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GEOLOGY OF THE SLANA-TOK DISTRICT, ALASKA 

The Blana-Tok disb-ict includes part of the Ala~ka Range lying between the 
beadwaters of the Copper Rircr and the Tnnana River. Phis dlsMct is  Mm- 
monly and more eaaIly eatewd from the south or Copper River aide, in Con- 
sequence of which most ot it is  jmplarly remrded ne bclong.ing to the Copper 
Kiver region. It was crossed by the old and now abondoncd militarg trail 
between Vnldm, on Prince Willinm %und, and Eagle, on the Yukon R i ~ e r ,  
and is touched on the mtlthwest by the highway more recently conwructed along 
the north alde of the Copper River from Qulknnn to the Nnbewa Rfver. 

The trend of the Alnska Range in this area 1s appmdmatelg northweat, 
and altbot~pb the nvemgc nltilode of the monntnfns is  somewhat less than it 
is in the western part of the rmge the relief is nevertheless mnsiderable, 
reaching a maximum of about 8,500 feet. 

The prlnciwl streams of the district Rre tho Slana River and Indfan Creek,. 
which dow into the Copper River, and thrco tributarlee of tbe Tanam Rlr- 
tbe Rohrtaon Rlrer, the To% Rivet toRether with its branches, the Little 
Tok and the Dry Tok, nod the TetlIng nher, which flows thmogb the l n m  
Wtling Lake. Although thcre are frw tralls wIthIn the dlstrfct, the rallcya 
of these atreams give fairly any n m a  fm most of It. 

'The area i~ without permanent whltc Inhabitants except the fcw pemnrt 
who live on or near the Copper nnd Tanann Rivers and Is nlm nearIy without 
nmttve inhabitants, for the few fumilies at Mentasta IndI~n villngc are the 
only nativm who do not l i ~ c  on thc Copper Rircr, at *rannn& Cros~lng, or in 
the vWagea of the Tetling Lakes. 
The r&a of the dletrict nre prevailingly d imentaty  hnt include tuff beds 

aad lava flows and many mumerr of Intruded ~ranlt ic  rock@, most of which 
are diorite and relatml t m s  rnther than grnnlte. Bme of these rocks are 
highly metamoqhlc. Others are greatly folded yet not notably altered. The 
structure Is complex and not clearly understood. The rocks rni~ge in age from 
pre-C~mbrfan or early Paleozoic to late Mesowlc, In places they are con- 
cealed by Recent unconwlidated water-laid and glnclal depasita. 

The olaeBt rocka are siliceous and micaceons whist& which occupy nmr4 
SKU the northern half of the district. They arr In part altered sandgtone nnd 
rnndrwk but probably Include altered ~!liceons Igneona rocka as well. Their 
age is unknown, but they are probnbly to be corrclntc$ with some of the 
metamorphic rocka of the Yukon-Tnnnna wglon, which range in nge from 
pr&ambrtan to early Paleomic. 

The next younger m k s  are of Mlddle Devonian age and fnclude gray and 
black alnte, hard gray dliceoua beda, pl1owlsh mnds and Mtty M a ,  lime- 
stone, and brown mlm whist thnt ia a contact-metamorphic phase d the 



s d h e n t a ~ g  beds. They m p p  only a muall area in the southeastern pnrt 
of the dfstrfct, yet tbey attract attentlw bemum of the forma into which 
the limetone a t h e r e .  &though they are cloaely folded they are not greatly 
alered except In the vicinity of the intrusive diorlte. 

Permian rwks come next in tbe atrnti~rnpblr sequence. They Include both 
aedirnentnm and igneous rock-llmebonc, nnndatone, nrltorric and black shale, 
lnff beds, and Iara flowswhich make up the Mnnkomen formntion, They 
are typically dweloped north of Mankomen LRke near the heads of the Blana 
and ChlstochEna Rirers bnt extend il~termlttentl~ southenstwnra along the 
mnth fnce of the mountains to the Nabeana River. 

A large a m  of the district is a r u p i ~ d  hy alate, conglom~rate, and other 
s€dimentarg bed8 that are mainly of Permian nge but Inrlude RR nnknown 
promrtion of Middle Devonian and poselbly some early Cnrbonlferourr rock& 

The youngest of the consolidated depomlts con~lst of an asmmblage of 
Me~ozoic slate, argilBte, sandstone, conglomerate, and limestone beda thnt form 
the mountah8 of the southeastern part of the district, They nre ~tronglg 
folded but are nornetamorpho#ed and range in ~ g e  from Upper Trlassic to 
h w c r  Crctnceout~. 

All the adlrnentarg and volcanic rn far mentlnncd are intruded bg 
lgneci~~a rocks that are dominantly of the diorite family but fnclnde mere bnnfc 
and more acidic rock tgprs. These intnrsI~e m k a  rnuge in age from Paleozotc 
or nldcr to Lower Cmhceons or pormger. 

The mom recent gwlagic history of the dlskict Inclorles a perIaiI of In- 
tense glnciatlon which is nut yet ended, although the area ompIed by the 
Ice is  110s only a ~mnlC frnction of I t s  formpr extent. T h l s  glnciation left 
eviflcnce of Its mulrrlme in the forms of the  monntaios oud in flncinl d ~ p ~ l t ~  
that In moat placen nre readily dlstlngaishable bp thelr form and composition 
from the wre l  deposited by water. 

The Slnnn-Tok dlstrlct ~ x b l b l t ~  mnqp evidenm of m!nemlizatlon hy the 
prwlons mctnla. get thmu inr  no lode mhe has hwn brought to production. 
although onc placer gold-mining 0perfItfon ts established on Ahtell C m k .  

The term Slana-Tok district is used in this report to designate 
that part of the Alnskn. Range extending from Mount Kimball 
southeastward to tho T ~ t l i n ~  River and including dreams that are 
tributary to the Copp~r River on the snuC11 ~ n d  to  the Tanuna River 
on the north. This nren (see fig. I and pl. 1) extends 55 miles from 
north to south ant1 about 72 miles from east to west. Although it 
inclndes almost 4,000 square miles of rongh mountains and Iowland 
territory, it covers a part of the  Alaskn Range where the relief is 
least and where depressions furnish fensible mutes between the, 
Copper River Bnsin and the valley of the Tanfin& River. The old 
.military trail and teleg~arrh line &ween VnPdez and Eagle, an the 
Yulron River, the abundance of fur-befiring animals, and the possi- 
bilities for mineral production are features that aroused interest in 
the district at an early tima 
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The &st known visit of white men to t h i s  section of Alaska was 
thrtt of a party of Russians who are believed to have been killed by 
ithe natives at Batzulnatw about 1848.' The fht published referen- 
to the districh are those of Lt. Henry T. Allen2 (the late Major, 
General Allen), who crossed it from Bahulnetas to the Indian village 
on the Tetling River during a notable military expedition in 1S85. 
Prospscting in the district began with the influx of gold seekers who , 

P l o w  1.-Map of lllaskn showing the location of thc SInna+Toh dlstrld 

came over the Valdez GIacier in 1898 and during tha summer scab 
bred over much of the northern and eastern part of the Copper 
River Basin. Their activities and Hie resulting need for topographic 
and geologic maps led to the first expedition (1902) of the Geological 
Survey to t he  headwaters of the Copper River. This expedition 
consisted of two combined topographic and geologic parties. One, 
under the leadership of T. G. Gerdine, topographer, mapped an 

r ~ n m t ,  F. H,, The I3uslota k district, upper Copper Rlvee W o n ,  Maaga: Geol 
Survey Bull. 8 4 4 4 ,  p. 143. 1938. 

SAllen.  H. T., Rrport of an expMitlon to the Copger. Tanana, and ~ o y u k u k  afvera, h 
the Terrltorg of Alanlia, in the Tear 1885, U. 8. War Dept., 1882. 



4 THE SMA-TOR DISTRICT, ALASKA 

m a  which includes the southwestern psrt of the Slana-Tok distrik 
Walter C. Mendenhall was attached to this party as geologist. The 
mmnd party carried the survey over part of the southeast quarter of 
the Slana-Tok district and extended it to the Chisana River. The 
topographic work of this party was done by D. C. Witherspoon; 
the geologic invmtigation was carried on by Frank C. Schrder, 
who also was in charge of the pnrty. Part of the findings of t l l ~  
two geologic investiffatione, so far as they d a t e  to the Slana-Tok 
district, mere published in 1903 and 1905.3 

NO farther bpographic or geologic mapping was undertaken by 
the 43eological Sur~ey in the Slana-Tok district till 1929, when the 
writer revisited the Indian River asea and made further geologic 
investigations in the vaIley8 of the Slana, Dry Tok, and Tok Rivers 
and the vicinity of M e n u  Pass. Again in 1931 he visited the 
Suslota Pass and Little Tok River areas. In 1934 and 1935 Gerald 
FitzGerald made the tapographic surveys that are shown on the 
map of the SlansrTok district except that of a small a m  i~ the 
soutl~west which was mapped by T. G. Gerdine in 8902, and a 
amal1er area including the valley of Ahtell Creek and the moun- 
tains eastwlard to the Slana River, which was mapped by C, F. 
Fuechsel in 1932. While tho topopphic mapping of 1934 and 1935 
mas in progress the writer continued am1 geologic surveys in the 
district, in accordance with a plan nnder which the topographic 
work wag kept a year in advance of the palogic work. I n  this way 
the gaoloffic investigation was advanced into the upper Tok and 
Robertson-River wctions in 1936, when the la& of the field investip 
tions included in this paper were made, Preliminary accounts* of 
part of this later geoiogic work, beginning with 1929, have already 
~ P P ~ W  

PRESErn I N V E S ! r I ~ A ~ O ' 1 P  

From the preceding paragapl~s it is apparent that the present in- 
oestigation is only part of a continuing project that had already 
been several years under way. This project was conceived with the 
purpose of extending topographic and geologic surveys along the 
south side of the Tanma Valley fim the Chisana River ta the Delta 
River, thus covering a large area of hitherto unmapped country and 
at the -me time repising and correcting aarlier maps made under 
much less favorable conditions than prevail at present. 

cMeadtnhaIl, W. C., and Schrader, F. C., Tbs mineral resouroes of the Mount Wrangell 
distrlet. Alaaka: Qd. Burvey Prof. Paper lE, 1003. Mendcnhall. 'AT. C., Geology of the 
centtal Copwr R3wr Wglon, Aladm: Gwl. Snrwy R o t  P o w  41, 1905. 

* Wcmt. F. El.. The 81nna dlstrlct, upper Copper Rlrpr rrnon: MI. Snmeg Bull. 824-8, 
pp. 111-124. 1932; Thr Suslotn Faw BISCrlct, ogppr Copper River Region: Qeol. Burvey 
BUlL 844-C, pp, 187-1B2. 1034; Upper Copper and Tanma Rlverrr: Qeol. Survey Bull. 
8 6 8 4 ,  I!333. 



RELJXF AND DRAINAGE 5 

!t'he geologic parky in 1936 investigated the area m ~ p p d  t o p  
graphically by FibGerald during the preceding year, paying special 
attention to the possfble occurrence of valuable minerals. The party 
w a  made up of four men--J. E. Kennedy snd Aubrey E. Butters, 
packers, Barney Dawson, cook, and the writer-and was equipped 
with 11 horses and the necessary camp equipment and supplies. AS 
in previous years, it was assembled rrt the Slana Road Rouse, at  the 
mouth of the Slam River, and its members were indebted to the late 
Mr. Lawrence DeWitt, owner of the road house, for many courtesies. 
Departure for tlle field of operations was delayed by the late passage 
of the act carrying the appropriation for the work, and the length 
of the w o r h g  season was somewhat, further shortened by early 
snow, so that it extended only from July 1 to September 11. On 
the other hand, the summer of i936 in this district was notable for 
warn days and clear skies, sa that little time was Imt on account of 
unfavorable weather conditions. The principal areas of field work 
were tho valleys of the Slana River, t h e  Dry Tok and Tok Rivers, and 
the Robrtson River, but the Mentastrt area and the country between 
Mentasta Lake and the Dry Tok received M e r  attontion also. 

The Alaska Range sweeps in a p e a t  arc around the valleys of 
ihs Copper and Susitna Rivers, extending from the international 
boundary on the east into the Alwks Peninsula on the west, and 
separates these two minor drainage amas from tho great interior 
valleys of thc Tanana, Yukon, md Kuskokwim Rivers. The Slana- 
Tok district lies in the eastern part of the range and, as may be m 
from tho map (pl. I) ,  is primarily a country of high, rugged maun- 
tains trending northmestmad md bounded on the northeast and 
southwest by the lowlands of the Tanana and Copper Rivers. This 
part of tha Alaska Range is cut by many deep valleys, which sep- 
arate the whole area into irregular-shaped blocks of monnbina and 
give ready although not everywhere direct access to  most parta of it. 
Such mountain bloc&, more or less isolated, appear in the area that 
includes Indian and Ahtell Creeks, the p a p  of mountains north of 
Illentasta Pass, and ~specirtlly the p u p  betwean the Little Tok River 
and TetIing Lke .  Many other minor groups stand out prominently 
an the map. 

The relief of the district is considerable, although less than that 
of the Alaska Range farther west and much bs9 than that of the 
Wrangell Mountains, to the south. Slana, at the southward bend 
of the Coppr Jttiver, has an dtitude of 2,150 feet. Thi~  is higher 

365614+2 



6 TRP~ $LANA-TOR DTSTRICT, ALABHA 

than the Tanma lowland above Tanana Crossing which has An alti- 
tude of about 1,500 fee t  near the settlement and rises so slowly 
upstream that near the Tetling River, at the extreme eastern edge 
af the mapped area, it is still less than 2,000 kt ahve the sea. 
The highest point in the Slana-Tok area is Mount Kimball, at its 
western margin. Mount Emball dso is the highest point of tho 
Alaska Range east of the DeIta River. Its altitude is over 10,000 
feet but is not known exactly. The next highest point in the dis- 
trict is sn unnamed snow-capped mountain near the head of tho 
Tetling River, which is about 9,000 feet above sea level. In the area 
between the Tetling River and Mount Rimball many peaks rerach 
heights ranging from 6,000 to "r$OO feet, and a few am 8,000 feet high. 

The maximum relief of the area, ,therefore, is  approximately 8,500 
feet, if considered with reference to the Tanana Valley, or 8,000 feet 
if reference is made to Slana. The general relief, however, is a little 
less than 5,000feet. T h e  four largest bodiesof water +thin the area 
have the following altitudes: Tetling Lake, 1,567 feet; Blankomen 
Lake, about 3,000 feet ; Mentasta Lake, 2$46 feet ; and Suslota Lake, 
2,802 feet. 

A little less than three-fourths of the area represented on the map 
of the SIana-Tok district is drained by streams that flow inta the 
Tanma River. The principal streems of the district are the Slana 
River with its tributaries, of which Ahtell and Suslota Creeks BTB 

the largest; the Tok River, including its two tributaries, the Little 
Tok and Dry Tok ; the Robrtson River ; the Indian &vex ; and the 
Tetling River, of which Tuck C m k  is the largest tributary. All 
them streams occupy valleys thrtt were once filled with ice, and several 
now derive much of their water from the melting glaciers of the 
highland at their heads. In sr~rnmer the glaciers of the lofty moun- 
tains about Mount Kimball aapplp a large quantity of milky water 
t o  the Robertson, Tok, Slana, and Chistochina Rivers. The Little 
Tuk md Tetling Rivers also have small glaciers at f i e  heads of some 
of their tributaries but are often clear when the ice is not melting 
rapidly. 

Rough measurements of the minor drainage a m  within the dis- 
trict give the area of the Slana River basin as 66U square miles, the 
Tak River 560 square miles, the Little Tok River 75 squam miles, 
and the eastern branch of the Robertson River 265 quare miles. The 
Tetling Lake and Tetling River drainage area includes over 700 . 
qclu~re rniIes. 

None of the rivers af the district am navigable by hats  other than 
canoes or like ma11 craft, and the anly places where such boats rtra 
really practicabIe are in the meandering lower stretches of the Slana . 
and the Tok and Little Tok Rivers. 



ROUTES AND TRAILS 7 

The Slana River, from Mentasta Lake to the highway bridge near 
its mouth, is a tortuous stream 0oming thmugh a wide swampy low- 
land dotted with lakes, ponds, and old cut-off meanders where travel 
with h o w  ie summer is impossible. It is said that the meaning of 
the name "Slana," which is a native Indian word, is "Crooked River." 
A skiff with outboard motor has been used on this part of the stream, 
and sawlogs have been floated to the small mil] at Slana to be cut 
into bridge timbers and lumber. The gradients of the Tok Eiver 
from the Tanana Rirer to the mouth of the Little Tok and of the 
Litble Tok River in the lo\vc?r 7 or 8 miles of its course are much 
red~~aed compared with the apstrmm couxses, and the wabr flows 
in deop meanders between steap banks, m that fording or swimming 
with horses is dangerous or impossible jn most places ~PFYXIIFB of the 
difficulty of getting into the water and more particularly the difficulty 
of getting out. For the most part the larger as well as the smaller 
streams are swift and loaded with silt. They move p t  quantities 
of coarse material in the upper mums and spread it out in wide 
flood plain~l over which the channels shift from place to placa when 
the water can no lonpr carry its Id and tho sand and gravel thr, 
am deposited divert the cursent to some other course. The flood 
plain of the Rolbertmn River (pl. 3, A )  is more than a mile wide in  
some pnrts of its vrtllcy, shown on the map, and is hre of timber 
and other regetation except on We low benches thnt  border tha valley 
Bmr. Wide flood plains aro formed by tho Slana and Tok Bivem 
film, but on neither of them are the flood plains as extensive as those 
on the Robertson River. "Braidd streams" is a term commonly 
applied to rivers such as these, with waters flowing through many 
interlacing channels. 

The road from tht! Richardson Highway to the N a k n a  River 
follows the north b ~ n k  of the Copper River and crosses the Pl~nrr, 
River near its mouth, about 1 mile from the Copper River. This 
is the best and most commonly used route for reaching the Slana- 
Tok district, An altarnative route is the Tannna Rirer, ~~h ic l r  is used 
by the traders of Tanana Crossing and Tetlinf~ Indian village. 

Between Gakona and Slana the road folIows in a pneral way the 
muts of the old militnry trail from Valdez, on Princo William Soimd, 

* to EagIe, on the Tanana River, although most of it was relocated 
in order to get more suitable ground or to shorton djstclnces in rnlalr- 
ing the change from lram trail to highway. 

The Eagle Trail did not go through Slana but bore northeastward 
from the Cobb Lakes across tho end of the ridge on the north to s 
pass east of the valley of Ahtall Creek knd thus reached the Slana 



8 THE SWA-TOR DISTRICT, ALASKA 

River near Men- Lake. From that pint it skirted the east shorn 
of the lake, bore &ward through Mentasta Pass to the Little Tok 
River, and there turned northward to go through the lower Little 
Tok and Tok Valleys to Tanana Crossing. This trail is still the 
only established tmil within the district, but it has been traveled 
little since the military trail and telegraph line were. abandoned 
after the completion of the Richardson Highway. Traes had grown 
up and bridm had rotted down, but the Alaska Road Conunissrion 
allotted n amall sum for repairs in 1934, and the trail was brushed 
out and reblnzed so that now it is in practically aB good condition 
as ever, although there are a few soft spots, and several bridges 
need replacing. The work done on the tmil by the road commission 
was of much benefit to the Geological Survey parties. 

A trail, parts of which can still be followed, formedy connected 
Menta~ht L a b  with tha Slate C m k  district by way of the S1ma 
River Valley. It i a  the trail by which the first prospectors made 
tEleir wag ta the placer diggings of that district but was long ago 
abandoned. Indian trails, the trails of white trappers, and game 
trails are encountered here and there. The trail down Timber Creek 
is a trapper's trail but is suitable for horses, exwpt that care must 
be taken to avoid the soft ground on the summit north of the lake. 
This can be done by keeping to the east side of the valley* The south 
end of this vdley h t w w n  the Slanra and Tok Rivers is also soft and 
has many places where llorscs are in dnnger of being mimd, especially 
in rainy weather. 

For the most part tha traveler must choose his own route, yet 
travel with horses is not difficult for thom accustomed to new moun- 
tainous country. The mute over the pass between the Tok and Rob- 
ertson R i v m  is not marked by any trail except a short piece up the 
fmt of the llill on the Tok River side. A gulch coming down from 
the west about 2 miIes from the Tok River js the first obstacle and 
is best crossed at its mouth. Tha north and of the route is steep, 
passes through tangled willows and alders, and crosses several slidas 
of angular dioxite blocks. In its present &ate the pass is not easy, 
but it could be made so, except for the climbing, without great ex- 
pense if the traffic demanded it. 

There are no establishd trails in the valbya of the ~ i t t l e  Tok and 
Tetling Rivers. Tmil Creek, which comes into the Little Tok River 
east of Mentmta Pass, is a route rather than a tmil, for the trail that 

. 
formerly followed the valley is so Mocked with fallen timber and 
landslides as to be practically useless. 
The chief digculties in tmvehg with horses in the Slanar-Tok 

district are due to the rivers. In summer the larger streams am likely 
to be running full and swift, becsuse of malting glacier ice, and a 



ford must be camfully chosen where the channels s p d  out over 
the gravel bars. The lower w n m  of the Tok and Little Tok Rivers 
offer difficuIties of another kind. Their c m n t s  are slackend by 
the lower gradient, and the water flows for miIes in B deep channel 
between cut banks 

m E R  imD VEbETATIOR 

Spruce is, the mmmon forest tree of the Slana-Tok district and 
appears everywhem on the valley bottoms and mountttin sides up 
to an altit~lde of about 3,000 feet, although in favored places it is 
found considembly higher. In  wet, cold soil it p w s  slomIy and 
produces a trunk of little value for anything except fuel, but on the 
well-drained gravel tarr~cez bordering the streams and on the lower 
mountain slopes it flourishes and yields l o p  suitnble for heavy tim- 
bers and bards, although it does not compare in qodity with the 
lumber shipped in from Seattle and other outside ports. Bridge 
timbers and deck lumber to supply material for bridges; on the high- 
way were s ~ w e d  at Slane, from logs cut in the Sltkna Valley. House 
logs and lumber for building were also sawed. !I%e l o p  were of 
good size and were cut near tlre banks of ths Slana River and Boated 
down to the mill. The sprnce of the upper Slana Vdley, however, is 
not as large as that below Mentasta Lake and dws not grow in such 
thick sbntIs. Much of it is green and vigorous, with few dead trees, 
and ~ 1 x 1 s  to represent a comparatively recent growth. A h e  stand 
of spruce on the lower  lopes of the mountains north of Mentasts 
+Pass was darnnged p t I y  by fires several years ago, and throughout 
the district the trees have suffered from the r a v w  of bark beetles. 

The lower valley of the Little Tok River contains much fine spruce 
in tho better-drained areas. Timber extends up the valley of the Tok 
River also and there furnishes some of fie thickest stands ~ n d  finest 
trees of the whole area. In places the spruce fore& of the Tok 
Valley includes trees that are smdl and of little value, yet a large 
part of the timber, especially that of the law gravel benches bordering 
the flood plains, will be highly valuable for mining or other uses if 
the need for such material arises. Good timber extends up the Tok 
River to  the upper forks and into the vall~ys of the Dry Tok and 
the smaller tributaries frem the east. Excellent spruce timber is 
found on the Robestmn River also, aIthaugh because of the wide flood 
plain of this river the relative area of timber land is lesa than in tho 
Tok River Valley. 
In addition h sprum the forest areas contain a minor quantity of 

poplar, aspen, and birch on the ground suited for them. Commonly 
the poplar grows on the Iowlmd amas near the stmm. The aspen 
and birch, on the other hand, choose the dry ridges and hillsides, but 
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neither they nor the poplars have any present value for lumber, 
Mril Ioms of various kinds are common in the wet p u n d  near ~treams 
rind springs and wherever the dminage is poor. Alder grows on 
the mountnin sides near timber link The small black birch with 
rough crooked stem that commonly goes by the name "bnckbm&~ is 
widespread on the flak, woll-drained gravel benches and is m d y  
associated with an open stand of spruce. 

AB exrunination of the annual r inp of the spruce at mveral IomIi- 
ties, particularly on the south side of the Slans VaIley near Mentasb 
h h c  and on the north side of the upper Slanlt Valley ahve  Bone 
Creek, showed that at thesm places a vigorous renewal of p w t h  fol- 
lowing a long period of slower growth set in about 30 gears ago and 
has continued to the present time. Posibly this stimulation to more 
rapid p w t h  was due to fires that burned off the moss and brush and 
allowed the ground to warm up and dry out. 

Forage for horses is found throughout most of the area, so that 
usually the CJeologicaE Survey parties have been ~ b l e  to place their 
camps near the Iccalitiea where it mas desired to work. In general, 
-the most trbundant forage grows in the side valleys near timber line, 
But the broad main v~lleys also contain an abundance of feed, es- 
pecially in places that were burned over in former yeam. Many 
acres of fine pastura land was thus provided near the west end of 
Men- Lake, and a similar large area of grazing 1md lies in the 
ncinity of Qillett Paw, on the 11eads of the Slana River and the 
Dry Tok River. 

IXEOLQUT 

The geoIoa of a little-known district often pmves to be mom 
complicated after its problems have been ex~mined than it appears 
to be when the problems are first met. This expresses the experience 
of the writer in his effort to reach an understanding of the stratig- 
raphy and structure of the rocks of the Slana-Tok district, Few of 
the puzzling questions thnt have arisen the13 are fully answered, yet 
soma of the more outstanding facts are known and a basis for a 
better understanding of their relations has been laid. 

The work represented by the accompanying geologic map (pl. i) 
mas reconnaissance work in which Enrp nrens were examined in a 
relatively short time, and the map gives only an incompleb and 
somewhat linbrtlanced picture of the distribution of the great variety 
of rocks md their relations to one another. Especially, the time 
relations of many of them are still unhown and are likely to remain 
so till more detailed studies have been made in this and other districts 
where kndmd problems arise. 
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'She rocks of the Sltma-Tok district are dominantly sedimentary, 
although some of them a m  so p a t t y  mehmarphosed that their sedi- 
mentary origin is diffidt to make out. They include conglomerate, 
sandstone, quartzite, slate, limestone, and tuff, also siliceous and cal- 
careous whst derived from m k s  like those first named. Fossils col- 
lected from the limestone beds range jn age from Middle Devonian to 
Cretaceous, but many thousands of feet of beds from which no fossils 
were obtained a m  possibly if not probably much older than tho% that 
yielded fossils. 

Besides the sedimentary rocks t.he district contains extensive areas 
of extrusive and intmsiw igneous rocks, which in addition to the 
tuffs already mentioned include lava flows and a wide variety of 
granitic M C ~ ,  chiefly diorite and quartz diorite, although finer- 
grained basaltic and less basic rocks am also present. These igneous 
rocks show various degrees of alteration, but their age relations are 
not known further than that some are Permian w older and soma 
are not older than Cretaceous. 
In genera1 the schist makm up the north side of the mountain 

range, and the less rnetamorpllosed rmh tlre mnth side, The two 
am not sharply differentiated, however, for the change. from less 
altered to more rtltemd rocks is propssive from south tO north. 
Areas of schist occur within the area of the; less altered mks, but. 
within the typical schist a m a  no unalt.emd beds except htrusives 
were seen. The schists are believed to be not younger than Middle 
Devonian and may be much older, 

The roch that are dofinitely assigned to the Middle Devonian 
include a small elangated area or wedge of sedimentary beds crossed 
hy the Tetling River and made up of limestone, Mack and msQ- 
weatl~tlring: gray slate, grit, sandstone, graywacke, and rusty xKist 
that is a lacal phase of the sedimentary rocks near a great mass of 
intrusive diorite. How much of the sedimentary beds beyond Tuck 
Creek, north of the intrusive ma%, may belong to these Eddle 
Devonian mcks is not known. 

Most of the remainder of the Paleozoic sedimentary beds occur in 
a hit that extends northwestward from the Little Tok River to the 
Middle Fork of the Chistochina River. This belt includes date, con- 
glomerate, limestone, tuff and interbedded lava Rows, and many in- 
trusive bodies. These mcks are folded and faulted but are not higldy 
metamorphosed and are schistose only near faults and places of ex- 
eeptional disturbance. Isolated patches of these sedimentary beds 
appear in the mountain b h k  that includes the Indian River and 
Ahtell Creek Thb p u p  of sedimentary mcks is in part of Permian 
age, as is shown by fossils oalle~ted from the limestones. However, 
the evidence of same fossil Imlities also suggests the possibility 
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that pat.t of the beds may Mong to an era in the Carboniferous pe- 
riod older than the Permian. This assignment would be more in 
accord with the character previously axcribd to the Permian rocks 
in such places as the head of the White =ver. 

Mesozoic mka form the mountains abut the head of the Lit& 
Tolr and Tetling Rivers. They are chiefly clastic sediments ranging 
in age from Upper Triassic to h w e r  Cretaceous and for the most 
part are of fine grain, though not entirely so. n e y  include slate, 
argillite, sandstone, conglomera~te, and limestone among which argil- 
laceous and aandy rocks dominate. They am strongly folded and 
faulted but are not metamorphosed, and no schistom phases were 
seen among them. A characteristic featum of the Mesozoic rocks is 
the alternation of thin b d a  of sandstone with slate or argiUite. In 
plam individual beds reach a thichcss of several feet, but in gen- 
eral the beds are thin, and many hundreds of feet of deposits show 
few beds more than 2 inches thick. 

No bedded depmits younmx than the Mesozoic have been recog- 
nized within the district except tho unconsolidated deposits formed 
by water and im 

Igneous rocks mupy large areas of the district. They include 
chiefly lava flows, tuff beds, and p n i t i c  intrusives and belong to 
several periods of extrusion and intrusion, which range in time 
from pre-Permian to post-Cretaceous. The largest area of igneous 
mks includes the mountains about the Indian River and AhtelE 
Creek, where some of the oldest and probably also some of the; young- 
ent of the igneous rocks occur. The volcanic bmalts and tuff of 
this area are thought to h l o n g  among the oldest igneous rocks of 
the district but are asociakd with mar.%-grained dark- and light- 
p l p  intrusive granitic rocks that are much younger. 

Tha next largest area of igneous* rocks extends from the Littlb Tok 
River nearly to  the Nacbesna River, byond the boundary of the 
map& srea, and consists chiefly of light, coarsely granular dinrite 
which in many places contains an abundance of large feldspar crys- 
tals and is conspic~~ous for that reason. Apophyses of this ipeous 
mass extend into the neighboring aediment~ry beds as sills, which 
are especially numerous in the mountains forming the north s lop 
of the Tuck Creek Valley. 

The igneous rocks, however, are widtspread, and many other arena 
of them are shown on the map. One bBlt of volcanic mks north 
of Mentasta. Pass is of notable extent and forms thths highest p a k  
in that vicinity. 

The Alaska Range is thought to have been estabIished chiefly in 
middle and late Tertiary time and to htive m h d  a form appmxi- 
mating that of the present when f i e  beginning of glaciation i n b  
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dumd the l a m  spectacular episode in its history. Since then the 
whole area has been buried under ice, and a complicated glacial story 
was mrdd imperfectly in its mountains and valleys. 

CHARACTER A N D  JJIS'l'RmUTIOA 

More than half the m a  shown on the g e o l o ~ e  map is made up 
of metamorphic rocks that collectively may be called schist, altl~ough 
they include a. minor proportion of slate or phyllite and cry~talline 
limestone and many less altered bodies of intrusive igneous rock 
Roughly these schists lie north of a line extending from the h e d  
of the Slana River to the mouth of Tuck Creek and may ba said to 
occupy the Tanane side of this part of the Alaska Range, although 
they are not restricted to the Tanana River drainage basin and do 
not occupy all of it. They present a considerable variety in appear- 
ance and are believed to be derived in large part from original slab 
and sandstone beds. Their color ranges from black or gray to  silvery 
white, but the lighhr shades dominate, and schist that is really black 
is rare. The albrnation of light and dark schists that is seen in 
traveling acmss tho strike of the beds is one part of the evidence 
for their sedimentary origin. Much of the schist is hig11ly siliceous 
and probably was originally sandstone or qnartzito or other quartz- 
oso rock, although some of it may be e lhrd  granite or some light- 
colored igneous rock. Sheared quartzite beds with abundank mica 
flakes developed in shear planes are common and are included here 
as varieties of the schist. In EL few places small areas of blmk car- 
bonaceous s&& are interbdded with the lighter scllist. 

TTIICKNESS AIIT) S ' l ' R U m H :  

The undifferentiated. schist of this part of tho Alaska Ran@ rep- 
resents a succession of closeIy folded and much altered slate and 
sandstone beds, together with an unknown proportion of metamor- 
phosed igneous rocks, having a geneml strike of about N. 70' W., 
which cormponds to the trend of the range itseIf. A glance at 
the geologic map gives the impmssion that this structural trend is 
fairly uniform, and the fidd evidence bears out this impression, 
although in many places the difference between b e d d q  and cleav~ge 
is difficult ta determine. Wherever beds and bedding planes were 
examined it was apparent that the folding is intense. Limestone 
beds seem to be best adapted to show the folding, and in many places 
limedone beds wre not only closely folded so that the Iimbs of the 
minor foTd~l are parallel but they are overturned so that the axid 
planes of the folds are hodzontd. Nem the south boundary of the 
schist a m ,  westward from the Little Tok River, the dip of bath 

1681- 
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bedding and cleavage is prevailingly south and has given rise te 
some remarkable &p slopes in the siliceous schist north of the S l ~ n a  
River and Gillett Pass. On the other hand, the schist esst of the 

Little Tok River dips north- 
ward, awny from the platy 
quartzite that forms the crest 
of the mountains north of Tuck 
Creek 

Farther away from the south 
margin of the schist area the 
bedding and schiahity show 
more v~riation in dip and in 
places are even horizo~ltal. For 
the moat part, however, the 
cleavage of the schist dips 
southward. Locally, also, wide 
variations from the normal 
strike of the. beds occur. A 
commou typr! of fold in k d s  
thnt appear at first glance to 
lack folding is made up of 
a wide limb followed by a 
relatively short reverse fold, re- 
pnted s t  fairly regular inter- 
vals ( f i g .  2) and forming a 

s o r mt+ succession of steps, where tb 
1 1 1 1 1 1  1 beds sre harizoratal. 
AGUm 2.-Type Of fold common in mls ot 

the scbbt area. Conditions favorable f o r  
measuring the thickness of the 

sdhen taq  deposits rep-ted by the schist were not found. A 
su&on of isolated yvet conspicuoits and fairly well dined l i m e m e  
ontemps padleling the sooth margin of the schist area seems to in- 
dicate a horizon or horizons that might be tmed across the mapped 
area, but no beds that are recognizable from place to place in cross- 
ing the folded stmh and would h suitable for horhon markers in 
making measurements of thicknem mere recognized. ConsaquentIy 
the onIy estimate that can Im given for the thickness of the schist is 
that it must be p t  and is probably thousands of feet, 

AGE A m  OORRBlWTION 

The problem of determining the age of the schist has not been 
salved, although wide limits of age can be set, No fossils have been 
found anywhere in the schist &re&, yet the relative degrees of meta- 
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morphim of the =hist and of the mks that border it on the south 
immediately suggest that the schist is the older. To a certain ex- 
tent the stratigraphic and structural relations sug* the same thing, 
but their evidenca cannot be accepted without question, for the &ist 
of the area enst of the Little Tok River overlies the rocks to the 
south. This relation, however, may be due to faulting. At present 
the stronpt evidence of the age of the whist seems to be the degree 
of metamorphism, and in contiguous areas such as these this evidence 
is westhy of peatar confidence than mould h warranted if the areas 
wem widely separated. The area of 1- metamorphosed pocks to 
the south includes limestones of Middle Devonian and Permian ages, 
and it therefore would follow that t l ~  mhist ig at least as old as 
Devonian and probably older. 

Comparison of this area with the! aren north of the Alaska R a n p  
farther west suggests R correlation of the ~chjst with the Birch 
Cmk schist or with a younger poup of metamorphic racks that 
m u p y  large areas in the Tanana-Yukon region. The assignment 
to the Birch Creek schiat was made by Mendenhall for the schist 
north of the Chidochina drainage basin, although at that time (1902) 
he called the rocks of this area the Tanana schist of pre-Silurian age, 
a formation name that htts since been abandoned, Farther west, 
betwmn the Delta and Nenana Rivm, Cappsa found an extensive 
area of metamorphic r d w  which he regarded as made up mainly 
of altered di inenhry rocks and assigned to the Biwh Creek schist, 
More recently Mertie has shown that two groups of ancient meta- 
morphic rocks exkt in the Yukon-Tanana region. The older consists 
of the Birch Creek schist and misted altered igneous rocks, of 
which the Birch Creek schist is consided h be of pm-Cambrinn * 

age but not late pm-Cmbriaa The associated altered igneous mh 
may range iP BIT&& f m  pre-Cbmbrian tO early Paleozoic. Tlie second 
p u p  of metamorphic m k s  includes several formations, of whi& 
the low& are considered to be of late pre-Cambrian +a@, The 
highest m'ks of the m n d  p u p  range upward to the ];ower 
Ordovician. f itme study may show that the schist of the Slana- 
Tok Wct is equivalent in age to  one or more of them groups, but 
it seems mwammtd to make the correlation with no more evidence 
thsn is now at hand. 

* MenddmU. W- C, GeoIogg of tbe Central Copper B I w  repian : BeoL Borwy Pmt. 
Paw 41. p. 3Qh lW5. 

'Cagpq 8. EL, St., The BonnI~M re%on, 1ClaEka: &OK BnWey Bull E01. pp. 20-22, 
1912. 

M&e, J. B., R., !!!Re Yukon-Tamma -on, &aka: OeaL lo- BuU. 872, pp. 4-5 
10a7. 



16 THE SLANA-TOK DISTRICT, ALASKA 

m D L E  DEVONIAN B O C X S  

The rmks that are described m Middle Deronian comprise a group 
of sedimentary beds among which limestone is the most conspicu- 
ous, although it makes up only a minor proportion of the total 
thickness of the group. These crystalline limestone beds me asso- 
ciated with gray and black slate, hard gray siliceous beds, yellowish 
sandy and gritty beds, and brown mica schist. They are all intruded 
locally by dikes and sills of dark fine-drained igneous rock, The 
rocks that appear definitely to belong to the group mupy a narrow 
belt from 3 to 4 miles wide extending from the head of Buck Creek 
east.-southeastward beyond the limits of the area represented on the 
map. A small masa of limestone containing corals tlmt are probably 
Niddle Devonian crops out an the ridge west of Suslota Pass. The 
surrounding roch are slates end argillites intruded by coarse igneous 
mcb and are much folded and fadtad. The Devonian rocks of thb 
~icinity have not been diflerentiltted from the nearby Permian lime- 
done and associated sedimontttry rocks, and their extent is not known. 
It seems probable also that some of the sedimentary h d s  north of 
the Tuck C m k  Valley are Devonian, although no fossils were found 
there, and direct correlation with the Devonian me& south of the 
diorite mountains is difficult. The presence of Devonian beds was 
not suspcted when the first work in the vicinity of Sudota Pass 
and the Little Tok Valley was done, and they are riot shown on the 
earl& preliminary map? 

The limestone outcrops that charactsrizc the Middle Devonian 
beds were seen first near the divide botween the head of Buck Cmek 
and the TetIing River, but the limestone and associated sodimelits 
are more widely displayed in the valley that lies in line wihh Buck 
Creek southeask af the Tetling River and extends to the Nabeana 
Valley. The limestone owes its promin~nm to its color and the man. 
ner of its weathering. The beds are almost vertical, and expmd 
parts appear like jagged white teeth or pinnacles (pl. 2, A )  stand- 
ing high above the smooth rounded surfaces of the low adjacent billa. 
Some of these spires are nearly 100 feet tall. The o~itcrops are not 
continuous but are isolated from one another, in well-defined rows 
repmnting sewxal distinct beds o r  possibly two or more h d s  re- 
peated througl~ closs folding. At least five such beds and probably 
six can be recognized in the valley southeast of the Tetling River, 
\here the limestones and asscciatd sedimentary deposits are ex- 
posed in i belt occupying the valley between the Mwzoic slates 

S ~ o f f i t ,  F. H., The 8wlota W s  diatrlct, uppr Copper River re&% Alaska: W L  
,Swye-f Bull. 8 4 M ,  pL 2,1933. 
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and sandstones on the southwest and the diorite ridge on the north- 
east Even at s long distance the trend of the beds is easily m g -  
nized by the white limestone outcrops. 

The rocks associated with the hestone in most places consist of 
sandy and grit beds, and slate. The schist is exposed in the vicinity 
of the great intrusive mass of diorita on the north, and the schist,os- 
ity increases as the diorite is approached. The number of intrusive 
dikes and sills in the sedimentary beds is also greater near the 
diorita ridge. It seems apparent that the diistosity and tho devel- 
opment of g a r n e h  and metamorphic minerals in the schist are con- 
tact dentures of the a d d l e  Devonian rocks and werere prduced by the 
intrusion of the diorita 

A favorable place to study a section of thc Middle Devonian rocks 
in order to determine the sequonce of beds and meamre their thick- 
nesses was not found, yet it is evident that many hundreds of feet 
of deposits are present. The h d s  are so clesely folded that the 
limestone, which is more resistant to weathering and offem better 
opporkunities for observing. the bedding than the, slate and sand- 
stone, stands on edge in most places. Fnnlting had undoubtadly 
occumd extenslively but i s  djfficult to recognize. Although the beds 
nre considerably altered chemically as well a9 physically, ehistonity 
is a local feature, appearing in the vicinity of the great rliorita 
intrusion; and the beds in general are distinctly less metamorphosed 
than the schist of the Tanana River side of the range. 

The Middle Devonian limestone is sparingly fossilifereraus but has 
gelded a sufficient. number of diagnostic invertebrate species to indi- 
cate its marine origin and its age. Since the limestone was deposited 
it has h e n  subjected to heat and pressure, which have changod i k  
original form and given it a crystalline structure. This change bas 
made it difficult to recognize the fossils in rock that is freshly 
broken and would have hidden them altogether in most places if 
weathering had not etched their forms an the exposed surfac~s or 
f& them partly from the enclosing rock. Most of the fossils thnt 
mere collectd were found a t  the base of limestone beds and not in 
the middle or top. The fossils were identified by Edwin Kirlr and 
me listed in the table on the following p a p .  

Dehite correlation with other Devonian mks  cannot yet be made, 
but it is desirable to point out that such mIcs occur in Alaska, 
although not certainly in any nearby localities, so far rrs is Imown. 
Middle h ~ n i a n  rocks are exposed in several amas in the Ytzkon- 



T a m  region and have ?ma described by Mertid They also 
occur in the upper Smitna Valley:o where a great variety of 
MiddIa Devonian dimentsry deposits, including conglomerate; 
&ab sIate, graywacke, quartzite, and thin-bedded and massive line- 
stom-+ measuring possibly as much ss 10,000 feet in thickness, =tend 
diagonally ~ M S S  the Alaska Range from the muth to the north sids 

260o 1 M mlles math& d the amdl take at the- hmd or Buck Creek. 
25111: Divide betmeen Tstling River (Bear Creak) and a bmnch 01 the ChssUm Rivar. Apprarlmalaty 

Ion~ltude l4TW and l~t l tude 82"15'. (See &ol. Survey Bull. 044, pl. 2) 
2692 $C mile south nt locality EOI. 

Ampleaus m..--.- ....-..... +--+---- ---. +--.- ---- . -  - -  - - - - -  
Atnpl,lexua? 1p 3 --------------------------------------. . 
GPtbaPhY old coral, mua mm-taln .-..... * ..-..- -------*.---- ---- - 
Fevosites sg ......-..._.....-------------------------------------*----- 
Favosftes sp. (dtrftate form ,-.-L+.....--.L--.. .. .-,----..-.-...-- 
~ ~ ~ ~ s i t e s  sp. (lawlee lorn<-"---- ++..+--+---.-..-.-.-----------------.-------- 
Alvcoi~res SP.. . .. . ....... .... .-..-- ----. ---- ------ ----- .----- -- - - -+ - - - .  

Rsticulma sp ...A_..,..__._.._---------+-----L+------.L------------L-- 

2593. a miles west 01 the eflst side dBusl&a P m  
Z6SI. tlmestonn float from the east slope of the mwntaln 2 m M  mat at the mt side ol Buslota P a  

Somewhat nearer the SIana-Tok district, on the west side of the 
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C%isam River, &hut  30 miles east of the southeast corner of the 
area repmented on plate 1, is an assemblage of mcks consisting of 
conglomerata and slate, which Rrooh named the Wellesley 
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X 
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X 

formation and referred to the Devonian or Carboniferous period on 
the evidence of a small collection of fossils. Exact measul-ements 
of t h ~  thicknea of these beds were not m d e ,  but they appear to be at 
least 1$00 feet thick and possibly more. M~rtie  l2 has presented 

maBBlaB88mm 
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reasons far r e g d i n g  the Welleslay formation as Carbo~riferous 
rathw than Devonim, yet 11e ~ltatea that these reasons are not con- 
clusive. The geopphic rdations of the Middle Devonian rocks 
of the Slana-Tok district to the possibly Devonian Wellesley forma- 
tion hi suggestiw, because the strike of tha two sets of beds is the 
smne, but a judgment as to the correctness of this suggestion must 
be deferred till the a p  of the Wellesley formation can be more 
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.--... ------ 

~ i d d l e  Devonian rocks are extensively developed in southeastern 

_-..-. 
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X ---- -. ,-.-. 

. ..... ------ 

Alaska and are known in other  wide^^ separated parts of the 
Territory. 

BBYertle, J. B.. Sr., The Yukon-Tnaana region, Alaska: Oeol. gurney RuII. 872. pp. 
92-08, 1937. 

Mpps ,  L B., The eastern portinn of ttre Mount Mcghlef Natfonal Park: Geol. Bulc 
vey ~ ~ 1 1 .  838, pg. 251-265, m a .  

Hrwka. A. H., A reconnal~~%arm In the Tannrta and Whlte flIver BaflLntl, Ah&: 
-1. nurvey 20th Ann. Rept., pt. 7, maps 24, 26, pp. 47M72, 1900. 

UYertle, J. B., Jr., A gpolv~c  secnnnalssance at  tbe Dennha Fork dlutrlct, d l a d  : 
Wl, snwey Bull. 827, pp. 26;-28, 1981. 
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C5UkACTEB A m  DI3TRfgMOX 

The Permian roch of the SIana-Tok district were first described 
by Mendmhall:a who found them we11 displayed in the mountains 
north of Mmkomen L k e  and named them Mankomen formation 
Borne of the beds of the Mankomen formation, like Permian beds 
in other parts of Alaska, am highly fossilifmus and furnish. the 
evidence for the age assignment. Beds bearing the same fauna 
are exposed on Indian Creek, north of lower Ahtell Cmk, near 
Suslota Pass, and in some of the rocks described below as undiffer- 
entiated MiddIe Devonian and Permim rocks, but in none of these 
places are they as extensive areally or as thick stratigaphicay as 
at the head of the Slane and Chistochins Rivers. 
In its type locality the Mankomen formation includes betmeen 6,000 

and 7,000 feet of marine sedimentary beds-sandstone, shale, and 
limnestonetogether with interstratified tufE and igneous sheets. Ac- 
miording to Mendenhall the formation may be gaprtmted into two di- 
visions, a lower part over 2,000 feet thick, which wnsists prevailingly 
of arenawus and tuflacsous rocks, and an upper part including more 
than half the total thickness, which is prevailingly calcareous. A 
section of beds measured by Mendenhall in the valley of Eagle C d  
and on the ridge east of it is shown in figure 3. The measurements 
were calculated from barometer readings and probably will require 
correction i f  more exact measumkenta are made, yet they doubtless 
give an adequate representation of the succession rtnd relations of the 
beds. The base of the plection appears to be near the foot of the 
mountain htween Eagle Creek and the SIana River and is made up 
of thin limeston= and red calcareous shales with intrusive diabase. 
An altered red porphyritic rock which lies a little lower on the slope 
to  the south is regarded by Mendenhall as possibly the b e  on which 
the Permian rocks red. The spur above and to the north shows about 
2,000 feet of feldspathic sandstone, tuff, shale, limestone, and in- 
trusive mks, with the tud beds more numerous and coarser in the 
upper 1,000 feet. Exposures are poor on top of the ridge northward 
for some distance, probably epnivdent to s thickness of 2,000 or 3,000 
feet of strata, but south of the high gap between Eagle; Creek and 
the Slam River a prominent white limestone crops out and is under- 
lain by ssvsml hundred feet of "dark thin-bedded limestones, sandy 
limestones, quartzites and sandstones, and some thin beds of black 
shaleen The white limestone is exposed also on the west side of Eagle 
Creek, above the forks, and is overlain by several hnndred feet of 
black shde, which in fxrn is overlain by about 600 feet of thin- 
bedded fwiliferous bes tone  and this again by black shade. 

-Mendenhall, W. C.. GeoTom of the central Copper Rker m-lm,  Ah&: &DL 
Burveg mf. Pager dl. pp. M I .  1906. 
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The valley of Eagle Creek is one of the best places to study the 
rocks of the Mankomen follnation but was not visited by the writer, 
who examined only the Slana River gide of the a m ,  collecting fos- 
sils at several places from limestone and tuff beds. Several Iime- 

stone M s ,  the chief ones ap- 
Feet 

m u  I par in^ on the crest and east 
b= 2 Rtack shah +=,=+ F- slope of the mountains, are 

s2lo1.n on tho p l o d c  map but 
-.--'--- * bm*tm.*y firsrl~fewe not mapped as to 

qo -:-,= -,([ r:j .--:.; 

p--- : ~ = ~ ~ , ~ ~  Eagle C m k  nnd the mountains 
-d - -- s~q ~ l a c k  shale 

west of it, bcat~se information 
F=-. . - -- about their position is lmking 

and not because they do not 
5,000 Hesvy-brddcd purr 

f~.nrstu~le, d ~ t ) 3 S <  Illtlllm* 
continuo west into that area. 

srltr snd sheets The racks east of the Slana 
~ime5tone and Sandstone bed* River and the Mankomen area 
F u J I I I * , ~ ~ ~ ~  
Ovrk I~r~rcstsoe 
Srndstune 

offer a proble~n in correlation 
Fus~~ls,lBYU 
Black lamestons 

not yet solved. They include 
-3tiate - .v,.ay fcld,pathlt~ndrtrme volennic ~ n d  intrusive rocks 

BUIT limcstolra nml are in strika with the Man- 
komen formation to the west, 
but they seem to correspond in 

3WU no ray  tn the Mankomen for- 
Thin I~rnerione and wndswnr mation. A possible explana- 

tion is that faulting brought 
t,ho rocks on the two sides of 
the Slam Valley ta their pres- 

Fuasrls, !a89 ant poaitian, although other 
evidence to support this s u g p  

T h ~ n  sanrtstoms,tuffs? . t i ~ n  mas not found. 
A small patch of Permian 

h r s c  tuff dimentnry rocks, lcsa than 1 
Greenkh rand5bne ahd shah SqU[tm area> occu~ies 

the highest part of the ridge 
hr  IS. 18% between the two main branches 

of Indian Creek, about 6 miles 
north of the place where these 

(I limestorre Fu*s;l~,tal two branches come together. 
P~ocau 3.-Section o I  Prrmlnn medldlmcntarg 

rocks north of Maakomen Vdlcy as meas. The lower part of the section 
d by Medenhall. For lwalitl numbrrs, i3 d n ~ k - @ ~ y  C ~ ~ C ~ E O U S  &Tit 
lm4, l @ a l .  ptc.,  B B ~  1IRt o t  8Iendenhall'm mnhining scatb,d crinoid 

fomltl (p. 26). 
sterns and a few f r a p e n h  of 

thick-sheIld brachiopada. On this rests about 50 feet of light bluish- 
gray crgshlline limestone, ImnIlg containing abundant crinoids and 
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br~hiopods. These beds rest on igneous rocks, chiefly e ~orphyritic 
granitoid rock of varying degrees of coarsenass cuntaining feldspar, 
hornblende, and a little quartz, and are over lb  in places by a thin 
covering of igneous rock. Their thichws is between 100 and 200 
feet, and they, are only moderately folded, appearing nearly hori- 
zontal iin most places. On the evidence of the fossils the beds are 
correlated with the Mankomen formation. 

The crystalline limestone that crops out in kveral exposures east 
of lower Indian Creek did not yield fossils, and its appearance is so 
different &om that of the be& j u ~ t  stdescribed that the two are not 
shown on the geologic map as the same. 

A third md larger area of Permian rocks includes part of the 
mountain block east of the old Eagle Tmil between Ahtell Creek 
and Mentasta, l ike .  The rocks of this area are dominantly beds of 
volcanic tuff and lava flows but include also clastic and calcareous 
dimentary deposits, A section of these rocks on the ewt side of 
Porcupine Crmk, 2% miles south of the little lake in the low pasa 
leading to upper Ahahtell Creek, shows more than 500 feet of Ma 
that include coarse sandstone or grit, fine conglomerate, argillite, 
shale, coarse rough black co~~glomerate with tuffaceous base, ealcare- 
o m  grit, and limestme, interstratified with dark he-grained b e -  
aus rocks that represent, l v a  flows or inhrusives. Tho beds of this 
locality strike N. 25" E. and dip 30" ESE. The highest part of the 
&ion, near the top of the ridge, is coarse brown sandstone or grit 
overlain by a &foot bed of limestone on which rest limy shale beds. 
These limy beds form tha crest of the north-south ridge far nearly 
a mile. They, as well as some of the beds lower in the section, are 
fosilifexous. A bed of limestone 10 feet thick crops out on the moun- 
tain side about 1 mile north of the ridge but is associated with tuff 
beds and a little shale and laeks the associated sandstone and grit 
of the locality just mentioned. 

North of Ahtell Creek and 3 milea southwest of the point where 
the section was examinad is a ziotCh between a low knob and the 
mountain north of it. The notch we~a formd by faulting and the 
weathering of soft gray sandstone and gray shale in*rbedded with 
tuff, dark fine-grained basalt, vesicular lavaa, and volcanic breccia 
OP agglomerate. No fossils wera found in the sedimentary beds, but 
they doubtless belong among the Permian rocks, like the heavy tuff 
beds in the canyon of Ahtell Creek. 

Other areas of Permian m k s  are kmwn within the Slana-Tok 
district for they have yielded fossils that rtra identified as belonging 
to the Permian fauna of the Mankomen formation, but except the 
lime~tones they have not been distinguished on the geologic map. 
Only limestone beds hare yielded fossils sa far. The associated 

8 8 5 6 1 4 W  



argiu-m and sandy beda predominate and are certainly Permiam 
in part, but it ha9 not bean po&ble with the information at hand 
to diffmntiate some of the Permian beds from the Middle Devonian 
beds ma other mks that may be older than Permian. Areas of 
Permian lirn&ne are shorn within the areas dssigmted on the 
geologic map as undifferentiated Middb Devonian and Permian 
rocks and indicate that the Manlmnen formation is mare w i d w p d  
than appears from the areas mapped as Mankomen. Them beds re- 
wive further consideration in the section on undiflmntiated Middle 
Devonian m d  Permian rocks. 

An estimate of the thic,hem of the Mankomen formation has tiem 
given incidentally and is the bed estimate now available, but this 
estimate may not include the thickness of all the beds that will 
eventually be included in the formatioa Mendenhall's section on 
Eagle Creek (fig. 3) gave a measured thickness of 6,7M feet for the 
beds in a locality where conditions for measurement are mom favor- 
able than at any other Iwality known to the writer. The section 
of 100 to 200 feet on Indian Creelr and the m i o n  of 500 fwt in the 
mountains east of tlie Eagle Trail probably represent only part of 
a much greater thickn~ss of beds that were there at one time but 
have heen removed by cmsion. 

It will be impossible to mmum the thichess of the Permian be& 
in tha undiiTerexrtiat,ed area until the Middle Devonian rocks me 
distinguished from the Permian. In general the undiffe&ntiabd 
beds differ from the rocks of the type Mankomen section in baying 
a p a t e r  proportion of arg i l lwus  deposits and less tu f f ,  and any 
correlation of i~diPidu a1 beds will be difficult unless paleontologic 
svidence for the mmlation can be found. At present it is not Imo\vn 
whethcr the beds of the undifferentiated area can be correIrtM with 
any part of the type section. Nevertheless it seems probable that 
tlle section on Eagle Creek d o a  not repremnt the full th ichm of 
Permian rocks in the district. 

According to bfendenhall the area of Permian beds between the 
Middle Fork of the Chistachina River and the Slana River has the 
st,ructure of a rather simple tiltd block of beds striking IT. 60" or 
70" W. and dipping northward at angles that am generally low 
near the aouth side of the block md grow greater toward the north 
side. Furthermore, he mgarded this block as having been brought 
into contact with the schist mass of the high mountains north of t h ~  

HMendenbalI, W. C., op dt, p. 10, 
1' Idem. p. 48. 



valley connecting the heads of the Middle Fork and the Slam by a 
great fault and did not find evidenca of southwrsrd-dipping Manlso- 
men strata near the fault in the localities he visited on the Middle 
Fork and westward. 

Aa seen from the Slana Rimr Valley the Mankomen formation 
on the west side of the valley and wuth of the mouth of the stream 
coming from Qillett Pass dips northward. An obaervation on beds 
at a place 4% miles east-northe& of the mouth of Mmkomen Lake 
gave the strike as N. 55" E. and dip as 25O-30" NW. This obxma- 
tion suggests the prwsibility that the Mankomen formation west of 
the river may overlie the voIcanic rocks east of it, rather than that 
the two are offset by faulting, as suggested on page 20. 

The beds on the aouth side of the upper Slana River betwoen the 
Wlett Pass stream and the h t  glacier appear either to dip south- 
ward or to be nearly horizontal in places, contrsry to Mendenhnllb 
mnclusion, yet it is probable that the eontact of them beds with 
the schist north of the valley k a fault contact At any rate, this 
valley is a place of abundant intrusion by igneous mcks, which are 
made; conspicuous by the iron shins produced by weathering. 

The structun! of the Permian m k s  at  the Indian Creek locality ia 
simple, for they a m  practically horizontal. Near the Eaglo Trail they 
overlie igneous; rock and dip moderately to the southeast, prob- 
ably forming a shallow s-vnciine, altbough the mka of the mnthea& 
side of this araa sre concealed and their structure is not known. 

The structure of the Permian rocks of the undifferentiated area is 
consided in conrrecltiun with the description of the rocks them. 

AGBl ABD 430ElmIJLTIOR 

Wherever Permian meL3 have been found in Alaska it bas usually 
been true thd notably fodifemus M s  were discovered in mme 
pmt of the mtion. Most commonly the fossils are found in lime- 
sbna or limy grit or tufI bsds in which the organic makrial most 
likely to catch the eye fimt is the fragment of a crinoid stern, In 
many places, however, &ons of the thick-walled shells of onc of 
the most numerous of the Permian brachiapods stand out on s 
weathered surface or an a joint plane of the enclosing rock, In many 
places cords are conspicuous. For the most part, successful collect- 
ing depends.on finding places where ju& the right degree of weather- 
ing to f rae the fossil from the enclosing calcita crystals or grit has 
taken place. 

Fomils were collected from the Manko~eII f ormahion by Menden- 
hall and from limestone beds in the Suslota Pam area by Schrader in 
1902. Since then they have been collected from mrne of the same 



'24 THE SLANA-TOK DISTRICT, AZASKA 

lo~alities and from other localities by the writer. The earlier de- 
terminations mere mado by Charles Schuchert, and the later ones 
by George H. Girt y, wlm also has reviewed the earlier collections and 
is in essential agreement with the original identifications, although 
the present terminology is somewhat changed from that of earlier 
reports. All the fossil forms so far identified in the more remnt 
colZections are slrown in the follou~ing table, together with a descrip- 
tion of the localities fmrn which they came. It seems best, however, 
to  retain Mendenhall's list of fossils from the type Mankomen area 
as he gave it originally, for it eoatd hardly he included in the larger 
table without extensive mviaion of the older names. 

PnmtIam fosdh from the upper Coppw Rbver district 

..................... X .... 
X 

.................. 
X 

........ ..........-..... ....... 
............ 

X ............ 
Pr1:ylwrn a)) ulldot-.. ...................... X X 
3Ltlon1lbr~purrrs~ ................ X X X ................ 
Rb~tr~lnrr~rsun sp 
J r r : ~ r t e l l : ~ ~ p  .................................................... X ............................ 
Eutele:usP ~p ................................................. X .................... I -  ....... 
Url!;(1tirliI8 an. 0, morganlsns. .... X ............................................-..-..-..... 
Gchimphorla dl, 13, msupl- ................................................................. r*clrlos ............ .... X 
berh!-:l or gomewgnatelorm-. ............ X .................-.... ----,--.- -....-.......... 
Rtrrl,torhyncbus? mp ...................................... X X ........... ....'..-.. .-...... 
Rtreptorhmcllus psnryl? .......................... ....... ........ ....-..- X ......-- X ---. 
Chnnc:m aff. I:. flemin ............. X 
Chnneiva nfT. C .  griinu& ............. ..., ............ X X X X ........ ............ 
Plionrrcs sp. ................. I .... ....' ................ X X .........-......... ........ 
P r d i ~ r l u r  (Rodurlus) an. B. 

~rt lenf l~aldt i  ......................................... X X X x X X 
PrwIuvt~t$ (Echlnoeonchus) riff. 

1'. t * w i ~ m  .......................... x ....+...... 1 x x x -.--... x ......-......... 
Produrtua (l imldonls) aff. P, I 

tlrnen~rus? .............................................. x x I ....,.... x ..--.... x x ........................................ Prol:ilctus (Hmrldonla) sp .... 
Prorluctuu (Lleopr~uctusF d. 
I'. cur:i.. ..................... ..:. .......................... X X 

Pr~ducrus (Unoproducll~s) me. 
P, konlnlrlenus ........................................... X .... X ........-......-..-... 

Prod~lctur (Pustule\ an. P. 
p%t~rtk-cule~aus ..................................-.... X -...-........-......-.............. 

hoductus (Pustuls) WW- ..............*................ ................................... anu5.. X ....-.........-. 
Pmrlcctu (avonla?) M. P. ..................................................................... t u t w c u l n ~  1 .... 8 ... X 
AoCuctus I \Vtqaaoconehsl  

sf:. P. humhoidtl .......... .. ...., X X ................-.....-...-..... 
Prrductus ( \ ~ ' ~ e n a w a c ! m )  ........................ aff.P.ir*ao .... .................... X ........ X ................ 
Aoductus (HuartonEs) sff. P. ............................. ponectt~s X ............ X x --...................... 1 X .... 
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Pcrmlan fwnlla from thc appw Copper. Rtva  d i ~ t r l r t 4 n t l n u e d  

(3 - E l  

------ 
Prodmetlm (ProdUEtlls) mi- 

reticulatUS gmup.. ........... ---- ---- - - - +  *--* ---+ ---- 
Pmductus n1)pmntly ral-d 
tn P (13ux~r~n!n) ~lemvlanw., ---- ---- ---- -+.- ..-- ---- 

R n d u c r u ~  r ~ t h  Llnc srrlne .................. X ...- ...-'.... ...............................--... 
Prodrlctus sr, ................................... .---; ----! X ..............-- X -........... I---- .... Mamlnifpn napardi? .................... ....... - I - - - -  ........ - . :  X X --*.I-.-. I-.-- i Marrin~lrra s l l .  hl .  crls'tabal- 1 

mmii ......................... I .....--.......-...... 1 ......-.... X I.-----------: -..-.... --.- ............ .................*.. M h m ~ n i l ~ r a  eff. M.~lnvalata---/ ........ ..I. X X X X ...- ...-.................... ............ ........ Mrarcir>~lrm sff. 31. timani m... X .-..I ---.'---- ...- 
M ~ ~ r c i r ~ i : r n ~  aff. M .  typirn V m .  

'~rjtrlnnlills ............... X ...........-.... ---.I .................... X ............ ..., ......... ............ ~irr~nzlrtn? sp ...................- -... ........................-....... mWI1 X 
C n r ~ ~ ~ r u y r l ~ n r l ~  uff. C .  mntabll!ll ...............--........................... X ................ 
C'~ilnnrv{rhorln? sp .....................................- X ........................ 1 ............ 

.... Rhyuchorwm~II. R,nlkltld._- X ................................ X .... X I ........ X 
It li y ncllcr~)orn ap.. ....................-.......-........ X ................................ 
I t l ~ y n r h o l ~ r r r ~ ?  sp .............................................. X ............................ 
r)i~llr<nln 1111. r). tmmmBlum ............-.---............-...... X ........................-... 
Ilir!n~rn,i sib ................................................................................ X 
J I ~ ~ l ~ ~ r r l n ~ n ~ r r  s~ ....................-............-..-...-.---..--...............-...........- X 
Hpiribbr IIR. C1. fnsclpr .......... X -....----........... X X X X ....................--.. 
Hl>irIrtw ~fl. H, rnVeUn ....................................................................... 
t;ritri!tbr nR. 6 ,  schellwleml? .....-..-...-......---......-------.............. X ................ 
li~wr~ld,r s]) ..........................-..-.-----..................-........... X ................ 
P~~:rirt>r award 4 ~ +  Imgments-., ............ X ................................................ 
C;~>Irtb,rbll,! arctiw? ............. X ............................................................ 
R ~ ~ i r l l ~ ~ r ~ l l n  sR.  R. Mixarlaa ........--..--.-....---........................... X ................ 
f i r l !~~~ l r l l l t~ t f i~ l  uf!. S. PBrplexa ............................................................... x 
S(111~rr1uZnti~ sp ................--.-....-.....---........................... X .... X ........ 
Sr~~~:%i t l i ib r in t  yp ...................-... .L.- -........................................... X -... 
M1~rt lntt l7 81) ................... X ............................................................ 
Rlbirirntina RR. 8. h ~ ~ l l n ~ ~ . - . - .  ................................ X ............................ 
Gpirilurluu sy ................. .. X ................................ X .................... X 
Avlc~~l l~~Rcton ap ...........-...--.-.-.. X ..--.......-........................................ 
Arrall l~WtAn? sp ..................-..-...-................ X ................................ 
Rtmblol>lerln? ............................................... X ........................ ..+- 

Pl~nrntoninria sp ..............-................................ X ............................ 
I'tet:roro~~hnris? sp ............................ X ............................ .,., 
PnrsparchItm np ......................-.......-................ X ............................ 

0755 (5bAM-FI). Top of monntaIo 6% miles north-no~tlieant of the iorlra af Indian 
C m k  Banw lod i tJ  as 1883 and 18i4 of Mmdmhnll'n mI1PcHon. R e d  II. Monlt, 192s. 

7Wtl (31.411-Y 1). 3 milea uorF!o-nortbwtst o i  Suslota h k e .  Same l o r a ~ l l g  nu 5475. 
Fmnk C. SchrRder. 190'2. 

;04& ( :<I .~ \ I -C'  2 . 3 mHea corth-nortkeast o t  Sualnts h k e .  Fred H. Mafit, 1931. 
74.78 (.14.iU-F $31. 6% milea Pi. $3' E, of the mouth of sna lo~ i tnr  Creek. F m l  H. 

Yromt. 10~4. 
801 2 (:l5~3GF 1). Northeast tributary of lower RuaIoaitnn Creek 8% mlTen north of 

tbc 1rott11 eud o l  GWotn Lnke. Fred H. M d t .  1935. 
sol3 135.1>G-F 2). F d  Creek. 3 milee S. 20' E. Isom the north end of Snalota Lqke. 

15' E. from the north end oI Soalota Lake, 5 moc 
llity 7016. ~ r p d  A. ~ o t n r .  1935. 
~?!-P4L,K_n?ountain c:de I,i to % mile east of F w I I  Creck and lctcnllty 

. . . . . 3 - ~ ~ k ~ 6 ' ~ : - ' l ~ m e s t o n e  ledge 8% mllea 8. 71)' E from Mentnmta InRIan vlt:nqe, 
Ekrld II. 3dt1mt 1935. 

Rr12o (an~u:~ 1)). 10 milea 9. 67' E of Menfaatn Tndian v l l l a ~ e .  Fml H. Momt, 
1H3h. 

8021 (S5Mf-10). On Eagle Trail, Porcupine Creek, 3 milea from hhtell C m k ,  FMa E 
Mo!M 1935. 

H O ~ Z  (ST~AM-11). 6% milel N. 4' E: Bmn the mmtb O K  Ahtrll Creek. Fwd 8. 
Mrrttlt 1D:i5. 

30" ((nrrAM-12). Top of ridge above gulch where lat 8022 wna collected, S,I rn- 
N. h "  E. from the mmtb of Ahtell Creek, Frrd H. Molnt, 1935. 
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Pwmhu lwdk collmted bg MendhAall h the ~ o v p e  Rfter hain, Alaska 
- 

186%-1864. lWfoot humtom kd rm upmr M h n  Creek; m e  mty sm 6TB6. 
Welter C Sfandenball 1902. 

IR8f. Near bnne of  bur between U n k m e n  and BlaM Vnllem W.rta  C. Mcdeddl, 
1802. 

18AB. Top Ot buff Hmemtane, 700 int ebovc 1-U 1881. Walter C. Mendenball. 1002. 
188% Thin dark Ilrnestoae near top o t  spar &n Menlromen and Slam Valley& 

Walrer C. Meud~nhnll .  1002. 
1AD0. Upper psrt of rldm between Eagle Cr* and Slma VnDey. -Walter C. Mendew 

baZI. 1802. 
18'11. Top of rIdm M t w m  m l e  Creek and Rtntra Vanry. W~alter C. Mendenhall. 1WcL 
1804. Base of upper llm~ntone. west of h ~ l e  C r e t t  W a t k  C. Mendenball, 1902. 

Oonfwl*am ........-.---..-~wl----wl *wlwl.*...*wlwl' 

Orthoucbiu *D -.-....-. ------------.-- ...-..-....... 
onbothetm BP-.- ........ - ..............-.... -.--- 
Chonntes 61. C .  umtb M d k  
Ohonetna ci. C. ~ n u l l l s r  Owen 
Pmciuctus sg. 4 IgwupolP. multlstrlstum) ................ 
Productus sem_lretlculat~ vnr ....................... 
Pruduclaq sp- i (mrol) 01 P. rramiretIculet~)...cule..culecule 
Productu sp. B I v u P  01 P. rora).-++ .................. Pro~~uctus  SP. 11 RTOUJI of P. mrn) ..-....... Prrxluctuss~ .15icrouPotP.unda~l . . -  
Protil~ctl~s up. 17 ..................................... 
Proriut,tll~ so. 18 (KKOUP at P. humtmldti) 
Pmlitrclu~ pp. 20 (mup ui R. humboldti) .................. 
Mar~t l~ i lom sp 1 .................................... 
Mwginilcr~ lon~fspinus (Sawarb 1 ........................ 
Csmwophmln mu C .  ~iqgurs JW ...---------.. 
Canl!~m~bhorl~ ~ t b  2 
Rhynchowro nonr R. nikltlnl Tsch ................. ................... Ret!culrrr~a cl. 11. llneata ( M w U n )  
hlnr:~nla sp 1 ......................................................... 
J I a n f m ~  sp. 2 ......................................................... 
A~lrller sp. 1 (noup of 8. atr ium)-- - -  ---............ .............................. Nplriler sp. 8 group ol8. strlatus)). 
S ~ ~ i r l l ~ r s p . 9 ~ ~ r o u p o f B  .atrticus).-...+ .-..----------A,, 
.tiplr~lt~r sir. kroup Of 8. wctlcus) .............. .... ...... dl>lrIfer ~ p .  4 m w p  of S. m t p r s m o s ~ ~ s i a )  .... 
&ll!rdr-t sp. d {group of Y. ~ u p r m o s q u e n s l s  - .............. 
8plrifer ~ p .  f (croup o l  S. .rur)mmoscluetlsls~ ................ 
Kp!r:lrr sp. ?a (goup of 8.  suprnmnsquensis) ..+---- 

..................... Rp~rl!rr 3p. 8 (noup 01 8. alntus) 
fipltiIefia ap. I.. .......................... ---*---- ............... B m y  imlllw sp. undetamfned - 

.......................................... Total 

Permian rocks are widely diatribntd in Almka and contain a 
fauns that is more closely related to that of Asia than to that of most 
of North A m e r i c ~  In many places, as in the Mankomen formation 
at its type lwa'lity, they include a large proportion sf tuff beds and 
l r t ~ a  flows, and in some places, such as the vicinity of Skolai Pussla 
hetween the Whilte River and Nizina River Valleys, they contain s 
preponderating proportion of volcanic materid. 

A d o n  of Permian mks that may be regarded as one of the 
outstanding Permian gections of Alaska is exposed-on the Yukon 
River just almve the month of the Nation Rive?. This section is 
notable for having yielded a lmpr Pe&n fauna than any other 
Alaskan locality,  ath her than for containing a typical assemblage 
of P e m i ~ n  beds. It consists essentially of limestone, but its lowar 
psrt cmbina  beds of fossiliferous conglomerate, sandstone, and 

**MoI,mt, F. H., Omlow OI the Cbltlnn Talley snd a - m t  .ma, dlsaha: Oeol. 13"- 
n a .  %94, in PrPM, 
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shale. The formation name <'Tahkandit limestone" was given to 
these beds by Mertie, 'bl~o measured the section and found it to 
contain 555" feet of sedimentary deposits, of which 373 feet is lime- 
 tom However, the top of t l ~ e  section was not recognized. Further- 
mom, the measurement may be subject ta some modification because 
of faults that were not recognized when it was made. 

OHARACThlR AHD DISTRIBUTION 

The r& that am d d b d  in this section occupy a wedge-shaped 
area extending from the head of ths Slana River to the southeast 
corner of the area shown on the map, separating the undifferentiated 
schists on the north from the Permian and other rocks on the south. 
They are dominantly marine sedimentary rocks but include extrusive 
and intrusive igneous rocks, which are widespread, altl~ough more 
conspicuous in the so~ztheastern part of the district. 

The prevailing roch of the p u p  are slate and argillite, but con- 
glomemte, qwrrtzite, g&, graywacke, and limestone are also present. 
h a l l y  some of the members of the group show metamorphism and 
are ahistom. Although fossils were found only in a fow of the 
limestone beds, it seems probable, from a consideration of the collm- 
tions made at dserent places, that a large part of the rocks of this 
group will eventually prove to  be Permian rather than Devonian, 
far fossils identified as Middle Devonian were obtained from only 
one amall limestone m w  within the undifferentiated area. 
The main m a  of thew undifferentiated racki, westward from the 

Little Tok River, consists chiefly of beds that were originally mud 
but are now data and argillite. The original sediments included 
gravel and sand also, but typical sandstones and quartzites are not 
found with the slate, although conglom~~rate made up of pebbles 
rather sparsely scattered through a sandy, slaty matrix wera seen 
at various places, A notable feature of the rock distribution that 
appears on the geologic map is the alinement of limestone outcrops, 
which may originally have bmn mnhuous beds that have since been 
separated through faulting and folding or which possibly were die- 
continuous limeskone deposits originally. At the west end of the 
undifferentiated area the rock are chiefly black slate and limedone. 

The poup of mountains northeast of the valleys of Tuck Creek 
and the Little Tok River is separated from the mountains to the 
southwest by a wide pvel-floored vdey  which obscures the rela- 
tions of the rmks on the two sides of the valley. T h e  southwest face 
of this group is made up of date and schist or phyUite, quartzite, 

*'Yertle, J. B., Jr., The Yukon-Tnnana reglon, Alag,lta: Qeol. S n e y  Bull. 8'12, pp 148- 
163, 1987. 
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and an occasional thin limestone M, interlarded +th sills of dnrk- 
p a y  or c e n i s h  h e -  to medium-grained jgmcous rock that in dif- 
ferent localities may be described as basalt, cliabase, basic diorite, 
or even some more basic rock type. The sills commonly do not ex- 
ceed 50 feet in thickness and are =parated 1)y 10 to 50 feet of d i -  
mentrtry bscls. This arrangement gives rise t,o a striking feature 
of the topog~aphy, for the hard, resistant siIl~l stand in relief on the 
mountain slopes md are mpnrsted by smooth grassy surfaces that 
indicate the softer slate and phyllite. Such mcks are to be pen 
from the TeOling River to the mouth of Trail Creek, and it is at 
least suggestive that they are Jose b the p a t  diorite intnrsive 
mass to the southwest. The rocks that have ken called schist or 
phyuite Bie mostly in the vicinity of these intrusives, and most of 
them probably owe their altoration to the intrusion. 

The highest member in the succession of beds that form the m o m -  
taina north of Tnck Creek and are included in tho undiffemnti~terf. 
Dovonian and Permian nweb is s platy quartzite or sandstone, which 
extends from the Tethg River to the south branch of Trail Crsek 
and forms the crest of the  mountain^ for a distance of about 14 
mifes. Its greatest thickness is near the Tetling River, where at least 
1,000 feet of quartzite is exposed in thc end of the rid- Tha 
thickness d m -  toward Trail Creek, and beyond that creek the 
quartzite was not recognid. 
The diorjte mountains muth of Tnck Creek resulted from the in- 

trusion of a great mass of rn~lted rock into ~ I i m e n t a r g  beds that are 
necessarily older than the diorite. AT1 the m k s  of the vnlIey south 
of these mountains are designated Middlo Devonian, because the 
limestone h d 8  mntain IGdclIe De~onian fossils. Not milch lithologic 
resemblance was wen h e e n  these beds and the seciirnentarg beds 
of the mountains north of Tuck Cmk,  and no basis of mmlrttion 
was dkovemd, yet the possibility remains that the rocks of b t h  
localities mag be Middle Devonian. There is also a pomibility that 
tile Middle Devonian area may contain some Carbonifemus rocks. 

T H I C K ~ I I J  ANi) S l S L V ~ E  

The undifferentiated Middle Dovonian and Permian d a  include 
a p a t  but l~nknown thickneaq of sedimentary depmits. Doubtless, 
however, the thiclrness of t,hem deposits is to be measured in tho~imnda 
rather thnn 1111ndred.s of feet. The mountains north of Tuck Creek 
incl~~da at  least 5,000 feet of diment,ary beds and intruded sills, 
and the blnck slate at Gillett Pass is pnobnhlp as thick. Thew two 
sections may or r n q  not be eqniralent, hut they do not, indude all 
the beds t h ~ t  rn~rst be t~ken into consideration, although they sug@ 
the magnitude of the thicknws involved. 
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All the beds of this area nre strongly folded and faulted, and their 
structure is complex. At the head of the Slana Rivor, in the vicinity 
of Gillett Pas, the structure seems to be thnt of a synclinal trough 
with its axis occupying the vdey. 'l'he black slate on the north side 
overlies the silvery mica schist ~ n d  dips steeply muth. It is p a t 1  y 
disturbed, however, for it is filled with qrlartz veins and is intruded 
by dikes and sills of igneous roclc. The black slate and limestone 
south of the pass dip north. 

Soutlieastmard from the head of the Slrtnrt River the area widens, 
and the folding is more complicated, although the synclinal stmc- 
t,ure may persist at least as far as the Little Tolr River. Thro~tgllout 
this distance the beds brdering the north side of the undifferenti~tpcl 
beds are black slate, RS at GiEIett Pass, and the dip is north. On 
Station Creek a variety of sedimentary beds, chiefly xl~ist nnd. slate 
of the undifferentiated schist &ma, am ororlain by undifferentiated 
Middle Devonian and Peminn beds tlmt, from the forks of the creek 
to the Mentasta Valley and from the bottom to the top, include black 
slate, basaltic ( 8 )  intrusives or lava flows, schist and slah, sheared 
c~nglomerate, limestone, brown-weathering and gray slates, and in- 
trusive grtmile. These beds all crop out along the creek for a dis- 
tance of 3y2 miles nnd all dip south, but the structure is complicated 
by faulting. 

North of Tuck Creek, from the Little Tok River to the Tetling 
River, the beds dip uniformly northeast, in sharp contrast wit11 those 
west of the Little Tok River, described nbove. The meaning of this 1 

change af dip on the border of the area is not yet clear. 
The nature of the contnct of the undifferentiated beds with the bods 

of the schist arplt on the north presents a problem which cannot yet 
be definitely solved, for the o l~rvat ions  Kcre not sufficient to g i ~ e  
the solution. Probably the Middle Devoninn and Permian beds over- 
lie the schist nnconforrnablp, nItlrougll the present relation may hsve 
resulted from faulting. 

AGm 

F h l s  mere found in the limestone beds nt several localities within 
&ha area under consideration. Most of them are correlated at least 
pmvisianally with the Pemimn Mankornen fnuna, and the limestone 
that yieIded them is shown as I'crmian on the geologic map. The 
forms identified are included in the tnbla of fossils on paps 24-26. 
Fossils were not found in the limestone on either side of the ~mlley of 
M e n m a  Pass nor in the limestone areas north of tlm Slana River, 
although careful search was made for them. 

One locality 2 miles west of Snslota P~RS yielded s small collection 
of fossils that were identified as MEdrflo Devonian The collmtion 
was obtained from a mass of much folded ancl frrnlted Iirnestone 



30 THE SLANA-TOK DISTRICT, ALASKA 

within a mile of one of the principal localities of 'Permian fossils Tt 
is the only collection of Devonian fossils found outside the Tetling 
River area and is the chief reason for using the term "undifferentiated" 
in describing the beds of this srea. How extensive the distribution 
of Devonian rocks may be here cannot be &tad, but it is believed 
ta be small. 

A further f~ctor of uncertslintlp connected with the undifferentiated 
6eiZs is a measure of do~rbt regarcling the age of mme of the fossils 
designated Permian. Apparently the collections from some localities 
are not suficjently diagnostic to eliminate the possibility of thoir 
belonging to a part of the Carbniferoas earlier than Permian, yet 
until mom mnclusive evidence is obtained it seems hst to include 
all the collections in the Permian. 

-mIC nucm 
W A E U m R  dlCD Df-R 

The mountains southeast of Suslota Pas, in which the Litt1~ Tok 
and Totling Rivem rise, .are made up almost wholly of banded and 
thin-bedded argillite and fine sandstone, with which conglomerate 
is interbeddod locally and in which a few thin beds of limestone are 
found. These rocks occupy the northmsst end of a trough of Meso- 
zoic marine sedimentary deposits which extends southeastward be- 
yond the limits of the mapped area, almost if not quita to the in- 

, ternational boundary. The width of this trough between the heads 
of Buck and Suslota Creeks is a little mare than 10 miles, but it 
increases toward the southeast and is about 15 miles in the intp.rva1 
between the Nabesn~ and Chisana Rivers. For the most pmrt the 
beds are dark and weather rapidly, so that they give a somber q e c t  
to the mountains and produce topopaphic forms that are distinctr 
from those of the areas of the alder wdimentary deposits, whist, and' 
igneous rocks. 

Probably the most characteristic feattrre of the Blesozoie rocks is 
the banding produced by the alternation of dark slate or argillite 
beds and lighter fins-grained sandy beds. The two layers g d o  into 
each other, but the change from one pair of beds to the next ia dis- 
tinctly marked. In p k e s  hundreds or possibly thor~sands of feet of 
such banded rocks in which beds 2 inches thick are uncommon and 
heds lea than 1 inch thick dominate were deposited. Thinly banded 
rocks of t.his kind prevail at  the west end of the Mesozoic syncline. 
Along the mountains to the area between the Tetling and N n h a  
Rivers the t h i h e s s  of the incliffdual beds increases, and the grada- 
tion of coarser material into finer material within the paim of beds 
disappegrs. The mountains shown on the map east ef the head of 



the Tetling River consist of thin-bedded argillih and nrko&c sand- 
Pton~ in which few of the sandatone be& reach a thichess of 2 
fee4 although one or two much thicker beds were seen. A thick bed 
of congIomerste int~rstratified with the argiIlite and sandstone crops 
out at one locality and is m d e  up of well-rounded pebbles of fairly, 
uniform size, which, however, vary from place to place, su that the 
m k  appears as a coarse grit mi th pebbles as mu& as a quarter of an 
inch in diameter or as a coarse conglomerate with pebbles as l a r s  aa 
4 inclies. Some of the conglomerate contains many well rounded 
pebbles of granite, and some of it is made up largely of limestone 
pebbles. Both the conglomerate and the arhsic sandstone beds &re 
stained brown by weatl~ering. Limestone was found in the stream 
trash and must IM present in the section but mas not seen in p'lace. 

The Mesozoic pocks north of the head of Suslota Creak are banded 
but less distinctIy thin-bedded than the argillite and sanddone of t,hhe 
Tetling River area. They include beds of date, a few thick sand- 
stone beds, a d  thick beds of conglomerate in which the pbblea are' 
sparsely scattered through a slaty sandstone. One bed of coarse 
conglomerate contains boulders as much as 18 inches in diameter. 
Pebbles and cobbles of limestone form a large part of some of kha 
cor~glomerah. h block of hestone 5 &et long and 10 inches thick 
was seen in a mass of conglomerate that rolled down from a cliff. 
Well-rounded pebbles of granite or diorite are also present in some 
of the conglomerate. Calcareous beds and thin limestone beds eon- 
taining & few fossils were seen in the mountains between Suslote 
Creek and the Little Tok Riirer. 

Intrusives are Iess common in the Mesozoic racks than in any of 
the older rocks, although dikes or sills were found hem and there, 
and fragments of such &dil;es appear in the stream wash. 

The Msozoic & occupy a great synclinal tmugh in which the 
beds are strongly folded btlt are not so highly metamorphosed 
as to become schistose. They have not been oxamined thoroughly 
and have not yet furnished tt section of beds from which the thick. 
ness and the detaib of the &rueture can be determined. Three 
perids of Mesozoic t h e  are represented in the area, althougl~ the 
bebeds corresponding to them have not been differentiated. It is 
probsble that the structure is complex and may invoIve two or more 
unconformities within the stratigraphic section, as well as an unwn- 
f o d t y  at its basem In general the structure is that of a broad sgn- 
cline made up of minor foIcIs, strongly mmpresd and in places over- 
turned. T h e  total thickness of beds is undoubtedly many thousands 
of feet, 
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A G E  A N D  CORRELATION 

The rocks of the undifferentiated Mesozoic area are only sparingly 
fossiliferous and so far have yielded few forms from localities within 
the area being considered here. Most of the fossils that have been 
found were in thin beds of limestone or limy grit, although a few 
came from slate. Fortunately, most of the collections are diagnostic, 
even if poor in number of species, and from them and from collec- 
tions made in areas adjacent to the territory covered by the geo- 
logic map, it has been found that Upper Triassic, Upper Jurassic, 
and Lower Cretaceous faunas are present in this area. The collections 
of fossils were submitted to John B. Reeside, Jr., for identification 
and are listed in the following table: 

Mesozoic fossils from the Slana-Tok district 

1 The letter c stands for Lower Cretaceous; j for Upper Jurassic (Naknek); t for Upper Triassic; u for 
.age undetermined. 

Astroeenia, n. sp., identified by J. W. 
Wells as not older than Triassic. 

Dielasma? n. sp 
'Terebratula, 2 sp. probably new 
Conucardia, n. sp 
Dimyopsis, n. sp 
Cyrtina? n. sp 
.Spiriferina cf. S. yukonensis Smith.. 
Spiriferina, n. sp 
Spiriferina? n. sp 
Cassianella? sp. 
Monotis sp 
Pseudomonotis subcircularis Oabb.. 
Buchia (Aucella) crassicolis Keyserling).. 
Buohia (Aucella) d. B. pallasi (Keys) 
Aviculopecten? sp 
Omphaloptycha sp 

......................................... Entolium sp 
....................................... Phillipiella sp 

Pelecypod fragments-. 
Turbo? sp 
Oastropod~fragments 
Spherical organism, unidentified 

16085 (31-4h1-F9). Head of Lost Creek latitude 62'36.0' longitude 142'59.0'. 
16086 (31&\1-F16). Head of flrst larLe creek west of 'lost Creek, latitude 62"35.5', 

longitude 14.3 19.0' 
16289 ( ~ I A M - F ~ ~ .  Talus near head of west tributary of first large stream southwest 

.of Buck Creek. 
16260 (31AM-F5). Tributary of Suslota Creek about 5% miles east  of Suslota Lake. 
16261 (31AM-F6). South side of pass betweeh Suslositna Creek and west branch of 

lar  e creek southwest of Buck Creek. 
&262 (31AM-F7). Threeway Pass, same as 16261. 
16264 (31AM-FlO). Lost Creek. 
16265 (31AM-F11). Lost Creek : same a s  16264. 
16266 (31AM-F12). Head of Lost Creek. 
16267 (31AM-F13). Head of first large creek west of Lost Creek, tributary of Jack 

Creek. 
1676s (?TAM-F14). Same a s  16267. 
16269 (31AM-F15). Same a s  16267 and 16268. 
16921 (34hnf-33) 2% miles east of lake on Suslositna Creek. 
16922 ( 3 4 ~ ~ - ~ 4 ) :  Gravel bar a t  camp 6, near head of Tetling River (Bear Creelr). 

.............................................................. 
........ 

c 

...................................... 
............................................................... 

........................................ 

Although the number of localities included in the table is small, 
the fossils have some unusual features, especially those from locality 
16266, of which Reeside says: "This fauna is wholly new and of a 
facies not recorded in North America before. It seems surely to be 
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Tee and probably Upper Triassic, but none of the familiar 
species are present'' The fact that typical Upper Triwic fossils 
were collecterl nearby, at lmality 18086, and have been collected at 
other-places in the ama of Mesozoic rmks outside the limits of the 
ares included on the map is a further reason for migning the lot 
from locality 16266 to the Upper Triassic, notwithstanding its 
unusual character. 

1C)mus XtOCgEl 

Igneous rocka are widespread in the Slana-Tok district but are 
far mare abundant in its southern part than in tho schist a m  t~ the 
north, as is immediately apparent from a g1:lance at the geologic 
map. They are of many varieties and of different qps, but their 
pstrographic characters have not been studied eamhlly, and their 
relative ages have been determined in only a few localities. They 
include both extrusive and intrusive types, which in many places 
mrrr in dose relation to each other. The two types of igneous rock 
are only partly differentiated on the geologic map (PI. 13, especially. 

' in those places where both types are common, for the separation 
woiild be difficult even if ampIe time were available for caref~xl de- 
tailed mapping. Two principal areas of  l i g h t ~ o l o d  coarse-grnined 
intrusive rock are shorn. One makes up the high mountains adja- 
cent to the lower Slam River on tlie so~~thwest. The second forms 
the mountains between Buck and Tuck Creeks. These intn~sives 
are mainly diorite or qua1.t~ diorite but locally include more basic 
types. h addition to the two large a m 4  several smaller areas of' 
similar rocks appear north of the Slana River, near Mentasta Pa=, 
and in the malintains west of the upper Little Tok River. 

Small areas of intrusive rocla that in general are finer-painr,cl 
and darker-colored than those just mentioned are common in the. 
schist area, mom particularly near its southern border, where many 
high pehks and prominent hills terminate in nlasses of igneous rock 
that is more resistant to weathering than. the sclGst into which i t  
was intruded. 
The principal area of volcanic rocks, which jnclude lava flows and' 

tuff M s ,  is in the southw~stern part of the district. This area, 
however, incIudes also o, lnrge proportion of intrusi~e material, 
chiefly nedinm-grained gray diclrite, andesite, and dark he-gained 
basaltic m k ,  too intimaloly ~socjated with the ~olcanic rmks to be 
separated in reconnaissance mnpping. 

Future work may show that more of the metamorphic rock of the 
schist arm were derived from igneotle; rock than is realized at presenf. 
This pmsibility, was recopia~d during. the field work, yet it was 
believed that mast of the schist repr~sents metamorphosed sedi- 
mentary deposits. 
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The m a  of granitic rocks forming the mountains on the southwest 
side of the Slana River is about 20 miles long and 5 milea wide and 
mntaim the highest mountains of the g1-011~ in which Indian and 
Ahtell h e l m  rise. Its southern boundary as represenbd on the 
geologic map is only approximately correct, for it was not traced 
nccurately. The rocks aaro coarse-pined light-colored diorite and 
quartz diorite, which are in &rang contrast with the darker rocks of 
*ha mountains ta the south and north. Surfaces that hare long been 
expod to  the weather are covered with a Mack lichen, which is often 
.a sufficient indication for distinguishing the diorih from other 
rocks. On disintegration, howev~r, the diorite yields a whita wash 
m d e  up of rounded boulders nnd gravel that make every creek bed 
stand out distinctly against the dark af the mountain. 
slopes. The rock shmt-s an even granular rather than porphgritjc 
toxture and thus differs from the diorite of the mountains north of 
Buck Creek. In this larger area near Buck Creek the rocks seem 
to be someu~hat more basic. They am d i o d e  rather than quartz 
diorite, and a prphyritic texttlre is mmmon. Perhaps the most strilt- 
ing feature of the diorite is the common occurrence of phenocry~ts 
of feldspar (pl. 2, B) in the form of chubby twinned crystals (carla- 
bad twins) ranging in greatest diameter from less thltn 1 inch to  2 
inches in rare examples. The twinned crystals are readily distin- 
guished by the reflection of the sunlight from the cleavage plan-. 
They are not present in all of the diorite but wwa wan at many, 
places from the Little Tok River to the mountains south of the 
Tet ling River, 

This intrusive mass brought about marked chnnges in the sedi- 
m e n t ~ ~  beds which it invaded, altering them to schist- filled with 
garnet and other contact minerals, The altered zone is adjacent to 
the intrusive mass and is most noticeable along the sonth boundary, 
for the ot,her side facing4Tuck Creek is largc3y cuncealed by uncon- 
solidated depmits, 

The; principrsl wea of extrusive rocks is the a m  that is drained 
in large part by Indian and khtell Creeks but extends northward 
across the npper Slana River and eastward into the mountains be- 
tween the Slana River and Suslota Lake ~ n d  thoae south of Sus'lota 
Creek. A low hill 3 miles northwest of M s n W  Lake is made up 
of lava flows and tnff, and the highest mountains north of Mantrastn 
Pass ttre in a blt  of dtrrk basaltic rock thnt extends from Mineral 
Lake to Bone Greek and may consist in part of intnlsive rocks. 
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The volcanic rocks of the Indian Creek area a m  intimately asso- 
.ciatad with dark granitic intrusire rocks and s minor proportion of 
tiliceous argillite and limestone. The volcanic rocks am dark basaltic 
flows and beds of tuflrtceous rnatafial, somewhat altered chemically 
but not schistom. They predominate in the western and northern 
-parts of the area and are subordinate ha the granitic intrusives in the 
Ahhll Creek Valley and easttvard. Camful detaild mapping mould 
be nemsary to separata the intrusive rocb from those poured out or 
'blown out on the surface. 

Tha intmsives include dark-gray medium-grsined diorita and dark 
.and&ti~ rocks that may be finer-gained, more quickly cooled phases 
of the diorite. 

The lava and tuff beds north of the upper Slana River are conspic- 
uous because of the bright coloring that comes from .the oxidation of 
.pyrite or other iron minerals. 'They dip northward and may underlie 
'the tuff and limestone beds at the bas? of the Permian Mankomen 
formation (p. 23). 

A 0 1  

The igneous mks of the Slanit-Tok district reprewnt wveral 
-periods of igneous activity extending through a great rmge of geo- 
logic time, They inclnde metamorphic rocks that may'be older than 
;Paleowic and little-altered dikes and eills that cut the Mesozoic 
.sedimentary beds and may be of Mesozoic or later age, as well as rocks 
.of intermediate age. In the nearby Wranpll Mountains lava flaws 
that are of Recent origin arc exposed. Unfortunately definite age 
assignments cannot yet be made for most of the igneous mcks of the 

+district. 
The igneous rocks of the scht.4 area belong to not less than two 

periods, for in part they are as highly metamorphosed aa the asso- 
.ciilted sedimentary beds and in part are much less so. The many - 
smsll isolated areas of igneous rock forming mountain tops north of 
Tr1di1 Creek and the Tok River belong to the  younger period, but 
*the age Ijmits of this period are not h o r n .  

More dcfinite statements can be made as to the igneous rocks 
-associated with the Perminn sedimentary beds. It is evident tllalt 
the interbedded tuff beds and lava flows are mntemporaneous with 
the limestones and other fossil-bearing beds that reveal the ago of 
-the M~nkomen formation and are therefore Permian. However, the 
intrasive rocla that cut the Nv~ankomen formetion are necessarily 
younger, although their upper age limit is undetermined. The Per- 
mian epoch was a, time of exceptionnl volcanic activity in Altlska, 
.and the Permian m k s  nwrly every~rhere are characterized by tuff a- 
=us beds and lava flows. 
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The large maws of Iight-colored diarite nortl~east of Buck C d  
and along the southwest side of the Slana River Valley intrude Mid- 
dle Devonian and possibly Permian roclts. Presumably they a l l  be- 
long to the same period of  intrusion, although they differ somewhat 
in lithologic character, for they Eleem to show little alteration or ttbout 
the same d e p  of aIteration. A probable upper limit of age for 
these intrusive masses does not appear from the evidenw at hand, 
for they are nowhere in contact with Mesozoic rocks. Mountain 
building that affected the whole Prscific coast Iim of North America 
took place in Jmssic or Cretaceous time and was accompanied by 
the intrusion of vast bodies of granitic rock, Sncluding diorik, 
panodiorite, monzonite, and other m k  types. It is suggested that 
the two large m s e s  of diorite may have been intruded during this 
period of mountpin building, dtl~ough no direct evidenw to support 
such an itssignment is at hand. 

The oldest of the lava flows that are so widely dispIayed in the 
Wmgell Mountains were extruded in 'rertiary time md in places 
m r l i a  fresh-water deposits containing plmt remains that have been 
identified as E ~ c e n e . ~  Rowe~er, the extrusion of lapas did not stop 
then but has continued to Recent time, as is shown by the lams that 
cut unconsoli&td deposits of the Chitina Valley. The lava, flows 
af the Wrmgell Mountains do not extend to the SlaneTok district, 
yet it may be true that some a£ the dikes cutting the Mesozoic be& 
of the district are equivalent to them in age. 

The most recent consolidated sedimentary deposits of the Slana- 
Tok district are the Mesozoic beds of the mountains in the south- 
eastern p& of the district. Throughout the area, however, uncon- 
solidated deposits that are plogically young and in f ract am still 
being formed occupy the valley floors, concealing the underlying bed- 
rock and protecting it for the time from further erosion. They in- 
clude deposits of gravel, sand, and silt laid down by streams or in 
lakes, the more or less unsorted material deposited by glacial ice and 
the water m i a t s d  mith it, and the angular, practically unsorted 
debris on the hill sIopes that is formed by the action of frost and 
rain, and the other processes of weathering. This last-mentioned 
material calla for little comment except that it is present wl~erever 
bedrock is exposed to  attack by tlia elements and represents the first 
st& of most of the deposits formed by water and ice. Gravel, sand, 
wnd morainal deposits are the subject to which attention is chiefly 
directed in this section, md they are shown 011 the geologic mnp 

IsMofUt, F. H., Notea on the a m l a  of the upper Nllsina Itlver, Alaska: 0.1~1. S u m  
Bun. 813, p. 180, 1980. 
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(pl. I) without nny attempt to differentiate between the deposits of 
different origin. 
No gravel deposits or unconsoIidated deposits of any kind that 

were p r e n t  when the ice took possession of this district have been 
recognized in it. Apparently all loose material was swept away by 
the ice as it advanced from the highland areas to the lowlands, and 
all the p m n t  unconaolidat.eed deposits except some of those in the 
Copper and Tanana Valleys wera formed after the waning of the 
glaciers bgm. 

A large proportion of the unconsolidated deposits could at some 
time llsve h e n  classified as gl~cjttl mnterial, even aome that now 
are clearly stream deposits, for cither they have been contributed to  
the streams hy ico moving out from the mountain valleys or they 
are reworked glacial deposits. St.waam that issue from active glaciers 
carrr much fine materi~l in suspension and move p a t  quantities 
of gravel and coarser material along tho bottoms of their chmels. 
Commonly they move the coamr mntcrinl by stages, depositing it at 
m e  p i n t  temporarily but Inter removing nnd reclepsiting it as their 
carrykg power varies and their channels shift. 

Morainal deposits me finely displayed in some park of the district 
and are easily recognized by their topographic form where they are 
not wncealed by timber. The vnlley of the Slana River from the 
vicinity of Mentasta Lake to Mankomcn Lake is one of the best 
localities far wing wlzat may bba accomplished by ice in its work 
of transporting m k  debris. The wide valloy floor is occupied by 
masses of unsorted material, mhicll mas brought from its original 
soulre hp rt p a t  ice strenra that carried the debris on its surfme 
and within its body and finally left it in confused lieaps vhem the 
jce melted. Mthough the Slttnrt River shifts its cllanncls over n 
wide gravel flood plain and has removed some of the debris left by 
the ice, the old moraines still occupy most of the vnlley fmm the 
margin of the flood plain to the lower mountain slopes, 400 to 500 
feet a b o ~ e  the rivor, and appear as a confusion of irregular ronndpd 
hills and deep kettle holes with no order or system of arrangement. 
Lakes and ponds are numerous, yet most of the unconsolidated ma- 
terial is sufficiently porol~s for the -rrater t~ drain out of the kettle 
holes gradually, lewing moist soil in the httoms, where p s  ,grows 
luxuriantly. 

Morainnl depmits are not confined to the Slans Valley. They are 
present throughout the lowland nreas but are not e v e v h e r e  so 
couspicuo~zs, cspecial Iy if tiley are timber-mvered. Only where they 
are above timber line or ham been burned over is their topographic 
form readily made out. The conspicuous glacial deposits are in the 
lowland areas and valley bottoms, but erratic blocks grid well-roundd 
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s h a m  wltsh a m  p m n t  on mountain tops high above the valleis and' 
give evidence that the ice once hid everything but the hqhest peaks, 
Such high gravel can be w n  in many places. In the Indian Creek 
Valley water-warn pebbles and mbblea are mttewd over the flat- 
top* mountsins 8,000 feet above the st-. On h t h  aides of 
lower AhteIl Creek erratic bouldem and &ravel were f omd at an alti- 
tude of 4,500 feet, or 1,800 feet ahve  the creek, and contain fragments 
of vesicular lavrr, thrtt doubtless came from the Wrmgell Mounhins. 

Glacial ice alga produced a form of te- deposit made np of 
material that is commonly well rounded and much better sorted 
than the typicul glacial deposits, which was deposited in water along 
the margin of the icc! and probably, in places, in water impounded 
by the ice. Excellent examples of this type of deposit are pre- 
sented by the high grave1 benches at the forks of Ahtell Creek? where 
gravel deposits more than 200 feet thick were accumulated. It ia 
clear from the evidence of this place and other places on Ahtell 
Creek that thi glacircl history of the valley is rxrmplex a d  that 
reversal of the direction of the main ice flow must hare taken place 
at  least once, for the glacial deposits contRjn material from widely 
fieparated souwes toward the north and far to the south, 

Another example of w~ter-laid deposits contributed directly by 
the ice but distributed in pad by water can be men at the hesd of 
the small tributary to Suslota Creek 5 miles east of Suslota Lake. 
Hem immense quantities of gravel were deposited near a former 
border of the glacial ice, opposite the west end of the narrow p w  
leading eastward to the Little Tok drainage area. Furthermore, the 
glacial water spilled northwestward from the head of this little creek 
and northward through the next pass on the west into the head of 
Pl~slositna Cmk,  whence it mads its way through Suslota Pass to 
the Little Tok River, leaving a h e  northward-sloping bench of 
p v e l  2 miles, long on the east side of upper Suslositna Creek. 

The gravel point near the Slana Bridge, where Ahtell Creek and 
the Slam River join, is still another prominent example of the de- 
posits formed by ice mil wat.ter. This gravel point (pl. 3, A )  
stands nearly 300 feet above the valley fluor and is a oonspicuous 
feature of the nppr Copper River ValEep because of its light color 
and isolation, which m ~ k e  it ~ s i b l e  for miles from many directions, 
The wact way in which this mass of psrtly assorted rwk debris came 
to  its present @tion is di9icult ta determine. Possibly the deposit 
accumulated at  the margin of an ice mass, or possibly it is part of 
an outwash train that has been encroached upom by the cumnta of 
the Slana River and Ahtell Cmk 

Stream gravel, with which the low hnch-gravel deposits d j a -  
cent to the flood plains may ba included, is present on all the streams. 
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In large part the stream wasli is of local origin, but in many plmea it 
contains rock fragments from a foreign source, In some p l m  this 
foreign material was contributed directly to the stream by the glwial 
ice; elsewhem it was derived from morainal deposits or fmm old 
gravel deposits laid clown by former streams that flowed *way from 
the ice. 
The flood plains of the larger rivers, such fis the Copper, Slana, 

Tok, and Robertson (pl. 3, B ) ,  contain immense quantities of rwk 
debris in all stages of reduction from angular blocks and rounded 
boulders to fine silt. The material of this flood-plain gravel is not 
ststionary but is gmduslly moving downstream under the action 
of the swift currents, espis l ly  those of the high wster of spring 
flml time or the warn days of summer, when the snow and glacial 
ice of the headwater tributaries is melting rapidly. The depth of the 
f lml-pl~in gravel is not known but doubtless varies considerably with 
the irregularities of ths bedrock floor, distance fmm the valley walls, 
position on the stream, and other conditions. The character of the 
bedrock and the varying capacity of the glacial ice to erode bedrock 
doubtleas pmduced irregularities in the valley floor that am now 
hidden by the u nconsolidnkd dcposi ts, 

Peculiarities of the topography appear to indicate that the grrtveE 
deposits of the lower Tetling River nnd the Tanana Valley am mla- 
tively deep, for the isolated hills on the lowlaad rise abruptly from 
the gravel plain without tile usual gradual steepening as if they 
had been partly buried under a paat quantity of gravel deposited 
around them by the stre~ms %owing from the west and south. The 
depth of gravel in the Tfinana Valley at Tanam Crossing and above 
may have been influenced also through the obstruction of the river 
channel at Cathedral Rapids, f m  which it resulted that the grade 
of the river above was Eessamd, and the slower currents deposited: 
the load of material that they could no longer carry. 

Only la brief and imperfect outline of the geologic history of 
the Slana-Tok district can ba constmcted f ron  the evidence now 
available. This history covers an enormous length of time and in- 
volves many gat c h a n p ,  all trnces of which have been removed, 
sa that some of them can only be gt~assed at from fach that have 
been learned in other places and some mill never be known. The 
record is written in ancient rocks, ~ n d ,  RS is t,me of all records of 
historical events, the more distant in the past the event is the less 
legible the m r d  is likely to be. 

The oldest rocks of the Slam-Tok district are the metamorphosed 
dirnentary deposits of its northern part. At present they a re  
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schist, but originally most af them mere mud, mnd, and limy de- 
pos i ts  laid down in a P a l m i c  or possibly a pre-Paleozoic sea. 
Surmise I ~ S  to the time of their formation is b a d  on scant evidence 
trnd +If remain uncertein till it is known whether the rocks are to be 
correlated mith some part of the Birch Creek schist or with younger 
metamorphic m k s  of the Yukon-Tanma region. 

%hat happened in the interval of time betmeen the deposition of 
these older rocks and the deposition of the Middle Devonian beds 
is imperfectly h o r n .  Pmbnbly the older rocks were buried deeply 
under early Paleozoic rocks, intruded by igneous rocks, folded and 
metamorphosed, end then subjected t o  erosion after having besn 
raised above aea level. Tho cycle of submergence and elevation may 
have been repeated not once but many times before the find sub- 
mergence that p r e d e d  the dspo~ition of the Devonian ~dirnents. 

The sequence of events between the deposition of the Middle De- 
vonian and tha Permian beds is also unknown except that not far 
away, in seas that occupied areas which are now parts of the Copper, 
Chitina, and Tanana YaIIeys, early Carboniferous beds were laid 
down and igneous rocks were intn~ded. The old& mch that have 
hen identified as Permian overlie igneous rocks. Furthermore, they 
are interstratified with IIIVIL flows and tuff I ~ d s  and aro intnided by 
igneous rocks, so that aImost every section of the Permian beds con- 
tains a Iarge propodion of igneous material. The Slana area and 
other areas, especially that which includes the heads of the White 
and Nizina Rivers, show that Permian time in this par6 of Alaska 
WRS a time of exceptional rolcanic nctiritp. &ring the Permim 
epoch great pantities of melted rock were poured ont on the land 
or on the bottom of the sea. These outpourings were accompanied 
bv the ejection of fmamenbl material blown from volc~noes. ,%ma 
of this loose material fell on the land, and some settled in t,ho sea, 
where it mingled with other sediments and formed beds of tuff. 
Snch beds make up a large part of the Mankomen formation. 
The Permian beds of the h'kina and White River nreas were folded, 

miset1 a h e  sea level, and eroded before the earliest of the Mesozoic 
beds were d e w &  Evidence for the unconformity between these 
two systems of beds has not been found in the Stma-Tok district, yet 
it i s  reasonable to suppose that. a series of events similar t~ that which 
mrrrred in t,he Njzina area, where the nnconformitp is well shown, 
took place here also. 

Thc; three e w h s  of the Mesozoic era represented in the southeast,- 
ern part of the Slana-Tok district account for only a small part of 
Mesozoic time-the Upper Triassic, the Upper Jurnssic, and the 
Lower Cretaceclueb~it they suggest three distinct periods of sedi- 
mentation and sukquent erosion. Probably the Upper Tria~.sic 
rocks were raised above sea lwel and subjected to emion  before they 



were d e p r e d  again and covered by the Upper Jurassic beds; and 
the Upper Jurassic beds in  their turn probably exparienced a repeti- 
tion of this sequence of events before the h w e r  Cretaceous rocks 
wers laid down on them. 

Toward the end of Cretaceous time a period of rnauntain building 
began in which all the rocks were folded, the land wm r a i d  above 
the sea, and vigorous erosion of the highlands was ~started. This 
appears ta be the time when the Mmka Rango c m e  into existonce 
in essentially its present form. Since the end of Cretacmus time 
Mash has been a land mass, continuously above the sea, as is known 
from the absence of younger marine deposits anywhere except near 
the present seacoasts. Erosion continued in early Tertiary time, and 
fresh-vrater coal-bewing deposits were laid down on the land surface 
over a wide area. The coal-bearing Tertiary deposits are not h o w n  
in the Slana-Tok district but are represented in the nearby Wrangell 
Mountains by thin beds of conglomerate and clay mntaining fossil 
leaves and coal, lying beneath a p a t  rnm of lava flows which began 
to accumulate in Tetiiary time and have continued to be outpoured 
from local vents almost to the present day. Tertiary b d s  are preent 
also ~t the IIPRC~, nf the West Fork of the a s t o c h i n a  River, west of 
the Slana-Tok district. 

The f o m  that folded the older rocks and gave rise to the Alaska 
Range were brought into play again after the coal-haring beds were 
deposited, for in places these beds are modertttely folded and tilted. 
Yet no such mountain-bt~ilding activity as that of the late Cretaceous 
or early Tertiary has occurrecl since then. 

The more recent and betkr-known geoIogic history of the district 
has to do with glaciation. When glaciation began the mountains and 
valleys were probably much as they are today except that tth fmpo- 
graphic forms were those that are prod~~ced by normal stream erosion, 
unmodified by the work of moving ice. It is evident that the glacia- 
tion began as the result of climatic changes which brought about the 
pl.edpitation of more snow in winter tlisn was melted in gummer, 
that the accumulation of snow and ice continued till a maximum 
was reached, and that another climatic change finally reversed the 
prucess and the ice gradually disappeared. Acc:~~mulation probnblg 
began in the high mountains, whence fie ica fronts advanced slowly 
down the valleys and out into the Iowlrtnd areas. At the maximum 
the Copper River Basin was completely filled with im, which reached 
a thickness of several t h o u ~ n d  feet ~ n d  covered dl but the higher 
peaka of the surrounding mountains. Probably both the advance 
and the retreat of the ice were intermittent and made up of many 
minor movements, forward and back, even when the general move- 
ment mas in one direction. Many thousand pars was required to 
complete this cycle of events, and many lwaI centers of accumulation 
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contributed to the Rrst advance, maintained the retreat, and remain 
as centem even to the present day. 

T l ~ e  Nrangell Mo~~ntains were one center where ice accumulated, 
but prwtimlly nothing is known abut  the advanoe of the ice from 
this and other centers except that whtever unconsolidated material, 
sand and p a d ,  may have k n  present in the mountain valleys wae 
swept away. Of m o m  significance. in producing changaa in the ap- 
pearance of the land, lmn-ever, is the modification of the foms of 
the valleys thnt came about through erosion by moving ice, The 
most outstanding expression of such erosion t l p p r s  in truncated 
spurs, stmightened valley wnlls, and the U-shaped cross sections of the 
valleys themwlve.es (pl. 4, A ) .  

I n  a, few plncea on the rounded hills overlooEng Tetling Lake the 
schist country rock has weathered into nnusual forms (pl. 4, B )  
which suggest the po~sibility that this part of the m n p  mm&y have 
escaped the intense glaciation that took place on tho Copper River 
sicle. Such unstsble masses of rock could hardly have withstood the 
form of a large body of moving ice, and they nppear tm old ta have 
been developed since the more recent ice wail present in the Copper 
River Valley. 

TVhen the rate of accumulation of snow fell below the rate of 
melting? gradual disappearance of the great ice maw began, and 
other topographic expressions of glacial nctivity came into exi~tence 
in the ~ i e s  of unsorted debris left by the melt in^ of the ice and 
bhe gravel and silt beds deposited by the streams of wnter that flowed 
away from it. These doposits form the moraines and p v e l  benches 
that hare been dewrihd and alrescly are pfirtlg destroyed. through 
the; attacks of present-day strpams. 

A belief is common that the "ice ago'' in Alaska is definitely a 
thing of the past. This belief is not nemnri ly  t.rua. A view thaL 
more nearly represents the fach is that Alaska is still in an ice age. 
It ~ r m  probable that for the time k ing  the Alaskan glaciers n 
whola are diminishing rather than increasing, yet t.he present reas- 
sion may be only a temporary recession in a pneral advance. The 
movement of an ice front, whether that of a p e a t  continental glacier 
or that of a small valley glacie,r, is not steadily forward or backwad 
but consists of alternating advances and retreats which make the 
dominant movement difficult to rccogniz~,. 

XINERAL RESOURCES 

Tha Slana-Tok district pxwwes poloffic fcat~lwns t h ~ h  are corn- 
monly lookd on as favorable for the m n m n c e  of mineral deposits, 
and i t  has been a field for prospectors since the daya of 1898, al- 
though the number of prospectars engaged there in recent years ht~s 
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been small. Many small veins containing one or more of the min- 
erals galena, tetmhedrite, stibnite, sphalerite, iron sulphidss, magnet- 
ite, gold, silver, cupper, and possibly others have been found, as well 
as gravel deposits that have yielded native copper, silver, and gold. 
So far, however, no productive lodes haw been discovered, and only 
one placer mine is now in operation. A little exploratory work hse 
bgen done on lode prospects in many parts of the district. Most of 
the work, was done in the earlier days, but as the showings did 
not offer much encouragement at that t,ime the work was discon- 
tinued, and most of the prospects were abandoned. The more favor- 
able conditions of recent years, however, together with the higher 
price for gold, lmve brought a revival of interest in them, and several. 
have hen restaked and had further exploratory work done on tliem. 
A prospect in the upper Tok Valley and several on Ahten and In- 
dian Creeks merit consideration, as they represent types of minerali- 
zation and may prove to have value. 

The prospect in the Tok Vdley is on rt tributary of the river 
-8owinq in from the north and joining it 7 miles above the mouth of 
the D& Tok, or 2% miles a b v e  Shindata Creek. This tributary: 
stream has two branches, which came toether about 1 mile above 
its mouth. On the south side of the astern branch, nearly half a 
mile from the forks, an old prospect hole was driven in-a mass of 
stibnite cropping out in the canyon mall at the edge of the gravel bar. 

The country rock is chiefly metamorphosed sedimentary deposits 
which are nearly everywhere siliceous and have been folded, faulted, 
and cut by granular intrusive rocks, ,now considerably altered. Near 
t h e  forks of the creek soft gray or black schist that plainly lies in 
a zone of faulting forms a high wall on the south. It dips southwest 
and is underlain by the, siliceous schistose beds, which show some dif - 
ferenws in appearance f m n  place to place and extend up the creek 
beyond the tunnel. The siliceous whist appears to be a succession 
of altered quartzite beds but presents phases that possibly indicaM 
altered siliceous intrusive m k .  Exposed surfaces of the schist com- 
monly show a fine banding caused by alternating thin layers or lenws 
and sheets of granular quartz and brownish mica. The appearance 
o f  s clean surfam is striking and at a short distance suggests a 
sheet of white or gray paper ruled with straight, doeely spacsd, 
parallel lines. At the tunnel the banded schist is interrupted by a 
h e r - p i n e d  siliceous rock with rusty weathering on e,xpsed snr- 
faces and joint faces, which appears to Im rt silicified sedimentary 
b d  but posaibly ia  an alterecl fine-mained iritn~sive. It is 1W hat 
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thick, strika N, 6?0-730 W. and dips about 50" S. Like the other 
roch of the ricbity, it is much faulted and is Uled with veins of 
glassy bluish-py and white quartz. 

The ore M y  form the base af a projecting ledge or spur of the 
silicified rock about midway between the two &;lit boundary lines 
(fig. 4) and lies mostly in a single bed or blcck about; 8 feet thick, 
which is mom massive than the adjacent rock and makes the now 
of the spur. Stibnita that occurs chiefly as a granular mags but in 

Schist 

i 
siliceous bed I 

h z m  4.-Hketcb map ahowinp. the relation of the stIhnitt deposit la Tok Vallcy to thw 
m e k  barti and the Patiyon wall. 

part in marst! shining crystrtIs mpIaces the silimus rock completely 
in the lower part of the deposit. EIsewhere it partly repIaces the 
country rock, is disseminated though it, or cuts it in well-defined 
reins. This mineralized block shows a trimgular f a ~ e  h u t  25 feet 
h i ~ h  and 20 feet across the base. at the gravel bar. 

The floor of the short tunnel is 6 feet above the gravel bar and 
follow a ma11 vein of stibnita in or near tt fault in loose caving 
ground. I t  shows much lesa of the ore M y  than is exposed on the 
surface below and west of it, and thia fact and the genera1 appear- 
ance of the mineralized part of the spur suggest that the continua- 
tion of the mineralized body may be below the level of the bra 
rather than up the canyon wall. 
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The original owner of the property has done nothing on it for 
many years and was not available far consultation regarding his 
findings, but recent gssays show that the ore contains a little gold. 

This mineral deposit is in a narrow canyon where s p m  for mine 
buildings and equipment is small. Timber ends at the fo~ks of the 

' 

creek, so that none for mine u m  is nvail~ble ncsr at hand, although 
a plentiful supply of excellent timber grows on the bars of the Tok 
River not more than a mile away. 

Heveml mineralized veins were diwovered on tributaries of Jndim 
Creek. One of them that seemed to  hava particular merit mas pros- 
pected by several open cuts, which, howevor, did not disclose any 
commercial ore bodies, and the work wag discontinued. This pros- 
pect ia on a small tributary of the eastern branch of Indian Creek, 
near the top of the ridge dividing the Indian and AhtelI Creek 
Valleys, and is 18 miIes in direct line from the highway bridge over 
Indian Creek. The wrihrXn vi~ited the prospect in 1929 and de- 
scribed it as folIom : 

The vein is at the head of the tributary, near the top of the ridge dvidlng 
this tributary fmm the next ~ m n l l  tribntnry on the west The country rcwk 
is quartz diorite, whIch R ~ O W R  wide vnrifltlma in testure but at the plnce 
where the vein waa found ia coararlg mnnulnr nnd contahs large phenocryats 
of ieldmr. A t  thls plnce thc dloritc is  cut hy a nnmber of  vertical fracture 
planes extending enst nnd w e ~ t  and diatrlhotwl over n dlskanee 02 100 or 200 
feet from north to touth. About 75 fwt b l e w  the tap of the ridge, wwhh 
Is 1,800 feet above Indlnn C w k ,  a: q n ~ r t z  vein stands more than 6 feet above 
the ground and itl at lend 10 f.ct wide, although Its boundaries are not ex- 
w e d .  Erokcn-down ledges nnd float show that tbla vein extends down the 
hill several hundred feet, but It dws not hold the same width and where it 
cros~err the ridge la rcduccd to n h n ~ ~ t  18 Inches. The quartz is cnvernom nnd 
Iron-stained end ev id~nt ly  contnlnrd iron snlphldcs, which have been leached 
out, leaving the more reslmtant ~nEcnn. 

Between 100 and 200 i ~ e t  south of t h 1 ~  veh are trvo opm rmts on trimnar 
quartz veins, but they were cared, w that the vein# could not be men. A l m a  

1 
directly w w t  of thme open cuts and 300 feet lower on the mountnin slow are 
two other open cut6 on the mat aide of a small gulch. The Ewuthern one is 
about 15 feet higher than the other. The diorite betwew them 18 croewl by 
numerous parallet fractum plnnes, which are vertical, trend east, nnd cotitnin 
minerallzed quartz in retnis from a fraction of an inch to aevcral feet thlck. 
The largest of the quarts velna exmmd in the gulch Is about 7 feet thick bttt 

was not wholly In P ~ W ,  for the gulch was B t l I l  partly iWed with mow nt the 
t h e  of d ~ l t .  Moreover, the character of the veh varies within a short distance, 
for a few feet above in the mlch half of the thickurn of solid qlrartz ia r e  
placed by maller pamillel veins. The quartz b mineralIz4 with galena, chnl- 

PMomt, Ir. R.. 'Sbe Slam d M t .  appm Copper River Rpion, Ata~ka: -1. 19urvey 
Bun, 824, pp. 12S124, 198t. 
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&te, and grobably pyrite. It Ls cavernous, and ironi~tained from the 
weathering of iron aulpbide and in p l a c ~  fa stained with copper. A small vein 
about an inch thlck ia the lower open cut shows a larger proportion of galena 
dwibuted wlth considerable regularits throughout a gangue of qua* but 
the larger vein of the cut to the south contains galena and a Ifttle chalcopyrite 
somewbat more nnevenly dlatrlbuted. Between the outerog and the open cnta 
near the top of the ridge several exposurer of quart% vein matter were s e n ,  
but mause of lmse materlal on the surface it was not possible to tell whether 
they are part of a continuous vefn ox f r a c t u ~  mne. The development work 
on the claim consbts of open cnta, mostly on the we& side of 'the ridge, nnd 
a trail which cllmbs the moantain Etide from the rock dide at the head of the 
valley t o  the upper cub, a vertical aishnce of 400 feet. There b alm an open 
cut on the -st side of the ridge which was not examined because of a mow 
comber on that side. 

Another vein, which has not been thoroughly explored, was found . 
on a tributary of the wegt branch of Indian Creek 3% miles north- 
weat of the prospect just desmibed. The ridge betwmn the two main ' 

branches of Indian Creek is broken in this vicinity by a depression 
that proPides fairly easy from one branch to the other. The 
vain referred to is on tha east branch of the little m k  that drains 
the mountain north of this depression, nearly 2 miles northeast of the 
summit of the pass. It consists of galena-bearing quartz cutting the 
diorite country rock m d  showing great similarity to the vein fust 
described. Although several open cuts have been made .on the out- 
crop, they were so badly caved at the time the Iocality was %sited 
that none of the vein matter could be seen in place, end it was not. 
possible to tell whether the loom pi- of mineralized quartz on the 

' hillside below the open cuts were there when the vein was discovered 
or whether they were dug from the cut. 

The m n t  placer-mining operations on Grubstake Creek, a small 
eastern tributary of AhteU Creek, brought prospectors into the Ahtell 
Valley who carried on a, spasmodic search for other pld-bearing 
gxar.el and for l d e  deposib. They found no new lode deposits 
but relocated two abandoned lcde prospects on which work had lxen 
done in former years. These prospeck are on B small stroam lwilly 
known as Silver Creek, which joins Ahtell Creek 3 milk below Grub- 
d k e  Creek, and on the west; branch of f i b 1 1  Creek, which comes 
in to the main strew nearly 3 miles above Grubstake Creek Silver 
Creek is 1 mile below the much larger tributary of Ahtell C v k  
known locally as Flat Creek. 

The Silver Creek prospect ia on the north side of  bhe creek, near 
its head and scarcely a mile from the highway. The country sock 
I s  mainly medium-grained gray diorite and a dark basaltic-looking 
rock that probabTy is igneous, although it resembles a silicified sedi- 



mefitmy M seen on Grabstake Creek. About 1 mila from the mouth 
of the creek the country rock is crossed by a fault zone, at least 30 
feet wide and probsbly much wider, showing many minor steeply 
dipping faults that strike N. 45"-7O0 W, The fault zone shews 
many veins of mineralized qt~artz. 

An old ttrnnel near the crwk is now caved, but the dump nearby 
&own quartz vein matter containing zinc blend*, a little pyrite or 
chalcopyrite, galena, and copper staining. Nearly 100 fee't higher 
than the tunnel, on the hill to the north, is an inclined shsft, 15 feet 
deep, driven in a mass of crushed vein matter about 4 feet thick and 
highly stained with iron oxide. Veins and knots of quartz with 
conspicuous Mue capper &in contain granular tetcahedrite, spfraler- 
ite, and ppite or chalcopyrite, An open cut 25 feet northeast of 
the ahaft and a little lower expms a vein of quartz 30 inches thick, 
mineralized in the same way as that at t;he shaft. Another cared 
shaft 85 feet lower and TO feat to the southwest sham similar min- 
emhtion of the vein matter on its dump, 

Although the tunnel, shafts, and many open cut3 are caved or 
buried in slide rock, sufficient evidence is at hand in this locslity to 
show that the faulting and crushing wers sevoro and the rninernliza- 
tion extensive. Any dver  present is probably associated with the 
tetmhedrih, ns is true of the silver-bearing tetr~hedrita of the Kat- 
sina River in the Chitina Valley. Whetller the ore containe gold was 
not determined. 
The second prospect mei~tioncd ns occurring in the Ahtall Creek 

,valley is at the bnse of the mount~in north df the west branch of 
Ahtell Creek, about 200 feet higher thm the cmk and 1Y2 miles 
from the placa mhnre the two brancIlcs join each other. At this 
prmpect a shear zone striking N. 30" E. ~ n d  dipping stwply most 
CULF a fine-grained intrusive mck, which is a phnm of the diorite 
that forms the mountains of this vicinity. A short tunnel? now 
partly c a v d  because of tlie failrrre of old timbers, was driven in a 
fractured zone from 7 t o  8 feet, w11~re veins of quartz with n maxi- 
mum t,hiclmess of & inches mere enmnntnred. 'Ihs quart,z contnine - 
galena and iron sulphides and is higllly colored with the bluc and 
p e n  stains of copper. No work had h e n  done on tliis'pmspect for . 
several years when it wns visited in 1036, hut the ground h d  ~v,centlp 
been mstakcd by otl>er prospector~l who ,were not the origjnal awncra. 
The prospect is near the upper limit of timber ih this 17alIey and is 
easily .yeached from tho trail to  Grllhstake Creek. 

The lowar part of the vnlley of thia west branch of Ahtell C m 1 ~  4 

is filled with gravel deposih dimng11 which the creek has cnt a dmp 
canyonlike 'channoI, removing rt large quantity of gravel and pro- 
-dncing conditions such ns would be ffavnrnble for the reconccntr~tion 



of gold if the original p v e 1  deposits carried any. On the other 
hand, t.he creek bed is Bled with Pare boulders, wllich would cause 
difficulty in placer-mining operations if gold were found end an 
httempt were mad8 to recover iL 

Proapecthg for placer gold in the Slana-Tok district began in 
3898 and led to the  discovery of the gold placerc; of Slate Creek, 
Milbr Gulch, and other str~,ms at the head of Chistochina, River, 
just west of the district, but prospecting within the district wns lem 
suecessfuI, although many of the streams were examined, at least 
superficially. Hornover, a little placer gnld was found at  several 
places in those early gears and at still other places in mare recent 
years. These places include Ahkll Greek, Grubstake Creek, tha 
northern tributary of Flat Creek I w U y  known as Hidden Creek, 
Granite Creek, s, small stream southeast of Mentasta Lake, and prob- 
ably other streams unknown to the writer. Out of this list Grubstake 
Creek is th6 only stream that has produced sufficient gold to en- 
courage continued mining and the only one where mining is now 
carried on. 

GRrnm'ARLE -K 

Grubstake Creek is one of kha streems that were prospected in 
the earlier days without yielding satisfactory returns: It is a small 
eastern tributary of Ahtell Creel;, draining part of the ridge betwwn 
Ahtdl Creek and the valley trnversed hy tho old military trail to 
Eagle, and is reached from the highway by a trail about 5 miles 
long that begins not far from mile (51. 

The strenm 5s barely 2 miles long as mearmred from the crest of 
the ridge to  fitell Creek and is formed by two small branches which 
come together about 1% miles above its mouth. The two brnnches 
occupy high open valleys, but after uniting they flow for half a mile 
through a narrow V-shaped valley between high pointed mountains 
nnd then for an equal distance over a wide alluvial ban that contains 
the loose material brought down from the upper valley by the creek 
and extends from the mouth of the Grubstake Valley to Ahtell 
Creek. 
The counkry rock is dominantly igneous and includes dark fine- 

grained lava flows and coarsely granular diorite intrusires, together 
with dark-gray silicified mks derivgd frum detrital sediments such 
as graywacke or slab. Some of the country rock contained an abun- 
dance of pyrite, which weathers readily and stains the mrf wxs  with 
iron oxicla. Faults and crushed rock are widespread and in places 
are associated with dikw of light-gray diorite. The COW of Grub- 



stake b k  below the forks was probably deternined by n zone of 
faulting that trends N. 72i0 W. through the Mrock. 

The greatest accumulatfon of unconsolidatecl materid took p l m  
near tho forks of the stream, where the valley narrowed and the 
ermk was choked. ma deposits include rounded stream gavel,  
glacial debris, and angular slide rock from the mountain sides. This 
material is poorly sortad and contains less 02 the stream @are1 than 
of the other constituenh, Much of it consists of boulders and other 
m k  fragments that are clearly foreign to the valley and were de- 
rived in part from the mountains of upper Al~hll C-reek, The dc- 
posits Power on the creek are smaller and include a greater propor- 
tion of bddcrs, for the h e r  material was removed by the swift 
cumnt. 

The heavy minerals mlsgnetiteee, ilmenite, nativo copper, silver, nnd 
gold are m v e r e d  from the sluice boxes, and other heavy minerals 
would probably be discovered if the concentmta were examined 
thoroughly. Mapet.ih js abundant and occurs as sand, pebbles, and 
much larger pieces. Boulders of magnetite and of d a r k - p n  rock 
.cut bg veins of magnetite were seen in the cut. Ilmenite is not abun- 
dant, but pieces are masionalIy found when the gold is being cleaned. 
Copper is present in considerable quantity and occurs both in well- 
munded pieces and in flattened pieces. Copper oxidizes so easily, 
hawever, that it is difficult b tell horn much battering the copper 
nuggets received in the movement of the gravel. Silver makes up a 
large pproporl;ion of the tnTo ~ ~ l l r a M e  minerals recovered fmm the 
v e  Both the silver and the gold show little abrasion and bat- 
tering by the pounding m k  fpagmenh and must have came from a 
bedrock source not far distant from whore they are now. Piece of 
gold and of silver of denriritic form and many pieces that look as if 
they had been squeezed out of their originral matrips under p a t  
pressure are found in the clean-ups. Another feature of the placer 
deposits that suggests a local origin for the gold and silver is the 
absence of these metals in the gravel above a well-defined point on 
the creek? which would seem to indicate that the source of the m&Is 
was below that point. 

Grubstake Creek was rediscovered by Charles Swanson and M. G. 
Olson after it had k n  nbandoned by earlier prospectors. These 
men began mining in 8 simple may in 1924 and, mwting with en- 
couraging results, brougl.~t Gus F. Johnson and Lawrence DeWitt 
inta the enterprise to assist them in devdoping the property, which 
now includes a p u p  of lode and pincer claims on Grubstake Creak, 
Aht~11 Creek, and Quartz Creek, the first small stream north of 
Grubstake Creek. A tmil was built to connect Grubstake Creek 
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with the highway, also a cabin for headquarters at the mouth of  the 
creek and another for living quarters on the working ground at the 
forks of the creek. The equipment now includes pipe for sluicing, 
sluice boxes, and a caterpillar tractor, which is used for both 
transportation and power plant. 

The water of the two branches of Grukake  Creek is not sdicient 
for continuous piping. It is therefom impounded behind a dam 
and is released ftutorn~t.ica~ly from time to time as the pond fills, thus 
supplying wahr for &ort periods of sluicing, between which the 
boulders uncovered are rolled out of the cut by hand. In the firat 
season of mining a cut was made on the north branch of the creek 
just almve the forks, without reaching bedrock. It was 16 feet deep-at 
its upper end, and the gold was distributed through the gravel from 
the p a s  roots to the bottom of the cut. During the second year, 
with 700 feet of pipe available for carrying wahr under greater 
head, a cut was made b10w tlm forks, but work in it was stopped in 
late summer by a shortage of wat;erl in mnquenm of which the 
remaining time before the freeze-up wm devoted to proapting &avel 
on the lower part of the creek. Mining was continued in 1936 bit 
was handicapped, as in the previous year, by insufficient water. 

The experience of these three working seasons has sltown that 
water supply presents an important problem far sulution before 
efficient mining can be done. Several solutions or partial solutions 
h a m  been suggested, including a ditch line to divert the upper part 
of Quartz Creek into the Grubstake Valley, a tunnel or ditch to h p  
a small I&e on the divide between Quartz Creek and Qrubstake 
Creek, and a long ditch to bring water from upper Ahtell Creek 
This last-named proposal involws a large expenditure of money and 
can hardly be. undertaken ti11 the ground has been more thoroughly 
prospected. G~ubstake Creek b favorably situated with relation to 
the highway. A bridge- owr Ahtell Creelc and the conversion of 5 
mibs of trail into mad would provide a way for hauling freight by 
motor truck at the time when it is needed and a;t less expense than 
by the present methods. As the cliffrculties of road construction are 
no more than the usual difficuldes of this region, the improvements 
mentioned would not be unduly costly. Timber suitable for most 
mining purposes is available on Ahtell Creek but not on upper Onb- 
stake Creek, for the forks of that stream are several hundred feet 
higher than timber line. 

OTRBR STREAMS 

Gold has been found in gravel deposits on several other streama 
in the Slana-Tok district, but not in large enough quantities to be 
mined profitably. The two short streams th&t flow eastward from 
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t h e  divide at the head of Grubstake Creek into Porcupine Creek 
can7 suficient gold to encoltrnge prospecting. Hidden Creek, which 
flows southward and joins Klnt Creek a quarter of a mile below 
the lake, has goId-baaring gravel in its valley and was prospected 
in the earlier days, as is shown by the remains of old placer-mining 
eqnipment. It was restaked after mining began on Grubstake 
Creek. Granite Creek is a tributary a£ the Slnnu River, with two 
branches, one heading against the nurtl~ branch of Ahtell Creek 
and the other against the west branch of Indian Creck. It carries 
placer gold, in consequence of which prospccixrs have spent sereml 
seasons there in recent years. Placer gold is also reprtrd from one 
of the small streams flowing into the SIana Rives east of Ilcfentasta 
litdian village, where a little work was done in former years but did 
not disclose pay dirt. 
In 1936 prospecting was in pro,- on Ahtcll Creek near the 

lower end of the canyon, 2 miles from Slam I3riclp. Grnv.el deposits 
have been formed in the bends of the canyon and at  its mouth rind' 
are probably composed chiefly of rnat~rial of local origin-that is, 
of the Ahtell Vnlley. They contain gold, but the quantity of prnvol 
~ryithin the canyon is reE~tive1y small, and min iG w o ~ ~ l d  be dimcult 
unlnss adequate provision for controlling the creek were made. It 
has not yet been shown whether the deposits can be worked profit- 
ably. 

8UGOEBTLOm TO PBOBPECTOm 

Eh~~cral suggestions, prompted by the consideration of the descrip- 
tions of *logic conditions that have been giren, may be of interogt 
and value to pmspectors. In the first place, tltc faillire of p s t  p1.o~- 
p t i n a  to prcrdilce the molts desired is not in itself evidence that 
no favomblc mnlts can be obtained. In support of this s t a t ~ m ~ n t ,  
the disco~wy of gold on Alltell Creek after it llnd once been abnn- 
domed may be cited, of the Nnbesna mine, wl~ich was not found till 
more than 25 years had heen spent in the *arch for gold and copper 
in ib vicinity. Most geologists now 1101~1 to the belief that v&s 
carrying golrl, silver, copper, and many other metals are produced 
as a conquencc of or an accompanirnont of the intrusion of igneo~~s 
mcb. hlineralization does not necmsnrily accompany sur l~  intr11- 
sion but often does, and therefore Itn arcn like the Slana-Tok dis- 
trict, where intrusive rnasms of igneous rock nre widespread, merits 
attention. The fact thnt m i n m l i z e d  vtiins haw been found is proof 
that mineralization took plsco in some measurr. 

I n  the search for gold placer deposits it i s  well to remember that, 
when glaciation began in t h j ~  ~ r e a  wenthering and erosion had prob 
ably been attacking and redming the surfme of the land for a much 
greater time than has elapsed since the pcrfwl of maximum glacis- 
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tion. Great quantities of gravel, sand, and finer mataria1 had been 
produced, some of which must have b a n  present as stream and lake 
deposits. As the ice accumulated in the highlands and gradually 
moved down into the Iowlands these deposits worn swept away from 
the mountain valleys and for the most part were carried into the 
great open valleys like tho Copper River Basin and tho Tanana 
Valley or ware moved still ftlrthcr to the sea. In places, however, 
other depasits, somo of large size, mere laid down as tho ice wasted. 
and its boundaries withdrow into the rnountainoua area again. 
Wherever thea younpr gravel deposits contained gold and were 
cut by present streams, conditions were creatnd that were favorable 
for the reconcentration of gold that was too thinly scattered through 
the gravel to be recovered with profit into enriched deposits that may 
be of value. Such reworked gravel d e p i t a  are worthy of exami- 
nation. 
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