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INVESTIGATIONS OF CONSTRUCTION MATERIALS IN ALASKA 

GEOLOGY AND CEMENT RAW MATERIALS OF THE 
WINDY CREEK AREA, ALASKA 

D B T R A C T  

The Windy Creek area, on the south flank of the Alaska Range, la tralthln a 
gemyncllnal belt that contain# claatic and cnlcamus m k s  ranglng !a am from 
pre-Devonian to Late Creiamua T h e  major geologic Rtructum In the area 
nre nrlented parallel to the regional easterly to northeaMerlg tread of the 
Alaska R I I ~ ~ .  Steeply dlpping folded atrata of Biesozolr age accupy the  south- 
ern port of the area and have been downthrown amlnat &vonIan m k n  on 
the norrh hp a nlnjor fnult zone that cm.rses tlre r-etltrr of t h ~  rirm. 

Two Ibmmtnne deposits of Devonian and Devonian( P) age are of adequate 
~ l x e  and rhemlcal quality for cement-manufacturing purposes, They are located 
7 and 11 mlles, rewctlvely, west of the Alaska Railroad. A third Iime8totte 
dqmalt of large nlze but of Inferior quality lies 1 mile west of the rallrond. 
Arglllaceona rockrr, whkh m a r  in both the pre-Dpvonian, Devonian, and Jurnrr- 
nIc(7) nystems, are found in many parts of the area. Chert of Trlarmlc age, 
posslbl~ of eome value ns a high-arlllca component. occurs along the Alanka 
Railroad near Wlndp mtatlon. 

X NTRODUCTXON 

All the portland cement and other limestone products used by 
the construction industry in Alaska at the present time (1958) a m  
imported from the continental United States. Interest has been 
shown in the possibility of local mnn~~facture of these materials, 
pnrticnlarIy since the surge in const~uct~ion that began in the; early 
1940's. 

As the principal popuIation centem and the most highly devel- 
oped transprtntion systenw are in south-rpntral AIaska, the search 
for suitable raw materials for cement prdr~ction has been concen- 
trated in this region, especially in the Alaska Railrorrd belt. Three 
general localities in the railroad be1 t have received consideration 
ns possible sources of cement materials (JVaring, 1947; Ratledge 
and others, 1953; and Moxham and Eckhnrt, 195G), but the Windy 
Creek area, in the northern part of the belt, has been studied in 
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triore rletnil t h n ~  the other potential sites? largely becnns~ of the 
proximity of l imeto~le  to the railroad. 

Tlw pttlqxwe of this report is to describe the prinaipnl geologic 
f ~ n t u l ~ s  of the 'n'incly Clwk area, with pnrticulnr emphnsis on those 
rock t y p ~ s  of pote~ltial value in the mannfa~ctulv of prtland cement. 

The Tl'indp Creek area is on the south flnnk of the A21askn. Rnnge, 
in south-central Alaska (fig. 13). The area lies ncrass the Alaska 
Railrond find is in part within the southeastern limits of Mount 
3ivIfinley Nntional Pnrk. Mount McKinley is nbout 70 miles south- 
west of the centet- of the area descrihd in this report. 

The linlits of the Windy Creek area have h e n  nrbitrnrilg chosen ; 
they I~ IW represented by lilt fia0?2' tlild 63°2913n'' niid long 148" 48' nnd 
149'18' (pl. 11). About 145 square miles nre included in this area. 

PREVXOUS I1WESTIGATXOIPII 

In 1898, ti. H. Rldridge (1900) nnd Robert Bluldrow of the U. S. 
Geolngis1~1 Survey nnacended Susitn~. River nnd its tributary drain- 
up, crossed to Jnck River at the east limit of the Windy Creek 
awn, i111t1 trnvers~d downstrenm along Jack and h'ennnil Rivers to 
Ynnert Fork. Their brief descriptions of the rocks exposed along 
these stl~nrns werp the first rmrded geological observntions 111nde 
in the Windy C m k  nrea. 

The first: systcmntic topgmphic and p l o g i c  survey was made 
in 191 3. 12 pnrty, under the direction of F. R. Moffit (1815), worked 
wedward nlang the south flnllk of the Alnska. litl-npe from the Deltn 
River connt~y to J ~ c k  River. and m ~ p p e d  the geology an a ~ ~ m n -  
nnissnnce scale. 
In 1930 the gwlopic mapping sf the south side of the Alaska 

R ~ n g e  was exte~ltled to the T'C'est Fork of Chulitnn River hy Capps 
(19x2) who col~~pleted reconnaissnnce mveMge of the awn de- 
scrilhed in the pwwnt report. 

The following pear, MTnring (1947) briefly examined and sampled 
four exposures of lilnestone bet.wecn Little Windy Creek and the 
AiQlaskn Rnilrmtd, \vest of Windy stntio~~,  in collnectiorl 1r.it1i nil in- 
vest ignt ion of nonmetall ia minerals in the Alaska Railroad belt. 

The present ~tltdy of t l ~ ~  Windy Creek nren, for the purpose of 
investignting potent in1 cement rnw mnterials, began in 1947. In 
that gentb Cob11 111,t~ppctl in deti~il the limestones between Little 
T,Irindy Creek rtnd t 11e rnilrond. Surface samples were collected from 
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FIGURM 18.-Index 111ap of ~ruutb-c~ntn l  Ala-ka showlug lmttlon of Wlndg Creek area. 

two of the lnrpr, luore ~~ccessible l i~~~estone deposits. R. E. Fellows 
of the GeoIogirnl Survey lilade 11 b r i ~ f  field investigation in 1949 
to integmte roredsilling dntn, funtished by the 1'. S. Bureau of 
Mines, with the geological studies and to w1111ple deposits of argil- 
laceous rnnteriala that crop out nenr the rrr ilroad rind in the lower 
l'lrindy Creek basin. 



Cl~emicnl analyses of the limestone samples and cores made by 
the Geological Survey nnd the Bureau of Mines, respectively, in 
194740 indicated thnt the principal limestone deposits in the area 
east of Little TViildy Creek are not of uniform chemical chnrxcter. 
Although this condition might not preclude tlie use of restricted 
pnrts of the deposits for cement manufacture, it seemed desirable 
to deternzille ~rhether other, more suitable limestone deposits exist 
elsewllere in the Windy Creek area. In July 1950, a brief recon- 
nniwance of the Windy Creek drainttge basin west of Little Windy 
Creek wns under-taken, the principal objectives being to locate and 
sample nlI lir~zsstone bodies of potential commercial size and to sam- 
ple the more nccessible deposits of argillaceous materials. Two 
limestone deposits of adequate tonnage were mapped and sampled 
xncl several deposits of nrgillaceous materials were investigated. 
The present bulletin supersedes EL brief open-file report, describing 
this investigntion (Moxham and otliers, 1951). 

The geoiogical investigations in the Windy Creek area described 
nbove n-ere confined to detailed studies of relatively small portions 
of the eastelm part of the area and reconnaissance surveys of the 
western part. Hence, in 1951, additional fieldwork was undertaken 
to determine more precisely the location and distribution of poten- 
tin1 cement raw materials in the western part of the area, and, in- 
sofnr as time permitted, to attempt t o  integrate the previous de- 
ttliled studies with the area1 geology. The fieldwork in 1951 was 
carried out between May 28 and July 10 by R. M. Moxhnm and 
R. A. Eckllai-t, geologists, and IV. A. Bmkke and R. A. Wilkens, 
field ~ssistants. In the brief time avnilable for this work it was 
possible only to map the major geologic units in reconnaissance fnsh- 
ion, and in 111nnp 1ocnIities it was necessary to supplement direct 
field observntjons by photogeologic methods. 
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GEOGRAPHY 

The VTind;y I'reelr area includes parts of two physiographic divi- 
sions, the Alxskn Rnilge and the Broad Pass depression ( l i lhs l~af -  
tig, 1958). West of long 1 4 9 O 1 0 '  W. the crest of the Alaska Range 



lies just south of the north boundary of the Windy Creek area. 
East of long 140"lO' JV., it lies 1 to 3 miles north of the north bound- 
ary of the Tl'inrly Creek zren. Despite the fnct that Mount McKin- 
ley, 70 miles t o  the southwest. rises to 20.300 feet in altitude, the 
crest of the dlnska Rmge in the vicinity of the Windy C m k  area 
is generally between 5.000 nncl 6,500 feet in altitude. The south 
flru~k nf tlls ,2luska Range is nn interlocked mass of rugged peaks, 
s l ~ ~ r p  ridges, nnd U-shaped canyons. The peaks rise to altitudes of 
5,000 to 6,000 feet, R I I ~  the canyon floors range, in altitude from 
2,500 ta 4,000 feet. Local relief is between 2,WO and 3,500 feet. 
The canyons were occupied by glaciers during the Pleistocene epoch; 
hence most of them are U-shaped, with flxt floors and steep sides, 
and head in cirques. Locally the floors of the canyons are trenched 
by narmm steep-walled gorges. 

The southenstern part of the mapped area is in the Rroad Pass 
depression, nn xrcnnte lowlnnd 4 to 8 miles wide that Iies dong the 
south side of the cerltrnl part of the Alaska Range. In thc Windy 
C w ~ k  area this lowIand has fin average nltitude of about 2,200 
feet. A belt of valleys nlid low passes extends across the south flank 
of the Alask11 Range in x S. 75' tlf. direction fmrn the north side 
of the Broad Pass depression near Windy Creek. The line of val- 
leys and passes is eroded along the trace of a great fault (pl. 11). 
It affords easy accem to the more remote lin~estone deposits of the 
area. 

The entire Windy Creek aren is drained by the Nenana River 
nnd its tributaries. The Nenana River flows northward to a can- 
yon through which it crosses the Alaska R n n p  to flow into the 
Tnnann River. At the point where it euters the canyon it is joined 
from the southwest by the ,Jack River, which flows northward and 
northeastward through the southeastern and enstern part of the 
Ilriody Creek ~ c e n .  The two main tributaries of the Jack River 
nm FTjndy Creek and Cantwell Creek. Cnntwell Creek drains the 
so~~thern pnrt of the TITindly Creek area, including much of the floor 
of the Brottd Pass depsession, and n nnrrow strip along the west 
margin west of Foggy Pass. Windy Creek and  its tributaries drain 
the largest pnrt of the area, inch~ding the limestone deposits. 

Windy Creek heads nt the crest of the Alaska Range and courses 
southenstwnrd through n U-shaped trough to its junction with its 
west fork (hereafter referred to simply as the MTest Fork) in the 
central ptwt of the lntlpperi alrea. The West Fork rises in the ex- 
treme northwestern part of the Windy C m k  uretx in a glacial basin 
at the crest of tbe Ibnnge and flows in a southerly and ensterly di- 
rection through $1 glacier-scoured vnlley to its mouth. Beyond its 
junction with the West Fork, Windy Creek flows, in an easterly 

504884 0--58-2 
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di~wtiaa across pnrt of the Broad Pass depression to enter the 
.Jack River. 

hinmerous boulders and a generally steep p d i e n t  prevent the 
use of boats of any kind on Windy Creek and the West Fork. Dur- 
ing periods of high water in the spring and immediately after rain- 
&orms in the sumnler months, Windy Creek below its junction with 
the West Fork mny be difficult to ford on foot. Crossing during 
most of the rest of the summer, however, can be made without 
trouble. 

CLlXATE 

No weather recorda are kept at any locality in the Windy Creek 
area, but the data collected by the Civil Aeronautics Administra- 
tion (U.S. Weather Bureau, 1955) at Sammit, a short distance south 
of the area, give some indication of the climatic conditions that 
prevail in this region. The average annual temperature at Summit 
is 2B°F with the average for the period June through August b- 
ing 50°F and for the period December through February 5" F. 
Total precipitation is about 22 inches; an annual average of 113 
inches of snowfall was recorded during the period 1950-54. Freez- 
ing temperatures may ordinarily he expected as late as May and 
as early as August, with the first ice occurring usually in October 
nnd the breakup in May. 

The average ensonrtl temperatures in the Windy Creek area, as 
elmwhere in centrnl Alaska, range widely, from the fifties in sum- 
rner to the minus tens ( O F )  in winter, The Alaska Range forms 
n barrier across the path of the northward flow of Pacific air up 
the Susitna-Chulitnn lowland, and as the moisture-laden air is 
driven upward, the seaward flank of the range receives an abnormal 
nnlount of precipitation. The dissimilar p w t h  of glaciers on 
opposite flanks of: the range reflect the difference in precipitation; 
those to thc .south of the crest are larger in size and number. How- 
ever, the  port nren and its immediate environs are somewhat 
anomalolls in that the development of glaciers is relatively poor, 
perhaps owing to the lower average altitude of the crest of the 
mnge in this vicinity or ta some other local topographic condition 
that controls the airtlow and precipitation. 

VEGETATION 

Timbrline ill the Windy Creek area i s  about 2,800 feet in alti- 
tude, so that the growth of timber, mainly spruce and cottonwood, 
is restricted largely to the lowlands in the southeastern part, of the 
nrex and to narrow strips along Windy Creek and its principal 
tributaries. The junction of MTindy Creek and the West Fork 



rnnrks in general the westwad extent of timber growth. Beyond 
this pint ,  and locally above the 2,800-foot altitude, there is soma 
scrubby growth, mainly cottonwood, willow, and alder. Mast of 
the stream valleys below timberline are heavily overgrown with 
brush and shrubs, mostly willow and alder. 

The eastern part of the area is accessible by mil and air, Cant- 
well, in the southeastern part of the area, is 205 miles by rail from 
Anchorage and 151 miles from Fairbanks. A small aimtrip at 
Cantwell will accommodate single-engine planes. Flagstop airline 
connection with Anchorage and Fairhnks is available at Summit, 
7 miles by road south of Cantwell. 

The enstern pnrt of the Windy C m k  arsa is accessible by road 
from Anchorage and Fairbanks. Two tractor trails give access to 
the valley of Windy Creek from Cantwell. One extends to the 
mouth of Windy Creek; the other runs westward to a National 
Park Service shelter cabin on Windy Creek, about 5 miles above its 
mouth. The valleys of Windy Creek and the West Fork offer no 
serious obstacle to tractor travel beyond tha trail's end until the 
headwater gorges are reached. 

GENERAL OEOLOOY 

The area of this report is in the axial ragion of the Alash 
Range posyncline, a rnrtjor arcuate tectonic element in a belt of 
subsidence that probably has been operative since early Paleozoic 
time. Sedimentary rocks in the area, predominnntly clastic beds 
deposited in a marine environment, range in age from pre-Devonian 
to L R ~ C  C ~ B ~ ~ . C M U S  and are intruded by and interbedded with ande- 
aitic volcanic rocks of pprobable Triassic age. Granit.ic batholithic 
intrusives, sills, and dikes, emplaced during the Pa'l~wene( t ) orog- 
en?, cut the sedimentary and volcanic units in the western part a£ 
the Windy Creek area. 

The oldest part of the p l o g i c  succession in the area mapped 
consists of pre-hvonian rocks that clop out on the south flank of 
the first ridge southwed of the junction of Windy Creek and the 
Ilreat Fork. Red, green. ~ n d  buff aqgillite and shale are the; pre- 
dorninnnt rork types and are quite dissimilar in appearance to any 
other strntn observed in the report area. 

On the muth the pre-Devonian rocks abut the great fault zone 
that tmnwts the entim Windy Creek area, and are upthrown 



aptinst Jnrnssic ( ?)  stmtri. The bri~htly colored pre-Devonian 
stmtn dip steeply sor~thwad, nppnmntly constitnting the south 
limb of an overturned fold, ns  they give way in n northerly d i m -  
tion to mck~ of Devonian age. Eviclence from which t.o determine 
the stnlctrlrnl relationship adjncent to  the great fault zone is con- 
renled in the report nrea by ~11lnvium and by glacial and glacio- 
fl uvinl deposits. Capps (1932) made ~bservat~io~is in the Chuliltna 
River rrrea to the west that led him to conclude that the narrow 
belt af rocks that include the highly colored argi1Iite and shale 
iilr~lledintely ndjncent to the fault zone definitely underlie the De- 
voninn rocks. Capps mapped an outcrop of the pre-Devonian rocks 
:tlong the north side of Foggy Pam in the Tl'indy C m k  amn, but 
the present writers have shown only Devonim strata here, owing 
to the presence of conglomerate that appears to be closely akin to 
t l i ~  conrse clastic ~ d i r n ~ n t s  found in the belt of Devonian east of 
Fopm Pass. The thickness of the pre-Devonian rocks in the mapped 
nren is nbol~t 1,5W feet. 

Clowly folded m c t a m o r p h d  marine strata of Devonian age crop 
out. in a pnerally ~mtn-ad-trending h l t  acm the central part of 
the l?Jin& Creek nrea. The m k s  consist mainly of argillite, lime- 
stone, conglnmer~te, p y w a c k e ,  sl~te, penstone, and quartzite. The 
strnta are charncteri7. by abrupt lateral and stratigraphic discon- 
tinr~it.iea, so that in most Imalities individual h d s  are neither very 
thick nor latenally persistent. In the western part of the area the 
rocks are made up chiefly of conglomerate interhedded with argillite, 
p y w t b ~ k e ,  and a little limestone. C:onglomer~te~ beds that. range 
from B to 60 f e t  in thickness are found tl~roughout the section. 
Bl& of them are dark colored and are composed chiefly of black 
chert, argillite, md quartz particles, ranging in size from cottfse p i t  
to p b b l e s  serer111 inches in diameter, in a siliceous matrix. Toward 
the east the clnstic sediments tend to become finer in texture, lime- 
stone becomes more abundant, nnd some greenst,ons, tuff, and quartz- 
ite are found. 

Most of the limestone beds are relatively thin and discontinuous. 
In a few areas they are RS much RS 500 feet thick, but the average 
thickness is probably nearer 50 feet. The limestones am generally 
pray or, locally, buff on weathered surfaces and black or dark gray 
where h s h .  The rock is mainly very dense and h e  grained in 
f axture, a1 t hot~gh Iocally it is coerser p i n e d  where mryst nl lized. 
The caIcareous st rat^ have been thoroughly shattered by intense 
dynamic metamorphic action, and the rock is reticrilnted h)* cnlcit~-  
filled fractures. ,4t, most places the original bedding of the l i m e  
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stone is obscured by m d a q  structural featurn to mch an extent 
that the m k s  are massive. 

Arffillite is common in the eastern part of tha area. The beds a m  
brown to black ~ n d  am generally thin. In many parts of the area 
the asfillit8 has hen crumpled, sheared, and intricately faulted both 
aa a m u l t  of regional metamorphic action and, locally, as a m I t  
of stresses along the faults that bound the unit on the north and 
south. 

Foaslle am w&me in the= stmta, except for a few poorIy preserved 
spcirnens in the limatone beds at seveml localities. Most of the 
foai ls  am sufficiently silicified to become etched in refief on weath- 
ered surfam ; very little of the freshly broken mck shows any trace 
of organic remaina, Collections were made F L ~  two locations, shown 
on %re 2. The f a i l s  consist larpIy of mmb but a h  include 
stromatopomids and Erryoma. The collections contain the follow- 
ing forms : 

The fossil identifications were m d e  by Jean 116. hrdan,  of the 
U. S. Geological Survey, who reports as fallows: 

Lot 47-ACb-76 differs from the other mllectIons in contalnln~ the horn coral 
Tqmlasplta, which la most abundant in the Silurian but haa been reported from 
the Middle D~mnlan  nf Germany (Etheridge, R., Gml. Survey of New South 
WaIeq Mem. 13, p. 44, 1W). This collection also cnntalns a block with differ- 
ent IlthoIogy from that mntalnlng the horn rorals it1 which there are rodlike 
ohjerta which appear to be AmpRipwa, a form of: atromatoporold occurring in 
t h ~  MldrIle and pnssibly also in the Upper Devonian. The * * collection * * 
waa made from talne so that more than one horizon may be mpmnted. Lots 
!XL4Mx-101 through 105 contain horn mrals which a m  wIth the 8ubCamIly 
Pmudamplexinae demibed by Stumm (Ceol. Soc. America Mem. 40, p 47-48, 
19491 In possessing subcyllndrtcnl corallites wIth radially arranged septa, no 
fornula, and a septa1 dilation which suppressm the dl~epirnents lo the periph- 
eral zone. However, this subfami1;a is  dmerihed as cuntalnlng simple coralar 
only, Rnd Rome of those in t h ~  rnnterial at hand appear to k weak farlrulnt~. 
These rorals are mwciated with the tabulate coral Gladopom and with lamel- 
lap and encrusting stmrnatoporolds. Two colIections contains a tabulate coral 
referable to C m i f e a  and one an unidentlfled bryozoan. All thme formn range 
from SllurEan thromgh the Middle Devonian hut * * ~Imi lar  tmateriz~l (fnlrl~ 

this area) has heea identifid ns BItddle b o n l a n ,  and thia ia probably the 
'best a@ assignment poaaible at prewnt. 

Fwi l  

Tryplasm ~p., Amphipora sp. 
Clmdopora sp., pudarnpIexojd coral, stromntoporoids. 
pseudarnp1,lpxoid coral. 
Coenit~sP sp., rrnidentified horn coral. 
Chdopora sp., stronia%oporoids. 
Coenitcs up., unident.ified bryozoan. 

Locality 

1 

2 

Collection 

47-ACb-76 
W A  Mx-I01 
5CkA Mx-102 
5CLAMx-I 03 
50-AMx-104 
50-A Mx-105 



The strnctnre of the rorlrs of I > ~ ~ - o n l n n  t t p  i s  v e ~  complex. Ths 
strata nre intricntcl! folded nncl fnultc.tl, hilt in g e n ~ r n l  the strike 
is l~ortllensterlp t lnd  sl pep soi~t  l t ~ r l y  clips p~~dominnt  e. 

The snntl~ern a s  t P I I ~  of t l ~ p  I kvoninn s tmtn,  extapt where t.hey 
are tu~tlrrlniii hy tlw l ) ~ ~ - l ) r r o l ~ i i ~ l ~ ,  is l i m i t 4  by :I nti\jol- fru~lt zone 
that is perhaps the oatstanrling strurtwral fe%t~i re  of the Windy 
Crsek nren. This zniw rants across the nrex in :I ~ ~ ~ r t \ e ~ s t ~ , ~ l y  clirea- 
lion, ioTlowing a r~~~~as l ;nb ly  stmight trrnd. The trace of the fault 
i s  ~narked hg spr inp,  I)ojis finti, lorrllly, low r-scrps ( fip. 14 ~ n d  15). 
V i a  Eanlt probn1)Iy este71tIs far 1)~yontI the;  limits of ~ I I P  report wen, 
both to the east mlcl to the sout l~~\~es t .  

TIIP existence of t l ~ e  fnulf znrle in this area 5 1 - - ~ s  first notsrl 114. 
Jiofit (1P15) 1rh.r~ ~ n n p ~ ~ e d  it small part of it rlexr Kennna River. 
G'apps (19.18) npl)firentl,v r v : ~  t hc Jimt to recognize thfit the zone 
probably axtendctl Irom l t i~dt .r .so~~ Pnss, 40 miles west of Cnntwell, 
to Krnana G l w i ~ r ,  35 milt's exst c>f C'rtnt~l;~lI. Ilc also pointerl nnt; 
topogrxphic. fp:\tllrpq tIl:~t ~ng-wSt iis continuation Iwgoncl these 
1 Geologic 1n:lppinp in the ~ n s t  ~ r n  pnrt of I he hF:~ski~, Rr tnp 
(Ikloffit, 1919; 1954) inclicnt~s that the fttnlt zonp may cxtend many 
mites iarrther to ~ I E P  so~~theast. 

In the Xril~cly f wek nm,:k the ft111It mue prob&hly i s  vertical or 
dips steeply to the north, rlroppii~fi ,Tu;r%ssic-( '?) and Upper Creta- 
cenl is  rocks on I he south ~~~~~~~nthrown) ~ i d a  illto contnrt with 
Devoni~n strata on the north (uptlirown) sidp- 



FIOURE 15.-Aerlol \,lew OP northenstern pnrt of \Vlilc)y Crrt:k nre:l. J.ln~c~htone dcposlt 1 1s lnented nt 9. The trace of the m j b r  fuolc 
zorlr ~ P ~ \ \ * C P I I  D L V I I ~ ~ ~ I I  n l ~ d  Mex07rolc rnrks I* cli~wr~kible b r l w c r n  11nnintr C and U. 
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The most impressive lithologic unit of the Devonian(?) stmta 
ie a massive limestone that crops out in an eastward-tmnding belt 
across the headwaters of the TVwk Fork. It is quite persistent 
Interally along the strike, extending for at least 20 miles west of 
the West Fork and two miles eastward. The lirnestone is blue gray 
to black, is locally banded, and weathers to a light v y .  Most of 
it. is very dense and has a fine-grained tsxtuw. In some localitim 
the rock is quito hard and b m k s  with a conchoidal fracture. Cal- 
cite reticulation is  abundant. 

Although wide aariations o m r  in the attitude of individual beds 
the limestone body ae a who19 probably stands marly vertical. The 
limestnne attains a maximum thickness of abut  2,600 feet in the 
valley of the West Fork; its outcrop thins markedly to the east 
and somewhat le&s so to the wed. 

North of the massive limestone and overlying it are interhadded 
limestone, nrgillite, and shale, which dip steeply to the north. Simi- 
lar rocks, closely folded and faulted but generally dipping &ply 
to gmtly muthward, lie aouth of the massive limestone; they prob- 
aMy belong to the same stratipphic q u e n c e  as those north of the 
massive linreston~. If this interpretation is correct, the major struc- 
turn1 fmture of the Devonian(?) strata in the headwaters of the 
West Fork is  an eastwrard-trending tmticline, although other corn- 
plex folds are superimposed upon the major structure. The axis of 
the structure follows the outcrop of the massive limestone m that 
this geologic unit may repreant both limbs of a closely compmwd 
fold. 

Only a rough estimate of the thickness of the Devonian( % ) rocks 
can be made, but it appears that ns much as 8,000 feet may be 
present in the western part of the Windy G m k  area. The massive 
1Imestane is probably about 1300 feet thick stratigraphimlly. 

East of Little Windy Creek, rocks of Triassic age overlie the 
Devonian. Here the lower part. of the Triassic section consisih of 
1,000 to 2,060 feet of argiHite, limestone, conglomerste, chert, green- 
stone, and slate which strike in a northensterly to easterly direction 
and dip steeply both to the north and to the south. T h e  lithology 
of the lower part of the section is quite similar to tha underlyjng 
I ~ O C ~ A  of Devonian age, so that the position of the boundary be- 
tween the systems is open taqueetion. The location of the boundary 
shown in plate 11 is based on the evidence of fossil collections 
47-ACb76 and 47-ACb-78 (p. 80) and the predominance of gmn-  
stone in the younger system. The stratigraphic and structural re- 
lationships of the Triassic rocks with the underlying rocks of 
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Devonian age are not clear, but the boundary is probably an un- 
conformity. 

No Triassic rocks had previously been mtcpped in this part of 
the Alaska Range, but they had been seen in adjamnt areas. Wear 
the crest of the range north and west of the Windy C& area 
Capps recognized greenstone, slate, and chert between known De- 
vonian rocks and overlying Cretaceous rmks, but in the absence of 
any evidence to the contrary he included them with underlying 
strata of Devonian age. Limestone of Triassic age interbedded with 
greenstone and other volcanic rocks has been found elmwhere on 
the south flank of the range. On the West Fork of Chulitna River, 
about, 20 mil- southwest of the Windy Creek area, Ross (1933, p. 
298) mapped limestone and argillits of Triassic age which overlie 
rocks of Permian age, and in the Valdea Creek area, about 40 miles 
to the east, Moffit (1915, p. 33) found limestone of Triassic age 
interbedded with penstone. 

Greenstone, chert, and phyllite lie unconfomabfy beneath the 
Cantwell formation in the headwater of Yaneft Fork, northeast of 
the Windy Creek ama. Apparently these rocks are similar in 
lithology to those that underlie the Cantwell formation wed of 
Nenana River; they are probably Triassic in age (Wahrhaftig, 
1958, pl. 4). 
In 194'1 E. H. Cobb made two collections of fossils from a lime- 

stone bed near the west end of the ridge between B3n  and Windy 
Creeks. The identifications given hlow are by Ralph W, Imlsy : 

The foregoing description of Triassic m k s  outside of the Windy 
Creek area indicates that p n s t o n e  and other volcanic rocks are 
common constituents of the Triassic strata. In the area of this 
report, the narrow belt of ppredominant1y sedimentary rocks of Tri- 
assic age is overlain on the north by a thick sequence of andesitic 
nnd basaltic greenstone sills and extrusive rocks that occupy the 
northeastern part of the mapped area and have been designated as 
Triassic(?) in age. In general they dip to the north at a moderate 
angle, perhaps averaging 20°-300. 

tocallty 

3 

ColIsction 

47-ACh-78 

47-ACb79 

Remarks 

Containa the pelecypode Megddue(?) spd a Mysidio 
which are charaderiatic of the Upper Tr~aamc. 

Containe a belemnih tha t  is definitely Mesozoic but not 
weH enough prewrved t o  identity generically. 
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Altered greenstone extrusive masses interbedded with tuffs crop 
out in the area west of Cantwell. Their stratigraphic relationship 
to the Jurassic rocks on the north has not been established, laa the 
bedding of both units appears to be nearly vertical in the wntact 
amas. In the extreme southeastern part of the greenstone outcrop 
area, some of the flows when viewed from a distance appear to dip 
gently to the muth and to strike northeastward. They are tmta- 
tively correlated with the Triassic(?) greenstons that crops out in 
the northeastern part of the a m .  

A belt of steeply dipping metamorphosed sedimentary strata, ten- 
tatively assigned a Jurassic(?) age, crops out htween the major 
fault zone that trends northeastward across the centrd part of the 
area and the intrusive and volcanic rocks which border the Windy 
Creek area on the south. In the western part of the area the pre- 
dominant constituents are argillite and slate, with some conglomer- 
ate, which are cut by felsic dikes and sills, although the igneous 
rocks tlre not abundant. The slate and argilIite are mostly black; 
the mnglomerate is dark brown to black; it is composed chiefly of 
black chert, dark argillite, and white quartz pebbles mt in a dark 
brown matrix. In the eastern part of the Jurassic(P) belt, the 
elastic sediments become much m m r  with graywacke predomi- 
nating. 

In most of the Windy Creek area the rocks of Jurassic(?) age 
are cut off on the north by the major fa& zone, but in the extreme 
western part they are overlain by the Upper Cretaceous Cantwell 
formation. The complexity of the structure in this ama obscures 
the stratigraphic mlationship of the & of Jurassic(?) age with 
the Cantwell rocks, but there may be an angular unconformity be- 
tween the Cantwell formation and the underlying strata, ss found 
on the north side of the Alaska Range (Capps, 1932, p. 269). 
In general the Jurassic ( ?) mcks strike slightly north of east and 

are closely folded, with steep dips to the north and muth. 
The total thickness of the Jurassic(?) system on tha south tide 

of the oentral part of the Alaska Range has been estimated to be 
as much ns 5,000 feet (Cspps, 1940, p. I l l ) ,  but in all probability 
only the upper 4,000 feet is present in the Windy C m k  area. 

No fossils have been found in the Jurassic(!) rocks in the Wmdy 
Cwek area, and in the abwnce of other conclusive evidence the age 
assignment remains the same as that determined by Capps (1940, 
p. I l l )  ; he based the age of these rocks on a relatively long range 
correlation with the argilIib af known Jurassic age found near the 
West Fork of the ChnIitna River. 
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CRETACEOUS SYSTEIYI[ 

CAmWELfr FORMATIOH 

Thp Ct~ntwell formatmion, a nonmarine sequentle of Late Cmta- 
reous nge, h n ~  n relntively wide distribution on the south side of 
the Alnslra Rnnp in the region southwest of the area of this report. 
The h l t  that it O C C I I P ~ ~ S ,  however, narrows to the northeast so that 
only a smnll p ~ r t  of the lower Cantwell section, in the western 
TVindy Creek area, represents the easternmost extent of the f m a -  
tion south of the major fault zone. The Cantwell formation in the 
ITjndg Creek nren consists primarily of dark-colored coarse massive 
conplomernte nnd nrgillite, which are locally cut by sills and dikes 
o~rying widalp in chemical composition. The conglomerate is corn- 
pmd chiefly of pebbles nnd cobbles of limestone, argillite, slate, 
111td chert, that range in size to as much as 6 inches in diameter. 
The genernl trend sf the beds of the Cantwell formation is N. 
ti0°-800 E., nnd their attitude is nearly vertical. 
On the north the rocks of the Cantwell formation are cut off by 

the mnjar fnvlt zone, and to the south they are underlain by black 
nrgillite of Jum~;sic(?) age. The total t h i c h ~  of the Cantwell 
fo~mrttian in the Windy Creek area probably does not exceed 1,500 
feet. 
No fossils were found in the rocks of the Csntwell formation in 

this awa. Ten miles east of the mouth of Jack River, Moffit (191 5,  
11. 48) collected fossil plants of E r n e  age from shale and sand- 
stone interbedded with conglomerate, which he considered to be 
pnrt, of the Cantwell formation. However, it is recognized that the 
Cnntwell formation on the north side of the mnge is definitely 
older than coal-bearjng sediments in that area that also are of 
Eomne ape. In 1936, Capps collected fossil plants from m k s  of 
the Cantwell formation on the north side of the range which were 
cletemnined to be of Cretaceous age. Although the few fossil cal- 
lertiona thnt have been made from the Cantwell formation present 
conflicting evidence, an age assignment of Late Cretweous appears 
to be the most acceptable at t,he preaent time. 

A detailad dewription of the Quaternary geology of the central 
pnrt of the Alnskn range is given by Wahrhaftig (1958). 
The Pleistocene epoch marked the inception of widespread and 

intense plnciation of the Alaska Range, culminating in the accumu- 
tnfian of such nn extent of glacial ice that only the higher peaks 
of the mge protruded. The gradual wane from the last advance 
Ilns continued into Recent time, although the remaining glaciers in 
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the Windy Creek area am small in cornprison to the impressive ice 
flows that, occupy the valleys draining the rrrrage farther west. 

The  glacier^ not only modified the preglacirtl landforms; they also 
Inid down deposits of plnrinl and glaciofluvial material in the low- 
land of the lower 7l'indy Chek drainage basin. At their western 
limit the deposits nre pmbablp only a few feet thick, E~stward 
the ghcial deposits thicken markedly, attaining th thickness of about 
60 fmt in the MTindp Creek Valley 3 miles downstream from 
the mouth of the West Fork. The full thickness of the glacial 
deposits, resting on Jurassic/ ?) bedmk, is well expos4 at  thia 
Ilmslity. 

In the extreme eastern part of the mapped area, about 1 mile 
west of the Alaska Railroad, travertine is being deposited by spring 
writer emanating frotri the fault zone that limits the Devonian rocks 
on the south. 

IGmoul mcgs 
The Triassic( R )  green~t~0n.e has been described in the previous 

discussion of the bedded rocks {p. 84)). 
In the northwestern p ~ r t  of the area the &vmian(s) stmta 

have bee11 intruded by an igneous complex mging in composition 
from medium-gr~ined diarite Ze fin nphitic gxbbm, with the mom 
mafic compositions predominst inp. 'I?w con tact with the Devon- 
inn( 9 )  rocks in most pl~ces  is inclined steeply to the north. In the 
peripheral awns the intrudd beds are cut by dikes rand sills, mostly 
fefsic, and the host rock is locally silicified. 

In a11 pmb~biljty more than olte p r i d  of intrusion was involved, 
hut the principal igneous activity of batholithic magnitude prob- 
ably took place in post-Cantwell, that is, Late Cretaceous or f de* 
cene time. This eonelnsion is baaed upon observations made in the 
region north of the Windy Creek area, where tho igneous mRss cuts 
the Cantwell formation of Cmtnceaua nge but is overlain by coal- 
bnring strata of Eocene age. Farther west, however, large masses 
of gmnitic rock are overlain by rocks of the Cantwell formation, 
indicating that major intrusive activity took place in the Alaska 
Rnnge posyncline both before and ~ f t e r  the deposition of the 
Cantwell formation. 
Xn the southwestern part of the area the Jurassic(!) argillites 

and slates have been intruded by a light-gmp coarse-grained quartz 
diorite. The m k  has a porphyritic texture in most p lws,  with 
euhedral nrthoclase crystals as much ss 1% inches in length. The 
contact with the host m k  dips rnodertrtelp to deeply sonthward, 
npproxim~tely parallel to the Awal attitude of the encIming strata. 
This intrusion is correlated with the post-Citntwell ipeous rocks 
in the northwestern part of the a m .  



CEMENT RAW MATERIALS 

X n  order to e v n l l ~ ~ t e  the rninemt resources of the Windy Creek 
area in r ~ l a t i o ~ ~  to flip problem of a cement suppl~, it. will he nec- 
essary not only to emmine the. structure. lithology, size, and acces- 
sibility of the, indivicinnl deposits of potential raw materials, but 
also to take into consideration their chemical composition. The 
cement industry todnp must rnrrnufacture a product that will mmt 
exacting chemicnl and physical stnndtlds, SQ that detailed h o w l -  
edge of the chemical composition of the raw materids i s  a funda- 
mental requirement. Deleterious substances in any potential corn- 
pnent mny well eliminnte it f mm further consideration, even though 
RII other pealopic f actom pertaining to its exploitation am favomble. 

T h e  cl~emicnl restrictiana t h ~ t  npply t o  the various cement raw 
mxterinls nre governed to R certni~~ extent by the type of cement to 
he produced. The chsmic~l  requirements formulated by the Amer- 
ican Society for Testing Mnterinls (1950, p. 1 4 )  for portland 
cement type IT (which is employed for general construction pur- 
poses) are given in tnble l .  Tt is possibl~ to control cement corn- 
position in part, and within certnin limits, through adjtwtment of- 
the, ratio of the rnw components. ndjllstrnent of the burning time 
or temperature, or both, and the use of s~~pplemental iron and silica 
components. However, mngnesjn and the: alkalies, which have un- 
desirable chemical chamaterjstics, may require flotation or other 
special treatment to bring them within ncceptabl~ limits and there- 
fore are usnalllg r e p d e d  RS u n d ~ s i r ~ b l e  substances as frcr as the 
mw materials are concerned. 
A s  earh component of the raw mix, including the fuel combustion 

residue, contributes to the campi t ion  of the end product, it would 
not be possible to nrrive a t  nn upper limit of magnesia or alkali 
content far nnp particulnr raw conlponent that would be applica- 
Me in all instances. However, with mw components of the general 
clrernica1 eornpos.ition of thow forind in the Windy C m k  area, an 
upper limit of mapcsin content of 8 percent probably would be 
applicable to the limestone, which would ordinarily be the major 
conlrib~~tor of this compound. The ~lknliea can be dealt with only 
in very genernl qualitative terms, innsmuch as they wo~lld volatiliw 
to nn unknorvn extent under actual kiln operation. The maximum 
permissible amount in the cement, according to Federal specifics- 
tions {table 31, is 0.6 percent (total NrtzO plus 0.658 KpO) ; this 
ligutm mnp be used ns n guide in the evnlu~tion of the i n ~ d i e n l t s .  

LXXEf3TOTTe 

Limestone occurs at seveml localit,ies in the belt of Devonian, 
Devonian(?), and Triassic rocks that; c r m  the Windy Creek area 
in nn eastward direction. Deposits of commercinl size have been 



found in t h m  genersl areas : (I) btwm the valley of Little Windy 
Creek and the A h s h  Rdmad, (2) on the ridge muthw& of the 
junction of the West Fork with Windy Creek* and (3) in the head- 
water area of the West Fmk. These thrm principal Iim-ne de- 
p i b  in the Windy Creek area ars dmignated as deposits 1,2, and 3. 
Their lmtiona are shown on plate 11. 

IEqm&atImamthDaolMe- ~ W M ~ M s t s r l a l e .  Fsdersl npsd-tk~ me the=m 
WIW; that when the ~ ~ ' * J o w a I * r l l  osment," the nlkull content (NmO+D.W KqOE ah8W 
n0E e x m d  0.8 m t .  All vuka are rn- w*b the expeptbn of 8101 whkh 1s miaimurn] 

The a m  between Little Windy Creek nnd the railroad, by m- 
son of its relative accessibility, received considerable attention dur- 
ing the previous investigations of the Windy Creak area, The lime- 
stone outcrops were mapped in detail by Cobb in 1947, His studim 
w0re devoted primarily to the most extensive deposit in this area, 
designated as deposit 1. 

G m d  de~CTiph-Deposit 1, a lime~tone in the Devonian rocks, 
i s  on the south side of the ridge between Windy and Bain C m k s  
1 I The easternmost. exposure of the deposit is elightly less 
than 1 mile west of t h ~  nearest point on the Alkqka Railroad. The 
deposit crops out between altitudes of 2,620 and 3,190 feet, the lower 
altitude being about 500 feet above the level of the nearest point an 
the railroad. Five claims, covering the greater part of deposit 1, 
were stakd in October 1948 and were acquired by the following 
year by the Forthern Empire hvelopment Co. No privnte devel- 
opment work is  known to have been undertaken. 

The limestone of deposit 1 is typically quite dense and has a fine- 
grnined texture. It is dark g a y  t~ black where fmh and weathers 
to  lighter shad- of gray and buff, The strata have h e n  thoroughly 
shattered by intense mechanical metamorphic action, and the rock is 
reticulated with calcite-Elled fractures. Whem bedding is di~cerni- 
ble the strata strike a b u t  3. TO0 E. and dip 60'-90' SE., although 
many h a 1  variations are fomd. 

E x p m m  of deposit 1 are fomd intermittently over a lateral 
{&-west) distance of about 3$00 feet. Drill holm penetrating the 
deposjt indicate that it has a maximum thickness of about 600 feet 
near the midpoint between its east and west limits. 

S iOn- - - - - - - - - - - - - - - - - - - - - - - - - -  21.0 
AlpO1---- - ---- ------- - -------- - 6.0 
FeoO, ---,,-------------------- 6 , O  
MgO--- - - - - - - - - - - - - - - - - - - - + - -  5.0 
SOl _-,.-,,------------------- 2.0 

Ignition loaa-- - - - . , . . , , - , - - - - - ,  3.0 
I n ~ ~ I u b l e  residue, -, --- - - - - -. -- - . 5 
Trialllcium silicate --.,,.,,-,---, M). 0 
Dicalcium sil~cate.. - - - - - - -  - - - -  ---. - 
T~tracalcinm aluminate .-,-----. 1 0 



The southmard extent of the limestone is concealed by talus, gla- 
cinl deposits, and vegetation, but presumably the strata are &mi- 
mated on the south near the major zone of faulting which brings 
the rocks of Devonian age into contact with those of Jurassic( '1) 
a p .  On the north the limestone is underlain by greenish to  black 
cnlcnmus schist. 

~ ! p l i n g . - F i f  teen samples wem taken across exposures of de- 
posit 1 along lines normal to the strike. Each sample consisted of 
fresh chips collected at 8-inch intervals. Lmations of the samples 
are shown on plate 11, rtnd results of the chemical analyses of the 
snmples are given in table 2. 

C'm &illling.-Core drilling and chemical ttnalyses to  determine 
the subsurface continuity, extent, and composition of deposit 1 were 
undertaken by the U. S. Ruxeau of Mines in 1948-50. Eleven holes, 
totsling 3.048 feet, were drilled. The location of the holes is shown 
on plate 11. The diamond-drill cores were analyzed in great detail 
by the B u m u  of Mines and the results have; been reported by 
Rutledge and others (1953). 

Chsmical cm~ap&tiaPz.-The magnesia content of deposit 1 is er- 
mtic and undesirably high in many of the surface wmples (table 2). 
hlitlyses of the Bureau af Mines drill cores also show the magnesia 
to range from 0.3 to 17.15 percent. Some stratigraphic zoning of 
t,he rn~gnesia is suggested by the distribution of t h ~  compound in 
the rocks penetrated by drilling, but a comparison of the core ttnaly- 
ses with thow of the surface samples shows little correlation when 
the suggested zoning at the drill-hole level is projected to the sur- 
face. In the area tested by drilling, more than half the limestone 
has im average magnesia content exceeding the arbitrary 3 percent 
limit. 

TABLE 2.-Chemical a a a l ~ s e ~  of a w r j ~ c e  samples oj' lipme8toraa depmil I 

[ M y a t :  R. K. Bailey1 

1 Calculated from CaO and MgO. 
%The P~OJ may be less than .01 percent but was present In apprecleble mounts and was derlgnated as 

king 0.01 m n t .  

Total 

100.85 
100. P 
1QD.W 
 an 54 
89.47 
W. B5 

100. 2U 
100.16 
11H). 47 
11x1 45 
IW. 76 
100.26 
1w.m 
1IK1.35 
Ma 88 
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&4 
68 
su 
60 
6P 
iiz 
05 
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6.5 
66 
57 
8tl 
BI)  

HCI 
L n ~ l l l h  

0.78 
.88 

1.88 
.&1 
-81 
.76 

1. SY 
1.04 
.80 

4.90 
4 HR 
2.64 
2 12 
1.78 
1. 721 
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-25 
. IS 
.24 
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.24 
.12 
-24 
.21 . ao 
.3u 
. M 
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MgO 

9.66 
7.52 
7 
3.28 
4.94 

. r.M 
5.20 
7.83 . h~ 
1.02 
1.w) 
2.33 
1.6s 
2.42 

CaO 

4+ 76 
47.08. 
46.46 
51.82 
49.26 
44.84 
4B 08 
49 sa 
4 0 ~  M 
59 58 
81.86 
LZ. aa 
$1 116 
6 3 . 3  
52.20 

COpl 

45.37 
45.07 
45.15 
44.29 
44-18 
44.94 
44.40 
44.37 
45. 00 
42.131 
42.61 
42.84 
44.04 
13..V 
43.41 
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8.01 
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T'tlr'hrtpn n suitnble cnlcnwor~s catnponent ronld IF nl~tni1ic.d fmm 
rleylosi t I , l ~ l i t ,  other f:lrtnrs b ~ i n g  e q l 1 ~ 1 .  this l i l ~ l ~ l ; t ~ ) ~ ~ e  is ~ P T I P ~ ~ I I S Y  
i ~ ~ f ~ r j o r  to d~posi t s  2 an11 3. 

Cpnprn? r f r ~ w i p f  inn . -R~p~s i t  2 rrops 011t itl011g t h ~  summit of 
t lw W P . ~  ~ n t l  of t h ~  ridge .~m~thn-est of the junrtion of Xhp 7I7est 
I'ork wi th  '1J7indy Crwk (fig. 16). l t a  w ~ s t ~ r n  l imit  is approxi- 
rnnt~ly 7.S miles, m ~ : l s ~ ~ r c d  a l a n ~  IYindr Crwk nnrl thc 'll'pst Fork, 
M-e~t of tItp r l l n ~ k ~  Rltilro~d. O l ~ f c r ~ p s  of the depo~it an! iotind 
1 n n i n 1 ~  hrtwrrn filtittldeq of 3,300 and 3,550 fwt.  The 1orn~t.r nlti- 
t t i d ~  i- :11x~lt 1,l.Kn Swt n b o w  the rnilroncl nt the Winrlp Creek 
hrirlg~. 

In phy'iira1 ilpppnmnce the lirnwtone nf deposit 2 is v e v  sirnilnr 
to  t h n t  of c!rpn~it 1. It i.: dark gray to hhck an fresh f;ncfaces nnrl 
n ~ : r t l ~ ~ r s  trl :I l i ~ h t  gra?. Thp oripinal herIdlng i~ nlnlost etltircly 
nhsrnrrrl. l111t t h ~  twntl nf t h ~  hocl?- ns a ~ v h o I ~  is about S. YOa E. 
n t ~ l  t h ~  ~ t l ' : ~ t : l  ~ [ i p  G:b0-7:~c SI;. 

The n w r t  12 niecl 1x4s of I.wi~lit Iy cnlnlrd pre-D~von inn c:~lmreoi~s 
:t~giIlitrs at~il s l in l~s  l ip n t ~ n r ~  the limestone. Deneat11 the litnestone 
nrp dark r h ~ r t y  rclt~glomeratr~ and black shales of thc Jhvoninn 
system. P l n t p  X 1 S E ~ O I Y S  :1 VI-C)SS w~tion of deposit 2 along rt pro- 
longfitinn rlf pnrnplc l i n ~  3a. 



,Campling.-Six samples cornpod of fresh chips taken at 5-foot; 
intervals were collected along lines narm~l to the strike. Sampled 
loralities are  shown on plate 11. 
f hemica? con?pos2:t.lm.-ResuIts of the chemical analyses of the 

~ : ~ m p l ~ s  (table 3) indicate that the deposit i s  remarkably uniform 
in composition. Sample 30, hken mmas the west end of the de- 
posit, contxins 3.2 percent magnesia, which is slightly in exexcess of 
the nrbitrnry limj t, but the weighted-average magnesia wnte.nt of 
all the snmples is only 1.3 percent. The weighted average of the 
nlknli content is 0.16 percent. 

If the s~lrfnce sampling is representative of the deposit as s 
whole, it would appear that the deposit would be chemically w- 
ceptable as far ns content of magnesia and alkalies is concerned. 

Estimated at:&lablt! i!iwtcme.-Deposit 2 is assmed to  have an 
avernge thickness of 800 feet over rt lateral extent of 4,800 feet and 
to clip 70' S. It is estimated that about 6 million short tom of 
limestone could be removed by quarrying to a 60-foot depth. 

TABLE 3.-Chemiral analgreea o j  sarnptes of limestone deposit # 

[Analysts: L. I. Shsplro L. E. Reichen and 8.  M. Rwthdd. NaaO Kg0 and P a 4  detcrmtned by 
photometer: ah o*ber determinetiom by mpid cohrimetrrg rmd btrimprric proccdurw] 

Gmwd d~amipth-Depasit 51 includes part of a bd of massiw 
limestone thnt is thicker and of p a t e r  lateral extent t h ~ n  any 
others in the TCTindy Creek area. Tt crops out along an eastward- 
trpnding belt thnt crosses the v ~ l l e p  of the West Fork at  the junc- 
tion of the principal hetldwatcr tributaries {pl. d l  and fig. 17). 
This massive limestone unit of the I)evcmian/ ?) +em v n s  first 
rnnpperi on n mnnrtismnce scale and descrikl by Capps (1932, p. 
2,iR), who tmc~d  its outcrop from the head of Windy Creek west- 
w a d  along the c*st and southern slopes of the ATash Range for 
a ciistance of nbout 20 miles. 

A sketch MIRV of the clepsit was made by the Geological Sumy 
in I93)  (Mnxhnnl ~ n d  others, 1051, fig. 103, and samplm of the 
principal outrrnp~ were collected and analyzed. The boundaries of 
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I 1 1 i - r  f ' t  1 I i n  r n r t r  I~OJHIRL~ : IR 
111 the i ~ i r  I I~U! r i ~ h t  ~ i ~ i ~ l a f [ ~  r r n ~ ~ n t l  111 t 1 1 ~  f l t l v h ~ r  T [ ~ ~ i v * t o n ~  'rf-ils ( I > I l )  w11Irh 
tronntlrtl trr I b r  ~tnl:tn IInrr8ra?nrh, CFI I~U npki-. nntl ~ t l i ~ l ~  I R1 I - 

rlrpn~it :\ W P ~ P  ~n:ipl~ed (mi :L new base mRp ( pl. 11 ) in 1951. The 
drlmyit wn.: s t ~ t ~ s ~ q ~ l t ~ ~ ~ t l ~ -  S:IIIIPIPCI f h ~  I-. 5, I311r~:lu nf h f i n ~ s  
( ltb~t Iwlg~ rind ot l~ers ,  l!).-j:S). 

I)clpn.<it :I ronsiqts nf tIwt part of the rnnssive l irneston~ which i~ 
~ P ~ I P I ' : I I I ~  n r r v ~ s i l ~ l ~  frr~tn the valley of  tl~r TITest. Fork ( pl. I I). 
( h ~ t r - r t r ~ ~ ~  nf r l ~ p n ~ i t  3 :Ire fon~lr l  f con\ c w ~ k  l r v ~ 1  ( ~ l t i t , t ~ c l ~  .?.?On 
frt~t ) t c ~  t11t' ~ , O O O -  to G.f)Ofj-font anrnrnits nf ~ I I P  . S ~ P P P  s r r m t ~  r i d p r ;  
11int form t lw rfillry r v : ~ l l ~ ,  'Thr I o w p ~ t  I H I ~ C T O ~ S ,  :lt C W P ~  IPTPI. :trr 
:~l)t>ut I1  .L' 1 1 1 i l ~ q  ( I I I P ~ I G I I I - P I ~  along Windy I'rrrk ;1r1{1 the 1Tp~t Fork) 
n - p ~ t  n f  t l i ~  IY~IIcI?- ( ' I P P ~  ~rosr; i l lg of t l w  . t l :~ska  I<nilrn:ld anal RTP 

;tl>out 1.1IIO f e ~ t  :IIIO\-P the IPTP~ of ~ I I P  ~.:lilrnnrl t ~ r i d ~ ~ .  
, . I 1 1 t h  Irlrwca ~tilrt nf tlw d ~ p o = i t  ii: 0 1 1  tlw p:lsf F ~ I I P  nf thr 

Wrrt F'0r.k. H P ~ P  t l l ~  Iwilrnck of tllr eilctrrn p:trt nf ~ I I P  VRIIP~ 
floor I ~ I I F E  ~f the Inrrcl. ~lrrpes of tlle v : 1 1 1 ~ ~  t\+:lll i s  ti~rtntlr(1 with 
tnlus \~+l l i c .h  Itn.; ncrumulnted in vast qnnntitier; nt tllc I):~rr of t 3 1 ~  

moimc ~ w e r i p i l o n ~  slopes. S~nrly rontinl~ol~s Pxpnruws RPP fnl~nrl nn 
thr steep plol)( ls  fro111 ~ J I P  11r)per limit nf thr t ;~ lns  to the top nf tlw 
r i l lp  fhi lf  fnrnls t h ~  p ; ~ ~ t P r r ~  r : l l l ~ ~  w n l l  of the W ~ s t  Fork. 

, 3  1 I I P  l in i~st t rne  ill clepnhit 3 is rrty t l ~ n s ~  nnrl I i n ~  gr:\in~cI in t rx -  
trist.. F'1,csh S I I ~ ~ : ~ C P S  :IP tl:trk tc~ hlni.slr gr:ry, ~ v ~ n t h e r i n p  tn ;I 1 i ~ h t  
pily. Lnrfilly. pnrtict~lfisly in the r.pntr:hl part of t 1 1 ~  tlrposil, t l ~ a  
l i u ~ c n t n n ~  ~ ~ 1 1 i l ) i t s  fi I ) : I I I I ~ P ~  colnrntiotl ( I U P  to tl i i i i  n l t ~ i - n i ~ t i t ~ f i  lay- 
Prs of' dark b l t i i s h - p r a y  and liglit-jil.:~y mntrri:ll. Tlw unlr:~rrnns 
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drnta nre closely folded and locally are intricately contorted, But 
in genernl the degree of ~hnttering nppars to be less thnn that seen 
in deposits 1 and 2. The attitudes of individual beds vary greatly, 
hut the genernl impre~ion is that the limestone b d y  as R whole 
stands nnzrly verticnl. The geneml trend cf the deposit is easterly. 

Deposit 3 has nn o~~tcrop width of about 8,000 feet at  its wide& 
extent i r k  the valley of the W& Fork, but a stratipphic thickness 
of not more thnn half that figure if the structural interpretation is 
correct-that is, that both limbs of a closely compreaed fold are 
re preented. 

Plate 11 includes a longitudinal ~ection through deposit 3. 
~TampEing.-In 1950 the U. S. Geological Sumey collded samples 

of the limestone along lines generally normal to the strike near 
creek level in the valley of tha Wat Fork. The material comprised 
fresh chips collected at about 5-foot, intervals. Addit.ion~1 samples 
were t,aken at higher altitudes, wl~ere ame&ibla, on the mat side of 
the valIey, The sampled localities am shown on plate 11. 

That part of d e p i t  3 east of tmhO We& Fork was mmpled in 
detail by the IT. S, Bumu of Mines in 1951 and the results are 
given in the report by Rutledge and others (1953). 

CJlemicaZ cornpodtion.-The bedrock of deposit 3 on the east side 
of the West Fork is not as uniform in chemical composition &s de- 
posit 2* The alumina and iron varg over a considerable range a8 
does the ratio between these two compounds in particular samples. 
The average magnesia and ~lkali  content is well within t,ha reguired 
limits. The Bureau of Mines analyws indicate that t,he belt of talut~ 
at the foot of the cad valley wall is of similar charmtar to the bed- 
rock throughout ~pproximahly the northern half of the talus 
deeposit. Sout,h of ths midway point the chemicd mm@tion tends 
to IM somewhat erratic, with a generally lower lime cont~nt pmvuil- 
ing. Samples collected on the west side af the West Fork am pn- 
elrally more uniform chemically than tI~om on tha e m ;  the alumina 
md iron content is IOU-er as is the a1urnina:imn ratio. 

Estimaf ~d nv&labk l imatm-The estimated available Timestone 
has baen divided into two categoria, talus and Mrock. T h e  ap- 
proximate dist ribvtion of the t a l u s  and its inferwd cross-sectional 
canfigumt.ion a m  given in p l ~ b  11. By usz of these data the north- 
ern hnlf of the talus d e p i t  is estimated to include about 8 million 
tons of limestone. The bedrock on the. east side of the West Fork 
between creek level and an arbitrarily chmm altitude of 4,000 feet 
mould comprise roughly 180 milIion tons of lim&ne, based upon 
the ImgitudinaI swtion shown in plate 12. Probably about 10 mil- 
lion short tons lie west. of the West Fork above creek l e d .  
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I hnalws: L I 8- L. E. Itelchen, and 8. M. Rerthold h 'aO Ka0, and PIO~ rletembed by lme 
phb&~ter; dl othn determinations by rapid titrl&etrlc b d  mlorlmtrlc proredm1 

Limgstone deposits have hen found in many other localities in the 
Windy C m k  area but they are generally regadad ss inferior to 
deposits 2 and 3, owing tm some aspect of their chemical quality, 
sim, or accessibility. 

A depmit comparable in size to deposit 1 is intamtad by the 
valley of Little Windy C m k  (pl. XI). The material was sampled 
hy Cobb in 1947 and by the Bureau of Mines in 1949. The Gea- 
logical Survey sample locstions am shown on plate 11, The analyti- 
cal results, given M o w ,  indicate that about haIf of the limestone 
contains excessive amounts of magnesia 

[Analyst: R. K. Bailey] 
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Seteral other deposits shown on plata 11 in the area between Little 
Windy Creek and the milmd were sampled by the Rnreau of Mines 
in 1949 and some appear to be acceptable, insofar aa the rnagnesin con- 
tent. is concerned, but the quantity of material is generally regarded 
as insaffrcient or the deposits are relatively innccessible. 

TWO limestone beds averaging 40 feet in thicknes crop out along 
tha upper vaIley slopes on the north side of Windy Creek, west of 
Little Windy Creek. A chemical analysis of s~mple 5,  which WEE 

tnken across the thickest part of ohe of the beds (pl. ll), is aiven 
below : 

IXnaly6t: L. I. Llhph] 

KzO - - - - - - - -+ - - - - - , , - - - - - - - - -  . F 
Q ~ O 6 - - - - - - - - - - - + - - - - - - - - - - - - -  . 2  
Ignition lorn- - - -- -- - - + - - + + - - - - 44.4 

The nrgillaceo~ls component of a cement rnanafactnmd from ma- 
terials nvnjlnble in the mTindp Cwek area probably would consti- 
tutp 15 t o  20 percent of the raw mix. 

A r g i l l ~ ~ e o ~ s  POCKS of pre-Ihvoninrn, Devonian, and Jurassic( 1) 
t ~ g e  nt severnl localities were examined and samples were coITected 
during the present investiption. A brief description of the verious 
IithoIogic tpms is included in table 5,  which summarizes the resuIts 
of the investipntion, The locations of the deposits are shown on 
plnte 11 nnd chemical analyses of the samples are given in table fl. 

-DEVOIPXbPT ROCKS 

San~pIes 43 and 49 represent ta red, green, and yellow mottled 
calcnseous nrgillite of pre-Devonian age which crops out on the 
submmit of the ridge sot~thwest of the month of the West; Fork. 
The stmta nre south of and adjoin the limestone of deposit 2 and 
dip moderntely to steeply to the southeast. They are exposed for a 
Illtern1 distnnc~ of nbout 2,000 feet along the crest of the ridge. It 
is estimnted that the are nbout 2OO feat thick. Only n very 
thin soil mantle covers the bedrock in most of the area. 

The nbrupt Intern1 and stratigraphic discontinuities that charac- 
terize the rocks of 1)evonian ago nre auch that most lithologic units 
are not v e v  persistent. A feu? ex~ept~ions, however, were found in 
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the central and western part of the outcrop area of rocks of De- 
vonian age. 

Samples 6 and 17 (possibly from the same part of the section) 
were collected from a brown to black crumpled argillite that crops 
out in two gullies cut into the steep north valley slopes of Windy 
Creek (pl. 11). The strata in general dip steeply to the southeast, 
although there are many local variations. The maximum exposed 
thickness at locality 6 is about 400 feet. The lateral extent of the 
beds is concealed by soil and vegetation, but the overburden is prob- 
ably not more than 2 or 3 feet thick in most places. 

TABLE 5.-Summary of data pertaining to argillaceous materials 

Sample Year 
collected 

1948 
1949 

1949 

1949 

1949 

1849 
1949 

1949 
1949 
1949 

1950 
1950 
1950 
1950 

1950 
1950 

Description Attitude of beds 
Strati- 
graphic 

thickness 
(feet) 

Shale ............................ 1 
Dark-gray fine-grained sand- 

stone with pyrite in small 
cubes and irregular grains. 

Gray argillaceous sandstone; 
claystone with small carbon- 
n a k  veinlets and pyrite cubes. 

Blaok platy siliceous claystone; 
limonite on cleavage faces. 

Black sandy claystone, some- 
what platy, with limonite on 
cleavage faces. 

Black claystone ................ 
Dark-gray platy siliceous clay- 

stone. 
Dark-gray siliceous claystone ... 
Black siliceous claystone.. ..... 
Dark-gray sandy iron-stained 

claystone. 
.......... Black crumpled shale 

Brown to black crumpled shale 
Black shale and slaty argillite-. 
Red. areen, and yellow-mottled 

caiciireous argiilite. 
......... Brown to black argillite 

............ Black slaty argillite. 

N. 80' E.; 35' N-. 
N. 55' E.; 55'SE- 

N. 55O E.; 55O 8E. 

N. 5 5 O  E.; 55O SE. 

N. 60' E.; 85'8E. 

N. 70' E . 55'SE. 
N. 62' E:: 55'SE. 

N.50° E.; 55'NW. 
N. 70°E.; 67'NW. 
N. 60' E.; 60'8E. 

N. 75O E.; 80"NW- 
E. W.; 70° SE .. 
N. 80° E.; 75'SE. 
N. 50' E.; 70° SE. 

N. 55' E.; 20'SE. 
N.74'W.i 8O0S..I 

Estimated 
material 
available 

(tons) 

TABLE 6.-Chemical analyses of argillaceous materials 
[Analysts: A. A. Hanks Inc:' A. C. Vlisidis and L. I Shapiro. NasO KsO and PIOS determined by 

flame photomete;; all other determinations by &id colorimetric abd tiirimetric procedures] 

Sample Lsborato. I ONO. 
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S~rnple 48 was collected from a brown to black argillite which 
claps out for a distance of about 300 feet along the south side of 
t l . 1~  U'est Fork frvm creek level to an altitude of abut  9,900 feet. 
The beds strike N. 5Fi0 E. and dip 20° SE. A stratigraphic thick- 
ness of nbout 140 feet is exposed, 

f URABE1KC(t) @'ITS- 

The Lrgest deposit of argillaceous material in the Windy Creek 
nren is rp,presented by the argillite of Jurassic(?) age which un- 
derlie~ the conglomerate of the Cantwell formation at locality 51 
in the western part of f i e  nrea. Here the argillite of Jurassic(?) 
nge is well e x p o d  in a northward-flowing tributary which enters 
the West Fo1.k near the east end of Foggy Pass (pl. 11). The &rat& 
are primarily black ~rgillite but inclllde a few layers of graywacke 
rind conglnmer~te; the-beds have been cut by felsic dikes in s, few 
loc~lit~ies; the ~trntrt strike ahout N. 75' TV. and dip 80a S. Sample 
51 i~presenta n strntigrnphic thickness of about 400 feet of argiillite. 
This genernl lithology persists laterally at least as far as the west- 
ern limit of the mapped area. To the east the sedimenta~ beds 
become increasingly coarse and contain much more graywacb. 

Rocks of Jurassic ( ? ) age crop out immediately wed. of the A k k a  
Railrod between Wjndy Creek and Cantwell. The beds are com- 
posed chiefly of m~tamnrphosed argillmeou~ sediments ~ n d  minor 
arrlonnts of limestone. In several localities the beds ha* been cut 
by dikes of granitic or dioritie composition. The strata of Jum-  
sic( ?)  age dip modemtelp to  steeply northward and strike abont N. 
80' E. In 1948, Gates and Cobb sampled a shale r.~ernlxr exposed 
in an outcrop along the west side of the Alaska Railroad (localities 
C-1 and C-2, pl. 11) 1 mile southeeat of Windp Creek. The sam- 
ple was composed of m~terial  collected a t  %foot intervals wer a 
distance of 375 fwt along the railroad. 

An additional sample of this material (311) was colTected by 
R. E. Fellows in 1949, 

Other outcrops of ~rfillncmus rocks, rather limited 'in size, are 
along lower T'l'indy and Little ?Vindp Creeks and the Alaskn Rail- 
m d .  At most of t h m  110~alifies the deposits are mantled by a 
thick overburden of glacial outwash except where they are exposed 
by the stream erosion. The locations of samples collected by Fel- 
lows in 1949 are shown on plate 11 and briefly described in table 5. 

CHERT 

Modern cernen t-rnanuf acturinp processes require, very close con- 
trol of the chemicnl composition of the raw mix in order to pm- 
duce a miform product that will meet rigorous  specification^. The 
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moat common practica is to adjust the composition of the raw mix 
hp the addition of a high-iron and (or) a high-~ica component 
;n appropriate quantities to  attain a cement of desired chemical 
~wmposition. Mill scale and pyrite cinder are commonly umd as 
high-iron components ; silica  and, quartz, and quartzite camprise 
the principal high-silica materials. 

Yo high-iron materirrt are known in the Windy Creek or adja- 
cent areas, ht chert that occurs in the northmstem part of the area 
might be chemically suitable as a high-silica component, The chert 
beds, probably of Triassic age, crop out adjecent to the Alaska 
Railroad &bout; two-thirds of R mile north of Windy staltion, The 
rock is blnck, locally weathering to a rust? hue. To the north the 
chprt i g  overlain or intruded by greenstone. 

The bads have: a stratigraphic thickness of abut  60 feet and are 
exposed dong t h ~  strike for at  least 100 feet in a southwe~terly 
direction fmril the milroad right-of-way. 

Sample 100, consisting of fresh chips collected at  5-foot intervds 
across the width of the outcrop, was taken along the railroad right- 
of-way. Results of the chemical snalysis of the sampla are given 
below : 

A discussion of the potential composition of cements that might 
be manufactured from the raw materials available would involve 
many aspects of physical chemistry and economics that are not 
witl l i~t the scope of this paper; furthermore, as a prerquisita to 
nny serious discussion on the subject, a great deal more would have 
to be known of the chemical character of the mw materials, How- 
ever, worrle comments are thought warranted on the baslia of the 
data that anre rtvnilnble. 

In the nbwnce of 8 suppJemental high-iron component, the ala- 
mine~: iron ratio in the raw rnxterials is of importance in keeping 
the tricrt1cju11-1 a l ~ ~ m i n n t e  rantent of the 6niahad product within the 
F p~rcent maximum. 

The limitation of a maximum of 5 percent magnesia in cement has 
been discussed (p. 84) ; the relationship between the amount of this 

[hnlmt: H m  M. Hymen] 

SiOt +--------- - - - - - -  - - - - - - - - - 96, 31 
Alto, ,----- - -- - A - - - - - - - - - - - - - 1.59 
FepOl,- -- - -  --- - _ - _ - - - - - - - - - - - , 40 
FcO- ------,------------------ . 1R 
-VgO - - - - - +  --- - _ -- - - - - - - . - - - - 0 7  
CaO - - - - - - - - - , , 2 - _ 2 , - - - - - - - - -  .23 
NazO --._-.-_-_---__---------- - 0 5  
K t 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  - 3 5  

H,O+ -.-. .- - - - - - - - - - - - - - - - 0.05 
H*O- ,---.-, - - - -- - - - - - --- - - - - . a 2  
T ia  .--- - - - _ - , _ -- _ - - - - -- - - - - - .O6 
COp ,,,--,-------------------- - 0 4  
P,Ol- - - - -. -, - . - - -- - --- - - - --- - . 15 
MnO -,..,--.-----,--,--------- - 0 0  

Total ...--.-. --- - - - - - - - - - -  99.79 



compound in the raw materials and the cement composition is 
st~niphtforward. The ~xtent  to which the alkali rontent of cement 
is haralful is a matter of sontmversy. In addition, because the 
nlkdies will ~rolntilize to a certain extent during burning, the alkali 
content in the rnvr inpdients  is difficult to assess. In the compn- 
tations giren b l o w  no such losws nre ~ssumed, so the alkaIi con- 
tent of the cements shown probnbly appro~ches maximum values. 

It has been pointed out thnl the rr~agnesin content of deposit 1 
wries widely and in many locnlitien is excessive (p. 86). The use- 
fulness of this deposit will depend on various economic factors and 
will not be discussed further here. 

Deposit 2 is remnrk~bly uniform in chemical composition if the 
few surfnce sn~nples taken are representative of the deposit as a 
diole. The material is probnbly superior in this respect tJo any 
ather in the Windy Creek aim. Ths ~111mina: iron ratio of the 
weighted werage of the samples is 2.5:1, hut the amounts of theae 
compounds are very low. The magnesia nnd ~lkrtlies are  likewise 
low. 

The nlassive Devonian ( P) lirnsdone, of which deposit 3 j a  a part, 
offers enormous reserves, but is the  most mmote from the Alaska 
Rnilrond ntld the present h ighw~y  network. The magnesia presents 
no ~>rablem and for the most part the alkalies are within reasonable 
limits, although there may Iw local exceptions. 

On the east side of the West Fork, the ~lurninu ~ n d  iron content 
of the limestone is somewhnt varkd and trornputatfonpr of potential 
ce~~ len t  conlposition b d  on the weighted nverltw of the samples, 
with different argillaceous eomponenfs. indicated n slightly excesrrive 
t ricnlciam alurninnte content. Comprrtatinns based an the average 
co~nposition of the samples from the central part of the depo~it 
( locnlitp ,561-560) showed the limestone wns satisfnttory. 

('fenernllr, the nrgillaceous rnnterinIs sw satisf~ctorp except for 
their nIknli content. Except nt IocaZitr 302 the ~ T k ~ l i  content is 
m e w h a t  high, but for masons rnent.ioned ~ b v e  (p, RP) the ex- 
t ~ n t  to w h i d ~  this is  undesirable will not b diwusaed here. 

TWO potentid cement compmitions are given below. Mix 1 con- 
pist3 of 78 percent limestone from deposit 2 (weighted averape of 
~nrnples), 90 percent shale from locality 302 (table t i) ,  ~ n d  2 percent 
JTcnly Riwr c o d  nsh. The composition of the coal ash is the aver- 
age of f i v ~  snrnples from the New Suntrana mine (Selvig and Gib- 
son, 1945). Jlix 2 is 83 percent limestone from deposit :3 (averam 
of snn~ple~i 561-5610), 15 percent shah  from locality 302, and 2 
percent con1 nsh. The computations were rntlde in accardance with 
t hr! metlrod of Uogue (1947). The amounts of the synthetic com- 
pomlds wrre computed as required by the American Society for 
Trsting Mnteri~la ( 1950). 
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TARLE 7.- CdE~ldima of pdentia! cement compm'lim 
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