paleozoic age of the hast sediments.
Unfortunately, criteria for recognition of strata-bound tungsten deposits are not as well
established as those for metasomatic skarns, and thus confusion between layer-like
metasomatic and syngenetic strata-bound deposits is common. Well established
characteristics for tungsten skarns are described by Newberry (1980); Einaudi and
others (1981); and Dick and Hodgson (1982). Tungsten deposits interpreted as being
strata-bound are Felbertal in Austria (Holl and others, 1972; Maucher, 1976; and Holl,
1977) and the Piriwiri and Bulawayan systems in Rhodesia (Cunpingham, 1973).

This study was undertaken to understand the Gilmore Dome mineratization and
its possible origins as either a syngenetic strata-bound or metasomatic deposit.
Resolution of this question has considerable significance for the tungsten resource
potential of the district. If the tungsten is an original constituent of discrete
stratigraphic units, then the mineralized beds could be quite extensive, and exploration
would consist of following the ore-bearing units. However, if the mineralization is a
result of metasomatic processes associated with the intrusion of the Gilmore Dome
pluton, exploration would be confined to favprable sites in a limited area surrounding
the pluton and would emphasize variations in the igneous rocks.

To resolve the question of origin, detailed mapping and sampling at a scale of
1;:120 (2.5 cm to 3 m) and 1:240 (2.5 cm to 6 m) was completed on three prospects in
the Gilmore Dome area during the summer of 1982 (pls. 1-7). These prospects are the
Spruce Hen, Yellow Pup, and Gil (fig. 2). A total of 212 - 7 kg rock samples were

collected and analyzed for tungsten, gold, silver, mercury, antimony, copper, lead, zinc,
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molybdenum, tin, arsenic, and fluorine. Major oxide compositions were obtained on 38
rock samples representing the various types of metasedimentary units in the area. The
field work and geochemistry was augmented with petrographic examination of 200 thin
sections and microprobe analysis of characteristic minerals.

The study was supported by the Alaska Division of Geological and Geophysical
Surveys (DGGS) as one component of a mineral evaluation program of the Fairbanks
mining district, The program was undertaken at the request of the Fairbanks North

Star Borough and was a joint effort between DGGS and the Minera!l Industry Research

Laboratory, University of Alaska,



PREVIOUS WORK

Scheelite has been found in many placer deposits in the Fairbanks district, and
was first discovered in bedrock in £915 at the summit of Gilmore Dome (fig. 2) on the
property now known as the Stepovich mine (Brooks and others, 1916). Other
occurrences were found in the area of First Chance, Steele, and Engineer Creeks
approximately 7 km southwest of the summit of Gilmare Dome and include the Spruce
Hen, Tanana, Columbia, Tungsten Hill, Anderson, and Blossom claim blocks described
by Brooks and others (1916); Mertie (1918); and Chapin and Harrington (1919).
Prospecting in the district continued for two or three years until the decline in the
market value of tungsten at the end of World War 1. Except for the Stepovich mine,
little work has been done on most of these properties until recently (Thorne and others,
{948). The Stepovich mine produced approximately 60 tons of concentrate containing
65 to 70 percent WO3 (tungsten trioxide) during the years 1942 to 1944 (Byers, 1957).

During World War 11, the area was reevaluated by the U.S. Geological Survey,
Territortal Department of Mines, and U.S. Bureau of Mines for its tungsten potential
and possible reserves (Mertie and Overstreet, unpubl. war report, 1942; Joesting, 1942,
Thorne and others, 1948). Mertie and Overstreet (published as part of Byers, 1957)
described the occurrences along Gilmore Dome as the result of contact metamorphism.
At the Stepovich mine, the tungsten ore was found in calcareous zones and occasionally
in quartz veins. Below the calcareous horizons, an amphibolite unit was noted. The
silicate mineralogy associated with the scheelite within discontinuous limestone lenses
included quartz, diopside, and hornblende, with minor garnet, idocrase, apatite, sphene,
and clinozotsite.

Joesting (1942) attributed the scheelite in altered limestone or calc-schist as a

product of deposition from tungsten-bearing fluids emanating from the underlying

6



Gilmore Dome pluton, even though most of the deposits were several thousand feet
from known intrusive contacts. He also noted that a zone of dark green hornblende
frequently accompanied the ore zone and suggested it was formed by replacement
directly related to the scheelite deposition. His report notes that the scheelite occurs in
two forms: 1) as finely disseminated grains associated with calc-silicate repiacement of
calcareous horizons, and 2) within and adjacent to rich ore shoots where vertical quartz
stringers intersected mineralized calcareous horizons.

More recently Metz (1977) specuiated that some of the mineralized rocks in the
Fairbanks district are similar to the strata-bound tungsten-antimony-mercury model
described by Maucher (1976). By this mode!, early Paleozoic sediments and volcanic
rocks forming near major tectonic lineaments are enriched in tungsten-antimony-
mercury from submarine volcanic hydsothermal exhalations. The strata-bound ore caﬁ
be found in quartzite, graphitic schist, marble, metatuff, amphibolite and other
metavolcanoclastic rocks, with the synsedimentary character of the ore said to be
preserved (Holl and Maucher, 1972). Maucher stresses that this type of deposit shows
an intimate temporal, spatial, and genetic relationship to widespread mafic volecanic
activity of the early Paleozoic. Further developing this model, Plimer (1980) has
postulated that strata-bound tungsten in early Paleozoic sequences of thick pelitic
metasediments containing mafic volcanic rocks and chemically precipitated quartzite and
carbonate are the precursors to tungsten deposits associated with anatectic granites.
Extending Plimer's hypothesis, Maiden (198!) suggested that metamorphic
remobilization of tungsten without the influence of a magmatic event is also potentially
4 major ore generating process from subeconomic strata-bound deposits.

Metz and Robinson (1980) have proposed that the amphibolites, which represent

metamorphosed mafic volcanic rocks in the Fairbanks district, may be the source of the



tungsten and that the tungsten present in calcareous rocks may be the result of
remobilization during metamorphism. Initial geological studies at the Yellow Pup mine
suggested that tungsten was concentrated in caic-amphibolite fayers within the

metamorphic sequence (Robinson, 1981).



GEOLOGIC SETTING

The Fairbanks mining district is part of the Yukon-Tanana Upland afso called
the Yukon Crystalline Terrane (Tempelman-Kluit, 1976) (fig. 3) and is underlain by
crystalline rocks of the Yukon-Tanana metamorphic complex (Foster and others, 1973).
Parental rocks of the Yukon-Tanana metamorphic complex are believed to be of
Precambrian to Late Paleozoic in age (Forbes, 1982) and have experienced at least two
periods of metamorphism. The metamorphic grade of the rocks ranges from greenschist
to garnet-amphibolite (Forbes, 1982). Within the complex, the dominant rock types are
micaceous quartzite, quartz-mica schist, and pelitic schist with subordinate amounts of
gneiss, amphibolite, marble, greenschist, calc-magnesium schist, and phyllite (Forbes
and Weber, 1982). Igneous rocks ranging in composition from ultramafic to granitic
have intruded the compiex at various time intervals (Forbes, 1982).

The Yukon-Tanana complex within the Fairbanks mining district has been
subdivided into three metamorphosed stratigraphic packages (fig. 1) based on rock rype
and metamorphic grade (Smith and others, 1981). These packages appear to be in thrust
contact. The lowermost package, the Fairbanks schist, consists dominantly of
greenschist facies rocks, including brown to gray quartzite, micaceous quartzite, white
mica quartz schist, and minor graphitic schist with local variants containing biotite,
feldspar, garnet, and chlorite.

Interstratified within the Fairbanks schist is an interval, informatly known as the
Cleary sequence, which is interpreted as being partially of distal volcanogenic origin
(Smith and others, 1981). Along with the dominant micaceous quartzite and quartz
mica schist that are indistinguishable from similar rock units in the Fairbanks schist,
there are units of marble, calc-silicate marble, metabasite and metarhyolite, chloritic or

actinolitic greenschist, {inely faminated white micaceous quartzite, felsic schist, and

9



10

‘$YUBQITE] JO uolEdO] Sulmoys Jurasd] adirIski) uoyny Yyl jo dey ‘¢ andyq

uosmeg

auelia]
aujjjeiIsisai)

T ot9
/4
~vem
S Q
/l|(||\
T ob9
—059

e ™ e
w3OSt 00t 0 O




11

minor graphitic schist (Smith and others, 1981). The Cleary sequence appears to host
most of the lode mineral occurrences and is found upstream from most of the
significant placer deposits. Tungsten occurrences along Gilmore Dome are located
within this stratigraphic sequence (fig. 2).

The trench at Gil (pl. 7, fig. 4) exposes both the Cleary sequence and the
Fairbanks schist. The distinction between the Fairbanks schist and the Cleary sequence
noted at Gil is based primarily upon lithological diff;srences. The Fairbanks schist is
comprised of quartzite, quartz-mica and mica-quartz schist, and graphitic schist (pl. 7).
Quartzite, the dominant lithology, is usually sfightly micaceous with variable amounts of
feldspar (0-10 percent) that occur as layers or porphyroblasts along with biotite and
white mica. Thick, monotonous quartzite units are separated by thin graphitic layers or
grade into schist. The schists are, in general, gray to tan, white mica-rich with
subordinate biotite, feldspar, graphite, and rare garnet.

Cleary sequence rocks are dominated by quartzite and schist similar to that
found in the surrounding Fairbanks schist, however, the ratio of quartzite to schist is
much lower in the Cleary sequence. There is also greater variability in the composition
of the quartzite and schist within the Cleary sequence. Most of the quartzite is
micaceous and contains feldspar, biotite, white mica, and calcite. Some guartzite units
are thin, white, feldspathic and finely laminated; they are locally stained by iron and/or
manganese along fractures and foliation. Calcareous quartzite is thinly interiayered with
quartz-bearing marble and schist throughout the northern section of the trenches. The
schists have a wide range of compositions from pelitic to quartzose, iron-rich to
calcareous. They include graphitic schist, biotite-white mica schist, quartz mica schist
and mica quartz schist with signifjcant amounts of white mica, biotite, feldspar, garnet,

chiorite and locally magnetite. Quartzite and schist units of the Cleary sequence are
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generally thinner and alternate more frequently than the units within the Fairbanks
schist sequence.

The Cleary sequence also contains marble and amphibolite. At Gil there are six
thick marble horizons (0.3 to 2.0 meters thick) and a number of thin units (1.0 ¢m to
0.3 m thick) interlayered with quartzite and schist. Some of the marble units contain
up to 10 percent metamorphic pyroxene, quartz, tremolite, iron oxides, and feldspar as
small interstitial anhedral grains in a medium-grained (0.3 - 0.9 mm) calcite mosaic.
Other marble units contain wispy feldspar layers comprising less than 3 percent of the
rock. Protoliths of these metamorphic rocks were siliceous dolomitic limestone and
argillaceous limestone. The metamorphic calc-silicate phases define a crude layering
that is often only perceptibie in thin section. Weathering of the marble results in a
brown granular matenal; in many places, the presence of this weathered material is the
only means of recognizing the very thin marble units interlayered with quartzite and
schist.

Five distinct units of amphibolite (1 m to 17 m thick) are interlayered within
the section at the Gil property, Major oxide analysis of the units suggests the protoliths
were tholeiitic basalts of probablie non-MORB (Gill, {981) and non-island arc (Perfit
and others, 1980) affinities (fig. S, appendix IV, table 5). [t is not clear from field
evidence whether these uaits represent sills, flows, or tuffs. They are composed of 80
to 90 percent amphibole with lesser amounts of epidote, biotite, plagioclase, sphene,
ilmenite, chlorite, quartz, calcite, and garnet. Units show heterogeneous textures that
range from fine-grained and well foliated to coarse-grained and massive.

A small body of pegmatite is present in the northern section of the trenches near

a marble and skarn unit. Other thin quartz and feldspar veins are present throughout

the trench area.
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Representative samples of schists and amphibolites analysed for major oxides
from the Gil trenches (appendix IV) are plotted on an ACF diagram (fig. 6) with fields
for sedimentary and igneous protoliths. Quartzites were not included in the figure due
to the distorted placement resulting from a minor amount of components in a
dominantly quartzose rock. Many of the schists plot in the Al-rich clay and shale field.
The rest are transitional between Al-clays and greywackes. A slight trend in schist
towards the amphibolites may represent mixing of volcanic and sedimentary material.

A ground magnetic survey by Resource Associates of Alaska (RAA) revealed
that the Cleary sequence rocks overall have a higher magnetic signature than those of
the enclosing Fairbanks schist, This is a reflection of the magnetite-bearing schists and
amphibolite units present in the Cleary sequence.

Structurally above the Fairbanks schist is the Chena River sequence, amphibolite
facies rocks that include coarse-grained garnet-mica schist, quartzite, black argillite,
marble, amphibolite, and calc-silicate units. Along the northern part of the district,
rocks of the Chatanika terrane consist of garnet-clinopyroxene rock, garnet amphibolite,
black quartzite, and pelitic schist of amphibolite facies metamorphic grade (Smith and
others, 1981, Robinson and others, 1982).

Bedrock units within the Fairbanks district exhibit evidence of two periods of
deformation. An early event is defined by northwest-trending isoclinal-recumbent
folds and mineral lineations. Superimposed on these structures, recording the most
recent structural event (90 10 120 m.y.), are large open and upright sinuous anticlines
and synclines that trend northeast (Forbes, 1982; Hall, 1985).

In a structural analysis of the district, Hall (1985) defined four phases of folds
and suggested the folding was derived from nappe and tectonic slide development. He

proposed the dislocation structures which host the Cleary belt mineralization, were
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related to the plutonic event and changed during fluid introduction from dominantly
ductile to brittle deformation.

During the waning stages of the last deformational event, granodiorite and
granite stocks (classification of Streikeisen, 1976) intruded the metamorphic country
rock along the axis of the two dominant antiforms (Blum, 1983). Blum reported
radiometric dates of 91 m.y. for the plutons and estimated a depth of emplacement of
3 to 5§ km. Initial 8.’Sr/S‘SSr ratios of 0.712 suggests some crustal source component to
the magma,

The Gilmore Dome pluton is composed primarily of porphyritic coarse-grained
granite with several smatl areas of porphyritic fine- to medium-grained granodiorite.
Biotite is the dominant mafic phase, with local hornblende. Aplite-pegmatite dikes,

2 to 20 cm wide, are common along the edges of the piuton (Blum, 1683) (fig. 2). Due
to the extreme fack of outcrop, contacts bethen the intrusion and country rock are

approximate and the extent of thermal metamorphic effects is poorly defined.



GENERAL FEATURES OF THE TUNGSTEN OCCURRENCES

During field evaluation of the various tungsten properties, it became clear that
the character of the mineralized zones varied from prospect to prospect and that the
rocks within and many of those near the mineralized horizons had experienced some
degree of altaration. Ore horizons were sporadic and discontinuous along strike, often
localized along structural surfaces and cross-cut stratigraphy, and were commoniy
associated with abundant quartz veining, surrounded by rocks that were bleached or
"silicified”, and had variable gangue mineralogy. Subsequent petrographic examination
of the many rock types confirmed initial impressions and defined alteration types. This
data led to the conclusion that the mineralization is largely present as tungsten skarns.
Following the nomenclature of Einandi and Burt (3982), the term skarn used in this
study refers to the result of infiltration and diffusion of metasomatic fluids carrying
exotic components into predominantly carbonate rocks. Exoskarns are formed when the
host rocks are carbonates whereas endoskarns are formed from rocks of igneous,
volcanic, or shaley sedimentary origin, Commonly in skarns the most notable
mineralization is localized within the exoskarns (Einaudi, and others, 1981).

Traditionaily the term endoskarn has referred to skarn formation in igneous
rocks adjacent to marble skarn that, through appearance and mineral phases, resembles
marble skarn. Skarn development is not limited to marble or adjacent igneous rocks but
can be found in volcanic and sedimentary rocks (Einaudi and others, 1981; Shimazaki,
1982). Wallrock alteration in adjacent units is also common in some skarn deposits
(eg., MacTung; Hodgson and Dick, 1982).

Along Gilmore Dome the character of the tungsten skarns reflects the type of
the host rock the skarn formed in. The skarns are limited to the Cleary sequence belt

due to the calcareous nature of some of these rocks. Skarns formed near the intrusive
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in relatively thick marble such as at Spruce Hen are distinctive in their traditional
exoskarn characteristics, whereas skarns formed further from the intrusive and in rocks
dominated by very thin, sparsely spaced marble and calc-silicate marble tayers such as
at Yellow Pup show a wider diversity in skarn characteristics. In these areas, endoskarn
becomes more important as the host for mineralization.

Complexity of the skarns is also caused by the presence of calc-silicate minerals
formed during both the regional metamorphic and thermal contact events. Fine-grained
recrystallized hornfels is not found at these prospects, but a certain degree of contact
metamorphic recrystatlization 15 present in the rocks, especially in the impure marbies.
Bimetasomatic or reaction skarns (Einaudi and Burt,!1982) have also formed along
contacts of marble and schist due to isochemical diffusion. Commonly these
metamorphic calc-silicate minerals are overprinted by skarn mineral assemblages.

Finally, the skarn event occurred over a range of temperatures expressed by
changing minera} assemblages. Mineral stability relationships used for this study are
from Burt (1972), Einaudi (1981), and Einaudi and others (1981). For this study the
exoskarn event has been divided into an early (prograde) event characterized by
anhydrous calc-silicate formation and a later (retrograde) event of anhydrous calc-
silicate destruction and hydrous mineral formation with accompanying quartz and
calcite.

Mineralized skarn along Gilmore Dome formed in a variety of host lithologies.
Minerals formed during skarn processes reflect the host lithotogy as well as the
composition and temperature of the filuids. The resultant skarn mineral assemblages do
not always fit within the traditional use of the present skarn terminology. Transitional
contacts between metasomaticaliy altered units also complicate descriptions. The term
endoskarn as used in this study does not necessarily imply the presence of calc-silicate

minerals but includes rocks dominated by white mica and chlorite. This later alteration
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is considered genetically related to and contemporaneous with to slightly later than
pyroxene-garnet skarn formation. Terms such as gretsen and propylitic do not seem
appropriate for these rocks, as they are traditionally associated with Sn and Cu deposits
(respectively), Therefore, in this study the term endoskarn is used to denote rocks
other than marbles that have experienced substantial fluid interaction along with the
introduction of exotic components resulting in the formation of calc-silicate and/or
phytlosilicate mineral phases and ore minerals. Wallrock alteration is used to denote
areas surrounding ore zones that show signs of recrystallization and minor addition or
subtraction of components, but where the overall bulk composition of the rocks has not
been significantly changed. Where endoskarn development ceases and wallrock
alteration begins is highly variable and often only perceptible on the thin section scale.
Distinguishing between metamorphic and metasomatic calc-silicate minerals can
be difficult, especially where metamorphic calc-silicate minerals have been overprinted
by the skarn-forming event. Criteria described by Newberry (1980) were used to
distinguish the types of calc-silicate minerals. Microprobe analysis augmented the
petrographic data. For this study, the criteria used to distinguish metamorphic calc-
silicate minerals are: fine-grain sizes, irregularly shapes, inclusion-rich, iron and
manganese poor, pale color, preservation of sedimentary layering, and absence of
veining. Metasomatic calc-silicate phases are: medium- to course~grained, subhedral to
euhedral, nonpoikiolitic, iron and manganese enriched, dark in color, occur in irregular
pods and lenses, and are associated with abundant veining and other evidence of fiuid

{low. These characteristics will be described in more detail in the following sections.



TUNGSTEN OCCURRENCES

Three tungsten occurrences along the northern flank of the Gilmore Dome
pluton were studied in detail. These are the Spruce Hen, Yellow Pup, and Gil
properties (fig. 2, pls. 1-7). All the tungsten occurrences are believed to be within the
Cleary sequence which roughly parallels the northeasterly trending pluton. None of the
known mineralized areas are along the plutonic contact. Based on current knowledge of
the contact, the Spruce Hen is nearest the pluton, the Yellow Pup is farther away,
followed by the Gil, which is approximately 3 km from the pluton. These properties
were chosen for study because of their accessibility and higher degree of exposure
through trenching and underground workings. Other tungsten occurrences along this
belt were examined briefly and were found to have similar characteristics to those
studied in detail. At the time field work was being completed access to the Stepovich
property only consisted of material on the old dumps. Since that time new trenching
and drilling has been done by Resources Associates of Alaska. Much of this data has

been examined, but is considered confidential and is not formally included here.

Introduction

The Spruce Hen property, alsc known as Tungsten Hill, is located on the
northwest end of the Gilmore Dome pluton on the divide between the headwaters of
Steele Creek and First Chance Creek (fig. 2). Prospecting in the area in 1916 resulted
in the location of five prospects: the Spruce Hen, Columbia, Blossom, Tanana, and

Tungsten Hill (Mertie, 1918). Numerous trenches and several adits were put in the area
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prior to 1918, when all work ceased. On the southwest end of the Spruce Hen property
an inclined shaft was reportedly sunk 20 meters, following an orebody approximately
one meter wide (Byers, [957). Another shaft was sunk on the northeast end of the
property in search of gold (Byers, 1957). Resource Associates of Alaska began work on
the property in 1982 reopening a small pit for evaluation purposes. Three diamond drilf

holes totaling 95 meters were drilled in the summer of 1983.

General Geology

The Spruce Hen property is approximately 600 meters northeast of intrusive
outcrop. The open pit at the property exposes a sequence of interlayered schist,
quartzite, and marble (pt. | and 2). Units, striking N, 40-50° E. with an average
northwesterly dip of 40 degrees, have a foliation that is roughly parallel to
compositional layering. The most abundant schists are fine- to medium-grained mica
(biotite + white mica) quartz schist, quartz mica (biotite and/or white mica) schist, mica
(biotite + white mica) schist, and minor graphite schist. Chlorite, albite, garnet, and
feldspar in minor amounts are present in some of the rocks, Accessory minerals include
tourmaline, apatite, and opaque phases. In thin section, the micaceous layers show signs
of contact metamorphism with secondary biotite and white mica rosettes and tourmaline
crystals cross-cutting the fohation. Quartzite is, for the most part, micaceous with
accessory white mica, biotite, chlorite, and feidspar. Both schist and guartzite contain
variable amounts of opaque phases, with some rocks containing up to 5 percent.

Two marble horizons, each approximately t to 2 meters wide, have an exposed
strike length of at least 90 meters and appear to represent limbs of a foid (pl. 1).
Unaltered marble is composed of 80 to 90 percent calcite with variable amounts of

metamorphic idocrase, diopside, garnet, wollastonite. Within the marble, layers of
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poikilitic, subhedral brown idocrase crystais up to 1.5 cm and small amounts of anhedra)
garnet, representing original argillaceous tayers, paraliel the foliation of the surrounding
schist. The abundance of metamorphic idocrase over pyroxene within these layers
implies the pelitic prototith was aluminous. On weathered surfaces, the metamorphic
calc-silicate layers stand out as resjstant bands above the more easily weathered marbie
(fig. 7). Minor diopside (2 to 4 percent) is disseminated throughout the marble as small
(0.2 mm) anhedral grains and aggregates interstitial to calcite. The presence of
interstitial diopside implies the limestone protolith was also slightly dolomitic.

The large size of the idocrase crystals is presumably a result of the relatively
high contact metamorphic temperatures experienced at the Spruce Hen property due to
the close proximity of the Gilmore Dome stock. Distinct large idocrase in marble layers
were seen in only one other locality in the district where marble is in direct contact
with the intrusive (Tom property, fig. 2).

Also exposed in the Spruce Hen pit are several felsic dikes 3 to 8§ cm wide that
cut across the pit, subparallel 10 the dominant foliation. Dikes are composed of
potassium feldspar, plagioclase (An30_54), and quartz with an average grain size of
0.5 to .0 mm. Blum (1983) noted the abundance of dikes on the northwestern end of
the Gilmore Dome stock. In some places, felsic dikes contain significant concentrations
of tungsten, silver, arsenic, lead, zinc, antimony, and gold. South of the Spruce Hen
pit, 2 thick unit of amphibolite 15 exposed in old trenches. The rock i1s composed of

hornbiende and plagioclase with mingr quartz and calcite.

Alteration and Mineralization

Scheelite mineralization at the Spruce Hen property is localized within a dense,

nonfoliated, calc-silicate skarn {exoskarn} that contains irregular pods of barren marble.



Figure 7. Outcrop of zoned garnet-pyroxene vein cufting across skarn and marble units
at Spruce Hen. Resistant idocrase and garnet layers mimic sedimentary layering in
marble. Hammer handle approximately 30 ¢m in length.
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Figure 8. Outcrop of remnant marble surrounded by pyroxene-garnet skarn and
pyroxene-plagioclase endoskarn along hanging wall contact at Spruce Hen. Note garnet
veins parallel to and cutting across general foliation. Detailed alteration shown in tig. 9.
Quarter for scale.
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Along strike, the skarn abruptly changes into marble (pl. 1). Within the pit exposure,
approximately 80 percent of the marble has been replaced by calc-silicate minerals. It is
unlikely that the original components available within the slightly impure marble during
isochemical metamorphism could account for the bulk of the calc-silicate mineralogy
present. Mineralogic evidence suggests that the primary components added to the host
rocks by the hydrothermal fluids were silicon, iron, aluminum, magnesium, manganese,
fluorine, and tungsten. Other evidence pointing to the secondary nature of the calc-
silicate rock are (1) zomed calc-silicate veins cutting through marble as well as through
massive caic-stiicate rock (fig. 7) and (2) a crudely developed zoning within the calc-
silicate rock. In the replacement zone both anhydrous and hydrous calc-siticate
minerals are present.

Petrographic evaluation of textures has shown the anhydrous phases 10 be an
early event followed by retrogressive replacement by hydrous phase assemblages.
Alteration is not {imited to the marble units but i1s also found to a lesser degree in the
hanging and footwall schist and quartzite. Alteration is present especially along the
country rock-marble contact {figs. 8 + 9). Each type of alteration noted at the Spruce

Hen is discussed below.

Exoskarn

Early skarn Pyroxene and garnet are the characteristic minerals associated with
the early stage of skarn formation. They form as massive reptacement of marble and as
veins within the marble (figs. 7 + 8). Where replacement of the marble is complete, the
skarn is a very dense, mottled, green and reddish brown nonfoliated rock.
Metamorphic idocrase layers, where not totally replaced by garnet or pyroxene, give a

slightly layered appearance to the skarn. Other minerals present in the early skarn are

idocrase, wollastonite. quartz, and scheelite.
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Zoning within the calc-silicate skarn is developed on the macroscopic scale along
marble-schist contacts and calc-silicate veins as well as on the microscopic scale ailong
metamorphic idocrase layers. A zoning pattern often observed away from the marble-

schist contact or the idocrase layers is:

schist ----> gamet ----> pyroxene ----> idocrase ----> marble
or + + +
idocrase pyroxene garuet wollastonite
layer * + *
quartz scheelite pyroxene
+
scheelite
hd
quartz

Zoning is not always well defined nor are all zones always present. The
idocrase-wollastonite zane is often missing. The pyroxene zone locally may contain
abundant quartz, In most cases, the marble-schist contact is altered, however, irregular
pods of remnant marble remain in the central area of the original limestone unit
(fig. 8). The zoning pattern developed in the skarn suggests that metasomatic fluids
migrated along lithologic contacts and along the metamorphic idocrase-garnet layers
within the marble. This pattern, with garnet furthest from marble, is not expected for
bimetasomatic skarn growth (Kerrick, 1977).

Pyroxene-garnet veins in unaltered marble show the same zoning sequence as
seen along the contact zone (fig. 7). In the veins, garnet cores are surrounded by
pyroxene selvages and locally idocrase and wollastonite. These veins cut across foliation
and branch out along idocrase layers. Garnet and garnet-quartz veins (1 ¢cm to 30 cm
thick) commonly cut skara and unaltered marble (figs. 8 + 9). Garnet veins can be
traced from the dominantly garnet zone through the pyroxene zone to the marble where
the veins open out to form another massive garnet zone.

Pyroxene grains in the skarn are pale to medium green, coarse-grained

(0.1 to 1.5 cm), subhedral to euhedral, and form up to 70 percent of the skarn (fig. 10).
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Figure 9. Alteration map of Spruce llen ouicrop (fig. 8). Pyroxene-garnet and
pyroxene-garnet-fluorite skarn in marble with later garnet veins and pyroxene- Garnet vein
plagioclase endoskarn in hanging wall schist are overprinted by retrograde j Retrograde alteration
amphibale + calcite + quartz alteration. '
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Figure [0. Photomicrograph of pyroxene (pink, yellow, blue) garnet (isotropic) skarn
with scheelite (high relief, yellow and grey) at Spruce Hen. Garnet fills vugs and
replaces pyroxene, Cross polars, field of view 2.35 mm.
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Figure I1. Photomicrograph of zoned garnet at Spruce Hen. Euhedral garnet (black)
with anisotropic bands and quartz (grey + white) fifl vug 1n pyroxene skarn. Cross
polars, field of view 2.35 mm.
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The pyroxene to garnet ratio is about 3:5. Metamorphic idocrase is in some places
partially replaced by pyroxene. With increasing distance from idocrase layers, the
pyroxene grain size, euhedral shape, and concentration usually increases as the amount
of garmet decreases,

Early skara garnet usually rims and replaces pyroxene and idocrase. Based on
variations of color and birefringence, the composition of garnet appears to have
changed with time. Light pink, isotropic to slightly birefringent garnets are
disseminated throughout the pyroxene skarn and form the cores of darker orange,
birefringent, zoned garnets. Orange garnets are found as veins in pyroxene skarn and
in zones along contacts with idocrase layers or schist units. The size and shape of the
garnets appears 1o be a function of the mineral phase being replaced. Garnets replacing
other calc-silicate minerals form fine- to medium-grained anhedral aggregates whereas
garnets replacing calcite are medium- to coarse-grained euhedral crystals (fig. 11).
Quartz is commonly associated with the darker birefringent garnets. Dark orange garnet
also forms selvages on large, massive, barren quartz veins that cut both marble and
skarn.

Idocrase appears to have formed during regional or contact metamorphism and
during the metasomatic stage. A metasomatic origin for idocrase crystals is suggested
by their large euhedral shape, lack of inclusions, lack of any alteration, and appearance
with wollastonite in zoned skarns. Where calc-silicate zoning is present, idocrase forms
near the marble front.

Minor wollastonite is found in the calc-silicate skarn, occurring as bladed masses
between the pyroxene zones and unaltered marble. Severa! small areas along the strike
length of the marble unit are composed primarily of highly weathered wollastonite,

idocrase, and marble.
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Scheelite 1s not present in unaltered marble but is finely disseminated throughout
the pyroxene-garnet skarn. Texturally it appears to have formed contemporaneously
with these minerals (fig, 12). Scheelite is most abundant in pyroxene rich zones and,
where present, in the idocrase-wollastonite zone, but much less so in garnet dominant
zones. Scheelite usually occurs as 0.2 to 0.4 mm, subhedral to anhedral grains, both as
isolated crystals and as aggregates. Euhedral crystals are relatively rare at Spruce Hen.
Both blue fluarescing, relatively pure scheelite and cream fluorescing scheeljte with a
significant powellite component (CaMoO3) are present at the Spruce Hen. Mo-rich
scheelite is often surrounded by Mo-poor scheelite.

Fluorite is very abundant at the Spruce Hen (up to 20 to 30 percent locally).
The formation of fluorite appears to have been transitional between early and late
skarn. Fluorite grains, mostly colorless in hand specimen, are subhedral, 0.2 to 1.4 mm
in size, and occur in aggregates of calcite and quartz that surround or filf vugs in
earlier calc-silicate minerals. The assemblage pyroxene -garnet - idocrase ~ quartz -
fluorite + calcite is present in both massive skarn and in veins cutting marble. Where
zoning is present, fluorite is predominantly found with pyroxene near the marble front.
Fluorite is replaced by amphibole and iron oxides and rimmed by opaque phases. Thus

it appears to be earlier than the main hydrous event.

Late skarn Late hydrous retrograde alteration of the earlier formed pyroxene-
garnet skarn occurs sporadically throughout the Spruce Hen skarn. Retrograde fluids
fotlowed, in most cases, many of the same pathways used by the earlier fluids resulting
in higher concentrations of retrograde minerals along lithologic contacts, metamorphic
idocrase layers, and along the edges of cross~cutting garnet and quartz-garnet veins
(fig. 9). The retrograde event was responsible for the formation of amphibole + calcite

+ quartz (after pyroxene), clinozoisite + quartz - calcite (after garaet and idocrase),



Figure 12, Photomicrograph of pyroxene (blue) skarn with scheelite at Spruce Hen.
Scheelite (subhedral, purple) has pyroxene inclusions and intergrowths along the edge.
Cross polars, field of view 1.25 mm.

Figure 13. Photomicrograph of ragged amphibole + quartz replacing pyroxene (high
birefringence) in skarn. Note scheelite (light to dark grey, high relief) and fluorite
(isotropic). Crossed polars, field of view 2,35 mm.
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higher grade scheelite, and minor chlorite, biotite, iron oxides, and sulfides. Even
though the retrograde event has in places totally replaced the earlier formed minerals, in
general this type of alteration is not dominant at Spruce Hen,

Amphibote is the main retrograde mineral, replacing pyroxene and caicite. The
degree of pyroxene skarn destruction in the hydrous phase is variable. Complete
replacement by amphibote occurs in places, especially along the contacts between skarn
and schist. Quartz and calcite are almost always present with amphibofe in retrograde
zones. Darker green amphibole forms ragged pseudomorphs after pyroxene and lighter
green amphibole forms tiny randomly oriented needles in quartz, calcite, and fluorite
(fig. 13). Garnet is also locally replaced by amphibole. In some skarn, the
concentration of secondary amphibole after pyroxene decreases away from metamorphic
idocrase layers. This suggests retrograde fluids used the same pathways as the earlier
pyroxene forming fluids.

Other retrograde replacements include clinozoisite + calcite + quartz replacing
garnet and idocrase, biotite + calcite replacing garnet, biotite + chlorite replacing
pyroxene, and quartz and calcite replacing everything.

Scheelite is not always present in the retrograde zones but where present,
significantly higher tungsten grades (up tc 8 percent over small areas) are common.
Scheelite is often in crystal aggregates up to 1.5 mm in diameter but smaller more
euhedral crystals of scheelite within calcite are also common. In retrograded skarn
scheelite 18 nearly always surrounded by amphibole + caicite + quartz (fig. 13).
Inclusions of calcite, pyroxene, clinozoisite, and fluprite are found in scheelite.

The last event to affect the skarn at Spruce Hen was the introduction of iron as sulfide
and oxide. Minor amounts of pyrite, pyrrhotite, chalcopyrite, and arsenopyrite are
present along the strongly retrograded contacts between marble and country rock. Iron

oxide is found afong grain boundaries and cleavage and fracture planes in preexisting



minerals. This stage of fluid introduction was intense enough to significantly atter
several areas of skarn. With subsequent weathering, these areas now show near total
destruction of rock fabric or have a saprolitic-like texture. Scheelite is often present in

these zones along with remnant idocrase, garnet, pyroxene, and concretionary iroa

oxides.

Endoskarn and wallrock alteration

At the Spruce Hen, all the contacts between the marble units and the hanging
and footwall schist and micaceous quartzite have been obscured by alteration. Marble
skarn and quartzite or schist endoskarn overlap and blend to form a dense, nearly
uniform skarn zone (figs. 8 + 9). With careful inspection, however, endoskarn shows a
fine layering parallel to foliation and remnant lenses of unaltered schist, which are not
present in the marble skarn. Under uitraviolet light, the contact between marble and
country rock is quite evident as scheelite is almost exclusively localized within the
marble skarn., Thickness of the endoskarn varies from |5 ¢cm to over one meter.

Mineralogical and textural variations in endoskarn are more compiex and
variable than in marble skarn due to the variety of original compositions in schist and

micaceous quartzite. In general, an alteration zoning sequence from marble to schist of:

mb ---> pyx ---> pyx ---> pyx ---> amph ---> bio ---> ctrk
skn + + + + + schist
garn ol pl pl chi
+ + +
sph sph pl

is present (see appendix | for abbreviations). However, not all zones occur in one
sample and repetition of zones is common. In most cases alteration minerals lie in the
plane of preexisting fotiation (fig. [4). Within schist and quartzite, pyroxene,
amphibole, biotite, chlorite, sphene, and minor suifides are concentrated in biotite-rich

layers, whereas plagioclase favors white mica layers. Metamorphic quartz layers are
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Figure t4. Photomicrograph of endoskarn in schist. Pyroxene (purple + yellow, left
side) + clinozoisite (grey to blue, right side) form in feldspar + mica schist along the
edge of a thin quartzite band (light grey, center). Cross polars, field of view 3.3 mm.

Figure 15. Photomicrograph ot altered felsic dike at Spruce Hen. Scheelite (upper left,
yellow to dark grey) and white mica (bluish blades) are replacing feldspar (light grey).
Cross polars, field of view .25 mm.
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relatively unchanged. Pyroxene, amphibole, and plagioclase also form setvages zlong
quartz veins that cut endoskarn. Metasomatic garnet is rarely present in endoskarn.
When present, it occurs along the schist-marble contact. Scheelite was observed in only
one sample and was in contact with pyroxene.

It is difficult to distinguish early and lfate alteration events since the endoskarn
lacks distinctive, contrasting mineralogy. Pyroxene, plagioclase, and garnet appear 1o be
early. Some textures such as cross-cutting features c{early indicate a late formation for
some minerals, Fluorite, an occasional constituent within endoskarn, is predominantly
localized near the marble contact in the pyroxene-plagioclase zone. Clinozoisite is
present as an alteration of plagioclase and is generally found in the pyroxene-plagioclase
zone. Iron oxides and sulfides rim and cross-cut fluorite as well as all the other phases.

Alteration and mineratization of felsic dikes, is present adjacent to pyroxene-
garnet skarn. A thin dike (<20 cm) composed of quartz and plagioclase (An30_40) is
altered to fans and spherical aggregates of white mica and chlorite. Scheelite aggregates
and large euhedral crystals form up to 5 percent of the rock (fig. 15). Another felsic
dike is less altered but shows zoning from the contact with schist of plagioclase altering
to chlorite + white mica + calcite + clinozoisite + sphene + scheelite along the contact to
white mica + calcite + chiorite. The schist is also altered to amphibole + clinozoisite +

chlorite + calcite + sphene.

Ore Zone

Scheelite mineralization is localized within the altered marbie unit angd is
refatively continuous for ac least 50 meters along strike of the marble beds (pl. 3).
Scheelite-bearing skarn is also present in trenches along the strike of the marble unit to

the east of the main pit and in skarn in the South pit. The possibility for more
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tungsten-bearing skarn along strike and down dip in the subsurface appears high, but
the lenticular nature of the marble units may be a limiting factor in the extent of skarn
formation.

Geochemical analyses of rocks collected at the Spruce Hen property are listed in
appendix IV, table ). The highest tungsten vatues are found in skarns developed in
marble, but minor tungsten is also present in the hanging and footwall endoskarns,
altered felsic dikes, and quartz veins. These data agree with visual estimates of
scheelite concentration made using a black light, Contacts between altered marble and
schist or quartzite are well defined by the general absence of scheelite outside the
altered marble unit. Most of the scheelite i5 evenly disseminated throughout the marble
skarn with some retrograded zones containing larger scheelite grains and higher tungsten
grades. Saprolitic-like zones atong the strike of the marble units locally contain

significant amounts of scheelite and gold (appendix IV, table 1).

Introduction

The Yellow Pup mine is located at the head of Yellow Pup Creek, about 0.8 km
east of Gilmore Dome (fig. 2). The mine area is 0.8 km north of the granodiorite phase
of the Gilmore Dame stock and 1.2 km south of another satellitic granodiorite stock on
Monte Cristo and Melba Creeks. Tungsten was discovered in the Yellow Pup Creek
valley in 1943 (Byers, 1957). In an attempt to prove continuity between the Yellow Pup
and the Colbert property to the southeast, a number of trenches were put in between
the two properties by the Bureau of Mines in 1944 (Thorne and others, 1948). They

found the irregular scheelite ore zones to be erratically distributed (both horizontally
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and vertically), with evidence of fault displacement in several places. The Colbert
property is along strike with the same units seen in the main trench at Yeliow Pup.
The type of mineralization is very similar to Yellow Pup but of lesser extent. In 1957,
Alaska Metals Mining Co. put in an adit to intersect at depth the extension of the
Colbert ore zone. The exploratory adit runs roughly perpendicular to compositional
layering and has two drifts along the strike of scheelite-bearing horizons (pl. 5). The
current owner, Vince Moazulla, has taken ore out of the main trench (pl. 4),
concentrated some of it in his mill and stockpiled the rest. At present, the lode mine is
not in operation but instead he has a placer operation in upper Yellow Pup Creek which

produces placer gotd along with scheelite.

General Geology

The Yellow Pup mine area lies within the Cleary sequence (Smith and others,
1981; Robinson and others, 1982; fig. 1). The dominant lithologies, quartz mica schist
and micaceous quartzite, are interlayered with a variety of felsic schists, white
laminated quartzites, calcareous quartzite, marble, and minor amphibolite. In generaf,
the units trend N 70°F and dip 40° N. Foliation changes within the main trench define
a small antiforma) structure trending approximately N 65° E and flattening out to the
south and with depth (pl. 4). Marble and calc-silicate marbfe horizons concentrated
along the axis of the foid are interlayered with and flanked by feldspathic and quartz
mica schist and quartzite. Schist and quartzite vary from a few centimeters to a meter
in thickness, whereas the main carbonate horizon, also exposed in the underground
workings beneath, is approximately 2 meters thick and contains numerous thin schist
and quartzite layers. Another carbonate horizon containing interlayered marble, calc-

silicate marble, calc schist, calcareous quartzite, and schist is exposed at the south end
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of the adit and along the second drift (pl. 4). A massive amphibolite unit, marbie and
calc-silicate marble are exposed in an old Bureau of Mines trench (16) (Byers, 1957,

pl. 24) south of the main trench and will be referred to as YP-B16. The rthinly
interlayered character of various lithologies in the mine area, significantly different
from the marble at Spruce Hen, has played an important role in the ore forming process
and will be discussed in more detail in the section on alteration.

Other structuraf features at the mine include several large fault zones and many
smaller shear zones that usually parallel the foliation. Dominant joint directions are
east-west and north-south + 15 degrees. Joint planes are common sites for quactz and
calcite veins and, locally, thin felsic dikes; several dikes run subparallel to the main
trench fold axis and several other dikes are exposed in the adit.

Compositionally, schists contain variable amounts of quartz, biotite, white mica,
feldspar, and garnet, with minor tourmaline and opaque minerals. Metamorphic garnet
is often retrograded to feldspar and biotite or chlorite. Feldspathic schist (with up to
50 percent feldspar and less than 10 percent biotite) and feldspathic quartzite (less than
15 percent feldspar) are common, especially in the main trench. Quartzite also contains
up to 30 percent calcite. Contact metamorphism, expressed by biotite rosettes and
tourmaline crystals oriented perpendicular to foliation, are common. Marble is
moderately impure with fine-grained metamorphic quartz, plagioclase, garnet, and
pyroxene interstitial to the calcite matrix. Impurities account for 10 to 80 percent of
the rock and represent originat siliceous argillaceous dolomitic limestone. Light colored,
fine-grained metamorphic calc-silicate minerals (pyroxene, garnet, epidote-clinozoisite,
plagioclase) form compositional bands within the marble. There are many one
centimeter to one meter wide calc~silicate marble bands exposed in the adit that pinch

and swell and have isoctinally folded metamorphic calc-silicate tayers (figs. 16 + 17).



Figure 16. Light-colored, line-grained calc-silicate marble lavers interiavered in schist
along the back drift, Yellow Pup adir. Large dark orange garnets {lower lett) are
metasomatic. Vertical dimension approximately | meter.
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These features presumably represent ductile deformation during regional metamorphism.

Bimetasomatic layering occurs locally along the contacts between marble and schist

(fig. 17).
Alteration and Mineralization

Higher grade scheelite is concentrated along the axis of the fold in the main
trench (fig. 18) and in a pod-like area in the second drift underground (fig. 19),
however, minor amounts of scheelite are scattered throughout the adit and general mine
area (pls. 4 - 6). High grade zones occur as (1) fine-grained disseminated scheelite in
the host rock (average grade 1.2 percent WO4), (2) coarse-grained scheelite 1n cross-
cutting quartz or calcite veins (grades up to 18.9 percent WO3), and (3) fine- to coarse~
grained stratiform scheelite (0.1 percent to 6.3 percent WO3) within the main ore zone
and emanating out from it, Scheelite in quartz veins and stratiform scheelite within
thin layers severaf centimeters or less in thickness also occurs away from known zones
of concentrated ore. These areas commonly contain less than 0.2 percent WO3.

Accompanying the scheelite mineralization are various hydrothermat alteration
effects which refiect the original rock type and the degree of exposure to hydrothermal
fluids the rocks have experienced. Alteration assemblages at the Yellow Pup are more
complex than those noted at the Spruce Hen property. This is due, in part, to the
thinly interlayered nature of carbonate, schist, and quartzite units that experienced
hydrothermal alteration and to the relatively high calcium content of many of the
quartzites and schists. A distinction between early anhydrous and later hydrous
alteration phases can be seen at Yellow Pup in the carbonate-rich horizons. This

distinction, however, is not as easily discernible in the other altered units. Yet, from
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Skarn & skarnoid
1 Schist
Aetrograde
Felsic dike
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Figure 18. Generalized alteration map of the main trench at Yellow Pup. Most
scheelite is localized along the axis of the antiformal structure in amphibole + calcite +
qQuartz zones in skarnoid, skarn, and adjacent schist units.



43

U0z pod A)N[IAYIS YY) Jo J1ed [BIIUID Y} Ut JuIsa1d S1 IYIP 15|13 3JeL] 0) } NP

pue pa1dlje A)ydry v -9Mz)ienb pue 3jqiew PIIAJEUN ‘931J-¥[IYSs Isulede doId)no Ul leurwid) K|qISia S1AAT| I)1[IAYDS
9Y) JO |e1aa3§ "ease pod 9y} wos) Ino Furpudlxa siafe] INzjienD sNOIJEJ[EI PUE IQIBW Ul puUB JUOZ POd Ul PIzi{edof sI
UOIIBZI[BIAUIW PUB UOIBIA|E ABIIISO[JAYd -JIp8 dng AMO[I13X JO 1JIIP YIEQ 3Y) UY U0z 310 jo dew qui [edNIIA “6[ aIndig

s 5 . 31qsew aedpIs—oe)) §
auo0z Jeays .HH\H\ .
Pw | L anzuenp S Ll P
| 4 - - uonessl|e z11enb ‘aldes
3Ip 3513y pasA)y |- ajqiey 71. § ‘a1nloig ‘INI0|YI ‘3w 3LYAA

NOILVNVY1dX3

ghaes Mongaf=-h LR
G, e S ERE WAERY DO ooy Wi agp SR

AN ~a—3,SZN — atd qiioN msS




44

field and petrographic evidence described below, it appears likely that the hydrothermal
alteration was caused dominantly by late stage hydrous fluids.

The most intense alteration is localized within two main areas, the main trench
and in the rear drift of the subsurface workings (pls. 4 + 5, figs. 18 + 19). Smaller
zones of alteration are present throughout the mine area. Field evidence shows the
alteration to be localized along the axis of an antiform, around joints and fractures,

along lithologic contacts and foliation planes, and around quartz veins and felsic dikes

(fig. 20).

Exoskarn

Early Skarn Skarn is developed in numerous thin carbonate horizons in the
main trench, (n the adit near the entry shaft, and in massive marble in YP-B16
(pls. 4 + 5). As mentioned earlier, the carbonate contains variable amounts of
metamorphic quartz, plagioclase, pyroxene, and garnet. Later, metasomatic garnet
developed preferentially in quartz-bearing marble, resulting in massive garnetite with
remnant metamorphic quartz. Metasomatic pyroxene or pyroxene + garnet, in conrtrast,
occurs mostly in more calc-silicate-rich marble. Idocrase, minor wollastonite, and
fluorite are present in garnet-pyroxene skarn along with small amounts of fine-grained,
unembayed scheelite. Scheelite is not present in massive garnet skarn. Locally, the
early skarn i1s banded with intermixed garnet, pyroxene + garnet, and altered schist and
quartzite layers that vary from centimeters to a meter thick, reflecting the original
complexly interlayered lithologies. Textures and grain shapes of the metasomatic
minerals are similar to those described at Spruce Hen though many of the individual
grains are smaller in size and fighter in color (fig. 20). Although exoskarn zonation is

poorly developed at Yellow Pup, in thin section a pattern can be observed along the



Figure 20. Joint controlled retrograde alteration of garnet-pyroxene skarnoid in
main trench at Yellow Pup.

the
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contacts with other units. This is:
contact --~> garnet ---> garnet+pyroxene ---> pyroxene ---> marble.
The absence of well-developed zoning is probably due to the influence of fine layering
and inhomogeneity of the host rocks, such that simple fluid compositional gradients
could not be established or maintained.
Away from the main skarn zone, calc-silicate veins cut through otherwise
unaltered marble; they show a zoning pattern of garnet cores with pyroxene selvages.

Within the pyroxene-garnet skarn, dark orange garnet veins replace earlier formed

skarn.

Late Skarn Hydrous retrograde alteration of early skarn is present along most
skarn contacts and along many cross-cutting fractures (figs. 20 + 21), with as much as
40 to 50 percent replacement of early skarn by hydrous phases. Garnet is reptaced by a
fine-grained aggregate of clinozoisite + calcite + quartz and pyroxene is replaced by
large pseudomorphic amphibole + calcite + quartz. Sphene and apatite are nearly always
present in retrograded zones. Coarse~grained aggregates of anhedral to subhedral
scheelite are surrounded by randomly oriented amphibole needles, calcite, quartz,
sphene, and remnant pyroxene (figs. 22 + 23). Retrograde scheeatite zones form small
cross-cutting, irregularly shaped to layered, higher grade zones within lower grade early
skarn, Where early skarn formed in thin jayers and was subsequently retrograded,
scheelite grains and aggregates are concentrated in layers enriched in secondary
randomly oriented amphibole + chlorite + clinozoisite + calcite + quartz. These layers
appear fairly continuous within the main ore zone and up to tens of meters away from
it, giving a stratiform appearance to the ore (fig. 24). This characteristic retrograde
mineral assernblage also forms in previously unaltered carbonate layers, in which case

amphibole needles either form randomly in the carbonate, along boundaries between



Figure 21. Retrograde alteration of thin garnet-pyroxene skarnoid layers in schist in
the main trench at Yellow Pup. '

Figure 22. Large scheelite aggregates with amphibole + calcite + quartz in retrograded
skarnoid and schist in the main trench at Yellow Pup.
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Figure 23. Photomicrograph of retrograde aiteration of skarnoid to green amphibole in
thin needles and ragped masses + quartz (clear) + scheelite (high relief) from the main
trench at Yellow Pup. Plain light, field of view 2.35 mm.

48

Figure 24. Thin layers of scheelite (white blebs) + amphibole + quartz + calcite {vugs -

created by weathering) retrograde alteration in the main trench at Yellow Pup.
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cajcite and metamorphic quartz grains in quartz-bearing marble, or replace metamorphic
pyroxene and plagioclase in calc-silicate marble. Scheelite most typically is found as
single enhedral grains within the carbonate or takes on the shape of the calcite grain
being repiaced. Sphene and apatite are present in appreciable amounts. Other minerals
found in carbonate skarn retrograde zones are chlorite (after amphibole), fine-grained
white mica (after clinozoisite and remnant metamorphic piagioclase), and iron oxides;
these minerals replace anhydrous and hydrous minerais and, along with additional

caleite and quartz, are the latest alteration event affecting the skarn texture.

Endoskarn and wailrock alteration

In contrast to Spruce Hen, alteration of schist and quartzite can be quite
extensive whether near the main carbonate zone or in thinly interbedded intervals; this
alteration can be seen in the main trench and in the rear drift underground
(figs. 18 + 19). The high degree of alteration presumably is a result of numerous fluid
pathways along lithologic contacts, the slight calcareous nature of many of the schists
and quartzites, and the large volumes of fluid channeled through the area. The
characteristic alteration mineral assemblages for the most common rock types are

discussed below:

Feldspathic schist
feldspar (plagioclase) ---» clinozoisite, pyroxene
biotite ---> amphibole

feldspar + biotite ---> pyroxene
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feldspar ---> fine-grained white mica + calcite

feldspar ---> chlorite
Most feldspathic schist shows alteration to clinozoisite; however, adjacent t0 pyroxene-
garnet skarn, thin layers of feldspathic schist have altered to pyroxene. Pyroxene, in
turn, has retrograded to amphibole with remaining feldspar altered to fine-grained
white mica. Whether the clinozoisite and white mica are entirely early or late stage

phases is unclear; in general, white mica 18 associated with other retrograde minerals,

Quartz mica schist

biotite ---> amphibole or chiorite

white mica ~--> fine-grained white mica

feldspar ---> clinozoisite, fine-grained white mica, or amphibole

garnet ---> chlorite, clinozoisite, sphene,
The reactivity of the quartz mica schist units appears dependent on the amount of
plagioclase present and the proximity to carbonate horizons, This rock type is generally
not as altered as feldspathic schist, although near and within the high grade mineralized
zone in the rear drift of the adit, garnetiferous quartz mica schist is torally altered to

calcite + coarse~grained white mica + chlorite + quartz + sphene + apatite + scheelite,

Feldspathic quartzite

feldspar ---> clinozoisite, fine-grained white mica, or garnet
Clinozoisite is the predominant alteration mineral in feldspathic quartzite. Garnet forms
only in minor amounts along the contacts with carbonate skarns whereas, clinozoisite

alteration extends further into the unit. Adjacent to carbonate skarn, pyroxene,



clinozoisite, and minor garnet are present. Complete replacement of feldspar by fine-
grained white mica is more characteristic of the alteration seen underground in the rear

drift.

Calcareous quartzite

calcite ---> garnet

calcite ---> f{ine-grained white mica, amphibole, pyroxene, chlorite, sphene,

scheelite

A continvum of composition probably exists between calcareous quartzite and quartzose
marble units. Garpet is preseat mainly in the carbonate skarn zone in the main trench
and in the adit near the shaft. Underground in the rear drift (fig. 19), however, thin
calcareous quartzite horizons contain significant amounts of large vermicular scheelite
grains and aggregates along with white mica and chlorite - all replacements of calcite

(fig. 25). Scheelite in these layers can be traced for at least 12 meters away from the

main high grade zone.

Felsic Dike

feldspar ---> white mica, chlorite, biotite, quartz, calcite, sphene. apatite,

scheelite

There are several dikes composed of quartz, plagioclase, and ailkali feldspar within the
mine area. At least two occur in the main trench area and are subparalle!l to the length
of the trench. Several other dikes are exposed underground one of them is in the high
grade pod. The dikes are not easily distinguished in hand sample from other altered
rocks. In thin section, however, they show igneous textures such as interlocking
equigranular grains, well devetoped plagioclase twinning, and lack of foliation. These

dikes also have experienced alteration to various degrees. The characteristic alteration

51



Figure 25. Photomicrograph of scheelite (yellow) + white mica (irregular masses) +
amphibole (biades) + quartz + sphene (high relief) alteration in caicareous quartzite,
Yellow Pup. Cross polars, tfield of view 2.35 mm.
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assemblage is coarse-grained white mica + chlorite + biotite + calcite + quartz + sphene
+ apatite + scheelite. Pyroxene and amphibole occur as replacement minerals near
contacts with pyroxene-garnet skarn. Within the dikes scheelite forms fine- to coarse-
grained, subhedra! crystals and aggregates surrounded by white mica, chlorite, and
plagioclase,

Timing of the scheelite mineralization in the dikes is unclear. However, where
the dikes are {n contact with garnet-pyroxene skarn, most of the scheelite appears to be
associated with the later retrograding event. It is interesting to note in comparing the
felsic dikes with the feldspathic schists, that little if any clinozoisite is present in the
dikes and no scheelite is present in the unaltered schist.

The alteration assemblages listed above are generalized patterns. It is apparent
that some alteration occurred early and some late in the skarn-forming system but
details of the timing are largely indeterminate. Ih many instances zoning in altered

schist and quartzite is present along the contact with calcareous units and along quartz

veins. This zoning is:

pyroxene ~---> amphiboie ---~> clinozoisite ----> clinozoisite
+ + + +
garnet clinozaisite chlorite biotite
+
clinozoisite

Pyroxene and garnet are subordinate to the more hydrous phases tn most cases.
This suggests the majority of {luids passing through the Yellow Pup area were of lower
temperature than those present at Spruce Hen. The consistent association of scheelite +
sphene and apatite with other ajteration phases implies that these minerals were
metasomatically introduced into the rock units rather than being present as original
constifuents. The high degree of alteration present at Yellow Pup suggests significant

quantities of hydrothermal fluid passed through the rocks in the mine area.
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Ore Zones

Scheelite is concentrated in two main zones at the Yellow Pup: the main trench
and underground in the rear drift (pls. 4 - 6). Both areas are within stratigraphic
horizons that have appreciable carbonate material. The main trench ore zone includes
garnet-pyroxene skarn, wallrock alteration and endoskarn, felsic dike alteration, and
retrograde alteration of earlier formed minerals. Most scheelite is within both early and
late stage carbonate skarn, but some is found also in altered calcareous quartzite and
schist, quartz veins, and in altered felsic dikes.

At the ore zone underground in the rear drift, on the other hand, there is a
distinct lack of garnet or pyroxene, Instead, the alteration assemblage present is coarse-
grained white mica + chlorite + biotite + calcite + quartz + apatite + sphene + scheelite
(fig. 26). The ore zone in the drift is a pod~shaped area 3 meters in diameter that cuts
vertically through compositional layering (fig. [9). Thin marbie layers and calcareous
quartzite are present in the ore zone, but the dominant lithology is garnetiferous
feldspathic quartz biotite schist. Scheelite, concentrated in calcareous gquartzite layers
around the pod-like ore zone, gives a strauform appearance to the ore. In these layers
scheelite decreases in size and abundance with increasing distance from the ore zone.
The conduit for the fiuids is not clearly evident in the drift exposures, but the
alteration and morphology of the zone suggest a cross-cutting felsic dike could have
channeled the fluids into this zone. Petrographic study of highly altered rock in the
mineralized zone confirms that an igneous dike was originally present.

Tungsten values are highest in the pod-like zone underground and in
retrograded skarn but locally are also quite high in quartz veins (appendix IV},
Scheelite is absent or present only in minor amounts in the garnet-rich skarn zone

formed from calc-silicate marble in the main trench. Quartz veins also contain some
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Figure 26. Photomicrograph of scheelite aggregate (grey, high relief) in white mica
(highly birefringent fan) + chlorite (blue) + biotite (brown) + calcite alteration in pod-
shaped ore zone in back drift of Yellow Pup adit. Cross polars, field of view 3.5 mm.
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gold and silver. One pyrite- and stibnite-bearing vein underground also contains
elevated concentrations of base metals.

In summary, scheelite at the Yellow Pup deposit is always accompanied by
distinctive alteration mineral assemblages. These assemblages reflect the original host
rock composition and the chemical properties of the hydrothermal fluids. In ng
instances was scheelite noted in a rock that did not show signs of hydrothermal
alteration. Therefore, even though the scheelite may, in places, be stratiform in
appearance, the origin of the scheelite is clearly epigenetic.

Ore grade scheelite zones at the Yellow Pup property are the result of
hydrothermal fluids reacting with appropriate host rocks along structural conduits.
Based on the extent of alteration in the mine area and the presence of several calcareous
layers in the stratigraphic section, it appears likely that additional scheelite-bearing
zones may be present. Additional ore zones will most likely occur near the intersection
of calcareous horizons with fauits, fractures, and dikes that have acted as fluid conduits.
Thus, expected distribution of scheelite would be in pipe- or pod-like concentrations

with some concentration in favorable beds around the fluid conduits.

Gil Propert

Introduction

The Gil claim block staked by Resource Associates of Alaska (RAA) in 1981 15
located four kilometers northeast of the Yellow Pup property (fig. 2). During the
summer of 1982, RAA put in several north-south trending trenches that exposed 835

meters of continucus bedrock, creating some of the best exposure in the area. The
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stratigraphic units trend from N. 45% E. to N. 60° E, and dip approximately 60° NW.
The trenches cross-cut stratigraphy and expose approximately 3525 meters of

stratigraphic section,

Generat Geology

The rock sequence exposed along the trenches at Gil appears to include the
Fairbanks schist and the Cleary sequence of Smith and others (1981) and Robinson and
others (1982) (fig. 1). The Fairbanks schist occurs in the southern end of the trench
(pl. 7, fig. 4) comprising about 150 to 200 stratigraphic meters. Overlying this is the
Cleary sequence, totaling 280 to 300 meters, with Fairbanks schist above it at the
northernmost section of trench. There is a possibility of structural thickening (Mark
Hall, pers. comm.) or thinning as several large fault zones are present. The general

geology of the trenches is discussed in the earlier section on regional geology.

Alteration and Mineralization

There is abundant evidence for hydrothermal alteration of the various units
throughout the trench exposure. Marble horizons show the most intense alteration and
contain most of the scheelite mineralization. Petrographic examination has shown that
the amphibolite, quartzite, and schist units locally were also affected by altering
hydrotherma! fluids. This alteration ranges from thin seivages bordering quartz veins to
larger zones of recrystaliization or replacement. Most aiteration appears to be localized
near large quartz veins or shear zones and along foliation planes or lithologic contacts.
Some of the altered metamorphic rocks also contain minor scheelite. It is important to

note the restriction of scheelite to altered host rocks and the localization of the scheelite
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in and near cross-cutting structural features. Alteration of the various units will be

discussed below.
Exoskarn

Marble units at Gil have in part been altered to calc-silicate skarn. These
skamns bear little resemblance to those seen at the Spruce Hen property, and in some
cases are difficult to distinguish in hand specimen {rom dark green massive amphibolite.
In comparison with the Spruce Hen, the most striking features of the skarns at Gil are
the presence of large scheelite-bearing quartz veins that cut through the skarns (fig. 27),
the lack of garnet, the abundance of quartz, and the very large elongate pyroxenes that
resemble amphiboles in hand specimen. Early anhydrous and late hydrous mineral

phases are both present at Gil, but their variety and abundance differ significantly from

the Spruce Hen skarns.

Early Skarn Pyroxene is the dominant early anhydrous calc-sificate mineral in
all the skarns at Gil. Grains are euhedral, extremely elongate (up to 1.0 cm), commontly
twinned, ltight green, and slightly pleachroic (fig. 28). In contrast with metamorphic
pyroxenes in the marble, the metasomatic ;;yroxenes are larger, more euhedral, and
more iron-rich {as indicated by darker color and larger extinction angle). The
unusually elongate morphology of the metasomatic pyroxenes has led to their mistaken
identity as amphiboles in hand specimens.

Quartz, scheelite, and minor idocrase are also present with metasomatic
pyroxene. Quartz accounts for up to 40 percent of the rock whereas idocrase, if
present, forms less than 5 percent. Scheelite occurs as large (up to 1.0 cm diameter)

anhedral to subhedral crystals and crystal aggregates. Remnant metamorphic



Figure 28. Photomicrograph of large elongate pyroxene (blue, yellow) in skarn partially
replaced by calcite + quartz + amphibole (dark blebs) at Gil. Cross polars, field of view
3.5 mm.
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plagioclase, pyroxene, calcite, and quartz are variously present in some skarns,
reflecting a range of composition in the impure marble protoliths.
Several of the skarns have the morphology of veins within the marble units

(fig. 27). Skarn veins are cored by massive quartz with a pyroxene selvage, resulting in

4 zouning pattern of:

marble <--- pyroxene <--- quartz ---> pyroxene ---> marble
+ +
qQuartz quartz
+ +
scheelite scheelite.

Scheelite-bearing, quartz-pyroxene veins in the marble can be traced into
adjacent footwall schist where they are noticeably thinner, generally barren of scheelite,
and lack wide pyroxene selvages. Smaller veins of quartz + pyroxene + caicite +
scheelite are common in marble units as well as in more siliceous units near marbles.
These veins are crudely zoned with quartz + calcite centers flanked by borders
containing large euhedral pyroxene. Scheelite, where present, forms large (1.0 cm)
euhedral crystals growing from the edge of the vein toward the center. Thin
clinozoisite + pyroxene selvages are present along veins within calcareous host rocks,
whereas bleached selvages are often present surrounding veins in micaceous quartzite

and schist.

Late Skarn Pyroxene destruction is common in skarn zones with retrograde
replacement by quartz + amphibole + calcite # chlorite. Quartz is usually the dominant
replacement mineral (up to 60 percent of rock); amphibole (0-30 percent) is of lesser
concentration. This results in sieve-textured amphibole pseudomorphs of pyroxene in a
quartz groundmass where the quartz forms large (5 - 10 mm) grains with undulatory
extinction, and amphibole forms thin needles or d'iamond shaped grains. Other r.ninerals

found in retrograded skarn are calcite, iron oxide, and clinozoisite. Retrograde zones
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have a distinct lack of scheelite or have very high grades (up to 15 percent) of large

scheelite aggregates intergrown with amphibole and quartz.

Endoskarn and vein alteration

Minor scheelite is present in micaceous quartzite layers where it is localized
within or adjacent to0 guartz, quartz-pyroxene, or quartz-calcite veins (fig. 29).
Alteration assemblages and mineral textures at Gil are similar to those 1n the quartzite
and schist endoskarn at the Yellow Pup property, except that pyroxene is the dominant
alteration phase present. Alteration consists of pyroxene replacement of plagioclase or
calcite along vein seivages and foliation planes, with secondary clinozoisite, amphibole,
fine-grained white mica, calcite, and sphene. Scheelite is irregularly shaped, of varying
size and often encloses quartz, calcite, and fine-grained white mica. Scheelite-bearing
endoskarn is formed in a quartzite in close proximity to 2 pyroxene skarn in marble.
Endoskarn is along one of the quartz veins that core the pyroxene skarn (pl. 7, inset).
All of the quartz-rich scheelite-bearing rocks examined at Gil show evidence that the
scheelite was secondary in origin.

Petrographic study of the amphibolite units has revealed areas of
recrystailization or alteration. These areas contain tiny amphibole needles at the edges
of larger randomly oriented amphiboles and at angles to foliation in schistose units,
epidote replacing amphibole, and concentrations of calcite, quartz, sphene, and opaque
phases (fig. 30). Sphene often forms rims around ilmenite. The altered areas are found
in the nonfoliated massively textured amphibolite which in some cases is surrounded by
well foliated amphibolite schist (fig. 31). The massive character appears to be the result
of recrystailization during or after regional metamorphism. Numerous calcite stringers

and vuggy areas fitled by calcite, quartz, and tiny needle-like amphibole grains are also



Figure 29. Photomicrograph of pyroxene endoskarn selvage in micaceous quartzite
along edge of quartz vein. Scheelite (evhedral, brown, right side) and pyroxene
(euhedral, light brown) grew along edge into the quartz vein (grey). Small pyvroxene
replace teldspar in quartzite. Cross polars. tield of view 3.3 mm.

(@2
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Figure 30. Photomicrograph of altered amphibolite. Amphibole needles (upper left) +
quartz replace larger amphiboles (yellow to grey, lower right). Cross polars, field of
view [.25 mm.

. s TR

Figure 31. Well foliated, relatively unaltered amphibolite with amphibole and minor
epidote and sphene. Gil trenches, cross polars, Field of view 2.35 mm.
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common in the massive amphibolites. Scheelite was observed in one such area where
petrographic examination revealed the scheelite to be in a quartz-rich groundmass with
only remnant amphibole and chlorite. A possible explanation for the alteration is a
wide shear zone a few meters away, Where a 2 ¢m wide quartz vein cuts through
amphibolite, some amphiboles are larger in size and not foliated and there are a number
of calcite stringers present. Scheetite in amphibolite was noted in the vicinity of the
Quartz vein. Analysis of the vein revealed it contained 1.8 ppm Au and 2 percent WO,.
Nowhere at Gil was scheelite observed in well foliated, unaltered amphibolite.

Another example of alteration of amphibolite can be seen in rocks from the ore
dump next to a shaft at Stepovich. Amphibole + fine-grained plagioclase + ilmenite
surrounded by sphene is altered to veins of coarse-grained pyroxene + plagioclase with
centers of large bladed ilmenite. Joesting (1942) described a massive amphibolite unit

directly below the ore horizon which probably is where this rock came from.

Ore Zones

Most of the scheelite and all of the higher grade scheelite at Gil is within the
carbonate skarns. The width of the skarn zones range from a few centimeters to several
meters thick. The extent of skarn formation is a function of the marble thickness and
the amount of metasomatic fluid available to form the skarn minerals, The highest
grades of scheelite are found 1n the thickest marble units that are cored by quartz veins.
These skarns vary from 0.3 meters to 2.0 meters wide in the trench exposures, with
average grades of 1.2 t0 3.0 percent WO4 (appendix IV, table 5). The latera} and
downdip extent of skarn bodies is unknown, however the importance of veins in
controlling development of the highest grade skarns suggest that the skarns at Gi} may

be discontinuous and sporadic, although the abundance of veins and alteration present



suggests mineralization of favorable marble horizons away from the trench is also quite
likely.

There is a high density of large continuous quartz veins in the northern section
of the trench where the Cleary sequence is exposed. The dominant orientations of the
veins, including those in skarn are N. 15 - 25° E., N. 25 - 30° W. Thin irregular
discontinuous veins paraliel to foliation (N. 45 - 60° E) are aiso present. Some of the
larger veins veins are auriferous and argentiferous, and, in a few cases, the veins also

contain significant amounts of tungsten. Skarns cored by quartz do not appear to

contain gold or appreciable silver.
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'MINERAL COMPOSITIONS

Minerals selected as examples of the various rock and alteration types from the
three prospects discussed as well as others from the Gilmore Dome area were analysed
by electron microprobe techniques. The procedures for and representative examples of
309 analyses are given in appendix II. Electron microprobe analysis was used to
establish compositions for metamorphic versus metasomatic minerals, to show zonation
within a mineral, and to compare compaositions with other tungsten skarns worldwide.

Minerals analysed were garnet, pyroxene, amphibole, white mica, chlorite, biotite.

Garnet

Gilmore Dome garnet compositions are expressed as the three endmembers
Grossularite (Gr) Ca3Ai2(Si04)‘ Andradite (Ad) Ca3Fe2(SiO4), and Spessartine (Sp)
Mn3Fe2(SiO4)3 + Almandine (Alm) Fe3A12(Si04)3 (fig. 32). The garnets display a wide
range in composition and have been put into fields based upon petrographic and
compositional data,

Metamorphic garnets in calc-silicate marble with compositions in the range of
Grgy._ggAdy_;4Alm+Spy 4 are light pink, fine-grained, and often present in layers
which mimic sedimentary layering (figs. 16 + 17). In rocks where there has apparently
been little introduction of fluids, compositions are more aluminous (Gr85_89). Some
calc-silicate rocks have garnets that are coarser-grained with core compositions of
G‘85—89 and rims of Gr82 (figs. 20 + 21). These rocks, termed skarnoid by Zharikov
(1970), have experienced some ftuid metasomatism but they are predominantly

metamorphic in origin.
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Maetamorphic garnets are also found as cores to garnets in exoskarn. In
figure 32, core to rim compositions are connected by a line, the arrow pointing towards
the rim composition. Early skarn garnets have compositions of
Grgs.g1Ady.09AIm+Spy_, 4 with an average composition of GrygAd; (Alm+Sps.

3+

Skarn garnets are higher in Fe”" and Mn than metamorphic garnets although there is

some overlap. Metasomatic zoning is common with rims generalily enriched in Fe3+.
Early skarn garnets, ranging in color from orange to dark red and brown, are generaily
isotropic. At Spruce Hen the garnets are present in pyroxene-garnet skarn and as
garnet veins in pyroxene dominant skarn (figs. 7 - 9). Their compositions are generally
more andraditic than Yellow Pup garnets from the main treach. Most of the main
trench garnets are of the skarnoid type. Garnets formed in marble in trench YP-B16
had rim compositions that were slightly more andraditic than at Spruce Hen. Also
characteristic of Yellow Pup is a 3 cm thick predominantly unaltered marble layer
within schist that contains both small pink garnets (Grgg) and larger brown garnets
(Grqg) within millimeters of each other. In the rear drift of the adit, relatively
unaitered marble with calc-siticate layers has small pods and bands of large dark orange
garnets with compositions of Gr—”Ad‘ lAlm+SplO (fig. 16).

Both Spruce Hen and Yellow Pup have late stage subcalcic garnets similar to
those described by Newberry (1983). These garnets are darker in color, zoned,
anisotropic to isotropic, and rim earlier formed garnet (fig. | 1). ‘They often have
euhedral faces formed in vugs or in quartz or calcite.

At Spruce Hen subcalcic garnets are found as selvages on barren quartz veins, as
zones along metamorphic idocrase bands, as centers of earlier formed garnet-pyroxene
veins in marble, and as garnet veins in pyroxene garnet skarn. Much of the deposition
of subcaicic garnet was along the same fluid pathways of early skarn. Subcalcic garnet

formation was after the main pyroxene garnet skarn event but prior to retrograding,
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Late stage garnets (Grsg_ggAdg_)4Alm+Spy_, 7 with an average of Gr65Ad10Alm20$ps)
are enriched in Fe2* and Mn with 2 Fe?*/Mn (Alm/Sp) ratio of 4.

At Spruce Hen and Yellow Pup subcalcic garnet is associated with abundant
fiuorite, but fluorite is not ubiquitously found with subcalcic garnet.

Late garnets at Yellow Pup are found in the banded skarn zone near the shaft in
the adit (pl. 5). Barren bands (4mm wide) of massive garnitite with remnant quartz
(Gr45_50Ad6_13A1m+5p32_47) alternate with pyroxene-garnet endoskarn in narrow
schist layers. The average composition of subcalcic garnet at Yellow Pup is

GrSlAdl 1A1m265p“ with an Fe2+/Mn ratio of 2.4, The garnets are more enriched in

2+

Mn relative to Fe“” than those at the Spruce Hen.

Pyroxene

Clinopyraoxene compositions are based on moie percent Diopside (Di)
CaMgSi206. Hedenbergite (Hd) CaFeSi206‘ and Johannsenite (Jo) CaMnSi206.
Gilmore Dome pyroxene compositions, like garnets, vary with the type of rock and
alteration present (fig. 33). Metamorphic pyroxenes in calc-silicate marble have
compositions of Hd36—46Di50—6OJ°1-5' These salitic pyroxenes are light green, fine-
grained and associated with metamorphic garnet (fig. 17). One sample from Yellow Pup
that showed no signs of alteration had salitic pyroxene (Hd36Di60104) with grossularitic
garnet (GrgsAdloAlm-rsz). At Gil, fine-grained semi-foliated pyroxene in a siliceous
dolomitic marble have compositions of Hd50_55D142_48101_3. The sample 1s cut by a
pyroxene skarn vein which may have affected the composition. Range of compositions
for metamorphic pyroxene at Gilmore Dome falls predominantly into the skarnoid range
for tungsten skarns in the Sierra Nevada (Newberry, 1980), and reflects, in part, the

original composition of the impure marbles.
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Figure 33. Compaositions of pyroxenes from Gilmore Dome.



Pyroxenes in excskarn have considerably more Fez*. are coarser-gratned, and
darker in color than metamorphic pyroxene. Hedenbergitic pyroxenes are common at
Spruce Hen and Gil but rare at Yellow Pup except for pyroxenes from YP-B16, which
are slightly more hedenbergitic than those at Spruce Hen. Pyroxene at Spruce Hen
(Hd78—85Di}0-}8102-6) (fig. 10) shows stight core to rim zoning of Hdg, to Hd78 or
Hdm to Hd83A Several pyroxenes have iess hedenbergitic compositions
(Hd68_72Di25_29]o3_4) and may be recrystallized metamorphic pyroxene (skarnoid).
Pyroxenes associated with scheelite have compositions of Hdyg_goDiy5_ (7704 _4.

Vein-controiled skarns at Gil have a wider range of compositions than those
seen at Spruce Hen. In one example, pyroxene (Hd80_81Di14_15104_5) skarn formed in
quartz-bearing marble is cut by a quartz-pyroxene vein. Skarn pyroxenes near the vein
become more diopsidic along their rims. Within the vein, pyroxene along the edge are
Hd5}_62Di35_47102_3 but in the center of the vein the compositions are back to

Hd82—84Di13-14J°3—5' At the highest grade skarn, pyroxene (Hd89Di4Jo7) next to the

2+

quartz core is mare Fe“" and Mn enriched than pyroxene (Hd77Di20103) at the

skarn/marble contact (fig. 27). Core pyroxenes are the most hedenbergitic for Giimore
Dome. The variability of compositions at Gil may reflect the degree to which fluids
have interacted with country rocks. A crude trend 15 towards more hedenbergitic
pyroxene closer to the fluid source within a given skarn prospect.

Pyroxenes are also present in endoskarn. At Yellow Pup large Mn enriched
pyroxene (Hd32_40Di55_63Jo4_8) associated with subcalcic garnet replace schist layers.
At other localities, endoskarn pyroxenes associated with amphibole. biotite, and

plagiociase are slightly more iron-rich (Hd40_47Di48_58Jo,_4).
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Amphibole

Amphiboles occur in both metamorphic and altered rocks. Figure 34 shows
amphibole compositions plotted as a function of Si, Mg/Fetom1+Mn+Mg, and total
alkalies, and by type of occurrence (after Leake, 1978). Massive amphibolite, rocks
from thick mafic units of basaltic composition, are primarily tschermakitic hornblende
and magnesio-hornblende (fig. 31). Some amphiboles are zoned with rims higher in Si,
Ca, and Mg and lower in Al and Fe. This is shown on figure 34 where one rock
contains points | through 5 with point 1 the core and point 2 the rim. Secondary
needlies around larger amphiboles are more Al-poor actinolitic hornblende and actinolite
(pt. 3) (fig. 30). In some cases aiteration of amphibolite was accompanied by scheelite
deposition (pts. 4 + 5). In general, amphiboles associated with scheelite in mafic units
are higher in Fe and Si and lower in Mg and Al than in the surrounding host,
Amphiboles that showed abundant secondary needles corresponded to zones in mafic
units that were nonfoliated and had an abundance of quartz and calcite veining. Well
foliated mafic schists also show some zoning toward more actinolitic rims (pts. 6 + 7).

Amphiboles formed in pyroxene skarn during the retrograde event (fig. t3) are
the lowest in Mg of all the amphibotes analysed. Most retrograde amphiboles at Spruce
Hen and Gil are hastingsitic hornblende (pts. 8, 9, + 10). Actinolite is found in strongly
retrograded skarn associated with quartz and scheelite at Spruce Hen (pt. {1).
Retrograde alteration of pyroxene + garnet endoskarn at Yellow Pup produces
ferroactinolitic-hornblende and ferroactinotite (pts. 12 + 13). In the same rock,
ferrohornblende forms as alteration products of pyroxene-plagioctase endoskarn in a
schist layer (pts. 14 + 15). On a retrograded contact between pyroxene skarn and schist

endoskarn, actinolitic hornblendes are associated with minor scheelite (pt. 16).
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Amphiboles formed in schist (after biotite) next to the high grade zone in the
back drift at Yellow Pup are dominantly hornblendes (pts. 17, 18, 19). Point 17 is
furthest from the mineralized zone, 18 and 19 are closest to the white mica - chlorite -
biotite - quartz alteration zone. Actinolite and actinolitic hornblende with scheelite
forms in schist along a contact with pyroxene-garnet skarn (pts. 20 + 21).

In general, amphiboles can be distinguished by their composition which in
altered rocks is a function of the mineral being replaced by the amphibole. Iron-rich
pyroxenes alter to iron-rich amphiboles whereas replacement of more magnesian
pyroxenes or schists produces magnesian amphiboles. Amphiboles associated with
scheelite reflect the altered rock or mineral, but are in general more Al-poor than

amphiboles not associated with scheelite.

Phyllosilicates

White micas form a solid solution series between muscovite
(K2A14[Si6A12]020[H0,F]4) and celadonite (Kz[Mg‘Fe}()SiBOzO[OH]d) with phengites
being intermediate in composition {fig. 35}. Low grade metamorphic white micas are
celadonic in composition but with increasing metamorphic grade the muscovite
component progressively increases (Laird and Albee, 1981). White micas form as the
dominant alteration mineral primarily at Yeilow Pup in the high grade pod in the back
drift of the adit (fig, 26), in felsic dikes (fig. 15), and in schist in the main trench at
Yellow Pup. Compositions of white micas from the Yetlow Pup adit pod are
muscovite-rich phengites. In partiatly altered schist adjacent to the pod the white mica

is more celadonic.
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Chlorite and biotite are also imnportant alteration minerals in the high grade pod
at Yellow Pup (fig. 26) and as distal alteration phases in schist, Both chlorite and
biotite associated with scheelite in the pod have more iron and less aluminum than those

in less altered schist (figs. 36 + 37).



77

jtun ejnwioyj 12d a4 jJo 1aqunu [ejO |

o
— 0 o
]
uojYI-3p8 |
suegeQ BULILURY
— ©
anbasuaig | 4 9140jyaouIAg 2501y30ul|)
rY
S0
0
auydep anjomdry alueprmys
aybonnylopnaty au|tydopun;o)
_ | N
(@ w (@]
- (@

Amzén:\..._

Number of Si per formula unit

Figure 36. Compositions of chlorite from Gilmore Dome (after Hey, 1954 ).



1.0
.8 —-
Biotite
.6 —
o
2.
o 4 o —
®
15 .
N Phlogopite
-+
N 22—
®
by
0.0 | | |
6.0 5.5 5.0

Number of Si per formula unit

Figure 37. Compositions of biotite from Gilmore Dome (after Deer and others, 1966).
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POTASSIUM-ARGON AGE DATES

Six samples were submitted for potassism-argon (K/Ar) dating to establish the
timing of mineralization relative to regional and contact metamorphism. Amphiboles
from retrograded pyroxene skarn at Spruce Hen and Gil, and white mica from Yellow
Pup were selectecl as representative sampies of the mineralized event. Amphiboles from
large mafic units (amphibolites) at Spruce Hen, Yellow Pup, and Gil were selected
based on their proximity to the main pluton, thickness of the units, and degree of
alteration. Two sampies of biotite from the Gilmore Dome plutan were also dated to
establish K\Ar ages for the intrusive (appendix I[II).

Biotite iocated near the contact between a porphyritic granodiorite phase and the
surrounding porphyritic granite gave an age of 89 + 3 Ma (figs. 38 + 39). In the
interior portions of the pluton another biotite sample had an age of 86 + 3 Ma. These
ages represent cooling ages of the intrusive and are in good agreement with an
emplacement age of 91 + | Ma derived from a Rb-Sr whole rock isochron of the
Gilmore and Pedro Dome plutonic complex (Blum, 1983) and with hornblende from
fine-grained granodiorite (93 + 5 Ma) and biotite from porphyritic granite (95 + S Ma)
from the Pedro Dome plutonic complex (Forbes, 1982).

Amphibole ages from the mafic units range from 88 Ma ta 196 Ma., The oldest
age comes from the thickest mafic unit located in the Gil trenches. Here the weil
foliated amphibolite contains 85 percent magnesio-hornbiende (fig. 34, pts. d + e) as
large (0.4 mm) darker green crystals and smaller (0.05 mm) lighter colored needles,

5 - 7 percent biotite, 3 - 4 percent opagque phases, and minor quartz and calcite.

At Yellow Pup, the rock dated came from a massive mafic unit exposed in

trench YP-B16. This rock has an age of 89 + 3 Ma. Magnesio-hornblende and ferroan
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pargasitic hormblende (fig. 34, pts. f, g, h) compose 90 percent of the rock and have an
interlocking, nonfoliated texture with random small needles between larger irregularly
shaped crystals. Sphene, quartz, epidote, and minor calcite, chlorite, apatite, and
ilmenite are also present. Based on field and petrographic evidence the rock is
considered recrystallized. Recrystallization couid be due in part to hydrothermal
activilty expressed by several large, nearby, mineralized, cross-cutting quartz veins.

A large mafic unit exposed between the Spruce Hen pit and the pluton gave a
minimum age of 102 + 3 Ma. In thin section, this rock contains 90 percent
tschermakitic hornblende and magnesio-hornbiende (fig. 34, pts. a, b, c). Large
irregular sections of interlocking amphiboles are separated by smaller more foliated
amphiboles. Plagioclase, biotite, sphene, and opaque minerais are also present in smail
amounts. This rock appears less recrystailized than the one at Yellow Pup
(figs. 38 + 39).

Ages from mineralized rocks range from 86 to 98 Ma. Retrograded pyroxene
skarn amphiboles have compositions that range from hastingsitic hornblende to ferro-
actinolite (fig. 34). At Gil the age of the amphibote in skarn is 88 + 3 Ma. The skarn
is approximately (80 meters south of the site of the 196 Ma date. At Spruce Hen
amphibole from skarn gave an age of 98 + 6 Ma. A phengitic white mica {rom the
mineralized pod in the adit at Yellow Pup gave an age of 86 + 3 Ma,

Wilson and others {1985) in their compilation of radiometric data from the
Yukon Crystailine Terrane suggested that a widespread Early Jurassic regional
metamorphic event occurred about 180 Ma ago and in the western part of the terrane
there was a Mid-Cretaceous regional metamorphic event approximately 125 - [05 Ma
ago. This event was followed by a terrane-wide plutonic event from 105 - 85 Ma.

Biotite ages from the pluton and Blum’s (1983) Rb/Sr emplacement age fit into

the Cretaceous piutonic event. The oldest amphibolite age of 196 Ma represents a
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metamorphic age that has experienced the least, if any, resetting by the emplacement of
the pluton. This age is in reasanabfe agreement with the data for a Jurassic
metamorphic event. Ages of the amphibolites at Spruce Hen and Yeliow Pup are much
younger than at Gil and represent resetting by the plutonic event. The Yellow Pup age
18 contemporaneous with the biotite ages for the pluton. The Spruce Hen age is slightly
older than the biotite cooling age and the K/Ar emplacement age but is concordant
with biotite and hornblende ages from Pedro Dome (fig. 39).

Amphiboles are the most resistant mineral of all the K-bearing minerals to
argon loss due to temperature increases. In amphiboles, resetting age by release of
argon does not begin until the amphiboles have surpassed the minimum blocking
temperature of approximately 500°C (Harrison and McDougall, 1980). To measure the
approximate thermal effects of the crystallization of the Gilmore Dome piuton on the
surrounding metamorphic rocks Jaegar's (1957) method of calculating the extent of
contact aurecles was used. Assuming the shape of the pluton as a vertical sheet with an
average thickness of 1 km, temperature of the intrusion of 800°C., depth of
emplacement 5 km, and temperature of the country rock of 150°C., the country rock
would exceed the S00°C. blocking temperature of amphibole for only 250 meters
beyond the intrusive contact (Winkier, 1979).

On the surface, both Spruce Hen and Yellow Pup samples are {from distances at
least twice that far from known intrusive contacts. This leads to several possibilities for
the ages seen in these rocks, First, it is not known whether the pluton underlies the
mineralized areas to the north. Drilling at Spruce Hen to 34 meters and at Stepovich to
70 meters (C.R. Nauman, pers. comm., 1986) did not intercept the plutonic contact.
Second, the calculations are for heat conductivity from crystallization of the magma
assuming a dry system. Reccystatlization of amphiboles and release of argon could be

accomplished by the passage of hydrothermal fluids at temperatures considerably less
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than 500°C. Petrographic examination of the two samples shows the Yellow Pup sampie
to be completely recrystallized whereas the Spruce Hen sample has areas of
unrecrystallized foliated amphibofes. The Spruce Hen sample would then be expected to
give an intermediate age between the regional and plutonic metamorphic events.

Based on the ages of amphibole and white mica from mineralized rocks, the ore-
forming event was contemporaneous with the emplacement and cooling of the ptuton.
The amphibole age from Spruce Hen is stightly older than the other samples, but this

age difference is within analytical uncertainty (fig. 39).



GEOCHEMISTRY

Samples of the mineralized rocks as well as some of the country rocks were
collected for analysis of W, Au, Ag, Mo, Sn, F, As, Sb, Hg, Cu, Pb, and Zn
(appendix IV, tables §, 2, 3). In addition 38 representative samples were taken for
major oxide analysis and the same trace element suite (appendix IV, table 4), Samples
collected for trace elements were taken from rocks considered potentially ore-bearing,
whereas major oxide samples were taken for their lack of alteration and weathering.
Figures 40 and 41 summarize the trace element data, The mean vatues for each element
at the three locations are ploited for aitered rocks and quartz veins. The mean value
for each element in the country rocks and amphibolites derived from the major oxide
data is also plotted.

Atltered rocks at Spruce Hen composed primarily of pyroxene-garnet skarn are
enriched in Ag, Mo, Sn, F, Cu, Zn, As, Sb, and Hg compared with altered rocks from
Yellow Pup and Gil (figs. 40 + 41). The rocks with the highest grade of W at Spruce
Hen also have the highest values of Mo, Sn, and Au. Many of these samples are of
retrograded pyroxene-garnet skarn. All of the higher grade W rocks contain F in
amounts greater than 2 percent.

At Yellow Pup rocks with the highest grade W have the highest values in Mo
and some elevated Au. Elevated Sn values are present in the main trench but not in the
ore pod in the adit. Values of F are slightly higher in the main trench than in the adit.
Elevated Au values are found in rocks from the adit ore zone and in quartz veins,

Gil samples, in most cases, have similar or Jower mean values than Yellow Pup
in altered rocks and quartz veins (figs. 40 + 41). Rocks at Gi} rthat have the highest W
grades also have thel highest Mo values. Sn, if present, is in skarn. Compared with

Spruce Hen and Yellow Pup, F is not appreciably enriched in skarn.
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Figure 42 shows the ranges and means of W values 1n altered rocks for the three
prospects. The mean values are almost identical for the three prospects but the range in
values is not. Spruce Hen shows a smaller range than Yeliow Pup (the highest) or Gil.
Scheelite at Spruce Hen is mostly fine-grained and evenly distributed within pyroxene-
garnet skarn whereas much of the scheelite at Yetlow Pup is erratically concentrated as
aggregates in late stage skarn zones. Scheelite at Gil_ is localized as large crystals in
pyroxene-quartz skarn. Figure 42 implies that the amount of W in sofution was similar
at the three prospects, but the range in W values was a function of the type of skarn
formed.

For Au, only samples with values at or above the detection limit were
considered, thus the number of samples considered was substantially less than with the
other elements. More data is needed to fully understand the variations in Au in the
skarns. With this in mind, mean Au values show a decrease from Spruce Hen to Yellow
Pup 1o Gil but show an increase in mean values in quartz veins from Spruce Hen to Gil
(figs. 40 + 41). Au appears to be concentrated in rocks that have experienced late stage
alteration (saprolitic zones at Spruce Hen and white mica - chlorite alteration in the adit
ore zone at Yellow Pup).

Quartz veins are common at the prospects and may be enriched in both W and
Au. Three types of veins have been noted: dominantly W-bearing veins, W and Au
veins, and dominantly Au-bearing veins. Spruce Hen has W and W and Au vein types;
Yeallow Pup and Gil have all three types. The highest mean value of W in quartz veins
is at Yellow Pup and the highest Au value is at Gil (fig. 40). Other than W and Au,
veins at Spruce Hen are higher in Ag, As, and Sb, while Yellow Pup veins are enriched
in Sn, F, Cu, and Zn. Veins at Gil are slightly enriched in Mo, Pb, and Hg. Quartz
veins cross-cut earlier formed skarn or country rock except those at Gil that core

pyroxene skarn.
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The mean values for trace elements tno the amphibolites and country rocks are
low compared with the altered rocks and the quartz veins., These values are within
average abundances stated in Levinson (1974) (appendix IV, table 8).

In general, skarn rocks have efevated values of W, Mo, Sn, F, and occasionally
Cu, Zn, Au, and Ag. Except at Spruce Hen, Sb, Hg, and As are not noticeably higher
in skarn. Some felsic dikes at Spruce Hen are very high in all the elements analysed
and especially in As, Sb, Hg, Ag, and Pb. Bi has been noted in the Stepovich
mineralized zones (Byers, 1957).

To further evaluate the geochemical data, Pearson correlation coefficients for
the data were derived using a SAS CORR procedure (appendix [V, table 6 + 7). The
rocks were broken into two groups: altered and relatively unaitered. Altered rocks
include skarns and adjacent wallrocks whereas unaltered rocks include country rocks,
many of them considered questionable in rock type or presence of alteration or
mineralization. A correlation coefficient of +0.5 or greater was used to distinguish

correlations between elements. The element sets for each type are listed betow:

altered rocks: Zn - F - Sn
Mo - Sa - W
Sn - F - Zn - Mo
W - Mo

unaltered rocks: Sb -~ As

This suggests there is ao elemental relationship between the two groups. Values for Au
and Ag were not considered because the majority of analyses were below the detection
level of 0.1 ppm used in the analysis.

Tungsten skarns worldwide contain a variety of metals in addition to the
common association of W, Mo, Cu, and Zn. The association of W, Mo, and Sn was
noted as statistically significant in Black Rock tungsten-bearing skarns versus barren

skarnoid (Eliliott, 1971). Tungsten skarn at Tem Piute, Nevada is noted for the variety



of elements preseat inctuding W, Fe, Mo, Zn, Pb, Bi, Cu, Ag, and F (Buseck, 1967).
The metal association of W, Mo, Sn, Bi, Cu, Pb, and Zn is present in skarn in Bulgaria
(Zhelyaskova-Panajotova, 1972). Mineralized quartz vein swarms in Greenland that are
distal (1 - 3 km) from tungsten skarn (W, F, Be, Sn, Bi) contain W, As, Pb, Bi, Ag, Sb,
Cu, Zn, and Au (Hallenstein and Pederson, 1983). Thus, Gilmore Dome skarns have
many similarities with other tungsten skarns in the trace metals present ig skarn.

Trace element analysis of the major oxide samples was conducted in hopes of
establishing background values 1o use as a comparison with the mineralized rocks. It is
probable that the rocks exposed in the Gil trenches, though distal to the main intrusive
mass, are still within the metamorphic/metasomatic contact aureole. Many of the rocks
have been erratically exposed to various degrees of hydrothermal alteration. A study of
the Kellhauni tin deposits, Bolivia {Lehman, 1985) showed that large hydrothermal
alteration halos (up to approximately 6 kms) with elevated Sa values deveioped in
quartzites and shales surrounding granites with associated tin mineralization. Similarily,
a hydrothermal alteration halo with elevated W values around granites with nearby
tungsten mineralization was noted by Deere and others (1985). Thus, it appears
elemental background values around mineralized plutons can be enriched in country
rocks without noticable alteration effects, and to get accurate background values the
rocks have to be out of the alteration halo. Therefore, it is not recommended that the
trace element values of major oxide samples taken for this study be considered
representative of the Fairbanks schist or Cleary sequence rocks. Additional work on

rocks collected further from the plutonic compliex must be carried out to clearly

establish unaffected backgrouvnd values.
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DISCUSSION

The Gilmore Dome mineralization is a result of the intrusigon of the Cretaceous
pluton into a complexly interlayered sequence of metamorphosed sedimentary and lesser
volcanic rocks. The fortuitous emplacement of magma along the axis of an antiformal
structure with calcareous units trending the length of the .pluton was instrumentat in the
formation of mineralized skarn horizons extending over 16 kilometers. Variability
present in skarn mineralization can be accounted for by differences in host rock
stratigraphy, time of formation. and distance from the pluton. Localization within host

rocks and extent of skarn ore replacement was a function of structural conduits and

amount of fluid present,

Host rock control

Calcareous rocks are most receptive to skarn formation with the amount of
calcite available for calc-silicate formation and ore deposition determining the type of
skarn formed. In refatively thick marbles with lesser amounts of impurities (such as at
Spruce Hen and Stepovich), Fe-rich pyroxene and garnet with lesser idocrase and
wollastonite form (figs. 32 + 33). Zoning of calc-silicate minerals within the skarn is
usually present to some degree. Zoning similar to that at Spruce Hen was noted in
skarn from Stepovich. Moderate grade, fairly uniform scheelite development favors the
pyroxene zones and is best developed in relatively pure marble skarns (pl. 2). Other
tungsten skarns with these characteristics are Cantung (Zaw, 1976), MacTung ( Dick,
1976), Strawberry, (Nockleberg, 1981), Pine Creek (Newberry, 1982). Impure marbles
with large amounts of metamorphic calc-siticate phases (such as the main trench at
Yellow Pup) have less free calcium to react with metasomatic fluids and thus have
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poorer development of Fe-rich phases, zoning, and scheelite deposition. Skarn and
skarnoid mineralogy reflects the more Mg and At enriched impurities (figs. 32 + 33).
King Istand (Kwak, 1978) and Black Rock (Newberry, 1980) are examples of tungsten
skarns formed in calc-silicate dominated rocks,

The thickness of calcareous units has a strong control on skarn morphology along
Gilmore Dome. Thickness varies considerably withiq the area from one centimeter to at
least three or four meters. Where thick marbles exist, skarn development is
concentrated more in the marble than surrounding country rock (pl. 1). In thinly
interlayered sequences like at Yellow Pup, endoskarn and wallrock alteration may be
quite extensive (pl. 4). Thin units have more avenues for fluid migration and
subsequent interaction of components between units, therefore show a wider range of
alteration types and compositions of minerals (figs. 32 + 33). Kwak ([978) noted at
King Island that within zones of thinly interbedded marble and hornfefs, fluids
migrated along units but did not cross impermeable boundaries such as hornfels units
even on the centimeter scale. This s the case at Gilmore Dome espectally in calcareous
quartzite and thin marble (fig. 24), The type of units interfayered with marble will
have an effect on the type of alteration minerals formed (such as garnet in calcareous or
{eldspathic quartzite, pyroxene + garnet in quartz mica schist, or white mica - chlorite -
calcite - scheelite in quartz mica schist). Similar alteration of marble and schist layers
has been noted in Greenland (Hallenstein and Pederson, 1983) where scheelite occurs
with clinozoisite - pyroxene - quartz - fluorite in marble and clinozoisite - biotite in
schist.

Deposition of scheelite appears to be controlled primarily by host rock calcium
activity, thus marble is a more [avarable host than calc-silicate rock, and calcareous
quartzite' is a better host than non-calcareous quartzite (fig. 25). Permeability of units

also appears to be a controlling factor in fluid mobility and skarn ore formation. High
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permeability and high calcium content woutd account for the presence of scheelite in
thin calcareous quartzite units most notably present in the adit at Yellow Pup (fig. 19)
but also present at Gil.

Thus, the morphology of the tungsten skarns reflacts that of the replaced unit
and in a seanse these deposits are not only stratiform, but also strata-bound
(figs. 19, 21, 24). In Maucher’s model of strata-bound W-Hg-Sb, scheelite 15 also
limited to certain units but the tungsten is considered syngenetic in origin. The use of
the word strata-bound is thus somewhat misleading because it is applicable to both
types of tungsten ore and can be a source of confusion. As has been shown here,
scheelite-bearing skarn can be strata-bound and quite extensive along strike locally and
within a district, characteristics described for syngenetic strata-bound tungster.
Therefore, the strata-bound or stratiform character of an ore zone in itself does not
distinguish the genesis of tungsten ores.

Scheelite deposition is not limited to noticeably calcareous rocks as shown by
scheelite in schist and amphibolite units. The presence of scheelite in rocks other than
marbles coutd be taken as evidence that scheelite was syngenetic. Features which can
help distinguish between skarn and syngenetic strata-bound ore include mineral
assemblages associated with ore, textural fabrics of gangue and ore minerals, presence
or absence of zoning, compositions of gangue minerals, cross-cutting features, and age
of mineralization. As has been previously shown skarn formation in non-carbonate
rocks has been documented at the Sansano copper mine, Japan (Shimazaki, 1982) and
for iron skarns in volcanic host rocks (Einaudi and others, 1981).

In a similar fashion a detailed study of tungsten-bearing calc-silicate quartzites
in Portugal (Derre and others, 1982) was conducted to evaluate the possibility of a
synsedimentary origin for the tungsten. That study showed calc-silicate quartzites were

timited to the contact aureole, scheelite was limited to calc-silicate quartzites near
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wolframite veins, and the background W level increased two times within the contact
zone. Scheelite-bearing calc-silicate quartzites contained randomly oriented amphibole,
epidote, chlorite, biotite, plagiociase, calcite, fluorite, sphene, apatite, and sulfides.
Derre and others (1982) concluded that the scheelite and calc-silicate mineral formation
were related to the plutonic hydrothermal event, the source of W could not be the
surrounding metamorphic rocks, and the calcic quartzites acted as traps for tungsten due
to their chemical composition and mechanical properties.

Along Gilmore Dome host rocks have affected the type and composition of

gangue mineralogy, the grade of mineralization, and the morphology of the ore zone,

Temporal relationships

The mineralizing system can also be viewed as a function of time. K/Ar ages
along with mineral compositions, textures, and assemblages have shown the mineralizing
event was preceded by regional and contact metamorphism. Al and Mg-rich cale-
silicate minerals formed as layers in marble, as entire units, and as bimetasomatic layers
between units during metamorphism (figs. 16 + 17). For prospecting purposes the
distinction between metamorphic and skarn cale-silicate rocks is important as unaltered
metamorphic calc-siticate rocks are invariably devoid of any scheelite.

During the cooling of the pluton several phases of skarn development and
mineralization occurred. An early higher temperature phase resulted in Fe and Mn
enriched pyroxene-garnet-idocrase-wollastonite exoskarn (figs. 7 + 8), pyroxene +
garnet + plagiociase endoskarn (fig. 7), skarnoid (figs. 20 + 21), fine-grained evenly
distributed scheelite of moderate grade, and minor deposition of Mo, Sn, F. Recent
work (Allegro, 1986) has shown Au deposition is in part contemporary with pyroxene

skarn formation in retatively pure marble at the Stepovich property. With evolution of
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the system, pyroxene and garnet became more enriched in Fe and Mn (figs. 32 + 33).
Subcalcic garnet was the latest and most evolved garnet to form. Presence of subcalcic
garnet is considered characteristic of tungsten skarns associated with reduced plutons or
wallrocks or formed at great depths (Newberry, 1983), Compositional trends of
pyroxene and garnet are similar to those present at MacTung (Dick and Hodgson, 1982)
(€ig. 43) and are considered representative of a reduced oxidation state trend for
tungsten skarns (Newberry, 1982). Similar enrichment trends have been noted in many
skarn deposits (Zharikov, 1970; Guy, 1979; Einaudi and others, 1981). Stability
relations in Ca-Fe-Si-C-0O-H systems (Burt, 1972; Einaudi and others, 1981) show that
early skarn formation occurs over a range of temperatures (approx. 650°C. to 400°C.)
and oxidation states.

As the magmatic and hydrothermal system cooled the stability of calc-silicate
minerals changed as a function of temperature. Hydrous assemblages became stable and
replaced preexisting phases in skarn and endoskarn or formed in previousiy unaltered
rocks. Amphibole + calcite + quartz replacement of pyroxene characterizes this
retrograde phase along with lesser clinozoisite, chlorite, and sphene (figs. 13,

20 - 24, 28). Compositions of amphiboles reflect the compositions of the mineral being
replaced (fig. 34). Amphibole assemblage aiteration zones have been noted at many
tungsten skarns such as Tem Piute (Buseck, 1967), Maikhura (Zharikov and Viasova,
1972), MacTung (Dick, 1976), and Pine Creek (Newberry, 1982).

A rock composed dominantly of amphibole need not be an igneous mafic rock
but could be formed from a variety of rocks through hydrothermal alieration.
Characteristics to distinguish between the two types of rocks are mineral assemblages,
textures, spatial distribution, and mineral composition. Also, the presence of scheelite

within a mafic igneous rock does not in itseff show a syngenetic depositional
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relationship. Criteria noted above can be used to distinguish between syngenetic and
introduced scheelite.

Phengitic white mica, chlorite, biotite, quartz and calcite alteration of
interlayered schist and carbonate and of felsic dikes is also common during the later
stage of anhydrous skarn destruction and may contain significant high grade ore
(figs. 15, 25, 26). The presence of a quartz - calcita - white mica - chlorite vein in
marble at Stepovich containing pyrrhotite, chalcopyrite, pyrite, and argentite suggests
sulfide deposition occured during this lower temperature afteration phase. This
phyllosilicate mineral assemblage has been noted at Sangdong, South Korea (Kim, 1971),
and at the Max mine, British Columbia (Dawson and Dick, 1978). Minor biotite and
chlorite alteration of amphibole in pyroxene-garnet skarn suggests these minerals are
stable at lower temperatures than amphibole and formed at a later time.

Ore grades in retrograde zones along Gilmore Dome are usually very low or
much higher than ir_1 early skarn. This is seen petrographically at Spruce Hen where
scheelite in early skarn is remobilized tocally during retrograding (scheelite absent
retrograde zones) and redeposited in high grade pockets as large aggregates and crystals
(figs. 13 + 22). Scheelite-bearing quartz veins, some containing retrograde minerals
(amphibole, chlorite, white mica), cut through skarn and country rock and may contain
significant tungsten (pis. 1| + 4). Cu and Zn values are also higher at Yellow Pup in the
main trench in schist around a quartz vein. Gold deposition may become more
prevalent during this phase in retrograde zones as well as in quartz veins. Gold
occurred in rocks from retrograde zomes in pyroxene-garnet skarn and saprolitic zones
at Spruce Hen and in the ore pod in the adit at Yellow Pup as well as in highly
retrograded pyroxene skarn at Stepovich (Allegro, 1986). Relative timing of W and Au-
bearing quartz veins 15 not ctear. The geochemical data is too limited to delineate

definite relationships, but it appears that W + Au in veins and retrograde zones
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preceded Au-bearing veins. Mertie (1918) noted Au-bearing quartz veins cross-cut
scheelite lodes at the Tanana, Cotumbia, and Tungsten Hill group claims. This was also
the case at Spruce Hen, Yellow Pup, and Gil as observed in this study. The timing of
some gold deposition is concurrent with the later lower temperature phyllosilicate
alteration based on elevated gold values in the Yellow Pup adit ore zone from which the
white mica age date of 86 Ma came from. A secondary or later hydrothermal stage of
quartz veins in tungsten skarn has been noted at Sangdong, Korea (Farrar and others,
1978).

In a general sense, the evolution of the mineralizing system is a result of
declining temperature as the plutonic system cools. This progression is reflected in the
hydrous mineralogy and ore deposition. It is also possible that some of these features

are a result of fluids cooling as they traveled further from the plutonic heat source.

Spatial relationships

A standard model for skarns shows a pluton intruding marblie and skarn being
formed at the intrusive/marble contact. In re-evaluating tungsten deposits the argument
has been used that intrusive rocks are not in the immediate area therefore the deposit is
not associated with an intrusive event (e.g. Tweto, 1960; So, (968, Maucher, 1976;
Stumpfl, 1977). However, skarn development 100's of meters from intrusive contacts
has already been recognized by numerous workers (Sangdong, Korea, John, 1963; Seven
Rila Lakes, Bulgaria, Zhelyaskova-Panajotova and others, 1972; Northern Cordillera,
Canada, Dawson and Dick, 1978; MacTung, Canada, Dick and Hodgson, 1982; Cananea,
Mexico, Meinert, 1982; and Central East Greenland, Hallenstein and Pederson, 1983).

The whole question of skarn distance from the Gilmore Dome pluton is

somewhat speculative as there is no data on how extensive the ptuton is below the
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current erosion level. The occurrence of pegmatitic and aplitic dikes at afl the skarn
prospects suggests some nearby intrusive mass. For the discussion of spatial
relationships distances from the surface contact of the main intrusive mass to the
different occurrences will be used; these are clearly maximum distances. Spruce Hen is
approximately 600 meters away from the intrusive, Yellow Pup is 800 meters away, and
Gil is 2000 meters away from the main plutonic body. Other evidence suggesting
Spruce Hen is closer to the intrusive is the abundance of layers of large idocrase crystals
and lesser wollastonite in otherwise unaltered marble. This was also seen in marble
adjacent to the pluton. Using this framework it appears that the mineralizing system
changed with increasing distance from the pluton.

Pyroxene and garnet compositions not only change with time in an individual
skarn but also with distance. Pyroxene formed in marble (as opposed to dominantly
calc-silicate rocks) shows an enrichment trend in Fe and Mn with increasing distance
from the pluton (fig, 33). This relationship is also present when considering skarn
pyroxenes from the Stepovich (approximately 600 m from the pluton) which are similar
in composition to the Spruce Hen. Pyroxenes from the quartz-cored skarn at Gil are
the most Fe and Mn enriched. This type of enrichment trend was noted at the Cananea
copper skarns by Meinert (1980).

Early garnet compositions at Spruce Hen and Stepovich are also similar and show
the same later subcalcic compositions (fig. 32). Yellow Pup garnets, however, have rims
that are more andraditic in early skarn and subcalcic garnets that contain more Ma.
This would imply that with increasing distance garnet, like pyroxene, becomes enriched
in Fe and Mn,

No garnets are present in skarns at Gil, but in a few cases very minor idocrase
is present. Gil skarns also have an abundance of quartz. Experimental work by

Hochella and others (1982) on the stability of idocrase shows the assemblage idocrase-
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quartz-pyroxene is stable af temperatures lower thaa 400°C. at 2 kb with a low XCO,
fluid phase. This would be below garnet stability and could account for the lack of
garnet in skarns at Gil.

The abundance of retrograde alteration near intrusive contacts has been noted in
numerous skarns (Einaudi and others, 1981). Along Gilmore Dome, retrograde or later
lower temperature formation of skarn and endoskarn is more predominant than early
skarn formation at Yellow Pup than Spruce Hen or Gil. There are several possible
explanations for this: |} the fluids cooled as they traveled away from the fluid source,
or 2) most higher temperature fluids were not channeled to Yellow Pup but later cooler
fluids were.

In retrograde zones the dominant phases are; Spruce Hen - amphibole + quartz +
calcite, Yellow Pup - amphibole or white mica + quartz + calcite, Gil - quartz +
amphibole + calcite. The proportion of quartz and calcite to amphibole increases with
increasing distance suggesting retrograde aiteration is dominanted by fluids less
saturated in Al and possibly Fe and Mg,

The size of skarn zones appears to decrease as distance from plutonic contacts
increases. Skarn at Spruce Hen is relatively continuous along strike for 50 meters
(pl. 3). Skarn at Yellow Pup in the trench is continuous for approximately 25 meters
and less than 5 meters in the adit ore zone {pls. 4 + §). At Gil, skarn appears (o be
much more limited in size (2 ~ 3 meters) even though strike exposure i5 poor
(pl. 7, inset).

The trace element concentrations also reflect proximity to the pluton. Spruce
Hen has higher values in altered rocks in most of the elements analysed, especially in
Mo, Sn, F, As, Cu, Zn, and Ag (figs. 40 + 41). Though average W grades are similar
for the three areas, the range in values is highest at Yellow Pup and Gil (fig. 42). This

in part reflects the enrichment of grade during retrograding at Yellow Pup and scheelite



solubility decreasing with the high activity of Ca (in pure marble) and lower
temperatu;-es of pyroxene skarn formation at Gil.

Abundance of quartz veins and the concentrations of elements in the veins afso
change with distance. From Spruce Hen to Gil there are 1, 3, and 5 Au-bearing veins
(= or >0.1 ppm) and 3, 6, and !3 W-bearing veins (>20 ppm) . At Yellow Pup and Gil
veins with both Au and W are present. The highest Au values are at Gil. Thus,
mineralized vein density and Au values increase with increasing distance while W values
increase then decrease with distance. This type of zoning from W dominant to Au
dominant veins with distance from intrusive was recorded by Foster (1975) at
-Richardson’s Kop deposit, Rhodesia.

Moderate to relatively high grade W values in Au-bearing quartz veins have
been reported by Byers (1957) for a number of mines and prospects in the Pedro Dome
area. Scheelite occurs at the Wackwitz, Mizpah, Cleary Hill, Lestie, Egan, Johnson,
Tolovana, and Rainbow properties. Many of these areas are at least three kilometers to
the northeast of the main plutonic complex but in an area with numerous granitic dikes
(Byers, 1957).

Quartz veins containing elevated values of other trace elements also show a
zonation pattern. Spruce Hen veins have elevated Ag, As, and Sb (similar to the altered
rocks and felsic dikes), Yellow Pup has Sn, F, Cu, and Zn, and Gil has Mo (reflecting
the vein-coatrolled skarns) and minor Pb and Hg.

The general spatial characteristics shown by the properties studied for this report
are not present everywhere along Gilmore Dome. For example, the Tom property,
directly on the intrusive contact, is reported to have experienced only very minor fow
temperature afteration with etevated Au values (C.R. Nauman, pers. comm., 1988). In
addition, the Colbert property, located between the intrusive and the very high grade

Stepovich property, has experienced alteration similar to the Yetlow Pup in most places
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but is generally lower in grade and extent (Byers, 1957; this study). The lack of
significant ore in potential host rocks at these prospects emphasizes the importance of

structural control in skarn formation, particularly at large distances from an intrusive.

Structural control

Local concentrations of tungsten have occurred along the axis of an antiform
and around faults, quartz veins, and aplitic and pegmatitic dikes. The main trench at
Yellow Pup is along an antiform that appears to have acted as a trapping mechanism for
fluids channeled to the area by dikes or faults that are exposed in the trench. A
number of NNW and NNE striking faults have been detected by geophysical methods
by Resources Associates of Alaska in the eastern section of the mineralized beit along
Gilmore Déme (C.R. Nauman, pers. comm., 1986). This is also the dominant direction
for mineralized quartz veins at Gil.

The association of aplitic and pegmaritic dikes in mineralized zones was firs¢
noted by Mertie (1918) when numerous prospect pits and trenches were excavated on
Gilmore Dome. All three occurrences studied and the Stepovich property have granitic
dikes within mineralized rocks. Spruce Hen has a very high grade altered dike next to
skarn and in the pit to the south a dike has high valtues in 2 number of elements. Dikes
are present along the axis of the main trench at Yellow Pup and within the ore pod in
the adit. At Gil, a pegmatitic dike 3 meters from pyroxene skarn 15 surrounded by
rocks enriched in W and Sn. These dikes have undoubtably served as conduits for some
of the mineratizing solutions.

Locally, fluid flow away from the main conduit is along lithologic contacts,
permeable units, and joint planes. This 1s well illustrated bylzoning at Spruce Hen

along metamorphic idocrase fayers in marble, thin scheelite-bearing quartzite units
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emanating out from the ore pod in the Yellow Pup adit (fig. 19), and irregutar
alteration of schist along joints in the main trench at Yellow Pup (fig. 20). Einaudi and
Burt (1982) note that endoskarn can be widespread where fluid flow is along lithologic
contacts, This would especially be the case with thinly interlayered units. And as
previously shown, repeated use of the same conduit over time creates complex

mineralogy, zoning patterns, and ore grade patterns.

Fluid distribution

A further parameter that will effect the size of the ore zone is the amount of
fluid passed through the host rocks. Two 2areas along Gilmore Dome apparently
received the bulk of the fluid: the northwest end around Tungsten Hill and the
northeastern end around Gitmore Dome (fig. 2). The area of Gilmore Dome (Stepovich,
Yellow Pup, and Colbert) has the most extensive and highest grada mineralization,
Tungsten Hill has enriched values of Ag, Sn, F, As, Sb, and Hg in skarn and felsic
dikes. Localization of fluids along the eastern end of the pluton near Gilmore Dome
may be due in part to fluids migrating along the contact between the presumably earlier
granodiorite mass (north and south of Yellow Pup) and the surrounding granite. In
magmatic systems with multiple intrusions, tungsten skarns are usually associated with
the most felsic stage (Newberry and Swanson, 1986). Newberry and Swanson also
showed evidence for alteration along the western contact of granite and granodiorite
(fig. 2). Northerly trending faults and dikes intercepting this contact zone could have
channeled fluids to the two distinct marble horizons in the area. This would explain the
lack of skarn formation along the contact further to the west (Tom prospect). It is of

interest to note that the majority of tungsten in Au lodes near Pedro Dome are NNW of
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the Gilmore Dome pluton in the Cleary Creek area (see Byers, 1957, pl. 23). The most
felsic plutonic mass (Blum, 1983) is nearest this area of W mineralization.

On the far western end of the,.pluton there are numerous aplitic dikes exposed
around the nose of the pluton. This indicates a water-rich phase was present during
crystallization and may have been responsible for some skarn formation. The
enrichment in elements in alt.ered rocks and dikes could be accounted for by a closer
proximity to the intrusive or by a difference in the composition of the exsolved fluids
from the intrusive. The lack of notable skarn development along the central portions of
the pluton and the availability of receptive host rocks in the area would suggest that
skarn formation was not solely the result of thermal convection of fluids leaching

material from the country rocks but was in part controlied by the release of fluids from

the intrusive.

Summary

This study confirms that tungsten concentrations are in metasomatic skarns
spatially and genetically associated with the Gilmore Dome pluton. Several parameters
influencing ore deposition were the type of calcareous host rock, the evolution of the
system with time, the location of the host rocks from the pluton, the structural conduits
the fluids used, and the amount of fluid present.

Most characteristics of the Gilmore Dome skarns are similar to other tungsten
skarns worldwide. The association of gold in tungsten skarns as found at Giimore
Dome is not as common, but has been reported in other tungsten skarns (Pine Creek
mine, Bateman, 1956; Scheelore mine, Sierra Nevada, Rinehart and Ross, 1964; Monte
Cristo, Nevada, Sonnevil, 1979, Dubtin Gulch tungsten skarns, Keno Hill district,

Yukon, Gleeson and Boylte, 1980) and in quartz veins near tungsten skarns (West Tower,
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Casa Diablo Mountain Quadrangle, Rinehart and Ross, 1956; Sangdong, Korea, Farrar
and others, 1978). An example of 3 plutonic hydrothermal W-Au system similar to that
at Gilmore Dome is the Getchell gold deposit in Humbolt County, Nevada (Silberman,
and others, 1974). At Getchell, X/Ar dating has confirmed the emplacement of a
granodiorite pluton and subsequent alteration and mineralization were all part of a
magmatic thermal event approximately 90 m.y. ago. Alteration and mineralization
consisted of tungsten skarn formation along plutonic contacts and later disseminated
gold deposition along the Getchell fault in altered granodiorite and sedimentary rocks
(Silberman, and others, 1974).

Additional studies of the Gilmore Dome gold system are needed to show the
timing relationships with tungsten deposition. There is evidence of alteration of
intrusive rocks {Newberry and Swanson, 1986) and gold breccia zones near the intrusive
contact to suggest a system similar to Getchell may have been operative during the

cooling of the magmatic event.

Economic Conclusions

Estimation of the grade and tonnage potential of the skarns in the Fairbanks
mining district is somewhat speculative due to the lack of outcrop, complex structure,
and the highty erratic and lenticular deposition of ore. With this in mind general
resource estimates can be obtained from Bureau of Mines work (Byers, 1957),
unpublished industry sources (Allegro, 1986), and the data derived from this study.

The parameters to consider are a mineralized tungsten trend with a strike length of at
least 16 kilometers, individual ore zones 3 to 30 meters in [ength with a majority of
them tess than {5 meters, average thicknesses of ore horizons of 0.5 to 1.0 meters, and a

tungsten grade that varies from 0.1 to 20 percent WO3. Average grade at Stepovich is



3.0 percent WO3 while elsewhere along Gilmore Dome grade aver'ages between 0.5 to
1.0 percent W03. Currently the Stepovich property has ore zones of higher grade and
greater extent than the rest of the Gilmore Dome skarns.

Bureau of Mines work in the 1940°’s (Byers, 1957) outlined approximately 22,400
tons of 3.2 percent WO3 on the Stepovich property. Further exploration has shown that
there are other skarn occurrences similar to the Stepovich beyond the area examined by
the Bureau of Mines which add to the tonnage estimate for that property. Grade and
tonnage of skarns elsewhere along the Gilmore Dome pluton are significantly less than
those seen at the Stepovich property. An absolute minimum tonnage for the lower
grade skarns (0.5 to 1.0 percent) based on current exposure as well as speculated
occurrences in covered areas is 10,000 tons. Although the Stepovich property is the
most appealing area, the lower grade skarns are the most prevalent, and must be
considered more representative when presenting grade and tonnage potential for the
district. It cap be reasonably projected that the skarns in the Gilmore Dome area
contain a minimum of 35,000 tons of Q.75 percent W03.

This data can be compared with a compilation of data from tungsten skarn
deposits worldwide (Cox and Singer, 1986). Grade and tonnage values from economic
tungsten skarns were plotted (figs. 44 + 45) along with the probability a skarn will
contain a specific grade and tonnage. The data base includes skarns in a district rather
than single occurrences and has a specific bias towards larger economic deposits.
However, the resulting curves can be used to evaluate a skarn in relation to other
known skarns and is also a way to evaluate the amount of tungsten put into the rocks
by a plutonic system. From the placement of data from the Gilmore Dome area on the
curve it is apparent that the tungsten skarns are typical of other skarns though they are
on the low end for tonnage. It is also apparent {rom this graph that the Stepovich

property is a very high grade though low tonnage skarn,
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During years of low tungsten prices the skarns may not be economically feasible
to mine for tungsten, however their gold content makes these skarns attractive when
gold prices are relatively high. Gold is found in some of the Gilmore Dome skarns but
most notably at Stepovich in pyroxene skarns formed in pure marble (Allegro. 1986).
Further work in this area is needed to define the extent of these gold-bearing tungsten

skarns, At present, the gold content of the skarns is what makes the Gilmore Dome

area worthy of continuing exploration.
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Appendix I

Abbreviations used in text and plates

almandine
amphibole
andradite
biotite

chlorite

clinozoisite
calcite
diopside
garnet
grossularite
hedenbergite

idocrase

johannsenite
plagioclase
pyrrhotite
pyrite
pyroxene
quartz
scheelite

spessartine

X5-3¥5Z2g0,5 (OH),

K(Mg,Fe)  (ALS1,074) (OH) 5

(Mg, Fe) 5 (S1,A1) 40,4 (0H),

(Mg, Fe) 5 (CH) ¢
Ca,Al,40(510,) 81,0, (OH)
Caco,

CaMgsi, o,

A;B, (S10,4) 5
Cayh125130;
CaFeSi,0¢
Calo(Mg,Fe)2A14(sio4)5
(51207)2(0H)4
CaMnSi,04

Fey_,S

Fes,

XYZ,0¢

sio,

Caw04

Mn,Al,Si404,
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sph

wo
altd

endo

skn

SH

Step

YP

sphene
white mica
wollastonite
altered
endoskarn
marble
skarn

Gil

Spruce Hen
Stepovich

Yellow Pup

CaTi0(5i0,)

casio,
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Appendix II

Mineral Analysis

Minerals selected as examples of the various rock and
alteration types from the three skarn prospects discussed as
well as other skarns from the Gilmore Dome area were
analysed by electron microprobe techniques. Analyses of 309
samples were derived using a Cameca Electron Microprobe at
Washington State University in Pullman, Washington. The
samples were analysed using a 15 KV beam current, a beam
diameter of 2um, and a 10 second counting time. Standards
employed included well-characterized spessartine, diopside,
orthoclase, albite, amd olivine samples. Most of the data
reduction was done by computer programs at Washington State

University.

Calculation of garnet moleculay end members was based
on the distribution of Ca, Mn, Fe2+, Fe3+, and Al for 16
cations. Total Fe was distributed between Fe?' and Fel*
assuming ideal stoichiometery; the trivalent site was filled
with A13* ana enough Fe to satisfy the site requirements of
two cations. The andradite component was then calculated as
the ratio of Fe3 to Al + Fe3* and the Al to Al + Fe3* ratio
raepresents the grossular + spessartine + almandine + pyrope
component. The grossular component of the grossular +

spessartine + almandine garnet component was calculated as

the ratio of Ca to Ca + Mn + Fe2+ + Mg. Spessartine and
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almandine are assumed to compose the remainder of the
garnet.

Clinopyroxene compositions were calculated based on the
distribution of Fe, Mn, and Mg per 4 oxygen. The
hedenbergite component is represented by the ratio of Fe to
Fe + Mg + Mn, the diopside component as the ratio of Mg to
Fe + Mg + Mn, and the ratio of Mn to Fe + Mg + Mn as the
johannsenite component. Molecular and members for all other

minerals were calculated using standard techniques (Deer et

al., 1966).
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Table 1. Metamorphic garnet compositions from Gilmore Dome.
Representative samples listed.
Sample SH-8 SH-8 YP-B16 CB~-~1l YPM CB=2
Number 3-79r 3-80c¢ 3-91 4=23 7-3 4-21
Location SH SH YP ¥p YP YP
Weight
Percent
SiOz 38.93 39.11 38.65 38.60 38.56 38.78
cao 35.90 35.61 35.88 35.57 34.78 35.18
Al 03 19.87 18.94 19.97 19.32 19.72 20.01
Ti%z 0.46 0.91 l1.35 l.49 0.49 1.39
MgO 0.15 0.09 0.08 0.07 0.10 0.10
Mno 0.00 0.04 0.75 0.65 1.17 0.71
Na,O 0.05 0.00 0.03 0.06 0.00 0.00
FaO»*» 4.57 5.54 2.92 4.70 5.57 4.10
KZO 0.02 0.01 0.00 0.00 0.00 0.00
Total 99,92 100.25 99.63 100.46 100.37 100.27
Mole
Percent
Gr 87.2 84.4 89.5 85.2 83.1 87.2
Ad 10.8 14.0 9.5 12.8 12.0 9.7
Alm & 2.0 1.6 1.0 2.0 4.9 3.1
Sp

* Total iron as FeO
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Table 2. Early skarn garnet compositions from Gilmore Dome.
Representative samples listed.

Sample SH-7 SH~-7 YP-B1l6é SH-12 Step 12 Step 12

Number 3=75c 3-74r 4-8 3-59 4-12c 4=13r
Location SH Sh YP SH Step Step

Weight

Percent

510, 38.11  37.81 37.74  38.11 38.19  37.46
cao 34.03 33.43 34.49 34.40 34.74 33.90
Al 04 18.03 16.81 18.48 19.06 18.97 17.88
Ti%z 0.17 0.21 0.32 0.23 0.12 0.13
MgO 0.00 0.01 0.04 0.01 0.05 0.00
MnoO 1.76 1.07 1.05 0.71 1.39 1.13
Na,O 0.00 0.04 0.07 0.05 0.03 0.00
FeOw 8.11 9.56 7.00 6.86 6.77 8.93
K50 0.00 0.00 0.00 0.01 0.02 0.00
Total 100.21 98.94 99.19 99.45 100.28 99.43
Mole

Percent

Gr 75.3 72.4 79.2 80.9 79.6 74.7

Ad 18.9 22.5 16.4 14.0 15.4 19.4

Alm & 5.8 5.1 4.4 5.1 5.0 5.9

Sp

* Total iron as FeO
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Table 3. Late skarn garnet conpositions from Gilmore Dome.
Representative samples listed.

Sample 82GA526 82GAS26 SH-12 82GA207 82GA207 B2GA207
Number l10-10 10-15 3-57 10-57 10-30 10-51
Location SH SH SH YP YP Yp
Weight

Percent

sioz 36.99 37.32 38.13 37.21 37.29% 36.90
Cao 24.99 22.54 25.96 16.93 20.72 19.49
Al 04 19.23 19.52 19,56 19.78 18.59 18.71
Tiaz 0.19 0.19 0.14 0.30 0,37 0.50
Mgo 0.05 0.11 0.04 0.26 0.14 0.61
Mno 2.30 3.61 2.48 6.39 6.04 5.24
NaO% 0.02 0.00 0.02 0.02 0.00 0.08
FeO 14.25 14.89 13.85 18.17 16.54 17.66
KZO 0.00 0.01 0.00 0.01 .00 0.00
Total 98.02 98,19 100.18 99.07 99.69 99.19
Mole

Percent

Gr 63.5 59.3 64.6 45.9 51.4 49.8
Ad 10.1 8.2 10.5 6.5 13.1 12.4
Alm & 26.4 32.5 24.9 47.6 35.5 37.8
Sp

*Total iron as FeO
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Tabla 4. Metamorphic pyroxene compositions from Gilmore
Dome. Representative samples listed.

Sample YPM YPB=-16 YPM 82GA609 82GA263 82GA283
Number 5=-8 S5=7 B~29 11-9 10-58 10-~-68
Location YP Yp P YP G G
Weight

Percent

Sioz 52.50 52.20 53.26 50.03 50.17 49,64
cao 24.53 24.62 24.74 24.17 24.05 23.10
Al 03 0.58 0.33 0.19 0.27 0.25 0.48
Tiaz 0.02 .04 0.03 0.10 0.02 0.09
Mgo 10.5% 10.13 11.95 9.03 8.40 7.33
Mno 1.36 0.78 1.55 0.85 0.43 0.61
Na,0 0.12 0.05 0.00 0.09 0.14 0.20
FeO* 11.40 12.43 8.65 14.04 15.52 16.73
KZO 0.00 0.00 0.00 6.0¢C 0.01 0.01
Total 101.06 100.58 100.37 98.58 58.99 98.19
Mole

Percent

H4 42.8 3J6.1 26.9 45.3 50.2 55.0
Di 53.1 59.5 68.2 51.9 48 .4 43.0
Jo 4.1 4.4 4.9 2.8 1.4 2.0

*Total iron as FeQ
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Table 5. Skarn pyroxene compositions from Gilmore Dome.
Representative samples listed.

Sample SH-11 82GA546 Step 2 GT1 ' 82GA263 B82GA526
Number 5=4 §5=5 5-=-16 5=19 10-65 10-49
Location SH SH Step G G SH
Welght

Percent

Sioz 49.29 49.79 50.41 49.04 47 .84 50.97
cao 22.89 22.90 23.33 22.46 23.40 24.46
Al 03 0.33 0.23 0.29 0.26 0.39 0.34
Mgo 1.75 2.40 3.89 0.44 2.50 10.07
Mno 1.18 1.26 1.25 1.97 1.25 1.62
Na, 0 0.06 0.08 0.13 0.13 0.16 0.06
FeO® 25.08 24.57 21.76 26.72 22.62 11.45
Total 100.63 101.25 10l1l.06 101.07 98.30 99.01
Mole

Percent

HA4 85.3 8l.6 72.6 90.6 79.8 70.4
Di 10.6 14.2 23.2 2.7 15.7 26.1
Jo 4.1 4.2 4.2 6.7 4.5 3.5

*Total iron as FeO
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Table 6. Amphibole compositions from Gilmore Dome.
Representative samples listed.

Sample B2GA293 B2GA293 82GA289 82GA546 82GA546 82GAl51

Number 1-12 1-15 1-22 14-8 14-15 14-20
Location G G G SH SH YP
Weight
Percent
5102 39.05 48.18 45.87 46.94 39.83 52.22
cao 2.09 12.02 12.39 11.60 11.50 11.61
Al 04 13.78 6.10 9.01 5.60 12.36 1.35
Tigz 0.83 0.19 0.37 0.10 0.34 0.00
Mgo 14.23 14.82 11.98 3.40 2.05 10.57
MnoO 0.14 0.25 0.35 0.76 0.66 1.00
Na,0 0.23 1.25 0.12 0.69 1.02 0.13
FeO» 11.34 13.12 15.18 28 .34 28.80 19.64
KZO 6.91 0.25 0.26 0.26 l.54 0.07
Total 100.24 99.21 98.60 99.62 99,99 98.59
Molae
Percent
mg 0.69 0.66 0.58 0.17 0.11 0,48
si 6.35 7.20 6.89 7.36 6.36 7.88
rock amphi- amphi- amphi- skn w/ skn w/ endoskn
type bolite bolite bolite sch pyX

w/ sch

*Total iron as FeO
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Table 7. Phyllosilicate compositions from Gilmore Dome.
Representative samples listed.

Sample B2GA214 B82GA609 82GA716 82GA716 82GA716 82GA716
Number 1l1-6 11-15 9~-13 9~-15 95=10 9-21
Location YP Yp YP YP YP YP
Type WM WM WM CHL CHL BIO
Weight

Percent

sio2 46.63 47.24 48.33 25.38 26.05 36.06
Cao 0.04 0.00 0.07 0.03 0.03 0.02
Al,04 33.19 29.62 33.83 21.67 21.36 16.94
Ti%z 0.29 C.34 0.02 0.06 0.08 1.65
MgoO l.46 1.96 1.18 13.21 13.15 8.96
MnoO 0.00 0.03 0.03 0.51 0.43 0.31
Na,0 0.53 0.31 c.33 0.05 0.07 0.02
FeO* 1.45 2.56 0.79 26.89 26.42 20.59
K50 10.02 10.83 10.30 0.02 0 01 9.14
Total 98.05 97.26 99.42 99.22 98.930 98.57
Mole

Percent

Fe+Mg

+Mn .4594 .7017 .3254

Fe/

Fe+Mg .53 .53 « 54

*Total iron as FeO
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Appendix IIX

Potassium~Argon data for Gilmore Dome.

40
ATyad Arrad Afrag
Sample —===== ~ —mm———— ——————

Samplae K40 Min- Weight  (mol/g) 40g 4°Art°ta1 Age + lo
Numbaer (w%.t) exral (9) x1o-1l x10°3 (m.y.)
82GAS511l 0.353 0.0424 S.17 5.86 12.61 98.12+5.7
SH 0.356 amph
pYx% 0.360
skarn X=0.15%56
SH~SP 0.690 0.8318 10.45 6.11 73.4 102.20+3.1
SP 0,690 amph MINIMUM AGE
amphb 0.690

X=0.690
YP-M-BD $.350 0.942 116.07 5.10 66.1 85.7+2.6
YP 9.340 wnm
mica Xm9,3458
sxarn
YP=B=16 0.620 0.9162I 8.19 5.29 70.31 88.080+2.7
¥Yp 0.630 amph
amphb X=0,625
82GA339 0.630 0.7042 8.22 5.22 0.634 87.7+2.6
Gil 0.637 amph
PyX 0.640
skarmn X=0,636
2139 0.83%0 1.0088 16.6 12.0 0.737 196.2+5.9
Gl 0.560 amph
amphb X=0.558%
B1lYB131l 7.842 0.195 102.32 5.29 86.5 88.90+2.7
Gllmore 7.763 bio
granite X=7.8031
81lLJBl43% 7.2318 0.1196 90.73 5.105 21.27 85.75+2.6
Gilmore 7.112 bio
granite X=7.174

Note: rad « radicgenic, o = gtandard deviation, x = mean,
e+ e =0.581 x 10720 yr"}, B = 4.962 x 10710 yr71,
40%/Keorar ™ 1-167 x 107% mol/mol
minimum age : sample doas not meet petrographic criteria

for a reliable age (UAF Geochronology Laboratory
commant and criteria)

Analyses by J.D. Blum (UAF-ADGGS Geochronology lLabsoratory)
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Appendix IV

Geochemistry

Gllmore Dome rock samples were analysed by the State of
Alaska Division of Geological and Geophysical Survey lab in
Fairbanks, Alaska. Lead, gold, silver, molybdenum, antimony,
and arsenic were analysed by atomic-absorbtion
spectrophotometry on agqua-regia digests. Copper, zinc,
cobalt, nickel, chromium, iron, manganese, and cadmium were
analyzed by inductively coupled plasma atomic-emission
spectrophotometry on aqua-regia digests. Lower limits of
detection were 1 ppr for lead, antimony, molybdenum, copper,
zinc, and cadmium: 10 ppm for arsenic, cobalt, nickel,
chromium, iron, and manganese; and 0.1 ppm for gold and
silver. Tin, tungsten, and mercury were analyzed by Bondar-
Clegg & Company Ltd., Vancouver, B.C. Tungsten was analyzed
by colorimetry with a lower detection limit of 2 ppmn.
Mercury was analysed by cold-vapor atomic-absorbtion
spectrophotometry with a lower detection limit of 5 ppb. Tin
was analyzed by X-ray fluorescence with a lower detection
limit of 5 ppm.

Ten major oxides were identified using X-ray
fluorescence spectrometry of fused rock pellets, and FeO was

determined by volumetric chemical analysis. The X-ray
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fluorescence spectrometer was calibrated using a combination

of 19 Canadian and American whole-rock standards.
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Trace element rock analysis for Yellow Pup rocks.

Lample
typs Description
cc  Altersd guart; aica schizt mlith scheelibe.
e Schwelite in altared zone,
cc  Pyrite and stibalta vein,
iron onfge rone In 2igh grade scheelite pod,
cc  Scheulites high grade pod zone.
c Schealita high grade pod zone dalow iran cafde zone.
ce Schaslite in cale-slllcpte marble gharn.
Quartt wain.
£c Qusrtt and garnat zone 10 calc-3ilicate murble.
c¢  Quarky vain with coppei wtatning,
ee  Cale-allicate layur mithin marble,
(14 Caltataoys schilst with many wvernlel s,
¢c  Stibalte veln,
(14 Quarti-scheel ite wvoin 1n mesfhered marble ;one.
¢c  Disseminsted scheslite rone,
ce  Ouartr mlca achist,
te  Quartr mles pchisk.
ct Quarkz waln,
&€ Ricacaous quartiite,
e Laysead calc-willcare.
[1:4 Mangsnase rich rone.
¢ Maar schaelite pod zore, fguacrty mica schist,
€¢  Muwar scheslitn pod :ona, high grade,
134 S¢chaslite in cale-silicete layers,
Quarts vain,
Fault Intersection,
€ Amphlbole-white mica-chlarite-scheelite-quaity siin along joinl
face.
Stepowich Dump, warsive smphibalite.
Stopavich Dump, maialve smphibolite.
Stepowich Dump, massive smphibolile,
cc  Schelite in quartr valn.
¢ Retrograded layerad calc-silicale aarhle,
e IntroTr.ded Taywred colc-2lllcata marbim,
F13 Schealite in Feldupar-chiorite rich rock.
£c Pyranens-garoat - ldocrase quarti.
e Schaelite In retrograded skarsn,
Ouart: mica achlak,
cc  Cele-nilicata sprble skarn,

oel
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Table 4. Major oxide analysis for Gilmore Dome rocks.
sample 2288 2289 2291 2292 2293 2294
MAJOR OXIDES

Si02 54.66 71.54 58.89 59.70 58.52 75.56
Al203 22.15 14.37 21.30 17.93 18.31 13.20
Fe203 3.88 1.68 2.06 1.65 0.02 0.07
FeO 4.33 1.71 3.38 4.80 6.40 0.14
MgO 2.19 1.35 2.09 2.98 3.39 0.07
Ccao 0.59 0.16 0.1l6 2.04 2.70 0.61
Nazo 0.82 0.65 0.74 1.77 1.53 J.81
K20 6.21 4,27 5.12 5.22 5.04 4.46
Tio02 0.87 0.68 0.83 0.72 0.72 0.03
P205 0.12 0.04 0.05 0.10 0.09 0.07
Mno 0.08 0.09 0.04 0.16 0.18 0.02
LOI 2.55 2.24 3.48 1.14 1.34 0.27
H20~ 0.70 0.71 0.67 0.46 0.66 0.28
Fe203t 8.69 3.58 5.82 6.98 7.13 0.23
total 99.15 99.49 98.81 98.67 98.90 98.59
TRACE ELEMENTS

Cu 48 37 32 43 18 S
Pb 10 8 11 8 8 31
Zn 109 62 94 S0 92 3
Au <1l0 <10 <10 <10 <10 <10
Ag <0.1 <0.1 <0.1 <0.1 <0.1 <0.,1
Mo <1l 1 1 <1l 2 10
Sb <1l <l <1l <1 0 <1
Sn 1 1 2 1 1 1
W 1l 1 1 1 3 S
Hg 80 50 40 40 60 40
As 20 <10 <l0 <10 <10 <10
Co 18 S 11 17 17 <1l
Ni 48 S 35 52 49 5
Fe 72500 30200 53900 65300 68100 2400
Mn 200 400 400 1200 1400 100
F 810 520 440 650 1400 210
Cr 92 99 77 102 103 42
cd <l <l <1l <l <l <l

Rock descriptions located in trace element tables 1,2,and 3.

All values in ppm except Au and Hg in ppb.



Table 4 continued.

sample

2357

MAJOR OXIDES

sioz
Al203
Fe203
FeO
MgO
cao
Na20
K20
Ti02
P205
Mno
Lol
H20-
Fe203t

total

141

TRACE ELEMENTS

cu
Pb
Zn
Au
Ag
Mo
Sb
Sn
w

Hg
As
Co
Ni
Fe
Mn
F

Cr
cd

2371 2389 2394 2395 23386

94.59 90.39 66.22 61.08 71.52 89.26
2.76 4.47 5.48 18.93 13.98 4.81
0.23 0.92 2.20 5.89 4.38 0.66
0.24 0.44 9.13 1.07 0.42 0.63
0.02 0.12 1.47 2.01 0.70 0.19
0.07 0.22 10.56 0.29 0.15 0.17
0.10 0.0 l1.32 l.41 0.49 0.77
0.30 0.0 0.12 4.56 3.17 1.03
0.19 0.20 0.32 1.00 0.63 0.19
0.01 0.03 0.21 0.12 0.1} 0.05
0.00 0.04 0.67 0.11 0.01 0.07
0.91 0.72 0.42 2.79 2,99 0.53
0.28 0.13 0.24 0.13 0.32 0.20
0.50 1.41 12.35 7.08 4,43 0.36
99.70 99.48 98.36 99.39 98.87 98.56
7 19 4 2 8 27

5 7 ] 4 5 10

6 10 41 91 24 16
<10 <10 <10 <10 <10 <10
<0.1 <0.1l 0.4 0.1 0.1 0.1
<1 <1l 71 <1l <1l 2
<1l <l <l <l <1 <l

1 1 1 2 1 1

13 3 600 8 17 1
40 30 40 20 30 30
82 <10 <1¢C <10 <10 <10
<l 2 6 21 5 3

8 8 20 56 13 6
4800 10200 51700 34300 32000 6000
<l 100 2300 800 100 100
170 130 220 420 290 90
43 64 65 44 55 86
<1l <1l <l <1l <1 <1l



Table 4 continued.

sample

MAJOR OXIDES

sio2
Al203
Fe203
FeO
MgO
cao
Naz20
K20
Ti02
P205
Mno
10T
H20~
Fe203t

total
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TRACE ELEMENTS

2397 2398 2399 2400 2401 2404
66.18 58.59 66.89 72.57 72.58 83.20
16.22 19.02 14.65 13.76 13.65 8.09

2.15 1.47 3.99 2.43 2.15 1.65

J.96 5.56 2.79 0.35 0.60 1.23

l1.59 1.64 1.64 0.83 1.13 g.59%9

1.05 0.46 0.67 0.32 0.44 Q.20

1.85 6.47 2.06 1.70 1.50 1.60

3.24 3.44 3.30 2.87 2,72 1.77

0.88 l1.02 1.07 0.68 0.66 0.45

0.30 0.20 0.46 0.12 0.09 0.10

0.14 0.08 0.03 0.01 0.02 0.02

1.81 0.75 1.75 2.62 2.67 1.18

0.24 0.06 0.15 0.16 0.14 0.03

6.55 7.65 7.09 2.82 2.82 3.02
99,61 98.76 99.45 98.42 98.35 100.11

38 28 29 2% 35 14
4 1 1 12 6 3
58 24 80 26 39 40
<1l0 <1l0 <10 <10 <10 <l0

<0.1 <0.1 <0.1 0.2 0.1 0.1

3 <l 1 3 2 2
<l <l <l <l 1 1
1 1 1 1l 1 1

1l 1 1 4 S 2
30 40 30 30 110 30
<10 <l0 <10 <10 <10 <10
15 <1 16 5 3 6
37 51 47 8 7 17
46500 67200 55700 75800 23600 25700
400 500 100 <l 100 200
400 340 530 440 440 130
92 115 49 82 100 79
<l <l <1l <1l <1l <l



Table 4 continued.

sample

MAJOR OXIDES

sio2
Al203
Fe203
FaO
Mgo
cao
Na20
K20
T102
P205
Mno
LOI
H20-
Fe203t

total
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TRACE ELEMENTS

Cu
Pb
Zn
Au
Ag
Mo
Sb
Sn
W

Hg
As
Co
Ni
Fe
Mn
F

Cr
cd

2405 2406 2408 2409 2410 2411
80.63 63.47 69.76 59.04 89.85 68.44
4.36 16.78 13.58 19.71 4.07 15.74
0.71 1.87 5.36 3.44 0.76 2,22
0.40 4.15 1.05 4.65 0.75 3.01
0.20 2.18 l.66 2.06 0.33 1.50
0.25 1.55 0.80 0.50 0.77 0.42
1.29 1.34 1.71 l.30 0.79 l.10
0.72 4.47 2.97 5.10 1.22 3.30
0.15 0.91 0.613 1.08 0.198 0.63
0.21 0.14 0.14 0.21 0.07 0.11
0.05 0.07 0.17 0.09 0.06 0.06
0.46 1.67 1.72 2.34 0.51 2.47
0.26 0.06 0.16 0.07 0.06 0.36
1.16 6.48 6.51] .61 l.59 5.57
99.69 98.66 100.11 99.59 99.43 99,36
27 49 9 88 11 S1

7 5 1l 4 6 5

36 86 74 100 15 60
<10 <10 <10 <10 <10 <10
<0.1 <0.1 <0.1 <0.1 0.1 0.1
3 3 1l 2 <1l <1l

<l <]l <l <l <1l <1l

1 1 3 2 2 1

) 4 1l 1 3 3

30 30 20 70 40 40
<10 <10 <10 <10 <10 <10
4 20 19 26 4 12

S 45 39 43 12 32
7000 52500 32000 67300 11900 42300
300 300 700 400 400 200
120 500 470 490 50 270
73 95 120 94 54 129
<l <l <1l <l <1l <1l



Table 4 continued.

sample 2412 2413 2414 2415 2417 2418
MAJOR OXIDES

5102 86.99 94.42 89.67 52.55 58.50 84,95
Al203 6.45 1.99 4.69 25.93 21.60 6.92
Fe203 0.92 0.39 0.39 1.97 4,52 0.73
FeO l.11 0.66 0.81 2.77 3.13 1.37
MgO 0.46 0.19 0.40 1.96 1.66 0.50
(of-Yo) 0.39 0.18 0.39 0.31 0.20 0.59
Naz20 1l.63 0.52 1.36 0.85 0.73 1.00
K20 1.19 0.42 0.88 7.29 4.11 l1.19
Tio2 0.31 0.10 0.23 0.93 0.90 0,34
P205 0.04 0.01 0.08 0.20 0.13 0.06
Mno 0.03 0.04 0.03 0.04 0.06 0.24
LOI 0.49 0.28 0.44 4.28 2.98 1.00
H20~- 0.16 0.14 0.26 0.29 0.24 0.10
Fe203t 2.15 1.12 1.75 5.05 8.00 2.25
total 100.17 99.34 99.63 99.37 98B.76 98.99
TRACE ELEMENTS

Cu 7 6 9 22 64 12
Pb 4 3 4 6 4 8
Zn 25 11 S3 53 13 25
Au <10 <10 <10 <10 <10 <10
Ag <0.1 0.1 0.1 0.1 <0.1 0.3
Mo <l <1l <l <l <1 1
Sb <l <1 <l <1 <l 3
Sn 2 2 2 2 1 2
w 1 6 11 1 l 2
Hg 20 40 50 60 50 40
As <10 <10 <10 <10 <10 <10
Co 5 3 3 3 13 6
Ni 14 10 1l 9 36 18
Fe 18200 7400 13100 42700 52100 14700
Mn 200 300 100 200 200 1000
F 90 100 100 560 480 170
Cr 109 165 94 52 119 120
cd <1l <1 <l <l <l <}
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Table 4 continued.

sample 2359 23860 2363 2384 2407 2430

MAJOR OXIDES

sio2 42.61 45.39 41.88 42.21 43.35 44.41
Al203 8.72 18.40 13.03 14.83 14.09 11l.00
Fe203 4.94 1.67 3.69 1.83 2.21 2.07
FeO 7.26 10.44 9.28 11.46 10.08 8.68
MgoO 17.53 6.08 7.89 " 8.01 7.56 9.81
Cao 10.42 10.24 15.27 12.36 13.59 15.65
Na20 0.96 2.25 0.87 1.07 0.91 0.68
K20 1.04 0.68 0.29 0.90 1.08 1.15
Ti02 1.93 0.69 2.49 2.52 2.56 2.19
P205 0.30 0.02 0.39 0.33 0.77 0.87
Mno 0.19 0.22 0.87 0.56 0.36 0.20
LOIX 2.38 1.47 1.31 1.47 2.23 l1.61
H20- 0.21 0.29 0.23 0.22 0.07 0.14
Fe203t 13.01 13.27 14.00 14.56 13.41 11.72
total 98.49 97.84 97.49 97.77 98.86 98.46

TRACE ELEMENTS

Cu 62 4 52 138 20 57
Pb 2 3 6 2 2 3
in 32 114 55 45 70 62
Au <l0 <10 <1l0 <10 <1l0 <10
Ag <0.1 <0.1 <0.1 <0.1 0.1 0.1
Mo 2 <l <l <l 2 <}l
Shb <l <1 <1 <1 <l <l
Sn 1 1l 1 1 2 1
W 1 1 7 1 4 5
Hg 350 60 60 70 40 280
As <10 <10 <10 18 <10 <1l0
Co 30 21 31 58 26 24
Ni 189 45 108 284 121 129
Fe 56000 65800 55200 63300 75300 62100
Mn 400 1000 3000 1900 1700 %00
F 430 980 740 820 1600 3800
Cr 660 78 370 290 280 300

ca <l <]l <1l <1 <1 <l



Table 4 continued.

sanple

MAJOR OXIDES

sio2

Al203
Fe203

Fea0
Mgo
cao
Naz20
K20
Tio2
P205
Mno
LOX
H20-

Fe203

total

TRACE ELEMENTS

Ccu
Pb
Zn
Au
Ag
Mo
Sb
Sn
w

Hg
As
Co
Ni
Fe
Mn
F

Cr
cd

2441 4630
45,39 43.75
13.47 13.18

2.35 1.76

8.35 9.73

7.37 8.66
13.92 12.83

1.96 1.59

0.86 1.17

2.98 2.98

1.07 0.84

0.17 0.19

1.39 1.52

0.31 0.03
10.70 12.57
99.59 98.23

22 139
4 3
43 38
<lo0 <10

<0.1 0.1

<1l <1l
<l <l

1 1

1 1

90 150
<10 <10
13 19
27 46
45900 58100
700 900
1400 660
69 32
<l <l
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Table 5.

\,07

MnO'&-
14

Major oxide data for amphibolites from Gilmore

Dome.

20
18+
16

14+
Al,03)4]
10—

13 -
12 -
Fed" 2 ]
10

18

14 —
CaO 12

10 A

18 ~
18

14
MgO 12

| D S U I |

Na20

43

47

48
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Table 7. Correlation coefficients for unaltered Gilmore Dome rocks.

cu
PB
ZN
MO
58

SH

HG

AS 0.73005
63

F 0.47892
61

only values greater than 0.45000 ara shown
number of samples listed below each coefficient

SN

HG AS F
0.47892
61
0.73005
63

691
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Table 8. Average crustal abundance of trace elements.

Element Basalt Granite  Shale Limestone
Ag 0.1 .04 .05 1

As 0.1 .04 .05 2.5
Au 0.004 0.004 0.004 0.005
Cu 100 10 50 15

F 400 735 - 740 330
Hg 0.08 0.08 0.5 0,05
Mo 1 2 3 1

Pb 5 20 20 -

Sb 0.2 0.2 1 -—

Sn 1l 3 4 4

W 1 2 2 0.5
Zn 150 180 160 25
all values in ppm, == indicates no data available.

Data from Levinson, 1974.



