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Abstract

The Rhyolite gold prospect near Fairbanks, Alaska, appears to be different from most intrusion- 

related Au deposits within the Fairbanks area (e.g., Ryan Lode and Fort Knox), as it is located along a low- 

angle fault and is spatially associated with a quartz monozonite sill. A 1:60,000-scale geologic map was 

prepared using soil samples, airborne geophysical data, and mapping based on core and surface samples 

collected during 1998 and 1999. Mineralization does not appear to be temporally related to the quartz- 

monzodiorite sill, although mineralized fluids apparently used the sill as a pathway.

40Ar/39Ar dates of chloritized biotite from the intrusive (>75 Ma), sericite in mineralized gouge 

(-90 Ma), and white micas from metamorphic rocks (-100 Ma) correlate with dates from other plutonic- 

related deposits in the Fairbanks area (McCoy and others, 1997). Au-Ag, Au-Bi, and Au-As ratios suggest 

that the Rhyolite prospect is intrusion-related but distal to the causative body.
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Chapter 1

Introduction and Geologic Setting

1.1 Introduction

Ester Dome is located approximately 5 miles west of Fairbanks, Alaska, within the Fairbanks 

mining district (fig. 1.1). Prospecting and mining activity began on Ester Dome in 1902, shortly after Felix 

Pedro first discovered gold in the Fairbanks area. The significance of the Fairbanks mining district was 

recognized early, and several reconnaissance studies were completed, such as those by Prindle and Katz 

(1913), Hill (1933), and Mertie (1937). Prospectors on Ester Dome reported finding quartz boulders 

containing pieces of free gold that could simply be chipped away (Hill, 1933). More than 40 known lode 

and placer gold deposits are contained within the dome’s small area of about 40 square kilometers (fig.

1.2). Convenient road access to Ester Dome is available through Ester Dome Road, Henderson Road, and 

numerous trails.

Ryan Lode lies on the southeast flank of Ester Dome, and is a significant resource containing an 

estimated reserve of 800,000 ounces of gold. Ryan Lode is the largest known gold deposit on Ester Dome. 

Ester Dome also hosts the Rhyolite, Ready Bullion, and Silver Dollar prospects, studied as a part of this 

thesis. Approximately half of the 9 million ounces of placer gold production and reserves of the Fairbanks 

area are derived from streams that drain Ester Dome (Bundtzen and others, 1987), but the known lode gold 

reserves on Ester Dome are a fraction of those known for the Fairbanks area. Despite the numerous 

prospects and mines on Ester Dome, few have significant identified resources, partly due to structural 

complications. Poor outcrop exposure, multiple faulting and metamorphic events, and a regional propylitic 

overprint all serve to complicate geologic understanding of the area.

1.2 Mapping Studies and Regional Geology
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Fig. 1.1 Regional geologic map of the Fairbanks mining district, showing the location of selected gold deposits and the Ester Dome study area 
Map modified from Newberry and others, 1996 and Rogers and others, 1998.



Fig. 1.2. Topographic map of Ester Dome showing selected lode prospect locations and 1998 PDX leased 
ground (thesis area). Map modified from Hill, 1933; Dashevsky and others, 1993; Rogers and others, 1998.
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Previous studies of the structural history and geologic mapping of the Fairbanks district have led 

to conflicting lithologic identifications and interpretations (Bundtzen, 1982; Forbes, 1982; Robinson and 

others, 1990). The Ester Dome geology as depicted by Bundtzen (1982), is shown as circles of outcrop and 

rubblecrop of quartz-mica-schist, biotite-quartz-mica-schist, feldspathic schist, and quartzite along ridges, 

with no inferred geology between locations. Forbes (1982), labels the entire dome “quartz-mica-schist,” 

except for two areas of “Cretaceous quartz monzonite -  diorite” in the drainage of Nugget Creek, which 

correspond to the locations of plutonic rocks found in soil chips during 1998. Robinson and others (1990) 

depict the higher elevations of Ester Dome as Cleary Sequence (a former lithological unit assumed to be of 

lower metamorphic grade than the Fairbanks schist) feldspathic white schist and muscovite quartz schist, 

with small bands of graphitic schist. The Cleary Sequence is now recognized as hydrothermally altered 

rocks of the Fairbanks schist (Newberry and others, 1996). Robinson and others (1990) map the lower 

elevations of Ester Dome as muscovite-quartz-schist and quartzite of the Fairbanks schist unit. Numerous 

small bodies of Cretaceous altered intrusive plutonic rocks are mapped on the dome. Their locations 

correspond well with Placer Dome Exploration (PDX) soil chip analyses. Robinson and others (1990) also 

depict Ester Dome as a large antiform.

Current understanding of the general geology of the Fairbanks district includes a greenschist facies 

package (the Birch Hill Sequence), two amphibolite facies allochthons (Fairbanks Schist and the Muskox 

Sequence), an eclogite facies allochthon (the Chatanika Terrane), and Tertiary basalt (Brown and Forbes, 

1986; Newberry and others, 1996). Ester Dome is composed of variably-altered Proterozoic (?), 

amphibolite-facies, metasedimentary and metavolcanic rocks of the Fairbanks schist, Upper Devonian 

amphibolite facies metasedimentary and metavolcanic rocks of the Muskox sequence, and isolated patches 

of granodiorite of presumed mid-Cretaceous age (Newberry and others, 1996).

The Fairbanks schist package, as defined by Robinson and others (1990), contains a variety of 

amphibolite-grade metamorphic rocks, primarily grey to brown quartz-mica schist and micaceous quartzite, 

as well as quartzite, quartzite grit, marble, amphibolite, and magnetite-rich biotite schist (Newberry and 

others, 1996). The Fairbanks schist has been previously classified as greenschist-facies by Forbes and 

others (1982), Bundtzen, (1982), and Metz (1982). Geothermometry on the Fairbanks schist shows that it
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has been subjected to amphibolite-grade pressure and temperature conditions, and to the same conditions as 

the former Chena River Sequence rocks (Joy and others, 1996). Newberry and others (1996) also classify 

the Fairbanks schist as amphibolite-facies. The Fairbanks schist correlates with other amphibolite facies 

rock mapped in interior Alaska that are probably Proterozoic in age (Newberry and others, 1996). Early to 

mid-Proterozoic detrital zircons are found within Fairbanks schist rocks (Aleinikoff and others, 1981; 

Aleinikoff and Nokleberg, 1989). Newberry and others (1996) previously mapped two subunits of the 

Fairbanks schist on Ester Dome. The first is an amphibolite, magnetite-rich biotite schist, quartzose schist, 

and marble unit; the second is a bleached feldspathic quartzose schist (Newberry and others, 1996).

The Muskox sequence rocks contain amphibolite-grade metamorphic rocks that have been locally 

retrograded to greenschist faces conditions (Newberry and others, 1996). As in the Fairbanks schist, a 

biotite schist unit is present, although at the type locality on Ski Boot Hill (located approximately 10 miles 

northeast of Ester Dome), metabasalt, metarhyolite, and schist are also present (Newberry and others,

1996). Present also at Ski Boot Hill and at Ester Dome is an amphibolite metabasalt package containing 

distinctly different trace element patterns than other amphibolites within the Fairbanks area (Newberry and 

others, 1996). The different trace element concentrations in amphibolite, and the presence of metarhyolite 

not found in the Fairbanks schist, define the difference between Muskox schist and Fairbanks schist 

(Newberry and others, 1996). The Ski Boot Hill metarhyolite yielded an U/Pb zircon age of 369 Ma 

(Aleinikoff and Nokleberg, 1989), and the metabasalt has a low TiC>2 content as well as a calc-alkaline, 

island-arc trace element signature (Newberry and others, 1996). In the Muskox sequence rocks mapped 

near Ester Dome, only the amphibolite and the biotite schist unit have been identified (Newberry and 

others, 1996). Previous workers (Rogers and others, 1998) divided the Muskox schist present on Ester 

Dome into two units, an upper unit, and a lower, more phyllitic, more calcareous, and possibly more 

reactive unit. The intrusions mapped on Ester Dome by Newberry and others (1996), were presumed to be 

of broadly granodiorite composition and of the same ~90 Ma age as other granodiorite rocks in the 

Fairbanks area.

Ester Dome lies within the Yukon-Tanana terrane (Foster and others, 1973; Jones and others,

1984) between the Denali and Tintina faults. Several northeast-trending and north-south-trending faults
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may have caused significant vertical and horizontal displacement of fault blocks between these two 

bounding faults (LeLacheur, 1991). These smaller faults may also have been reactivated with different 

directions of motion from the time of initial movement (Hill, 1933; LeLacheur, 1991). Mineralized, brittle, 

syn-intrusion faults are no longer easily traced due to more recent movements. Some post-Cretaceous 

faults in the Fairbanks District have moved more than 2 kilometers and remain seismically active (Page and 

others, 1995; Newberry and others, 1995c; Solie and others, 1995).

40 Ar/^Ar dating of mineralized rocks on Ester Dome and the rest of the Fairbanks district indicate 

mineralization took place between 85 and 95 Ma (McCoy and others, 1997). The lode deposits of Ester 

Dome are quartz +/- sulfide shears and veins found in metamorphic rocks. At the Ryan Lode, these shears 

are partly within granodiorite, although no causative plutonic body has been located for the mineralized 

shears of the Ready Bullion/Silver Dollar area, the Rhyolite prospect, or numerous other shear and vein 

deposits on Ester Dome. The mineralized shears often contain gooey, clay gouge, and are not concordant 

with foliation.

Explanations for the genesis of these deposits on a district-wide scale include 1) plutonic-derived 

hydrothermal fluids (Mertie, 1918; Hill, 1933), 2) stratabound concentrations of elements distributed in 

metavolcanic rocks that were then remobilized into fractures during plutonism or folding (Metz, 1986; 

Robinson and others, 1990), 3) metamorphic dehydration fluids which concentrated gold that originated in 

the country rock (Hall, 1985), or 4) a combination of any or all of these factors (Newberry and others, 

1988). Detailed prospect studies have been conducted recently on many of the deposits found on Ester 

Dome, including the Ryan Lode (McCoy and others, 1997), the Mohawk Mine (Hall, 1980), the Grant 

Mine (Bundtzen and Kline, 1981), and the Clipper Mine (Bundtzen and others, 1982).

1.3 Brief Descriptions of Ester Dome Prospects

The Ryan Lode, located on the southeast side of Ester Dome, is the largest known resource on 

Ester Dome and is currently being developed by Kinross Gold. The Ryan Lode is primarily a single, 

northeast-trending shear, with mineralization hosted both in granodiorite and schist. Similar to other 

prospects and mines on Ester Dome, the Ryan Lode contains high sulfide contents (>1%), with a dominant
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sulfide assemblage composed of arsenopyrite, stibnite, and pyrite. Although it is the largest single prospect 

on Ester Dome, the Ryan Lode lies outside the scope of this thesis. Information is available concerning the 

mineralization and structure of the Ryan Lode in LeLacheur (1991) and McCoy and others (1997).

The Ready Bullion area is located just to the west of Ready Bullion Creek (fig. 1.2), on the south 

side of Ester Dome. Numerous northeast and north-trending, high-angle faults containing gold-bearing, 

altered, and mineralized gouge are present in this area (Hill, 1933; Rogers and others, 1998). Pervasive 

sericitic alteration is present in drill core from the Ready Bullion area. The Ready Bullion resource is 

completely schist-hosted. Although a plutonic source is possibly the source of mineralizing fluids, no 

intrusive rock has been found in the area. The Ready Bullion prospect area is located within the Muskox 

schist unit, which lies in fault-contact with the Fairbanks schist to the northwest (Newberry and others, 

1996). The Muskox schist is internally faulted with a number of smaller-scale, northwest-trending, high- 

angle faults (Dashevsky and others, 1993; Rogers and others, 1998).

The Silver Dollar area lies just to the northwest of the Ready Bullion (fig. 1.2), and is a site of 

historic lode gold production as well as modem exploration. The geology at the Silver Dollar area is 

similar to that found at the Ready Bullion area, although some PDX core holes in the Silver Dollar area are 

within the Fairbanks schist rather than the Muskox schist.

The Rhyolite prospect is located just to the northwest of the summit of Ester Dome (fig. 1.2). 

Gold-arsenopyrite mineralization occurs in brecciated, faulted, and altered schist. The Rhyolite prospect 

contains Fairbanks schist and an intrusion of intermediate composition. Drilling has shown that the 

mineralization and the intrusion appear to occur along sub-parallel, relatively low-angle structures (plate 1). 

The schist in contact with the sill is homfelsed, and the sill is locally propylitically altered or kaolinitized. 

The mineralized gouge at the Rhyolite prospect is very fine grained (typically < 60 mesh) and composed of 

quartz + sericite + sulfides. In unsheared rocks, coarser-grained arsenopyrite, pyrite, pyrrhotite, stibnite, 

and rare sulfosalts are visible in veins and along foliation. Chalcedonic quartz, reported by American 

Copper and Nickel Company (ACNC) (Dashevsky and others, 1993) is only present in a brecciated zone 

where the sill is cut by a high-angle fault (Rogers and others, 1998). Drill intercepts at the Rhyolite 

prospect such as 6 m of 9.1 ounces per ton (opt), 3.4 m of 7.1 opt, and 3 m of 17.6 opt, among other greater
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than 1 opt intercepts, combined with a near-horizontal mineralized zone make this a viable exploration 

target.

The McQueen prospect lies to the west of the summit of Ester Dome, at the head of Nugget Creek 

(fig. 1.2). The McQueen mineralization is also hosted within a northeast-trending gouge zone (Dashevsky 

and others, 1993; Rogers and others, 1998). The McQueen area seems to exhibit more silicified alteration 

and stibnite than the other prospects on Ester Dome. The McQueen prospect may be essentially continuous 

with the Rhyolite prospect, although this is yet to be proven by drilling.

1.4 Recent Exploration History

From 1987 through 1989, Silverado Gold Mines Incorporated (Silverado) trenched the Silver 

Dollar and Ready Bullion prospects, reverse-circulation (RVC) drilled both prospects, and conducted a 

ground-based very low frequency (VLF) geophysical survey (Rogers and others, 1998). From 1990 

through 1992, American Copper and Nickel Company (ACNC) conducted reconnaissance soil sampling, 

grid-based soil sampling, stream sediment sampling, rock sampling, core drilling, airborne electro

magnetic-VLF geophysical surveys, and ground based Induced Polarization (IP) /Resistivity geophysical 

surveys on Ester Dome (Dashevsky and others, 1993). In 1997, Silverado trenched the Rhyolite prospect. 

During fall 1997 through summer, 1998, Placer Dome Exploration (PDX) conducted a trenching, soil 

sampling, core drilling, RVC drilling, and ground-based VLF magnetic survey exploration program on 

Ester Dome.

1.5 Thesis Goals

There are two separate parts of this thesis. The first is to create a better geologic map of Ester 

Dome using additional sampling, petrography, ^Ar/^Ar dating techniques, and factor analysis of soil 

samples. The second portion of this thesis is to study the timing of mineralization, structure of 

mineralization, style of mineralization, and alteration present at the Rhyolite prospect in the context of the 

geology of Ester Dome.
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The current geologic map of the Fairbanks area (Newberry and others, 1996) is based on limited 

information for Ester Dome. Previous geologic maps (Bundtzen, 1982; Metz; 1982; Robinson, 1982; 

Robinson and others, 1990) of the Fairbanks District contradict each other and contain problems that were 

partially resolved by the 1996 mapping effort. Due to heavy vegetation and thick loess cover, Newberry 

and others (1996) based their map on the small amount of surface exposure, airborne geophysics, 40Ar/39Ar 

isotopic dating, microprobe analysis for pressure and temperature conditions of minerals, trace element 

analysis of igneous and metamorphic rocks, two U/Pb zircon ages, and petrographic analysis. This map 

still contains several problems in the Ester Dome region: 1) north-south-trending faults are absent (for 

which there is some seismic evidence) 2) core drilling has shown the northwest-trending section of 

amphibolite depicted on the map is not amphibolite, and 3) intrusions on the north face of Ester Dome are 

not granodiorite in composition and their age is unknown. In an attempt to resolve some of these problems, 

I have made a new geologic map at a scale of 1:60,000 based on the previous maps, and additional field 

sampling, mapping, drill core logging, detailed petrographic analysis, XRF analysis of samples, and 

^Ar/^Ar age dates.

The Rhyolite prospect mineralization represents a possible low-angle shear deposit similar to the 

nearby True North deposit (located approximately 20 miles northeast of Ester Dome, near Pedro Dome). 

The True North deposit is hosted within the Chatanika eclogite block (fig. 1.1) located in the northern 

portion of the Fairbanks mining district (McCoy and others, 1996; Douglas, 1997) and current exploration 

for low-angle shear deposits has been confined to that block. The presence of a low-angle deposit within 

the Fairbanks schist on Ester Dome would open up further potential for the entire district, as such deposits 

are considerably more amenable to surface mining than the high-angle shears more commonly known in 

the Fairbanks district.

1.6 Methods

The thesis area is outlined on fig. 1.2. During the summer of 1998, PDX drilled 10 reverse- 

circulation (RVC) holes and 22 core holes within the study area (figs. 1.3a,b, and c, appendix A). Also 

during this time, PDX collected and completed 32-element inductively coupled plasma - atomic emission
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450000

Fig. 1.3a. Topographic map of the Rhyolite and McQueeen prospects, showing 1998 PDX drill 
hole collars (98EDC) and trenches (98EDT). Modified from Rogers and others, 1998. Coordinates 
are in UTM northings and eastings.

7196500
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Fig. 1.3c. Topographic map of the Rhyolite prospect showing PDX and ACNC drill collars and 
drill hole traces. Also shows location of section line A-A’-A” (plates 1-4). Modified from Rogers and 
others, 1998. Coordinates are in UTM northings and eastings.

7196200
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Fig. 1,3b. Topographic map of the Ready Bullion and Silver Dollar prospect areas, showing 1998 
PDX drill hole collars (98EDC and 98EDR), and trenches (98EDT). Modified from Rogers and others, 
1998. Coordinates are in UTM northings and eastings.

7194000
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spectrometry (ICP-AES) analyses on over 1300 soil samples (fig. 1.4). Samples were collected along a 

100m by 100m UTM-based grid. Seventy-six of these samples were collected using a track-mounted 

bombardier, the remainder were collected using a hand-held power auger. An attempt was made to collect 

samples from the soil horizon just above bedrock. The typical depth to decomposed bedrock was 1 to 2 m. 

Samples could not be collected from steep, frozen, talus, or deep loess areas. Collected samples were 

dissolved in acid baths for partial digestion of minerals, and then analyzed for 32 elements using ICP-AES. 

I attempted factor analysis using these chemical analyses to differentiate between rock units.

To aid in identifying and describing rock units, I examined 126 thin or polished sections from core 

and surface samples on Ester Dome. Descriptive tables of thin and polished sections are found in appendix 

B. For surface sample locations, see fig. 1.5. For comparison, about 55 thin and polished sections were 

examined from the Ryan Lode.

X-ray fluorescence (XRF) and X-ray diffraction (XRD) analyses were used to determine the 

composition of the intrusion at the Rhyolite prospect, staurolite-bearing vs. non-staurolite bearing rocks, 

differences between ICP and XRF analysis values, and the composition of mineralized gouge.

The 40At/39A t laser step heating was used to determine the age of mineralization, metamorphism, 

and intrusion at the Rhyolite prospect. Other plutonic-related deposits within the Fairbanks district have 

similar ages of regional metamorphism (-100 Ma), intrusion (-90 Ma), and mineralization (-90 Ma) 

(McCoy, 2000). The data obtained from Rhyolite prospect dates can be used to compare the timing of 

events at the Rhyolite and other deposits.

Two bulk sulfur isotopic analyses of texturally pre-metamorphic sulfides were conducted for the 

purpose of testing the hypothesis that disseminated sulfides in the metamorphic rocks represent pre- 

metamorphic, volcanogenic-related concentrations.

1.6,1 X-Ray Fluorescence

I analyzed 36 samples from core for major oxides, and 18 samples for minor oxides, using X-ray 

fluorescence. 18 samples were pulverized and analyzed by Chemex during the fall of 1998. 18 additional 

samples were pulverized by Chemex, then pressed into pellets and analyzed with a Rigaku wavelength-



Fig. 1.4. Map of Ester Dome showing 1998 PDX soil sample locations and logged lithologies. Red = fine 
grained intrusive, dark blue = fine-grained chlorite schist, green = quartz-chlorite schist, blue = quartz-mica 
schist, orange = quartzite, and yellow = quartz vein (modified from Rogers and others, 1998).





Fig. 1.5. Map of Ester Dome showing location of surface samples. Triangles = thin sections, circles 
hand sample. Rock samples were also collected from 1998 PDX trenches (figs. 1.3 a and b).
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dispersive XRF at the University of Alaska Fairbanks. I used a major oxides analysis routine developed by 

Dr. Rainer Newberry. Felsic samples containing more than 60% Si02 were analyzed using a felsic routine; 

samples containing less than 60% Si02 were analyzed using a mafic routine. Two additional stream cobble 

samples taken from the drainage of Nugget Creek, on the northwest side of Ester Dome were obtained from 

the Alaska Department of Geological and Geophysical Surveys. I powdered about 1.5 cubic inches of each 

sample fine enough to pass through a 100-mesh screen. The samples were then pressed into pellets and 

analyzed at the University of Alaska Fairbanks. Results for all XRF analyses are given in appendix C. The 

XRF has a high precision and accuracy in analyzing major and minor elements (Potts, 1987). Replicate and 

secondary standard analyses indicate major oxides are accurate within +/- 2% of the amount present, while 

trace element analyses are accurate within +/- 5 to 10% of the amount present.

1.6.2 X-Ray Diffraction

I performed all XRD analyses on the computerized XRD at the University of Alaska Fairbanks. I 

used the XRD as a check on phyllosilicate minerals present in the gouge and in the intrusion, since these 

were generally too fine-grained to identify with a microscope. Graphs of XRD results are available in 

appendix D. In the mineralized gouge sample 982535,1 found that only white mica is present in any 

appreciable abundance, and that chlorite is absent in light-colored gouge. This gouge was therefore 

acceptable for Ar/ Ar dating without further mineral separation. In the intrusion, XRD analyses showed 

that soft, bleached sections of the intrusion contain kaolinite, and do not contain any white mica or chlorite.

1.6.3 ^Ar/^Ar Dating

Five samples were dated using 40 At/39 A t techniques. Samples were irradiated for 70 Mw hours in 

the reactor at McMaster University along with six samples of the standard MMhb-1, which has an age of 

513.9 Ma (Lanphere and others, 1990). MMhb-1 was used to estimate the irradiation parameter (J) and the 

flux gradient of the reactor. The samples were then analyzed in the mass spectrometer at UAF, using a 

Ar/ Ar step-heating laser system 60-62 days after irradiation. The five argon isotopes measured were 

corrected for mass discrimination, interferences by Ca, K, and Cl produced in the reactor, and system



17

blanks, following McDougall and Harrison (1988). Ages are quoted with a +/- 1 sigma level and calculated 

using the constants from Steiger and Jaeger (1977).

1.6.4 Sulfur Isotopic Ratio Analysis

Two bulk sulfur samples were sent to Geochronology Labs in Cambridge, MA, for sulfur isotopic 

analysis. The first sample was mostly marcasite, from core hole 98EDC011, 156 meters depth. A thin 

section of the sample shows the marcasite replaced pyrrhotite, although pyrite, pyrrhotite, chalcopyrite, and 

ilmenite are present in lesser amounts. The second sample was from core hole 98EDC027, 141 meters 

depth, and appeared to contain pre-metamorphic pyrite, pyrrhotite, ilmenite, and chalcopyrite.
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Chapter 2 

Lithologies and Rock Units of Ester Dome

The geologic map of Ester Dome (fig. 5.1) depicts several lithologic units. Lithologic 

determinations were made using core logging observations, petrographic analysis of thin sections, and 

XRD and XRF analyses. The dominant lithologies present are Mesozoic intrusive (Mi), undifferentiated 

Fairbanks schist (Zf), quartz-rich Fairbanks schist (Zfq), Muskox schist (Dms) and Muskox amphibolite 

(Dma). Some are similar, others different, from equivalent units elsewhere in the Fairbanks area.

2.1 Mesozoic Intrusive (Mi)

The Fairbanks district is known to contain at least three types of igneous rocks: two intrusive and 

one extrusive. Granite and granodiorite-tonalite plutons with an age of approximately 90 Ma, the most 

abundant type, are often causative bodies for plutonic-related mineralization, as at Fort Knox mine, the 

Dolphin deposit, and the Ryan Lode mine (McCoy, 2000). The O’Connor Creek nepheline syenite body is 

both significantly older (110 Ma) and compositionally distinct (alkalic) from the bulk of known intrusions 

within the Fairbanks area (Newberry and others, 1996). The youngest igneous rocks, 50-55 Ma flood 

basalts are apparently responsible for partial age resets of older minerals (Newberry and others, 1996). The 

Curlew granodiorite pluton found at the Ryan Lode is compositionally and geometrically different from the 

intrusion found in the Rhyolite prospect area; the Curlew intrusion is a granodiorite (high-quartz) pluton, 

while the Rhyolite intrusion is a sill-shaped monzodiorite (i.e., possessing a low modal quartz content). 

Although the Curlew pluton is the likely source for some or all of the Ryan Lode mineralization (McCoy 

and others, 1997), the monzodiorite present on the north side of Ester Dome is broadly, but not closely, 

spatially associated with gold mineralization.
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Core samples at the Rhyolite prospect reveal a holocrystalline, fine-to coarse-grained (aphanitic to 

5mm), commonly porphyritic, altered intrusive rock. These samples often contain 15-20% chlorite +/- 

residual primary biotite, 70% feldspar (altered to kaolinite), and 3-10% quartz, +/- titanite, ilmenite, pyrite, 

rutile, and calcite. Polished section examination shows that the majority of opaque minerals present in the 

sill are rutile, pyrite, ilmenite, and iron oxide. Remnant amphibole shapes are visible in some of the 

chlorite grains. Several of the less altered plagioclase grains contain albite twinning. Use of the Michel- 

Levy method for determining anorthite component of plagioclase yielded extinction angles of about 20 

degrees; based on the Tobi and Kroll (1975) diagram, the plagioclase contains 35% anorthite. Staining of 

the intrusion shows the presence of interstitial potassium feldspar. Based on staining of the altered rock, 

modal potassium feldspar to quartz ratios range from 1:1 to 2 :1, although some intrusive samples contain as 

much as 40% plagioclase altered to sericite. With such low quartz (3-10%), the rocks are classified as 

monzodiorite and quartz monzodiorite (fig. 2 .1). Chemical compositions of the least-altered samples (table 

2 .1) show very high loss-on-ignition (LOI, C02 + H20) values. Even the least altered plutonic samples 

available are still highly altered; therefore major element compositions cannot be used with certainty to 

classify the rocks.
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Quartz

Alkali Feldspar Plagioclase

Fig. 2.1 Estimated modal compositions of intrusions found at the Rhyolite prospect. Modified from 
LeMaitre, 1989.
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Table 2.1. XRF major and minor element compositions for intrusive rocks present at the Rhyolite 
prospect. See fig. 1.3a for core hole locations. _______________________________________
Hole ID 98EDC017 98EDC017 98EDC017 98EDC018 98EDC018
Depth (m) 34.8 31 15.4 35 53.7
Sample 982101 982110 982115 982107 982112
Lithology coarse intrusive coarse intrusive coarse intrusive fine intrusive coarse intrusive
A1203 15.75 16.11 16.76 15.96 18.37
CaO 5 5.07 5.27 0.32 0.47
Fe203 7.1 7.09 7.42 0.58 6.99
K20 2.78 2.79 2.35 0.64 3.2
MgO 1.89 2.05 2.51 0.12 2.11
MnO 0.12 0.12 0.11 0.01 0.06
Na20 2.6 2.68 3.03 -0.01 0.04
P205 0.32 0.3 0.24 0.19 0.3
Si02 54.54 54.01 53.4 74.33 59.68
Ti02 1.29 1.4 1.82 0.65 1.56
LOI 7.52 7.16 5.59 6.48 5.59
Total 98.91 98.78 98.5 99.28 98.37
Ba 920 900 915 150 950
Rb 112 114 94 46 136
Sr 420 448 534 26 18
Nb 22 20 20 34 24
Zr 192 180 177 351 210
Y 26 26 22 46 26

Geochemically immobile elements, however, which are resistant to gains and losses during 

hydrothermal alteration suggest both an alkalic character to the Rhyolite prospect sill and a compositional 

difference between the 90 Ma intrusions in the Fairbanks area (figs. 2.2, 2.3, and 2.4). Figure 2.2 shows 

weight percent Ti02 vs. weight percent P20 5 values for Ester Dome schist and intrusive samples, with a 

trend line of Fairbanks granitoid rocks. All of the Rhyolite prospect intrusive samples except one possess 

Ti02 values too high too be considered part of the Fairbanks granitoid group. They also contain Zr values 

that are much greater than other Fairbanks granitoid rocks (fig. 2 .3). Additionally, all of the samples except 

one plot within the monzogabbro-monzodiorite category, further implying that these samples are not 

altered granite (fig. 2.4).

The location of the intrusion is identified from soil chip samples. Distinguishing between the 

altered monzodiorite and the altered granodiorite present at the Curlew is difficult to do from soil chips, as 

they both frequently display a porphyritic texture. Sample 012, 51 (012 = 98EDC012, 51=51 meters
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Fig. 2.2. Plot of weight percent Ti02 vs. weight percent P205 for Rhyolite prospect samples. Agd = 
altered granodiorite, Ad = altered diorite, circles = no staurolite, cross = staurolite-bearing. Also shown is a 
line representing the Fairbanks granitoid trend (Newberry, 1996), and a line for the schist trend.
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ppm Zr

Fig. 2.3 Graph comparing Nb (ppm) vs. Zr (ppm) for Fairbanks granitic rocks, the O’Connor Creek 
syenite, and Ester Dome intrusive samples (circles). Fairbanks granitic and O’Connor Creek syenite 
compositional data from Newberry, 1996.
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Nb/Y

Fig. 2.4. Graph showing igneous rock classifications based on Zr/Ti02 vs. Nb/Y concentrations, the range 
of Fairbanks granitic rocks (Newberry, 1996), and the composition of intrusive rocks found at the Rhyolite 
prospect. The Rhyolite prospect rocks plot just outside other Fairbanks rocks, within the monzonite and 
monzogabbro/monzodiorite area (modified from Winchester and Floyd, 1977; volcanic field names have 
been changed to their plutonic equivalents).
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depth) is an altered, low-quartz, high plagioclase intrusive rock, suggesting that the quartz monzodiorite is 

not restricted to the Rhyolite prospect area. It is probable, however, that not all of the intrusive outcrops 

mapped on the surface of Ester Dome by Newberry and others (1996) or on the map with this thesis are 

monzodiorite; some may be more quartz-rich granodiorite. ^Ar/^Ar dating of chlorite from the intrusion 

present at the Rhyolite prospect yielded an age greater than 70 Ma, with a likely age greater than 90 Ma 

(chapter 5, this thesis).

2.2 Metamorphic Unit Descriptions:

Previous workers (Robinson and others, 1990; Newberry and others, 1996) have classified the 

non-intrusive rocks of Ester Dome into lithological units based on metamorphic grade, lithologies present, 

and trace element signatures. The dominant unit on Ester Dome, the Fairbanks schist, contains gamet- 

biotite-quartz-muscovite schist, quartzite, magnetite schist, chlorite schist, marble, and amphibolite 

(Robinson and others, 1990), although not all of these units are present on Ester Dome. Newberry and 

others (1996) created a subunit of altered Fairbanks schist on Ester Dome, which is renamed “quartz-rich 

schist” here. Newberry and others (1996) also show a section of amphibolite across Ester Dome, which 

was not recognized in my mapping. The Muskox schist unit on Ester Dome contains rock types virtually 

indistinguishable from the Fairbanks schist (table 2 .2) except for the presence of Devonian metarhyolite, 

and amphibolite with distinctly different trace element signatures than amphibolite present in the Fairbanks 

schist (Newberry and others, 1996).

Table 2.2. Major mineralogy of Ester Dome metamorphic rocks, as seen in thin section and hand samples.

Quartz (avg/range) White Mica 
(avg/range)

Biotite
(avg/range)

Garnet
(avg/range)

Feldspar
(avg/range)

Fairbanks schist 46/5-85 35/10-85 10/0-88 6.5/tr-10 10/2-35
Quartz-rich Fairbanks 

schist
75/70-95 10/5-15 3/tr-5 0 tr

Muskox schist 51/10-88 31/5-80 9/3-22 5/3-10 10/5-30



26

2.3 Fairbanks Schist, Undifferentiated (Zf)

The Fairbanks schist on Ester Dome includes amphibolite-facies, gamet-biotite-quartz-white mica 

schists and quartzites, +/- chlorite, albite, potassium feldspar, epidote, apatite, rutile, tourmaline, staurolite, 

titanite, ilmenite, pyrite, pyrrhotite, iron carbonate, iron-magnesium carbonate, and calcite. A “phyllite” 

rock type was identified during Placer Dome logging of Ester Dome core, but closer examination reveals 

that although this rock type is composed of fine-grained micas, creating a phyllitic sheen, its interbedded 

nature within the Fairbanks schist suggests it was probably also subjected to amphibolite-facies 

metamorphism. The fine-grained nature of this rock type is apparently due to intense grain deformation 

during faulting, and it may more accurately be described as mylonite. Appendix B catalogues the minerals 

found in thin section in samples of the Fairbanks schist (see fig. 1.5 for surface sample locations). A 

summary of major element compositional values from the Fairbanks schist is found in table 2 .3.

Table 2.3. Major element compositional values for the Fairbanks schist (XRF analysis). The low values of 
%  Na2Q are below the detection limit.

A1203% CaO% Fe203% K20% MgO% MnO% Na20% P205% Si02% Ti02%
Average 19.2 0.72 6.5 3.7 1.87 0.07 0.9 0.1 63.53 0.81

Low 5.5 0.14 0.58 0.29 0.12 0.01 <det. lim 0.04 53.4 0.27
High 27.4 1.27 8.68 5.77 3.03 0.14 3.03 0.32 87.99 1.82

This study marks the first time staurolite-bearing rocks have been identified in the greater 

Fairbanks area. The presence of staurolite, a high-temperature index mineral, confirms the amphibolite- 

grade designation of previous workers.

Many of the Fairbanks schist samples from Ester Dome represent impure quartzites, making 

possible distinctions between units difficult. Several samples contained greater than 1% opaque minerals, 

present as bands folded with the foliation. In one polished section, these banded minerals were pyrrhotite 

and pyrite. Other sections show the banded opaques to be graphite. Based on core and outcrop 

observations on Ester Dome and at Ryan Lode, the majority of these banded opaques are probably graphite.
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2.3.1 Fairbanks Schist, Quartz-rich (Zfq)

This unit was mapped on the basis of quartzite in soil chips and hand samples from the top of 

Ester Dome. It is a light grey to white impure quartzite that weathers to brown-orange when biotite- 

bearing. The rocks display a blocky appearance in outcrop, and are slightly iron-stained. Newberry and 

others (1996), label this unit Zfw, and describe it as a bleached feldspathic quartzose schist that may be the 

product of alteration of Fairbanks schist. In the thin sections I examined, I found very little (tr-5%) 

feldspar, mostly altered to sericite. The majority of the thin sections, hand samples, and soil chips were a 

nearly pure quartzite, with small percentages of chlorite +/- biotite, white mica, and garnet. This area of 

Ester Dome contains more quartzite soil samples than other areas sampled by PDX during 1998, and trench 

013 (McQueen) revealed mostly quartzite. For the geologic map, I have retained the idea of a more- 

resistant rock unit offset along a major northeast-trending fault, but have re-named it due to what I believe 

is present in its mineralogy. Although rare textures near ore in the Rhyolite prospect and the McQueen 

prospect display crypto-crystalline quartz and heavy quartz veining that suggest silicification, thin sections 

from the quartzite unit mapped on the top of Ester Dome do not typically appear silicified.

2.3.2 Amphibolite

Newberry and others (1996) reported a swath of amphibolite (Zfa) through the north side of Ester 

Dome. This unit is supposed to contain garnet hornblende amphibolite, magnetite-bearing biotite schist, 

crystalline marble, and light gray mica-quartz schist (white schist) (Robinson and others, 1990; Newberry 

and others, 1996). Although magnetite-bearing schist and mica-quartz schists are common on Ester Dome, 

during the summer of 19981 did not observe any outcrop of amphibolite or marble or see any amphibolite 

or marble in drill core. Thin sections did not reveal any amphiboles, with the exception of two stream- 

cobble samples collected for the state survey map in 1995, from the drainage of Nugget Creek, and remnant 

amphibole shapes in intrusive samples. Re-examination of the samples collected as part of the Newberry 

and others (1996) study reveals that these stream cobbles are amphibolite; 95BT149a is a garnet amphibole 

schist, and 95BT150 is a hornblende amphibolite. XRF analyses of the two rocks show compositions that
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are very similar to each other, and contain Ti02 values that resemble the Fairbanks schist amphibolites 

rather than the Muskox amphibolite (Newberry and others, 1996) (appendix C).

2.4 Muskox Schist (Dms) and Muskox Amphibolite (Dma)

Muskox schist is in fault-contact to the southeast of Fairbanks schist on Ester Dome (Newberry 

and others, 1996). The schist found in the Muskox region on Ester Dome is very difficult to distinguish 

from Fairbanks schist. The type locality of the Muskox sequence on Ski Boot Hill contains Devonian 

metarhyolite as well as amphibolite of a different composition from the rest of the Fairbanks district 

amphibolites (Newberry and others, 1996). However, the Muskox sequence on Ester Dome is defined with 

only the presence of the compositionally distinct amphibolite, as no metarhyolite has been found. Muskox 

schist amphibolite (Dma) is present in the south part of the study area. The Muskox schist unit northwest 

of the Muskox amphibolite unit has been called “Muskox” because in hand sample it is a darker schist, and 

airborne magnetics do not suggest a fault between the schist and the different-composition amphibolites 

(Dma).

Muskox schist samples on Ester Dome do not contain staurolite and contain less tourmaline, but 

more carbonate, than the Fairbanks schist samples. Core samples indicate higher Ca ICP values for the 

Muskox schist (figs. 2.5, 2.6, 2.7). Additionally, carbonate percentage estimates are higher for the Muskox 

schist than for the Fairbanks schist. The Muskox schist thin sections average 0.7%, while the Fairbanks 

schist samples average 0.4%. The Muskox schist unit appears to become more mafic and calcareous at 

depth (Rogers and others, 1998). The additional carbonate within the Muskox sequence core samples is not 

suspected to be the result of carbonate alteration, since carbonate alteration was only rarely noted in core 

logs. Thin section examination of samples from the Muskox schist reveals some carbonate veining, but 

such is characteristic of schist throughout the Fairbanks area. A t-test of percent tourmaline (visual 

estimate) of thin sections indicates that the hypothesis that the schists are identical with respect to 

tourmaline must be rejected with a 95% confidence level (2-tailed significance of .45).
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Fig. 2.5. Histograms of percent Ca in the Fairbanks schist vs. Muskox schist based on ICP analyses of drill 
core. Although the Muskox schist is represented with fewer samples, the mean Ca value is nearly 1/3 
higher than the mean for the Fairbanks schist.
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Fig. 2.6. Boxplots of Ca values for the Fairbanks schist and Muskox schist based on ICP analyses of drill 
core. Outliers are depicted as circles.
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Fig. 2.7. Histograms of percent of tourmaline observed in thin section for the Fairbanks schist and Muskox 
schist.

Two bulk sulfur isotope analyses of samples containing possible pre-metamorphic sulfides from 

Ester Dome (one from the Ready Bullion area yielded a value o f- 20, one from the Rhyolite with a value of 

- 10) yielded sulfur isotopic values greater than +10 per mil. These values suggest an initial volcanogenic 

massive sulfide origin for sulfides in both the Fairbanks schist and the Muskox schist, since plutonic- 

related sulfides from other deposits within the Fairbanks district possess values between -5  and +5 per mil 

(Newberry and others, 1988). A previous bulk sulfur isotope analysis from the Muskox schist at the 

Mohawk mine (map reference, fig. 1.2) yielded a value of + 8 (Metz, 1991), also relatively heavy to be 

solely the product of plutonic related hydrothermal fluids. It is possible to obtain such high values from 

plutonic-related fluids by incorporating heavy sulfur values from surrounding country rock. However, this 

is fairly rare and Devonian VMS deposits in interior Alaska are well-characterized as having sulfur isotopic 

values between 8 and 20 per mil (Newberry and Bums, 1988). The presence of chalcopyrite within these 

samples also suggests sulfide formation not related to plutonic hydrothermal fluids, since plutonic related 

fluids in interior Alaska often contain high amounts of antimony. Copper present within plutonic related 

fluids forms Cu and Sb-bearing tetrahedrite, rather than Sb-absent chalcopyrite. These data suggest that 

Devonian aged sulfides are present within Ester Dome schists and may be volcanogenic-related.
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Chapter 3 

Petrology of Ester Dome Rocks

3.1 Petrographic Descriptions by Mineral

Many of the intrusive rocks on Ester Dome are too altered or weathered to classify on the basis of 

hand sample specimens alone. Thin section examination of minerals present within intrusive rocks permits 

an understanding of composition, alteration history, and geologic significance of the sample. The Muskox 

schist samples and the Fairbanks schist samples are indistinguishable in hand sample -  it is only through 

bulk composition analyses and thin section examination of mineral abundances that differences between the 

two units can be described. Additionally, the Fairbanks schist on Ester Dome is a large undifferentiated 

unit. I attempted to break out smaller subunits or lithologic packages of the Fairbanks schist based on the 

differences that can be seen in thin section. Thin sections also show alteration patterns and intensities than 

cannot be seen in hand samples.

While studying thin and polished sections, the mineral staurolite was observed. As an important 

index mineral of amphibolite-facies metamorphism in pelitic schists, this mineral identification became 

highly significant. Other major minerals observed in thin and polished section include tourmaline, feldspar, 

biotite/chlorite, garnet, white mica, and opaque minerals, along with quartz. Important alteration types 

found within the intrusive rocks are propylitic, pervasive sericitic, albitic, and intense kaolinitic alteration. 

Alteration styles found within the schist rocks are kaolinitic, albitic, pervasive sericitic, and a propylitic 

overprint.

3.1.1 Staurolite

The staurolite found in thin section is pleochroic yellow-brown, low birefringence, high relief, 

with parallel extinction and rare twins. Qualitative microprobe analysis of a representative sample using the
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energy dispersive spectrometer (EDS) shows the composition to be within staurolite range (appendix E). 

Texturally, the staurolite is very broken, and aligned with foliation, suggesting formation during a regional 

metamorphic dynamothermal event, and prior to a brittle deformational event. The staurolites range from 

0.25 to 1 mm in diameter. The margins of the staurolite often exhibit retrograde or propylitic alteration to 

white mica, quartz, and chlorite. Unfortunately, staurolite grains are not large or euhedral enough to be 

identified in hand sample, therefore staurolite occurrence patterns on Ester Dome are based on thin section 

examination.

Staurolite can be used as an index mineral for the amphibolite-facies metamorphic grade, since it 

requires a higher temperature of formation than some garnets (Deer and others, 1982). The presence of 

regionally metamorphosed staurolite confirms the amphibolite-grade designation of the schist by previous 

workers (Newberry and others, 1996; Joy and others, 1996; Keskinen, 1989). Staurolite has not been 

identified previously in the Fairbanks schist, largely because XRF analyses of Fairbanks schist outside of 

Ester Dome show compositions incompatible with staurolite formation (fig. 3.1). XRF major oxide 

analyses of samples from the Rhyolite prospect and Muskox schist present on Ester Dome show bulk 

compositions different from the rest of the Fairbanks schist (figs. 3.2, 3.3, and 3.4), one that is compatible 

with staurolite formation at appropriate metamorphic grades. However, staurolite is not identified in all 

samples at the Rhyolite prospect (appendix B), or in any of the Muskox schist samples. In particular, 

staurolite at the Rhyolite prospect was only identified in the lower portions of drill holes located on the 

western side of a high-angle, post-mineralization fault (plate 2).

There are three possibilities for why not all of the samples contain staurolite. 1. Different bulk 

compositions of samples may be incompatible with staurolite formation. 2. Retrograde alteration and 

weathering might strongly affect staurolite grains present, rendering them unidentifiable. 3. Various rock 

units may have experienced different metamorphic conditions. Concerning the possible bulk composition 

difference (the first possibility), quartz-rich rocks do not possess appropriate compositions for staurolite 

formation, but schist samples from many places on Ester Dome, including Muskox and Fairbanks schist 

(table 3.1) do possess a bulk composition compatible with staurolite formation (figs. 3.2, 3.3, 3.4).



33

ABBREVIATIONS
s=schist, q=quartztte

* =  doss not fall In 
compositional range 
for staurolite on at least 

one diagram

compositions of staurolite- 
bearing rocks

Na+K Fe+Mg

Fe Mg

Fig. 3 .1. Ternary digrams illustrating the composition of Fairbanks schist samples found outside of Ester 
Dome. Modified from Hoschek, 1967 and Eskola, 1915 (compositional data from Forbes and others, 1982; 
Robinson and others, 1990; Newberry and others, 1995, unpublished data).
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Table 3.1. XRF analyses of staurolite-bearing and non-staurolite-bearing Fairbanks schist. Depths are 
given in meters. See figs. 1.3a and b for core hole locations. Core hole numbers are given in the farthest 
left column. Core hole numbers correspond to 98EDC core drilled by PDX. ____________________
With
Staurolite

From To SI02 TI02 AL203 FE203 MNO MGO CAO NA20 K20 P205 TOTAL

016 85 87 74.08 0.58 15.93 5.16 0.09 1.35 0.53 1.36 2.60 0.06 101.74
016 163 165 64.66 0.78 20.69 6.14 0.06 1.55 0.43 1.21 4.04 0.09 99.65
019 118 120 61.99 0.78 21.93 7.01 0.08 1.95 0.48 1.07 4.26 0.08 99.62
021 116 118 56.93 0.89 24.75 7.08 0.07 2.17 0.34 1.06 5.08 0.10 98.47
024 114 117.04 64.88 0.81 22.19 6.41 0.07 1.70 0.35 0.92 3.98 0.09 101.39
026 212 215 58.36 0.88 26.20 7.41 0.03 2.95 0.35 1.49 5.14 0.08 102.89

Without
Staurolite

012 59 61 61.86 0.84 20.98 6.20 0.05 1.63 0.18 0.83 4.12 0.06 98.74
019 102 104 55.78 0.91 26.87 9.15 0.14 2.10 0.23 0.75 4.94 0.05 100.91
019 120 123.93 63.81 0.75 21.70 6.03 0.08 1.59 0.35 1.20 3.92 0.07 99.49
024 183.03 184.81 54.12 0.98 27.04 8.68 0.06 2.55 0.33 0.96 5.46 0.07 100.25
026 163.67 166.72 61,61 0.79 23.81 6.43 0.08 1.43 0.53 0.76 4.37 0.07 99.88
026 170.84 174 54.80 0.87 27.40 7.74 0.07 2.20 0.41 0.78 5.67 0.09 100.03
026 110 113 59.78 0.76 24.57 7.55 0.10 2.01 0.16 0.65 4.66 0.07 100.32
012 75 77.2 62.25 0.79 22.08 6.20 0.06 1.75 0.18 0.61 4.28 0.07 98.25
012 100 102 57.76 0.76 26.20 7.70 0.06 2.08 0.31 0.78 4.91 0.04 100.60
016 67 69 71.00 0.64 17.45 4.63 0.05 1.24 0.18 0.57 2.90 0.06 98.72
016 91 93 61.41 0.86 24.07 8.51 0.05 3.03 0.24 1.00 4.86 0.11 104.13
016 151 153 64.13 0.76 22.23 6.72 0.06 1.65 0.33 1.19 4.33 0.11 101.51

Ternary diagrams do not show a discernible difference between staurolite-bearing samples and 

non-staurolite-bearing samples, and it is not possible to uniquely classify samples by staurolite presence on 

the basis of bulk composition (fig. 3.2 and 3.3). When sample bulk concentrations are plotted on an A’KF 

diagram (fig. 3.4), most samples fall within the staurolite range, but some plot on the boundary or just 

outside. This could possibly be due to estimating all of the Fe in the sample as FeO. If some percentage of 

iron present in the sample was Fe203, then samples would plot slightly closer to the kyanite comer, within 

the staurolite field. These diagrams demonstrate that bulk compositions alone cannot explain the lack of 

staurolite in the Muskox schist or the upper layer of the Rhyolite prospect.

Staurolite was not found in thin sections of surface samples, and was identified only in thin 

sections from Rhyolite and McQueen drill core. Staurolite was reliably identified only in samples with 

little or no visible retrograde alteration, suggesting that it may have been originally present in more altered
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A1203

Figure 3 .2. Al-K+Na-Fe+Mg ternary diagram showing the composition of staurolite-bearing rocks 
(Hoschek, 1967) and the composition of schists from Ester Dome. Crosses represent staurolite-bearing 
samples, circles represent non-staurolite-bearing samples.
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A1203

Fig. 3.3. Al-Fe-Mg ternary diagram showing the compositional range of staurolite-bearing rocks 
(Hoschek, 1967) and the composition of schist samples from Ester Dome. Crosses represent 
staurolite-bearing samples, circles represent non-staurolite-bearing samples.
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A1203-(Na20+K20+Ca0)

Fig. 3.4. A’KF diagram showing compositions of major metamorphic minerals (Eskola, 1915) and 
compositions of Ester Dome schist samples. Crosses represent staurolite-bearing samples, circles 
represent non-staruolite-bearing samples.
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samples, but subsequently destroyed. While this may be true, many non-quartzite thin sections lacking 

weathering and alteration also lacked staurolite. Samples obtained from the eastern side of the post

mineralization high-angle fault especially lacked weathering, alteration, and staurolite. While alteration 

may be a factor in ease of identification, it alone cannot explain the staurolite distribution pattern.

The final possibility, that the rocks have experienced different metamorphic conditions is probably 

the most likely explanation for the staurolite distribution on Ester Dome. It also seems likely that the 

Muskox schist may not have experienced high grades of metamorphism equivalent to the Fairbanks schist, 

because staurolite was not identified in any Muskox schist samples. Given that only rocks present in the 

deeper portions of the Rhyolite prospect contain staurolite, this implies that lower-grade rocks overlie 

higher-grade rocks within this area. Furthermore, the contact between staurolite present and staurolite 

absent zones (excluding quartzite layers, which cannot contain staurolite) is approximately at the bottom of 

an area of intense sub-horizontal shearing. It is likely that this contact between staurolite-bearing and non- 

staurolite bearing layers represents a low-angle fault that has juxtaposed rocks of contrasting metamorphic 

grades. If true, this fault must be a low-angle normal fault, because it displaces higher-grade rocks beneath 

lower-grade rocks.

This model at the Rhyolite prospect appears generally viable, but requires some modification. 

First, the absence of staurolite east of the high-angle fault can be attributed to a lack of thin sections from 

the deeper areas of those drill holes (plate 1). Second, some samples that appear to be within the staurolite- 

present zone do not contain staurolite (plate 2). Staurolite is most likely not present in some samples 

(quartzite) due to inappropriate composition (too quartz-rich). Staurolite may also be missing from other 

samples because they are so strongly altered that staurolite would be difficult to identify,

Chloritoid, a lower-temperature equivalent of staurolite, was not observed in any of the thin 

sections from Ester Dome. However, some thin sections show grains of relatively unaltered biotites and 

separate, distinct, chlorite grains with chlorite morphology (samples 024, 117; 025, 92; 027, 121). Section 

024, 117, may contain small bits of staurolite, but 025, 92 and 027, 121 do not contain any staurolite. It is 

possible that the chlorite identified in these samples represents chloritoid that was more easily altered than 

biotite, since chloritoid easily alters to chlorite (Chinner, 1967). This evidence also supports the hypothesis
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that staurolite presence or absence in the Ester Dome area is at least partly a result of contrasting 

metamorphic grade.

In summary, it is likely that the presence or absence of staurolite within this deeper layer at the 

Rhyolite prospect can be attributed to differences in lithology (schist vs. quartzite), degree of weathering 

and alteration, and metamorphic grade. The presence of a low-angle fault within the Rhyolite prospect area 

coupled with the absence of staurolite in relatively unaltered rocks above the sill on the eastern half of the 

prospect suggests that the staurolite-bearing layer found at depth at the Rhyolite prospect is of a slightly 

higher metamorphic grade than the layer above the sill, and is in fault-contact with the Fairbanks schist 

found at the surface. Furthermore, the Rhyolite prospect area has been subjected to repeated uplift by 

regional and smaller-scale faulting (fig. 1.1). Staurolite within the Fairbanks schist may be restricted to this 

structurally deeper, different composition, fault-contact layer.

3.1.2 Tourmaline

Tourmaline in thin section ranges from 0.1 mm to 1 mm long, and is often present as 1 or 2 grains 

per thin section, but may be concentrated enough to represent up to 5% of the minerals present on the 

slide. A sedimentary origin is hypothesized for the boron in the tourmaline; the tourmaline present in Ester 

Dome samples is compositionally zoned with blue centers and green edges. Microprobe studies of 

tourmaline from elsewhere in the Fairbanks district show that color-zoned tourmalines are also 

compositionally zoned (Newberry and Bums, 1988). Furthermore, tourmalines with a plutonic source are 

not compositionally zoned (Deer and others, 1966). This evidence suggests that the Ester Dome 

tourmalines are not related to plutonism but have a metamorphic origin. The tourmaline from Ester Dome 

is present in schist, typically aligned with foliation, and does not appear to be an alteration product. 

Tourmaline abundance does not define a pattern around the intrusive or around mineralized areas, and 

tourmaline content does not correlate with gold concentrations, further indicating that the tourmaline is 

merely a component of the metamorphic rocks’ protolith (fig. 3.5). The Rhyolite prospect contains 

significantly more samples with more tourmaline than the Ready Bullion area (fig. 2.7).
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3.1.3 Feldspar

Many of the schist samples contain interstitial feldspar and/or distinct feldspar grains. In the 

majority of the samples, the feldspar has been altered to fine grained white mica or kaolinite. In some 

cases, however, albite twins are still visible, and Michel-Levy angles were recorded whenever possible 

(appendix B). The variation in angles is interesting and indicates that some samples contain (Na, Ca) 

plagioclase, although most samples possess only albitic feldspar (appendix B). Although plagioclase 

compositions with a minimum An10 component are required for amphibolite facies metamorphism, and 

increasingly calcic plagioclase is expected with increasing metamorphism (Blatt and Tracy, 1996), much of 

the feldspar observed possesses an albitic composition. This variation in plagioclase composition is 

concordant with other studies of plagioclase within the Fairbanks schist. Newberry and others (1996) and 

Joy and others (1996) report anorthite components ranging from An10 to An^.

Some interstitial feldspar grains in the schist contain remnant microcline twinning. Microcline has 

the most-ordered structure and lowest formation temperature of the alkali feldspars, and is identified by its 

characteristic tartan twinning (Deer and others, 1966). These grains probably have a plutonic source, 

although an origin as porphyroblasts in schists or gneisses near acid or intermediate plutonic rocks is also 

possible (Deer and others, 1966).

In most other samples twins and distinct shapes of feldspar grains were obliterated, and it was only 

possible to note that perhaps feldspar had been present. Some intrusive samples contained plagioclase 

grains with magmatic zoning, with calcium rich centers and sodium rich margins.

3.1.4 Biotite/Chlorite

Most schist samples contain some biotite. Biotites range in size from 0.5 mm to 3 mm long, and 

are rust-red, green, and brown in plane-polarized light. They are usually aligned with foliation, although 

rare, large, red, low Ti, unaltered biotites occasionally cross-cut foliation and are presumably secondary. 

Relatively unaltered biotites typically contained numerous inclusions of zircon. Usually biotite is partially 

or completely altered to chlorite. However, in some samples, chlorite existed completely separate from the 

biotite. In samples containing altered biotite, pieces of 100% chlorite are common and it is impossible to
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tell what their original mineralogy may have been. Biotites that altered to chlorite were altered to chlorite + 

rutile.

3.1.5 Garnet

Garnets in thin section are mostly very broken, and very misshapen, which might indicate local 

brittle and dynamic deformation, such as faulting (Spry, 1983). Some garnets also showed evidence of 

rolling, possibly signifying their presence during regional metamorphism (Spry, 1983). Several thin 

sections possess very broken and misshapen garnets as well as smaller, euhedral garnets. Their presence 

could mean there were at least two separate garnet-forming events.

Garnets are present in many sizes, from 0.5 mm to 3 mm in diameter. They are usually pink in 

plane polarized light, and completely isotropic. A few samples contain garnets with non-isotropic centers 

that appeared bluish under crossed polars, possibly indicating more Ca-rich centers. Qualitative EDS 

microprobe study showed the garnets to be roughly almandine in composition, and of similar composition 

to other garnets in the Fairbanks schist (Joy and others, 1996) (appendix E). Most possess margins 

retrograded to chlorite, white mica, quartz, and opaques. In rare cases, the garnet altered to kaolinite + 

quartz + white mica + iron oxides.

3.1.6 White Mica

White mica is a major constituent of the quartz-mica-schists. White mica abundance ranges from 

trace to 85%. White mica is present as large crystals ranging up to 3 mm in diameter, and as smaller (<1 

mm) aggregates of crystals that may be the result of hydrothermal alteration and/or retrograde alteration. 

Fine-grained white mica is typically present on vein margins, feldspar rims, and garnet edges.

3.1.7 Opaque Minerals

Opaque minerals found in Ester Dome thin sections include pyrite, arsenopyrite, iron oxide, 

graphite, chalcopyrite, jamesonite, silver-rich tetrahedrite (microprobe identification from hybrid heavy- 

mineral separation of mineralized gouge, hole 98EDC018), ilmenite, magnetite, pyrrhotite, and secondary
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marcasite. Sample 027, 141 contains banded pyrite and pyrrhotite aligned along foliation. The texture and 

mineralogy suggest these are pre-metamorphic iron-sulfides recrystallized to pyrrhotite +/- pyrite as a result 

of amphibolite grade metamorphism. Other thin sections with banded opaque minerals contain graphite. 

Sulfides present with mineralization are typically found within the fine-grained gouge or within quartz 

veins further from the main mineralized shears. Sulfides present within the gouge are also fine-grained, 

and very broken apart. An attempt at arsenopyrite-pyrite geothermometry was unsuccessful since no 

arsenopyrite-pyrite pairs could be located.

Although heavy-metal fractions of high-grade gouge were selected for grain mounts in order to 

determine the characteristics of gold present at the Rhyolite prospect, no gold was identified under a 

petrographic scope or with the electron microprobe. The gold at the Rhyolite prospect is very fine-grained, 

and possibly locked within sulfides. Panning larger amounts of gouge and then using heavy liquids on the 

heaviest panned material may yield better results.

3.2 Alteration of Rock Units

Many rock samples from Ester Dome possess some degree of hydrothermal alteration. Although 

hydrothermal alteration can be difficult to distinguish in hand sample from weathering and mechanical 

alteration, thin section examination of samples can be diagnostic. With enough samples, knowing the 

degree and type of alteration can help determine fluid source direction as well as approximate temperature 

of mineralization. Since the same fluid will react differently with different host rocks, alteration styles are 

described separately between the intrusive and the schist.

3.2.1 Intrusives

All of the intrusive samples contain some degree of hydrothermal alteration. Propylitic, sericitic, 

albitic, and intense kaolinitic alteration were each observed.

The propylitic alteration is pervasive, and creates a characteristic assemblage of biotite heavily 

altered to chlorite (0.1-2 mm), smaller (0.1 mm) epidote, and titanite crystals, as well as variably sized (0.1- 

0.25 mm) calcite crystals. The propylitic alteration leaves only a small percentage of unaltered biotite
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grains. All original amphibole in the intrusive is altered to chlorite, although rare amphibole shapes are 

sometimes visible. The unoxidized hand samples of the intrusive often appear greenish. The propylitic 

alteration appears to be an overprint of earlier alteration events, since chlorite textures appear to overprint 

textures created by sericitic and more rare albitic alteration.

The intrusive rocks have also experienced pervasive sericitic alteration. Sericitic alteration within 

the intrusive is present as 0.5-2 mm clots of sericite between grains (former interstitial potassium 

feldspar?), centers of plagioclase grains (0.25-2 mm) altered to sericite, entire elongate crystals of former 

feldspar altered to sericite, and as pale green, fibrous and clotty former biotites (0.1-2 mm) altered to 

chlorite and iron-oxide. Some samples, such as 017, 34.8 are nearly 60% sericitized. Staining of intrusive 

samples for potassium shows light yellow sericite clumps as well as darker yellow potassium feldspar 

grains.

The albitic alteration of the intrusive rocks is not extensive, and appears only rarely as albite rims 

around plagioclase. These rims were seen in samples 017, 34.8 and 018, 48.8. It is probable that albitic 

alteration within the intrusive rocks was limited in extent.

Intense kaolinitic alteration of the intrusive rocks is found in areas closer to mineralized shear 

zones (plates 3a and b). In these rocks, the original matrix texture is destroyed and the sample appears as a 

light-colored, soft, aphanitic mass that often contains very soft, very light-colored relict phenocrysts (1-3 

mm) of feldspar. In thin section, these rocks appear to be leached of any mafic minerals and are composed 

primarily of quartz and kaolinite. XRD analyses confirm these identifications (appendix D). Weaker 

kaolinitic alteration is seen in thin sections, with feldspar phenocrysts altering partly or wholly to kaolinite 

and quartz.

Kaolinite Al2Si205(0H)4 contains no Ca or K, elements that would normally be expected in a 

quartz monzodiorite rock. A rock that been altered to mostly kaolinite should contain little of these 

elements. When Ca values (determined by ICP analysis) are plotted against gold values (fire assay), a 

depletion of Ca corresponds fairly well to an increase in gold (fig. 3 .6). (Most Na values for the intrusive 

samples were below the detection limit). The relationship between gold and alkali depletion suggests that 

the kaolinite-creating fluids were coeval with the mineralization event. If true, then the mineralizing fluids
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at the Rhyolite prospect must have contained a sufficiently low pH for kaolinite to form. For example, the 

reactions of albite to kaolinite and anorthite to kaolinite both remove alkalis (Evans, 1993):

2NaAlSi30 8+ H20  + 2IT Al2Si20 5(OH)4 + 2Na+ + 4Si02 

CaAl2Si20 8 + H20  + 2H" <—> Al2Si20 5(0H)4 + Ca+2.

The presence of kaolinite in these samples also suggests more than one hydrothermal event, since 

activity diagrams demonstrate that kaolinite, albite, and white mica cannot be in equilibrium with quartz at 

temperatures of about 300 degrees (Bowers and others, 1984).

At the Rhyolite prospect, chalcedonic quartz was reported in close proximity to the intrusion 

(Dashevsky and others, 1993). The only other known location of chalcedony within the Fairbanks area is 

within the granite at Fort Knox (Bakke, 1995). At this point, the relationship, if any, between chalcedonic 

quartz, the Rhyolite’s quartz-monzodiorite intrusion, and Fort Knox is unknown.

3.2.2 Schist

Kaolinitic alteration was also observed in thin sections of the schist samples. The clear 

relationship between kaolinite and gold values is not as obvious in the schist as it is in the intrusion, 

because the schist samples contain abundant Ca, Na, and K-bearing minerals such as white mica, calcite, 

and plagioclase. Kaolinite in the schist is most often present in the centers of plagioclase grains, interstitial 

between quartz grains, and as an alteration product of garnets. One thin section, 011,164, which is mostly 

composed of hydrothermal quartz and kaolinite, and 3%  mafic minerals, shows evidence of pervasive 

kaolinitization,. Visual estimates of kaolinite in other schist samples range from trace to 10%. Kaolinite is 

only rarely observed in samples from the Ready Bullion/Silver Dollar area, and close enough to the surface 

to suggest it is a weathering product rather than hydrothermal alteration.

Albitic alteration is present in four thin sections of schist: 012,100.5; 012, 51; 011, 89; and 017, 

88. In these samples, it occurs as small (0.05 mm) albite rims around plagioclase (0.5 mm) grains. Section 

011, 89 depicts a quartz-calcite-albite-sulfide vein (3 mm) with sericitic alteration present in the schist 

away from the vein. This sample suggests that albitic alteration was an early event in the Ready 

Bullion/Silver Dollar area.
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Pervasive sericitic alteration was observed in many thin sections. In thin section, it appears as an 

alteration of the plagioclase, potassium feldspar, and garnets to white mica. The alteration of potassium 

feldspar is very complete and most potassium-feldspar grains are completely sericitized, leaving only relict 

shapes. Some samples display 90 to 100% of the former plagioclase and garnets as altered to white mica, 

chlorite, opaques, and quartz (less commonly kaolinite). Sericitic alteration also appears in hand sample, as 

V* inch sericite bands along microfaults, fractures, and as lighter, softer, 1-2 inch bands of schist.

Most samples also contain a pervasive and thorough propylitic overprint. The following aspects 

are common in propylitized schist samples from Ester Dome: biotites (0.2-2mm) altering to chlorite; trace 

amounts of epidote, titanite, pyrite, magnetite, and apatite; garnets (0.2-2mm) altering to chlorite, white 

mica, quartz, and opaques (rarely to kaolinite); and calcite veins (0.1-0.5mm) and blebs (0.25mm) within 

foliation.

While a regional greenschist-facies metamorphic overprint probably exists on Ester Dome, the 

mineral assemblages seen at the Rhyolite and Ready Bullion/Silver Dollar prospect areas represent 

pervasive propylitization rather than a retrograde greenschist metamorphic event. If the “greenification” of 

these rocks was wholly due to a regional greenschist-facies overprint, all samples should be uniformly 

retrograded. Propylitic and sericitic alteration decreases with increasing distance from the Rhyolite 

prospect sill and from mineralization (plate 2). These samples also lack a secondary fabric that would be 

expected to form during secondary regional metamorphism.

3.3 Summary of Important Petrographic Information

The presence of staurolite within the Fairbanks schist is due to a difference in metamorphic grade 

between Fairbanks schist located above a low angle fault at the Rhyolite prospect, and Fairbanks schist 

located below the low-angle fault. Other samples of non-Ester Dome Fairbanks schist contain no staurolite, 

and do not have appropriate bulk compositions for staurolite formation. Previous studies may not have 

identified staurolite within the Fairbanks area because it may be present only within a structurally deeper 

layer, such as at the now-uplifted Rhyolite prospect.
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Thin section examination of samples also demonstrated the presence of hydrothermal alteration. 

Pervasive kaolinitization, pervasive sericitic alteration, rare and small-scale albitic alteration, as well as a 

regional propylitic overprint were each observed. Kaolinitization is most intense within the intrusive sill 

present at the Rhyolite prospect and is seen to a lesser extent in rocks immediately adjacent to the sill. A 

loss of Ca (indicative of feldspar altering to kaolinite) correlates well with higher gold values, suggesting 

that the kaolinitization was coeval with gold mineralization. Pervasive sericitic alteration is present within 

schist samples within and outside of shear zones. Rare albitic alteration is present as small albite rims 

around plagioclase grains. Although retrograde greenschist-facies metamorphism of schist may be 

responsible for some of the chlorite, calcite, and epidote assemblage seen in the majority of the samples, 

most of the chlorite, calcite, epidote, and titanite must be due to local propylitic alteration since a wide 

variation in alteration intensity is seen. Furthermore, alteration intensity decreases away from the Rhyolite 

prospect sill.
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Chapter 4 

Factor and Cluster Analysis of Soil Samples

4.1 Purpose of Factor and Cluster Analysis

Little rock outcrop is exposed at the surface on Ester Dome. A heavy covering of vegetation, 

loess, and soil extends 0.5 m to 40 m above bedrock. Constructing a geologic map requires knowing or 

approximating contacts between bedrock units, as well as determining the differences between bedrock 

units. Factor and cluster analysis can assist in assessing geochemical data from soil samples and 

identifying differences between samples that might correspond to differences in bedrock lithology. With a 

soil sample grid, contacts between bedrock differences may be visible. Little outcrop is available, but over 

1300 soil samples in a grid with 32-element geochemical data were collected by PDX. Using this data set, 

factor and cluster analysis may be viable mapping techniques for this area.

Factor analysis has been an invaluable aid to mapping in other parts of the Fairbanks district, such 

as determining the boundary between the upper and lower plate in the Chatanika terrane (McCoy and 

others, 1999). I initially thought the most accurate way to map the Ester Dome area would be to use factor 

analysis on soil samples collected by PDX, and to compare results with the airborne magnetic and 

resistivity surveys. Geochemical differences between samples should translate to differences in rock units 

or lithologic packages, as is seen elsewhere in the Fairbanks area (McCoy and others, 1999). Rock chips 

found at the bottom of holes dug to collect soil samples were examined and catalogued in 1998, mostly by 

Kurt Yuengling. However, most of the samples simply looked like schist, and were too small to pick out 

distinguishing characteristics. A few characteristics were identifiable through visual logging: pieces of 

intrusive, altered “white” schist, deeply oxidized biotites, quartzite, and quartz veins. I had hoped that 

factor analysis would help me to connect the spaces between the known bits of surface outcrop, easily 

identifiable soil chips, and core holes. I wanted to be able to reduce my 32-element data into factors that
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would help me to see the relationships between them. Using these relationships, I planned to map 

lithologic contacts.

4.2 Factor Analysis Technique

All of the information stated concerning factor analysis, cluster analysis, and statistical concepts is 

from Davis (1986). Factor analysis is not a statistical tool, but rather a data reduction process. Factor 

analysis tries to reduce the number of variables in a system (axes) and make the system easier to model. A 

factor is an eigenvector that can be assigned to some geologic process or characteristic. The factor analysis 

technique consists of extracting the dominant factors from the variables chosen using principal component 

analysis (PCA). PCA calculates the principal eigenvectors of a matrix. The user then decides which of 

these eigenvectors (factors) are significant and which to eliminate. Factors are commonly selected by 

choosing those factors with an eigenvalue greater than 1.0, choosing the three factors that explain most of 

the variance (since more than three are difficult to plot), choosing enough factors to explain 75% of the 

variance, or choosing all of the factors before a significant break on a scree plot (root curve criterion).

After the factors are chosen, they are then usually rotated into orthogonal or oblique solutions that 

hopefully provide some meaningful orientation. The last step is to interpret the results and determine their 

significance.

4.3 Factor Analysis of 1998 PDX Samples

1386 “soil samples” collected by PDX during the fall of 1997 and summer of 1998, analyzed by 

32-element ICP-AES, were used in the analysis. Although previous exploration efforts, including ACNC 

also collected soil samples, their samples were not collected along a grid, using the same method, or 

analyzed the same way, so they were not used for this analysis. The fall 1997 samples were collected using 

a bombardier. During 1998, PDX made an attempt to collect the soil material and decomposed bedrock 

from the layer just above bedrock using a hand-held power auger (Rogers and others, 1998). The depth at 

which samples were collected was usually 1 to 2 meters. The analyses are inconsistent since some samples 

contained a large percentage of loess.
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The ICP analysis technique consists of low temperature drying of the sample, crushing and/or 

sieving, and then digesting the sample in a nitric acid-aqua regia solution (Lichte and others, 1987). After 

the sample has been dissolved, the solution is heated to 8000 degrees C. At this temperature, elements give 

off a characteristic wavelength of light, and the wavelengths are collected, amplified, and quantified by a 

spectrometer (Lichte and others, 1987). Characteristic elemental wavelengths are analyzed to reduce 

interference with each other. The ICP analysis of the samples shows that some elements are not useful for 

factor or cluster analysis because their values were below detection or at the detection level: Be, Cd, Ga, 

Ge, Hg, La, Sc, Sr, Te, and Tl. Some elements, because they are present in silicate minerals, were not 

digested very well in the acid bath used in ICP to dissolve elements from a geologic sample into a solution.

Although the acid solution is strong, not all elements from all minerals are dissolved completely or 

equally. Partially leached elements include Al, Ba, Be, Ca, Cr, Ga, Mg, K, Sc, Na, Sr, Tl, Ti, and W 

(Lichte and others, 1987). Certain minerals, because of their crystal structure, are not digested well in the 

acid bath. Most of the sulfide minerals, and all of the carbonate minerals are digestible, but silicates such 

as Na-rich plagioclase and white micas digest poorly, as do clays (Mason and Berry, 1968). Because the 

analyzed solution may not have contained the entire amount of a certain element that was in the sample, the 

resulting values of ICP-AES should be carefully examined.

The analyses used here to cross-check the ICP values were done using XRF techniques. The 

samples were dried and pulverized by Chemex in the same way the ICP samples were prepared. The XRF, 

however, does not depend on digesting the sample into a solution for analysis, and uses pressed pellets of 

the crushed dry sample instead. A beam of electrons is aimed at a target, causing the target to emit x-rays. 

These x-rays cause elements within the sample to fluoresce at characteristic energies. Diffraction crystals 

then disperse and sort the characteristic x-rays. A detector quantifies the energies to determine how much 

of each element analyzed for is present (Potts, 1987). The machine is internally calibrated with known 

standards. Although XRF does not work well on lighter elements and some x-rays can be absorbed by the 

sample instead of reaching the detector, its ability to analyze the entire sample rather than a solution of the 

sample gives more accurate results (Potts, 1987).
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Because the accuracy of ICP depends on silicate elements going into solution, comparing XRF 

values and ICP values for the same samples yielded no direct correlation between concentrations measured 

by XRF and ICP (fig. 4.1, table 4.1). Although Al, Ca, K, and Na-bearing silicates dissolved poorly for the 

Ester Dome samples, their ICP values were used in the analysis anyway as they are important components 

of the schists.

ICP partial digestion vs. XRF 

elemental percentages

Elements 

* %Mg 

°  %K 

° %Fe 

+ %Ca 

A % Al
0 3 6 9 12 15

XRF

Fig. 4.1 ICP partial digestion analyses vs. XRF major oxides analyses for Mg, K, Fe, Ca, Fe, and Al. A 
1:1 correlation line is drawn. Al, and K values are much lower than XRF values. Nearly all ICP Na values 
were below the detection limit.

Table 4.1: Correlation coefficients for major 
elements analyzed by XRF (UAF and Chemex) 
and ICP-AES (partial digestion) (Chemex). The 

correlation for Ca is heavily influenced by 3 
outliers. When these points are removed, Ca’s 
correlation coefficient is .54.

Element Pearson’s Correlation Coefficient
Al -.241
Ca .989
K .024
Mg .651
Fe .553
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Although the ICP values are not good estimates of actual concentrations, mineralogical differences 

in the schists might still be discemable using the ICP analyses. Minerals that dissolve easily, such as 

sulfides, calcite, anorthite, and iron oxides might be able to create distinguishing factors in the ICP results.

To begin data analysis, I log transformed the values for elements that appeared to be log normally 

distributed: Au, Ag, and Ca. Log normal distribution was estimated visually using histograms and stem 

and leaf plots. Exploratory data analysis with the data set showed an excess of vanadium for mica-quartz- 

schists, possibly caused by sample contamination from the vanadium-hardened steel used for crushing and 

pulverizing.

I examined boxplots by chip sample lithoiogy and element, and found that there were very small 

(if any) geochemical differences between the various logged lithologies. Initial attempts at factor analysis 

with the data set yielded nearly as many factors as elements, so a portion of the samples were analyzed 

first as a training set. 128 samples were checked for logging accuracy by examination and re-logging. This 

set was designed to include several of the intrusive samples, since they should possess a different 

geochemical signature. I tried many different combinations of elements, and after careful study, the 

following factors seemed to be geologically significant (table 4.2).

Table 4.2. Rotated component matrix showing factor scores of analyzed 
variables from the training set of Ester Dome data. “High” scores for each 
factor are in bold type.
Element Component

1 2 3 4 5
Log Au(ppb) -.10 -.10 .85 .08 -.03
Log Ag(ppm) -.11 -.32 .18 .21 -.69
% A1 .77 •27 -.34 -.08 -.11
As (ppm) .001 -.15 .86 -.01 -.17
Log Ca -.02 .85 -.16 -.04 .17
Co (ppm) -.02 -.04 .003 .92 -.09
Cu (ppm) .67 -.07 .10 .21 .01
% Fe .51 -.19 .11 .64 <NOr

% K .82 -.09 .13 .14 .19
% Mg .82 .34 -.27 -.12 -.01
% Na .08 1 .82 i o C/t .019 -.07
% Ti .61 .60 -.22 .17 .03
U (ppm) 1 o to -.11 -.05 .03 .90



54

Factor 1 seemed to be high in Al, Cu, Fe, K, Mg, and Ti. Factor 2 seemed to be high in Al, Ca, 

Mg, Na, and Ti, and low in Ag. Factor 3 appeared to be high in Au and As, and low in Al, Mg, and Ti. 

Factor 4 seemed enriched in Co, Cu, and Fe, and factor 5 seemed to be low in Ag and high in U. Factors 1 

and 2 could represent different schists, with factor 1 perhaps being a more calcic schist and factor 2 more 

sodic. Factor 3, with high Au and As could be a mineralization factor, and factors 4 and 5 seemed to 

represent intrusive rock. When the factor scores were compared to the logged lithologies, the intrusive and 

the mineralization identifications matched very well.

However, when the same set of variables was applied to the entire soil sample data set, the 

recognizable factors did not appear (appendix F, on disk). Instead, there were 6 factors and the elements 

seemed to be scattered throughout. An attempt to apply the training set’s factor scores to the entire soil 

data set yielded poor results. The different results of the training set and the entire data set may be that 

there is a greater variance in the training data set than there is in the whole set -  it must be easier to 

distinguish between the purposefully large differences. High factor scores and logged lithology matched 

for 56% of the intrusive samples, 18% of the schist samples, and 4% of the mineralized (Au > 20 ppb) 

samples.

A contoured a map of factor scores did not seem to reveal any geologic patterns. The contoured 

factor scores produced a map that was mostly a uniform grey -  with most samples having the same or 

nearly identical values. The exceptions were soils derived from intrusive rocks, which were well identified 

by factor analysis. To determine if these factor scores were “real” and not an artifact of the processing, I 

also tested ICP analyses of samples from drill core. The resulting high and low factor scores were checked 

against the logged lithology. Unfortunately, intrusives as well as schists were not differentiated well using 

these factors. Felsic schists were correctly identified for 3% of the samples, mafic schists were correctly 

identified for 4% of the samples, and although the intrusives showed a tendency to have positive factor 4 

and 5 scores, they did not significantly identify with those factors.

4.4 Cluster Analysis
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Cluster analysis is another analytical tool that divides data into groups. Cluster analysis eliminates 

preconceived information the user may have about groups, or groups data when the user has no information 

about how groupings within the data may be structured. Cluster analysis seeks to define groupings within 

the data based on the data itself. Since cluster analysis is not a statistical tool, it does not provide 

information about whether or not the groups created are statistically valid -  a discriminant analysis is 

usually done on the groups to determine statistical significance. There are several choices about cluster 

analysis: the user can compare between samples (Q-mode) or between variables (R-mode), computing the 

relationships between all of the samples or variables and displaying them on a dendrogram (Hierarchical), 

or a user-defined number of groups with members assigned based on a distance criteria (K-means).

Since factor analysis using ICP analyses of soil samples did not successfully differentiate between 

metamorphic lithologies, I also attempted cluster analysis of the data. I chose 4 R-mode, K-means clusters, 

based on the number of previously mapped rock units. The results showed three clusters grouped very 

close together, and one distinct, 5-sample cluster representing a few intrusive samples.

4.S. Factor and Cluster Analysis Results

Clearly, cluster and factor analysis as a modeling tool for the Ester Dome area did not show the 

anticipated results. There are several possible reasons for this failure. First, the non-igneous rocks are 

compositionally indistinct. Petrographic studies based on thin sections from the dome show only small 

variations in the minerals present, and most samples are impure quartzite. Therefore, compositional 

differences in lithology are subtle. Second, the acids used in the ICP analysis technique to digest the 

samples only partially dissolve silicate-based elements -  the most important elements in pelitic schists: 

aluminum, calcium, iron, potassium, magnesium, and sodium.

Without striking geochemical differences, factor analysis of soil samples analyzed by ICP does 

not allow for discrimination of metamorphic lithologies on Ester Dome. Factor analysis of ICP-analyzed 

soil samples requires lithologic differences be expressed in concentrations of divalent elements (easily 

digested) present within easily digested minerals. Factor analysis might still provide valuable information 

for Ester Dome (whose schists lack significant concentrations of easily digested P, Ca, and Ni) if the rocks
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were digested fully so that elemental percentages could be determined accurately, or analyses were 

conducted using a different technique, such as XRF. Although such analyses are more costly, some of the 

burden could be offset by not analyzing for elements that are not likely or known to not be present.
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Chapter 5 

Constructing an Improved Geologic Map

5.1 Geologic Map of Ester Dome

Several lines of evidence were used to create the geologic map of Ester Dome that is part of this 

thesis. I relied heavily upon the airborne geophysical data, thin section examination of samples from core, 

thin section examination of surface samples collected in 1995 by the Alaska Division of Geological and 

Geophysical Surveys, 40Ar/39Ar dating, and previous generations of mapping on Ester Dome, especially the 

1996 map of Newberry and others. My map differs from that map since it does not show a section of 

amphibolite running through the north side of Ester Dome, it has both north-south-trending and north- 

northwest-trending faults, and the altered schist unit is renamed “quartz-rich schist.” It retains the major 

northeast-trending fault through the dome, the concept of a more resistant, more quartz rich unit that is 

offset by this fault, as well as the division between the Fairbanks schist and the Muskox sequence (fig. 5.1).

Although I initially expected to be able to subdivide the Fairbanks schist into smaller lithologic 

packages and groups using factor analysis of soil samples, this approach was not feasible. ICP data 

suggests that most samples within the Fairbanks schist have roughly the same bulk compositions and are 

quartz-mica schists and quartzites. With the small amount of data from drill holes, no packages or patterns 

were visible within the minor schist geochemical variations. Factor analysis on the ICP values confirmed 

that either there really is only one broad unit for the Fairbanks schist on Ester Dome or that ICP data from 

schist samples are not accurate enough to portray the differences between samples. Comparisons of XRF 

analyses with ICP analyses show that the ICP data almost always yields a lower concentration, and that 

there is no systematic variation present between the two analysis techniques. The Fairbanks schist on Ester 

Dome is therefore undifferentiated.



Fig. 5.1. Revised geologic map at 1:60,000 scale of the Ester Dome area. Map modified from Newberry 
and others, 1996.
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Petrographic analysis of thin sections confirms that samples within the Fairbanks schist are very 

difficult to distinguish from each other based on mineralogy. The predominance of quartz-mica schist and 

micaceous quartzites makes it difficult to create any meaningful subdivisions.

The airborne magnetics of Ester Dome further support the undifferentiated rock type designation 

of the Fairbanks schist -  faults show up very clearly, and no apparent breaks in schist lithology can be 

identified (figs. 5.2, 5.3, 5.4). Very noticeable magnetic highs seen in the northwest section of Ester Dome 

have previously been identified as possible amphibolite, but I believe they are actually intrusive. The 

intrusive samples from core all have a very high magnetic signature (.04-1.72 x 10'3 SI, hand-held 

magnetometer readings), and the locations of the magnetic high areas closely match the locations of 

intrusive found in soil chips.

Despite the section of amphibolite shown on the 1996 map, I did not find any amphibolite. I did 

not see any amphibolite in any of the PDX drill core, and several of the holes collar in what is labeled on 

the 1996 map as amphibolite. Two of the 1995 surface samples are of amphibolite, however. They are 

rounded stream cobbles from Nugget Creek, suggesting that amphibolite must lie somewhere above then- 

present location, on Ester Dome. This must mean that there are indeed layers of amphibolite present within 

the Fairbanks schist of Ester Dome. However, these layers do not outcrop in the 1996 map location, and 

they are probably very localized.

I have retained the boundaries and faults of the Muskox schist and the Muskox amphibolite as 

they are on the 1996 map, and attempted to further differentiate between the Muskox schist present on 

Ester Dome and the Fairbanks schist present on Ester Dome. As no metarhyolite has been identified on 

Ester Dome, the Muskox sequence designation is supported mostly by the presence of trace element 

signatures in amphibolite different from Fairbanks schist amphibolite signatures (Newberry and others,

1996). Based on thin section examination and 32-element ICP analyses, it appears that the Muskox schist 

contains more calcium, less tourmaline, and no staurolite (chapter 2, this thesis). However, conclusions 

about Muskox schist and Fairbanks schist differences come from only a few samples representing a small 

area.



Fig. 5.2. Airborne magnetic signature of Ester Dome. Map modified from Dighem, 1995.





Figure 5.3 Airborne resistivity signature of Ester Dome. Map modified from Alaska Division of 
Geological and Geophysical Surveys, 1996.





Figure 5.4 Airborne resistivity signature of Ester Dome, with interpreted faults shown. Map modified 
from Alaska Division of Geological and Geophysical Surveys, 1996.
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The northeast-trending faults, as seen on the 1996 map and also on this map, are supported mostly 

by the strong airborne resistivity and magnetic signatures (figs. 5.2, 5.3, and 5.4). The sharp contrasts 

visible on both the resistivity and the magnetic map demonstrate the probable locations of faults. Although 

numerous small faults of varying directions could be drawn using these divisions, I have tried to retain only 

those for which there is some other corroborating geologic evidence. The northeast-trending fault that 

borders the Rhyolite prospect to the southwest is reinforced by a fault-signature on the VLF map generated 

by PDX (Rogers and others, 1998). ACNC drilled two holes within the Rhyolite prospect area, and 

encountered fault gouge along where this northeast-trending fault is postulated (Dashevsky and others, 

1993). Additional evidence for these faults comes from information already known about Fairbanks district 

geology -  northeast-trending faults are a dominant structure in this region (Newberry and others, 1996). 

Smaller northeast-trending faults are present in the Ready Bullion and Silver Dollar prospect areas, but 

their location is not well-constrained at this time. Other small-scale northeast-trending structures are 

present at other prospects on Ester Dome, such as the McQueen and the O’Dea vein. Larger-scale 

northeast-trending structures are present at the Ryan Lode. Evidence for the north-south and the north- 

northwest-trending faults comes from airborne geophysics and from cross-sections of the Rhyolite area 

created from core holes.

The Rhyolite prospect is located along the major northeast-trending fault through Ester Dome. 

However, I believe that it straddles a smaller, north-northwest-trending high angle fault and is bounded on 

the east by a younger, north-south-trending fault. Evidence for the north-northwest-trending fault bisecting 

the PDX drill holes can been seen in cross sections of the drilled areas (plate 1). The vertical displacement 

of the gouge zone and the intrusive suggest some sort of vertical movement between hole 98EDC015 and 

98EDC028. Furthermore, staurolite is found in the lower sections of holes to the west of 98EDC015 but 

not east of it, suggesting that the staurolite is present in a layer at depth that is currently in low-angle fault- 

contact to the Fairbanks schist present at the surface of the Rhyolite prospect.
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Chapter 6 

Radiometric Dating

6.1 Introduction to ^Ar/^Ar Dating

Although many prospects in the Fairbanks area show a clear relationship between nearby granitic 

intrusions and mineralization, such as the Ryan Lode and Fort Knox (McCoy and others, 1997; Douglas,

1997), the timing of events at the Rhyolite prospect on Ester Dome was not known prior to this study. I 

attempted to determine the relationships between intrusion, mineralization, and metamorphism through 

dating the intrusion, minerals from the shear zones, vein minerals, and metamorphic minerals.

Argon diffusion over time creates age variations within a sample. Higher temperature fractions 

representing the center of the grain should yield an age plateau. When the closure temperature is reached 

for a given mineral, the initial ratio of argon isotopes should be preserved. Thermal events can cause the 

mineral to lose or gain argon leading to a variation in age. More severe thermal events will reset the argon 

values to a greater extent than lesser events.

The ^Ar/^Ar dating technique requires converting 39K into39Ar in a nuclear reactor, and then 

measuring the amounts of ““Ar and39Ar using a mass spectrometer (Merrihue and Turner, 1966). The 

relative age of the sample can then be determined using the equation t = 1/A. In (J40Ar*/39Ar +1) (Merrihue 

and Turner, 1966), where J is the irradiation parameter and is the decay constant of^Ar. Corrections are 

made for interferences produced in the reactor. Incremental step-heating of the sample permits 

identification and analysis of within-sample variations that may correspond to argon loss, argon gain, or 

mineral inhomogeneity. The single-grain laser technique used at the University of Alaska Fairbanks 

enables precise sample selection. McDougall and Harrison (1988) give a detailed description of the 

technique, assumptions, and calculations o f  w  A rt39A r dating. Douglas (1997) describes single-grain 

Ar/ Ar dating as performed at the University of Alaska Fairbanks. Data are displayed as an age spectrum 

(percentage of Ar released vs. ages, displayed as a +/- 1 sigma bar) or as an isotope correlation diagram.
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The age spectrum of calculated age vs. fraction o f39 Ar released allows for the interpretation of secondary 

thermal events. Some samples contained more than one mineral phase, characterized by different ratios of 

Ca/K and Cl/K. The Ca/K and Cl/K spectra are provided to illustrate these intra-sample inhomogeneites. 

Plateaus were defined as containing three or more consecutive fractions yielding the same age within the 2- 

sigma error. Isochron ages were calculated using the least squares method with correlated errors (York, 

1969).

6.2 Sample Selection

Four samples from the Rhyolite prospect on Ester Dome were selected for 40Ar/39Ar dating, as 

well as one sample from the nearby Yellow Eagle placer mine. Potassium-bearing minerals (biotite or 

sericite) that would provide insight into the timing of the intrusion, metamorphism, and mineralization were 

selected.

Sample 982535 is from core hole 98EDC018, 111 to 111.9 meters depth (map reference, fig.

1.3a). It is a dark grey gouge with fine grained dark minerals, sericite (disaggregated to <60 mesh, sericite 

identification confirmed by XRD, appendix D), and quartz. It assayed 54 g Au/ton. Dating the sericites in 

this sample should provide the age of mineralization, assuming that the sericites are the product of 

mineralizing fluids and not simply fine-grained metamorphic white micas.

Sample 018, 115.7 is from core hole 98EDC018, 115.7 meters depth (map reference, fig. 1.3a). It 

is from a white mica schist, about 2 meters away from significant mineralization. White micas from this 

sample should yield the age of cooling through the Ar closure temperature of mica (-350 degrees C) 

following metamorphism. The argon isotopic signatures may be reset slightly by mineralization depending 

on the temperature and duration of the mineralizing event. This sample was crushed and the 35-60 mesh 

size fraction was used for dating. The fraction was washed in an ultrasonic cleaner, and white micas were 

hand-picked for analysis.

Sample 016, 127.3 is from core hole 98EDC016, 127.3 meters depth (map reference, fig. 1.3a). I 

hand-picked sericites (optical determination) from a quartz vein within the white mica schist that contained
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fine grained (<60 mesh) sericites along the margin of the vein. This sample interval assayed 330 ppb Au. 

The age of these sericites may also reflect the age of mineralization.

Sample 017, 15.4, is from core hole 98EDC017, 15.4 meters depth (map reference, fig. 1.3a).

This sample was the least-altered sample of intrusive from the Rhyolite prospect I could find. The quartz- 

monzodiorite has a greenish color and all of the biotites have at least partially altered to chlorite. After 

crushing, sieving, and washing, the Frantz magnetic separator was used to separate the more magnetic from 

the less magnetic fraction. I then hand-picked the darkest grains of the more magnetic fraction hoping that 

some of these contained hornblende or biotite. Optical examination of selected grains revealed that the 

sample was nearly all chlorite, but possible inclusions of plagioclase were present. Some remnant 

cleavages within the chlorite suggest the presence of former hornblende.

The Yellow Eagle sample is a piece of intrusion selected from the reject piles at the Yellow Eagle 

placer mine, located at the base of Ester Dome, directly across the Parks highway from the town of Ester.

It is a coarse-grained, purple-grey granodiorite, and very similar in texture, if not in composition, to 

intrusions found in the Rhyolite prospect. This granodiorite was not as altered as the intrusions on Ester 

Dome, and after crushing, biotites were easily picked out for dating.

6.3 Results

The step-heating result from the biotite/chlorite sample from the Rhyolite prospect sill, sample 

017, 15.4, yielded very large errors in several fractions and a plateau (5 fractions representing 80% of Ar 

released) of 75.3 +/- 1.8 Ma (fig. 6.1). However, this plateau shows a stair-step pattern indicating Ar gains 

and losses. Additionally, the spectra show two different phases are present -  a high Ca/K phase and a very 

high Ca/K phase (Ca/K >15) (fig. 5.1). These almost certainly represent two different phases in the 

sample. XRD analysis of the material dated reveals the majority of the sample is composed of chlorite, 

with small, possible amphibole peaks (appendix D). A two-event model for this spectrum would include a 

relatively large argon gain event sometime around 72 Ma and a relatively small argon loss event at the 

present time. A further concern is that the Ca/K ratio varies from high (high-temperature fractions) to very 

high (low-temperature fractions) yet the Cl/K ratios are relatively consistent at about .01. As Cl/K ratios of
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Chloritized bioite from quartz monzonite, sample 017, 15.4

39 Ar/40 Ar

Fig. 6.1. Age, Ca/K, and Cl/K spectra and isochron diagrams for chloritized biotite from the intrusion at 
the Rhyolite prospect. Plateau ages and isochron ages are shown.
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biotite are typically 0.02-0.05, one possible explanation is biotite and some hornblende (higher temperature 

fraction) vs. biotite and plagioclase (lower temperature fraction). This sample clearly does not represent a 

system closed to argon, as partly chloritized minerals “leak” Ar much more readily than their unaltered 

equivalents.

Isochron analysis of each phase yields an isochron age of 89.5 +/- 60 Ma with an MSWD of 0.04 

for the very high Ca/K phase (5 fractions), and an isochron age of 68.8 +/- 5.6 Ma with an MSWD of 0.4 

for the lower Ca/K phase (5 fractions). The higher Ca/K phase may represent another mineral within the 

sample, or may simply show the sample has experienced argon gain as well as argon loss. The lower Ca/K 

phase of ~70 Ma may represent the time elapsed from when the chloritized biotite reached a closure 

temperature and thus has no geologic significance. Given the extent of alteration, all that can be said is the 

age of the intrusion at the Rhyolite prospect is greater than 75 Ma.

Granodiorite from the nearby Yellow Eagle placer mine yielded interesting results. The age 

spectrum shows two flat regions: one at 95.5 +/- 0.4 Ma (5 fractions, representing 70% of the argon 

released) and another at 90.9 +/- 0.5 Ma (5 fractions, representing 30% of argon released) (fig 6.2). 

Elevated Ca/K ratios for the high temperature fractions suggest these flat regions correspond to a biotite 

and minor hornblende phase, and a biotite phase, respectively. Hornblende has an elevated Ca/K ratio, but 

similar Cl/K as biotite, as well as better argon retention. It is likely that the older, higher-temperature 

fraction represents a mixture of hornblende and biotite. When the data from this sample are plotted on an 

isochron diagram (11 highest temperature fractions), they give an age of 94.9 +/- 0.5 Ma, with an MSWD 

of 9.39 (fig. 6.2).

White mica sample 018, 115.7 was selected to distinguish metamorphic events from plutonic- 

related events. This sample yielded an essentially flat plateau with an age of 100.2 +/- 0.4 Ma (8 fractions 

representing 90% of argon released) (fig. 6.3). It also shows argon loss, which can be modeled as a 2% 

loss at 63 +/- 5 Ma. This argon loss may reflect regional heating due to 55 Ma basalts in the Fairbanks area 

(Newberry and others, 1996). The Ca/K, Cl/K, and isochron plots for this sample all yield consistent 

results indicating the material was essentially pure muscovite which cooled through its closing temperature 

at about 100 Ma. It appears that this mineral was not appreciably affected by heating related to
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Fig. 6.2. Age, Ca/K, and Cl/K spectra and isochron diagram for biotite from the intrusion present at the 
Yellow Eagle placer mine. Plateau ages and isochron ages are shown.
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Fig. 6.3. Age, Ca/K, and Cl/K spectra and isochron diagram for white mica (sample 018, 115.7) from 
Fairbanks schist at the Rhyolite prospect. Plateau ages and isochron ages are shown.
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mineralization. This spectrum’s plateau age resembles other spectra representing cooling age of 

metamorphic rocks within the Yukon-Tanana Terrane with ages of 100 -  120 Ma, and very closely 

resembles metamorphic white mica spectra from the Ryan Lode with ages from 100-105 Ma (Wilson and 

others, 1985; Hansen and others, 1991; Newberry and others, 1996; McCoy and others, 1997; McCoy, 

2000).

The sericite and quartz sample from the gouge sample 982535 also yielded fairly flat spectra, with 

Ca/K and Cl/K ratios indicating nearly pure muscovite. However, the stairstep pattern of the older ages at 

higher temperature fractions of the age spectrum suggest nearly complete reset of an older mineral. The 

average age of fractions within the “saddle” area of the spectrum is 88 +/- 6.21 Ma, with a MSWD of 0.57 

(5 fractions representing 30% of argon released). An isochronal diagram shows the first two fractions 

contain a significant amount of atmospheric argon, and the last three fractions describe a different line from 

the isochron, also suggesting older phases within the sample, such as some inherited component from what 

the white mica was prior to mineralization. The isochron age is 87 +/- 0.5 Ma, with an MSWD of 2.24 (10 

fractions). The isochron age also corresponds well with the younger (more representative of a 

hydrothermal event) saddle. A possible model for this spectrum indicates an initial age of 100 -  110 Ma, 

with a nearly complete reset at -90 Ma. This model correlates well with a -100 Ma age of cooling for 

metamorphic white mica (sample 018, 115.7).

The vein quartz and sericite sample, 016, 127.3, was intended to show both the metamorphic and 

mineralizing events. However, the spectrum from this sample does not display a plateau (fig. 6.5), and 

does have very large error bars. A pseudo-plateau age for this spectra is 78 +/- 1.03 Ma (4 fractions 

representing 90% of argon released). This sample also produces an errorchron, and it is possible to show a 

variety of ages from its plot. This makes it very difficult to form any solid conclusions about the results of 

this sample’s analysis.

6.4 Data Interpretations and Geologic Significance

Several of the 4<)Ar/39Ar results are slightly ambiguous in their meanings. The following 

interpretations are made from other dates in the Fairbanks area, isochrons, errorchrons, and the geologic
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Fig. 6.4. Age, Ca/K, and Cl/K spectra and isochron diagram for sericite from mineralized gouge present at 
the Rhyolite prospect. Plateau ages and isochron ages are shown.
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Fig. 6.5 Age, Ca/K, and Cl/K spectra and errorchron diagram for sericite from a mineralized quartz vein at 
the Rhyolite prospect. Pseudo-plateau age is shown.
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history of the area. The specific results and evidence for interpretation are given below. In general, timing  

of intrusion, mineralization, and metamorphism occurred at the Rhyolite prospect as follows.

.  40  , . ,3 9  ,

Event Interpreted Age Evidence
Cooling below 350° C 
after regional 
metamorphism

-  100 Ma Metamorphic white mica (018, 
115.7) plateau

Intrusion of Yellow 
Eagle granodiorite

-9 5  Ma High Ca/K portion of Yellow 
Eagle “biotite” (hornblende?) 
spectra

Intrusion of quartz 
monzodiorite

>70 Ma Low Ca/K portion of 017, 15.4 
“biotite” (chlorite) spectra

Alteration and 
mineralization

-  87-91 Ma Low Ca/K portion of Yellow 
Eagle biotite, mineralized sericite 
(952535) plateau

Thermal Event? -75-55 Ma? White mica 018, 115.7 Ar loss, 
“biotite” 017, 15.4 lesser Ca/K, 
high temperature “plateau”

In general, this interpretation fits the pattern established for the Ryan Lode and Fort Knox 

plutonic-related ore deposits showing metamorphic cooling ages between 100 and 105 Ma (McCoy and 

others, 1997), intrusion of granitic rocks between 89 -  92 Ma (McCoy and others, 1997; McCoy, 2000), 

mineralization between 86 and 90 Ma (McCoy and others, 1997; McCoy, 2000), and a late thermal event 

between 68 -78 Ma (McCoy, 2000). The missing link at the Rhyolite prospect is an intrusive body with an 

appropriate age and composition for mineralization. The intrusion located at the Rhyolite prospect is of a 

quartz-monzodiorite composition and does not appear to be temporally related to mineralization. At the 

Ryan Lode and Fort Knox deposits, intrusive bodies responsible for some of part of the mineralization have 

been located.

The 40Ar/39Ar age of the mineralized gouge sample, 982535, definitely seems to support the 

hypothesis that the Rhyolite prospect is similar to other plutonic-related deposits in the Fairbanks area since 

it shows a mineralization event at 90 Ma. All that can be determined from the spectra of sample 017, 15.4 

(the Rhyolite intrusion sample) is that the intrusive is older than 75 Ma. The composition of the known 

intrusive at the Rhyolite prospect is much different from the composition of other plutons related to 

mineralization within the Fairbanks area. Its quartz monzodiorite composition and sill-like morphology, as
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well as its spatial relationship to the mineralization suggest that it is not related to mineralization at the 

Rhyolite prospect, but is instead significantly older than mineralization. The most convincing reasons for 

suspecting an older age are 1) that the material dated was chlorite (appendix D), with much less K 

concentrations than expected for biotite and 2), the apparent correlation between gold values and kaolinite 

alteration within the intrusive. Since the intrusive is altered by the ~90 Ma mineralization event, it must be 

older than its apparent plateau age of ~75 Ma. 3) The spectra steps up at higher temperature fractions, 

suggesting an older age, and 4), other quartz-poor intrusions in the Fairbanks district are dated at 110 Ma 

(Newberry and others, 1998); perhaps this sill is related to these other intrusions. The Yellow Eagle 

granodiorite appears to be about 5 to 3 Ma older than any other calc-alkalic intrusion dated in the Fairbanks 

district. (Douglas, 1997). Furthermore, the reset at -90 Ma suggests that the Yellow Eagle was heated by a 

hidden -90 Ma pluton or a hydrothermal system related to such a body. Apparently multiple episodes of 

plutonism are responsible for much of the mineralization in the Ester Dome area.
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Chapter 7 

Mineralization

7.1 Ready Bullion/Silver Dollar Area

The Ready Bullion/Silver Dollar area (fig. 1.2) is an area of historic lode gold production as well 

as more recent production. The Eva Creek Quartz Mining Company produced small amounts of gold from 

underground workings in the Ready Bullion area between 1926 through 1940 (Williams, 1951). The Silver 

Dollar area, just northwest of the Ready Bullion (fig. 1.2) also experienced lode gold production during the 

early decades of the 20th century (Hill, 1933). During the winter of 1988-89, the Silver Dollar area was 

mined by Silverado using open-pit methods and an estimated 1,938 ounces of gold were removed and 

trucked to the nearby Grant mill (Dashevsky and others, 1993).

The Ready Bullion/Silver Dollar area is mostly within the Muskox schist. The Muskox schist lies 

in high-angle fault-contact with the Fairbanks schist to the north of the Ready Bullion area (Newberry and 

others, 1996). This fault passes through the Silver Dollar area. The Muskox schist is more calcareous with 

increasing depth, possibly creating a more reactive rock type for mineralizing fluids than the Fairbanks 

schist (Rogers and others, 1998).

Aside from the main northeast-trending fault separating the two lithologies, the Ready 

Bullion/Silver Dollar area is heavily internally faulted. Steeply-dipping faults are oriented north-south as 

well as east-west, and the main Silver Dollar shear strikes northeast and dips 75 to 90 degrees east 

(Dashevsky and others, 1993). The main shear is locally up to 20’ wide and contains well-developed fault 

breccias and auriferous quartz veins (Brooks, 1913). Quartz veins with and without sulfides are generally 

parallel or sub-parallel to foliation.

Most of the free gold is found within quartz veins, although some gold is present within the schist 

and fault gouge (Brooks, 1913). The old Silver Dollar adit was constructed to mine east-west trending
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vuggy quartz veins containing localized nodes of gold (Brooks, 1913). Within fault zones, these quartz 

veins are commonly gouged by post-mineralization faulting (Williams, 1951; Rogers and others, 1998). 

Outside of fault zones, the quartz veins are smaller (0 .1 -5  cm) and occur less frequently (Rogers and 

others, 1998). Auriferous quartz veins often have a sericitic halo and may also contain arsenopyrite, 

stibnite, and sulfosalts (Hill, 1933; Williams, 1951; Dashevsky and others, 1993; Rogers and others, 1998). 

The sericitic alteration is most intense within the biotitic schist and fine-grained gouge (Rogers and others, 

1998). Pervasive silicic alteration is also present in this area, as well as numerous stockwork quartz- 

sericite-sulfide veins (Rogers and others, 1998). Sulfides found within fault gouge at the Ready 

Bullion/Silver Dollar area include arsenopyrite, pyrite, and stibnite. Arsenopyrite is more abundant than 

pyrite, and while it is usually crushed into finely ground sulfides within shears, in large mineralized quartz 

veins it is also present as large, fine-grained aggregates. Within the schist outside of gouge and quartz 

veins, pyrite and pyrrhotite have been identified.

The shear system of the Ready Bullion/Silver Dollar area may be analogous to the nearby Ryan 

Lode shear. Both the Ready Bullion and the Silver Dollar prospects are located at the boundary between a 

magnetic high and a magnetic low (Rogers and others, 1998). Although the Ready Bullion/Silver Dollar 

mineralization is suspected of having a plutonic-fluid source, no causative plutonic body has been located. 

Sample 012, 51, within the Ready Bullion/Silver Dollar prospect area, is an altered intrusive rock, but it is 

more similar to the altered quartz-monzodiorite found at the Rhyolite prospect than the Curlew granodiorite 

found at the Ryan Lode.

7.2 Rhyolite Prospect Area

The Rhyolite prospect located on the northwest flank of Ester Dome (fig. 1.2) has no historic 

production, but two hand-dug trenches or adits were found at the prospect (Dashevsky and others, 1993). 

During the early 1990 s, ACNC drilled five holes in the Rhyolite prospect and found mineralized intercepts 

within or adjacent to zones of deformation. PDX expanded on this work during the summer of 1998 and 

drilled 13 additional core holes in the Rhyolite prospect. Highly mineralized drill core intercepts at the 

Rhyolite prospect are shown in table 7.1
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Table 7.1 List of 1998 PDX Rhyolite drill intercepts with gold values

Hole# From-to m thickness m g Au /mt
98EDC015 48-49.8 1.8 9.9
98EDC016 25-26.5 1.5 1.2
98EDC016 41.5-42.6 1.1 1.2
98EDC016 53-56.4 3.4 7.1
98EDC018 9-11 2 1.69
98EDC018 15-17 2 6.39
98EDC018 110-116 6 9.1
98EDC019 17.5-18.8 1.3 2
98EDC019 30.8-33 2.2 1
98EDC024 127.53-129.7 2.17 1.1
98EDC026 3.65-6.4 2.75 1.2
98EDC026 199.6-203 3.40 2.1
98EDC028 101.65-102.56 0.91 1.1
98EDC028 106.07-107.13 1.06 2.7
98EDC029 108-108.81 0.81 1.3
98EDC031 205.47-208.48 3.01 17.6
98EDC031 214.57-217.63 3.06 1.5

Mineralization at the Rhyolite prospect is dominantly gold-arsenic. The dominant sulfides 

identified in hand sample at the Rhyolite prospect are arsenopyrite, pyrite, pyrrhotite and stibnite, although 

sulfosalts, and silver-rich tetrahedrite are identified in polished section (probe identification, see appendix 

E). The Rhyolite prospect has a Au to Ag correlation coefficient of .27, suggesting that the silver-rich 

tetrahedrite component of the sulfide assemblage is very small. Sample 982535, which contained 54 g 

Au/ton, contained 21 g Ag/ton. As values at the Rhyolite prospect are very high ( As to Au correlation 

coefficient of .79) suggesting that the most dominant sulfide is arsenopyrite.

Gold mineralization within the Rhyolite prospect is hosted within an apparently flat-lying shear, 

and within quartz-sericite-sulfide veins within the schist (plate 1). The shear contains fine-grained 

disseminated sulfides, crushed quartz veins, and sericitized and crushed schist and quartzite. Also present 

within the sheared gouge at the Rhyolite prospect is graphite, which may be secondary to mineralization. 

The gold is presumed to be very fine grained or locked within the structure of other sulfides, since the 

heavy fraction of sulfides separated out with heavy liquids did not reveal any gold, even using the electron 

microprobe. High-angle shears on Ester Dome, such as the Ryan Lode and the Ready Bullion/Silver Dollar 

do contain visible gold. Arsenopyrite present within gouge at the Rhyolite prospect is typically fine
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grained (35-60 mesh) and separate from other sulfide minerals. In mineralized areas, arsenopyrite is 

present in much greater quantities than pyrite, with pyrite sometimes completely absent. Arsenopyrite 

within non-crushed quartz veins at the Rhyolite prospect is of varying size, and can be as large as a 

centimeter, but is also often present as massive, fine-grained aggregates. Pyrite and arsenopyrite can also 

be found disseminated in schist at the Rhyolite prospect, with the assemblage pyrite + arsenopyrite carrying 

small amounts of gold mineralization and disseminated pyrite alone usually unmineralized (plate 4).

Stibnite at the Rhyolite prospect can be found as small (visible with a hand-lens) euhedral crystals within 

quartz veins. Stibnite is also sometimes present as disseminated-stibnite-rich layers within schist. Sulfides 

are rarely identified within the intrusive rock, and typical gold values for the intrusion are below detection, 

although values can be as high as 600 ppb Au. As at the Ready Bullion/Silver Dollar area, quartz veins 

with and without sulfides are generally parallel or sub-parallel to foliation (generally at a high angle to the 

vertical core axis). Quartz veins containing sulfides are usually milky white in appearance, and range in 

apparent width (as seen in core) from less than 1 cm to 2 meters.

Although the shear can be traced for over one kilometer using ground based VLF techniques, gold 

grades are not contiguous throughout (Rogers and others, 1998). The flat-lying nature of the shear is 

unique on Ester Dome, as other Ester Dome shear-hosted deposits are within high-angle faults. The shear 

at the Rhyolite prospect is adjacent to a major, district-scale, northeast-trending fault, and the flat-lying 

shear is cut by at least one north-trending high angle fault (plate 1).

Also present at the Rhyolite prospect is a quartz monzodiorite sill that lies within 20-40 meters 

above or below the mineralized shear. Although the sill does not appear to be related to mineralization (it 

carries only weak gold values), it does serve as a marker bed for finding the mineralized shear (Rogers and 

others, 1998), and may have been a conduit for mineralizing fluids. The sill appears to pre-date the 

mineralization, since kaolinitic alteration (seen as lower Ca values) within the sill correspond with slightly 

elevated gold values (fig. 3.5).

Although the kaolinitic alteration appears to be coeval with gold mineralization, it likely 

represents remobilization of gold deposited during other episodes of mineralization, since the kaolinite 

overprints higher temperature sericitic and rare albitic alteration. Silicic alteration in the form of multiple
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stockwork quartz-sericite-sulfide veins and veinlets is abundant. Some very silica-rich intervals of schist 

may also be the result of hydrothermal alteration. As with Ready Bullion/Silver Dollar, and the flat-lying 

True North deposit (Masterman, 1998) a plutonic-related ore genesis is hypothesized but unsubstantiated 

by a causative plutonic body.

40Ar/39Ar dates from this study show the timing of metamorphism and mineralization to be similar 

to other plutonic-related deposits within the Fairbanks district (McCoy, 2000). The age of white mica 

cooling to a closure temperature after metamorphism is -100 Ma, and mineralization (white mica from 

mineralization gouge) took place at -90 Ma (chapter 5, this thesis).

7.3 Bi:Au and As:Au Ratios of the Ready Bullion/Silver Dollar Area and the Rhyolite Prospect

Although plutonic-related deposits within the Yukon-Tanana terrane share similar ages, elemental 

ratios of gold versus mobile and immobile elements (such as As and Bi) point to different relationships 

between deposits and causative plutons (Flanigan and others, 2000; McCoy, 2000). Flanigan and others 

(2000) demonstrate a clear relationship between Bi: Au, and As: Au ratios and correlations corresponding to 

the depth of emplacement and proximity to the causative plutonic body for plutonic-related ore deposits in 

interior Alaska and the Yukon. Proximal, deeper deposits possess higher ratios of Bi and lower ratios of 

As, while the reverse is true for more shallow, distal prospects. Additionally, higher temperature alteration 

styles correlate with higher Bi: Au ratios and less distance between the deposit and the pluton (McCoy, 

2000). More proximal deposits contain free gold, while gold grain sizes for more distal deposits are very 

fine and often encapsulated within sulfides or locked within the crystal structure of sulfides (McCoy, 2000). 

The Bi: Au correlation coefficient for the Ready Bullion/Silver Dollar area is 0.20, and is 0.22 for the 

Rhyolite prospect (fig. 7.1). The As: Au correlation coefficient for the Ready Bullion/Silver Dollar area is 

0.74, and is 0.79 for the Rhyolite prospect (fig. 7.2). These ratios, with their non-significant Bi correlations 

and highly significant As correlations suggest that both the Ready Bullion/Silver Dollar area and the 

Rhyolite prospect area are distal to the fluid and metal source.
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Chapter 8 

Discussion and Interpretation

8.1 Geologic Map

The attempt to create an improved geologic map of Ester Dome has illustrated that many portions 

of Ester Dome geology remain unknown and uncertain. Mapping for this thesis shows the absence of a 

large scale amphibolite subunit of the Fairbanks schist, the presence of newly-recognized north-south- and 

northwest-trending faults, a lack of alteration within the formerly “Zfw” subunit of the Fairbanks schist, 

and that the composition and age of all the intrusions present on Ester Dome may be unknown.

Some lessons learned while mapping the Ester Dome area may prove relevant to future mapping 

attempts. There are two main findings about this mapping effort that may prove valuable: first, that not all 

of the intrusions present on Ester Dome (and within the Fairbanks area?) fall into the three previously 

recognized groupings, and second, that the ICP analysis technique does not provide enough accuracy for 

silicate-hosted elemental analyses to be useful for lithologic determinations based on factor analysis.

8.2 The Rhyolite Prospect

The most interesting aspect of the Rhyolite prospect is that the mineralization is hosted within an 

apparently flat-lying shear instead of the typical high-angle shears of other prospects on Ester Dome. 

Cross-sections between drill holes indicate that the shear zone is flat-lying, although it may dip slightly to 

the north. This may be an artifact of the hill-slope and erosion. The intrusion present at the Rhyolite 

prospect does not seem to be temporally related to mineralization, but is also flat-lying and sub-parallel to 

the mineralized shear. The intrusion is generally present less than 40 meters above or below 

mineralization. There are no other known intrusive sills within the Fairbanks district that are spatially 

associated with gold prospects. The presence of staurolite within the lower half of western Rhyolite holes
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suggests a low-angle fault at depth, with lithologic and possible metamorphic grade differences between the 

upper and lower schist. The VLF survey conducted by PDX also reported the possible presence of this sub

horizontal shear zone (Rogers and others, 1998).

A possible history for the Rhyolite prospect includes the following events (fig. 8.1): 1) 

Metamorphism and folding/faulting of the Fairbanks schist. Perhaps folding within the Fairbanks schist is 

the precursor of a low-angle normal fault, which forms a structural plane of weakness. Staurolite-bearing 

rocks of slightly higher metamorphic grade may be in low-angle fault-contact with non-staurolite (possibly 

former chloritoid-bearing rocks), slightly lower metamorphic grade rocks. It is also possible that the 

Rhyolite prospect straddles an area of staurolite stability, with staurolite forming at depth to non-staurolite 

bearing schist. Samples at depth in the uplifted western half of the Rhyolite prospect which do not contain 

staurolite are either quartzites or highly altered. 2) A quartz monzodiorite intrusion was emplaced along 

the plane of weakness created by the low-angle fault and forms a sill-shaped body. 3) Regional faulting 

uplifts the Rhyolite prospect, bringing the sill and the staurolite-bearing layer closer to the surface, 4)

Distal, plutonic-related fluids travel along the sill, becoming neutralized as they alter feldspars into 

kaolinite. The propylitic and sericitic alteration halo around the intrusion on the western half of the 

prospect also indicates that the sill was a conduit for fluids. As acidic, gold-bearing fluid becomes 

neutralized, gold solubility increases (Seward, 1982), causing any gold previously deposited to be 

dissolved. When fluids contact graphite, pyrrhotite, or other reducing agents within the schist, then gold 

becomes less soluble and is precipitated (Seward, 1982). Support for this is seen in thin section, as thin 

sections which contain graphite (indicating a low oxidation state presumably unaltered by contact with 

high-oxidation state fluids) contain 5 ppb or below detection gold values. Similarly, areas of core with 

visible pyrrhotite contain below detection limit gold values. Former pyrrhotite is observed within polished 

sections altered to marcasite (sample Oil, 56). Presumably, pyrrhotite within ore has been altered to 

marcasite and pyrite. From west to east, kaolinitization of the intrusive decreases (plate 1), indicating that 

fluids may have traveled from generally west to east, and when they reached the center of the drilled 

Rhyolite area had been sufficiently neutralized by the intrusion to pass through without creating extensive 

kaolinitization. Mineralization is found farther away from the intrusion on the eastern half of the Rhyolite
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prospect, possibly because the schist lacked reducing agents. The presence of kaolinite, as well as data 

from the nearby Ryan Lode (McCoy, 2000) requires that mineralizing fluids were low-temperature (~ < 

300° C). The fifth, and most recent event at the Rhyolite prospect may have been a high-angle, north- 

northwest trending fault that cuts through the Rhyolite area, displacing the western portion upward relative 

to the eastern portion.

Radiometric dating at the Rhyolite prospect yields ages of 100 Ma for metamorphism (white 

micas from schist), 90 Ma for mineralization (sericites from mineralized gouge), and >75 Ma as a 

minimum age of quartz-monzodiorite intrusion (chlorite from intrusion). These are concordant with dates 

for other plutonic-related deposits within the Fairbanks district (McCoy and others, 1997).

Another flat-lying mineralized shear is present within the Fairbanks Mining District: the True 

North deposit. True North mineralization is hosted within a flat-lying structure within the eclogite block of 

the Chatanika terrane (Masterman, 1998). Previous exploration efforts to find True North type deposits 

have focussed within the eclogite block, because this location is where flat-lying thrust faults could be are 

known to exist. While this is still valid, the Rhyolite prospect is hosted within a structurally similar 

arrangement within the Fairbanks schist. So perhaps the crucial part of looking for low-angle faults is not 

the eclogite or the Chatanika terrane but is instead amphibolite-facies rocks (which are also present at True 

North). If true, this is encouraging for the exploration potential of the Fairbanks district. Comparing other 

aspects of the Rhyolite prospect to True North reveals further similarities and some major differences. The 

dominant sulfide minerals at both prospects are pyrite, arsenopyrite, and stibnite, but this is true of nearly 

all Fairbanks-area plutonic-related deposits with the exception of some very proximal deposits, such as Fort 

Knox (Masterman, 1998; McCoy, 2000). True North contains more calcareous rocks than the Rhyolite 

prospect and is hosted within carbonaceous quartz-mica-schist. The extensive kaolinitization within the 

intrusion at the Rhyolite prospect hints that very acid mineral-carrying fluids traveled through the intrusion. 

The intrusive sill at the Rhyolite prospect appears to be the most favorable rock for neutralizing fluid, 

rather than calcareous minerals within schist. Both True North and the Rhyolite prospect lack a causative 

plutonic body; although plutons are believed to be responsible for mineralization, no pluton for either 

deposit has been located yet. The lack of plutons as well as the low-proportion of higher-temperature
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alteration styles (potassic and albitic) suggests that plutons in both cases are located some distance from the 

actual mineralization (McCoy, 2000). In the case of the Rhyolite prospect, the pluton may be deeper as 

well as further away horizontally. With the drill holes currently placed into the prospect, very little can be 

said about a possible fluid source, but the greater intensity of kaolinitization in the southwest area of the 

Rhyolite prospect hints that a fluid source may also lie in that direction.

Comparing elemental ratios (reduced major axis regression) of log Au to log Bi and log As of core 

samples suggest that the Rhyolite prospect is slightly less distal than either True North or Ryan Lode (table 

8.1, figs. 7.1, and 7.2).

Table 8.1 Elemental ratios, estimated pressure during emplacement, and host rock lithologies for selected 
prospects and deposits within the Fairbanks mining district.
Prospect/Deposit Bi to Au 

correlation 
coefficient (r)

As to Au correlation 
coefficient (r)

Estimated 
Pressure during 
Emplacement

Host Rock

Rhyolite 0.22 0.79 > 0.6 kb (based 
on McCoy and 
others, 1998 
Ryan Lode data)

Fairbanks schist

Ready
Bullion/Silver
Dollar

0.20 0.74 >0.6 kb (based on 
McCoy and 
others, 1998 
Ryan Lode data)

Muskox schist/ 
Fairbanks schist

True North 0.18 (Flanigan and 
others, 2000)

0.86 (Flanigan and 
others, 2000)

<0.6 kb (McCoy 
and others, 1998)

Fairbanks
schist/Eclogite
contact
(Masterman,
1998)

Ryan Lode 0.67 (Flanigan and 
others, 2000)

0.81 (Flanigan and 
others, 2000)

>0.6 kb (McCoy 
and others, 1998)

Granodiorite/ 
Fairbanks schist

The lower Bi correlation and higher As correlation may indicate that the True North deposit is 

more shallowly emplaced and/or more distal than the Rhyolite prospect. The Rhyolite prospect and the 

Ready Bullion/Silver Dollar area ratios are still very similar to True North. The Bi to Au correlation at 

Rhyolite and Ready Bullion may be slightly higher than represented here, due to detection limits of 2 ppb 

for Bi, or insufficient sampling. It could also be that the general model of the Bi to Au and As to Au 

relationships to depth of emplacement and distance from the pluton is not well-enough defined to 

accurately place the Rhyolite. True North, which represents a distal deposit in the model, is very shallow.
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Current estimates for emplacement depth of True North are less than 0.6 kb of pressure, since it is likely 

down-dropped relative to Ryan Lode (Newberry and others, 1996; McCoy, 2000). Perhaps the deeper 

equivalent of True North would possess ratios similar to those of the Rhyolite prospect. Another 

consideration is how elemental ratios might vary whether they were traveling along a high-angle fault 

(losing pressure and temperature rapidly) or whether they were traveling along a low-angle fault (perhaps 

cooling more slowly).

The Ryan Lode, a low-temperature, less distal deposit, lies within five kilometers of the Rhyolite 

prospect, but is hosted within a high-angle shear that separates amphibolite from greenschist facies 

metamorphic rocks. A plutonic source for some or all of the mineralization present at the Ryan Lode has 

been identified as the intrusive body (known as the Curlew) to the south of the Ryan Lode Hilltop pit. 

Because the Ryan Lode and the Rhyolite prospect are spatially close, and contain similar styles of 

mineralization with similar rock types, the best approximations of temperature and depth of emplacement 

are Ryan Lode’s pressures and temperatures. McCoy (2000) estimates a temperature range between 280 

and 380 degrees C for the Ryan Lode, and a depth of about 2 kilometers. Based on grain size (the Rhyolite 

gouge is much finer), a lack of higher-temperature alteration, and lack of a significant correlation between 

Bi and Au, it is probable that the Rhyolite prospect represents a prospect with slightly lower temperatures 

and slightly deeper emplacement than Ryan Lode.
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Chapter 9 

Conclusion

9.1 Geologic Map and Regional Geology

The geologic map presented with this thesis more accurately reflects the information that is known and 

unknown about Ester Dome. Statistical analysis of soil samples in order to determine rock units is not 

possible at this time due to the limitations of ICP analysis. Caution should be used when using ICP 

analysis data of these types of rocks. Previous maps of Ester Dome have shown a zone of amphibolite 

where I have found none, have lacked faults that are obvious in airborne geophysical surveys, and for 

which there is seismic evidence (Page and others, 1995), and have labeled all of the intrusions on the dome 

as 90 Ma granitoids when most, if not all, within this study area are very altered quartz monzodiorite rocks 

of uncertain age. Although this map reflects these changes, it does not detail smaller-scale fault structures 

that are present (such as in the Ready Bullion/Silver Dollar area), and does not attempt to differentiate the 

Fairbanks schist except for the quartz-rich area on the crest of Ester Dome. Thin section, soil sample, and 

hand sample examination of samples from the crest of Ester Dome suggest that the rocks in this area are not 

necessarily the product of hydrothermal alteration but may represent quartzites instead, as they contain 

trace amounts to no feldspar, and are generally iron-stained and weathered rather than altered.

The presence of staurolite within the Fairbanks schist confirms the amphibolite-facies designation of 

previous workers. Staurolite is identified in thin sections from the structurally uplifted western portion of 

the Rhyolite prospect and from the McQueen prospect area. Staurolite textures and spatial distribution 

(plate 2) do not suggest that the staurolite is a product of contact metamorphism but rather that a staurolite- 

bearing layer is present in fault-contact at depth within the Fairbanks schist unit. This layer is exposed in 

drill core from the structurally uplifted western half of the Rhyolite prospect (plate 1).

Many of the Ester Dome samples possess some degree of propylitic alteration. While a regional 

greenschist-facies overprint is probable, the degree of alteration seen in thin sections from Ester Dome is
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probably due to a local propylitic alteration event since the degree of alteration varies with distance from 

the fluid conduit (plate 3a and b).

I believe that further drilling on Ester Dome along with detailed petrographic work of thin sections 

could help in determining lithologic packages within the Fairbanks schist. Given the limitations of partial- 

digestion ICP analysis of silicate minerals, factor analysis of soil samples is not an appropriate tool for 

differentiating lithologic units or packages on Ester Dome. If soils were analyzed using a different method, 

such as XRF, perhaps for fewer elements, then factor analysis might again be considered as a helpful 

technique.

9.2 Rhyolite Prospect Area

40Ar/39Ar dating of samples from the Rhyolite prospect area place the timing of mineralization and 

metamorphism at about 90 and 100 Ma, respectively. These results are in full agreement with results from 

other plutonic-related deposits and prospects within the Fairbanks area (McCoy and others, 1997). 

Additionally, the Rhyolite prospect has Bi: Au and As: Au ratios similar to ratios found at other plutonic- 

related deposits within the Fairbanks district (Flanigan and others, 2000), suggesting a location distal from 

the pluton, but possibly deeper than the very shallow True North deposit (0.6 km) (McCoy, 2000).

Kaolinite alteration, presence of stibnite, and lack of potassic alteration also suggest low-temperature 

hydrothermal fluids, as well as distal. Extensive kaolinitization within the quartz monzodiorite sill present 

at the Rhyolite prospect, as well as propylitic alteration grading outward from the sill (plates 1, 3a, and 3b) 

imply that mineralizing fluids traveled along the sill. The sill may have provided a neutralizing material for 

very acidic gold-carrying fluid. If true, then gold may have precipitated when the mostly-neutralized 

mineralizing fluid contacted reducing minerals such as graphite and pyrrhotite within the schist. 

Furthermore, the most intense kaolinite alteration is seen in the western half of the Rhyolite prospect, 

hinting that perhaps fluids traveled from the southwest to the northeast. Based on the information detailed 

here, the Rhyolite prospect represents a low-angle, shear-in-schist hosted, plutonic-related, low pH, low 

temperature, distal from the plutonic source, gold prospect. The presence of this low-angle deposit within
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the Fairbanks schist, rather than the eclogite block (as with True North) is encouraging for further 

exploration within the Fairbanks mining district.

9,3 Suggestions for Further Work

In order to create a more detailed geologic map of Ester Dome, surface samples analyzed by XRF 

rather than ICP might make it possible to break out lithologies present by factor analysis. Additional 

mapping with more thin sections from a wider area on Ester Dome would also increase what is known 

about the Fairbanks schist on Ester Dome. More exploration drilling could help determine the placement of 

many of the smaller hypothesized faults on Ester Dome. In particular, the Rhyolite prospect merits further 

examination since it is a high-grade deposit of unknown extent that might be mineable using open-pit 

methods. If further drilling of the Rhyolite prospect reveals any less altered intrusion, 40Ar/39Ar dating 

would give a more precise age for the intrusion. Fluid inclusion studies of the Rhyolite and the Ready 

Bullion/Silver Dollar areas may give more accurate mineralization temperatures and may assist in 

comparing these prospects to other plutonic-related deposits.

Targets for further exploration drill holes at the Rhyolite prospect include 1) the southern side of 

the regional NE-trending high-angle fault and 2) drill holes between 98EDC030 and 98EDC031 (fig. 1.3a), 

and 3) drilling towards the hypothesized fluid source southwest of the Rhyolite prospect between the 

McQueen and Rhyolite prospects. Thin sections of drill core from other areas within the Fairbanks district 

may reveal the presence of staurolite. If identified, staurolite may indicate another, possibly mineralized, 

low-angle fault may be in the vicinity.
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Appendix A

1998 PDX drill and trench locations, depths, and azimuths. EDC = core, EDR = RVC, EDT = trench.

Hole ID UTMX UTMY ELEV. Total Depth (m) Azimuth Dip Type Prospect
98EDC011 450370 7192335 337.5 165.2 270 -60 Core Ready Bullion
98EDC012 450391.2 7192703 366.6 147 270 -70 Core Ready Bullion
98EDC013 450072.5 7193776.5 418.5 154.5 270 -60 Core Silver Dollar
98EDC014 449747.5 7192711 421.5 145.02 0 -90 Core Hudson
98EDC015 449517.2 7195682.7 498 194.31 200 -60 Core Rhyolite
98EDC016 449551.5 7195569.5 546.7 166.72 295 -60 Core Rhyolite
98EDC017 449328 7195636 528.7 163.67 95 -60 Core Rhyolite
98EDC018 449464 7195552 566.6 150.57 25 -60 Core Rhyolite
98EDC019 449464 7195546 566.6 123.39 205 -60 Core Rhyolite
98EDC020 448414 7194612 635 165.2 0 -60 Core McQueen
98EDC021 448281 7194819 635 178.46 45 -60 Core McQueen
98EDC022 450317 7193144 408.4 149.04 0 -90 Core Ready Bullion
98EDC023 450326 7193545 422.2 110.95 0 -90 Core Ready Bullion
98EDC024 449243 7195495 545 193.24 0 -90 Core Rhyolite
98EDC025 449243 7195495 545 207.57 30 -60 Core Rhyolite
98EDC026 449243 7195495 545 220.06 210 -60 Core Rhyolite
98EDC027 449149 7195461 550 203.73 0 -90 Core Rhyolite
98EDC028 449590 7195824 547 126.34 0 -90 Core Rhyolite
98EDC029 449590 7195824 547 130.15 30 -60 Core Rhyolite
98EDC030 449699 7195879 549 194.15 0 -90 Core Rhyolite
98EDC031 449860 7196200 577 231.34 0 -90 Core Rhyolite
98EDR001 449951 7193720 470 77.724 270 -60 RVC Silver Dollar
98EDR002 449844 7193564 499 65.532 270 -60 RVC Silver Dollar
98EDR003 449770 7193553 514.3 50.292 270 -60 RVC Silver Dollar
98EDR004 449872 7193811 504 82.296 270 -60 RVC Silver Dollar
98EDR005 449633 7193378 530 99.06 270 -60 RVC Silver Dollar
98EDR006 449831 7193718 506 77.724 270 -60 RVC Silver Dollar
98EDR007 449780 7192765 449 155.448 270 -60 RVC Hudson
98EDR008 450361 7193725 376 123.444 270 -60 RVC Ready Bullion
98EDR009 450344 7192703 380 123.444 270 -60 RVC Ready Bullion
98EDR010 450364 7192353 343 82.296 240 -60 RVC Ready Bullion

, MSMUSOM tn w .p v
u n iv e r s it y  Of A/MS

FAIRBANKS
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Hole ID UTMX UTMY ELEV. Total Depth (m) Azimuth Dip Type Prospect
98EDT001 449824 7193824 523 28 116 -13 Trch Silver Dollar
98EDT002 449907 7193736 482 59 168 -4 Trch Silver Dollar
98EDT003 449540 7193376 524 60 140 -6 Trch Silver Dollar
98EDT004 449443 7193335 521 33 180 -7 Trch Silver Dollar
98EDT005 449520 7193342 530 28 103 -12 Trch Silver Dollar
98EDT006 450221 7193724 395 24 130 -12 Trch Silver Dollar
98EDT007 450303 7192717 392 58 98 -8 Trch Silver Dollar
98EDT008 450181 7192356 356 58 129 -10 Trch Silver Dollar
98EDT009 449824 7192738 446 145 293 -2 Trch Hudson shaft
98EDT010 449910 7193677 478 59 168 -4 Trch Silver Dollar
98EDT011 449824 7193824 523 41 296 13 Trch Silver Dollar
98EDT012 449611 7196456 550 90 265 -1 Trch Nugget Road
98EDT013 449120 7194525 650 44 135 -1 Trch McQueen



Appendix B.
Tables o f  thin section descriptions (B-l and B-2) and table o f  Michel-Levy angles measured (B-3).

Thin section descriptions:

Table B - l . Descriptiom o f  thin sections from PDX drill core. Abbreviations are as follows: st=staurolite, tor=tourmaline, gt=gamet, bio=biotite, chl=ohlorite, wm=white mica, feld/felds^feldspar, kaol=kaolinite, 
acc-accessory, opa=opaque(s), qztitequartzite, ser=sericite, epi=epidote, rutrutile a ltd ̂ altered, miss misshapen, sphsphene. apa=apatite asp = arsenopyrite, py = pyrite, alb = albite, carb = carbonate, vn = vein, 
ccp = chalcopyrite, po= pyrrhotite, ilm= ilmenite, ML = Michel-Levy angle, interst = interstitial, plag = plagioclase, fol = foliation, int = intrusive, frao = fracture, cren = orenulated, miss = misshapen, sulf= sulfides, qtzitequartzite. 
The %bio/ohl column indicates first what percentage o f  the slide is or was biotite, followed by what percentage o f the biotite is now chlorite. If no biotite is present, but chlorite is, it is tabled 0/X , X  = % chlorite.
Lithologic abbreviations: lith = lithology, tr = trace, QMS = quartz mioa schist, MQS = mica quartz schist, sulf = sulfides, INT = intrusive, QTT = quartzite, MS = mica schist, BSH = biotite schist,
OX = very oxidized, ALT = extremely altered, QBS = quartz biotite sohist, BQS = biotite quartz schist, AMPH = amphibolite.

H ole# Meters Lith %at %tor %bio/ohl %gt gt characteristics %wm %qtz %felds kaol. aco. alt Au(ppb) Other
11 65 QMS tr 85 10 5 fe carb fe ox 55
11 89 MQS 30 50 20 r ° 10 asp and py rimmed with i alb alt along carb vn
11 113.7 MQS tr 20/30of 30 50 %opa med 2.5 tr carb, alb altn aroundvn,ML=T5,10,13 deg.
11 150 QMS tr 10 remnants 80 10 2.5 long skinny opaa,
11 156 SULF SULF 35 mostly marcasite, py, po, cop also present. Lots ilm.
11 164 MQS tr 3 20 57 20 St 65 5% caco3, kaol is former feldsp.
12 27.8 QTT 5/40of 2 alt-ing 5 88 tr carb,rut med 5 very weathered.
12 35 MON 1 10 5 remnants 30 49 20 1% opas, 5% carb, tr rutile
12 51 INT 0/5 95 20 qtz monz. zoned and twinned plag. XRF analysis.
12 60 MQS 0/10 3 misshapen + altd 30 57 med 2.5 staurolite I.D. uncertain
12 75.5 MQS 10/70of 5 misshapen + altd 5 62 18 St 100 tr opas,
12 100.5 MQS tr 10/20of 10 bad shape,chi halo 20 45 15 med 2.5 ML: 15 to 30 deg. Alb rims. Rutile and opas
13 18.9 MQS tr 5/40of 3 broken, miss 17 40 35 med 170 lots fe ox, kaol vn
13 52.5 MQS tr 22/60of 5 broken, miss, chi 10 45 18 st 90 interst. Feldsp
13 73 QMS 1 10/100of 59 10 20 zir, rut 2.5 tr zircon, feox bands,
13 112 QTT 1 0/7 5 broken, miss 87 St 405 l%carb, tr zircon and rutile.
13 129 QTT 1 10/1 Oof 5 miss, some to chi 79 5 St 25 impure qztite
13 142.3 QTT tr 5/50of 5 miss, edge*>ohl 85 5 med 15 thick slide.
13 154 QTT tr 8/50of 5 brok,miss, altd. Blue centers 10 5 sph med 10 l%opa, tr apa,sericite blobs o f  feld?
15 61.5 MQS tr 20/50of 8 2 sizes, miss, eaten 10 60 tr? med 2.5 tourm in bands across slide
16 20.5 MS tr 10/zircon 5 not alt'd 70 3 3 wk 250 9%apatite, feldsp is fuzzy
16 44.9 INT 0/20 7 70 3 st 10 some fe ox. Int rock. Plag now all ser.
16 73 QMS 1 3 20/50of 5 good, edge to chi 39 20 5 5 sph med 2.5 2%opa, plag fuzzy.
16 92 QMS 3 tr 10/20of 10 crunched. Edgcohl 40 30 7 rutile med 25 tr epi, 5? Grey fine grained mess
16 97 MQS 5/tr of 1 broken, alt-ing 12 70 10 tr sph wk 5 2% opa, tr epi near gts
16 158.8 QTT 0/5 tr orushed, 90% altd 85 10 med 75 tr epidote, feldsp now all kaol.
16 165 MQS 1 5 20 good, some apart 10 64 15 no chi! St -> w.m.
17 15.4 INT 0/15 5 80 tr st 2.5 int Tr calc, tr sphene, plag mostly to ser. M L=17,18,20
17 31 INT 0/8 7 80 5 st 2.5 int. Plenty opas, plag all ser, huge (2-4 mm) grains
17 34.8 INT 0/10 7 83 st 2.5 int. lots opa. Finer grained. Plag all ser, 1 ML=2, alb rims.
17 70 BSH 88/20of 10 CaC03 wk 95 2% opa, bio schi. Weird texture.
17 88 MQS 0/10 5 broken, chi rims 6 70 7 sph st 280 2% carb, feld has alb rims, ML:An 65%, tr epi
17 108 QTT tr 5/10of 5 80 10 zir, calc wk 2.5 plag ML: 70to 60%an? 1@40%
18 27.5 INT 65 10 25 st 95 feld aid to wm in frao (alb?) lots fe ox. Lots sulf. N o gt, no tor
18 35 INT 0/5 3 92 st 5 int. v.fine grained. Feldsp all to kaol+qtz
18 48.8 INT 0/12 10 78 st 2.5 int very much like the slides from 017
18 115.7 MS 1 1 15/1 Oof 10 good shp, ohl rims 70 2 wk 2320 former st? Cren fol.
19 103 QMS 1 20/50of 3 round, altd to kaol 50 26 st 20 texture very messed up. Former interst Feldsp?
19 104 MQS 10/60of 3 remnants 15 72 med 2.5 v. oxidized, no tor, no plag, w.m. ugly
19 119.3 QMS 5 15 10 broken, altd, blue. Some okay. 38 30 2 2.5 v orushed fol



Hole # Meters Lith %st %tor %bio/ohl %fit gt characteristics %wm %qtz %felds kaol. aoc. alt Au(ppb) Other
I r t  A I L _  i i n K ’f . f    I ' " I _ ~ ...............    I ” ....... '' T " "  " _ * ..■6. •—>i"ii 1 i19 122.4 MQS tr 30/66of 15 crush, altd. 10 40 5? St 55 feld to kaol. Is fuzzy interstitial. Lots opas.
20 15.5 M Q S 10 tr 20/1 Oof 30 35 5? med 2.5 feld to kaol. Is interstitial, no gts. St huge
20 30.6 QMS tr 5 5 frac and eaten 75 10 5 apa 2.5 long skinny sulf in fol. Lots feo x
20 54 MQS 7 5 good shape 20 60 8 2.5 some fe ox. Weird texture and partally replaced feldsp?
20 74 QMS 1 0/10 42 40 5? St 795 3% opa, tr car, feld->ser, no gts, all bio to chi
20 101 QTT 1 0/10 3 misshapen + altd 84 zir, rut St 1560 some feox . Impure qzite? tr carb
20 136.4 MQS tr 10/20of 2 miss, chi, still gt in oenters 8 50 30? apa wk 2.5 institial feld now ser, calo around some
21 15.5 Q IT 10/60of 10 crunched, no alt 70 5? tr epi med 2.5 5% opa, feld-> ser, fol crunched
21 44 M Q S tr 20/80of 10 broken, chi rims 5 60 5 St 10 pretty oxidized Trepidote
21 58 QMS 1 10/60of 10 remnants. Chi 50 15 4 med 5 10% opa. Fol crunched, graphite, feld slightly to kaol
21 71 QTT 7/80of tr remnants 10 80 3 St 2.5 wm may be former feldsp. Pretty pure qztite.
21 159.7 QMS 1 tr 2 remnant 72 10 7 St 125 5% siderite (probe) 3% opas (most py) some blebs
22 21 MQS tr ? good remnant shp 25 55 10? tr 5 10% graphite bent around with fol. Lots fe ox
22 37 OX 1 10-all feox 3 remnant 30 56 5? 15 intersL Feld, very very oxidized slide
22 68 OX 2 78 epi St 20 20% carb, 20% totally fe ox.
22 82.4 OX 10/10of 1 crunched and altd 5 84 wk 20 very oxidized slide. Difficult.
22 97 ALT completely eaten slide. 5% oalc ve ini eta Mishmash o f ser, wm, bio, fe ox. 10% opa, some rut, fit? Calc halos arm 5
22 121 QTT _ >  . |!0 /40of * broken, elong, ohl rims 1 med 2.5 very feox . Nearly qzitite. Big red bio lunkcrs__________________________
22 147 ALT very very very oxidized Bio munched, some ser may once have been feld overwhelmingly quartz 2.5
23 31 QBS tr 80/40of tr remnant 18 tr med 2.5 2%opa,
23 90 ALT tr 0/40 30 30 St 2.5 very oxidized, blebs o f  calcite
23 106 QTT tr 5/ox,shred 1 broken, not altd 5 89 2.5 calc along vn margins. Near pure qztite
24 90 QMS 1 5/20of 84 10 epi, zir wk 2.5
24 98.7 M O S 20/20of 4 remnant good shp 30 46 10 epi wk 2.5 very oxidized, thiok slide.
24 117 QMS tr 25/70of 10 45 18 2 med 15 bio big and red, scp. chi bits.
24 184.5 ALT tr 0/5 30 30 30? 5 rutile St 70 qtz and wm melee. Feld like microcline 10% oalc vns
25 85.5 QMS tr 20/20of 9 round, altd 60 10 tr zir,apa wk 110 l%rect opas, mishy grains.
25 92 BQS 30/30o 5 munched. Ah rims 55 10? epi med 10 form feld near gts. Distinct bio and ohl
25 105.3 MQS 1 10/20chl 8 round, 50% chi 15 45 20 1 zir wk 2.5 feld? Is gry, round, with opas in it. Blebby
26 74.1 MQS tr tr remnant in ser 40 50 10 145 yellow bm phyllosilicates?
26 93 MQS 25/80of 10 broken, altd 10 40 10 5 rutile St 2.5 poss tor, seri and fe ox around vn
26 97 QMS 2 20 40 30 2 epi 2.5 6% graph bent with fol
26 113 MQS tr 10/30of 10 2 shapes. All altd 30 42 5? 3 apa wk 2.5 feld now seri, v. deformed, lots meoh altn
26 165 QMS 20/40of 70 10 apa wk 20 very fe ox, mica sohist. No gts?
26 165b MQS 10/rut 40 45 5? apa 20 veiy fe ox
26 172 Q IT 0/5 10 crushed, altd 75 10? St 125 dirty looking stuff..feld?
26 214 MQS 1 tr 15 10 74 15 good st shapes, twinning
27 34.5 MQS tr 10 remnant, all altd 25 50 12 2 apa 10 all ser feld? Sulf along fol? v ox
27 121 QMS 15/1 Oof 10 euhedral, not altd 55 10 10? zir wk 2.5 ohl/bio grains distinct, separated
27 136 QMS 2 5 huge, whole, euhedral 75 10 8 10 crumbed fol. Not altd slide.
28 6 QMS 10 tr remnant 80 10 115 very fe ox. v. weathered
28 23 Q M S 15/20of 5 round All altd to carb and kaol 10 60 10 wk 90 lots o f  bio to feo x . Eaten slide. Fol crumpled
28 24.8 MQS 28/80of 3 round, mostly fe ox 19 40 10? tr St 20 feld? Is ser clumps, v. weathered
28 42.5 QMS tr 10/20of 8 good shape, chi rim 67 15 wk 2.5 fol very broken, bio huge and red
28 58 QMS tr 10/feox 10 remnant 40 5 35 wk 45 clots o f  ser, feld to kaol+wm, refold schist, rusty bi7
29 46 QTT 5/100of tr 1 remnant 5 80 10 St 20 feld? All ser. No tor, no remaining gt at all.
29 62.3 BQS 1 10/80of 5 76 8 St 45 interlooking qtz grains. Feld? Is interstitial
29 122.8 QMS 8/90of 15 squished. Chi rim, some all altd 50 25 St 2.5 tr carb, yellow grains, rutile in ohl, 2% opa, big qv, huge many gts
30 188 QMS tr 30/20of 2 eaten, 90-100%  ohl, rounded 42 20 10 apn wk 2.5 some big red bios, 20to chi, others, 80 to ohl. Some min all eaten — feld?
30 150 QM tr 4/90of 2 broken, missh. Altd 89 5 tr apa St 2.5 impure qztite
30 151.2 MQS 5/98of 5 round, 1/3 chi, spread open 60 30? 5 apa It 2.5 pretty blasted
30 181.6 C}MS 1 20 10 ig, broken, no alt 35 24 10 2E!L ... » plag ML: 15, 20 deg. Zircons, lots fe ox



Hole ft Meters Lith %st %tor %bio/chl %gt gt characteristics %wm %qtz %felds kaol. acc. alt Au(ppb) Other
31 34.7 ALT 20/50of tr v small, crumbled 15 10 rut, zir, mod 2.5 55% fe ox mess. Some big red bios
31 73.7 BQS 10/20of 5 broken, altd tr 75 10 sph wk 35 gts mostly shaped okay, but mech crushed
31 76 QTT tr 5/5of 3 broken, chi centers 80 10 epi,zir wk 185 ML: 25 degrees. Some dirty pieoes -  more feld?
31 92 BQS 20/50of 7 missh. Broken 75 zir med 2.5
31 106.4 MS 15/60of 5 rounded, broken, altd 73 5 tr med 10 v ox, feld? Is ser. 2% opa, 3% yellow carb
31 158 MQS 2 10/feox 3 frac, altd, round 10 30 5 wk 2.5 20% fe ox, 20% something eaten..feld? V. ox, lots tourm

Table B-2. Descriptions same as for table 1. 
1995 State Survey Ester Dome samples:

Sample U LITH %tor %bio/ohl %Rt gt char %wm %qtz feld% acc. alt other
95BT 148 MQS 1 10/30of 10 euhedral to elongate to square 19 60 ohl most abundant near gts, tourm cone in 1 layer
95BT 149b INT 20/90of 4 76 v. fine grained, v. thiok slide, porphyry diorite?
95BT 149a AMPH tr 10 slightly non-isotropic, elongate 15 CP< 75% amphibole
95BT 150 AMPH 2 10 88% actinolite amphibole
95BT 186 MQS 2 broken, altd 8 75 15 plag is nearly all gone to kaol, some twins at 35 degrees
95BT 151 BQS 20/1 Oof 3 feox, blebby 6 71 feld is gone to sericite
95BT153 QTT tr 95 5 oarb,epi v. thick slide, very pure qztite
95BT 176 MQS 10/90of 20 60 1 v. thick slide, 10% opa bands in wm+fe ox.
95BT 177 QTT 5/7 5of 15 80 carb, rutile tr carb
95BT 180 QTT 1 5/20of 5 v. ox 5 84 carb, rutile calc veins
95BT 189 INT very fine grained. Plag phenos to 100% ser, mafios to fe ox, 5-12% qtz weathered yellow eagle intrusive. Plag and qtz
87KC la QTT 4/100of 4 broken, altd 12 80 sph, opa. zir possible former interstitial feldsp
87KC2E QTT 5/50of tr elongate 5 85 5 opa, zir ML=15
87KClb BQS 10 3 fe ox remnant shape 7 75 py some w.m. w/  2ndary deformation, 5% fe ox
95B T 96 MQS 5 all feox 30 40 25% feox . Feld is all ser.
95BT51 QTT 10/40of tr 1 '££'_________  ____ . 10 80 annealed qtz texture, lg gt is huge, altering to ohl and wm
95BT 72a QMS 45/0 35 10 10% fe ox. Bio is whole, broken fol
95BT 131 QMS 0/5 60 15 20 ML=15. Someopas. No gt
95BT 50 MQS 10 20 35 5 30%  oalo. Slide pretty unaltered. No g t
95BT 58 QMS 50/1 OOof 30 20 carb v. green slide, fine grained. No g t
95 BT 61a QMS qtz-wm schist. Remnant [t. Shapes. Very oxidized, very thick slide.
95BT 61b BQS .. I*....... J .. . . . . . .  hr. 1«> 5 30% fe ox. Feld id by oleavage shapes

Table B-3.
Approximate Michel-Levy angles o f  feldspars:

Hole ft Meters ML %An (based on Tobi and Kroll, 1975)
11 113.7 15 30
12 100.5 30 55
17 15.4 20 35
17 108 37 60
30 181.6 20 35
31 76 25 45
95BT 156 35 60
95BT 131 15 5
87KC2E 15 5



Appendix C. Results of all XRF analyses completed for this thesis. Sample numbers, lithology, weight percent oxides and ppm of trace elements are given.
A -9 value indicates no data, all other - values indicate the value for that element was below the detection limit. The number following the - sign is the detection 
limit for that element.

Sample Lith A1203_% CaO_% Cr203_% Fe203_% K20_% MgO_% MnO_% Na20_% P205_% Si02_% Ti02_% LOI_%
981741 QMS 20.975 0.175 -9 6.203 4.124 1.629 0.053 0.829 0.061 61.857 0.838 -9
981749 QMS 22.075 0.179 -9 6.202 4.276 1.748 0.06 0.611 0.067 62.246 0.786 -9
981766 QMS 26.199 0.314 -9 7.702 4.911 2.083 0.059 0.781 0.038 57.758 0.759 -9
982101 QMS 15.75 5 -0.01 7.1 2.78 1.89 0.12 2.6 0.32 54.54 1.29 7.52
982102 MQS-bi 13.61 0.31 0.01 7.27 2.95 2.21 0.07 0.49 0.08 68.23 0.59 2.72
982103 MQS 19.38 0.25 0.01 7.47 4.44 2.11 0.08 0.67 0.08 59.86 0.8 3.95
982104 MQS 13.25 0.45 0.01 7.81 3.1 2.22 0.07 0.45 0.06 68.15 0.56 2.55
982105 QTT 5.5 0.14 -0.01 1.8 0.29 0.33 0.05 -0.01 0.06 87.99 0.27 2.63
982106 MCS? 23.04 0.14 -0.01 6.95 5.77 2.25 0.06 0.61 0.11 53.4 0.93 5.27
982107 FGI 15.96 0.32 -0.01 0.58 0.64 0.12 0.01 -0.01 0.19 74.33 0.65 6.48
982108 MQS 21.57 0.25 -0.01 6.51 5.07 2.54 0.03 0.88 0.1 57.08 0.76 3.87
982109 QTT 9.73 0.56 -0.01 3.66 1.74 0.95 0.07 1.08 0.05 79.48 0.47 1.44
982110 CGI 16.11 5.07 -0.01 7.09 2.79 2.05 0.12 2.68 0.3 54.01 1.4 7.16
982111 MQS 21.02 0.24 0.01 7.01 5.02 2.11 0.06 0.78 0.1 57.21 0.89 3.85
982112 CGI 18.37 0.47 -0.01 6.99 3.2 2.11 0.06 0.04 0.3 59.68 1.56 5.59
982113 MQS 14.7 0.18 0.01 7.14 3.37 1.84 0.07 0.48 0.09 65.06 0.6 5.37
982114 MQS-gt 8.57 0.58 -0.01 6.46 0.84 1.64 0.13 0.03 0.05 78.04 0.36 2.45
982115 CGI 16.76 5.27 -0.01 7.42 2.35 2.51 0.11 3.03 0.24 53.4 1.82 5.59
982116 QMS 16.73 0.23 -0.01 5.66 3.83 2.02 0.04 0.66 0.08 65.51 0.65 3.51
982117 MQS-gt 12.01 0.32 0.01 6.81 2.59 2.02 0.08 0.26 0.07 70.8 0.56 3.21
982118 QTT 13.29 0.17 0.01 5.47 2.76 1.58 0.05 0.38 0.07 71.12 0.64 3.34
982712 QMS 17.45 0.182 -9 4.632 2.898 1.237 0.05 0.574 0.062 70.998 0.636 -9
982721 QMS 15.929 0.532 -9 5.157 2.603 1.349 0.093 1.364 0.063 74.077 0.576 -9
982724 QMS 24.07 0.237 -9 8.511 4.856 3.031 0.053 0.997 0.109 61.409 0.859 -9
982747 QMS 22.227 0.333 -9 6.72 4.326 1.646 0.064 1.192 0.11 64.126 0.762 -9
982753 QMS 20.689 0.433 -9 6.143 4.038 1.551 0.061 1.211 0.086 64.657 0.782 -9
983075 QMS 26.866 0.225 -9 9.145 4.942 2.095 0.138 0.751 0.052 55.782 0.913 -9
983083 QMS 21.925 0.477 -9 7.01 4.258 1.95 0.083 1.066 0.082 61.991 0.778 -9
983084 QMS 21.7 0.351 -9 6.031 3.919 1.59 0.078 1.195 0.07 63.811 0.749 -9
983134 QMS 24.747 0.335 -9 7.078 5.08 2.171 0.067 1.064 0.104 56.933 0.89 -9
984047 QMS 22.185 0.354 -9 6.409 3.978 1.699 0.072 0.915 0.087 64.878 0.809 -9
984059 QMS 27.038 0.328 -9 8.675 5.464 2.552 0.064 0.962 0.068 54.121 0.977 -9
985024 QMS 23.805 0.534 -9 6.43 4.367 1.427 0.083 0.762 0.069 61.606 0.793 -9
985027 QMS 27.397 0.409 -9 7.741 5.673 2.204 0.067 0.784 0.086 54.799 0.866 -9
985057 QMS 26.195 0.345 -9 7.409 5.143 2.951 0.034 1.493 0.079 58.36 0.879 -9
985078 QMS 24.57 0.159 -9 7.547 4.66 2.014 0.1 0.648 0.074 59.78 0.763 -9
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Sample Total Ba_ppm
981741 96.744 -9
981749 98.25 -9
981766 100.604 -9
982101 98.91 920
982102 98.54 635
982103 99.1 960
982104 98.68 590
982105 99.06 85
982106 98.53 1245
982107 99.28 150
982108 98.66 1280
982109 99.23 380
982110 98.78 900
982111 98.3 1265
982112 98.37 950
982113 98.91 760
982114 99.15 240
982115 98.5 915
982116 98.92 795
982117 98.74 560
982118 98.88 645
982712 98.717 -9
982721 101.742 -9
982724 104.132 -9
982747 101.506 -9
982753 99.65 -9
983075 100.908 -9
983083 99.621 -9
983084 99.494 -9
983134 98.469 -9
984047 101.386 -9
984059 100.248 -9
985024 99.877 -9
985027 100.027 -9
985057 102.888 -9
985078 100.316 -9

Sr_ppm Nb_ppm Zr_ppm
-9 -9 -9
-9 -9 -9
-9 -9 -9

420 22 192
78 14 195

106 18 180
70 14 219
6 10 285

102 18 171
26 34 351

140 16 129
98 16 450

448 20 180
102 20 156

18 24 210
74 14 120

8 10 222
534 20 177
106 16 108
54 14 195
62 16 279
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9
-9 -9 -9

Rb_ppm
-9
-9
-9

112
140
182
152
24

206
46

220
86

114
194
136
144
50
94

160
120
112

-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9 o
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Appendix D. XRD analyses of selected samples. Analysis results are displayed as peak intensities vs. 2 
theta values. Data for muscovite peak locations from Radoslovich, 1960 and Gatineau, 1963. Data for 
chlorite peak locations from Steinfink, 1958. Data for kaolinite peak locations from Dritz and Kashaev 
1960.
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XRD Graph of sample 017,15.4
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XRD Graph of Sample 019,57.8
Cu K alpha radiation



XRD Graph of Sample 026,35.6
Cu K alpha radiation
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Appendix E. Qualitative probe analyses of staurolite, garnet, and silver-rich tetrahedrite.

Garnet spectrum 

Dec. 13, 1999

kV:15.00 Tilt: 0.00 Take-off =40 Tc:20
Detector Type: SUTW Resolution: 185.45 Lsec:21

EDAX ZAF Quantification Standardless
Element Normalized 
SEC Table: Default
Coating Correction Used:Element:C Factor: 14.00

Element W t% At % K-Ratio Z A F

OK 48.98 67.24 0.2757 1.0496 0.5359 1.0008
FK 2.65 3.07 0.0072 0.9854 0.2738 1.0015
MgK 1.37 1.24 0.0079 1.0029 0.57 1.0038
AIK 9.6 7.82 0.065 0.9725 0.6933 1.004
SiK 14.23 11.13 0.1052 0.9983 0.7403 1.0005
CaK 2.55 1.4 0.0241 0.9666 0.9698 1.0095
FeK 20.62 8.11 0.1801 0.8717 1.0021 1
Total 100 100

Element Net Inte. Bkgd Inte. Inte. Error P/B

OK 682.79 24.29 0.86 28.12
FK 29.76 24.29 6.49 1.23
MgK 50.64 34 4.69 1.49
AIK 419.11 33.95 1.15 12.34
SiK 633.1 35 0.91 18.09
CaK 76.19 22.71 3.16 3.35
FeK 214.57 10.48 1.56 20.48

Staurolite spectrum

kV:15.00 Tilt: 0.00 Take-off:40.00 Tc:20.0
Detector Type :SUTW Resolution : 185.45 Lsec :31

EDAX ZAF Quantificatio Standardless
Element Normalized
SEC Table : Default Factor: 14.00
Coating Correction Used:Element:C



Element Wt% At % K-Ratio Z A F

OK 57.09 70.95 0.3369 1.0331 0.5709 1.0005
NaK 1.1 0.95 0.0054 0.9641 0.5131 1.0035
AIK 23.65 17.43 0.1766 0.9562 0.7786 1.0032
SiK 11.65 8.25 0.0821 0.9797 0.719 1.0001
KK 0.68 0.35 0.0061 0.9304 0.95 1.0016
FeK 5.83 2.08 0.05 0.8554 1.0033 1
Total 100 100

Element Net Inte. Bkgd Inte. Inte. Error P/B

OK 1558.34 61.82 0.47 25.21
NaK 61.92 69.62 4.09 0.89
AIK 2127.78 72.11 0.4 29.51
SiK 922.4 71.41 0.63 12.92
KK 40.06 43.8 5.04 0.91
FeK 111.37 19.17 1.96 5.81

Feldspar spectrum

kV: 15.00 Tilt: 0.00 Take-off:40.00 Tc:20.0
Detector Type :SUTW

ED AX ZAF Quantificatio 
Element Normalized 
SEC Table : Default 
Coating Correction Used:Element.C

Element Wt% At %

OK 57.39 69.68
FK 0 0
NaK 6.45 5.45
AIK 10.34 7.45
SiK 23.66 16.37
SK 0.09 0.05
CaK 2.08 1.01
Total 100 100

Element Net Inte. Bkgd Inte.

OK 1321.35 35.96
FK 0 39.06
NaK 364.44 47.54

Resolution : 185.45 Lsec : 17

Standardless

Factor: 14.00

tio Z A F

0.306 1.0248 0.5201 1.0004
0 0.9622 0.2416 1.0008

0.0343 0.9564 0.5549 1.0031
0.0767 0.9483 0.7766 1.0076
0.1828 0.971 0.7956 1.0002
0.0007 0.9615 0.8223 1.0006
0.0189 0.9421 0.9671 1

Error P/B

0.68 36.74
0 0

1.42 7.67
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AIK 862.93 55.26 0.87 15.62
SiK 1918.48 59.06 0.57 32.48
SK 5.38 47.89 45.21 0.11
CaK 104.21 28.13 2.94 3.7

Silver-Rich Tetrahedrite 
Date : 11-Dec-1999

kV: 15.00 Tilt: 0.00 
Detector Type :SUTW

Take-off:40.00 Tc:20.0
Resolution : 185.45 Lsec : 17

ED AX ZAF Quantificatio Standardless
Element Normalized
SEC Table : Default Factor: 14.00
Coating Correction Used:Element:C
Element W t% At % K-Ratio Z A

SK 14.24 27.59 0.1273 1.1617 0.7658
AgL 5.32 3.06 0.0454 0.9215 0.9196
SbL 19.87 10.14 0.1681 0.8784 0.963
CuK 60.57 59.22 0.6039 1.0073 0.9897
Total 100 100

Element Net Inte. Bkgd Inte. Inte. Error P/B

SK 4586.98 310.19 0.27 14.79
AgL 622.2 277.76 0.85 2.24
SbL 1833.05 261.31 0.44 7.01
CuK 2729.53 191.18 0.35 14.28

1.0045
1.0079

1
1



Plate 1 Long section, Rhyolite prospect (A-A") showing lithologies 

and gold values.

Plate 2 Western half, Rhyolite prospect (A-A) showing staurolite, 
kaolinite, sericite, and propylitic alteration.

Plate 3a Western half, Rhyolite prospect (A-A’) showing 
kaolinite/sericite alteration.

Plate 3b Eastern half, Rhyolite prospect (A’-A”) showing 
kaolinite/sericite and propylitic aheration. 
and distribution compared to gold values.

Plate 4 Western half, Rhyolite prospect (A-A’) showing sulfide type 

On CD Disc:

Text and figures of thesis, including appendix F.

Appendix F 1998 PDX soil sample 32-element analyses with factor 
scores, 1998 PDX drill hole 32-element analyses with factor scores.
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Lithologies

Quartz monzodiorite intrusive

Gouge/shear

Overburden

Broken core

Quartzite and quartz veins 

Qtz-mica-schist and mica-qtz-schist 

Qtz-chl-schist and ch-qtz-schist

Plate 1. Long section, Rhyolite Prospect
Long section, looking Northwest

Au (ppb) values graphed on left (3000 ppb = 10 cm) 
High angle fault in blue. Drill hole trace colored by lithology
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