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MINERAL RESOURCES OF ALASKA 

TUNGSTEN DEPOSITS IN THE FAIRBANKS DISTRICT, 
ALASKA 

By F. M. BYERB, Jr. 

Although principally a gold-mining camp since 1802, the Fairbanks district, 
&&a, has been a tungsten-producing district at intervals 8 i ~  1916. The 
tungsten depodh discussed in khc preaent report are 10 to 20 miha northeast of 
Fairbanks within the Yukon-Tanana upland. Thc tunpien occurs as the mimral 
mheelite (calcium tungatste) in thin beds and lensea of metamorphoised limehone 
and calm~eoua mica schiat, in quarts p e w t i t e e ,  and in gold quartz veins. 

The limestone is  s very minor p& of sn early Precambrian sequence d quarts- 
mica whist, quartzite, and aseocirated intrusives. This sequence was intruded by 
porphyritic granitt? of Mesoaoio agc, which is probably the source of the metal- 
liferous dcposita. Tertiary granodiorite is  ale0 exposed in the district. 

The mheelitc depomts are segregated geo~raphicially in thrcc areas: the Gilmore 
Dome area nnd Steele Creek-First Chance Creek area in the southern part of the 
distriot and the Pedm Dome area in the north-central part, The Sfepovich mino 
in the Gilmorr: Dome nrea contains the largest known croheelite deposit in the 
district. During the periodei L91$18 and 194244 about 4,000 units (20 pounds 
to a short ton unit) of WOa as seheclite ore and eonaentrates have been produced 
From 3 inched shafts on the Stepovich lode. 

The Wpovioh lode is a mriea of silicated limestone lenws, which were probably 
derived from a continuous bed of limeatone a few feet thiok. During reg iod  
metamorphism the limeatone m a  squeewd into "rolls" and dimtinuous  bodies 
and was largely replaced by 8iliaat.e minerals, quartpi, attd scheelite. The rich& 
om ehoots in the lode oeour at interseotious of quartz pegmatite dikes with the 
limeahme. A secondary factor in the localization of the pegmatite dikes and tba 
ore shoots was probably an amphibolite mass exposed in the Stepovioh mine 
along the fmtwaU of the lode. 

The Colbsrt property and the Yellow Pup prospect on the eaaferly extendon 
of the Colbert lode are on a lodo similar and parallel ta the Stepovioh lode and 
about 1,000 feet to the aout,h. The Colbert lode contains more abunchnt silicate 
minerah, eapeoIally m e t ,  but scheelite is much leas abundant t h n  in the 
Skpovich lode. The Schubert prospect aontajna tb minor acaurrence of echeelite 
in metamorphosed limestone at the contact of a large body of porphyritic granite. 

The Spruce Hen, Bloasom, Tanana, Tungsten Rill, and Columbia prospects in 
the Gtede Creek-First Chance Creek area are m l ~  in the prospect stage of de- 



velopment. Of these, the @prune Hen Sa the only one dth a eingIe welldetlned 
lode of rnheellte-hmhg aIlimted limedone. The othera am af the quartz pegma- 
tite Btringer type snd have not been sufficiently worked to a w e  any amount of 
ore. 

Gold veim metabsing mcheeUta are preclomlnant in the Pedro Dome area, 
though scheeIite hsa been found in m e ~ m o r p h ~  lime~tone and pegmatite. 
The Wackwitz and Mizpah gold quarts dries have prodtioed small tonnages of 
acheelite concentrates aa a byproduct of gold production. &heelits hm alm 
been found in the Cleary RIU, Johnson, Rainbow, and Tolovane gold mines, and 
pmbsbly occurs in other gold mines in the area. The Leslie prospect has expomi 
a scheelite-bearing lode of metamorphoned Emastone. The Egan prospect wasl 
staked on a minor, but interesting, ocourrence of wheelite in a pegrnatife of 
porphyritic granite. 

Scheelite aa a plaaer m i n d  hee been found In the gravels of most of the 
&reams of the Fairbanlts district; i t  ia espeaially abundant in ~treams draining 
the lode  area^. 

The most fsvmble areas for acheelite proapding in aotmtry rock on the 
hanging-w8U side of the smaller massea of porphyritia granite, sa these &te 
mwm, which conform te the regions1 dip, would normally underlie these are-. 
Pegmatitea from the granite in these ZmnlIties would thereby have had a more 
favorable chance of interntion with timestone beds that now me at oz near the 
preaent surface. In an area of extenalve wve~burden, aa in the Fairbankn district, 
systematic pro~pecting with a small poethole aumr should h undertaken. 

INTRODUCTION 

Scheelite (calcium tungstate) hrts been found at many lomlitia in 
the lodes and placem of tho Fairbanks district, Alaska. These de- 
posh are fro& 10 to 20 milas northeast of Fairbanb (fig. 24). The 
P d m  Dome gold-bungeten lodes occupy the northern part of tha 
acheelitebearing arm; the Gilmore Dome lodes and those of the 
Stecle Creak-Fht Chance Creek area lie along the southern pert. 
The goographic relationship are 8hown on plate 23. 

AIZ the  tunpten deposits are mcessible by truck during the wmmer 
inonths by secondary mads--some in poor condition-which aonnect 
with the Steese Highwtby, a graded mad (pl. 23). The distance to 
Fsirbanke from the point where the Stem Highway leaves the map 
on the ~outhern border is 7$ miles. Automobiles, trucks, tbnd bull- 
dozen are available for purchraere or hire h Fairbanks. 

F h b a h ,  with a population of over 5,000, can be reached from 
Seattla, Wash., by at least three diiierent mutes involving land, eea, and 
air t,ransportstion. The oldest ~tablished sea-land route is via boat 
from Seattle, Waah., to Sewad, Alaska, and thence to Fairbanks 
via the Alaska Railroad. The rail distance from Sewad to F a i r b h  
is 468 miles. 



W~oua= 24-Inder map showing arsn d t n n m t m - w g  & In thn h h l m h  dkttkt, A h -  

The area of the tungsten deposits is characterized by gently rolling 
mature topography having an averwe reliaf of about l,QOO feet. 
The area i~ typical of the upland lying between tho Yukon and Tanans 
Rivore. 

The entire area is within the drainage basin of the Tanans Rivm, 
which lim about 10 milea south of the southern border of the tunpten 
area tw shown on plate 23, The main streams, the Chatanika River 
in bhe northwestern part and Goldstrertm Creek in the eouthwestern 
psrt, flow in bmsd flat-bottomed valleys whose floors range from 600 
to 800 feet in altitude within the tungsten-bearing area. These 
strewm flow w e t 4  to the Tanana River. Steele and Smallwood 
Creeks in t.he southern part of the area flow southward, and Fairbanks 
and Fkh Creeks in the eastern part of the area flow eastward. The 
head of Goldstream Creek is at tlio confluence of Pedro and Gilmom 
Creeb.  
The ridges between the headwaters of the s t r e m e  m rounded 

divides at altitudes ranging from about 1,800 b  bout 2,200 feet. 
In places, chiefly whem two or more ridges intersect, low rounded 



domes rise as high as 2,600 feet. Two of these domes-Pedro Dome 
in the north+entral part of the area and' Gimore Dome in the 
sout.hern part of the area @I. 2 3 ) a r e  about 2,800 feet and 2,400 
feet in a1t.i tude, respectively, m d  are convenient topographic features 
for locating the t,unpten-bearing lodes in tho vicinity. 

CLIMATE AND V&C)ETATIOIT 

The climate of the F a i r b h  district is ~ubarctie with short, warm 
summers chamterized by 16 to 20 hours of Bunlight and long, cold 
win te r s  with temperatures reaching -60°F. A summary of climatic. 
data from the W~ather Bureau station at hirbanka is given in tho 
table below. 

mins~blogi~al  data at 1L Fairbanks Weather Bureau station 1900-48 

The Fairbanks Wmthcr Bumau station is located at a relatively low 
altitude near the lowcst part of the Tanma Valloy, and hence the 
s u m m a r y  in the tsblc may be rnislesding ta anyono contemplating 
work in the hilly c o u n t ~  northeast of Fairbanks. The annual rango 
of tempmture at the Kilter average altitude of the tungsten area is 
aomewhat lower than in Fairbanks. Unofficial tempet.lttures raeorded 
at several mining camps in the tungsten area are genemlly 5" ta l O°F 
c~oler in mrnmer than the temperature recorded at the same time in 
F'airbaxks and are oftan as much as 30°F warmer in winter, because 
of the kndency of Ehe cooler sir ta settle into the vglleya on etill days, 
which are prevalent in winter. Total precipitation is geefxr  in the 
tmgsbn area than in Fairbanks. A somewhat greater annual pre- 

Avsrnm 
mnwlnlE 
(lncWqs) 

11. I 
7. 2 
8. 1 
2.7 
- 4  

(1) 

. O  . I 

.7 
6+ b 
7. 4 
& 7 
63. 9 

M m  
Month 
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pmipltetlm 

( l n c h ~ )  

January--, ,,, , - , - , - , - - - - - - - - - - -, - - - - - - - - 
Februq,, , , , - ,-- ,- ,---- .- , , ------------  
March,--,-------------------+---+------ 

0.97 
-40 
.70 

April,,,,,-,---------,-,-,-,-,---,,--,-- 
May - , - - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - 
June----------------,-------------------- 
July ------ - - -  --- ---- -. - ---- - -- ------ - --- - 
'4ummt - - - - - + - - - - - - - - - - - - - - + - - - * - - - - - - - - -  

September ------- --- --- --------- --- - -- - -- 
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.h'avemfser------------,-----,-,---------- 
Deoernber,,,,-------------,-----,--,---- 
Annual----------- , - , - - -----------------  

" 2 8  
.B7 

1. 30 
1. 92 
2. 10 
1. R I  
.85  
.72 

11.84 



cipihtion occurs on the summit of Gilmore Doma, where the richest 
tungsten deposits are found, than at Fairbanks. Tha snowfall in 
Fairbank8 in early November of 1943 was 2 inches whereas on Gilmore 
Dome it was 6 inchas. Frequently during the winter the Steese High- 
way becomes temporarily blocked with snowdrifts in the vicinity of 
the psa  (2,200 feet) between Pedro and C1-ry Creeks (PI. 23). 

The pund  in the bottoms of stream valleys is permanently frozen, 
in some pbcm to a depth of about 300 feet. The permanently frozen 
ground docreases merkcdly upslopa, and the ridges are free of perma- 
froat (Troy L. PBwB, 1951, oral communication). Ice-filled c~vities 
and fissures, however, are fraquen tlg encoun Wed in lode mining 
operat  ion^. The stroams generally freeze around the middle of October 
and do not thaw until early May. At Fairbanks the breakup of river 
ice in the Tanana River gcnorally occurs during the fist week in May, 
but it nay wme nearly 2 weeks before or after this date. 

A heavy mantle of vegetation coverR the area and includes coniferous 
and dociduom trees, flowering plants, ferns, and mosses. Below an 
altitude of about 2,000 feet the rnossm and forns form rt, thick mat so 
that traversing becamas difficult. This vogotal covering is thin or 
lacking in haarily forested pstchw. The common trees aro white 
sprtlca, cottonwood, nJdm, quaking aspen, and white birch. The 
white spruce is largcst and most abundant, with trunks as much as 2 
foet in diameter. In the Fnirbanks tungsten area the timberline ranges 
from 2,000 to 2,300 feot in altitude, and for about 200 feet below 
timborlina the trees aro stuntcd. 

'mToar OF T- ~ E A  

The Fairbanks aiatrict became ~tablished as a mining area with 
the d h v o r y  of placer ppld in 1902, Exploitation of several tungsten 
deposits in the Fairbanks district began in 1915 under the stimulus 
of an incraod average price of $24.59 a unit for concentrates con- 
taining 60 permnt or more IVO,. During the years 1915-18, 10 tons 
of scbeelite concentrates containing about 65 parcent of WO* and 300 
tons of hand-sorted ore containing 8 porcent of WOs were pmduced 
from the Gilmore Dome area (Ttrorne and others, 1948, p. 8). After 
1918 the prices rlroppsd to Im than f12,ZO a unit and all develop- 
ment work cezrsod . 
In 1931 minor underground work was done on Cfilmore Dome 

(Hill, 1933, p. 157), but no ore waa prodtrced. The Clmry Hill lMines 
Co. begtrn opemtiona st Gilmore Domo in 1942 and continued mining 
during 1943 and the early p r t  of 1944. Aa a res~rlt 01 the~se mining 
ope~st~ions during 1942-44, Cleary Hill Minsa produced 2,196 units 
of WOs, largely aa conccntratoe cont.aining over 64 pemnt of WOs. 



FIELD WORK A C ~ O W I X D G M E H T B  

During the arly period of tung&en production, horn 1915 through 
1918, the Geological Survey emmined the tuneten deposik at 
Oilmore Dome and in the StseIe &&-First Chance 'Creek area. 
(See Brooks and others, 1916, p, 01-62; Mertie, 1917, p. 418424; 
and Chapin and Harringbn, 1919, p. 324427.) In August and 
September 1942, a Survey pmty consisting of d. B. Mertis, Jr., W. C.  
Overstreet, and P. L. KiUeen investigated the tungstan and antimony 
deposits of the Fairbanlrs district. h m  June through September 
1942, and early in 1943, R. R. Joesting and Eskil Anderaon, of the 
Maaka Territorial Department of Mines, clonductd geologic md 
magnetomehr surveys of the Gilmore -me tungsten area. From 
July to the middle of November 1943, the Federal Bureau of Mines 
tested the two tungsten-bearing lodw at Gjlmore Dome by surface 
trenching wit.h bulldozer and by channel sampling. During that 
time the wrihr prepared maps of the trenchm and also of the recent 
mins workinp of the Cleary Hill Minm Co. on Gilmore Dome, and 
continued tungsbn investigations elsewhere in the district. This 
field work was dons under tho general supervision of Gorge 0. Qatee. 
During the summer of 1945, several days were spent on Gilmora Dome 
mapping woxkinge of th0 CIeary Hill Mines Co., which were rwm- 
plehd dter the 1943 field setason. 

The repert covering the U. S. Bureau of Minw development work , 

on the Garnore Dome tungsten lodes was released in June 1948, as 
Repot of Inv~tigations 41 74 (Thorne md othars, 1948). 

The preaent report is based in part upon an earlier report, having 
the same title, that w& prepard for the war agencies in 1943 by 
J ,  B. Mertie, Jr., and W. 0. Ovemtnmt. 

Mr. Ralph E. Wyer, manager o C tho C l r y  Hill Mines Go., fumbhtld 
data on the operation of the Stepovich mine, and Mk. L. C. Doheny, 
mpemisbg engin- of the Reconstruction Finance Corporation, 
furnished &ce facilities jn Fairbanks. Mr. Louis D. Colbert and 
Mr. Elmer StohE contributed information on the Colbert bde and 
Yellow Pup properties, respectively. 

The plogia fmtwea of tha Fairbanla district ham been d&bed 
by h d l e ,  Katz, and Smith (1913). 
The Fairbanks arm of tungsten-bearing rocks @I. 23) is entirely 

within a much I- area of highly metamorphosed Precambrian 
mka designated by earlier workers as the Birch Creek schist. AG- 
cording to  Mmtie (1937, p. 46-59), the Birch Creek schist So- hhe 
bedrock surface of about one-Uth of the country between the Yukon 



and Tanana Rivers and is regarded as early Precambrian. No older 
rocks are known in this part of Alaska. Witbin the area of Birch 
Creek &st me smaller areas of several varieties of intrusive granitic 
rocks to  which Mertie (1937, p. 215-216) assigned Mesozoic and 
Tertimy ages. Bordering mme of these intrusive rocks are contactr 
metamorphic wnea of country rock in which scheelite deposits rase 
commonly found. Gold quarh veins, several of which are known ku 
contain scheelite, are commonly found in the country rock farther 
from the igneous border. All the mineral deposits of the Fairbanks 
district are bdievd by Mertie (1937, p. 241-242) to be derived from 
the intrusive rocks of Mesozoic age. 

aocgs 
ME'FbBIDRPBTC RO- 

The Birch Creek schist in the tungsten area consists Iargd y of 
metamorphosed sedimentary rocks, of which the moat common are 
quartz-mica schist, schi~tose qumtzite, and quartzite. The quartz- 
mica schist contains quartz, biotite, and muscovite and minor amounts 
of apatite, magnetite, albite, and other accessory minerals: Other 
metamorphic rocks that form a minor part of the country rmk are 
hornblende mhist, mphibolite, gneiss, carbouaceous mhist, and 
crystalline limestone. 

Lenticular beds of crptalline limestone averaging a few feet in 
thickness crop out in two generd zones. Each zone is oompmed of 
~ m d l  discontinuous bodies, which originally may have been several 
continuous beds. One of these zones lies along the north side of the 
Pedro Dome belt; the other, which is much lless conspicuous, is dong 
the north side of the porphyritic granite in the Gilmare mineralized 
belt. 

1-B R- 

The metamorphic rocks are cut by granodiorite, porphyritic 
granite, and altered porphyritic dike; rwka of dioritic and granitic 
cornpoition. On plate 23 each of thene intrusive rocks hns been 
shown sep&ately. 

The granodiorite at Pedro D o m e  is an irregular elongate body 
extending from the headwaters of Domet Creek easterly for 3% miles 
to a point beyond Pedro Dome. The width averages about 0.2 mile 
at its weetern end and r d e s  a maximum width of 0.6 d e  at its 
eastern end ; the total area is about 1% square miles. A m d e r  area 
of the same intrusive is about I mile southeast of Pedro Dome. 

Amording to Frindle, Kata, Fsnd Smith (1913, p. 68), the gano- 
diorite S4rangea from dark gray to light gray in color, from medium 
to h e  in grain * * * the minerds observed in different varieties are 
quartz, &a-lime f eldapar, alkali f ddapm, biotite, hmb1ende, 



pyroxene, titanite, ilmenitc and other iron minerals, zircon and 
apatite." 

The porph~t io  granite is expoaod in thc. Pedro Dome gold belt 
b d  in the Qilmore mineralized belt and i s  ~oneidered by Mertie 
(1937, p. 241-243) to have dvan rise to the gold and tungsten 
~ ~ \ i z a t i o n .  A small mms of porphyritic granite ie cxpmed 1 mile 
southeast of Pedro Dome. The principal body of the porphyritic 
grenite, however, lies in the Oilmore minaralized belt and e x ~ r i d a  
easterly from the head of Engineer Creek for about 7% miles to the 
head of Pearl Creek. Ovcr maat of this distance tho width vdea 
from J$ to  1% miles, and the total area is about 7% square miles. The 
main porphyritic granite mass is markedly irromlar at its western 
end, terminating in sevaral sill-like apophyses. An ou trying cupola 
of the same mass lies about a milo north of its cmtcrn cnd. Thp. rock 
is rather coarse grained with an average grain size of one-fourth inch. 
Grayish, clear quartz graim arn embedded in whitc feldspar. The 
minerds of the porphyritic granite are qnmtz, microcline, oligmlgse, 
muscovi to, biotite, zircon, apatita, apbeno, and mwet i te .  

The altered granitic int,rusivcs aro porphyritic rocks, largely dikes. 
They me white friable racks that are  atained yellowish brown ,with 
ferruginous matter. Prindle, K ~ t z ,  and Smith (1913, p. 73) regard 
these dikea as offshoots from the mass of porph-aitic granite, which 
have been subsequently altered ;by hydrothermal emsnetiona from 
the porphyritic granite itself. 

Qu~rtz  pegmatite dikes ranging from 8 fmtion of an inch to about 
1 foot in thicknrss cut the Birch Chck schist north of the main stock 
of porphyritic granite and are clemIy derived fram the granite. 
Mmy of the &me minerals present in the pegmatite d i b  are in the 
granite; narnrly, quartz, microcline, oligoclaso, muscovite, zircon, 
apatite, sphene, trnd mapetite. Qu&.z is predominant and ranges 
from 50 to  99 pcrcent of the rock by ~ o l m o .  Thus, the pegmatites 
containing the higher quartz content approach t,me quartz voins in 
*omposit.ion. Skilrn minerals, such aa garnet, xaisite, and others, are 
found in trssociation with minerals of the. pegmatite close to the 
initemections of the pegmatites with beds of rrystnlline limestone. 
Pegmabites have not heen found associated with the small stocks of 
prpbyritic granitr5 in the northern p e ~ t  of the area but are probably 
p e n t .  The quarts pegmatite dikes in general strike northwestward 
sud clip steeply northeast. 

No detailed mapping has been done in the Fairbanks district on 
the atnlcture of the. Birch Creek schist and its aasociabd intrusions. 
Outcrops of the schist are relatively rare, and most of them appear 
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to be slumped, The generalized statements of Prindle, Katzr, and 
Smith (1913, p. 75-76) are the moat rebent on the general stfucturs 
of the Birch Creek schist within the Fairbanks district*. 

The R i h  Creek schist is believed by the earlier workers to have 
been tightly folded. The bedding is in most places nearly pardel to 
the schistmity. The regional strike is N. 00"-80" E. In the Gilmors 
mineralized belt, compriaiug the Gilmore Dome and Steele Creek-First 
Chtbnce Creek area, the schi~t has an average dip of about 35" N., 
but dips, ranging from llorieontd to 70' N., prevail ovcr distances 
of a few tens of leet. In a fcw places, owing to minor drag folding, 
reversals of dip occur. Minor, discontiimous, stocply dipping fad ts, 
striking northerly, cut the schistosity and have displacements ranging 
from o few feet to several lens of leet. The ~t~ructure ol the Pedro. 
Dome pld*chedite mineralized belt is extremely complex and has 
not yet been deciphered. The general strike of the scllist is about 
N. 75* E. with low dips both nortllward and southward. The struc- 
ture is further complicated by an intricate network of faults and veins. 
According to James M. Hill (1033, p. 841, who examitled many gold- 
lode properties in the vicinity, thc Pedro Dome rninoralized belt is 
apparently on thu axis of a low anticlind fold. This deductio~~ would 
appear contradictory to thn general idea of tight folding hdd by the 
earlier workers, but these two opposi~lg structural concepts cannot 
be resolv~d witl~ouout further field work. 

T h a  iMrusive mcks are raugldy concordrtnt with the enclosingK 
Birch C r ~ k  ~~:hlst ,  IM thc contact parallels the mhistosity. The east- 
northeasterly oriontation of the bedrock surfaces of nearly dl the 
intmsivo rocks shown on plate 23 suggests that the dominant struc- 
tural control in their emplacement was the foliation of the Bira,E 
Creek %hist. 

DEBGRlPTTON OF DEPOBITH 

Lode tungsten deposits, containiug scheelite as the tungsten mineral,' 
occur in three main areas: the Gilrnore Dome area, the ridge between 
SteeIe Creek and Fist Chance Creek, designated in this report L the 
Steel& Creek-First Chanco W k  area, and the Pedro Doine rsrea 
(pl. 23). Essentially all tw~gsten production has rame from the Gjl-! 
more Dm0 area. The Gilmora Dome and Steele Creek-First Chance 
Creek deposits lie on the north side of the elongate stock of porphyritic 
+B, and their position is probably determined by B bdt of cd- 
thus kchist containing thin limestme beds. These limestones are 
replaced by scheelite and skarn miner&, such as d iome,  grapp 
hornblende, garnet, zoisite, and vesuvianite. The scheelite of the 
Pedro Dome area occurs chiefly as a minor constituent in the guld 
quartz veins ttnd hence is onb recoverable as a byproduet of gald 
mining. 



. The origin and 1ocaIHation of the tungsten appew dearIy indicated 
in &me deposits studid in detail. The tungsten metdimtion was 
pmbabIy derived from the porphyritic granite, for the pegmstita dikes 
m c i a t d  with the scbeeIiEe depmib contain the game ac:ceseory 
minerals that are present in the porphyritic grsnite. Scheehte occurs 
in the pegmatiGeEl near crystalline limestone beds intercslsbd within 
the achist. The crystalline Iime~tone is host to rich scheefite ore 
ahoota at the intersection of the pegmatite dikes or pegmatitic quartz 
veins with the limestone, &heelite-bearing goEd quartz veina are 
notably richer in scbeelite at placee, where cdcareous beds in the 
whist are h k m t e d ,  but the ~cheeIib ore shoota within tha gold 
quartz veins are much smaller than the skarn scheelite depoaita. In 
dame, the  us beds adjacent to the gold quartz veins have 
been partly replaced by scbeelite to se much as a foot from the vein. 
Thus, the primmy control that localized the tungsten deposita is the 
intersection of a mineralized firnure with FL calcareaus bed. The @e 
and eize of the deposib, however, decreaee in general with increasing 
distance from the porphyritic granite. 

Ground-water leaching of echeelite in the wet~thered zone seems to 
b e  occurred in a few places on the upper 10 feet of the Shgovieh 
lode and pssibly on the Spruce Hen lode (R. M. Chapman, 1952, 
written oamunicaEion). 

Scbeelite hga bemi found in the placer mnenhtratea at many plmm 
in the Fsirbanks district: in the Oilrnora Dome area in the placem of 
&h, Pearl, and GiZmom Creab; in the Steele Creek-First Chance 
Creek area in tbe gmvels of R m ,  First Chance, end Goldstream 
Creeh, and undoubtdy in the graveis of St~ele and Engineer k b ;  
und in the Pedro Dome area in the grrtvels of Fox, Dome, Eldorado, 
Bdmck, Chathm, Cleary, and Fairbsnk9 CreeIrs. Schealits also 
occtlre in the placer wncentretes of E~tar Cresk about 10 mles west 
of Fairbanks. 

t)moag DO= AR=A 

Tha Gilmore Dome m a  is 14 mil- northerrat of Fairbanks, at the 
eastem and of the main mms of porphyritic granite. T h e  area m u  
be reached by either of 2 automobile roads, emti about 6 d m  in 
length, which join the Steese Highway near the 13-mile snd 20-mile 
poats out of Fairbnke (pl. 23). Tbe shorter routa from Fairbanks 
branch= from the S ~ e s e  Highway where Gilmore aad Pedro Creeka 
join to h m  Goldstream Creek. The other mute waa made available 
Ib 1843 when tha C l e q  Rill Minm Co. oonstsucted s road 4 d m  
lgqg from Oilmore Dome to the Fish Creek mad. This route was 
used during 1943 and 2944 to had tungsten ore from G h o r e  Dome 
to the Cleary Hill Minee mill on C l e e ~  Greek. 
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The richest and largest of the tuags&n d e p i t s  in the 
Qilmore Dome area is the Stepovich Ide,  which wae discovered by 
Albert Johnson in 1915. Since 1942 uevewl other acheelite deposits 
have been dimveed in the area. These are an the Colbert lode and 
the Yellow Pup and Schubert pmpcta .  Plah 24 shows the aurface 
development work on them propedies by local prospectors and by 
the U. S. Bureau of Mines daring 1943. 
'I%@ Stepovich and Colbert lodes were formed by replamment of 

d c a m u s  layers in the country rock, which mnsists mainly of quartz- 
mica achist. The lodes and the schist strike about N. 70' E. snd dip 
about 3s0 N. The Stepo~ch and Colbert I d e a  lie about 0.6 mile 
and 0.4 mile, respectively, north of the main body of porphyritic 
granih and abut  0.7 mile and 0.8 mile wuth of the outlying cupola 
of the same gmnib @I. 23). 
The Yellow Pup prospect is on m apparent extension of the Colbert 

lode to the northeast. Scheelito also occurs sporadically outaide the 
two main I d a s  as scattered g r a b s  in leases of silicated schist and in 
pegmatitic quartz v e h  which transect the schist and the lodea. The 
Schubert pmpoct, not shown on plata 24, lies to the southwest of the 
Colbert claims and is prob~bly staked on a small lenn of schedib 
bearing silicated achist. 

By far tbe most davslopment work on tungsten properties at 
G i o m  Dome has h e n  on the Stepovich lade, Since the discovery 
of the lode in 1915 about 2,000 feet of underground work has been 
done on the Stepovicb property, 1,700 fmt of which was on the lode. 
The underground workings of the Stapovich h e  are shown on plate- 
25. During the period 1915-18, 2 inclined shafts, about 325 feet 
apwk on 2 adjoining properties (Mertie, 1917, p. 41%421), were 
driven northward down tho dip of the lode at an angle of about 
30' (see pls. 24 and 25). Those shafts are now caved. Shortly after 
World Wmr I, Mike Stepovich, Sr., acquired both properties and 
patented 7 claims. A 17bfoot adit was driven by Sterpovich in 1931, 
but it did not intersect the main lode. From the ~pring of 1942 to 
the aummer of 1944, the Cleary Hill Minea Co. leased the claim heId 
by Stepavich. Development work by thia company consisted of a 
1704oot inclined ahaft midway between tha 2 older shafh with drifta 
at about 50 faet and 150 feet down the dip of tbe lode. These drifts 
are designated in thb report as tha '"0 11svel" and "150 level" instead 
of the "50-foot level" and the "150-fmt level" as originally named, 
because the drifts are considembly less than these depths below the 
surface on &ccount of the low angle of dip of the lode. An adit was 
driven in 1843 to intersect the east and of the drift on the 150 level 



(pl. 25). The mine has been idle ~inm early summer of 1944, when 
the Cleery Hill M i n e s  lease on the Stepovich proper@ was terminated. 
Since the death of Mike Stepovich, Sr., in the latter part of 1944, the 
property has been owned by his widow, Mrs. Vuka Steposich, and 
Eiis two sons,  mike, Jr., and Michael. 

During the years 1916-18,  bout 10 tons of scheelite eoncentrates 
containing about 65 percent of W03 and 300 tons of sorted ore con- 
taining al>out 8 percent of WO, were produced, accordingP to Mike 
Stopovich, Sr. (Thorne and others, 1948, p. 8). The crude ore is 
reported to  have contained about 2 percent of recoverable WG. 
The World War I production came from the 2 caved ahtlfts ta the 
east and west of the Cl~ary RilI Mines shaft (pl. 26). No data are 
available on the proportions of ore mined from ersch of these World 
War I workin@. 

From the early summer of 1942 until May 1944, the Cleary Hill 
Mines Co. producod a t o t d  of 2,196 units of WOs, which came almost 
entirely from the inclined shaft workings near the summit of Gilmore 
Dome. The tungsten production, which comprised ore and middling 
and table concentrates, is summarized in the table bdow. The ore 
was proceswd by wet ~ a v i t y  separation on tables at the CIeary Hill 
Mines mill on Cleary Creek. The entire production wss sold to the 
Metmls Beserve; Company, Reconstruction Finance Corporation, 
Waehington, D. C. 

Tunpalen production of lhe C l # a t ~  H<ll Minee Co. from the ~Ytepovich lade 

[mtarmm nles or ~ e t e h  ~m Cornmy, ~emnstruction ~lnanop mrst lo ; ,  W&- a ~ ,  D.c.~ 

, .  . 
Totals- - - - - - - . 

Ore ----,,,-,,,-,,- * -..-.. ---- 
Concentrates- --- - , , - - - - - - - - - 
Concentrates- - -- - - - - - - - - .. - - - 
Middlingx ,,,; ,,,,,- --,---- 
-- I 

Ore- -, , , , , , , , , ,, , -, - - - - - - - - 
Middlinge and concentrates-,- 

' Frdh'July to October 1943, the Bureau of Mines dug 24 bulldozer 
trleriihes on the Stepovich lode to determine the e.xtent and grade of 
the ore. These trenches are shown on plates 25 and 26. Trench 3 

nvt shwm because i t  is covered by the dump fram the 1943 tunnel. 

The chief rock unih const.ituting the Stspovich lode are crystalline 
limestono, granular wheelit& ore--which is a replawmerit of the 



lim88buyuhrb pegmatite, and silicated' yim schist. T h e  diatri- 
bution of them r m h  in the lode ie shown on plat& 25 &nd 26. The 
silicatad rock incIndes ciliated mi- whist and a-small stmount of 
granular %heelite-bearing rock, which, however, does not contain 
enough ncheelite to be d d  88 om. 
The c r y ~ t d i n a  limestone occurs aa discontinuous, irregular bodiee 

along the same btratigraphic horizon in the schist. The average 
thicknems of the limestone in about 2 feet, dthough in t h e  meats or 
tmugba of folb the thiche%s is as much an 10 feet. The h e ~ t o n e  
is white to gray and ia grandsr in texture; I t  ia the host rock 1Gp tbs 
@anulm acheelits ore at pIaces of inte~aection by quarts pagmatih. 
S m d  cavities in the limestone have been exposed by the &dewund 
worlrings of the Cleary Hill Minea Co. 

The granular aeheelits ore f o m  irregular lenses, which replace 
mtalline limestone. The oro consisb of a granular aggregate of 
typical wntacbm~tamorphic minerals, indudhg predominant m ~ u n  t a  
of mheelite, quartz, diopaide, and hornblende. A vdoty  of other 
minerals have been iden t if14 ~cmcopica?Iy, including mlci te, 
epidote, clinomisih, oligdaaa, anortboclase, muscovite, biotite, 
chlorite, apatite, sphena, vauvianits, sxinite, garnet, and rneliphsnite; 
The Past four minerals are rare. The presence of the beryllium- 
conbining mined  mdsphanite was further c o n k e d  when befliurn 
was detected npectographicaIly in the om. 

Seheelibbearing quarts pegmatite8 occur in pl- aa stringers 
parallel with the lode and are gradationd wikb the gmnular scheeIite- 
ore. These quartz pegmatites are wntinuous with pegmatitea that 
strike N. 40°-600 W. and dip about 60" NE., where they intamect. 
the lade. As pointed out on page 188, these quartz psgmatites were 
probably derived from the porphyritic granite, shortly after its am- 
plgcement. 

The silicated mica schist is a dense-textured thin-bedded rock with 
beda ranging from % to I inch in thicknm. Vuggy limonitic seams . 
about one-eighth inch thick separate the individual beds. Spsrse 
p i n a  of ~cheelita are. d& found along these nggy limonit,ic seams. 
The massive part of the m k  mntsina nearly the name assemblage of 
silicates that are found in the granular ore. The silicakd mica schist 
io wually found in the hangin% wall above the ore, and, because i t  ia 
thin beddad, g m d y  s e q u l . ~  timbering ta prevent its collapse. 

Two other rock types, green amphibolite and sXc5ed schist, occur 
& the vicinity of the lode. In the C I q  Hill Mines shaft, green 
mphibolite is exposed in tbe footwall of the lode below the 50 level; 
where it is at l w t  20 feet thick (pl. 25). The arnphihlite appears to 
be a concordant basic intmsion or flow that wae later metamorphosed. 
It waa more competent than the enclosing beds during -. folding and 

40861167-8 



*Id& by fracture m&r, than '&wage. Hornblende is the principal 
mineral of the amphibolite, but minor 8 ~ m u u n b  of aphans, albite, 
&hodme, quartz, calcite, pyrite, and pyrrhatite are preaant also. 
About 10Q feet north of the l d e  tho whist is ~ilicSed nnd ie cut by 
many small quad2 veinlets. The silicified whisk c h a r ~ t e r i s t i d y  
weatham to a sandy soil. 

Tb stdm and dip of the bed constituting the Stepovich lode aver- 
age about M. 70' E. and &out 35' NW., rwpeetively. Variations 
in the strike, eauaed by "mlls" or secondary flexureq ran@ from N. 15" 
E. in the Cleary Hill Mines sdit @I. 25) to N. 50' W. in the face of 
the west drift on the 150 leveI (pl. 25). Varirtions in the dip are Iargdy 
the result 5f drag folding along the crystdine limestone. Dips 
ranging fmm 70' NW. though horizontal to 16' SE. have been 
recorded. A major drag fold is found in the main shaft workings of 
the Stepovich mine; its crmt.line and trough, indicated by the appro- 
priate symbols on plate 25, are horizontal, or nearly 8o. The drsg 
fold disappears along the strike to the northens4 inasmuch as only a 
flattening of dip to the northwest is found in the m s t e m o e t  raise in 
the east  Wt of t.he 150 Ievel, The d r q  bold extends southwest beyond 
the limits of the m i n ~  workings. This drag fold wrus probably localized 
by the mociation of incompetent Iimmbne of the lode with the more 
competent silI-like intrusive of amphibolita io the footwall (sections 
A-A' arid I)-D',.pl. 25).  

Tha Iode ia cut by m v e d  northwd-atddq fad&, dipping ateeply 
north&. The direction of movemonC could not be determined 
dong the faults. The horimntal shift of the lode along the major 
faults ranges from about ten to sevmal tens of feet. In tho vicinity 
of the Stepovich mine the shift of-the lode along adjacent faults is in 
opposite directions, but toward the eastern part of the lode, from 
Bureau of Minea trench 4 to 24, the shift hm bboen progreasivdy 
southward (pl, 24). Some of tho faults are inferred by offsets in the 
lode between adjacent, trenchee inl which the lode i s  exposed. 

There waa aome evidance in bulldozer trenchm that -Her m e  
of acheelite in weathered permeable pmts of the Stepovich lode have 
been p d y  or'completely dis~lolved by descending p u n d  miter. In 
the zone of weathering, which extends to &bout 10 feet. in depth,, 
mheelib grains, leas than 1 mm in diameter, are embedded in a spongy 4 

brownish-black matrix, consisting in .part of limonite and hydrated. 
manganese(?) axidm. On close exam in ah^, the scheelita 5a men to 
be etched snd pitted. Some of the cryatala ire friable m ~ t n t a  frem 
which moat of tha h e r  parts appear to have been dkmIved. In 



other places, irregular masses af nonpomuB scheeIite-bearing rock are 
enclosed-in spongy dark mck, barren of scheelite. This sponw rock 
has not been magnized at depth and is probably the product of wea- 
thering. Thin inmushtiom of ~xheelite also occur dong joints in 
more maseive par& of the lode where it grades updip into the rspongg 
rock. Them incrustations have not been recognieed at depth, and 
they may be the result of redeposition of scheelite from solution: 
Theso observations, wara made on the lode mainly near the Gilmora 
Dome s n m m i t ,  on which a deep residual soil has accumulated since. 
probsbly some time d u h g  ths Tertiary, inasmuch aa no Pleistocene 
glaciation has occurred in the Fairbanks district. It would soeni, 
tbmfore, thet the affects of possible scheelite leachhg are found at 
the place whwe expected, namely, in a portion of the lode that ha* 
been q a d  to weatbering during a long period of time. 

Descending ground water, particularly if it b dghtly acid, may 
have dissolved the scheelite at Oilmore Dome. Scheelib ia sparingly 
soluble even in pure water (0.027 gram per liter) (Seidell, 1940, p. 347) 
but is mmewhat more soluble in a 0.1 normal solution of sulfuric acid 
@$UJ (Gannett, 1919, p. 71). No adfide minerd that might serve 
as rs source of sulfuric acid has been obsarved in tho Stapovich lode, 
but sparse pyrite, from which sulfuric acid would form on oxidation, 
might have been oxidized to form the limonite of the spongy rock, 
Moreover, sparse adfur ,  probably in pyrite, rsngea from 0.04 to 0.23 
percent @. 198) in ore samples t t h n  from the Stepevich lode. H c w ,  
a sparse amount of sulfuric acid wodd be formed in descending ground 
wahcr on oxidation of the pyrite. 

Scheelite might also have been dissolved during a long pmiod by 
carbonic wid ~ t e r  the pyrite had been completely oxidized. The 
generally cool, moist environment on Gihore Dome would mwe an 
incrcase of carbon dioxide in the ground water. The resulting car- 
bonic acid @&On) might react with schwlite (C&WO,) in the follow- 
ing manner: 

Although both the reaohmts and the products are only ~1ightXy ionhed 
and dightly mlubla, a mntinuow  upp ply of carbon dioiddmrged 
ground water over the long period of time during which the deposits 
ham been v e d  to weatbering would shift the reaction toward th 
right and remove acheelite from mars permeable parts of the lode. 
That sheelite does dismlve in the proper ground-water environment 
ia alao suggented by HM (1917, p. 64) and by Emmons (1917, p. 432) 
in their observations of b b t ~ o i d d  scheelih mat-, which they m- 
e r d  rra of suptqpnet origin. 



Tbe Stepovich lode waa tmad by the Bureau of Mints in bulldozer 
ttenchee for 1,700 feet aaet and 500 feet WE& of the inched shaft 
gunk by the C l e w  Hill Mines Co. 

TIIS b e ~ t  H e  and mmt numerous ore s b ~ ~ t e  am mnmntrated in 
a zone extending about 350 feet east and 200 feet west from the Clearg 

Mineashaft and an unknown &atsince down the dip of the lode. 
About 35 percent of the underground w o r ~  that extend from 

the! Cleary Hill Mines ahaft hrte been on g~nnular ore appp0hteIy 
1% feet thick. Several pegmatitic quartz v e b  intemct the Iude at 
tha shaft, which apparently has been eunlr on t,he rich& ore shoot 
(section A-A', pl. 25). Granular ore ranging fh 1 foot to 1% feet in 
thickness waa exposed in Cleary Hill Mina trenches 4, 5, and 6, at 
distances of 100 feet, 200 feet, end 300 feet, respectively, east of the 
shaft. Except in the floor of the 160 level and in the face of the weat 
drift, ELII the om exposed in 1943  ha^ been mined. The old east shaft 
mnk in 1916 @I. 25) also p w e d  through ore. According to  Mertie 
(1917, p.  4211, 
The development work codnts d a 75-roof inolined shaft along the alewage of 
B e  mmt,ry m ~ k ,  which, though , h p i a r ,  strikes in pnera l  about N. 7Q0 E. and 
dip8 33' N. The on  hoot whioh L followed by the innlined e W t ,  i s  XO feet wide 
and from 4 fo 6 beat high. 

The stope and the old drift shown on plnte 25 were completed after 
Mertie's visit in 1916. Data on theee older workings were obkaind 

- from the Chary H a  Mina Go., whoose workings early in 1944 inter- 
s e e d  those made during World War I. 

The caved west &aft dso p w e d  downwad through a number of 
ore ~hoots. Chapin and Ilarrington (1919, p. 325326) report that 
The vein ranm in tbiuknese from 2 to I2 feet llnd more, but tbe s i c b d  om is 
confined to Ienaea fmm 2 to 5 feet thick * * * Thin atringem of s chee l ibhr ing  
quartz of later(?) arigfn thnn the m p h d  roak lolIow the bedding plan= and 
cut B C ~ B B  them. 

The mine la being dweFopd by an Inclilled sbft driven dong the vein. In 
Beptember 1917. this shaft had beian extended for 180 feet and dip at an angle 
of 40" to 18'. Xa plsm the shaft widem out to &pea end chambeq and the 
bwer part hu b opened ta a width of 40 f&. 

&m Chapin'~ deaeription it a p p m  that them echeelite ore ahoots 
am similw to those in the Gleary UilE Minee shaft. The M e ,  how- 
ever, in trenches 1 and 2 (ph. 24 and 25), 70 feet wast and 40 feet 
a a s ~  respectwely, fmm the caved mest ahaft, ciontaina limestone and 
dim& mi- achi~t but no granular ore. 
r Beyond the limita of h t  part nf the lode 350 feet easlt and 200 
-feet west from the Cleary BiU Mines shaft, the Ioda is narrower, the 
ore shoots ma more widely spaced, and.*& ore is lower in grade. 
Trenches 12 and 13, excavated by the Bureau of Minm approximately 



830 feet and 500 feet wet of the Claarg HiSl,Minea shaft (pb. 24 and 
26), q& 15 inches and 8 inchea, re~pectively, of bro&-black 
friable westhered m a h d  contteining sparse grains of acheelite, to- 
gether with 1 s m d  ~pecimen of unweathered granular ore containing 
an eatimakd 2 pmsnt of Won. The. prcaence of unweathered non- 
porous pnu lar  ore in weathered dark.f~able rock suggats that most 
of the wheelite original1y in thie wc~thered material m y  have been 
removed by ground-water Imbing. The Stepovich lode could not be 
positively identsed in any tienchea wat  of tronch 13&, although 3 
silicated zonea containing sparse schee;lita are recognized in trencbea 
14-18 @Is. 24 and 26). 

A pit in Cleary Hill Minea tronch 8, which is 550 feet northeast of 
the shaft, has partly expmed an ore ahmt Ipl. 26) that baa the form of 
a drag fold. The top side of the shoat is in the residual mantle. 
This shoot is probably comparable in size to the major ore ehoota in 
the lode and hence may extend as much as 50 feet  WE& of the pit. 

Shallow underground work on the lode in the 1943 adit (pla. 24 and 
25) exposed 3  small shoots @I. 25) with an aggregate of about 10 tone 
of ore. Just above the 1943 adit the part of the lode axpowd in 
hnchea 1 and 2 contains only spame pains  of scheelite (pl. 25). The 
lode is unexposed for SO feet esst of the portal of the 1943 adit. 

Trenches 4-10 acrosa the lode and trench 20 along its etrika from 80 
to 580 feet enst of the 1943 adit have exposed the lode for a distance of 
420 feet (pls. 24 and 26). This part of the lode haa been faulted rat 
3  place^, but tho only fault of any apparent aignificanoa ia exposed in 
trench 20 in a pit midway between trenches 4 and 5 (pls. 24 and 26). 
Two ore shoota and 2 small lenses of acheel its-bearjng rock have been 

, exposed in the bottom of trench 20. One of the ~ h o o h  with an average 
width of 1.1 feet, is axposed in trenchea 4 and 20 for a total distance of 
60 feet. The eastern and wesfRI?I ends of this shoot are not exposed, 
although to the eaat the shoot terminates within a few feet of an in- 
ferred fault (pl. 26) of about 15 feet displmment, The other shoot 
is exposed in trenches 6 and 20 for a distance of 70 feet (pl. 26) ; i t  has 
rn average width of slightly over 2 feet. The dip of this shoot ranges - 
from horizontal to 30" toward the north. A naxrow zone of seheelite- " 
, bearing rock ie expmd in trench 7 ~ n d  in pits dong trench 20 for 1 

40 feet (northeastward from trench 7, pl. 26). The merage thickness 
of thezonsisleas than0.7foot, and theoreislow grade. 1npit.Wof 
trench .20, about midway between trenches 8 and 9, there is exposed 
the western part,of a md lens of ore mt more thm 12 feet in Iength. 
The wid,ths of the ore in the east side of pit W is 1.5 feet. 
In the next 350 feet esst of the offset recognized between trenches 

10 md 11, the I d a  is w i n  exposed for 150 feet in trench 22 (pl?. : 
24 and 26). In this distance soveral small dimontinuous high-grade 



lensb,of are me presm*. Most of the lenses m only .a few feet in 
length and av- about 0.6 foot in width. The longeat exposed 
shoot, 17 feet in length, is in trench 22 between pi& A and B (pl. 26). 
In trench 22 &ad othm nearby trench-, the sehiat and the lode have 
been weathered and limonite stained so that the lode cannot easily be 
distinguished from the country rock. It appears from a Blight oRmt 
of the ~ilicified schist between trenches 1g and 24 (PI, 24) that the 
lode may be julst south of trenches 23 and 24. 

Sporadic s m d  lenses of siIicated rock containing s c h d t e  are in 
tge footwall and the hanging wd, at distances generally within 50 feet 
of the main lode (section A-A', pl. 25; trenches 13 and 14, pl. 2%). 
These lenses are low grade, probably containing legs than 1 percent of 
WO,, and range from a fraction of an inch to about 1 foot in width and 
from a few feet to possibly 20 fcst in length. 

The dumps from 4 p i L 1 , 0 5 0  to 1,200 feet wt of trench 24, which 
i~ the wte~ lmost  Bureau of Mines trench exploring the lod-onaigt 
chiefly of gametized rock with sparse scheelite @1. 24). 

Two main factors that probably cause the localization of the shoota 
of granular ore in the Stepovich lode are the tendency of the crystalline 
limeskne to flow under regional stressm to  loci of lower pressure at the 
cmts and troughs of minor flexures, and the introduction of tnag~ten- 
bewing solutions through the fissures that are now filled with quartz 
pegmatite. At few mines is the relationship between tth a n t s  of 
trrtnaportation and deposition of ore materid as well shown aa ~t the 
Stepovicb mine. .The qumte pegmatitea contain scheelik in increming 
abundance ae the crystalline limestone zone is sppmached, and they 
are in many  hoots gradational with the grmda~ ore. hi the ICleary 
Hill ahaft, the quartz pegm~tite E'feeders'' appear to have been 
"dammed" by d s  limestone, inwmuch as Lha granular ore shoots 
seem to "mnshmom" around the zone of intersection. 

The green sraphibolite Ip. 191) was possibly a 1 d  factor ~ m t -  
k g  for the drag folding of the limestone, the greater abundance of 

r the quartz pegmatit=, snd the consequent richer ore shoots in the 
lode near the s m i  t of Q i o r e  Dome. The ampbbolite apparently 9 

is coPfind  to the footwall of the lode only in the vicinity of the 
C I e q  El l  Mheg workings near the summit of the Dome. The 
hypohmis is d e d  that the competent brittle amphibolitg first 
cawed greater concentration of the incompetent limwtone at the loci 
of minor flexures during periods of wrnpremional etress md then 
shattered more than the surromding Ims comptent echist, thus per- 
mitting influx of tungsten-beming pegmatitic solutions. The as- 
sociation of gmphiboli te, Iimestone drag folds, abundant pegmatitea, 



d F a h d a n t  ore ehoote lends weight Eo this hypth& a d  might 
pwumsMy seme IM a guide to lmbing additional om &mb- 
~peciallp when, according to Jwting and Anderson,' a magnetic 
awmalj., dehtible by magnetometer s w e y ,  is asgocistsd with the 
mphblite. 

enms 

Eighty4ght g~bmples of schmlite-bearing rock w m  tarken from the 
S;&epovicli I d e ,  67 by the Bureau of Mines and 21 by the ChoIogioabl 
Survey. The latter, consisting of 18 channel ssmplm and 3 grab 
samples, were andped in the chemical laboratory of the OeoIogiod 
S m e y .  The analysea of the Bureau of Minea samples were made by 
the Territorial Department of Mines B B E I & ~  0600 .at Fairbanks, 
Alaska. The location, width, and tenor of sll channd samples taken 
of the Stepo~ch lode are shown on platee 25 and 26. The analyses 
of 9 channd samples taken from the upper part of Cleary Hill Mines 
shaft are also shorn on plate 25. 
The weightd average tenor of 32 channel mmph tsken in tba 

workings of the Cleary Hill Mines shaft and in Cleary Rill Mines 
trenches 4, 5, and 8 acrom m average width of 1.8 feet is 6.1 percent 
of WO,. Two smplm, containing 13,96 and 23.49 percent of WOb, 
mirre the average grade nearly 1 percent; therefore 5 percent of WOa 
probably is a more  curate estimate of the average tenor af the ore 
~hoots. However, mined ore cont&ined gomewl-lat less than 6.0 per- 
cant of WO*, msidy owing Go un admixture of the b a r n  sililicsted 
achist from the hanging wall. The h g h v d e  ore mined in 1942 from 
the h t  50 feet of the Clesry El31 Minas shft contained 4.58 percent 
of WOa. A composite grab sample taken fmm the surface of the ore 
dump fhm the 150 level mas found by the Geologicnl S m e y  to eon- 
tain 3.21 percent of WOa. Some ore is lost in blasting the waste rock 
bfom remoPing t.he ore. A composite grab sample of the fine rn* 
&rial (below $inch mmh) in the wmte dump from the 150 level 
contained 0.28 perceat of Was. 

T h e  ore shoots in the lode farther from the inclined shaft than those 
asscribed above me somewhat lower in grade. A grab ssmple from 
10 tons of ore mined from the first 110 feet of the 1943 adit conteine4 
0.59 percent of WOa. The weighted average of the lmge ore shoots 
exposed in trench 20 (pl. 26) is 2.25 percent across an average width 
of 1.6 feet. The analyses of scheelite ore in the lode farther to the 
eaet h v e  not beon avoraged because the ore is in am11 separated pods. 

Analyses of tha ores for constituents other than WOs dm were made 
in the chemical Iabora tory of the Geological Survey. Twelve samplas 
of ore h d  an average phosphorus cuntent of 0.20 percent. The maxi- 

'Jm,a  R . , d A t t d - E * U l W  - m m - m b  them 
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mum &tent of phosphorus allowed in conaentmtm by the; . l M i t a l a  
h e m e  Compmy without penalty was 0.05 percent. Schdfe  con- 
centf~tes prepared from t h i ~  ore, however, am likely to have a much 
lower erlntent of phosphom~ than the ore, b u m  the pho~phorus is 
largely in minute grains of aptbtik embedded h.w quastx, whioh is 
eliminated in the gravity concentration of the s c h d t e .  h bend- 
ciation teabe by the U. S. Bureau of Mines (Thome and othera, 1948, 
p. 17%22J, .the phosphorue c a n k t  wm reduced to 0.04 pepc'mt. The 
other objeotionable constituenb of the ore are in such mall amouptdl 
tbt none of them. would subject tbe conceatmtea to m y  smelting 
penalty. Avenge analyses of 7 ore aramples for &or consbituents 
m e  given in the table below. 

dspwlta at th d m & ,  &W 

4!2LMtll7 Wed mun nt incllmd shsR leet from m-. Plmt C m  
4 2 A ~ f t l b i  0 nnct 6. abut mleet &t 01 the pwtnl to t n h d  O M .  
4ZAMt2X. at 4 1  of hewed shait, 3BH Iwt imm me-. Second m-. 
4ZXMt267. Fsce of- drifr. 19 feet from inclined shstt. 
42AOIt 0 ncut 4 a b u t  lW lwt ssst U th portal 01 inc!IPad M. 
4 ~ ~ ~ 5 7 :  laall of east rfrut. I0 ipst Fmnl lsdlncd ahsR. 
UAEL11L. Opencut 6, about aYI f e t  cst of the portal t o  lncltoad b W t .  

The I=t three dement8 in each sample, antimony, beryEZium, a d  
tid, were .ident%ed spectmgmphicull y. Sp&tmgraphio anslpes also 
were made for copper, lead,-bismuth, zinc, silver, cerium, and thorium, 
but m e  of these metaIs were detacted. 

The k e g d m  h e ,  shape, and distribution of the ore &oob d e r  
highly speculative my e8timate of ore reserves. Hence, om =rv+ 
of'the JobnaonStepovich lode belong in the category of inferred ora 
Ore boob are common in the lode for 1,000 feet of strike length'thst 
extends about 800 feet w a t  and 1,100 feet a t  of tho Cleary Hill 
Mines shaft. If the rods extends 800 feet downdip (half the strike 
length, in accordance with generd practice), a few t m a  of thotisands 
of W q  units may be i n f e d  in ore shoots ranging in WO, content 
from about 0.6 percent h slightly more than 5 percent. Seved 
tbousaed WOa units are Iikdy to be recovered from highgnde ahmu 
near the Clearg Hill Mines Co.'worldngs, whom quartz. pegmati& 
"feeder" dikes intePgeot ~~e limeatone hmt mcka. 



CO-T M P E  

Fourteen chims warn locatsd on and near fie Cdbert Iode and wem 
under option to the Cleary Hill Mines Co. drmring 1943. The dis- 
m~ery pit, which contains the w e s t m o s t  exposure of the lade, is 
1,000 feet S. 30' E. from Cleary Hill Mines shaft. During 1943 t h ~  
lode was traced by the Bureau of Mines for 2,000 feet east h m  the 
dimovery pit by 18 bulldozer trenches. Two trenches were dm 
exca~atd  on a n m w  silicatd zone nearly 200 feet north 'of the 
middle part of the main lodo (pl. 24). 
. The Colbmt lode dips 35'45' NW. and bas been offset a few tena 
of feet at its wwtern end, presumably by crosscutting fad& gimilar 
to those cutting the Stepovich lode. The thicknw~ of the Colbert 
lode is extremely variable; it pinches out in placeg and is as much as 
50 feet wide in trench 9 (pl. 27). The Glbert lode ig much lower 
grsde than the Stepo~ich, probsbty because tho are replaces mainly 
calcareous ahist rather than crystelline limesbne, $though in the 
wider parts of the lode mdl he-gra ined limeatone remnants are 
present. PC is also possible that temperature and p m u r e  may bava 
been too high during the tunpten metallization to permit the depo- 
nition of high-grade sehedite ore, because of the name= of the Col- 
berh lode to t h e  porphyritic granite (pl. 23). 
The three main typea of m k  are dense banded dicated &st, 

pink garnet ht i t e ,  and grsnutar grayish-green silicatd limeatone. 
The dense banded rock conaiats of lightgrny bands of quartz, o l i p  
clase, a little orthdsse, sphene, and  petite; and geenish-gmy 
band8 of d i o ~ d e ,  ~Iinozoiaite, calcite, hornblende, chlorib, epklote, 
biotite, and muscovite. These bands in pIscee are sepmted by 
black mggy seam conhaking many amdl m s  of schedte. The 
garnet tactite consiata largely of garnet with minor amounts of quartz; 
scheelite was not observed anywhere in the tectite. The silicrsted 
bestone is granular and cansish predomhmtly of d c i t e ,  quwhz, 
chlorite, and whealite, with few g a i n s  of oligodme snd sphene;, 
this rock in part mmprisea the ore shoots in the Ids. 

!. 
' 

Scheelita occm abundantly in 3 known ore Bhoots md in many 
mdely spaced small pocketa of silicated lime8tone whose maximum 

* 
drmenmone am generally less than 1 foot. Scheelite is dm present 
as ~csttered p i n s  in zones as much as 2 feet wide dong vuggy seams 
ia banded gilicate rock and is sparsely dietributed throughout the 
width of the lode, ,One amdl #hoot of ore is psrtly exposed in the 
dkcovery pit for a length of 8 feet and a width of 2 feet (PI. 27). 
About 1,000 feet east of the discovery pit, a second ore h t  is. 

. infened for a dishnee of 40 feet between the pit in trench 4 and pit A 
in trench 6 (pl. 273, although the are may not be continuous betweenc 
the 2 pita. The third ore shoot is exposed in trenches 10 and 14; it 



haamlengthof 20feet andamhnumwidthof2feet Ipf. 27). East 
~f thie. shoot the Colbert lode ia very weakly mineralid and jn 
place pinches out completely. 

h t i o n a  and results of analyses of 25 samplm taken by the 
Burmu of Minm and of 3 samples taken by the Geological S m e y  on 
the Colbert lode are shown on plate 27. The sample taken by the 
Survey in the Colbert dkcovery trench (pl. 27) also was analyzed for 
eervrn]: constituents other than tunpkn. The chemical analysis, in 
percent: is presented in the table below. The weighted a v q a  
tenor of the ore shoots3 is 1.3 percent of WO, amom en average width 
af 1.6 feet. 

'rungsfen tioxide (WQ) 1. 56 
Molybdenum trioxide (Moa,)  -005 
Eulfur (9) - 0 6  
Phosphorus pentoxide IPS%) -23 
kmenjo (AB) <. 01 
Mangane~e oxida (MaO) -51 
Antimony (Sb) Tr. 

I Ti (Sa) Ts. 
COPW (cu) Nil 
Lead (B) Nil 
Bismuth (Bi) Nil 

aELu)wPUP- 

A neheelite mne in a veptid cut 10 feet high waa uncovered in 1843 
by Elmex StohZ, William Birklid, and M, S. Andgzson in the ~ d e y  
%oar of Yellow Pup Creek (pl. 24). AR seen in the face of the cut, the 
s&eeLitebewhg zons rangm from 1 foot to 2 feet in width and dips 
skeply to the north. The footwall and hanging wall are weathered 
dark-stained mcb, probably originally garnet tmtite. The ore is a 
quartz pegmatite sindm to that cutting the Stepovich lode. The 
rock mnsista of quartz, oligoclasa, rnuecooite, and mttered grains of 
apatite and echeelite, A &ton ore pile beside the opencut was 
smpled by ths Geological Survey and found to contain 0.59 percent 
~f aol. 

Many pits md hnchee exposing sehgelibbearing garnet tactite 
m d  green silicate rock were excavated along &he western border of 
the Y a w  Pup prospect by Chdee M m y  and Pat Samge. The 
acbwIite-bearing silicated zones aro approximately on the projectsd 
surface trend of the Colbert lode asgtward (pl, 241, although ap- 
parently several mineralized zones parallel $0, the ~chistosity sre 
present. By extrapolsting the trend of the Colbert mne tl few 
hundred additional feet eastward, the discovery cut of the Yellow 
Pup prospect dm would lie on .an extension of the Calberb lo&. 

*EA%rMI, J .  B.. Jr., md O w ,  W. C., IW, T U W 3 h  d W b  d FrhbaaLs dbtrfet, 
a. a. WL BU~VW WBC m i m s  w, P. 10. m n ~ b ~ p h e d . ~  



Three bddozer treuchep (not shown an pl. 24) were exmatad in 
September 1944 at the site of the M m y  and Savag:e pits by the 
U. S. Bureau of Mines {Thome and others, 1948, pl. 25) to @ore 
+,he I d e  on the Yellow Pup prospect. These bulldozer trenchee 
m p e d  three smaI1 east-trending acheelite-ore shoots west of the 
dimvery cut, which  re similar to those in the C o l M  M e .  

A 36-foot trench, dug by Qus Schubert, exposea the granit~chist 
o n t m t  on tho divide between Johnson and Gilmore Creeks approxi- 
mately 0.8 mile S. 67" W. of the C l e w  Hill Mines indined shaft 
Cpl. 23). The. trench is nearly at right angIea to the beddieg, which 
strikes N. 35'-40° E. and d i p  vertically. The bedrock exposed in 
i.he bottom of the trench from southeast to northwest is as follows: 

P#i 

Porphyritle granite., , -,,, --. ,,, --,,-- -,- --- -,--------- 20 
Ghmy guarts---,,--,,,-,,.,---------------,------------ 
HornP~Ieic micasohist-,, .---, ,------------------------- 

3 
7 %  

Soheelltehmring militated limeatone md limeatone --,,-,,,, I 

The silicated l imtone  r ~ e m  bEe~ that of the CbIbert lode. Schee- 
lite occum as spamely scattered gains  in a 2-inch ?,nd within the 
silicated limestone. This prospect is the only place in the Gdmore 
Dome area where acheelite-bearing rock bas been exposed at the 
contact zone of the mnin 'body of granite. 

B- C B & E X - m T  C M C B  ERIEEX M d ,  

fkhealite omwm 8t several p k e a  on a ridge between the haads of 
SteeIe and Pi Chance Creeks (pl. 23) nem the wastan end of the 
large body of porphyritic gmnite that lim south and g~uthwest of 
Gilmbm Dome. The Old Gilmore Road, which joins the present 
Steele Creek Road about s mile from the S t e w  Highway, follows 
along this ridge. $11 of th&se occurrences m e  within 5 mjlm of the 
Old G i h o ~ e  Road turnoff. 

All the tungskn p r o s y k  in the Stele CFeek-Fht Chance Cmk 
area were examined 'by ~Mertie (1917, p. 422-424) and Chapin and 

, . firrington ( I  9 19, p. 328-327J. The following dedptiona a m  based 
largely upon these earlier reports, inasmuch as most of the workings 
were caved when ex&minad in 1943. 

The discovery of mhgelite deposits on *ore Dome in 1915 e v e  
an impetus to pm~pecting for other tungsten lodes. By the summer of 
1916, five prospects, known AS the Spruce Hen, Columbia, Blossom, 
*Panme, and Tungsten Hill, had been lomted: hpecting on them 
continued by means of wdits, ~hafts, and trenchm for 2 or 3 yearn, but 
these workings me now caved (PI. 28). Only minor development was 
done on the Tunptea Hill pro~pecf; these workings, therefore, ma not 



ahown on. plat& 28, All tungsten mining cesrgedr in 1918 with && 
sudden decline in the mmket price of tungaten o m .  

Quartz whist and quart~mica schist me the most common country 
rocks in this a, e t h  less abundant crptaUine limestone, born- 
blende whist, and remptdhed baaio igneous rock. The ma& 
morphic rocks a r ~  intruded by the large maas of porphyritio granite 
(pl. 23). The dee l i t e  deposib lie at or near the irregular western 
conhat of this granih. Schedite is dismminated in tactite, silimted 
lim~tona, in and dong the edges of granitic and pegmatitic dikes, and 
in emall quartz veins which transect the clavage of the country rock. 

8PFtUcm E€EM PmmFEcr 
The Sgruoe Hen prospect liw on the divide between the headwaters 

of St& and First Chance Creeks @I. 28). Old development work at 
the Spruce Ben group of claims consisted of two shafb and many 
trenches and prospect pits. 

S c h d t e  minardhation has been t c e d  by piB and trenches for 
over 800 feet. The trend of the mineralized mne, inferred from 
mheeli&bearing rock expod on the dumps of the w o r b p ,  is 
N. 60' E. (ma hmt, pl. 28). MOM than 1 lade appam to be present, 
but, owing to lack of exposures, it muld not 'be deterPlined whether 
there are 2 p i l l e l  lodes or mveral arranged in echelon. The echeelita 
lode w exposed in 1943 by only 1 pit and 1 trench near the center of 
the workings. In the trench the lode is badly wasthered and con- 
~titutes plbrt of the mantle mck. The widths of the lode in the pit 
and the trench are 3.2 and 3 feet, respectively. The southwest shaft is 
r e p W  to have been sunk 70 feet dong an incline or 3OV on a north- 
westdipping body-of or0 3 feet thick. This is apprtmtly a diffemnt 
scheelibbearing zune from the one exposed in the -oh and pit. 
The shaft at the northeast end of the workings was sunk in proepting 
for gold and did not in temect the tungsten lode. 

Small grains of acheelite are dimeminat& through the lode along 
with abundant garnet, diopsida, quartz, cliuoeoiaite, vwuvifmite, and 
calcite. Fluorite is also present in the lode. The dump of a pit 60 
feet northeast of the muthwest shaft contaka blocks of a dark-green 
fine-grained altered igneous rock cosaishg c b d y  of hornblende. ! I 

Some of thaa blocka contain high-grade concentrations of scheelita in 
mnea as much as 6 inches wide. The character, she,  and tenor of the 
depol t  ftom which this ore csme could not be determined. 

Locations and analyses of 4 lode m p l e s  in plttee and I ore d m p  
m q d e  from the Spruce Hen loda axe &own in the inwt of.plate 28. 
The ore dump w p I e  donhind 0.25 percent of WOa, but this analysie 
is almo~t certainly low, inasmuch as are d u m p  from the bde have 
besn sampled many times by pmspectow and others, who have 
removed the higher gmde speolmens of ore (H. R. Jowting, 1843, 



written mmmunicatian). The 4 ~lamples of the lode in place averaged 
0.44 percent of WOa. 
- The lode sample containing 0.16 pment of WOa and the ore-dump 
mnple were analyzed for mveral ether mnstjtuen~, including gome 
that might prove deleterious in the processing of the ore. These 2 
~ Z y s e s ,  in p m t ?  are shown + the table bdow. 

Ors 
Lada &w 

Tangden frioxide (W&) ,,-------,,,,----,- 0.18 0.25 
Beryllium oxide (Be01 - -----,-------,,-- --, 'Jh. None 
Mstlgmesa oxide (MnO) , - - -- - - - ,-,,- -- ,- - - .87 .67 
Phmphorue pentoxide (PnOE) ,,-- - - - - - -, - - ,,, Tr. Tr. 
Molybdenum frioxide (Moh) ---,, ---,------ .005 -005 
Antimony (Sb) ,----- --,,-,------ ------,,-- Tr. TF. 
Arsenic (A@ , , , - - - , , m - - ~ - - - - - m - - - - h 2 - - - - -  <. 01 <. 01 
Sulfur (13) -,, , ,,-;-- -----,,-, ,-- ----,- ,,,, . 64  . I 0  

me. West ~ ~ r l d g a 8 t b s a d d F l r s t C h a n O B O m k a a d 1 A ~ 8 . k E . ~ m m w t b ~ ~  
C&. Pit nem s ~ a t m a  eud O I  'Pmrklnm. 

0- dump. Wed sm ol ridge at head of F h t  Cbmm Creek and 1.4 milW B. k E. from month d Rwrr 
Cmk. Dump or% Lrom shan at swthwmt end ol wwkbm. 

The Blossom prospect ia about threequartem of a mile southwest 
of the Spruce Hen proeect and on the same ridge (pl. 28). Workings 
en the Blossom p u p  of claims in 1943 ~naisted of an inched shaft, 
10 trenches, and 9 smll prospect pits. Five hundred feet southmat 
from these w o r b g ~ ,  near the top of the w e ,  are 2 trenches, an 
inclined  haft, and 2 prospect pits (pl. 28). All the workings at thrs 
Blossom pro~pect are caved. 

The south shaft -was sunk 20 feet vertically, then it wm inclined 
rt an mgle  of 30". No exposures are available in the shrift; but 
when the mine was being developed during 1918, 8 acheelite-bearing 
layer of weathered schist 3 to 4 feet thick containing rich quartz- 
acheelite stringera was reported. Scheelite is in eon@ one-fourth 
inch wide in quartz-mica schist dong conbch with quartz veinletg 
1 to 3 inches thick. 
, The north shaft, inclined at an angle of 2S0, cub through quartz- 
bi0hit.e schist, anphibole schist, and a dike of porphyritic granite. 
Scheelite-bearing quartz veinleta, M to 3 inches thick, penetrate the 
qwte-biotite schist and the porphyritic g r a ~ h e .  Scheelita a h  
occurs in the sczlist in %-inch zones dong the conhacts with quarta 
veinlets. Soma of the quartz 'veinlets contain about 25 percent of 
scheeb, but bhey we lesa than on&rrlf inch thick and are not 
numewus. , 8 ' I  

. The tungaten deposih on the 'Blossom prospect are apparently of 
t.b quartzatringer type and do not occur in bedsr uf lime-rich ailiwtes. 

- -", . 

8Mtie.Z. B . , J r . , d ~ t . W . C ] . , W . p ! k , p N  



It w d d ~ e m  t h ~ t  the lack of a suitable limestone bed on the EsIdm 
prospect accounts for the dismmination of the 9cheelit.e in the quartz, 
vehleta, which sre normally the "feeders" of tungaten-be- o r e  
forming solutiana at the time of ore depo9ition. Apparently them 
has been aome minor locdizaion of t he  quartz atringers by certain 
beds in the schiat complex. 

Only are dump were available for sampling on the Blossom prow 
pect, and tho two-best of these were sampled by J. B. Me&, Jr.) 
in 1942. Sample 51 was taken from the ore dump at the caved 
vertical aheft at the northeast end of the workings just ahye the 
1,850-foot contour (pl. 28). Sample 264 wss from the ore dump at  
the pit 20 feet west of the cwed  inclined shaft near the bend in the 
road at the southern end of the workings. Possibly pact or d l  of' 
this om dump may have cdme from the inclined shaft. Analyses, 
in percent," af these m p h  are given in the table below. 

61 mi 
Tmgdmtrimitle(W&) 202 Z 4 4  
Manganese oxide (MnO] ,--,--------,----- -- . 12 .01 
Phoaphorua pentuxide ( P a  --,---,,,,,,,,,,, . 4 5  . 13 
Molybdenum triaxide (hloOl),,- -, - - + , , , , ,,,, .OL ,006 
Antimmy ,---------------------------- Tr. Tr. 
Amnic (As) --,--,-----,--,---+,,-,-,------' . In <.or 
;SuUnr(0),,,-,--------,--,_----------------- -07  -08  

61. ' R m ~ ~ , n b o u t N ~ S . P 8 . ~ J ~ d O ~ m d P d m ~  N m t h - d  
hln and about 4m fsst m- thw~st  of old Onmore Rmd. shah st nwbasat rmd ot w o r b ~ k  

ztu, m ~ ~ i l l , ~ b a a a 2 ~ m a c s 8 . ~ ~ . f m ~ r t ~ 0 ~ ~ 0 n m m a o d ~ l d r o ~ l a s r .  -mw 
M h u l a  rbwt rn lest w& of Old O h o m  R o d .  Pit Ln w w b a .  

The method of samplii the ore dump in I942 c o h k d  of crawling 
over the dumps under a heavy tarp&din, which excluded most of the 
daylight, and picking up dl tho pieces of rock which the dtraviolet 
l m p  showed to contain sceelih. The high TTO, content of the 
BIosmrn prospect samples is due to the selection of those ore specimens 
for analysh that contained the quartz-scheclite stringers, and hence 
is hardy representative of any l q e  body of rock. The higher f g 0 6  

content {from apatib] and the  lowar MnO and S cantents of samples 
h m  the BIossom proapoct when compared with the amounbs of these 
constituents in -plea from the Spruce Ren prospect would be 
expected in tho pegmatite-type quartz-stringer deposit of the Blossom 
prospect, in contrast to the tactite type of schedite deposit char- 
scterized by the Spruce Hen prospect. 

The Tanana pmpect is located in Tungsten Gulch, a tributnrg to 
First Chance Creak (~1.281, a t  an altitude of &bout 1,450 feet. Work- 
i n g  visible in 1942 and 1943 inddded a mved nbdk and mved madl 

1 . ~ s r t t s , ~ . ~ . , r t . , ~ d o ~ w . a . , s p ~ ~ 1 ~  
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proept  pits. mesa openings revealed little geologic: information, 
for thky had become f l e d  with s l o p  waeh and were avergrown with 
vegetation. 

Mertie (1917, p. 422) emmined the pmpect in 1916 when the work- 
inp wnre sewwiible and wrote the folIowing description : 
The muntry sock on thh c h i m  ia n qurrrtsite schist, the cleavage of whioh ~ t r i  kea 
N. 20' E. and dips 35" KJV. The Iqde conaists of a mlnenlized zone, 3 feet 
thick, which liea p d d  with the major dructure of the country rock. Ef is the 
structure of the schist, in fact, which h detemined the site of the ore deposition. 
The seheelih occurrr in dringera of wft, decornpoaed, iron-fibined schist, from 2 
to 6 inches in width. Many of these stringem contain little quartmheelite 
veinlets, whiah are very rich in tungden and carry also eome gold. The stringem 
of decomposed  chia at are mid to carry both scheelite and gold. The country rock 
x+parat'iniq the schiat stringers In the lode alm csrriee a Little acheelik, popsibly 
M much M 1 percent. A specimen af soheelite-bearing pepmtite, taken from 
the bottom of the indine, ahowa the intimate genetic connection of the deposit 
with granitic mks, 

A gold quart% vein striking N. 8* W. and dipping 60° E. cuta the sehist and the 
soheelite M e  sbova described. Thia vein carries gold in a b u t  the same amount 
as the acheelite lode, In view of the fact that gold and scheelite do not appear to 
have bean dep0ait.d synchronoual,~ at the other pmpert.iea vkited, it k probable 
that the gold in t b  acbnlite lode is a result of Iocalenriohment by the gold quarts 
vein. Both structuml and rninemlogic data therefore pint to the conclu~ion 
that the acheelite mineralisation tmk phce before the formation of the gold 
q d  veins, at leaat at thin particular localitp. 

m0fTrEN ErLL PRoaPwzc 

The Tungsten Hill prospcct was located in 1916 on the gouthw~st 
side of Tungsten Gulch opposita the Tanana prospect. No working 
am shown on plate 28, becttuae the few prospect pits dug in 1916 had 
been completely oblitaratcd by the time of Mertie's visit in 1942 and 
the writer's in 1943. The pita on the Tungstm Rill prospect were 
examined in 1916 by Mortic (1917, p. 424) who writes: 
pour acheeHte lodes hsd been diecovemd on them claims by August, 1916, and 

it in likely tbat others are preent. On the Grand Duke Nikolas claim a scheelite 
bde in the 8c.M country rock had been axposed in an open out. Thia deposit 
consists of 6 ta 8 feet of decayed schist, carrying mcheelite. Vein quartz contain- 
ing a little gold ia  preeent, cutting the mineralized zone. 

On the Tungsten No. 1 claim another open cut had been made in a mantry 
mck of micm achist and quartzite ilohist. A zone minemlixed by s ~ k T i t e  fa 
premt, but the width of tbe lode was not apparent from the work done. 

On the Gemrd JoEm claim a scheelita lode, 14 feet wide, b been exposed. 
The lode a whole wtra considered low@e om; but i t  contains in the-cent& 
part an 18-inch stringer of dewy& schist, which is of considerably higher grade. 

Them claims cerbainly deserve further pmpecting, for they am aa advan- 
h e o u d y  situated with regard to the mikc as other achetliC claims in the 
district on which workable lodes have h t n  developstE. 

CXIL- - 
The Columbia prospect is near the head of Stbele h e k r  V a q .  

Wor- me located on the west side of the valley though altitudes 



mnghg fror$ 1,600 to 1,660 feet (PI. 28) md m&ted, in 1943 of 2 ' 

adita, 4 trench-, a pmpect pit, and 2 shafb, all caved.' In' 1916, 
the upper &it wes driven 80 feet along a 3-foot mne of decayed schist 
containing qunrt~chmlite skingem. The zone atdcea N. 20° W. 
and dips 30' E. Porphyritic gmnita forms the hm&g wall. SeveraI 
hgmenta of q-mica whist cut by scheelitsbearing quartz were ' 

found in 1943 an B large dump outside the upper adit. The lower 
adit, inbnded to intersect the lode at s, lower,altituds, wsa entirely 
w i t h  the granite. No idomstion is a~ailable on the kind of sock 
that waa exposed in.the ahaft9. 

-0 DQm 

Four types of mthealite dopixits hwe  been f-d at mattad inter- 
vda dong the southern ~ d a  of the Pedro Dome area. (p1.23) in a belt 
of gold-tungsten mineralization, which extends about N. 65O E. from 
the head of M o m  Creek, s hesdwatm tribultary of Dome Creek, to 
the upper vdey  of F~irbaPka Creek, a distance of about 8 d m .  
Scheebb c~xurs chiefly in gold quartz veins which cut thin wptalline 
limestone beds, s few Inches in thichess, or mlcareoua schish. The 
gecond t ype  of scheelite deposit occurs as w d - m k  replacementa of 
these calmreow beds. T h e  thirrl type is represented by a d e  
con tact-metamorphic depmi t which probably is close ta the mume of 
the tungsten-hmug solutions. The fourth type of scheelib deposit 
ia genetically closest to thn source of tbs t-ten-bearing ~oIutions 
and consists of spam~.sebeelite p i r i a  in a pegmatite derived from the 
porphyritic grsnita. 

The vein and Limestone wall-rock types of wheelite depo~ib are 
closeIy da ted  and are found intimately asmciated in the Wackwih, 
Cleary Hill, and other gold minm. The contsct-metamorphic typs 
is found on the M i e  prospect and the pegmatite type on the Egan, 

WAaKWTl'Z 

Schealite in gold quartz veins and in limmtone-f~pl,la~ement bodice 
mum at the Wackwitz mine on the east side of R&k Creek, a 
tributary of Cleary Creek (p1. 23). Thii mine is on the Wyoming 
and Wyoming Fraction daims, abou* 1,100 feet from the mouth of 
Bedrack Creek. It is reached by a short automobile road which 
brgncha from ,the Steteese Highway on. the nofihwest side of Cleary 
Cmk. Acwrdii  to M d i e  and Ovemtmetp a small quantity of 
acheelite ~eoF~ntmt s s '  is repdrtd to have been produced as a ,by- 
pmduct of gold mining. 

The principal development work at .$he W&t3 mine coaaiets of 
3 adi- driven eastward into the hill on diffmnt leveh. The country 
rwk is quartt-mica a c i ~ t ,  quwtaih, and thin hestone bed8 which 



strike N. 85" W. md dip about 27' N. On the lowest Ievd a vein ia 
exposed at intervals dong the drift. About 400 feet in from tho 
portal, 8 cmscut extends 380 feet to the south. Three small quartz 
veins and a northward- trending fad  t zone are exposed in the crosscut. 
At the southern end of the croscuk a 75-foot drift at approximately 
right andm has been driven along the Wyoming vein (aIm known as 
win 51, the principal scheelite-betbring vein in the mine. All the 
veins exposed strike approximately east and dip steeply south. The 
middl8 or main level is a drift on the Wyoming vein for 350 feet 
eastward md then intersects the northward-trending fault. A 100- 
foot cros~~ut to the south hm picked up the Wyoming vein, and a 
drift hw been driven 200 feet farther east along the vein. The 
uppermost level was caved when visited in 1943. 

Schedib is rsra in dl the veins exposed east of the fault. West of 
tho fault, the Wyoming vein contains schedita in addition t~ gold. 
In the hack of tho middle levd, the Wyoming vein contains a &inch 
scheelito-bearing zone for 70 feet along t.ba drift, It was esShatRd 
that this zone might contain RS much as 0.3 percent of WOj. In a 
sublevel-&bow thc ~ a m c  drift, a ~rnsIE, high-@e ore shoot, formed 
by replacomant of h e - p i n e d  limrstune, mp&sures 1 b _ ~  3 feet in 
c m  section and WRB estimated t,o contain 20 percent of WQa. Thh 
replacement-type ore  hoot was almost indistinguishable from the 
enclosing he-grained Iimeshna without the aid of an dtmviolet 
lamp. 

Three samples were hkan of the scheelite ares at the W~?cwitz 
property. One of these, sample 230, is from the schedite ore dump 
at *.he portal of the lower d i t .  This material was taken entirely 
from the ,Wyaming vein, and hence the sample shouId r e p m n t  the 
average tenor of this vein. Sm~plcs 231 end 232 were taken from the 
Wyoming vein where expsed in tho back of the drift on the lowest 
Ievd. The analw=-, in percent: of these samples are presented in 
the bble below. 50 copper, bismuth, or tin was found in these 
samplw, but, by spectographic tests, traces of antimony were found 
in dl 3 samples, and a trace of b~ryllium wm found in 232, 

Tun&nfrioxide(WOt) - - - - - - - - - - - - - -  - n - n - n n n  0,28 0.89 1.64 
Molybdenum trioxide  MOO^) --- -. -- - -- -- - - -- -, .005 .005 - 0 0 5  
Manganese oxide (MnO) - - ---- -, . - -+, ,, - - - - --, . 1 1  . O i  . W  
Phosp horns pentoxide {P,Os) -- - - - - - - - - - - - - - - - . . .a8 Tr. - 2 6  
Arsenic (As)------------,-------------,..,.,, , 80* , 70  . 6 1  
Sulfur (;s),---,--,--------------------------* . 06  ,241 .22 
m. 1)rrmp ore at pattsl of mine. Thls ore wm m W  from the Wyomhg mln. 
731. Sample taken Porn fam In Wyoming veln. loweat level. 
'ra2 -8pmple ts- h m  bm ln Wyornhp vein, Iowwt: level. 

I ~sr tb .~ .  B., ZT., o~erstmt, W. c., op..olt,, R: ai. 



The tanor of tho Wyoming, or vein 5, is so low that tungeten can 
be recovered only as a byproduct of gold mining. 

Another o c c ~ c e  of schdite ore similar to that at the W a c h i a  
mine ia on the Black Joe and Mizpah claims of the Mbpah mine, on 
the north side of Fairbanks Creek, west of Too Much &Id Creek 
(pl. 23). . The workings on this property were caved and inawes~ible 
in 1942 but were described earlier by Mertie (1917, p. 421): 

T h e  muntry rock ia quartzite sohiat, which &dkm N. 2W W. and dpa 3 6  SW. 
The aaheelite in pment in a quartx vein, which outa the cleavqe of the schiet, 
striking, N.  $0' w. and dipping about 80' 8. Thin really 8 gold-tungaten vein, 
for it oontains both gold and acheelite. The intemting feature, however1 is 
that the two minerals occur in difFerent portions of the vein. Just above the 
Wfmt level the vein is 6 inches thick and i s  a @d-quartz vein, oarrying little 
or no tungsten. Just blow this level, in the same vein, the quarts is acheelite- 
b h n g  and the gold h Lacking. In reality, tbm is s scheelite ore &oot,in,the 
quartz, with a lateral extent dong the vein of about 80 feet. At the 80-foot 
level ths vein i s  a low-grade gold-tu-ten lode, carrying little gold and much 
ima scheelite than at the 00-foot level. The dip of the vein at thia point rangea 
from 45" to 85' S. It appeara, therefore, that where tbh  quart^ vein carsiea 
acheelite in commercial amount gold is lacking, and that the gold-bearing part 
of the vein is laoging or low in soheelite. 

A small amount of wheelite cuncentratea were recovered in 1916 
from the 6-inch gold quartz vein? No tungstan ore seen on 
osny of the old dumps st thia property by the Ggologicd Survey 
p&y in 1942. 

umAnrHILI4=mn 

During the summer of 1943 rs small amount of mheelite was f m d  
iu the C l m  I3[iH gold mine. The Clearg Hill claims djchthosedaf 
the Wackwitz mine on - the notth arid extend from Bedmck Creek 
ea~tward to Chatham Creek Ipl. 23). Nearly all the C I e k  Hill 
mine p U h n  hae been gal$ ore, dthugh a small amounk of 
antimony ore alao has been mined. Adits have been driven on the 
C l e w  Hill vein at thrm levels: the uppmnmt adit, or fmt level, 
now caved; the P m s e  and Swanson adits on the mcond level; and 
the main. d i t  on the third levd. A winze sunk inside the main d t  
mxmects with the fourth, Efth, and sixth levels. The P m e  md 
Swanson adits on the second level are parallel, having been driven on 
dilsglacsd wigmen? of the C1eary Hill vein. 

The xeadgy accessible workjnga of the Clearg Hill mine were 
examined with the ultravioIet lamp to determine the extent of scbee1iLe 
mineralization. SchesIite is present in scattered grains and %inch 
seams in the wall rock of the gold quartz vein for 300 feet dang the 



back of the Pemse d i t  and for 100 feet along the back of the 
Swanson &it. Mmt of this mineralized m k  i~ estimated to contain 
m much ss 0.1 percent of WOI across a width of 1 foot. Several feet 
of c a l c w u e  w d  rock along the back of the Penmse adit appeared 
ta m n t h  ab~ut  1.0 percent of WOa amom a width of 1 foot. The 
w d  rock contains thin limestone beds in the part of the Penme adit 
where mheelite ia present. 

Sehdte is heminated in thin b d s  of crystalline limestone at a 
few places in the lower levela of the Cleary Hill nine.  At one place 
on the fourth Ievd crystale- occur a foot from a gold quartz vein which 
contains no scheelite. On the sixth level tb  e gold ore eon tab grains 
of scheelite in a few places. 

On the west side of Chatham Creek valley, about threeeighth mile 
enst of the portal of the main adit, an inclined &aft has been sunk to 
a depth of about 126 feet on a minoralhed zona of limonite-stained 
qa& stringers in weathered schist. The zone strikes N. 60'-70' W. 
and dips 50a-600 SW. Tho schist in the lower 75 feet of the shaft 
q m e s  some thin beds of crystalline limestone, which conbin 
scat ted  grains of scheelite. Crystals of ~cheelite a h  are spmely 
distributed in tbe stringers. This zone do- not contain more thm 
0.1 percent of W& over a width of 3 feet. 

The WOB content of the Qeary Hill vein h 0.1 percant or less, 
which may be too low to attempt recovery of scheelite even an a 
byproduct of goId production. The diecoverg of wheelih, however, 
in the 1-t lode-gold mine in the Fsirbanke district auggesb that 
axheelite may be present in many of the o the~  lode-gold minas of the 
district. 

Im5m.m- 

The Ldie pmpect ia near the cenhr of the Old Glory lode claim, 
on the west side of Seattle Creek about 2% milea S. 6s0 W. from the 
d t  of P e h  Dome Cpl. 23). The property ie reached by a 
poor satornobile m d ,  about 2 milea in length, which bmchas ewb 
ward from the Elliott Highway near the head of Fox Creek. 

The bedmck at the Leslie prospect is quartz-mica whist and quartz- 
ite; but a few hundred feet to the north ia a tongue of granodiorite, 
which is the western extension of the intrusive ma08 that forms the 
bedrock at Pedro Dome. The bedrock is rneWorphosed as a result 
of its proximity h the intrusive, and a smdl dike of ~ n o d i o r i t e  
crops out in the bottom of the workings. The cleevage of the 
metamorphic m e b  strikes N. 10' E. and dips 25' E. 
The development work mn&B of an opencut that is 20 fa t  Iong 

and trends emt-wmt. In the center of this cut is B m m I I  pit. 
Schdite-b&g rock is on the north, west, and south aides of rthia 
pit, but the highmt grade rock is on the north side, w h m  the are is 
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exposed in a face 4% feet high. Scheelite is sparsely & e m h t d  in 
the upper. 2% feet of this exposure, and tho ore of higher grade is ex- 
posed in the lower 2 feet of the frsce. 

One channel sample of the entire faco of 4% feet WMI taken by the 
Geological Survey. The andysia of this sample, in percent,% is given 
in the table below. 

Tungsten triaxida (M'O,) 0. 48 
Molybdenum trioxide (Moo*} . W6 
Sulfur (S) . 6 3  
Phosphorus pentoxide (PtOa) Tr. 
-4rsenie (AR) < - 0 1  
M n n ~ a n p ~ e  oxide (Mno) .01 
Antimony (Sb) Tr. 

Abut  1 mile S. 30' E. af Pedro Dome, Dan Egm haa made a large 
opencut md several mdl trench- just north of the S W e  Highway 
(pl. 23). The country rock is poodiorite, which is cut by small 
pegmatite dikes, less than 6 inch= in width, that were: derived from 
the porphyritic grsnik. The dikes c ~ o s s  one another but appear 
to have a generd westerly strike. Scheelib is sparsely $istributed in 
small grains in the pepnt i tc .  The deposit as a whole is extremely 
low grade but is sf scicntific i n m t  in demonetrating the genetic 
relatiomhip of the wheelito to the porphyritic granite. 

Tbe dumps of three additional mines, whme workiw were in- 
accesaibla, wore examined with an ultraviolet lamp. Meelite occurs 
in the Johnson mine near the mouth of Willow C r d  in the vdey of 
Cleary Creek (pl. 23). A mall amount of scheelite dm wm found in 
tha gold quartz ore at the Tolovma mine, about one-halt mile west 
of the Wackwib mine. Scheelite also is associated with .the gold 
quartz on, of the Rainbow mine, about onehalf mile north af the 
confluace of S w  CPeale with Twin Craek. Schedite is probably 
a minor constitzwnt in most of the ather gold qutwtz v0ins of the 
district. 

KbCSR PLUmEUIfBr 

Scheelitre has sccurnulated with other heavy minerals in ppIac'ers 
derived h m  the arww of tungsten mineralization. It haa beon found 
in many places concentrates in t.he P& Dome rsrea, particu1mly in 
the. vallo3.s of Dome, LittIe Eldorda, Bedrock, Chatham, Cleary, and 
Fairbanks. Creeks (pE. 23). Placer concentrates near the head of Fox 
Creek contained an -timatad 90 percent of schedite (Robert R.Coats, 
1945;. -1 communication). The I d e s  of the Gilmore Dome and 

4 M a t l q  3. B..Jr., aod 0-, W. 0.. rn cIt. p, f9. 
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Stede C r e e k - h t  Chmm Creek area slm have contributed acheelite 
to naarby stream includw Fish, Pearl, Fi& Chance, Gilmore, Rose, 
and Goldstream Creeks. 

The Uni t4  States Smdting, Refining & Mining Co. has saved the 
consentrat- fmm all the material dredged during its oper~tions in the 
Fairbanks district. TWO c h m e l  aamplcs of the dump containing the 
concentmtm were &ken, one by the conipany and the other by the 
Geological Survey. The mean of these shows a content of Q,1 percent 
of KOa, 2.23 percent of tin, and 0.01 percent of bismuth. 

AREA& FAVORABLE FOR PROBPECTINQ 

There remains the possibility of undiscovered mheolitc-hearing lodes 
in the Fairbanks district. As a rwul t of thia in~estigation eeveral 
favorable aroas for prospecting can be pointed out. Tho asmtial 
factors favoring the existence of a poten tially prod uctirc, acheebb 
bearing lode are es follom: 

1. A small area of porphyritic granite, which reprmenta a truncntad 
cupola of a larger body of porphyritic granite. During the consolidtk 
tion of the granita, a fluid phase containing tungsten in mlution 
migmted into the cupoltl and out into the country m k ,  

2. A limestone bed in t.he metamorphosed sequence at distancee 
ranging from % to I mile from the area of porphyritic granite. In 
beds of gentle to moderate dip, the limesbne bed must be on the 
downdip side of the cupola of porphNtic granite bemuso the cupoh 
probably conforms to the bedding and, hence, mould underlio beds of 
the countq m k  on the downdip side. 

3. Quarbrich pegmatite dikes. These ~nrsl ly  trend at nearly 
right e p l m  to the contacts between porphyritic gtbnita, muntry mck, 
and limestone. 

4. Local mqylttrities in the structure, an& a# drq folds. These 
are not of m y  value aa a general guide, howwer, until an area of 
scheelite-bearing rock i~ located. The drag folds, unfmtmately, 
cannot be seen until considerable stripping of the a~erbnrden htta 
been done. 
In progpecting for scheelih in the Fairbanks district, the un- 

prospected areas % to I miIe north of the areas of porphyritic granite 
shown on plate 23 should be examined thoroughly. The areas on the 
dawndip ~ i d e  of the porphyritic granik are more fa~ornble, and these 
areas are ia the north of the porphyritic p n i k  because the regional 
dip is to the north. L o d  variations ahould he anticipated, however, 
and in those cases the domdip d e  should apply. In prospecting 
country rock on the domadip side of the porphyritic granite areas, 
the logical method wodd be to foITow eithcr a Ihesbne  bed (com- 
monly a series of disconnected lenses, owing to the plasticity of 



limestone under regional straaeee), or a pegmatih dike, nnd the one 
intmecbted the other. At  their intersection a deelibbearing ore 
body normally might be expected. 

Prospecting for scheelite-bearing lodea in the Fairbdm district 
would be simple, if it were not for the extensive overburden. In 
sctual practice, pmpecting the country rock on the downdip eide 
of the parph*tic granite a h  codd be acwmpfiahd bgst by use of B 

small pasthola auger with one atension, permitting a test hole 12 
feet deep. B h k  in place is reached geuerdy within this dnpth on 
ridgetops and hillslopes. On Mslopm scheelite in the mantle could, 
be traced to the source Ida, bemuse frost action causes the mantle, 
including any &eelit.e-be&ng rock, to migrate downslope from the 
bedrock source. The mantle removed by the auger codd be examined 
by means of an dbmviolet h p .  HilIsides could be covered by wing 
a 100-foot grid spacing of holes. On flat or gently dipping surfaces 
near the ridgetops closer spacing of holes would be necessary. Areas 
around any holm yielding scheelihbearing float mdd be exmined 
more intansively with the auger until the b&mk mum was located. 
Handdug or bulldozer benches at the bedrock muma then could 
follow the test drilling by auger. Permanently frozen ground would 
offer no bnrrier except possibly on lower slopes near valley bo tbm. 

The Gitmore Dome area has been pmspeckd rather t.homughly 
EO that there is little likelihood of m y  new dismveriea in that vicinity. 
The Steele Creek-Fkt Chance Creek area, ahould be pmspectsd 
carefully, however, ns there is a fair poasibiIity af finding mdiscovered 

' scheelitg lodes north of the narrow tonguo ,of porphyritic m i k e  
@I. 23). h the P& Dome area, the muntry rock north of the two 
areas of porphysitic granite (pl. 23) should be prospected Ehomughly* 
The area surmtmding the s m d  masm of porphgritic granite near the 
head of Fox Creek {pl. 23) almost m t d y  is mlneralhed with 
s c h d h ,  hasmuch aa placer concentrates from gold mining in that 
area contained 90 pmcmt of schedito (see p.  210). F d y  the cumtry 
mck smunding any small unmapped areas of porphyritic granite 
should be prospectad. 
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