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ABSTRACT

A small batholith (56 mi) outt:rops approximately 94
miles northeast of Fairbanks. Iloccun: in a historically rich
area for placer gold. Additionally, placer tin has been
recorded in the creeks lhat now through or adjacent to lhe
batholith.

As determined from macrocrystalHne textures, modal
analysis, mlneralogy and potassium-aJgon age dates, me
batholith was formed from two separate intruSives. which
are referred to as the Circle HOI. Springs and !.he Two-bit
plutons, 57 and 70 m.y. old respectively. Evidencesuggests
that the diversity of rocks seen within each pluton could be
aresultof fractional crystallizalion from two parentmagmas
thatoriginatedCromcloselyassociatedsoun::es. lntheCircle
Hot Springs pluton.. tin mineralization was found in greisen
and less altered inausive rock hosted within the btotite
syenogranite.
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I. INTRODUCTION

Regional Setting

In east-central Alaska the Yukon-Tanana Upland
extends from the Yukon to the Tanana River. Large-scale
suuctural features mm the northern and southern upland
edges and are Icoown respcah-ely as the Tuuina and Denali
right i=I faul. sysu:ms (A1ciniJcoff and o<h=, 1981).

The upland coosisls largely ofP!=lmbrian rompletdy
defonned 10911- to high-grade metamorphic terrane that has
been intruded by Mesozoic and Tertiary plutorlS (Aleinikoff
and Olhers. 1981), (Fig. 1). This study focuses on the
geology of two upland plutons.

In previous literature these two plutons have been
referred to as a single, undifferentiated intrusion which has
been called the Ketchem Dome.CircleorCircle HotSprings
pluton. In this report, these two plutons will be ooUectively
referred to as the Circle inuusive complex which is com.
posed of the Circle Hot Springs (CHS) and the '"Two-bit"
plutons (named a.fterTwo-bit Creek) (Fig. 2). Additionally.
reference will be made to"3165 Knob" which isa prominent
hill in the western portion of the Two-bit pluton (Fig. 2).

Location and Local GeoioD'

The arcle inrrusive compb 0UlCrtlpS approximarcly
94 miles nortbeast ofFairbanks near mile 114 on the Steese
Highway (Fig. 2). The intrusive bodies form an inegular,
elliptical shapeand lie (NW-S Edi=tioo)-8and parallel
to the Tintina fault zone (Fig. 1). The to<aJ uposcd area of
thecompiex is 56squaremiles. Intrusivecontacts to lheeast.
west and south areagainslmctamorpbic rocks. In yearspast
the metamorphic sequence in the area has been called the
Bin:h Cred: Schist (Mertie. 1937). The country rocks
adjacent to the intrusive bodiesare mostlycomposed ofgrey,
mica quartzites, quanz·mica schists, feldspathic quartzites
and quanzo-feldspathic schists with minor hornfels present
neat intrusive contaas in a few areas. ChIori1ic schist..
gamc:t.iferous chlorite schist and calcareous sc.bist also
occur. Mar.ac dikc::s, aplite and pegmatite dikes predomi.
nately occur in the inuusive complex but are occasicoaJ.ly
found nearby in the SChisL

Pbysiorrapbic: Features

The elevatioo around the Circle intrusive complex
ranges from 1.000 feet to 4,CXXl feet above sea levd. With
an average annual JRCipitation of 8-12 i.oches in addition
to the long, dark, cold wiot= (35 to.6lJ degreesFaIuenheit)
and the short, n:lative1y warm (liO to 1IOdegrees Fa1=lheit)
summers. the area is equivalent to subarctic desert
(Wahrhaftig, 1965). The region is thought to have been
glaciated (Florence Weber, pers. camm.) but due to uplift
and erosion the streams and low lying areas lack a manl1e
of deep, glacial overburden. Discontinuous pennafrost
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underlies mosl or the region. Glaciation, (Aormce Weber,
pcB. comm.) in addition to the combined erosional effects
of solifluction. snow-pateh erosioo and altiplanation have
resulted in smooth, flat ridges with adjoining elongated
spun (Mertie. 1930) (pill.. I).

Location orcb~ Cird~Mining District

The Circle inausive complex lies within the Circle
miningdisaict. The tmn "circle" originated from theareas'
close proximity to the Arctic Circle. Menie and ocher e3J'ly
workers referrtd to the Cin::le disaict. the Birch Creek
district. the Eagle-Circle disuict, the Circle mining district,
and the Birch Creek mining district. The new frontier terms
were loosely used todescribeareas that had not been legally
defmed (Ransome and Kerns. 1954). Consequently, it is
easy to become confused as 10 what was meant in terms of
specific boundaries or when various names were used
synonymously for the same a=.

For this report, based on the composite work of J.B.
Mertie (1930, 1937) and Ransome and Kerns (1954). the
areaoftheCirciemining districl will bedefmed as that which
is bounded on the east, west and south by Birch Creek and
00 the north by Pon:upine and Crooked Creeks (Fig. 3).

Pr~,.iousStudif:5

Gold MiMraJizoJion

The first discovery ofplacer gold in the area was made
by two Russians, Pilkaand Sorresco. in 1893 on Birch Creek
(Mertie. 1937). Gold was discovered 011 manyoftheen:e1cs
in the Birch Creek drainage net the foUowing year (Menie,
1931). Many of the gold producing aee1es cut through or
Oow in close prorimity to the Circle intrusive complex.
According to Mertie, "the gold o~ have originated as a
phase of granitic intrusion; and that therefore where bodies
of granitic rocks are found the conditions in general are
favorable forme occurrence ofgold". (Merrie, 1930). II was
his belief that some or aU of the intrusives CXJX)SCd in the
Yukon·Tanana Upland if followed down to great depth
wooId cooncct into one large body (Mertie, 1930). Current
warkcts are exploring new theories as to the origin of the
gold. Pla1e 0 shows some of the larger gold nuggets that
have been mined on Deadwood Cn:ek along with the placer
mining openuion.

Till and TJUlgstUi MiMroliuJlilJlI

In 1908, wolframire (a manganc:se.iron blngswe) was
firsl identified in the gold placer eoocentrales of Deadwood
Creel: Qobnson, 1910). Figute 4 is a generalized rompiJa.
bon ofoccum:nces of tin and tungsten in or near the Circle
inuusive complex. Table I is a summary of these occur.
rences with references. This compilation orLin and tungsten
occurrences suggests that mineralization is more prevalent
near the conl.3Ct areas. Plate III shows a JX>lished section of
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Plate 1

A.looklng northeast from the headwaters of Deadwood Creek.

B.lntruslve (I}contactwlth schist (s)Jusl soulh of the Portage Creek headwaters.
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Plate II

A. Placer gold mined on Deadwood Creek In 1984.

B. Placer mining operation on Deadwood Creek (Photos by R.H. Wilkinson).
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Table 1.

References and Brier Summaries of Tin and Tungsten Occurrences in the
Area ortbe Circle Intrusive Complex (seerig.4)

(listed in alphabetical order by creek.)

Bedrock Creek

Boulder Creek

Deadwood Creek

Scheelite in granite sample, (Berg and Cobb, 1967). Granite bedrock contained 10% monazite and
a trace of scheelite (Nelson and others, 1954).

Minor cassiterite and scheelite found in quartz and schist cobbles; anomalous amounts of tin and
tungsten found in granite sample (20 ppm-So, 22ppm·W); heavy concentrations ofcassiterite found
in placer gravels (Barker. 1979).

Wolframite vein discovered (Brooks, 1909). AbWldant placer cassiterite and wolframite found
(Brooks. 1910; Hess, 1912; Prindle, 1913; Wedow and others, 1952). Wolframite shipped for
processing (Brooks. 1918). Quartz and mica wolframite placers and cassiterite placers found
upstream of Switch Creek; none found in Switch Creek (Mertle, 1938).
Small amOlUlts of placer scheelite found (Joesting, 1942). Schist and granite samples contain
cassiterite, scheelite and wolframite (Nelson and others, 1954).

Half Dollar Creek Abundant cassiterite and a fair amount of scheelite in placers (Joesting, 1943). Granite samples
contain scheelite (Nelson and others, 1954).

Hot Springs Creek Scheelite present (Wedow and others, 1954).

Independence Creek Placer gravels contain cassiterite, scheelite and wolframite (Nelson and others, 1954).

Ketchem Creek

Mammoth Creek

Mastodon Creek

North Fork of
Harrison Creek

Porcupine Creek.

Ponage Creek

Placer scheelite and cassiterite present (Wedow and others, 1954).

Presence of scheelite in granite talus (Nelson and others, 1954).

Scarce placer cassiterite (Joesting, 1942).

ScaTce placer cassiterite (Joesting, 1942).

Some cassiterite in placer concentrates (Mertie, 1938).

Common cassiterite in placers (Joesting, 1942). Granite bedrock. and placer concentrales conlain
cassiterite, scheelite and wolframite (Nelson and others, 1954).
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Plate III

A.A polished section containing Deadwood Creek
plaeartln (1.25 Inch Ring Form).

B. A single grain ot Deadwood Creek placer tin.
Photo taken In normal Incident light, width of field

1750mlcrons.

Deadwood Creek tin placer and a photograph of one grain
of placer lin.

Pre\'ious Geologic Mapping
The most com prehensi ve early geologic publicationson

Alaska's inLCrior were wriltcn by J.B. Mcrtie in 1930 and
1937 tilled, "Geology of Lhe Eagle-Circle District. Alaska"
and "The Yukon-Tanana Region. Alaska". CurrenLly, the
only geologic map available of lhe Circle quadrangle is at
the 1:250,000 scale and can be found in the U.S.G.S. open·
filereport83-170A (Foster and others. 1983). The U.S.G.S.
open·file report83- I70B (Menzieand others, 1983)ouLl ines
descriptive and grode·tonnage models of deposiltypes that
may occur in the Circle quadrangle and can provide addi
tiorul references. This study will focus on the geology of
the Circle intrusive complex and the relationship between
tin mincra.lization and the intrusIve lxxIies.

B

II. SAMPLE COLLECTION

Accessibility and Sample Location
Most of lheCircle intrusive complex is accessible from

mid-June through mid-September by dirt roads (Fig. 2). The
majority of rock samples were collected from available
rubb1cerop. 1ne exposed rubblecrop occurs on ridges or in
strearn-cut valleys with long, genLly sloping tundra covered
hills in between. Due LO the lack of outcrop, vinually all
contact relations are based on rubbleerop exposures (plale
I-B). Thereforeall theconlacts between me intrusive bodies
and the metamorphics are inferred (Fig. 2). For all the
following figures these inferred conlaCts will be shown in
solid lines. Minor roof pendants will not always be shown
in the following figures.

In the Circle Hot Springs pluton, intrusive spires occur
at the head of Bedrock Creek. on a ridge just cast of Boulder
Creek (see Appendix A-I, Sample KM74), on Deadwood
Creek neat the Switch Creek connucnce and in the area
adjaccnt to Holdem and Ketchem Creeks (Fig. 2). Plate IV
A shows a Boulder Creek intrusive spire. The least acces·
sible ponions of the Circle Hot Springs pluton include the
Bedrock Creek spires and the rubblecrop exposed in me
eaSLCrn end (Fig. 2).

In the Two-bit pluton most of the samples were col
lected from continuous rubblecrop that is weIJ exposed along
the main din road (Fig. 2). Striking intrusive spires outcrop
near the connuence ofHalf Dollar Creek and Bouom Dollar
Creek (plate IV-B). The least accessible portions of the
plulOn include the area adjacem to 3165 Knob and lhe
east.em end (Fig. 2). A sample location map shows the areal
distribution of samples that were collected (Fig. 5). The
sample site locution figures are in Appendix A-I lhrough A
5,

Ill. METIIODS OF ANALYSIS

MacrocrystallineTeXlural Variation Analysis
The samples selected for analysis are representative of

the main intrusive phases (i.e. biotiLC syenogranite). Minor
intrusive phases (apliLC and mafic dikes) are net used. The
feldspar and quam. crystals of each rock sample were
measured in millimeters (mm) with the use of a hand lens
and a binocular microscope. These crystal measurements
were categorized under three headings; large quartz crystals.
large feldspar crystals and groundmass. The measuremCnlS
from this study are listed in Appendix B.

Due totheinherent variationofcrystal sizes in any given
specimen. size mnges of the maximum crysla.llength were
recorded. For example. if a sample had five large feldspars.



PlatelV

A. A Boulder Creek intrusive spire. Boulder Creek Is toward lhewest,localed
in the lower rig ht of t he photograph.

B.lntruslve spires are located just west of the confluence of Half Dollar and Botlom
Dollar Creeks on the north side of the road.
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Figure S. Study area showing locations of enlarged maps.
(See Appendix A-1 through A-S, P.57)

each was measuredand the resultantrangewas recorded (20
30 mm).

In addition to the measurements of size ranges, the
volumetric percentages of each crystal category was esti
mared for 72 of the 104 samples by visual estimation and
modal point-<:ount methods. For example, the sample KM
147 was found to have zero percent largequanzcrystals, two
percent large feldspars and 98 percent groundmass.

Modal Analysis

Ninety-nine representative rock samples were selected
for modal point-count analysis. The rocks were cut with a
Pistorius cut-off saw using a 14" Buehler diamond blade.
Each slabbed surface was then ground flat using 120 grit to
remove saw marks and rough edges. The slabs were then
placed on aluminum foil on a hot plate set at approximately
350 degrees fahrenheit. A thin layer of epoxy was spread
across the slabs to fill all cracks, large and small. After the
epoxy hardened, a 220 grit was used to polish off any
residual epoxy. The slabs were then polished down to 600
grit using 220 and 400 as intennediate grits. Next. the slabs
were stained using the accepted techniques. These proce
dures are discussed by Meade B. Norman II in an article
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titled. "Improved Techniques for Selective Staining of
Feldspar and Other Minerals Using Amaranth" (1974).

In modal analysis. a clear, acetate grid is placed over
arock slabor thinsection that has beencolorstained to define
potassium feldspar (yellow) from plagioclase (red). Point
counting issimplycounting how many pointsofplagioclase,
potassium feldspar, quartz and mafics there are in a given
sample using a grid as a point guide. This data can be used
to detennine the volumetric percentages of the counted
minerals in each specimen which can be used to determine
the composition of the rock.

There is an important relationship between the number
of points counted and the accuracy of the point-<:ounting
results. The number of points obtained on a given sample
is a result of the size of grid used and the area of the sample
counted. According to Van der Plas and Tobi (1965), the
chosen distance between points should be greater than the
largest grain encountered in a given specimen.

The Circle intrusive complex is composed primarily of
medium.grained rocks containing medium to large phenoc
rysts. In the Two-bit pluton, the largest grains range in size



• from 20-47 mm. Becauseonly afewpoimscouldbecounted
on most of the ro::ks. a high maximum error of estimate,
given a 95 percent confidence level would resulL

To circumvent mis problem it was necessary to come
up with a separate procedure for point-counting the samples
with large potassium feldspar phenocrysts. The grid sizes
used were I, 3 and 5 mm for the groundmass, and 15. 30
and 45 mm for the phenocrysts. The procedure is exempli
fied in Appendix C.

Statistical Reliability Study Sumnulry
Two samples were point-counted. onc from the Circle

Hot Springs pluton (a medium-grained sample) and one
from the Two-bit plumn (a medium-grained samplecontain
ing large phenocrysts). Each sample was poim-counted
three times per day on four separate days. Using these 12
point-<:ounts for each specimen. the means and standard
deviations were calculated for lhe percentages of plagio
clase. potassium feldspar and quartz.

Given lhat315 points were counted for sample SM241
(from meeRS pluton) in95 cases OUlOr 100 lhe aue volume
percentages for plagioclase will lie between 48.58 percent
and 28.58 percent, 43.87 percent and 19.79 percent for
potassium feldspar and between 33.5 percent and 26.5
percent for quartz.

Given that 175 points were COtmted for sample SM76
C (Two-bit pluton). in 95 cases out of 100 the hUe volume
percemages for plagioclase will lie between 15.96 percent
and 10.2 percent, 56.91 percent and 45.59 percent for
potassium feldspar and between 40.26 percent and 31.06
percent for quartz.

The large standard deviation is in part due to the low
number of total points counted. The low number of total
points counted is due to the coarse size of the grains in the
samples. In order to decrease the standard deviation of the
mineral percentages in each sample, larger areas of sample
would have to be counted.

Geochemical Analysis

Whole·rock

Fourteen samples were prepared and analyzed for the
major oxides. These results are listed in Appendix D. SiOz'
Alp).Fep), MgO. CaO. NazO, Kp,TiOz' PzOs' MnO and
FCz0JT were analyzed by x·ray fluorescence at the Division
of Geological and Geophysical Survey's (ADGGS) state
laboratory located at the University of Alaska in Fairbanks.
FeO was analyzed by titration methods using the hy
drofluoric acid decomposition leChnique (Johnson and
Maxwell,1981). CIPWnorms werealsodeterminedandare
listed in Appendix D.
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Tract-elemenl

Eighteen samples were sent to the Bondar·C1egg labo
ratory in Vancouver, British Columbia. Canada for traee
element analysis. Beryllium and lithium were analyzed
using atomic absorption methods with lower detection Limits
of 0.5 and 1 ppm respectively. Fluorine was analyzed using
the specific ion electrode method with a lower detection
limit of 20 ppm. Tungsten was analyzed using the colori
metric method with a deleCtion limit of2 ppm. Both tin and
rubidium were analyzed using x-ray fluorescence with lower
detection limilsofl ppm. Boronwasanalyzedusingadirect
current plasma atomic emission spectrometer with a lower
detection limit of 10 ppm. These trace element results are
listed in Appendix E-1.

Fourteen samples were prepared and analyzed for Pb,
Au, Ag, Mo, Sb, As, Cu, Zn, Co, Ni. Fe. Mn. and Cr in the
ADGGS lab, Fairbanks. Alaska. Pb. Au. Ag, Mo, Sb, and
As were analyzed using atomic absorption. Cu, Zn. Co, Ni,
Fe. Mn. and Cr were analyzed using an inductively coupled
plasmaatomic emission spectrometer (Beckman rcp 2500).
These traee.element analyses and the detection limiLS are
listed in Appendix E-2.

Geochronology

Seven potassium-argon (K·Ar) ages were determined
at the Alaska Cooperative Geochronology laboratory.
Geophysical Institute in Fairbanks, Alaska. Thecalculation
constants used are as foUows:

K
capwre

=0.581 x 10-10 yro1

Beta decay = 4.962 x 10-10 yr-l

"'KIK" = 1.167 x 10
4

mol ""KJK,.
The K·Ar analytical data results are presented in Sec

tion V.

IV. ANALYSIS OF

MACROCRYSTALLINE TEXTURES

The purpose of this section is to examine the macro
scopic igneous textures of the Circle intrusive complex.
Since field relations are difficult to unravel in an area with
little exposure, the scauered piecesofrubblecrop provide the
only key to unlocking the history of the igneous rock.
Invaluable information will always be provided by the
uncrushed or undissolved field specimen.

Increasingly evident in geologic literature is the re
ported occurrences of particular macrotexturcs thal appear
to be coincidental with mineralization. It is therefore



becoming a growing necessity for workers to state briefly
what textural set of standards they used. In this way,
comparisons among intrusive rocks by various workers, can
be made with a higher degree ofaccuracy. Standardization
is difficult to achieve with the complex diversity that occurs
in natural systems. Some standardized formats are either
oversimplified, others cumbersome and biased, with the end
result concealing imponam textural relationships. Com
monly, thereareseveral textural classifications that workers
may select These. combined with the various igneous rock
classifications available, make it evident that one
individual's subhedral, porphyritic biotite granite is
another's equigranular, quartz monzonite porphyry. Until
everyone subscribes to the same set of descriptive guide
lines, it is very imponant to defme the fonnat which is being
used for textural and rock classifications.

In this study, the analysis of macrocrystalline igneous
textures provided the flr.;t clue that two texturally dissimilar
bodies composed one larger body. This led to replotting
modal data and plotting other chemical parameters to see if
these two bodies were compositionally different The main
discovery was that commonly used textural terminology
obscured textural differences between two plutons having
different compositions and crystallization histories.

BatesandJackson(1980) defme texwreas, "thegeneral
physical appearance or character of a rock, including the
geometric aspects of, and the mutual relations among, its
component particles or crystals." In igneous rocks, textural
terms should describe, "the crystallinity, granularity, and
fabric of the constituent elements," (Bates and Jackson,
1980). Hyndman (1972) states, "The granularity or grain
size,ofa rock: is governed by the rate ofcooling, composition
and viscosity of the magma, number of crystal nuclei and
movement of the magma." These processes that govern
grain size provide direct evidence for the origin or petro
genesis of the rock (Hyndman, 1972). Therefore, since
textures provide evidence of the petrogenesis of a rock,
descriptive textural tenns should distinguish between rocks
that are petrogenetically different.

Some widely used textural terms include prophyritic,
aphanitic, phaneritic, fine-grained, medium-grained, and
coarse-grained. According to Cox, BeU and others (1976),
iflargecrystals (phenocrysts) are set in a finergrained matrix
(groundmass) the rock has porphyritic texture. Hyndman
(1972) states that aphanitic rocksare those in which the grain
sizes are too small to see and phaneritic rocks are those with
visible coarser grains. He has further subdivided phaneritic
rocks on the basis of grain size:

Fine-grained: less than I mm 10 aphanitic

Medium-grained: I to 5 mm

12

Coarse-grained: greater than 5 mm

According to these definitions most of the Circle intru
sive rocks could be described as medium·grained porphy
ritic rocks. This also implies that mostof the intrusive rocks
have the same general appearance, composition and condi
tions of crystaUization. Analysis of the macrocrystalline
textures of 104 rock samples has shown that there arc
specific differences among groups of rocks. In addition,
these groups of rocks have been found to differ in compo
sition, appearance, age and geographic extent.

Shown in Plate V are three hand samples that could be
described as medium-grained, porphyritic biotite granites.
On closer examination, the rock in the middle and bottom
photo has consistently larger feldspar phenocrysts set in a
slightly larger grained groundmass (although stiU medium·
grained by Hyndman's defmition). Are the differences in
size of feldspar phenocrysts, between the top photo and
middle and bottom photos imponant enough, in terms of
petrogenesis to distinguish by descriptive textural tenns? If
the rocks are described as being porphyritic biotite granites,
this implies they are petrogenetically similar. In fact, the top
photo shows a 57 miUion year old syenogranite and the
middle and bottom photos are of 70 million year old
monzogranites. To answer the posed question, "Yes, the
differences in the size of the large feldspar phenocrysts
provide an important clue to rocks that have a different
composition, cooling history and. in this case, age". There
fore distinguishing textural terms should be used to describe
these rocks.

Textural Terms: Redefined (or Ihe Circle Inlrusive
Complex

Porphyn'tic versus Mediophyric and Megaphyric

To detennine if the macrocrystalline measurements
(Appendix B) show any textural trends, a simple plot was
devised. In Figure 6 the large feldspar values were ploued
against the size of the groundmass to detennine if any
obvious groupings of rocks with similar textures resulted.
This particular plot was chosen because the measurements
of the large feldspars and the groundmass grainsare the most
straightforward and can be easily reproduced.

The plot shows that some samples do not have large
feldspars. These rocks became Group A. A few samples
have groundmass grains that are one to less than one mm.
These rocks became Group B. 1be C and DGroup division
was less readily apparent and familiarity with the samples
aided in setting the resultant boundary. For example, in the
area of Nugget Gulch, Bottom Dollar Creek and part of
Portage Creek, the large feldspars increased notably in size
(20-47 mm). Other areas, including Deadwood Creek and
Boulder Creek, had rocks with smaller, large feldspars (5·
17 mm). In Figure 6, the boundary is drawn between 17 and

•



PlateV

A. A 57 m.y. old syenogranlt (see p. 21 for plutonic
rock classification).

B. and C. 70 m.y. old monzogranites.
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20 mm to parate th two group . The C Group samples
share a similar groundmass size with the D Group samples
but th D r have consistenlly larger feldspars.

In Figure 7. Group A. B, C and D were plotted by
sample loca.Lion 10 d lermin if they represented any re
gional lC wraJ uen aero the plulonic complex. Figure
7 ho that th pred minant texture in the northern lobe
ofth compl i GroupC. The predominant texture in mo
of th uthem lobe of th complex is Group D. Group A
apparently rep an inlnJSive contact border phase.
Group B rep nlS a mall area of local variation.

Th din; nee between Group C and Group D is pri
marily in th ire of th larg feldspars. In current textural
lCnninology. th group ould be lumped together and
described medium-grained paphyritic rocks. Thi is a
tru • g raJ riplion but on closer examination the
lCxmral dif(i ten between Groups C and D provide
important insight to com 'donal variation aero the
plUlOffiC mpl

Figure created a resull of the Group C and D
lCxmral tren ithermodal point<ounlwork nor whole-
rock geochemistry sugge ted such a clear-.eut difIerence

tween the northern and southern lobes of this complex. It
w th major te tural trend (Fig. 7) lhal keynoted the

ibility ofc mpo 'lional differences between the nonh
ern and uth mI. Figure 8 hows Ihe modal compo
ilion ofthe nonhern I be rocks 10 be more potassic whereas

the southern I are less potassic and richer in the
plagioclase componenL

Other plots were devised to further analyze the differ
ence between lhe two intru ive lobes. Rubidium is a trace
element that i imilar to potassium and will extensively
replace pows ium in the micas and feldspars. In Figure 8.
the northern lobe i hown to be morepotassium rich. Hence.
rubidium valu hould be higher here. Figw-e 9-A show
that the northern lobe h distinctly higher rubidium values
than the uthern lobe.

The djfferenti tion index values of 14 rocks from the
batholith wer d termined. According to Bates and Jackson
(19 0), the din renliation index expresses the extent to
which a magma has differentiated, and itrepresen the urn
of th weight percentage or normative kalsilite, nepheline.
leucite,a1bile orth I e,andquartz. Figure9-B howstbal
th northern I h higherdirrerentiationIDde valu than
the uLhem 10 . Because the sampL are sparse this
diagram' only ugge Live thal northern and southern areas
are compo luonaUy differenL

In ddi' n. Figure 9-C show a plOl of tin anal for
th same mpl used in plotting Figure 9-A. This is an
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Figure 6. Textural variation at 104 rocks from the Circle intrusive complex. For each sample, the

size of 1he largest feldspar and the size of the largest crystal in the llroundmass was plotted.

Each of the four groups represents rock samples that share textural similarities. The division

between Groups C and D Is based on field observations.

Matrix, 1-04 mm
No large feldspars

~
~

Explanation

Group B till Matrix, 1-< 1mm

Laroe feldlllpar., 5-20 mm

Group C [?21 Matrix, 2-5 mm
Laroe feldspars, 5-17 mm

Group 0 Matrix 2-8 mm
Large feldspar., 20-047 mm

-..~~" Extent of known textural data

Group A

Figure 7. Geographic locations of four distinct textures that compose the
Circle intrusive complex.
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The modal analys.s Indicate. th.t the
tllan tile soutll.rn lob••

EXPLANATlON

• Semple looatlon In the Circle Hot Springs
pluton

o Sample location In I • Two-bit pluton

Flgur. 8. Shown above Is the location of

samples us.d for oda' analysis In

the Circle Hot Springs and Two-bll

Potassium plutons. Also shown (left) is a
FeldsparL.- Plagioclase variation diagram Ith eaoh

sa pie's odal oomposl Ion plotted.
northern lobe of Ihe batholith Is generally higher In potassIum

interpretive diagram but the genera1lJ'CDds indicate low tin
values in the so them areas and higher lin values in the
oonhc:m meas. Based on the genemllJ'CDds of these chemi
cal parameters (modal composition, traee~Jement and
differentialion index), itappears that there isacompositional
difference between thenorthern and soulbcm intrusive lobes
of the complex.

The "size" of the large feldspars provides the first and
most readily available clue that !.he nonhero and southern
intrUSive lobes are diffemtt It would be too general to
describe all !.he rocks from both lobes as "pOJpbyritic". For
this sbldy, the term porphyritic will be redefined for the
Circle intrusive complex as follows: Any rock with large
feldspars (phenocrysts) thaI.range in size &om 5-17 mm will
be described as mediopbyric. Rocks with large feldspars of
me size range 20-47 mm will be called megapbyric.

The Importance oUhe Volume Percentage oltbe

Lar e Feldspars

A rock containing threepucent large feldspars has a
different appearance than a specimen containing 40 percent
large feldspars. They "look" so different tba1 is does not
seem correct to desaibe them wilh the same textural renn.
To some workers, the tenn •porphyry, would be used to
describe a rock with a greater percentage of large feldspars
and a rock with less would be described as 'porphyritic'. Is
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the number of large feldspars contained in a .specimen
important in providing clues 10 the perogenesis of the
specimen? Should there be textunll tenns to distinguish
between arockcontaining one percent large feldspars versus
arock thatconlains50percem large feldspars? Ithas alreadY
been suggested that based on textural trends and chemical
parameters, two intrusive bodiescompose thebatholilh. The
purpose of this section is to determine if the percentage of
large feldspars across the complex provides additional
evidence that two plutons exist For example, do lbe rocks
in the nonhem lobe consistently contain ten percent large
feldspars venus the rocks of the southern lobe that may
co . tently contain 40 percent large feldspms? If so, tex
IUI'a1 terms should be used to distinguish between the pet
rogeneticaDy different suites of rocks.

Based on the volume percentages of 72 samples
(Appendix B), four divisions were formed. These divi-
. ns consisted of the followiog; samples with no large

feldspars. samples with 1-10 percent large feldspals II 0
percent feldspars. and those with greater than 40 percent
feldspars. These divisions were determined by listing the
volume dam and choo ing the pelCellrage groupings by
vi ua1 estimation.

In Figure 10 the samples within me four large feldspar
divisions were plotted on the sample site locations. Figure
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Figure 9. The maps show the location of samples with their

corresponding rubidium. differentiation index and tin values
plotted. The range of values suggest that the batholith Is
composed of two compositionally different intrusives.

16



10 shows that although rocks containing one to ten percent
large feldspars somewhat conespond to the northern lobe.
discrepancies and variations occur that impair a clear trend.
Lackofdata makes it difficult to determine textural relation
ships in the northern lobe. Rocks containing 11-40 percent
large feldspars appear to correspond to the southern lobe.

Several problems are inherent in a volume-percentage
study of the large feldspars. There are exttaneous variables
thatdirectly affect thepercentage oflarge feldspar recorded.
One factor is the amount of sample available at each site.
The final percentage of large feldspars measured is directly
related to the amount of sample obtained. This amount
varies from site to site depending on outcrop availability and
accessibility. Also. the fewer the points that are available
on a rock slab to point-count, the greater the error in the final
volume proportions.

Based on the variation of large feldspar percentages in
the rocks of the northern lobe. in conjunction with sample
collection and modal point-count error, it is not clear that
volumetric percentages of the large feldspars provide ready
cIues to the petrogenesisofa given specimen. For this study,
textural terms will not be used to distinguish between rocks

Percenlage Of large
Feldepara

G) No large 'eldepare

~ 1-10

.11-.. 0

0> .. 0

that fall into one of the four divisions shown in Figure 10.

Groundmass: Fine-grained,Medium-grained and
Coarse-grained

On the basis of macrocrystalline measurements (Ap
pendix B), the matrix or groundmass of most of the Circle
plutonic rocks range from 2-6 mm, a few specimens have
a matrix of 1 to less-than-l mm, and only a very few have
a matrix of greater than 6 mm. With these measurements
as criteria, the following groundmass grain-size sub
divisions are defined for the Circle intrusive rocks:

Fine-grained: 1 mm to aphanitic

Medium-grained: greater-than-l mm to 6 mm

Coarse-grained: greater-than-6 mm

This classification closely resembles Hyndmans' sub
division of phaneritic rocks (1972).

Groundmass: Equigranular Versus Subequigranular

An equigranular groundmass is composed of equant
crystals. In many of the Circle intrusive rocks the minerals

Figure 10. Map shows geographic distribution of the large feldspars.
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in the groundmass reflect differential growth rates that
appear to be consistent and specific 10 each mineral. For
example, in many samples the quartz grainsareconsistently
smaller than the feldspars. The potassium feldspar typically
grows larger than the plagioclase and often occurs in twO
distinct grain sizes within the groundmass. It is important
10 note that each mineral is fairly equal in size to other
minerals of the same composition. Quartz is equigranular
with respect to other quartz crystals. But quartz crystals
within the groundmass are not often equigranuJar with
respect to the potaSSiwn feldsparorplagioclasecrystals. To
descnbe Ute rocks with Utese characteristics, the term
"subequigranular" is used.

Large Quartz Crystals: Phenocryst Versus
Groundmass

Exactly how large a cryslal must be, relative 10 the
groundmass to be considered a phenocryst is largely based
on personal opinion. One convention followed is that a
crystal must be approximately ten times the size of the
groundmass to be called a phenocryst

Many of the Circle intrusive rocks have large subhedral
to euhedral quartz crystals. They are generally 14 mm
larger than the groundmass but three to four times smaller
than the large feldspars that occupy the same rock (Fig. II).
They are defutitely not ten times the sizeofthe groundmass.
Are they phenocrysts ex are they part of the groundmass?
Since these quartz crystals do not seem to be pan of the
groundmass and are not large enough to be called phenoc
rysts they are ignored by textural classifations currently in
use.

Figure 12shows that the large, subhedral quanzcrystals
are consistently bigger in the southern lobe of the batholith.
There appears to be a direct relationship between the size
of the large feldspars and the sizeof the large quartz crystals.
It has already been established that it is important to distin
guish between the size of the large feldspars (Fig. 6, Group
C and D). Based on this proportiooaJ relationship between
the largequanz and feldspar it is not necessary to distinguish
the quartz texturally.

Summary

Macroscopic textures provide the fU'Sl clues to the
penogenesis ofa rock and descriptive textural terms should
distinguish between rocks that are significantlydifferent. In
the Circle intrusive complex, the size of the feldspar phe
nocrysts provides the fIrst clue that two, dissimilar intrusive
bodies compose me balholith. Contemporary lextwa! ter
minology can effectively obscure these important differ
ences due to oversimplification. For this study, 'mediophy
ric' and 'megaphyric' textures are defined for the Circle
intrusive complex and texturally describe rocks which are
also different in composition, gcogmphic extent and age.
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V. GEOCHRONOLOGY

Potassium-argon (K-Ar) radiomeaic ages were deter·
mined for six samples of biotite and one sample of white
mica from the Circle intrusives. Figure 13 shows the
locations of the samples tllitcd and the analytical dat.:l..
Macrocrystalline textural variations wcre the flCSt clue that
twO plutons composed the bamolith. Modal analysis. whole
rock and trace-elemem data suppons this hypothcsis.
Finally, K-Ar age dates confmn it.

Fourage dates ranging from 56.35 ± 1.69t057.75± 1.73
million yean were detern'lined for samples from the Circle
Hot Springs pluton. One age of 54.17 ± 1.63 million years
wasobtained for an aplite dike crosscut by a tounnaline rich
veinlet. K-Ardatesof69.71 ±2.09 and 70.92±2.13 million
years weredetennined for samples from the Two-bit pluton.
Deuteric alttzation of the biotites make it difficult to date
rocks in the western portion of the Two-bit pluton. The
association ofthese K-At ages to rock types and crossculli ng
relationships will be discussed in the following section.
According to Wilson and others (1985), based on a campi
lationofmetamorphicand plutonic K-Arages of the Yukon
Tanana Upland, it is doubtful that thcre have been any
regional thermal metamorphic events with enough heat to
reset the K-Ar ages of the Circle intruSive complex. There
fore, since crystallization of the plutons, the temperotme of
the surrounding metamorphics probably did not exceed the
biotite blocking tempcnture for argon.

VI. ROCK TYPES

The purpose of this section is to describe the rocks of
the Circle intrusive complex. Each pluton will be examined
separately. The rock lypeS have been named based on modal
analysis data. Each rock: type will be briefly described by
their macroscopic characteristics which include color and
alteration. Minerals identified microscopically are also
discussed. This includesmajorntinerals,accessory minerals
and secondary mine:rals.

A discussion section at the end of this chapter summa·
rizes the main rock. types of each pluton, macroscopic
textural variation and mineralogical differences, along with
crosscutting relationships based on field evidence, thin
section work and K-Aragedates. The fInal summary figure
is a composite ofCoU! structural cross sections showing the
area in the Circle intrusive complex thought to have the
greateSt tin potential based on mineralogy and rock types.

The Circle IntrusiveComplex
Streekeisen's classification (1973) of plutonic rocks

based on actual mineral composition is used for this rcpon
(Fig. 14). Anolh" boundary has been added to separ.ue



POTASSIUM FELDSPAR

INTERSTITIAL

PLAGIOCLASE

BIOTITE

o, 10, 20 mm
I

Figure 11. This drawing shows the textural relationship between the

large potassium feldspar crystals. Interstitial plagioclase and
biotite. and the large, subhedral quartz crystals.

Dletrlbutlon of Large
Qu.,tz Cryatala

• No large quartz crystala

* Quartz cryatala, 2-e mm

o Quartz cryatala, e-10 mm

Figure 12. Map shows geographic distribution of the large quartz crystals.
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Figure 13. Analytical da ta for pot as s i urn-argon ages of the

Circle intrusive complex. Mao shows sample locations.
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syenogranites from monzogranites (Clarke and others
1980).

Figure 15 is a modally-dcrived composition map. All
the composition conraets are inferred based on individual
sample compositions and a parent trends. Although K-Ar

teS suppan lha1 the eastern end 0 the complex is pan of
the Circle Hot Springs piulOn, insufficient modal dara are
available to enrapola1e composition. For both the Circle
Hot Springs and TW(rbit plutons plagioclase. potassium
feldspar and quartz are the major mineral constituents with
biotite as the dominant mafic mineral. For easy reference.
Figure 16 is a location map of the rocks thai. were examined
petrographically. Additionally. the distn'burion ofenclaves.
aplite-pegmatite and mafic dikes is shown.

Circle HotSprings Pluton
The Circle Hot Springs pluton is composed of

syenogranite. monzogranite and quartz monzonite. Only
cwo samples ofgranodiorite were identified. Generally, the
rocks are light-colored. They have black specks set against

a grey and white matrix. Occasionally they are covered by
a thin coat ofred-brown iron stain. The feldspars are white
the quartz crystals are tnmslucen milky or smoky and the
bioDtes. black-brown. In somesamples the biotiresare green
as a result of chloritization.

The maio distinction tween the roc types is th
relative percentages of potassium feldspars to the p~ '0

clase feldspars. Quartz and mafics are not visibly significant
enough ro use as discriminators becween the rock types. It
would be difficult to impossible to distinguish among the
four rock compositions in hand specimens without lhe aid
of modal point-counting (plate VI).

Most of the Circle Hot Springs pluton is composed of
rock wilh a medium-grained. subequigranular groundmass
and varying percentages of subhedraJ potassium feldspar
phenocrysts. Some of lhe rocks near the contact zones have
a fine-grained groundmass.

Enclaves are inclusions. Inclusions can represent

Q

F

Figure 14. Cla..lflcatlon of plUlon c rock. baaed on lhelr
aclual mineraI compoaltlon (adapled from Figure 1.
Geollme., October 1913, p. 28 >. Q-Quartz, A-Alkali

laldapar, P- Pla,gloeleaa, F-Faldllpe thold (abr. "told")
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EXPlANATION

o Syenoganite

Monzogranite

Granodiorite

Quartz sy e

Quartz monzonite

Unknown composition

Inferred contact

Roof pendant

FIQ e 15. Shown above Is a composition map of the Circle intrusive complex that is based on modaJ
anatysls data. The compoeitions have been detem*1ed by us~ the modified Streckeisen's
claa.afflcatlon previaualy discussed (P.1S).

PM281ctlJ ,...- K~M74

EXPlANATION

en - Enclaves

dm-Maflcde

da - Aplite e

dp - PesJTl8ttte d e

815 KMl34-op
230A

KMl33-da

KM127-da

daJdeJ-_·.r

KM98 dIII=.l..Jf'--~cdr""""C
KMae-dp

Figure 16. Location of samples that were examined' thin section. Also shown
is the distribution of enclaves and aplite, pegmatite and mafic dikes.
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Plate VI

o

Representative rock types of th Circle Hot Springs pluton.
A· SM319. syenogranlte B - BC68. quartz monzonite
C - KM147, syenogranlte D· SM88, quartz monzonite
E -1933, granodiorite F· KM139, monzogranite
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groups ofearly-fonned crystals that are more mafic but have
a similar composition to the granitic magma. These groups
or clusters of this origin are called autoliths. Autoliths are
carried upwards with the magma as it is emplaced. Inclu
sions can also be country rocks that have been plucked into
lhe melt thereby suffering composition changes due to
assimilation and rcequilibration wilh the magma. In this
case they are referred to as xenolilhs.

The only conspicuous appearance of enclaves is in the
Boulder Creek spires (plal.e IV-A, p. 9). Doe enclave was
examined in thin section and was found to contain approxi
mately 25 percent biotite. It is igneous in texture and
composition which suggests that it is an autolith. Some of
lhe enclaves appear to have foliated textures but were not
examined microscopically to verify their origin (plate VIl
A).

Medium-grained to Sfightly Mediophyrjc to Mediophyrjc

Biotite Syenogranite

Mediophyric biotite syenogranite occupies lhe central
body of lhe Circle Hal Springs pluton. The Granite Gulch
and Bedrock Creek exposures are mostly composed of
medium-grained, subequigranular rock. The rock becomes
slightly mediophyric to IT!ediophyric in lhe cenlral and
eastern IXmions of lhe body.

Accessory minerals include zircon, apatite, muscovite,
and opaques. In lhe Granite Gulch and Bedrock Creek
biotite syenogranites, tounnaline is present inlerstitially in
trace amounts (plate VII-B). One sample of biotite
syenogranite (KMI42) in Deadwood Creek contains irace
amounts of hornblende. Chlorite and sericite are secondary
minerals found throughout the intrusive body.

Greisen

As a magma cools to a crystalline state, it can be
essentially solid but still hot Associated wilh lhe cooling
magmas are residual, hot. aqueous fluids (hydrothennal)
and/or gaseous emanations (pneumatolytic) that rise
lhrough intergranular pore spaces, fissures or cracks.
Contact zones provide especially favorable sites for lhese
fluids and gases to migrate. Sometimes lhese posunagmatic
fluids or gases arc mineralized. When they come inlocontact
with lhe hot, granite rock, earlier-fonne<! minerals in the
granite can be partially or wholly replaced. In lhis way the
rock becomes altered or changed.

Pneumatolyzed rocks are those that have been altered
by hot, gaseous emissions. Greisens are pneumatolyzed
rocks that arc generally located near granite pluton bounda
ries (Williams and olhers, 1982). They occur in beltlike
strips and as veins of varying width that grade into unaltered
granite.

Plate VII

A. Sample taken from Boulder Creek Intrusive spire
(Plate IV-A). KM74, enclave In syenogranlte.

'..... c·......... ~

B. Sample CH61,Interstitlai tourmaline In
syenogranlte. Photomicrograph taken In
plain light, width offield 1330 microns.

fk Located on two topographically high areas adjacent to
'i<etchem Creek is altered rubblecrop (CH58A and PM75).
Both of these samples arc greisen. The rock appears dark,
grey-green in hand sample. Accessory minerals include
apatite, zircon, rutile(?), magnetitc, allanitc(?), granular
sphene(?), and cassitcrite. A polished section was made for
CH58A. Cassiterite in IIace amounts and magnctitc were
identified based on Vicker's microhardncss lcst (Craig and
Vaughan, 1981) and on reflectance properties. X-ray dif
fraction was also pcrfonned and cassiterite was positively
identilied (plate VIII). Secondary minerals include chlorite
and whitc mica. In both ofLhesc samples, the feldspars have
becn almost completely replaced by whitc mica and thc
biotites arc mostly altered to chloritc.

SM230A is located adjaccnt to Portage Creek. This
altered biotite syenogranite is not greisen but the rock has
been changed by poslmagmatic emissions. This sample has
tiny veinlets (Smm in width) of granitic maleriallhal appear
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Plate VIII

A. CH58A, magnetite. Photo taken In normal Incident
light, width of field 440 microns.

A ..
PlatelX

,

B. CH58A,8 polished section containing cassiterite
and magnetite In grelsen (1.5Inch Ring Form).

as dark, grey LIinger in hand pecimen. Included in the
vcinle are plagioclase,potassium feldspar, quartz, chlorile,
magnetite, and ca iterile. The cassiterite has been only
idcntilied by Vicker' microhardnes \Cst (Craig and
Vaughan. 1981) and n refIccLance properties (plate IX).

Slightly Mediophyric 10 Medioplryric Biolile

Monzogranile

The biotite m nzogranil predominates along the
northern ide of the Circle Hot Springs biotite syenogranitc
with the e c plion of two mall occurrence that outcrop
between Tommy' Pup Cree headwaters and Boulder
Cree ig. 15). The est m expo ures of the biotite
monzogranile ha e medium-grained, ubequigranular
groundmass with i nal po .urn feldspar pben 
rysts. Th biotite monzogranites in the Ketchem to Portage
Cr ar ha e medium-grain to coarse-grained ube
quigranular groundma and are slightly mediophyric to

mediophync. The mineral con tit n are generally lhe

B

A. and B. SM230A, cassiterite. Photo taken In
normal Incident light, width offield 440 microns.

c

C. S 230A, smallvelnlets In sample containing
c8sslterlte(1.5Inch Ring Form).
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same as those in the biotite syenogranites. Samples CH59
and PM280 both contain traces of homb~ode. Sample
CH57 conrains trace 8mOUniS of fluorite and a tourmaline
pod was identiHed in hand sample.

Mediophyric Quartz Mon.umite
The two exposures of quanz monzonite are relatively

small, fairly close tocontaet zones and both are found in the
biotite syenogranite (Fig. IS). The rock is fme-grained to
medium-grained. subequigranular and mediophyric with
subhedraJ potassium feldspar phenocrysts. The mineral
constituents are generally the same as those found in Ihe
biotite syenogranites and biotite monzogranites. One dif
ference is that the percentage and size of the biotite crystals
is less in the quartz monzonite.

Slightly Mediophyric Granodiorite
Only two samples were identified as granodiorites

(PM98 and 1933). PM98 is located adjacent to Ponage
Creek and 1933 is located in the eastern end of the pluton.
The rock is medium-grained to coarse-grained sube
quigranular and contains about three percent potaSSium
feldspar phenocrysts. The granodiorite looks very similar
to the other rocks in the pluton (plate VI-E). The ground.
mass contains minor amounts of potassium feldspar (ap
proximately 7 percent) and the biotite grains are relatively
large. fairly unalteted and canpose about IS pe1CCOt of the
groundmass. Hornblende occurs in trace amounts. Ac«s
sory minerals include spbeoe, apatite, zircon. and opaques.
The feldspars are only slightly sericitized and a few biotites
are altered to chlorite.

Aplite-Pegmatite DiJus
The only aplite dike material found, occurs as rub

blecrop. It is generally located between Ketchem Creek and
Portage Creek with most of the nplitic intrusive rock con
centrated adjacent to Ponage Creek. Near Portage Creek.
a pegrnatitic pod was found in sample KMI24 and peg
matitic rubblecrop was found near CHS7. Very liule
pegmatite dike rubbleaop was found in the Circle Hot
Springs pluton. Although no field relationships were found
between the aplite dikes and the pluton. K-Ar dates suggest
that the aplite dikes are younger (Section V. this repon.) and
therefore crosscut the biotite syenogranite.

Theaplile rubblecrop is light-<Okxed, fine-graincd and
has little to no cooting of red-brown iron stain. The
mineralogy is basically the same as the biotite syenograniteS
orbiotitemoDZograniteS. One samp~ (KM127) was point
counted and has a biotite monzogranite composition.
KM127 contains a higher percentage of muscovite and has
trace amounts of fluorite. Another sample (KM133) has a
smaU (I mm) minera.lized veinletcrosscuttingit The veinle[
is black in hand sample and contains mostly tounnaline,
quartz, white mica and nuorite. but does not contain

cassiterite.

MaficDiUs
Manc dike rubblecrop was found sporadically from

near the headwater'S ofTommy's Pup Creek. to the Ketchem
Creek area (Fig. 16). There were no crosscutting relation
ships evident in the field in the Circle Hot Springs plulon.
In hand sample the dike material is fme-grained and dl1Ik
green. Some samples contain small. white laths set in the
matrix.

PM73, located in the Ketchem Creek area. was exam
ined and found to contain approximately 35 percent horn
blende and 60 percent plagioclase (plate X). Minor- amounts
of biotite and laths ofopaques are also present. Some of the
hornblende is altering to biotite. The feldspar is very fresh
and unaltered. This might suggest that the mafic dike
material is younger than the surrounding Circle Hot Springs
pluton. To some degree. sericitization of the feldspars is
prevalent throughout the olher rock typeS in the pluton.

Two-Bit Pluton

The Two-bit pluton is composed of monzogranite and
granodiorite. Only one sample of quartz syenite was iden
tified.. All thTee rock typeS have a medium-grained. sube
quigranular groundmass with large, subhedral to euhedral
potaSSium feldspar phenocryst!. The presence of phenoc
rysts is much more consistent and distinctive than is found
in the Circle HOI. Springs pluton.

Both the phenocrysts and the groundmass crystals are
larger in the Two-bit rocks than in the Circle Hot Springs
rocks. Fine-grained rocks are nOl. prevalent even near the
contact zones in the Two-bit pluton. The occurrence of
enclaves, aplite-pegmatite and mafic dikes near the contact
zones is higher in the Two-bit pluton (Fig. 16).

Megapkyric Biotite Mon.zogranite
The megaphyric biotite monzogranite occupies the

main portion of the Tw(>.bit pluton (Fig. 15). It is easily
recognizable by its large. white. sub- to euhedral potassium
feldspars set against a grey and white groundmass. Quartz
(milky-willie 10 lll<Y) cryslltls occur in the groundmass thal
are noticeably sub- to euhedral and slightly larger than the
surrounding groundmass crystals. Megnphyric biotite
monzoniteS near the metamorphic contact zones and the
intrusive contact zones with the megaphyric granodiorite,
have pervasive green specks in the matrix. and fine·grained
green zones throughout the rock. The green is due to
chloritization caused by deuteric alteration. DeuLeric is a
comprehensive tenn that does not separate whether hydroth
ennal or pneumatolytic processes changed the primary
magmatic minerals in lhe posunagmatic cooling hislOry
(Williams and others, 1982). Trace amoWlts of homblende
are present Accessory minerals include zircon, apatite,
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PlateX

A. PM73, mafic dike. Photomicrograph taken under
crossed nichols, width of field, 3400 microns.

B. PM73, hornblende. Photomicrograph taken In
plain light, width of fleld 1330 microns.
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opaqu and m azite(?). Secondary minerals include
sericite, epidote(?), chlorite and phene.

Th roc examined in th eastern end of the pluton
(CH33 and H54) ar rclati ely free of sericitization (Fig.
16). Some of th plagioclase cry rats have altered to epi
dote(?). 0 ing we t from CH54 to ClliS, sericitization
of the feldsp m more pervasive. In CH55, th
outlin of reU t hom I nde end chloritized biotite.
Granular h n occurs along the cleavage tra of the
mica. In ,th alteration scenario is: hornblende
altered to bioti ,bi tite altered 10 chloriu which prod
spoon as a byprodu L

1tgaphyric Gra dioritt
e ph . granodiorite oUlCJ'Op in three separate

tio inth Two- it pluton. 10 megaphyricgranodiorite
van lighLly in h f th three expo ures. The eastern

we nlal that ha e fine-grained 10 medium-
grained. bequigranular groundmass 'th approximately
fi e percellt ub- to euhedral po .um feldspar phenoc
ry . Con pi uous ub-1O uhedral quartz crystals Land out
in th groundmass. The middle megaphyric granodiorite
body contai ton of biotite-rich layers.

The larg t and farth t e occWTence of the mega
phyri granodioriu i composedoftwo,dillerent-appearing
megaphyric granodiorite. PM279 and SMl95 are similar
10 the roc of the centra) and eastern granodiorites. KM9O.
SMI80. I 3 and S 196 have a slightly finer grained
groundmas and the roc contain small. isolated red-brown
spa wher ulfid (pyrite?) have weathered out.

The mineral gy of the megaphyric granodiorite roc
is imilar aero the complex. The rock contain trace
amounts of hornblende and accessory minerals include
apatite, sphene. zircon. monazite(?) and allanhe(?). Secon
dary minerals include sericite, chlorite, sphene, opaques,
and epidote(?). ericitizaLion of the plagioclase feldspar i
perv ive in ome specimen (KMI06 and PM279).

Megaphyric Quartz yenite

In 16 Pup Creek' a mall exposure of megaphyric
quartz yenit. It' imilar in texture. appearance and
compo ition ill the megaphyric biotite monzogranite. A few
hundred yar from th m uth of 16 Pup is bedrock which
ouucrop alon i th tream for easy examinalion.

Aplite-Pegmatite Dilus

TIt aplite and pegmatite d,ik, are primarily located
near the contaCl ton. t of the roc is rubblecrop but
there' an Xc lent e ure of aplite-pegmatite dikes
ern utLing inuu ive ires just west of the confluence of
HalfDollar Cree and Bottom Dollar Creek (plate IV-B, p.
9). Th textureofthedik gra from fine-grained (aplitic)



10 coarse-grained (pegmatitic) (PIau: Xl-A).

Throughout the pluton most of the aplite dike rub
blecrop is fme·grained with a light grey and white ground
mass. Themajormineralsare potassium feldspar. quanzand
plagioclase. In KM86there is no marx: component (Fig. 16).
The plagioclase crystals are thoroughly sericilized. Trace
amounts of muscovite occur interstitially.

The map constiwenlS of lhe pegmatite, PM250. are
quartz, potassium feldspar and muscovite. Less significant
is plagioclase. The potassium feldspar is slightly sericitized.
No biotite or opaques are presenL In the pegmatitic rub
blecrop KM66. the major minerals are potassium feldspar.
quartz and plagioclase. Biotite occurs in trace amounlS and
is altered 10 chlorite and sphene. Metarnict zircon occurs
in the biotite. Trace amounts ofmuscovite are also present.

Mafic Dius
Mafic dike rubblecrop is prevalent throughout theTwo

bit pluton. LocaI.ed at the KMl22 sample site (Fig. 16) is
a 15 foot road cut with malic dikes crosscutting the pluton
(plate XII). This field relationship suggests that the mafic
dikes are younger than the Two-bit pluton. Plate xm·A is
of KM 122 showing the mafIC dike intrusive contact. Plate
XID-B is a photomicrograph of the contact and shows the
quenched tcXb1J'eof thedikeas itmuudedaodcooledagainst
the megaphyric monzogranite. From KMI22, traveling
further west along Portage Creek road approximately one
mile. maftc dikes that are horizontal to slightly inclined
occur at the road level.

The dike rock found throughout the pluton is fine
grained to aphanitic and dark green. Some samples have 1
to 4 mm, white laths (plagioclase feldspars) in the matrix.
A few of the samples have a red·brown coat of iron stain.
KMI22 contains calC8ItOUS veinlets.

10 KM98 (Fig. 16). the map mineral constituents an::
plagioclaseandaugite. Minorquanzandpotassiumfeldspat
an:: presenL Additionally, opaques. secondary sphene and
a fibrous chlorite are presenL

Endaves
The appearance of enclaves is more prevalent in lhe

Two-bit pluton than in the Cin:1e Hot Springs pluton. They
are often ovoid in shape. fine to medium·grained, dark grey
to black with subhedral to anhedrnl white laths (plagioclase
feldspar) set in the matrix. Also black c1usten of mafic
components occur in Ihe matrix.

The major minerals are hornblende (approximately
twenty-five percent) and plagioclase. Quartz and potassium
feldspar are present interstitially. Biotite is present in fresh
and altered conditions. Selective sericitization of the zoned
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plagioclase aystals' cores is prevalent Accessory minerals
include zircon. apatite, sphene. and opaques. Secondary
minerals include sericite. Chlorite, sphene. and clino
zoisite(7). The igneous 1CXture and composition of KM90
suggest that it is an autolith.

Discussion and Summary
The Two-bit pluton is primarily composed of megaphy

ric biotite monzogranite and megaphyric granodiorite.
Potassium·argon dates indicate that a pegmatite dike
(PM250) and asampleofmegaphyric granodiorite(KM 114)
an:: both approximately 70 mimon years old. This suggests
that the pluton and the aplite-pegmatite dikes were intruded
within a narrow margin of geologic time. The mafic dikes
are younger than the pluton but how much younger was not
determined.

Poutssium·argon dates indicate that the Two-bil plulon
is at least 13 million years older than theCin:le Hot Springs
pluton so it is nOf. surprising to find greater alteration effects
on the plagioclase crystals and a higher degree of chloriti·
zation in the older pluton. Opaques and zircons are far less
prevalent Hornblende is more prevalent and monazite(?)
along with epidole(?) occur primarily in the eastern end of
the intrusive. The aplite and pegmatite dikes do not have
mineralized veinlets and !here is no evidence of greisen in
lhe older pluton.

The Circle Hal Springs pluton is primarily composed
of the biotite syenograniteand the biotite monzogranite. The
porphyritic character in both rock types increases in the
eastern portion of the pluton. With the exception of lhe
contact zones where some rocks are fme·grained. the
majority of the CHS pluton rocks have a medium·grained
sut>equigranular grounclmass.

Potassium-argon dates indicate that both the biotite
monzogranite and the biotite syenogranite are approxi
mately 57 million yean old. This suggests that the emplace
mentand crystallization ofthe two intrusive phases occurred
within the same geologic time frame.

The biotite syenogranite is the most interesting miner
alogically. Trace amounts of interstitial tourmaline only
occur in the Granite Gulch and Bedrock Creek exposures
(plate vn·B, p. 24). From Granite Gulch to Hot Springs
Creek, the biotite crystals typically enclose anywhere from
210 30 zircons that an:: often metamict (plate xrv·A). tn
contrast., the greisen contains large. euhedral. zoned zircons
(plate XlV·B). The only OCCUJ'l'ence of hornblende is
between the headwaters ofTommy's Pup Creek and Dead
wood Creek.. Sphene. aJlanite(?), rutile(?), and cassiterite
first appear in the Ketchem Dome·Ketehem Creek vicinity
on IOpographically h.igh. areas. Movingeast., fluorite appears
in trace amounts. Finally in Ponage Creek. aplite dikes
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A. and B. Aplite-pegmatite dikes crosscutting Intrusive spIre located 8 short distance west ofthe
confluence of Half Dollar Creek and BoUom Dollar Creek (Plate IV-B).
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Plate XII

A. and B. Located near KM122 (Figure 16, p. 22), mafic dikes crosscutting
megapnyrlc bIotIte monzogranite.
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Plate XIII

A. KM122, megaphyrlc biotite monzogranite contact with mafic dike.

B. KM122, mafic d Ike with Increasing grain size away from the contact. Photom lcrograph taken in
plaIn light, width of field 3400 microns.
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Plate XIV
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A. KM147. metamlct zircons enclosed by biotite In a slightly medlophyrlc. biotite syenogrsn lte.
Photomicrograph taken In plain light, width of field 3400 microns.

B. PM75, zoned zircon enclosed by chlorite In grelsen. Photomicrograph taken In plain
lIght, width offield 520 microns.
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occur containing veinlets of tourmaline and alte:red granite
Q"OSSCut by veinlets containing cassiterite is presenL

From Portage Cn::et. an aplite dike containing a lOUr
maline veinlet was K-Ar dated and found to be approxi
mately S4 million years old. This suggests that approxi
mately three million years after lhe CHS plwoo was em
placed, lheaplitedike was intruded. lbePonageCreetarea
in die CHS pluUJn may represenl a frac~ zone or SlIUC
wrally weak area. On a detailed scale there are perplaing
lCXnuaI variatioos and il is difftcull 10 decipher the field
relations with lillie to no bedrock available.

Figure 17 is a summary diagram showing general
topogrnphy and projected structural aoss sections to ap..
JXUximat.ely ground level from the highesl point in the area
(Ketchem Dome). The dip of the rocks is based on meta
morphic foliations and conjecnue.

Cross section A-A' shows where the greisen is located
in relation to Lbe contacl zone and elevation. Cross section
B-B' shows that nearby on llOOlher hilltop, greisen occurs
btU at die klwer elevation cassiterite is DOl in the samples
eumined. Cassiterite may have been pleSeDl higher in the
sysacm befen erosion cut this hiDlOp to ilS pescnl level.
AJongcross sectionC.c' no greisen was found. Atapproxi
matel)' 2800 feet in devalioo, ClOSS seaioo. o..D' sbows the
~nceof minenW often associa1ed with tin. In Ponage
Cn::et. altered inuusive was found that contains cassiterite
(PIa.. IX. p. 25).

Specific areas of lbe grt.atesl tin potential appear to be
either in g:reisen 00 the nant of Ketchem Dome (cross
section A-A') or in altered intrusive found near Portage
Creek (CI'05S section D-D'). Tin minem.lization was not
found in the aplite dilces examined. This suggests that the
mineralization was primarily associated with postmagmatic
pneumaoolytic alteration and although mineralization may
be associated with the youngeraplite dikes it does not appear
to be as significant or obvious. More detailed wack is
necessary to confum this:.

Impon.antly, the biotite syenogranite in the Circle Hot
Springs pluton is the rock type that cUllams tin-bearing
rocks and asscx:iated minerals. Based on tnsent-day
c.J:posut'CS d rock,. me middle and eastern portion of thc
pluton appear to be moredeeplyeroded than the wcstt.m end
(Grani.. Gulch and BcdrocJc Creek exposun:s). This could
be the n:suIt ol _ upIifI and erosion. Much of the
greisen may havea1readybeen eroded freeing tbecassilCrite
"' become p1a= tin in the creeks nearby (PIaIe m. p. g).
The examination of the rocks and minerals of the Circle
intrusive comp~x in this report suggests that funher tin
explorution should beconcenualC:d in theCircieHOl Springs
biotite syenogranite (Fig. 15, p. 22).
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VII. MODAL ANALYSIS

The purpose of this section is to examine chemical
trends within each pluton based on rock types assigned by
modal analysis. tn c:wder to propose an explanation (or !he
chemical uends exhibited within the Circle intrusive com
plex. a few geologjc concq><s lUO add=sed and briefly
exp1n.ined.

According to Barter (1983), the mode is the miner
alogic composition of a rock. To classify a rock based on
its composition it is necessary to determine the relative
proportions of minerals it contains. For this sWdy. the
percentages of quartz, potassium feldspar and plagioclase
weredetermined using point-<:ounung methods. A variation
diagram is used to plot the composition of each rock with
respect to its mineral proportions. Strecl::eisen's classifica
lion of plutonic rocks is superimposed on this diagram in
order 10 assign rock names to compositional fields. mety
rune rocks from lbe Circle intrusive complex were analyzed
and the mode for each rock was delel'Tllined. Figure 18
shows the canpositioos and rock: names of the samples
ooUccled fran the two plutons.

Cr,staJliutiOD and BOWeD'S R~ac:lioD Series

The processes by which a gas or a fluid (Le. magma)
become solid is caDed crystallization (Bau:s and Jackson.
1980). AcconIing to Putnam andOlhel>(1971).NL. Bowen
determined that as a magmacools, crystallization follows an
adert)' sequence. This is summarized in Figure 19.

According to William Putnam (1971):

"Ifconditions are favorable, minerals may crystal
lize from a magma in a dual sequence in the order
shown in Bowen's reaction series. The plagioclase
feldspars crystallize in what is known as a continu
ous reaction series. which means that the early
formed crystals change continoously in lheir
composition by reaction with thechangingcompo
silion oftheDuid magmastiU remaining. Theother
minerals. such as pyroxene, hornblende. and bi
otite, make a discontinuous series. so that an early
formed mineral reaclS with the remaining nuid to
fonn ac:ompktely new minctaI with a quilediffer
ent composition and aysr.al fcnn, ra1her than an
isomcrphous series such as the plagioclases.

Accading to the Bowen reaction series. the first
minerals to come out of solution lo a magma are
oIivi.neandcalcium.bcaringplagioclase. Wm:.lhe
entire magma toc:rystaJlize at this stage, the resull
log rock would be a basah if it were volcanic. and
3 gabbro if it were pluronic. Should, however,
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Figure 19. Bowen's igneous reactfon series (adapted from

Williams and others, 1982).
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tbeseearly-fooning minerals seaJc out, then the re
maining magma will have lost much of its iron.
magnesium. calcium. and some silicon. ub a
progressive decrease in these elements the magma
will be correspondingly enriched in potassium,
sodium and silicon.

The next minerals to crystallize are the plagio
clases of intermediate composition along with
pyroxene and b<xnblende. Sbould the magma
congeal at this poin it would yield rocks of inter
mediate composition, such as andesite if fine
grained and diorile ifcoarsc>gI3ined. 5hoold these
earlier crystallizing minerals be separated from the
magmatic sohnion. lhe remaining minerals to
crystallize will be sodium-rich followed by potas
sium-rich plagioclase and the two micas. Last of
all to solidify is quanz. and then only if free silica
is left over in solunoD after all the metallic ions are
used up and none are left to enter into combination.
Quartz is an interstitial minaal since it fills in the
voids or spaces among theearlier-fonningcrystaIs.
Typical rocks with a mineral composition of
quartz mica, orthoclase. and minor amounts of
sodium-bearing plagioclase and hornblende are
granite if plutonic and rhyolite if volcanic.

The so-called. Bowen reaction series does explain
how a magma of originally basaltic composition
(one that on crystlllizing yields olivine and cal
cium-bearing plagioclase) might go through a
process ofdifferentiation to yield a granitic magma
from which quartz. biotite. and onhoclase crystal·
Iize. It is necessary to realize, however. that an
original magma may have a composition different
from Bowen's idealized starting one. That is, a
magma may begin with a composition about half·

y through the series.

UnfortuDately. me origin of the massive bod.i of
granite that crop out so broadly in the hean1ands
of the world's continents is almost cenain to be
vastly more complex than this simple explana
tion,"

Magmatic DifrerentiatioD

Magmatic differentiation covers any process whereby
different rocks have evolved. from the same parentaJ magma
(Raguin and others. 1965). The fractionation of a magma
as a result of crystallization (fractional crystallization) is
thought to be the rno t significant process that accounts for
differentiation (Williams and others, 1982). 0<b1 anal ysis
of the Circle intrusive complex uggests that magmatic
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differentiation, asa result of f'ractionaI crystallizalion. could
be a viable explanation for the diversity ofrocks seen within
each pluton.

In Figure 18. variation diagrams A and B show com
positional trends occurring within each pluton, reflecting a
decrease in plagioclaseand an increase in potaSSium feldspar
across the diagram from right to lefl Figure 20 shows
variation diagrams of quartt, lOta1 feldspar and mafics. In
Figure 20, diagrams A and B do not clearly suggest that
mafic mineral proportions decrease in the rocks as the
percentages of potaSSium feldspar increase.

In order todetennine if kindred rocks crystallized from
acommon parent magma, it is imponanttoestablish that the
rocks are about the same age (Williams and others, 1982).
For the Circle Hot Springs pluton. K-Ar are daleS of the two

main inuusive phases (syenogranite and monzogranite). are
approximately 57 m.y. old. In the Two-bit pluton, the K
AT age dates ofa granodiorite and a pegmatite are approxi
mately 70 m.y. old. Based on the compositional trends
shown inRg~ 18 Aand B.and thesimilaragesof the main
introsive phases of each pluton, fractional crystallization
from a parent magma could explain the diversity of rocks
St.eIl within each pluton.

Were the two plutons comagmatic? Did the Two-bit
granodiorites originate from the same magma as the CHS
syenogranites? Two possible scenarios are proposed:

t) From Rgure lS-C. the compositional trend from
tbe Two-bit granodiorites to the CHS
syenogranites with a slight overlap in the mon
zogranite range might suggest fractional crystal
Lization from a common parent magma. From
Figure 2O-C, it is evident that there is a slight
decrease in mafics and a slight increase in quartz
in the CHS pluton. supponing the chemical trend
shown in Figure 18-C and the oomagmatic
theory.

2) There are lWO compositionally distinct groups of
rocks that share similar compositional phases
expressed by the monzogranites. AdditionaUy the
CHS pluton has granodiorites that are similar in
composition. though slightly higher in quartz to
the Two-bitgranodiorileS. If the twoplUlOOS were
comagmatic, itisdifficultto explain why someof
the CHS rocks are as calcium-rich as the Two-bit
rocks. Given the Statistical error in the point
counting method already discussed p. II, the
trend of decreasing mafics and increasing quartz
between the Two-bitand CHS plutons may not be
significanL According to K-AT dates, there is a
span ofat least 13 m.y. between the emplacement
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and cryslallization of the lWO plutons. This time
period may be too great for a comagmatic theory
to be convincing.

Discussion and Summary
Plagioclase and mafics are high temperature minerals

that rust crystallize from a magma. As the magma fraction
ates due to the crystalliz.ation ofthese early-fonned minerals
it becomes enriched in silk:on and potassium which can
solidify to foon quanz and potassium feldspar. Iffractional
crystallizationdid cause Lhe modal variationacross the Two
bit pluton then Lhe megaphyric granodiorite was the first to
crystallize. It was followed by the megaphyric quartz
syenite and next was Lhe megaphyric biotite monzogranite.
The aplite and pegmatite dikes were the final phases to
crystallize in theTwo-bitpi uton. Allof the Two-bit inuusive
phases crystallized approximately 70 m.y. ago. At least 13
m.y.passed before the rlTSl CHS introsive phasecrystallized.
If fractional crystallization caused the modal variation
across the CHS pluton then the mediophyric granodiorite
was the first to crystallize followed by the mediophyric
monzogranites. then the mediophyric quartz monzonites
with the last intrusive phaseof the same age being the biotite
syenogranite. Aplite-pegmatite dikes inuuded approxi
mately three million years later.

Based on the different ages of the two plutons, the
compositional overlap in the monzogranite range, the
appearance ofgranodiorite in the CHS pluton and petrogra
phic differences. it is likely that the two plutons originated
from separateparentmagmas that were derived from similar
sources. Theproximityoftheplutonscouldalsobeevidence
that the parent magmas were from closely associated
sources.

vm. DISCRIMINANT ANALYSIS

A continuing objective throughout this study has been
to verify, with supporting evidence, that the Circle introsive
complex iscomposed of twO separate plutons. Towards this
end. a stepwise discriminant analysis was run using the
modal percentagesofquartz, potassium feldspar and plagio
clase as variables and BMDP·7M software (Dixon and
others, 1983). A variable entered into the discriminant
function if it was significant (F test) in distinguishing be
tween the two populations (Two-bit and Circle HOlSprings
plutons). The discriminant function was evaluated using a
"jackknife method" to compute the apparent error rate
(APER) Co< the analysis.

For the Circle inuusive complex. only lhe variables,
plagioclaseand potassium feldspar, wereconsidered signifi·
cant in distinguishing between the twO plUlons and only one
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of these variables was required to yield a good discriminant
ftmction. A di~minant function using onJy potassium
feldspar as a discriminant variable gave an APER of 10.2
percent, i.e. 10.2 pcrcenl of the samples ere misclassified
An APER of 16.3 percent was obtained when only plagio
clase was used as a discriminant variable. Figure 1 shows

plOl 0 the twO pLutons classified ccording to the ariable
plagioclase. Subscripted C's 12) andT's ( distinguish the
samples misclassified by the discriminant function. These
are plotted by sample location in lhe CiJcle intrusive
complex in Figure 21. The misclassified cases are not
generally representative of the main intrUSive phases butare
minor phases (Le. quartz monzonite) or located near contact
zones where contamination from the wall rocks can affect
composition.

Figure 22 shows a plot of the two plutons classified
according to the variable potaSSiwn feldspar. Subscripted
C's (7) and T's (4) distinguish the samples misclassified by
lhe discriminant function. These are also plotted by sample

location in the Circle intrusive complex in Figure 22. The
c1assification function and rule obramed by discriminant
analy' using the variable potassium feldspar are given
below.

Function:

D1 =[0. 5 (% K-spar ] - 10.

02 = [0.28 (% K-spar)] - .57

Rule:

IfD1 is greater than °2, then lhe sample is classified
as Circle Hot Springs. oLherwise, it is classified as Two
bit

In spite of the misclassified cases, the results of the
discriminant analysis suppon the hypothesis that the Circle
intrusive bodies are composed of two separate plutons.

Figure 21. BMDP-7M classification of samples from Two-bit and Circle Hot
Springs pluton using plagioclase as the discriminant variable. Map
shows location of mlscla8slffed cases.
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Figure 22. BMDP-7 classification of samples from Two-bit and Circle Hot
Springs pluton using potassium feldspar as the discriminant
variable. ap shows loca Ion of misclassified cases.
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IX. RALOGY

Circle Hot Springs Pluton

Major Mineral

Albite and albite-Carlsbad twinning is present in the
plagioclase crystals throughout the pluton. Albite and
pericline twin lamellae are occasionally present (plate XV).
Using the Micbe1-Uvy method (GriffinandPbillips.1981)
the anorthite content was estimated to be Anzzto~. This
anorthite range suggests that the plagioclase feldspars are
oligoclase. TbepJagioclase feldspars examined in mebiotite
syenogranit.e and the mediopbyric biotite monzogranite are
unzoned. However. in a quartZ monzonite near Portage
Creek. and in a granodiorite (1933) in the eastern end, zoned
plagioclase crystals occur (plate XVI).

In the potassium feldspars Carlsbad twinning is
commonalong with penhitic textUre. Micrographic teXtures

are also present sporadically throughollt the pluton (plate
XVll-A). Granophyric textures (MacKenzie and others.
1982) are found in the Bedrock Creek and Boulder Creek
areas (plateXVll-B). Optic figurescombinedwithlwinning
and textures suggest that the potassium feldspars are onho-
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cJase. Quartz is a primary constituent thronghout the pluton
and mostly occurs interstilially. The quartz grains exhibil
straight extinction in the Granite Gulch and Bedrock Creek
exposures but undulose extinction becomes more prevalem
in the middle and eastern portions of the pluton.

Mafic Minerals

The biotite grains exhibit strong pleochroism and
usually contain inclusions of zircon. apatite and opaques.
The grains are fair}y fresb although chloritization does occur
to some degree in most samples. In Ihe Ketchem Creek
Ketchem Dome area, biotites also enclose allan:ire(?). ro
tile(?) and sphene. The grains are predominantly subhedral
to enhedIal. The exceptions are in the Ketchem Dome
Ketchem Creek area. where a1terarion has affected the bioDte
grain shapes.

Tmce amounts of homblend occur in both the media
phyric biotite monzogranite and biotite syenogranite.
Hornblende occurs in the area between Deadwood Creek
and theheadwatersofTommy's Pup Creek. Thehomblende
grains have green to lighl brown pleochroism and are
anhedral. They contain opaques and occur spatially close
to biotite grains and appear to be altering to biotite.



Plate XV

Sample 1933,albite (8) and p ric line (p) twin lamellae In a pi glocla e feldspar. Photomicrograph
t k n under crossed nlchat •width of field 3400 micron

Plate XVI

Sample 1933,a zoned plagioclase feldspar In agranodiorite. Photomicrograph taken under
crossed nIchols, width or field 1330 mIcron .
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Plat. XVII

A. PM280. micrographIc texture In biotite syenogranIte. Photomicrograph taken undercrossed
nichols, wIdth of field 3400 mIcrons.

B. PM281. granophyrictexture In abiotite syenogranlle. PhotomIcrograph taken under crossed
nichols, wIdth 01 field 3400 mIcrons.
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White Mica
Trace amounts of muscovite occur interstitially

throughout the pluton. Secondary white mica or sericite
occur as small scales or flakes in the feldspars. Small laths
of white mica occur in significant amounts in the altered
rocks of the Ketchem Dome-Ketchem Creek area White
mica is present in tourmaline-rich veinlets that crosscut
aplite dilres in PQnage Creek.

Accessory MiMrals

Accessory minerals include zircons, apatite, tourma
line, and opaques. The zircQns are strongly pleochroic and
many ofthecrystais are metamict (plate XIV-A, p. 32). As
many as 10 to 30 zircons pexbiotite grain is common in the
western imrusive exposures (Granite Gulch and Bedrock
Creek). The prevalence Qf zircons decreases in the Dead
wood Creek area but is generally pervasive throughQut the
eastern portion of the pluton. In greisen in the Ketchem
Dome-Ketchem Creek area (PM75). relatively large, euhe
dral, ZQned zircons are found contained in chlorite (plate
XIV-B, p. 32). Zirconsalso occurcontaining roundedcores.

Additional accessory mineralsare found in the Ketchem
Dome-Ketchem Creek area These include rutile(7), allan
ite(?), sphene, magnetite and cassiterite. Adjacent to and. in
Ponage Creek. fluorite and tourmaline are found in trace
amounts. Sphene was found only in the Ketchem Creek
Portage Creek areas. It is diamond shaped and enclosed by
unaltered biotite grains. Sphene also occurs as granules
associated with chlorite. Allanite(?) occurs in biotite grains
which exhibit pleochroic halos. The occurrence of allanite
appears to be restricted to the Ketchem Creekarea. Rutile(?)
occurs as tiny, brown, anhedral grains associated (usually
touching) with opaques and enclosed in chlorite. Fluorite
is subhedral, and usually found near biotite grains. Tour
maline is found interstitially in the Granite Gulch and
Bedrock Creek exposures (plate Vll-B, p. 2A). It is also
found near Portage Creek either as pods in the granite or in
veinlets crosscutting aplite dikes. It has blue-brown pl~
chroism and occurs as sbJbby laths in the veinlet. Cassiterite
occurs in greisen in the Ketchem Dome area (plate Vrn·B,
p. 25) and in altered intrusive that is present alongside
Ponage Creek (plate IX, p. 25).

Two-bit Pluton
Major Minerals

Albiteand aIbite-<:arlsbad twinning are dominant in the
plagioclase feldspars with only occasional albite-pericline
twins occurring. The plagioclase feldspars predominantly
exhibit zoning (plate XX-A, p. 46). Selective sericitization
of the cores of the plagioclase grains is a pervasive feature
throughout the granodiorite phase. The megaphyric biotite
monzogranites in the eastern portiQn of the pluton were
examined microscopically and these were found to be less
sericitized than the granodiorite.
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Zoning and sericitization make it difficult to detennine
plagioclase composition based on the Michel-Levy method
The Michel-Levy method was performed on KM86. an
aplitedike,andagranodiorite(KM114) (Fig.16,p. 22). The
anorthite content was An)S and~ respectively. This
suggests that the plagioclase feldspars in the most residual
phase of the Two-bit pluton are slightly more calcic-rich
than the rocks examined in the Circle Hot Springs plUlon.
This also suggests that the plagioclase composition in the
Two-bit plutondoes not vary significantly between the early
crystallized phases (granodiorite) to the later phases (aplite
dikes).

In both the megaphyric biotite monzogranite and
megaphyric granodiorite, based on twinning and textures,
the potassium feldspars appear to bemicroclineand perthitic
microcline. An occasional grain will manifest only perthic
texture. In the pegmatite dike (PM250), the potassium
feldspars exhibit mynnekitic textures. Macrographic tex
ture is also found in the pegmatites (plate XVUI).

Quartz occurs both interstitially and as discrete sub- to
euhedral grains slightly larger than the sunounding ground
mass. Undulose extinction occurs in most of the quartz
grains, especially in the eastern portion of the pluton.
Straight extinction occurs more commonly in the western
end.

Marl!: MiMrals
Chloritization of the biotite grains is fairly pervasive in

the megaphyric granodiorite and less prevalent in the
megaphyric biotite monzogranite. The biotites are often
completely altered to chlorite with sphene and magnetite
occurring as alteration byproducts. Inclusions found in the
biotite grains throughout the pluton, are zircon, apatite.
allanite(?) and opaques. Hornblende occurs in both the
granodiorite and monzogranite phases. It is occasionally
found as an isolated subhedral crystal but more often it is
found altering to biotite.

White MicQ

Trace amounts of muscovite occur in the aplite dikes
examined. Large taths of muscovite occur in the pegmatite
dike, PM250. In one granodiorite sample. KMI06, trace
amounts of white mica occurred in subparallel laths with
biotite and chlorite. The predominant form of white mica
occurs as sericite.

Accessory Minerals

Accessory minerals include zircon, sphene, apatite.
allanite(7), epidote(1) and opaques. None of these minerals
are especially pervasive. Anywhere from zero to four
zircons (usually metamict) may be found in the biotite
grains. Sphene generally occurs as a byproduct of chlorite
alteration but is found in distinctive diamonds in the grano-



Plate XVIII

A detailed study of lhe minerals and specifically !.he
feldspars is not in the scope of this study. However. an in
depth look at the minerals could provide additional insight
to the conditions of crystallization lhat each pluton under
went.

Discussion and Summary

The minerals in lhe rocks examined across the intrusive
complex could support the theory that two composilionally
different plutons compose the batholilh. The plagioclase
compositions of the examined Two-bit rocks are slightly
more calcic (andesine) than lhe e;.:amined Circle HolSprings
plagioclase grains (oligoclase). Zoning in the Two-bil
plagioclase feldspars is a prevalent feature as opposed to a
predominance of Unloned feldspars in the Circle Hot
Springs pluton. This suggests that the two magmas fonning
the plutons crystallized under different conditions (plate
XX). Addilionally. perthic microcline is the predominant
alkali feldspar in lhe Two-bit rocks whereas the Circle Hot
Springs alkali feldspars are typically perthilic with Carlsbad
twins (orthoclase) (plate XXn.

X, CHEMICAL ANALYSIS

diorite KMl14 (plate XIX). Monazite(?) occurs usually
touching biotite grains in sub- to euhedral crystals. Epidote
occurs as an alteration product of the plagioclase feldspars .
It is primarily found in the monzogranites and is often
spatially adjacent to biotite grains.
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A. KM66, myrmekltlc (m) and graphic (g) textures In
a pegmatite veIn.

B. KM66, myrmekltlc texture. Ouartz labeled (0) and
plagioclase (P). Photomicrograph taken under
crossed nichols, width of fleld 1300 microns.

C. KM66, graphic texture. Two quartz blebs are
enclosed by perthltlcaJkali feldspar. Photomicro
graph taken under crossed nichols, width of field
3,400 microns.

Major Oxides

Har/(i!T Variation Diagrams

To detennine the bulk composition of a rock it is
necessary to analyze for the major oxides that compose it
The major oxides represent at least 95 to 99 percent of lhe
chemical composition of a rock. Fourteen rocks were
selected to be analyzed for the majoro;.:ides (Appendi;.: D).
These rocks were analyzed prior to the discovery that the
Circle intrusive complex was composed of two plutons.
Therefore. syenogranites in the Ketchem Dome-Ketchem
Creek area arc not represented.

Chemical variation diagrams arc one way to show
compositional trends within a given province (Williams and
others, 1982). Si0

2
is theo;.:ide element that shows the most

numerical variation so Harker (1909) devised a plot of Si0
2

versus !.heweight pcrcenUJ.gesofother major oxides (Barker,
1983). According to Barker (1983), the trends exhibited can
show how each rock type chemically varies in relation to the
Olherrock typcsofa province, butdo not necessarily confirm
how one rock is genetically related to anolher. The model
diagram thal arranges rocks in a genetic sequence has yet
to be developed. The difficulties of variation diagram
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Plate XIX

A. and B. KM114, sphene cry tals In a megaphyrlc granodiorite. Photomicrographs taken In
plain IIg t width of field 1330 microns.
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Plate XX

(...
I

A. CH54, zoned plagIoclase feldspars with albite twinning In a Two·b [t pluton monzogran Ite.
Photomicrograph taken under crossed nichols, wIdth of fie [d 3400 mIcrons.
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B. PM280, a typical unzoned plagioclase feldspar with albite twInning In a Circle Hot Springs
syenogranite. Photom Icrograph taken under crossed nichols, wIdth of fIeld 3400 mIcrons.
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Plate XXI

A. CH56A, perthitlc mlcrocllnewlth Carlsbad twinning Ina Two-bitpluton granodiorite.
Photomicrograph taken under crossed nichols, width offield 3400 microns.

B. CH60, a perthltlc orthoclase with Carlsbad twinn Ing In a Circle Hot Springs syenogranlte.
Photomicrograph taken under crossed nichols, width offield 3400 microns.
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interpretations have been determined mathematically by
Olayes (1971).

In Figure 23, Harker variation diagrams show the
expected decrease in Alp]. FeOToW, CaO, and MgO with
increasing Si0

2
and increasing Kz.O. The Nap plot does

not show a pronounced uend. The chemical variation
exhibited in the individual rock types basically support the
modal variation described in section vn, p. 37.

To describe the chemical variation within each pluton,
more samples specifically from each phase should be
analyzed. One problem is rmding fresh, unaltered samples
in the middle to western end of the Two-bit pluton. Based
on Barker (1983), Chayes (1971) and D. Hawkins (pels.
comm., 1987), the Harkex variation diagrams do not support
conclusively that the chemical !rends exhibited are due to
a genetic relationship between the rocks. These plots cannot
be reliably used as a fW1her test that the various imrusive
phases within the CHS pluton or Two-bit pluton were
comagmatic or derived from separate magmas. Conse
quently, the same is true for using the diagrams as evidence
to suggest the CHS and Two-bit plutons were comagmatic
or from separate magmas.

AFM and Ca-Na-K Triangular Diagrams

The AFM and Ca-Na-K triangular diagrams are also
widely used to show comJX>Sitional !rends. Again, more
samples representative of each rock type in each of the
plutons is necessary fora betterdetennination of the chemi
cal trends that exist According to Barker (1983), one point
on the AFM diagram represents the bulk: composition of a
rock in terms of the minerals it contains. The A comer
represents the alkali feldspars. In this way, rocks that plOl
close to the A corner contain minerals composed of Nap
+ Kp. MafIc rocks will plot along the F-M border if they
arecomposedofmineral.sthatcontainlittletonoalkalis. The
Ca-Na-K diagram supplements the AFM diagram by show
ing the relative proponions of the Ca, Na, and K contained
in the bulk composition of each rock. With progressive
fractional crystallization. magnesiwn enters into the feno
magnesium minenlis and the melt becomes iron enriched.
In the same way, as the early-formed plagioclase crystal~

lizes, the magma becomes enriched in Na and K compared
1aCa.

Ifthese variation diagrams are valid for showing genetic
relations between kindred rocks of a province, then the
chemical trends shown in Figure 24 could be suggestive of
fractional crystallization, at least within each pluton. The
CHS syenogranites show enrichment in the alkalis with a
decrease in alkalis coupled with a slight increase in MgO in
the CHS monzograniles. Only one CHS granodiorite is
shown and its composition reflects even lesser amounts of
alkalis with a slight increase in magnesium.
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Only four rocks represent the Two-bit pluton so not
enough information is available to conclusively support
fractional crystallization as a reason for the bulk composi
tion seen. However, just based on the points plotted, the
monzogranites have increased alkalis compared to the
granodiorite with no relative enrichment of iron.

According to Chayes (1971) and D. Hawkins (pers.
comm., 1987), these diagrams are not valid for showing
genetic relations between kindred rocks of province and
cannot be conclusively used to support fractional crystalli
zation. However, the compositional trends shown in these
plots do support the compositional trends seen in the modal
variation diagrams in section vn, p. 35 and 38.

Discussion and Summary

The chemical trends shown with Harker, AFM and Ca
Na·K variation diagrams generally support the composi·
tional variation that is seen in the modal plots (Fig. 18 and
Fig. 20). TheCHS pluton is composedoftwo main. imrusive
phases (syenogranite and monzogranite) that crystallized
about the same time (57 m.y.). Other imrusivc phases
include granodiorite and quartz monzonite.

The Two-bit pluton is composed of two main intrusive
phases (monzogranite and granodiorite). Two K-Ar age
dates from a pegmatite dike and a granodiorite (about 70
m.y.) suggest that the Two-bit intrusive phases crystallized
at about the same time.

Each pluton has unique petrographic characteristics,
chemical similarities between intrusive phases, textural
similarities between rock types, and similar age dates be
tween intrusive phases. Therefore,itisreasonabletosuggest
that for the CHS pluton fractional crystallization from a
parent magma could have given rise to the diversity of rocks
seen from the granodiorites to the syenogranites. However,
the mineralized aplite dated at approximately 54 m.y.
suggests that residual,late-stage, melt fractions mayor may
not have been comagmatic with the main intrusive phases.
Additionally. it is reasonable to hypothesize that for the
Two-bit pluton, fractional crystallization from a parent
magma could have given rise to the diversity of rocks seen
from the granodiorites to the aplite and pegmatite dikes.

Although there is a complete compositional gradation
from the Two-bit granodiorites to the CHS syenogranites
(suggestive offractional crystallization), there is acomposi
tional overlap in the granodiorite and monzogranite intru·
sive phases. Without more dalaon the eastern portion oCthe
CHS pluton it is not possible to determine the importance
of the CHS granodiorite phase. The fresh, pristine condition
ofthe granodiorite sample (1933) combined with its age date
of 57 m.y. implies that il could represent a viable intrusive
phase (as opposed to a single rock limited in area with a
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composition due to wall rock contamination). Differences
in texture, chemical analysis, mineralogy and K~Ar dates
between the plutons could mean that they were not comag
matic and as likely to have come from two separate parent
magmas. Broad similarities between the two plutons and
close proximity suggest that the original sources of the
individual magmas may have been closely associated.
These hypotheses are not supponed byconclusiveevidence.
It is not in the scope of this repon to answer all the questions
raised. However. this swdy will provide a solid foundation
of reliable data upon which future workers can build.

Trace Elements
If the concentration of an element contained in an

igneous rock is less than 0.1 weight percent (or 1,000 parts
per million), it is called a trace element (Barker, 1983).
Eighteen rocks from the Circle intrusive complex were
selected and analyzed for seven trace elements (Appendix
E-l). According to R. Taylor (1979), anomalous amounts
of Sn, F, Li, B, and Rb may be found in granites associated
with tin deposits.

Based on their large, ionic radii or high ionic charge,
Li+, Be+2, B+3, F I , and Sn+2 or +4 do not enter into the
common mineral crystal structures. Instead they become
concentrated in residual fluids as fractional crystallization
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progresses. Consequently, they are often found in late-stage
aplite or pegmatite dikes and are called residual elements.
Far these reasons, aplite-pegmatite dikes and altered intru
sive rocks were selected for trace element analysis. One
Objective of trace element analysis was to narrow down the
possible sourcesof tin mineralization. In the Circle intrusive
rocks, limited exposure dictates the availability of samples
and therefore interpretations of the results are somewhat
speculative.

According to Taylor (1979), major phases that have
crystallized from a melt enriched in tin, may contain anoma
lous amounts of tin and associated elements (i.e. F, B, Li,
and Be). Therefore, majorphases from theTwo-bitand CHS
pluton were also analyzed. Rubidiwn is often found with
Sn but for a different reason than that for the residual
elements. Rubidiwn is similar in ionic radius and charge to
potassium. Therefore it readily enters into the crystalline
structure of potassium-bearing minerals. As a result, as
fractional crystallization proceeds, if the melt composition
is suitable, it will become enriched in potassium and rubid
ium. Therefore, the last melt fractions to crystallize will
often be composed of minerals containing rubidium and
potassium (alkali feldspars), quartz and residual elements.

When the samples were selected for trace element
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analysis it was not known lhat two plutons composed the
Cirt:le intrusive bodies. The CHS monmgranites lhat were
sclecled have bom been affected slightly by some form of
postmagmatic alteratioo. CH57 contains tourmaline-rich
pods possibly due to crosscutting dikes, and PM278 is
slightly altered due to its proximity to greiscnized
syenogranite. Unaltered monzogranites are not represented
nor are unaltered syenogranites of the Ketchem Dome
Ketchem Creek area. In Figure 25, the sample identified as
"greisen" contains .13 percent tin. The samples labeled,
'altered intrusive rock' represent rocks lhat were altered too
much to obtain reliable modal analysis data but not as
intensely altered as the greisen sample.

Figure 2S and 26 show tha1 rubidium content inc:reascs
in the more potaSSic-rich rocks of the CHS pluton. The
apfue.pegmatite dikes and al.tered rocks analyzed £rom the
Two-bit pluton appear to be barren of significant amounts
of Sn and associated minerals. The CHS rocks generally
contain higher amounts of the residual elements but Sn is
only significantly high in the greisen rock. Tungsten is
highest in an altered schist found close to the contact near
the confluence of Deadwood and Switch Creeks. The
samples showing the highest boron values contain visible
tourmaline (a boron-bearing mineral).

The uaee element dam in Fig. 2S and Fig. 26 suggests
WI the tin potential is _ ""beCHS plutoo. The highest
tin value occurs in the greiscn rock (CH58A) with the IlQt
highest values (which are considt.:ably lower) occurring in
the aplite-pegmatite dikes.

C1PW Norm o.nd tM DiffutntiaJion lnda
Figure 27 shows plots ofeach trace element versus the

corresponding differentiation index determined for each
rock. In order to explain what differentiation index is, an
explanation oftheCIPW nonn is necessary. Rockanaiyses
are commonly ]X'eSCOted in tenns of weigllt percentages of
the major oxides. Comparing rocks based 00 these percent
ages can be laborious and somewhat confusing. In 1902,
Cross, Iddings, Pirssm, and Washington (CJ.PW.) devel
oped an igneous rock classification whereby the oxide
components were recalculated to foon asetofmineraIogjca.l
equivalents or 'normativemineJals'. Their igneousclassifi
cation is rarely used but thcCIPW method ofcakuLating the
norm ofarock has been widelyadopted (MiddlemOSl, 1985).

According to Barker, (I983):

nIn the calculation of the CIPW nonn, oxide
components are combined into arbitrary com
pounds according to a rigidly prescribed order,
originally thought to be the order ofcrystallization
of the analogous minerals in most magmas. These
arbitrary compounds or normative constituents

51

bavethechemical fannulas ofsimpleendmembers
in the major rock-forming minern1 groups, with Ihe
imponantexception that no normative constituent
is hydrous. The CIPW norm, expressed in weight
percent, thus resembles the mode of an igneous
rock composed entirely of anhydrous crystalline
phases in which there were no solid solutions."

Appendix 0 lists the nonnative mineral values corre
sponding to the Circle intrusive rocks that were analyzed for
the major oxides. Middlemost states (1985), "The differ
entiation index is a numerical expression of the extent to
which amagma has differentiated, and it represents thesum
of the weight percentages of normative quartz, orthoclase,
albite, nepheline, Ieucite, and kalsilite(Thomton and Tuttle,
1960)."

Thcplots in Figure27 suggest that the two plutollscould
be chemically distinct, however, not enough data points are
plotted to conclusively detenninechemical trends within or
between the plutons.

SewardTin Gran ites Versus the Circle Intrusi ve
Complex

Accading to Hudson and Arth (1983), seven plutons
compose the Seward Peninsula tin-granite belt (Fig. 28). As
a means ofcomparison, normative minerals ratios from six
of the Seward tin granites were plotted with Circie intrusive
complex normative mineral rations (Fig. 29). The plot
supports the findings of this repcn that the Two-bit pluton
is compositionally an unlikely source for tin. The plOl also
supports the hypothesis that the Circle Hot Springs biotite
syenogranite is the most likely host of tin mineralization.

Summary and Conclusions
Given Streekeisen's classification of plutonic rocks,

using his granite field without subdivisions ofsyenogranite
and monzogranite, and by using an accepred set of textural
terms, most of the intrusive rocks of this study could be
described as medium-grained, porphyritic biotite granite.
Through a careful study of macroc.rystalline igneous tex
tures, based on the size of the large feldspars. two different
sets of igneous rock: were outlined. Experimental modal
plots suppMed this textural separation of rocks. It became
obvious that Streekeisen's granite [)tId covered too broad
ofacomposition range toaccurately classify therocks of the
study area. Mineralogy and plots using whole-rock. and
trace~lement data further supported a two-pluton theory.
Potassiwn-argon age dates were the final evidence to sug
gest that two plutons composed the batholith.

Based on the multiphase character of the plutons, the
term "Circle intrusive complex" has been coined in lhis
repon. Out of necessity, the two plutons have been named
and are called the Circle Hot Springs and Two-bit p!uLOns.
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The Two-bit pluton is approxima~ly 70 m.y. old. It is
composed of two main inlrUSive phases; granodiorite and
monzograni~. Aplite-pegmatite and mafic dikes crosscut
these phases. Two age--da1es suggest that the granodiorites
ace about the same age as the crosscutting aplite-pegmatite
dikes. This closeness in age between phases, together with
the chemical trends shown in modal variation diagrams and
similar mineralogies suggests that fractional crystallization
of a parent magma could have given rise to the diversity of
rocks seen in the Two-bit pluton. At least 13 m.y. lapsed
before the emplacementand crystallization of the Circle Hot
Springs pluton.

The CHS pluton is composed of granodiori~, mon
zogranite, quam monzonite and syenogranite. K·Ar ages
indicate that all four phases crystallized about 57 m.y. ago.
A K-Arageofan aplite dike suggests that threemillion years
lapsed before at least some of the aplite dikes crystaUized.
The closeness in age between intrusive phases combined
with chemical trends shown in modal variation diagrams and
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similar mineralogies. suggest that fractional crystallization
from a parent magma could have given rise to the diversity
of rocks seen in the CHS pluton.

In contraSt,. differences in age. composition. textures
and mineralogies suggest tMt the twO plutOns were nOt :IS

likely to have originated from the same parent magma.
Broad similarities and close proximity suppon the idea thal
the plutonscouId have arisen from two parent magmas from
closely associated sources. MoredelaiJed work is necessary
to better understand these relationships.

Historically, placer tin has been identified in creeks that
[low through or adjacent to the batholillt. In litis report.
cassiterite has been identified in greisen on lite nank of
Ketchem Dome and in altered intrusive alongside Pon.age
Creek. Mineralogy. trnce-element data and similar norma
tive mineral ratios to Seward tin-granites. suggest that the
biotite syenogranite of the Cin::le Hot Springs pluton is the
most likely to host tin mineralization.
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Figure 30. Location of sample sites in the Bedrock Creek area.
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Figure 31. Location of sample sites in the Deadwood Creek area.
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Figure 32. Location of samples in the Portage Creek area.
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AppendixB. Grain Size Analysis OfRocks From The Circle
Intrusive Complex

Large Large Groundmass % of % of % of
Sample Quartz Feldspar Grains Large Large Ground-

Pluton No. (mm) (mm) (mm) Quartz Feldspar mass

Circle KM 48 none none 1 - 3 none none 100
Hot KM 147 none up to 25 1 - 2 none 2 98
Springs KM 43 none none 1-4 none none 100

KM 44 none up to 10 1-4 none 2 98
KM 45 none 2=5 1 - 2 none 58 42
SM245 none up to 12 1-2 none 5 95
KM 46 none up to 10 1-2 none 5 95
KM 47 none 5=7 1-4 none 51 49
SM244 none none 1-4 none none 100
SM241 none 5 - 10 2-5 none 63 37
PM 281 none 3-5 1 _ 2 none 58 42
SM240 none up to 10 1 - 5 none 10 90
SM239 none up to 10 1 - 6 none 10 90
Be 134 none none .... 1-2 none none 100
KM 42 none none 1 - 2 none none 100 ,
SM318 none up to 16 1=2 none 13 87

I
SM319 up to4 up to 20 1 - 2 5 28 67
SM320 up to 4 up to 20 1 - <1 5 22 73
SM321 up to 4 up to 20 1 - 2 5 29 66

'1

KM 74 none up to 25 1 =2 none 5 95
KM 73 up to 4 up to 10 1=2 2 3 95
SM 145 up to 4 up to 10 1-2 2 3 95

~
SM 162 up to4 up to 10 1 - 2 2 3 95
KM 71 none up to 10 1 - 3- none 3 97
SM 143 none 7 _ 10 1-2 none 3 97
BC 65 none up to 10 1-2 none 5 95

,~I SM 164 none up to 17 1-2 * * *'
KM 68 none up to 8 1-2 none 52 48

I ' BC 68 3-5 up to 15 1·2 5 44 51
1 ~ ,

I :' KM 69 1 ·3 up to 5 1 - 3 ... ... ...
KM 70 up to 4 up to 8 1·3 1 29 70
SM 96 none up to 5 1 - <1 ... ... ...
SM303 up to4 none 1 ... ... ...
SM300 up to4 up to 15 1 - 3 10 9 81
SM301 up to 4 up to 10 1-3 10 3 87
SM272 up to 3 up to 9 1 - 3 ... * *
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Appendix 8. GrainSizt Analysis OrRoc:ks From Tbe Circle
Intrusive Com plex (Conlinued)

Large Large Groundmass "or "or "or
Sample Quartz Feldspar Gnlins Large Large Ground4

PlulOll No. (mm) (mm) (mm) Quartz Feldspar mass

Circle SM273 up 10 5 up 10 10 I - 3 • • •
Hot KM 142 up 10 5 up lO lS I - 3 • • •
Springs PM 71 3-4 up 10 8 1 • • •

KM 129 up 106 UPlO17 4-5 10 3 87
SM252 up 106 uplO17 4-5 10 3 87
PM 60 oone up 10 15 3-5 nooe 9 91
SM 87 nooe 10-20 2-4 none 27 73
SM 88 5 12 I - <1 • • •
SM 91 4 5-7 I . <I • • •
SM 92 4 5-7 1 - <I • • •
SM229 5-7 up 1020 2-5 10 29 61
PM 98 I - 4 25 1 - 2 2 3 95
SM 230B none 5-7 1 • <I none 10 90
KM 135 none 15 5-6 none 4 96
PM 99 none 15 5-6 none 4 96
KM 137 oone none 1 4 <I none none 100

Two-Bit KM 123 5 - 10 up 10 45 2-5 34 33 33
SM224 5-7 up to 20 2-3 • • •
PM 94 4-6 up to 30 2-3 • • •
PM 96 10 up to 40 3-5 • • •
KM 120 5-7 up to 35 2-4 22 21 57
KM 109 5-7 25 - 35 2-4 15 31 54
KM 106 9 - 12 30 2-5 9 4 87
KM 107 up 10 10 up to 40 2-4 22 33 45
KM 113 5 - 10 up to 30 1 - 2 5 5 90
KM 114 5-7 15 I - 2 5 5 90
KM 116 5-7 30 2-5 16 5 79
SM 191 5-7 5 - 10 2-4 5 5 90
PM 87 5-7 15 - 20 2-3 • • •
PM 88 5-7 15 - 20 2-3 • • •
PM 90 5-7 up 10 30 2-3 • • •
PM 91 5-7 20 2-3 • • •
SM205A 5-7 up 10 40 2-4 3 12 85
KMlooB 5-7 up 10 25 2-3 • • •
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Appendix B. Grain Size Analysis OfRocks From TbeCircle
IntrusiveCompJex (Continued)

Large Large Groundmass %of %of % of
Sample Quartz Feldspar Grains Large Large Ground-

Pluton No. (mm) (mm) (mm) Quartz Feldspar mass

Two-Bit KM 104 5 - 7 40 2-4 3 16 81
KM 105 5-7 40 2-4 3 16 81
SM 61 5 up to iO 2-4 • • •
SM 170 7 up to 20 3-4 • • •
SM203 5-7 up to 33 3-5 25 37 38
KM 80 5-7 up to 15 3-4 15 31 54
KM 81 5-6 up to 25 3-4 • • •
KM 97 5-7 25 3-4 42 8 SO
SM204 5 - 10 up to 45 2-4 • • •
KM 65 5-7 up to 15 2-4 33 29 38
KM 56 up 10 5 up to 10 I - <I I 7 92
KM 57 up 10 7 up to 20 2-4 9 13 78
KM 58 up 108 up to 30 2-4 13 3 84
SM 75A 10 15 2-4 • • •
SM 76C up to 10 up to 2S 2-4 30 21 49
BC 121 up to 10 25 I - 3 3 8 89
SM 80 4 up to 10 I - 2 • • •
SM 83 5-7 25 2-4 • • •
KM 82 up 10 10 up to 2S 2-4 12 12 76
SM 180 none none I - 3 none none 100
SM 181 up 10 8 none I - 3 • • •
SM 183 up to 10 up to 16 2-5 • • •
SMI94 2-5 up to 30 3 18 25 57
SM 195 5 up to 20 2-6 8 14 78
SM 196 3-6 none I - 3 • • •
PM 279 6 - 10 up to 30 3-4 28 10 62
SMI65A 7 15 - 20 3-4 8 18 74
SM 165B 7 15 - 20 3-4 8 18 74
SM 166 7 - 12 up to 35 4-5 25 40 35
SM 167 6 up to 30 2-5 • • •
KM 87 up 10 9 up to 47 4 20 50 30
KM 90 up 10 9 up to 7 1 - 3 30 12 58

• volumeuic percentages were not recorded
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Appendix C. A ethod ofPoint-counti1Jg edium-grained Porphyritic Rocks
for odal nalysis

Step 1. A. Delemlioe wbal the largest grain in the
groundmass is and select a grid size that is
larger than the biggest grain.

B. When a point falls on a phenocryst., do not
aunt it.

C. Point-count plagioclase polaSSium feldspar,
quartz and mafics.

Step 2. A. ormalize to 100% without the mafics as
follows:
1. Subtract the number of mafic points
counted from the roral number of points
counted.
2. Divide each mineral's point-count by the
new lOral.

Step 3. A. Determine what the largest phenocryst is and
choose a grid size accordingly.

B. Point-coUDl the phenocrysts and COWll

anything other than a phenocryst as ground·
mass.

C. Determine bat percentage of the sample is
p enoaystS versus groundmass as fonows:
1. Divide each of the pbeooayst point
coun~ by me total Dumber of points
counted.

Step 4. A. At this point it is necessary to multiply the
total percentage of groundmass (foWld with
the coarse-grain grid) b the percemage a
each mineral found in the groundmass
(found ith the medium-grain gri . Do
this as follows:
1. ultiply me coarse-grained grid ground-
mass percentage by each of the medium
grained grid groundmass mineral percent
ages.

These values now represent the toral
pen::entages of plagioclase, potassium
feldspar and quartz found in the ground
mass.

Step S. A. In order to get the modal composition of the
entire sample, it is necessary to add the
percentages of the phenocrysts to the
groundmass percentages. As a check, the
total percentage of plagioclase. potassium
feldspar and quanz should add up to 100
pcrcenL

ThroughoUl the calculations it is easier to
~ ro three places and keep the decimal
fonn as opposed to percentages until the
final calculation.

"'ODAL pO..T-COUNT OAT.. WOflKSHEE1'

P"."ocry." (c.g. grld)(' II"",,)
ground- 101.1

pliO. k-Iplr Qua,tz no. of
m••• pointe

nO,,:/n•• no.,3inll nO,,3in," nO,,3in,"
33

1 32.. .. .. ..
3 117

0 ••£11I" "TIO.. I

to I polllli

~
~

"uH.p" the coa,.e-gra.",.d grid groundlll••• p.rcent.oe

by ••ell 01 III. ",.dl .._or.'n.d orld gro ..nd..... III ".,.,

p.rcenl.g••.

I • "avAd ••• .percen.ag_•.

blolllo

.,Iotlt.

65

Tota' oerceol.ag•• at pla1;l... -apar al'ld Quart2

(pll"nOC"'" .nd o.o..nd ..... l

c lele 0.10.

m.Q. - medlum-o,afn.CI
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Appendix 0
Whole·rock Analytical Data ofFOllrteen Sam pies from the Circle Intrusive Camplex

Sample Number KM 141 0<61 '" 211 '" '" CHoo CH59 KM 142 am I", '"". KM 114 C1I36A CH" CH"0_- """'. "'""" ...,
t;.~

..., """'" ..., "'""" """'- "'""" """"" t;.~ t;.~ t;.~

"""'" M..... """'" "'""" di<rile """" MonzonilC Moozonirc MOIWJnite
".~ 0lS 0lS 0lS CHS 0lS CHS CIlS CIlS CIlS 0lS Two-Bil Twf>.Bir. Two-Bir. Tw<:>-Bil

------
Mljor01idca

Si02 ,.., 76.62 75.604 71.71 n-" 11.91 "" ".00 n.., "'" 64.78 11.13 69.19 72.71
~,o, I'" 1263 13.82 D." 123< 13.6\1 13.59 I'" 1'" I'" 17.14 U.51 IH3 14.75
1<,0, "I' '-'" lUg '"" '.<11 .,1 .." 0.41 .52 .m 1.7i 0.10 ." ."
"'" 1.83 l.SI 1.01 3.14 1." '" I." 1." '" '1>1 "1 1." ,.. 1."'
M.O .." '>1 011 .-" .."' ." .." .... 0.11 ." 1.00 .." •.n ""COO 0.74 ." .,. 1-" 0>1 \.45 .." 0.76 ,." 15' 4.0S 2.5. V>9 21'
NlzO U, '" ,." ,.. 2.5, ,,, >0, 3.1I '99 ,... ,,. 3.19 ,n u,
K,p ,... s." ". ,.n m ,." '" ,." '" ... 4.14 ,.,

'" 4.95
no, 0.17 0.19 '1' 0>, '1' •." 0.10 0.14 •." ." •.n ." ." ..",,ps .... .... 0.08 0.13 .... •." .."' .... 0.10 0.11 ." 0.10 ." ."''"'0 •.os •.os O.IlS ".. .."' "~ •.ro ..~ .."' .m .." .m 0.12 .m
""'TOOl 1." '" lAS '" ,.. 3.U 1." '17 3.16 '" 4.85 ,.. ,."' '17
S~'" 100.19 100.73 100.70 100.35 100.&4 ".91 100.85 100" ".n 100.88 \(1).41 100.12 100.23 100.51
1><j<ko

• (AfletSlreCkmal, lrn6) - Rocl:.~ ore bued 011 chemlcaI_~
CHS • Cirde Hot Sprinp

CIPW Norms ofFourteen Sam pies from the Circle Intrusive Complex

SampleNumbc:r KM147 CH'I PMUI '" '" CH" CH59 KM142 0197 I", '" '" 1CM 114 CHSOA CH11 CH"0_- """'. "'""" ...,
~

..., """'" ...,
"'""" """'- "'""" """"" t;.~ ~ t;.~

"""'" M...... """'" "'""" di~ """" MORZOnite MORZOnite Monzonite

""- 0lS 0lS 0lS 0lS 0lS 0lS em em CIlS 0lS
_..

-r-BiL -r-BiL Two-Bit

NllrllW1i¥e CPW...... v....

~ 33.% 36.6\ 33.76 S7S so." ".n ,,,. 35.13 ,." 25.15 1'0' V.., 24.15 )0.45

""""'"'" .... .... 1.62 .." \.16 ." '"' .." .." .'" 0.49 '" 0.78 "..
""""""" 34.75 "" 1297 11." 11." "." "." so.n 15.48 "29 "." 27.48 31.73 29.25
AI>i. 24.11 =1 V,. ,,-" 2l.41 23.61 "" "31 24.79 25.72 27.41 "" "" 24.45

"'"""" HI "1 '" <" '" ,." \."' "1 16.41 5.98 1'" 11.75 11.76 10.22H_
'.V 111 1.62 '" '" ,." 1." '" 6.12 "" U2 .... 5.70 •.w

M.opti~ •." OJ, .11 0.81 0>. "'" '" ..., 0.75 0.13 ". 0.14 .... 0.49
",.".. ." .36 '" ." 0>, .." 0.19 •.n .... ..1 139 "1 0.61 0.42..... "" .." "I' '.11\. "OS .." 0.18 .."' ." "" "1 .XI • 21 .,.
'"'" 100.79 100.73 100.70 100.35 100.&4 ".91 100.85 100" ".n 100.88 100.41 100.12 100.23 100.51

--------_.
• (A1lo:r SIJ<d.ciJcn, 1'116) - Rock _are based on cIlernica! UVolyN.

CIlS _Circle lIat Sprinp
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• Appendix-E-I .
Trace~elemeDtAnalyses or18 Samples from the Circle Intrusive Complu

Sample Rock Pluton Be Li F W Sn Rb B
No. Type ppm ppm ppm ppm ppm ppm ppm

-----
CH53 Pegmatite pod CHS 4.7 15 45 2 22 281 30

in intrusive
(composition unknown)

CH57 TounnaJine· CHS 4.4 70 2400 3 5 581 115
rich pod in
monzogranite

CH58A Greisen CHS 8.4 200 700 6 1050 547 35

KM 133 Aplite dike CHS 12.0 205 3900 2 22 590 895
wilh cross-
cutting tourmaline
veinlet

KM 140 Altered CHS 65 55 425 2 6 331 30
intrusive

KMI44 Felsic vein- CHS 8.1 240 1950 9 14 412 185
dike in
alt=d schist

CH60 Syenogranitc CHS 3.7 175 525 5 7 432 45

CH61 Syenogranite CHS 55 210 2400 3 5 480 50

KM 142 Syenogranite CHS 2.2 140 1000 3 4 456 25

KM 147 Syenogranitc CHS 9.5 220 2900 4 12 512 75

PM 278 Monzogranite CHS 4.6 120 950 3 8 349 10

SM89 fluorite in CHS 6.9 55 2900 2 II 459 20
altered
inttusive

PM 281 Syenogranile CHS 9.9 220 2300 2 19 590 45

CH56D Altered 2-Bit 3.4 30 100 2 <1 71 25
intrusive

PM 250 Pcgmatile 2-Bil 32 20 190 3 7 143 60

SM 193 Aplite 2-Bit 52 15 100 2 233 15

CH33 Monzogranite 2-Bit 3.0 80 450 2 3 189 15

KM 114 Granodiorite 2-Bil 2.5 100 950 2 108 20

--------------------------------.------------------------------------------------------------------
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AppeodixEa2
T raceaelemeot AD alyses of14Sampies from tbe Circle Intrusive Com plex

•

SllTIple
No.

Rode
Type

Pluton Zn- Cl> Co

ppm -

Ni- Fe Mn
ppm ppm

o Pb

ppm -

Au
ppm

AI- "0- 50
ppm

A.
ppm

4 13JXXJ 316 197

4 14.000 348 157

4 24.000 483 119

5 14.000 399 226

5 23,(XX) 406 236

4 9,(XX) 163 161

2 14,,(XX) 406 138

<S <10

12

22

:0

<S <10

<S <10

<S <10

<S

<S

2

2

2

2

2II <.1 02

9 <.1 0.1

7 <.1 02

II <.1 0.2

7 <.1 D.2

25 <.1 0.3

10 <.1 02

11 <.1 O.t

884 9.000 278

3

2

2

2

3

2

1

14

4

8

3

6

7

8

10

K:.\1147 SyenogratUle CHS 24

CH 61 Syenop-anite CHS 38

PM 281 Syenogranite rns 21

PM 280 Monmganite OIS 67

CH 60 Sycnogrmite OIS 31

OJ 59 Moraogrmite rns 6S

KM 142 SyenognnUe CBS 21

aI 57 Monzoganile CBS 31

PM 278 Monzogranile CHS 61

KM 114 Granodiorite 2~Bit 87

1933 Granodiorite CHS 47 7

5

16

4

3

4

5 21.000 SS9 185

4 15.000 465 144

4 26.000 555 133

14 <.1 0.1

10 <.1 0.1

20 <.1 0.1

<S <10

<5 <10

<S <10

CH SliA Gnnodioritc 2-Bit 44

01 33 Monzoennite 2-Bit 54

CH 54 Mcm:zolfUlite 2·Bi&: 34

2

6

3

4

3

3 14.00> 430 132

4 19,(0) 753 137

4 14,(XX) 474 172

11 <.1 0.1

9 <.1 0.1

55 <.1 02 <I

<S <10

<S <10

<S <10

Detection Limits Used in tbe Trace-element Analysis of 14
Samplesfrom tbe Circle Intrusive Complex

-ICP! Detection Limits
AES

"AAS
(Dame)

Detection Limits

Zn 0.003 ppm ± 0.65'110 SO

Cu 0.012 ppm ± 1.53'110 SO

Co 0.0003 ppm ± 0.63'110 SO

Ni 0.002 ppm ± 0.51'110 SO

Fe 12.6 ppm ± 7.99'110 SO

Mn 0.031 ppm ± 5.45% SO

PI>

Au

Ag

Mo

Sb

As

1 ppm

0.1 ppm

O.t ppm

1 ppm

1 ppm

10 ppm

Cr 0.016 ppm ± 0.49% SO - Analyzed by an atomic
absorption spectrometer

Analyzed by an inducth-e.ly
coupled plasma 3lOIIlic emission
spcclromela

SO· Sl3ndard deviation
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KatyWilkinsonhasheldalifelongintereslineanhprocesse aruiherj b and recreational ti itie have alway u cd
onoutdooraclivities. At 15 year ofage hewa standing n MountRainier' ummit.,marveling nhedistampeaks hr ud d
in clouds. Following four years of climbing experience with the Spokane Mountaineering Club he found herscl 10 king
for gold in !he wilds of Montana, in the stifling heat of Hells Canyon, Idaho and in southwestern Oregon. She has dug
flIclinc in the Si kiyou National Fore 1 and climbed telephone poles as a lineman in eastern Wa hjngton. She xpl red
for uranium in the evada desert and northeastern Wa hinglon. While exploring for gold in outhwc tern Alaska. h w uJd
often find the mighty Alaskan brown bear searching for parka quirr or feeding on salm n.

In 19 she graduated summa cum laude with a Bachelor of Sci nee d gree in Geology from Easlern ~ hingt n
ni ersity. She had a dream lO complete a geologic wdy in a relati ely unresearched area in AI . This repon r pr n

Ihe realization of that dream.

he and her husband. Richard ilkinson, own and operate K.T. and R. Co ultan . For lWO years he ha \ rked
on a can ulting basis for a local preciou metal refinery. buying gold from Alaskan mine . In th ummer, Richard min
goldfromAl kancreeks. Togeth rtheyplanloresideinFairbank ,AJ ka. Th yarecllITentlyinv tigal.ingminingv mures
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