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CONTEUBWITONS TO ECONOMIC GEOLOGY OF ALASKA 

Ten short reporta by various authors, each dealing with a mineral investigation 
in Alaska, are combined under one oaver. The reports Include golwnnta of work 
done, largely under the su~pirm of the Defense Miner& Exploration Administra- 
tion, at the Funter Bay nickel-eopper depoait and the Stampede antimony mine; 
several uranium inveetigations m d e  on behalf of the Division of Raw Materials, 
U.S. Atomio Energy Commkion; an examination of cod  at seven localities 
along the Yukon River between Ruby and Anvik; rewnnaismnce mapping and 
sampling of four perlite depoeita in the Mask8 Range; a brief atudy of a copper 
prmpeot ~ i t e  in Chitina Valley; and examination of a tungsten prospect on 
Kodiak Idand. 

Ten 8hort reports, ewh dealing with s mineral deposit or commodity 
of AIaeka, are here wmbhed under one cover. These reports, by a 
number of different authors, deal variously with nickel, copper, 
antimony, cad, uranium, perlite, and tungaten. Moet of the reports 
give the r d t a  of either exploretory work done under the a6spices 
of the Defense MjneraHe Exploration Adminiitration or brief recon- 
naissance field investigations. None of the reporta includes an 
exhaustive study of s deposit w cammodity. 

THlZ FDNTER BAY NICKITL-COPPER DIEPOEIIT, D M L F U L T Y  
IBLAND, kLAE4EA 

The nickel-copper d e p i t  at  Funter Bay, Admjrdty laland, AIaeka 
(fig. I,  locality I), con~ists of a gabbro pipe that contains the suI6dea 
py-mhotite, pentlandite, and chdcopyrite. The pipe h in highly 
folded quartz-mumvita achi~t, black slab, and green xhist. It 
plungee approximately 3Q0 at S. 80' E., and ita major axis ranges 
from about 60 feet to 200 feet in length. 

The gabbro pipe, known ae the Mertie lode, discovered ah 1919, 
but little exploration wm done until 1928. At that time, the property 
was examined by H. M. Eakiu, the 126-foot Mertie adit was driven, 
and nine holea vere diamond drilled. John Worchestm made a 

I W-, E b b ,  1990. EsdmHm sad WtIm eqmimeoO on a niohl-om horn Alaska: M- 
ohmtts Inst, Tmbnokrgy B. 6. tMs. 



F l a v n ~  1.-hdar map of Alwka s h o d  1oeaUtlea d&bed lo thls report 
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microscopic atudy of the ore and performed flotation experiments on 
it. J. C. Reed of the GeoIogid Survey mapped the geology of the 
Fmkr area in 1937 and made brief vbiB to the area in 1936 and 1938. 
Reed (1942) d M  both the regional plow and the nature and 
tenor of the gabbbro body, then thought to be a d. 

U.S. Bureau of Mhes engineem S. P. Hcilt and J. M. Moss (1946) 
sampled the w d b  of the Mertie adit, made benefiiation tab, and 
summ~ised unpublinhed sampling data of the Admiralty-Alaska 
Gold Mining Co. and private engineers. 

An exploretion program was carried out on the gabbm pips under 
auspicm af the Defense Minerals Exploration Administration from 
1951 through 1956, Thia work included 1,093 feet of crosscutting and 
drifting, 308 feet of long-hole drilling, 5,742 feet of diamond W i n g ,  
and 5,325 cubic feet of excavation for diamonddrill stations and 
turn-outs, During that period, sampling and surveying were dona 
by Bureau of Minea personnel, and geologic mapping was carried 
out by geologists of the U.S. GeoIogical Survey. 

GE0LOI)IC IETTmC) 

The mountainside near the gabbro pipe is underlain by black 
graphitic phyllite with interlayered quartz+ericite-biotite schist and 
greenschist. These rocks strike mostly N. 10 W. to N. 30 W. and 
dip gently to steeply east. The rocks in thia area, have been intsnsely 
folded and have axial planes that strike north-northwmt and dip 
eteeply ta the east. At tho surface the quartz-sericite-biotite gchi~t 
adjacent to the gabbro pipe d i p  31' to 50' E. and strikea parallel 
to the upper and lower contacts. Black phyllite lies about 30 feet 
upha and to the east of the pipe. Underground the pipe is endosed 
by quartz-aericite-biotite schist with only minor black phyllite, except 
at the upper motact near the face of the DMEA crosscut where 
black graphitic phyllite Eiea parallel to the contact and dips 30' E. 

Faults A, B, 6, and D (pl. 11, and a number of 1mer faults, were 
found in the DMEA mmcut. Only faults B, C, and D offset the 
gabbro body. Reverse fault B has a dip-slip component of about 
10 feet. Fadt C has a dipdip component of several feet and a 
strikedip component of probably 12 feet. The direction and mount 
of movement along fault D is not known, bemuse the pipe shows an 
irregular pinching and swelling in this vicinity. However, d d + .  
rich coarse-grained gabbra in the west wall of this fault lies against 
sulfide-poor medium- ta fine-graind gabbro in the east w d .  The 
~ulfide-rich cosrsemined type is believed to have formed in the 
central core of the pipe; the sulfide-poor medium- ki hegained 
tppe ia close to a contact zone that has Iormed along the roof of the 
pipe. These relations sumest that the east block has dropped rel- 
ative to the west block. 



F8dta C trnd D are believed to merge about 180 feet above tha 
DMEA cr~ascut to form a single fault that probably continua up to 
the surface. 

DEBCBIPTXOB OF TEE G D B B O  PIPE 

The extent of the pipe at the surfwe and at the D m A  level is 
~hown on the maps and sections of pfah 1 and figure 2. The DMEA 

P i  
Schlw snd mhyllite ._..__, _ 

@nfsct. approxl matub h l td  
h w d  vhm nhmd 

Probabla fault 

q 
Pmsoscl banch 

L L- --- 
Adn, h ~ n m  ame 
r n m m l y K A d  

BIP m s ~  D* U.S. Burnmu of Mlnn Galow by A. C.  Raad. 1942 
p m lp EQ FEET 

CONTOUR IHIERVAI. 50 =El 
DATUM 1s H€4R 5- LEVEL 

adit and drilling pgram b ~ e  ahown that the axis of the pipe extends 
more than 900 feet, and plunges about 30' at S. 80°E. Theme  
of the pipe at the d a c e  is about 23,000 qmre  feet; the calculated 
area normal to the axis of t h e  pips at the ~nrlm kt roughly 22,000 
aquare feet. The pipe deer- in ~ e c t i o d  area from the 
d a c e  downward; and at the level of the DMEA rroascut, 360 feet 
dong the axis from the surface, the %.erred area of a horizontal 
section is about 16,000 quare feet. This area projwted normal to 
the axis of the pipe is epproxhably 8,000 square fmt. Eastward 
and down its axis ,  the pipe enlarges to m diptical crwss mtion with 
major and minor axe- of about 190 feet and 125 feet, respectively. 

The inferred w l u e  sf the known extent of Lhe gabbm body i 
9 million cubic feet, and the total tomage of rock is 900,000 short 
tone (aaauming an average dansity of 3.1). 

The relative proportions of different miner& in the pipe vary 
widely from place to place, but the rock can be divided roughly into 
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two tw: sulfide-rich ofivine-hornblende-labrdmita gabbro and ~ul- 
fidepoor labradorite-augite gabbro. Norite ia common in the pipe 
and ia similar to the augite gabbro except that hypersthem i~ present 
instead of augite. The olivine-hornblende gabbra h potential ore 
material, but the augite gabbro and norita mntain only a  mall 
percentage of sulfide, except in very local concentrations. 
The types and distribution of gabbro suggest that (1) the original 

magma was of gabbmic composition; (2) olivine crystdized early, 
before feldspar and pyroxenss, and settled to the lower part of the 
pipe to form the oliPine-bornbIende-labradorite gabbro ; (3) the r e  
mpbinder and bulk of the magma, where uncontaminated by wallrock, 
crptallized as labradorite-augite gabbro; and (4) norite was formed 
where parts of the gabbroic magma were mixed with the enclo~ing 
slate, and augite reacted with d w i n a  and silica to produce hyper- 
sthene and the anorthite component of plagioclase. This general 
~eaction W ~ B  discuamd by Bowen (1928, p. 206). 

Wide variations in petrography of the rock in the pipe are common. 
Buddington (1926, p. 46) gave a detailed petrographic description 
of a rack from tha pipe that he called troctolite; it aontained 55 
percent labradorite, 89 percent olivine, 4 percent pyroxene, and 2 
percent magnetite. Reed (1939, p. 265-266) studied 5 thin sections 
and 3 polished sections and noted 29 ta 37 permnt plagiocl~e, 6.7 
ta 32 percent olivine, 2.3 b 13.6 percent pyroxene, 3.4 to 30 percent 
altaration produch, ttnd 1.0 to 18.3 percent opaque minerals. Reed 
determined the volume of suEdes in samples from the pipe and 
concluded that more copper is preaent in the rock than mdd be con- 
tained in the cblwpyrite, and mare nickel than could be held in the 
pentlandite. 

D ~ u T I o W O F R O C g m A m m a ~ E K 3 ~ ~ ~  

Moat of the pipe ia ~ulfidepoor gabbro. Sulfide-rich olivint+ 
hornblende gabbro is found in a poorly defined zone along tha lower 
part, or keel, of the pipa. On the DMEA-level erosa section of plata 
1, sulfide-rich gabbro lies wmt of fault D. The drill holes at the 
three station6 east of fault D penetrated sulfide-rich rocks at depths 
of from 52 h 65 feet in hole U-20, 55 to 57 feet in hole U-21, 126.5 
to 128.5 feet in hols U-27, 149.5 ta 153 feet in U-32, 246 to 273 feet 
in U-35, 178 to 185 feet in U-36,245 to 275 feet in U-37, and, for the 
most pwt, 305 to 345 feet in U-38. Wholly ~uliide rock was found 
at a depth of 204.3 to 206.4 feet in hole U-34. 
In each of these drill hole, a section of gabbra from several terns 

of feet to dmost 200 feet long contains only sparse s a d =  and lies 
above the rnetdhed gabbro. This dfide-rich zone is gradational 
with the ovmIying aulfidepoor rock, and its definite limits we not 
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known. It appears to have a lenticular crosa section from a few feet 
to about 20 feet. Iong (normal to the axis of the pipe). 
The distribution of nickel m d  copper in the pipe ia ahown on the 

=say nap, plate 2. The part of the pipe east of fault D contains 
much less nickel and copper than the part west of the fault; most of 
the wsst part beam more than 0.50 percent combined nickel and 
copper. The may data of this part of the pipe are not complete 

L and are not oriented favorably for definitive cdculations of tonnage; 
but a roughly ellipsoidal body of gabbro t h ~ t  hm an axis a b u t  360 
feet long parallel to that  of the pipe, a horizontsl ~s 60 feet long, and 
a third & 40 feet long, is believed to contain from 1.0 Go 2.0 percent 
combined nickel snd copper. 

Almost all the pipe east of fault D conCsins lms than 0.10 percent 
combined nickel and copper. 

BulmnlE-mcEt QdBBRO 

The sulfide-rich gabbro is dark gray, m k v e ,  largely fine to medium 
grained, and hypidiomorphic. It consists of anhedrd olivine grains 
2 mm in average maximum dimension; euhedrd to subhedral plagio- 
clase laths to 1 mm long; anhedral hornblende grains 5 to 1 mm long 
that are partIy pudomorphic after augite; anhedrd sulfides; and 
minor anhedral biotite, chlorite, ~ubhsdral hypersthene, eahedral 
aericite, antiprib, anthophyllite, talc, calcib, and magnetih. The 
olivine contains irregular fractures along which magnetite dust is 
acattmed. Most of the olivine ja fieah, but Ioeal areas in thin sectiona 
contain wholly serpentinized olivine with minor t d c  and pleochroic 
green-brown chlorite an$ r&ct magnetite-filed fractures. Ng of 
the olivine is about 1.70 and 2V=90°, which euggeat a mrignesirtn 
variety. Hornblende is prea~nt aa freah-appe~ring irreguler elongate 
anhedra and subhedm that enclme Isths of plagioclase. Saverd 
partid pudomorpha of hornblende rimming augite were seen. For 
the hornblende, (-)2V=75' to 85O, ZAc=3I0, X=pale brown, .Y= 
brown, and Z===dark reddish brown, Moat of the plagioclage grafns 
(Aba&ner) are homuganeoua or only slightly mnd subhedral lathe 
$ to 1 mm long; a few are smder ,  interstitid, and moderately to 
markedly continuously variable in composition, with labradorite corn 
and rims ss mdic as oligoelase. Much of the plagioclase has been 
partidy aer ic i td  along minute cracb, over irregular areas, and 
along rims. Magnetite appears to be whouy secondary. It is found 
a9 very fine grained equant ta irregular anbedra, onefifth millimeter 
to dust size (about 0.005 mm and l&, that otxur along fracture- 
in olivina, at bomdbea of olivine and serpentine grains, and die- 
mrninated in other miner&. The sulfides embay the silicates with no 
alteration at contrrcts. Tbe order of cry8tahation of major miner& 
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probably was, with some overlapping, olivine, plagiodaae, hornblende, 
biotite, dtaation minerals and mmet i te ,  and sulfides. 

A micrometric andysis of 2.55 quare inches of pojished (by the 
Hamad prom, Short, P 940, p. 32-40) s u r f a m  ehowed that a typical 
speciman of sulfiderich gabbro, specimen 55ABf 17, contains 27 per- 
cent pyrrbotib, 2.6 percent pentlandite, 2.5 percent chdcopyrite, and 
0.4 p m n t  pyrite. Both c h d c o p ~ t s  and pentlsndite lie in or at 
boundaries of irregular to roughly equanlt grains of pymhotite thak are 
X to 10 mm in size. Chalcop,aite occurs mostly RS %r to Gmil'li- 
metar-thick partial rims around pyrrhotita pains, as Xrmm irregulm 
grains, as Xr to $&-millimetar-thick crudely tbbdar grains dong 
pyrrhotite-pyrrhotite boundaries, and as platsleta in pyrrhotite. 
Pentlandite is present mostly as partial rima to $0 mm thick on 
pyrrhtite grains, as irregular J$r to M-mm blebs at pyrrhotite- 
silicate and pyrrhotite-pyrrhotite boundaries, an tiny platelets rnm 
in average thicknm, and as coaIescing plateleta t ~ t  boundarias of 
pyrrhotite grains. The pIatelets of pentlandite are parallel to each 
okher and to those of chalcopyrite; their distribution in the pyrrhotite 
grains is irregular, and they form severaI percent of the pentlandite 
and about 1 percent of the chdcopyrita (estimated by eye) in the rock. 
Both chalcopfite and pentlandite are seen to be homogeneous phrrses 
at a magnification of 500 diarnetem. 

It is believed that pyrrhotite containing nickd and copper in d i d  
solution crystallized first, corroding contiguous silicate graina, and 
that upon cooling pentlanditme and chdcopyrite exsolved and lsrgely 
migrated to boundaries of the pyrrhotite grains. 
Assuming that pentlandite mntains about 22 percent nickel and 

that chdcoppite contains 34.5 percent copper, ~~p&en 55ABf17 
should contain about 0.80 percent nickel and 0.96 percent copper. 
An andpis by L, E. Reichw of the Geological Survey, however, 
showed 1.36 percent nickel and 0.85 percent copper. The calculated 
arxiount of copper is witbin limits of error, but the large smount of 
nickd is anomalous. CrypEoc~tdhe exsolution Eamellae of pent- 
landilts in pyrrhotite may be pressnt and contain the visually m- 
accountable nickel. ATso, there is a possibility that  the visible 
pentIandite may contain more than 22 percent nickel. Reed (1942, 
p. 354) suggested that aignificmt mounts of copper and nickel are 
prment in the olivine. A magnetic separation of silicates and sulfidm 
was attempted but was unsuccessful because of dbeminated magnetite 
in the olivine. Other methods of separation were tried without 
su~~891, Pyrrhotite that is free of microscopicalIy visible pentlandite 
cannot be separated, and consequently X-ray methods cannot ba 
used to demonstrate whether cryptocrys talline lamellaa of pentlandi ta 
are present. Tha problem of the content of nickel in the olivine end 
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that of cryptocrystallins pentlandite in the pyrrhotite hm not been 
solved at prewnt. 

Vimd s s t h a t t ~  of the mouats  of dieates and n o d d a  awes- 
sory minexals in ~pwimen 55ABf 17, wbicb was d e c t e d  as typical of 
the ~ulfide-rich gabbro, by v o h e  are : 

Pmunt 
olivine ----,----------------------,,+,-----+---------- 27 
Labrsdorite-------------------------------------------  20 
Hornblende------------------------------------------- 10 
Biot ik , - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  2 
Auglte----------------------------------------,------ 1 
Berpentine-,------------------------------------------  2 
CNorih . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

TOM (approximate) -- - ---- - ---- -- ---- --- ---- ---- 07 

Bs ehted above, the volumes of sulfide minerds in this rock axe: 

Total ---,-----,-,----------------------- 32 5 

The typical ~uEde-poor gabbro is light to dark green, massive, 
mostly medium grained, and hypidiomorphic. Plagioclase occurs 
mostly a~ subhedrd laths and partly as euhedra, 2 to 4 mm long, that 
form a meah structure with i n t m t a l  ppoxene, Median md&e 
(Aba&) and so& labradorite ( A b h W )  are of about equal abun- 
dance. Equant dedrd to subhedral augi~ occnrs, often molded 
against f w w  of p l @ o h e  crystals. NE of the augib is about 1.69 and 
ZAc=3S0, WE& suggwb a clompoaition close to that of diopide. 
Parrtial to &eleta1 octahedra of magnetite-ilmenita Lie partly in g r a b  
of augite, and at many of these intarfacas hmblende has formed. 
Other hornblende bas formed aa incomplete pseudomorphs after 
augite; it is pleochmic with X=brown, P=green, Z=d& reddish 
brown, and 8$ \~=20~ .  Biotite ia present as a primary pale-brown 
to red-brown variety mid as a secondary pde-gresn to dark-grwn 
type ~ d t x ~ , t a d  wi& chlo'rite. Thy grains, most lw than one- 
tenth millimeter, of pymhotite and chalcopyrite occur in amounts 
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from tnrcea to several permt. Apatlb and zircon me a c m r y .  
A p i m e n  from a depth of 68.5 feet in hole U-28 is composed of: 

Plrcenl 
~dase----- , -*------------------------ . . -------- . . ,  55 
Augite-,,----------------------------------,,,,,,---, 30 
Hornblende------------------------------,--+----.. , ,-- 5 
MagnetiteiImenite ---,---------------------,------,.,, 4 
B i o t i t e - - - - - - - - - - - - , - - - - - - - - - - - - - -  3 
ChIorite------------------------------------+---. , , , ,-  2 
Sulfides, accessories -----------------------,--- 1 

W U O C H  bLTER&TIOT 

Much of the quartz-sericitebiotite schist adjacent to the gabbro 
pipa has been thermally metamorphosed to orthodase-cordierite 
homfda. A partial ~ureole about 50 to 150 feet thick haa formed 
amund the pipe. The black gaphitic phyIlite overlying the pipe 
has not been transformed in this way, but haa been blackened and 
partidy recrystallized. The altered whist is a vduable guide to 
the gabbro, becawe it has formed only at t.he contact of gabbro with 
quar,rt+sericite-biotite   chi st. It is not known whether magnesia was 
expelled from the cystaUzing gabbroic m a p a  and reacted with 
muscovite and quartz to form orthodaee, cardierite, and water, or 
whehher muscovite and biotite were heated sufficiently by the nearby 
magma te transform ta orthdase, eordierite, and water. The Iarge 
volume of altered schiat compared with the much maller volume of 
magma suggests the latter reaction, nonmetmmatic thermal meta- 
morphiam, but part of the magnesia in the bornfela could have come 
from the magma. 

The &kt and phyllib around the pipe have been impregnated 
with tnrces ta mweral percent of dissemineted pyrrhotite and pyrite 
t b b  probably are replacementa formed by emanatiom from the 
gabbm m a p s .  Rock similarly impregnated is not known elsewhere 
in the Funher Bay area. The quartzose schist and blwk graphitic 
phyillite over1sing the pipe in the ianermwt part of the DMEA 
c r m t  contain from 2 to 5 percent of tabulaf quartz p d a ,  1 to 25 
znnr thick and 6 to 250 mm long, that are oriented p m d d  to the 
gchisbsity. Most of these lenses lie within 20 feet of the gabbro, 
and they rapidly demwe in amount away from the gabbro. The 
waltrock here contains trscea to about 2 percent of evenly dbseminatd 
pyrrhotite. Some of the wallrock in other parts of the aureole 
con t a b  p p i h  with pyrrhotite. 

The cordieri&feldspar schist and pyrshotite-bearing sili~3ed &t 
and phyllite tbm indicate proximity to gabbm. The possibility of 

81T-lE- 
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finding ~ulfidle-bwing rocks adjacent to the goldquartz veins that 
are found in this area must also be kept in mind. 

The gabbro pipe and =dated sulfides are hypothesized to have 
formed in the following manner: 
1. Aftm intrusion of the liquid magma, solidification began at the 

top and sides of the pipe, because cooling by conduction and by 
groundwater was greatest immediatdy above the pipe. 

2. Crystallination clo~tinued from the walls inward. 
3. The olivine wptals that formed in the outer shell sank toward 

the lower part, or keel, of the pipe, where cooling, and therefore 
crystallization, waa slower. 

4. The last part of the pipe to solidify lay just a h ~ e  the keel and eon- 
aiatsd of early-formed olivine crystals. For Borne r w n ,  pomibly 
because the antire pipe cooled rdativdy rapidly, theae crystals 
were not rmrbed or dhred ta hydrous minerals in their new 
environment, a residual magma enriched in iron, soda, potash, 
dumina, water and other volatiles, and an immiscible s a d e  
Liquid. 

5. While the silicate portion of this la& magma fraction crystallized 
aa hornblende, plagiodase, and biotito, tho vvlntilba wera lwgely 
forcd out by second boiling. Thme d i ~ o l v e d  and carried part 
of the inmiscible sdflde phase into the outer and upper parts of 
the pipe and wallrock, where they deposited disseminated 
pphotite and pyrite. The volatiIe constituents alao dtered 
part of the primary &cat@ to serpentine, chlorite, sericite, 
and other secondary minert~k. 

8. The immiscible sulfide phage crgrstallhed last, corroding silicate 
grains. With further cooling, the solid solution of pyrrhotite, 
which mntained nickel and copper, exsolved Go form pyrrhotite, 
chalmpyrih, and pentlmdite. 

The above even& were partly overlappiug in time. 

EXPLORATION FOR ANTKMONY DEPOSITS AT THE BTAM- 
P W L  MJNB, WTIBECNA DISTRICT, A l A B K A  

The S~ampede antimony mine, which is in the Kantkba district 
of Almka, 1 12 miles southwmt of Fairbanla (fg. 1, locality 2), yielded 
1,729 tans of antimony in the period 1937-51 (we pmduction figures 
below). The purpose of this report is to preen t results of an explora- 
tion program carried out at Stampede from 1953 to 1956 under a 
D dense Minerals Exploration Administration contract. 



Geologists of the Geological Survey who collectad data during this 
exploretion work include Robert Chapman, Gordon Hemeid, C. L. 
Sainsbury, m d  the writer. 

PBODUCTIOB 

The total production of antimony from the Stampede mine has 
been: * 

GEOLQGY PBEVIOTJB WORK 

The geology of the Stampede mine and the surrounding 25 square 
mires was mapped in 1941 by Donald E. IVhite (1942) of the Geologi- 
cd Survey. 

The U.S. Bureau of Mines carried out an exploration project in 
1942 at the Stampede mine; thb project wm supervisd by h'. EbbPey, 
Jr., and W. 5. Wright. In their report (I948), they gave many valu- 
able assay and beneficiation data and a dimmion of the geolog~r of 
the mine. During the exploretion 1,520 cubic yards of trenching 
and 740 feet of stoping and crosscutting were done. The Swanson 
cross fadt, the abrupt bend of the Moeney ore body to the north, 
and the Stsmpsde fault in the  Libbey crosscuts were discavered and 
mapped. (These feat- are described below.) 

Exploration work done under the Defense Mineds Explorurtion 
Administration contract consisted of 613.5 feet of drifting and cross- 
cutting on the h w e r  Tunnel level, 1,397.5 feet of diamond drilling 
from the h w a r  Tunnel level, and 16,282 cubic yards of surface trench- 
ing north 01 the Stampede mine on the Kobuck and Pearl IIarbor 
cia*. 

White (1942) &owed that the area which includes- the Stampede 
mine is underlain by mica mhist, echistase quartzite, and other rocka 
that are known collectively as tlhs Birch Creek   chi st. The Stampede 
mine is near the nose of an east-northemtwsrd-trending and plunging 
anticline and adjacent to a northeastward-striking high-angle fault, 

fumUed by Mr. Earl F l l r h ,  o m  and -tor of tk Btampada mlm. 



the S h p e d e  fault (White, 1942, pl. 49). Antimony-bearing vein0 
have formed in s mrnplex of faults in fme-g~ained quartz-sericite 
schist and impure quartzite immediately northwest of the Stampede 
fault. mhice 0942) determined that the following mequence of 
events took pItaca: (I) formstion of one(?) steeply-dipping fault 
striking N. 40' E. to N. SOo E., dipping 45' to 60' S., and located 
northwest of and at a low angle to the prment St~mpede fault; (2) 
normal faulting at nwIy  right angles to the initial high-angle fault, 
displacing it in four plma with the northeast side (hanging wall) 
at each place dropped relative to the sourthwest side (footwall); 
(3) deposition, in order of decrea~ing abundance, of quartz, stibnite, 
pyrite, and menopyrite, mostly in the original steeplydipping fsult 
and paftly in the cross fsults; and (4) minor poet-mineral nlovement 
along par& of the main fault. The Stampede faiult, which branches 
eastward from the miin vein fault at the S d a c e  ore body, waa expoad 
at the ~usurlace anIy in 1941, and ite age relation to the mineralized 
faults could not be determined. 
The mine workings consist of the Upper Tunnel (altitude of portal 

about 2,190 feet) (White, 1942, pl. 591, the Lower Tunnel (altitude of 
portal about 2,035 fwt), and the &at,& workings. The latter 
consist of a shaft from the Surfme ore body to the t'pper Tunnel level, 
the N w e  and Emil winees from the Upper Tunnd IeveI, several sub- 
level drifts from the Emil winze, the Mmney winze from the Lower 
Tunnd level, and minor openings from both levels. The portal of 
the Upper Tunnel in about 2 10 feet south and a little west of the Lower 
Tunnel portal (Whih, 1942, pl. 501, and the Surface ore body is at 
an altitude of about 2,290 feet and lies abub 400 feet southwest of the 
Upper Tunnd portal. The m a l l  Kobuck adit wah~ driven from a 
surface showing of sti'bnite, and a few tons of ore was mined from 
this body. 
The major ore bodim of the Stampede mine are: 

1. The Surfwe ore body (now mined out), which was m irregular 
mass of h08t pum gtibnite with a maximum thickness of 26 
feet that formed at the intersection of the Stampede fadt md 
the northeastward-trending steep fault to the north (White, 
1942, p. 342). 

2.  "The Nesse winze ore body, on the Upper Tunnel level m&B 
largdy of vein quartz and bracciatd schi~t cuntai* 10 per- 
cant or less of antimony. Six feet down in the Nssse winze, 
stibnite is a prominsnt constituent of the vein. The winze has 
been aunk to 20 feet bdow the level, whme the vein conaista of 
I foot of almmt pure stibnih" mi&, 1842, p. 345). This 
ore body js &own on plate 3. 
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3. The Emil winze ore body, dso formed in the main vein fault, the 
richer parts of which itre largely mined out, "is a definite vein, 
with 1 to 7 feet of medium- and high-grade ora on the Upper 
Tunnel and 50 foot (sub) levels," (White, 19P2, p. 3.42). This 
ore body ig not known to extend to the Lower Tunnel level. 

4, The West and East Mooney ore bodies. (See pl. 3.) Thew also 
formed along the main yein fault. The West body " i ~  at leash 
6 feet wide, * * * consi~ta of brecciated   chi st, mntain'mg veinlets 
of stibnita," and "one pemi~tent vein of h o s t  pure stibnite 
about 2 inches wide extends" along the ore body (White, 1942, 
p. 844-3451. Tbe East body ia 5 to 10 feet thick and contains 
veins and atringera of stibnite a frmtion of ap inch to about 
1 foot thick in quartz and crushed wallrock. 

The ore budies am simiIar to each other in their mineralogy. Stib 
nite @bas) is the chief antimony-bmring mineral. "It is commonly 
finely granular. Polished sectiona of the ore indimbe an average 
grain size of about 0.01 millimeter in thickness and about 0.02 milli- 
meter in the other two dixectione. Most of the cryetals are oriented 
with the long dimensions parallel ta the, vein walla. A late generation 
of needlelike stibnite c q a  t& camen tiag brecciated early atibnite is 
quantitively insignifimt . The needlelike cqwtds are commonly 
gevera1 millimetars long" (White, 1942, p. 338). 

S m d  grsha of pyrite (FeSr) me s c a t t e d  in stibnite. Araenopy- 
rite (FeAsS) is "'generally dkminsted in quartz in the antimony- 
poor parts of the veins1' (White, 1942, p. 339). 

The gangue wnsista of milky quartz with occmional pods, stringers, 
or individual grains of calcite. The ore ia dense, @nd vugs are rare. 

Thia etructure has bmn explored by the DMEA drift for 420 feet 
slang its shrike, aa shown on plate 3, and a core d d l  bole from near 
tho Mooney winze ha8 been driven through the fault. The attitude 
of the fault b variable, the strike swings from about N. 85' E. eouth 
of the DMEA drift to N. 36' E. east of the DMEA cross~ult and back 
to about N. 65" E. muth of the Mooney drift and Chisholm crosscut. 
The weatarn part of the fault dips about 73' to the south, snd the 
emtern part appears to dip steeply to the norlth. The fault is marked 
by gray to dark-gray clay, slices of closely fractured w-k, and 
crushed vein qumz. Traces of granulated pyrite and stibnite are 
prmmt in much of the clay gouge. The fadt zone msy be as much 
as 33 feet thick muth of the Mooney drift, 89 suggested by coreg 
and driller" logs of hole 19, and at least I5 fmt thick south of bhe 
D m  drift, 
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The sulfides and vein quartz in the Stampede fadt were derived 
either from veins originally famed in the f d t  or from veins and 
string, formed in wallrock that has since been crushed ta gouge, or 
b0t.h. ItisnotPmownw~chdternativeismmeot. Thedimrelation 
of small stringem and pods of stibnita and quarts in wallrock adjacent 
to the Stampede fault in the DMEA croascut md drift suggmte tbat 
ore deposition was localized by the fault. Reminerd cross faults 
A and R apparently displace the Stampede fadt and are therefore 
younger. Movement along the Stampede fault thus probably began 
prior to the minerdization. At Ieast Borne of the thick gouge zone 
was formed after the minerahation, because it contains crushed 
sulfide grains. 

Neither the d k p l m e n t  nor direction of movement of the Stam- 
pedefaultis known. FrornWhite'~map (1942, pl. 49), it seems that 
the northwest block was dropped relative to the southeast block. 

Crm~ fadta A md B strike about N. 30' W. and dip 45' to 55' 
NE, and 75' to  85' ME., respwti~dy, floss fault A appersntly 
was cut by drill hole 6, and it appears to extend upward tawad the 
premineral cross fadt mapped by mite (11942, pl. 50) in the Z'pper 
Tunnel level 95 feet aouthweat of the Ne9~8 winze. Cross fault B 
probably extends upward to the premineral ateeply dipping faults 
that bound the southwestmn edge of the E d  ore body. Both of 
these c m  fadB &re concealed by lagging in the Lower Tunnel, 
where they are now expressed only by very weak p u n d .  Tba 
Shmpede fault appears to be &t 80 feet, measured horizo~~tdly, 
by c r m  faults A and B. It is p k b l e ,  however, that the apparenlt 
offset is due to s  harp bend in the Stampede fault and that the 
Stampede fault .b younger than the cross faule. 

This baul t zone strikes &bout N. 68 W. end dips steeply northeaet . 
It consists of s 5-boot-thick zone of clmely ~pacea p d e l  faults 
dong which only minor arnounta of gouge have formed. Very thin 
veinleb of stibnite have replaced quartz along several of these faults, 
and minor ptrnineral movement has formed slickensides on some 
of the stibnite veinleta. 

C ~ E I  fault C displaces the Moaney ore body, the westward con- 
tinnation of which may be the slightly mineralized fault that parallels 
the main haulqeway from just south of the Maonq drift to the 
Lower fibbey cromcut. This cross fault, however, apparently does 
not displace the Stampede fault, as shown by drill hole 19 and the 
Chisholm m c u t .  The Stampede fault, therefore, is the younger. 



The Swanson cross fault separates- the East md W a t  Maoney ore 
bodies. Vein quartz with disseminated stibnitn has formed dong 
the fault, which indicatm that movement preceded mineralization. 
The Swanson fault is marked by a mne of quartz-stibnite vein mck 
and sheared whist with gouge that is 6 to 18 inch- thick. The dip 
is 65" E. at two plrrces, and 48" E. at the southernmost w d .  Hole 
5 was Wed to locate the West Moonq ore body just west of this 
cross fault, but only minor stibnite was found In the sludge. The 
attitude of this hole is too nearly parallel to the ore body for drilling 
to be significant, even if the ore body were intersected. 

w m  

Attitudm of beds in t.h0 DMEA crosecut and drift me gentle, md 
m s t  have northerly strilrm and dipe toward the east. White (1942) 
found similar attitudes at the surface jn this general area. 

Several gsntly plunging, ~ m d  drag folde were seen on the Lower 
Tunnd level. It is problematical whether the two drag folds in the 
Lower Libbey crosscnt wers formed in mnjunction with @regional 
folding or faulting. The folds in the main haulageway north of $he 
Mooney drift and at the face of the blind crosscut from the eaet 
Mooney drift are; markedly asymmetrical and may well be related to 
regiond folding. 

EgPLOIWLTIOEJ OF ORE BOD= 
W J B 3 3 E m z E ~  

A stibnite-rich zone was found in drill holes 2 and 3. Assays of 
aludge by the Territorid Department of Minm at College, Alaska, 
rsre as follows: 

This zone is the downward extension of the Nease winze ore body, 
which here is a vein striking about K. 60' E. and dipping 60' SE. 
Hole 3 intersected the vein 78 feet below the Upper Tunnel level, RR 

measured dong the dip, and hole 2 struck the vein 102 feet from the 
Upper workings. The vein is five-eighthe inch thick a t  the Upper 
Tunnel level and incremes to 30 inches of high-grade ore at the bottom 
of the 35-foot Nesse winze (Pilgrim, oral communication). The ore 



body ia bounded on the w a t  by c m  fault A and on the east by cross 
fault B. The lateral extent of the ore body h not known but is eati- 
mated to be at least 20 to 40 feet. 

The assays of holes 2 and 3 given above, with footages m e c t e d  
for dip, show 15.37 percent of antimony over a 3.2-foot width in hole 
2 and 17,35 percent over 4.1 feet in hole 3. In both holes vein material 
outaide of the core barrel bas been loosened by the drilling w ~ b r  and 
added ta the dudge; hence, there are matic and large amounts of 
sludge. Fragments of core from a depth of 80 to 90 feet in hole 2 
are light-gray q u a r t k c i t e  schist with disseminated pyrite and 
tracea of stibnite. A few fragmenh of stibnite-bearing milky quartz 
were recovered. The m a  from a depth of 95 to 100 feet in hole 3 
conshta of 3 feet of stibnite-bearlng schist with traces of red kamesite 
I?) and 1.9 feet of schist and milky quartz with only tracw of stibnite 
and pyrite. There is considerably less stibnite in the cores than in 
the sludge owing to "mftnms" of the om. The operator raised to this 
vein &om the dogleg in ths Dh4XA aoascut (thia work ww not done 
in connection wibh DMFA) and reported six 30-inch width of "very 
good" ore that is softer than any previously mined at Stampede. 

EgsT WOONEP o m  mIlP 

The down-dip extension of the East Mooney ore body was inter- 
sected by drill hole 4, 38 feet down the dip of the vein from the drift. 
C m  recovery from a depth of 20 to 25 feet was 35 percent and con- 
sisted of vuggy gray micite schiat and milky quartz that contained 
a little stibnite; 25 percent of the core was recovered from a depth of 
25 ta 30 feet and was mostly rn* quartz with traces of stibnite 
and partly dark-gray quartz-sericite schist. The dudge log (per- 
cent- aatimatgd by Mr. P i )  ahows: 

w&ha of 
8l1?Upl# 

Dcpri UuO m p W D a  (Iwudd 
15-28------------- Dark gray,no s u M d ~ - - - - - , _ - . - - - - -  10, 5 
23-24 - - , - - - - - - L u - -  Light gray, 4 percent Sb--- .-------- 0.5  
24-25 - - - - - - - - - - - - -  Light gray, + 35 rcent Sb- - - - - - - - -  1.0 
15-21 ...----.-..-- Dark gray, low SZ --------..---. ..- 2.4 
27-28 --,---------- Dark gmy, + B peraent Sb 0 . 5  
28-29 ,-,---------- Dark gray, + 25 percent Sb ----------  0.5  
29-33 --.---------- Gray, e1iphtIy mineralized ,,+-,------ 2 .5  

Twa zones of good ore, each about 1 foot thick) are separated by 3 
feet of achist, vein quartz, and gouge. Stibnitefich mck grinds 
when drilled and is washed out with the sludge., so very littIe of it 
appears in the cores, The six feet of ~ e i n  from a depth of 23 ta 29 
feet in the hole contain an average of 12 percent estimated antimony. 

Ebbley and Wright (1948) gave asmp for 10 samples collected 
acro~ the 45oot-long section of the East Mooney ore body from 
the Swanson crow- fault to the ~ h m p  bend, where antimony vdues 
decrease very abruptly. These channels average 4.1 feet in length 
and contain an average of 10.80 percent of antimony. 



BURFArn OFm BODY 

The DmA drift and the seven drill h o b  from it were driven in 
march of a possible downward oxtension of either the Surface ore 
body or a structurally similar ore body. This part of the program 
gave negative results. 

DIHBMIWATEIJ BLFII)m dLONa ST-B FAOrPT 

S m d  amounts of stibnite are in wallrock near the Stampede fault 
at the DhlXA crmwut and for about 30 feet along the DMEA drift. 
Veinlets as much as one-fourth inch thick and very small irregulm 
stringers of stibnite am sparsely and irregularly scattered in the walls 
of the drift. A composite grab sample 01 this rock taken from the 
dump contained 3.84 percent antimony. 

TmmcEmTI3 PROGRIM 

Trenches were bulldozed on the Kobuck and Pearl Harbor claims, 
as shown on plab 4, fo discover if the ore body hand in the Robuck 
adit extended to the north. Stibnitequartz float was found at five 
places (pi. 4) in the rock float or mlluvium that mantles the bed- 
rock l r d  partly overlies the terrace gravels. At three of thaee locali- 
ties t h ~  stibnibbearing fragmante were found at depths of 2 to 4 
feet below the surface, and at  depths of 15 and 26 feet at two localities. 
!lhenching below these occurrences of float f d e d  to reved any %@s of 
more float or of veins in the underlying bedrock. Quartz-sericite 
schist, with gently dipping mchistosity, is the bedrock in the trenches. 

BOIL m a  
Soil samples were taken by R. M. Chapman of the Geological Sur- 

vey from the Surface ore body and trenches 1, 2, 3, 4, 7, 7j4, and 8. 
The depths from which the trench smples were taken and tbe content 
of antimony, in pctrta per milion, in the sampIm, ss determined 
in the Denver laboratmy of the Geological S w e y ,  are showll on 
$ate 4. Samples were mUected dong a line at right angles to the 
Surface ore body at intamds of 20 to 40 feet and at a depth of 6 inches. 
Thee samples taken at the edges of and in the pit over the ore body 
contained from 1,000 to 11,500 pprn antimony. f i v e  samples taken 
north of and downhill f m  the pit contained from 25 to 1,000 ppm 
antimony ~ n d  avanged abut  350 ppm. Exduding one aarnplo that 
showed 1,000 ppm, the other four stimplea averaged about 170 ppm 
antimony. Only 2 to 4 ppm antimony wm found in samples taken 
south of the Surface ore body. 
The only notable anomalous high found in the DMEA trenches is 

in trench I, where 1,000 to 2,000 ppm antimony was found in four 
sample9. No bmxs of antimony-bearing or quartzme veins were 
found in the bdmck of this trench, and hence the anorndy may be 
due to stibnits from float rock. 



COAL DEPOSITS ALONG THE YUKON ILIVER BETWEEN 
RUBY AND ANT=, ALARKA 

Coal deposits at seven localitim along the Yukon River between 
Ruby and Anvik (fig. 3) were examined by the writer in the summer 

bpograph~c maps ~ n a l a k l k t .  Nulato, 
Ophnr, and Rubv 1:250,000 of Alaska 

Base r n a ~  from U . S .  Gmloaical ~ u m v  I 

CLlAMl  MWE 
Topgraphic Series 

'0 10 20 30 MILES 
u 

1951 MAGNETIC DECLINATION AT SOUTH EDGE 
OF SHEET RANGED FROM 22'TO 26'30' E 

FI~VEE 8 . - W o n  of m8I d e w t s  along the Yakrm River between Rubg and An*. 

of 1944. The purpose of the fieldwork was to determine the acces~i- 
bility and emkt of the coal and whether sxploratory and development 
work wxras wltrrmhd. 

The coal deposits adjacent to  the Yukon River were noted and 
briefly described previous to 1900 by several, explorers and geologists. 
In 1902, A. 6. Collier made a aptematic invsstigcbtion of the coal 
deposits along the Yukon River. Other geological investigations 
were made subsequent to 1902, and the results of these studies were 
summarized by Martin (1926, p. 395429; 1930, p. 21-32). StructuraI 
and stratigraphic studies along the Yukon River between Ruby and 
Kidtag were made by W. W. Patton, Jr., and R. S. Bickel (1956a) 
in 1954. 



Smdf mines were operated between 1898 and 1902, and possibly 
earlier, at moat of the known coal exposures in the north and west 
banks of the Yukon River. The cod was mined chiefly for the use of 
river steamers, but apparently little cod was produced and the mines 
were abandoned before or shortly after 1902, except powibIy for minor 
local use, R w d s  of production are not available for most of the 
mines, but probably the largest output was from the Williams mine and 
coal mine No. 1, which produced 1,700 and 900 tons, respectively, 
between 1898 and 1902. 

The region immediately north and wmt of the Yukon River between 
the Melozitna and Anvik Rivers ia one of rounded dbwbd by 
large, wide river and creek vdeya. The relief ranges from 600 to 
1,600 feet in the Ruby and Nulab arms and from 1,000 ta 3,000 feet 
in the Kaltag and Anvik areas. Owing to the heavy cover of trm 
and amaller vegetation, the generd lack of steep slop-, and the rela 
t i d y  soft bedrock, outmops m a  scarce and shoat entirely limited 
to the bluffs along the Yukon River; cun~equentIy, the field skudim 
were conked ta the Yukon River bluffa and the hills immediately 
adjacent. 

The region immediately muth and eaat of this -tion of the Bnkon 
River is a broad, low, swampy alluvial plain that extends to the foot 
of bedrock hills 4 to 30 miles from the river. A singla isolated hill, 
Pilot Mountain, about 12 miles west of Galena, rises several hundrd 
feet above the plain, 

QEOSOQT 
QF;NERALPEhTuRlas 

The bedrock along the Yukon River in t . b  region is mainly of 
Early Cretscsou~, and possibly in part Lata Cretacmus, age ( M a y  
and Reesida, 1954, p. 236-238; Pstton and Bickel, 1956a). It con- 
sis t a  of marina and nonm wine sediments, including graywacke, sand- 
stone, esndy shale, silty shale, clay shale, carbonaceous and eoaIy 
shale, graywacke conglomerate, and coal, with a smaller srn~unt of 
Cretmus snd Tertiary basaltic and andmitic lava and tuff and a 
few mafic and gmnitie intrusives. Some thin irregular seams of 
lignite we interbedded with the tuff in at least one locality (Collies, 
1903, p. 57-58). Little work has been done on the igneous rocks, 
and the exact relatiomhip between them and the sedimentary sequence 
has not been determined. Wide areas djacsnt to the Yukon and 
iB hibutaria are covered by Quaternary flood-plain and terrace 
deposih composed of gravel, sand, and silt. ,Most of the hills have 
a mantle of eolian silt, ranging widely in thickness (Eardley, 1938, 
p. 327), that is part of the widespread Quaternary loess depimits in 
central Alaska @lack, 1951). 



The Cretaceous wdimentary rocks in thh region are believed to 
be approximately 8,000 feet thick (Martin, 1928, p. 399). Smith 
and Eakin (1911, p, 55-80), on the basis of theh work and earlier 
investigations, divided the sequence into a lower unit, called the 
Ungdils conglomerate, and m upper unit, c d e d  the Shaktolik group. 
Martin (1926, p. 395), on the basis of later work and many fossil 
identifitiom, divided the Cretaceous rocks dong the Yukon River 
into four formations, which he described aa follow: 

TOP 
Ed tag formation : Coal-bearing r o b  conskting of fresh- 

water sandstone, shale, and coal beds with powibly some thin 
marine membm. Contains fossil plants, fresh-watm in- 
vertebrates, and perhaps a few marine in~mtebratw. 
8004- feet. 

Nulato formation: Marine sandstone and shde. Contains 
marine invertebratea and a few plank 8,0001 feet. 

Melozi fomtion:  h h - w a t e r  shale and sand~tone. Con- 
tains fossil planb and fresh-water invertebrates. 1,0004- 
feet. 

Ux& eonglomwate: Conglomerate, sandstone, and amdy 
~ h d e .  Contahm warm tubes, trails, and vegetable detritus. 
3,000 feet. 

Bottom 
Patton and Bickel(1956a) reclwsXed amd dwibed  the Cretaceous 

rocks dong the Yukon River between Ruby and KdEag into two 
unita: a border h i m ,  which is mbdivided into lower (probably 
marine) ~ n d  upper (chiefly nonmarine) units; ~ n d  an interior faciea, 
which is subdiPided inta lower (marine), middle (littoral marine), 
snd upper Inonmarine) units. The upper unit of the interior fwim 
is roughly equivalent to Martin's KaItag formation, and the middle 
and lower units are roughly equivalent to Martin% Nultbtb formation 
(W. W. Patton, Jr., and R. S, Bickel, 1957, oral communication). 

The border facies i~ exposed along the Yukon River between the 
Melozitna River and a point approximately 11 miles weat of the mouth 
of the Yuki River; a minimum thicknem of 1,200 feet of the lower 
unit haa been measured. The inknor facia is exposed along the 
Yukon River near the mouth of the Yuki River, and between a point 
11 d w  west of the Yuki River and Kaltag; at least 2,500 feet of 
section has been measured. The sedimentary m h  expmed along 
the Yukon between Kaltsg and Blackburn Greek are also part of 
the intmior facim (Patton and Bickel, 1957, oral communication). 
In this report the classification of Patton and Bickel haa been 

adopted, end the coal beds lie within the upper unit of the interior 
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facies or Martin's Kaltag formation. No attempt was made in 1944 
to revbe the stratigraphy as outlined in earlier reports because the 
fieldwork was concentrated in the immediate areas of reported coal 
deposib. Cumry examination of the areas between the coal iocdi- 
ties revealed no additional significant ma1 beds or svidence that 
contradicta the stratigraphic work of edisr  investigators. 

The coal-bearing upper unit of the interior facies, as described by 
Patton and Bickel (1956a), is: 
Mostly dark-gray and olive-gray &ale and silktone. S21hbone Is micaceou~, 
Near base, fine- to co-grained, lenticular, crmsbedded, locally friable, thick- 
bdded, salt-and-pepper wndatone; looally aome thin lenses of quarts and chert 
granule m d  pebble conglomerate. Subordinate very fine f;o fins-grained, 
micaemus, thin- t o  medium-bedded, gray to yellowish-orange sandstone. Bitu- 
&om coal in beds na much as 20 inahea thiok. Plant remains sbundanf. Fresh- 
and braoldah-w&te mollusla. 

The igneous rocks in this region have not bean studied in detail. 
Martin (1930) gaw a Tertiary(?) age for them, and Smith and Eakin 
(1911) called them Tertiary to Recant. Pattan and Bickel (1956a) 
g w ~ e  the age of the intru~ive near the Nahodatilten coal deposit as 
Cretaceous or Tertiary. 

A study of these rocks was not undertaken in cannection with the 
present coal investigation, as none of them am directIy asmiated 
with bhe c o d  outcrops. Descriptions by Smith and Eakin (1911, p. 
71-72) and by Hmington (1918, p. 46-50) indicate that the mcks 
me predominantly olivine basalt tuffs and vesicular flows, probably 
with some andegite and dadte. In addition to the volcanics, a few 
mafic and granitic intrusivea are present (Patton and Bickel, 1957, 
oral communication). A few dikes intrude the sedimentary rocks at 
various placea and were inhrpreted by Rarrington (1918, p. 48) as 
vents through which the lava extrusions passed. Ellipsoidal lava 
surfacm (Hminghn, 1918, p. 49) and intercalated thin hgnite seama 
(Collier, 1903, p. 57) mggest a littoral envkoment during at least part 
of the period of formation of the Tertiary(?) roclrs. 

Folding and fauIting of undetermined magnitude are common in 
this region, and the structure is locally complex. In general the 
regional trend of folds in the Cretaceous strata is N. 50' E., but atrikes 
of N. 25'E. ta N. 75OE. are not uncommon. The dips of the beds 
genarally range from 20' to 60°, but dips outaide this range were noted 
locally. 

o a u  DEPOBITS 

811 the wd beds at the seven localities examined appear la be in 
the upper unit of the interior f acies (quivalent to the predominantly 



nomarhe Kdtag formation of Martin), although thin carbonaceous 
layem, e ~ b o n a ~  and mdy detritus, and small lenw of coal are 
locally present in the other Cretacmua unita, and a few small lignite 
seams ma intmbedded with the volcanic rocks. T h e  Cretaceous coal 
bed8 are relatively thin find are reported to be irreguEar in thickness, 
even pinching out locally within short dilstances. 
The thickest bed reported is 39 inches, and anotber bed conhina 

s few pocketa that are 8 feet thick (Collier, 1903, p. 55) ; moet of the 
beds are less than 2 feet thick. The cod is bituminous to aub- 
bituminou~ in rmk, is friable, and slacks rapidIy on sxpoaure b air 
and drying. 

NdBOCLaTmnmN D m m  

The cod dqmsit described by Collier (1903, p. 47-48) aa the 
Nahoclatilten ma3 bed is on the north side of the Yukon River about 
20 miles upstream from Wens and abut  5 milea upstream from the 
abandoned Louden telegraph etation. The name "Xabdatilten" is 
no longer in locd usage. Collier reported a 1-foot coal bed under- 
lain by about 5 feet of bony coal or cody ahsle with stringers of 
cod. Prospectma reported that three ma2 or ooaly beds, each about 
10 inch= thick, were immediataly adjacent to this deposit. Other 
occmencm of cod in this vicinity were reported to Collier. 
The cod-bearing sequence of rocke and other outmops in the 

vicinity were ex~mined by Chapman in 1944. The cod beds are 
exposed about a quwter of a d e  north of the river bank En the face 
of a bluff a b u t  200 feet ~ h v e  the river. The exposure, which 
apparently wtrs crested by a smd dde,  is about 300 feet long. The 
general strike of the beda i N. 55" E. fo EJ. 60' E., and the dip is 
about 65' SE. Slumping and partid mering prevented detailed 
struatural abswations, but it appears that sharp folding, possibly 
accompanied by faulting, hae o d  in the vicinity of the coal beds. 
One c o d  bed, which ranges from 1 to 3 feat in th ichea  and contains 
several thin ahale partings, was exposed. This may be the 1-foot 
md bed d&bd by Collier. Three carbortweorrs and maly shde 
layere, ranging from 6 to 8 inch- in thichw,  lie 30 to 35 feet strati- 
gmphidy above the main coal bed. The hterpening and werlying 
sectiona include interbedded brownigh-ay to black shde, light-tan 
lt4 light peenish-gray gandstone with i&d cualy and wbonaceous 
Iensea and fragnenta, and light-tm to red-hued gaywscke oonglomer- 
ate with pebbles and granules of chert and schist. About a 
of a mile upstream from the c o d  lad*, small pocketa of cod and s 
3-inch coal layer are present in sandatone and sandy shde e x p o d  
at river level in s mdl bluff. Thick vegetation covers the tram 
of the md beds beyond the river bluff eleposures. Variations in 
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strike and dip in this area indicate intense folding and possibly 
faulting, although no di~ect  evidence of faulting w a ~  observed. 

A prominent bluff a few hundred ymds farther upstream and 
opposite the upstream end of a 1- idand exposea a sedimentary 
section that is cut by a IighbcoIored finely mphlline intrusive 
(Martin, 1926, p. 402). At the west end of the blufT the section 
kcludea silttahne, vary fine gainad sandstone, carbonaceous shale, 
and a 3-inch coal bed. These rocks shrike N. 55" E. to N. 60' E. 
and dip 60' NW. 

Andyaes of coal samples ~Uected from this deposit in 1902 and 
1944 are shown in hble 1. 

PIcK.4lmkfnm 

The Piclrart mine, one of the earliest coal mines on the Yukon 
River, was first opened in 1898 on ths west bank about 10 miles 
upstream from Nulato and about 6 milea downstream from the village 
of Kayukuk. Neither the coal bed nor my evidence of the mine was 
visible in 1944. Collier (1902, p. 49) stated that the coal bed is 
in Upper Cretaiceoua ro& that are probably of frwh-water origin 
and a b u t  75 feet above the contact with marine beds. The cod 
s t r i b  N. 75' E,, and dipe 36' N. Two rob, near WE& the cod 
is crushed and impure, were found in working the bed. The coal 
ranga from 18 to 36 inch@ in thickness but piaches to a knife-blade 
thickness at one of the roUs. Although the coal waa said ta make 
good ooke and waa c l d  as bituminous (table 1, andm GS-252, 
-2531, the irregdsritim near the r o b  and possibly the ISM market 
led to the abandonment of the mine in 1902 after the main gmgway 
bad been extended abut  600 fgst. 
The rocks exposed in the river blufls in this area are sandstone, 

&aly sandstone, d t y  shale, clay shale, cod, bone, and maly shale. 
The section indudm five beds of bony cod, averaging about 6 inches 
in thichess, and two cod bede 8 and 9 inches in thicknew. 

The ~trjke of the beds rangea from N. 35' E. to N. 76O E., and the 
dip ranges fmm 25 '45"  NW. The leas compemt beds show minor 
crumpling and folding, but no faulte of any consequence are exposed. 
StructuraJly the section in the Picinity of the mine appears to be 
part of the north limb of a large anticline, the axial zone of which 
liw appmximatdy 3 ta 4 miles to the wuth. 

-TO COAX! Bmn 
Severid coal beds have been reported between the Pickart mine 

and Nulato, but only one bed, cropping out about 1 mile upstream 
from Nulato, was examined by (1902, p. 52). He ststed that 
the bed has a thicknm of 2.5 feet, of which 8 inch- is dean clod 

and the rest i~ bony coal and clay partings. This bed was not found 
in 1944. 



TABLE 1.-Proximale analyses of wal from deposits dong the Yukon River bdween Ruby aad Anmk, Alaska 

I 08 prccedlag l&~ratory numbdr 1ndleaLes saelysls mndo by E. T. Allen, U.9. Qeol. Survey; dl others made by U.8. Bur. Mlnes, Plttsbvrgh, Pa 
I, Sample as redeved; 2, nlr drleb; 8, momolstute h: 4, rnolslure and ash free. 

VolaULe Pixed 
L u c ~ U r m  and bed CoUedor and date 

.......... N W t l l t s n  l . f t M  bed ..............................-... A, 1. Col l lC r ,  10074. 08-241 ------ 
~ ~ e t l l t e ~ .  t+ncoal\wd ................................ 1 & b  a7.0 9 aa 

2 7.9 51.8 622 2.6 

------ 
#&art &a, XlO &In horn portal ..................-........ 

........................... ~ i e k a r t  mtne, 6 0 ~  ttb from portat 

Y l c W  mine, I-lt bed s&va Mckart coal (outcmpP). ..-...- 
Bush dne ,  ond of t m l  ................................... 
Bletchford mh, Born stockpile ............................. 
BJatchtord mine, h m  ouwap of 1-fl bed.. ............-. .... 

.............. Adolph M d a r  pnspro~8 mll& blow Kaltsg  

.................. WlUhmi &e, u r n  beach af Sh seam 

WlllIams mine, lower b m e h o f ~ h .  seam 

................... &a1 mbe No. 1, outomp o f ~ W t s a a m  
Coal d n e  No. 1, buhop af l%h bed 160 to 200 IC above 

1-Lver. 

......... A. J. CoUSer, 1902.. 

......... A. J. Cower, lW2-. 

.......... A. J. OoWer, 1802. 

........... A. J .  ColUer, 1- 

.......... A. J .  Collier, 1802. 

....... R. M. Chapman, 1844 

........... M. L. Sbarp, 1826 

......... A. J. Collier, 1902.. 

.......... A. J. OolUer, lQO2. 

........... A. 3. Cplltor, 180a 

....... B. M. Cbaprnm, In4 

CAS-262 2 1.02 27-1.33 65.68 6.62 0.6 -- --- - 
08-W 2 1 .  W 68 18 1h'm .................... --- 
0-1 1 22a a476 60.w (864 0.W .......... 
09-W 

08-269 

C a8284 

-.--...... a 1  71.9 L O  .......... 24.3 75.7 .......... 
-----, 

A 1 W  .......... 

O&B4 .......... 
- - - - .  
052% 2 48a ~ a e 2  65.u L Q ~  0.21 .......... 
C 38286 

.......... 
4 --------.. saw 6k.l 
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The stratigraphic wtion observed in the bluff near Nulab is 
simi1tw to that, new the Pickart mine, and the KaItag formation is 
mapped in both p l m  (Martin, 1930, p1. 87). It is possible that 
these two mal-bearing areas indude approximately the aame sequence 
of beds; however, such a correlation is tenuous inasmuch as the 
structure in the intervening area is complfcated by small folds m d  
several faults of unknown magnitude (Patton and Bickel, 1956a, 
structure section J-K-L-M . 

The Bush mine is about 4 miles downgtream from Xulata on the 
wmt bank of a slough behind the first isiand bdow the mouth of the 
Nulato River. A tunnel about 30 feet long was driven through a 
slide to reach the coal bed (table 1, analysis GS-254). The coal 
was broken md v e q  much wsatliored, and the th icknm of the bed 
could not be determined, nlthouph it appeared ta be at least 4 feet 
(Collier, 1903, p. 52-53). 

No cod or evidence of a mine was visible at this locality in 1944. 
Two beds of dark-gray iron-stained carbonaceous and cualy &ale, 
6 to 10 inches in thickness, are exposed in a bluff about 40 feet above 
the rivw level. Medium-gray s a n d s h e  and sandy ~ h d e  crop out 
just downstream from the mine locality. These beds strike N. 28' E. 
and dip 40' W. 

BLkm-mlwRDm 

The Blatchford mine ia on the west side of the Yukon River about 
9 milea downstream from Nulato and at the upper end of a prominent 
rock bluff. The rnino was below the water's edge in 1902, and mining 
could be done only in the winter because t.he portal was under water 
during the summer. The seam was reported to be crushed and verp 
irregylm, but included thick pockets a~ much as 8 feet in diameter 
which were mined. Probably not more than 300 tons of cod was 
produced prior to 1902 (Collier, 1903, p. 53-55). The following 
aection was m e w e d  at this locality in 1944. 

Top, covered F& 
Shale, aandy, medium- B d a r k y p  :.--..-..--- P P P P P P P  P P P P P P  P P P - P P  . IO+ 
Coal, weathered and crumbled enttcular(7) (table 1, analysis C 38294)- - I 
Shale, s a ~ r l y - ~ - , - - - - - , - - - - - - - - - - - - - - - - , _ , ,  15 
Santtstone, medium to Light greenish-gmv, medium- to  f ine-wind, with 

carbonaceous and ahale fragments; be& 3-5 in .  thick ---,-,----,,--, 25+ 
Gilty shalc and siltptone, thin-bedded, medium-to d a r k - p y ,  iron9tained. 

Some interbedded dark-gray t o  Hack iron-stained c:vhonaceous shale- - 10-12 
Sandtone and fiilty shale, interwded, ~imilar to above -,--,,,-,, - ,-,,, 30-40 
Bilty sI~alo, medium- ta dark-gap, thinly laminated -----,,,,,,,,,------,-- 3 
finahtono, mnssivc? bedded, laminated in part, s i r n ~ f a r  to above,, , ,----- 5(1) 
hnds tone  atla shale, pray to Mack, with minute conby stringers; similar to 

nbovr------,----,----------------,--------------,--,----------- 2S30 
Bhale, sandy, medium-gray, and silty abale gray t o  black, with fragmentary 

p l a n t m a t m i a l - , , - - - , , , - , - - - - - - - - - - - - - - - - - - - - -  14 
8Tr-l- 



26 CONTRIBTMQNB TO ECONOMIC aEOLOGY OF ALASKA 

Sandatone, medium- to light-greedah-gray, coarse- to &tc-grained, slightly ~ e r l  
cdcsre~us.  with carbonaceous wlant fraamenb: fractured and c r m -  
bedded ---,,, ** ,,,,, ** ------- :--,**,--* ----- :,-* -------- -----,,, 5 

Shale, sandy and carbonaceous; 2-in, seam of bituminous coal at t ~ p  and 
6-7 in. of waly ahale at bottom ,,,,-,,,----,-------,-----dh----4- 3 

Sandstone, similar to above; h d s  3-6 in. thick --,,,,,,-,,,-,,,-,,,,--- 12 
Sanhtone, thinly bedded, and sandstone, shah inkbedded ------,-- ,,, 10 
EkaIc, amda. with intcrkdded carbonaceous s h e  including a 4-0 in. coal . , 

s e a m - - - - , , , , , , , , - - , , - - - - ~ - ~ * - - - ~ * ~ , * , - ~ - ~ - - - - - - - - ~ -  12 
Sandstone, mwive, nrmhdrled, medium-grained ; similar to rabove--, - - - 7 
Shde, sandy, medium-yay, thinly laminated: carbonaeeoua in parta- -- -- 3-4 
Sandstone, medium- to l i  ht-greenieh-gray, iron-stained, medium- to corn* 

grained; h d a  I in. to ft thick, grading to thin shaly beds in upper art; 
irrrctuw snd slickensides common with thin calcite caatinw an bechng 
planes and fraoturea--- - - - - , - - - - - - - - - - - - - - - + - - ~ ~ ~ ~ ~  40-50 

Bottom, covered 

The beda throughout this exposure strike N. 70' E. and dip 45' to 
55' NW. The 1-foot coal bed near the top of the section is exposed 
close to water level at the upstream end of the bluff. The coal, which 
is weathered and crumbled, pinches out at water level and ia covered 
about 20 feet from the river by a silt terrace. This mtion i8 un- 
doubtedIy part of the, nonmarine upper unit of the interior facim. 

Analpa  of this coal (table 1,  analyses (3-258,  C 36294) indicate 
that it is high-grade; bituminous, and repork indicate that it proved 
very satisfactory for river gteamers and blacksmithing. Bgcause of 
the intense shearing and fracturing of the rock at this locality, how- 
aver, snd the reported irregularity of the cod bed (Collier, 1903, 
p. 541, it is doubtful that the cod is continuous or uniform enough 
to be ecanomicdy workable. 

w n m x M B  M r n  

The Williams mine, originally known as the Thein mine, ma on 
the wwt bank of the Yukon River about 50 miles downstrem from 
Kdtag and about 5 miles upstream horn a river bluff landslide 
known as Eagle Slide (fig, 3). Up to the time that Collier (1903, 
p. 56) visited the mine in 1902, about 1,700 tons of cod had bgen 
mined. At this time a drift had been extended into the bid on a 
39-inch bed of bituminous cod, which was divided by a thin clay 
parting (table 1, a n d m  GS283, -284). The bed was followed 
400 feet into the Ml without ~howing a change in strike or thickness 
(Collier, 1903, p. 65) .  The mixla haa been abmdoned for many yew,  
and in 1944 the portal and coal bed were completely obscured by 
slumping of the bank. A few old powder boxes and timbers gaPe the 
only clue to the probable location of the portal. Exposures of coal 
are limited ta a few tiny stringers. 

Collier (1903, p. 55) stated that the cod bed is overlain by at least 
2,000 feet of sandstone, conglomerate, ~ n d  black shale. It appears 
that at least several hundred feet of nomarine section underlies the 
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coal bed. Tbe ~tratigraphic sequence observed along approximately 
2.5 miles of low river bluffs northward from a small creek &bout half 
a mile south of the Williams mine consisb of silty shale and clay shale; 
massive te ~ h d y  beddd sandstone, which is fractured and contains 
veinleta of calcite, some of which exhibit slickensidee; dark brownish- 
gray to black csrbonaceous aad eoaIy shale; and beds and stringers 
of coal and bone, ranging from about 0.5 inch to 7 inches in thickness. 
Carbonaceous plant fragments aod leaf fossils are common through- 
out the section. The 39-inch coal bed reported by Collier was not 
seen in 1944. 

The general strike of the beda in this 2.5-mile section is N. 50' E. 
to N. 70' E., and the dip, with the exception of a few local irregdari- 
ties, b 40" to 60° NW. Xew the mine site the beds are overturned 
and dip 8" SE. and show evidence of faulting or g h q  local folding. 
Approximately 1 mile north of the mine site, another small section 
shows overturned beds dipping 10' to 15' SE. CoUiar 11903, p. 553 
film mentioned possible faulting in the area north of thn cod mine. 

COdL MmE NO. i 

Coal mine No. 1 was on the west bank of the Yukon River about 
23 miles downatream from the Willimns mine and about 16 miles 
upriver from the abandoned settlement at BIackburn (fig. 33. The 
mine was opened in 1898 by the Alrtskan Commercial Co., and 900 
tons of coal was produced. The mine was abandoned the same year 
because of d f i d t y  in keeping water out (Collier, 1903, p. 53). The 
workings, which included a 9- by 7-foot slope tunnel, were Med with 
water at the time of Coller'a visit hn 1902. According to Collier, 
ths analpsis (table I ,  anal-pis GS-288) indicates a good grade of bitu- 
minouscad. Thecoal bdh22 .53f fee t  thickand isin asandstone 
section that %trikes N. 60' W. and dips 35" SW. 

The mine workings have been obscured by slumping, and the exact 
lmstion could not be determined in 1944. A bituminous coal bed 18 
inches thick, two coal beds 3 to 5 inches thick, and two cod and mbo- 
nam0u.s shale beds 4 to 6 inches thick crop out in s, hillside about 150 
to 200 foet above the river where a large dide hns exposed a, E m  
approximately 250 feet long and 100 feet high. Tho Winch bed is 
generally uniform, although it pinchm to 12 inches at one point and 
in a few p l ~ e s  is bony and iron stained. 

The following section is exposed in the hillside face: 

Top, mvered FM 
Banddone, silty, medium- ta lighbgray, fine- to very fine-grained slightly 

celcarmun, micaceow; weathers medium reddish-hrown with h e s y  
iron stain on fracture surfam --,--------------,---,,,-,------ SO+ 



Sedwn ai uml mine No.$-Cadinuad 
SanWne, ve h e  paiud; and sandy sibtone; both medium ellow- Fe# 

ish-gray, 2, iron stained, noncalc-us, shslg; mme iatergedded 
sandstone similar to top 10+ ft; t w o  coal seams 3-5 in. thick- -- ,-, 25 

CIay ehale, medium-gray, with two 1-3 in. codg seama near bottom. ,,, 1 + 
Coal, bitum~nourr, with a 0.5 in. ferruginous clay parting in middie of bed. 

1-9ndvsia C 36295.) --,,-----,---,---,,--,--------,,,,--,,,,-,-- 1.5 
Sandstone, rnicaceom, and silty shale; similar t o  ahove ,,,,,,------ 15$ 
Gandshne, hght yellowish-gay, fine- to cloarse-grained, nonaalcareous; 

many carbonaceous fragments and laminas; thick bedded and frac- 
tured; weathered to light reddiah brown -,.,---,,.,,,.-----,-,,, 10+ 

Bottom, cever~d.  

Total , - , , , , - - , , , - - - - - - ~ ~ - - - - d ~ , - - - - - , ~ -  0 2  54- 

Beds of similar lithology, including a 14-inoh bed of hard lustroua 
bituminous coal, several thin coal lay&, and a IGinch carbonaceous 
shale bed with maly seams, crop out at water leva1 between the sec- 
tion described above and the mouth of a s m d  creek about a quarter of 
a mile upriver. 

About a mile above the mine site, the beda dip 20" ta 23' NE.; 
this dip indimtea an anticlid structure with the cod bed on the south- 
west limb. Although faulh may be present in the many covered 
intervals, none were seen to account for an apparent minor anticlind 
flexure in the area of ma1 outcrops. The b& exposed in the slide 
arm strike N. 16" W. to N. 38' W. and dip 25" to 40' SW. - COAL BED13 

According to a report received by the writer in 1944, a cod bed 2 
to 3 feet thick m p a  out in the channel of the Melozitna River about 40 
river miles above the mouth. Somn of the cod was repor~dly used 
by a black~mith En Ruby and praved to be s good quality b1prcksmit.h- 
ing coal. 

A 54-inch cod bed, described as the Adolph Muller prospect, is on 
the wmt bank of the Yukon River 8 miles below Raltag. This bed 
waa memurecl and sampled by the U.S. Bureau of Mines (1946, 
p. 30-31, 75) in 2925. The analpis is given in table 1. The bluff 
at thie locality, Ernown as Eightmile Point (fig. 3), was examined 
bricfl y in 1944, but the ma1 bed was not exposed. The section here, 
mapped as Kdtag formation by Martin (19301, mmista of a light- 
gray to yeITowi~h dhy micaceous very h e  grained sandstone in beds 
1 to 18 inches thick with interbedded medium to dark yellowi~h-pay 
silty shale and sandy shda that contain abundant carhonaceoua plant 
impressions and fragments. The beds atrike N. 55' E. and dip 
20" NW. 

C O ~ c L m r O W  

The md beds adjacent to the Yulron River beheen Ruby and 
Anvik do not appeu to merit more detailed examination or explora 
tion, The beda, although mostly of good quality bihuminous cod, 
are thin, appbrently irregular in thickness, and of mall lateral extent. 
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The coal is highly fr~tured  and slacks badly on drying; consequently, 
it is poorly suikd for shipping, handling, and many commercial usea. 

When the mines were being worked, the dd3iculty in obtaining 
drainage seems to have been one of the main handieapa. This pro- 
bably would become more of a problem if operatioria were extended 
downdip. The minable reservea are relatively small, and, owing to 
the dip of the beds, littla cod could be obtained by surface stripping. 
In view of the prmence of more abundant and accessible coal deposits 
in other parb of A l d a ,  it k doubtful that the Yukon River cad 
deposits will ever have ecanomic value for other than small-scale 
local use. 

EXAMINATION OF URANIUM PROSFFCTS, 1966 

During the summer of 1956, uranium prospectsl were examined in 
the eastern interior, southern, and southeastern parta of Almka. The 
examinrttiona were to aid prospecbra as well aa to gather information 
for the Division of Raw Makids,  U.S. Atomic Energy Commission, 
on whose behalf they were made. The writer was assbted by H. B. 
Groom, Jr., and W. K. Benda. 

PROSPECTS EXAMINED 

The prospects examined (fig. 1, localities 3-9) were all found by 
detection of anomalous radiowtivity; however, only two of them have 
yielded uranium minerals. They wero brought to the attention of 
the writer by prospectors requesting an examination. The examina- 
tions were brief, from a few hours to three days, and no attempt was 
made to geologically map the ~urrounding areas. 

Shirley Lake, about 100 miles northwest of Anchorage, lies between 
the Happy River and Portago Creek about a, mile north of the 
Skwentna River (fig. 1). The region was visited by S. R.  Cappa 
in 1926 (Capps, 1935), and the prospect was previously visited by 
J .  J. Matzko in 1954 (writtcn cammunication). 

Anomalous radioactivity was found in 1954 in a unit of tuff and 
tuff-breccia that underlies a ridge along the north side of Shirley 
Lake. The tufT and tuff-breccitb are indurated but, except for a 
littla epidote, do not appear to be metamorphosed. The unit is 
broken by many jointe and by a few faults. 

The radioactive areas are very mallp at the moat a few feet in 
length, and occur in and adjacent to joint surfaces. It seems likely 
that the radioactive rock was formed by the deposition of small 
amounts of uranium that migrated with wbsurface water moving 
along jointg in the tuff unit. The uranium may have been leached 
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from the tuE and then depodted when the water partIy evaporated 
upon reaching the surface. 

Exploration work at the prospect conaiste of a few shallow p i b  
in the tuff unit. The pits have not dimlosd any extension of radio- 
active rock below the surface or away from the joints and therefore 
show the dependenm of the radioactive rock on the joints. 
The maximum amount of uranium detested in agmpIes fmrn 

Shirley Lake by the U.S. Gteological Survey is 0.021 percent (6. J. 
Matzko, written eommuni~&tion). A pm~pector reported that a 
sample from the area ae~laged 0.29 percent uranium, which is powible 
considering the spotty nature of tha radioactivity. The joint- 
controlled occurrencers of the radioactive rock and its low grade are 
unfavorable indications for the prmence of ore-grade material st 
Shirley Lake. 

BKAQWAY 

The pmpect st Skagway (fig. 1) is on a steep hibide about 250 
feet above the t r h  of the Wbi te Paaa and Yukon Radmsd oppoeite 
the oil tanks of the Standard Oil Co. of California. It was discovered 
in the spring of 1956. 'She Skagway region is known to be underlain 
by rocks of the Coast Range batholith, but no detded areal geolqical 
mapping has been done. 

At the prospect there is an illtared rhyolite(?) body of small size 
surrounded by medium-grained quartz diorita. The quartz diorite 
is cut by several large faults and intruded by fine-grained andesitic 
dikss. Uranium occurs adjacent to a prominent, steeply dipping 
fracture in the rhyolite (?), where it is associatd with iron oxide 
staining md with globules of clay that memble fdliam of vesicles. 
The highest grade sample oonsists of o l i v q e e n  clay that ww probably 
hand picked from vesicles in the rhyoIih(?), This sample contains 
0.72 percent equivalent uranium and 1 -2 psfant urmium, as dekr- 
mined by the U.S. Geological Survey laboratory in Washington, D.C. 
tandysB: Carmen Johnson and B. A. McCdl). The amount of this 
material found was very small. Most of the minerdised rock con- 
sise of highly altered rhyolite(?) that ia stained red and yellowish 
brown with iron oxida miner&. It contains rts much a9 0.22 percent 
eqnivdent uranium. No sulfide or gangue miner& were seen except 
for specks of purple fluorite. 

One pit at the prospect hss yielded a few hundred pounds of speci- 
mens, but no resemes of ore were seen. The geologic conditions in 
the region are cunsidered generally favorable for the occurrence of 
uranium, and further prmpecting is warranted. 

Kendrick Bay is near the southern end of Prince of Wdes Idsnd 
about 35 mdee aoutbw~t  of Ketchikan. The area was mamined in 
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1955 and studied in detail during 1956. The present report is based 
on an e m a t i o n  in 1956 of a newly found uranium occurrence on the 
Marietta claim of the Litde Ray group (fig. 7). 

The &urn is in a fractured maas of andesih that ia surrounded 
by granodiorite. Nearby, cutting the granodiorite, ia s pegmatite 
dike that contains uranium-titanium minerals. A younger alkali 
granite is the host for a uranium-thorium deposit on the ad jncant Cub 
(RawAdam) group of claims. The andmite body is poorly exposed 
but crops out an very steep hillsides and praduces small talus dopes. 

The most radioactive specimens from the prospect have come from 
the tdus piles and from the beds of local drainage courses. Altared 
rock in n m o w  zanm (as much as 6 inches thick) adjacent to three of 
the many fractures cutting the oukropa is radioactive but of lower 
gmde than the float samples. A radiomatric reading of the most 
radioactive part of the rock in place was 1.0 diroentgen per hour. 
A hand sample collected from the stream gravel at the foot of a talus 
slope gave a reading of 2.0 mr per hr. Other samples from the float 
were found by the assay office of the Territory of Alaska Department 
of Minm to contain as much as 8.6 percent Ua@ (A. E. Glover, oral 
communi6stion). Very littIe is known about the type of mineraljza- 
tion at this prospect. The specimens do not rmemb2e either those 
from the deposits aaaociatd with pegmatite or those from bhe deposit 
on the Cub p u p .  Uraninite was tentatively identified in a aampla 
from this location but in an amount that could account for only a 
s m d  part of the rdiosctivity. 

Although the amount of radioactive rock seen in place is too s m d  
to be considered minable, the high grade of the pieces of float justi- 
fie9 exploration to determine their Bource. The general area is very 
f avomble for the occurream of uranium depssita. 

0-FIACgRCLdW 

The O'Kesfe p l m  daim is abut 20 miles southwmt of Chanddar 
Lake and near the divide botween the drain- of Crooked Creek 
and the South Fork of the Kopkuk River. The pmpect is in the 
Chanddar district, mapped by J. B. Mertie, Jr., in 1923 (Mertie, 
1925). 

Tha mm of O1&fe's claim is underlain by a mica ~ c h b t  unit 
that wua referred by Mertia (1925) to the early Paleozoic. Near 
O'Heefe'a dsim this unit Is highly deformed and is cut by many thin, 
diecontinuous veins of quartz that contain pyrite. Other rock typea 
in the area include gneiss end granite. 

The radioactivity in the area of the prospect is higher (as much m 
0.038 mr per hr) than ia normal in srw of mica whist. The high 
dioaotivity ia general in the ares, however, and probttbly ie not 
related to a body of uranium ore. 



Bedrock Creek is abut  4 miles east of Miller House. The area 
examined is about 100 yards east of the creek and 50 yards upstream 
from the Steeae Highway bridge. The most recent geologic mapping. 
that included this area was dons in 1952 by IT. S. West and J .  J. 
Matzko (Nelson, Wwt, and Matxko, 1954). They found the area 
to be underlain by the Birch Creek schist of Precarnbrittn age, which 
is intruded by Mesozoic(?) granite in the he~dwater part of Bedrock 
Creek. 

At the prospect, the Birch Creek schist consists of mica and quartz- 
mica gchist cut by small dbmntinuous veins of quartz. A zone of 
schist st~ined by iron oxides is the most, radioective. This zone 
wm trenched and found h be from K foot to 2 feet in width throughout 
R length of about 8 feet. The iron-stained schist gives a, radiometric 
reading of about 0.05 mi- per hr, and unstained whist from nearby 
outcrops g i ~ e  s reding of about 0.04 mr per hr. Schist that crops 
out near the Stsess Highway gives a reding of about 0.01 mr per h. 
Samples collected from the most radinactiva rock contain 0.005 
percent equivalent uranium. 

The prospect is on t.he site of a definite localized anomaly of radio- 
activity that is, however, of smdl size and low grade. The area does 
not appear b have potentidities for uranium ore. 

MOUNT F-Y 

Mount P~irplay is about 200 milea southeast of Fairbanks. The 
prospect is on the ww&m dope of Mount Fairplay adjacent to the 
Taylor Highway between mile posts 28 and 29. The region has been 
mapped by J. B. Mertie (1937), knd the prospect has been examined 
by M, 6. White and A. E. Nelmn (written communication). Bed- 
rock in the area is grfinite surrounded bp rhyolite and dacite of 
early Tartinrp age (Mertie, 1937). 

At the prospect three trenches were cut parallel to the contours 
to s depth of h u t  5 feet. Two of the trenches are dong zonas of 
iron oxide shining that give somewh~t higher (as much as 0.24 
mr per hr) radiometric readinga than the adjacent unstained granite, 
which gives readings of about 0.10 mr per hr. A sample from the 
most radioactive rock contains 0.0 15 percent equivalent uranium. 

Although no detailed minerdogical work wtla dona on the rocks 
from the area, most of the radioactivity is believed by the author ta 
origin&& in normal accessory minerals of the granite. The alight 
concentration of radioactivity in zones of iron oxide staining is 
probably due ta uranium Iemhed from the granite ttnd then removed 
from solution by the iron oxide. There is probably no ore-grade rock 
ttt this prospect. 
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The pmpwt  in the White Mountains is about 60 miles northeast 
of Fairbanks and about 2 milea south-southweat of Lime Peak (also 
known as Ijon Peak). It i8 in an area underlain by granite and is 
shown on a compilation map by J. If. Martie, Jr. (1937). 
In the area of the prospect, the granite is unifom in cornpition 

and free of noticeable large fractures. It g i v ~  a uniformly high radio- 
metric reading of about 0.10 mr per hr, which, although higher then 
is usual from granites, is not indicative of an ore body. The writer 
feels that the margins of the intrusive and the adjacent mcks are 
more favorable for prospecting than the central part where this pros- 
pect is located. 

QENEBAL RECONWMBBUCE 

General reconnaissance in 1956 waa restricted b a radiometric 
traverse along the Taylor Highway from it8 junction with the Alaaka 
Highway to Eagle. A carborne continuously recording scintillation 
counter was used for the Itraverae. Tha part of the Taylor Highway 
from ita junction with the Alaska Highway to Chicken was prsviously 
traversed by M. G. White end A. E. Nelson in 1950 (written mmmuni- 
cation). The geology of the region is described by J. B. Mertie, Jr, 
(1937). 

No rdoectivity ~nomdiea of significance were found during the 
traverae except at the prospect on Mount Fairplay. (See p. 32.) 
An anomaly was detected on Wade Creek where the highway crosses 
teilings left by a gold dredge, but it could not be found upon recrossing 
the area. It may have been due to a small pocket of heavy minerals 
in the tailings 

OO~ULUIIOH 

Although none of the prospects examined in 1956 had a minable 
quantity of uranium ore in sight, two of them warrant further explora- 
tion. These prospects, at Skagway and the Marietta Claim at Kend- 
rick Bay, have yielded a small amount of ore-grade rock. No weas of 
interest were found during the reconnaissance along the Taylor 
Highway. 

BUMMART OF RECONNAIBRAKCE FOR URANIUM IN 
ALABKA, 1955 

Ry JOHN J. MATZED and VAL L. FREEMAN 

During 1955, the fieldwork by personnel of the U.S. Geological 
Survey engaged in reconnaissa~ce for uranium in Alaslra consisted 
of airborne-radiometric travetses, ground reconnaissance of some of 
the radioactivity anomdies found during the airborne work and of 
anomdies reported by prospectors and geologists, and a traverse 
along the GIenn and St~rling Highways. Anemaliw found during 
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the airborne traverses were examined on the ground in the Kobuk 
River area in the Lockwood Hills, near the mouth of the Kogoluktuk 
River, and in the Circle Hot Springs area at CircIs Hot Springs. 
Anomalieg reported by prospectors and geoIo&h were examined on 
the ground in southeastern Alaska at William Henry Bay and Bokan 
Mountain; in southern Alaska, at Owbat River, Tiekel, and Chisik 
Island; and iu interior Masks, at Coatello Creek and Maclaren River. 

!J!he airborne-radiometric traversw were made at an air apeed of 
about 100 milea per hour and at an average altitude of about 100 feet 
with a scintillation counter connected to a continuous recorder. 
Thirty-three anomalies considered worth examining were found in 
central B l a h  (table 2). The traverse along the Glenn and SterIing 
H i h w a p  was made with a jeep-mounted scintillation counter and a 
continuous recorder. During ground reconndance, a portable 
scintillation counter designed for prospectom was used. 

Q,U- ( 1 ~ P W )  I N a t b  M b d a  W&lo&tads 

Kobuk R k x  arem 

I 
157' 18' 
167- 30' 
158' 14' 
156' 42' 
15ti" 16' 
157O 01' 
156O 41' 
156' 01' 

Ambler River --------------------,--_---------- 

Shungnak------------------------------- 

Survey Paas ---- -------- ------------ ------. ,-- -- 
Tmana ----+,----,,-,-,,,--------,+-,------,,,, 

Tanana-Bettler~------------,,,------------------ 
Betiles -.-----,,,,------------------,-,-,,----- 

Hughes -----,-,,,,----,-----------------,,-,--- 
Meloaitna- - - - - - - - - - - - - - - - , -, - - - - - - - - - - - - - - - -- - 

67' 06' 
67' 17' 
67' 18' 
66' 50' 
6fi0 22' 
66' 25' 
66' 18' 
66' 11' 

Kantishna River --,-, , , , , ,- - - -- - ,- - - - - - , + +, - - - - - 
Ruby -,,----------,,,,,,-------,--,,,,,,,,,--- 

67" 07' 
65O 52' 
6 8 O  00' 
6G021' 
6 6 O  30" 
t i 6 O  33' 
66'03' 
05O 35' 
6.5' 27' 
P , 5 O  10' 

163O 21' 
161' 02' 
151 O 02' 
150' 27' 
160' 27' 
150° I S r  
I.53' 55' 
153- 58' 
X 5 3 O  45' 
154O 04' 

64' 07' 
6 4 O  10' 
CAe03' 

152' 56' 
162' 32' 
153' 14' 
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TABLE 2.-Radioaclivdy anomalies localed by air6wne Iravwees, 1965-Continued 

Whlte M e 4 k d e  Hat Sprlagm - 

The 1955 field season extended from the latter part of May through 
the middle of October. The writers were aided in the field by M. N. 
Christenaen, H. B, Groom, Jr., W. W. Patton, Jr., I. L. Taneur, and 
L. R. Ladwig, all of the U.S. GeoIogical S w a y .  The work was done 
on behalf of the Di~s ion  of Raw Materials, U.S. Atomic Energy 
Commission, and waa aided by logiatic support received from the U.S. 
A m y .  

IOBWK RfVEa haEd 

Circle ,-----,,,,,,,,,,,,----------------------- 

Livengood -,----------------------------------- 

The Kobuk River area (fig. 4) includes the northern part of the 
Koyukuk geosyncline (Payne, 19 5 5 )  and extends north of the geosynl 
cline into the Brooks Range geanticlina (fig. 5). Several traverses 
with airborne radioactivity-detection equipment were flown over t,he 
area and multed in the discovery of the eight radioactivity anomalies 
shown in ltrsble 2. The available logistic support permitted field 
examination of only bwo of these anomalies; one at the mouth of the 
Kogoluktuk River and one in the Zane Hins. S e v e d  other loertli- 
tiea WWB visited to obtain a general knowledge of the area. 

The part of the Kobuk River area that lies within the Koyukuk 
geosyncline is underlain by sedimentary rocks of Cretaceous age, 
dominantly graywacke, conglomerate, aandstane, and mudstone. 
All are more or lass tuffmeoua and are cut by ~ h d o w  intrusive r o c b  
of m&c and intermediate composition and a, few granitic rnassm 
(Patton and Bickel, 1956a,b). The part of the mta north of the 
gemyncline ia underlain by metamorphosed sedimentary rocks of 
Paleozoic age or older and granitic intrusive rocks (Smith and M&ie, 
1930). 

65" 28' 
6 5 O  36' 
65* 38' 
65'31' 

144" 40" 
14(E0 02' 
146' 45' 
147' 20' 
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8. L o e k w d  HiTb 8. Rllby ~mkmppcs p p b C t  
4. Zane HiHh 9. Mouth of Kmluhuk  R~ver  

INSET MAP 

Fmmr 6yBkebb map sbowlng Iocgdon of d m  invdgeted in tlw K6balt Rlvw -8 

EOcKwcY Emu3 

The Hockley Hilla, a westwmd extension of the Waring Mountains, 
are between the Kobuk River and Selawik Lake (fig. 5). The part 
of the Hockley Hilh investigated ie adjacent to Portqe Cseek along 
the winter trail between Kians and Sdawik. Here, a field examina- 
tion sbowed the rocks to be mostly mngherate with a graywacka 
matrix, mudstona, graywacke, and impme black shale. 



None of the rocks are more than weakly radioactive; and the 
radioactivity tands to be invmely proportional to the grain size. A 
sample of black h a l e ,  the most radioactive rock type found, contains 
0.003 percent equivalent uranium. The Hocldey Hi& must be con- 
sidered as davorable for radioactive minaal deposits of both ~ d i -  
m e n t q  and vein types. The sedimanb are without exception of 
low porosity and permeability because of an original high content of 
clay-simd material and becaw of campaction and strong induration 
since depoition. As no intrusive bodies war0 found, the Hockley 
IWh are cansidered unfavorable for vein deposih. 

The outcrop along the north bank of the Kobuk River were 
travemd in a amall boat from near the mouth of the Rallarichuk 
River to &na (fig. 5) ,  a distance of about 25 miles. Most of the 
traverse was on Cretaceous rocks that consist of cunglomerate charm- 
terized by p e b b l ~  of white quartz, sandstane, carbonaceous sandstune, 
and shale. Coal and minor amounts of altered tuff were a h  examined, 
Near &a, mica schist of Pdeozoic age was tmbd. The most 
radioactive of the sedimentary rocks are the carbonaceous shales and 
sandstone, but men these are only weakly radioactive. In sandatone 
ledges stained with limonite, the highest radioactivity waa where the 
limonite had been removed by ~olution dong fractures and from 
irregulax blotches; however, the difference in amount of radioactivity 
w~ barely measurable. The mica schist of P h z o i c  age is somewhat 
less radioactive than the carhnw,eous sediments but more radio- 
active than the eonglomeratm. 

The Lockwoud Hjllg are about 35 milea southeast of the village of 
Shungnak on the Kobuk River, and the Zane Hill8 are about 15 miles 
south of the hckwood Willa (fig. 5). 330th localitien are undm1ain 
by tuffmeom graywackes, tuffs, bremias, and flows. They are 
intruded by diorite porphyritic rocks in the Lockwood Hilla and by 
granitic mcka in the Zane Hilla. The diorite porphyrim, although 
much more radioactive than the ~ m u n d i n g  sdmentary rooks, 
contain only 0.003 percent equivalent uranium. Tha granitic bodies 
in the Zane Rills and to  the we& of Purcell Mountain gtive anomdies 
that were detected from the air flat 66'22' N.; long 156'16' W.), 
but samplea collected contained no more than 0.004 percent equipden t 
uranium. The large number of intruei~e stocks, aome of granitic 
camposition, indicbte that these laditiea may wntajn some vein 
deposits. Veins of quartz were found in the Zane Hills, but they were 
barren of s a d 8  minerals and not abnormally rdioactive. 
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Near the mouth of the Kogoluktuk River, where it leaves the meta- 
morphic sediments of the Cosmos His and enters the vdey of the 
Kobuk River (fig. 5), there is an intrusive of gneissic granite that gave 
a radioactivity anomaly reading during an airborne traveme flat 
66'59' N.; long 156'42' W.). A brief examination showed the gran- 
ite ta be uniformly radiomtive, but samples from it mntain only 
0.005 percant equivalent uranium, which is probably in accesmry 
minerds euch aa zircon. 

The Cosmos Hills are few miles north of the villages of Shungnak 
and Kobuk and are separated from the Schwatka Mountains farther 
north by a broad lowland. Traverses on foot were made from camps 
on the Shungnak River near Bismark Mountain, at the locality near 
the headwaters of the Imelyak River, and at the lodity between the 
haadwatm of the Kogoluktuk and Ipmiluik Rivers (fig. 5). All 
the rocks traversed are moderately ta strongly metamorphosed md 
include mica, chlorite, and graphite schists; limestone; schistose 
ooqlomerah; metamorphosed mafie intrusivea; ment ine ;  and 
gneissic granite. These rocks are only weakly radioactive, and, as 
would be expected, the serpentine and aesociated asbestos are the least 
radioactive. 

A copper prospent that contains sulfide minerals in lim&~irie is on 
Ruby Creek about 12 miles north of the village of Shungnak (fig. 5); 
it was vi~i ted for a few hours incidental to other work. This prospect 
was reported to contain radioactive mrtteriall in vein5 with chdcopy- 
rite, bornite, galena, spbderite, and pyrite. It was investigated 
in 1949 (Whib, 19501, and oro samples collected at  that time contained 
no more than 0.007 perwn t equivalent uranium, concentrated princi- 
p d y  in the epbaleribe. Additional investigations were not recom- 
mended until more work had been done at the pmpect. Unfortu- 
netely, when the pmpsct was Investigated on July 21,1955, the owner 
wm not prmnt; and it is not certain, owing to the limited time  spent 
on the prospect, that dl the radioactive weas were found. After 
the prospect was visited in 1949, much of the surface covering wm 
gtripped off by bulldozer, but no deep eus were made. A traverse 
of the stripped area revealed a rhoact iv i ty  anomdy about 25 feet 
long and about 1 foot wide corrqmndiug to a much weathered vein. 
The vein, which ia made up of limonite(?) with minor secondary coppw 
carbonates, strikes north and continues beyond the limib of the 
anomaly both north and aouth. North of the anomaly, but not in 
the vein, light-purple coarse-grained fluorite was found in white quartz. 



The most doactive par& of the vein gave readings of 0.20 to 
0.30 m per hr on the scintillation counter, m compared ta a reading 
on adjacent rocks of about 0.01 mr per hr. A sample collected for 
further study from the mwt radioactive area contains 0.02 percent 
equivalent uranium. No uranium mineral was recognized in the 
highIy weathered he-grained sample. Because of the high degree 
of weathering, it is felt that an equivalenturanium content of 0,02 
percent may be of significance in indicating the presence of ore-grade 
material beneath the zone of weathering. As the weathering likely 
extends to considerable depth, however, and bemuse the vein is 
narrow and the pmapect remote, it does not seem Likely that the 
prospect mu be mined for uranium done. 

As wed in this report the Hughes aree includes the Kokriae HIIS, 
the Ray Mountains, snd the area north to Survey Pase (fig. 4). 
The K o b e  E E ~ E P B  contain large areas of rock of possible Paleozoic 
age; smaller, granitic bodies of Meaozoic age md othera of Eocene(?) 
age; a metamorphic mmpl.ex, including  quartzite^ of middle Paleozoic 
age; and, in the western part, conglorneratea, sandstones, and s h a h  
of Mesozoic, probably Late Crettlceous, tlge (Eakin, 1918). Little 
is known abut  the geology of the Ray Mountains except that they 
contain granite and metamorphic rocks of Paleozoic(?) age and are 
bounded on the east m d  west by greenstone (EaIdn, 1916, pl. 2). 
Many prominent pinnacIea believed to be granite were seen from 
the air. Ten radio~ctivity anomalim (t~ble  2) were found during 
airborne-radiometric travmea of the Hughes area, but it was not 
possible to examine my of them on ths ground. From the air moat 
of the anomalies appeared to be related t o  out.mps of granite and 
may be caused by radioactive accessory minerals; in the granite. 

The Coma-Nowitna Rivera area is a highland area south of the 
town of Tanana that forms a northeastward extension of the Kuskok- 
wim Mountains (fig. 4). The area is underlain by Mesozoic sedi- 
m e n t q  rocks and by Tertiary rhyolitic ~ n d  andmitic l~vas and 
tuff8  intruded by granite @akin, 1918). Three anornalim (table 2) 
were found during airborne-radiometric traversee to the south and 
southweat of the Coena-Nowitns divide in an area of volcanic rocks 
intruded by granite. No ground examinations were made. 

Cirde Rot SpJrings is about roo miles northeast of Fairbanks. 
A a b l e  airborne radiometric trrtvme was flown from Fairbanks 
dong the southeastern flank of the White Mountaina to Circle Hot 



Sprinp and back to F ~ i r b a h  over the hills to the aouthe~bst of the 
Steese Highway (fig. 4). The area is underlain by the Birch Creek 
schist of Prwunbrian age, undifferentiated chert, qu~rtzite, and 
ghd y limestone of Devonian and possibly Silurian age, and granf te 
of Mgeozoic age (Mertie, 1937). 
The four radioactivity anomalies found {table 2) are probably 

related to outcrop of granite. No anomaly was detected above 
prospect trenches that contain radioactive argentifemus galena on the 
divide between Fox and Flume Creeks, directly north of the town 
of Fox, even though samples from the trenches mntain as much as 
0.025 percent equivalent unrniwn (R'hite and others, 1952, table 2), end the 
plane flew as low m 50 feet above the ground. One of the anomalies 
flat 65"28' N., long 144'40' W.), about half a mile west of Circle 
Hot Springs, was investigated on the ground. It is in granite that 
wes studied previously by Nelson, West, and Mrrt~ko (1954) and that 
is how11 to c o n t h  radioactive mcimory minerals. On t.he airborne 
instrument this anomaly gave readings of about twice the musually 
high background that is present over t.he granite. The area of the 
momdy was traversed on the ground by 11 lines spwed about 250 
feet apart, but no marked anomdy was fomd. A few square yards, 
however, characterized by float of hetextured granite, gave a 
reading of 0.03 m r  por hr, as compared to readings of 0.01 to  0.02 
mr per hr from the surrounding medium-grained granite. 

F O R T ~ - E A 1 3 ~ - Q I O O D P A B F I E %  AREA 

The Fortymde, Eagle, and Goodpaater areas (6g. 4 )  lie between the 
Yukon and Tanana Rivere east of Fairbanks. The traverses crossed 
areas of sandstone, ahale, and conglomerate of Tertiary age; the Birch 
Creek schist of Precambrian age; granite m d  quartz diorite of 
Mssomic age; rhyolite and dacite of Tertiary age; and lava of l a t ~  
Tertiary and Quaternary age (Mertie;, 1937), Some of the eight. 
anorndiea found (table 2) occur near the contact of granite of Oeta- 
ceous age and rhyolitic flow rocks 01 Tert iq  age. None were examined 
on the ground. 

OWHAT ELIPEE kREA 

The Owhat River is a tributary of the Kugkokwim Biver that ff owe 
southward dong the west side of the Russian Mountains (fig. 4). 
Anomalous radioacti~ty was noticed in this area (fig. 6 )  during air- 
borne travsmes made on the west and north sides of the Russian 
Mountains. Two anomalies located near the Owhat River, a b u t  12 
airline miles north of its mouth, were field checked. The exposed 
material in the area consish of rubble of fins-grained and porphyritic 
m&c igneous rocks and minor amounh of granite. Ground traverses 
indicated an average radioactivity of about 0.009 mr per hr but did 

677-15- 



not reveal my momdiea. dndyses of water ssmplm mllected 
from e m d  stremm draining the examined areas (fig. 6) revedsd 
no more than 0.3 part per binion of uranium. A previous mamina- 
tion in a nearby area (West, 1954), msde after metmemerite was 
identified in a concentrate from an menimpper  ~ e i n  in the upper 
tunnel of the Konechney prospect, failed to h d  a deposit of uranium 
minerals. Samples from the granite in the Russian Mountains were 
found to contain as much as 0.005 percent equivalent uranium. 

In the summer of 1955 a report by prospectore of radioactivity 
adjacent to the Richardson Highway at about MfiqosG 55, near 
Tiekel (fig. 41, resulted in the stking of many claims. T h e  bedrock 
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of the general area is a wntorkd slaty gr~phitic graywscke of Greta- 
mous age that b cut by numemus quartz veins and by dikes and sills of 
diorite porphyry (Moffit, 1935). A scintiuation-coun t e ~  traverse 
of the area gave a maximum reading of 0.02 mr per br on the slaty 
graywacka. Samples of the graywacke that were Mted in the labora- 
tory contained lews than 0.001 percent equivalent urmiurn. A felsite 
dikeabout4 feetwide gave areading of 0.015 mr per hr. Interestin 
the area hw ltmened, and, as far AS is known, no further exploratory 
work 'by prospectors is contemplated. 

U O B T W  QEEEI AREA 

Costello Creek, a tributary of the w ~ t  fork of the Ch3itna River, 
is west of the Broad Pam atstion on the Aleske Railroad (fig. 4). 
A brief examination was made there becsuae a, sample of slightly 
radioactive cad had been collected by gmlogi~h studying the coal 
fields. The area ia underlain by cod-bearing rocb of probable E m n e  
age (Ross, 1933). No anomalies were found during the examination, 
and s, watar aample from the stretlm draining the area, from which 
the radioactive coal was taken, contained less than 0.1 part per billion 
uranium. 

RfVER AEEA 

A Grief ommination in this area waa limited to the Kathleen- 
Margaret copper claim (Chapman rtnd sunders, 1954) on the 
MacIaree River naaF the terminus of the Mmlaren glacier (fg. 4). 
The corrntrg rock is a green diabaaic law, of Triassic age (Chapman 
and Sandem, 1954). A prominent quartz vein conhining primary 
and secondarg copper minerals and numerous prospect trenches 
were examined for mdioactivity. A maximum reading of 0.003 mr 
per hr waa obhined on the quartz-copper vein, and a maximum 
reading of 0.00002 mr per $r was obtained during a traverse of the mine. 
Five water samples were analyzed (table 2) and found to contain no 
more than 0.2 part per biEon uranium. 

m E  I8Lmm 
Chi& Ialand ie near the western ahom of Cook Inlet at the mouth 

of Tuxedni Bay (fig. 4). The northern end of the island was traversed 
in an attempt to determine the source of a radioactivity anomaly 
noticed from tha air. The rocks examined are the W t n s  shale 
and the Chisik conglomerate member of the N h e k  formation of 
Late Jurassic a p  (Moffik, 1927). N o  anomaly was found on the 
ground. It is considered likely that the anomaly noticed from the 
air was due to the Copographic effect of the  teep ply rjsing h i h  combined 
with a maas effect of radiomtivity fmm granitic materid in the thick 
Chi& canglomera te member. 



m x  HE#BP B A S  u 
William Henry Bay is on the west side of the Lynn Canal about 

45 miles northwest of Juneau; the area examined is on lthe Lucky Six 
-up of claims ha ted  about 1 mile north of the bay at an altitude 
of about 1,900 feet (fig. 43. An anomaly, noted from the air by 
pmpectors, wss explored by several shallow pita and one diamond- 
drill hole. Tha bedrock in the area of the warkings is metamorphosed 
igneous rock consisting predominantly of feldspar with streaks of 
white mica. Traces of thorianite, which occur in small reddish 
patches in the bedmck, and partially oxidized pyrite were seen. 
Ma tarEd with 0.2 percent equivalent uranium is reported from the 
prospect, but no minable quantity of rock of thig grade waa in sight 
or could bo idnmd at the tima of examination. Water samples were 
taken from each of 10  mall &reams that drain the area of the anomaly 
and enter Lynn Canal along a distance of about 1 mile. All these 
samples were found to contain less than 1 part per billion uranium, 

EENDRIO'E: BAY-BOKbXP MOUNT- AREA 

The Ksndrick Bay-Bokan Mountain ares is near the muth end 
of Prince of Wales Idand, approximately 45 miIes gouthwest of 
Hetchikan, Alaeka (fig.. 4). Prospecting activity in 1955 extended 
from the northern dope of Bokan Mountain southeast to  Gardner 
Bay, a distance of about 10 miles. Bokan Mountain and most of 
the ares between Bokan Mountain and the West k t n  of Kendrick 
Bay ie underlain by granitic m k s .  The north shore of the West Arm 
is underlain by dioritic rocks cat by andmite dikes. The granite 
near R o h n  Mountain is medium grained; many quartz crystaIa are 
larper than the feldspsr crystah. Potaah feIdspar is dominant over 
plagimlase feldspar, and, in hand specimens, the ma& mineral 
ssema to be hornblende. Quartz forms &bout 25 perclank of the 
rock Except near the margin of the intwive,  the granite ia quite 
uniform in texture and composition. It is fractured on a large scale 
by several sets of prominent joints; lma11y it is cut by pegmatite 
dikes, quartz veins, and fine-pined basic dikes. The entire Rendrick 
Bay-Bokan Mountain area m e  overridden by glaciers in the recent 
past. 

rlraas of mdiotwtivity that have been examined are on the Cttb, 
I and L, Little Ray, and Carol Anne group of d a b s  (fig. 7). Other 
Jsima t h t  have not bean examined are lbcated north ~ n d  weat of 
Bohn Mountain and south of Ebe West Arm of Kendrick Bay. 

CW QROlCrP 

The. Cub p u p  (XossrAdame lode) was etaked in the spring of 
1955 after m anomaly was detected from the air. It consists of 12 
and a fmction ~Itlims located on the aoutbeastern slope of Bohn 
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Mountain (fig. 7). The radioactive deposit on the Cub 1 claim is a t  
an altitude of about 925 feet on a topographic bench nearly barren 
of vegetation. The deposit has a northerly trend and is about 150 
feet long and 30 feet wide. In and near the deposit the granite has 
been altered and subsequently weathered. The alteration has notice- 
ably affected the mafic minerals of the granite for a distance of about 
100 feet from the deposit. The outcrops of the deposit are stained 
with iron oxides produced during weathering. 

A closely spaced set of joints (trending N. 10"-20" W.) is prominent 
a t  the deposit and much less well developed elsewhere, but other 
joilt sets show no relationship to the deposit. The prominence of 
the one set of joints at  the deposit seems to be the result of localized 
alteration and weathering. Although the joints do not appear to be 
the controlling feature in the localization of the deposit, they may be 
the expression of a hidden fault that is the controlling feature. On 
aerial photographs of the area, an eastward-trending lineation, possi- 
bly a fault, is seen to pass near the deposit. 

As yet the mineralogy of the deposit is not well known, especially 
in the part beneath the zone of weathering. Radiocative minerals 
have been completely leached from only the uppermost quarter of an 
inch. Beneath the completely leached zone, but still in a strongly 
weathered zone, yellow secondary minerals are along joints, and a few 
grains of a black shiny radioactive mineral are disseminated in the 
granite. Pyrite and a few grains of galena were also seen, and grains 
of purple fluorite have been reported by the prospectors. The pri- 
mary radioactive minerals so far identified are thorianite, uranothori- 
anite, and thorite. The secondary radioactive minerals that have been 
identified are bassetite, novacekite, skoldowskite, beta-uranophane, 
and gummite. 

During the fall of 1955 the deposit was explored by diamond drilling 
by the Climax Molybdenum Co. 

I A N D  L GROUP 

The I and L group, consisting of the I and L claims 3, 4, and 5, 
is located to the north of and adjoining the Cub group (fig. 7). The 
entire group appears to be underlain by granitic rocks cut by a few 
thin pegmatite dikes and quartz veinlets. On the I and L 5 claim the 
granite stands in bold outcrops broken by numerous joints; on the I 
and L claims 3 and 4 it is mostly covered by vegetation and soil, but 
the cover is thin along a ridge that runs the length of the claims. 

Twenty-three radioactivity anomalies have been found on the I 
and L claims 3 and 4 (J. A. Williams, oral communication), but only 
one anomaly has been found on claim 5. The anomalies are in three 
groups, and each group has a trend of N. 50" W. to N. 70" W. Several 
parallel structures with this same trend are clearly visible on the 
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aerial photograph of the area. An examination on the I and L group 
revealed either a pegmatite dike or a quartz veinlet in closo proximity 
to each anomaly. The quartz in the quartz veinlets appears to be 
identical 6th the quartz t ha t  wcurs in the center of the few pegma- 
t i te~  that are zaned and indicate that the two types of structure are 
related in origin. Ususllp the greatest rtldioactivity occurs immedi- 
ately alongside the pegmrrtite dike (including the quartz mideta) or, 
when two pegmati- are very close tagether, in the country rock 
between the pegmatites. The radioactivity anomalies and relatad 
~tmctures on the I and L poup are dl very mall; the m a h u m  
width of high radioactivity is about 6 inches, and genersUy the 
anomalous zone is only 1 or 2 inchss wide, At one locality where a 
pegmatite dike aplita into several branchm, the associated radioactivity 
ia high through a width of nearly 2 feet but, nevertheless, concentrated 
in several thin zones. No suhrf twe  work has been done on the 
p p e r t y .  

Rand sampIse from the anomalies on the I and L group contain from 
0.05 to 6.0 percent equivalent mnium, and Auorimetric &mays show 
from 0.048 to 2.30 percent UaG, as determined by A. E. GIover of 
the Territorial Department of ,Mines assrty office in Ketchikan. A 
spectmm@c analysis of one aample indicated that Na, U, AI, and 
Fe were major constituents and Y, Ce, Mn, snd Nb were minor 
cons tituente. An examination in Washington (anaI_vgta : Katherine 
E. Valent.ine and Evelyn Cisney) showed one sample ta be probably 
rnetsmict solurnbate-tantrtlate and another sample to be bramerite. 

ltFLTZlE RAY OrtDffP 

The Uttle Bay group, comprising the Little Ray, Annie, Irene, 
Marietta, Florence, Atom Rose, and Little Mary Rose claims (fig. 71, 
ia east of and adjoine the I and S p u p .  Except for a ridgetop area 
on the Ettla Mary Rose claim, the Little Ray group is heady covered 
by vegetation, and only rarely is an outcrop seen, Granitic rocks 
underIie the claims insofar as could be determined, except for 8 small 
d&e of h e - p i n e d  mafic rock that crops out on the Little Mary 
Ram claim. 

Several radioactivity anomalies were found on the Little Rsy group, 
an occurring along a persistent structure that trends about N. 70" 
W. and that appertra to be a continuation of the most prominent 
structure of the I and L group. The anomalies are adjacent to or 
within pegmatite dikea of two types. One type is zoned and conmsta 
of borders of a mafic mineral (probably hornblende) with feldspar 
and quartz in the cenhr ; the other type consish of quartz and feldspar 
in equant cryatah. The; anomalies are weak and their exposed areas 
are mall. The mineralid rock on the Little Ray group contains a 
black sbiny mineral (possibly brannerite), considerable purple fluorite 



and scatterad specdm hematits. The granite adjacent to the min- 
erailimd wns has been altered to the extent that the mafic mineral 
appears ta be chlorite. The areas of radioactivity anomalies seen do 
not seem to have any commemial possibilities, but the structure iis 

persistent and more pmpm ting is warrant,ed, 
CbROf AKME GROUP 

The Carol Anne p u p ,  conaisting of two and a fraction claim, 
is between the Little Ray p u p  and the West Arm of Kendrick Bay 
(fig. 7). The higher part of the paup ia underlain by granite and 
the lower part by diorite and andesitic dike rocks; the nature of the 
contact between the rock types could not Ix determined because of 
poor exposures. Several radioactivity anomalies wem found on the 
Car01 Anne p u p  dong a stmctura that trends about N. 65' W. 
The structure, believed to be a fault, ia paralle1 to the structures on 
the Little Ray p u p  and is probably related in origin, but the mineral- 
ized rock is of diffemnt appearance. 

Where the structure cuts ganib ,  the radioactive m k  mum as 
thin veins or & i s  that weather in relief above the s u r f m  of the 
granite. It is red-hued fine-grained rock in which none of the con- 
stituenta a m  identifiable with B hmd lens. It is only weakly radio- 
active, but locally the veins (or dikes) form a stockwork so that at 
one locdty marly half of a 5-footwide zone of rock b vein material. 
A specimen of the radioactive rock contained only 0.038 percent 
equivalent uranium. The impervious nature of the rock ~uggese 
that them has been very little leaching due t~ weathering. 

The radioactive material in the lower part of the Carol Anne 
group is similar to that in the upper pmt, but the veins appear to 
b ;em deeply weathered along frttctuma and occur with appmciable 
amount8 of purple fluorite, pyrite, and very dark quwta. Hand 
samples taken from each of two pita on the structm contain 0.041 
and 0.113 percent equivalent uranium. Chemical analym of two 
srrmplea collected from the Carol Anne group by J. A. Willims of 
the Alaska Territarid Department of Mines showed 0.02 and 0-07 
percent ursnium, respectively. 

O T H E R W B  

Several other claims in the ICendrick Bay-&kan Mountdn area 
are known to  tha writers but have not been visited. Rdiomtivity 
anomalies have been found, and the area haa h n  ~taked  between 
the West Arm of Kendrick Bay and Gardner Bay. This area may be 
an extewion of the same possible fault structure that Is locally &is- 
active in the Carol Anne group. Other clsime have been staked muth 
of Bokan M o u n t d  near Hema Lake. 
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West of Bokan Mountain i~ a elightly radioactive deposit of purple 
fluorite along cb fault contact between pimite and dark fine-grained 
metamqhic rocks. The deposit is small and appmntly of law 
grade (E. M. ,MacKevett, oral communication). North of Bokan 
Mountain many claims have been staked on ground having radio- 
actiw material that is reported to contain tharirum minerds. 

BwxMAR3!  

In 1955 the most ~ipificant discovery of radioactitve material was 
in the Hendrick Bay-Rokan Mountain m a .  Uranium and thorium 
mineralization occurs along a zone that axtends from Bokan Mountain 
to about 10 miles southeast; further prospecting may be elepected 
to  enlarge thi area. 

It k vory probable that most of, if not all, the radioactivity anom- 
alias dakrmined from sirborne traverseg in 1955 are rebkd to felsic 
igneoua massea containing slightly radioactire amm~ry minerals 
~ u c h  aa zircon. In general, the anomalies me in remote areas where 
the geology is litt,le known, and they cannot be evaluated without 
more field data. 
In the part of tho Kopkuk gemgmcline region that was iavesti- 

gated, the mast likely source of mdiomtive materid seems to be in 
the carbons~eous sediments that occur along bbe Kobuk River above 
Kiana. 

INVERTIOATIONB FOR PERLITE LN THE ALABEA RAPJGE 

As past of the Geological Survcy's program of investigations of 
wmtmction materials in the Alaska R ~ i h a d  belt, the four perlite 
deposit@ described in this report wen! roughly mapped and aampled 
during the summers of 1951 and 1952 (fig, 8). Tbc Sugar Mountain 
deposit was mapped and described by Wahrhaftig nnd Eckhart; 
Eckhart, Wabrhaftig, and Mcxham mapped the prEita at Poly- 
chrome Pas. Open-He reports describing the depositg were relewd 
in 1952. Plafker mapped and sampled the two deposib dong Cdico 
b k  md combined the discussions of these with the descriptions af 
the other two deposits, adapt~d fmm the open-fib reIeases, in the 
present report. 

Dehitions of perlite vary widely, some writers using structure only 
as the defining feature, others combining structure and chemical 
cornpition, and still others using combined wsBr ae the 
distinguishing characteristic. For the plrrposes of this report, the 
least restrictive definition will be used; perlite is a volcanic glass that 
expmds to s, light, frothy wtificial pumice upon heating in She 
temperatme range l,40O0F t o  2,000°F. Most perlite has a concentric, 
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F l o m  L-Index m€ap shmdng 1wtIon of mute d%mIta at Btlgar Mwntrdn (fkg. 81, Polychrome Paas 
I&. I@, md Cdiw Creek 11 rmd 12). 

shelly (perlitic) structure and cont~im from 2 to  5 percent combined 
water, about 3 percent being the average. Pitchstone has 5 to 10 

.percent combined water, and obsidian and basaltic glass generally 
have 1- than 1 parcent. The color of perlite is commonly shades 
of gray to  black. Distinctive perlitic structure ie thought to  be the 
reeult of shrinkage cracks formed during soIidScation and cooling 
of the glass. The cracks, which may be either microscopic or viaible 
to the unaided eye, generally cause con~ntric sbeb and, less 
commonly, splintery or granular textures. Perlite is commonEy 
rhyolitic in composition, but andesjtic and dacitic perlites are not 
uncommon. 

When heated rapidly to abut  1 ,70O0F, perlite "pops", or suddenly 
expan&, to a cellular glass that is similar to n~tural pumice. The 
optimum expansion temperatures for various glssses vary with their 
water content and composition ; the temperatures range between the 
appmxhab limits of 1,400' and 2,20Q°F. For most commercial 
p-, the perlite wed will expand to 6 or 7 times ita original volume 
and weighs 10 to  14 pounds per cubic foot. 

The chief urn for expanded perlite is as aggregate for buiIding 
plaster. Here, ita light weight is a, distinct advant~e  over ordinary 



plasbr sand, and its- ease of applicstion is an advantage over exfoliated 
vermiculite, which is s irni l~ ly  used. Perlite aggregate is also used for 
low-strength, lightweight concrete, which weighs 30 to 60 pounds per 
cubic foot. Minor mounts of perlite awl used ss loose-fill insnIation, 
as s rooting medium for cuttings and young planta in nurseries, as an 
absorbent e n t  for deaning, as an abrasive and poIishing mnt, in 
moulding sand, as a filter aid, and in Men. Detailed information on 
the composition of perlites and their p r o w i n g  and application in 
industry has been given by Hastinga (19471, Kjog (39481, m, 
Todd, and Kelly (1948), Ralstan (19461, and Huntting (1849). 

A ~ m d  perlite deposit on the southeastern side oi Sugar Mountkin 
was fimt reportad to the U.S. Cfmlogicd Survey by geologists of the 
Territorid Department of Mines; the depoait was examined briefly 
on May 29, 1951. The entire dwription af this deposit that follows 
is adapted from the open-file report by Wahrhaftig and EGkhart (1952). 

OlmrxlQP 

OEOtO[tI(: S E m 1  OF Dm- 

Sugar Mountain ia & prominent local landmark, easily recognized 
by the light mlor of the rhyolite which makes up ite top. The moun- 
tain attains an elevation of 4,450 feet, the upper 1,000 feet of which 
is free of vegetation. Itg upper pwt c o m b  largely of staep taEw 
sIopea of blocky rhyolite and partly of scattered outcrops. Small 
tributaries of Moody Creek drain the mountain. 

Only the southeastern and northeastern sidm of the mountain 
were examined. The western side of the mountttin and a pinnacle 
about half a mile ta the southeast. which appears t.a be another 
remnant of the eame ignmua complex, were not visitsd at the Eime 
of the examination, Scrutiny with binoculars, however, failed to 
indicate any sign of perlite in p a r s  of the unexamined areis. 

The country m k  in the vicinity of Sugar Mountain i~ Bimh Creek 
schist; this formation occupies a wide, rougld y weatward-trending 
band on the north flank of She Alaska Bange. The upper part of 
Sugar Mountain is a complex body of rhyolite and baa& which has 
intruded thle schist. The perlite deposit is in the rhyolite. 
The only perlite observed in place ia one ~meU outcrop an the 

aoutheaskn side of the mountsin near the bme of tbe rhyolite (fig. 9). 
The foot of this outcrop is hidden by tdua, but a thickness of fibout 
2 feet is exposed; the size of the outcrop is exqgexatd on figure 9. 
When examined, about 6 feet of outcrop length was exposed; south- 
westwatd, h o w e ~ e r ~  the outcrop passed beneath a large snowbank 
and to the northeast it was covered by talus. Scattered perlite 
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float waa obeerved northwestwaxd for about 50 feet; none was- eked 
to the southeast far several hundred feet. 
In addition to the perIite mentioned above, float was found at three 

other p I c ~ s  on the southeastern and northemtm  idea of the 
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mountain (fig, 9). Only a few piecm of perlib were obsewed ~t each 
locality and, therefore, it is very unlikely that a large perlite body 
exists beneath tbe rhyolite talus. 

DIS-OH OF BOCK QXITS 

P~p1iie.-The perlite is a black glassy rock that shown a fine eon- 
choidd fracturing and contains numerous light-colored phsnocrpts. 
It crumbles easily when struck with a hammer. Zocd variations of 
the perlite contain nmemus yellowish grains of unknown composition 
that give the mek a yellowish cast. 
In thin &ion the perlite is seen to confikt of a mlorlasa glm in 

which phenomts  of quartz, plagimlase, orthoclase, hnd biotite are 
embedded. One phenocryat of a pyroxene mineral wae &o observed. 
In ddition to the phenoffysta, ~ r n d  aggregates of tiny crystals of 
quartz, fddspas, and possibly biotite are disseminated throughout 
the glass. The phenoerysts me mtirnated to amount to about 5 
percent of the section studied, and the small aggregates amount to 
a much smaller proportion. C d c i ~  stringers cut several quartz and 
feldspar phenocrysts. 

The glass ahom the onionlike fracturing. typical of perlite and dm 
welldefined flow banding. The latter usually bends a m d  the 
phsnocrysts. 

RhyoIik.-White finegained rhyolite forma the main pwt of the 
tap of Sugar Mountain. It is apparently also on the southern side of 
the pinnacle half a mile soukheast of the mountsin. The rhyolite is 
made up of small phenocrysta of quartz, oligoclaae, and biotite set in s 
h e  groundmass that conaiah largely of quartz and orthoclase. 
Amygddea of single calcite crptals, ae much tms onehalf inch in 
diameter, are abundmt in the rock. 
On the northeastern side of the moua tain the rhyolite exhibib a close 

platy structure. This atmcture is probably also present on the muth- 
eastern and western  ides but is mmked by a well4eveloped c o I m a r  
jointing. 

B d . - A  large masa of basalt borders the rhyolite on the south- 
western side of the mountain. SeveraI bodies of basalt, about 20 feet 
t.hick and s few hundred foet long, lie between the rhyolite and the 
whist OR the northeastern side of the mountain. This rock appeam to 
form the greater part of the pinnacre hdf a mile southeast of Sugar 
Mount&. As observed from Sugar Mountain, the basalt forms the 
northern a d  topographicdy higher part of the pinnacle and rhyobte 
the southern part. 
Ag seen in thin mtion, the h a l t  consists of labradorite and 

basaltic hornblende phenocrpts set in s h e  groundmass conkting 
Iargely of labradorite. Ac-ry minerah include apatite and 
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rnagnebite. A few small cavities partidy Med with calcite dm occur 
in the m k .  

Birch C k k  schGd.--TypicaI Birch Creek echist, consisthg of qumtz- 
saricite and quartz-chlorite schist, surrounds the Sugar Mountain 
int~usive on dl sidea. The schist is of Precambrian age. 

Cm?-beankg rocks.-A smaU body of Tertiarlp coal-bearing rocks was 
observed at the southeastern comer of the rhyolite body, just below 
the perlih exposure. The sediments include brown CORI, coa1y cIay, 
and qua~tz-chert conglomerate. The total exposed thickness ia 20 
feet. The attitude of the coal-bearing rocks was not mcertttined, but 
they appear to underlie the rhyolite and to lie above the basalt. No 
rhyolite pebbles were observed in the conglomerate, so it is unlikely 
that the coal-bearing rocks were deposited later than the rhyolite on 
the ~ i d e  or naar the base of the mountain. A slight silicification of the 
cod dm indicates that the rhyolite is younger than the sediments. 

The structural relations inferred for the igneous complex are 
indicated in figure 9. b m  a distance the contact between the 
rhyolite and Birch Creek schist appears to be nearly plane and Go diw 
1 5 O  to 20° northward. The upper contact of the basalt body, however, 
at the southeastern corner of the igneous complex, dips 40° southweat; 
this ~uggests that the contact between the rhyolita and basalt rrt this 
locality may dip inward beneath the mountain. The contact between 
the rhyoIih and the basalt to the west is nearly vertical. The 
structural relations of the pinnacle half a miIe tmuth of Sugar Moun- 
tain are unknown, 

Am m 0- 
The rhyolita, to which the perlite is related, is younger thm the 

md-bearing sediments on Sugar Mountain. If r h y o h  pebbIea in the 
bmal part of the Tmtiary coal-bearing formation In the vicinity of the 
TekEaniks, and Savage Rivers (W~hrbaftig~ 1951, p. 1743, which are 
megm~,picdy  similar to the rhyolite of Sugar Mounkain, were 
derived from the Sugar Mountain rbyoEte, then the Sugar Mountain 
rhyolite probably stood up ss a plug-doma in emly Tertiary time. 
The plug-dome, therefore, was probably formed during deposition of 
the basal Tertiary coal-besring sediments, 
The exact relations of the  basalt to the rhyolite are unknom. 

Apophysea of basalt into rhyolite ~ u p t  that the basalt is younger 
than the rhyolite, but isolated blocks of brtsalt in rhyolite suggest that 
the rhyolite may be the younger of the bwo. Perhaps the rhyolite and 
basalt are  contemporaneou~. 

Two amdl gab  earnplea from the perlib outcrop were subjected to 
expansion tests by the U.S. Bureau of Mines at Tucson, A r i x .  J. C. 
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Clemmer, of the U.S. Bureau of Mines, summarizad these testa as 
folIowa (letter ta F. A. Rutledp, dated Apr. 4, 1951): 

The samplea were rolls mushed through 10 mesh. As the prlite lite an exploding 
variety, preheating was required to minirniza the decrepitation during expansion. 
The minua 10 mesh feed and a 10 to 20 mesh fraction of the material were preheated 
to 5W°C for one minute and were then expanded in our vibratm+tctuated tube 
furnaceat l,lOO°C. ThebuEkweightoft~expaodedminllslOand10-to2O-mesh 
fractions were 12.0 and 9.6 pounds per cubic Imt, respectively. The expanded 
minus 10-mesh material was fractionated by sink-float in water to determine the 
gangue content; about 2.7 percent, compmed principally of quartz fragments, 
reported aa sink. The eqmnded particles were white in mlor and appeared quib 
strong. !I%e He& perlite compares favorably with Arimna and New Mexico 
perkItes which are being processed for pla&er and conotgte aplgregstm. 

In view of ita difficulty of access and its small size, mmrn~lrcid ex- 
ploitation of the known perlite deposit is balieved not feasible in ~ p i t e  
of ita favorable bloating properties. Fmm present indications it is 
unlikely that any deposit of perlite of cornmercid size occurs in the 
unexposed or unexamined areas of the Sugar Mountain igneoua 
mmplex, 

WLTCHBOMB PASB DEPOBXT 

A smdl perlite deposit ocrmre st the northeast end of Polychrome 
Paas in Mount McKinley National Park, about 46 d e s  by high- 
way southwest of McKinley Park Station (fig. 8). The deposit is 
between 3,850 and 4,050 feet in altitude on the ~outhwastern side of 
the ridge immediately west of the east fork of the Toklat River. Both 
the deposit and the ridge on which it is  aituated lie above the timberline. 

On July 20,1951, Moxham visited the d e p i t  and collected samples. 
Oa Auguet 28, 1951, Wahrhmftig briefly sampled the deposit snd col- 
lected most of the data presented here. Wahrhaftig, assieted by A. V. 
Cox, also mapped the deposit and wUected samplea and speckem. 
Thin aectiona of the specimens were described by R. A. Eckhmt. The 
folluwing description is adapted Irom the open-fie report by EcMart, 
Wahrhaftig, and Maxham (1952). 

The Cantwell formation of late Cretaceous sge makes up mmt of the 
bedrock in the vicinty of Polychrome Pass. W i t b  the Pass thia for- 
mation is uncanformabPy overlain by cod-b&% rocb of Tertiary 
age. The Cantwell formation hm a wide distribution in the Alaska 
Rmge and mmiats essentially of mnglomerate, sandstone and mgd- 
lita with interbedded flom and tuffs, and medium- to corn-grained 
intmaive rocks (Capps, 1940, p. 114). Most of the flows in the Poly- 
chrome Pass area consist of rhyolite, and it is in this rock that tba 
perlite deposit o w w .  
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The perlite is exposed in s sonthwestwd-facing blufl which rises 
steeply above the highway. Perlite is not exposed above the bluff, 
but float material was t r m d  in a generdy northeasterly direction 
along the top of tbe ridge and a short distance down the s ~ t e r n  side 
of the ridge. 
The perlite deposit, where exposed, is completely endmed by rhyo- 

lite and cansiste of five perlite outcrops separated by areas of yellow 
talus. Tho two largest outcrop are of about equal six, approximately 
85 feet long and as much as 25 feet wide. The other perlite outcrops 
are much ~maUer (fig. 10). 

The talus between the perlite outcrops consists of cobbles of 
rhyolite, obsidian, and perlite, and yeIIow bentonitic clay derived 
from decomposition of obsidian and perlite. The local abundance 
of the clayey mmterial suggests that either perlite or obsidian or 
both occur beneath parts of the talus. The talus is estimated to be 
locally as much es 5 feet thick. 

D m m o *  OF s o n  vmrs 
Pm1ite.-The perlite is a moderately hard, massive greenish-gray 

t o  greenish-black rock spotted with white and glassy pheuocrysh. 
Locally the perlite exhibib color banding. 

Under the mirrrrscope the phenamta me men ta wnsist of sanidine 
and olifiase and are embedded in a partly devitrified glass. A 
large number of micmlites, probably composed of sanidine and 
oligodase, a a m d  n~unbr of tiny zircon cry  tals, and small limonitic 
mwea also occur in the dm. 

The glass is chmacterized bath by "onion~kin" or ccsntlentric 
fractum typicid of perlite and by many irregular fracGuraa. Both 
tppes of fractures are. generdly filled with material that appears to 
be a ferruginous serpentine dteration product. Thia material ac- 
count~ for the greenish color of the perlite. Imgular fractures lack- 
ing ferruginous serpentine also occur in most of the phenocrysh. 

0bsidia.n.-A thy body of obsidian is exposod at the southeastern 
comer of the deposit. Rhyolite bordem the obsidian on the east; 
in other directions ite contscts are clonceded by talus. 

The obsidian is hard, massive, black, and spotted with white 
phenocrgsts. Under the microscope the obsidian is seen to clonsiat 
of a brown g l w  with oligoclase phenocrysh and a vary large number 
sf microlites of unknown composition. A small m o u n t  of z i m n ,  
limonih, and fernginow serpentine also occur in the glass. The 
obsidian Iacka "onion%b" fractures but exhibita a fairly wlrll- 
deveIoped flow s truc turn. 
In the field the obsidian may be dietinguished from the perlite 

by its slightly higher specific gravity md h d e ~ ~ .  Furthermore, 
the perlite of the deposit has a, p e n  color whereas the ohidian ia 
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black. Under the micmcclpe the obsidian may be distinguished by 
ita lack of "onionskin" fractures. 

Rhp0Eide.-The rhyolite is fine w i n a d  and Light colored and locally 
contaim purplish bands which probably are flow structure. As 
seen under the microsoope, the rhyolite is rntrde up of white, rather 
soft apherulihs, consisting of a zeolilte mineral, probably thomanite, 

8 1 1 - 1 6 B 4 1 5  



and a few sanidine pherrocrgrsts wt in a h d ,  fine-grained groundmaas 
af qusrte and a ~ m d l  amount of feldspar. 

IiTB- Amn 0- 

The perlite deposit lies on the north Aank of s, complex syncline 
which paasea through ~0Iychrome Pm.  This structure trande 
.east-west parallel to the trend of the Naska Ran$. In the vicinity 
of the deposit, the rhyolite flows strike a little s a t  of north and dip 
40' to 55' SE. 

Both th perlite and the obsidian are believed by Warhaftig and 
Eckhart to have formed by local rapid oooling of a molten lava flow 
of rhyolitia compoeirtion; the prlite formed where the water concen- 
tration was greateat. 

DATA 

Four samples of perlite from the deposit were h t e d  by tbe U.S. 
Bureau of Mines st Tumn, Ariz. The sample localities me shown 
on figure 17, 

The samples were abed at 10 to 35 m e ~ b  and expanded in a vibrator 
actuator tube furnace at a temperature of 1,050" C. Table 3 sbom 
the resulte of the test. 

Commenting on the rmulte of the k t s ,  Mr. C. Rampacek of the 
U.S. Bureau of Minea ststd, 
None of the  emp plea expanded mtiafaetorily. Under the same furnsoing oondi- 
tions, cumnmcial perlitsa from U.S. d e p i t s  will expnnd to about 10 timm 
their Initlal volume to yield 5 to 12 pounds per oubio foot products. 

co~OL'IJWONf3 AND FmamRvm 

Testa by the U.S. Bureau of Mines indicate that some, if not all, 
of the perlite does not expand satisfactorily, and therefore the deposit 
is considered to have no economic value as a source of material. suitable 
for lightweight aggregate. Even if gome of the untested perlib would 
expand satisfactorily, the cornmercia1 expIoitrttion of the deposit is 
considered uneconomicd for two reasona: ( 1 )  relatively s m d  rwerves 
of the depmit and (2) ih distance from existing marketa. 

All calculations of resew= are based on the easmption that the 
specific gravity of the perlite is 2.33; that is, 13.7 cubic feet of perlite 
weighs one shart ton. 
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Reserves for the twa largest outcrop wwers calculated by construct- 
ing a vertical section parallel to the long axis of ewh outcrop. The 
low& elevatian of each outcrop was assumed as t h e  bottom of the 
respective section, and an average wiwih was determined for esch out- 
crop. Contach of the outcrops were =wed to be vertical. The 
indicated rmerves for each of these two outcrop is 1,000 ahort tons. 
The three amall outmops are estimated to haw a combined indicated 
rwerve of 400 short tons. Total indicated raserves for the d e p i t  
are 2,400 ahort tons. 

Perlite float in the talus upslope from the northernmost perlite out- 
crop indicates that additianal reserves of perlite underlie the, talus. 
The zone in which the perlite float was found, however, is only 6 to 
10 feet wide, and, therefore, the amount of perlite beneath the talus 
is probably small, 

CALICO CREEK DEWBIT 

On July 9, 1952, Rafker briefly examined a small perlite d e p i t  
on the east side of Calico Creek about 2 miles above its junction with 
the Teklanika River (fig. 8). A map was prepared by pace and 
compass rn e thods, and smpIes of perlite were t~ken for bloating tests. 
The deposit is on a ridge between 3,760 feet and 3,940 feet altitude at 
the bme of a prominent light-colored rhyolite knob. The entire area 
is above timberline, 

GrnImGY 

[tEOlOOIC: S-B OF DEPOSIT 

Bedrock in the area is composed of tr wide variety of fino-grained 
inhbeddsd ffom and tuffs with pomible shallow intrusive rocks of 
rhyolitic composition. The rhyolitir: rocks are associated with the 
Cantwell forn~ation of late Cretaceous ng0 (Capps, 1940, p. 129). 

Perlite is exposed along the steep southeastern slope of a northeaa t- 
ward-trending ridge for a distance of 425 feet (fig. 11). In the largest 
outcrop, near the sou t h w ~ t e r n  end of the deposit, the perlito attains 
a maximum thicknem of 30 ioet.. Toward the northeast it is largely 
concealed by rhyolite talus, nnd by jellyliks buffqolored Gentonitic 
clay derived by dmmposition of the volcanic glass. Associated with 
the tdus and day are "'thunder-eggs" and chdcedony-linod @odes 
formed by silicification dwing alteration of the volcanic glass. The 
perlite occurs in a series of rhyolitic rocks consisting, from oldeat to 
youngest, of mawive felsophyric rhyolita of unknown thickness, 
bedded welded rhyolite tuff as much as 25 feet thick, vitraphyric 
perlite as much ws 30 feet thick, rhyolite approximately 10 feet thick, 
and platy felsophyric. rhyolite of unknown thicknm. - 

Magsiw fekophyric ~hyo1if.e.-The basal rhyolite is fine grained and 
greenish gray and contains many light-colored pbenocrpts and 
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amygddes. The rock is massive rtnd essentially structureless. The 
bage of the unit was not seen in the field. 

In thin section the rock is geen to consist of vesicles less than 1 rnm 
in diameter and phenocrysts less than 0.2 rnm in diameter in a dense 
very fine grained quartz-feldspar matrix. The vesicles, which eon- 
stitute approximately 15 percent of the rock, are commonly fded with 
single cdcite crystaIs or me lined with he-grained quartz. Pheno- 
crysta total less than 5 percent of the rock. They consist of anhedral 
quartz, euhedral clear sanidine, subhedral twinned albite+Iigoclase, 
and anhedrd magnetite. 

W&d rhyolite hff.-The welded tuff is moderate brown to green, 
fine grained, dense, and streaked with elongate vesicles, flow struc- 
tures, phenocrysh, and rock fragments. In thin section the weIded 
tuff is seen to con& of phenocrysts up to 2 rn long, and rock frag- 
ments up to 3 mm diameter, and eIongated vesicles and amygddes in 
a predominanbntly felsophyric matrix. Crystals of quartz, sanidine, 
and albite constitute about 10 percent of the rock. Lithic fragments 
of both rbyolitic and basaltic composition make up 15 percent of the 
rock. Another 15 percent of the rock consish of vesiclm, many of 
which &re fiUed with caloih, chalcedony, zeolites, and chlorite. The 
matrix consists of very fine grained quartz and feldspar, but in a few 
places outlines of glnss shards and flow structures indicate an originally 
glassy rock. 

Vdtpophyric per1iik.-The perlite is massive and black with a sub- 
vitreous luster. It contains numerous phenoqsts and large rock 
frtbgments that locally constitute up to 40 percent of the rock. In 
thin section the matrix glass is a deep brown color and exhibits flow- 
banding and poorly developed ringlike perIitic fractures. Rack frag- 
menh of xhyolitic and basdtic composition as much as 1 centimeter 
in diameter are abundmt throughout the thin section. Phenac,pts 
as much as 0.8 millimeter long comprise euhsdral senidine, subhedrd 
oligoclrase, corroded quarts, and altered pyroxenes. A narrow zone; 
of devih-Eed glws invariably lies between the rock fragments or 
phenocrysts and the matrix. 

Rhyolite.-A thin flow of pale-brown very fine grained dabby 
rhyolite overlies the perlite. A few light-colored phenocrysts sparsely 
distributed throughout the rock are vbible in the hand specimen. 
In thin section the rock is seen to be -entially a microfelsitic aggre- 
gate of quartz md Wdspm with finely /disseminated gmdw iron 
ore. A few phenocrysts 1 to 2 millimeters long af euhedsal sanidine 
and same anhedral oligoclase, quartz, and altered pyroxene are 
distributed throughout the groundmass. 

Pl@ febophw'c rhyolite.-Fine-grained light browns-gray platy 
rhyolite forms a prominent knob on the ridge above the perlite 



deposit. The rock ia fractured into s l a b  ranging fmm abut  1 to 4 
inchea in thichess. Under the micmswpe the rhyolite is seen ta 
mnaiat of a few e u h h a l  sanidine phenocrysta, magnetite grab,  and 
altered pyroxenes in a very fine grained ma& of quartz, feldspar, 
and granular iron om. 

The sequence of felsic volcanic rocks in which the perlih occur 
strikes from N. 30° E. to N, 40° E. md d i p  at angles of 30° to 42O NW. 
The sequence is believed to represent extru~ive flows and tuffs of 
felsic volcmic rock8 that me interbedded with admentmy rockg of 
the Upper C r e t m u ~  Cantwell formation. 

DATA AND O O N C L ~ O W S  

A small cbannd sample of the perlite was collected at the locality 
ahown on figure 11 and subjected t~ a bloating twt by the U.S. 
Bureau of Mines Electmtechnicd Lmborahry at Norris, Tenn. The 
rmult9 of this test indicate that there is very little change of color 
or expanaion upon heating of the ~pecimens within a hnperrtture 
range of 1,70O0F to  2,40Q°F. The treated sampIes had a spwsc 
gravity of 99 pounds par cubic foot as against the natural weight 
of 153.9 pounds per cubic foot. Inasmuch m commercial produck 
usudly run 10 to 14 pounds par cubic foot, this mataria1 obvioudy 
haa no economic value as a source of perlite. 

WEST PORK O U Q O  OB'ZEEg D E P O l f i  

The pmlib deposit along the west fork of Calico Creek (f ig.  8) wrts 

visited briefly by Plafker on July 10, 1852. A  ketch map of the 
deposit was prepwed and samples of the perlite were taken for testing. 

The deposit is on the northwest side of the west fork of Calico 
Creek approximately haIf a mile from ita junction with the main 
stream. The altitude of the depoait ranges from about 4,150 to 
4,260 feet. Examination of stream graveIs along the creek failed ta 
&ow any perlite t.h& may have been derived from exposurea farther 
~ptr8tLUl. 

GEoIaGx 
QE0U)QIO 8-II OB XIEPOSlT 

The country mck in the vicinity of the perIite deposit consists of 
inkbedded basaltic and rhgolitic volcanic rocks associated with the 
Cantwell formation. 

Perlite float wae found ki the three creeks draining into the wmt 
fork of Calico Creek from the northwest, as shown on figure 12. The 
perlite zone ia marked by a line of white or buff jellylike bentonitic 
clay containing rounded bouldersf of unweathered perlite. The d i e  
tribution of clay and the topographic development on the weathered 
p d h  indicates that the.perlite is.~bout 15 to 20 feet thick. The 



ROvm 12.-Oeolog1cal;eteh map and wcUon of perlire deposit on West Fork CaHw Creek. 
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zone of weathered perlite can be traced along strike for a distance of 
over 800 fwt, It appeam ta pinch out towrsrd the nerthetwt and ia 
concealed beneath talus and muskeg on the southeastern end of the 
deposit. The perlite occurs in a series of bedded volcanic rocks 
consisting, from bottom to top, of massive rhyolite, perlita, olivine 
basalt, porphyritic basalt, and ba9dt. 

DES-ON OF KOOK U r n  

Rhgolik.-The rhyolite is massive, yellowish gray, fine grained, 
and spotted with white phenocrysts. The tbicknws of the unit is 
not known, as the base is not exposed. In thin section tlls rock is 
seen to consist of an estimated 15 percent euhedrd ssanidine pheno- 
crysta 0.6-2 millimeters long, 5 percent mqpetite grains as much ag 
0.5 millimeter in diameter, and 60 percent spheditea m much as 1 
millimebor in diarnetsr, set in a dense rnicrofelsitic matrix. The 
spheruIites are  pde brown in transmitted lighlt and consist largely 
of radi~ting aggregatss of chalcedony. 

Pm1ib.-Tho perlite float rock consists of white phenocrysts in a 
matrix of vitreous bIack glass. Bmause the glsss decomposes readily 
to bentonitic clay, it W R ~  not possible to examine the perlite in 
outcrop. The perlite may represent the npper chilled part of the 
underlying rhyoli be flow. The perli he zone is about I5 to 20 feet thick 
along the line of secbion A-AYn figure 12. 
In thin section the glass (RI-1.48) is seen ta be colorIes and cut 

by closely spaced fracttrrt3s into roughly ciroular and rectangular 
areas. The typical "'onion skin" or perlitic fracture is not developed. 
Along larger cracks and around phenocrysts the glass is devitrified 
to a microcrystalline agjy-egate consisting largely of quartz and 
feldspar. 

Phenocrysh from 0.5 to 1.8 rnillin~eters Iong constitute an estimated 
20 to 23 percent of the rocks. They comprise euhredd srtnidine, 
oligodase, and o l i ~ n e ,  distributed at randorn throughout the gIaaa 
matrix. The olivine is hortonolite (Fa45, B= 1,792, 2V=60). 

Oliem'ne basalt.-*Massive black very fine grainod b ~ a 1 b  overlies . 

the perlite. Ths b ~ d t  is prominently jointed and h~ m stratigraphic i 
thickness of about 225 feet. 

Under the microscope the basalt k seen t.a have a typical inter- 
+ granular texture. Crystnh from 0.1 to 0.6 rnm Iong of plagioclaae 

la th  (Anw), augite, and olivine altered to coladonib me embedded 
in a dark-brown micmfelsitic matrix, Calcite occurs tw ~~mygdulea 
up to 0.8 rnm in diameter and is also distributed a8 finely divided 
granules throughout the matrix. 

Pwph@ic bas&.-This unit con~ista of maasive he-grained 
greenish-black basdt 185 feet thick that grades toward the top into 
35 feet of pale olive-green amygdaloidal btlsdt. 

In thin section the lower part of the flow is aeen to consist of 
plagioclase (Ana), augite, and altered olivine phenocrysta frorn 
0.2 to 1 mm in diameter embedded in a matrix of pIagioc1ase micro- 



litm with g~rlulq augite, calcite, magoetite, .and .chEoropMe 
The phenoqys,& total appmximately. f percent of the rock, , -In ,the 
upper part of the flow thc grain js.mnch h e r  and m p & u l ~  *-much 
as, 3 4  Prn in diaqeter of calcite snd hematite ,fire embedded, in .r, 
fine-grained matrix that appears to $e devitrzed g l ~ .  .. ,.,, 

Basa,lt.-The uppermost flow examined is a light-~PWII ,fine- 
Gained partly +amygdaloidal .rock. The top was. not  s e e i  , ia thg , 

field, but the  flow is at lea~t'200 feet !hick. 
Under the micmseopb the rock consists of p lsg ioc l~ i  la& , (~nh): 

0.1 .to 0.4 rni!limbfor long embedded in a- finegrain+ iron-stained 
@un$mass: 'Locally the rock contains nmygdulqs gf .calcite o i  
q,uarB and in places is cut by narrow veinlets, of or c~16hq: 
' , ,'I I 

, ETIIOCTWE, A- bBD OBIOW . . . I  
.,+The. entire sequence of volcanic r-ocb in wbich tha perlih. occuq 
hencis upifurmly N. 40: E. to N. 50' E. and d i p  40°.to 50" N W. Tha 
units described reprasent a seriw of flows, the eldest of which, werq 
rbyolitic in composition, and the youngest basaltic,, The perlite 
probably represents the upper chifled part of the rhyolite flow. ,The 
rocks rrrq closely sssocintec! with. sedimentary rocks of tho ~ i u t w e l l  
f6rrnktion that are considered by Capps (1940, p,,,J29) to*bp  pf 
Cretaceous age. 

mm DAL AND &NCLU~~IONS . , t , ,  1 1 1 ~  

1 $ab Bsmple of 'perlite was taken from a f i s h  bbddkr in:thei 
+eatbered zone at tho'outerop (se13 fig. 12) and t a a  subjected to 
ekpabsion tests by the U.S.'Burei~u of "Mines ~~eetrotechi'cal ~ a b o l  
&tory st Norr&;Tcnn. Thesw&&sn was tested int'the kmpef.atu~ 
rhnge of I,TOOmF io'2,4'Od°F. It turned to a buR at'8,00beF and'to ii: 
light gray a t  $,~~ooF. Maximum expansion occ"urred rit 2,300~'d~ 
2;40O0F and yieEdeX~ material of about 55 pounds per cubic fb'bt: 
This is inrlch heaviar'thh the usnd commercial produe< which ik 
mwdly 1 O tr, 14 pounds per cubia foot ; therefore -the &posits .wd& 
not be profitably exp1oited.as.a source of perlite. 

I Perlite is a ghw of volcsnic origin: so obviously pmpctiiig .shauld 
be limihd..to hmm where mlcltnic rocks are axpmed~ ..The +owe 
lnvas oP.felsic to intermediate cornpasition are most favorshle.for the 
formation d neturd glass. The prmpctar should look for Lhe vsnte 
and feeder d i b  through which felsic lavas rose, hcaw mmt perlib 
deposits owur either in or immediately adjacent to. tl1e.w l e a t m .  . 

Perlite .tend&. to-altar_ by devitdicatian to rocks which- da mt have 
the cppnnsion properties. of fresh perlite ; &ereforei commercid 
d e e t s  are m t  li kelg to be found in geological! y young W C ~  :, This 
ip indicated by - &he. fact that, of the deposits described,, d y  &he 
prlikd Tertiw age fm Sugar. Mountmain ekpsnds g%tisfaotopily. 
The other three deposits, of Cretaceous ap, contain volc~nic glass 
wbich is at bast in part devjtrified and hm poor bloating qualities. 

6 7 7 - 1 5 5 4 3 8  



The volcanic glasses alter by weathering to a benhnitic clay with 
accompanying release of siIica that forms agtlk-filled nodules 
("thunder-egg") and irrepdar mmaases and setarnfl of chdc%dony. The 
prospector should watch for jellylike cley,  geode^, end quartefdled 
nodules in felsic volcanic rock as favorable indications of perlite. 

The %arch for perlite in the Almka Range should, therefore, be 
concentrated in amas of felsic volcanic rocks of Tertiary age. Known 
rocks of this that are accessible to the railroad occur anly in the 
Picinity of Sugar Mountain, where small quantities of p o d  quality 
perlite have been found previously (Wahrbaftig and Eckhart, 1952). 
A piece of perlite float from Montana Creek that resembles the perlite 
described from Sugar Mountain was given to Clyde Wrahrhdtig of 
theU.S. GeologicalSurvey. The float mayindeed have beenderived 
from the Sugar S 1 o ~ n t ~ i n  depmit, but the p.sibility of another 
perlite deposit within the d r ~ i n a p  area of lLlontana Creek should be 
investigated. 

L%u th of the Alaska R a n p  extensive m a s  of Tertiary volcanic 
rocks m u r  in the Talkeetna Mountains from Broad PBSS south to 
the Matanuska Vdley and emt of the Almka Railrod. Most of the 
volcanic rocb  descrihcd from t,he T~lkeetna Mountains are of basdtic 
composition, although glmy felsic type8 me also included (Cappe, 
1940, p. 85-86), In 1954 a m a l l  piece of perlite float was coEect.ed 
by G. D. Eberlein of the U.S. GeoloRical Survey from the emt fork 
of Iran Creek in the Tdkeetna Mountains. This perlite exhibih the 
typical "'onion skin" fracture, is free of phenocrysts, and, on the bmis 
of preliminary tests, is believed to have excellent bloating qualities. 
AFtbou~h not in itself economic~lly si@canS, this float indic&s 
that condit.ioas favorable tor formation of perlite in commercial 
quantity and quality may exist in the Tdkeetna Mountains. 

COPPER PROBPECT BITE IN UPPER CHITINA VALLEY 
By Jams F. S E ~  

Copper minerals have been known in the mountains of the upper 
Chitina Valley mgion for mom than 6U years. Much of the region 
has been prospected, especially during the early part of this century, 
and many claim have been staked; but, as yet, na om body hm 
been dicuvered. The mineralimd site described in thi report 
wm prospected end staked in 1926, and development work was 
carried out during the sumeding 6 years. 

Preview work.-The only previoua recorded geological invea tigstioa 
undertaken in the upper Chitina Valley region was that of a ;US. 
Cfeologic~1 Survey party in 1916 under the leademhip of Fred Moffit. 
ThiP, party mapped an area extending from McCarthy to the Chitina 
Glacier. Members of the party stmted from McCsrthy, traversed 
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the v d e y  of Young Creek, crossed over to the Cbitina Valley, and 
continued up the vdey to a point about 7 d e s  enst of the terminus 
of Chitina Glacier. Dficdty of cmssing the Chitina River caused 
thmm to conhe their traverse9 to the north side of the valley. Mem- 
bers of this party found various copper minerals at many plecses in 
tbe mountains from Canyon Creek to the terminus of Clhitina Glacier. 
P M  wk.-The pmwnt report is a result of & brief inveetip;ation 

in July 1956 of wpper mineralization at  the site of claims staked 
mar the terminus of Chitha. Glacier. No geological investigation of 
tbRse daims had been made previousIy; so a brief study in this Iittle- 
known regkin was considered worth undertaking. The pmty carrying 
out this work consisted of t.he writer and his assistant, Peter Stauffer. 

Ackmddgmda.-The writer wishes to expmss his appreciation 
ta h. M q a m t  Hasrais of Valdez, Alnska, for her p m b i a n  to 
use tbe cabin at the site of the claims for living quartera while working 
in the m a .  He also wishes to ~xpmss his appreciation to Jack 
W k n ,  pilot, of Chitina, Alaah,  for his skill in operating from the 
rough landing strip in the area. 

QEOalB-Y 

The ama described in this report lies in the upper Cbitina Valley, 
60 miles upstream from the junction of the Chitha, and Kizintt 
Rive- and 20 milee west of the international border (fig. 1, locality 
10). It ie surrounded by rugged mountains that rise to a maximum 
dtitude of 19,000 feet end extend coatinuomly for 40 miles to the 
north, 80 miles to the emt, and 70 miles to the south. The vdey 
of the Chitina River owns to the west and extends 100 miles to the 
mountains bordering the Copper River on the west. 
The site ~tudied is adjacent to the terminus of the Chitina Glacier 

and lim &bout 2,000 feet above sea level. The mountains flanking 
either eide of the valley rise rather abmptly ta an altitude of &bout 
9,000 feet. Tbek slopes up to an altitude of about 3,000 feet m 
covered with fomta of spruce, birch, oottoowood, snd poplar tmes, 
and their highest vaUeya benr active glaciers. The valley floor is 
flat and ranges from 4 to 6 miles in width. Tb gravel cover is kept 
bare by the constant shifting of the river channel, and, as a result, 
dust storms are common on windy days. 

The quickest and most economical way to get to the ares decribed 
here ia by means of a light airplane that can land and take ofF from the 
muph gravel river fan. The cloest point where an sirplane can be 
obtained is Chitina, 105 miles to the west. In 1930 a landing strip 
wm roughed out on the fan about a quarter of a mile from the Harrais 
cabin, but the main dist.inction between tb strip (which is Iredp 
invisible from t,he air) and t h ~  rest of the fan is that some of the Iar-wt 
boulders h ~ v e  been mmoved. 
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An &88&Y of tbb pod by the Alaaks Territorld Department of 
Minm yielded the following reeults: copper, 4.78 percent; lead, 6.53 
percent; and zinc, 13,M percent. 

A sulfide masa in tabulrtr form was found dong s shear mna 200 
feet west of Dry Gulch. Here, sulfide mineralization WM distributed 
though a mne a b u t  5 inches thick, 3 feet high, and 4 feet long. 
Although two borders were concealed, the mineralization obviously 
dwindles in all directions. The sulfide and copper carbonate minerals 
make up only part of this zone, as much coarse-cryetalfine calcite 
is mixed with them. The minerah here include galena, rndachite, 
azurits, and pomibly sphalerita and chalcopyrite, Silver may aleo 
be present, aa s sample fmm this vicinity showed dver  when assayad. 

mamIOn OF LOOALITIIEB 
MLRGABlKr- 

Mmt of the development work was done along Margmet Creak. 
Six &if& were driven in the west waII of the canyon, 5 of them rang- 
ingfrom 3 to 6feetinIengt.h and oneextending30 feet (fig. 13). hll 
were driven along shear zones md probably were started on outcrop 
~howing sulfide mssses eimilar to those described. None now con- 
taka more than a minute  pot or two of disseminated sulfide grains 
or a faint streak of rna1,lachib. Apparently all promising rock w m  
removed and tunneling stopped when no more mas encountered. No 
drift showed any sulfide mineral8 at its far end. 

lhift No. 1 is on a shear zone where black graphitic achiat is faulted 
against white cptalline limestme. Two bloch of brecciated white 
h m t o n e  within the schist several feet from the main fault eontact 
show a dight stain of malachite. The blocks may heve been stained 
befofe the final faulting that moved them into the   chi st, but more 
likely the copper-bearing solution c m e  in through the s h e d  and 
permeable whist after the faulting and deposited on the hestone 
where it could pick up the carbonate ion. Throughout the area the 
miuerdization appears to have been subsequent to the shearing and 
faulting. In t h e  float at the entrance ta drift No. 1, severd fragmentg 
of auNds rock were found which indicata that the drift was probably 
driven on the b ~ i s  of mineralization visible on the outcrop. 

Between drift No. 1 and drift No. 2 a small mass of sulfide miner&, 
similar Ito that described from the east side of the meek, appears on 
the c l 8  face. It amountg ta only a few square inches but has mala- 
chite stain8 m n d i n g  for several feet above and below it. 

Drift No, 2 ia barren of suEde and copper carbonate minerals. It 
follows a fadC parallel to drift No. I but is only 6 feet deep. 
, Between drifts No. 2 trnd No. 3 tbe rock h barren except for a 

s m d  patch of malachite adjacent to drift No. 2. 



PxatlRs 19.-Sketeh map showlng geology nbng Margaret Crak. 







grained, bas prominent bedding, and htts m intensely developed 
cleavm that splib the rock into almost paper-thin sheeta upon 
weathering. 

In texture md physicaI chtbmteristics the grnywacks resembles a 
quartzite, but most of it contains enough dark mineral grains to 
color it s uniform dark gray. It is composed of elastic grains rng ing  
from 0.1 to 0.5 m in diameter tbnd mnsisting largely of quartz, 
feldspar, biotite, snd ppxene, with some pyrite, amnopyrite, and 
pyrrhotite. The rock grades to qnartzite in scattered small patches 
where nearly pure quartz sand was deposited in pockets. The 
graywacke i~ a at.rong, tough rock and hard enough to ring when 
struck by a hammar. 

Tho slab is exceedingly fine grained and highly flssile. Xt was 
derived from argillaceous matorial and displays weU-delineated beds 
ranging from a amltll fraction of an inch to several inches in thickness. 
Throughout the area the strike and dip of the deavago remhin fairly 
oonetant, ~ n d  in general the beds are parallel ta the cleavage. Where 
the beds are folded, the axes of the folds remain parallel to the cleavage. 
Minerals making up the slate include chlorite, mica, quartz, feldsp~r, 
and graphite (as individual mineral gcaina are sub-microscopic in 
size, X-ray dsraction methods were employed for their identification). 
The rnineml mmmblage ininca,tee that t h ~  rocks of the region wero 
metamorphosed in the chlorito zone (epkone), and the hi1ity OF the 
slbta indicate8 that ita metamorphism includcd intense stress. 
In the Chalet Mountain area the bedrock is cut by many feulta, 

most of which strike about due east and dip from 70" sout.h to 90'. 
Horizontal movement has been eastmrd on the north aides of the 
faults, and displncements of 3 to 6 feet were observed. Quartz 
hm been introduced along many of the faults so that tabular quartz 
veins in sheeta ranging from paper-thin to 2 inches in thickness are 
numerous throughout the area. 

~ ~ m o ~  
The ~cheelite on Ghdat Mountain is found as thin ctlatinp on quartz 

veins and fracture surfaces in a few plaoes, and in others as dissemi- 
nated gains scattered through quartzitic zones in the graywacke 
(fig. 14). A traverse made at night with ultraviolet lighB revealed 16 
plams where some scheelib showed. Fifteen of t h m  are roughly 
along the, strike of the slate and graywacke beds in an area 300 feet 
wide by 1,600 feet long. 

Where echeelita grains are di~eminated through the graywacke, 
the graywacka i k l f  is lighter colored and more quartzitic in composi- 
tion. This is especially ~pparent where the acheelite is confined to an 
obl& pod lem than 2 feet long. Five of the occurrences are of this 
type, with minuta ~cbeelite grains scattered uniformly but v ~ x y  
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F m m  16.-Sketch mrmp showlns radiometdo traverse d Tnyhr Hlghmy m m  T e t h  Jnnctlon to 
ChIcksa. 



RADIOMETRIC INVE8TIOATIOKB 

P r n m ~  16.-gtetch map ohawlag rdlometrlc tramnw. ef Wsm R1mr b m  to Little Oarstlo 
River. 

Exposures of p n i t i c  rock of Mwomic age, rhyolite and dacite flows 
of Tertiary age, limestone of Devonian age, and schistme rock o l  Pre- 
cambrian age wore tested along part of the Taylor Highway (fig. 15). 

Radioactivity anomalies with a maimurn of 0.015 percent equiva- 
lent uranium were noted in the area underlebin by granitic rock just 
southwest of Mount Fairpl~y, between mileposts 28 and 29, and from 
a weathered aplite dike north of Logging Cabin Creek, between mile  
posts 44 and 45 (fig. 15). A radiometric traverse around the upper 
part of Mount Fairplay revealed no anomalies greater than these two. 
A fins-grained granit,ic rock on the low knob south of the mdn pinnacle 
of Mount Fairplay, however, gave twiw the reading of the rnepcopi- 
d l y  very dissimilar coamwained granitic rock at the mad level. 
The top 75 feet ol Mount FsirpPay is composed of andes ih  flows which 
contain ahout O.OOL percent equivalent uranium according to the field 
readinw. The felsic flows extend from north of the north pank of 
Mount Fairplay to the vicinity of milepost 34 on the highway. 

Results of equivalent-uranium an~l~wes and nineralogic studies of 
seIechd samples from tha Taylor Highway area are sholvn in tablos 5 
and 6, respectively. In addition to the minerals listed in t,abltl 6, 
Wedow and others (2954) reported thorianite and monszits from 
placers in the Fortymile arm. A single age determination made on 
zircons concentrated from granite near Mount Fairplay indicates that 







near the opposite bank. The maximum radio~tivity noted in the 
travme was from granite near Cathedral Bluffs that contained 0.006 
perwn t equivalent uranium. Table 5 ~hows the equivalent-uranium 
content of mme of the samples collected along the Tanana River. 

RADIOMETRIC TRAVERSE ALONG THE: YUKON RIVER 
FROM FORT 'XTUHON TO RUEP, ALASKA, 1949 

By Max G. W H ~ ,  JUAN M. h v n ~ s ,  and JOHN J. MATZKO 

A large variety of material, including alluvial depmita, greenstone, 
and sedimentary, metamorphic, and granitic rocks, ranging in age 
from Devonian and pre-Devoaian to Quaternary, are either exposed 
along the Yukon River or within easy access of it. An argentzerous 
galena, prospect mom on Quartz Creek, and gold-baaring placers 
occur in the Grant Creek and Morelock Creek areas. 

For the investigstion, a, 35-foot poling boat with a 22-horsepower 
outboard motor w a ~  used. A 2- by 40-inch Geiger tube was mounted 
in the boat; detailed checking was done with portable Geiger counters. 
The party conducting the investigation along the Yukon River, 
from Fort Yukon to Ruby, Alaska, wnsisted of M. G. White and 5. M. 
Stevens, geologists, and Egil Salveson and R. D. Olson, camphands. 
The work was done in June 1949 on behalf of the Division of Raw 
Materials, U.S. Atomic Energy Cornmission. This report wa~l pre- 
pared by John J. Matzko. 

h e m  contiguous to the Yukon River and ta tributary streams 
navigable by the %-foot poling boat were examined for radioactivity 
content. The investigation was begun at Fort Yukon and terminated 
near Ruby, Alaska (fig. 17). 

Concentratm for heavy mineral study were obtained from selected 
areas by panning gravels in the field. Radiometric results from the 
study of these and other samples collected during the course of the 
investigation are tabulated in table 7. 

PORT YUKON TO BmWEN.9 VIBXAGE 

QUA-ABY DmOSITB 

Deposih of Quahrua~p age were traversed from Fort Yukon (not 
sham on fig. 17) to Skvens Village. No anomalous radioactivity 
wag detected in any of these detritd deposits, which include silt, 
sand, and gravels, but consist principally of gravels (Mertie, 1937). 

DWOsfdB OE C A I t B O ~ O W  DBP- 

Greenstone of Devonian or Carboniferous a@ is exposed near Fort 
Ramlin in the bend of the Yukon River. The greenstone on the 
north and west bank of the river was examined, but no anomalous 
radioactivity waa not,ed. 



EXPLANATION 
.*Y 

Sample locality * 
Proswe t 

8ara map lrck Army Air Force Aemnautical C h u b  

ncnae 17.-Yukon River. showing sample lwnlltles between Stevetls Vlllege and Ruby. 







86 CONTRIBUTIOXS TQ EXQNOMIC GEOLOGY OF ALhBKA 

The e x p m m  of quartz momnite examined near Stevens Creek 
i~ of middle; Tertiary age, possibly b n e  (Meerti~, 1937). Granite 
on the opwita side (northwest bank) of the Yukon River, however, 
wae mapped 'by Eakin (1916, pl. 2)  aa Paleomic, probably Devonian 
or Carboniferous. No appreciable rdioactivlty wtw detected in 
either M y .  

D m -  08 C-0-Om DmOSlTS 

A very huge m a  of greenstone of Devonian or C~brboniferous age 
that is composed largely of altered mafic flows and t d s ,  diabase, 
and impure limestone, is exposed along the Y&on River from about 
Fort HamEin to Rampart (Eakin, 1916, pl. 2). No abnormaI amount 
of radioactivity was dctected in the greenstone, and readings only 
shghtly above background were noted in area8 of movement where 
the rock is crushed and has n shaly appearance. 

Granitic intrusive rocks of Devonian age(?) (Eakh, 1916) were 
examined in an area near tho rapids about midway between Rampart 
and Tanana on the Yukon River (fig. 17).  The radioactivity was 
about the same as for the monmnite that crop out along the Yukon 
River oppmite Stevens Creek; h i~he r  madings were noted on the 
h e r  grained variety of rnonmnite. 

Dark hugb mbtose meltamorphic mTta of pmDevonian age cmp 
out in sections along the Yukon River upstream from Stevens Creek. 
Readings slightly above background were obtained on the meta- 
morphic rocks examined in the field, but resultg obtained fmm 
laboratory analyses show no appreciable radio= tivity . 

Also examined wtas the argsntiferoua galena prospect reportad by 
EaErin (1916, p. 82) on QWSZ b a k  (fig. 17). Ha noted that most 
of the veins occur as smdE atringers cutting limestone. Radiometric 
tests were made around the d i t ,  taiIiigs, dump at prospect pih, 
on om in a box ~t the cabin, and on the nearby hjl l~,  but no rtnomalios 
were noted. 

TANANA TO R W P  

Alluvial deposits of Quaternary age constitute moat of the expo- 
lsures in the banka of the Y h n  River between Tmmkna and Ruby. 
No appreciable radioactivity was detected. 

~ A ~ O Q S  n~~ 
Sedimentary mcka of Cretaceous ago are exposed in the Meloxitna 

River canyon (fig. 17). Radiometric tests on conglomerate, sand- 
stane, quartzom git ,  bIwk shale, and limestone in this ares indicated 
about 3 then the radioactivity of other rock types tested farther 
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uptream on the Yukon River. The grit gave the maximum read- 
ing in the field, but tests made in the laboratory show a low radio- 
t~ctivity content (meximum of 0.017 percsnt eU) for all the varioua 
mck types examined (tabb 7). 

XlrPOaLka OR e ~ o l m m o v s  D r n s r r s  

The gnekic intrusive rocb that cmp out along tho right bank of 
the Yukon River a few miles below Birches were examinod (fig. 17). 
The griciss is probably of Devonian age @akin, 1916, PI. 2) and 
can be divided into a liight-colored coarse-pained rock ~ n d  a dwk- 
colored fine-grained somewht schistme gneiss. The radiowtivity 
of both type of rock was only slightly higher thm that of the meta- 
morphic complex tested in the h1rnediat.e area (table 7).  A gneissic 
tourmaline granite found as talus below Birches was not ~bnormslIy 
radioactive. 

Downstream from Ruby for a distance of about. 1% miles, the achist 
and metamorphic rocks are intruded by granitic dikes. The age of 
the dikes is not known and is listcd here tentatively as Devonian 
or Carboniferous. None a{ tho dikes is more than 10 feet thick. 
The radioactivity of the dikes is slightly nbove the background, 
about 0.004 percent eU. 

The schist and metamorphic complex aI Devonian and pre-Devonian 
age that occurs near Ruby and Kohincs (fig. 17) was examined, 
but no anomalies were detected. Lkptalline limestone in the blulP 
at  Ruby also was not appreei~bly radioactive. 

me metamorphic rocks in the Grant Creek area were examined 
in 1946 by m e e n  and Whits (Wedow, Rilleen, and othem, 1954), 
No radioactive material was found. 
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