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TRATIGRAPHX AND $TR~CTURE OF THE SOUTHERN FOOTHILLS 

SECTION EETWEE (d NE ETIVWK AND KILIGWA RNERS 

MTRCBUCT ION 

BY 

I ~ i n  Z. Tail leur  

and 

&on He Kent 

art of the Southern Foothi l ls  section, Arctic Foothills prov- 
lies between the Etivluk and Kiligwa Rivers nas investigated 

oy navy or1  U n i t  party 6 during the 1950 f i e l d  season. A Lelt  about 16 
miles wide and 60 miles long (approximstely 800 square miles) was mapped 
i n  considerable d e t a i l  (see index map, pl. l ) ,  The mapped erea is i n  the  
west-central par t  of the Arctic Foothi l ls  province, wholly within the 
boundaries of Naval Petroleum Reserve No. 4. Major drainage consists of 
the middle reaches of the  Etivluk, Ipnavik, Kuna, and Kiligwa Rivers. 

U. S. Geological Survey 
OPEN FILE REPORT 

This report i s  preliminary and has 
not been e d i t e d  o r  reviewed for  
conformity with Geological swvey 
standards or nomenclature. 

Principal objectives of the party, u ing previous geologic s tudies  
i n  the Okpikruak-Kiruktagiak R i v e r s  a r e a d  a s  on i n i t l a 1  working base, were 
s t rat igraphic and s t ruc tura l  studies of' the outcrops i n  the interstream 
areas. In  view of the  f o m ~ e r  in t e res t  i n  possible Lisburne limestone plays, 
the Lisburne Ridge ves t  of the Etivluk R i v e r  and the northward nosing of the  
Triassic  complex between the Ipnavik and Kuna Rivers were designated 9s 
areas  f o r  par t icular  emphasis. 

The party included s i x  men: two ecologists, two f i e l d  assis tants ,  a 
cook, and a weasel mechanic. Three weasels were available f o r  transporta- 
tion, two of which were maintained i n  operating cotxlition f o r  da i ly  f i e l d  
We. 

A s  many exposbres a s  were pertinent or  accessible were examined. 
Vert ical  photographs were used f o r  plott ing data and f o r  a r e a l  control; 
r e l a t ive  v e r t i c a l  control was established with altinwters. The effect ive 
working radius from base camp was increased from 8 miles t o  20 miles by 
making frequent 2- o r  3 - d ~  spike t r ips .  

The party was flown t o  the i n i t i a l  f i e l d  camp on Smith Iake on h y  22, 
but ac t ive  f i e l d  work was not begun u n t i l  June 5 because of poor weather 
and a ' d e w  i n  caching operations. Approximately 20 percent of available 
working time was l o s t  owing t o  weather, moving camp, and map work. However, 

U Patton, 8.  W., Jr., and Tailleur,  I, L., Stratigraphy and s tructure 
of the Okpikruak and Kiruktagiak Rivers area, Alaska: U. S. Geol. Survey 
Navy Oil  U n i t  Rept, No, 34, 1950. 



zeology required more time than w.3 anticipated so  t h a t  2 
on the scheduled area rremsined when the f i e l d  season was t e r -  
eptember 5. Near the close of the f i e l d  sewson reconnaissance 
two forks  of the KPligwa R%ver and up t o  the  f ron t  of the  
on the East  Fork of the  K i ' i g m  River indicated exposures t h a t  
detai led study than was pol s ib l e  i n  t he  remaining time. The 
driven t o  the Driftmocd getphysical camp foe  caching and the 

3wn t o  U d a t  September 7. 

ph We Inlay v i s i t ed  the par:y f o r  several  days i n  ear ly  July 
mer  Cretaceous s t r a t a ,  W. P. Rrosge and C. S. Gudim joined 
August 29 f o r  a reconnaissvnee of the Paleosoic exposures on 

r s  of the  East  Fork of the ililigwa River, 

Previous geologic inwestigations include reconnaissance surveys along 
the Etivluk and Colvil le Rivers i n  1925 and 1926 by P, S, ~mita and W. R. 
Smith, a boat t raverse  of the  Ipnavik River from a po t & miles south of 
Ekakevik Mountain t o  the  Colvil le by Karl Stefansso d' i n  1947, and boat 
t raverses  of the  t i v luk  and Kuna Riveters from the headwaters t o  the mouths, 

4P by iJ, D, Mangus and others  i n  1949. Except t o  ver i fy  pe r t s  of the in te r -  
stream areas,  none of the outcrops on the Etivluk o r  Kuna Rivers wore re-  
examined i n  1950. Other areas  of overlap were remappad. 

The interstream areas  of the  Etivluk-Kiligwa Rivers l i e  en t i r e ly  
within t he  Southern Footh i l l s  sect ion of the  Arctic Footh i l l s  province. 
Three l i nea r  physiographic be l t s  may be recognized within t h i s  area. 

An east- trending tundra-covered region of monotonously Tow r e l i e f  
l i e s  north of S d t h  Mountain and north of the I d b r a t o r  Ridge. The Colvil le 
River forms the northern U n i t  of t h i s  bel t ,  which i s  8 t o  15 miles wide. 
Outcrops within t h i s  region are  limited t o  a few lm, l inear ,  east-west 
rubble t races  of l en t icu la r  sandstone and some cutbanks of sandstone and 
shale along the- larger  s t r eam,  The suMued topography is  an expression 
of the underlying incompetent shale of the Porok formation. The southern 
margin of the lowland marks the northern in te rs t rean  limit of geologic recon- 
naissance. To the eas t ,  another b e l t  of similar subdued topography, 4 miles 
pride, l i e s  between Smith Mountain and %he Idsburne Ridge. A gravel pediment 
of l a t e  Ter t iary age covers the southeastern pa r t  of t h i s  area. 

The most southerly physiographic bel t ,  7 t o  18 miles wide, has pro- 
nounced pers i s ten t  r idges with a general N. 700 W. trend separated by 
in t e rva l s  of tundra cover. The b e l t  is correla t ive with the complex infolded 

Smith, P. S., Geology and mineral resources of northwestern Alaska: 
U. S. Geol. Survey Bull. 815, 1930. 

3./ Stefansson, Karl, Stratigraphy and s t r u c t i m  of the area of the  
Ipnovik River, A l a s k a :  U. S. Geol. Survey Havy O i l  Unit Hept. No. 11, 1948. 

iilangus, M. D., Detterman, R. L., Lachenbruch, M. C., Jr., and 
Lachenbmch, A. H., Stratigraphy and s t ructure  of the Etivluk and Kuna 
Rivers area, Alaska: U. S. Geol. Survey Navy O i l  Unit Rept. No. 35, 1950. 



I n  the interstream ires o f  the  Eti~?luk.-Iiilima Rivers, a localized 
area of rugged topography a rcs  northward aCPbsB the south-central past  
of the infolded belt, F l a t  o r  gently dipping escaspmnts and large but tes  
a r e  capped 'by th ick sills of m f i c  igneous rock. . T a h a  cover on the slopes 
is extensive. Mount Eupto, a large ovortwxsd an t ic l ine  of mss'ivo X s ~ i e -  
aippisn cher t  and limestone, i s  the highest topographio feature.  i lcsistant 
i.lississippian limestone and chert, sandstone of the Okpikuak f c rmt ion ,  
and mafic igqeous i n t ~ u s i v e s  produce t h i s  b e l t  of high r e l i e f .  

To the south is an east-west be l t  of suwued outcrops t h a t  extends 
8 t o  15 miles s o d h  t o  the north f ron t  of the Brooks Range. Although 
geologic reconmissance did not extend f a r  SnLo t h i s  area, i nd iwt lons  are 
t h a t  l e s s  r e s i s t a n t  h e r  Cretplceous m"ldstone and shale crop out here. 

Tho three phgsiographic un i t s  a r e  sSmihr  i n  t ha t  they r e f l e c t  the 
topographic features  of a geomoiphic cycle of Pate m a t u ~ i t y ~  However, lo.?al 
a reas  of high r e l i e f  and rugged topopaphy r e f l ec t  an apparent youthful t o  
e m u  mature stage and a r e  due primarily t o  erosion a£ gsntlg folded, more 
r e e i s t a n t  s t r a t a  overlying complexly B'o:Lded b s s  r e s i s t an t  rocks. 

-Tho major r ivers  a r e  superimposed i:onsequent strea!ns. Iarge flood- 
pla ins  have b a n  fcrmed along t h e i r  mea:den.ine courses. Tributary d rabage  
i s  generally subseque.nt upon struetll.ral trends but numerous smaller atreanis 
cut  across  the regional s t r i k e  along zo:ms of weakness, 

Although rocks crop out i n  l e s s  than 50 percent of' the area a id  onw 
the more r e s i s t an t  rocks a r e  exposed, f i e l d  studg has resulted i n  a f a i r  
da r s t aaz3 ing  of the a rea1  geology. Rest noteworthy is the extreme d e g o e  
t c  xhich the s t r a t a  have hesn deformed. Considerably mme than 50 percen'c, 
i"oreshortening of %ads older Chnn the Torok formation is ep.7nrent and has 
pro3ucad a conplex pa t te rn  of overturned t o  i soc l ina l  folds  and high-angle 
revws& fau l t s .  The prerserva5ion of Fn openly folded upper Pa1eozol.c s@- 
quence is probible o v e ~ t k u s t   elations ship t,o $he mdbrQfing l.lesozofc corn-. 
ple-x i s  a l s o  signLficant. 13eeause t h e  s t ruc tu ra l  h i s ta ry  could be more 
conipletrsly dnacribecl f o r  t h i s  region than elseahere, the derived- i!ate~pre-, 
t a t i ons  ray well. be exterded or  applled t o  oP,her pwts of the f o o t h i l i s  
t r c t l  1 This is part icular ly  trw of t.he Okpikauak-RLruk-toghk 
Rivers area  where -a  more compLex s t ructure  was euspectad but could not be 
demonstm%d. 

Ihch rcapped detail .was wecri2'iced i n  reducing the f i e l d  map t o  the 
published scale of 1:96,000 (PI. 1). The s t ruc ture  sections (PI. 2 )  a t  



L:48,000, alsc, uaur; uuuu r i ~ ~ s ~ s a r i l y  simplified. Only the 
m e s  are,  therefore, represented. Althowh numerous f a u l t s  
Ads have been inferred from obvious a r e a l  re la t ionships  ad- 
wered intervals ,  there a r e  undoubtedly others of equal sig- 
 at a r e  obscured by cover and lack of s t ra t igraphic  control. 
I geologic map and sections depict  complex s t ructure ,  it is 
.hat they a re  simplified versions of t he  ac tua l  conditions. 

evaluation of geologic data has led t o  the  conclusion t h a t  
.eaks and periods of nondeposition occurred throughout the 
' the sedimentary rocks of t h i s  area. Such conditions i n  
ces may eliminate the  apparent necessity f o r  a proposed major 
'eat ly  decrease the s t ra t igraphic  throw on such a major f au l t .  
s known a t  present i n  regard t o  the nature and extent  of un- 
, however, t o  warrant t h e i r  use a s  a l te rna te  in te rpre ta t ions  
I a r e a l  relationships., 

~ a p h i c  s tudies  were disappointing i n  t h a t  few complete, thick, 
d sections were available f o r  measurement. Abundant exposures 

allow general  knowledge of the various rocks but are not sa t i s fac tory  f o r  
de ta i led  study of the stratigraphy. 

r'9ximurn measured thicknesses are: Lisburne limestone, 2,400 fee t ;  
uppermost Paleozoic (?) and Triass ic ,  1,000 fee t ;  Okpikruak formation, 
2,000 f ee t ;  lowermost u n i t  of Torok formation, 2,000 f ee t ;  middle un i t  
of Torok formation, 2,100 f ee t ;  upper u n i t  of Torok formation, 3,000 fee t .  
Recause l o c a l  unconformities a r e  present throughout the r"ksozoic sect ion 
and Cretaceous deposition was local ly  variable, the aggregate thickness 
is l i ke ly  t o  be grea te r  than the t rue  thickness a t  any given position. 
The l i thology of the  rocks of t h i s  area is i n  eener comparable t o  t h a t  9 described f o r  the Okpilcruak-Kiruktagiak Rivers area  , an indication of 
fundamentally aimilas deposit ional environment f o r  the two, 

E'or t h i s  report ,  only the s t ra t ig raphic  nomenclature developed by 
June 1950 is w e d  on the map a d  s t ruc ture  sections. Further f i e l d  work 
is needed before the revis ions  necessary because of recent faunal  deter-  
minations may be incorporated i n  s t ra t ig raphic  columns. Two new faunal 
zones, comparable t o  the Siksikpuk group and upper zones of t e Ungak 
formation as descr i  i n  the  Iganushuk ksikpuk Rivers a r e  Y 8 d, Live teen 
reported from mecro and microfossil  collections i n  the Et ivluk-Kil ipa 
Rivers area. The Siksikpuk group appears t o  be present i n  considerable 
thickness, but Surassic rocks a r e  limited i n  occurrence end a r e  probably 
only the remnants lef t  a f t e r  pre-Torok erosion. 

1/ Patton, W. \I., Jr., a d  Tail leur ,  I. Lo, ope c i t .  
Patton, W. W., Jr., and Keller, A. S., Stratigraphy and s t ructure  

of the NanushukSiksikpuk Rivers area: U. S. (3eol. ~Furvey Nsvy O i l  Unit 
Prelim. Rept. No. 30, 1950, 

2/ Imlay, R. W e ,  personal communication. 
Bergquist, H. R., 'personal communication. 



Packs ranging from gevonian t o  l a t e  Lower Cretaceous i n  age were 
iden t i f ied  i n  the  Etivluk-Kiligwa aivers  exea, A 1,500-foot sect ion of 
Middle Devonian llrnestone and s i l i c i f i e d  Urnstone was b r i e f ly  exalnbned 
on the headviaters of 2P ea 

st fork of the KiPigwa iiiver. These beds are  
described by Mrosge. Lithologic types t h a t  a r e  correlative with or  com- 
parable t o  previously described sections a r e  the  Noatak formation (Devonian 
o r  ifississippian); the Alapah and Kiruktagiak mmbors of the Lisburne l im- 
stone (Mississippian); the  Shublik formation (Triassic);  the Okpikruak 
formation (Lower Cretaceous, Neocon~ian); and the Torok formation (Lower 
Cretaceous, Aptian and Albian) Equivalents of two ns* l i t ko log ic  u n i t s  
d e s c r i b d  by Patton and ~ e l l e r M  were recognized-the Siksikpuk group of 
Pennsylvanian or  Permian age and a section cquivalenb to oh2 upper sozes 
of the  Kingak formati on (Upper Jurassic, Oxfordian) . 

Pre-Cretaceous sedimentary rocks r e f l e c t  deposition under somewhat 
s k b l c  concti%ions, vhpress the Cretaceous rocks dcrive t h e i r  heterogeneous 
graywacke charac te r i s t ics  from deposition i n  an act ively sinking geosyn- 
c l ine  closely bordered by a rapidly r i s i n g  foreland, Dis t inct ive un i t s  
i n  the pre-Cretaceous rocks a r e  markedly pers is tent  l a t e r a l l y  over the  
mapped area and, i n  gross featwres, m r  adjoining areas of the Foothi l le  
province. In  contrast, there  a r e  few dis tdnct ive un i t s  i n  the  Cretaceous 
graywackes, and those t h a t  do e x i s t  a r e  not extensive, I n i t i a l  s tages  of 
the orogeny must have preceded deposition of the O k p i h u k  formation, but 
k w e r  Cretaceous deposit ion was ,  i n  larga part ,  penecontemporaneous with 
deformation. Ik f i c  igneous intrusives,  generally sills, a re  widespread 
i n  pre-Okpikuak s t r a t a .  

Devonian rocks 

Unnamcd formtion.--A section of Xddle  Devonian s t r a t a  was measured 
along the e a s t  fork of the  Kiligwa River during a reconnaissance t r i p  t o  
the f ron t  of the Brooks Range. The section consists chief ly  of fine-grained 
limestone with s i l i c i f i e d  zones and beds. An abundant fauna, f o r  vhich 
age deteslnbmtions a r e  re l iab le ,  was collected. A s  no equivalents of these 
beds were recognized i n  the  Southern Footh i l l s  section, a complete descrip- 
t ion  is  not given here, and the reader i s  referred t o  B r o s g e ' s u  report  
fo r  de t a i l s .  

M-s, 

Noatak (1 )' formation 

Several low r idges  and rubble t races  of sandstone of the Noatak for-  
mation a r e  too small t o  show on the map. TWO l oca l i t i e s ,  157°2903011 ty., 
68°35'30"-6a036W00" N., and 1570$'0On W., 6803S130" N., carried an abun- 
dant though poorly preserved fauna. Two other exposures, one par t  way up 
the slope of Pimple Peak and the other one-half mile south of Pimple Peak, 
were barren. 

Brosge, W. P., and Reiser, H. N., Report on selected sections of 
the  i%burne limestone: U. S. Geol. Survey Navy O i l  Unit Relim. Repti No. 31, 
1950. 

Patton, 1. W., Jr., and Keller, A. S., op. c i t .  
Brosge, W. Po, and Reiser, H. N., op, c i t .  



Bowsher9  reports  t h a t  the -t, and gastropod fauna has the 
Jsme forms a s  a col lect ion made by Ell . Iechenbuch from def in i te  pre- ld Usburne limestone which J. "6 Dutro des igmtes  a s  pre-lisbwne forma- 
tion, IvIississippian. Bowsher suggests t h a t  t h e  s t ra t igraphic  uni t  be 
napped a s  Noatak (?) formation and reports  the following: 

pentagonal crinoid columnel 
r a d i a l  plate of Dichocrinug ? sp. 
Camarotoechia sp. 
Chonetes sp. indet. 
pelecypcd indet. 
productid indet. 
b i o o t e r i a  ? sp. indet. 
R e t i s ~ i r a  2 sp, i d e t .  
Arucyomrahalu& sp, i d a t .  

No thicknesses could be estimated, except tbt 10 f e e t  would be a 
minimwn and considerably more is suspected. Some t races  showed crenulatibn 
of the  beds. 

The relat ionships  of the Noatak formation to adjacent beds could not 
bB ascertained, A t  the  westarn locall%y, cher t  of Siksikpuk ( 7 )  age corn- 
ple ta ly  surrounds the rubble expanse of Nostak, separated from it only by 
a narrow band of tundra cover. Exposures a t  the south-central loca l i ty  
a re  a l ined north-south i n  a north-trending (transverse) val ley flat. 
%arest  outcrops, a few hundred f e e t  east ,  a r e  chert  quaatiomblq assigned 
t o  the  Kiruktagiak mernbar of the Ushwne limestone. Those exposures a r e  
near the  northward p ~ o j e c t i o n  of an intensely disturbed zone i n  which re-  
crys ta l l ized  and a l te red  limestone of the ICiruktagiak member is  i n  juxta- 
posit ion t o  the Okpikruak formation. The t races  near Pimple Peak occur 
i n  a 4,000-foot covered in te rna l  between questionable Kiruktagiak chert 
and Shublik limestone i n  one place and s t ra t igraphical ly  beneath a postu- 
lated klippe of Lisburne limestone (pimple Peak) i n  the other. These l i e  
on a projection of the  north-south l ine through the south-central exposures, 
but east-west s t ruc tura l  trends un4er Pimple Peak are  not interrupted. A 
minimum s t ra t igraphic  dieplecemnt of 2,000 f e e t  i s  evident and a much 
larger displacement is suggested. Although a pre-Pennsylvanian erosional 
surface of high r e l i e f  could account f o r  the s t ra t igraphic  anomaly, evi-  
dence elsewhere precludes much erosion. The authors believe t h a t  major 
fau l t ing  is a more su i tab le  explanation, p a ~ t i c u l a r l y  i n  view of the sur- 
rounding complex s t ruc tu ra l  belt.  

The lithology of the rocks i n  a l l  the  exposures is similar. The pre- 
dominant type is sandstone t h a t  is w r y  f i n e  grained, dark t o  medium 
neutrnl i n  color with occasional greenish cast ,  argil laceous (31, dense, 
well-indurated, weathers pinkish gray t o  dark-reddish brown, and contains 
a fen mica flakes. A minor amount of limestone, vary f i n e  grained, dark, 
with shaly partings, is interbedded. 

Bowsher, A. L., Sr., personal c o ~ c a t i o n .  
Dutro, J. T., and Lschenbruch, N. C., Stratigraphy and s t ructure  

of the Nimiuktuk, Kugwwok, and par t  of the Noatak Rivers area: U. S. 
Geol. Survey Navy O i l  U n i t  Prelim. Rept. No. 35, 1950. 



The Uisburne limestone is more extensively exposed i n  the Etivluk- 
Kiligwa Footh i l l s  section than i n  any other area outside the Brooks Renge. 
The Lisburne linestone crops out over roughly 50 square miles of the high 
topography betveen the I vik and Kuna Rivers. The Lisburne Ridge (see 
f ig .  1, Prelim. Rept. 3&8), essent ial ly  an overturned ant ic l ine  with the 
Alapah member at  the core, extends as a major topographic feature from the 
Etivluk River nearly Lo the Ipnavik. The same ridge extends west across 
the  Ipnavik but with suMued expression. A se r i e s  of a t ~ o n g  ridges, a re- 
f l ec t ion  of overturned isocl inal ly  folded Kiruktagfak mmbar chert, is 
present 2 miles south of the Lisburne Ridge. The trend is persis tent  over 
the middle par t  of the Etivluk-Ipnavik interstream area and is  discontin- 
uously present across the Ipnavik River halfway t o  the Kuna River. Another 
pa ra l l e l  trend of fisburne limestone emerges from the covered in terva l  a t  
the northeast 'side of Ekakevik Mountain and extends westvard along the 
north edge of Ekakevik :.lountslin, across the Ipnavik t o  Pimple Peak ard in to  
the complex area north of camp 7 on Cutaway Creek, This trend is rnarked 
by upper Alapah mmber (? )  s t r a t a  associated with m f i c  igneous sills tha t  
pinch and me11 along the  strike.  S t i l l  another persis tent  trend, south of 
the Ekakevik trend, begins jus t  e a s t  of the Kuna River, extends across the 
forks of the IUligwa River and in to  the Nuka River drainage. Nunerous 
similar trends of various zones of the Alapsh member a re  apparent from in- 
spection of plates  1 and 2, but a re  l e s s  obvious becave of the i r  discon- 
t inu i ty  and swil ler  size. 

This s t r ik ingly  persis tent  a l i k n e n t  of exposures must r e f l e c t  major 
s t ruc tu ra l  control, and aLso ilndicates l a t e r a l  persistence of zones within 
the Lisburne Umestone. Smaller exposures of the formation are believed t o  
have been inserted i n  the  overlying rocks as thin s l i c e  blocks by some un- 
explained machenism, probably faulting. The Lisburne limestone is present 
i n  appreciable thickness as f a r  north a s  la t i tude  68O351 and crops out a s  
f a r  north as 68°411. This evfdence does not prove, but does make reason- 
able, the  assumption t h a t  the XiLsburne limestone underlies the younger beds 
t o  the north. 

In sp i t e  of the  large number of outcrops and a f a i r  fauna, zonal de- 
terminations a d  correlations within the  Lloburne are  d i f f i c u l t  to establish. 
Evidently the mquence present i n  the Etivluk-Kiligwa Rivers area represents 
a f ac i e s  d i f fe rent  from the typical  section a t  Kanayut Lake, because 
h s h e r w  reports t h a t  few zones lave fauna i n  common v i t h  the subdivisions 
of the  Usburne recognized there. A camprehensive study of related sections 
would have t o  be made i n  order t o  establ ish the succession of beds that crop 
out. A s  f a r  a s  could be demonstrated, l i thologic  o r  faunal equivalents of 
the lower o r  iTachsmuth member of the Lisbwne limestone a re  not exposed i n  
the area. After more carefu le tudy of a number of f o s s i l s  of doubtful age, 
however, some zones my perhaps be assigned t o  the rischsmth. 

Ta i l l aw,  I. L., and Kent, B. H., Preliminary report  on the s t r a t i g -  
raphy and s tructure of the upper Etivluk-Kuna Rivers area: U. S. Geol. 
survey Navy O i l  Unit ~ r e l i m . - ~ e ~ t .  34, 1'30. 

?;2/ bwsher, A. L., Sr., personal connmulication 



Two d i s t i n c t  LithoLogic types or  fac ies  a re  apparent: a limestone 
f ac ie s  and a bituminous phosphatic chert-shale facies. The two fac ies  
have been separately mapped; tbe limestone is the Alapah loember and the 
chert  shale the Kiruktsgiak m @ m b r .  In the sections studied t o  the eas t  
i n  the Brooks Range, l e s s  of the Kiruktagiak m e m b e r  is exposed, whereas 
on the Kukpomk River t o  the s e a t  the Kiruktagiak membr comprises most 
of the section. Several 50nes of the chert-black shale fac ies  t h a t  may 
be distinguished faunally and strat igraphical ly  have been recognized i n  - 

the  Etivluk- ligwa Rivers area. This a l ternat ion of l i thologic  types is 18 interpreted- as an intertoneufng of the two facies. L i t t l e  evidence of 
the d i rec t ion  of f ac i s s  change was found i n  the mapped area. 

Alavah membr.--Extensive t a l u s  obscures most of the larger exposures 
of the Alapah mmber, so only gross l i thologic  character is t ics  could be de- 
termined. Itlost of the  sections descrbbd below a lso  appear i n  the columnar 
sections (pl. 4 ) .  

The south flank of the Lisburne Ridge is covered with a blocky t a l u s  
of medium-graiwd, porous, dolomitic l imstone. Although only 25 t o  30 f e e t  
of massively bedded rocko 8x0 actually exposed, a thickness of 100 f e e t  of 
dolcmitic e t r a t a  seems t o  be a conservative estimate. I n  hand specimen the 
dolomitic limealone appears porous; some of it bas a saccharoidal texture. 
The rock weathers gray but is medium-neutral light-yellow red on f resh  sw- 
faces and emits a strong f e t i d  odor when cracked. Many of the pore spaces 
a re  lined with f i n e  *lcrystalsn of asphaltum. No o i l  cuts have ye t  been 
made of samples from them beds; porosity and permeability properties 
(samples 50 ATr 29, 30, and 31, table  1 )  appear t o  be unfavorable. 

The remirider of the underlyfng section on the  Lisbwne Ridge, except 
f o r  a 20- t o  30-foot zone of finer-grained dolomitic limestone similar t o  
the above tha t  crops out below an interbedded chert-limestone zone a t  the 
sWt ,  appears t o  be a poor petroleum reservoir rock. Only small par t s  
a re  exposed and consist  of inte~bedded, very f ine  grained limestone and 
dense chert  or s i l i c i f i e d  l imstone. Color var ies  from dark t o  l i gh t  
neutral. Some of the  rock has a f e t i d  &or on cracking. The bedding 
var ies  from f ine ly  laminated "ribbont! appearance t o  coarse, i r regular ly 
banded. The proportion of calcareous t o  s i l iceous beds varies  from 75 
percent t o  25 pefcent but over-all averages about 60 percent celcareous. 
D u f e r e n t i a l  mathering on exposed areas  produces a rough banded surface 
t h a t  has been termed "pagoda" weathering. 

A s  only th9 interbedded limestone and chert appear i n  f loa t ,  the 
lithology of the intervening beds is not kkwn. Outcrops near the base 
of the north slope of the ridge are  of black chert  i r r e g u b r l y  interbedded 
with dark, sandy-weathering l imstone  and, local%, black shale tha t  prob- 
ably belongs t o  the  Ktru!&agiak mmbm of the Lisburne. The b s a l  pa r t  
of the normally overlying Siksiiipuk group is  a lso  present. Faulting is 
therefore indicated. The estirrated minimum thickness at the Lisburne 
Ridge is 800 feet .  

l6J Brosge, 8. P., and Raiser, H. N., op. c i t .  





I A t  Moorant Bupto, i n  the south-central par t  of the ipnavlk-Kuna Rivers 
area, a minimum thickness of 2,400 f e e t  of Usburme limestone is saggested. 
This prominent mountain is an t i c l ina l  with 60° S. dips on the south flank 
and v&=t ica l ly  dipping, somewhat crumpled beds on the north flank. Re- 
s i s t a n t  beds cap the mountain and a stream cuts  the underlying beds from 
the  axis of the s t ructure through the south flank. However, t a lus  effec- 
t ive ly  covers most of the  valley walls, s o  the  rocks described below are  
known principally from discontinuous exposures along the creek bed. Un- 
doubtedly a more careful  examination of these exposures would yield addi- 
t i o n a l  useful  de ta i l .  

.- Two hydroclastic fossi l i ferous limestone zones 200-250 f e e t  below the 
base of  the  Kiruktagiak member of the L i s b n e  linestone a t  the top of the 
section (pl. 4) carry a fauna correlative with zones 8 and 9 of the Alapah 
mmber of the Lisburne limestone i n  the Manayut Lake area. The collected 
fauna includes indeterminate corals and f e  e s t e l l i d  bryozoans, crinoid 
columnals and Stenoschisuq 7 sp. indet.17 b" A chert  zone occurs about 700 
f e e t  below the foss i l i fe rous  zones. Talus covers the intervening section 
bat shaly, buff-weathering limestone occurs i n  the f l o a t  along with the 
hydroclastic and fine-grained limestone. About 70 feet of the chert  zone 
is  exposed along the creek. It is dark neutral  i n  c o P o ~  and weathers black. 
Fhsssively badded, It overlies a section of i'pagodan-weatherin,o, interbedded 
limestone and chert. Although the thick dolomitic limestone of the Lisburne 
Ridge was not recogniaed, broadly lent icular  beds a s  much a s  5 f e e t  thick 
of hydroclastic limestone a& medium crys ta lUne limestone a re  present i n  
the upper par t  of the "pagdaH-weathering unit. More typica l  development 
of the  interbedded limestone and chert  ocms about 100 f e e t  below the c res t  
of' the mountain. The hst exposure is 15 f e e t  of medium crystal l ine,  l i g h t  
yellow-red limestone, $hat appears t o  he nonfossil ife~ous. The limb of the 
an t ic l ine  is compu%ed t o  include 2,600 f e e t  of strtita, of which 2,000 f e e t  
is pa r t i a l ly  expeed, No evidence of the age of the lower beds was observed. 
By t e n t a t i v e u  correlat ing the lithology of the  "pagoda" limestone and chert  
here with the grossly similar lithology of the "pagoda" type on the Usburne 
Ridge, as is ahown on the  columnar section (pl. I ) ,  a considerable thickness 
of the Alapah member of the  Usburne limestone is dbmonstrated. 

Exposures of the  Lisburne limestone on the possible thrust sheet a re  
limited t o  the interbdded limestone and chert  of the *pagodan-weathering 
t .  A lower diabase sill, 100 t o  150 f e e t  thick, persis tent ly  intruded 
the  basal par t  of the  sequence. An upper, i r regular ,  and l e s s  persis tent  
sill occurs near the top. The lower a i l 1  intrudes a shaly zone that may 
be near the base of the section. Although exposures of t h i s  zone usually 
produce f i n e  talus slopes, f l o a t  fragments and isolated outcrops indicate 

J 
a well-indurated dark shale and s i l t s tone  sequence. Several horizons with 
worn-trail markings were obeemd; th in  beds of crinoidal limestone are a l so  
present. 

.Crinoidal beds from the *pagcdan-weathering limestone and chert  contain 
a f a i r l y  qbunda auna t h a t  has some a f f i n i t i e s  t o  faunas collected else-  
where. Bowahe a howwer, believes that they represent Upper Kssiss ippian 

17. l6/ h s h e r ,  A. L., Sr., personal colrmunication. 



forns  and a r e  prohbly  contained i n  e t r a t a  equivalent zone 5 of the 
Ahpah member. A p a r t i a l  faunal list i s  given below: 8 

" S ~ i r i f e r "  sp. indet. m- sp. indet. 
Productina sp. indet. Echinoconchus (?) sp. indet. 
Productus sp, indet. -- indet . sponge spicules 
Mourlonia s& i ide t .  indct. plelurotomarid gastropod 

, R e t i a ~ b a  sp. indet. indet. s t rapmol l id  gastropod 
O h b r o c i w ~ u m  (?) sp. indet. Indet. t r i l o b i t e  pygidium. 

On the north flank of the an t ic l ine  south of camp 6 a covered in te r-  
v a l  separates the top of the bedded limestone and chert  from the bottom of 
a diabase sill  and the Siksikpuk group above, The t o t a l  thickness exposed 
is more than 1,200 feet. The lower 200 f e e t  a re  argil laceous thin-bedded 
s i l t s tone  and limostone intmded by the lower sill. The upper 1,000 f e e t  
a re  composed of interbedded limestone and chert  of the "pagodan-weatherixq 
lype. Foss i l s  collsct3d from e upper par t  of the section have been corn- % pared t o  zone 5 of the ~ ~ a p a h d  Eunetria ? sp. indet., Productella sp. indet,, 
Loxonem ? sp. indet,, Mourlonia, Wchelinfa sp. indet., Chonetes sp. indet., 
indeterminate sponges, and sponge spicules. 

On the thrus t  sheet a lso,  jus t  north of Mount Eupto, a t h in  bend of 
Siksikpuk group and remnants of Lower Cretaceous (?) sandstone overlie only 
500 f e e t  of the "pagodan limestone and chert. Phanerotinygi and Straparolluq 
collected from a th in  cr inoidal  bed i n  argil laceous s t r a t s  a t  the base of 
t h i s  section, believed b jus t  above the thrus t  contabt, indicate prob- 
able  lower Alapah age. a Less in fo rmt ion  is  available about the beds as- 
sociated with dialuse sills i n  the l inear  trends. The lithology of these 
rocks is generally comparable t o  the "pagodaR-weathering zones of gther 
sections. This cormla t ion  is substantiated by several  f o s s i l  collections 
correlat ive t o  zone 5 of the Alapah member. 

Several outcrops of a new facies  of the Lisburne limestone a r e  1 t o  3 miles 
north of Ekakevik Mcun'tain i n  the eastern par t  of the Etivluk and Kiligwa 
Rivers sect ion and near the southern margin of the rapped area jus t  e a s t  
of the K i l l p a  River. Characterist ically t h i s  type is a coarse, quartzose 
.sandstone composed of rounded white quartz grains and minor f resh  feldspar 
granules, local ly  encrusted with chlorite,  Carbonate appears t o  range 
from a t r ace  t o  predominant. The outcrops a r e  a l l  isolated; therefore the  
s t ra t igraphic  relatLonshfps can only be inferred. 

An outcrop of limestone i n  the eastern par t  of the mapped area d i r ec t ly  
underlies, perhaps by f a u l t  contact, varicolored chert of some par t  of the 
Siksikpuk group, and contains a large su i te  of s i l i c i f i e d  foss i l s .  Bowshe& 
m p o r t s  t h a t  t h i s  zone has closo aff inLties  with zone 8 and the lower par t  
of zone 9 of the Alapah,pembr i n  the Kanayut fiske area. A similar s i l i c i -  
f i ed  fauna i s  contained i n  the limestone and intercalated arenaceous lime- 
stone lenses 2', mlles t o  the east. The sandstone is  exposed again 1 mile 
t o  the south i n  a rubble ridge several  hundred yards long and 100 f e e t  vide. 
The sandstone is only s l igh t ly  calcareous, has no interbedded carbonate rock, 
and has loca l  fac ies  of quartz-pebble conglomerate with pebbles three fourths 
of an inch i n  diameter. 

19. 20. 21. 22/ Bowsher, A. L., Sr., personal communication. 



Rear the Wfligwa Rives, a t  approximately the same la t i tude ,  the same 
fnunal zone occurs i n  medim- t o  eoerse-grained fa ldspathic  quartzose sand- 
stone. Abundant ch lor i te  is present. The ~aandstone is associateddwith 
sbly Umestona and calcareous clay shale, These rocks, similar t o  others  
i n  t h i s  zone, weather l i g h t  gng and a re  medium-yellow red on f resh  sur- 
faces. The sample with a perneabil i ty of 372 rnil.1idarcg.a was collected from 
t h i s  locality. Other permeability r e s u l t s  from t h i s  Bone were not a s  promis- 
ing  (samples 50~V.r 100, 109, 186, 2231 5OAKt 119, 121, and 319, tab le  I), 

The fauna from t h i s  zone is abunda t m i  well preserved by s i l i c i f i -  
cation. A partial list is  given belaw: %/ 

Ssveml  kndet. cora l s  
P h t y c r i n t t e s  sp. indet. - 
Stenoschisma sp. -- 
Orthotetee ? sp. indet. 
*SpirifeqR of the  F u s e l b  ? type 
Choriati tos 1 sp. A 
Ph~icodlothyrig sp. id&. 
Ovartonia sp. 
Lino~roductus ouatus (McChesney) 
Gi.tzante1J.q ? sp. 

' Dictvoclostus ef. 2. (ikir-Wood) 
Dictyoclostus sp. 
Dictuaclastua inf l intw 
Eumetricq sp, 
Tetracampa ? sp, indet. --- 
Trogidostroohia, ? sp. indet. 

cf. g o  W g h t  

Ro r e l i a b l e  thickness estimates were possible. A dnimum of 30 f e e t  
of sandstone is indicated. The sandstone-limestone sequence near the 
Kbllgwa River is a t  l e a s t  LOO feet thick. 

Samples from isolated outcrops of a s imilar  sandstone were recognized 
i n  other a reas  of the Footh i l l s  province: 1 mile north of For t ress  Mountain 
i n  the  Okpikruak-Kdruktagiak Riverso area; near the south edge of the in-  
fold b e l t  of the Oolamnagavik-Etivluk Rivers area; and i n  the Utukok-Kokolik 
Rivers area. ,This coarse f ac i e s  must then be p ~ s e n t  over much of the foot-  
h i l l s  province but i n  a narrow band. Its southward extent i s  probably limited 
&cause the  sandstone was apparently absent from the Xount Bupto sect ion and 
has not heen reported from meas  studied along the f ron t  of the  Rsnge. A 
northward l imita t ion is suggested by the outcrop north of Ekakevik :<!ountain 
where t he  s t r a t a  a r e  e s sen t i a l l y  calcareous, i n  contrast  t o  the carbonate-free 
sandstone 1 mile t o  the soutb. 

Kiruktaniak membe2.--Rocks having the  Hthology of the Kiruktagiak 
laember a r e  widely d i s t r ibu ted  across the infold bel t .  None, however, were 
recognized i n  the  possible t h rus t  sheet. The grea tes t  a r e a l  extent of the 
Kiruktagiak member outcrops i s  i n  t he  south Lisburne ridges t h a t  trend west 
from the  Etivluk River t o  the  middle of the interstream area. Here, a thick 
sect ion of cher t  has been i soc l in s l ly  folded t o  produce several  sharp, craggy 
ridges. 

22/ Bowsher, A. L., Sr., personal communication. 



l??o un i t s  of d i s t i n c t  lithology a re  recognized and a re  believed t o  
represent two zones of the  Kiruktaziak member. These two zones a r e  shown 
on the columnar section a s  l i tho logic  equivalents of zones 5 and 9 of the 
Alapah member, On ::aunt k p t o  the upper zone over l ies  beds containing a 
fauna of the  zcne 9 of the Alapah member. The assignment of zone 5 of the  
f i ruktagiak on t h e  f lanks of the  north ListxaPne Ridge is based on l e s s  f i r m  
evidence: (1) resemblance of the  l i thology h r e  t o  the l i thology of the  
zone 5 type loca l i t y  on the Kiruktagiak River&; (2) gross s imi l a r i t i e s  
of: the  Alapah member underlying the Kiruktegiak member i n  both places; 
(3) comparison t o  a black cher t  zone overlying "pagodan-weathering limestone- 
chert  sequence i n  the  h u n t  Bupto section. 

- A t  the Lisburne Ridge the lowest exposed beds a r e  an 8-foot sequence 
of black paper shale with two b i n c h  colloform phosphate layers, saccharoidal 
t o  cinderllmestone, shaly bituminous limestone, and black chert. The next 
higher exposure i s  of dark, bituminous fine-grained limestone (sample 50 ATr 
32, t ab l e  2 )  i r r e g u k r b  interbedded with black c h e ~ t .  

A 100-foot covered in t e rva l  follows, b low a 10-foot exposure of in te r-  
bedded black clay t o  paper shale and black chert. A similar zone of shale 
and cher t  probably underlies the covered interval.  Evenly bedded black 
cher t  a t  l e a s t  5 f e e t  th ick caps the exposed sect ion and l i e s  no more than ' 

100 f e e t  below the first exposure of Permo-Carboniferous ( 7 )  beds. Thick- 
ness is estimated t o  be s l i gh t ly  over 200 beet. SuMued exposures of t h i s  
zone along the liisbwne Ridge projection t o  the  west is. expressed by low 
ledges and rubble of shaly limestone, the so-called "musical l i m  
These beds contain &eiorhynch~ sp. B and Balleroohog sp, indet. %Ye'' 

I n  the south Lisbwne ridges the sequence contains a t  l e a s t  60 f e e t  
of interbedded black s h l e ,  black occasiomlly sooty chert, and black 
bituminous limestone a t  the bnse. I n  t h i s  uni t  chert  becomes more abundant 
i n  a gradational upward change from shale t o  chert  and contains a Goniatite 
fauna. Above t h i s  un i t  i s  a t  l ea s t  200 f e e t  of evenly bedded black chert. 
Talus fpagments weather l i g h t  p a y ,  s t r iped o r  banded with darker tones. 
Extended weathering bleaches t he  surface t o  a near white. Limonite s t a i n s  
extend i n t o  the i n t e r io r  of the  bleached rock nlong minute cracks. Above 
the cher t  i s  black s i l i ceous  shale of undetermined thickness. The shale 
contains scat tered f i n e l y  crysta1Pine calcareous and phosphatic concretions. 
A few t h i n  beds of bkrck sooty chert  a r e  present and p y r i t i c  s t r i r q e r s  a r e  
scat tered through the section.  A strong f e t i d  odor is emitted by the cal-  
careous material  when cracked (samples 50 ATr 55 and 98, t ab le  2). 

S t i l l  younger beds a r e  exposed along the ridge trend t o  the west: 
b r i t t l e  shaly limestone and black shale with sooty chert underlie a 5- t o  
10-foot zone of carbonate rock t h a t  weathers t o  a f ine ly  banded l i g h t  and 
dark chocolate brown and i s  usable as a marker of the uppermost beds. 
The thickness of t h i s  u n i t  i s  wel l  over 200 feet .  The sect ion on the 
south Lisburne r idges  d i f f e r s  from those previously described by having a 
massive zone of bedded cher t  i n  the middle of the  sequence. 

&/ Patton, W. W., Jr., and Tail leur,  I. L., op. c i t .  
dowsher, A. L., Sr., personal communication. 



Table 2. Smmary of oil-cut delemin&ione f o r  snmpleo collected i n  the 
E ~ i v l u k i  Rivers1 Southern Foothi l ls  sectionp a s  reported 
by the  U. S. Geological Survey Fairbanks k h r a t o r y .  

I - 
Ssmple No. Location Formation o r  mmbr Cut Residue -- 

,. 
Upper Alapah, fine-grained 
Urnstone 

Kiruktagiak ( L i s h n e  Ridge) 
black cher t  end l ims tone  

Kiruktagiak (south Idsburne 
ridges) black shale 

Kiruktagialc (south lkisbwne 
r idges)  bituminous limestone 

Kiruktagiak crackled chert 

Kirmlrtagiak b i tudnous  
limestone and blnck shale 

Kimktagiak crackled chert 

/ 
156°43000n PJ. p ~ h u b l i k  firmation, Halobia 
68°38g00w N. oil- shale zone, bituminous 

limeatone 

157O34'30" W. Shublik formation, Halobla 
68°358301q N. oil- shale zone, bituminous 

limestone 

b d  
157036"on N. Okpikruak (? ) formation, 
68°378001t N. clean sandstone, d i s t i n c t  

odor 

very 
l i g h t  
straw 

yellow 

yellow 

black 

black 

very 
l i g h t  
straw 

dark 
brown 

very 
pale 
straw 

l i g h t  
straw 

none 

l i g h t  
yellow 

yellow 

l i g h t  
yellow 

heavy dark- 
brown o r  
black aspha l t ic  
material  

yellowish 
brown 

very l i g h t  
yellow 

dark-brown 
aspha l t ic  

very pale 

very l i g h t  
yellow fi lm 



F o s ~ i l s  colPected f ~ o m  the U D U ~ ~  s h a h  zones of thir; un i t  cmma'e I 
t o  the f aum of the  type seetion b? the 1&wlctagi:ibk meqhr, equivagent t o  
zone 5 of the Alaph  rrember, on the Kiruktagiak River: Cravenoceras ?, 
Goniati tes cf;  g. choctamensis Shumd,  P s e u d o m e t a c o c ~  ? sp. indet., 
Mooreoceras cf. M. cref i l i ra tum (Girty), Sulearetopora ?. Rowever, the 
evis%nce is not strong enough t o  exclude an u p y r  zone' (?) determination 

I f o r  the  sequence i n  the south Lis'aurne ridges.& 

Comparison of the  sect ion i n  the south L i s b n e  ridges with the upper 
Kiruktagiak zone a t  Mount Bupto shows a f a i r  correlation. The Kiruktagiak 
member a t  the north Lisbu~ne Ridge overlying the npagodaPn-weathering l ine-  
stone appears t o  be roughly correla t ive with the heavy cher t  near the mid- 
d l e  of t he  section et  Xount Bupto. These cor re la t io r~ i  a r e  ten ta t ive  a t  
best and a re  not presented as  conclu-i u ves 

Where well  exposed, both zones h v e  abundant Rydrocerbons (samples 
5OATr 33, 55, 9, 3.45, 159; and 50AKt 207, t ab le  2). Crackled cher ts  
have a sooty appearance, boause  of carbonaceous material deposited on the 
surfaces. A t  one loca l i ty ,  a t h i n  s l i c e  of the Kimkhgiak member l i e s  
between B i a s s i c  and Permo-Carboniferous (?)  beds and has, apparently, 
been folded in to  an overtwned an t i c l i ne  (see f i g ,  2, Prelim. Ftept. 34). 

The char ts  of the  Siksikpuk group hare been f r a c t w s d  and veins of 
asphaltum introduced as.fracture f i l l i n g s  ( j u s t  t o  l e f t  of upper bedding 
t race  of C-Pe?; f i g .  2, Prelim. Rept. 3 4 ) .  Several veins are  r i d e r  than 
5 inches; the maxim is 14 inches. (Fragments from one of t he  veins a r e  
shovn i n  f igure  3 i n  Prelim, Rept. 34.)  The fractured cher t  and limestone 
of the  Ydruletagiak at t h b  loca l i ty  have abundant ~ s p h a l t ~ i c  matezial i n  
pore spaces and apparently contained considerable syngenetic bituminous 
mster ia l  (sample 50 ATr 145, table  2), The close proximity of a possible 
sourco, t he  Kiruktagiak s l i ce ,  t o  the asphaltum veins strongly suggests 
t ha t  the petrol i fcrous f l u i d  ( 1 )  was generated i n  the Kiruktagiak member 
and introduced in to  nearby voids. 

Two samples of s imilar  sol id  bitumen occurring a s  f r ac tu re  f i l l i n g s  
i n  the Torok formation were analyzed and wined t o  be the pyrobitumen 
grahamite. The analyses a r e  given below: &y 

a Bowaher, A. L., Sr., personal communication. a Analyses by h!ichael Fleiecher, Branch of Geochemistry and Petrology. 



U n i t s  of the  IUwktaghk menbr s e r e  observed near the Brooks R, nge 
along the e a s t  fork of the K i l i p a .  Black cher t  2s abundant and is accom- 
panied by normally associated black shale an3 limestone. Another sect ion 
with some dark chart  but chapacfsrized by mdimr-neutral calcareous clay 
shale and  silt^, fhggy-bedded limestone crops out near the  type local i ty .  
This sequence conteina a cephalopod thab is similar t o  a genus from Russia 
older than the Goniatite fauna collected from the typ ica l  Kiruktagiak.%/ 
No de ta i led  section masuremsnt kpas attempted but the thickness was e s t i -  
mated t o  bs 150 t o  200 fee t .  

Although evidenae is insuf f ic ien t  t o  evaluate t h i s  new occurrence of 
the i i i rukkgiak m s m b r ,  it is  presented f o r  incorporation i n t o  the i n t e r-  
pre ta t ion  of the rcalatiomhlp cf the Kimktagiak membar t o  the Lisbusne 
limestone a s  a whole. 

/ 

The s t r a t a  i n  the  b e l t  of outcrops imnediately north of the  Range are  
not a s  contorted a s  i n  the  infold bel t .  Further f i e l d  investigations of 
the re la t ionships  of the Uruktagiak membes t o  the r e s t  of the  Lisburne 
limestone and of other problems i n  t h i s  past  of the Foothi l ls  province 
would achieve mare conclusive r e s u l t s  if s tud ies  were extended t o  include 
t h i s  b e l t  adjacent t o  the  Range. 

The pers i s ten t  outcrops of various zones of the Lisburne limestone 
near o r  i n  contact with younger s t r a t a  without obvious f a u l t  re la t ionship 
has no ready exphmt ion .  If the  suggested correla t ions  a r e  valid,  beds 
underlying the Siksikpuk group a t  the north edge of t he  infold a r e  older 
than those along the cen t r a l  part. Older horizons of the Lisburne lime- 
stone a r e  a l so  i n  contact with the overlying Siksikpuk group south of the 
center of the  infold belt .  On the possible t h r u s t  sheet a pre-Siksikpuk 
regional d ip  t o  the north i s  imlicated. Careful analysis  of data collected 
from other outcrops would t e s t  t h i s  concept of a gentle warping pr ior  t o  
deposit ion of the Siksikpuk group. 

Ident i f ica t ion  of conodonts of Permo-Carboniferous (?)  a g e w  from 
beds formeray considered t o  belong t o  the  Shublik formation (Triassic) 
necessi ta tes  r ec l a s s i f i ca t ion  of the post-Lisburne pre-Okpikruak complex. 
The m i c r o f a n  i s  the  same a s  t h a t  collected from beds t t a t i ve ly  desig- 
nated a s  Siksikpuk group by Patton and Keller i n  1950. 23" 

Is Uthologir. s tud ies  a r e  not completep the  exact locat ion of t h e  
Siksikpuk-Shublik contact cannot be ascertained. An unfossil iferous in-  
t e r v a l  of 230 f e e t  of beds separates the lowest occurrence of Tr iass ic  
mecrofossils from the highest occurrence of Perm-Carboniferous (?) micro- 
fo s s i l s ,  but these unfossi l i ferous beds have a marked l i tho logic  a f f i n i t y  
with the sanderlying s t ra ta .  Therefore the Siksikpuk-Shublik contact i n  
the  columnar sect ion (pl.. 3) is shown a t  the base of the Halobia-bearing 

Bowsher, A. L., Sr., personal communication. a Bergquist, W. R., personal communication. 
Patton, F:. W., Jr., and Keller, A. S., op. c i t .  



zone of the Shublik formt ion ,  which is a l so  the top of the l i tho logic  
zone t h a t  contains red- and green-weathering shales. 

The Siksikpuk group probably byconformably over l ies  several  zones of 
the  Altlpah and Kiruktagiak members of the Lisburne limestone i n  d i f fe ren t  
places. I n  t he  Etivluk-Kiligwa Rivers area the Siksikpuk group is repre- 
sented by approximately 700 f e e t  of oection. 

The s t ra t ig raphic  sequence of the  Siksikpuk group w a s  pieced together 
from several  exposures. Horizons o r  zones assumed t o  be correla t ive m y  
not ac tua l ly  be so, but the gross zones a r e  f a i r l y  well  established and 
have the s t ra t ig raphic  posit ions indicated i n  the column (pl. 3). The 
lower 200 f e e t  consis ts  of interbedded, dark-neutral medium-green cher t  
that weathers green and dark red, and 8ark calcareous clay shale t ha t  
generally weathera: dark red i n  hackly fragments. The middle par t ,  a s  it 
ocours i n  the  ' ~ th rus tu  area between the Ipmvik and K m a  Rivers, i s  com- 
posed of ,  approximately 120 f e e t  of dark-neutral, gray t o  black bedded cher t  
t h a t  weathers a black and d u l l  orange. This weathering ~ a k e s  a d i s t i nc t ive  
color pa t te rn  when viewed from a distance. The u p p r  250 f e e t  of t h i s  sec- 
t i o n  is interbedded dark clay shale ond dark chert. The lower pa r t  of the  
upper u n i t  commonly weathers red and green. Permo-Carbniferous (?) micro- 
f o s s i l s  were collected from the middle shale. 

The sect ion on the  north f lank  of the Lisburne Ridge i s  not more than 
500 f e e t  thick. The middle l20 f e e t  of daPk-weathering cher t  is missing. 
This u n i t  appears t o  be absent over the northern half of the  mapped area. 
Its l a t e r a l  persistence i n  the southern half  of the area  is demonstrated, 
however, by its occurrence on the west fork of the  K i l i p a  River where it 
is separated from the overlying lialobiq zone of the  Shublik formation by 
several  hundred f e e t  of beds t h a t  a r e  predominantlgr shale. 

Tr iass ic  rocks 

Tr iass ic  rocks comprise a large proportion of the  o u t c r o y  i n  the in- 
folded b e l t  but they have been so much folded and faulted t h a t  no complete 
sect ions  a r e  exposed. Also, recent erosion has generally stripped the up- 
per, r e l a t i ve ly  w6ak shale beds of the formation from the bedded cher t  and 
limestones of the middle p a r t  of the section, thus leaving good outcrops 
of the r e s i s t a n t  beds only. I n  order t o  estimate the thicknes,~ of the 
Shublik i n  t h i s  area, a composite columnar sect ion was prepared from data 
obtained from several  small neasured sections, and the thickness of 240 f e e t  
shown (pl. 3) i n  t h i s  sec t ion  is only approximate. The l i thology and fauna 
of the  Shublik formotion a re  pers i s ten t  over the 60-mile l a t e r a l  extent  of 
the mapped area, and they appear t o  be pers i s ten t  over wide areas  of the  
Arctic Footh i l l s  province. 

A s  discussed i n  t he  sect ion on Permo-Carboniferous (? )  rocks, the 
lower contact of the  Shublik formation has been established somewhat 
a r b i t r a r i l y  a s  the  lowest occurrence of Tr iass ic  nacrofossils. The char- 
ac t e r  of the upper contact  is not known. Where remnants of Jurass ic  rocks 
a r e  preserved, the re la t ionships  with the underlying Shublik formation a re  
obscured. A pre-Okpikruzjk erosional break of considerable magnitude i e  



recognized. The u p l i f t  responsible fcrr t h i s  break was not, apparently, 
accompanied by strong folding, so the overlying Aucolla-bearing beds l i e  
conformbly upon e i t h e r  the Shublik formation or  Siksikpuk group. 

The only u n i t  of the  Shublik t h a t  consistently crops out i s  a zone 
containing abwdant I.:onotis &c!rcula& Gabb. It is composed of about 
60 f e e t  of limestme. cherty Limestone, and chert. The limestone and 
cherty limestone a re -  dense t o  fine-grained, local ly  light-ye llow red, and 
generally contain abundant T,lonotis subcircularis and re la ted pelecypods. 
Beds a s  much a s  10 inches thick a r e  common. Beds of the cher t  a r e  thinner,  
seldom over 4 inches thick. The three types a r e  interbedded i n  variable 
proportions and a re  usually separated by t h i n  shale beds. The several  
zones i n  which limestone predominates usually stand i n  r e l i e f  above the 
adjacent beds. 

A 60-foot zone underlies the :.bnotis zone and is characterized by 
dark paper shale  o r  o i l  shale i n  beds a s  much as 5 inches thick. Thin- 
bedded ripple-marked dark limestone is associated with the 'paper shale. 
It usually has a strong f e t i d  odor (samples 50 ATr 25 and 50 A K t  136, 
tab le  2), and is highly foss i l i fe rous ;  p rac t ica l ly  a l l  bedding surfaces 
a r e  covered with spread valves of Halobia sp. and others. Bads of dark 
char t  2 t o  I, inchcs thick a l so  occm with the shnle. The l i g h t  and dark 
s t r i p e s  developed on weathering a r e  diagnostic features  of t h i s  chert, 
Scattered "golf belif l  and larger concretions of black bituminous limestone 
a re  scat tered through the upper shale. These bear a fauna of diminutive 
pelecypods and cephalopods. Lopally, a t  l e a s t ,  the  foss i l i fe rous  beds a r e  
underlain by 20 t o  25 f e e t  of bedded dark cher t  t h a t  is barren of macro- 
fo s s i l s .  A t h i n  zone of Monotig-bearing limestone and o i l  shale appears 
t o  underfie t h i s  sequence and t o  m r k  the base of the Shublik formation, 
which, a s  previously explained, is drawn ju s t  below the lowest occurrence 
of T r i a s s i c  foss i l s .  

The upper 120 f e e t  of the Shublik formation is exposed a t  only one 
laca l i ty .  There t h i s  upper un i t  is composed of dark carbonaceous c lsy 
shale, s i l t s t one ,  thick-bedded dark chert  t h a t  bleaches white on weather- 
ing, and dark calcareous shale t h a t  weathers red and green. Interbeds of 
black paper shale and minor amounts of cher t  a r e  a l so  present. k t  another 
loca l i ty ,  30 f e e t  of black carbonaceous shale containing s i d e r i t i c  concre- 
t ions  d i r e c t l y  over l ies  t he  Monotis-bearing limestone z . This shale 
ca r r i e s  a calcareous microfauna typ ica l  of the Shub1ik.D It is possible 
t ha t  equivalent strata have been seen elsewhere, but have mistakenly been 
ident i f ied  a s  par t  of the  Siksikpuk group. Vertebrate r e m i n s  were foun 
a t  two loca l i t i e s .  Ichthyosaur teeth ,  probably of the  genus u i .osawsS9?j  
were contained i n  'bnotig-bearing limestone. Vertebral fragments and out- 
l ine$ of a chest cavity, about 9 f e e t  long and 4 f e e t  deep, occur on a 
bedding surface i n  a sect ion of thinly interbedded cher t  and s i l i ceous  
shale of doubtful Tr iass ic  age. 

Bergquist, H:R., p e r sowl  communication. 3 Hough, Jean, personal communication. 



Isolated exposures of chert of q u e s t i o r ~ b l e  age, notincluded i n  the 
Shublik formation, occur throughout the area. 1Rost of these a r e  associated 
geographically with the Obpikruak formtion. The urSossiliferous nature 
of t h i s  varicolored chert, together with the complex structure involved, 
makes the s t ra t igraphic  posit ion very difficult t o  determine. The chert  is 
generally considered t o  overlie .the Shublik formation and underlie the 
Okpikruak formation and may best b considered Jurassic i n  age. They have 
not h e n  included i n  s t ra t igraphic  c o l m s  because of insuf f ic ien t  data. 

The following l i tho logic  sequence i s  recognized, described from top 
t o  bottom: 

(3) Conglomeratic sandstone, light-neutral-co3.ored matrix, 
highly calcareous, poorly sorted, angular t o  subound inclusions of black 
chert, pyr i te  nodules, and colorless t o  green chert  fraglrents. 

(2) Interbadded fine-grained neutral-colored sandstone and impure 
greenish chert. 

(1) Black-, red-, and green-wezrthering carbonaceous f i s s t l e  clay 
shale, containing an extensive microfauna: 

5 W t  2288 &thysiphon B (7) 
Peloxina fragment 
Glomos~ira B ? (8) 
Gaudruina n. sp. (abundant) 
'i'rochemha cf. Trochammina Ed. (1) 
Nodasaria fragment - 
r e p t i l e  tooth 

~ e r ~ ~ u i s t ~ ,  i n  discussing the above microfauna, compares them t o  
similar types found i n  Patton1s samples (50APa 84, 211, 216, 239, 241, etc.) 
which a r e  designated faunal  zone 4 and thought t o  be of Jurassic  age. 

 his sect ion occurs on the south f lank of a srnqll syncline where it 
underlies conglomeratic sandstone and sandstones containing Aucella 
crassi .colis of hwer  Cretaceous (Neocomian) age. No estimate of re la t ive  
thickness or def in i te  s t ra t igraphic  relationships could be ~nade f o r  t h i s  
sequence, and it was not, therefore, included i n  the s t ra t igraphic  columns. 

A coquinoid llmestone composed of Aucella bronni occurs a l s o  i n  ob- 
scure s t ra t igraphic  relationship. Imlay, &/ i n  discussing the  above species 
of Aucella, suggests that it is  charac te r i s t ic  of' the Upper Jurassic  
(Oxfordian stage). The isolated outcrops of t h i s  horizon a r e  generally i n  
close associat ion with the Shublik formation. 

Bergquist, H. R., personal communication. 3 Imlay. R. I., personal communication. 



Several inferences m y  be made from the brief data above: 

(1) k p i d l y  changing conditions of sedimentary environment a re  
evident from the diverse l i thologies  repreaznted. 

(2) Erosional unconformities of s t rying local  extent and periods 
of nondeposition appear t o  have been prasen: throughout Jurassic time. 

Cretaceous rocks 

Lower Cretaceous 

The Lower Cretaceous rocks i n  the Etivluk-Kiligwa Rivers area a re  
graywacke sandstones and shales t h a t  a re  N6ocomian t o  Albian i n  age. The 
Nanushuk group (Albian and possibly younger ) does not crop out within the 
l i m i t s  of the mapped area. 

On the basis of gross lithology and faunal control, these sedimentary 
rocks a r e  divided i n t o  the  Okpikruak formation and the Torok formation. 
Although the contact between the two formations is gradational and local ly  
represents a continuous sequence of deposition, the authors f e e l  t h a t  the 
two formations a re  suf f ic ien t ly  d is t inc t ive  and that each has suf f ic ien t  
l i tho logic  homogeneity t o  warran* separate mapping; ultimately, smaller 
units of the Lower Cretaceous rocks may prove t o  be mappable. 

Okpikruak formation.--Exposures of the Okpikruak formation i n  the area 
be$ween the  Etivluk and IpNvik Rivers a re  confined t o  small infolds south- 
west of the northern U s b n e  ridges, an& i n  narrou~ly elongated synolines 
within the s t ruc tu ra l  complex northeast of Ekakesik IJountain. In the south- 
cent ra l  area along the  Ipnavik River, outcrops of the  Okpiksuak formation are 
extensive. Exposures f o r  the most par t  occw i n  broad faulted synclines 
closing t o  the west on the complex area and opening t o  the e a s t  t o  form the 
perimeter of the s t ruc tu ra l  basin of Ekakevik Iiiountain. High fault-block 
ridges of O k p i b k  formation lie t o  the south of the sou tbcen t ra l  struc-  
t u r a l  complex. They extend west t o  the  Kuna River and northward along the 
Xuna River i n  faulted and infolded association with chert  of Triassic  and 
Jurassic  age. North of the south-central s t ruc tu ra l  complex a broad valley 
is c u t  i n  shale of the Okpikruak formation, an5 north of t h i s  val ley a re  
numerous exposures i n  narrow elongate, overturned synclines flanked by chert  
of Triassic  or  Jurassic  age. Exposures of the Okpiksuak formation are  ex- 
tensive, character is t ical ly  i n  broad faulted synclinoria, within the infold 
complex e a s t  of the  Kiligwa River. Cutbanks along the Ipnavik River show 
tha t  shale and very,f ine sandstone of the  Okpikruak formation have been 
infolded and infaulted with the Jurassic and Triassic  t o  a much greater 
extent than i s  apparent from outcrops i n  the interstrean; areas. The covered 
in terva ls  between the chert-limestone ridges a re  underlain by the hncompe- 
ten t  Okpikruak formation. 

A t  t h e  present time the  authors a re  unable t o  determine any basis f o r  
fur ther  subdivision of the  Okpikruak formation. There a re  no recognizable 
major l i thologic  breaks and f o s s i l s  a re  scarce and not diagnostic of any 



horizon. The f a m a  is lirnbbd t o  Aucella c r a s s i c c d I  Keyserling. Aucella 
c rass ico l i s  is no believed to be character is t ic  of h e r  Cretaceous 
(Mocomian) age25 -7 and i s  thus an age determinant fo r  the OkpikPuak form-  
t ion, but the presence or absence of t h i s  diagnostic species does not war- 
ran t  fur ther  subdivision of the formation. Samples~collected from appar- 
ent ly  favorable shales contain no diagnostic microfossils. 

The most complete well-exposed sequence of the Okpikruak formation 
i s  i n  the  area on the south flank of a broad syncline southwest of camp 6. 
This sect ion consists of 2,000 f e e t  of beds ( ~ 1 .  3) which are  i n  erosional 
though conform~ble contact with the underlying Siksikpuk group, and a re  
conformably overlain by a sharpstone conglomerate tha t  is believed t o  mark 
the base of the Torok formation. 

The lower 1,000 f e e t  consists mainly of fine- t o  coarse-grained gray- 
wsacke sandstone, medium green t o  dark gray, interbedded with shale, silt- 
stone, and clay. The s i l t s tones  a re  somewhat calcareous. Lenticular beds 
of poorly sorted granule conglomerate, consisting of subround chert  grains 
and oil- ahale pebbles i n  a poorly indurated matrix, a re  present i n  the lower 
part. Scattered carbonaceous material is abundant and s i l t -c lay  inclusions 
a re  common i n  the coarser beds. S i l t y  limestone t h a t  weathers dark-red 
brown is comnon. Foss i l  fragments thought t o  be Aucella crassicol is  a re  
disseminated throughout the coarser c h s t i c  beds. Zones having a high r a t i o  
of sandstone to shale a l te rna te  with aones having a low sandstone-shale 
r a t io ,  In  general, the sandstone beds predominate and a re  coarser and mom 
numerous toward the base of the  section. 

The same monotonous sequence of interbedded sandstone and shale oc- 
curs i n  the overlying 1,000 fee t  but with shale generally predominant. 
The Okpikruak formstion thus beeomes more shaly upward; it a lso  seems t o  
&come more shaly from south t o  north, 

Foss i l  plants were found i n  shale and s i l t s tone  of the Okpikruak for-  
mation t h a t  underlies the  southwest scarp of Ekakevik :buntain on the east  
bank of the Ipnavik River. Aucella crassicol is  was found 200 yards to  the 
south of t h i s  locality.  Nh.. Roland Brown of the U. S. Geological Survey 
reports t h a t  the plants  a re  similar t o  ccllections frcm the Corwin area 
and from Omgon. These collections had been previously referred t o  the 
Jurassic. 

In  the  area along the  eas t  bank of the Kuna River and extending eas t  
t o  the  s t ruc tu ra l  complex, the Okpikruak formation has s l igh t ly  different  
characteristics.  The same monotonous sequence of graywacke gandstone, 
s i l t s tone ,  and shale persis ts ,  but the grapacke sandstone is i n  general 
finer-grained, better-sorted, and somewhat l igh ter  i n  color. Hassock bedding 
i s  common, and while t h i s  type of beddimg was not apparent i n  the measured 
s t rat igraphic section, i t s  presence i n  t h i s  and other areas is character is t ic  
of the Okpikruak formation; Aucella crassicol is  occurs throughout the section. 

Imlay, R. FI., personal communication. 



differs  l i t t l e  except t h a t  &aim are generally s m l l e r  and the propor- 
t ion  of shale to sandstone is greater, a s  mch a s  90 percent shale i n  
some places. Fjbnotonously regular ser ies  of shale with scattered in ter -  
beds of very f ine  sandstone and zones of interbdded,  very f ine  sandstone, 
s i l t s tone ,  and shale c'rarecteristlc. Auce1I.a cr&sicolis is common 
but l e s s  frequent than i n  ex~osures  to.  the south. f.mx?rently these beds 
r e f l ec t  deposition by less  vigorous currents and a t  a^gr&ater  distanco 
from the  source. 

Isolated exposures of netamorphic quartzi te ,  probably the basal 
Okpikruak formation, a re  limited t o  the southern infold b e l t  where defor- - nation has been very intense. These quar tz i tes  have teen bleached and 
somewhat recrystal l ized t o  a hard dense rock tha t  weathers medium-yellow 
red. Scattered carbonaceous faagments and impressions of Aucella have 
been preserved, A t  one loca l i ty  on the west fork of the Kiligwa River, 
conglomaratic q u a r t s i t i c  beds are composed of tsubround white quartz and 
dark cher t  pebbles. Regional deformational s t resses  are believed t o  be 
responsible f o r  the low-grade, uetamorphism of the Okpikruak formation i n  
the  southern infold belt. 

Graywacke sads tones  t e i e f ly  exmlned a t  the front  of the Brooks Range 
resemble those a t  the southern margin of the  infold belt, except that the  
propostion of shale i s  cono%derably l e s s  and the degree of induration is 
greater. Coarser beds a re  a l so  more cormon. 

Fhcies changes noted bstween the southern edge of the  area and the 
northern infold exposures were probably m e  gradual than is indicated by 
the 8 t o  15 miles now separating them. I f  the  openly folded Okpikruak for- 
mation t o  the south is par t  of an overthmst sheet, a s  is believed, then 
the observed fac ies  changes have been telescoped by the overthrust movements, 

Torok formation.--A thick section of coarse e l a s t i c s  and equivalent 
shale of the  Torok formation overlies the Okpikruak formation. A minimum 
aggregate thickness of 6,800 f e e t  has been computed for  the coarse facies.  
These s t r a t a  exhibit  the colmon character is t ics  of graywackes deposited 
i n  a geosynclinal basin. 

Although similar over-811, the Torok formation has been divided i n t o  
three units, The contacts established were used w i t h  some sa t i s fac t ion  i n  
f l e l d  mapping. The lower un i t  is shown separately on the accompanying 
geologic map (pl. 1). however, and the middle and upper uni t s  a re  not 
dif"Perentiated. 

The lower unit, comparable t o  the  shale lanit of the Torok f6rmation 
i n  the  Okpihuak-Uruktagiak Rivers area, consists of a t  l eas t  1,000 f e e t  
of dark clay shale with scattered septarian calcareous concretions i n  a 
ptismatic ca lc i te  layer. This uni t  is conformable (7 )  with the underlying 
Okpikruak formation and is separated from that sequence of shale and very 
f ine  graywacke candstone only by a zone of sharpstone conglomerate which 
is thought t o  mark the  base of the  Torok formation. 



The upper eonisct is E&e:;flminp,te. lLt ~ k & c & i k  !hawrbain, where 
the d i s t i n c t  litho2ogy was recognimd, the uppcnmost shale pe.des in to  
a zone of chert-pebble conglowrate anii f ine-  to  coarse-grained graywacke 
sandstone. On the southeast s ide of Ehkevik Mountain the comse-grained 
beds unconformnbly underliecthe heavy corglomrates of the  upper wit and 
d i f f e r  by 20' of d ip  and 10 t o  153 of stri!:e. A few hundred f e e t  of shale 
overlying the' sandstone-congloorate zone oz the mi.ddle m3.t !.s unconform- 
able with the heavy conglomerste above it 0:: the flanks of the large sgn- 
cline, but conformably underl iwtbe conglomerate a t  the exis of the  strgcture. 

Elsewhere shale of the  lower unl t  was 1)ot readily distirquished from 
the shale of other units.  locably t'nis mi?,, together with tke Olapikruak 
formt ion ,  is absent below ~ t r a t a  of the middle unit. Although the lower 
unit may not have been d e p o ~ i t e d  i n  cer tain areas, it i s  more l ike ly  tha t  
it has been removed ky pre-m;iddle uni t  erosion. 

The middle uni t  of the Torok f c r m t i o n  may be separated ;ram the 
other units by several  ch.wc,cterlstice. Th? most ohicuop as  obsemed i n  
the f i e l d ,  is a difference i n  degree of defctrmation and angular discordance 
with the overlying u n i t o  TIiese s t r a t a  a re  ~ommonly folded i n t o  asymetr ic  
s t ructures  ranging from o m  quarter t o  tbrcrt quarters of a m51e wide and 
seldom over 3 miles long, Vertical t o  stespl;y overturned b e Z s  are  common, 
whereas beds dipping boo t o  75' a re  typical. 

Thgse s t ructures  a d  attituddea m e  i n  contrast  t o  the broad open fo lds  
with 10 t o  30° dips that b v 3  been developed i n  the upper u r l t  conglomerates 
(see f ig ,  4, Prelim. Rept. 34) .  It  should iw amphsimd, hoaever, t h a t  the 
apparent dlffemnce i n  degree of deformaLitn is un50ubtedly due i n  par t  t o  
t h e  more competent m t w e  of the  upper W conglomerates and the i r  greater 
resis tance t o  folding and compressive strccnes. Although differences i n  
r e l a t ive  competency a r e  thus a fac tor  i n  ccnaidering the  r e l a t ive  degree 
of deformation, argulsr discordance is nevc~*theless apparent i n  the trunca- 
t i o n  o r  the  beds of the lower wit bj the .tI?per un i t  eong1oms:rates. 

In the places where typ ica l  lithology of the two units 5s recognizable, 
the middle u n i t  is distirquished from the : m e r  shale un i t  hr the presence 
of a thick zone of coarse clrastics. The ssi~ale associated wi%h and (or )  
equivalent t o  the coarse beds is characteri.stica1ly s i l t y  and is  variably 
interbedded w i t h  s i l t s tone ,  f ine  t o  medium gaywacke sandston 
o c c a s $ o ~ ~ l y ,  g r a ~ h ?  conglonarate. The armon$b ~ o ~ ~ ~ ' a t  
present considered t o  mark the basal secticm of the middle unit, but the 
basal section a t  Smlth l,buntain is the only loca l i ty  within the area ahere 
t h i s  ammonite was found. 

The zone of coarse c h s t i c s ,  m e d i m  tr? coarse sandstone, gramle  t o  
pebble cong1omer~-te, and r a re  len t icu lar  b>ds of cobble conglomerate, is 
extremely varlable la teral ly .  h t  Smith i?cmntain a 2,100-foot thickness 
was computed f o r  the zone, There sandstone, fine-  t o  medium-grained, dark 
t o  medium green i n  color, mi with poorly ?orted, subangular par t ic les t  i s  
apparently the main constituent. The beds "tongue out" l a t e ra l ly  in to  shale, 

Imlay, R. W., personal comimnicatJ.on. 



An undetemnined thicknssz, of in+,erbdded dark s i l t  ashsle and fins 
sandstone owiil2es the coarse c l ~ s t i c  zone. The contact between the two 
zones i s  indef ini te  a s  the lower Sacies grades i n t o  the upper by a more 
or  l e s s  a l t e r m t i ~  se r i e s  of the two fncies. 

A th ick  zone of cross-Wded, very f i n 3  sandstone is ppresent i n  a 
th ick  sequsnce of shale on the lower maches of the f i l i p a  River. It is 
t e n ~ t i v e l g r  comekited with t' upper cross-bedded s i l t s t o n e  of the Torok 413 forflation describad by ~ a b 1 e . J  It is suggested %kt t h i s  zone is cor- 
r e l a t i v e  i n  p w t  with the middle lanit of t he  Torok formation a s  d e s c r i b d  
above. 

A t  several  ltrcu?Lties, sharpstone conglorrerate is present near the 
base of the  d d d l o  unit.  %ere best. developed i t  includes blocks of 
Usbrrsne limestone and S h b l i k  Eoripmtiun a s  omh  a s  10 f e e t  i n  dimension. 
This conglomrate i s  tea ton ic  i n  origin.  

The beds of the, middle wilt crop cu t  close t o  T r i a s s i c  rocks along 
the northern margin of the i&old belt. A t  the northerrmost exposure of 
Tsiassic,  2 miles northmest of Swayback i!oun%aln, a bssal  calcareous granule 
conglhomerate is i n  d2neonformebl$ contact mitn a H e l a  zone of the  
Shublik fo rmt ion ,  The unique appearance of an associated diebase si l l  
!my be interpreted 8 s  due t o  pre-rni6dle un i t  weathering, Nearby sources 
of m t e r i a l  a r e  inpl ied TOP the bass1 pa r t  of t h e  unit.. Other highs could 
h ~ v e  &en developed t o  the  north En the basin of deposition. Possibly, 
%en, the k s a l  par t  of the  middle unit was deposited on act ively growing 
ntructures. 

Remnants of t he  lapper u.nit a r e  recognized i n  the  Eksakevik Llomtain 
and Swayback Mountain synclines. A m a x i m u m  remining  thickness of 1,000 
EeeC was eonputed 3t Swzqlack Ibuntain, Variable thicknessas were measured 
a t  Lkakevik Msuntain: 3,000 f e e t  on the  northwest end.; 2,200 f e e t  on the 
northeest, a d  L,7'30 f e e t  or? t h s  southern margin of the infold. Conglorner- 
ates composed of sabround pebbles and cobble3 of q w t z i . t e p  mafic igneous 
rcck, c h e d ,  a id  Llsbmne U.iaes-tone are  predominant a t  Swayback Mountain 
end i n  a l l  twt the upper k00 t o  500 f e e t  a t  Elcakevik !,!o.lclantnin. The two 
nequences of conglomerate PIE.m .Zen correlated because they a r e  folded i n  
the  seme dogpee, project  i t t o  one another along the regional trend, and 
ere  conposed 02 s imi la r  types of conglomerate. They d i f f e r  s l i g h t l y  i n  
t h a t  the Ekakevik Motuntain s e r i e s  hes a nwked predominance of quar tz i te  
pebbles a s  coni,~ested t o  the more typ ica l  chert ,  m f i c  igneous rock, minor 
quar tz i te ,  u.sbmne linestone, and white quartz t h a t  rake up th.e s e r i e s  a t  
Swayback Moun.t.&in. The se r i e s  a t  Ekakovik Mountain over l ies  the folded 



I l i a b a s e w  a& closely re la ted  types &re the onlg igneous rocks 
recogwized. Nost of thoae are si13.s and %ailLXike rcfiS83S enclosed by pm- 
Crehcsous s t r a t a .  Reh t ive ly  t h i n  silXs 5 t o  5O f e e t  th ick,  and aver- 
aging 15 t o  20 f ee t ,  intsmde the ShubXik Posmtion and ' the  Siksikpuk group.i ,,/' 

Local. coaleseeme of several  closely spaced sills rssu.l'bs i n  a thf cker _I 

mss of ign9ous rock. S i l l s  of gemral1y p e a t o r  thickness occur i n t h e  
.Ushwne linestone. The Lower sill. on the f % h t r h h e e t  is 150 f e e t  thick. 

The dia.mss is probably i4ent;ical Lo the m f i c  igneo-LIS rock describe6 
i n  the Okpi-k-Kbuktagiak Rivers a r e a .  The t e x t w e  depends wirily 
on the thickness of the  intrusive body. On chi l led contacts, from 2 t o  
I 2  inches wide, the  rock is dense lnat grades through f i n e  t o  medim grain 
i n  t he  thinner sills. kximm p a i n  s i ze  was obaewail i n  the  thick lower 
sillwhcsi-e mineral grain8 a re  o?~e half  inch long o r  mom?. The composition 
var ies  l i t t l e .  ApIJmrent assZmllaLion of host  rock h a  locallby produced a 
a l igh t  change i n  a.pp, haranceo 

L i t t l e  metamorphic ertefect of the i n t m s i v e s  was noted and none ex- 
tended mare than 2 o r  3 f e e t  from the contact. On coa~tacts with the larger 
masses cher t  1s l o c a l k  bloinched a~nd li.aeatone r s c m ~ s b l l i z e d .  A few epi- 
genetic suE idos  were ;"ov~dj i n  the country rock 

- 
rel zones of 

wi ther i te  ( 5 )  @aCO3), 'barite (%SO, 1, and gyps &SO4 2H2Qf occw i n  
the lirseatone-chert of the  infold aft. k 

Several outcrops of igneous rock appear t o  be nurfsce flows. Micro- 'uJ 
scopic s tudies  of sa13173ies from the58 outcrops have not k e n  made. 

The in tms ivos  were nowhere proved t o  cut  the OlrpikPmk formation o r  
younger beds. I n  a few places, Cretaceous outcrops a r e  very closely asso- 
ciated v i t h  outcrops of t.he igneous rock but no a l t e r a t i o n  was evident. 
iikific igneous i f rapents  and pebbles i n  the  Okpikmak formation mega- 
scopicnlly resembie the diabase. The authors f e e l  that ,  i n  view of the  
numerous f a u l t s  ard s t ra t ig raphic  displacement, conclusive proof of int rusion 
i n  Cretaceous socks must corn from an exposed igneous contact, preferably 
one with contact a l te ra t ion .  Intrusive a c t i v i t y  csnnot be de f in i t e ly  dated 
closer  than beheen  poat-3urassic and pre-Torok t i m e .  

Although tho sills were p rohb ly  injected in to  the s t r a t a  along zones 
of weakness, generally p a r a l l e l  t o  the bedding, they have b a n  subsequently 
folded and faulted with nearly the s a w  in tens i ty  a s  t he  enclosing rock. 
The in t rus ion  must, then, pre-date the major pa r t  of the  deformation. But 
concentration or  occurrence of the diabnee is of ten closely ansociatad 

Stetefansson, Karl, op. c i t .  
25/ Patton, IT. W., Jr., and T i l l e u r ,  I. L., op. e i t .  
@ M.lton, Charles, Branch of Geochemistry and Petrology. 



The area mapped has h e n  intensely deefrmd. Structural patterns 
and some d e t a i l s  are shown on the geologic map and structure sections 
(pls. 1 and 2). 

Regional coapressioml forces  resulted i n  f a i l w e  of large un i t s  by 
faulting; ho~ever ,  these forces produced overturned i soc l ina l  folds  i n  
smaller units.  Faul ts  of considerable displacement a re  associated with 
the t i g h t  fo lds  (aee f ig .  5, Prelim. Rept. 3 4 ) .  Combined folding and c 
fau l t ing  of this  type may accomt f o r  the occw'ence oil t h in  s l i c e  blocks 
of older rocks n i th in  younger. The major f a u l t  zmes are  Laterally per- 
s i s t e n t  and i n  some places a re  associated with large overturned folds. 

In the infold bolt, the Okpiksuak formation has been contorted only 
s l igh t ly  l e s s  than the  wideraying s t r a t a ,  buk the competent s t r a t a  of the 
Torok formation have tmen involved i n  considerably l e s s  intense deformation. 

Complicated folding of the  incompetent ohale sequences of the Torok 
formation (see f ig .  6, Prelim, Rept, 34) probably is an expression of 
drag folding between more competent zones rather  than r e l i e f  of compres- 
s ional  stresses.  Effect of vaning compression is shmn by the gentle fold- 
ing of the upper memhr of the Torok fornation. 

An anomlous strmctural s i tua t ion  i n  the south-central Ipnavik-Kum 
Rivers area has been referred t o  frequently above. Along the  headwaters 
of Cuhway Creek, an o)m%ous thrust- fault  relationship ex i s t s  between 
gently folded s t r a t a  of the Usburne Ems tone  and associated dhimse 
sills ( i n  topographic highs) and the i s o l d  complex (forming the lowlands) 
(see f ig .  7, Belim. Rept. 34). This f a u l t  cannot be traced t o  the north 
and east ,  however, h m u s e  it is obscued by a swarm of high-angle reverse 
f a u l t s  t h a t  cut mope steeply dipping L%ssisaippien o t m t a  and diabase sills. 

The f a u l t  t r ace  eastward must pass jus t  nortin ooT Ekakevik Xount~in 
where the basal conglonerate of the upper uni t  of the Torok formation is 
faul ted against  a diabese mass. The f a u l t  plane dips 30° S. L7oreovsr, 
the openly folded beds on the west s ide of the  Ipnavik-Kuna Rivers area 
a re  broken by a ser ies  of reverse f au l t s  t ha t  destroy the postulated western 
projection of the  thrus t  plate. Gpposed t o  the interpretat ion of a low- 
angle th rus t  f a u l t  i n  the area i n  question is  the present. reasonable posi- 
t i o n  of Eknkevik Eountain i n  relat ion t o  Swayback Ysuntain. A s  Ekakevik 
L"mntain s t r a t a  are closely associated with the beds on the possible thrus t  
sheet, its restored location, before faulting, would be several miles t o  
the south. However, other evidence supports the thrust- fault  concept: 
(1) the L Z s b n e  limestone a t  :bunt Bupta has no diabase, a s  contrasted t o  
the persis tent  s i l ls  occurring i n  correlative (?) s t r a t a  on the "thrustt' 
sheet; (2) possible correlation of the beds on the  ttthrustn sheet n i t h  
"pagodau-weathering beds and diabase sills t h a t  occur a t  the Range front;  



The t l ~ r u s t  p l s t e  has Men folded since i ts  development i n  about the  
sone degree as Sw.yback Plounhin. It was koken  l a t e r  by numerous high- 
angle reverse faul'b. The strong suggestion of a f l a t  t h r u s t  10 t o  20 
miles north of the Range f ron t  l~ends support t o  t he  in te rpra tc t ion  t h a t  
t h e  infold b e l t  is p a r t  of a low-angle 8 h m t  present a t  depth. Ilany 
s M l a r i t i e a  e-xist b-&wen the Etivluk-Kiligwa sect ion and the Alhzrtan 
Footh i l l s  province where t he  presence of these subsurface low-angle th rus t s  
h w  bean established. N w r o u s  complex s t ructures  t h a t  seem t o  have no 
refisonable explanation from the data avai lable  might be successfully in te r-  
preted a s  s k u - t u r a l  adjustments on a th rus t  sheet. 

The s t r u c t u r a l  his lory of the  basin from mhich the s t r a t a  were folded 
is complex. Domaarping and shortening of the  basin .was i n i t i a t e d  during 
o r  shor t ly  bcfore deposition of the  Okpibuak formation and mast have con- 
tinued intermit tent ly  tthroughout deposition of the Tornk formation. Active 
upfokds, from which previous3y deposited s t r a t a  were eroded, appear t o  have 
been present near the 3.ocol a x i s  of deposition. The accumulated e f f e c t  02 
deformation has prod-aced complicated s t ruc ture  i n  t he  older s t ra ta .  There- " rose, s t ruc tures  i n  the  younger rocks exposed a t  the surface may only 
broadly r e f l e c t  the  conformtion of older beds a t  depth. 

F'ETROLEMLI POSSIBILITIES 

1. No favorable souroe or reservoir  beds w e  present i n  the O k p i h k  
o r  Torak formation@. 

2. Possible source beds occur i n  the Rii-uktagiak member of the  Lisburne 
l i m s t o n e  and a l s o  i n  the  Shublik formation. 

3. Possible rese~rvoir  beds occur i n  the upper Alapah member of the  
Lisburne linestone i n  the  qmrtzose sandqtone f ac i e s  which has, locally,  
high permeability and porosity, and i n  the dolomitized limestone t h a t  is 
exposed on the Usburno Ridge. 

4. The presence of a t  least 2,400 f e e t  of Lisburne limestone i n  the  
infold b e l t  of the  Southern Footh i l l s  sect ion and an  addi t iona l  1,500 f e e t  
of Devonian l ims lono  a t  the  Brooks Range f ron t  indicates  a thick sect ion 
of beds, susceptible t o  development of secondary permeability, t ha t  may 
underlie the  Northern Footh i l l s  section. 

5 .  Surface s t ruc tures  i n  the infold b e l t  mould not warrant explora- 
t i o n  becauae of probable complexity of s t ruc ture  a t  depth. 

6 .  The probable anticlinorium area t o  the north of the mapped area 
would have the most favorab1.e s i t e s  f o r  t e s t i ng  t h e  po ten t i a l i t i e s  of the 
Paleozoic section. 



2. Rockc: of Dsvonbn (?), &L;ilssiasippim, Permo-Carboniferous (? ) , 
Triass ic ,  Jmcuissic, and h e r  Cretacems age a re  exposed i n  the area. 

2. Thicknesses Tor t h e  s t ra t ig raphic  ~ a t s  a re  a s  follows: Noatak 
formation (Mississippian or  ~evouian) ,  indeterminate; Alapah member and 
older !?) rocks of the  Lisbupne limestone (Kitasissippian), 2,400 f ee t ;  
Kiru.ki;agiak m m b r  of the  Ksburne (I"!ssissfppian), 600 f e e t  o r  more; 
Perno-Csrbonifero~as i?), a p p r o ~ ~ t e l y  700 fee t ;  Shublik formation (Triass ic) ,  
approxlmtely 230 f e e t ;  Jurasoie, iLldeCerwimte; Okpikrusk formation ( h e r  
Cretaceous), 2,OQO fee t ;  Torok formation (Lower Cretaceous), a t o t a l  of 
more than 59000 fae t .  

3 Several loca l  unconformitias a r e  recognireed: a disconforrnity a t  
the base of the  Okpikruak fonmtion; an unconformfty a t  the base of the  
middle u n i t  of the Torok formation; and an angular mconformlty a t  the 
base of the  upper member of the  Torok formation. The unconformity a t  t he  
base of the middle u n i t  of the  Torolr formation may represent erosion on 
an  act ively growing high i n  t he  deposit ional basin. 

4. An area of s t r u c t u r a l  complexity with i soc l ina l ly  overturned fo lds  
and high-angle reverse f a u l t s  is typ ica l  of a l l  s t r a t a  except the Torok 
f o m t i o n .  The younger beds w e  l e s s  intensely folded because deformation 
began a t  some time previoue t o  i n i t i a l  Torok deposition and was decreasing 
at  the end of Torok deposition. A low-angle thrust  f a u l t  brings essen- 
t i a l ! ~  f la t- lying Lisburne limestone and overlying s t r a t a  over Triassic 
and other beds i n  the  south-central complex. 

5. Small amounts of petroleum have been derived from beds t h a t  underlie 
the Okpikruak formation, pr incipal ly  the Kiruktagiak member of the Lisburne 
bircestone. A quartzose sandstone f ac i e s  and dolordtized zones i n  the ALapah 
member of the  Lisburne limestone, i n  addi t ion t o  3,900 f e e t  of rocks t h a t  
may have secondary parmabi l i ty ,  indicate reservoir  p o s s i b i l i t i e s  i n  the 
Pa leozoics, 
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