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The present structure uae probably delineated concurrently with 

the Late Cretaceous a d  Tertiary upl if t  of the Brooks Range., Along 

' the southern margin of the Reserve, long, narrow anticline1  fold^, 

trending ueet-northvest, were formed paralleling the Bmoks Range; 

'. many are asymmetrical or overthrust from the eouth. Farther north, 

gentler folds are superimposed on the geoeyncllne. The Darrov area 

; marks thenorthernedgeof thegeoayncline; Cretaceousrocke.there 

7 are aa l i t t l e  BB 1,600 f ee t  thick compared to mre tiian 10,000 f ee t  

i n  the central part of the Reserve. A l w  arch i n  the vicinity of 

Ii ' the Mede River separates the ~rrtaceoue basin into a vestern part 

I '  dominated in Albim time by nomarine sediments, and an eastern one 
i 

I'  containing bede vhich are primarily marine. in origin. 

Jlngseic samletone contains a small reservoir of g a ~  in  a etruc- 

: turally canplex srea near Point B a r r ~ ~ .  W o  of the e i r  closely- 

3 6paced wells to penetrate tbe f ie ld  are floving and furnish enough gae 

4 ' to heat the nearby government instellations a d  Barrov village. Fieh 
I 

5 Creek b e t  well 1, drilled clore an o i l  seep near tbe mouth of the 

- : ColviUf River, pnetrated 130 feet of interbeddad Cretaceous clay 

I I shale aod siltatone containing dark, heavy 011. A pmping tee  t pro- 
1 

s d u d  9 to 12 barrels a day f o r  3 veeka, before the hole vae aban- 

9 : doned. A large gats field WM dieconlad at the Gubik mticl ine,  lo- 
! 

10 cated a few ntllee northeast of M a t .  lk aa t i c l im  la  estlmatcd to 
I I 

: ' be 14 miles long aod 3.2 milea wide, with a cloaun of mom tban 500 1 
feet. Tvo mUa, one locatad mar tbt crest  ad, th other on tbe 

33 south f lanh, both produced gaa f mm 8~~ beds of Late Cretaceous 

14 1 age, aui reserves we- estimated by Arctic Contractors as pore than 

7 -  200 b i ~ l o n  cubic feet. Tbree large c l l  seeps an located near Cepe '' 

i s  SiPpson, 50 &lea sotatbeast of Point Barmu,  and several ahallou t e n t  

I 7  , h o l c m  nerr dri l led near t b e m  to detemlne thrr rource of tbe oil .  1 
1. I s h a a  of o i l  vere foa i l  in  a t  d tbc testa, a d  011 d gas flowed 

19 I or w a s  belled frm a f e w  wells. Zarpemszable shale deposited w o n -  
i 

I" f d l y  above sadstone haa trappa +& oil -net tht lrreguhm I 
I 

? \  ugper surface of the perrmeable saadstone. The extent of the field, 
I 

22 ( a d  the amount of o i l  present were not detemined but they are be- 

l l e d  to be d, !be largbst o i l  f i e ld  found i n  the Reserve l a  at 

2L ' M a t .  I t  is i n  a faulted, ~ynsm=trical anticline of Cretaceoue 
i 

- - .. . - - - -. .- . -~ - 

i 
25 , sandstone and shale which han at leaat  1,200 f ee t  of closure la an ) 

.. . . 4 .  . . ..: 
.,- , 









plants, D. D m k h  of Pelmian Md Upper Cretaceoue f'iah, B. K-f of 

Triassic mggossLLe, A. W .  Brown of Cmtaceous plant., 0. of 

I Upper Cretaceous megafosoils. a d  P. M. Sunin of Phietacent oltznads 

, have a b o  been of p a t  valm. 

- - - - - . . .- 

Stratigraphy 

Introduction 

3 1 m e  following pages attanpt t o  synthesize and summuize t h e  de- I 
( tails of the rock units and t o  present character is t ics  which se t  each 

i 5 -  ( stratigraphic d t  off from those above and below it, M well as t o  , I describe var ia t ions  within a unit .  Age de te 'dna t ions  w e  al.ao I 
7 1 given, and the reasons for  them discussed. The s t re t igrephlc  infoma-! 

1 
( t i on  i s  presented graphically i n  figure 3. 1 

10-1 Figure 3. Stratigraphic chart giving a br ief  description of all for -  

mations found i n  the  subsurface of Naval Petroleun Reserve I 
No. 4, and the i r  Ruopean equivalents. I 

I4 I Rocks recovered f r m  the t e s t  wells are a l l  sedimentary, except I 
15- / f o r  the  probably s l igh t ly  metamorphosed a r g i l l i t e  a t  Barrow and Simp- f 

I 
l6 o n .  mey range in age frm Devonian t o  Upper Cretaceous (again ex- 1 

I 

L 7  I eluding t h e  a r g i l l i t e ,  which i s  of unknown, but pre-Triassic, age) .  1 I I I n  many l o c a l i t i e s ,  e s p e e i d l y  i n  the  northern pa r t  of the Reserve, I 
I' ( they are covered by a t h i n  deposit of a i l t ,  sand, and gravel of ~ e c e n t l  

'4 or Pleistocene age. Conglanerate, sandstone, silt stone, and shale are 
1 I 
I all represented; "red beds", limestone, coal, and bentonite are  pres- 1 
I 

. !  
'. i ent i n  l e s se r  quanti t ies.  Megafossils of Devonian, Permian, T r i a s s i ~ ,  

j I ' / Jurassic, Luwer and Upper Cretaceous ages were recavered; most are 1 
pelecypods, with r a re  f ish ,  brachiopods, and plants.  Foraninifera 
and a few other types of microfossils, par t icular ly  pollen, uere 
found i n  the  Mesozoic formations. With the  support of the tl.S. Ihvy, 

cares. 





A t  S-on b e t  well 1 (Robineon, 1959b, p. 548) tba wgilllk T. G. Payne postulated that the teats  are on the southern f l a n k  

differs  fma t h a t  at 3mnx i n  color and Fn contain&ng ao k d o  of 2 of an early Paleozoic stable area encompseing most of the Arctic  

chrt  or dolomite. It i n  (pa~imh green with um red a- OceanthathednotbeensubJectedtoorogenysinceRecambriantime 

. vhlch he8 been 8llghU.y ai l lc if ied a d  im M, dense, snd W81*; a I end hence, that the a r g i l l i t e  was O f  probable Precambrian age ( p r -  

, few t h i n  bed8 contain grairu cti S i l t  site. b m ~  sl icken~oidd i r a c m  5 - 80nal camnunicatdon, 1952) . However, h i l l i n g  of Topgoruk test well 

plane8 an coated vitb pyrib Pnd c6lcite. A l l h u @ ~  459 f e e t  of tbe 1 eubeequent t o  Payne'e studies indicate8 pre-Permian, poet-Devonian 

, argiUt4  vw drilled, tbe mtn t ig rph l c  t h i c h r ~  r e p a U n t Q d  is  , 7 structural movement close to h r r o w :  Midale D e v 0 t - d ~  beds i n  Topago- . 

a only a h t  100 feet becaw tbs bed. dip betmen 75 md 80' (w 
I 

a ruk test  uell 1 dip 35' to a*, whereas the Permian beds that d i r e c t l y  

I " j upper part w h i c h  i e  strikingly similar to the Simpeon argillites. 

1 no e~ldtme of a vsatbrd s o ~ ~ s  top ai tbs v ~ b  ' '' ' Broad, Dutro, Meningue, and Reiser (1962, p. 2,1f%) have tentatively i I - 

,b lu t h m  v~ at BarrcN but the contact v6a mt cored md auch aridem0 I , referred the upper third of the bruokpuk Formation, the portion that a 

P 4 18. 4). RO f o~a131  VCLT ~ e e n .  
I 

* w e r l i e  t h e m  dip 8. or leee, and appear to be collrormable vith the I 

I U 
I lo - averlying Meeozolc rocks. I n  the eastern Bnooka R a n g e  tben is  also 
I 1 

I Pi- 4. StceplJ ~Lipplng a rg imbe8  in Sbpson test w e l l  1. SW " evidence f a r  pre-Penaim, post-Dtronian omgenic movement ( ~ r o a ~ t f ,  

I ~q bave been l o s t  in thC cuttin6 I-.. ' 1 moat closely resemble8 thc Simpeon argilllte, to tbe Upper Devonian. 
' 

1 8  1 u ith th inio~p%tton a d h b z c ,  it IS doubwd tbot m i - ,  . j 

1 2  core N 1~1.1.& dth nter tO brhg aRlt COW Ufrer- I l2 

I t 

1 aite sge cur ba anst@ to tha p-mr n-iasaic rocb dimcur8ed 14 

1 above; ill&, then i a  no certainty that th? roar in t h  m a  , - 
I ! 

Dutro, Haogus, and Reieer, 1962, p. 2,194). !he  Neru~lrpuk Formation, I 

, ' i e  thc urme age M ?,hat at Simpeon. 80th shm the asat  dtgree of - '  1 

I >  e m s .  which crow out there, contains some red and green -11ite in the 

induration, but mt Barren both induration a d  angular unconlorr2- :: 1 
. . , could be local p h m r ~ n a  smrociated 111th the Barrov "crypto~lcaoic" 

1 
I 
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I There i m  ileo mope ehi lar i ty  between tbe Sinpoon ugilllte, tbs 

1, and th Permian Sikpik&ds F ' o ~ ~ t l o n  vhich crop. out in the  brook^ , 

3 : reeler unlikely, bowever, for tvo scaaoam: thc Permien beds in Topaso- 

r , N+ t e a t  veU 1 an approxiautelj cod-ls  with tLc Ibso~oic 

; strata, wherenu in Sbpson teat well 1 tbe argilllts i r  mar- nn- 
I I 
I 

8 ' coda-ble; rad the d o p e  of idtuntion of tbc Slnp.on bedn is much ' 

greater thna that of mst of tbc nearby. Fedan rocb .  Evsn r fsv 
I 

l o  1 w of ~ c u l r i c  age cropping out in  tbs ~ r o o b  ~sngs m d b  tbs 

1 HsI.d black shalea or argilZLtes lib those frcm the South BMOI 

teat veUB m present, In m6l-l quantities, in rocks of alm0.t every 

3 I PaPeotofc pariod %n mrthcrn Alaska, ru w l l  ar in .or rocb of pmb-' 

A 1 able P r e c ~ l a n  age. Grayish b h c k  pyritic bard c l ry  ahsb In th ' 

1 5 Widdle Ibvonisa bed4 in ~ o r u h  t e d t  well 1, a anall wunt of b h k ,  

I Wuit. i. a r-tplr m-uoa, a- h m d a  a-t. tbs 
I 

7 / ten- E-t. R- - .Il .Us lltb0logicd3.y~ to t.s a-1 
6 i pamafed  by. tbe wth ~arrov *at mm. ~hs mch tbicbr mction 

a drillmi by A n k  b e t  well 1, bovarer, is mare dhtinctirs k c r u e  of 

lo i tL. in*=- dolcmitc a cbr t .  ident icd  - h v e  D n n  n- 
1 

11 i p - e I r r ~ i n ~ n ~ o n f a r * ~ - o ~ ~ b ~ ~ s -  

12 
I 

wqtmooea c m t r i n  inwrbsddsd chert, tbrr prrmerww Of 1ntarringM car-' 

3 bomb bade i m  mt rccoldad. Comerw4, tha l imcrtoae-~L1ita aa- I 

1. 1 ber of the lie-kpak P-ti- h l u  cbort, d contrina y-D,  
I 

1 )  - : mt, mi sandmtom ( h a d ,  ~ u t r o ,  w, a d  h i m = ,  l*, p. 
I 

1 2,185). 

I 
I 

1 i 
I 
I 
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I The al ternat ing chert-dolomite and black a r g i l l i t e  of the Avak 

t e s t  vell a d  the black a r g i l l i t e  of the South Barrow teats may be a 

. I quiet-water equivalent of the conglomerate-bleck s W e  sequence of 

4 1 M i d d l e  Devonian bedo drilled a t  Topgoru* t e s t  wel l  1; both sequeoeE 
I 

3 I are marked by a high s i l i c a  content a d  a l a c k  of grayvacke-type sedi- 

Devonian conglrmerate 

? : Devonian rockbl.hnve been identified i n  the subsurface only i n  

; ' TopagoruR test well  1, where beds between lo,& and 10,503 feet  con- 

> s i s t  of appr+uately e q w l  amounts of interbedded medium-gray cher t  

r I ments. Widespread Middle anb Upper Devonian aedimenta to the south 

: . and east, hmever,'suggest that the area north 0: the Bhoreline facies' 

e I a t  Topagoruk w a e  part of e land mass i n  Devonian time, a d  that tbe 
I 

i 
I 

9 B m  strata are pre-Middle Devonian i n  w. The lack of f ossilrr i 
I 

lo and the great diatance betmeen Barrow a d  Simpeon and localities bav- 

5 .  , conglomerate and dark  gray carbonaceous shale a d  c l a p t o w .  IIhe beds 

1 1  

6 ; dip 35' to 60' ( i n  contras t  to the overu ing  strata xhich are nearly 

ing canparable a t r a t e  make depcrdable corre la t ion impoesiblt a t  the 

7 I  horizon^), the et r t t igraphic  t h i c k e e  is only about 300 feet .  
I 

12 preeent time. 

13 

I 

a 1 The conglomerate is made of subangular to rounded white, gray and 

9 black chert pebbles 1/8 to l/4 inch i n  diemeter in the upper part, in- 

to- cr~aeing t o  a maximum of 2 1/2 inches mar the bottaa of i be  bole (see 
4 

11 fig. 5 ) .  Thepebbleaare ee t inamrat t ixo i coarae to f ine -gra im 

12 c h e r t s a n i , u i ~ e ~ s i l t y a n d a r g i l l s c l c o u e ~ ~ , r i a l , a r d t b p w h o l e  I I 
P 

13 
t 

i I 
l4 Figure 5. Devonian congl-rate from 10,479-81 fee t  i n  Topagoruk , 

t e a t  w e l l  1, nortbern Alanlta. !lb core was laoiatened 

before being photographed, to bring out color differencee. ; 
I 

I 

1s is cemented w i t h  eadi t ional  s i l i c a .  The beds of clay shale anf. c l w -  , i ! 
tq stone are grayieh black, 83 lghtly s i l t y  anl siliceous, and have discont 

I 
70- / tiourus c v b o ~ c e a u  partings; am- pltchs l imb  cub .  oi 

1 
:I pyrite a re  a l s o  present. &one of the rock is metamorphosed; ite hard-, 

. - 
22 nesa meult,a Irm th sIl iceoua e ~ l n t .  At l~,al feet ,  c a r b o n a c e o ~  

/ partings contaLad. a Cer spclmem o r  l d  plaotm, ident i f ied  by J-.' 
I 
M. Schopf of the U.S. Geological Survey sa Psilophyton 8p. nov. 
Zostero L L U ( P )  ep. nov., U o  t e r i a  sp., Bnd bethella(t j sp., 

" - L&flipmrn= -. :*1958b, - p. 2m) . -- - - - I 



Ttte neareat Dtmnlan outcrop an in the B m o b  Range, in the 

vic ini ty  of Shainln lake, &out 200 &lea eoutharrt  of Topgorulr. An 

"incaqlete section of shale a d  .anbntonr -re than 1,500 feet 

th ickm (~owrbar and Dutm, 1957, p. 4) i a  erponed there, but I t  con- 

t a i n ~  Upper Demnian marine fossils i n  tbc lower 400 feet, gaDevbt 

fartbtr away, barever, i n  the vicinity of tha John R i v e r  and -21 of 

tbs cmnt of tbt Brookm Range, th ick  black elate a d  WYits ars 

prennt bancatb Uppr Devanian bed., ard a m  uderl&n cdormsb1J by 

" t b e W i d b l e ( t )  DevonlanSbJitIlpemtontaniuncoafo~blybyWddla 

I Devonian end older schiot, *nib, black a i l b t n m ,  aod liPtstom 

1 1  (~rorgt?, 1960, p. B351). The rletamoqhlam increasam fxam north to 

17 e m t h  acrosn the raage, rai  pa of theme cLutic mcko I&ht be 

I ' 1 finer-grained, acnevhat r t a m o m ) r e d  equivalent  of the beds in Topa- 
I 

Id  I ~ r u k  t e a t  kill. Pm h t e m  B r a o h  Range al80 ha8 mtraqbwed 

1' ' cheticm (~romgC, Dutro, u, and Reiaer, 1962, p. 2,lSL), the 

16 quartzite- LLDd phyllita-chert mcnkra of the llarwkptlr Poraation, 

1 rUeh mar be of M f d d . l e  l*m$an we. W Dclorq Y a u t a l u ,  vent of 
I 

l a  I tba Broobs m, contain Upper Daronim rocks, w0t.U lipamtom a d  

I 'do1mnit.e (sable aobDutro, 1961). Waa;Ja,rese in-ka mouthof ths i 
j Broolu Range are also uderlain by mck. of Davonlan w. 

' Claat ic  beds, mtamo@eed, nre found in the upper Yukon i 
1 vdley, in soutbaastcra Alaska, ani along tht eastern bouodary of tbs 

:. 1 a t a t e .  KJ Luver Derodan .at. have y e t  keen id=ntifiad in Al-ka, 
I 

?* ani thc younger btde r a n t  on rocb of Si lur ian or older age. 9 M a  

2i 1 n ~ ~ o ~ ~ ~ ~  gnuitatiou m-mta a* - in %w 
#tb,,, . 4 - , r  4 ,..%, , n  c , r  8 

I' I 

teat well 1 ara el80 Middle Davonira a d  mt Iarsr Devdaa,  a 

- poesibillty vbich uaa euggsated by t b  -t fomail.8. 



k w i a n ( ?  ) red beds 

Abon the D e ~ n i a n  beds in Tnpagoruk test v t l l  1 is a r/O-foot 

interval of red beds which are nearly f la t  lytng. 'Ibe rock consist. 

of i n t e r a d a d  brick rad to w s h  red claystolre, alltstona, snb 

. aandstorr v i a  a few thin lay+- of @o~.trate cud rem interlad- 

nated 4 and w e n  ahah;  foepila a m  lacking. Ilo similar b d s  vera 

penatated by any other holes n d  tba rbaence of forailn I t a n .  tba 

age of the beds in doubt, although they presumbl;r a m  clorer in a@? 

to the overlying fcxmian beds, w i t h  which they are r t r u c ~  con- 

iontable, than t4 the uoderlying Devonian , . M a  f r c ~ 4  vhicb tbay ara 

t i  neparstedbyanlrngularunconformity. 

1 11~le marert outcrap. of p08tl)amhn hleornic aka- are in I 

' the Brooks Rangt, lpon thM 1% l i h n  to tbe south. I(issiasippiar, 

4 and Psdan rocks am widaapread through tbe muntaina a d  in tba , 
I 

fmthills m N  o, u. Range, a d  ~ ~ 1 v a n i m r  b d a  L.n bn. tut.- / 
t 

I+ tinfy identified in the eastern Brook8 h n p   road, Dutro, B h g ~ ,  

I *  dolcdte a d  l h s t o n e ,  uith som chtrt, and contPLn no di6 thc t iv tU  ; 
I 

I'. , red ad-nta; neither doe8 thE W d m ~  Umestom of p b a b l u  P e ~ U y 1 -  

; &an age. &mian mckn, on tbe other band, inclda red and m e n  

, shales, particularly in tbe Siksikpk Formation. This Pornstion i e  . 
found i n  the central Brooka Ran( la ,  s d  its type section there i s  d4- 

, *  acribtd aa variegated p e n ,  mar, and dark red .b& ard siltatom 
I 

&-an ' m a r d 4 t o n a  

Overlying the rrd M a  i a  Topqoruk test nll 1 are ths only 

mtrata in thc mubarface vhfcb haw k e n  identified aa %dm. Ths 
I 
1 uequence ( f m  about 9,380 feet to 9,770 feet),  approxiplatel7 390 

I rest th i ck ,  i o  pndcaimnw l ight grey s i ~ c e o u s  cuxi dolomitic m ~ d -  

m t o o e ,  with scas interbeddcd medium gral atllc8ow .llt.tone aod 
! 

b r  Vhita a d  c b n r  Wtr g m h ,  CcEImonly frostad, tbat ua &po.it- 

ad in beds a fsv feet to 65 feet  thick. me ce-nt ia miliceolu 

tkmghout, a d  d o l d t i c  M wall, la tba upper part. Most of tba 

miltatarm a d  chystolls 1. redim g x v  to d i m  &rk gray, exwpt  

for a feu feet  of rock mrlying tba conglaaratb, which i r  mottled 

gnfimhredanbgray. ' J Z l s c o ~ m t e ,  1 b f e e t b a l o w t . b  topof 

tbs unit, is ccmpo8ed of rmded  1/1- to 3/binch pebbhm of vbite 

chert, v i a  a fav aC gray or blrck c b d ,  in a ~ a t r i x  of warme to 

; fine q u a r t z  a d  ud ~ilfcsow caaent. 

! B ~ U ~  ( h g " b  ap., L lw--W f-) ur pn..ot 1. 
I 
( th audatooe, ad calocnnth finh teeth f o w l  about 60 laet balm 

! the top of t&e mque~o. wen dencribed by David H. DunUe of the 

U.8. National Museum na being m i n i l a t  to rum nportcd frma Perrrinn 

( p a t h ,  1957, p. 41, Patton anb TaiUeur 19#, p. 428, a d  B r o a d ,  
Dutm, lhqgm, and Reiser, 1962, p. 2,1941; the I.cd beds of -re test 
m y  well be the equivalent of this forustion. -- - 



i 
I The Nuka Formation which cmpe out In the central, srd woetern 

2 ' Drooks Range, is composed of mo& than 6,500 f e e t  of "fine c las  t ic,  

3 ' fe lspathic  coarse c laat ic ,  ard cherty s t r a t a"  and coarse c h s t i e  1 
! 

4 rocks (Tailleur and Sable, 1963, p. 632). The lover part contains 

Late Mi66isSippftU1 foesils;  the upper par t  is Late Permlao. The 

uppermostunit("memberp", p. 633) coqtainasll iciffedLatePermian 

I brachiopode i n  s sequence of s d s h e ,  dolmdte  and c l a e t i c  limestom 1 
8 : which i e  l i g h t  to medim gray; ' h m b e r  m", c-sed of coarse clastice' 

I 

9 of permtan(?) egc (P. 637) a l s o  resemblee the Permian beds i n  Topago- 

I ruk test w e l l  1, The Permian bedB i n  the teat well may be 

I t i e  equivalent of the upper part of the Nuha Formation 160 milea to 

I Slmpson test well 1, nre all located on the: Arctic coastal @in with-' 
i 

22  / i n  60 rniler of Point h r -  (ee. fig. 1). 

12 ! the eouth. The great distance between outcrop and test w e l l ,  hmevtr, 1 
I I 

1 make correlation hazardoue 4, consequently, the be46 i n  the hole 

t 
I' 1 are described as of Penalan age. 

i 

15 ; Meeozoic roche 

16 ! Upper Triaseic shale 

I 
i 
1 

7- - 

i 1 ih r c t i a  in Simpaon teat w e n  1 18 280 feet mier;. lrmr 
: 

2 8 U5 f e e t  i s  rada up of very Caleareour alltatone, eandetone, and a a ~ e  

3 , l i r S W .  %'b 8 i l t e b W  18 d i m  light m r  atd 18 mttled V i c h  

I &arb patche of argillsceous astarfal. The lllitrix 18 very c d c m o w  

I aod the rock -8 into a s i l t y  dark colorcd l h 8 t o n a  in wmrd 

* I places. Pelecypod irnprcSOi0M nui ahel l  Iragmenb an m a .  The 
I 

I , bmnl 25 feet of thin wction 1. mmtly light sray to u d l m  light 

epal fine-grained Mndstom vfth chat ,  aubanguhr q m r t z  graLu, r 

I rsw rock gsrticlrm and wits mzm, r traccl ~laucorrib ami car- 
I 

1C-  bonaceoua ~ t c r i a l ,  and calcits cement. 
1 

I I 

i 
Tbn upper 165 feat of Trilunic bod. in Biagsoa t e m t  waU 1 ara , 

l 2  1 rors mrglUme-, with 0- bed* of adim 8.;1 .hats tm arch u 25 
' 

l 3  , feet t u c k .  Tha mat of tbs m c k  i m  a a l c e r a w  ailtstara, v i th  mae 

I 8 1 1 ~  -.b= w c-n-w wut 50 rHt him tb. ~OP or tb. 

15 auction. t3lrucaait.e is rmd  -ut the ~ i u s i c  rtrnt. but ie 

6 I w e t  n ~ t  tn bottom hali & w e  165-root nwnce ,  v h r s  it I 

I 
1 

I ?  I ao- m a s  m i l t r t m  beds -fish -en. e-t, d a m i n m ~ y  
t 1 C&M- T r I ~ m i c  fomminifm-al ~aenbw lu been damcrib& f r a n  

t 7  

18 

tQ 

26 

I 
Beds of Late Triaeeic (~orian) age, penetrated i n  thee test \ 

wells, are dated by the preeence of the d i w e t i c  pecten Monotis eub- I 
c i r c u l a r i s  (~abb), o r  by a dis t inct ive  microfauna ( ~ a ~ p a n ,  1951, p. 5 ) .  

The three holes, Topsgoruk t e s t  well 1, South Bnrrov t es t  well 1, and 
U 

I 
I 

1 

;LI - 

, I  

a r e  bed8 (Tappan, 1951, p. 5,8-16); tbc  me microfauna freJ bean I 
I 

f-, although in hlesaer quent i t i e~ ,  i n  tha other two hob.. I 





thought (Collins, 1958b, p. 50, arrd Bergqufat, i n ' ~ o l l i n e ,  1956b, p. 

313) to  b e  part of the Triassic s trata .  The f o e s i l s  witbia these bed6 

. give no conclusive evldence of ege (T3ergquist, personal c-unication, 1 
i 

' 1956), a d  aa the s t ra ta  have the seme r'elative etratigra$i6 position! 

1 . aa h e r  Jua8sic  aardstom bed8 at Iarm and Slop.on, they are son- 

eidered in this papr to be of Jurasaic age, a d  are described vith 

tiie other Jurassic etrata. I 
1 

I 
* ,  The Triaeaic  strata i n  ell the holes are flat-lying. In the two I . 

nortbern tests  they reat unconfonmably on steeply-dipping pre-Hesozoic 

I , .  a rg l l l i t e ;  i n  Topagoruk t e s t w e l l  1 they ere apparently conformable on 

the underlying Permian sandatone am3 si ltatone.  
i 

Upper Tria8sic beds crop out i n  thc Brooke Range southweat, south i 
1 I 

and southeast of the w e l l s .  The Triaseic Shublik Poxmation, deecribtd' 

1 4  b y L e f f i n g v e U i n t h e a s t e r n B r o o k a R e n g e  ( a ~ u t 2 ~ O m I l e s e a e t o f  I 
I ! 

I .  ! Simpson t es t  w e l l  1) consitite of a 500-foot sequence of dark limestone, 

Correlative rcrcke i n  tba Sahlerochit River drainage, not far ! 
I 

1s I from the type section, contain the same microfaun61 aseembLage tw is I 

. a d  shale, with a 30-foot sadstone member near the baae (kff ingwe~,  

I I Because the beds in  Simpson test v e l l  1 are similar lithoiogical- 
I 

I .IN I ~ . o u n i  i n  the t e s t v e l l e  (Tappan, 1951, p. 5). Upper Triassic mega- 

2 ! ly ard faunally to those a t  the type section, they are considered to 
I 

I 

7 1  

3 1 be part of the Shublik Po-tion. Upper Triaseic rocks in South Bar- 

1 7  

f o s s i l s  are caman to both tee t  w e l l s  snd outcrops. 

t ( .a test w e l l  3 snl Topagoruk test  well l differ in the proportion of' 

I 
1919, p. 115-118) which i e  very aimilnr to tbe e t r a t a  i n  Simpson test 

s -  1 siltetone, limestone, and ehale, and Ln South BEUTOY test vell 1 a ~ e  , 1 . 
6 1 unique i n  containing a large am~unt of limonite, but because the order 

( though an h n t a t i m l y ,  c o n a i d e d  FAO part of the Shublik Formation. ! 

I 

8 

I2 j 
13 

1 1  

IS- 1 

o f d e p o a i t i o n i s s f m t l a r ~ t h e f n u n a l c o n t e n t t h e s a m e ( a l t h o u g h  

lees  w e l l  represented), a8 a t  Simpeon, them strata are alao,  al- 
l 



I Lover and Middle Jurass ic  sandstone d shah 

The seme three test w e l l 8  t h a t  penetrated Triassic rocks also 

tested Jurassic beds which contain Foraminifera and arwonites ranging 
I 

4 I from Elettnngisn (Basal ~ u r a s s i c )  to BaJocifrn (~ibdle ~ u r a s s f c )  in age 1 
1 

( m a y ,  1955, p. 82, and Tappan, 1955, p. 271, a ehovn i n  figure 6.  ' 

' I  
In addit ion to these three holes, Lover Jurassic beds me present in 

7 j Avak test w e l l  1 ard South Barrow t e s t . ~ e l l s  2 through 6. 

9 Figure 6 .  Conrparison end posaible correlation of Laver aob Midd le  

Jurassic beds i n  t e e t  w e l l s  in northern Alaska. 

I  I 

12 I . meee  rocks vary from tioh to hole i n  the proportions of sand- 
! 

13 ' stone, s i l t s tone,  sld shale, i n  the  total thickness of the deposits, 

and in the anmunt of Jursselc  tinre they repreae-n.t i n  lra~r one t e a t  

well. Nevertheless, t h y  have acme l i thologic  character is t ics  i n  ! 
t 

I S  I c m o n  t h e t  distinguish them fran t h  overlying and underlying beds. I 
I ?  , They a* generally noncrleanoy., d lack the i la0k0or  camOn i n  

' 

1 j ~ r i a s a i ~  atrota; tao 11ater i n  color tbul in tb. ouer i 
beds. Fyritc a d  glauconite I n  many of the Jurascllc depoeits impart 

an olive t inge to the asndetone, distinguiabing it I m m  the overlying 

formstions. Vermicular pyrite atreake in #e c+y shale are aleo 

dis t inct ive .  i '  r 

- 

I Lover Jurassic s e t o n e  ard shale.--In South B a r n  t e e t w e l l  3, 

I the basal 65 feet of Juraseic dapoaita rest on !l'riaeeic beds, cud con- 

3 ; e i e t  of & to reddlah b- clay shale w i t h  thin beds of bravnlsh 

' or olive gray bentonite. This l i thologic  sequence, vbich c o o t s i ~  

5 - i Foraminif era of probable Eetttrngim age ( ~ a ~ ~ a n ,  1955, p. n) is not 
I k n m  to occur eleewherc i n  HaVal Petroleum Reserve No. 4, and no ben- 

7 I tonite baa yet  been dcecribed from base Juraaeic beds elsewbere i n  
I 

V A t  Avak test well I, between 1,892 f e e t  end 2,307 feet ,  i n  an 1 I 
t I 

10 , interval  containing l ight  ta dark gray clay ebale with etreake of 
I 

1 3  i maadstone i n  tbs uppr part, and a conglmrate of clay ah& pebbles , 

12 1 as mch u 3 LoChs in d a r t e r  at t h  baa., *hich meb on prcl .no-  I 

I zole arg1Ut.e.  Ibs rock M been mch disturbed, d d l p  rulglng l 

l6 Wtcr 150 f e e t .  

17 ' 





ID Topgoruk t e a t  w e l l  1 between 8,w f e e t  and 8,830 feet ,  is a Above 8,& feet  is a 370-fwt etquence ol dark gray aicaceous 

sequence of sandatone end shah resting on a t r a t e  of Triaeaic age. :, c lays toneof  uncertainage. H o c o n a w e r a  t a k e n o f i t ,  anbnodlag-  

The louer part i s  represented i n  thg sample8 by ol ive  gray very fine - nomtic fossils were x-rcov-ed. It is s i m l h r  to tht Middli, Juraeeic 

grained sil iceous sandatooe apparently i n t e rbd ikd  w i t h  dark clay ; shale above it, fraa which it 14 separated by about 50 f e e t  of mry 

sbde near the b e .  Bo l i thologic  character is t ics  vere noted which 5 -  argllhceou~ a i l t s b ;  it l a  a- .hifar to thc IPver J w n i c  

would l ink it with beds of e i the r  Triaeaic o r  Juraesic age; tbe saod- 6 shah in Swan t e a t  wel l  1 and Soutb Banvnr te~t v e U  3. If ie 
1 

etone i e  apparently sil iceous,  instead of calcsreoue l i k e  the Triass ic  I ' I here considem3 Lorer Jurausic, k c a m  it occupies tbt e.ac r e l a t i r e  

I 

eandstone, but mottling chmracterietic of the Junraeic s d e t o n e  use 8 atnrtigraphic poaitlon ae tbt W-foot mection of ehale in South 

Bafiow t e s t  vell 3 which contairv Lovsr Jurauaic fwa i l a .  not notfceable. !hz  ol ive  gray color, though Wre camon i n  Jweaaic 

beda m y  be in rocb of both ages. The .tbickneee of the a d -  10- I 

stone ie uncertain; the r e e i s t i v i t y  cur re  of the e l e c t r i c  log euggemts L1 

I I 
i 

I r  that t h e n  i e  about 150 f e e t  of if, overlain by ebout b feet of clay I I  I 

shale, with another 50 f e e t  of sandatone or siltatone above that. 1 4  

The ditch samplee, which wen mt depcdabla through this i n t e d ,  
11 ! 

contained a large proportion of sadstone only b e l w  8,720 feet. A I' 

' feu ostracods, echinoid spinee, and minute pyri t ic  pelccypod c u t e  in 16 I 
I 

the clay shale anb sandatone, although & W a r  to some found i n  Mas- i  17 , 

l a  e i c  beds, an? nordiagno8tic; no megafossils were found. Thia section 

I w a s t e n t a t i v e l y p l a c c d v i t h t h e u n d e r l y i n g ~ i ~ a f c s t r a t a ( C o l l l n e ,  

?' , 195&, p. 8 0 )  becauae of the s l i g h t  resemblance of the rare micro- 

.'' ! faunal spcimens to tho- of the. older W s  ( ~ " r ~ q u i e t ,  in Collins, 

' 1958a, p. 314). I n  this paper, houevtr, the sequence is considered ! 

" Lover Juraaeic because of i t 8  almilarity to Lover Juraeaic beda i n  

24 1 tbe more northerly t e s t  wells. Further information munt be obtained 

lPeyore e w r  age u. be ~ r i f i e d -  . 
I 



In  South Barrow test wells 2, 4, 5,  and 6 Juraseic depos i t s  con- 

s i e  t of 115 f e e t  of l i ght  greenieh gray, s i l t y ,  very f i n e  grained 

s a d s t o n e  mottled w i t h  patches of dark gray clay, very s h i l a r  to the 

Sinemurian sandstone i n  South Barrow test well 3 described above, 

This rock, present bztveen 2,328 and 2,143 feet i n  South BBTrw test 
I 

ve i l  2, i s  appamntly the reservoir of a supply of gas which f=nishee 

I eufficfent fuel to heat t k  base camp a t  B a r n ,  and the village near-' 
i 

by. The age of this sardstone i o  diacueeed by Harlan R. Bergquiet M 
I 
I 

+ Pollov~ ( ~ e r g ~ u i a t ,  written ~(Mrrnunication, 1964): 
I 

10 'h upper part of thLe eection yielded a few Foraminifera of 

L which the moat camon species itc Sinplophrapoides kingakemis 

I 
12 

1 
Tappan, . . . . Thin speciee and 9 otbere f r a n  a core at 2,341- 

1 3  2,356 f e e t  have k e n  ident i f ied  by Helen Loeblicb (~a~pan, 1955, i 

I 4  I p. 27) aa being eoroe of the specie6 found i n  cores conaidered to 
I 

13 I be Toarciln age in  South B a r n  test w e l l  3 . . . . Arenaceous 

16 Foraminifere from the section have d l k y  white quartz grains c? 1 
I 

I ?  

I 
the surface of the teste in the eame manner as are on epecimells 

I" 
found in a core from ... South Barrou test w e l l  3. 

I 
I 

I 
1'1 "1Lmnonitee o f  Tomcien age have been ident i f ied  by Ralph Imlsy / 

4 
(1955, p. 73) from South Darrov test well 3 from beds aa high as 

, ,  1,772 feet @at is, 838 f e e t  above the base of the Jwlraeaic bede I 
4 

I "  I 
' I in  that hola, but small Rspent .8  of 8mmonitEa f r a  a cow a t  I 

11 
* &  1 2,391 f e e t  i n  South Barrow *s t  well 2 have been ident i f ied  by 1 

him as Ihaetoceras, and regarded ae sMlar to specimens from the 
I 

)5  I - -  lower part of the K i e i a g v l k  Fon+ion (lowermost J33ocian) of 
I I t,7 l", I l. l l i t l l  t I " -  U 1 , 1 1 1 1  .. I.. 

38 

2 I m t e  occurrence at  2,391 feet ia belw tbe c o n  containing 
I 

I 

3 Foraarinifera identified ea the eame se tbosa of Toarcian age 

1 I foMd in h t h  Bassav test well 3. It Lercfora neeas m b s t  ' 

5 -  I questionable to comidar the thin Junuric beds in South Barrow 

' t e a t  well 2 to be lBaJocian age when no Nldblc Jurassic rocks vere 
I 

9 ' The eimFlarity of th .aPdmtwra i~ 8outh Barrow tast wel l  2 tu the ; 

11 

12 

l4 I ~ l l - ~ t u ~ ,  dlppd about 10-15.. h South Llra b u t  n l l  5, a a h - ;  j 

sic aga for both meqwucer. k t b  BLUTOW test WYI, 4, 5 ,  ard 6 ur 

ill ofYnt. to South Barmw tart w e l l  2, a d  pmetsrkd the ~ . r a  ma- I 

33 

4 

I' I ftapb.tona vaa dttamLmd frCI ditch smmples ED be -sent frcrr j 
I 

1 2,374 to 2,453 feet; a c- mt 2 , p  to 2,3U feet abo coa+aioeci a 
I 

tlon. I t  is preesnt frai 2,352 to 2,471 feet In teat vsll 4, nnd iL- 
I 

though th section waa cored, v a q  feu m i c m i o ~ n i l a  and onv a f w  1 

2 0 -  

2 1  

tw thickma of -tops them i r  unhmva. h t h  Barror h a t  1 
I 

6 WM dr i l l rd  in J d y  1964. 8t~atigr~phiu data on it WM not ar r i l -  I 
I 

2?  1 able at the tima of t h i n  vriting. 



Upper Jurassic and W e r  Cretaceoue Pebble Shale 

-- - - - - 

Middle Jurass ic  s i l t s tone  and shale. --Fossils of Middle Jurass ic  

2 (Early Bajocian) age have been def in i te ly  ident i f ied  only from beds 
I 

3 1 i n  Topagoruk t e s t  well  1. The Lower Bajocian beds a r e  made up of 450 

4 f ee t  (7,820 t o  8,270 f e e t )  of medium l i gh t  gray argil laceous s i l t s tone  I 
5 )and medim dark gray p y r i t i c  micaceous clay shale. ?he s i l t s t o n e  i s  

2 No foes i l s  of late Middle Jurasaic or basal  Late Jurass ic  age 
I 

? 

3 have been reprted from &at wells  i n  northern Alaeka, the European 

present a t  t he  top and bottom of the section, and it is t he  c lay  shale 

between t h a t  contains tuo genera of Bajocian ammonites (May, 1955, 

I 
4 I Bathonian and Callovian stages (see f ig.  3) apparently being repre- 

5 -  ! sented in this area by an erosional disconformity. The o ldeet  post-  
I 

8 I p. 8 2 ) .  It resembles the  underlying clay shale, however, i n  contain- 

ing no diagnostic microfossils; it i s  a t so  slmilar lithologicalJy. 

ID  1 In the cent ra l  Foothil ls  of the Brooks Range, a few isola ted  out- 

t ! Bajocian f o s e l l s  i n  the subsurface occur i n  a d ie t inc t ive  l i thologic  
I 

" 

12 

1% 

I b  

l 7  

unit called the "pebble sahee", which varies conalderably i n  thick- 

a ness f r o m  south (1,200 feet i n  Topagoruk test vell 1) to north (350 , ' I I 
crops of "tuffaceous graywacke interbedded with chert  8n.l mafic vol- 

c a n i c ~ "  a re  reported by Patton (1956a, p. 215, 218) t o  c o n t d n  fragmen 

t a ry  armnonltes suggesting a Middle Juressic age. These beds he 

classes w i t h  the dominantly Upper Jurassic Tiglukpuk Formation, a s  

"present information i s  not sufficient t o  warrant a separate s t r a t i -  

graphic unit  f o r  these beds", and "li thologically and s t ra t igraphical -  

ly they appear t o  be more closely a l l i ed  t o  the  Tiglukpuk Formation 

4 9 ! feet i n  South Barrow t ea t  w e l l  31, and which contain8 Poesile of ages\ 

I ! 1 0 -  ranging from M o r d i a n ( t )  i n  the southern t e s t s  to Aibian in the , 

I 

g l  than t o  any other". Recently  ones and Grantz, 1964) evidence has 

on these beds i n  1964 (see Patton and Tail leur,  1964, p. 442 

to-the f o o t h i l l s  of the Brooks Range. 
- - -- 

I8 * r r L  N L l t \ T  I ' K l l l l l M .  I , l S K  t I,>. U ' I 4 1  

110 1.1 1 

I 

12 [ drilled deep enough to reach these strata. In every case, it is t h  

1 3  , odly unit preeent, i n  the subsurface, between tbe overlying OLmralik 

I 

i 
1 

15- Figwe 7. Possible stratigraphic re la t ions  of beds having the die- 
I' ! 
tb I t l nc t ive  l i thologic  character ia t ica  of the "pebble a i d e " .  

18 

19 

7U 

! F o m t i o n  d the d e r l y i n g  Middle Jurtilrsic or older rocka. I 
I 

71 i 



I Tile "pebble shale" cons i s t s  of claystone o r  clay shale,  d i s t l n -  

g ~ ~ i s h e d  from the over- and underlying beds by i t s  grayish black color ,  

the r a r i t y  of s i l t s t o n e  a d  sadstone laminae, +be abundance of grenu- 

lar end euhedrd pyr i te ,  or8 particularly by the  quartz and chert 

/ . grains it contains.  Most of the g ra in s  a r e  f ine-grained to granule 

s i ze ,  very well rounded, pitted or polished clear quartz and thep  are 

! scattered singly or  i n  small group8 thrmgh the clay a b l e .  Smooth, 

8 / very well rounded gray end black chert g ra in s  of E d l u  sa& e i u  t. 

1/11 inch i n  diameter  are also dlatributed at rardm. They are W-y 

/ 1 -  rare, but i n  the Barrow area they increase  I n  umber ard s i ze  tovard 

the baee of the sec t ion ,  formLng a basal conglomerate with pebbles ae I 
l2 much ae 1 1/2 inchea  i n  diameter. Rourd, polished clear quartz grains! 

i 
are not recorded i n  other Mesozoic k d s  in the subsurface; subangular, :, 

l4  1 white or clear, frosted quartz ie  the usual comtituerrt of the ~ e s o r o - 1  
I I 

1 ic sadstones, a d  e ingle  quartz grain8 are l ack ing  in other clay I 
I 

. shah uni t s .  The very th in ,  rare s a d a t o n e  beds i n  the pebble nhale, 

I found i n  a f ev  t ea t  wells, are of angular or subangular clear quartz 

" I grains; the rounded graine are not present i n  the aadetone. In 1 

I" ' Topgoruk t e s t  well 1, the rock is f u r t h e r  d ie t ingulshed  hy rare to 

I comnon g r a in s  of bluiah-green glauconite; sod a glauconite  sandstone 1 / coopred of about 75 percent  grayish-green glauconite i n  a matrix of 

1 I black clay i s  pmecnt there st the bottom of the untt. 
I 

I EmguLar or subconchoiddl f rscture or poor s W  y cleavage make 

d ip  dsterminationa difficult. Although no sharp angubr unconPorpli- 

- , ties stparuts the pebble ahah older or ypuDger Wsaozolc M e ,  

4 there may be slight angulpr urrodolmltiea between thr. 

5 - fn tbt lovti 910 feet ( 6 , 9 ~  b 7,820 feet) of pabbb e w e  In 



The same microfaunal assemblage has been found i n  a w e  i n  tbe 

lover part of the Tiglukpulr Formation, an Uppr Jurassic end Laver 

Cretaceous unit fouod in  the central  y?A of the Brooks Ben& (Patton, 

1956; p. 218, arr3. Bergpuist, H. R., parnonal c ~ c a t i o n ,  1952). A 

few eamples of this shalt also contain tbt dietinctive r o d  clear 

quartz grains. On the Shaviovik River in the esstern part of tlm 

- ' Brooke Range i s  a dark ehale requawe vith th aam Scatbring of 

quartz and chart gram and tha mame foraPlfPiferal M tbe 

one i n  the lover part of the pcbblt shale in Topng~ruk tast vell 1. 

l o  Theee M e ,  however, aleo contain Buchiaa (Aucalla) of mly Lhrly 

Cretaceous ( k r r i ~ i a o )  age ( m a y ,  1961, p. 29 srd 49), a d  tbe rack 

12 in mapped by A. 8. K B U C  ( K e ~ e r ,  W o r r i m ,  a d  Dot*-, 1961, I 
J 3  p. 197) es the 0kpi)rruak Tonation. This Early C r ~ t a c a w  f o m t i o n  

is a b o  foud  i n  other part. or tbs Bmoh Rangu .nd in tbe foothiU 1 
I 
to the north (am, Patton, a d  P a m ,  1951, p. 159), but &re al.8 

doen it conterin tbn dis t iac t i r r  quartz e d  cbert @ulna, or tba dlb-  
I 

1 '  ' tinctivc lnicroiaunal nseemblagc; i n  -me other h a l i t i e a  microfoe- 

18 s i b  are m e t  lacking, tbe fo#ail content k i n g  ea&ntially llnited ' 
, , 

I A mch younger age i a  indicated for the upper part of the pebble 

.. shale in  Topagoruk test well 1 and in  the northernmost teat w e l l s .  A 

I few microfossila fran the upper 300 f ee t  (6,600 to 6,910 feet)  of 

4 , pebble shale a t  Topagoruk and from the whole section f n  the South 

I 
5 -  1 Barrrw and Simpaon holes, as well as an abundant microfauna from Avak 

I 
6 1 test well 1, show considerable similsrity to faunal aseemblagee of 

7 Early Albian age. Astarte ignckemie Imlay, a pelecypod frm SutiU1 

1 
I Barrov test  well 1 Identified by R. W. M a y  (1961, p. 37) h e l p  to 

" verify the Albianageof thesebeds(lN1, p. 7).- 
1 

l a -  I Thue roch nfth the dietinctlve lithologic charac&istics of 

H e a r  #e top of th pebble m u  in W k  w e l l  I, Buchia 1 ( ~ u ~ . ~ ~ ~ * n ~ b l n ~ n ' ~ ~ c y s e r l i n g ,  wan identified by I. U. m y ,  (lN1, 

, p. 37), establishing the age of tbe encloeing rock ss Early Cntsceous ' 

1 '  1 the pebble shale have been found to contain foseila of possible Ox- 

I 

24 

' 5 

t 
12 ! fordim, Kbneridgian, and PortIndian stages of the Juraeaic period, i 

(~alanginisn),  elightly younger tban tbe bedm dencribed in tba p e e d -  

ing -8ph. 
I 

1 

---  - - - - -- - - 1 

I 
4 [ ceoua. Pebble shale makes up part of the Tiglukpuk and Okpikruak For-; 

I 

1 5 -  matiom, ami part of it aeeme to be a time equivalent of the O&ik ! 

16 , Formation, ee w e l l .  A large gap is apparent i n  the fose i l  record of 1 

18 1 stages, which separate Valanginian from Albian time, have yet been I 

l9  found in  it. The egerr of the pebble shale at  varioua local i t lee i s  

2 " 8 e h o v n  i n  figure 7. I 



L o w e r  Cretaceous ''The 1 m e r  sandy shale un i t  of t h : U i k  formation...ls d e  up 

Oumellk Formstion.--The marine O u m a l i k  Formation of E a r l y  Albian 

( ~ a r l ~  ~re taceous )  age is penetrated by several  of the test wells i n  

,' the  Reeerve. The section is m e t  complete f n  O u a l i k  t e e t  w e l l  1, 

located about 100 m i l e e  eouth of Barrow; this w a s  designated the typz 

section, and w a s  f i r s t  described as such i n  1956 (~obimon,  Rucker, 

am3 Bergquiet, p. 225-229) : 

' m e  0-ik formation In the  typ section ie approximately 

- 6,000 f e e t  thick...ard can be divided into tuo unite: an ugper shale : 

i. unit, 4,410 feet thick, rind a laver s a d y  ahale, 1,610 f e e t  thick. 

' '  The upper shale unit...is a monotonous eection of clay shele, medim 

dark gray to dark gray, lrllghtly dcaccoue, carbonaceow, and pyr i t l c .  i 
I Poor ID good e h d y  prting in parallel w i t h  the bedding; where parting 

,' is poor the rock can be conaidered a c lap tune .  Siltstone ard sardy / 
eiltrrtone occur very eparingly i n  the section. The eiltetonc.. .occurs. 

I 

I '  i n  thin medim l i g h t  gray t o  medium gray laidnae, w h i c h  are a little 

' 
harder than the clay a b l e .  The siltstone has very rare r ipple  m k e  

I and small-scale crossbedding. The upper ehale unit 18 noncalcarcoue. ! 
, , A  

I 

of 40 percent efltatoae and o d e t o n e ,  in sddi t ioo to c h y  e w e  of 

ths type dtncribed in tbe unlt  above. The contact betveen ihe upper 

a d  the lover unit is gradational but 10 placed at tbe top of the 

f i r s t  eaodetone of apprecfable thfclmcs(l; none of th? 0aodstone beds 

is more than 30 feet thick. 'Ihe sanietona anb siltstone tue d i m  

I fi=-grai=d. The p i n s  an? U U b a n g u L a r  ta angular; they consist  of 

uppm-tell 50 pcrcent vhita aob cbar quartz; 15 percent nhiny 

black carbollaceow material or bitmen; a d  mica, altered feldapar(t), 

ssb other Piaemla cemented br argiUmxous Paterial or privlpa by a 
I 
emall m t  oi calcite or dolonitu. Ercellcnt d - s c a l e  c m s -  

kddLng aod s e  ripple marks are rl.0 preuen* In this louer unit. 

1 "lhe carbonate mntent  of the sandntone aul s i l ta tom m a a m  

quantitatively at lrelrcted intsrvall~ mt-ge8 i ~ l r a  12.2 to 17.4 percent. 

Ths eand.tones arc Imperatabla to air, and #e poroeiQ rangas froro 

I 
"A h v  c h i p  of bluimh gray c h y  ah& {bcntanitict) occur vary 

rarclJ in  cuttings frcn...500 ta 180 feet above the base. Cuttings 
I 

Irop the basal  oectlon of the lovtr unit coatain qtre c u p  v i a  Lith- 

i ologic character is t ics  suggaetive of the underlying. . . h b b h  e a a .  

I W e e  chipa of shala contain mud&, m c d i ~  to coarse quartz grainn 

I 
z j  and a nmall amount of olive-gray, q u a r t z i t i c - s p a r i n g  siltatom. 

1 

.'I , 
I ' h r t i n g s  of bl-n a d  carbonaccollll plant fraspcllts or b p s -  . 

I 

1 2' : elom ye vary ram thmughut tbe Olaallk formation in O d l k  t e e t  
j .. ~ . .--. ~ -- 

,. . . ,  , , . .  . I , , , <  ..,, iiell 1. . , . , :1< . , ,  . I  I.",. . - 1 .  . . 
.'. , 



Topagoruk t e e  t veU 1, Shpaon t e e t  vel l  1, and #e South Barrov 

t e s t  well8 arc the only other teat  holes which dri l led through the 

O d i k  Formation to the pebble ehnle belav. I n  Topagorr3r test u e Y  1 

the foxmation baa a thickness of 2,700 teet ,  thc lower 1,600 feet of 

. which contains thin beds of s d e t o n c  and uiltutoot, end is probably 

the  equivalent of the lwer unit in  the typ section. A f e w  t e s t s  

made on the a d e t a n e e  i n  thia well shoved them to be impemable to 

- a i r ,  w i t h  t f fec t i rc  porosity ranging f r a ~  4.72 to U.8 percent aad a 

content of carbonate U r a l a  (probably i n  W ~ e t r ~ x )  -1ng fran 

10 2.2 to 16.5 p r c e n t  by weight. lbe upper 1,100 f e e t  of mttction in 

1 Tap~lgoruk t e s t  w e l l  1 consists of dark olay shale s h l l l a r  to th 

1 upper unit in O m d l k  b e t  vell 1. In 8-on test  w l l 1  #e OmulIkl 

13 Foll~ation l a  1,710 fee t  tblclr and the two units are not 80 v e l l  de- 

1 4  f bed.  The w h o l e  section is slightly miltier tbaa the overlylog To- 

1 5  pagoruk Formation. Particularly s i l t y  aod a few u l i g h t l y  s a d j  beds 

16 I are f d  vi th la  th lowest 600 f e e t .  
I 

I - Oi the remaining holeo, E a s t  Olmralik test \nu 1 penetrated 385 

1 -  ( feet,  lorth 6imp~on teat nll penetrated 11* feet, M a t  test  w e l l  1 . 

19 'penetrated 355 f ee t  a d h i a t  t e s t v e l l 2  pem. t ra td ly512fee t ;  W e  

I of h a e  tour holes were stin ~ ~ i n g  in th Omw~ik ro'ormation at 
1 

I 1 tbe total dtpth, a d  U a t  t e e t  w e l l  2 lud crossed a fault and re- 

entered tbe Topegom Formation. I n  these b e t  vells,  tbe fonmtion ' 
- conaista W e t  entirely of clay ahale. 

F r c l n  M l i k  t e s t  w e U  1, the formation thins rapidly northward, 

i n  Large prt at the expense of tbe uppr unit .  80utMmrd ita thick- 

ness a d  extent 1. uncertain, although siptiler and probably correla- 

4 tin beds crop out i n  tAe foothi l ls  of tbe Broobe R*. 

Very feu mega- or  ~1icr0foir8ib have k e n  found i n  the O u m l i k  

Formation i n  tbe test1-Us but om Rdiolar lan,  a pyri t ic  Lithocampe? 

I sp. I6  a good m k e r ,  as are a feu Foraninifera (~obinaon, Rucker, and 
l 

a I Rergquirt, p. 226). On the bnoie of tbesc foseile,  the abaeme of the 

veroeui~inoides boredim l icrofwna I ~ r g q u i a t ,  1956, p. 65) eo abun- 

1 0 -  dant i n  th overl;ring Topaeoruk Fo-tlon, aod Ita stratlgrapbic psi-  

1 1  tion, ttrt Olrmallk Formation i r  dsttd u Early Albian, and correlated 

12 ' w i t h  the lower part of the Torok Fomntton vhich crops out i n  t&e ' 

I '  I~~tbiUs north of frh B W ~ E  

14 The M i k  Formation met8  on pebble abdLe bede, aoh i m  tha OM- 
I 

15 e e t  formation representing the graywacke-type of eedLmentation cosnron 

:t in the la* Lover Cntacew and Uppr Ctatacaoua Ms. I t  di i fere  

fm th p b b b  shale i n  being lighter colored and having 

l B  p ~ t i c ~  no mundAd @z w, ~ h r y  U t t l e  pyrite, no &~uco- , 

'" nitc, d no largs laica euhcdra, The miltsfone of t& Olmatik For- I 

I -tion i s  lighter c o l o d  becue it con t a i~u  graim of both vbite andl 
I 

clear  quertz a d  cbert, inetead of exclunively clear quartz M i n  tbe 

2: 1 pebble e w e .  The Olnaallk siltntonen are alno less w e l l  Ldurated, 

with an argillaceous matrix i n  c o n t r ~ t  t6 th pore siliceous m i l t -  

'' 
: stone of the pebble e w e .  



I The Oumal ik  Form~t ion i s  much l i k e  the overlying Topagoruk Forma- 

t ion  but  the shales are sLightly darker, harder, ard l e s s  sLlty ( i n  the 

upper part) and the m~crdfauna is di f ferent .  Ia lorth Simpson test 

bell 1, although both fo-tiona are ehale, the e l e c t r i c  log shclve e I 
: 

distinct change in reaiativity a t  the contact, a d  there is a c m  
I 

i n  d i p  between the two formatione, as well. TtBere is other  evidence 

I Lor an unc~nformity at the top of the 0-1ik Formtion i n  the north- 
' 

8 ern  pert of the  Reserve: the upper unit is only 1,lOO feet thick i n  1 

Topagoruk t e s t  u r n  1, compared to 4,410 feet I n  O d i k  t e e t  w e l l  1, 1 
I 

10 land a t  Topagorulr there i e  a smsll change i n  dipe from 3' to 8" i a  tbe I 
b l  Oumalik Formation to 5' o r  l e s8  i n  the Topagoruk Formation. Many OP 

I ?  ,the ref lec t ion seismograph sect iom prepared by United Oeophpicd CO. I 
1 3  show a n  angular. discordance a t  the top of a zone vhich coincides with 

t 

j4 i- O m l l k  Fo-tion ss ident i f ied  i n  the test wells. Tntee ebow 1 
1 %  c l e a r l y  at a depth of spproximgtely 4,000 f e e t  on the  Simpgon Peninsula I 

t C  ( ~ o o l s o ~ ,  a d  others, 1962, p. 17). A t  M a t ,  however, the upper con- 

(tact of the Oumalik PO-tlon i* o b s c d  by c ~ o t a n l ~ l t e d  c u t t l M  .W- 
1 

1-  ;nlea.  N o  (oharp Llihologlc c m  wcur noted, however, and deposition 1 

" /?my have been contlnuow them, as it appears to hsve been a t  O~ubdlL 1 
1 

I Topagoruk Formation. - -Tbe Topagoruk Formation, a se  quexe of 

2 Middle Albian bede consf s t i n g  of medium dark  gray clay ehale, e i l t -  

3 Istone, and e slnall  amount of s d s t o n e ,  d e r l i e e  most of Naval Fetro- 

:lcm Reeerve Wo. 4 and has been -netrated by many of the deeper test 

5 -  k. 1i incluiee strata which heve h e n  variously coneidered part 

6 of the Tomk, the Tuktu, or the U a t  Fonnatioas, Lover Cretaceous I I 

un i t s  which cmp out  i n  the foothills north of the Brooks Range. Th- , I I 
,outcropping formations have been described by Cryc, Patton, d P a p  , 
I 
,(1951) em% by G r y c  a d  others (1956). The Topagomk Formetion, hcnr - \ I I 

10- /ever, conati tutea e lithologic un i t  vhich has been described s e  a aep- 

l 1  arate formstion bcceuee 1) the Tuktu Formation i e  defined as precioml- 

2 I nantly ~ a n i ~ t ~ ~ ,  2) the Torok Formation which is defined t18 mostly 
I 

I 
I 3  c b y  ehale (par t icular ly  i n  the upper part) contains M e  of Early I 

I+ been of f i c i a l ly  abandoned (eryc & othere, 1956, p. 211). l'he Topag- ' 

I 1 0- Forurtion xae d e f i a a ,  the typ mct ion  b e c r i w ,  from Topig-/ 

I I 
loruk &st w e l l  1, which penetrated a typical  sec t ion of the m i t .  The 
I 

eecription vhich foYme 18 from the paper definlng the two subeurface 

ormations (Robinson, Rucker, and Bergquiat, 1956, p. w-230). 1 
20 '!!be Topagoxuk formation type section described in t h i s  pap. In- I 

(cludes a r J o r  put of the Topagoruk .ember typ section of tbe LU.t 
I 

* 2  ' ifonnation as defined by Gxyc ,  Patton, 8.1~3 Payne, (1951, p. 162). !the I 
i 

i3 iorlginal  member extenled Ira, 50 f e e l  to 3,100 feet I n  Topagoruk t es t  1 
Ho. 1, whereas the To-Nr i o a t l o n  a8 n* defined extents  

.feet-*-LP f e e 4 i n  the _ssE hole.- ~ - 

L .. L;IIICII~UI-NI I,II. ruwi t , ,  I u e. t ~ 1 . 1  L L  - : . ., 
- 1 , .  , .. 
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A t  Gubik, the wells d r i l l e d  through a section of shale  with a 

small anount of s f  l t s tone  and sandstone in  the upper few hundred f ee t .  

This  sequence, which underlies the Chandler-Ninuhuk Formations ( d f  - . 
ferentiated) waa separated in to  Gr8ridatand a d  'fopagoruk Formations, 

i n  the paper on the Gubik t e s t  ve l l a  (~obinaon, 195h, p. 211), but 

because of t h e i r  f ine  grain eize the beds are here classed vlth the 

k-oruk Formation. The upper, sandier prrt of the  s t r a t a  is equtva- , 

l en t  to the sandstone beds a t  U h t  vhich contain most of tbe o i l  i n  

that f ie ld ;  e a a b a r d  replacement of Grandstand aanletone by Topagoruk 

shale ie well i l lustrated by a cmpr iaon  of the tvo arena. 
I 

To the  west, southwest and south, the formation becaaee thinner. 
i 

Beds of sadatone appear in the upper part of the unit and thicken 

' p a d u l l y  u e s t x d ,  developing to form the O l - i L d  P o r n t i o n  es 
, . 

ic-~er deposits  take the place of the s i l t y  c lay  ahale. A t  Gubik , 
! 

'the sandstone beds are th in  and k r e ;  f a r t h e r  ves t  and eouth, along 

an arc outl ined by Simpeon Seeps, Topagods, O d i k ,  Wolf Creek, 

1 '  ; M a t ,  ard Grandstad, +e sandstone bedcl are thicker arad more n w r -  ! 

ous, aod, ae is particularly we l l  shawn f ~ l m  east to n e s t  along the i 
I 

t9 [ m a t  structure (see  pl. N, massive s d s t o n e  beds of the Grandetand 

ormation in ter f inger  w i t h  an3. replace the shale and siltetone.of the I 

I hopgomk Formation. S t i l l  farther south and southwest, even more of 
I 

,the Topagomk Formation is replaced by sendatone, which crops out in ! 
i 3  Ithe foo th i l l s  of the ?rooks Range d i s  there designated the 'l'uktv 

t 
:4 Isadstone. The lower part of the Topagoruk Formation perelate as 

d 

lghale, . however - -  2 _ and is . cor re l a t l r e  w i t h  ~ - the uppr - part of the Tomk I -. --. . . p~ . . - 

LH.\ i.l.r,L%.. l l F C Y k  : 4 ° C -  I .  - - # I i : (  

,\ , 

Fommtion, a c l q  ! ? W e  eequeace undtrlylng the Tulrtu F o m t i o n  where 

: they crop out  i n  the foothlllr. 

1 ,;1111 1 . ' 1  ; 1 ,."I>,, . .I t.. ,.., ., . 
__I,  
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The Topagoruk Formation, i n  which the Verneuilinoidea borealia Grandstad Formation. --The m i n e  Grands tad Formation, of 

microfauna has its best development, is the most consistently foss i l -  p Alblan age, composed primarily of sandstane, interfingers with  arwl 

ifemus unit of Early lretaceous age i n  the subsurfece. Besides the 

Foreminifera, uonn tubzs of D i t r u p  cornu Imlay, Inoceramue ep., end 

minute crinofd oseiclea (Bahmrinus ,  sp.), are found near the top 

of the formation. Fossils are w s t  c-n i n  the upper, s l ight ly  
I 

s i l t y  and etudy p a r t o f  tbe formation. Ihe  famaaleo increasea  in 8 

abundance, particularly in calcareous Foraminifera, from muth to 

north. Much of the fauna bas been described by Mrs. Leoblich ( ~ a p , ,  

10 1958, p. 201-m). 

Nanmhuk Group (laver and Upper ~retaceous)  I 

The Nanushuk Group of Early Cretaceous  aol early ktc Cmtaceou 1 
1 

age wan descr ikl  by Gryc, Pattan, and F'ayne (1951, p. I&), a d  van 1 

I 
d e f i n e d  by R .  L. D e t t c r r m ~  in 1956 (1956a, p. 233). outcrop in i 

I 
i the foothi l ls  tl~rtfr of th  roo^ ~angc consist oi sandstone, co-1 

I 

i 
e m h ,  silt.tolr, . n l ~ ~ ,  V i f b l i - I l a o t t S O f c ~ ,  IrO-blr, 1 , 

r bentonite anb limestone concretion8. It in divided into marl= 

Tuktu, Grandstaid, and H i r m l u k  Formations, and the w d n e  Chandlar 1 
I 

Formation which intertongwe w i t h  the tko latter formations. Tbe i 
i / w d e r   omt ti on M. t r o  u ~ o r  to-a, t)r nuir N ii.toeon . 

i j Tongues. In  the subsurface, the Tuktu Formatioh is  abaent (it is rep-, 

r i resented there by the marine ehale of the Topagoruk Formation), and i 
the upper (~iakogon) tongue of the Chardler Formetion baa not been 

I identified. The appearance of tbe other three units is described , 

klov,_ - - -  - -- - -  - . - -- 

I 
-- 

3 overlies the Topaeoruk Formation i n  the eubsurface, a d  is diat in-  

4 guishPd from it by the comparatively large proportion of sandstone. 

5 : It is a videepread unit, present i n  almost every test well, a d  is 

6 I the r e s e n a i r  of much of the o i l  eo far produced i n  northern Alaska. 
1 

7 I The a w e t o n e  Is commnly l i gh t  gray, @iu to very f lne  grained, 
I 

s ' poorly to ma-lerately well sorted, and is ccmposed of eubmgular to 
I 

s i subrouoded mine of white and clear quartz with eome gray cbert ard 

lo- dark rock fr8gmznt.s. The grains have lau ephericity; the i r  surPacee I 
1 3  rare, d glauconite is present only as ceets of Radiolaria. Medim . 

1 8  

14 1 dm-k gray d a y  .hale is  intxrbedPLd. with-the s ads to l r ,  separating , 

may be frosted. Argillaceous cement i s  caman, end i n  a rev beds 

I 

35- I the coarser deposits into maesive o r  thin-bedded layers. Siltstone I i 
16 I makes up only a minor paft of the rock. The formetion varies greatly : 

12 . calclum carbonate further consolidate6 the rock. Mica a d  pyrite are 

! 
I i n  thickness, ranging frm 100 feet  or leas  at the eaetern and ueet- 

18 

19 

w -  

I 
I 

e ~ s t o c c u r r e n c e s t o n e a r l y 3 , 0 0 0 f e e t i n t h e a r e a o f p a t e e t d e p - ~  

I 
oeition. The formation grdes into the nornoeriw Chandler 1 
Formation and the boundary i n  sane cases i n  obscure. 



The type section, named fran exposurea on the l e f t  bank of tha The Grandstand Formation is th ickeat  i n  the c e n t r a l  psrt of the 

Anaktuvuk River where it crosses the Grandstand ant ic l ine ,  is deecribed ' region, i n  the v i c i n i t y  of Meade and O u m l i k  test u e l l s ,  thinning 

by Robert L. Detkrman (1956a, p. 236). A t  tha t  place, "the b a e d  p r t  3 , gradually to the east srd south and, probably, to the west; it thins 

: of the formation is predominantly f i n e - ~ e f n e d ,  l i gh t  olive-gray to more rapidly to the north where some of  it has been eroded (eee f ig .  

.> dark yellow-red sadstone, with a thin,  greenish, "salt a d  pepper" 1 9). The greatest concentration of sandstone does not coincide u l t h  

+ sandetane bed a t t h e b a s e ,  and subordinate amountsof eiltstone and 6 the th ickes t  prt of the  formation, however, ani f l eu rc  10 s h a s  the 
I 

I shale. In the upper part, s i l t s t o n e  a d  silt shale const i tu te  about , 
I 

7 I concentration ~ be i n  a northweat-eoutheast band extending from East , 

I. 50 percent of the unit; minor ~ Z U O U I I ~ ~  of coal  occur within thie se- 
a 1 Topngoruk t e s t  well 1 ta the Wolf Creek -a, approximately parallel ' 

I? isuriaee Is correlated rltb this lml t  became both ue -1ne .ul are 1 1 

quence". Concretions, plant  foaella, and croeabedding are present  i n  
I t 

IU Ithe type section,  vhich a l s o  contains the Verneullinoidea borea l i s  to- 

i 

]predominantly sandstone, both contain the dietinctive microfamal aa- 
I 

I 

F i g u n  9. Isopach map of the Grandst.mil Formation mecl on eub- 
I 
I 
t 

4 IseLblmge, a d  both occur between nonmarlne bed8 above d l iner-grained! 
I4 I beds in the Gramletand Formation. I 

I '  I 
I 

15- ine strata belov. 
I I 

' ~microinuna and some long-rmlging pelecyp3s.  The formation i n  the sub- I I  surface data. 
I I 

i 
16 1 tO fhC strike of ieopech l i ne8  dravn on #e Topagoruk Formation a8 

19 ' a b p .  i n  11- 8. 1 



An east-weat cross section, plate 1, shows the major characterla- 

t i c s  and cbanges i n  the Grardstard Forkmtion i n  the subsurface of the 

southern part of the Reserve. The m e t  thoroughly exgmined a t r a t a  of 

the formation are those i n  the m a t  field, where dl holea were 

drilled into or  through it. I n  this f i e ld ,  the Grardetard Formation 

consists of an upper and a lover serle6 of sandewne beds separated 

by c lay ehale, a sequence that is described In the chapter on the 

Umiat f i e l d  (p. 212 f f ) .  Both the upper aod lover aendrrtone- beds con- 

t a i n  oil a t  Umiat but the louer sequence has more maesive, s l igh t ly  ' 

1 

more permeable and a m h a t  coarser e+etone ~~RII the upper p a r t  of 

the formation (see table 2, p. 225)  ard con8equenUy ie a better res- 

, ervoir. A t  Gubik, 20 miles to the rat, most of  tbe aandatom% M a  I 

have graded into siltstone and clay sbaLe an3 are hen c o n e i d e d  to 

be part of the Topagoluk Formation, although tbey had pmvioualy 
I 

(~obinson,  1958a, p. 2~-212) been placed i n  the Grarrbstard Formation. 

A a l i g h t  show of o i l  was noted in the coarser beds, but reservoir 
' 

1 
I 

properties are very p r  and almost no f l u i d  w a e  obtained fraa tbe 
1 

I strata, vhich me equfvdent to the productive sadatone beds of tl# I ' 

' M a t  f i e ld .  

I 

* 
west f r o m  M a t ,  hovever, the formetion thickens es coaxser sed?- 

men* replace the f ine  deposit8 of the underlying Topagoruk Porntion. 

The cmee section described above shovs the increase i n  sandstone to 

the  vest .  I n  the  v ic in i ty  OP Wolf Cnek  a d  Tita luk the upper parti of 

- the GrandsUnd Formation resembles the sequence et M a t  i n  having soroe 

r interbedded sandstone and clay e w e  near the top vhich are eeprated 
I 
,by apredomlnently clay shale ~ e c t i o n  frommore w a i v e  ani # l igh t ly  

coarser  sardetone h ~ r a  below. A t  h i a t  the more massive group of 

~sardatane bed8 is urder la in  by the Topgoruk Foxnmtion, msde of cltiy 

lo shale w i t h  a few t h in  beds of sandetone and ail totope.  A t  Wo4 Creek, I # 
11 'however, this group of sandstoot beds is um3etleia by more than 600 

1 
17 f e e t  of strata, slso of tbg Grandstad Poxmation, mnaieting of thick 

1 sadatone beds separated by clay ehala. I n  ntaluk test v e l l  1, more I 

I 
j 4  'thick eaodetone bede lover the baae of the formation, 8d tbs saodstone 

1' is coarser than it is i n  the eastern bole#. Poroalty a d  permeability 
I 

t f  ~decreasc from eaat to w e t  i n  ep i t e  of the  increasing g a i n  eize, part- 
i 

' ly because the grains are leee w e l l  aorted and have much mre inter- 
I 

I s  stitial material, a d  partly becauae of an increase Ln the emount of 

'" calcareous cement, eapecfally a t  Titaluk. 

>, - i. 
I 

'I 
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To omplete the rictuk-e of &:minishin& sandstone (and or increas- 

:14: nonmurinc d ~ p ~ r s l t s ;  t31j71T1 t:rc western s i d e  of "& Reserve, Ksoltlk 

test vcll 1 h?s also  been inclwied in  the cross section, plate 1. 

Nearly 100 feet of sandstone is present i n  this test between a non- 

marine, coaly sequence abovt. and 1,3CY1 f e e t  of probably nomarine clay 

sh; :c w i t h  a !i,t.:?e siltstone below. 'Ihe sandstone may be marine, al- 

thot~eh no fossils or l i  tlology diagnostic of elther environmnt were 

noted within it; i f  it is, it may represent the vestemmst occurrence 

ot the Grandstand Formation. The nearest identifiable sandstnnee, how- 

ever, which crop out about 35 miles soutlivest, are wt of the Kukpov- 

ruk Fomztion (&awn tuld Sable, 1@, pl .  9)  , ard the eardstone In 

Kaolak i e e t  well 1 may correlate uith this western formation insteed. 

A third possibil ity 16 that the sawstone ir .  Ykmlak te6.t wel l  corre- 

lateti vith both fonmtlone,  and thus few the connecting l ink between 

them. The relations between the varlour sandstone beds must walt for  

additional informat~on before they cen be clarified. 

In the soutbeantern part of the Reaem, th GrPDimhrd Formation 

elmages wry l i t t l e  fm ~wrrtbrerrt t~ aoutheset, in contraat to the 

rapid faciea change fraP northcsrt to southwest. About 30 mile6 south- 

I routheset of M a t ,  (nearly at right anglen to tlm3 Uue of tfrc croae 

ecction i n  plate 11, [frandutand test w e l l *  (Itobineon, 1958b, pl. 19) 

dieclosed a sequence vhich is very riPilar to that at M a t ,  ae shorn 

in plate 2. A t  Orandebad, the randrtam i r  slightly coarser than it 

8 is in o r m p ~ ~ b l s  b d a  at W a t ,  but it co~tains a larh greater propor- 

tion of silt aod argillaceous illtcratitial paterial, ud tberefon 

:t doem mt haw t.i~~ good noemir pfaprtiea of the kda at W a t .  EL- 

: I cupt for thin ditremnce, a alight increase in -thickmas 10 the only 

1 1  cbiqge ln th iab is tance ,  lnco~traotto.tbtarlredfscien chaw i n  . 
the eborter dletsnce f r c a  M a t  to Oubih. Cornparinom of other teatr 

I* ' in which one bole 1s north of tbc other, much na KalfebMe .Ixt Ti-- 

1-  ukorWolf  CreekandSpuarcLaka (ote m x ~ l a p ,  fig. 11, also shw 

a comprntlvcly Uttb chaDgs in  thoM d F r P c t i o ~ ,  although the ncuthcrn 

I te~b in ench ewe have a a-tly greater .la~mt of coarser srnd lban 



I I n  the northern test well6 which drilled through the formation at 

Topagoruk, Simpson, and Sarrov, the thlcknesa of the un i t  depnds  pri- 

marily on the depth to vhich erosion has removed the upper beds. E a t  

Topagoruk with about 1,660 feet, m y  have a nearly cconpltte section, 

wherew it has been mmoved entirely frau eome of the holes fn the 

vicini ty  of Point Berrov. The s a d a t o m  i n  this northern area ie fine- 

I t o  very fine-grained, but i s  commonly leas argillaceous cula ~ i l t y ,  

generally lacks calcareou; cement, and ha8 much water  porosity and 1 
" penreability than the sardatone in the southern t e s t s  (fig. 12). 

1 2  I stooea t e s t e d  i n  the Drauiatard Formation. 

1' , In the Topagoruk t t s  t well#, a fav thin beds of coal in terrupt  tba 
1 

1 '  d d n a n t l y  marine sequence, but nonmarine sedimPnts i n  the otber tssta ' 

l6 I 
are represented only by par t i c l e s  of coaly .or carhnacsoua material. : 

! 
l J  I n  keeping with the marly north rtr ike  of sections with 8imilar ae- ' 

1 i pueacea of bods farther soutti, tba sequence of M. in w o ~ t  
I 

I Simpeon test w e l l e  resemble each other, with the  thicker sandstone 

I I 

2' '  1 beds i n  the lower par t  of tbe fornation and thinner, more widely i 

I spaecd one. in  th upper part. %'he section. in tbe Barrow bole. i n -  ' 

' I 
- I clule only the lovest  f e w  hmdred f e e t  of the formation, but t h s e  

I beds have the highest  poroeity of my rocb i n  the Reserve. 

74 I 

EM t of tfie Topagoruk test weUe, the Craadataad P o m t i o n  thlne 

M tbe Bandstone beds grde i n t o  th siltstone ard clay ahale of the 

3 ' T o p q o m k  Fowatioo. A t  Fish Creek test we* 1,. thc northasternmont 

* hole, the Grandatand Formation 1s laissing and beds of the Colville 

Group r e s t  direct ly  on the Topagoruk Formation. !bin Interbedded 

t layera of e l  l tntone and clay shale i n  t.lx upperowrat 100 f e a t  of the 

1 ' Topagoruk Formation m y  be ths eastern equlvahat of tbs s a d a t o m  

8 beds of tha Gramlstard ?ormation to tbe veet, or m y  l a p s e n t  th 

* linululr Formtion. 
I 

141 - 





Titaluk t e n t  well 1,. about 45 miles northwest o f  the type sec- 

tion, dr i l l ed  through 1,260 feet of the KilUkTongue. Thee  i r  no 

abarp bra& betxeen it and tbc over- linuluk For~ation, ani tbt 

contact im put "at the base of a thick madstone w h e r e  tbere l a  a 

dirnirmtioo of afcrofoeaila vhich mny k indicative of nomarine bed." 

(Robimon, 19598, p. 379). Ttte rock i n  similar to that st Wolf Creek, 

7 except that the coal is  mare c-a near a r i a  of the formation 

inattad of i o  the upper prt. 1 

In aore easterly testa, th formation in rmcb tbinntr, ma sham ' 

1 inplate 1; it i 8 r e ~ a e n t c d i n t h ~ a t a r s r b y 8 p x i r s t s l J r 3 0 0  

' I  f e e t o i c h y a ~ w i t h ~ ~ ~ ~ d a t O m d a U t t l a c o a l ~ c l a ~  ; 
1 2  Mnmtone. l*n. ur ar beds b f 1 & t e ~  i d ~ t f f i a b l a  u m n e  in 1 

! 
tbt Oubik wells, where a @-foot #action of &atom anb clar aha2s : 

l4  , w i t h  a little c l y  irolurtom ktuaea tlm 8eabea a& Oradstand POM- 
I 

' tiom 10 equivalent to tbe HLnuluk ard chandler r o r r t i o ~  di f f erun-  
i 

l o  t lated. A leck of coal b e b  or other evldenca of nomarina dap~ i t i oo l  

I In these bedm &as a mrc speclSlc correlation nncertaln. The ranb- 

, a t o m  i n  this saction I8 tbc rewmir of aconsidarabh qmntitlof I 
I gee; its porosity ranges frcm 1.6 to 15.1 p e m n t  and parmcnbility 

I 

f r a  0 to 265 miludarcyr. 

L In the weatern part of the Reeerve, the Chandler Formation 

: thickens greatly at the expense of the marine. uni ta (fig. U) . Coal 

3 aleo becomes more a b d a n t ,  with bede several f e e t  thick In the Meade 

4 I m i  KaoLak test  w e l l s ,  a d  in outcrop near the Mede River. In Wade 

I 

Figure 13, Isopnch map of the Chandler Pormation, based on sub- 
t 

7 1 surface data. 

g test w e l l  1, the Chandler Fornration is approximately 1,203 f e e t  thick,, 
I 

1 0 -  1 and the eection, although predominantly clay ahale, contains many bed8 

1 1  I of eDal and numema clay ironstone n o d a s ,  .al my charo-8, , 

12 I typical of tb l0  formation, w e m  recnnmd hao tbe wasbed *erofoanil I 
I I 

13 , samples. At Kaolak teet  well 1, 70 miles west of Meede, the nonmarinel 
I 

1. / deposit. .ah up a section (from 113 tu about 4,600 feet) which 18 

I 
1 5  I almoat 4,500 feet  W c k .  The loveat part is compoeed of 1,400 feet of1 

16 Unfoaeiliferbous clay ahale with rare sandatone and coal; th i s  is over- 
i 

l 7  1 l a i n  by about 100 feet of a d s t o n e .  Above the sadstow is a 1,900- 1 
I I 

Z 3  1 which caugletcs the essent ia l ly  n o m i n e  aeqwnce. 

I 
b y  f e e t  thick), interbedded v i a  clay a h a h  and a emaU wmmt of sard- 

20- 

2 1  

stone. Above the 1,900-foot coaly section coal dimlnlahee and thick I 
eandetone bed8 make up moat of the rock; clay ironstone i e  pertlcular-. 



Microfossils indicate that the clay shale underlying these non- 

marine beds is largely mar ine ,  and the species present a r e  typical of 

the Topngoruk Formotion, w i t h  which the .fos8ilfferoua beds are eorre- 

lated. The no-ine sequence of the Chandler Formation i n  Kaolak 

3 t e s t  y e l l  1 may continue a d  thicken to the southweat, to become the 

equivalent, at l e a s t  i n  part, to the thick, nonuiarine Corvin Formation 

7 ' a s  it  ia d e s c r i w  by E. G. Sttble (sable, 1956, p. 2,6411, and chapman1 

and Sable (196, p. l01),  i n  the region to the south atd west of thc 
I 

' t e s t w e l l .  

to Square Lake test w e l l  1 is the only hole north of the U n e  of ' 

crosa section of plate 1 to drill into rocks which may represent the 

12 Chandler Formation. The section i n  W e  t e a t  ue l l ,  which is about 15 ( 
l 3  m i l e s  wrth of the Uolf Creek holes, consists of 590 f e e t  of beds 

l 4  ; (from 1,885 to 2,475 feet) which, llla tboae i n  tbe Gubik we-, 1 

i l5 cannot be definitely proven marine o r  nonmariae. The rrppermoet feu I 

I f e e t  contain microPosslls typical  of the Ninuluk Formetion, b u t  carbo- 
t 1 naceous plant f lakes a d  a feu clay ironatone nodules comnon i n  the 

I" I Chdler Formition are present i n  the lower part of the r c t i o n .  Host 
I 

l 9  of the rock is clay ehale, b u t  then are numerous th in  beds of sand- 

2D ] stone i n  the lover prt, anl a few close to the top. Unlike the corn- , 

parable aections of the Titaluk and Knifeblade holes, there is  no 

definite correlation of beds between t h i s  hole and Wolf Creek, and the) 

The northern b e t  wells, at Tup.gomk, 8inp.on aod Barrow d i d  not 

" 

r 5 

? enc~unteranykd8of th?ChandlsrFornat ion ,  vhlchvcueitbsr m n r  

boundaries are defined more on the characterletice of the over- tud 

d e r l y i n g  beds than on those of this Ninuluk-Chadler sequence itaelf 

- - - -- - - - - - 1 

Topgorulr t e s t  wdln, bouever, a few thin coal bcde in the upper part 
I 

5 ! of ths GrmybOand Fool.~.tion 811gge~t tbst them WM at le-t a minor 
I 

r. I -t or H0-i- d ~ p o ~ ~ i t i o a  in tbs vicinity pm-9 m in- 

7 ! c r e m e  , quantity duration at l l o p y ~ i r  *imentstion tooh p u e  

s I of w h i c h  no record twu -ins. A t  Blqeon Seepa anb in Fish Creek 

9 t e a t  v s l l  1, a r e  is no eridence of m-LIPt strata: i n  tho  8-n 

I 4  I I linuluk Forpstion.--Sh tJps mation of tba  marine llipululr Form- 

15-t  tion, which is ChrrmaPiau ( e a r 4  Lta Crewow)  in w, fs at tha i 
i I 

10- corn kr t r  mine ~uubtorrc8 w i t h  intarbsddbd c l . 4  ebb srs continu- 
1 

16 ! limiluk B M f 4  om tbt Colvills Rimr -t 20 n i h r  below tbc vuth of 

1 1  

22 

a 1 i. tau -8 the Hirmluk F o r ~ t i o n  i a  657 mt thick rut it 1. i n t e r  / 
I 

19 I kddrd with kro unit. of the  n o w  l i h g o n  T o m  of tba ChudbrJ 
I 

jO- I ~ o r m t ~ o n  vhich are 261 feet ~ c k .  Tht ~ l i n u h k  F o r m t i o n  at the type 
I 

7' 1 nection is about 60 percent m i n e  c ~ a p  ehde anb eil tstooe.  Ihe re- I 
I i 

OUU frcm tbt (1mdatad t&ou& thh Binulmk Porntion, and a t  Fiah , 
Creek . marine aection 10 contirmour, w i t l a  tbt habee ?oxm&tiom reet- 

?' : nsainder l a  mostly c~arae  d ~ t o n t  w i t h  t h in  le-a of conglomerate. 
I 

73 W i n e  foee~ls arr present, especially In the basal part. 
I 

24 1 



The subeurface eectlon n e a n a t  to the b p  sec t ion  i r  in tbe Wolf 

Creek area, about 16 miles north. Bere 520 feet  of the Ninuluk F o m -  

t i o n  uae pene tra td  but  no part of the Hiakogon Toagus of th Cbsrd3rr 

Pormatlon l o  differrntisted. In tbe Wolf Creek ble~ the romataon 

conelsts of about 60 p r c e n t  clay shale Ynd siltetonc a d  k0 percent 

saobstooe, a i d l a r  to that i n  tbe tJpt section, but the an- grau 

r i z e o f  t h s s a n d o t o n e i s ~ e r e n i t h c  t h i c h e s s o i t h e ~ l o ~ i n e  , 
beds i n  the sec t ion  is conniberably lean. The s a d ~ k a m  at Wolf Cnak, 

nimi lar  in composition to that feud lower in tba Nanumhuk Omup, 18 

primarily very fine to fine gralmd 111th a fav rn-ta containing 

grains. A total oP 75 feet of carbonnccaua clay shah, cody, and ben- 

t 
tanit ic  beds possibly of nonmiwlPe origin ur meattad through the I 

formation, coPrpared to 261 feet of Chdlcr  F o r a t i o n  intcrbeddcd a t  

,the type section. I 
hro shaYov-vatcr w i n e  or brackish-veter Foraminifera, O n m n a l  

I 

Itn~lenaim Ste lck  and M a l l  and R-ocharmLna ruthcrfordi Bta lck  n d  W i l l ,  
I 

las well se Iooceramua and other pelecypda ham been found in tbe ~inu-l 

1uk Fonmti011 in t b e  aubsurfa.cs. 9be micmfmmib  ara dingmatic ' 
I 

IU l s e m  to a i i f s r r n t i a t e  the tomation t- o a r  ntrat.. 

I 'Rtenty-five m i l e s  to the west, the  Ninulik Formation i n  'i'ltd.uk 

test  ueU 1 i a  approximately the seme thickness a8 at golf Creek, but 

. - '  is eoraewhat leas sandy. Both mega- and dcrofosaila are found through- 

4 ( o u t  the formation, even i n  the carbonaceoue strata which might other- 

., wiee be ~&ed  n o m i n e .  Farther w e s t  the foxmation is absent; older 

t , Cretaceous M e  are at the surface. 

; 
I Eaat, northeast, 4, north of the Tita lub  and Wolf Cmrk a reas  

8 the formation geta thinner. S e d y  s t r a t a  w i t h  t h i n  clay shale i n t e r -  

i2. I Formntion is also urdi f ferent ia ted  i n  the Gubik area, where the dis- 

. ' t i nc t ive  microfauna i e  found only at the tap of 300 f e e t  of studstone 

* bed8 containing the Cadqlna-Trochmmlna fauna are found a t  Square 

l o - '  h k e  (about 65 f e e t )  and Mat  (105 f ee t ) .  A t  h i a t  the fauna is 
I 

1 1  f o u n d a t t h e b e a e o f a e a n d e t o n e v h i c h h B B s b O V s ~ f ~ i l .  The ePYec- 

1 2  / tin porosity of the sandatone i n  h i a t  tee; w e l l  U, w h e n  numerous ' 
t ' determinations were made, averages 12.52 percent; the air permeability! 

14 

15 

from impermeable to 56 dllidarcya. At Square Lake t i e  Hlnuluki 

Formation is no t  d i f f e ren t i a t ed  fran the W l e r  Formation because i t  

'4 

2 5  

and s i l t s t o n e  which produce gas. 

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

t 

16 ( I. not p o ~ s i b l e  to tell which beda are mine a d  vbich are not. Ih 

1'. ' 

1s 

19 

2 0 -  

upper sandstone beds immediately der ly ing  the Gadryina-TrochemmLna , 
I 

fauna ham an effect ive  pomei ty  ranging Prom ll.1 to 17.5 percent end; 

an air permeability Pran hpemeable ta 645 millidarcye. A very thin 
I 

conglomrate of rounded black che r t  pebbles is present  st the tup of i 
- 1  the undifferentiated section a t  Square Lake t e s t  w e l l  1. The Ninuluk 





Seabee Formation.--The Seabee Foromtion, of Turonian age, is 

largely clay shale but contains varying amounts of coarser elastics. 

A t  the type section i n  h i a t  test u e U  11 ( ~ h i f  ington, 1956, p. 246) - P ! 

I the formation i s  about 1,500 feet thick and conelete, frm bottom to ' 

top, ef 230 feet of sardetone and eiltstone w i t h  t h i n  bed8 of clay 

t. sitale, 315 f e e t  of medium dark gray c lay ehele, 190 f e e t  of medium 

9 sbale, 320 feet of medium gray clay shale including a small amount of 1 
sandstone, 55 f e e t  of medium l i g h t  gr8y clay a d  s i l t y  eandstone, a d  

I ,  finally 190 feet of d i & n  gray shale. The sdstonee anl s i l t s tone8  

a r e  made up of subangular grains of clear  quartz with a small amount , 
I 1. of whlte quartz and rock fra-nta. The sandatones are s i l t y ,  ~ r y  . 

I r 

1 3  f ine  toffne-grainddcontainscatteredpl8~sofbioti~andwhite 

I mica and some carbonaceoucl par t ic les .  S l igh t  shows of o i l  were noted 

t 5  i n ' the  basal sandstones; the porosity Is variable, ranging from 0.55 
I 

1 to a.64 percent, a d  permeability f r o m  0 to 48 millidarcye. The clay; 

i fe m e d i p  gray to medium dark  gray, i s  c-nly silty, micaceous, an3 I 
1' ' usually has lamlnae o r  thin beds of s i l t s tone.  Bentonite i s  c-n 1 

I 

7'1 ' throughout the formatton and is f o d  in l i g h t  gray, l i g h t  bluish gray4 

7 b  ( o r  medim light gray bds a fraction of an inch t. a f e w  inches thick.' 

i In some horizons the th in  alternating bede of clay shale ard ben ton i t e  
I I ' J  ; resemble varves. 

The clay ehale i n  the lover 950 f e e t  of the type section 16 

' darker i n  color and is a l i t t l e  harder than the c lay shale above. 

i Thedarker shale beds, vhichapparentlycorrelate withthose  that 

weather t o  paper- thin fr-nta on the s u r f a c e ,  have been referred 

5 ' by f i e l d  geologists i n  the h i a t  ctrea aa the "paper" ehales ( ~ h i t t i n g -  

ton, 1956, p. 246). These bede are commonly very f o s s i l i f e m s  and 

I contain the &umnite Boristriakoceraa ep., n m r o u s  epeclmene of the 
1 

I thin-shelled Inoceramus labiatus Schlothelm, brovnish fiehbone Prag- 

m n t e  and scalee, a few Radiolaria ard e feu Foraminifera, both cal- 
' 

c a r e ~ u s  ard arenaceous. 

I I 

I 
The upper 245 feet of the type section has been tenta t ively  re- 

12 ' ferred to the Aylyak Member of the Seabee Formation (Detterman, 1956b, 

' p. 253) which crops o u t  eouth of M a t .  Iithologically, however, this 

l4 1 member l a  not c lea r ly  distlnguishd uyrkre i n  t&e eubsurface although 

15- Peeudoclsvulina hastata (~uehmao) and Arenobullmina toniLa Tappan, 

1' I t y p i c a l f o r a m i n i f e r a o f  theAyiyakMember, a r e f o u r d i n b i a t b e t  

A , w e l l  11, a d  in other test veLle. i 



Tbe &abee Formation at Square Lab?, 30 miles northvest of M a t ,  

is 310 feet thinner ( 7 0  to 1,w feet) than at th type section. 

Most of the loss of aection appear. b have takan plsce near the top 
I 

of the formation which haa given vay to tbe nollaarine Tuluvuk Tmgw 

of Prince C m k  For~atioa. Ih brsal aaadntoae In t h l a  test veU 

ie a l i t t l e  thicker a d  coereer said than a t  Uniat, .ni #a inter- 

lnediate mandebre i s  thinntr. Effcctiv& pmeiQ uf the basal sad- ! :., 
atont is Illoderstely good, (10.3 to 20.1 percent), air permaabFlitJ ie ' 

, , 

pOor, (lmpe-able to 43 ar~~ldarcy.), a few thin beda - calcar-, 
COUII. 

l%e only o c c m n c a  of tht Seabee Pormtion i n  t h  submuface I .  
, fartber m e t  La at tbe top of Wolf Creek tert well 1, 30 m i l e .  m ~ t  oil 

1 
Ih iat ,  wbem 85 feet of c b y  ahale, bantonib .ad 8ift.tma bed. con- ( 

, tainlng r .para* Senbee nlcmretma wsm drilled. 
I i 

In Gubik an., 20 nilre  enst of the mection, th Seabee 1 

c Foormrtion ia  a l l t E l e  miltier a d  m i e r  in the lwer 500 feet; 

otherwise it i s  very much tba 6ame M #e type mctioo, althoPgh tba 1 
, distinction between tbe Ufiter rrpP darker shale beb. 18 abnnt, .sb I 

I 
, the a h a h  i e  moa* Miun w. A few mry tbin bedr of lb?a tane  

r aod 6- p r i m t i c  w t a  M fouod &t dubilr. Ihc b&8rl . a n b s h  
I 

! beda m-e very "dirty", a d  porosity anb p11~eabl l l ty  am low; oil 

mbowa wre ocgligible. 
1 

In tht nortksetcrn corner of tht Renerve, in Pieh Crack teat 

vrll  1, the Seabee cotasiats of 1,235 feat  of light -;I nicaceour clqy 

m h a l t  with very llttla &#tom or 8Iltrtone. Borianirkocerna sp. 

s h e h  an present snd fish bone fr.eplrnt. are co-n i n  tbt lover part 

of the ractioa. 

The &&bat section in tha Bimpwn Seep  m a ,  on th Arctic Coaat, 

apparonw is uacxrdormabls on, anb con- rsworM .atarid frcn, 

tba Aanurhuk Uroup klou. The Seabae Forntlon l a  only about 200 feat  

tbick omr moat of tbat -a, altbougb 1,500 feet of & a h  a h r l .  ?ill. 

'a c . s j w  w m  that w erodsd i n  par-habee beds (a- p. 1Bj ti.). 

ftUn bedo of tba forrotion mbich M IQnticrl in eppumnce to tbo 

"prpar" m h 4 e  badr rt  M a t  u e  f o u d  but ur ody  a m t  50 feet thick. 

A feu argFllrcaous, 0LltJ -tone bedo u rmch u 25 feet thick rrr 

1il.o p s e a t ,  u well u thin limetone I d a  md uqpaita lib that rt 

'~ubik. 8cmm oil la t o w  ia tbe bmrl u & d y  bsds of tht &&be Fonm- 

Ition at Shpnon Baep Oil Fiehi. Theu ids, faml in tb plP.irost 

1 7  mna w i t h i n  feet of tbs rwfacu, u* near* wacolwUd.t.d, rrd tbb 

la leffsotin porosity ( w h i c h  h. nenr been d.qut.4 aulurd heam. of 

19 !tba poor i~imration) met be qrrita Ugh--25 pamnt or greabr. 

20 
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Ihe Lmical megafossbls of the type section ere common a d  Radio- 

l a r i a  are abwdant. The formation a le0 contains h o  genera of pel&ic 

r'orami n ifere, Hedbergella loe t t e r l e i  ( ~ a u s s )  and Heterobelix globulose 

. 4 ; (~hrrnberg) (l'appn, 1962, p. 96) Irhich, with Boriesiakoceraa a d  

Inoceramua labiatue ScUotheLPa, are present i n  North America i n  the 

: Lover Tut-onian etrata ( ~ t e l c k  snd Wall, 1954, p. 14-16, and Jones anl 

r : Cryc, 1960, p. 160). About 1,250 feet of uedima l i g h t  gray clay shale,  

r : io North Simpson test well 1 is alao eoniidered Seebee in age becauee I 

Q of tbe preaeace of kr ies iakoceras  sp. iUd Inoceramue prisms. L? to 1 -- I 

1 
13  lepis, a fiah,  i a  present iu the sme beds. 

t Sandstone I n  the Seabee Formation can mually be diPPerentfated , 
I ;  i m  that of the i(mu8huk (imup by the .buodm~ O f  tb0 biot i te ,  8 d  ] 

I i 
rock par t ic les ,  and by the argillaceoue "dirty" matrix. Despite these 

1 4  . feature8 determination of the exact contact betueen the two is difff-  

I' c u l t .  !he b u l l  a d y  ~ e c t i o n  of the Seabee F o ~ a t i o o ,  which vwiefi 

1 6 ,  locally i n  thicknese, m y  represent a revorking of th& Nanuehuk Gmug 1 
1: aardstone. The n a t i i  of the contoct i t s e l i  i e  obecun snd M uncon- I 

I 
l a  , farmity is probably present. 

1'1 The upper contact  of the fonbstion is gradational arxl has been 1 
I 

211 . placed wherever the proportion of sardy nonmsrine beds of the TuluMl)r [ 
I 

? I  Tongue of tbe Prince Creek Formation exceeds that of the marine s i l t y  I 

c h y  shale of the Seabee Formation. i 
1 

I Prince Creek P o ~ t I o n , - - T h e  Prince Creek Formation, named for 

. Prince Creek, a t r ibutary  of the Colville River southweat of Uaiat 

3 ~ ( C r y c ,  Patton, and P a p ,  1951, p. la), is divided i n t o  two tongues. 
! 

4 rBoth ere nonmarine, and in terf inger  with marine members of the Schl.nrler 

5 Bluff Formation. The lower, the Tuluvak Tongue, is pertly the the 

h equivalent of the Rogers Creek and Bar- Tra i l  Members of the Schrader 

7 luff Formation, and of part of the  A y i y a k  Member of the Seabee Forma- 

e 1 ,tion. The upper, the Kogoeulmuk Tongue, is equivalent to end possibly 

9 I s l igh t ly  younger than the Sent inel  Bill Member of the Schreder Bluff a 

l o  kormation. Tfie Tuluvak Tongue is found i n  the subeurface i n  five holes 

1 1  hrilled i n  the northeast ptwt of the Reserve, and the IGogoeuk.uk ~ o n ~ u e '  

I u i none .  a 

13 M u v a k  Tongue!.--In the type section, a t  W u v a k  Bluffa on the 

haodler River, the Wuvah Tongue is 1,200 f e e t  thick (~ryc, Patton, 
I 

1 5  lend Payne, 1951, p. 166). The th ickest  section of it I n  t b  subsurface)  
I 

16 jhmever, is fourd i n  the Gubik t e s t w e l l s ,  where it is 871 f e e t  thick. ! 
1 

1' $31~ h d r e d  a d  seventy-five f e e t  end 523 f e e t  ere fourd in Square Lake' 
I , 

l a  ] t e s t  w e l l  1 ard i n  M a t  t e e t  w e l l  il reepectively,  but i n  both of j 

9 lt&se, the uppr p" of the tongue has been eroded. A t  L t l ~ . h  Crrek 
, 

'the northernmost evidence of Cretaceous mnmapine deposition i n  north- I 

- t e e t  w e l l  1, 25 feet of nonmarine beds of the Tuluvak Tongue comprise , 



The following'descriptioa of the Tuluvak Tongue i s  based on Gubik I The clay trhale which d e s  up 12 percent of the ntluvak Tongue is 

t e s t  well 2,. where much of the section wae cored. More than half of 2 medium l ight  gray to mdium gray, i s  mft to hard, and has good shaly 
I 

I the rock i s  sadstone or  e i l te tone which is l igh t  gray to medium light, : 'cleavage except i n  the lovest part of the eection where clap tone i e  I 
1 4 

gray. It va r i e s  f m sof t  to rdera te ly  h d  a d  f r o  thinbedded to I 4 preeent. A sloall smnunt of clay s-, usually associated wlth coal, 

1 . nrssiyp. The sardstaxa M an?% the coarseat drilled on the Reserve ' 5 - ,is black and carbonaceous. Bentonite ia a conspicuous constituent of 

, em3 the grains range i n  slze from very f i n e  (rarely silt-sized) to 6 ithe sectionJ e i ther  f inely disseminakd l. the clay shale or  i n  beds 

1 ; 
very conme, grading In a few rare thin layer. ul a conglolente of i 7 lcoanaonly a. f e w  inches to 2 feet thick.  The rock is soft, and is vhlte 

1 
8 ' well rounded black c h e r t  a d  white quartz granules and pebbles. The I 8 lor very light pllowleh, greenish, or bluish grey. It i e  also foam3 

grains are s u b a m  ta aubrourded, a d  la rger  e k e s  are the  beet ,rarely In the matrix of the aandstonee. Coal, shiny to du l l  black, , 
I 

rounded. W h i t e  sIld clear quartz are the main constitutnta (9 to 85 ! 10- (brittle with concholdal or b h l p r  f rac ture ,  is common i n  thin beds. 
I 

I I  percent) of the sandstone but in acme beds FLS much es 40 percent of ' B i t e  of clear yellow ember wen reen i n  the coal. Carbonaeeoua Inruf- 

1 2  I the total i t r  dark gray a d  black chert. The latter beda have a typi- 
I I l2 me lud lpsrtings, a d  carbonized plant f r w n t a  are abundant in  both 

1 3  ca1"saltandpepper"appearance. 'jheremeillderoithegraineare the thy shale a d  sadstone. Clay ironstdme nodules anb lenses are 
I 

1 nude up of biot i te ,  coal, iraatnr, Yblte ieldnpu(?),  a i h r i t o ,  1 l4 ccmmn I n  the Tuluvak lbogue; limestone layers a m  very m Y e ,  thin, 
I 
I I i I 

15 pyrite, and rock fraeprente. The matrlx Is either argillaceoue, 1 5 -  bard, and medium gray i n  color. Calcite ard aragonite are preeent in 
I 

/ 16 ) sider i t ic ,  o r  calcareous, Calcareous cement totalled 54 percent of l6 'tiny veinlets in the limestone. 

17 I the rock, i n  one semple Apm Gubik test w e l l  2. l 7  ! The Tuluvak eandst~n. is the upper @a-producing horizon i n  the ' 

' " h b l k  f ie ld .  I n  t h i s  field the porosity of t2m sandstone rnngee Iran 
1 

'' i;4.4 to 25.4 percent, averaging about 1s pcrcent, and the air perr~eebil-1 
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I Schrader Bluff Formation. --The Schrader Bluff Formation, n& 

from a bluff on t he  Anaktuvuk River near the mouth of the Mugs R i v e r  

( ~ h i t t i n g t o n ,  1956, p. 249) is marine i n  o r i g i n  aMi includes beds o f  

4 Coniacian? ( s ee  p. 133), Santonian, and C a m p i a n  age. It crop o u t  i n  

+ t h e  northeastern part of the Reserve, p r i nc ipa l l y  along the Colv i l l e  

- River and t r i b u t a r y  streams north o f  Mat. The formation i s  marine, 

, a d  hos been divided i n t o  three unite, the Rogers CreekMember, the 

I 
8 Barrow Traf 1 Member, a d  the Sent i l l e l  B i l l  Member. 

Y In the subsurface the Rogers Creek and Barrow Rgil Members are 

1 0  ,found i n  the Gubik teat weUe, and the youngeat, tbe Sen t ine l  H i l l  k-, 

I f  ber, is present  i n  Sen t i ne l  B i l l  core  t e a t  1 and i n  Fish Creek t e e t  

1 2  yll 1. Farther northwest, c h a r a c t e r i s t i c s  which d1stinguLsh the mem- I 
13 jbers from each other disappear ard t h e  Schrader B l u f f  Formation is  un- ' 

14 d i f f e r e n t i a t e d ,  i n  North SFmpaon test v e l l  1. I I 
I 

j 
15 - The Schreder Bluff Formation i e  1,460 f e e t  t h i ck  i n  Worth Simpson 

16 lteirt w e l l  1. The rock i n  thia t e e t  v e l l  is almost e n t i r e l y  c b y  sha l e  ! 
i 
1 

N c b  l a  l i g h t  gray lo medim l igh t  gray. It 10 f a i r l y  s o f t  ard part. , 

parallel to the bedding. Hoet of this c l ay  sha le  i e  t u f f a c e o w  ! 
l 4  land volcanic g l a s s  shards are c o m n  thrpughout the  in te rva l .  The t u f f :  

'0 lor a l t e r e d  shard. me p r e ~ e n t  i n  s a w  place. a s  l i t t l e  w h i t e  o p c k e  In ' 

71 the clay shale o r  in thin l igh t -co lored  leminae. Sandy, s i l t y ,  o r  c a l -  

? (careous beds are very ra re .  An aburdant mnrir~e microfauna a d  Inocer- 

" prism6 are present .  JI Ier e h a r a c t e r l s t i c  rnlcrofasai ls  uaually as- 

. . ' 4  soc i a t ed  w i t h  t h e  Sen t i ne l  R i l l  Member are no t  preeent  i n  t h i a  t e e t  d! 
it is poss ib le  that the inbzrval represents the Ry:ers Creek and Barrow( b 2 5  aAl-Me_mbera, .- ~ .~ ~.. -~ .~ - . . 

I The lower 952 f e e t  of the Schrader Bluff Formation i n  Fish Cre?k 

tes t  w e l l  1 is composed of l i g h t  to medim gray clay shale a d  about 

10 gercent l i g h t  gray a d s t o n e  and s i l t s t o n e .  Almost a l l  the sad- 

# 

stone is wi th in  100 f e e t  of the baae of  the formation. Yellowish gray 

bentonite o r  ben ton i t i c  shale i a  distributed sparingly throughout t he  

6 , formation. One bed of brown Lhes tone  i e  present 70 f e e t  fmn the top. 

I 
1 1 B i o t i t e  p l a t e s  %re r e l a t i v e l y  c m o n  i n  the sandy and s i l t y  d d e .  The 

I 
A ' upper 615 feet of the Schreder Bluff Formation is diat inguiahed from 

I the lover part primarily by the abundance of glaesy volcanic sharde; 
I 

t o - ,  it ha8 been referred to t h e  Se l i t ine l  Mil Member of the formation (aee 

' I  ! p. 100) became it appear8 to c o r r e l a t e  w i t h  the S e n t i n e l  H i l l  Member 

I *  i n  b n t i n e l  B i n  core b e t  1. 

, 
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Rogera Crcek Mber. --The Rogers Creek h b e r  of t h  Eichredar 

BlufY Formation i n  not w e l l  expond on tbe ruriaca (Whittinaton, 1956, 

p. 250),' rdr I8 present in th eubaurlaca only at  Oubik. I t  i s  lrared 

fran Rogers Creek, located l0 d l s r  aoutla~est of m a t .  A t  Oubik,  th. 

m e m k l s  i e  about 590 fee t  thick d consiatm llroot entire* of cla;l 

ehalt vitb two saodstone or n i l t a t o n e  bed# tbicber than 15 feet. Thc 

clay a b l e  is nrdiun light graJ to redim grq, im rather aoft, a d  
I 

breaks fairu nU parallel to tbe khillng. 'Rr 8 l l t . b ~ ~  18 U&t 

gray and grade8 to th f i n e - s a i l l a  nardatone mentionsd above. The 

p i n s  are auhgular  cud nra rads up wet ly  of vhib a d  clrar qurrrtt. 

w i t h  Uk-colorad c k r t ,  biotlte,  cnrbonscaoua pmtLcLem ud r llttlc 

pyrite. The atrh is bentonltic a d  contain8 a feu rolcuric &a. 
I 

rharde. Volcanic Mi, i n  bed@ u much 8s 20 feet fhick, i n  cbarrc- 

I terimtio of tbs reotioa. The tuff i e  mthar hard, rhita, rsry W t  I 

pay to light gral, or Ught gmeniah m y .  It coataiP. tlsclu of 
f 

carbonaceom uterial d brawn biotlta *tea. Boit, vbits, or ll&t 

greenish pay bentonite is 00 print. C a l r a r r m n  bed., a w p t  for 

i a ?-inch Psdila gray hard llmmtam lapr in o m  90 feet MltR tbh ; 
1 top of the murbar, a m  lacking. 

I The Rogen C m k  M e r  cmtrhu only * sparse nlcrofauor ud. up' 

1 of a rev Pormiaiicrs and thrrs ~pcciar of ~ a d i o ~ a r i . .  A thick- , 
e h U  Inocenuur, ci. I. luobbmckemi8 n ~ h -  (.am rucen- con- 

s i d e r d  a p n p m a  with ;. patootonsis da Iariol, w e  Jones and Oryc, 

' 1960, p, a1 lua pl. 22), WM found in the upper part of ths motion, , 

I a d  hoceramua psiem uere present knmr in.* section. 
. r, 

96 

- 

The Rogera Creek Member is distinguished from the W u v a k  Tongue 

. of the Prince Creek k ' o ~ t i o n  be- and frrrm the Barrov Trail k m k r  

3 of the Bchreder Bluff Formation above by thc prerrtnce of aburdnnt tuff 

=I - hUTou Trail  #ember.-&detcme keds of tbe Barrow Trail Member 

f o m p r o m i n e n t b l u i f e o r c u e s ~ ,  d t b e l l e m b e r i a n a m e d f o r t h e  old 

I tnrc~r tmi lbe tweenBaf iovandWatvUcbfo l lovsoneof thecuea-  
! 

B : tae new M a t .  In tbe eubeuriece, hwever, the rock in e h i l a r  to 

the Rogers Creek Member, except for a larger proportion of sandstone. 

to- 
1 

ZhE Barrow T r a i l  Member is identified i n  the subsurface only a t  

1 1  Cubik. OubiktentweU2pnetratcdonly39~ f e e t o f  t h m r ? m b e r ,  al- 

t z  l though it reachre a thickness of at least 7W feet on fbs surface 
I 

1 3  (~b i t t ington ,  1956, p. 251). It eoneiots, in the eubnmsce, of abalt 

l r  I equal m t s  of Bandstone, siltstone ard clay shale. Tbe eaodstom ' 

IS- sad s i l ts tone are very  light to l i ght  gray a d  are moderately hard. 
1 

I +  I Thc aandetone i a  very f ine-  to mcdlum-grained w i t h  75 to 85 percent 

1 angular to aubnguhm grains of vhlte a d  clear quartz, 15 percent 

I W  . i dark chrt ,  coal, and rock fragmnts, up to 3 percent opaque whit? 

1 0  i volcanic glass ehamie, a d  3 peraut mica. !l'k matrix of the sand- 
i 

. , stom ard siltstone is  argillaceous or k n t a n i t i c .  Not C O e 8  

! 
' were taken in  these beds ani no testa  for poroaity or prmeabilhy 

1 vere m. However tl-e bentmitic character of the rrmtrix makes it 

. ; very wiltkely that they are at  a l l  porous or permeable. 
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I In Sent ine l  H i l l  core test 1, aedimente are somevhat coarser, 

I w i t h  sadstone e d  siltatone &in. up ahoet half of thc rock. h e y  , Gubik Formation anb Recent alluvium.--The Gubih Formrttion uaa 

are rnaseive, ae much as 100 feet thick, a d  rather friable, except 1 first mred (the vord Oubik comes frcm ~ u p i k  or KUW, maniog "Big 
, 

. 1 they cdc-ow Ih. i. rrr). to i , I River*, the 9 . b  .onsa for the lower Colrille ~ i n r )  by F. C. Schndch 
1 I 

&IF-grained, ard similar i n  canposition to that in Fish Creek t e e t  ,. i sad W. J. Pettre (1904, p. 93), rad m a  originally deecribtd an s 
5 -  I 

I vel l  1. Bentonite it, aburrlut both finely disseminated and in bdls 1 , 

i b 

I ; inch to 5 f e e t  thick; it i a  w h i t e ,  l i g h t  gray, or greenfeh gray, and [ 7 

l 
a \ c-nly contalne mlnute biotite plntee. Carbonfzed plant particles 

are present, some of which werc identifiable, acconling to RoLanP W. 
I 
1 

Brown, as dicotyledons (~obinaon and Collins, 1959, p. 489). M~mufb' 

11  1 midentif  iable fragmentary pzlecypod shelle, and om shell identified 
I 

I I 
12 by Georw O r y c  a0 wilua fsp. (op. cit. ,  p. 489) were fouod, anb m- 

1 3  ine microfoeells were alao recovered. lio ehavs of o i l  or gas were 

4 noted; porosity mnges frcm 15 to 29 percent aod permeability PFC~P 10 

1 '  1 mic lines cloee ta the tuo b e t s  ildicates that some of thc marine 1 
18 bed8 in Fish Creek t e a t  w U  1 arc #e equivalent of the 109-foot eec- 

- I 
19 t i o n  of the m b n e  ~ o g o ~ u l a u h  tongue i n  Sentinel H i l l  core t e s t  1. 1 

20 I iba upper 4.00 feet of tbs Sentinel  8 i l l  Rmber in FQh Cmek b e t  w e l l [  

21 I 1 is correlative to the Lareat b0 f e e t  of beds, ~mposed of both Sen- I 
7' I tinel H i l l  Member nrd Y ~ g o s u l u - u k  l hguz ,  in Sentloel E l i l l  core test 1. ( 

24 1 etdi.ed bta irm outcrops of these No stratigraphic units u well u/ 

' 5  - bubsurface -- ard seismic infomation (personal - ccamnicatlon, - A 1956). 1 - -- 

nbrcuuish sand or loam about 10 to U feet In t h i c b e a  which ucon- 

formably onrues the beds of tba C o l v i U r  aeries, apparently M , 

eonttnuoua m e n t k  ". They did not state  vhatber it vae marine or non- 1 

.I tb? r e l a t i v e l y  waconaoUdated .abimcnto of Pleirtocem m& wer- 
I 

dwllantly marim. In practice, p u t i c u l ~ m 4  i n  tbs subsurface, it is 

difficult to tell tbe Clubik mtdiaenta Propl tbOse of Recent nge nnd i 
however, becaune of the n-mm boles drilled and cored in them two 

arras: 





The rear-surface unconsolidated sediments in all the other test 

holes appear to be Recent m u v i m  or possible  nonmarine bed8 of Pleis- 

r tocene age. Although Sentinel H i l l  core test 1 is  i n  tbe area of th 

r type s e c t i o n  of the Gubik Formation, it was spudded on the Colvflle 

. ' River:,p edge at the baee of high b l u f f s  sod vent directly f r ~ l p l  a few 

I f e e t  of river alluvium i n t o  Cretaceous beds without pent.tratiag tbe 

Gubik Formation. Tbe Oubik test we- drilled through approximately 1 
I 

e 65 feet of unconao~dated eard, gram1 sad o w .  me sand i r r  c o a r ~  1 
I 

grained, eubangular yellow, a t e  erd. clear quartz, a d  red, dark grayt 

I n  : slld black chert which is probably all =cent river & p a i t .  111 tht 

1 1  ' h i a t  area the b e t  hole. in the 0-m vallep ani on th floodphin ; 

I2 I of tbe Colvllle River drilled into wconmlidated s d  and gram1 fmm 

13 ! a feu feet to 80 feet thick. The coarpoeition of tbe rand is the mmt 

~b I F1~3b-Uater ocstracods of Pleistocene to Recent nge and white megnfoe- / 
I 

1 4  

I l r  1 all a h e l l  fragments vem found in sample8 from the upper 30 or 40 feet, 

aa that in the Gubik we- but the gra- are non roundsd. Well. 

3s yellovieh gray and llght o l i ~  grap clay aod silt with #and m m -  I 

I 1 5  : lacefed on tbe hills at Met went dirrctly i n t o  tha Cretaceous loclrs. 

1 weed of subangular to &ed clear 8rd white quark2 aab yenov, 
I 

Square Lake test well 1, the Wolf Creek test wells, Titrtluk test 

; well 1, the Knifeblade teat vell8, and Meade test w e l l  1 penetrated 

+ 'less Ulan 30 feet of alluvial material. Greldstand teet well 1, how- 

4 (ever, was located on the bank of the Chaniler River ard penetrated I10 
! 

5 feet of gravel sand at the top of Ule hole. 'Ihe gravel contains 

6 broken (possibly by drflling) but ot&nfiee subrourdc 1 pebbles of 

J Fleck,  brovn, yellow, green, ard red chert, angular fragments of sand- 

I Itone, quartz, quartzite, iraubne, and a few other reeks. me s a n l  ' 

/is ven line- 
to very coar!e-grained and is canposed of the s a w  m- 

; 

10- terials es the gravel. I 
! 

I I 1 



R E O I O I W  s'limnm 

The area north of th B m b  Raoge in northern A l ~ h  i s  occqled 

by a qtructmal baein (~wleon uad otbs&, 1962, p. 14). Info-tion 

I ! obtained f r a ~  drillfog alone f a  Lnadspuats to deterdm the l ini tu of 

,. this baeinbut geophpicalatulfes (ualng'tha selmogrsph, gravinathr 

- and aagrrekneter) and stdies of tbs auriacs geology coniuctcd during 

tbe explor8tion of llaval F e h L s l a  Raiserm Ho. h furnlah dd1tlotiop.l 

P data. In gone- t b  baain is baud& on tbs m o u t h  by t & B r o o h  

" Range, on tbe east by the e m  range M it nrinCp lmtb tovud the 
I 

lo * ocean, arrd on tba north by tbs Bnrrou PlaWom ud by the -gin of 

th k c t i a  Oconn. To tbs v e s t  the basin appsren* c o n t m e 4  i 

1 p. l32). Tbe deepeat portion of ths baain Us8 parallsl to, and pr0b-1 

l4  ablf. jus t  north of, tbs lynmtain m t ,  vbam W c k ~ e 8  of mdikntr i 
I 

1" on tthe d r  of 18,000 to 25,000 feet are postulated. ! h e  basin csn , 

'+ I 
bu diTided into mubodinate eastern and watern part. r a p ~ f s d  by a 

structura l  s w e l l  lmovn M the Made arch, which is oriented in a 

'" / mth-mouth dfruction near tbt H c d c  Rimr. 

19 Tbe southern third of the baain in tbe i cmthi l ln  belt is wcupled 

" by nmroua wmplex, tight, aod in atme cases orarkhnmt, folda 

7 1  / (WII~CI, ~apc, a d  ~ r y c ,  1959, p. 104) vmch are clo-tc -1 to 
I 

tbe nountab front i n  a weat-northwesterly birection. 'Phew d b l d a h  

, I I  i no- just b e p n i  the lat l tde of M a t  f nto b r a  d u l a t i n g  
I 

' folds urderlyiq the ctnbatal plain, 

- ~- ~ ~- . . .- . . .  

, . \ , \ :  . ..I ,,. r . I . L . .  , llil 

,. ~ 9 .  

D r i l l i n g  in Raval Petroleum Reserve No. 4 t e s t e d  eome of the 

foMs mapped in the outcrop to the south but most of the drilling took 

place in the eastern post of the basin on s t r u c t w ' e  located, by geo- 

4 physical methoda. Only one t e a t  w e l l ,  X;aolak t e a t  well 1, vaa drilled 

5 i n  t b  weatern part, a d  Meade t e a t  well 1 vaaLdrilled on the Mesde 

6 ! arch. The Barrow anb Simgeon holes were drilled on tbe northern mar- 

I gin of the basin, on or war tbe Barrov arch. 

i 



The north-south s t ructural  cross section, (c-c*, pl. 3) shows tbe 

general configuration of the eaetern part of the basin. A t  the north 

edge, i n  the B u m  area, pre-Mesozoic rmke (shown as argill itee,  on 

the section) are found within 2,500 f e e t  of the eurface. 'Ihe Barraw 

area baa had a complex structural history ad, as can be aeen on the 

section, numerous unconformities of varyi~lg mgnitudee are  preeent. 

North of South -on test u e U  2 through 6 tbe Cretaceous beds thick- 

en as they dip n o r t h u d  under the Arctic Ocean. The Upper Triassic, 

Loner and Middle Jureseic, and pebble shale beda cm of about a 6- 

'thickneae a t  both Barrov and Simpson but tbe Ollaalfk a d  Topcqonrlr For- 

mations shcm considerable thickening i n  the directLon of Simpson. The 
1 

~unconformity between tho O m d i k  aob T o p g o d s  Formations i e  best de- ( I I 
veloped i n  the Barrow area and seems to disappear baslmard. Middle I 

1 Devonian strata,  "red beds", and %mi& rocka have been prceemd off 

,the f l m h  of the Barrov high, as ahovn by tbeir prenence a t  Topsgoruk. 
I 

1 Seismic work ahove deep-seated normal faulting on the rrouth flank of 
i 

tbe Barrov arch i n  thc area between Shpaon a d  TIE igoruls but there is 

I w evidence of this fn tbe t e e t  walls. Seismic vork also w e t o  that 

iearly ble(eeozoic a d  Paleozoic roche probably continue to dfp southward 

! 
beneath the gnzatly increaeed thfclmene of Cretaraows beda, (~oolson,  

I 
J. R. a d  othere, 1962, p. 15). U k  test we= 1, which found the ' 

ibrse of the OumaUk F o m t i o n  below 10,000 feet,  demonstrate8 the ra- 1 

I pidi ty  w i t h  which that formation thickens soutlnrsni in to  the  baein. 

Although a comparatively ahsl low hole, Titdluk teet veil 1 w a s  in- 

c l d e d  i n  the croes aectaon to show the ureence of Late h r  Oreta- 

ceoue end Uppzr Cretaceous -8 i n  the center of tbe Baain. Knifeblade 

4 ' t eat  wells 1 and 2A give the first indication of riaing atrata on the 
I 

5 -  eouth aide of the baain. Between the Kdifeblade tests d Topaeon& 

6 ' t ea t  w e l l  1 the i n t e r f i e r i n g  of tbe TopagoNk, [Irdstard, end C h a r d -  

I 

a Structure cmes section 3-K',  plate 4, i e  drawn in  a northeasterly 

h i n c t i o n  acroee tbe Reserve a d  ahme s s l igh t ly  difierent aepect of , 
I 

L O -  !the b i n .  Starting on the m o u t h  w i t h  tbe aaore Knifeb3.de end .T i ta luk  

I* 'bolen, this section extenda " d m  dipU mzarly at r igh t  angles to t h e  

12 regloxml 8trike 8d 8 h m  tbt dhmlopnt of tbC Late CntsMow atratai 1 
13 )in tbe basin. Tbe Seabee Formtion ir,  found on the amface mar t h e  

I 

14 ki ta luk test. F m m  there it dipe rapiUy into the eastern part of the 
i 

, 1~-~asin,rest ingonaa~confolrnitywtrichhaebtvcMtbaNinliLuhand 

1 '  a# rocks thicken in an e m t e r l y  direction. m e  S e n t h l  Hill Member 

18 C i 
I the Kogosukruk Tongue, uppemat Cmtaceovr beds identilled i n  the , 
I 

i9 bubaurface, am p e e e n t  i n  SentiPel KFIl core t e a t  1 on the Colville 
1. 

0 -  i .  -tei s a i m i c  w o r k  indicate* a t  me basin c a t i n * ~  to I 
I 

1 /beepzn e u t  of the Colvillc River, a d  'hrtlary mcU crop out i n  the 

?"bite Hil l s  ( ~ a ~ n c  a d  othera, 1951, map, sheet I f .  
I 

i, 

I 
1 
-- - - - -- - - - 



GEOLOGIC HISTORY I 

The following discussion of geologic events is concerned with the 

history of that part of northern Alaska f o r  which subsurface data i a  

now (I*) available. The interpretation 1s based on information ob- 

talnerl primarily from t e s t  holes and geophysical surveys, as there are 

few bedrock outcrops in  most or We area. 

I Steeply dipping argtllite beds which underlie f l a t  Upper Triassic 

strata in the Barrow aod SLmpson amas may well be the oldest  knovn 
I 

record of the geologic history of the  reglon. Unfortunately, the green1 

bu i d  red  a r g i l l f t e  i n  Simpson test well 1 Contains n o ~ , f o s e l l e ,  and the 
u 

black a r g i l l i t e  w d  interbedded siliceous dolanite of the Bar- area i 
I 

12 haa yielded only a feu dnute p p i t l c  spines of uilcertaln (but Probably( 
I 

organic) or ig ln  ard s o w  spherc ldd quartz a g m q a t e s  that suggest 1 
I 

I .  
[ k e d i o l u i a ,  neither of which furnlsh evidence of the age of t h e  depos- , 

I' it. On the basis of poeslble regional correlatione, these beds beve 

l 6  been compared to s t ra t igraphic  unite ranging i n  w e  from Precsmbrien to' 
i I 

" Permian. ('The l i thologic  and s t r u c t u r a l  differencee between the a rg i l -  ! 

l i te  aid the LateTriass ic  bed~makeanearl ierR.Lassfcageunlikel~.))  I I 
" In this paper, however, they have been described merely a8 gre-Mesozoicl 

I 
ii-or lack of evidence of  a m o b  res t r ic ted  we designation. A few in- 1 

i 
. .  I lferences about the enviro~llwnt of deposition may be made, hovever, from 

,the t e x t u r e  and composition of' the rocke. 

' I  i 
I 

14 1 

The fine texture of the Simpson a r g i l l i t e  suggeste that deposition 

: probably took place a t  a distance fm tbe source of the material ,  or 

t ha t  it took place under ~ r y  quiet cooditions. Ihe coareeat material 

Ithis pe l i t e  contains i a  a i l t - s i ze  par t ic les  present in very nue lami- 

5 ,nae. Ilo ripple marks, rmud cracks, or characteristics of t c r r e a t r i n l  

6 deposition were noted, although the red color of a feu t h i n  beds fight 

I nuggemt such an environment. 
I 

I l!he pyritic 'black arg i l l ih  of the Bar- ares is alnrost c e r t a i w  

marine o r i e l ,  4 probably waa d e p a l W  wxkr anaerobic cod l t ioz in~  ! 
30- i n  a qu ie t  baain w h i c h  mceived O w  tbt f i ~ 8 t  O f  c l fu~ t i c  mnterial. I 

ttr nLUceolu, L o I c d t i c  bod. i n  *vnk test well 1 wen o r l & m U y  

k i t e d  u I l c n b n e ,  thj have been tm r r h  a l t ened  by r e p h e r o t  1 
I 

l 3  l e ~ d  recrps ta lUzat ion to have any r e l i c t  a t r w t u r e s  indicative of the 
I 

l4 lmmrce tbe c u b u t c .  5- dtb. ugmite i n S o u t h B u r a  t ea t  , 
I 

l 5  k l l a  consista of B feu fragments of hard rrrcy rock c-aed l a rge ly  ] 
I .  

if millca. Thle rock mey originally hem lacltded rmch rolcnnic aeh, 
I I 

I '  and it containe the ~ a d i o l a r i a ( 1 )  raentiond above. The variable silica: 
I 

icontsnt of tht arg1lllt.e (vbich ranger fra; friable and sooty to blue- ; 
Ig gray and m P U n t . e r y )  may result eltBer Inn variations i n  secodnry en- 1. . i I ' O -  ichment, or b r a  a changing s i l i c a  content of.* original s e d d n t .  

22 I 
I 
1 

1 ! 
21 / 

I I 



I ' he  e a r l i e s t  eveat that can be dated in the geologic history of I 1 Later seiemological studies cas t  doubt on tbe existence of t h i e  

the subeurface i n  northern Alltska is tbe deposition of Middle (E~CW) - 'land ( ~ a r d l e y ,  1960, p. 6 ~ ) ,  ae did the feu gravity da ta  available 

Devonim s t r a t a  in the vicini ty  of Topago+ test well 1. 9he oligolPic~ 3 i (~ing,  Dietz, and Alldredge. l%, p. 1,55b-lr555). Tne Utter aurtrore, 

tic conglowrate of chert s d  and p b b l e a  may be a khore l i n e  deposit Ihwevcr, note that "magnetic data provide convincing evidence that the 
I 

of material derived from a low-lying laod mas6 which, because of k i n g  - floor of the Arctic Ocean on the North American side of the m n o e o v  
I 

4 deeply weathered, o r  being Largely u d e r l a i n  by rocb, hae fW- I 6 is formed by a large Bunken block, or blocke, of continental ma- 

7 niched l i t t l e  bu t  chert  to t& beposit. The.interbebded nil*, hard t 1 Iterial, a h r g e  part probably consisting of a Precambrian complex e m -  

# black' &ale contelne p l an t  remin~ which are well prcaerved, although 8 ,lar to that of the present shield areae," aad tbat "the aeismlogical  
I 

9 the plant. themeelves were r a t h r  delicate. They g m  i n  freak--tar ~ B U ~ U  C M  ~ b b .  ~ c - t c (  f o r  i f  tbc ~uru1 .a  -in is a 
' 

ID ~mampa, and as they could not  have been tramported far before burial, . basin w i t h  a thin crustw (ibid, p. 1557), thus giving lrev valid- 

"  the black ahale vaa probably a awmcp depoeit. Thc alternation of black; concept of Ancient k t i c a .  

1 

i 
1. ahale and conglomerate mar be a moult of slight f lucka t iona  of me8 12 

I 

1 3  level,  with a short retreat ~f th sea coincidlag vith tbe fo rmt ion  a? I " the swamp. The Location of the l a d  -6 fran which the redLsrents csme) 

15 hovever, is  uncertain. Iauer and Middle Devonian beds are known on tbet 
I 

l6  ~ d i u r  Arctic 1a lao i s  (Fortier, Mckir,  a d  Thoreteimeon, 1954. 1 
I 

fl ip. 2,075) m ur e ~ t ,  M I M ~  ~lwnim -8 been m p m t ~  mj I T  

In /the central and raetern  Bmob.  R-, to t he  sou-ut 4 mouth I I 10 

i ( ~ m 6 h e r  and ~utm,  1957. p. 4, and DroegC, 19% P. 1351). ~t i a  
19 

fposeible, therefore, t h a t  the M a  i n  Topagoruk test well 1 record a 1 7n- 

.' ' ' transgreseive sea, encraaching on a laod maas to the north---perhaps ! . 2 1  1 
I 

. ' !part of the Ancient Arctica pmposed by A. J .  Eardley i n  1951 (1951, 
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I Ralph W .  M a y ,  i n  his paper on the Juraseic molluske from north- 

ern Alaaka ,  has an excellent discussion of the ecology of tbe Juraesic 

e e u  ( m a y ,  1955, p. 75-78). He concluies ( p. 82) that "fa& end 

; 
lithologic relationship suggeet that m w h  of the Juraeefc sea b o t t o m  

in northern Alaaka sloped moderatsly bmfn-v+d aad VM ekgmmt and at; 

6 least 8% deep ae the lover part of the nerltic zone". Be alao etatee 

7 1 t . t  the nracrofauaa of Early Jursesic anl early Middle Jurassic tlnm 

8 ]indicate "fairly varm" water (op. c i t . ,  p. 82).  

Ho Uppr Bajocian or late Middle Jurassic bede have yet been 

1 2  ;found in the subsurface, or in the outcropa of northern Alaska (Imlaj, 

" 1955, P. 73). 
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The pebble sbala, a mequcace of W e  w i t h  d i m t b c t i m  Utbologj 

, which rangan in age iraa Late Jurassic { ~ o n t i m )  to E U ~  Crataceour, 

(Albian) is bcscribad in detail i n  tbt otrrtlgr8pb;l wction (p. 13 ~f.). 

4 11t is difficult to explain the ~ c h n n i c 8  of aediauntation of 8wA a 
I pcullu Uthology. Ora lnm of quarts of fairly W o r n  8lw -re de- 

6 Ipsited singly i n  a natrfr of a l ~ ,  omr b~ period of time thou& 

, j. r e t i o n .  wtl.i.otoR ..-tion .ud - - 
a /d.posit pmbabb i-+ves r- 0-r timn tb. tnrprtln. want, 

9 lono of w h i c h  y be the a- ircm N o h  tbl Kdimntr ur derivad. 

. muinl; at lcMt part of t h i m  t-, the B.rrar urr vu r aor t  
I 

14 h~nsa LLPa, w i t h  s l a r l ~  minking bash to fba mtb rPb tb eroding1 I I S  , h x l  fo the no-. A t  timr the Barrorr m a  m y  bn b . r r  m r p n t ,  or 
I 

dukpuk ~ o r n t i o n )  aa far aouth M the babllittr8 of tbe Siluikpuk 

in tbt pescnt  Brooke hqe .  The truuit ion f '  I r t a m t  Juru- 

2 1  lperigd of mat orogsaic wtir i ty  during which tbh ancamtral Bmoh 
1 



along the northern f r o n t  of the mountains, while farther north, i n  the  

latitude of Olrmalik test well  1, the sea s t i l l  received pebble-ahale 

,eedimenta from tbe nortbtrn platform. Sl ight ly  l a t e r ,  the whole reglon 

was upl i f ted  o r  the sea retreated,  and them are no sediments of 3eu- I 
I 

I pebble shale had a single source, Ancient Arctica, which vas probably 
I 

terivfqy, Bnrremlaa, snd AptIan stages known north of the Brooke Range, 

I n  ea r ly  Alblan time, a s  a result of renewed u p l i f t  of the ancestral 

Brooks Range, vaet quant i t ies  of sedLments flooded the re-establiebed 1 

I 8 geosynclioal trough frw the aouth, ard clae t ice  of tba Fort ress  M o m -  , 
9 tain and h e r  Torok Formatione were deposited mar the mountain front 

lo vhlle f \ne r  silt and c lay  malting up the Oumnlilr Formation extendsd 1 
I '  north to t he  Oumellk t e a t  wells. 'Ibe northern la+ muss, tbe s h o n U n t  

17 j01 which was ncu north of Barrow, continued to furniah am8 sediaenta, l 
/houever, and 8 th in  deposi t  of typical pebble shale vas laid down at 

I +  Benow, Simpon, and Topagoruk l a  early qlbian the, c o a ~ ~ u a l y  I 1% ith the greyvacke type of 8 t d I m n t  forming tht Omalik Forraation far- 
I 

1 ther south. Tbe a h o r e l i n e m  probably wt far franBirmu, an it 

I 
, ,a ~ r y  low peneplained land area on the surface of vhich almost every 

nnegascopic minersl fragment except qufirtz Md black cher t  had been de- 

, 

' 8  

lq 

'O 

'I 

- 

I , Ctroyedbyaatheritq. Soume, rather tb.n tr-porting sseocy, deter-, 
1 

supplied pebbles for a thin basal conglomerate )bere. A feu coarac 

r o d e d  grain# of quartz ia the Chmalik Ponmtion i n  Oumalik teat w e l l  

1 represent the gmatest knovn southern extcnt of pebble shalt 6edi- 

mentation i n  lover Albian W e .  The pebble e h a h  i n  the Barrov area 

is the roungest deposit in Alaska vhich w a s  derived from Ancient Arc- 

t i c e ,  and the f i n a l d i e a p p a r a n c e o f  t h i 0 o l d l d m a s a  i s m a r k e d b y  

I kned the minrlll content ard gra in  uize. The fat that tbc gra ins  M, 

'' 

eo weU rounded i rd ica tea  that tbey m y  be second generation or older  ' ! 1 

the overlap of lover Albisn greywacke of the Ollmalik Formation on tbe I 

i n  origin.  The possibility that the pebblc shale might bave been&- 1 , 

shale ma the sank o r  w a e  ovtrwbelmed by sediments from 

of geosyncline. TO emmuize, - ~ - a u ~ ~  believe thst the _, 
I L CO%THLYLll 1 l h l r T l M  L I T r C S  tW1 0 111111 

.#,.lo. 

pvsd fm the 80ut.h, nth s u e  0ort of se lec t ion f o r  the r o d &  e h r d  

1 quartz grains, doee not oeer likely. Conaidering the heterogeneity 1 
1 

redimenta availsble In  the ancestral B m l u  R a n g e  and the evidence 
I 

IS- !the lncluaion of intermediate grain sizes. 
I 



Deposition of tihe pebble shale probably w a s  very slow, a d  it The Oumalik Formation is the f i r s t  of a very thick sequence of 

continued intermittently f o r  a long time. Reducing couiitione on the , .sediments (inclmling also the Topagoruk, Gradatand, eld Chardler For- 

sea bottom may have existed part of tba t h ,  aa black shale, abundant 3 metiona) which was deposited during a re la t ively short  period of t h e  

(pyrite, and a w e  glauconite are found. Faunas are varied both b ebun- 
1 4 lin the l i lb im stage of Early Cretaeeou~ t h e .  aequenee is s prod-' 

5 dance @ epecimens aid I n  age, M e q l a i n e d  In the paragrapbe on stre- 3 'uct of typical  geosynclinal sedimentation, the deposition of which took  

I I 

6 Itigraphy. I s place folloving a major u p l i f t  of the ancestral Brooke Range. The 
i 

L 
I 

I r /coarse sardstone and conglomerate of the Fortress Mountain Formation I 
I 

a \ a d  the slightly l ees  c-ae h e r  l b m k  Forvltion (patton, 1956b, 1 

9 Ip. 219 and 222) represent the early proximal deposite in  the basin. 
I 

lo 'heir probable subsurface equivalent, the O m a l i k  Formation, repreeents' 
I f 

I I I I finer cleut ic  a x i a l  w e  of the 8- p r i a d .  Deposition was eontlo-i 
I I 

1 12 /mu i n  th center of ths -in, but in th. mrth thc top of th, O-- 
I 
! : 1 3  Ilk Formation IB marked by an unconfod ty  of a t  l e a s t  local imyortance.] 

14 PM f r o  m i k  b e t  w e l l  1 a large thiehe.6 of th 0-lk Po-- 1 
1s - Ition i e  lost---tbe un i t  decreasee from 6,000 f e e t  at ~ d i k  to 2,700 I 

14 I I 16 f e e t  at  Topagoruk, 1,700 f e e t  a t  Shipson, d 400 f e e t  or  leae at  Bar- i I 
I r 

. (row. Much of this lose may be the resu l t  of nordeposition ae the eedi- 1 I I I 
I 

lK i i 1. p n t e  m u a l l y  advanced o w r  the lard to tho north. but tbc vppr sec- 

i ca te  up l i f t  i n  part of the R e e e r u e .  !This movement m k a  the bourdaryi 
! 

tween lower and upper Albisn t i m e .  A substantial  faunal break hae i 

19 

20-  

I 
21 

en noted at  about this horizon by W a y  (1961, p. 4) in aamplee 
gathemi mostly from outcrop8 farther south, i n  the foothill8 north of 

2 5  - the B r o o k e  Range; a chanCp i n  the microfaunal asemblage has been noted 
~ ~ ~ ~ A .  24 as  t - wen. -~ ~ .. - . . ~ 

I '  b. GUVEPYLIS 'L I  lvlllhllNli UIIY-C ; I),* u - llllll 1 s. C o r R n n P ~ h l  ,,MI: I IV; OF+ 14 1.: I*.." I) - "I, i l  

..,. 1w 
8,..1WI 

i 

I tion seem to have suffered the greatest  decrease. This, plua smal l  I 

changes i n  dips between the Oumalik and overlylag Topagoruk Formetions 

In some t e s t  wells, aid seiemic evidence of unconformity, strongly in-  , 



I --- - -  
1 

I 
'Ihe basin filled rapidly aa slltstone and shale of tbe Topagoruk 

Tormation folloved the Chmdik Formation; tbey reaemble the foraaet , 

bed8 of a vast deltaic c a t .  Figure 8 implies that the dtepcet part 
I 
iof the W i n  in whlch thee d i m e n t a  collected w e s  probably a-here 

leeat of,t& northemtern corner of the Reserve. (Neither Kaolak t e a t  
I 

i. ell 1 nor Meade test w e l l  1 caiapletel;l penatrated the Topagoruk Forma- I 
:tion, howper, 8nd ita tb ich?80  near vest O f  the h d e  Arch i8 un- 

knoun.) The dimcordant d i p  v i U n  tbo Tqqoruir Formation (bacrlbcd 

on p. 44) sn c-nly inclined in th direction of tbo eluttr* thick-  

e s scs  rathr tbrrn s t r w k a r l  nnarant. Deltric f o r s ~ t  or 

formation, also suggcrrto ths pramence of currents c m s a i ~  the ma 

l8 b l i i i c  C r e t a c e o w  uga- anb mfcroiauna r o d  i n  ths mubaurfaue. Ib 
r 

l9 outcrop equivalent, the Tuhtu mdatone,  is d ~ o  wry f06~iliferOUB, I I 
itb many aimllar gentra. Th fauna of the Tuktu Fonmation, accoxdlag 

h b y  (1961, p. 15-16) appem typical of the shdllow part of the 

zone and that of tbe w r u k  Formation of alightly deeper 

,?3 The Verneuilinoider b 0 n d i 8  shallcu-water micmfamal saaem- 

1 24 l a  m n t  abundant an& divemi- 
25 - 

rl. s. nabv6rartmr enmrtw u..Cr: ~ n t  o . r l t n l  

..I. lm 

2 \"are identif ied with species that l id  i n  tbe shallov seas tbat cover- 
I 

I a ]ed the western interior of Canada sld the Yukon area of Alaalre...the 

'aCat%iiq emd.l ~i7.43 61 gas-9, caipled w i t h  tb? -1et l  ab- ' 

eenca of optera ,  i d c a t e a  that the sea  uatcrm v e n  not warm." (Op, I 
I 

!'. S. GOVKRJ4M-T PHWC2W: 4 W S # s  E .  I959 '6 - % d  1 4  # #  

I... I U ,  

125 
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, Sune time after the deposition of the Gradstand Forrmation, and 

,. ' before the Gubik Formation was l a i d  d m ,  a s t m c t w a l  disturbance of 

I at leaat local importance reeulted i n  the complex faulting and poaaib- 

I ly l o  the cryptovolcanic etructure i n  the Barrow y e a .  i n  the 8 l r p o o ;  

1 .. ! Penineule, Seabee sedimentation vae interrupt& by a p e r i d  of appar- 
i C' I 

6 j ent submarine erosion whlch cut a steep canyon i n t a  older Seabee For- 1 
1 

7 I mation and Hanushuk Group bede, aod removed them entirely north of th 
I 

I 
i 
l 

a ] canyon, i n  the direction of North Simpeon t e a t  wel l  1. These event. ! 

I ! 
9 ard their pos8ibl.e cause art discueaed more m y  i n  the oectione on 

I rb-  ( the Eim~w a d  Simpeon o i l  fleldr. 
I 

' Depoeitlon of the marine Schreder B l u f f  Formation anf the equiva- 

2 tlent n o w i n e  Prince Creek Formation occupied ~oniacinn(?) ,  Santonlao, 

I 
3 land Campanian stages. (mere is  apparently some doubt about pres- 

I 
4 ~ n c a o f W a d e p n i t e a d u . ~ C o n i a c i . n t i a .  Jane. u l a G r y c  (1960, I 

. 153) f o d  no species of Inoceramus diagnostic of t h i s  interval, 

6 snd no microfoeaiLB have yet been identif ied that are exc1ueLwly of I I 

I ithia age (~eppan, 1962, p. ~ 5 ) .  Stratigraphic charts In these p b U -  1 
I 

s /cations puts the Rogers Creek In the Santonian e* In the fo-r a d  / 
i I 

9 iin both e-s i n  the latter). Ae i n  earlier C r e t a c e -  the, the Bee 
I i 

lo- level fluctuated, deposition of m i n e  .-tone mxi alter- I I 1 
mted vith nonmarille w. ~ h c  wuvah ~onguc, the lower unit a~ the i 

I 

14 I~ntaceau eea Uxlk plM Jwt 8ft.r it. cxteluive .d*.na durfo(l See- i 
1 

Is- h e  tiae; m n v e ~  it occur=, tbe ~ u l w e k  Tongue contains n-ma I 
i 

-16 !beds of bentonite, which, W i t h  tht tuffaceow, bentonitic marine sedi- 
I r 

1 .  tent.  of the 1-r part of the Schrader Bluff Fornation, are evidence ( 

I I 

?I gtntle slopee, i n  a w a r m  tempcrate climetern' (R. W. B m ,  written ccar- 

I 18 of contlnulngrolcanic activity. IbeTulunrkTonguc ala contain8 much; 

I 9  c o d .  *.sib i o m  i n  t.c.1 M e  lo 8- I.h (iubit b a t  w e l l .  I 

cation, 1955). ('fhat the clim~te may have been w e  i a  borne out  ! 

I 

21 - 

23 Iby the ekdiea of world-vide paleotemperatuzae of #a post-Albian Cre- I 

suggeet tbat they were plants "iahabiting w e l l - w a t e d  sites, perhapa , 

oxygen isotapemethod by H. A. Lovenatzmkd S. Epatein 
~houed a progresalve rise i n  ocean temperat- f ram a 
e climax in thc Coniacian-Snntonian e w e . )  

-- - - -- - - - -- - - - - 

11 s CUV~J.NMEWT I AIHIIIII. rrssu r lor,  t, . $ 1  I 
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The youngest Cretaceoue sediments i n  Naval Petroleum Reserve 

I No. 4 continue to record fluctuations of sea level, vi th  beds of the 

Kogoeukruk Tongue of the A.1nc.e Creek Formation interfingering w i t h  

I the Sentinel Bill Member of the Schrader B l u f f .  A gradual change i n  I 
I the nature of the volcanic sediments i s  tbe only appreciable varletion'  . 
! Cl 

fram tbe older Upper Cretaceous beds. In  the lover par t  of the U w r  
i 

; Cretaceous depoait.8 bentonite is the d d n a n t  volcanic material. I n  I 
! I the laver beds of tbe Schreder Bluff Formetion, particularly i n  the : 

I 

: Roeere Creek Member, hn ton i t e  16 present but eome tuff uaa aLso noted/ 

Tn the upper par t  of t&e undifferentiated 8chreder Bluff Pornration I / altered voIcanic a M d e  ua abmdmt, .od in the uppt-mt dlvinion, I 
the Sentinel H i l l  Member, the 8-8 sn both abundant n d  unaltered. 

Incnzaaing al terat ion of the pyroclastlc material appears, i n  t h i s  

case, to be related to increasing age of the dcpoalta. 

The Sentinel Hill Meraber ani the Kogoaulauk Tongue are lover 

Campanian i n  age, and i T  any l a t e r  Cretaceous beds wela laid down i n  I 

this patt of Alaska they have not yet  been identified. Subsurfece I 
i datafurnisbnoevidence of t h  sgeofemcrgeace and foldingwhich , 

took place before the Pleietocelr epoch. TZle movement vas orogetdc I 

in the south, v i th  the r i s e  of the Brooke Range acccmrp6nled by the I 
/ folding and reverse faulting which fomed the anticlin?s t ha t  now par-; 

1 &el it. northam f-. P e r  north, fomng waa p m g r e e s i v e ~  i 
i less pronounced but regional up l i f t  N s e d  the -a above sea level  

and except fo r  come Tertiary sedimentation (recoded by depoatts i n  
the !Jhite H i l l s ,  eaet  of the l w e r  Colvi- ~ i v e r )  which wae apprent-  
l y  limited to the emtern part of the former Cretaceous basin, the - - - - . - -- -- - - - - - 
area was aubJect to subaerial erosion uptiX,~AeMW~w~,,MFit,, ,, ,,,,,, 

1 

!he dominantly marine (iublk Ponvtion of Pleistocene age sp r eda  
1 

;- 1 a8 a t h i n  mantle over most of the Arctic coastal plain  lack, l*, 

3 ' p. 59) ranging i n  thickness f r m  a few term of f e e t  to ebout 120 feet. 
I 

' It YBB probably l.811 d m  under c o l d i t i ~ n e  similar to those found just  

c off the Arctic c a t  today but recorde a period of greater auinuergence I 
b 1 then there is e t  present. Variation i n  lithology can be attributed to 1 

I tbs location or m ~ t h .  or barr ier  Doache, off- 

i s b r e  -6, ud to ths general ocean =-nt c i r c o t i o n .  A t  Si.g.on, 
I 

I 
! for instance, tbe basal part of the ~ u b i k    or mat ion i a  up or 
4 I 

' 0 -  -, coaree, gravelly beds wberess a t  B a n w ,  f i n e  atd-nta prrddnate , 

I 2  I Tht s d a  and gravels themeelrrn contain only grdne and pebbles 

" / of tb. m e t  remiatant am-, .nd probably hm been reworked i n  more ' 

I than one e d i r n b r y  cycle, Julglng Ira tb. m w b e s a  rn - of 1 
l 5  j themi. Sorting i~ p r  ta fair---tbe aand i m  much mixed with thy. 1 

I !The coal was probably derived from nearby Cnt .ceou  bed* ard the peat/ 

7 7  1964, p. 65). Such trees are nonexistent on the Arctic Slope today, i 
L 

I s  

'' 

although similar logs, probably originat- i n  the'Mackenzie River 
. 

1 

may recoxd a t lme  during the Pleilrtocene when tbe c u t e  was  more 

m i l d  than a t  present. Lerge logs of spruce eeveral f e e t  long anb eev- I 

1 i s u e y ,  occur along tbc c a u t  ard on river b u s  near the coast. i 

" , eral incbee in diameter have been fad i n  outcrops of the Clubfk For- 
I I '' 1 mation (G. Gryc and L, Spetzman, personal comunication, and R. Black, ' i 



The Foraminifera a m  marine but "an offshore environment is  not 

8 necessarily implied by the calcareous assemblage, as most of the gen- 

era are notably tolerant of brackish water, and no pelagic genera are 

present" (Tappan, in Payne e.nd others, 1951, sheet 3). !I?ie ostracods 

are or types found i n  a cold mrine  ner i t ic  environment of moderate . 
depth, having "l iving re la t ives  i n  tbe North Atlantic and Arctic 

I Oceane, i n  water g e n e m y  more than 10 fatham a d  lea8 than 100 
1 .  

; fathoms deep" (F. I. Svain, written c ~ c a t l o n ,  1949). Although 

j the present Coastal Plain ha8 been emergent since the Pleistocene 

epoch, d e p a l  t ion in the Arctic Ocean brderlng the present coast has 

probably continued uninterrupted f ran the late Plefstacenc into the 

I 
present. L i t t l e  change change in thetame of the material l a id  d m  is 

noticeable except that i n  some place8  nomarine alluvial gravela ani 
b 

mu3 have evpreeded the marine deposits. There is evidence that the 

I I 
, shoreline today, after the re la t ively recent general emergence, is 1 

2 O i l  rad gu 

3 Introduction 

4 !ha objectivt of tht m a n t  exploration of laval Pstrolela 

Pad t h  distance frcm mkeb is too great. O m  gaa re#ervoir at 

O u b i k  i r  plpbably large enough te w ~ a n t  &-lopent mad &r i 
f 1 . U ~ V ~ h u M . M p u * ~ t o b . t t b . . i l i * . r a  ( - 
aoMkwJtioP C8mp tbm tor De*sml pare. Ou is be* imalabsd to 

I 
I BuTor-, .I, ueU, The oil m d  (p. fieldr a m  Qacr lkd  in&- 
I 

tril in tb. follaving pqpr and tbe wre irportant IWS in other 

MU d B 0  r-S&. 

0sOlog;lur t i m B a r r w  a m a d  gu field 
1 
I 

Tbu tam *Barrow m a '  In this =pork Snclrdaa ttK nortbarn t ip  

of t& Arotic Coastal Plaln pwrhe8 of Unsb vithin r r d i w  of 20 I 
US oi point ~arrov, &ven *st v a m  mi to~r a w - r  bole. wars( 

1 
M U  in tbe area, tbc firot om b 1944 .ab tbs b a t  in 1960; acme 

I ' ddftional wzy rh.llow lmles (125 f e e t  or Is80 i n  depth) uem drilZbdl 
I 

for pamafroat rob ehrllcrv stratigrarJlia infarmiorr. (Bee $i. 5 lor ' 

*at lorn. ) I - - - - - - - - - -- - - - -- - - - - - 
I > G W F R N Y I H T  WIINTI.It. U I T Y  ,919 0 1 1  ". , a 

U7 

6 , potentiallt iae uf tha Bceervs and dJloant prbUc  h x b ,  In the 

7 c a u r r s o i n i n e ~ s u r a f M U n g ,  t h r r a o i l N a l d r a d G o g u f , s 3 d a I  I I a mra dinconred d &hoot rL1 of tb test  wells bad f a i n t  to good , 
* of oil or gas. %%e 00 discommi, hovevtr, ia of l i t t l e  pme- 1 
10- 

I 

eat cawerical kcarus tb. fleldm ars not axcsptiollriLly Larm I 



Stratigraphy of the  Ilarrm area.--Rocks i n  the Barrav area ran@ 

i n  ar:e from pm-Mesozoic tnrouy.h Pleistoce:te, but, l n rge ly  became of 

s t r u c t u r a l  complexity, no one test drilled a complete sequence. The 

o l d e s t  beds, of Paleozoic of older age, a r e  e r g i l l i t e ,  harder and mom 

eteeply dipping (except i n  s t r u c t u r a l l y  anomtilous Avak test we1l.l) 

thar! the l k s o z c i c  strata. They, and the other stretigraphic uni t s ,  

have been described i n  detai l  f o r  each ve l l  (Prof. Paper 305-K) ard 

their  s a l i e n t  f e a tu r e s  rw discussed 1r1 the s ec t i on  on s t r a t i g r aphy  

of this repor t .  

Only one hole, South Barrow test  w e l l  3, encountemxi W s  of 

T r i a s s i c  age, b u t  i n  that. hole nearly 200 feet of strata containing 

T r i a s s i c  pelecypods included such unusual rock typee as l lmonite  

o o l i t e s  and coquine. The Jurassic rock cons i e t s  moetly o f  c l a y  shale 

ard o l ive  gray s i l t y  sandstone containing a l a r g e  number of arnmonltes. 

Almost  800 f e e t  of it is present  i n  South Barrow t e e t  w e l l  3, a r d  an 

uncertain mount (its thickness was undeterminable because of e r r a t i c  

dips ard f a u l t i n g )  i n  Avak t e s t  well 1. J ~ 8 S s i c  W e  of s i l t y  s a d -  

stone have been Identified i n  the gas wells ( t e s t  w e l l s  2, 4, 5, and 

6 ) ,  b u t  none ue r e  d e f i n i t e l y  i den t l f  led i n  South D~I-IWII test v e l l  1. 

Pebble sha le  is the  o l d e s t  Sretaceou~ rock unit i n  the holes and 

is the  only one to maintain a near ly  cons tan t  thickness a d  charac te r  

(again possibly e x c l d i n g  Avak t e s t  v e l l  1, i n  uhich it i s  much dis- 

turbed hy fau l t ing) .  J.n.bovc it, the Ounelik Fonmtion, represented b y  

dark clay shale, is inore t i a n  t u i ce  as thick. (about  700 f e e t )  i n  South 

Berrw tcst v e l l  1 than i n  the southern t es t  w e l l s ;  this, and younger- 

Cretaceous strata ere l a ck ing  i n  A v a k  test v e l l  1, which d r i l l e d  i n t o  

pebble shele d i l e c t l y  beneath the Pleistocene Gubik Formation. 

In South Harrow t e e t  well 1, the Topgoruk Formation is 1,703 

f e e t  th ick ,  a d  c o n e i s t s  of clay shale with some s i l t s t o n e  anl a few 

t h i n  beds of sardstone. Here, and i n  Arcon Barrov core t e s t  1, It is 

capped by 250 and 300 feet, respctively, of the sandy G r a n d s t e n d  For- 

mation. To the south, the gas w e l l s  penetrated saoe 1,600 f e e t  of UE 

Topagoruk Formation, b u t  t h e  Gradstand Formation a d  the upper f e w  

feet of the Topagoruk Porntation have been remved by eros ion .  Still 

rattiler south, a t  South Barrav t e s t  w e l l  3, e ros ion  has cut even more 

deeply, a d  only  1,000 f e e t  of the  Topaeoruk Formation remains. 

!lh marine Gubik Formation blankets tbe whole area and is com- 

posed of stud, p - 1  and c l a y  consolidated only by i ce .  I t  contains 

abundant Foraminifera and o t h e r  f o e a i l s  of Ple i s tocene  age. I t a  

thickness veries ,  a l though it averages about 100 feet ,  because o f  

, 
. I r r e g u l a r i t i e s  in the con t ac t  with U e r l y i n g  Cretaceous beds ard i n  

i t s  own upper surface.  The t h r e e  sha l l cue s t  holes w e r e  n o t  d r i l l e d  

much below the base of this Porntation. 



Structure.--The area i s  the most complex s t ructura l ly  of any s o  

f a r  encountered i n  the subsurface in Naval Petroleum Reserve No. 4, 

ard because the surface is largely marshy o r  lake-covered, a l l  the 

available s t ra t igraphic  sod s t ructura l  information (except for bedrock 

e x s s e d  i n  a lov sea-cliff  near Skull .Cliff  core test 1) is from the 

geophysical uork and the t e s t  holes. Three types of g e o ~ ~ y e i c a l  sur- 

veys have been made i n  the area: a cnagnetometer survey d e  i n  1*5 

by the U.S. Navy and the U.S. Oeologlcel Survey; a gravity meter 6Ur- 

vey, made i n  1946 by the United Geophysical Co., Inc. ; ard seiemfc 

s t d L e s ,  made i n  1948 %rd 1949 by the same company. The magnetic in- 

tens i ty  shows very l i t t l e  change across tbe area, the s l i g h t  decrease 

i n  in tensi ty  from northeast to southwest averaging less per mile than 

that across any area of equal s ize  i n  the Reserve. The observed grav- 

i t y ,  honever, 6hOWS the Barrou area to have the greates t  observed 

gravity of any par t  of the Reserve, w i t h  the maximum near the  eouth- 

west corner of Elson lagoon, and an abrupt decrease to the north 

(fig. 14). An anomalous pattern just south of the point of maximum 

Figure 14. Observed gravity map of the Barrow area. 

gravity consists of a small c i rcular  area ( 3  miles i n  diameter) of 

unusually h igh  gravity eurrouaded on 3 eides by a b e l t  of low gravity 

-- a shape suggestive of a s a l t  dam?, but  Vith a cen t ra l  area of high 

gravity instead of the low-gravity center of the typicel  s a l t  dome. 

Several seismic l i n e s  across the Barrov area furnish addit ional 

de ta i l s  on the gravity anomaly, as well as a picture of the structural 

complexity beneath the P l a t  surface (Pig. 15). According t o  the pro- 

files (Woolson, 1962, p, 16), the gravity anomaly consists of a cen- 

t r a l  s t ructura l ly  high area c u t  by small concentric faults dovnthroun 

Figure 15. Seismic map of s t ructure  of the shallmi Cretaceous beds 

i n  the Benw area. 

toward the periphery, surrounded by a high r ing of complex faulting 

w i t h  concentric fault8 downthrown primarf l y  toward the center. A s d i a l  

faults, many v i a  the dmthram side ta the south, extend oubrard 

from the ring. South Barrow teet vel le  2, 4, 5, and 6, the gas-pro- 

' 4  ducing uel la ,  are just north of one of the radial faults; Avak t e e t  

w e l l  1 is north of the central high area of the anomaly, i n  an area 

of ccanplex faulting. Beds of Early Cretaceous age are disturbed by 

the fault ing,  a d  displacement of earlLer beds i s  a p r e n t l y  no great-  

e r  than on the Cretaceous formetions, i d i c a t i o g  Unt the movement 

took place I n  post-Early Cretaceous the. 

. * I . " '  



C r ~ t o v o l c n : ~ i c  c t r u c t . r r s  8s described oy J.. J. Eardley (1951, 

p. ~ j ? - P j d )  ere nearly circular ,  wi t t l  a "central u p l i f t  with intenee . 

structural acrange-nrnt, a d  a marginal, riw-shapcd depression w i t b  

i r r e ~ u l a r  and local  fault ing.  I n c l d i n g  the &&inal. ring, they range 

In diameter from two to  e igh t  miles @he Barrou structure 1s about 5 

miles acros3. Ttle i n l e t -  intensely deranged core may be on ly  part of 

a mile ncross i n  some, but In  others up to 2 miles. T k  faults m,ke 

both an approximate concentric 8nd rad ia l  pattern". mis description 

fits what is known about the anomaly a t  Barrow. Metamorphism or  other 

evidence of f gneous ac t iv i ty  Is  lacking a t  Barrow, a s  it i a  i n  most 

cryptic volcarioes, and the carase of the upheaval is uncertain. Robert 

S. Dletz (1960, p. 1,701) suggests, however, tha t  mmny cryptic volca- 

noes r e su l t  from a Iiigh-veloclty lmpact probably caused by a very ' 

large meteorite. I f  t h i s  were the cause of the Barrow complex, it 

might not be miss to speculate that such an I h s c t ,  by causing a 

tsunami-like vave, could result i n  the formntion of Simpson Canyon, 

a "foss i l"  canyon discussed i n  the paragraphs on the geology of Simp- 

son Pet\insuia. The gravity "high" is, perhaps, caused by buried re- 

mains of a meteorite. 

Seismic evidence shoving the Barrou area to be the highest region, 

structurally, of any part of the coastal plain  within the Reserve, Is 

corroborated by data fran the test wells, which penetrated pre-Mesozoic 

rock a t  comparatively shallav depths. The higi~st part of the regforha1 

etructure (except for a possible southwestern extension i n  the vicinity 

of Skuli ~lirf core' test 1) is a s t ruc tu ra l  ridge trending roup$11y 

east-northeast a d  crossing the area in the v ic in i ty  of South Barrow 

test w+=U 3, j u s t  south of the complex fault zone. The test well waa 

drilled on a l oca l  culmination of th ia  regional fold. South of the 

fold  seismic recods shob bed6 dipping gently inta tbe Cretaceoue basin 

which occupies m e t  of the Reserve; t o  the north, they d i p  more steeply 

tovard the Arctic Ocean (pl. 5, crose-section 1-1'). The pre-Mesozoic 

- surface, c u t  i n  this area on argillite of psaeible early Paleozoic age, 

dlpa In a similar fashion, .although more steeply than tlm overlying 

1 s  deposits. The highest point  of th ia  aurface, however, is s-vhat 

f a r the r  north than South B a r n  teat  bell 3. P l a t e  5 shaue the wedge 

of Jurassic ard Triasaic beds, thickening 8outhvBI.d frclln a knife-edge 

near the ga8 wells  to more than 1,000 feet a t  South Barrow t e a t  well 

"' 3, ard separating the Cretaceous W e  from the pre-Hesozoic a r g i l l i t e .  



Geologic history.--The his tory  of the Barrow area is canpllcated, 

b u t  data available a t  present suggest the folloving sequence of events: 

1. Pre-Mesozoic deposition and folding of the a r g i l l l t e ,  

and beveling of the folds  by erosion. A weathered surface devel- 

o p d ,  remnants of which are a t i l l  preserved i n  a c o n  from Sou* 

Barrow test well 1. 

2. Deps i t ion ,  i n  the v i c in i ty  of South Barrou t e s t v e l l  3, 

of linaestone, coquina, sadstone, and oo l i t i c  l i m n i t e  along an 

upper Triassic shoreline; the norther? part of the Barrow area 

w a s  probably above sea  level. 

3. Transgression of a Jurass ic  sea from south to north, 

depositing progreseively younger beda i n  its northvad advance 

from South Barrow test well 3 to South Barrov t e s t  well 1. 

4. Complete inundation of the Barrow area, accompanied by 

deposition of tbe pebble shale beds on a compratively l eve l  sur- 

face urderlain by tht weathered eurface of pre-Mesozoic roche to 

the north and the uppermost Jurassic beds to the south. 

5. Deposition o f  ttbe Omualik Formation, f o u e d  by upllft, 

particularly near the gas wells, ard beveling of the Oumalik For- 

mation. Regional evidence (see p. 154) suggests that tbese eedi- 

menta, i n  contrest  to the e a r l i e r  ones, came frm the south. 

6 .  Deposition of the lbpagomk an3 Grandstand Formations. 

7. The disturbance of the cryptsvolcanic('l) s t ructure  and 
V 

associated fault ing,  with an  increase i n  d ip  to the  north. This 

subsequently trapped. 

8. Erosion beveling the Topgoruk and C m c d e t a n d  Formations, 

and removing all evidence ( i f  there had k e n  eny) of later pre- 

Pleistocene deposition. 

9. !l'ransgressfon of a Pleiatoccne sea frm the north, and 

deposition of the Cubik Fornation. 

10. Retreat of the Pleistocene sea, and subjection of the 

area  to subaerial geologic proceseee, many of them related ta the 

presence of permafrost, which have continued to the present. 

faul t ing probably formed the structural t r ap  i n  which the gas was 



Gas and oil.--'he reservoir of gas tapped by South Barm test 

uel ls  2, 4, 5, and 6 probably is limited to a small area betveec the 

f a u l t  just eouth of the wel ls ,  the northern knife-edge of the Jurassic 

beds, and a water level which is probably a short dietame northfeet 

and d m  dip from South Brurov test well 2 (which produced a smell 

mount of water with the gas). The gas reserve, which i s  probably i n  

Zhe Jurassic beds (although some gan may be i n  fractures i n  the arg i l -  

l i e ) ,  uaa estimated by Everette Skarda of Arctic Contractors i n  May, 

1951, t o  be 7 2/3 bi l l ion  cubic feet;  the Arctic Contractors eetFmated 

5 to 7 bi l l ion cubic feet in May, 1953 (written canmunications, 1953); 

a la ter  estimate ia 10 b i l l ion  cubic feet (Hiller,  Payne, and C r y c ,  

, 1959, p. 102). If these Jurassic rocks are equivalent to any beds i n  

South Barrow t es t  well 3, they are represented there by sediments which 

are probably too fine-grained to produce a11 sppreciable quantity of 

gas, even i f  they were tapped i n  a structurally favorable position. 

En South Barmu test well 3, located oh a small anticline delineated 

by e seismic survey, the upper part of the Jurassic aequence had only 

a f a i n t  gas s h w .  

The four gas ue l l s  are only e few h e r e d  feet a p r t ,  and South 

Barrow t e s t  well 5, r r i l l e d  i n  1955 by the U.S.  A i r  Force, i8 betveen 

numbers 2 BIld 4. It is producing gas at present (l*); South Barrow 

test v e l l  2 vae deetroyed by f i r e ,  a d  South Bar rav  test v e l l  4 is 

shut in, e standby well f o r  the producer. O f  the three wells, number 

5 has been the most euccessful ao far ae a producer, partly because 

of experience i n  production practices gained fran the other two wells. 

I t  ie furnishing suff ic ient  gtm to heat .the U.S. Government ins ta l l a -  

t i one  a t  Barraw, having an e a t h a t e d  maximum stabilized production 

rate of 7,900,OX~ cubic f e e t  per day, with m wabr. The gas Is 97 

to 98 percent =thane, but a minor amount of cordensate, vith an 

A.P.I. gravity of 48.3*, a d  connistlng mostly of gasoline and naptha, 

uaa ELIBO produced. Production detaile a d  fluid analyses of the ges 

- w e U s a r e g i v e n i n R n f .  P e p e r 3 0 5 - K ( ~ o ~ i n s ,  g. 605-606, 624-625). 

South Berrm t ea t  well 6, located 1,925 f e e t  S 73' E from teat w e n  5, 

ie 2,363 f e e t  deep ard had en i n i t i a l  production of 9.6 million cubic 

f e e t  of gas from 2,-6 to 2,363 feet,  through a 2-inch pipe from the 

saole horizon ae the other w e l l s .  It was drilled largely to eupply gas 

to B~RWU Village a d  it w a s  completed i n  the summer of 1M by the 

U.S. Navy. 



Geology of the Fish Creek o i l  field 

Fish Creek test well 1, d r i l l e d  at the northeast  corner of the 

Reserve i n  1949, penetrated 130 fee t  of interbedded clay  shale a d  

sardy s i l t s t o n e  which contalns emre dark, heavy oil .  !be test, which 

is descriked more fully elseuhere ( ~ o b ~ m o n  ard Collins,  1959), was 

drilled near en oil seep on the marshy tutldra of the Arctic coaetal  

plain. The area ha6 no outcrops of consolidated rock, and the struc- 

ture of the urderlying beds has been studied by mean8 of seismograph, 

g r a v b t e r  and v e t o m e t e r  surveys. H a g n e t l c  i n t ens i ty  is rather 

uniform over the area, but  the gravity map shove an area of unusually 

high gravity i n  the v ic in i ty  of the seep ( ~ o o b o o  atxi others,  1962, 

pl. 2). Seismic work, however, shaved w evidence of  an ant ic l ine ,  

a d  irdicated that the region is uoderlain by sedimentary rocks 

Lipping gently (about 50 f e e t  per mile) eastward; strata  at a depth 

of 10,000 f e e t  d ip  sonmihat more steeply southward. The o lder  rocks 

are presumed to be basal Cretaceous or Jurassic,  and the upper ones 

are younger Cretaceous beds. 

After d r i l l i n g  through eedimeots of the Colvi l le  Croup, consist-  

ing predominantly of clay shele w i t h  some bentunite a d  tuff ,  the top 

of the ~opagoruk(?) Formation w a s  penetr&d at 2,890 f e e t ,  an3. the 

oil-bearitlg beds a t  2,!$Z'0 feet. A t  the total depth of 7,020 f e e t  the 

t e e t  had dr i l led a long eection of Lover Cretaceous shale,  so  the hole 

vas plugged back ard sidetracked through the producing zone. Pumping 

equipnent urn ins ta l led ,  and the w e l l  averaged 9 to l2 bar re l s  of o i l  

= w i t h  no water f o r  about 3 weeks, before the equlpnent uas removed anf 

the hole abadoned. The brownish-black o i l ,  analyzed by the U.S. 

Bureau of Mines, has an A.P. I. gravity of 13.9*, pour point  of 25' 

Fahrenheit, and contains 1-92 percent sulphur; road o i l ,  lubr ica t ing  

oil,  and d i e s e l  fuel could be obtained frm it. No e e t i m t e  of re- 

serves was made. 



Ihe extent of the deposit i s  unknmm, but the lack of s t ructura l  

complexity suggests &it it  could be large. The character is t ics  of 

the o i l  imply that  lts l ighter  constituents may have l e f t  the reser- 

Geology of the Cubik gas f i e l d  

Geography and developent  of the area. --In 1944, 1945, and 1*7 

U.S. Geological Survey f i e l d  par t ies  recognized a number of east-west 

voir, the o i l  nov feud there being the h a v i e r  reeldue. If a f a u l t  

cut the oil-bearing beds srad reached the surface of the ground a t  the 

seep, it might furnish a mans by vhich the more vola t i le  cmponents 

could escape from the reservoir ard create the eeep. If it were to 

p a r a l l e l  the s t r ike ,  it might u l s o  t r a p  the o i l  by preventing west- 

ward migration up thc east-dipping beds, forming a b m r i e r  against  

I which the getroleurn could accumulate. The unusually t h i n  (about 130 

feet) sandy e i l t s tone  section formlng the reservoir  indicates another 

poselble explanation f o r  the presence of the o i l :  If the reservoir  

beds have been truncated by an unconformlty, the resul t ing stratigraph- 

i c  t r ap  could be eealed by overlying impermeable strata. Either typ 

of t r ap  could be of considerable extent, ard vould presumably be 

elongate pa ra l l e l  to the s t r ike ,  roughly north a d  south. The weatern 

edge would p e r h a p  be a mlle or ao fraa the w e l l ,  i n  case of a faulted 

trap, a d  a t  an unknm distance, i f  it were e s t ra t igraphic  t r a p .  

I meeaste..rnbouradaryine~thercasevoulddepedonthelocationof 

the oil-water contact, which is probably d m  d i p  an unknown distance 

from the well. rile hole produced vater-frec o i l  during a 3-week pump- 

ing t e s t  (except f o r  a l i t t l e  s a l t  water recovered during the f i r a t  4 

hours), so Vie oil-water contact i s  probably not very close t o  the 

uell. IP it vere a stratigraphic trap, #e location of the eastern 

: boundary would be affected by the position of the uncohformity, as 
well. 

: treuiing ant ic l ines  and synclines southeast OP the Reserve. They 

mapped westward plunge on one of these etructures near the  Colvil le 

River and named it the "Gubih anticline".  The an t i c l ine  i e  situated 

at the northern edge of th Northern Foothilln section of the Arctic 

Foothil ls  physiographic province, approximately 16 lailee northeast of 

m a t ,  in an area of l o w  rolling bille with e r e l i e f  of about 5 0 0  feet .  

'ihe flood plain  of the Anektuvuk River crossee the Gubik structure i n  

a broad valley flanked by low bluffs,  but the Chandler River i s  a llt- 

tle nrurouer, with e l l g h t l y  steeper h i l l s  to the side. 

Ia 1950, the seismic program carried out  by the U n I M  Geophysical 

I -  Co., a l so  defined north-south reversal  a d  awemterly d i p  on the s t ruc-  

ture west of the Chandler River. Closure a t  the e a s t  e d  of the antl- 

cline wae mapped during the eame s-r by W. A. F i e c k r  and A. !I. 

Xover who were assigned the etuiy  of this structure as a specia l  proj-  

ect by the U.S. Oeological Survey. This vork, plut, s t ra t igraphic  con- 

afderationa which indicated that the near-surface muting sands i n  

the h i a t  f i e l d  would be approximately 2,80 f e e t  l w e r  i f  present a t  

Gubik (and well  below the  permafrost level) ,  prompted fu r the r  geophyei- 

cal  e~rploretion i n  the Cubik area i n  eer ly  1951. A total of 75 pro- 

f i l e s  were shot between January 29th a d  March 5th of that year. A 

closed structure vas defined erd the selsmic information provided the 

basis  f o r  making the location of Cubik test well 1. 



Oubik t e a t  w e l l  1, drilled in tha 8-r of 1951, ie located on 

t h e v e s t s i d t o f ~ ~ h a n d l t r 1 l i v e r a b o u t 1 1 / 2 m i l e s a b o ~ 1 t .  junc- 

tion w i t h  tbe C o l v i l l e  River. Gas i n  cmmerical quantitiee WM din- 

covered i n  the Tuluvalr Tongue of th Prince Clack Foraation end also 

i n  the JhaDdler snd Ninuluk F o ~ t l o n r r  d i f f e n n t i a t e d .  After 

some teeta the well w a s  shut In. 

A mcond w e l l ,  Qubik tcrt well 2, war dri l led i n  tht fall of 

1951. The prbwy  objective of Oubilr tent w e l l  2, vhicb i r  located 

just a l l t rLe more than a m l l e  routhcaat ab Oubilr test w e l l  1, uP. 
, . 

find o i l  in the s a a l a ~ s  which ware gas-bearing or vhich awarcd to 

have favorable raaervoir characferistice in tbe f irOt hole. Seco- 

pvpoaes vere to dttezm.i=e tbe extent oi the gar -posit in each g ~ -  

The second t e s t  w e l l  prduced gas from the younger sandsto~ws 

but  no o i l  was found. The older sandstone6 vere water-bearing. While 

the well was being tested i t  caught f ire ,  and the r i g  was burned dovn. 

After about 4 days the hole bridged itself and was allowed to freeze. 

T h e  remafder of the equiprent was moved a w a y  and no further d r i l l i n g  

vae done i n  the Gubik area by the government. 

Stratigraphy of the Gubik gas field.--The sect ion is similar i u  - 
the two Gubil: w e l l 6  as they w e r e  dr i l led relatfvely close together. 

They are described i n  de ta i l  elsewhere (~obinaon, 1958e), and the fol- 

lowing is a surrnanry with emphasis on correlative beds. 

Topagoruk Formation. --The oldest f ormatfon penetrated by these 

I teats is the Topagoruk Fofinetion. Gubik test well 1 penetrated 2,265 

feet of it but Gubik teat wel l  2, a ahallover hole, drilled through 

only 595 f e e t  of the formtion. In the detailed report referred to 

above approximately 600 f e e t  of  the upper part of the Topagoruk For- 

mation as deacrikd here was designated the Grandatad Fanoation. 

l h e  authors nou prefer to include it all in ttre lbpagoruk FormatLon, 

because there is not enough eandstone i n  this upper 600 feet to war- 

' rant calling it the Grandstand Formation. It is, however, thought to 

be the time equivalent of the Grandstard Formation es it occur6 i n  

the Uniat area. Tbe clas0ics of the Gradstand Formation become grad- 

ually finer Ward the northeast f m  Mat until  only cley shale, 

s i l t s tone,  and a few very thin beds of scudstone are found In this 

part of #e section i n  the Gubik area, 



! 
, ;medium dark gray, medium hard, (but  w e t l y  noncalcareoua) clay , 

I 

, jut is also s l igh t ly  bentonitic. The upper 600 f e e t  contalna a fev 
i 

4 -6 of medium l i gh t  gray elltetone nnd a very few thin l a p r e  of wry 
I I 

5 !fine grained l igh t  gray madetone. The Verneuillnoldes loreus micro- 

I <' 

I 
6 fauna ie fad throughout these mine beds i n  varying mute. 1 

I correlation &*en the two ve* is go* both ~ ~ ~ g i c ~ y  

)4 11. e lec t r ic  10.. The upper ~ e c t i o n  i n  hb ik ' t e0 t  2 is  a**-, 

9 Fmetely 2CO fee t  shorter than the eimilar section i n  Qubik test ueU  1.' 
I 

10- s.Ma.ton a t  3,957 fee t  in  Duhik test w e l l  1 is 210 f e e t  larrr in 1 
1 /(iubik teet ;ell 2, pt the eIlt.tane at biz13 feet in t e s t  w e l l  1 ppD- 

12 ebly correlates vith the silty sandrrhne t h a t  is only 98 fee t  luwer In i 
Gubik test uel; 2; the discrepancy 1s probably due to a fault (which is1 

I 
14 piecuetied further in  the aection on etluckue).  I 

) 5  - 1 
16 and Hfnuluk Formations undifferent leM is 430 fee t  thick and i e  cola- 

1 '  sed almost ent i re ly  of a d s t o a t  e d  siltatone. Ihe lower pt~ducLng C 
1s sendstone is nearly 200 feet thick and is sepluated h.cn over- and I 

underlying s i l ta tones anb sadstone by a feu thin b e h  of clay ahale. I I 

I I Fossil8 are found i n  the Bection only withln the upper 130 f e e t  

i conslet Of a feu specice of Foraminifera, some of which are typical 

a portion of the eection may be cona ldered part of tbe mrrri ne H 1 nu l -  ! 
1 

The barren, very sandy beds below contain some carbone- ' 

6 Iceous material a d  ironatow. As *re is no evidence a t  the r r d y  

I uedn an masine they have-been tentatively aaaigced to the Chandler I 
and the whole 430 f e e t  has been canbfncd into one U i f f e n -  

unit. A precise contact between the lxo formations is impoeai- / 

10- Ple .LL locate vlth #e evldence avallablc. In thl8 unlt ,  Uthologic, 
I 

11 p o n t o l o g i c ,  ud e lec t r ic  log correlltlona between tip two Gubik 

e l l s  i n  excellent. 

Seabta Formetion. --Overlying the Chandler d ninuluk F o ~ t i o n s  

i e  about 1,550 feet of the Seabee Formetion. It l o  

17 & much of the Colr i l l c  Group, i 0  f a i r l y  earon i n  the Sabee bed0 lo  ( 
I 

1s lthc Bubik area. Bentoni+e snd a few t h i n  -atone beds charac- I 



Ae i n  the Lover Cretaceous beds, the l i thologic,  paleontologic 

awl e l e c t r i c  log correlation ktueen the tuo Gubik teJit w e l l s  i s  ex- 

cellent. The bentonitic, fossil iferoue,  medium dark gray c h y  shale 

a t  -2,654 feet i n  Gubik test w e l l  1 a d  about -2,887 feet i n  Gubik 

test w e n  2 i s  an especially good marker. Similar beds are found i n  

the Seabee Formation at M a t ,  Simpson Seeps, arrl elsewhere. Micm- 

fossils found within 300 feet of the top of the formation i n  Gubik 

t e e t w e U  2 a r e l i k e  thoae fourri i n  the AyigakMemberof the Seabee 
' 

Formation atr it is deecribed from surface exposures (~etterman, 1956b,, : 

p. 254), but this member i e  not c lee r lyd i f fe ren t i a t ed  i n  tbe Gubik I 

area. 

W e  of coal as melt 6s one foot  Wick were cored. The beds of 

coal  ahovn On the graphic Log of Gubik test well  1 (~obinaon,  195d- 

pl.  15) are probably not 88 thick ae they were plotted; cutting sem- 

ples w e r e  probably contaminated by the  f i r a t  coal penetrated. Indi- 

v ldual 'coalbeds  probably correlate poorly over any great distance but 

b the coal-and-bentonite zones mLght be better. Beds of bentonite  are 
I 

I 
I round i n  at l e a a t  three horizon8 (at 1,430 feet, 1,760 fee t ,  and 1,880 

0 f e e t  i n  Gubik test well 2) which arp traceable between the two wells. 

Other beds present lnay be equally contintmu8 but  the evidence is not 

'0-1 char. Thin conghneratca are r o d  in  arerd  puce. i n  the s a d -  

11 , atone. Samples frcrm the two wells euggest that they vary consfderabiy 

I I  Prince Creek Formation, Riluvah Tongue. --mi6 tongue overlien 1 12 p b  to pace i n  thicknes~ sad grain m i = .  E lec t r i c  log corre- 
I 

! 

! ' the Seabee Formetion f n tbe Gubik area. It is about 810 f ee t  thick i 
' j  l a t i o n  is particularly good In t h i s  fomation between the two wells, 

' a d  coneiste mainly of  ssndetoae w i t h  some conglomerate, clay shale, I 
' coal and bentonite. The sandstone varies f- very flne coarm- i 

I '  grained, and I n  general i e  coarser than wst of the sandetones i n  the 
i 
1 

' ' Cretaceous strata of the subeurfaw elsewbere i n  the Reserve. Gooe of 

the eads tone  beds are quite calcareoue. Gae i 8  produced fnm e m -  
I 

etone beds i n  the lover half' of this formatLon. 
! 

l4  / as shown on plate 6. 

:b ' Schmier Bluff Formation, Rogers Creek aad B a r n  Trail Members. 

Ih --Ahout 1,100 feet of the Schreder Bluff ~ormat lon  ie present i n  Gublk' 

test well 2 am3 eome MO feet lens i n  test v e U  1, hcauet the latter 

I '  I Is hi-r on the  ant ic l ine .  The formation i n  m i n e  ttIld i n  the Gublk 

* area conaists of two members: 
i 



The Rogers Creek Member 16 almost eh t i r e ly  medium l i g h t  p y ,  

medium hard clay shale which is almost 600 f e e t  thick. It coata im 

l x o  very dis t inc t ive  beds of tuff---the Pire t ,  a t  590 f e e t  i n  Cubik 
1 

1 , t e s t  v e l l  2, is a l i g h t  greenish m y  4 is speckled with carbons- 

, ceoue par t ic les .  Tfre second, e zone of tuifaceous shale v i t h  ltrr top 
, b 

8 a t  870 f e e t  i n  the same Gubik ve l l ,  has layers of white to very l ight , 

gray tuff which is hcrrd eud contains b io t i t e  platee. Another layer 

@ . of white tuff a t  1,045 f e e t  in t h l m  well waa  not  noted i n  Gublk test i 

.d well  1. ( ~ t  may have been mlesed i n  the cut t ing  samples i n  the latter1 

1 :  hole.) Bentonite is a l s o  found in  the Rogers Creek Member. I 
I Tbe Barrov T r e i l  Hember contalne three beds of madatone which 1 , 
17 probably account f o r  i t a  more  rea ie tant  nature and d i s t inc t ive  out- 

1 ,  crop. The eardatbnes typical ly  hare a very bentonlt ic rrmtrix, d i s t in -  

1 4  , guiehing them fmm other  sads tone  bed8 i n  the Upper Cretaceous of the I 
I ,  eubsurface, and they a l s o  contain meny volcanic eharda. I 

I 

' !  The Sentinel  H i l l  Member of the S c h r d e r  Bluff Formation ani the 1 
i ! 

Kogosukruk Tongue of the Prlnce Creek Foranation, the uppelmost part8 
' 

~c , of their respective formations as f o d  oo tb? surface, sre not in. the! 

'Gub ikve l l e ,  b u t a r e  p robab lypreeen to* the  flanks of theCubik  

1 etructure. ! 
I 

I , Quaternary deposits.--Approximate1y 70 f e e t  of Recent river 

- , alluvium is a t  tbe t q  of the uelle.  Sard a d  a small amount of 1 
, J  b a v e l  are the major consti tuents.  

I Structure.--The Gubik an t i c l ine  extenla from a point  about 6 I 
? I milee v e s t  of the Colvil le River eastvrud t o  the Anaktuvuk River, 

i I 
3 1 approxinately across tbe mouth of the Cbaodler River. It is about 6 

I 
4 ! miles north of, snd roughly p r a l l e l  to, the larger  W e t  ant ic l ine ,  

I 

1 Cecrphyaical work auggesta that the structure ie r e l a t ive ly  sym- . 

1 I 
5 -  1s separated from it by the Kutchik eyncline ( ~ a y n e  a d  othere, , 

I a 1 r t r i c d  a d  . h e ,  about 1 mile. long a d  3.2 miles vlde at its 
I 

i I 
* widest, as measured on a 4,600-foot close& contour. Closure, as 

I 

6 

'o- I rrhcnm on f igure  16 which depicts the s t ructure  as contoured by United 

# 

1951, sheet  1). I I 
I 

I 

12 1 Figure 16. Cubik ant ic l ine ,  

4 [ Fophye ica l  Co. Inc. on a seismic horizon i n  the upper p a r t  of the 

I 
15 1 lbpgoxuk Formntion, i c i  i n  excees of 5C3 f e e t  a d  e n c v a e s  an a rea  

! 
d 6  1 of approximately 30 oquare milea. l'he seismic ref lec t ions  were good 

, on the aides of the s t ructure  but  poor on the c res t .  As most of the 

la i meetion bo~or 4 . m  f e e t  i a  shale, m n ~ t i s f r t o l y  ~ f l e e t l o r v  r c r r  

l9 ( obtained h l c m  this depth. Figure 16 ehoua the location of the aeie- , 

M -  

I 

mic shot  pointa and l i ne8  ee we l l  rul the depth of the contouFed hor l -  

'1  eon. I 
4 



!, 
D i p o n t h e n o l - t h s i d e o f ~ a n t i c l i n e Z m m t h e c r e s t t o t h e  I n  Gubik test well 2, which is on the south flank of the anti- 

-4,600 foot contour is about 300 feet  per mile; below -4,600 f ee t  it 

etrepne to 800 f ee t  per mile. On the south f l m k  the beds dip about 
I 

500 feet per mile. The latter figum iq equivalent to a six-degree I 

- dip, ard ia in  accordance uith those recorded i n  the corns of Gubik 
L) ! - t ea t  w e l l  2 at the depth of the a e i d c  contour horizon. 

I 
Tbe east eod of the Oubik anticline plunges a t  the rate of 140 

s f e e t p e r m ~ l e a n b t h e v e s t e d , w h i c h f e n o t s n s ~ e p , p l u n g a a 8 ~ f a e t  i 
10 the e t r u c t u n ,  might add sane 300 feet more closure in eddltion to tbe 

1 

! 
possible 500 feet  shown on the map. I 

12 ~ u b i ~  t es t  w e l l  1, w ~ c h  in located mar thc c n a t  o i  tbc anti- I 
I 

cUne (see pl. 6) has dips ranging from about 1. to 6' d m  to sppmw-/ 

imatelyl,800feet.  Belowthis, thebedsd ipI 'orere f l a t - l y ing  
I 
I 

1.. through the Seebee, Chardler, eal R i n u l u k  For&tione, a d  tbe upper 1 
a part of the Topagoruk Formation, to about 4 , ~  feet. In the lower 

I 

1,500 feet  of the PopagoIuk Formation the dips are steeper, rsnging 

a *  from 10' to 16'. This steepening of dipe m y  reflect the "zone of 4 

1 ' discoldant dips" described on page 54. 

I cline, average dipe are s l i@tly  eteeper than i n  the first w e U .  They 

renge roughly frcan 4' to 9. d m  through the Seabee Formation, but i n  
I 

4 ' the Chardler ard ilnuluk Formetiom are slightly lower, being mostly 

5 between l 'ardGj*.  D i p  i n  the upper part of the TopgorukPormtion , 

r ' a r e  as  high aa 7. and the l w e s t  150 feet of the formation contains 
I 

r j dipe of about u'. The steeper k d s  i n  tba lower part of the Tor-o- 

a 1 ruk Formation are i n  the upper pert of the same zone of discordant 

dips mentioned above. 

10 As mentioned in the diecuasion of the Topagoruk Formati on, nearly 
I 

I t  : 170 feet of section is missing at about 4,280 feet LnGubik test v e l l  
I 

12 1 2. Ho unconfodty hru ever been demribed at this horizon In  tbe 

eection so it is  aeeumed $hat the beda are cut out by a normal feult. 

14 1 Blickeneidee are fourd i n  cores both abore ard balm the postulated 

1 '  ' p a i t i o n  of the feult, lerding eupport ta t h i e  tbeory. lhe direction 

4 "  of strike or amount of dip of such a fault iu unlmcnm. The faul t  is 

I notshounonthemep,figure16, aseeismfchtaneitberconPimnor 

.C  denyitapfeeence. 

ill 

i l l  - 





As mentioned previously gas i n  the ditch i n  Gubik test well  1 w a e  

- notedwhenthe testpenetratedsandstoneG. T h e d r i l l s t e m t e a t f r o m  

. 1,431-1,502 fee t  in Gubik t e s t  well 2 recovered 500 fee t  of gw cut 

water. The water w a s  of  the eeme s a l i n t t y  as tbe drFlling fluid. 

Whr says (op. cit .) ,  '%be e lec t r ic  log suggests saturation by water 
cl 

n of low salinity. Although the recovered fluid obviously came ircrm the 

I ; sand, thew is doubt as to whether It is lilted MLling fluid o r  I 
4 

e formation water." 

9 ~arka tooe  Fl was not cored i n  Gubik t e a t  well 1 so the interval 
I I 

10 1 was not thoroughly tested for shove or f o r  poroai& a d  perneablUQ. 

1 1  The e l e c t r i c l o g  suggests t ha t t heuppe r  10 f e e t o f t b e  sectionmight 

1 :  contain gae. The porosity and pe-sbilitr are p w l ~  fairl;y u g h  j 
I 

;> as some c o n g l e r a t e  i e  prealnt. The portion of tbis sendstone tee* I 
14 I by the d r i l l  atem t e n t  1,504-1,554 fee t  in Gubik t e e t  w e l l  2 w s s  dry 

' 
i 

I 
15 ard no odors or cute were noted fa tbr coma. 

I 

16 Sandstone I i e  probably very s i l t y  and Iqirmenblt. 

i 
I ! A f a i r  amount of gai~ was produced on a drill etem test ai sand- 

I 

.,s stone J in Gubik teat well 1 but only & - l u n g  f lu id  w a s  n c o v e d  tn 1 
I 

: . I a teat i n  Gubik test well 2. Mohr nays. bf this test f r o m  1,674-1,737 ] 

f e e t  (op ci t . ) ,  'h core analyses show permeabilltiee aufticient f o r  : 
/ f lu id  production, d the coree evolved gas aod yielded cute of o i l  

( w i t h  solvent. but no f ree  oil .  Tba e lec t r lc  log ~ i c n t e s  question- i 
I 
1 able saturation by gas or by water of very 1ov salinity. It 8gpearE I that the scud was n d d e d  off, ud tha t  I f  tbc tea;* been l e f t  

I 

I 

1 open longef, a sample of . the - Pormetfon f lu id  should have been obtained." 

1 
l7 . Gubik test well 1, but unfortunately the sandatone produced s a l t  weter I 

1 Cuttings show sandstone K is coarse grained in  Gubik t e s t  ve l l  1 

2 but no cores were taken ard no b e t s  were made. Sandetone K i e  the 
I 

3 'best gas producing horizon i n  Clubik t e s t w e l l  2 and has a permeability 

' a t  one place, of 3,780 millidarcye. A t e s t  produced an estimated rate 

- I of 8 million cubic f e e t  of g u  p r  b y  on a 1-inch orifice.  +he shut- 

6 

7 

a 

9 

" I ~&quatn t e a t  f o r  ptmhu. NO otber s w a t o n e  i n  thc babes  PO-- 1 

in bottom hole pmseure was 1,050 pounds per square inch. Mohr s a p  

(op. c i t . )  of 8 dri l l  eterP t e e t  from l,@k4-1,&35 f e e t  which recovemd 

I oil cut  mud i n  addition to g a ~  near the bottxnn of thie sandstone, ' b e  

cores shaved fair oil staining and bled a little free o i l  from 1,856 

plw a ..aL1 -ttw ~i gw o i l  cut i n  Gubi* t e ~ t  2. i I l9 
, The water level i n  sandstune L i s  probably close to 1,928 feet 

" I t ton nv tea- except P. A very pils c u t  w a s  I- in  Dubik test I 

I " ( w e l l  l but water nu produced f r a n  Gubik test w e l l  2. !he p-abU- ( 

"- 
I I  

10- to 1,873 feet, but the o i l  seemed to be limited to the slightly perme- 
I 

1 
31 able port ionof  tlae sand." The testfrara1,876-l,885feetproducede 

( -1,765 feet). 

sake tone  M i n  the upper pert of the Seebee ~ormetiod hed no ! 
I 

12 

13 

l4 

I I- 

I #Pall quantity of water. The vater level  i n  thia  eardsbne may be , 

cloee to 1,876 f e e t  (-l,7U feet). This is believed to be the e a d  

vhich blew out i n  Oubik t e a t  well 2 (Robineon, 1958a, p. 255). 
I 

Sandstone L is one of the two hest producing horizons (the other 
1 

I 
r 

1" k i n g  in the Chsndler and llinuluk Ponaatione undifferentiated) in 1 
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. . A r c t i c  Contractors estimate the reserves of the Gubik field as 

follows (uritten communication, 1953): A revised estimate of the re- 

serves in the Gublk field places t h e m  a t  222,000 million cubic feet i n  

4 t h e  eands upon u u c h  succe~s fu l  t e s t a  w e n  msde d B p s e i b l e  295,000' 
I 
1 

s : m i l l i o n  cubic f e e t  if saruis are included which appertr on the e lec tr ic  : 
0 

b log to have similar charecteriatica. 
1 

7 

8 
I 

I D  

Geology of the Simpson Peninsula nnd the Slmpaon Seeps O i l  Fiela 

2 ,  Geography ard develo-peat of the m a .  --Four large o i l  eeeps are 

. located on the " ~ i m ~ s o n  ~enlnsula", about 50 miles southeast of Barrov 

4 (see fig. 1 and pl .  7). I t  i s  a flat, marshy strip of land bordering 

1 the Arctic Ocean between Dnue lrilet on the r e s t  and S m i t h  Bay on the 
1 1 eeat. Cape Simpson, on the ea8t side of the peainaule, w e e  named by 

I 1 
s 1 l o n g - t h  governor of the Hudeon'e Bay Compeny. Seep 1 i s  3 &lea 

I 1 

9 1 northwest, Seep 2 is ixo miles west, and Seep 3 ie about 5 miles south: 
I 
i 

l u - ,  we8t of Cape S w n ,  and they are t h e ~ f o m  freqwntly celled the 



1 
I i These t h r ee  o i l  seeps a r e  located on prominent mounds which r i s e  

I 
2 . 15  t o  30 f e e t  above the coas t a l  pla in;  a s  shown i n  f i gu re  17. Tile 

1 
I 

I 

r I Figure 17. Reconnaissance topographic map of the Simpson Seeps area I 
I 

based on shot po in t  and core hole ejcvat ions.  Thfs map u 

* i shows t he  mounds on which the seeps a r e  located.  
I 

I 
a I roughly oval  mounds a r e  near ly  a l igned  i n  a north-south d i rec t ion .  

I The seeps were probably h o v n  to the Eskimos and may have k e n  
! 

2 mined for  f u e l  before the coming of white  men. It is possible  that 

1 , vhalera who had visited the area s ince  tile 1850'5 a l e o  knew of their 

4 I existence,  but Charles D.  Brcwer, long-time t r ede r  at Barrow, vial ted 

5 the seeps i n  1886 cud claime to have been t he  f i r s t  white man to have 1 
f 

I 
seen them (Brmer ,  1950, p. 84). The f i r s t  mention of the neepa i n  

I 
p r i n t  w a s  mede i n  1909 by A. H. Brooks of the U.S. Geological Survey 

1 (1909, p. 61).  His in ionna t ion  came from E. deK. Lefffngvell ,  who M' 

9 

30- 

I 
13  1 Figure 18. General view of Simpson Seep I, t h e  no r the rmos t  of  

Seep 1 ( a f t e r  a descr ip t ion  by Ebbley, 1944, p. 419) 1s 500 yards 

south of t he  ArdicOcean and has a southeas te r ly  asphaltic surface 

I s p n t  from 1906 to 1914 on the Arc t i c  coast while engaged i n  s c i e n t i f -  

12 1 i n  a slrmmahy =port on petroleum i n  Alaska. 

l 3  I O m  who a i d  8 g r e a t  deal to call tbe eeeps to public  a t t e n t b n  
i 

1 4  , 15 

* j f e e t  i n  ELI, east-vest d i r ec t i on .  Beep 2 flows south ou t  o f  a m d  1 
I 

1 1  ( flow (see fig.  18) of about 200 by &K, f e e t ,  although hardened p i t c h  

10- 

I1 

under l ies  t he  tundra f o r  1,200 f e e t  i n  a north-south, and f o r  800 

I s  ] i n t o  a Aall lake, following a c l~snne l  about 150 feet wide and 600 I 

ic imree t iga t ions ,  but apparently did not v l s l t  the seepe i n  pereon. 

Mention was also made of the seeps by George C. hiart in (1921, p. 68) 

t h r ee  large o i l  seeps found i n  t h e  Cape Simpson area. 

slimmer, 1948. 
'6 1 &rOup O f  bankers i n  Cal i forn ia .  I n  the elmmer of 1921 Hax Stef neke 

! 
l r  and Barry A. Campbell of the *Mama Expedition", gulded by Smi&, 1 

i 

70 - I f e e t  long (~aru la ,  1'353, p l .  1). At Seep 3 -11 p i t c h  p w l s  are ! 1 present  nearby and petrolelm residue under l ies  t h e  tundra f o r  a 1 

l 4  

15.- 

/ dislanee o f  i'00 f e e t  north-south end about 1,Om f e e t  eas t -ves t ,  I 

vu Alexander Malcolm "Sadya' Smith who f i r a t  eau the area i n  t he  win-, 

ter of 1 9 ~ - 1 9 1 4  and vho pmmoted i n t e r e s t  In them on the part of a 
I 

'' 1 d t l a u g h  tile exposed Plow i s  smaller than t he  f i rs t  B o  seeps, being 

300 by 100 f e e t .  Other small seeps may be presen t  i n  the a r ea  bu t  
onlv 2A. loca ted  t h r ee  mi les  southwest of Cape Simpson, i s  custamari 

1 staked 62 chima on the north anb east side of the peninsula neer  the 

to  I aeepe, Juat a fev  day8 ahead of a r i v a l  expedit ion represen t ing  a 
I 
I mejor o i l  company (Smith, oral m m u n i c a t i o n ,  1955) They were no t  
I 
/ able to hold these  claims a s  a l a r g e  armunt o f  1m-d i n  northern AlaskaJ 

j Z  

I 

i n c l u l i n g  the Simpson Peninsula, was s e t  a s i d e  by Pres ident  ~ardik i n  

1923 as Naval Petroleum Reserve No. 4. 
I 



A t  the request of the U.S. Navy, the U.S. Geological Survey sent 

several parties north to strdy the geology. Of these, Sidney Prtige 

1 was the f i r s t  government geologist to  v i s i t  and describe the Simpson 

Seeps (~aige, Foran, and Gilluly, 1925, p. 23). A 8- of the re- 

. eul ts 'of  the Survey's explorations in  the Reserve through 19% and a 

'detalYled discussion of the bovn petroleumoccurrences canbe found Inl  
I I 

"Geology a d  Mineral Resources of Northwestern Alaskat' by Phi l ip  S. , 

h Smi th  a d  J. B. Mertie, Jr., (1930, p. 274-286). 

Nothing further vae done about the Simpson Seep6 un t i l  World War , 
I 

lo I I w h e n i n ~ r e s t v a s r e v i v e d i n H e r e l P e t r o l e u m R e s e r v e N ~ .  4. In  I 

1943 Homn Ebbley, Jr., of the U.S. Bureau of Mines and Henry R. I 
I 

I- Joesting of the Alaska Terr i tor ia l  B m a u  of Mines made u f i e l d  t r i p  1 

t o  northern Alaska to investigate all the reported o i l  seeps. The 

I Simpson S e e p  as w e l l  as f ive  other eee& were located and described 

15 ' (Ebbley, 1944, p. 415-419). 1 

I n  19Ur, when the Navy ini t ia ted its progra0 fo r  the exploration [ 

of the Reserve, Simpeon area was one of the f i r s t  one8 to be comlder- 

i ed. A camp uas to be s e t  up a t  Cape Shpson and ehallar core dr i l l ing  
I 

' carried on i n  order to obtain stratigraphic i n f o ~ t i o n  preparatory to, 

i d r i l l i ng  a deep teet well. Equip~ent  w a s  shipped, but  upon arriving 

[ a t  Cape Simpson i n  August, the beach, the weather; a d  the ice  cordi- i 
, tions were conslctered unfavorable for  landing and the parties returndl 

I t o  Barrow where a permanent cmp was set up. Drilling on the Simpson ' 

/ Peninsula was petponed u n t i l  the following summer. 
I 

I 

Dril l ing equipmnt and auppliee w e r e  moved to the area early i n  

1945. An important discovery of the f i r s t  t r i p  was the desirabi l i ty  

: of traveling t o  a place l ike  Cape Simpeon on sea ice rather than over 

4 , lard. The f i r s t  tractor train left f o r  Simpson on January 22, 195, .- / .nl tho fourth ~ u c c c s s f ~ l  trlphad h bcen cap le ted  by the middle of 
I 

! April. 
' .  

I I A gravity meter ard'a seismgrnph pcrrly went into operation a t  

e I Cape SLmpson i n  the f i r s t  part of June, 1945, and continued uorklng 
I 

0 through most of the eumer. A total of 317 seismic profiles were ob- 
i 

lo- 1 tained fo r  subsurface coverage of 26 miles on the vestem one third of 

i 
I I  I the peninsula. O i l  f r o m  a depth of 75 feet w a s  collected i n  the slush 

12 I p i t  fram one ehot hole, end gee shavings c8used the abandonment of 

13 ' another. 

14  / %el= shallow core hole. (fmn ~ . 6  t o  580 f e e t  deep) uem d r i l l -  

15 - ; ed by a Navy Construction Battalion on & west aide of the peninrrula ' 

I 16 ; between June 25 and Auguet  29, 1945, and shows of o i l  were found i n  ; 

17 four of i h m .  Preezlng i n  the holes, caused by the permaProst, wae 

t e  I the only source of eerloue dWlculty in M l l i n g  these holes. 
I 



Seisafc work was continued in  the Simpson area i n  1946 ta cover 

a ~ravLmetric high discovered the pmvious year. The results of the 

i geophysical work a d  the shallow core. test8 determined a site for  a 

4 d e e p t e s t v e l l o n t h e w e e t e i d e o f  thepeninsula .  Thehole, simption 

t e s t  well 1, was drilled from June 1947 to June 1948 d reached a 

tota$"depth of 7,002 feet,  i n  pre-Mesozoic rocke (~obinson, 3959b). 

? Thi8 uas the f i r s t  major test well in  the Reserve i n  which dr i l l lng  

was continued throughout the uinter .  It was cmpleted as  a dry bole 

a although a feu shod6 of o i l  w e r e  obtained i n  shallow rock8 of Greta- 

! l l  ceoue age. 

I n  1914 the U.S.  ~ e o ~ o ~ i c d  Survey sent a geologist to examine 

' the eurfece exposures near the Beeps, but no bedrock wae  found i n  
I 

place ( pattan, 1948). By 1$9 a new program, i nc ld ing  the d r i l l i ng  

of many ehallou t e s t  b l e e ,  w a a  initiated. 

I n  the course of the next three years 32 core testa ranging i n  

7 depth from 290 to 2,505 f e e t  were drilled i n  t k  Cape Simpson area, 

i a d  were numbered consecutively with the early core testa to the weat. 

4 . m e  re fkc t ion  seismtc work done i n  1946 iniicated an elongate eyn- 

5 -  cl ine centered d e r  Lake Minga, locateb five m i l e e  west of Cape 'simp- 

6 aon. This anomaly wae b e l i e d  to be c w e d  by a decrease  i n  velocity 

7 ' of thawed aurface sediments rather than a atruc4m-d feature. Hinga 

a v e h c i t y  test 1 waa drilled during the Bprlng of 1950 on the lake ice  

i n  order to t e a t  t h i e  theory. No pemdroet w a s  f o d ,  so the theory 
I 

lo I was correct and no eyncllne exieted under tske Hinga. A s e i a d c  Mgh . 
1 1  onqdeeper horizon (seeRobfnson, 195gb, p. 525) centeredabout 10 

12 miles norttnrsst of Cape Simpeon uaa tested i n  the late spring of 1950 
I 

33 ! by North Simpson t e a t  well 1, a dry hole which waa drilled to a depth , 

/ of 3,774 f e e t  i n  Cmtaceoue rocks. Srodstone r e r r r o i r  beds cmetc0 

15 . i n  the hole were nbeent under an unconformity (described i n  more de- , 
i 

1 7  Fa ir ly  goad tlhovs of o i l  o r  gas i n  bed8 of Cretaceoue age wen 
' 

I s  found i n  5 c o n  t e s t s  i n  tbe vicinity of Seep 2 atld in  6 core testa 
I 

- oearSeep3.  Core t e s t 2 6 ,  nearSeep3,  w a a t b e d i a c o v e r y ~ 1 l o f  

0 j tbe Simpon % e p  o i l  l i e u ;  c n e  t e a t  31 at seep 21. v- a-0 a pm- : 
! ducing well. FoUavtng the drilling of core teat 31 in March 1951 

1 the f l w i n g  wells were shut i n  and drilling on the Simpson Penitmula 

I' I ceased. 

I ,  I , . .  . , .  , 



I Stratigraphy of the Simpson Peninsula.--Simpson test well 1 i s  

, the only hole on the SLmpson Peninsula that vent deep enough to reach 

pre-Cretaceous rocks; they hove been described elsewhere i n  t N s  re- 

: ' port (p. 16ff). The Cretaceous formations am described br ie f ly  below, 

.. , a d  de ta i l e  ere available i n  other papers (~obinson, 1959b ard 1964). 
! 

1 b'uma1ik Formation. --North Sinpaon test well. 1 penetrated the 
I 

7 , Oumalik Formation, as w e l l  ae Simpson t e e t  w e l l  1. I n  both holes it 

e , consists of medium dark grey cUy shale that is a l i@t ly  darker and 
I 

G less e f l t y  than the overlying Topegoruk Formation, and b e  d i f f e l ~ n t  
I 

lo , characteristics on tbe e lec t r i c  log. I t  contains p l r i t i c  specimens 
I 

1 1  of Lithocampe sp., a radiolarim diagnoetic of the formation and tbe 

12 ! lower part of the TorokFormation. The formation is 1,7D f e e t  thick 
I 

I i n  Simpson test well 1, vhich drilled through the camplete section; 1 

" I North S m o n  teat well 1 only pcnetraw the upper 185 f e e t  of it. 

I 5  
i 

Topagoruk Formation.--lihia unit consiets of d i m  gray to mediw' 
I 

1 6  I l i g h t  gray clay shale an$ l igh t  to medium l igh t  gray siltetolle, w i t h  a 

1 .  I feu very thin bed. of s i l t y  s d e t ~ n e  nefw th. kp. It c0ouinE 3 

8 i beds of medium gray, h d ,  a i l t y  lhzatone,  which .R lem than 2 feet1 
I 

1 0  . thick. Coal i a  absent aod clay fronetone Is very rare. Fossils, in- I 

1 
z u -  clldfng Inoceramu~ prisms ard the Verneuilinoidee borealis microfa?, I 

2 :  / are a b u t .  TexDularla tapagomkeolia Tappan, a i o r a n l n i h r  typic* 
I 
1 , of the lower part of the formetion, i s  present i n  both t e e t  we3le. 

lit I 
j Simpeon t e s t w e l l  1, vhich dri l led through a camplete section of the , 

formation, i t  1 ~ 2 , 5 & 3 f e e t  thick, b u t a t I J o r t h S i m p s o n t o s t w e U 1  
all but the lowest 820 f e e t  w a s  removed by erosion during Seabee time 1 

?5 1 (seep.183ff). _ . . ~ .- I 
: , I.i 1 ' \ .  1 ,  ,,I, ' I .  I . . , .  r - . , : , ; I  

The Topagoruk Formation is the oldeat stratigraphic u n i t  pene- 

t r a t e d b y s n y o f  the SFmpaonSeeps core tests, o n t h e e a s t s i d e  of the 

; penineula, a d  is fourd only in core testa 25, 3, and 28. 171e lover 

4 sections of these teats  were considered a pm-t of the [Irandetand For- 
I 

- ; mation i n  Professional Paper 305-L (Robinson, 19641, but regional 
! 

6 I s t d i e s  hnve pmmpted the authors to revise ttte correletiona a d  i n -  

! c l d e  the beds i n  the T o p a g o d  Formation. The thickeat eection of ! 

I a ! the Topgoruk Formation i n  the Simpson Seepe area i a  in core teat 26, 

: where the i n t e rva l  frua 1,655 to 2,505 f e e t  (the total depth) closely 
/ j 

lo-j  remmbles the u p r  part of the Q-pe eection of the Tapagoruk Foma- 

I I  t lon  in  Topgoruk test w e l l  1. A tentative correlation with Simpson / 
12 [ t e a t  r e l l  1 s w a t .  # a t  the conUct betreen tha Grandatan3 lad To- ' 
I 3  pagoruk Formatiom is a t  about the same horizon on both s ides  of the , 
I ] paninsuls, although the Topeoruk F o ~ t l o n  l o  the t e s t  w e l l  contains j 

I 
l a - - ;  much less  eandstone. I 

! 1 
16 I ~n a n  three of thew core tests there l a  a short section just '  ( 

t 
17 : below the top of theTopsgorukFormationuith a very lov epontaneoue , 

1 

re j potent ia l  reading on the e l e c t r i c  log wNch makes s good marker hri-  ) 

: " 111. , 1 1 , . ' . ' , l * l  . a + - .  1 - .r l o , .  

a,, . ? ,  

1 0  

20- 

zon. A trace of bentonitlc clay found in cuttLng aamples frm these 

beds i n  core test 28 could ticcount f o r  the 1ov potential. 



Grandstand Formation.--This formation i n  Simpson t e a t  w e l l  1 in-  I In the Simpson Seeps area on the e a s t  s ide  of the peninsula the 

cludes interbedded sandstone, a i l te tone ,  8nd shale, with a beaal sand-' 2 complete Crardstand Formation vae penetrated i n  only one hole, core 

s t o n e  m e m b e r  more thnri fee t  thick; the formation there is 965 feet I 3 t e e t 2 7 ,  where i t i a a b o u t g 6 5 f e e t t h i c k .  Mostof t h e o t h e r h o l e s  

1 thick. Core tests 1 to 10, located j u s t  e a s t  of and d m  dip fnw , I did not reach the bottom of the fomation; i n  core k e t e  25 a d  TI, 
, , 

5 Simpson test well  1 on n small l oca l  structure,  probably c o n b i n  1 6 - which did,  the upper part ha& been removed by erosion. The upper . 
I I 

slighthy younger atrata: t h e  presence of bentonite sugge~ta that a ' C boundary of W e  formation i e  r a t h r  uncertain, d i s  placed at the 

I feu beds of the Ninliluk end Seabee Formations d i f f e r e n t i a t e d  are i / mp of uppsmmat rehtiveu ne*.nu a d  d i u - ~ . t d  @stow. 

* I present, but the samplcs are very poor and contacts cannot be drawn. i I 'Ihc contact  is not well estabUshed i n  a l l  the core testa, aa deter- 
I 

I For convenience all bed8 below the Gubik Formation are included in the j ' miniw It. poei t lon  l a  compl.icated by the presence of an unconCormlty, 1 

I I (, '"amletone bedm w i t h i n  the formstion is good i n  the Simpaon S e e p  area I 

1 1  Grandstard Formation i n  these core b a t e .  Deepite the per eamples, 

I good correlations can be drawn between the holes on i rd iv idual  sad-  

1 2  , stone beds (aee p l .  8 ) .  I n  North Simpeon t e a t  well 1 the Grandatend 

' Formation is absent, and beds of the Seabee Formation rest d i r e c t l y  on 

the eroded surface of thr Topugoruk Formation. t 
I5 / 

I 

I I i " . betweuh holes tbat are close, a d  a l s o  f- seep to deep. !he croee I 

I 
lo ) w i t h  ~ll80ciated slump b1ock.e and poseible revorked nedimente, I n  addi-J 

I t i o n  to pmr or eon-nated ample* f r o  a of the t e a t . .  ~nfortu-! 

' I  I 
l2 (netaly the uppermost a d a t o n e  bed was not sampled in core *st m, 1 

l 3  bu t  i n  core t e a t  14 most of it uaa cored, and elemente of the Verneu- 

l4  i i u ~ i a e .  boreall. dcro ta -  appm below it aoP. r mi~lui. I 
I 

c m m n  in the Ugper Cretmzeous vere Po& nbora. Correlation of tbe i 

I I I ?  
I 1 e e ~ t l o n ,  plate 9, Bhous that they i n c n a a e  n l igh t ly  i n  thicknea8 to- 

I I 

L C  i l9 i w a r d  the north aab a sandatom bed lacking inSimpmo core t e s t  r(, at, 

''-1 the swth,  i* p r e r n t  farther mdh ( a t  -645 f r e t  i n  core tast 14 ud i 1 about -720 feet  i n  core test 23). The proportion of sandutone to j 

mllee went, is qugationable, however, and v1th:~irnpeon teat  well  1, 
16 miles Meet, it is impoaeible aad only sandatone groups ard paleon- 

~~- 
~ ~ .- 

I n l i l r Y T R * U * r ? T  I .V8- : ' .Y l i  I I t 41 L I-'.. I 1 .  I 

".l. ,,h 



, One excellent local horizon marker in the Simpson Seeps area is the 

worm tube, Ditrup cornu. The u p p m s t  occurrence of this foas i l  ! r l  

near the b o t h  of second major sandatone bed b e l w  ths top of the 

I 
formation. It is found i n  sady  erd e i l t y  beds, moat of the grains of, 

5 which are made of white a d  clear quartz. A clear ye l lw  minerd is I 
ci i 

+ also especially camon i n  these bede es W e l l  as a few grefne of red I 
I 

7 , garnet. The Verneuilinoides borealis fame is eparae near .the b p  of I 
the formation but increases with depth, a d  Inocex'arnue prism are ! 

a group of bedo vith characteristics of both th Hlnuluk and Seabee For- 

4 ; matiom., These beds arr'rbunt at Bimpaarr tart well. 1 (-re tha 

s - 0rads t .Pb  Formation ir overlain by the O h l k  ~ormatioa) and at llorth 

8inp.0~1 b a t  ueU 1 (wbu*, the Tapagoruk Forration is ortrhin tbs 

I 
1' ! 450 feet, .nb in core t e s t  30 Im 113 to U S  faat, a d  i n  prarant, at 

I 

9 1 1-tions m x i i ~ e r r n t i . ~  i r  in tbs O r e -  p o w -  

14 ( b ~ t  in prt, IXI aeraril othr test.. IXI d d i t i o n  to tb. randotom 
i 

15- I  d shale, ths lwet had of Cbh mlt eontrim thin I d a  of a& 

10- 

8 1  

'6 a d  iroriaton aDd thh llppr portion contain. tua dist inot  bantadtic 

I ' horitonrr, each sbout 50 feat  th ick ,  a d  a few tbin M a  of lira#- 
I " I a -t.. l b e  bntanlta k b  ur a m l l u t  marken .nb a~ tm 

tion). In tba B i r p . o n  Suepo area, hwever, thir unit  18 mbout 300 

feet thick, m d  t . 4 ~  top i r  &~~ by the mwnfomt* doserib4 

l q  j 1 - b ~  ~ f t h  m a t  accurrcJ batmen seep 2 atx~ 3. B e n  irr tbh 
1 

zO-- enems of good lltbologic 4-8 their pwnce can k datsctsd by ] 

2 1  t tba self-potentiah of tbs e h c M e  -8. I 
I I 





On the east side of the Simpson Peninsula the surface of the un- 

I conformity is very irregular, and its mrther ly  dip l a  interrupted by 

a canyon which extends 10 miles to the eouth. The g rad i en t  o f  the 

floor of the canyon averages about 5 ' ,  and the slope of tbe ~ e a t  

3 , between Minga velocity test ard Simpson core test 19 i e  about 15'. On 

+ ! the bther side the canyon bifurcates, with a small tributary channel 

7 coming in  from the eoutheaet. Tbs slope of the eas t  w a l l  of the mein ; ' 
I 

, channel between core teat. 25 a d  26 i i ' l 8 * ,  uld th w a l l  of +be KC- 1 
ondary cbannel between core tests 14 Bnd 22 s l o p s  about 13*, 

10 ' terpretation of t N s  unusually rugged k f e c e  as a buried or "fossil* I 

' I  c a n y o n w w f i r s t & e b y T . G .  PayneandHelenTappanhbl ich inthe  

17 , s-r of 1950 (~ayne, 1950, p r e o m l  c~mmuxlL~atlon). 

: , . . ' . . L ,  I , . . . ,  : . , . < I * , * C . L C ~ . r l - ' . l l .  

.,..a 

The ege of the canyon, rud hence of the unconformity, 16 deter- 

-. mined vith considerable accuracy because of the dletinctive charac te r -  

i s t i c s  of the beds under- Eurf overlying it. The normal sequence o r  

the strata which have been c u t  by the unconformity i n  this area, ard 
1 

5 -  the dis t inct ive horizons within them, arc summrlzed as follows: 

1. me Topagoruk Formation, a clay shale containing the Verneu- 

i l inoides boreslie microfeune and I n o c e m  prisms in  aburdance. 

1 

interbedded shale, containing the Verneuilinoides kmrealis microfauna ' 
t I 

10-1 rud vith the worn tube Ditruge corm present, in  the Simpson Seepe I area, from &out 250 feet Dolow the top of tb. f o n o t i o n  on d m .  

' 2  ( 3. Zhe Hinululr an& &&ee Fo-tions unlifferentiated, uhich 
I 

t3 1 contain a little c o a l  and cl?y ironstone i n  tbe laver part, and two 1 
( dis t inct ive bentnnitic zonee in th upper part. !he lover of the two 
t 

I 
I 

Is-) zones is cO~U; the upper on2, which is very f 0 ~ ~ f l i f e r O u 8 ,  w i t h  amm-i 
I I 

l6 I n t C a  and other fosei ls  diagnoetic of the Seabee Formatiga, is referre? 
I 

I '  1 to here an the Boriaeiakocerae-Imceramue lore. The Nlnuluk-Seabee 1 
la  

19 

m- 

22 

section is about 300 fee t  tbick. I 

The unconformity La overlain by a rather uniform clay ehale. 

Borissiakoceraa sp. is present i n  it at Simpeon core t e s t  18 8nd a t  

I 
H o r t h  Simpson test well 1, and as these beds are undisturbed and the 1 
foselle are too f rag i le  to have been reworked from the strata below, 

I 

I l . b l \ l  . a , ,  ,+'., 



'The depth of the unconCormity i n  each hole i s  located by a 

change in  lithology, where t h e d r i l l w e n t  f romover ly ingclay shale : 

i n t o  one or another of the d is t inc t ive  beds belw. Associated with 

the surface of the unconformity are other features,  some of vhich fur-! 

f 
nish Bdditional evidence of i t a  age. I n  Simpson core t e s t  29, a brec- 1 

I 
c i a  found jus t  above the unconformlty inclulee angular rock fragments 

I 

1 vhich contain Inoceramm prisms, a large f i s h  s c e l e , . a d  d ie t inc t ive  
! 
I l i t ho log ic  character is t ice  of the Borissiaboceras-hoceramus zone, as I 
I 

well  a s  fragments of clay shale containing microfossile of the Ninulukl 
I 

I and Seabee Formetions d i f f e r e n t i a t e d .  co re  tes ta  22 and 25, also i 
: located on the canyon w a l l  ( see  pl. lo) ,  contained sfmilar b-ccias; I ' i n  core t e a t  22, it comieted of fragments of bentonit ic clay s-, 
I I 
' s i l t ~ t o n e ,  coal ard c l ay  ironetone. Associated beds dip 60' a d  con- I 
' t a i n  slickensidea. In  core teat 25, the angular fraepnentu i n c l d d  I i 
1 c lay shale with coal  chipa and y e l l o w  clay ironstow; aaeociated ahale! 

I bed8 dfp 25', snd are a e p r a t e d  from the saDistone breccia, at one I 
I / p o i n t  i n  the core, by a 1/16-inch thick l&er of dark clay sbale that i 

I 
I dips  70-75.. Steeply dipping slickensides are pmeent i n  the clay i 

! 

/ shale bede i n  this hole, .ae wel l .  In core t e e t  21, located near the 
i 1 bottom o f  the c-n, a ~lupd block of the G-B- Fo-tlOn 55 I 
i 1 f e e t  th ick  r e a t .  m the unconfonnity; beds i n  it d i p  45' to 50' a d  lt! 
I 

I contains many slickensided f rac ture  surfaces. I n  core t e a t  13, beds I 
I 

I of the Boriesiakoceras-Inoceremw zone are nearly 3OO feet  lover tban 
I / t h e i r  normal p a i t i o n ,  d i p  f ro .  10. to. 250, are somewhat die+mrted, 1 
[ a d  contain . - ~Iiekensldee .  They, .~~ too, ~- a re  - - interpreted .~ .- ~ ~ - .  being ~. lo a -  j 

. ,:, *.., :,,,i.,,.,, m : ,  1, , . , . , a ,  , 
".. -1.. 

! block which supped d o n  tba aide or the canyon. Steeplydipping ' 1 
I 

I u of the Borissfakoceras-Imaramua zone are pneent junt above the I 
w r c o n f ~ t y  in ~lan;r core b e t a ,  a d  pmbably represent f-nta of I 

4 breccia or a l m p d  blocks. Below Um uaconforri.tl, btds of the - I ! 



I 

The east-weat croea section, phte 10, shows tbe re la t ion of the  

: u n c o n f o d t y  to the bede above and klov it, in tbe vicini ty  of the 

c-n. P e r t  A (of pl. 10) shawe Mnga velocity b s t  on tbe vest  side, 
I 
' c o n  teets  19 Bad 18 vi thin  the canyon (neither -eaehd tbe bottcrr], 

. sn3. core t e a t  3-3 on t& eaet sib.  Cure tast 14, on t he  ridge between 
I 

the &in and tributary cen(yona, h~ sbmrs of the oil tra# In sad- 

I / stones mar tbe top  of the ridge. Bast of core test 14 i m  the tribu- ( 

8 ; Uuy . c q n .  Tht bede in tkc c o n  a t  t h  bottea of core test 22, i 
v i t b i n  th tributary canyon, dip 600, contain elichnml&e, rrc -1 

I 

Ir I part a breccia, 0 - a ~  that w core e a t  ~toppcd just abets tba [ 
t 

1 ;  unconiormi~  surface. A t  Simpon corn t e a t  28, new* i n  tbt riddle 
I 

12 , of the txlbutam, tba Sembea Forrtion rest. direct* on tbs Oranb- I 
I '  atand Fomtion.  %be contact bekcen tbt tvo  f o m t i o m  is mbcnm 

14  I clear ly  by both tbt cutting m q l e a  .lid tbs electric log. The upper- 
1 I 
1 so cia^ v ~ t h  the u n c a o m ~ i q .  ~ o r s  test 20 o b a  a s ~ g h t  rim In I 

I ) the canyon f l o o r  taward tba east. fht unconfornity ir  phced 21 feat 

/ hi*= th.. in corn test 22 b e s u u  Q a oh..a in UthDLag at a t  
1 1 

P h t e  10P 6hWs the e a s t  s ide  of the canyon farther south, i n  the 

vicjni ty  of SSLmpeon Seep 3. Coree from core test 25 ehow i n i t i a l  dlpe 

i n  the Seebee Fonmtion above the unconformity as high as 30'. Some 

'slumping has taken place along a 6- faul t .  Breccia with Bngular 

fragtnent.6 88 much BB 2 inche6 i n  diameter uaa noted as high a6 110 f e e t  

,above the unconfonaity. Ditrupa cornu here i s  160 f e e t  l w e r  than 

!normal, the higher Ditrupa-bearing beds having been removed by erosion. . 

I 
A t  Simpson core test 26, the discovery well of the Simpeon & e p ~  o i l  

' f ield,  tlae uncodormity is Just under &e Oubik Formation; a little , 

far ther  e-t, c o n  t e a t  f l  cromaed it about 53 feet lower. 

! Such a pronounced unconformity in m t  mcognized witbin the Seabee 

bornation f s t b c r  e o u ~  in tbc %.an, 4 ita c- 10 uncertain. h1 

finternsting speculation, however, i e  that it i r r  related to the possiole 

'cryptwo1cantc structure a t  ~arrav.   hat atructrm uaa lo- i n  post- 

j~radutard, pre-(lubik time, and m y  w e l l  record the hqsct of a large 

! 
meteorite. Such a catastrophe may have cawed ear th  tremr8 and a 

t 8 u n e d - l i l n e  disturbance of the shallow sea which covered the area, 

lresulting i n  a short-lived pria i  of submarine erosion and elmping l ike  
I 

' that discovered uoderlyLng the Simpson Peninsula. The sediment8 there  
! 
;are (wi m a t  hare been then) p a  ~ c o m o ~ c ~ ~ ,  and a e a e n  rush I 
! 

I 
of water could remove a large quantity of tbem w i t h  l i t t l e  d i f f icul ty .  I 
km-bly the area between #e penlnaula qnd Barrou would have been I 

I 
leven more dras t i ca l ly  affected but no holee have been drilled betueen 
I 

the two areas, a d  post-Cretaceous erosion i n  the Barrow BIpe h re- 
ved evidence of euch ef fec t s  except the s t ruc tu ra l  diekvbance of the! 
er Cretaceous Blld older beds. t - - - - - 3  



Seahee Formation.--Ttle Seabee beds deposited on the unconformlty 
! 

contain some bentonit ic and sandy beds d e  up of reworked mater ia l  

from the so f t  underlying sediments but f o r  the most part they consis t  

! of clay shale. The high r e s i s t i v i t y  curve on the e l e c t r i c  log  of core 

I t e ~ t  23 and many of the o ther  core t e s t a  (~obinson,  1@, pl. 44-46) 

i s  re'lated to the presence of permafrost I n  the clay shale. In  Minga 

i velocity test, where permafrost w a s  absent, the r ee ia t iv i ty  i n  the 
i 

I 
upper few 100 f e e t  w a s  low. I n i t i a l  d i p  of t h i s  part of #e Seabee 1 
Formation on slopes of the unconfonnity sprface are high. The beds I 

I are dated, as mentioned above, by the occurrence of Borissiakoceras 

sp. i n  Simpaon core t e s t  18; the s t r a t a  overlying the unconformity on 

1 the west side of the peninsula we conaidered to be of Seabee age by 

' annlogy to the Simpson Seeps m a .  They postdate the unconformity, 

i but other evidence of their age is lacklng. I n  North Simpson t e s t  
I .  

well  1 this part of the Seabee Formation is 1,220 f e e t  th ick  a d  is 

: composed almost en t i r e ly  of clay shale although a few bentoni t ic  and I 
I 4 I calcareous beds arp fourd. Inocerarrms prisms and fishboae f r a p n t a ,  1 
I 
and scales are ccmmon, ard Boriasiekoceras sp. is found i n  about the 

/ r iddle  of Me formation. Tim beds-have a steep i n i t i a l  dlp, .a they 

r e s t  on the north-sloplng surface of the unconformlty, which here i s  I I cu t  i n t o  the Wpagorvk Porn t ion .  Irdividual beds cannot be corre la t - '  I 
" , ed f r a  bole to hale within the Seabee F o m ~ ~ t i o n  above the unconf~m-  / 

Schrader Bluff Formation.--This formation is 1,460 f e e t  thick on 

- I t h e  Simpeoli Peninsula i n  North Simpson t e s t  vell 1. The t ranel t ion  
I 

l f -  the seabee Formation to the Schrader Bluff is gradational tlnd the 

4  Icontact, based on gradual change, i a  a r b i t r a r i l y  chosen. The formation 
I 

5 -  11s clay ehale but containe volcanic glaaa shards a d  .an abundant micro-, 

6 euna consist ing of both Foraminifera and Rediolaria. It i s  a lso  l e e s  If 
r [s i l ty  than the d e r l y i n g  Seabee Formation. The s t r a t a  an d e a i m t e d  1 

i I 
a tpart of the Schrsller Bluff Pornration because they contain an  Upper Cre- 

i 9 teceoua microfauna a d  the e w e  colrmon i n  thet formation farther 
I . 

10- south, Bnd because they over l ie  the Seabee Formation. I n  part ,  they 
I 

;could be younger than S c h r d e r  Bluff. 

12 ! i 
13 1 

I 4  
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O n  tbe eaat aide of tbe peninsula, mar the  cremt of the mcw& 
I 

7 v h n  the ~ e t p s  appmently have thlr ~nurs, W. W- Pattan dug t r o  

I p i t s  at &ep 1, four at &ep 2, and one at &ep 3. lmty ranged i n  
I 

4 depth from 9 tO 13 feet. Fatton obserrad (writtan c ~ c a t i o a ,  

9 1948) that: 

I 
I 
I 

\%iw the f r o n t  lln three typcm of ~ t c r i a l  vem eucouotcd: I 

1 blu-gray 2 1 1 ~  cly, pUm-b- silt c-dy conkiai.a rmdd ' 
I 

s chert mb qnartaita pebble#, rrd ico. The  clay mb silt appearad to 
i I 

g be bttrbeddtd. Above ?& frost, vhlch o c c d  at s depth of taro 

0 ) feet, u a c o n r  or pitch, pitch-- mat r u m .  

"Sm llacy s-, llaartolle .nd ironstom fl-t on r e m r d  of 

I tba bar pmnpted aerarrl geologist. (Pmlge, Form rPb 011lt4, 

1925, p. 23) to s ~ g s h 0 t  that t & ~  peculiar topographic faatwar are 

d i r a c t b  rmdcrlain by hardrock. Eommr, no eomoU4ahd bbdrook i n  

phce yaa encounturtd i n  UJJ of tba t e s t  pit.. All o c c s l t o d  imohtad 

In the cora tes ta  of the S w n  hepa area tbs (tubik Poxmtioa 
1 

and Becent &heat8 are us- 75 to 80 feet thick although S h ~ ~ o n  

. corn teat 23 MU.& through about feet, a d  corn t e n t  31 &bout 100 

! 

19 

20 

4 I feet. wse rari.tiollr ua probably mw load, cu cora test 24, r r a u  

i - I  n-r 23, has only n feet of tkr beds. The tbickm.8 Podar h k m  

- 6 ! )1l11&. h ) U n g a  rclociw test 1 1 0  n feet, mna- from tba btta 
I 

I i of tba h k e  (which i r  12 feot k l o v  m a  hml) ,  is rirllrr ta tbt oi 

jtrotrr~.t.. 

O I O ~ b l k  F o ~ p . t i ~ n  W- in fm ai tb. bob. in tbs 8 i . rp .0~;  

I 
m n t  of shriler or linrtone *M untutbsd. It .MM pmbabls tbat ! 

' tht- M w e l l  as tbe surface float wum brought up fran amom &spa by , 
/ rromt .au?n. I I 

' " A t  the ~ortbtrn end of tbs mud frta which s a p  1 erurgsr, a 

20-foot aaction through tha mud in a x g o d  in a beach b l u f f .  T t n  I 
mud-fomiw &rial here is blne-gay clay .Ird masairs blocka aod i 

i wedgss of ice. Bo conrolidabtd bedrook M. i d . "  I 
I 

2' 1 WIcr~foss11 n a q ~ e 8  f m m  the- t e n t  pit .  8ent to Yrr. Laeblich , 

10- 

11 

&ep. -4. 'Ib l ~ ~ t  coring, 67 feet, wa8 &om im Sirpron colr t e s t  

13. Urn the thc u o  larmly w t  p-h (15ronita-mhl.md) gray! 

12 I U.I wit. ~ e d a  m ~ t  mm- *r 1 imt t . i s ~  but wl~l I 
1 

13 

I *  

up to 4 fa$ in taickm?88. R m d d  pbblar a d  grmules of b l u k  
I 

Cb4rt anb quartzite a m  in both tbs a* omd k 8 r  but u e  not ( 
t 

I5 I mry ahsntmt. Tht lowest 50 feet of tba 8trrta a t  8irp.m Seep., u / 
16 i on tbt m s t  slda of tbb pninnula, colltainm caamer mad bad. ?&a tbs 

I 
I 1  / uppar prrt. C l s ~  cores from tba Oublk Fornation In core b 8 t .  21, 23, 

16 29 auggbat a* t h ~  cutt- gin a p ~ r  -#.ion oi th I 19 forrrtion: saaplcr nov Lnllcat~ng und prl ham orianrill;l rapresent- 

=- 

'I  

ed wit bed8 of d a y  with thin mad l.;lan. T b  ram3 am- r h n  tbh 

tatting B~~~ - U M ~  ID the -=to.ry* but tbe a* vubes rrey i 
I 

I 
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I t e s t  8 at -530 feet. Both r a o d m t o n e  L ard er rdeb-  N contain a very 
i 

a l l a t  (~pount of gae in S-on tcnt uell: 1, w h i c h  i n  located near tbe 

highest point of the "t-.pm f o w d  by irpemeable shale mating om tba 

5 n e a t  side of the p n d m S  lrar tiam ha& sirsabh rumemir of 011 but 
I I 
p a t  qf the petrolem hu long rinm eacrped. ead.~ tbsm w n 8  o a l ~  

7 :a sPall snnmt of remidud p b l s t n r  i n  the G r a m t a t a d  8rab.bme. 

v- - - 

About 6 miles south-southwest of Simpeon test w e n  1 a small 
i 

. I seep, Admiralty Seep (also call-d Dease Inlet Seep) was described by 
I 
I Ebbley (1944, p. 418) as coneieting "of a heavy petroleum residue 

4 I coming fro, a lou myd, the residue also being I- beneath the m o . ~  

9 -  ( i n  several places arourd the mound. Most of the material had apparent- 
1 

I ly been long exposed to the a i r  and w a s  almost hami enough to walk on 
1 

, i with the a i r  temperature at 35. F. Severbl hurdred aacks of pitch 
I 

I / have been mfned frrm s p i t  for f u e l  by the native* i n  the area. Some I 
I 
I 

a fresher material of lover viscosity was found near the center of the 1 

to-  aeep... ! I 

11 i * * A ~ o u ~  XX)  prds east  of the deposit pitch-saa)red moss a d  e i l t  
I 

4 / Ih condition6 a t  thie locality m u s t  be similar to those of the 1 

12 

13 

I 

were f o u d  along a low bench for  a dietance of 300 feet. Pitch was 1 

aleo f o d  urder the moan a t  aeveral places on the bench. " 

15-  

16 

1' 

10 

it has probably moved a long way. 

1 5  
-- - .- - - - -- - - -. - . - - - - - - - I 

core tests---i-e., 011 i n  a localbigla on the Grandstand Formation 

trapped urder the unconfomlty either by frozen g m d  or by i m p m e -  

able Upper Cretaceoue ahale: 

North Simpaon -8.--The North Slntpson test w e l l  had no ehwa at  I 
19 [ al l .  The &&-Seabee unconformity cuts d m  into the Topegoruk Forme- 

20- 

22 

23 

tion ani all the stuady reservoir beds found near tbe Simpeon Seep are 

absent. The occurrence of o i l  reported in the shot  holes southeast of 

North Simpeon b e t  well 1 i s  to explain unless it ha6 migrated 

through the Gubik Formation from solne point along the unconformity. 
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1 ~ - -  -~ 
I , A t  Seep 2A, core t e s t  31 was d r i l l i n g  a t  -346 f e e t  close to  the I Simpson core test 30, also near Seep 3, had good shows of o i l  in 

I I t top of the Ninuluk-Seabee producing ssnletoni when it began Plowing 2 Itbe linulul-Seabee prcdueing horizon pnt.aM at -298 f e e t  a d  shows 

i .  i I 
2 

3 Jo i l .  On a 65-hour test it flowed a t  an estimated ra te  of 120-125 I 3 iin the Gradstmd Formation i n  sandstones at  -430 and -606 feet.  A 
I 

4 'barrelsof ~ l * g r a ~ i t y o i ~ a n d 2 , m t o 4 , 0 0 0 c u ~ i c ~ e e t o f g a s y e r  i I 
bailing i 2 s t  fmm -$tS t o  -335 f e e t  recovered 011 a t  the rate of only 

, I 

I I 9 stone is nearly 30 f e e t  lower than a t  Seep 3. Seep 2A is  a emall one, 9 ifest) but only 3 barrels were balled. per day v h o  the bole u u  at a ' 
I 1 

5 -  ay, the t e s t  production i n  the Simpeon Seepe area. Freezing caused 1 I 1- /6 banel. per by. Its  twin hole. 30A, ro. boll& Iron -85 to -350 / 
I 

6 trouble during the production teat but no water was produced. Core I b e e t  at only 5 barrels per day with a very small amount of gas. No F 
10- bhich might be an indication tha t  better o i l  production could be P o d  ( 10- (depth of -357 feet. 

, t ee t  31 i e  probably on a separate closure along the crtst of the ridge 
I 

n leaet of S U p ~ o n  Canyon u the top of the linuluk-Seabee p d u c l n g  e d -  

. r a t e r  we6 =ported b u t  ice vaa present i n  the hob. Core t e s t  Zj' bad 1 
1 

8 Igd ahovs of o i l  i n  the HinulukSeabee discovery horizon ( t c p  at -304 : 

I 
1 

i9 yon c- moetly f r a n  a sandetone a t  -274 to -310 feet .  Water vlth only[ 
1 

I 
I I 

2 0 ~ -  a trace of o i l  vcre ncovered when the hole w a s  bailed frola -335 to -535 I I 

12 

I I  

1 4  

1 7  

16 

17 

10 

feet.  Onan ear ly  p r ~ u c t l o n t e s t ,  core test 26floved througha 21/2 

along the ridge where eeepagea are abeent. It seems ~ be true that ' 

the bigger the eeep, the mailer the production. 

Conditions at Seep 3 are almost identical with those a t  Seep 2 ex- 

cept that the Fnrpermeable cap haa been mre effective neaf Seep 3. O r  

perhaps the bed8 abut against the unconformity ( a d  bencu against the 

overlying impermeable shale) to a greater depth. The Ninuluk-Seabee 

producing eiuadatone bede an a l i t t l e  higher s t ructural ly  than a t  Seep 

2. me production i n  core t e e t  26, atop the e a s t  e l o p  of Simpeon can- 

22 inch pipe a t  an average rate of 110 barrels of o i l  per day. The grav- I 
ity uas 20' A.P.I., the o i l  temperature 21' F., 3nd the casing preaaurel 
47 psi .  OD a 13-day test made five montha aPker campletion, the well 

24 produced a t  an average rate of 92 barrels of oil with 2,500 to 3,000 ] 
cubic f e e t  of  gas per day, b o t h  hole p r e s s u r e  was 15-215 pal, an3. 

2' i ell-heed preaeure 25 poi .  - -. - - - -- -- - -- .- - 
r 

- - J 

I 

( Shove a t  -815 f e e t  in  core t e e t  25 were deeper tban wrmal; t h a t  

i""' ULikc c o n  testa l3 and 17 a t h p  2, 10 low on the a l o p  of Simp- 

son Canyon. Shovm were a l so  fowl  i n  core tes t  29 i n  acme s i l t y  k d e  

of tbt uppr part of the Seabee Formation, f l ~ m  -280 to -350 feet; 

these beds l i e  above the unconformity but directly across it from the 

oil-prducing horizon a t  core teat 26, ard by abutting againat the o i l -  

bearing M e  have received o i l  that haa seeped acroee the unconformity 

I dong tbe permeable bede. 



I I r--- - 
1 1  Geology of the Umiat Oil Field In the spring of 1w a Navy reconnaiaeance party d e r  L t .  U. T. 

2 Developent of #e area.--The M a t  field, the first o i l  f ie ld : 1 oran visited the Reserve d noted evidence of an anticline near Umiatl 
I 

I 

Idiscovered i n  Naval Petroleum Reserve No. 4, is near the southeastern ' 3 ountain; later the same year he returned rurd made a s t d y  of the etruc- 
I I 

4 I e m r  of the Resem, about 175 mile6 southeast of Point B m .  It I 
t 

ture. A U.S. Geological Survey f ie ld  party mapped exposures along the  , 
s 116 in the Northern Foothill6 section of the Arctic Foothills province, 1 5 -  i~o lv i l l e  River at the  8- time. Early in 1*5 the dr i l l ing  r i g  for  

6 Ian area of moderate relief:  elevations m+r m a t  range f r a  335 f ee t  ; 6 hi-t test ueU 1 w a s  freighted across the fmzea t d r e  f rom Barrw 1 I 
1 /in ul. ColviUe River fhta to feet  j milea to & northwest l e v p  to M a t ,  ud i n  J- the Navy began drilling at a location based ! 

I 

8 l(fig. 19). The structure of the underlying mcke bee determined the I I 
ion the field work. Field p r t l e s  mapped the W a t  anticline during the, 

1 I 

i Formation. ing the Met area. In September, dri l l ing was suspended for the win- I I 

9 

10- 

' 6 w r  and the U.S. Geological Survey anb the U.S.  Navy cooperated In : 
Figure 19. The hiat anticline contoured on the tup of f G d r t a r d  ing an airborne magnetomettr e m y  of much of th Reeelre, includ- 

te  

(~bbley, 1944, p. 417). T h e e e e p W b e e n r e -  19 

barrele a dsy, b u t  i n  1943 it coneisted of a elau 20 - 

' ?I  

22 

" little oil a d  gas also rose from a lake bed about a mlle to the west. , 
I 

I t  ter, and when it wee resumed in tbe spring of 1946, it ww carried on 

I y Arctic Contractors. Although a fev minor rhawa of o i l  were found, 

" the test m e  abaodomd ae a dy bole at a total depth of 6,005 feet.  

I s- 

11 

sadstone ridges alternate vith valleys eroded i n  lese 

l4 

11- 

16 

durable beds- of shale. 

The e a r l l e s t  evidence hot petroleum known i n  the M a t  area vcu, an 

o i l  seep about a mile v e s t  of h i a t  Mountain, on the north aide of a 



I The U.S. Ceological Survey mapped the nnticline in  60m deteil  i n  

1946, m ~ d  the Un i t ed  Geophysical Co., Inc., crosscd tile structure with 

two seismic survey lines.  Umlat t e s t  well 3 (then designated as Umlat 

,core t e 6 t  1) was dr i l l ed  near the crest  of the structure l a t e  i n  the 1 

5 ,year, atd it produced a small amount o f 'o i l ,  a d  Umiat t e s t  well 2, 

another deep teet, w a s  dri l led Just southeast of t e s t  well 3, but was 
I 

7 iabardoned a t  6,2u feet.  Lack of production f r p m  th i s  hole discouragedl 
I I 

0 :furthe1 dr i l l ing,  and the next t e s t  was not started un t i l  1950. In 

9 tha t  year, three comparatively shallow cable-tuol holes ( ~ m i a t  t e e t  
I 

I n  'wells 4 ,  5 ,  and 6) produced o i l  f rca  Cretaceous sandstone on the atruc-: 

I 
1 1  ture, and a fourth   mia at test well 7) defined the southern edge oi +he: 

12 producingareabyprcduclngonly sal twater .  Theae holee, particularly i 1 
I"ltest well 5, which was only a few feet  from M a t  test well 2, suggest-. 

l 4  /ed that the sadstone dr i l led i n  the ear l i e r  t ee t  contained o i l  but I 
1 5  ! that fresh water in  the mud circulated through thc rotary dr i l l ing  

+ \tools made the beds impemable by causing constituents of the ~ r g i l l a - ~  
I I 

l' lceous i r ~ t e r s t i t i a l  material to swell. 

] Umiat test wells 8 and 10, ceble-tool holes d r i l l ed  in 1951, pro- 1 

\also dril led i n  1951; It demonstrated the value of using oil-base mud ] 

9 

2U 

2 2  with rotary dr i l l ing,  compared t o  a water mixture. I 

duced o i l  and gas, apparently from a separate f au l t  block, on the c res t ;  

I 
of the structure, Umiat test well 9, the westernmost o i l  producer, was. 

1 U l l s t  t ea t  well 11, the l a s t  hole d r i l l e d  a t  Ualat before explore- 

24 Ition was suspenled, was l o w  on the north flank, and produced s a l t  vater. 

~ m * g o ~ d u a s  used An t h i s  --- 3,303- fmt tes t ,  - which - -- was dr i l led - 1; 
1952. 

I l l - l l '  L 1 * \ 1  . Illh 8l.l % ' b e *  L 11 1 1 1 1 1 1  

01. I *  

I O i l  was produced from tbe wells only to t e s t  their production ca- 

t pacities,  and t o  obtain o i l  fo r  oil-base or oil-emleion m u i .  The 

holes thst vere not dry a d  abandoned have been.shut in. 

i Stratigraphy of the U m i ~ t  o i l  fle1d.--Cretaceous formations rtmg- 

5 -  ing f r o m  the OumaLFk Formstion to the Schrcder Bluff Formation, a d  
1 

s ,$uaternary alluvium, were penetrated by various weUa a t  Ihaiat. Varia- 
I 

I jtions in  composition ard tblcknese of the stratigraphic units acroas ' 
I 

I ltbe f i e l d  are diacuesed below, and further detai ls  for  lndlrldual holes, 
I 1 

9 jpre available in  Professional Paper 305-B ( ~ o l l i n s ,  1958a). I 1 

0 -  o d i k  F O - ~ I O ~ . - - A D U ~  1M f e e t  of this  ionmation was p n e t r a t - :  

11 J r l  I n  M a t  test weus 1 2, b u t  the other holea vere too s h ~ ~ a u  to: 

13 lnot crop out fn the vicinity of the tes ts ,  ard its thickness In the 
I 

1 2  

I 4  h a l e t  ares is unknown. It contains r w  thin M s  and laminae of l ight i  

reach it. Thie mediumdark gray e l igh t lye i l tymar lne  clay shale does ! 

I 

I 
15-  brownish gray impermeable sandstone and s i l t a t ow  which showed no eigus' 

L6 ]of 011 OP 888. I 
I 

I 
1 )  I Topagomk Formation.--me Topagoruk Formation is a l so  composed 

primarily of gray w i n e  clay shale, b u t  it 18 sl ight ly  lighter i n  ; 

I 

1 (color a d  @lightly s i l t i e r  than the Oumlik Formation, sud it contains 1 

penetrated it completely, t e a t  well 11 dri l led through a l i t t l e  more i 

'IJ 
21 

22 

the Vermuilinoidea borealie microfauna characteristic of it a d  of t k  

overlying Grandstarad sandstone. (~ergquie  t, 1958a, p. 200). Five of I 

i 
I 

the Wet holea drilled i n t o  the formation: W a t  test wells 1 a ~ d  2 

24 than 300 f e e t  oh it, anl Gst w e l l s  5 a d  9 dr i l leQ into the top of the.  
formation, lke unit is approximately 2,800 fee t  thick; the 3,350 feet 

fi - f~p;;: 2Jq1.e~f "11 2 1 s  the resu l t  . ~- of duplication - - by a -=verse j 
I . 1 . l .TF l lh , ,  l .  ~ H l \ , l t  . I ,  ,. . . ' *  ,, ~ . 

.* . , 



I 
The upper 700 feet  of tbe Tbpesoruk Foymation contains eope bed0 r 

of eds tone  and s i l tetone (less than 10 feet thick) i n  Met test 

w e l l s  1 a d  2. 'Iheae beds are more nmeloua to the ueet, cwprieing 

'about 10 percent of the rock in tes t  wen 1 about bali as much i n  

jteatwell2. Rare t h i n b e d s o f  ssodstoneaad s i l t a t o w ,  p r t s e n t ~  ' 
I i 
puch u 1,503 f e e t  below ttte top of the formation i n  M a t  t e s t  veU 1, ' 
M a b w t  at depth. greater than l,m0 feet  below the top (except 1 

nsemble the sadstone of the ovtrlylng QraDdntssd Fao.laatlon except for 
I I jiinr grain aim .ol Increue i n  argillaceous ntalrl; they con- mi 

! 
jshws of o i l  or gas. lo beds ara dimtinctira enough to be combated I 

1 
f r m  om bole to tbe other, a d  it i 8  pomoib3.e that nom a m  contlnMla 

Ifor tblt diltance. 
i 
I 
t 

I n n i t  of  the ~anmhuk Group, consista ai thin to -rive amxtrtona tedm I 
/maparate& by i n t e r n s  of c b y  e m .  ~ m r y  test we= on th. nntt l l irI  

b i ~  in to tht upper prt of tbe formation, but only  at tcst 

I 
p e l l s  1, 2, 5, 9, and U reacbsd tbe bsss. Tbe c@ta sect ion in- I 

1*, p. 75), eparnttd br clay a m ,  mb v i t h  a few fee t  of f m s i l -  
1 

I 
i i e m  clay s b h  a t  tbe top. On the crest  of the anticl ine,  the for-' 

Itmtion I*' 655 to 700 f e e t  U c k ,  but In Wat  tea t  veil 1, to tbs wart,! 

it is 755 f e e t  thick (excltdlng the af fec t  of a reverse fault whfch re- 

strata), raflecting the regional mom- 
thickcnlng of the a a d y  meqwncs. The croaa u c t i o n ,  p h t c  1 

bed. frvn e ~ t  to vest. -- - -- A 

111 W a t  test veY If, "lower anm3akPa.W" -8 up tbh b u -  

? a 2 7 5  feet of  the fometdon; it inclwles r fev tbin k d n  ab olay sh&, 

kxl 20 f e e t  of ailtatone which diridar tbs .&tone into tam prrL.. 

4 !1n G a t  test  vtll 9, tba sequence i r  3 M I Y  except tbllt t be  W t O m  

5 -  L bon tba ~ i lb tooa  i 8  ink- mar t h  top by a.lm0.t 30 feet of 
I 

13 Irorth. In Uli.t U r t  w e l l  1, It co~uiat. of a m s n i r a  50-foot bed I 
I 

b 4  W. M e t  u s t  nu 1, th. "M nazatatane M" i r  m r  

I iridmd clny m W -  A 30-foot 8ilt.tom rtrabm pwment jut be- 

tbs unit in t m m t  w a l l  9 mrn d t a r a  a t  t a m t  wnn 1, thw in- 1 I I 

9 ' c r e ~ w  tbe Wclma.8 at ths f o ~ t i o n  b c m w  it. h r  fol-, 

16 ia few tbin btd. or h- are 00 ria tbs upper put ' 

I 

l o -  

11 

l a m  tbs b.sa of tb .and.tam wqmnw. ! 

I 
Tbs *upper d 8 t u ~  bed* i r  -t lema rrrlabln than tbe *low-. 



The saodatooe rangco fram *cry f ine  ta pedlum i n  grain rize, and 

ver t i ca l  variations are quite atnLlar irraP vc l l  to w e l l .  Poros1t;l aul 

permeability of ramplea trcrrP sadatonas in t&a O r a d n t s r d  Fonvltion , 

way pea*, resgtne trial l e a s  than 5 to near* 500 ~LUA-. 1 

[upper put oi th "loutr maaxtatow btdm i r  g e l a c ~ r  tba moat p r u m b h  
i 
/prt of ol fomat ion,  a d  ita bu. thc haat pmeable. %!be "ulpr I 

1 
$otb p o r o a i e  lad I#-ability ry v i a  grin rim, but otber 1 
factora, auch a# =far* amuntr of calcanmm ugilUaourr in- 

Prarh rater introducd into tbs m d s t o l u  drPfrrg.drillIng, or Irter, 
I 
reduces psrrabil i ty aharpl;l, br -Lng tbra Intuntitiml o h j  riarmb 
I 

b ~ s t i l l c d ~ o F 1 f d i n ~ M a t f h l a i r ~ ~ p p e d i r r ~  

~~~ Fomtion; its occurmmce is &iscuead h a  a Irbr purgrFh 

t K i l l i k  Tongue of the Chandler Forroation.--'he Ki l l ik  Tongue of ' 

2 ,the C b r d l e r  Formation is a nonmarine u n i t  of thy shale w i t h  eome 

3 isfly sandatam .nd a l l t t l e  coal d clay ironstone that over l ies  the 

4 ~ ~ r m l a t a n d  Formation. In  Umfat t e s t  well 1 the to- is 300 feet 

r- thick, Bnd coneiets primarily of c l ay  shale, vitfi a l i t t l e  i~ te rbedded  I 

8 jto nearly 1/3 of the rock. There three sandatone beds, each epproxt 

6 

I 

e i l t s tone  a d  sandstone. I n  the other  holee, the tongw is 10 20 44) 

f e e t  thinner, but the aandetone beds have increased to make up f r o m  1/8 

" Fat tomt r a l l a  2 arri U., the uppermoqt etudetone 1s Interbedded with 1 
I 

9 ia tc l~  10 f e e t  thick, i n  t e a t  well. 9 ani 10; in three holes tbe . j 

13 shde,  ani in tes ta  3, 4, and 5 it la miseing because the hole* spddedl I I 

10- 

14 blow this bed. Data are +DO s c a t t e d  to permit comparison of poros- 

i 
15- i t y  and permeability i n  varioue sandstone beds or beween holee, but I 

tongue is only 260 f e e t  thick. I n  t e e t d  6, 7, am% 8 the sandetone beds1 

16 

l7 

m -  out tbe tongue, i n  more northerly holee. The four western holee ( t e s t  

21 1 e U e  8, 10, 9, anl 1) have none. The tede are essen t i a l ly  unfoesil- 

they M i c a t e  a range f r m  impermeable to 550 mlUiaarcys, w i t h  -s t  of ' 

the samplee having l e s s  than 100 mlllidercys prmeabil lty.  Coal end 1 
38 

i 
except for  a feu p h t  s p r e e ,  charophytea, coal. O i l  i 

1 

clay ironstone are present in all ihe holee east frun test w e l l  8, rangt 
i 

ing f r o m  rare in  upper part oi test w e u s  6 7 to c-n through t 

23 irhcnre were noted i n  the sandatone i n  most of the testa, and there was i i 
(s 8hau of gas In the niddle aads tone  bed lo h i a t  test well  5. 



I Ninuluk Formation.--The Ninuluk Formation, the uppermost u n i t  of 

: the  Nanushuk Croup, was d r i l l &  i n  seven of the holes. I n  Umiat t e s t  

3 well  1 it is comparatively th in  (95 f e e t  thick), a d  coneieta of in ter -  

4 bedded c lay  shale, s i l t s tonp  ard studatone. I n  the other t e a t s ,  h w -  1 
ever, the shale i e  almost lacking, and the formation contalna an ever- 

6 'age of 1XI f e e t  of maseiue s a d s t o n e  w i t h  a few th in  beds of .hale i n  I 
7 sthe middle a d  at the top a d  bottom. I n  test wells  6 and 10, Forem- 1 

I 
I 

q i n i f e ra  typical  of t h i s  formation are present i n  the shale. Poroalty , I 
l a d  permeability of the sardstone vary nearly a s  much as f o r  the lawer 1 
1 formatione, ranging from impermeable to 435 laillidarcye i n  Zaniat t e e t  I 
p e l l  8, a d  from imyermeable to 56 millidarcys i n  teat well  Ll. O i l  

Ishare were noted i n  t e a t  veils 7, 8, 9, am3 10. 
I 
I Seabee Formation.--Many of the t c a t s  on the mat anticline drill- 
I 
led through part of the Seabee Fornation, but only W e t  test well ll 

!penetrated it completely; i n  t h a t  hole, it is about l ,W f e e t  thick. 

T h i ~  section lms been named the type section f o r  the formation, I 
(Whittington, 1956, p. 2471, and is  described i n  considerable detail .on1 

page 82 ff. About 9 f e e t  of the Seebee formation is -sent i n  Mat1 

teet w e l l  1, but t e s t  w e u s  6, 7, 8, a d  10 d r i l l ed  only the basal pert 

of it. The un i t  consis ts  of c lay  shale with soroe bed8 of sandstone, i 
I 21 and a small mount of bentonite; it contains marine fo8ails .  

1 
I 
1 

I 

' i 
The eadstone bede are not  uniform from eas t  to west. A 120-foot 

2 ;sequence of sandsixme and s i l t s t o n e  with its base 150 f e e t  above the 

j bottom of the formation i n  Umfat t e s t  well U i a  20 f e e t  thinner i n  

4 i t es t  well  10, and i n  t e a t  wel l  1 is represented by clay shale with  only 
I 

5 -  /a few t h i n  beds of sandstone and s i l t s tone .  Another in t e rva l  of sand- 
I 

6 stone beds beginning 550 f e e t  above the baae of the formation i n  Umiat 1 I 
r test w e l l  11 is 670 f e e t  above the baae i n t e s t w e l l  1. The aandetone 1 I 

sequence has about the same thickness i n  both teats,  but  i n  the eaaterri' i 
~ O U  it consists  of a 60-foot bed of calcareous a d s t o n e  u d e r l a i n  by 

I 
10- about 85 f e e t  of sandstone beds separated by th in  layere of clay shale, I 

bblle i n  the western hole the th ickes tbed  of e d t l t o n e  i e  40 f e e t  a d  : 

I I 
1 ,  it i e  i n t h e m i d d l e o f  the in terval ,  be ingover la inand under la inby ' 

l"i~er sandstone beds. This r e s i s t a n t  group of bede ou t l ines  the I 
b e t  an t i c l ine  on the surf-, forming a ridge on the s teeply  d i ~ l n g  1 
I I 15- north f lank of the etmcture ,  and gent ler  dip slopes on the southern : I 

16 lside (Uhittington, pereonel commuaicat ion, 1956). 1 

IT i  he upper fev hundred f e e t  of the iornration, consist ing of c lay  I ! 
IB 

l9 

shale with a l i t t l e  interbedded sandstone, were d r i l l e d  only i n  M a t  , . 
k8t w e l l  ll. I 







, I '~bt anticurie is aaylasetrical, w i t &  dips M high M 80' on tbh , 
I 

wrthrn aide and b w  oacr, averaging 5' or 6*,  on the ~ o u t h  (set pl. ; 

I u). The ~aodatonc bed of the Seabee Forration relamed to above i r  I 

I 1 turn, but ionan a paw d i p p w  slop ta the routh. '~ba bedr ruttan! 
i i out rapidly a . h o d  diataocs north of tba u d m ,  h ~ ~ ~ b l b t ,  a d  at U t  

i b a t  v e ~  u a y  dip 20' or b a s ;  m e 1 1  ivtbar nortit, dip d + u r m u e m  
. . 

( to 8* U, 10'. 

! 
9 ' I 

I 

I 8ubsurfact evidence h&lcatua that at  lnsrrt tvo thrust r u t s  oa- 
, 
$lIcata tbe akuctura ,  baridar tho riaor faulting obscrrsd in outcmpo. 

4 tio eachotbsr, anbUuqdxpUcrtr neraralLrunbrc4 feet of strata (see I 
larger fault, M U t q  agpn#oh t h e  s e w .  UUwugh m a t -  a eaa 

tributaries of Mupar rab B a r b  Creeks are in rdllap which 

&ncs of tbsir -8enca. ITn fault. b.m aupurted t lm oi l  field 
' 
I 

two blocks, both of yhich hn rimn zmIrtivo to tJm lrartb fhnk j 

I I 
15 tbe fault*. %!ha Lrrer f a t ,  betvnn tbs north f lank md tbe nee-1 

1 b h k ,  bu m t z m t l g . p U c  thra d st but l,W feet i n  Mat 1 
" famt mu 2, wwcb it cut. at r &pth of 5,100 feat* ma r a t  plrnr 1 I ! 

z2 kadt plane, ~parsw the 4x0 eegmetb m t2w oil field* .1.o rims / 

a d  teat veU 1D at 210 feet, it raacbnm tbt surf- Jut 
tbe latter ueU.  Tke lam a stratiepa&dc throw of 550 

wat t u n t  -11 2 a d  c u b  tnmt 9U.a  8 +- fO w i t h  -- -- sp~aoIdm,ts 

1J 3m md 400 feet of .*ati-Phic -?G~. . !~t :~19~+* , ,  ,,, ,. , . ? a # ,  h 

1.7 10. 

i 





The pr incipal  reservoir rock i n  the f i e ld ,  however, is apparently , 
I 

I L 

the sandstone of the Grandstand Formation. Within the producing area I 
I 

' the ea~ds tone  is concentrated i n  two beds, described previously a s  the I 

upper a d  lover satketane beds ( see  p. w). Ibe two beds pmbctbu do I 
I 
I not form a sirigle reservoir  south of the faul ts .  IVewrtheless, the 
i 

r utual  oil-water contact  i n  the main part of the field m y  be close to 

:465 f e e t  below sea  l eve l  in  both bede: water w a s  f i r s t  encountered at 

1-465 f ee t ,  near the top  of the lover sads tone  bed, i n  h i a t  t e a t  well 
1 
5 ,  and near the same depth, but i n  the base of the u p r  sandstone bed, 
I 
!in M e t  test v e u  6. On the o a e r  hard, ao water was produced frau 

!ei ther sada tone  bed i n  t e s t  wel l  9, although it vae drllled t~ a depth 

of 666 f e e t  bclw sea level ,  and 011 production seemed to colne trcrm 

: sads tone below -465 f e e t  aa w e u  a s  above. Ibe  o ther  wells, t e a t  [ 
wel l s  3 ard 4, with total 4eptha at -212 ard -357 f e e t  respectively, 

1 e re  too shallow to =reach the water-bearing beds. I n  the f a u l t  block 
I 
I 

I 'containing M a t  t e s t  wells 8 ard 10, the two eardstone beds ~1.e aep- 1 
F 1. rate reaervolrs; the to-r well produced o i l  fm the u p p r  m a d -  

! 
latone bed, ad o d y  gas from the lover one. The latter t e s t  also pro- 
I 

huced o i l  Iran the uppr W, but the l m r  one ru ~ a e i n g  a t  tbc 

bottom of the bole because of the thruat  f au l t ,  which placed ehale i n  

the potsition no&ly occupied by the eandetone. 

I The gas-bearing lover sandstone bed i n  U m i ~ t  test well  8 i s  lorrer, 

r i s t ructura l ly ,  than I t  i s  i n  wells south of the fau l t ,  where it conbid i s  

o i l .  This suggests that: 

4 1 1. the o i l  and gas accumulsted before f au l t ing  took place, am3 

5 - i 2. there was originally a gas cap on the unfaulted an t i c l ine  

(that there may e t i U  be one i n  the main part of the f i e l d ,  

1 up d i p  from h i a t  teat we11 4, is a l so  suggested by the gas- I 
k ! o i l  contact  i n  t h a t  well), Bnd ! 

3. the upper a d  lower sads tone  bede a re  separate reservoirs.  I t 
t 

Of1 shm8 vere noted i n  the KLllik ard Ninuluk Formetlone i n  sev- 

nelle but most of the t e s t s  did not produce any o i l  from them. I 

l 4  ( t ~ s t  well 10 from which ba i l ing  tests produced 4 bar re l s  of o i l  per 1 

15- 

" / w e l l s  6 a d  7, the producing horizons are  higher than -465 foot I 

I 

! 
hour f o r  22 hours from the Ninuluk Formation, rud 183 bar re l s  i n  34 1 

i 
hour8 from the Ninuluk and K i l l i k  beds combined. Presumably these for-i  

l a  

l9 

'O- 

?' 

level of the possible o i l -ua te r  contact  of the Grandstand Formation, I i 

m t i o n s  are too shallow, i n  the other producing wells, to form adequate 

traps.  Umiat t e s t  w e l l s  6,  7, and 10 are all  lower, s t ructura l ly ,  and 

are farther from outcrops of the reservoir  bede near Bearpnu Creek, 

then the other  t ea t s .  Variations i n  permeability may a l so  have affect- 

ed the accumulation and production of o i l  i n  these beda. I n  M a t  .test I 

(but whether the r e e a r r o i n  ars c o w c t e d  o r  m t  ia uncertain. 
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to be separate rceervolra. They produced o i l  In tbe lower t e a t  ( t ea t  

well LO), ard ouy alight &ows in the higher one ( tert w e l l  8). Ilo 

haportant difference in rr~crnir prapertier of tbe adotone ir a m - '  

5 ,ant between the two holer; s e e m  up dip to tba muby fault .pfana n y  

The only fdlcation of a gcu cap in the vain part of tba field is 
I 

'th p e n c e  o f  gfu-cut o i l  tn M a t  t e a t  well 4; it im the -at 

W e l l  On thc atI"taC-, g M  Crrp W O U M  ham Occupy. tbb aall 
I 
:&a between the weU and tbe soutbtrn fault. 

brc drained oil f rom there bad. in t e s t  u e u  8. !tfq n t e r  VM found in 
I 

I 'either hole, a d  the earhnt of peoduction in tbrr fault block in wt i 
a 'm. %e block it.eH is narrov anb dip quits .tee-, however, ro I 

I 

'tha pr~ductira area cannot ~ g . .  

1,) / I*CU th. p o u i b b  .ommeetto. oi maemir -, t)r u- 

I I csrtainw of oil-vabr conhat., the rrsa d r l s i n  by o i l - b w i n g  1 
I 

12 1-k. cannot tm b s e t a u a ~  e m * .  ~.alming thrt tb o o n w t  i r  at 1 
1 

1 3  1-4.65 f e e t  in both b d n  Ul oil 1. p i n t  ln tha 0-trnd l-tlw 1 
14  f r a  tbn r o u a m  f a u l t  south muly to h i a t  t e a t  .rll 7 ,  mat mu4 

I 

i 
1 5  to t s o t  reU f ,  a d  ens t  aa far u M a t  Woant.in (m ?la. 19), urder-1 

1 6  Iwng a i d - e l l i p t ~ c s l  ama bowdad by the Fnt.r.actlon of tba Upper , 1 1 
L ;lrm..Isw 'snd.tnne bed a d  the -465 foot contota. %be .light -rmt 

\of 011 p m n t  in tbc X i U k  Po-tion appeur ta ring thlr hdf-all l  

1 .Ict 
I *  [on the aouth, erteating farther bavn tbe f U  of the r h t t w  a d  , 

I 

" Ibe- absent ~ a u  th apsx of tbc anttalim. I 
71 1 The oteep f lnak  of tbt anticline north of the fault8 i a  pbnbly 

1 

: ltoo lw otructw&lly to c&ntain oil, although 8 tlnor wunt lfght be 
I I 

23 (ixmyped inupturnndbade againat tba mrtbtrnfmlt. M a t  t r r tve l l  

5 1 Data f rom b k r  that Mllrd cosphtaly througb t& g e m m a t ,  

6 lami from thodatorm -taLL4d h M a t  test we- 4, 6, 9, and U, in- 

pt. that p r r a c m t l j  rrozan - 1. peaeat i. YI mat .re. 0. 

bpth ai about 900 feet wkr tbb him, ud a Uttie rors t b m  700 
I 

#fee t  in the ColvLUo Rimr flab. Ths water-Ice eontaat at tba b.M of 
I 

I 
lo  tb parpaiport rfshr fror .bout 450 feet balm wa Lam1 in tba fL.t. 

to about 100 feet below ma lam1 bneath tba ridgar, refhcting tba , 
' 2  t o p o g r ~ .  A l l  of tb teat. drillsa tbrm&~ ps-nt, rrd ice farm- i 
l 3  led .t .- tirs dur* &FllU or krtiPg in ill of tiu padu0iqiJ 

Ll.hl Uh# IC-d d i f f i ~ U h i h #  *\L -, fkW IIIM?., 

1 '$- aPb otkr aquipunt, t im Pn*)MDCe Oi ice a d  tbe macqpllVlng 1GI tQ- 
I I 

L6 pratme8 hats M Idwna c i i e o t  on t b  flaw or o i l  trar the m a e m i r  

l 7  ~rockn. Ih exnct rehtiooship betvwn fmtsn Mbirnt. a d  o i l  mat- i 

25 

la p w  vu rrot dsfernLPsd, but a arcb lorar racorst~ factor br8 h e n  u- 1 

U, a abort dia-ce north of the f d t ,  ~u~ only mty uater. 
I 

- - -- - -- - - -- - J 



Analyses of eamples from several  W a t  veUe have been made by 

the Petroleum Experiment Station of the U.S. Bureau of Mines at 

Bart lesvi l le ,  Oklahoma (McKinnej, Garton, cudSchuartz, 1959, p. 9). 

These s t u d i e ~  have ahown a t  o i l  produced f r m  the field is green 

( ~ a t i o n a l  Petroleum Association Color Numb6r 4, 4 1/2, and 6, f o r  mi-' 

I bus semplea), has an API gravity of ebout 36*, Saybolt Universal vim- 

7 pity of 36 to 37 eecods ,  and a pour point  lower than 5'F (-15' a d  I 
s 1-25'F, i n  samples fraa M a t  test w e l l  3). I t  i e  hlgh i n  naphtbsms, 

I 
I 

9 *ut ha8 l e s s  than 0.1 percent sulfur. It b s  a high proportion of 
I 
I 

1 0  lgaeoline point -80'~) and d i e e e l  fuel (pour poin t  -~O*F).  The 1 
I 

11 oil from Umiat t e s t  well 1 differs from that of the other wells  i n  

1 2  having Leae gasoline, more keroeene and heavier fractions, d i n  btfng 
I 

h3 p r e  paraffinic ard correepodingly lese  naphthenic. Although sam? of 1 

1 7  hell 1 is e h i l a r  to many Wid-Continent crude o i l e  such that f- 
I 

14 

I 5  

16 

1 9  Ithe O L l s h a r  City f i e ld ,  Oklahana, except *or the lack of higher f n c -  I 

tbedi f fereocemey have resultedirclmveatbariog(~oilcoUectcd i n  

the hole after the w e l l  etood i d l e  during the winter), +.here 16 a dl f -  

ference i n  types of hydrocerbona present. The sample fraa M a t  test 

, ?. 8 , a n L M h h  k :.I J'hth# (I.,. < b *  Vh'C : ,+ST 0 - 5 # # 2  rB 

m.7-10U 

In the  sample6 fran M a t  test wel l  3, the laaphtbenic quality in 

2 conetsnt in the gasoline fractions, a d  then increases abruptly, to re- 

3 lmin a t  a hlgher l eve l  through the d i e s e l  fue l  aad lubricating o i l  
I 

4 Ir-. Other o l b ,  such ru th.t i- tbc Spi-top f i e ld ,  auu, are j 
5 lnaphthenic i n  the g a o l i n e  f rac t ione  but not Increasingly so in heavier 

1 
I : 

s fractions.  A t h a b a e k a  tar sands arc d o  naphthenic i n  the gaeo,ine 

7 t rsct iona.  
i 

t i I 
1 w, eat-tes , eemm b v e  h e n   ad^ (Q k c t i c  ~0.t~- 

9 tOra, t h e  U.S. Hnvy, and tbe U.S. Bureau of Mines) at various t a s  

10- uring the exploration of the f i e l d ,  with results ranging between ex- ' i. I 

11 

12 

'3 

1 5 -  

16 

l o  

l9 

20 

21 

" 
23 

'' 
l5 

tramee of  2 mil l ion  sPb 122 million barrela of recovcreble 011 (uritte~. 

commurieations, 1953). ~n amrage e s t k t c  i e  60 million barrela. The 

m e t  m i a b l e  flgun in the calculntiona is tbe recovery fsc tor ;  i t a  

value i a  affected by permafmnt, Md bence it  ie par t iculsr ly  d i f f i c u l t  I 
to estimate. Other w i n b l e  factor* - tbs percent of c-te rater, / 
Ute nct e f fec t ive  sand, the s im of the producing area, eul the effec- 

tiveness of a p o s ~ i b l e  gaspdrive. The Pack of p r o w  prdluctlon 

teata, as well  M th variables mentioaed sborc, rake the o i l  reserve 1 

eetlmtee of the f i e l d  uncertain. Tbe f i e l d  is  comiderrd to have m 

M i a t e  c-rcial value, however, became of  its location. Fair- 

bemkn, the nesreet large ban, i e  about jw airline mllee may, aad the 

coat  of transporting the o i l  fe a t  preeent prohibitive. A small emouot 

ha8 recently (1954) been a u t h o r i d  f o r  a& to exploretion companies 

who are current ly  working i n  northern Alaeka outside the Reserve, to 

-,save t b e m  the d i f f i cu l ty  of importing - fuel. --_ --.J 

1 r 0 0 Y P R W l l N T  Wl*Tl% * i W l l 1  E l s l l  0 - 5 1 1 1 1 1  
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oi l  s d  gas i n  other amem i Shows of o i l  or gas were noted i n  eeveral testwelle,  besides the 

i e l d s  previously described. Information conoep-dng t h e e  holes i e  I 4 summarized below. In arrm caeee Iaro or  mre boles ha* h e n  dr i l l& 

5 near enough together to &ford a correlation, and tbtae grow of b o l e a  I 
e also discueeed in the paragraphs hlav, 

I Knifeblde ma.--No good o i l  or gas shove were found in  the . 1 
r k f e b l a d e  hozee, although test well8 1 rtd 2 A  shoved f a i n t  o i l  etalne 

i hile  they vere being drilled, end no f ~ e  o i l  appeared on-any of it as 

5 -  it waa bailed out. Knifeblab t e e t  w e l l  1 and Knifeblede t e s t  well 2A " t 1 

I 

8 .paraUcb the axis of the esmtern end of tbe Knifeblade anti- 1 

I 9 cl ine  (Robineon, 1959a, fis. 7 ) .  Thin struckue, uhlch is about 65 

1, b-h R-. ~ f e b u  test  re^ 1 ia on tbc mrttz, or w n t h r a m  I 

13 mf- contains a much thicker section of tbe younger rocb of  the I 
14 )Chrrobltr Formation. Zhe Cbtdkr bedm are mnmarine and here contaln 1 

I 85- nwproue Ws of coal, ecme cc%rbon%ceoua materiel, plant fragments, and I 
16 liron8tone nodule8 or coneretiom. The feu sadatone W 8  cbraoteria- / 
17 t i ca l ly  contain much serfcite i n  the mstrix. The Gtardstand sandatone i- 

t 

18 de are wte coare-grained near the tap and bec- fiwr with depth., 

l9 p i c i t e  1. 81.0 e-o i n  the rtrir n e u  tbe top the foratioo, 

23 Ithe Orandetard aection i n  Knifeblade *st w e l l  2 A  is thicker than thnt I 

20- 

22 

lo teat  w e l l  1, but this is  the result of structural dip rather than , 
8tratigrapNc thicknesees. Some dips recorded from the coree of t e s t  

I 
more 

& T . . - - - - - - - -  -. -- - - . -. -~ - 
I a, particularly near the top, were 88 high as 40*, and many we?-, *itruw cOrau# a tu!?l c:~R8,,,l?~.+A~,N~~,~g?c;9;tent., 

horizon marker -ion. 
.11.1 .. 

~ome coal is present i n  the upper 300 f ee t .  Correlatbn of the in-! 

divldual sandstme beda within the Grandatad Formation between the h o t  
1 

t ea t  weUs is very good (see pl. 13). A t  first glance it. appeare that : 



: I Meade area.--Meade test well 1 fe  located on a n  ant ic l ine  shown 

y seismlc surveys to be about 7 milts long and 3 miles wide, with a 

3 .cloeure of XX) f ee t .  Located mar th southern edge of the coaeta l  

p l a in  about 9 d l e a  6outh-eouthweat of Barrov, there were m, eurfacfi 

5 -  (inbicatione of a structure.  Gae was encountered in th in  a d t o m :  be&) 

6 of the Crandetard Formation st 2,949-2,969 4,l344,148 f e e t ,  a d  

I 2 the sandstone also hed faint o i l  s t a i n s ,  although oo ti1 WM recovured 

during testing. The gne rloued at a rate of 1,U2,000 cubic fee t  per 

ay with a 1-inch orifice a t  35 pei  and 38*F, ard reeervee wen ee t i -  

lo ted by Arctic Contractore (written cammicat ion,  Jrma, 1953) a9 

' I  '19,600,000,000 cubic feet. Lithologic aod drilling data have k e n  pub- 

'* lished eleevhere (Colllna, 1958a, p. 342-353). 

I 3  i Ounalik awa. --Some eadmtonea near 2,700 f e e t  i n  the Grtudstand 

lormation and i n  the lover [hmralik Formation i n  Omdik  t e e t  well 1 

ere f o d  to contain gas under high preseure, bu t  the producing m a d -  [ 
stones were not located accurately nor tcated. In g e ~ d  tb? nand- 

- - - - 

Oumellk t e s t  w e l l  1 a d  Eaat Oumalik t e a t  well  1 are located on 1 
1 

by seismic surveys some 100 miles south-soutbeastl 

I 
I 

stones have very lov porosity ard permeability d colpruercial produc- 

(tion i e  doubtful. 

Chaniler Formation at the top of the 

! lev or none of these non- 

iae bed6 an prement at the top of Oumalik test uell 1. Both holes 

contain a complete ~ection of the Grardetand Formation. The eandstone 

are r e l a t ive ly  peraietelrt  

between them. Thie con- 

kontent I8 not partlrultwly character is t ic  of tbc fomat ion  i n  o the r  I 
areas .. The aburdatlt Ve rneuilinoidee borealie I$crofauna ( ~ e r g q u i a  t, 

1956, p. 65-68) is Pound i n  both tbe Crardetard and Topagoruk Forma- I 
I 

Itiona, a d  the  top of' t h l e  fauna e.nd a few other  w o n t o l o g i c  markers ( 

arr shown on plate 14. The base of the Grandstad Formation grades I I 
i n t o  the more shaly Topagoruk Formation quite rapidly i n  the Owial ik  

area, ae shown on pla te  14. Sandstone beds i n  the TopagMvk Format1011 
1 

lare l en t i cu la r  and cannot be. correlated, but the general eequence i a  ' 
I 

tlle a=---silty clay beds a t  the base of t h e  formation g r d f n g  up i n t o '  

the coarser eamly beds near the top, and f i n a l l y  in to  the  Grandstarxi 
- - - - - - I 





The tvo holee ere located a h t  m a y  between the Omalik holes I 
Lnd Barrow, on anticl ines d e f i n e d  by eeismic surveys. Plate  15 shave a I 

3 1,-orrelation of the upper part of Topagoruk test w e l l  1 w i t h  E a s t  TO*-1 
I ]aru* t e s t  vell 1, 15 m l l e ~  to the east. Correlation of i n l l r i d u e l  beds( 

th in  bedn of c W ,  m e t  of which are not feud i n  the 

hole. C l ~ y  i r o n e t o n e  commn between 600 and 800 f e e t  In Topag- 

1 is also missing fran the comparable interval  a t  &ask 

I Ppgoruk.  Sadfitone beda In the  G r u d a t m d  Formtion i n  'hpagoruk I 
1 2  test well 1 are lees vell defined and maseive aDd contain more inter- I 1 
3 (bod. of clay shale t h a n  a t  Erv t  Topagomk, but tbs t op  of one bed rhleh I 
Ir seems to be preeent i n  both holee i n  near 600 f e e t  1nTopagoruk teet I 

rs - 1 BDd ebout 300 f e e t  laver a t  Bast Topagoruk. Below thle a d -  1 
Istone both holes drilled l n t a  a e h l y  section u d e r l a l n  by a r e  e d -  I 

I ..tone, although the lower  sardy aeqwnce is thicker inthe  east. I 
18 1 The th in  salilstone beda of tin? Topgoruk F o l n t l o n  lppu to be I 
19 more persistent acroas the area, although most of them are thinner to 

li I 
I I n  the eeat. I 

Fauoal evidcnce convbomtes the lithologic corre la t ion  discuesed 

tbc eection m t a i n i n g  the m a t  abuodant apacimem cud specie8 of 

at Xaat Tagsgoruk (Bergquiat, 1958b, p. 312 aai 314). 

Wolf Creek area.--- Wolf Creek an t i c l ine  bse 200 f e e t  of proven 

10- closure i n  an area 5 miles long, with  a p a i b l e  c1oau1.e of 60C 

" eet  over an -a I6 miles long, napped by surface nrd photogeologic 

l2  tho&. Thne boles velr MLled on it: Wolf Creek test veUs  1 and 

IS , on the crest, produced gas f r o m  tbe Chandler and Grandstand Form- 

" ' 1 t i o m  (BCC mbOV. OD p l .  16), a d  Wolf Creek teat well  2, on the north 

15-lr- 01 the ~tructure, prcduced vntcr ritb a trace of yl Iron the I 
'* same formatione. Tln? beat gse productfon was f r o m  Wolf Creek test well I 
" 1, which prduced a t  a rate of 1,304,~ cubic feet per b y  through a 1 

I 

1 1/2-inch o r i f i c e  Prm a sandstone bed i n  tbe G r a d m t a n d  Formation at , 
l9 

20 - 

thc bottom of the hole. 



1 The correlat ion of beds p n e t r a t e d  by the three holes is shoun i n  

: pla te  16. Only two of the four  formations d r i l l e d  were penetrated by 

more than one test well, but  correlat ion of these 4x0, the Ninu..uk and 

khardler  Formatione, shove the much greater continuity of beds i n  the 
' 

1 

marine Ninuluk Formation, which hae eandstone beds that p e r s i s t  w i t 1  
I 

6 ! l i t t l e  change across the ant ic l ine ,  compared to the no-rine Cbnd le r  
I 

ormation, which has discontinuous, l en t i cu la r  M s  only a few of which! 

I 
be definitely traced f r o 5  one t e s t  well to another. The r e l a t ive  , 

ease of correlat ion i n  a north-south d i rec t ion is a l so  i l l u s t r a t ed ,  as 
I 

I 
I 

I n -  - ;correlat ion between t e a t  wells  2 ard 3 is about as good a8 it is be- 
! 
! 

I '  tween test wells 1 and 3, although t e s t  well  2 is about 1.5 times fer- 1 
l z  Ither away (1 1/3 miles) fmm t e e t  veil 3 tban teit w e l l  1 is. I 

Sunnraary of O i l  ard Gas 

No ehms of o i l  o r  gas vere found i n  Naval Petroleum Reserve No. 4 

) in rocks of pre-Mesozoic age and Topagoruk test v e l l  1 found no su i t -  

4 !: ble reservoir  rocks a s  deep a s  10,503 f e e t ,  the total depth of the 

hole. Tr iass ic  sandstone bede, penetrated only i n  the northern pa r t  of 

t. :the Reserve, have a carbonate ceraent and are too impermeable to make 

t 
1 ,good reservoir  rocks; none bed shava. Basal sandstone beds of Jurassic 

! 
e 'age have a fen t h in  byere of intraformatiorrai conglomerate i n  Simpson 

9 'tetlt wel l  1 which have f a i n t  shms  of o i l ,  suggesting the paeeibi l i ty  
i 

no lor addit ional  Jurass ic  ( o r  older) pe t ro l i f emus  beds on o r  near the 

1 1  i P l a n k s  of the Earrow high. I n  Topagoruk test well 1, Jureesic beds 

I 
12 be= pPedominant1.y clay  sble a d  the sandstone at the bsse of the ae- , 

I 

lquence had no shows of o i l  or gas; in South Barrov t e a t  riel? 3, the 

4 LB ue s m d l e r  but a t i l l  hsd m *ppreelable show. 'ibe oldeet  produe- 

1 5  t i o n  fourd i n  the Reserve, houever, Is i n  beds of Juraasic age i n  South 

16 .h.m b e t  w e u s  2, 4, 5,  and 6, which p d u c e  gee. Although South 

I I 

I? Berrov test vell 3 uaa 6 dry hole, the numeroue f 3ult8 i n  the area may 
I 

la 

19 

M -  

21 

22 

- 3 

25- 

haw trapped o i l  or  gas i n  Juraasic beds elemhere  i n  the vicinity.  I 

Almost all of the o i l  a d  gas discovered i n  Aaval Petroleum Re- 

serve Ho. 4 ha8 h e n  i n  rocks of Cretaceous age. Gae shms i n  the loue 

Oumalik Formatioo vere noted i n  Olmrallk test well 1, but  they were poor 

and the sadetmne beds are s i l t y  and poorly sorted. The Topgomk For- 1 
I 

mation contains heavy, dark o i l  at Fish Creek t e a t  well  1, i n  t h i n  beds1 I 
of saldy s i l t s tone  which, althougi. they a r e  poor, are the only reser-  

voir  beds i n  the well. -- - - - - - - - - - - - - - - 

i 
# . , , k w h  , > , I d  , 

I 
8.I 1 
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The best  oil-pronucing zone discovered i n  the Reserve to da te  is 

the Grandstand Formation, which i s  the reeeivoir  of most of the o i l  a t  

Umiat f i e l d  and a l s o  had the best shows i n  other t e s t s .  Many of the 

sLructures found i n  the coastal  plnin end i n  the foo th i l l s  contain ' 

Grandstand beds within r e l a t ive ly  easy reach of the drill, and thue the  

poss ib i l i t i e s  f o r  production f r o m  them should be numerous. But, except! 
! 

,for the h i a t  ant ic l ine ,  d r i l l i n g  on these s t ructures  has not been ee- 
I t 

I :pecially rewarding; mast t e a t  welle had shove of o i l  or gas, but  feu ; 
I 
,lleLd appreciable quant i t ies  of gas and none produced o i l  except a t  Umiak, 

I 

h e  matrix of the  sandstone beds is especially important; much of the ( 
I 
Granlstand Formation is poorly sorted, a d  bae a large amount of argil- 

i laceous material  In the mitrix. Reyardlees of structure,  the dverae 

fac tors  of porosity and perroeability minimize chances of the diecoverp 

/of o i l  i n  such locations u the G r a n P s M  ant ic l ine .  A c o q m l ~ o n  of ( 
f igures 10 and 12, uhich depict  the everage porosity and thicknese of i 
Orandstand s a d s t o n e  bed8 show. t h a t  the s a d s t o n e  ha. the beat reser- 1 

1 
v o i r  properties i n  a region exterding southeast from Barrow, p a r t i c u h r +  

l0  l y  e a s t  of the Topagoruk area, wbere the greates t  sadstone thickness 

I q  ! coincides roughly with the greateet  average porosity. Recamaissance I 

The Grandata~d sandstone beds were depoeited f ollou1ng deposit l  on 

of a great thickness of argil laceous,  foes i l i ferous  sediments. It 

. seems l ikely,  therefore, that thc Grandstad o i l  originated i n  the or- 

ganic remains of the pro l i f i c  fauna in  the upper  Topagonk and lover 

5 -  IGrandstand ~onoa t io&,  and then migrated uprani into reservoir  beds of ! 

9 ormation i s  preeent, and the gas i a  trapped in a d a t o n e  beds of the , 1 I 10- u n d i f f e ~ ~ n t i a t e d  Ninuluk and Chandler Formations, which over l ie  f i n e  

t l  [elastics of the Topagoruk Formation and are capped by impermeable shale 

1 
12 of the Seebee Formation. A t  E ' i ~ s h  Creek, the- ~ r m d s t ~ t d  Formation i e  1 I I 13 a l so  abeent; poor reservoir  bed8 of the Tops@ruk(?) Formation hold the ,  

4 b I .  A t  SSipson Seep, the 011 has apparently algrated through the ; 
I 

the Grandstand FormatLon. O i l  at Fish Creek and Simpaon Seeps and the 

I S  'veryporous, permeable, rind fr iebleGrandstand sandstone beds to the ! 
1 I 

16 !top of the section of coarse c las t l ca  which is Ninuluk and Seabee un- i 

, 
a 

1 7  /diffeRntiated i n  age, an i  vhleh is overlain, a6 at  Oublk, byehale of 1 I 

gas at Gubik could w e l l  have had a similar origin,  although the reser-  , 

! 
voir  rocks aPe of a s l i g h t l y  d i f f e ren t  age. A t  Gubfk, no Grandatand 1 , 

be the Seabee Formation. The o i l  i n  the seeps itl a t  preeent escaping from I I 
19 these shallav beds, probably through f i ssures  i n  the permafrost. ' I n  / 

?" 

* 

seismic work i n  tie area did  not locate any s t ruc tu re  capable of trap- 

ping o i l ,  but  aome areas, par t icular ly  one 8011th of TesheQuk Lake, 

nllve m t  been ntul led  i n  auff le ient  d e t a i l  to determine the presence 1 " I"'"" b"a*bove. 

I - 21 
or  absence of such structures. I 

of theae instancee, the petroleum f lu ids  have apparently moved up- ' 

tO the top  of the sandy section,  u n t i l  they were stopped 'by imper- 



The uppermost producing zone found in  the neeserve is i n  the T d u -  

;. vak Tongue of the h i n c e  Creek Formation, vhich contains much of the 

4 gas of the Gubik ant ic l ine .  Although it is nonmarlne, the Tuluvak 

,Tongue is comparable to the GrcudsteJbd Formation i n  that it mnta ins  
' 

s sandstone beds overlying a th ick  sequence of f o s s i l i f e m u s  marine bed6 

6 (Seabee Formation) vhich must have contained a large m4mt of organic 

I ~ t e r i a l , p r e a u m a b l y t h e a o u r c e o f t h e g a s .  Eereagain,thefluid ; 
I 

seem to have formed in the marine ahale and migrated uprard into over- 

s 'lying Peaervoir sardstones. The capping rock i n  this case is the im- 1 
I 

1 0 -  :permable shale of the Schrader B l u f f  Formation. 
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PLATE 5 C R O S S  SECTION OF THE B A R R O W  A R E A  





Fi- 4. SbepJy dipping argi l l i tea  in Simpson t e s t  well 1. 
The core was moistened w i t h  water to bring out 
color differences. 



Figure 5.. Devonian chert conglomerate from 
10,479-81 feet in Topagoruk t e s t  
w e l l  1. The core was moistened 
before being photographed, to bring 
out color differences. 
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Figure JJ.. Csrboaaceous particles outline h d n a e  and. 
a n a l l  lenses in siltstone and sandstone of the 
Grandstand Formation. f i e  core shown here was 
w e n  at approximately 2;955 feet In  Meade t e s t  
well 1. Core is about 3 inches in diameter, . 







A R C T I C  O C E A N  

umED GEOPHYSICAL. CO., INC. .  1953 

FIGURE 14. OBSERVED GRAVITY MAP OF THE BARROW A R E A .  





FIGURE I?. Reeonrmisroncm topographic map of tha Simpson Soaps o r l a  based en shot  paint and Dora hole  * Iovaf ionr .  

TRIS moo snows the mounds on whleh l h a  S i m p ~ o n  Seeom arm loea lod.  



W. W. Patton, Jr. 

Figure 18. General view of SFnrgson Seep 1, the northern- 
most of three Large o i l  seeps found in the Cape 
Simpson area. Summer- 1948. 





Tabla 1. An Wlymla, by the U. S. hmru Of Mioam, of e n d c  o i l  collected Ercr o n  of the ;+impeon 

Specific gravity. 0.933- A. P. I. gravity 20.2. 

. .  . 

Pour p o i n t ,  'F below 5 , 
Color, b m i a h  m c n  

Dirtillation hf r w q S m r i c  peas-, 749 r. Fi rs t  drip, 217' C (423' F.) 

R.e t ion  Cut a t  h m n t  S u  Sp. g. 'A.P.I. Cmr. Aniline Saybolt 
paint Universal 

Vimeoaity 

1 50 

2 75 167 

3 1M) 2J2 

4 lr 257 

5 150 302 

6 175 347 

7 = 392 

8 P 5  437 

9 W 482 3.6 3.6 

10 8 5  527 6.6 10.2 

DiatiUation continued ht h. 

11 200 392 3.9 14.1 

12 n 5  437 8.8 n . 9  

13 250 8.7 31.6 

14 9 5  5 r l  8.5 b.1 

rg 300 572 lo.1 50.2 

Renidmn 49.2 99.4 

Carban re8idw of rrriduu, b.0 p m n t ;  carbon r r U l d ~  or cnde,  2.0 prctnt. 

Light gru0liDl 'A.P. I. 

Tow au0lilw Ud naphtha e- -- - - 
K t t o . i M  di*tilL.te -* -* -- 
Car o i l  12.7 0 . W  n.3 

Nonvi8eoru lubricating d i 8 t i U t e  13.5 .908-.9n 24.3-21.1 

Medium lubricating d i r t i U t t  8.9 .9--.934 21.1-20.0 

Viacoun lubricating dL8tiLL.* 15.1 .934-,938 m.0-19.h 

belor 5"  

do. 

do. 

do. 

do. 

-- 
50- LOO 

loo-m 

Above XX) 





Table 2. Sumnry of pammlty, p r m m b l l l t y ,  a d  production d a t a  fmm the h l a t  t e s t  well. ~7~~ L/ 
S t r s t l g r s g h l e  

u n i t  
ProductIan d a t s  

h l s t  b e t  Nlnuluk -105 t o  -W 20 
wel l  1 

Traea of 011 near top llola l e f t  o p n  b twcen ,125 m d  

K l l l l k  
-1,W6 r t .  r roa  l i p t .  1'1, 1945 -- 

e h v .  810 f t .  
t o  June 2 ,  I Q A ~ .  Ice r i l l e d  
hole rm. 43) t o  -110 r t . ,  a d  

r o t a r y  rl '  ~ r . d . ~ q  
44 sallon. of 011 v c m  balled 

upwr m a d a t o n  
from t l u  top of Lhs lee. Hole 

w.1.r b." 
. I , . B ~ O , ~ ~ ~  .t - 5 ,  I,>) r t .  

mul 

mlbdl* m m d s t o n d  -715 t o  -750 -- -- 
011 a d  8.. cdor, g o d  I a t u r a t l o n  

In e m  core. 

I w e r  aa!dsto?. -3% t o  -1,163 7.7-21.9 94-62.6 011 odor, rmlr aatw.tion in  mama 

cores 

- 1 . 6 ~  t o  -2,030 6.2-23.8 > I - P . 3  odor, ntreaky s a i u G n  in 
mom= core. - 

I h l s t  b a t  K1111k 1262 t o  - 2 j  11.3-17 XI-72 Ilallcd very s l l ~ h t  a h w  011 ard 
wel l  2 Y.L. 

s l s v .  342 It. O r . ~ d . l ~ d  
u p p r  mhd.Lon 

l w e r  r a r d s t o n  
a d  bracklmh water v t t h  s mklo 
of a l l  

l lals own b e l w  +?&I r t .  Hole 
frozero h l w  -1C4 f t .  a r t e r  
L ~ l i l ~ , ,  ,*&:a. $i.L,L : r .  r3, *bi 
drptn  of -?I? r t .  

1 ~ a l l r d  49 b b l ,  011 In 24 hrn.; 
p%livped l n t c m l t t e n t l y  f a r  I? 
uu)ra, . ~ . ' u r c r d  a+..rav.r 14 bill .  
011 p r  dny. 31101. hole vlLh 

I fiyorunitr, then p~rmlod a a t l n n W  
:.I8 tabl, 011 p r  day 
.. 

litruttr! e l o r ,  H0r.l PIIW 0 1  l  ll8oln v)nn IIDICN ,450 r't. Ic. In 
111,Ia lmnuIrl!nl 41hr11~ .at .  I1n1!111* -4lx) l0.11 r l .  f ron  III.. 

l I t~!nula l i~r  c1.I~. U.ll 111111 1111 

t8#lbl clnpL11 -151 f t .  15-lnla. I ~ I I I I I L :  Ina l ,  14',0 Ln 
1 lL"1,5 l't, ~~rtaltwaml ~ 1 1 ~ 1 ~ I . l y  vhs 
P I I I  1111 46  rqm or ;*HI 111.1, p p  

. - >  LY.lr-I 

PIMIII I I I  t e a l  1 4 ~ ~ 0  Lo - IS ' /  rt .  In. 
d l c s  W ~~rmllluclloa rate Vil.llX, 
bbl.  p r  day ulVl no J e c l l ~ r  

~ h l . f t . . ~ t  K1111k 

I 
I in5 t o o  

v c l l  5 I 
G r a d s t a d  

.lev. 335 rt. u p p r  anmistone -30 to -175 temt. t303 u, -1W r t . ,  
averecc 70 bh1. 01 1 1 r r  day 

Water f l r a t  encountered a t  - 4 m  csbb  tool  (-mtona / -hl to -725 Ice caumed p m p  t o  s t i c k  m t  l e a s t  
once. P l w  H M  tLmperature TI- 
T11.P. Caslnp s r t  t o  -133 It. 
J u r t  beform shut t ln8  well In 
wl(l1 tots.1 deptlr or-742 C t .  

93 day pudoplr~p t e s t ,  1 j01 t o  1742 
r t . .  lrlmPd over  4013 bhl. I r r  day, 
d e c l l r i l n ~  t o  150 b t l .  I x r  day. 
Water content dccreaard I'rom 1.35 
t o  0 . 4  yercrnL In r l r a t  I  I/? 
weeke. Ptunp too small LO lirrndle 
r u l l  capl~ci ty  of well:  d ~ e l l n e  
r e s u l t  of l c l n ~  (.() 

- - - -- -. 
Balled 25 pal .  011 every 2 h r s  

f o r  6 hra. 

- 
M e t  i a s t  K1111k -13 t o  -293 
wel l  6 

011 i n  a l l  a a d b ' a t ~ e  I.erla; urLer 
I ' l r s t  noted tn hula a t  t o t a l  
depth (-kt91 f t . ) ;  p l q  t n  -4I i j  
C t .  d ld  not rhut  I t  urr, ma 20.5 
bbl. 011 ard 11 bbl. water v e m  

- 1 ) ~ ~ ~ L L ' f o r n  .I:oyc Ll !o. !l lly?: 
' l b b l n ~  vaa 1'1 l l rd  wl th ml~nlny ice 
a r t r r  Lest. 5 1 ~ 1 1  -,lot gas ta 
well h c d  dur1n.q Lest.a. Pltrp W 
-L41> Ct. d ld  not c < m p l e k l y  alwt 
o f t  Meter 

I,nbe of perdmsi  .Lotst -L30 r t .  
Uo8ua&aal t r m p r s ' l ~ r e s  In KLl11k 
sld Orardatard bormrrtlono, 
wamuRd Y L 1 1 1  lhCmI.tor~.. a ~ l g -  
v r ~ t  l1~11d f lov  I'rao Ilmlal b a t  
" e l l  2'"llnt --..- . .  lhnlr~t . t r s t  v c l l  
md-imply pmhtlice V I  *ini ruzcnl 
hrds  "1 Ill tLmpr.ture. h l w  
O'C. vlUlln t t u  p m f m s t  lane 
In b 1 . t  t e a t  v r l l  e. Plsn In 
Uie hole ,  a d  c a u l # ~ p ,  camlac 
abarklomwnt a t  -4.Yj TI . ,  t e r o r e  
reachlo# l w e r  ssrdtltone k d .  

SllKllL BhOv o r  011 

A t  -?00 r t . ,  ba l led  ve ry  l l t t l c  
011. A t  -3:Q r t . .  ba l led  LW 
enl .  011; 2 hra. l a t e r ,  h a l l d  
tl g"I water 

13.8 1 S l i g h t  011 ahwa In coma; a t  -)O3 
f t . ,  70 gal .  water a 4  011 e n l r r -  
ed hole In 1 3/4 hr.. Water u l t h  
a t race  01' 011 crhlered hillc b e l w  
-508 f t .  

Caelnn s e t  at -Hi.', rt.. ( b a t h  
o l  ha le ,  -93) I ' t . ) ,  d id  riot shut  
or f  v a t e r ,  vhleh eontlnunl t o  
e n t e r  s m t l l  the hole vaa altatdon- 
ed a t  -1,054 I t .  Ice l o r m d  In- 
t e r n l t t e n t l y  In the hole t,rlween 
+E3O a d  ->W r t . ,  moat co!unonly 
In the u p w r  par t .  

9.1-11.2 1 0-19.2 w&ter ="*red hole whlle 
~ ~ I I I I I I R  mid b a i i t r ~ ~ .  I "  spite or 
ettempta in plup Uu. hole at.1 allul 
I t  ol f ;  flow or water l n r w s a r d  .I 

-wo rt .  

cmbh t o o l  
r i g  

-lZ5 to -195 -- f\myx.d e a t .  60 bbl.  011, no water. 1 - I rr!r dnv 
Icing, wax, ard m c h a n t c s l  
trotable re lured  L'lw or I ' lulda; 
1r"1ucLIoft ca tec  I t y  p b a l b l y  
g r e n l t r  tlinn Itirae f l ~ u l r s  Ln- 
dlcnLe. Cns,  with no o l l  or 
v ~ L ~ T ,  wnn praluccd nl ' ter caaln* 
"no s e t  n t  -4'11 I t .  Well ehut 
In wl th t o t n l  de~illl  -><>I  f t .  

F l w e d  >,8>l3,'lW cu. r t .  ma per 
day. 1 112-ln. o r l r l c e  

l h l a t  b e t  Nlnuluk t418 to ,260 
W l l  9 - 

K l l l l k  t260 to 0 

UIIWS or gas noted in  . d m t o n s  
b d a .  Snabbinl! t e a t  u h l l s  d r l l l -  
l n ~  recovered no 011; 011 YU 

r1r.t roduc& whell t b  t o t d  
depth P-lI33 I t . )  vaa rcached ud 
hole was auabted t h r o u ~ h  tublng. 
Pwoplnm r e s t  lacovcred a v e r w e  
217 bbl. ga l -cut  a l l  

Al'ter pcu~plw tam' . ,  wel l  ubm 
p l q p e d  back by o w e .  u, -555 
tt. liut Oil cu~ot'llcud to entar  
hale. Tlr plus u u  d r l l l c d  out  
nnd easlnp, Bet to t o t a l  deprtl. 
-1133 1t. I'erfor*tlonis a t  In ter -  
va ls  bctvcrn -42.' W i l  -833 f t .  
pro l~cer l  no 011. 'Ihln l c c  1en.a. 
Io-d In UE l io'c l r t e r  p r l o r -  
a t in* .  

llule urn. o)rn L.elw .ll'ld I t .  Hole 
~ T C I ; I I I C ~ ~ ~  D o r  011 . r t e ~  
~ a a l # t ( r  uaa e r t  a' -:'#j r ' t .  1101. 
a l . a ~ d o t d  a1  - i P /  r t .  bec.u.r of 
cavir18 ahale. 

LbIat b a t  Hlnuluk + l o 1  t o  -19 
wel l  10 

K l l l l k  -19 t o  -219 

Balled 4 bbl. 011 per hr.  l o r  ?2 

A t  -234 r t .  ba l led  I d j  Lbl,  011 
I 

alav .  746 It. O r a d s t m d  
upper mur la ton -3M1 t o  -3W I -- I -- 1 Balled emtlmatrd r a t s  153 bbl.  o l l  

per d,by 

H o l e  uas o p n  b e l w  -) I t .  

I I I 
C r l d s t s d  

u w r  eardatone -1.960 t o  -2,145 14.H3-17.60 10-235 Fomatlon t e a t  recavtrcd bracklsh 
I I ~ a k r  

lover  a d s t o n e  - 2 , W  t o  -2 .59 l  10.2-19.25 0-400 Formation Lest. recovered bracklsh 
wawr 

'No ln?,ervalI r e p z r s a n t l ~  OM s t r a t l ~ r a p h i c  u n l t  a m  t l z  r e s u l t  of Ulrust r ' a u l t ~  vhlch d u p l i c r t e  \*do. 

1/ Esch 1nLerv.l Ittcllde. shale  bed. between nardatone layer., d aom t h l n  nardstone beds Juat  above o r  b e l w  the e t r s u  d e r l n d  nu 
the uprrr *rd l w c r  a n d s t a n .  bed. lee= p, :'?? !, 

Tltb mldAle .a!dawtu l a  premant only In Lhla t  ta.t wel l  I ;  In h l a t  t e a t  wel l  9, I t  I. represenled by th ln ,  a l l t y  beda, .rrl !a 
complarcly absent alheu1,era. 
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I U M I A T  TEST W E L L  I. UMIAT TEST W E L L  Z UMIAT TEST WELL 11. 0 '  

CHANDLER FORMATION 

_ _  - --- -- ---- - -- -- 

G R A N D S T A N D  F O R M A T I O N  

T O T A L  DEPTH 1384 FT. 

--------- 

E X P L A N A T I O N  

TOTAL D E P T H  COO5 FT. 
,- 1 

SANDSTONE - 
L COAL * SHOW OF GAS 

$2 SILTSTONE CALCAREOUS MEDIUM GRAINED SCALE IN MILES 

@ CLAY SHALE - LIMESTONE BED 6 FINE GRAINED 1 
CLAY IRONSTONE NO SLMPLE .r V E R Y  FINE GRAINEL i I N D E X  M A P  

5 EENTONITE SHOW OF OIL a CORRELATION OF IND'VIDUAL BEDS. 

DATUM: TOP OF GRANDSTAND CC?:EAIION DEPTH I S  I N  FEET BELOW KELLY B U S H I N 3 1  

f ROBINSON-COLLINS 1 9 6 4  

P L A T E  12. L iTHOLOGlC AND E L E C T R I C  L O G  C O R  R E  L A T  I 0  ;J A L O N G  0 - 0 '  S H O I V I N G  C H A N G E S  I N  S A N D S T O N E  

A N D  S H A L E  B E D S  I N  N A N U S H U K  G R O U P  R g i C K S ,  U M I A T  C I I L  F i E L D .  





6r9.L1/ OPEN F I L E  R E P O R T  

ELEVATION 41 FT. ELEVATION 87 FT, 

TOPAGORUK F O R M A T I O N  

T O  TOTAL DEPTH 10,503 FT  
TOTAL DEPTH 3,BDB FT. 

E X P L A N A T I O N  

SANDSTONE Eq LIMESTONE 
I:'] SILTSTONE H COAL 
Ikx CLAY SHALE E2 IRONSTONE 
t!? BENTONITE 

FORMAT10 N BOUNDARY 
--- CORRELATION L INE 

DISTANCE BETWEEN TESTS I S  IS MILES 

DEPTH I N  FEET BELOW KELLY BUSHING 

P L A T E  15. E L E C T R I C  LOG, LITHOLOGIC, A N D  P A L E O N T O L I C  C O R R E L A T I O N  OF T O P A G O R U K  AND 

E A S T  TOPAGORLIK TEST W E L L S .  

9 ROBIMSON-COLLINS I 9 6 4  



WOLF CREEK TEST WELL NORTH 
2 I 

[II SANDSTONE bl NO SAMPLE 

icr 

a CLAYSTONE SHOW OF GAS 

A SILTSTONE - MFDlUM GRAINED 
2 

-- El CLAY IRONSTONE I FlNE GRAINED 
- 

81aO - 
TOTAL DEPTH , # COAL , I  VERY F l N E  GRAINE 

FEET DEPTH BELOW KELLY BUSHING 
BENTONITE 

El LIMESTONE 

- FORMATION BOUNDARY 

-. . -  
CORRELATION L I N E  

L I 
ROBINSON-COLLINS 1964 

P L A T E  16. L ITHOLOGIC AND E L E C T R I C  L O G  C O R R E L A T I O N  O F  W O L F  C R E E K  
T E S T  W E L L S .  



FIGURE I. MAP OF NAVAL 'PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, 

AND GAS FIELDS, AND OF REGIONAL CROSS SECTIONS. 

SHOWING LOCATIONS OF TEST HOLES, OIL 


