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The pert of the Southern FmthiUs saction, APc'tic Foothtlls p m -  
fnce, t k t  l h s  bstrreen the Etlvluk and Kfligwa Rivers was i m a t i g a t e d  
by &vy Oil Unit party 6 during the  1950 f l e l d  wason* A blt about 16 
miles wide and 60 mlles long (approxfmtely 800 square mi2es) m a  mapped 
in considerable detail (see hdex map, p l o  3) The mapped m a  l a  In the 
wast-central part of the k c t i c  Footh i l l s  province, wholly a i th in  t h e  
boundaries of Naval Petroleum Raseme Ho. 4 .  Major drainage consists of 
the middle reach88 of the Etivluk, Ipmvik, Kuna, and Rilipa Rivers, 

rn 
f ~ h  %. T a f U m  

and 

Uon R, Kent 

Principal  objectims of the party, ,u fng p~evlous geoIog3.e sttdlfsa 
in, the O k p i ~ k - ~ k t a g 5 a k  Rivera are d as an initial working base, were 
stratigraphic and structural etudtos of the outcrops in the inters-kaam 
areas. In vfew of the former inbmst in possible Usburne Umeston~ p w e ,  
the LilsbuFne Ilidge w ~ s t  of the Etivluk River and the northward neaing of the 
Trhaaic complex between the Ipnavik and Kuna Rivers were designated as 
areas for particuhr emphaaia. 

. U. S. Geological Sumep 
OPEN FILE REPORT 

This report is preliminary end has 
n o t  been e d i t a d  or reviewed for 
conf ormi ty with Geological Survey 
standards a. nomenolature. 

The party included six men: two ,geologists,, two f iefd aemistante, a 
cook, and a weasel mechanic. Three weasels were avaflabh for transporta- 
tion, two of which were maintained Zn operating cordition f o r  dai ly  field 
use. 

As many exposures as were pertinent or aeoensible were exadned, 
Vertical photographs were used for plotting d a b  and for areal control; 
relative vertical control was established with ~Itime%ars, The affective 
working radius from kse  camp was increased from 8 d h a  to 20 miha by 
making frequent 2- or 3 d a y  sp ike  t r i p s .  

The party mas f lmn to the Initial field camp on S d t h  hke on b y  22, 
but active field work wag not begun until June 5 because of poor weather 
and a 'delay f n caching operations. Appraxlmatsly 20 percent oS mvailhble 
working t b  was loat owing to weather, moving camp, and map work. However, 

Patton, I, fl,, Jr,, a& Tailleur, I, L,, Stratigraphy and strvaturs 
of the OkpikFuak alld Kiruktaglak Rivers area, Alaska: U, 5 ,  Geol, S m y  
bv O i l  U d t  %pt* NO, 34, 1950. 



the complex geology rqufred  more t h  thal was anticapate6 so that 2 
' weeks8 work on the eckeduled area ra'm3.ned when the fis'ld season was ter- 

minated on Septembr 5. Near the close of the f feld season reconnaissance 
t r ips  up the two forks. of the  XSUjpa Rfver and up to the front of t h e  
Brooks Range on the East Fork of the Ki'.igwa River indicated exposures that 
warrant more datailsd study than was po; sible in the remaining time, The 
waasels were dr2ven to the Briftuod gephys ica l  camp for cachlng and t h e  
party was f Iowa to U d a t  Septembr 7. 

e Pr, Ralph W, Imky visited the par2-y for aasreml days in early July 
t o  emmine hrer C~etaceoua strata, U, P, Broage and C. S, G u d i r n  joined 
the party on August  29 for a ~econnaias;.xzce of the Paleozoic exposures on 

t the headwaters of the East Fork of "Lhe -3lfgwa River, 

Previous geologic imstkgatium include reeomissance surveys along 
tho Etirluk and Coltrille Rivers in 1925 and 1926 by P. S. ~mit& and W. R. 
Smlth, a boat traverse of the Ipnarlk River from a & mfles south of 
ElrakeviklJlounhintothe Colvi l leI jyhrlStefansso  and boat 
traverses of the tivluk and Kwaa River5 from the h e a d w ~ h s  to the mouths, 

4F by M, Do h n p n  and others in 1949, Estcapt to verify parts of the inter- 
stream areas, none of the outcrops on the Etivluk or K u m  Rivera were re- 
examtned i n  1950. O t h e r  arena of overlap wers remapd, 

The interstream areas of the Etivluk-Kiligwt~ Rivers lie e n t h l y  
within the Southern FoothilXs section of the Arctic Foothills provfnce, 
Three limar phyaiographic'belts my b recognised within this area, 

An east-trsrtding tundra-covered reglon of mnotonously low relief 
Uss north of Smith 1h1ktain and north of the Ube'rator Ridge. The Colville 
Riser forms the northern limit of thfs b a t ,  which i s  8 to 15 miles wide. 
Outcrops within  this rsgion are l-imtted t o  s few low, linear, east-west 
rubble traces of lenticular sadstone and same c u t h n k s  of aandatone snd 
shale along the -larger atreane, The subdued topograpb is an expression 
of the  underlying incompetent shale of the Torok formtl.on. The sauthern 
margin of the lowland mrks ths northern i&ersl;ream limit of geologic recon- 
nadssancao To t h e  eaet, another belt of sh ihr  subdued tgpugraphy, 4 miles 
aide,  lies between S d t A  Mountain a d  the Usbwna Ridge, A gravel pediment 
of la te  Tertiary age covers the southeastern part of this area, 

The most southerly phyafographic belt, 7 to I8 miles wide, has pro- 
named perststent ridges with a general N. 700 1, trend sepmsbd by 
Intervals of tundra cover, The &It is correlative w i t h  the complex infoMsd 

Saitb, P, S., Geology and ninera l  resources of northwestern Aleska:  
U. S. Geol. Smey  Bull. 815, 1930. 

S4Xdanason, Karl, Strattgraphy a d  stactisre of the area of the 
fpnavlk River, A h s k a z  U, S, Geol.  Survey Ekwy O i l  Unit Hept. No. 11, 1948. 

iilangus, M, Dm, Dsttermn, R, L,, Iachenbruch, 1. C., Jr., and 
Iachenlrnch, A, H., Stratigraphy a d  structure of the Etivluk and Kuna 
Rivers area, Alaaka: U. S. Geol. Survey Navy M I  Unit Rept. No, 35, 1950. 
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che-rhof T~iassic or i.?Issf aa:!pplan age IIXI ~ra.:'ic ignecxs s5.U~ axme re- 
s ieklnt  r x k e  in the ncm;+-a,rit7, cclins'cfc coadi,.bona ol' t b f s  ArcLic ~ro~ricee ,  
They are rom,onXy exposed in hogbck rltbges, eusstas, anJ 103 rubble ridges, 
Their arn mde up of rea2stxnt congIore~~~.i ;e faclss  of the upper p a r t  of 5l-e 
Torol: formt ion that were dtjpositsd i n  1ocaZ.lzerl. hsLna.  

I n  the interstr~arn mas of t h e  Et i~ luk-Kf  XIgwa Rivera, a 1oca:liaed 
orga of ragged topography arc:! nortkmard across the aa?--th-centrerl psrt 
of the infaldod blt, F l a t  oz: gently d-lppzng escnrpmnts and hrgc  buttea 
m e  capped Sy thiclr s i l ls  of mf ic j.gmawa rock, Talus cower on the slopes 
is ex%ensive. F.'lotmt Ftu?to, a large or;a~:t-a-nad nn t ic l ine  oT massive :,lissfc- 
sippian chert and Umes tone, , l s  the hf ghsst topographic f ea'hxra . Itesistal:~ 
iJissPssippian l im~stone and cliert,, mradstone of Yzc P ' s p i b u ~ B  formtion,  
ancl mf ic igwoua fnt~ustves prduca 'LhLs '=It of hig5 relief .  

To the south is an east-weot bslt subdued outerops that extends 
8 to 35 miles south to the north front of the Erooks 3~nse. Altholyb 
goo%o$.o recomisaancs did not exPRn(3 Tar into t h i s  area, indications are 
that less sesistan't b 3 a ~  Cretace'ous r~:.adtstone a d  ahale mucop out i~em, 

The &brw pbysiographia unlts ape s3.f las in that they reflect t he  
topogra]21Lc featvzba of a geomrghic cycle of Pate mtwil;y, Hmevgr, lo2al 
w e n s  of h5gh relief a d  rugged topograyhy ~ e f l e e t  an apparen% youthful to 
sarly mature stage an& are d i m  prbmri4.r to o:~osion of gant ly  foldad, more 
reststant st ra ta  mesIy2ng complexly f o'bd.eil 1-es s rssPstsnt  rook^, 

-The m j or rivers are supex %mposed con saqus ~t strewns . large P locd - 
p h , i c s  have brtn f ormsd aloag t h e i r  rnee:fier.ing comsss, T r i b u h r y  d-saimp 
is ,$erre%aPl.y subscque~t upon structural t,renda but nwrerstae ezaller streams 
cut across the regio~-13.l. str ike ahrig zoms of weaknesr, 

Althouzh rocks esop out in less t:hsn 50 parcent r ~ f  thc area a& o n 3  
the more re8s-atan'h rocka a re  axpo~ed, field utudy has resulted in a EaZr 
wdarstmr3.ing of the gsolcgy. r:on t noteworthy 5s t h e  ~xtreme depee 
%I> +vhir:h t h e  sti?ata have &tan deformd, Considerably more t11a.n 50 pcrcsrrt 
forssho-ftenlng of bsds ole-c-s %aa the T a ~ o k  fomst ion  is ag-~ent. and 3 3 ~  
projuced a conplex p a t t m n  of overturned t2 i soz l ina l  fclds and high-a$;Le 
sev3rse faul ts .  The praocs-m%iun of an 0~;anIy fol&ed 17.ppsr Paleozoic ect-, 
quence in prcb.bl.c fiver t k r s t  re laticns?nlp ';c the mdel~L~ ing  ;iesozo:'*c co?i- 
p l w  is also signfitfcant, Ekcau~la the s t r u c t m a l  hietory could. be more 
corr,plets 1 y eoacrf jed fosl t k f  s pegion than elseahere, tho derf-aed- Interprc - a  

t a t i o n s  m y  wall ba extsded or appUed to cther parts of t h e  foothills 
s t r u c t ~ m l  blt. This in p a r t l c u k 3 y  t ~ u a  of tho Olrpfkrmk-Kiruktagiak 
Sivsrs urea shere -a nore conplm?x structeu3.e praa suspectad hut eould not b@ 
dsrnonsf~ated . 

Ihck napped detail  was n a c r W i d  i~ reducLng the f Pel6 m p  t o  the 
published scale of l:96,000 (pl ,  1). The st-ruetme sectians (PI, 2) at 



e scale of 1:48,000, also have been necessarily simplified. Only the 
major structures are, themfore, rapsasented. A B t h a ~ h  numerous faults 
and h ~ g e  folds have been Inferred from obvious areal relationships ad- 
jacent to covered i n t e m l s ,  there are undoubtedly others of eqwl aig- 
nificance that  are obscured bg coves and-lack of stratigraphic control. 
Although the geologic rnap and sections dapict complex structure, it is 
emphasized that they a r e  simplif ied versions of t h e  actual conditions, 

Recent evaluation of geologic d a b  h a  led to the conclueion t ha t  
erosional beaks and periods of nordeposition occurred throughout the 
formatian of the sedimentary rocks of t h i s  area, Such conditions in 
numerous places may eliminate the apparent necessity for a proposed mjor 
faul t ,  or greatly decrease the stratigraphic thrm on such a majop fault. 
Too Uttle is knoan at present in ~egard t o  the nature and extent of un- 
conformi ties, however, to warrant their, use as alternate interpretations 
of anomalous areal re lationships, 

S t r s t i gr~ph ic  studiaa mere dimappointing in that f e w  complete, thick, 
or undefermed sections were available for masurenent. Abundant exposures 
allow general knowledge of the various rocks but are not satisfactory for 
detaf led ~ t u d y  of the stratigraphy. 

E&xiarum measured thickmsses are: Hsburne limestone, 2,400 feet; 
uppermost PeLeoeeic (1 )  and Triaaaic, 1,000 fest; Okpikruak formation, 
2,000 feet; lowermost unit of Torok formation, 2,000 fest ;  middle uni t  

. of Torokfoxmtion, 2,IOOfeet; upper mit'of Torokformation, 3,000fest, 
Recause local. urkconformitiea are prenent th~oughout the :bsozoic section 

" and Cretaceous deposition was locally varbble, the aggregate thickness 
is likely to be greater than the true thickness at any given position. 
The lftholoey of  the rocks of this area is in genar comparable to that 9 described for the O k p i l w k - b l r b m g b k  Rivers area , an indication of 
fundamentally s i d l a s  depositd.om1 entrirurnmnt for the two. 

E'OF th i s  report, only the atratigraphfc ndmsnchtura developed bg. 
June 1950 is wed on the map and structure sections. Further f i e W  work 
is needed before the reviaions neceaaary became of recen t  faunal deter- 
minations my la incorporated In stratigraphic eolmna, Two new faunal 
zones, cohparable tu the Siksikpuk group and upper zones of t e Ilingak 
formation as descri in the ksikput Biers area&, have been Y reportedfrommcre and collectionsintheEtivluk-Kfligwa 
FXvers area. The Siks5kpuk group appears to be present in considerable 
thickneaa, but Jurassic rocks are Umlted in occurrence and are probsbly 
only the remnants left  after pre-Torok erosion, 

Patton, W. Ti., Jr,, a d  Tailleur, I .  L., op. c l t .  $ Patton, A. W., Jr.. and Keller, A. S., Stratigraphy and structure 
of the ~ a ~ s h k S i k a i k p u k  Rivers area: U, S. (Leol. 3-ey ~Yavy O i l  Unit 
Pre l im,  Rept. No. 30, 1950, 

I m h y ,  R. W., peraonal c o ~ i c a t i o n .  
Bergquist, H. R. ,  'personal c o ~ i c a t i o n .  

a 



Pdcka ranging From 3evornian lx late Lomr Cretaceous in age were 
identified In the Etivhk-Kifigva avers wren. P. 1,500-foot section of 
MLddle Devonian Unmesbne and s i l i c t f i e d  Urnstone was briefly examined 
on the headwaters of + e ewst fork of $he ~dligwa ;iivar. These beds are 
desorlked by b o s g s ,  qfh l i t h o h g i c  types t i a t  are correlative with or COB- 

parable t o  previously tierscribed sectkona are the Moatak formation (~evonian 
or ;&asiasippian) ; t h e  klapah and l (h!staglak mombrs of ths  Liaburm Urn- 
stone (Masf ssippian) ; the ShubUk f ormt ion  (Trf.assic) ; the OQikruak 
formtion (lawer Cretaceoua, Maoeomlan); and the Torak formation (Lower 
Cretaceous, Apthn and ~ l b i a n )  Equivalents of two new l f t kLa~og ic  u&ts 

t dnscribsd by Patton cad ~ellerw mere recognized--the Sihsikpulc group of 
Pennsylvanian or Permtan age and a saci;ion equiva'bnk t o  Lha upper zo%s 
of t he  fingak formtion (upper JusasaLc, CbrfoRdian). 

Be-Cretaceou~ sedimentary rocks refleet deposftion under somewhat 
s k b l o  conAi%f=.nz, rheme,s +'he r,Pet.amousr rocks derive their heterogeneow 
grapacke ekaracteristies from deposition in an act ively  sinking geosyn- 
cline c loaeb  bordered by a rapidly rising forehnd. PLstinctive units 
An t h e  prs-Crebeeous rocks e m  parslatsnt laterally over the 
rnsapped area and, in gross features, wsr adjoldng areas of t h e  Footh i l l s  
province, In contrast, there  are few distfnct ive  mita in t h e  Cretaceous 
gsaywackes, arxi thoss that do exist are not extenaf .~~ ,  I n i t i a l  skges of 
the orogeny must have preceded deposition of the Okpikruak formation, but 
hwr Cretaceous deposition was, In large part, penecontemporanaoua with 
deformation. ikf ic igneous ftrtm3Lws, genesally sills, are widespread 
in pre-Ukpikruk a ~ a t a ,  

Devonian rocks 

Urmmd formtion.--A ~ec t ion  of ;&ddle Devonian stxata was measured 
along the eest fork of the Kiligwa River dusfng a recsnmis~nce t r i p  to 
the front of the Brooka Range, The sect ion consists chiefly of f ine-grained 
J.imestone with s i l ic i f fed zones and &dam An abundant fauna, Sor 1-:bich 
age deterdarations are reliable,  was collected, Aa no equivalents of these 
beds were recognized in the Southern Foothills section, a complete descrfp- 
tion is not given here, and the roadar is referred to &osgeq &. report 
for de ta i l s .  

Miasiaai~pfaa rocks 

Sveral low rfdges and rubble traces of sandstone of the h t a k  for- 
mation are too  small to show on the map, Two localities, 157°29g30n d., 
68°35''30"-6a036t~0" N., and 1$70$r00tf W., 6So35'3DU M., camied an abun- 
dant though poorly preaemd fauna. Two other exposures, one part way up 
the slope of Pimple Peak and the othe~ one-half mile south of Pinple Peak, 
were barren. 

4/ Bosge, j7. P., and Reiser, B. N., Report on selected sections of 
the Usburns Urneatone: U. S. Geol. Sumey Havy 011 Unit Prelim. ReptA No, 31, 
1950. 

Patton, 1. PI., Jr., and Keller, A. S., op. cit .  
II/ &loage, Ti, P, ,  and Reiser, B. N., op, p i t .  



~onsherw repnrts that t he  Chonetss and gastropod fauna has the 
sar& forms as a collection mEid% $. fil . Lcchsnkch  from def in i te  pra- Ll? U s k n e  &$stone which 3, T. DuWo dasigna'ces as we-Usburne form- 
t ion, Ztlisaissippian. h s h e s  8uggasts that t h e  s trat ipaphid  unit be 
mapped as Noahh (? ) formation and reports the followfng: 

pentagonal crttmid columrsal 
radial  plate of Dfchocsinus ? sp.  
Camarotoschia sp. 
Chonetes ap, iradet. 
pe lecypd indet. 
productld Pndst, 
XsbopWria ? sp.  indet. 
Reeispfra ? sp. %Met .  
&ycrsphal& sp, i d a t .  

No thiaknessea could be estimated, except  that 10 feet would be a 
mlnhtun and coneiderably moxe is auepected . Some t m w a  showed arenulatbn 
of t h e  beda. 

The rehtionshtpar of the Boetttsk fommtlarr to adjacegt beds could ao t  
be aaeertained, At the aeabrn locality, chert af Sikaikpuk (?) age eom- 
p l e b l y  ~urroudcr  the m b b h  expanae of Nmtak, separated from it only 
a namm band of tundra cover, Expoerwea at the south-wntral locality 
are aUned north-south in a north-trending (trans~ersa) ~ralley fht. 
Marest outcrops, a few hu~ldred feet maat, are chert qwationably assigned 
t o  the Kiruktagiak member of the Iilabexsne limestone. Thuse axposures are 
w a r  the northward projection of an intensely disturbed earre in which re- 
crystallized and altesed Usestone of the Kimktagtsk mmbr l a  in jm- 
position t o  the Okpikruak formation. The "zacee near Pimple Peak occur 
in a 4,000-foot coverad internal  between questionable firuktagisk chert 
and Shublik Urneatone in one place and atratig~aphLcalU beneath a, postu- 
lated kligpe of Uslxulne 1% mestone ( ~ b p l e  Peak) in the other. These U s  
on a projsc&fon of the north-south line through the south-central exposures, 
but east-west stmctufal tmnds under Pfmple Peak are not interrupted, A 
minimum stratigz-aphic displacamnt of 2,000 feet is evident and a much 
larger displacement 191 suggssted, ~ l t h o u g h  a ?re-Penn~yhanian eroaf o m 1  
surface of high ralkaf could aecmnt for the stratigraphic acomaly, evil 
dence elsewhere preeludas much erosion. The authors believe that mjor 
faulting is a mom suitable exphnati an, particularly in view of the sur- 
rouding complex structural blt, 

The lithology of the rocks in all the exposures i s  similar. The pre- 
dominant type is sandstam t h a t  f a  vesy fir& grained, dark to nnedium 
m u t ~ a l  in color aith oeeasioml greenish cast, argillaceous (? ), dense, 
ws 11-idurated, weathers pinkish gray to dmk-reddish brawn, and contains 
a few mica flakes. A dnor amount of Iimen2ons, vary fine grafned, dark, 
with EihaQ partsngs, is interbedded. 

-her, A. L., Sr., persoml cammrsnication. 
Dutro, J. T., aM l achenhch ,  M. C,, St1'8tigrapb.y and a t m e t w e  

of the Nlmitrktuk, Xugtmw~k,  and part of the Hmatak Rivers area: If. S. 
Geol, Survey Navy O i l  Unit R e U .  b p t ,  No, 35, 1950. 



L k s b n e  limeatom 

The Usburne firnestone 1s more extenstvely expose8 in th9 Etivluk- 
Kiligwa Foothills section than in aqy other area outsMe the I3rooka Rznge, 
The Waburne I h ~ s t o n e  crops ou t  over roughly 50 amre rntles of the high 
topography bstween the T vik and Kuna Rivers. The Liaburne Ridge (see 
fig. 1, P r e U m .  nept, 3D) , esecntfally an opesturmd ant ic l ine  with the 
Ahpah member at the  core, extends as a major topographlc feature from the  
Etivluk River nearlgr to the 3pna~ik. Ths same ridge e=atlds rest across 
the I p m i k  but w i t h  suMued expression. A se~Les of strong r idges ,  a re- 
f lection ef overturned ioocUmlly folded Kiruktagiak member chert, is 
present 2 miles aouth of tha Lisburne Ridge, The trend l a  persistent m r  
t h e  middle part of the  Etivluk-Ipnadk interatream area and is diacentin- 
uounly present acrose the Epnarrik River halfway 50 the Ktana River, Another 
p a r a l l e l  trend of Usburns liemestone emerges from the cavered i n t e r m 1  at I 

the northeaat'aide of Ekaksvik Limnbin and extencfs westvard alang ttm 
north edge of Ekakevlk L 1 o ~ n t a f ~ ,  across the Ipnavfk t o  Pimple Peak a d  into 
the complex area north .of camp 7 on Cutaway Creek. This %send is rtlarked 

upper Ahpah mamber (7) strata aseochted with mfic igneous erills that I 

pinch and me11 along the s t r i k e ,  Still another perslatent trend, south of' I 

t h e  Ekakevik trend, begins j u s t  east of the Xunn River, extends across the 
forks of the ISiligwa Mver a d  tnto the Muka River drainage, Nuwrous 
similar trends of various zonen of the Alapah member are appmrent from in- 
spection of plates 1 and 2, h t  are lena obvioua because of t h e b  disoon- 
t i n u i t y  and arrtaller size, 

This strikingly persteten* al lkment of exposures must reflect major 
atructwal  control, a& also inaleate5 lateral persistence of zones w i t h i n  I 

the U s b n e  hmestone. Smaller exposures of t h e  formation are bel5eved t o  I 
have bea  Inserted in the omrlying rock8 as thin s21ee blocke by some an- 
explained mchn2sm, proxoly  faulting, The Uaburne Urnestone is present 
in appreciable thickneea as far north as htltude 68°351 and crops out as 
far north as 6 8 O 4 l t  . This cpvidsnca dces not prove, but does make reason- I 

able, the assumption that the Usburna Urnstone underlies the younger beds 
to the north. 

In aplte  af the large number of outcrops and a fa- fauna, zonal de- 
terminations a d  correlation8 within the Uabwne sre diff icult  to establish. 
Evidently the mquence present In  the Etialuk-Ki l ipa Rivers area represents 
s faciea different from t h e  typical asction at K a ~ y u t  lake, because 
h a h e r =  reports tbat few zones bve fauw in common w i t h  the aubdivieions I 

of the Usburne recogdsed there. A comprehensive study of related ssctiolu 
would have to be made in order t o  ss tab l l sh  the succession of beda that crop I 

out, As far as could ba demomtrabd, Ilthologic or faunal equivalents of 
the l m r  or 7laehsmth member of the .Ids&ne Umestone are not axposed in 
the area. After more careful study of a mbsr of fossil8 of doubtful agar 
hmever, soma soma m y  perhapa ba arraigned to the Wachsmuth. 

Taillam, I, L,, a d  Kent, B. H., PreUmim~ report OR the atratig- 
raphy and structure of the upper EtrvIuk-Kuaa Rivers area; U, S. Geol. 
Survey Navy O i l  Unit PreUm. Rept. 34, 1950. 

b s h e r ,  A, L,, Sr., pe~soml commicatlon 



Two distinct litho1ogLc types or faefas are appment.: a limestone 
faeiaa and a bituminous phosphatic chert-&ale facies. The two faciea I 
have been mpamtely mppedi; %Ye 1-hestone ls tile Abpah msmber and the I I 
chert shale the Ki~al l~agiak marnbr* In the, sections studled t o  the east 
in the Brooke Ra~se, less of the KirUtagiak mmbr is exposed, whereas 
on t he  Kukpomk River to the west the Kh-uldagiak m m k r  eomp~fses moat 
of the sect3on. SemraX zoms sf the chert-bhck shale facias that may - 
be dfstingutahed faunally and atratigmphfmlly haw been recognized i n  - 
the Etivluk-K Ugwa Rivers area. T h i s  altermtion of Utnologlc types is 
I n t e r p r e t e d d  ns an intsrtonguAng of the tma facies. little evidence of 
the  direction.& faclea change was found in the mpped ajrea, I 

Ahwh membr,-~Exteneive talus o ' l i s m s  moat of the larger exposures 
of t h e  Alewh mrnbx, so onu gross UthoXogic cWacteristics could be de- 
brmined, bs% of the nectbns described below also appeay Fn the columnar 
aections (pl .  4 ) .  

The south flank of the Lisbusne Ridge is covewd with a b b c b  talus 
of medium-grained, p~ous ,  dolomitic Urnos'tone, Althaugh only 25 t o  30 feet 
of masalvely bedded rmka m a  actually exposed, a thfckneas of 100 feet of 
dolamitic ~ l t r a t a  eeems fa be a cona~mative es~naate, In hand apcimen the 
dolomitic Urnstom appowa poroua; some of it has a saccharoidal tcxtum. 
The rock weathers g m y  kt is medium-neutral light-yellow md on fresh sur-  . 
fama and emits a strong f e t i d  odor w h ~ n  cracked. Pkqy of the pore Bpces 
a m  15-d with f ine  "crysttllafl of asphaltum. No of 1 cuts have yet  been 
mds of.samples from these bada; porosity and permability properties 
(sawlea 50 ATr 29, 30, ami 31, table 1) appear t o  bs unfavorable, 

The relnairdler of the darwng mctlon on the Xsbmme Ridge, except 
for a 20- t o  30-foot zone of f5n8r-grained dolord%ic limestom similar t o  
the a b o v ~  that crops out be1.m an hterkaddedt chert-limestone zone at the 
mznrdt, appears t o  b a poor petroleum reaemir  rockE O n l y  small parts 
are expoaed a& consist of interbeddsd, very-fine greimd limeatone and 
denas chert or a l l i c i f f ed  Um~tone.  Color varies from dark to Ught 
neutral. Some of the ~ o e k  has a fetid odor on crackingo The k d d i n g  
v a i a s  from f i ne ly  3mfnated mrfbbnig appearance to  coarae, irregularly 
banded, The proportion of calcareous to siliceous beds wries from 75 
prcefi to 25 parcant but over-all averages about 60 percent calcareous. 
Differential weethering an exposed areas produces a rough banded surface 
that has been termed "pagsda" weathering. 

As only tha interbedded Urnstone and chert appear in float, the 
Ifthology of the intesrrening b d s  ia not kkmn. OuZcrops near the base 
of the north alope of the ridge are of black chert imepb.rly interbedded 
with dark, sandy-peathering limatens and, locally, black shale t h a t  p-ob- 
ably  belongs to the Khu!&giak member of the U s k n e ,  The basal part 
of' the normally overlgring Sf kstkpuk group i s  also present, Faulting ia 
therefore indicated. The esthmted minimurn thickness at the Liaburne 
Ridge is 800 feet, 

h a g e ,  fl. P,, and Reiser, H, N., op; cit, 





At Mount W p b ,  In the south-central part of the fpnavfk-Kum Rivers 
area, a minimum thickneae of 2,430 feet of Ush-ne Xinestom fs suggersted, 
T h i ~  promflnent mountain la ernticlZnal with hOo S. dips on the south fhnk 
and vertically dipping, somewhat c m p h d  bada on the no,r'ch flank. Re- 
aiatant b d a  cap the mountain and a stream cuts the uPnde~Jylng beds from 
the axis of the s t n e . t u m  through eha south flank. However, talus e5fec- 
tivsly covers most of t i e  n l h y  walls, sc the rocb described below are 
known principally from dfacontbm~us sxposurss along the craek bed, Un- 
doubtedly a more careful examination of theae exposures would yield addi- 
t ional  useful d e t a i l ,  

Twb hydroclaatic fossikiferoua Urnstone zones 200-250 feet blow the 
base of %he Rfmlctaglak m e m b r  of the UabuFne limestone at the top of the 
section ( p l ,  41 cam3 e fauna correlative a l t h  zone8 8 and 9 of the Alepah 
mrober of the Idstrune Urnstom in the Ka-t lake area, The collected 
fauna includes idcstorminate cords a d  fe esb1U.d bryozoans, crfnoid 
colzlmaals and Sbnosch2aq 7 apo indet, fl A chert zone o c w s  about 700 
feet blow the EoasSLifesous soma. Talus; covers the intervening section 
but ahaly, Mf-weather ing limestone occurs in the float along with the 
hydroclastic d f Ln3-grained Urnatone, About TO feet of the chsrt zone 
f.s exposed along the creak. It ia dark neutr~ l  in color and weathers b h c k ,  
kselvelay bedded, ilt overlies a section of ft pagodam -weathering, interbdded 
limestone and chert. Although the t h i c k  dolomitic U ~ ~ s t o n e  of the Lisburm 
Ridge ma not r~cognissd, broadly l en t i cu l a r  beds as much aa 5 feet thick 
of hydroc~stfc limestone ant% medium crysterlllne Urnstone are pseaent in 
the upper part of %ha ttpagdaadeatherlng unit. PJoxe typica 1 deve hpment 
of t h e  f n b s b d d e d  limestone and chsrt QC-s about 100 feet below the crest 
of the  mountain, Ths k t  exposws is 15 feat  of medium crya-telune, l i gh t  
yellow-red Urnstone, that appears to be nanfoasiliferous, The limb of the 
anticline fs conpu3ed to include 2,600 feet of straea, oP which 2,000 feet 
is partia12y~ exposedo No evidence of the age of the lower bads was obsemd. 

tentatively correlating the ?Iftholo= of the "pagodat' limstom and chert 
here with the g r o s s b  9imFSar lithology of the "pagda" type on the Usburne 
Ridge, aa -is ehown on the eolwmar section (gl, 41, a considexable thickness 
of the Alapah member of the UsWm Urr,estone ls~demonstratad. 

btpoeuree 'of the  I;tsbne limestone on the possible thrust. sheet are 
Ilmfted t o  the interbodded Umestone and chert of the "pagodan-weath8ring 
type, A lower dhbase ~ti'll, 100 to 150 feet thick, persistently i n t d e d  
the basal p a r t  of the  sequence. An uppet* irregular, and less persistent 
eill occur8 near the  top. The h e r  83.11 intrudes e eihaly zone that m y  

J 
be near the bass of the rsection, Although expoawes of this zone usually 
prduca fine t a Z w  s l ~ p e s ,  float fragwnts and isolated outeropa indicate 
a well- indmted dark shale and siltstone quenee.  Several horizons ~ 5 t h  
worm-trail marldngs were o b e e d ;  thin MS of erinoidal limeatone are also 
present. 

. C x i k l d a l  beds from the "pagodaw -weathering Umestone and chart contain 
a f a b l y  dmnda a m  that has some d f i n i t l e a  to faunas collected elaa- 

however, bslleves that they represent Upper Missiesippian where, & w & ~ P  



Zoms and are probably eo,atefnad in strata  equfvalent t zone 5 of the 
Ahpah member, A pertial faunal Ust is given below: 3 

wS~iriferm sp. indet. Chanetss sp. indet, 
Prductfm spa indet, Echinaconchas I? 1 spa indet . 
Productua sp,, Sndst, i a d e t ,  sponge spicules 
kur lonia  s@; i d a t ,  -- indot .  pleurobmrid gastropod 
Retls~ika spa idst, fnr?et. straparollid gastzopod 
Glabrocintp.lm ( 1 )  sp, fndet, - inds t .  t r i lob i t e  pygidium. 

On the north flank of the anticlim south ~f omp 6 a covered inter- 
val se~ara taa  the top of the bedded Umestone an3 chert from the bottom of . 

e m  a diabaas s i l l  and the Slksfkpuk g~oulp above. The t o t a l  thickness exposed 
i~ more than 1,200 feat, The lower 200 feet are argilhceow thin-bedded 
ai l tatone and hastom intruded by the h e r  sill, The upper 1,000 feot 
are composed of interbedded Urnarrtoone and chert of the qvpga3affaeathering 
type. F o s s i l s  collected f r o m  $$ uppr part of the section have been corn- 
pared to zone 5 of the ~ l e p a h : d  Ematria ? sp. Fndet., Productella sp. idst., 
bxoneq ? sp, lndet,, Mowlor&, BI l cheUL s p o  indet,, Chonetes spa indet,, 
S&starrninata sponges, and sponge spic~ales 

On t he  thrust sheet alea, jut north af b t  Bupto, a th in  bard of 
Siksf kpuk group and rsmnants of h e r  Cretaceous (?) mndstone overlie only 
500 feat  of the  npagodalf l ims~tone and chert, Phanerotin% ~ n d  Straparollu~ 
col lecbd from a thin crinoidal b d  in mgillaceous strata at the base of 
this section, believed b just abva the t h rus t  contadt, indicate prob- 
able lower Alapah age. a 4Psa infinformtion is avallabla about the beds as- 
sociated with d h k s e  sille in the Unear trends. Ths lithology of these 
rocks is genemlly comparaPlle t o  the mp&godan-rreatherfhg zones of ather 
aetctfona. This correlation is subatantlatad by several fossil collections 
torsehtive to zone 5 of'ths Alapah member. 

Several outeroper of' 8 new facies of the Usbtlrm Umeatone are I t o  3 miles 
north of E k a b i k  Mountain In the eastern p a r t  of the E t i a l u k  and U l i p a  
Rivera aectfon and mar the southern nargin of the mpped area just east 
of tha Kil lpa River. Characterist ically t h i s  type is a coarse, quartzose 
sandstone compoasd of rounded white quartz grainsLand minor fresh feldspar 
granulse, ZoenTly encrusted with chlorite. Carbonate appears to range 
Prom a trace to predominant. The outcrops are a13 isolated; therefore the 
atratigrahic relationshLps can only bz inferred, 

An outcrop of limestone in the eastern part of the mapped area d i r e c t l y  
undexluea, perhaps by fault contact, varico~ored chert of some part of the  
Siksikpuk group, and contains a large nuite of sillclfied fossils. 3 o w s h e a  
reporta that t h i s  zone has close affin5tiles with zone 8 and the fmer part 
of zone 9 of t h e  Alapah,smemtasr in the Ranayut LICE area. A similar silici- 
fied fauna is conhined' ln the Umestone and intercalsted arenacaous lime- 
stone lenses 2$ milea to the east, The aardstone Is exposed a ~ a i n  I mtla 
t o  the south in a rubble r i d g e  aeveral. hundred yards long and 100 feet ;vide, 
The wdatone is only s l ight ly  calcareous, haa no interbedded carbonate rock, 
and has local facies of quartz-pebble conglomerate with pebblea three fourths 
of an inch in diameter, 

19. 20. 21. 221 Bowsher, A. E,, Sr*, personal communfcation. 



Near Uls  Kilipa R L v ~ ~ l  at approximately the sane latitude, the name 
faunal so3e occurs in medim- to cmrsg-grafnsd fe ldsptbic  qvsrtaese sand- 
ertone, Abundant ch%osits is present. The eandstone 2s associated with 
sbb Umestona and calcareous cw shale, These ~ocks,  shilar to others 
Ln thf s zone, weather light gray an6 are meditrm-yellom red -on fresh sw- 
faces, The maple with a perneab9ILty of 372 rnilfidarcya was colleotsd From 
t h i s  locality. Other  pameabAPkty results frog this  zone wera not as promia- 
irg (aamplea 5 W r  100, lw, ~ $ 6 ,  223; 5 0 A E t  1x9, 121, ana 319, h b l e  I), 

The fauna from this zone is wbmda t rad w e l l 1  pr~samed by siUcif1- 
cationo A =%la1 list I s  b h ~ w :  %!f 

Ssveml i d e t ,  corals 
P l a t ~ e r i ~ ~ t e s  sp, Lndet, - 
Stanosehi ;~m sp, , 

Qrthotetes  ? sg, indet. 
mS~irifof of the F u s a l h  ? type 
C h o s i a t m  ? ~p. A 
Ph~icodothyxie sp. fndet. 
OPe~tonia sp.  
Unovrodua-9 ov&tuq ~ c ~ h e  s m y  ) 
G i ~ a n t e L h  ? sp. 
Dictyoclostua cf. e. hfladi '(ihir-flood) 
Dict~oclost~ sp. 

. Dictxsclxlat~ f n f f  
E w n e t ~ i q  sg, 
Tetracams ? spe indet. 
Tropidoatronhia, ? ep. indet. 
Uparolbm- ef. Q, Knight 

lh r s h b b  thickness eatimtaa were possible, A minimum of 30 feet 
of sandatone is indicated. The awndstone-limestone sequenca near the 
UXigwn River i a  at least 100 feat thick. 

S~mples fro. isolated outcrops d a similar aardstone nera recognised 
in other areas of the P o o t h i P h  provineez 1 mile north or F~rtress Mountah 
I n  the Dkpikruak-UrukkgIak R i w s o  area; near the south edge of the in- 
fold belt of the Oolamnagavik-EtivLuk Rivars area; and in the Utukok-Kokolik 
RZvers area, #Thfs coarse facies m s t  then be present  aver much of the foot- 
h i l l s  province but in a narrow band, I t s  southward extent is probably 1 W b d  
'tsceauae the sandstone was apparently absent from the :bunt Bapto section and 
has not haen reported from meas studied along the f i c n t  of the Fknge. A 
northward limitation 5s suggested the ou%cro? north of Ekakevik :Jountaln 
where the st ra ta  are essentially calcareous, in contrast  to the carbanate-free 
sandatom 1 mile to the south. 

-br.--Rocks havlng the Uthology of the Uruktagiak 
w m b r  are  widely distributed aeposs the infold belt. None, however, were 
recognized in the p a s i b b e  thrust sheet, The greatest areal extent of %he 
m k t a g i a k  member cutmopa is in the aouth ZisbuPne ridgas that trend west 
from the Etiv luk River tu the  d d d l e  of the  intersteam area. Here, a thick 
eection of chert has bean LsoeUmlLy folded to produce several aharp, craggy 
ridges. - 

msher, A, L., Sr., personal c o d c a t i o n .  



Two units of d i s t i n c t  lithology am recognized and are b1teved to 
represent two zones of the Kiruktaghk mabee. These t w o  zones are shown 
on t h e  columnar section a s  l l t h o l o ~ i c  squimlants of zones 5 and 9 df t he  
Ahpah member, On :bunt Bupto the  upper zone overUes beds containing a 
fama of t h e  acne 9 of the  Alapah member. The assignment of zone 5 of the 
Kiruktaghk on the flanks of the north Xilshne R i d p  is b a e d  on less firm 
evidencet (1) resemblance o f  the Uthology h r to the l i thology of the 
zone 5 type locality on the Kiruktagiat River%?$ ( 2 )  gross s l n i l a r i t i e s  
of the Alapah mmber underlying the Kimrktegiak metmber in both places; 
( 3 )  comparison t o  a black chert zone overlying m p a , q d a m - e t h e i n  limestone- 
chert sequence In the bunt  Bupto aaction. 

At the Lfsburne Rldge the lowest exposed beds are an $-foot aequence 
of bleak paper ehabo with two &inch colloform phosphate layera, saccharoidal 
to einderUmstone, shaly bituminous limestone, and b k c k  chert. The next 

+ higher exposure is of dark, bituminouzr fine-gralnod limestone (sample 50 ATr 
32, table 2 )  irmgulerSgr interbedded ~ i t h  b h c k  chert. 

A L O O - ~ O O ~  covtred intsroal PO~LOKS, below a lo-foot exposure of in ter -  
bodded bhck clay to paper shale and black-chert. A similar eoae of shale 
and chert probably Utmderlfes the covered interval. Evenly bedded black 
chert at least 5 feet thick eapa the exposed sectlon and Ucle no more than ' 

100 feet b s h  the first exposure of Perm-Carboniferous (?) beds, Thick- 
ness ia estimated t o  be sl ightly over 200 feet, SuMued exposures of this 
zone along the Eabmne Ridge projection to the west 1s.expessed & low 
ledges and rubble of shaly limestone, the so-called nmsical  Urn 
These k d s  contain Bio~hhynchua sp. B and Belleroehan sp ,  indet, Pmmw 

In the south fiisbmne ridges the sequence corrtaina at least 60 feet 
of interbedded black a b l e ,  black occasiomlly sooty chark, a d  b h c k  
bituminous l lmstone at t he  base. I n  th fa  unit chert kcoms  more abundant 
in a gradatfonal upward change from shale to chert and contains a Gonhtite  
fauna. Above this unit is at least 200 feet of evenly kedded black chert. 
Talus fr'agments weather Ught gray, atpiped or h d e d  with darker tones. 
Exkedsd'werathering bleaches the surface to a near white. Limonite s ta ins  
extend into the i n t e r i o r  of the  bleached rock along rnirmte cracka. Above 
the chert i s  black siliceous a b l e  of undetermined thickness. The shale 
conbins  acattersd f i n e l y  crysta1lir.e calcareous and phosphatic concretions. 
A r"ew th in  h i l a  of black sooty chert are present and pyritf c ntrixers are 
scattered through the section. A etrong fetid udor i a  emitted by the calm 
careoua material when cracked (samples 50 ATr 55 end 98, table 2 ) .  

Still younger b d s  are exposed along the ridge trend t o  the west: 
brfttle shaly limestone and black shale with socty chert underlie a 5- t o  
10-foot zone of carbonate rock that weathers to a finely banded l i g h t  and 
dark chocolate brown and is usable as a marker of t h e  upparmost beds .  
The thickness of this untt is we11ovar 200 feet. The section on the 
south Esburne rldges differs fmm'those previously described bg. having a 
massive zone of bedded chart In  the middle of  the sequence. 

Patton, W, W., Jr., and Tallleur,  1. L., op, cit. 
bmsher, A. L., Sr,, personal communlcatfon. 
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Table 2. S m w y  02 ail-cut detomimtiona far sarap?.es co%lected in the 
. Etivluk-Phi lips P,3.verss Southern Foothills  section, as reported 

by the U, S. Ceologiab S w ? y  Fairbanlrs k h r a t o s y .  

S a ~ l a  No. - facation Formtion OP member Cut Re aidue 

I*Y 

5Wt 203 157035w30* Ti. Upper Ahpdi, fine-grained V@r%r m SQht  
68036100R M. Urnatom Ifght yellow 

. . 

SOATr 32 156°41R~On R. Kirukkgbk (Usburrre Rldge) 3rilh yellow 
A & 0 3 & q ~ ~ n  N, black chert and Umotone 

5OATr 55 156°49@00~W, K%nukbgSak (south L i s b n e  y e l h  Ught 
. , 68°37g30w N. r f d g a ) b k c k  shale yellow 

50.4Tr 98 1 5 6 ° 5 2 ~ ~ ~ w  W, Kisuktaghk (smith Lisburm black heavy dark- 
68'37 wn N. ridges) bi%uminous limastcm brawn ox 

black a ~ p h a l t i c  
material 

50mr &5 1 5 9 0 3 ~ ~ 3 0 ~  W, K i m k t a g l a k  maek2ed.chart black yel lm~ish 
6=v34330" N, 

9 .I 7-' brmn 

SOATr 159 157'33~06~ W, Klruktae&k bitumindus Ten' vary l i gh t  
68030~~3" M. limestone ard black s h a h  l i gh t  yellow 

straw 

50AKt 207 157°3600W' S .  K h u k h g : ~ k  crackled chert dark d ~ r  k-brmn 
a036t3W N. brown asphaltic 

50ATr 25 156'43 00" 1. ? ~ h ~ b l i k  fannation. Halobh TsV very pale 
68°38100n M. oiLshele zoras, bl tufnous  Pale 

limestone straw 

5DAKt 196 157°34130w W. Shublkk fosmtlon, &labia l i g h t  yellow 
6@3~~30'* N. oil-ahale zone, bituminous straw 

l inse tone 
+ re% 

50ARt  221 157°36*00n 3. Okpikuak  (7) formation, none very Ught 
M037* 0 0 ~  8. clean sadatone, d i s t i n c t  yellorn film 

d o r  



Forrs%ls enllcc"tsd from thn ttpper akal-y zongs of t h i s  uni t  compare 
t o  the faum of tha type sect'ian of the Kbub-taglt-ik rnan,br, equimlent t o  
zone 5 of $ha A l a p h  rmmkr, on t h e  Liruktngiak River; C r a v e n o c e ~  ? , 
Gonktites cf; S, choctamensis Shumn?, Pseudome%acoc~ms ? spa indet., 
!Jooreoceras cf, a. cref iUratm ( G a t y ) ,  Sulcaretopo~a ? , Hwrever , the 
evi*snce is hot strong enough to exclude an u,prwr zone' (:I) determination 

a for the sequence in the south Lisburne ridges.%/ 

Comparison of the section in the south L i s k n e  rfdges with the upper 
KiruMagiak zone. at 1,"Iount h p t o  'shons a fair comelation, The KiruktagLak 
m n b r  at the north U s b n e  Rfdge overlying the flpg&a'Lweathering Una- 
stone appears to be roughly correlat ive with t he  heavy chert near the mid- 
d le  of the section at Xount h p t o ,  Theae comelaticrns nrs tentative at 
best alld ara r!ot preesnted as conclus3ve, 

Where well exposed, both zolles hare abundant, hydrocarbons (samples 
5ORTr 33, 55 ,  98, U5, 159; and 50AKt 207, h b l e  2) .  CrackXed cherta 
have a sooty appearance, becauea of earbnaceous material deposited on the  
surfacss. A t  one locality, a thin ~ U o e  of the Klrukkgiak membr lies 
between Triaesf c a d  Perno-Cbsbnif emus (? ) b d s  and hae, apparently,  
been folded into an overturned anticlines (bee f i . g b  2 ,  Prs l i m .  Rept. 343. 

The charts of t h e  Siksfkpuk group ham beon frectwad and v e i n s  of 
atlphabtm intrbduead as. fracture fillings ( just to left of upper bedding 
trace of C-Pa?; P i g ,  2, Prelim, Rept, 3 4 ) .  Several awfns are wider than 
5 inches; the maximum f s 1Z, inches. (~ragments from one of the veina are 
shown in f i gwo  3 in Prelim, Rept,. 3 4 . )  The fractwed chert and Ifmestone 
of the Kimlrtagbk at kh8s lccaldty hava abuadant asphaltic mgtsElal i n  
pore spaces and apparently conhinod considerable syrigem tic bituminous 
mterfal (sample 50 ATr 145, table 2 ) .  The close proxlmlty of a possible 
source, t h e  Iiiruktogiak slicer, to the asphaltum veins strongly suggests 
that the petroEfarous f h i d  (1 )  was generated in t he  Klruktagisk member 
and intraduced i n t o  near& voide, 

TITO amplee of sidlar so l ld  bftumn occurrhg as fracture Fillinge 
in the Tcrok formtian were analyzed and @e mbed to be t h e  pyrobitmen 
pahmlte .  The anakgsas are given blow: a 

bwsher, A. I;,, Sr., pmrsonel communication, 
22/ Amlyses by Michael Fleiecher, Branch of Ceochemiatry and Petrology. 



U d t s  02 the 1Iruktaghlg mmbar ~ T F :  obacrrmd near the Brooks R:.ngs 
~b10ng the east fork of the W%igim, B h e k  chert is abur,tdant and is accom- 
pnnfed by nom13gr associated black shale and Urnstone, Another section 
ni+h some dark chert but cbamc"brised by medim\-neutral calcareous clay 
shale and ekfty, f hggy-bedded Iirnestone crops out near t h e  type locality. 
This sequence conQ.1 ne a cephnlopod that is a t d h r  to a genua from Russia 
older than the Gondatite fnluvl coLZectod from t l l e  typical  ~irnkta~iak.~a 
PTo datalled section m-3aswe~ant was attempted but the  thickiless was est i -  
mated t o  'OP 150 to 203 feet. 

Although eddenze 19 imufflcient t o  s~a lua te  t h i s  nsv occurrence of 
the Kimlcbgiak anrukar, it Aa presented for fneorporatian i n t o  the i n t e r -  
pretatkan of the ralationship & the Kkruktagiak membar to the Uskne 
linestone as a whole. 

/ 

The strata in t he  belt of outcrops immediately north of the Range are 
not na c o n t o w  33 in the infold balt. Further Ileld imestigatlons of 
t h e  relationships of the U~uktagiak rnsmbr to the rest of t h e  Usburne 
limestone a d  of other problem in this part of the Foothflls  province 
would achims mse conclusttpe results if studies were extended to include 
thts belt adjacent to the Range. 

The persfatefit outcrops of vartoua %oms of t he  Usburme limestone 
near or in contact with yeunger strata without obvious fault relationship 
has no ready e x p b t i o n ,  If %ha suggesbd corrslatLons are valLd, beds 
underlying the S5lcsikpuk group at the north edge of t h e  i n f o l d  ape older 
t h ~ n  those a1.on.g the central part. Oldsr horizons of the L i s b n e  Ifme- 
stone are alao in contact with the overlying Sikafkpuk group south of t h e  
center of the infold blt. On the possible t h u s  t sheet a pm-Sf ltsikpuk 
regkonal d i p  to the myth I s  indicatad. Careful analysis of data colLected 
f rom other outcrops would teat Ynis concept of a gent l e  warping prior to 
deposition of the Sikslllrpuk group, 

Identif icnt ion of concdonts of Psrmo-Carboniferous (? ) e g e w  from 
beds formerly connidered to belang to the Shublik formation (~riassic) 
ntcess i tnt~a r e ~ ~ a s i f i c a t i o n  of the post-W sburne pre-Dkpikruak complex. 
The m2craf'awva i a  t h e  same as t h a t  collected from beds tatively desig- 
mted as Sikaikpuk group by Patton and Keller fn 1950. @ 

Iia Ethologic. studies are not compJ.eb, the exact locatfon of the I 

Siksfkpuk-Shublik contact cannot be ascertained. An unfossfliferous in- 
terval of 230 fest of b d s  beparatea the lowest occurrence of Triassic 
mcrofosarils from the Mghe st occurrence of Permo-Carboniferous (? ) mfcro- 
fossils, but these unfossiLiferous beds have a marked ltthologic affinity 
with the  underlying a t r a k .  Therefore the Siksfkpuk-Shublik contact in 
the columnar soetf on (@.. 3)  is shown at the b s e  of the Halobiq-baring 

28J Borrsher, A. L., Ss,, personal communication, 
Bergquist, H. Re, personal communication, a Patton, F;'. W., Jr., and Xeller, A. S,, op. cit. 



Bone of the Shublfk f~rzmtlons wMeh Za also the top of th8 Uthohgie  
zone that contains red- and ween-weathering shales, 

The Siksikpuk group probably unconformablg m m l l e a  several zones of 
the Ahpah a d  Uruktagiak meinbars of the Msburne limestone in different 
places. In the Etivluk-Kiligwa Rivers mea the Siksikpuk group is repre- 
sentetd Iry approximate* 700 feet of aection. 

.The stratigraphic sequence o f  the Siksikpuk group m a  pieced together 
from several exposurss, Hoxiaons or sonas aseunmsd t o  be correlative my 
not actually be so, but the gross zones are fairly wellestabl2shed nnd I 

have the stratigraphic positions indicated in t h e  column (p1. 3) .  The 
lower 200 res t  consfsts of intesbedded, dark-neutral medium-green chert 
that weathem green and dark red, a d  dark calca~eous clay shale that 
gemrally we at he^^ dark red in hackly fragments, The middle past, as it 
acoura i n  the  l f thrustn area btwasn the Ipmvik and K m  IEivers, i a  com- 
posed of.approximtely 120 feet of dark-neutral, gray to b h c k  bedded chert 
that weclthers a black and dul l  orange. This weathering mkes a distinctive 
color pattern &en viewed fim a d i s h n c e .  The upper 250 feet of this see- 
tion is f n t e ~ b d d e d  dark c'bery s h a h  and dark chert. The lower part of the 
upper unit  common'ly weathers red and green. Permo-&rbnl.fe~ous (?) micro- 
foesila were collected from the middle shale, 

The section on the north f lank of the Usburne Ridge 1s not more than 
500 feet thick, Tbc middle X20 feet of  dark-weathering chert 1s missing, 
This unit appears to be absent over t h a  northern half of the mapped area. 
f ts h t e r a l  perabtence in the southern half of the ares is demonstrated, 
however, by its occurrence on the west fork of the Kilipa River where it 
is s e p n t e d  from the orarlying Hglobia zone of t h e  ShubUk formation by 
saveral hundred feet of beds that are predomfnantly shale. 

Trissaic rocks comprise a large proportion of the outcrops in the in- 
folded belt  but they have been so much folded and 5ufted that no complete 
sections are exposed. Also, recent erosion has generallg stripped the up- 
pr, relatively wsak shale M a  of the formation from the .bedded chert and 
limstones of the middle part of the section, thus leavfng good outcrops 
of the res2aAtnt beds only, In order to estimte the  thicknes ,~  of the 
Shublik in th i s  area, a compoafte colmnar section was prepared from data 
obtained from several small measured sections, ane the thickness of 230 feet 
rlhown ( p l ,  3) in this section fa only ap?roximte, The l i t h o l o g  and fauna 
of the Shablik formtion are persfstent over the 60-mile h tera l  extent of 
the mapped areal ax3 they appear to be persf s t en t  over wide areas of the 
Arctic Foothills p~ovinca,  

As dfscusssd in the ~ e c t i o n  on Perm-Carboniferous (?) rocks, the 
lower contact of the Shubllk f o r m t i o n  has been establishad somewhat 
arbitrarily as t he  lowest occurrence of Trlassic macrafossila. The char- 
acter of the upper contact  Ea not kncrarn, mere remnants of Jurassic rocks 
are preserved, the relationships w i t h  the underlying Shublik formtian are 
obscured. A p~e-Okpi-k erosional beak of considerable mgnitule  is 



recognized. The upUf% respongibl~ for this break pas not, apparently, 
acsompanled by strong folding,  so %he overlying AucelLa-bearing beds lie 
confermably upon efther the Shubllk fo~mation or Sikaikpuk group, 

The onJy unit of the Shublik that consistatly crops out fa a zone 
containing abum3an-b IAohotis subc-ircularis Gabb, It is cohpossd of about 
60 feet of Urneatone, cherty limestone, and chert. The limeatone and 
cherty If mestom are dense to fine-grained, locally light-yellow red, and 
generally contain abundant Llonotis subcircularis and related p e b c y p d s  , 
h d s  as much as 10 inches thick are common. 5eds of' the chert are thinner, 
seldom over 4 inches thick. The t h e e  types are interbedeed in variable 
proportions and are usually sepamted by thin shale bads. The several 
%ones in which limestone pr&omimtes usually stand in relief above t h e  
adjacent beda . 

A 60-foot zone uderUan tha :.'lonotis song and is characterized by 
dark paper shale or o i l  shah i n  beds as much as 5 inches th i ck .  Thln- 
bedded ripple-marked dark lineatone is asaeciated with the'paper ahale. 
f t usually has a airong fet5.d odor (samples 50 ATr 25 and 50 AX* 136, 
table 2 1, and is highly fossilLferuus; practically a l l  beddfng surfaces 
are covered wiLl spread valves of Halobia sg, and others. B d a  of dark 
chart 2 to 4 f fiches thick also occur w l t h  the shale, The l ight  and dark 
stripes developed on weather i~  are diagnostic features of thls chert, 
Scattered Itgolf blil' and larger cancretfons of black biturninoua Ifmestone 
are scattered through the  upper shale, These bear a fauna of dbinutive 
pelecypods and ceplaalopods. Lapally, at least, the fossiLiferous beds are 
underlain by 20 to 25 feet of bedded dark chsrt that is h r r e n  of micro- 
fossils. A thin zone of lilonotls-bewing limestone nnd of 1 shale appears 
to underlie this sequence and to mark the base of the Shublfk formation, 
which, as p~levioudy explained, is drawn just below the lowest occurrence 
of TriaSsic foss i l s .  . 

The upper l20 feet of the Shublik fomatisn is exposed at only one 
~ o c a l i t ~ ,  There this upper unit is composed of dark carbnsceous clay 
shale, siltstone, thick-bdded dark chert that bleaches whi te  on weather- 
ing, and dark calesr~eoua' shale that weathers red ararf m e n .  Interbeds of 
b h c k  paper shale and minor amounts of chert are also present. kt mother 
locality, 30 feat  of black carbonaceous shale containirg sidexitic concre- 
t ions direc t l y  overlies the  fhnotis-bearing lfmestone z This shale 
carries a calcareous microfauna t y p i c a l  of the Shub1ik.m It is possible 
that equivalent stxetta have been seen elsewhere, but have mkstakenly b e n  
identified as part of the Siksikpuk group. Vertebrate remfns were fou 9 at t n e  localities. Ichthyosaur teeth, probbly of the genus I,?ixosaws, 
were contained in 1:bnotis-beariq Urneatone. Vertebral fragments and out- 
l ines of a chest cavity, about 8 feet long and 4 feet de2p, occur en a 
b d d i n g  surface in a section of thfnly inbrbedded c h s r t  and siliceous 
shale of doubtful Triaasie age. 

Bergquiat, H, +R., persoml commnicatfon. & Hough, Jean, personal communication. 



Xsolabd exposums of chart of questiarable age, rial; included in the 
Shu'SUk formtfon, o c w  throughout t h e  area, Itfost  of these are associated 
geographically with the Okpblmmk formtion. The unfossiEferous nature 
of W s  ~arfco'loped ehwt, together with the  complex stmcture fnvolved, 
makes the stratigraphkc position vary d!Tf:cult to determine. The chert l a ;  
genemlly consS_dorad to bvarlie .tho Shublik formtion and undexlie t h e  
Okpikruak formtfon  and may b s t  be considered Jurassic in age, They have 
rdt h e n  inclueed in stratipaphtc co1ms bcause of lnxufficient data. 

The f o l ~ l n g  bithobgic aequence is recogdzed, dascribsd from top 
to bottom: 

(3 ) Conglomeratic samlstone , Ughtoneutral-co3.0red witrix, 
highly calcareousp ~ o o r l y  sorted, anplar to subround.ineluaions of b h e k  
chert, pyrite nodules, and colorless to s e a m  chert fmgments. 

( 2 )  Inkrbdded f inemgrained neutral-colcrsd aandstona and impme 
greenish chert, 

(1) Black-, red-, and penmenthering carbomceous f issile clay 
ahale, coakining an extensive microfauna: 

50AKt 228 r hthysiphon B (7) 
Peloxina fragment 
G l ~ m o ~ p ~ a  B ? (8) 
Geudwism n. sp. (ahmiant) 
Trochemina cf, Trochammina Y. (1) 
Nodomria fragment - 
reptile tooth  

&rgquia@, in diseuasing the above microfauna, compares them to 
similar types found fn Pattonms samples (50- 84, 214, 216, 239, 241, e t c , )  
which are designated faunal zone 4 and thought t o  be of Jurassic age. 

 his ae&ion occurs on the south f h n k  of a smll syncline where it 
underlies conglomratic a d s t o n e  d sandstones contafning hucella 
~ s s i e o l f a  of fromar Cretaceous (~eocomian) age. No estimate of relatioa 
thickneos or definite stratigraphic relationships could be innda for t h i s  
aequence, and it mas not, therefore, included in the stratigrephic celumns. 

A coquiraoid limetons camposed of Aucelk bronnl occurs also in ob- 
scure stratigraphic relationship, Emlay, &&/ in di~cuas ing  the a w e  species 
of Aucella, suggests that it is dura&ris-Lic of the Upper Jurassic 
(Oxfordian stage). The ieolatsd outcrops of this horizon are generally in 
close assoc~cation with the Spluhlik fopmation. 

Bergqurlat, H, R., p~soml.oommunication. 3 hhy, R. n., parsonal commnication. 



Several. i n f e r e ~ e ~ s  m y  b3 made from the brief data abovet I 

(I) Bapid2.y thawing conditions of ssdlwentwy environment am 
evident from the d i e ~ s s  l i t h o b g l a s  repre~3n-M. I 

( 2 )  Zrosioml unconfcrrmttles of ~ f r y 5 m g  Local extent and psriode 
of nondaposition appear to have b e n  ppessn,: throughout Jurassic tfme , 

Lower cretaceous I 
The h e r  Cretaceous rocks in the EtivLuk-Rflipa Rivers area are 

gseywacke sandstonee and ahabs that are Mr~comian t o  Albian in age. The 
PJanwhuk group (dlbian and possibly younger ) does not crop out trrfthin the 
limits of the m p p d  moa, 

On the baais d gmss lithology and faunel control, these aedimentaTgr 
rockg are divided into the Okpikruak formtfon and the  Torok formtion, 
Although the ccnkct between the two f o ~ m t f o n s  is gradational and locally 
represents a continuous sequence of deposition, the authors feel that the 
two formtfona are sufficiently distinctive a d  that each has sufficient 
lithologic homogeneity t o  warrant separate mapping; ultimataly, smalhr 
u n i t s  of the Lower Cretaceous m k a  my prwe to be mappable. 

O k ~ i h k  formetion,--Exposurea of the Okpibuak formtion in t h e  area 
k$ween the Etivluk and Ipmvtk Rivers are confllaed to small infolds south- 
wbst  of the northern Usburne ridgea, and in narrowly elongated synclines 
within the struc-t~ml complex northeast of Ekakevik Id?otanhin, In t h e  south- 
central area along the Ipnavik River, outcrops of the Okpihuak formation me 
extami~e, Expomras for t h e  most part occur in broad faulted synclines 
closing t o  the west an the complex area and opening to the east to form tha 
perimeter of the structural basan Ekakevik Idountain. High fault-black 
ridges of O k p i h k  formtion B e  to the south oP the s,outh-central struc- 
t u r a l  complex. They sxl~end w e s t  t o  the R u m  River and northward along the 
Kum Rivar in faulted mfld infolded association w i t h  chert of Trtasaic and 
Jurassic age. North of the south-central st~uctuml complex a broad valley 
i a  cut in ahah of the Q k p i h k  f m t i o n ,  and nsrYth of t h i s  valley are 
nmeroas exposures Bn m r m  elongate, overturned synclines flanked by chert 
of Triassic or Jurassic age, Exposures of the Okpihuak formation are ex- 
tensive, characteristically i n  broad faultad synclinoria, within the infold 
complex eaat of t h e  Ki1-a River. Cutbanks along t he  lpnavik River show 
that shale and wry3 fine aandsb~~ of the Okpikruak formation have been 
infolded and infaulted with  the Jurassic and Triassic to a much greater 
extent than is apparent from outcrape in the intsrstrean: areas. The covered 
Intermla bstween the chert-limestone ridges are uderlafn by the Cncompe- 
t e n t  O k p i b k  formtlon. 

~t the present time the authors are unable t o  defermine av baais  for  
further sulx3ivEsion of the Okpiksuak formation, There are no recognizable 
mjor lithologic breaks a d  fossils a r e  scarca and not  diagnostic of aw 



C horizon, Ela fauna is Emikt! to Aueella crassicoLis Keyserlitng. Aucalla 
crasaicolls is no bl%eved to be chametsristic of Loraer Cretaceous 
(Neocomhn) a g e d  and is thus en age determlmnt for the Okpi-k form- 
tion, but the presence or absence of t h i s  diagnostic species dogs not war- 
rmt further subdPv%sion sf the farmation. Samples collected from appar- 
ently favorable shales contaln no diagnostic m9erofossil~~. 

The mst complete well-expoaed sequence of the  Okpihnak  formatfen 
is in the  area on the south f lank of a broad aynelim southweet of camp 6. 
This section coneiats of 2,000 feet of bads (pl, 3)  which are in erosional 
though conformnble contact with the urderlyfng Slkoikpuk group, and are 
conformably overlain by a ahaspstone conglomerate that is belf eved to nWk 
the base of the Torck formtion. 

The lower 1,000 feet conalsts mainly of fine- to coa~se-grained gray- I 

wacke sandstone, medium green .to dark gray, in terbdded  with  shale, silt- 1 
stone, and clay, The siltstones are somewhat calcareous, h n t i c u l a r  beds 1 
of poorly smtd granule conglonerata, consisting of subround chert grains j 

I 
and oil-ehale pebbles in a poorly indwabd  matrix, ere preaent in the lower 
part, Scattersd carbunaceow material is abundant and silt-clay inclusions 
are cumon 5n the coarser beds, Si l ty  llmastone that weathers dark-red 
brown i a  comnon. F a s s f l  fragments thwght to be Aucelh cras~icolis  are 
dissednated throughout the  coarser clas t ic  beds. Zones having a htgh ratio 
of eazadstone h ahale alternate w i t h  son9s having a h aandstona-shah 
ratio, In general., the sandstone beda predomim- and are coarser and mare 
numerous toward the baae of the section, 

The same mnohnow sequence of interbedded sandstone and shale oe- 
curs in t h e  overlying 1,000 feet but with ahale generally predominant. 
The Okpikruak formation thus becomes more shaly upward; it a l s o  seems t o  
become more shaly from south to north, 

F a s a i l  plants were found in shale and siltstone of the OkpikrYak for- 
mtion that underlies the sou#west scarp of E l c a k e ~ i k  :,bunitain on the east 
bank of t he  Ipnavik River, Aucelh csaasicolis was found 200 yards to the 
south of t h i s  locality. k, RskM &own of 'the U, S. Geological Survey 
reports that the plants are s i m i l n i  to eollectians fkum the Cornin area 
and from Oregon, These collecticms had bean previously referred to the 
Jurassic. 

In tha area along the east  bank of the KUDB River alzd extending east 
. t o  the structural complex, the Okpi-k formation has slightly different I 

characteristics, The same monotonous sequence of grapacke sandstone, I 

siltstom, and shale persists, but the  grayrack8 sandstone is in general 
finer-grained, better-sorted, and somewhat lfghter in color. Hassock b d d t n g  I 

is common, and while this type of k d d i n g  was not apparent In the meas& I 

stratigraphic section, its  presence in this and other areas is characteristio 
of the Okpihuak formation; Aucelfa cmssf colis occurs throughout the section, I 



The 1ithaLo~y of the OkpAkmk fop=-tion in infold# farther north 3 

differs l i t t l e  except tha% grains m e  generally smaller and the propox- I 
t ion  of shale to sandstona is greater, as much as SO percent shale in 
nome places. Flknotonolloly regular series of shale w i t h  scattered inter- 
beds of very fine sandatone and zones cf interhdded,  very fine aarrdstom, 
siltatone, and shale ere characteristic, Aucelh craasicolis is common 
but lea8 frequent than in axpowas t o  the aouth. Bpp~rent ly  these beds 
reflect deposftion by less vigorous mwrents and at a grhater distance 
from the source. 

i 
Isolated expomas of mtamorphic qurtzi te ,  probably the basal 

Okpikruak format%on, are limited t o  the southern infold belt where deform 
mtion h e  been P e r g  lntenaa, Thess quartzites have b e n  bleached and 
somewhat recrystnllized to a bard dense rock that weathers medium-yellow 
red. Scettered carbonacemas P r a p n t e  a d  impreasions of Aucella hsve 1 

beera preserved. - At one local i ty on the west fork of the Kiligma River, 
conglomratic quartsitic beds ape cmposed of subrormd white quartz and 
dark chert pebbles, Regional deformtions.1 stresaee are believed to be 
responaibb for the low-grade retamorphiam of the Okpikruak formation in 
the southern infala belt. ~ 

Graywacke aardstoaes W f e f l y  s d m d  at the front of the Brookrs Raw 
resembh those a t  the southern margin of the infold belt, except that t b  
propostion of shale is conoidembly less afd the degree of induration is 
greater. C ~ s e r  beds are also more common. 

Facles changse noted Getween the southern edge of the area and the 
mrthmn infold exposures were prolably m e  gradual than is indicated by 

' the 8 to 15 d f e a  now separating them. If the openly folded Okpikrusk for- 
mation to the south is p u t  of an overtht-ast sheet, ae is believed, then 
the obaemd facies char i s  have h e n  blescope2 by the  overthrust movements, 

Torok f ormation,--A t h f  ek section of coarse eXgatics and equivalent 
ahah of the Torok formation crtlerllea the O k p i k k  formstbn. A minimum 
aggregate thickness of 6,800 feet has been computed for the coarse f'acfes. 
These strata axhibi t  the common characteristics of gmymackes deposited 
in a geosyncUnal basin, 

Althmqh sMhr over-allp the Torok formation has been divided into 
three units, The contacta satabbhed were-uaed w i t h  aom mtiafaction in 
field mapping. The lmer unit i a  shmn separately on the accompanying I 
geologic mp (p l ,  11, hoaeaer, and the middle and upper units are not 
d i f f  erantiatgd, 

The h e r  unit, comparable t o  the shale 'mnit 09 the Torok f &mation 
fn the  Okpikruak-!Xrulch~~giak Rlvars area, carmists of at least 1,000 feet 
of dark c l a y  shale w i t h  s c a t t e d  septarfan mleareoua concretions in a 
pri~m~ltic calcite layer. m e  on3t is conformable ( 2 )  with the underlying 
OIrptkruak f ormtlon and is separated from that  sequence of shale and vefy 
fine- grmacke sarxlatone only b.u a eone of sharpatone conglomerate which 
i a  thought to m k  the lame d t h m  Torok formation. 



The U ~ P S P  c u=.n?;%c$ 4s Ir~2s?1~?m>Ln~t.2 B'i. Llml:e?i!r ? , ? O U P T L B ~ P : ~  vbre 
the d i s t i n d  %ltholo ,y  was r~cogniac:d, the t ~ p p ~ ~ n o s t  vhale gredes fato 
a zone of chert-pebble cafig3,~mrate an6 %ins-- to cwrs~~grainc d p a ~ a c k e  
aandstone. On the sou th~na t  side of Ehkev5-k Mo~mtalbn the cm.ras-grained 
beds unconformably underliecthe h ~ a y r  oong1.-aerates of t h e  upyer unit and 
differ by 20' of dig and 10 to 15" o f   stria:^. A few hundred feet of shale 
meraying thk sa~stone-conglomxa*,e zon3 0.' the mtddle vntt :'.s wlconforb~- 
able with  the henv  conglome~ate -ebove It o L the fhnlcs at' t h ~  large syn- 
cline, but corlformbly under lies the cong5o~ :rek at the &B uf t h e  structure. 

Elsewhere ahale of. the 3 0 m ~  d t  m s  3ot readtly df at im~ulshed from 
the ahale of other units. Ieca2ly tlds UP,, tugether with t :e O k p l h k  
formation, i a  absent below" str~ta 0%: the nfi?.db unil-t, Althoui;h t h ~  lower 
unit may not hare been depozfted in oertain areas, 3% is more l i k e l y  t h s t  
it has Men rema& by pra-speddfle unit erosPon, 

The middle unit of thrs "6rok fo~mtior! m y  be separated from the 
other units  by smr~a3. ch,w~-ctesbafics, Tb? most ob~isun,  as ob~esved in 
the field, is a di f f~rence  i.n degree of dsf 3mtf on and arguk~r  discordance 
w i t h  the ovarwng unito These atrnts are zommonly folded krrto msymmatric 
structures raaginag Fsm o m  q h e r  t a  t h s e s  qmsteps of a mile wide a d  
seldom over 3 &lea To o Vsrbict i l  t o  s t o a ~ ~ l y  over3wnsd beds are coninon, 
whereas beds dipping 60 to 75" are typical,* 

These s t m c t ~ e a  attitudes m e  in contrast $0 the broad open folds 
with 10' ta 30° d i p s  *t Rave- h e n  dewel0yt)d in the upper ult conglomerates 
(see f igo 4, PraUm. ,Sept, 34) .  It should IN e q b s f  md, hoa~ver, that the  
apparent diffemnes in degree of defaxmtic.n is tm3mMedly d.us in pnrt t o  
tha more coropgb~z'c mtwe of tke uppr u n i 3 .  congXomratss and: their greater 
resistance to fo ld ing  and eompreaaive s t m :  nes. Al-thhcugh dif'fsrenoes in 
relative competency m e  thus a factor in cc:mfLddng the rela.tive, dagree 
of deformation, aqgu- d'racordkance is mw~~?t,heless apparent fn th@ ts;mea- 
t i a n  of t he  beds of the  lmer v.nLt by the :tpper unit cong1omr:rates. 

In the  places where typica l  I l thology of the two units i s  recagnfzable, 
the middle unit is distinguished from th,a :oner ahah unit b- the presence 
of a thick zone of cssrse clnstica. The a?lm;te associated r3s.h and (or 1 
equivalent to the coarse b d s  is ch~racter'i.3tically silty and i a  variably 
interbedded w t t h  siltstone, fine to medllun g~ayw8cke aandsto w::s,t occasionally, gramtLe c o ~ ~ ~ t n s r a t e ,  The armonlbte hmurocera 
-present eonsidemd to mark the basal secficr~~ of the middle unit, but the 
b a a 1  section a t  Smith T,b~intaPn i a  t h e  only loca l i ty  within  the area where 
t h l a  ammonite was found, 

Tri~ aona of coarse chetics l  m e d i u m  t 7  c m s e  sandstone, grant& to 
pebble eorglarnemte, nrd rare lentimler bsda of cobble conglomemte, is 
sxtremly -$.able Pa te s s l~ .  A t  Smith Fbmtafn a 2,100-foot thickness 
was computed for the zone, There sandston*, fine- t o  mdim-grained, dark 
to medium green in color, and with p o o ~ l y  (sorted, suknplar partzchs, is 
apparently the win constituent. The b d ~ l  "tongue outn laterally in to  shale, 

fmw, R. W.) personal commicatlonm 
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i9y 1,000 Tect of ps'S-bEe -Lo eo:>ble c~::&cras~te, Ahat 1,00 fzet of nedhm 
to coarse gra,vr?acko sazdatone and g r a ~ u l e  t o  cobble cor1gIom2rate mkea 
~ r y  t5e ridges- rsov.t!~ OF Uberatm fake. The thic!rncaa cf the zone may 
range from 700 h COO Z e ~ t  viS'r! accoragslplng inc~ease l a  p~opoxtion of 
coqbomreke a s u t h ~ m d  to %he ~ ~ l e l r d t y  of 8vayhzck !ho7mA~fn. 

I 
I 
I 

An u t r f i ~ t ~ ~ n d . r ~ ~ d  % h i c k n ~ s a  of in+firkddsd dark si l t  shale and f lm ~ 
ends-hnc orraigEa s the ecapaa c h a t i c  z o n ~ ,  The C O M ~ C ~  be%?~:aen th5 t v ~  
zrsrmra is indeflknlte ss the h e r  faci~3 ~ a d e e  iut .0 the upper by a more 
or less a l t e y ~ g B l l g  series of the ts?o f ~ c i e a .  1 

A thick zone- of cpsse-Wded, very fin= aandaton~ is present is a 
thick ssquYnee o f  shah an the lower renchsa cf the X2Upa River, It ka 
"Lenktively ccme'la3ed with -t;' uppr croes-lsedded s i l tstone of the Tmok 59 forrpatLon dascrilwd by sable .--/ It 13 suggrts'ted that this zone is cor- 
relat ive fn part nit3 th3 smidle urdt of the To~ok formtien as dascr ikd  
B'DO'VC? * 

A t  s sverd  I r ~ a l t t i e s ,  shnrpabne conglorrerate is present near  the 
h e e  of' th2 dr?dlt: unit, Bhe7~e &st dwelcped 1': inc21dos blocks of 1 
Us5zzsne ZSmeston3 ~ n d  ShnhUk fmrmtion as n;.s.cil es fO zeet fn dimension, 
This mrglomrcke. is toztsnic  %n o ~ i g i n .  

The beds sf the middle W t  crop ~tr t  close %o Trias~ic rocks along 
,2 

 LA., nurtharn margin of the i d o l d  belt. A t  the ncrtherfi41ost exposwe of 
TsSassf e, 2 nf les no2+,h~;sst of Swayhck Boan%aZn, w bme.1 ea2careous granule 
conglcrrr~rate is In diaconfo~rnable [:ontact 1~2th s &labia zone of the 
S3vhlik f o~metian. Tile aalque appearance of an assoc i~~tsd  diabase sill 
IWJ b interpreted as due to pre-niGdle nit wreatherl-mg, Nsa~by sources 
r ~ f  mlerlal  aye I~sp3Aed f o r  the b a a 1  part 06 the unit ,  Qthor highs could 
ilr,lve been dev~IOpe'9 io t he  nosth in the  hsin of deposltioc. YossibQ, 
",en, vlh~ k=l. part of t he  rLdddle un55 mas da-,asPf;ed 011 actively growing 
A L P u ~ ~ ~ ~ s .  

Remraflts of t h e  upper ~ ~ t - t  are recqnlzsd in the E l ~ ~ ~ k e v f k  idfountain 
afid Swayback k u n t ~ i n  q g t n ~ ~ m s ,  A mxi:~~rn remining tkickness of 2,000 
feat rvas comuted. at S7:aykck Xomtaln, Variable t b i c  kne sses sore measured 
8% Elra::e*;Fk ? ~ o x ~ k i n :  3,00(1 feet on t.he northwest end; 2,203 feet on the 
northeast, n d  !,,?'3Q f e a t  ot! ths southern m ~ g f  n of the I r i o l d .  b n g h w r -  
.?.-tos eonposed cP s-~hroim.d p b b b s  and cobbles of quartzite,  raf ic igneous 
rock, chert, aiir3i ZLsbwfie U.mstone am pedsmiran't at S m y b c l c  lbwt;ain 
snd in a l l  the 122per 400 %O 5GO feet at j<?dcevik  ?,T~tntaPn, The t ~ o  
n e w n e e a  of cenglc3~&rat~ hs.ee b a n  csrmlated 'cecause t h y  ase folded in 
the same dsgroe, p ~ o j e c t ~  i rk0 on3 angths~ along the regional  trend, and 
ere cozpased 02 sirnilas types afi conglorrrarate, They d i f f e r  s t t zh t ly  Zn 
t h a t  the Ekskev2k Itf~mtafn serleo b&.s a rraasked pdomLmnce of qum+,zite 
~ s b b b s s  as contrastad to t h ~  more typ%eaR chert, M i c  igneor~s rock, minor 
quzlstaite, JLSahurnz limestoneo and ~ h i l t e  qwrta that mke up +&e sartes at 
EEwaykck Idombin. Ths ssrlas E k a k ~ ~ i I :  7llountaEn overlies the folded 

a Sable, E. G,, and ~ g n e ; ~ ,  P~!. D,, OF* c i t e  



Z E E ~ O ~ S  EKIE i i  I v 
' 8  ~ ~ a b a a a d  J nnr! closely x k t s d  typo3 we the cn@ ignoox.; rocks 

recogn'Leed. rbst of -kl?css 8.Te 3532s acd s521.-?.kke ~ Z ~ Z B E  encl-o~ed ky  prep I 
C ~ e b c s o u s  aLratn, Rakt fvs ly  t h i n  sills 5 ta 50 ,6s& th ick ,  and aver- 
aging 15 to 20 Esot, i l a 3 ~ ~ d . p  the Slmbl-ik fcrmtion e.nd the Sfksikpuk ponp. 
TLxeI- coalescemc ~f se'trera2 cBose3y spe-ced sills results in a thicicar / -- 
mass of 2 g n s o ~ 1 ~  rock. SLi3.a of ger.ral.3 ,ns)eator thickness occur in the 
Ustwne l i c e x t o m .  The lower aBLl on the ~fhsuctv shoct io 150 feet, th ick .  1 

The didbase 5s probably IdtanMcaX to 'she mfic lgiaeous sock described 
in the Okp3bmk-Kknaktagiak Rivera are:$. The bIr',we depends mialy 
on thbc!mees of t he  itltnzsi~e body* Cn c h i l l ~ d  coataclsp from 2 to 
7 2  ho l ies  s 2 h ,  the sock lie dense ht gradas through Tina to mdim galln 
in the  t h i m ~  sZIIS~ !,kxim p a i n  size 17e.s obse-sd An tile t h i c k  loser 
sill where atffisral -aim m a  0% half i s c h  lor, or noye. The compssLtian 
aaries little. I?pgarerA ass id la t ion  of haat rock h,z locally produood a 
sdaght change i n  eppoarance. 

Little mkmo~phie e f f e c t  of the fntrasives was noted and nofils ex- 
tended mum than 2 or 3 reef; f ~ o m  Y'ne contact. On contacts wi th  the  'larger 
masses chert 13 loaa l ly  Tsleficlled a d  U.rr&atorie rocq~shhllieed, A fern epZL- : 
genetic suEj.dcs were fouad' I n  the  m n h y  rock; s pal zor.es of 
sitherite (7) (Bco~), basllks (9s8Qh), nrd g r p s d ~ C s S O L  2QO) occur In ;" 
the Uxe atone -chart of t h e  InfoXd 'm 1%. / 

Several autcroy;~ of f gneous ~ o e k  apgasy to b mrf sce f lors, FtEcro- i/ 
sccpic studies of san$es from tbs9  o~tcrops ham n o t  been made. 

The i n t ~ r r s i ~ s a  nere nowhgra proved to cut the O k p l b u a k  formtion on. 
young~r beds. In a few p b c s s ,  Crataceoua outcrops are vary closely ssso- 
cia%& w i t h  outcrops of the igneous r ock  but no alterat ion was e d d e n l ,  
IAfPc ignwus frasments a d  pebbles in the Okpikruak fo~makion mega- 
scoplcal ly regamble the d l a k s e .  The authors f e e l  that, in view of t h e  
numarGus faults ard st~at@aphic displace merit, conclusive proof of intrusion 
in Cretaceous rocks m a t  corn from an exposed ignerrv.8 contact, preferably 
one with contacO, alteration, Intrusive act iv i ty  cannot b d e f i n i t e l y  dated 
cloaer than betxean post-Jwassie and pre-Torok tlme. 

Although the sI.1111 were p ~ o b b l y  injected into the stmta along aanes 
of weakness, ge~ernlxv paral le l  t o  Yne bd.dfng, they have h e n  subsequently 
folded and faulted with ~ a a r b  the ssm intensity aa the enclosing rock, 
The intrusfon must, thon, p r ~ d a t e  the major pr t  of the de5ormation. But 
caneentratf on or oecumermce of the dia'base is often closely a s s o c h t d  

286 Stefansson, Pir l ,  op. c l t ,  
Patton, PF. W., Jr,, and T: Llleur, I, L., op. cit .  

&/ Milton, b h s ,  Branch d GQochemtetry atad Fstrolom, 



,, . , -; + d. , p~z .  k.-dL~;:r::,.~ ZS.:C,I: ;)? T E ~ ; ~ : ; . Z : ? = S ~  1-b -5.3 p ~ ~ 3 7 ~ b ; e ,  t I ; ~ r ~ f  ope, t h s L  
sonar, of d : . ~ ~ ~ ! ~ ~ i ~ ~ ~ c s  C;!!at k r d t k " ~ 2  nLl; t.!?e bag1 nr,ine of' t h e  defomat f.on 
have been I4ocmJ.I of 1st~~ s'mgos of adjustment, 

S r n U C T W  

The mea uqwd ht?s k e n  intensely deformd, Structural petterns 
and some d e t - i l a  ere shorn on tha geologic map arrd structure sactfona 
(pls ,  1 and 2), , 

Regional co~p~"~asLom1 forces resulted i n  failure of large units by I 

faulting; hovever, 'these forces produma overturned 5.soclfnal f o l d 3  in 
smalbr unit3 Faults of considerable df apbcemesit ere aaaaciabd with 
the t i g h t  folds (me fig. 5 ,  PmHm, ,Septa 34) - Combined rolding and c 
faulting o f  t h i e  fype m y  accomt for the occurrence oa" thin s l i ce  black8 
of older rocks within younger. The mjar Sauit zones m e  J~ te ra l ly  per- 
sistent. and in some place3 are assochtsd with h r p  ~vzrtwned folds. 

In the infold bit, tlze OkpTkpuak fornatlon has bean contorted only 
a2ightI.y lea:: than the undar2yZn~ strata, hzt the c u m t e n t  strab of the 
Tomk fopmation Pave h e n  I m o l v ~ d  in considerably Lzss Intense def o m t i o n ,  

Complicated folding of tha incamptent ahale sequences of *he Frok 
formation (see ffg. 6, Prelim. Repto 341 prtlbabb is an axcession of 
drag folding bebean mare campatent zones .rather than relle,ef of compres- 
eional stresses. Effect of xanlng com~xessilcn is ahown ;try the gentle fold- 
ing of t h e  upper mzmber of the  Torok formation, 

An anm~lou3 stmrstuml situation in @he south-central Ipnaafik-Kuna 
Ri:m B P ~ B  k s  been referred to fmqueatly above. Along the headwaters ' 

of Gutaway Creek, an obvlaus t5rust-fault re la t ionsh ip  axfets between 
gently folded stsa-tt of ths  U s h r n e  Bmsbns and a3socia%ad d h b s a  
sfl ls  (in topographic highs) and the inTold con~lex (fwmlng the lowhnds) 
( m e  fig.  7, h e l b .  Rspt. 3 4 ) .  Thia fau l t  cannot h traced to the north 
and east, hommr, bemuse it is obscured by s smrm of highla~igle s s ~ e s s e  
r a u l t ~  that cu t  more steeply dipping F7issfeetXpp%n a t m k  nnd dlabse  ~211s. 

The f~ul* trace eastgad mot pss just north or Ekakevik : I . l ~ ~ t w i n  
where the basal conglonsratg of .the upper wit of t h 3  Tcrols foreation is 
faulted wains t  w d labse mass, The fau l t  plane dips 3 0 ~  S. !,!oreover, 
the openly folded beds on the weat side of t h e  Zpnavfk-Iluna Rivers wraa. 
are broken $t a series of reverse faults that destroy the  paatuhted weatern 
p~ojectl ion cf t he  thrust plate.  Cpposad to the interpretat5on of' a IOF- I 

angle tfisttst faul t  in the area in question f s the present reasormb'le poal- 
1 

I 

tion of Ekakevik ~ h u n t a i n  in m h t i o n  to Snzyback Yountain, As E k a k e ~ i k  
170untain strata, m e  c l o s e b  associated with the b d s  on the posalble t h r u s t  
sheet, L t s  restored loe~tion, befare faulting, would be several miles t o  
the  south. I h e ~ e r ,  other  evidence supparts the thrust-fault concept: 
(1) the  Ushrne limstone at ~~t h p t o  has no dfabase, as contrasted to 
the persisteat s f  11s oectarring in correktive ( 7 )  strata on the thruatfl 
sheet; (2) poeiaibh correlation of the beds on the  f r t h t n  sheet nith 
npagodafP-meathering beds and diahse sills that occur at the Range f ron t ;  



: rfi (3) C F ; ; S T F . ~ ~ : ;  ;-.'.r-:.!- 2.. : E. ~;,3+cn oil < . , ~ j ,  0: 5";:; ; f d l ~ ~ , :  -'' I?j;~~.!, R.!j C L ~ I ~ T .  

'LrEctzB t o  ,a ~ c ~ ; ? k * t ; ~ ,  Z C C ' ; ~ ~  GI) to mfi9 7 of the  61u;zh member of the 
E c b ~ r n e  : ~ E S ~ E @  a t  i . l ~ ~ i l t  meto, At p r ~ s e n t  the nxLl~crs k.Ucrro ' that  
*,he ovtdenee f R V ~ F S  t h 2  t n t c r p r e b t i o n  oC a l o ~ ~ - n c g P ~  Lbrust f ~ 1 t l - b .  

The t!.ljcust plate  has  &en folded since !.ts leveU?irent fn a b u t  the 
d~grec an %c.ybacIc_ ?h~~n*&n. 1% w ~ s  hn!ren 21ter by numerow high- 

angle sever= F~u~-;Gs. The atacne; suggestion of a flat t h r u s t  10 to 20 
miles north of the Faage ~"sont 1.9ml3 aupp0~5 to the inte-rprebtion t h a t  
the inrold belt is par2 or a l o w - a n g l e  L h w t  present 0.t depth, 
airunShities s:&s t bstrrean th9 Etie'1t~r'r:~.Uligwa, sectdon and the Alkrtan 
Foothl l la  province whers t h e  presence of these ssabsurfaez Im-angle thrusts 
has h e n  eatabllahsd, Mdwrous complex a%~uetmes that  seem to kve no 
resaonable exphqation from the data availeable might be 'auccsssfully Inter- 
preted as struztural adjustmnts on a t h ru s t  shest. 

The structural Mstaqy of the basin fYom which the  strata were f ohled 
is complex, Damamping a d  shor-bnbg of the basin m o  i n i t h t e d  durirg 
or shortly bePope d ~ p o ~ i t i o i l  of the O k p l l m ~ ~ k  formtion and m e t  h ~ v e  cofi- 
t X m d  LntermfZterrtl.y throughout depoa3.tion of the Torok fa rmt ion .  Active 
upfolds, from nhPch y~rovio?~a?y deposited strata qere eroded, appear t o  hme 
b2~iI pres0ear"t~r the local ~ x i a  of depon%tion. The accumlated effect of 
deformation his p~odzacsd cgmplicated structure in t h e  older strata, There- 
fore, stsucturca in t h e  younger socks exposed a t  the swface m s y  only 
broadly roflect the conlo~m-t~on of older beds n t  depth. 

1, Eo favorable sousca or  rsaervoir b2ds w e  p~esent  in the O'Rpilww~k 
or Torok fosmtionR. 

2, Posstble sowcc b d s  occur in the Xiru'ktagSak membr of the U a b n e  
limatone and also in the S h U k  formtiom. 

3. Possible rase~molr k d a  occur the ugper ~ h p a h  mern'ber of the 
Esburne limestone in the q w t z o s e  sarJlds$oae facies mbf ch has, locally, 
high permeability and porosity, and in the dolomitf zed limatans that is 
expoesd on the  MsbuPn~ Rid,-, 

4 .  The presence of at  least 2,400 feet of Ustnxrne limestone in the 
infold bit of the Southern Foothills slection and an additional 1,500 feet 
of De~orctan bsPYone at the Brooks Range f'rant. indf cates a thick section 
of beds, suscept~ble to devalopment of secondary permeability, that may 
underlie the Northern Poothil la section. 

5.  Surfam strzacturss l a  the infold balt w o u l d  not warrant explora- 
tion beeau~e of probable cmplexfty of structure a t  depth, 

6, The probable anticlinorium ~ r e o  to the north of. the m p p d  area 
would have the m o s t  favo~abl,e ~ i t e s  for testing the potentialities of the 
Paleoaolc section. 
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~.~TI~s?,~>Y.IP a at,:,es,t; ?;I::?.?. pek.olw.c. z t Ic t~z- t  in s ra l l  q~~+n i ; l . t  ies, has 
mimateti f ro? its places of accum~?~ntion.  

1 Rocks of D~von%an (? ) , f3.e s5asXppiaa, Permc-Csrboniferotls (? ) , 
Triassic, JmassZc, a d  h e r  Cmtnm~us nge Fire exposed in the ~meb. 

2, Thiekneasss for the atmtigra?hic d t s  me as iollowa: Moatak 
formation (~issisekppian os DavonSan) , indstee~m%mte ; Alapsh member and 
o l d e ~  I?] rocks of the UsSurw Umestone (MissSssipp3an), 2,400 feet; 
Kkrr>lA~glak wnbw of the U~hane ( ~ f e a ~ a s : t p p A ~ n ) ,  400 feat or more; 
Pemo-Cssbonifarous <? ) , a p p s ~ n ~ ~ S e 3 - y  730 feet; S h b l i k  P o r m t f  on ( Wlass ic  ) , 
a w ~ d r a a t e ~  230 feet; Jwtaaaic, i.ndeternFi.la"~; Okpikrusk formtion (Lower 
Cketaccoup;), 2,COO feet ;  Torok formtian (Lo~sr Creteceous), a t o t a l  of 
more than 5,000 feet. 

3, Several focal tlnconfoPmitlea are recopt~sd:  a dfsconfmmity at 
the h a e  of t h e  Okptkruak formation; an unconfo~mity at the base of t h e  
middle unit of the Torok formation; and an angulP.r mccnformity r t t  the 
base of the uppp  ~nembe~ of the Torok formation, The mcanFormity at the 
base o f  t h e  nddd le unit of the Torolr formstion mEyr represent erosion on 
an actimly g r o ~ ~ i ~  high in ths dapositional basin. 

4 .  An area of structural compleidty v i t h  fsocliraally oveptmner! folds 
and high-angl~ reverse faults i a  t;i.pical of el1 strata sxcept the Torok 
foxmsfien. The younger beds are  less intensely folded because dsforrnation 
began at some time pre~ious to i n i t i a l  Torok depositton and was decreasing 
at the end of Torok deposition, A lo--angle t b t  fault brings ssaen- 
th l fy  f h t - l y i n g  E ~ b w l 2 ~  limestone and ovarlyfng strata over Triassic 
end otkher beds fn t h e  south-cent~~l. complex. 

5, Small amowrts o f  pet robun have k e n  dsrlved *om beds t h a t  underue 
the Okpfbuak farrmtion, principally t h e  Iumlstegisk member of the Usburne 
limestone, A quartzose sandstone f a d e s  and dolodt ized  zones in the Ahpah 
member af the U s b n e  Urneatone, in addition to 3,900 feet of rocks t h ~ t  
m y  ~ A V B  secor,dary permeability, fptdfcate reservoir posaibiUties in the 
Pa leoaoics , 
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