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The present structure was probably delineated concurrently with

the Late Cretaceous and Tertlary uplift of the Brooks Range. Along
the southern margin of the Reserve, long, narrov anticlinal folda,
trending west-northwest, were formed paralleling the Brooks Range;

many are asymmetrical or ovearthrust from the south. Farther north,

gentler folds are superimposed on the geoayncline. The Barrow ares

marks the porthern edge of the geosyneline; Cretaceous rocks there

T are as little as 1,600 feet thick compared to more than 10,000 feet

in the central part of the Resexve. A low erch in the vicinity of

" the Meade River separatea the Cretaceous basin into & vestern pert

dominated in Albian time by nonmaripe sediments, and an eastern one

contalning beds vhich are primarily maripe.in origin.
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Juressic pandetone contains a small reservoir of gas in & struc-
+ turally complex sresa near Polnt Barrow. Two of the six closely-
spaced wells 10 penstrate the field are flowing and furnish encugh gas
: to beat the nesrby govermment insta}lations and Barrow village. Figh
l Creek teat well 1, drilled close to an oil seep near the mouth of the
. Colville River, penetrated 130 feet of interbedded Cretacecus clay
shale and siltstone contalning dark, heavy oll, A pumping te-lt. pro-
duced 9 to 12 barrels s day for 3 veeka, before the hole wae &ban-'
i do; « A large gos field was discovered at the Gubik anticiine, lo-
i cated & fevw milee northeast of Uniat. The anticline 1a estimated to
ll be 1% miles long and 3.2 miles wide, with & clesure of more than 500

feet, Two wolls, ope located Dear the crest and the other on the

pouth flank, both produced gns from sandstone beds of Late Cretaceous
| age, anl roserves vere estimated by Arctic Contrectors as more than

- 200 billion cubie feet. Three large ¢ll seepe are located near Cepe
" holen were 4drilled near them to determine the aource of the oll.

| Bhows of oil vere foind in most of the tests, and oll and gas flowed
, Or vag beiled fxom a few vells. Irpermeable shale deposited uncon-
F formably above sandatome has trapped the oil agalnat the Lrregular
l! upper surface of the permeable sarmdatone. The extent of the fleld,

' and the amount of ¢ll present vere not determined but they are he-

Umint. It is in a faulted, asymmetrical anticline of Cretaceocus

oandsu_:me and _gha].e uﬂl}is.h han at 1:_&_4!_1. 1,2_00 feet o£ _clct_gl:re _1n an

Ay s

t Bimpson, 50 miles soutbeast of Polint Barrow, aod several shallouw test -

lieved to be amall, The largest oil field found in the Reserve 18 at
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plants, D. Dunkle of Permian apd Upper Cretaceoua fish, B. Kummel of
Triassic megofonsile, R. W, Brown of Cretaceous plants, 9. Grye of
Upper Cretaceous mcgafossils. and F, M, Svain of Ploistiocens ostrascods

bhave alao been of great value,

on

2]

——— e ——

Stratigraphy
Introduction
The following pages atiampt to synthesize and swmnarize Lhe de-
tailes of the rock units amd to present characteristice which set each
stratigraghic unit off from those above and below it, es well as to
describe varlations within a unit. Age determinations are also

given, and the reasons for them diacussed. The stratigrapiic 1nfcqma-i

tion is presented graphicaliy in figure 3.

Flgure 3. Stratigraphic chart glving a brief description of all for-
mations found in the subsurface of Naval Petrolewn Beserve

No. 4, and thelr Baropesn equivalents.

Rocks recovered fram the test wells mre all sedimentary, except
for the prubably slightly metamorphosed arglllite at Berrow and Simp.

son.  They range in age from Devonlan to Upper Cretaceous {agatn ex-

cluding the argillite, which 1s of unknown, but pre-Triasslc, age).
In many localitles, especlelly in the northern part of the Reserve,
they are covered by a thin deposit of silt, sand, and gravel of Recent

or Pleistocene age, Conglomerate, sandstone, siltstone, snd shale are

all represenied; “red beds”, limektona, coal, ard bentonite are pres-

ent in lesser Quantities. Megafossils of Devopian, Permlan, Trisssle,

Juressic, [Lower and Upper Cretaceous ages were recovered; mosi are
pelecypeds, with rere fish, brachiopods, and plants., Foraminifera

and a few other types of wierofossils, particularly pollen, were

found 1n the Mesozoic formetlons., With the support of the U.§. Nuvy,
R. A, Scott iz currently studying pollen semples from many of the well
cores.

o MY EINRLN L UHD I kb e i s -
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At Stmyson test well 1 (Robinson, 1959b, p. 548} the argiilite
differs from that at Barrow in color and in contaln%ng ne beds of
chert or dolomita. It is greyish green with some grayish red shale
:Uhlch bas been slightly silicified and is hard, dense, and massive; w

fev thin beds contain graios of silt size. BSame slickensided fracture
planes are coated with pyrite and paleits, Although LS9 feet of the
. srgllilite wana drinod, the stratigraphic thickpass represented is
only about 100 feet because the beds dip betvoen 75 and 80° (see

£1g. &). Ko fossils vere seen,

Figure L. Bteeply dipping argillites in Simpgon test well 1. The

core wam molstened with water to bring cut color differ-
! 1

! ences. '

!themmmeddnmotuwathomdmatmwpofﬂnlrgiuua
-u there wvas at Barrow but the contact vas not cored anl such evidence
- Ay have been lost in the cutting samples,

With the information now svailable, it is doubtful that any defi.-
ulte age can be wssigned to the pre-Upper Triassic rocks discussed |
above; imleed, there is Do certainty that the roek in the Barrow ares

' 18 the same age as that at Simpaon. Poth show the smme degres of
icduration, but at Barrow both indurstion and engular unconforwtty
: could be local phencaena apsociated with the Barrovw "eryptovolcanic”

structure {p.142}. !

LL I N
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b

T. G. Payne postulated thai the tests are on the southern flank

of an early Paleozolc stable area eéncompessing moet of the Arctic
. Ocean that hed not been subjected to orogeny since Precambrian time
and hence, that the argillite was of probavle Precambrian age {per-
’ non&]: communication, 1952).
1 subsequent to Payne's studies ipndicates pre-Permian, post-Devonian

., Btructural movement close to Barrow: Midale Devonian beds in Topago-

|
" ruk test well 1 d1p 35" to 60°, whereae the Permian beds that directly

overlie them dip 8° or less, and appear to be coafcrmable with the
. overlying Mesozolc rocks. In the easternm Brooks Renge there is also

]
i evidence for pre-Permian, post-Devonian orogenic movement {Brosad,
' Dutro, Mangue, and Reiser, 1962, p. 2,194). The Neruokpuk Formation,

~ which crops out there, contains some red and green phyllite fn tbe

{ upper part which is strikingly similar to the Simpson argillttes.

' Prosgé, Dutro, Mengus, and Reiser (1962, p. 2,184) have tentatively

; referred the upper thinl of the Reruokpuk Formatlon, the portion that

| most clogely resembles the Simpson argillite, to the Upper Devonlan.
j
I
i
|
i

1w A FRRY ML ¢
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However, driiling of Topagoruk teast well



! There ia also some simllarity between the Blupson argililiite, the

- mottled red and gray beds of Permlen age found in Topagoruk teet well I
. 1, and the Permian Siksikpuk Formation which crops out in the Brooks
¢« ' Range (Patton, 1957, p. Bl-k2}. Correlatica with the Permisn beds

s | seems unlixely, hovever, for two reasons: the Permien beds in Topago-’

' ruk test well 1 are approximstely coaformabls with the Mesozole

strata, vhereas in Simpson test well 1 the argillite is markedly unm-

5 conforwable; snd the degree of indwration of the Simpson beds is mich :

> | sreater than that of most of the nearby. Permian rocks. Even a fev

lu--l beda of Trisseic age cropping out in the Brooks Rangs yesembls the .
E argillite at Bispaon {[Oryc, personal cammunication, 1956) Wt the semn

L5 argments that apply to corrslsiion with the Permian sirsta alao apply

13 to correlation with the Trizselc beds,

4

25
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N Hard black shales or argillitee likes thoss from the South Bareon.

2 teoat vells are present, 1D oesll quenti{ties, in rocks of almcst every

3 i Palnozoic period in northern Alsska, as vell as in some rocks of pnob—i

+ | able Precasbrien age. Orayish black pyritic hard clsy shals in the
» | Middle Dovonian beds in Topagoruk te.t vell 1, lm].lanountofblack!

& phyilite in the Keruokpuk Formation, and some Devonimn strata in the
1 [ central Erooks Rapge are sll similar, lithologically, to the argn_uu]
o | peoetrated by tha Stuth Barvow test wella, The muech thicker section

s drilled by Avak test well 1, however, is more distinctive beckuse Of
,0“‘ the intaybedded dolomite and chert. No identical beds have besn re-

" -Wommmuaoutoralw-nwofmblmhnm |

1 sequeacts contain intsrbedded chert, the yresence of intermingled cn.r—‘

&) bonates beds is not recordsd. Comversely, tha limestone-phyliite mem-

L] ‘ bar of the Neruokpuk Formmtion lacke cheart, amd containe grayvacke,
11-1 grit, sod samdatone (Brosgd, Dutru, Mangus, and Rafser, 1962, p.
16 1 2,10h),

il

' B R L T N e
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! The alternating chert-delomite and black argillite of the Avak

" test well ard the black argillite of the South Barrov teste may be a

» guiet-vater equivalent af the conglomerate-bleck shale sequence of

FH.td.dls Devonian beds drilled at Topagoruk teet well 1; both sequences '
!

! are marked by & high sllica content and a lack of grayweche-type sedi-

I: wents. Widespread Middle apd Upper'DevonLan sediments to the south

and east, however, suggest that the aree north o the shoreline facies:

at Topagoruk was part of B land mass in Devonlan time, &pd that the

Barrow etrata are pre-Middle Devonlan in ege. The lack of fossils

and ibe great distance between Bayrov and Simpson and localities hav- |
ing comparsble strata make deperdable correisntion impossible at the

present time.

e |
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Devonlan conglomerate
Devonian rocksyhave been identiried in the subsurface only in

Topagoruk test well 1, where beds between 10,00 and 10,503 feet con-

' slst of approximately equsl smounts of interbedded medium-gray chart

i
5-

b f

1

a
;

10~

W,
12

L}

HE |
i

15~

20—
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7 I horizontal), and the stratigraphic thickness le only about JOO lreet.

|
| &
1
|

'
M, Schopf of the U.3. Geologleal Survey ae Peilophyton sp. nov.

: conglomerate and dark gray carbonacecus shale and claystone. The beds

dip 35" to 60° (fe contrast to the overlying strata which are pearly

! The conglomerate 18 made of gubangular to rounded vhite, gray and

black chert pebbles 1/8 to 1/4 ipch 1o diameter in the upper part, in-

* cressing to o meximm of 2 1/2 inches near the bottom of the hole (see

fig. 5). The pebbles sre set in & matrix of coarse to fipe-grained |

chert sand, with some piity erd ergilliacecus meterial, and the whole
’

Figure 5. Devonian conglomerate from 10,479-81 feet in Topegoruk ,
teat vell 1, northern Alaska, The core was moisteped

before beling photograpbed, to bring out color differences. |

is cemented with additional silica. The beds of clay shale and clay- r
stone are grayish black, el ightly silty and ailicecus, and have dinconi—
tinuous carbonzceous partinge; irregulsr patches andt minute cubesa of

pyrite are also present. hone of the rock 1s metamovphossd; 1ta hnni-;

ness results from the p'licecus cement. At 10,441 feet, carbonaceous

partings contained a few specimens of land plants, ldentified by Ja.mes'

Zosterophyllum(?) ap. nov., Aphyllopteris sp., and Eost.l.mell&{ii Bp.,
_O_f_?ldilei_t:arl_rf_l_!ﬂmnian_ °_§s=__¥_99!l_tn=: 19560, p. 288). "

P35 v e MREME | cwIN D dhe. b3 6 1 LRAG & wlgy 8
PR EN
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The nearest Devopian outcrops are in the Brooks Range, in the
vieinity of Shainin Lake, about 200 miles southeast of Topagoruk. An
“incamplets section of shale and sandstone more than 1,600 feet
thick™ (Bowsher and Dutro, 1957, p. &) 18 exposed there, but it con-
talps Upper Devonien marine fossils in the lover 400 feet. Somevhat

_ fartbher evay, hovever, ia the vicinity of the John River and sov'h of

the crest of ihe Brooks Bange, thaick tlack slate ard phyllite are

present beneath Upper Devonian beds, and are unlerlsin conformably by

the Hiddle{?) Devontlan Skajit limestons and uncooformably by Middle

Devonisn and clder schiet, phyllite, black siltatome, and limestons

(Brosgé, 1960, p. B351). The metamorphiss increases from north to

, south acrosa the ranges, anl same of these clastic rocks might be &

| fiper-graiped, somevhat metamorptsed equivalent of the beds in Topa-~

l\gm-usnmm;w'nl. The Bastern Brooks Range slso has metsmorthosed !
clantics (Brosgéd, Dutro, Mangus, aod Relser, 1962, p. 2,18k), 1ho
quartrite- and phyllits-chert meubers of the Neruokpuk Formation,

' which may be of Middile Devonlan age. The Delong Mountalns, wvest of

: the Brooks Renge, contain Upper Devonisn rochks, mostly limestops sod |

E dolomite (Sable snd Dutro, 1961). Many areas in Alsska south of the

] Brooks Range are also underlain by rocks of Middle Devonlan age. i

E Clastic beds, commonly metamorphosed, are found in the upper Yukon

valley, tn scutheanteru Alaeka, saxd along ihe eastern boucdary of the |
stata, No Lower Devonlan strata have yst been 1de‘ntu.led in Alsska,

aml the younger bede reit oo rochs of Bilurisn or older age. This }

regional break in sedimentation suggesis that the beds in Topegoruk ,

[ YT E B CL N IR T YR

b

T '

I

test vell 1 are also Middle Devonisn sand pot Lower Devonlan, a

possibllity which was suggested by the plant foasila.

23
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Permian{1) red beds

Above the Dwvonien bede in Topagoruk test well 1 1s & 270-foot
iaterval of red beds which are nearly flat lying. The rock consists
of interbedded brick red to grayish red claystone, silteston=, and
pandstone with a few thin layers of conglomerate sand rare interlmmi-
nated red and greeén shale; foseils sre lackdng. RO similar heds wers
penetratt.:d by any other holes anl the sbsence of foswils leawes tha
age of the beds in doubt, although they presumably are closer in age
1o the overlylng Permian beds, with which they are ;ﬁmumll: con-
formable, than to the umierlying Devenisn beds from which they ere
separated by an snguler uoconformdty.

The naarest outerops of post-Devonian Paleorole strata mew in I
tbe Brooks Hange, wore than 150 miles to the wouth. )uuinippd-n.
and Permian rocks are widespread through the mountains and im the
foothills north of the Range, and Pennsylvaniam beds have beoen tonta-
tively 1dentified in the eastern Brooks Range (Brosmgd, Dutro, Mangus,
and Reiser, 1962, p. 2,192). The Mississippian strata are dcminantly
dolomite sand limestone, with some cherlt.; and contain no distidnctively ;
red sediments; neliber dces the Wahoo limestons of probable Pennsyl-
vanian age, FPermian rocks, on the other hapd, include red amd green
shales, particularly in the Sike{kpuk romuon‘. This formation 1=
found in the central Brooks Renge, and its type section there is de-
scribed as variegated green, gray, and dark red shals and siltetone
(Patton, 1957, p. U1, Patton and Tailleur, 1964, p. 528, and EBrossd,

Dutro, Mangus, end Reiser, 1962, p. 2,19h5; the red beds of the test
may well be the squivalent of this foreation.

2k

Pormian sendatone

Overlying the red beds in Topsgoruk test well 1 are the only
: strata in the subsurface vhich have been identified as Permfan. Thae

{ sequence (from sbout 9,380 feet to 9,770 fect), lppl:oxi.muly 330
. feat thick, is redominantly light gray siliceous and dolomitic sand-
| stone, with soms intarbedded medivm gray silicecus siltatone and

| silty claystone, particularly toward the base, aund about 15 feat of
- ' eonglomerate near the middls. The sandstons is coxposed of subsangu-
- lar vhite apd clear quarts greaios, comaonly frosted, that are Sepoait-
+ el ip beds a few feet to 65 feet thick. The cement is silicecus
It throughout, and dolomitic as well, in the upper part. Most of the
iz ailtatore amdl claywitons ts medius gray to medium a.«rk gray, sxoept
" for a fev feet of rock overlying the cong,‘l.::-crutn', vhich is mottled
4 greylsh red amd gray., The conglomsrate, LVO feat below the top of

15- the unit, is composed of rousded 1/8- to 3/M-inch pebbles of whits

e chart, wvith a fev of gray or black chert, in & satrix of coarse to

' fine quartr sand apd siliceous cemsnt.
i

| Brackiopods {Lingula ep., & long-ranging form) are present in
1 ‘ the sandstone, and goeloganth fish teeth found mbout 60 feat below
a | the top of the sequence were described by David H, Dunkle of the

U.B. Hatlopa]l Muswum ms being similar to some rwported fram Permian

7! formations in Wyoming and Texas.

B aER

25



3

20 -

"l

27

The Nuka Formation which ercops out in the central amd western
' Brooks Range, 13 composed of more then 6,500 feet of "fine clestic,
" felspathic coarse clastic, end cherty strata” and coarse clmetic i
! rocka (Tailleur and Sable, 1963, p. £32). Tae lover part contains

t

Late Miseiesippien fossils; the upper part is late Permjan. The

, uppermost unit { "member p", p. 633) containe silicifted Late Permian

l brachiopods in & sequence of sandstone, dolomite and claetic li.mestaonel

'Lwhich ie light to medium gray; "member m'', composed of coarse clut.ica;

. of Permien(?) age (p. 637) also resegbles the Permian beds in Topago-
ruk test well 1, Tne Permjen beds in the test well may therefore be

; the squivaleat of the upper part of the Nuwia Formation 160 miles to

’; the south, The great distance betveen cuterop &and test well, however,|

1 rakes correlation hazardous and, consequently, the beds in the hole

l
{
; are descrived as of Permian age. ‘
Mesozoic rocks 1

Upper Triasseic shale !
Beds of Late Trissslc {Norian) age, penctrated in three teet E
wells, are dated by the presence of the dlegnostic pecten Monotis _gu_‘b-l
circularie {Gabb}, or by B distinctive microfauna (Tappan, 1951, p. 5),
The three holea, Topegoruk test well 1, South Baﬁrw test well 1, and |
Simpson test wcll 1, are all located on the Arctic coastal platn with-

i
in 60 mllee of Point Barrow (see fig. 1), '

L ]
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The section in Simpson test well 1 is 280 feet thick, The lover
115 feet is made up of very cslcarecus ailtstone, sandstone, and acoe
limestons. The siltetone 19 medium light gray aocd is mottled wich

dar). patches of argillaceous waterial. 7The matrix 1e very calearecus
apd tha rock grades inkto & silty dark colored limsstone in several

places. Pelecypod impreseicns ant shel)l fragments are comaon. The
basal 25 feet of this section is moatly light gray to medivm 1ight
gray fine-graiped sandstons with clear, subangular quartx grains, &

fev rock particles aod pyrite grains, a trace of glauconite and car-

‘ bopacecus materisl, and celeite cement.

The upper 165 feet of Triassic beds in Bimpaon test well 1 are
more Aargiliscecus, with soms bads of sadium gruy shala es mmch us 25
feet thick, The rest of the rock is calcsrecus siltatonea, with some
ailty limestone beds concsnirated about 50 faat below the top of the
soctios, Olauccuite 1s found throughout tha Trisssic strata but is
most sburdmnt fn tha botios half of this 165-foot ssquence, whare it
colors soms miltstons beds grayish green. An sbundact, dominastly
calcarecus Trisseic foraminifaral assexblage has besn described fram
these beds (Tappen, 1951, p. 5,8-16); tha mame microfauna has been

Tound, although in lesser quantities, in ths other two bolea.
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thought {Collins, 1958b, p. 270, and Bergquist, 1a Collins, 1958b, p.
313) to be part of the Triesesic strata. The fossils within thees beds

give no conclusive evidence of age (‘Bergqul'st., persone]l coamunication,

i
1956), and as the strata have the sanme relative eiratigraphic posltlonE
as Lower Juraesic sardstone beds at Barrow and Slapson, they are con- -
sidered in this paper to be of Jurassic age, and are degeribed with

the other Jurassic strata. :

The Triassic atrata in ell the holes are flat-lying. In the two ’
northern tests they reet unconformably on steeply-dipping pre-Mescrolc
argillite; in Topagoruk test well 1 they are apparently conformable on’
the underlylng Peruwjen sandetooe and slitetone.

Upper Triassic beds ¢rop out in the Brooks Range eoutiwest, south
and southeast of the wells. The Triassic Shublik Formation, described
by Leffingwell in the eastern Brooka Hange (about 250 miles enst of
Simpson test well 1) consists of a 500-foot sequence of dark lineatone:
and shale, with a 30-foot sandatone member near the base (I:rupgvell,:
1919, p. 115-118) which 18 vary similar to the strata in Bimpson teet

well 1. Correlative rocks in the Eadlerochit River drainage, not far

from the type section, contain the same microfaunal essemblage as ia

JYoupd im the test wells {Tappan, 1951, p. 5). Upper Triessic mega-

fosells are ccomon to both teet welis and outerops.

velh | LTy O R T TR
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| be part of the Shublik Formstion,

Becsuse the beds {n Simpson teet well ) are éimiiar 1ithological-

ly and faunelly to those at the type section, they amre considered to

row test well 3 and Topagoruk test well 1 differ in the proportion of
piltstone, lime=atone, and shale, and in South Barrow test well 1 are
unique in containing & large amount of limonite, but because the order
of deposition is stmilar anl the faunal content the same (elthough

less vell represented), as at Simpson, these etrate are alec, al-

oM EANMENT PRI v PH L Y [
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Upper Trisesic rocks in South Bar- °

‘ though more tentatively, considered as part of the Shublix Formatlon. !



Lover and Middle Jurassic sandstione mnd shale

The seme three test wells that penetrated Trimsele rocks also

" tested Jurassic beds which contain Foraminifera end ammonites ranging

..,,

o =

M

Ta

25 -

from Hettangien {Basel Jursssic) 4o Bajoclan {Middle Jurasssic) in ege

(Imlay, 1955, p. 82, end Teppan, 1955, p. 27}, as shown in figure 6.
In addition to these three holes, Lower Jurassic beds are present in

Avek test well 1 and South Berrow test wells 2 through 6. 1

Figwe 6. Comperisos and poassible correlation of Lover and Middle

Jursssic beds in test wells in northern Alsasks.

Theee rocka vary from hole to hole in the proportions of sand-
stone, siltatone, mnd Bhale, in the total thickness of the deposits,
and in the amount of Jurageic tize they represcnt in ey one teat
well. Nevertheless, they have lcne- lithologice cheracteristics in
comnon that diatinguleh them from the overlying and wxerlying beds.
They are generally noecalcareous, and lack the limestone common in
Triassic sirata; the shales are lighter in color than i{n the older
beds. Pyrite and glauconlte in many of the Jurasaic depoafta ippart
an olive tinge to the sandstone, distinguishing it from the overlying
Vermicular pyrite atreaks in the clay shale are also

forpations.

distinctive,

bor Sk e W iR L. OFSECE ¢ P 6 s
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Lover Jurasgic sandstope and shale.--In South Parrov teat well 3,

' the basal 65 feet of Juressic daponits rest on Trieseic beds, and con-
#1681 of gray to reddiah brown clay shale with thin beds of browanlsh

! or clive gray bentonits. This lithologic sequence, which coatains

: Foraminifera of probable Hettanglan age {Tappan, 1955; p. 27) is not

I, koown to occur elsewhere in Naval Petroleum Reserve ¥o. 4, and no ben-
i tonite hes yet been described from basal Jursssic beds elsewhere in
| northern Alaska.

At Avak test well 1, between 1,892 feet and 2,307 feet, 10 an

!
vy interval containing light to dark gray c¢lay ghale with etreaks of

as stich a8 3 fnches in diameter at the base, which rests on pre-Meso-
. zoic argilldite. The rock has been much disturbed, and dips ranging
from 20° to 90° were recorded, vwith slickensides and wich fracturing.

The true stratigraphic thicknese is therefore unknown, bui may Approx-

imate 150 feet.
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senistone in the upper part, end & conglomerste of clay shale pebbles |
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Yu Topagoruk test vell 1 between 8,640 feet and 8,830 feet, 18 a
sequence of sandatone and shale resting on streta of Trimssic age.
The lower part is represented in the samples by olive gray very fine
grained siliceous sandstone appsrently interbedded with dark clay
shale near the base, No lithologic characteristiics were noted which

would 1ink 1t with beds of either Trisesic or Jursssic age; the sand-

" stone 18 apparently siliceour, instead of calcarecus like the Triassic

sandstone, but mottling chnractaerlstic.of the Juraseic sandatone wes
not noticeable. The olive gray ooler, though more common in Jurasaie
bede may be found in rocks of both ages, ‘The .thickpass of the sand-

stone ie uncertein; the resistivity curve of the electric log suggests
that there 1s about 150 feet of 11, overlain by about &0 feet of clay '
shale, with another 50 feet of eandstone or siltstone nbove that,

The ditch samples, which were not dependsble through this interval,
contained a large proportion of sandstope only below 8,720 feet., A
fev pstracods, echinoid epines, end mipute pyritic pelecypod casta in

the clay shale esnd sandstone, although similar to some found in Trias-!

sic beds, are ponmdiagnoatic; no megafoseils vere found. This section

_wan tentatively placed with the unlerlylog Triassic eirate (Colltns,

- 1958a, p. 314).

1956a, p, 270) becsuse of the alight ressmblance of the rare micro—

faunal specimens to those of the older beds (Rergguist, in Collins,
In this paper, however, the aequence is consaidered
Lover Jurassic because of its eimilarity to lower Jurassic beds ip
the more portherly test wells, Further information must be obtained

before elther age can be verified,

[P T T TR
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claystone of uncertain age.

Above 8,6h0 feet 1o a 370-foot sequence of dark gray micaceous
No cores vere takeo of it, and no dimg-
nostic fomsils were recovered. It is similar to the Middle Jurassic
shale nbove it, fram vhich it is separsted by about 50 feet of very
argillacecus siltstone; 1t is equally similar to the Lover Jurassic
shale in Simpson test well 1 apd South Barrov test well 3. It 1a

here considered Lover Jurssaic, because it oecuples the same relative
stratigraphic position as the S500-foot section of shale inm Bouth

Barrow test well 3 wvhich contains Lower Jursssic fossils,

I RNR in
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In South Barrow test wells 2, 4, 5, and § Jursesic deposits can-

' gist of 115 feet of light greenish gray, sllity, very fine grained

" sandstone mottled with patches of derk grey clay, very similar to the

Sinemurian sandetone in South Barrow test well 3 described above,

This rock, present between 2,328 and 2,43 leet in Scuth Barrow test ;

't
|

well 2, 1a apparently the reservolr of a& aupply of gas which ﬁarnishes-
sufficient fuel 10 heat the base camp at Barrow, apd the village m:a.t'-l
by. The age of this sandstone is discuseed by Harlen R. Bergquist as

"“Ihe upper part of this mection yielded a few Forsminifera of |

follows {Bergquist, written communication, 1964):

vhich the moat common species 18 lisplophregmoides kingekensis

Tappan, ... . This specied and 9 others from a core at 2,341-

2,350 feet have Leen tdeotified by Helen Loeblich {Tappen, 1955,
P. 27} ra belng some of the mpecies found in cores considered to
be Toarcisn age in South Barrow teat well 3 ... . Arenaceous

Foraminifera from the section have millky white quartz grains on l

the surface of the tests in the seme manner as are on ap=cimeus

found in & core from ... South Barrow test well 3.

i
1
"Ammonites of Toarclien age have beep itdentified by Ralph Imlay |
{
(1955, p. 73) from Soulh Barrov test well 3 from bede as high as ‘

1,712 feet {Inat is, 038 feet above the base of the Jurassic beds

in that holg}, but swall fragoents of ammonites from a core at

i
!
2,391 feet in South Barrow test well 2 heve been identified by \
him s Twetocersas, and rogarded as similar to gpecimens from the :
!
A

PIE ENT oweopeby dib B E , JWSY - v
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soutlreste.n Alaska (lalay, 1955, p. B2, 89). However, this
ammonite ccourrence at 2,391 feet is below the core costalning
Foreminifera identified as the sam= ns those of Toarclen age
found in Bouth Barrow test well 3. It tierefore seems somewhat
quostionable to consider the tbin Jurassic beds in South Barrow
teat well 2 to be Bajoclan ege when po Widdle Jurasaic rocks vere
recognized in test well 3 where only a thick sequeace of foasil- -
1fercus Lower Jurassic rocks were identified,”
The similarity of the sandstone fn Bouth Barrow test wall 2 to the |
Lover Juassic sandatone in test well 3 also suggests an Forly Jures- '!
sie age for both sequences. South Barrow test wells &, 5, und 6 are
all offsets to South Barrow test well 2, and penotrated the sams sec- l
tion, It is predent from 2,352 to 2,471 feat in test well &, and al-
though the section was cored, veory few microfoesils and only a fow
pelocypod(1) shell fragments vore recovered. The sandaioone, which vas|
oll-staiped, dipped about 10-15". In Scuth Barrov test w11 5, & li.l'-é
ilar sandistons vas deteormiosd from ditch ssmples to be pesent from l
t

2,3Th to 2,k53 feet; 2 core at 2,300 to 2,310 fect also contaloed &

tue thickness of sandetons there is unoknovn. Jouth Bayrow tost well

6 wvas drilled in July 1964,

little sandetons; no electric log is avaflable for the hole, apd the ’
)

Stratigraphic data on f¢ ves not avedl-

I

abla at the timea of this writing.

|
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5- !\and mediom dark gray pyritic micacecus clay shele. The siltstone is
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. (Early Bajocian) age have been definitely ldentified onl.'y from beds
I

Middle Jurassic siltstone and shale.--Fossils of Middle Jurassgic

in Topagoruk test well L, The Lower Bajoclan beds are made up of LSO

present at the top and bottom of the section, and it 1s the clay shele
between that contalns two genera of Bajocian ammonites (Imlay, 1959,
p. B2}, It resembles the underlylng cley shale, however, in contaln-
ing no dlegnostic microfossils; it 1a also similar lithologically.,

In the central Foothills of the Brooks Range, m few isclated out-
crops of "tuffaceous graywacke lnterbedded with chert and mafic vol-
canics" are reported by Pattem (1956, p. 215, 218} to contain fragmen
tary amonites suggesting a Middie Juressle age. These beds he
clagaes with the dominantly Upper Jurassic Tiglukpuk Formation, as
"present information 1s not sufficient to warrant a separate strati-
graphic unit for these beds®, and “lithologically and stratigrephical-
ly they appear to be more closely silled to the Tiglukpuk Pormation
than to any other". Recently (Jones and Qrantz, 1964} evidence has

been submitted which euggests the Tiglukpuk Formatlon itself iz lower

available on thess beds in 1964 (see Patton and Tailleur, 196k, p. L43
The isolated cceurrences of Middle Jurassic beds, and the presence, in
many places, of Upper Juressic beds in contact with Trlassic strata,

suggest that the errslonal break postulated 1n the subsurface beds

feet (7,820 to 8,270 feet) of medium light gray argillaceous siltstone|

Cretaceous rather than Juragsic, No additional stratligrsphic data werg

| {see below) extends 1o the foothills of the Brooks Range.
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Upper Jurassic and Lover Cretaceous Pebble Shale
No foseils of late Middle Jurassic or basal Late Jurassic age

have been reported from test wells in porthern Alaska, the European

1
Bathonian and Callovian stages {see fig. 3) apparently being repre-

sented in thie area by an ercsional disconformity. The oldest post-

Bajoctan fosgils in the subsurface occur in & dlatinetive lithologic
unit called the "pebble shale”, which varies consmérably 1o thick-
ness from south (1,200 feet in Topagoruk test well 1) to north (350 .
Teet tn South Barrow test well 3), and vhich contains tossils of agcs:
i

ranging from Oxfordian{!) in the southern teste to Albian in the

vorth {see fig. 7). Only teets in the northern part of the Reserve

1

drilled deep enough to reach these strata, JIn every camse, it ie the

only unit present, in the subsurface, between the overlying Oumalik

!

Figure 7. Possible stratigrapbic relationa of beds having the dia-

tinctive lithologic cherecteristics of the "pebble shale™.,
]

Formation and the underlying Middls Jurassic or older rocks.
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: sh&lé units.

The "pebble shale" conslste of claystone or clay shele, distin-
gnished from the over- and underlying beds by ite graylesh black color,
the rarity of silistone and sandatone lamlna.e., the abundance of granu-
lar end euhedral pyrite, and particularly by the quartz and chert
grains 1t contalns. Most of the graine are fine-grained to granule
size, very well rounded, piited or poliehed clear quariz and they are
scattered singly or in small groups through the clay ahale. Smooth,
very well rounded gray end black chert grains of mediuyn sand size to
1/h inch in dlameter are slsc dletributed at raxdom, They are usually
rare, but in the Barrow eres they 1nclmne in pumber and size tovard
the base of the gection, forming & basal conglomerate vith pebbles ms
mich as 1 1/2 . fnches in diameter, Round, polished clear guartz min&!
are not recorded in other Mesozoic beds in the subsurface; subangular, i
white or clear, frosted quartz ie the usual coustituent of the Hesoz.o-]
1c sandatones, and eéingle quartz grains are lacking in other clay ?
The very thin, rare eandatone beds in the pebble ahale, ‘
found in a few {eat welle, sre of angular Or subanguler clear quartr
grains; the rounded graine are not precent im the sandstone. In !
Topagoruk test well 1, the rock is further distinguished by rare to
comaon grains of blulah-green glauconite, and a glauconite sardstone
composed of about 75 percent graylsh-greep giauconite in a matrix of

bleck ¢lay is prescnt there mt the bottom of the unit.
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Irregulsr or subconchoidal fracture or poor shaly cleavage make
Al though no sbharp angular uscomformi-
+ ties separate the pebble shale from older or younger Mesozotc beds,

4ip determinations difficult.

! there my be alight engular unconformities between them,

1

in the lover 910 feet (6,910 to 7,820 feet) of pobble shale in

Topagoruk tast vell 1, there is a foraminiferal assemblage vhich may

- be of Late Jurassic age (Oxfordian or Farly XKiwmeridgient} {Tappen,
1955, p. 27); & polacypod fram the same beds, tentatfvely fdentified
by R, W, Imlay as Buchia cf. rugoss (Fischer) (Imlay, 1955, p. Th, aud’

l Collins, 1958b, p. 281), & Lats Jursssic apecies, 1is of very yoor

quality, aod may be B.’subiseris,” of Barly Cretaceous age {Tatlleur,
i

! written commnmication, 1964).
i

|
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The eame microfaunal aAssemblage hu beanp found in shale in the
lover part of the Tiglukpuk Formstion, an Upper Jurassic amd Lower
Cretaceous unit found in the central part of the Brooks Raage {Patton,
19565 p. 218, snd Bergquist, H. R., personal commmicaticm, 1952). A
few samples of this shale aleo contain the distinctive yound clear
quartz grains. On the Bhaviovik River in the enstern part of the
Brooks Range 1s a dark shale sequeonce vith the zame scattoring of
quartz and chert grains and the same foraminifern] sssemblage as the
one in the lower part of the pebble phale in Topegoruk test well 1.

Theae beds, hovever, aleo contain Buchiss {Aucalla) of very Early

Cretaceous (Berrimsinn) age (Imlay, 1961, p. 29 sod U3}, mod the rock

is wapped by A. 8. Koller (Keller, Morris, and Detterman, 1961, |

P- 197} as the Okplkruak Yormation, This Early Cretacecus formation

" is aleo found Lnomwuormmnwmumrmmnn!

' to the porth (Orye, Patton, and Payne, 1951, p. 159}, but novhere else

" does ft contain tha distinctive quartz apd chert grelus, or tha dis-

tinctive microfaunal mesesblage; in thess other localities microfos-
5118 are almost lackipg, the fossil contsnt being essentially limited '
to mollusks,

Near the top of the pebble shale in Oumalik test well %, Buchia

{Aucella)”aublaevis"Keyserling, wes identified by R. W. Imlay, {1961,

P- 37}, establishing the age of the enclosing rock as Esrly Cretacecus
(Velanginien), slightly younger than the beds described in the preced-

ing peregraph.

B L e L IL R I U ] LTI |
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A much younger age 1s indicated for the upper part of ihe pebble
a‘b‘male in Topegoruk test well 1 and in the northermmost test wells, A
fev microfossile from the upper 300 feet (6,600 to 6,910 feet) of
; pebble shale at Topagoruk and from the whole sectlon In the South
{ Barrow and Simpson holes, as well ab an ebundapt microfeuna from Avak
|| test well 1, shov considerable similarity to feuns) sssemblages of -

' Early Albian age. Astarte ignckensls Imlay, a pelecypod from Suglh

| Barrow test well 1 identified by R. W. Imlay (1961, p. 37) belpa to
verify the Albian sge of these beds {1961, p. T).-

Thus rocks vith the diatinctive lithologic characteriatica of
] the pebble shale bave been found t0 contain foseils of posaible Ox-

fordian, Kimmeridgian, and Portlapdian stages of the Juraesic period,

" and of Berriasian, Valanginian, and Alblan steges of the Lover Creta~

! ceous. FPebble shale makes up part of the Tiglukpuk and Okpilruak For-

- mationa, and part of it seems to be a time equivalent of the Oumalik

. Farmation, es well. A large gap is spparent in the fossil record of

| stages, vhich separate Valanginian from Albian time, have yet been
‘ found in it. The ages of the pebble shale at variouws localities is

ghown 1in flgure T.
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» this 1ithologic unit: no foseils of Hauterivian, Barremian or Aptian |
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Lower Cretacecus

Oumalik Formation.--The marine Oumallk Formation of Early Albian

{Early Cretaceous) age 1a penetrated by several of the test wells in
the Reserve. The section 1e woat complete in Oumallk test well 1,
located about 100 miles south of Barrow; this wvase designated the type
section, and was first described as such in 1956 {Robinson, Rucker,
and Bergquist, p. 225-229):

"The (hmalik formation 1n the type section is approximately
6,000 feet thick...mnd can be divided into two unite: an upper ehale
unit, %,510 feet thick, and a lover sandy shale, 1,610 feet thick. :
The upper sbale unlt...ls a monoionous section of clay shale, medium
dark gray ‘bo dark gray, slightly micaceous, carbonaceous, and pyrltlc.:
Peoor 10 good shaly parting ls persallel with the bedding; where parting

is poor the rock can be conaldered s claystone, Siltatone and sandy

ailtatone occur very sparingly in the section. The siltetone...ceccurs,
'

in thin medium light gray to medium gray laminee, which are a 1itile

harder than the clay shale, The sgiltatone has very rere ripple marks

i and small-scale crosabedding. The upper shale unit i» poncalcarecus.

46

23

- The sandstones are impermeable to air, sod the porosity renges from

"Ihs lower sandy shale unit of the Oumalik formation...is made up
of 40 percent eiltstone and sandstone, in additlon to clay shale of
tha type described in the unit above,

and the lower unit 1s gradational but ie placed at the top of the

12 more than 30 {eet thick.

light groy to medium gray, hard, massive, pilty and very Tine- to
fipe-graloed. The grajns are mbn.ngulu- to angmlar; they consist of
npproximeately 5O percent white and oleer quarty; 15 percent shiny
black carbopsceous material or bitumen; and mica, altered feldapar{?),
apd other minerals cecmented by srgillacecus material or perhaps by a
small emcunt of caleite or dolomite.
bedding and some ripple marks are also present in this lower unit.
“The carbooate contept of the sandstone apd silteione measured

quantitatively at selscted intervals ranges fram 12.2 to 17.% percent.

2.8 to 11.4 percent.

"A few chips of bluish gray clay sbale (bentonitic!} occur very

rarely in cutiicgs from...500 to 180 feet abgw the bose, Cuitings

The sandetons and siltatone eare mediom

The contacti between the upper

Excellent small-scals crossa-

* firat sandetone of spprecisble thickoess; oone of the sandstone bheds

1

fram the basal section of the lover unlt contain rare chips with 1fith-'

ologic characteriatics suggestive of the underlyiug...(pebble shale).
These chipa of shale contaln rounded, medium t0 coarse quartt greine

and & small amount of clive-gray, guartzitic-appearing siltatone.

"Partinga of bltumen and carbopacecus plent fragments or impres- |

eions are very rare throughout the Cumalik formetion in Oumalik test

well 1."

L7
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Topagoruk test well 1, Siaspaon test well 1, and the Bouth Barrow
test wells Are the only other test holes which drilled through the
Ounalik Forwation to the pebble shale below, In Topagoruk teat well 1

the formation has & thlcimess of 2,700 feet, the lowsr 1,600 feet of

which contains thin bede of pandetons and giltstone, and 1a probably

the equivalent of the lover unit in the type section., A few tents

mads on tha sandatones in this well showed them to be impermeabls to

" mir, with effective porosity raoging from b.72 to 118 porcent and s

content of carbonate miperals {probably in the matrix) reoging from
2.2 to 16.5 percent by weight. The upper 1,100 feet of section in

Topagoruk test well 1 consists of dark ¢lay shale similar to the

‘upper uwmit in Oumallk test wall 1, Inainpmntaut.nultbnwki

——

. entered the Topagoruk Formation.

Formation 18 1,710 feet thick aml the two uniis sare pot so vell de-
fined, The vhole section is alightly siltier than the overiying To-~
pagoruk Formation. Particularly silty sod a few slightly samdy beda
are found vithin the lowest 600 feet.

Of the remaining holee, East OuahliXx test well 1 penetrated 385
feet, North Simpson test well panntrated 18k feot, Umiat test well )
penetrated 355 feet and Unlat teat well 2 penstrated 1,512 feet; three
of theae four holes were atil) drilling in ths Oumallk Formation at
the tota)l depth, and Umiat tent well 2 hed crosped & fauli and re-

In theze test wells, the formation

consists almost entirely of clay shale.

7

From Oumalik test vell 1, the formation thina repidly nortward,
ip large part at the expense of the upper unit., Socuthward 1te thick-
oeas and extent f8 uncertain, although similer and probably correla-
tive beds crop out inm the foothills of the Brooks Range.

Very fev mega- or microfoswile have been found in the Oumalik
Formstion in the test 'rells bui oos Radiolarian, a pyritic Lithocampe?

sp. is & good marker, &s are a few Forsainifera {(Robinson, Rucker, and

1
s | Bergquist, p. 226}. On the basis of these foesils, the absence of the

-

(13

Verneutlinoldes borealis microfsuna {Bergquist, 1956, p. €5) sc abun-

dant in the overlying Topagoruk Formation, and its stratigraphic posi-
tion, the Oupalik Formation 1s dated as Farly Albian, and correlated
‘with the lover part of the Torok Formation vhich crops out in the
foothills oorth of the Brooks Range.

The Owmalik Formation rests on pebble shale beds, 2od is ths old-

est formation representing the graywacke-type of aedlmentatiocn common '

in the late Lover Cretaceous and Upper Cretsceous beds. It differs
from the pebble shale in being elightly lighter colored and having
practically no rounded quartz grains, very little pyrite, no glauco-

‘nite, apd po large mica euhedra. The siltstone of the Oumaiik For-

; mation 13 lighter colored Lecause it contains graina of both white and

. elsar quartr and chexrt, inetead of exclusively clear gquartz as in the

i pebble shale, The Cumalik siltstones sre slsc less well lodurated,
vith an argillaceous matrix in contrsat to ths more sjlicecus silti-

: stope of the pebble shale,

i L
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The Cumalik Formation is much like the overlyling Topagoruk Forma-
tion but the shales are slightly darker, harder, and less silty {in the
upper part} and the microfmuna is different. In Horth Simpson test
well 1, although both formations are aehale, the electric log shows a
distinct change in resistivity at the contact, and there is & change
in dip between the two formations, as well. There 15 other evidence
Ifor aqn unconformity et the top of the Qumalik Formation in the north-
ern part of the Reserve: the upper unit i only 1,100 feet thick 1in

Topagoruk test well 1, compered to 4,410 feet in Oumalik test vell I,
10- lﬂ.nd at Topagoruk there 16 a small change 1n dipe from 3° to 8° in the
Oumalik Formation to 5° or less 1n the Topagoruk Formation. Many of
,the reflection seismograph pections prepared by United Geophysical Co,
show an anguls; discondance at the top of & rome which coinecides with

[
[‘Lha OumAlik Formation as ldentifled in the teet wells., These ahow

1
b

|

> clearly at a depth of approximately 4,000 feet on the Simpaon Penlmula‘

(Woolsol and others, 1962, p. 17}. At Umist, however, tbs upper con-

i
t

¢t of the Oummlik Formation is cbhscured by contaminated cutting eam- !

mies. Mo sharp Lithologic change was noted, bhowever, and deposition

y have been continuous there, as [t appears Lo have been at Qumallk.

» i
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Topagorukx Formatlon.--The Topagoruk Formation, a eeque.ce of

jHiddle Albjian beds consisting of mediun dark gray clay ehale, wilt-
istone, and & small emount of sandetone, underlice moat of Naval Petro- -
leun Regerve No. 4 and has been penetrated by meny of the deeper test
}vel.l.s. It includes strata which have been varlously constdered part

of the Torok, the Tuktu, or the Umiat Formations, Lower Cretaceous
units which crop out in the foothills morth of the Brooks Renge. T~
outeropping formations have been deacribed by Gryc, Patton, and Fayne
'(1951) ard by Grye acd others {1956). The Topegoruk Formation, how- |
ever, conatitutes a lithologic unit which has been describved ns a gep-
Fan.rnt,e formation because 1) the Tuktu Formation ie deflned aa predomi-
nantly sapdetone, 2) the Torok Formation which is defined as moatly
clay shale {particulaerly ip the upper part) contalns bads of Early |
Albian as well as Middle Albfan age, and 3} the Umint Formatioe has
been of ficially abandoned {Gryc an? others, 1956, p. 211). 'The Topeg-
oruk Formation was defined, and the type sectlion deecribed, from Topaa-l
oruk test well 1, which pevetrated a typical eection of the init. The I

description vhich follows 1e from the peper defining the two subsurface

formations (Robinson, Rucker, end Bergquist, 1956, p. £29-230).

"“The Topagoruk formation type mection described in this paper in-

icludee 8 major part of the Topagoruk member type sectlon of the Unlat

|
iformation as defined by Crye, Patton, and Payne, (1951, p. 162).

The |
‘orlgln&l member externded from 50 feet to 3,100 feet In Topagoruk teat
LreL]. Ko. 1, vheresms the Topagoruk formation a8 now defined extends

from 1,350 feet %0 3,900 feet in the same hole,
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At Gubik, the wells drilled through a section of shale with a
emall. amount of siltstone and sandstone in the upper few hurdred feet.
This sequence, vhich underlies the Chardler-Ninuluk Formattons (undif-
Terentiated) was separated into Grapdstend and Topegoruk Pormations,
in the paper on the Gubik test wells (Robinson, 1958a, p. 211), but
because of their fine grain eize the beds are here clessed wvith the
Wgoruk Formation. The upper, sandier part of the strata fs equive-
lent to the sandstone beds at Unikt which contain most of the oil in
that field; esstwardi replecement of Orandstand sandstone by Topagoruk
shale 18 well 11lustrated by a comparison of the two arees,

To the west, southwest end south, the formation becomes thinner,
Beds of sandstone appear in the upper part of the unit and thicken F
‘gradual.ly westward, developlng to form the Grards gmd Formmticn as
[com—ser deposite take the place of the silty clay shale. At Gublk ;
[the sandstone beds are thin and rare; farther weet and south, along
an arc outlined by Simpson Seeps, Topagoruk, Oumalik, Wolf Creek,

:.Um.lat, ard GQrendstand, the sandetooe beds are thicker and more numer-

ous, &od, as is pearticularly well chown from east to weet miong the
Uniat structure (see pl. 11), massive mandstone beds of the Grandstand
EFv:m:mt’.li:m interfinger with and replace the shale and stltatone -of the
[Topagoruk Formation. S1ill farther south and southwest, even more of
the Topagoruk Formatlon is replaced by sandstone, wbich crops out in
r\'.he roothills of the Brooks Range end 1s there deslgnated ths Tuktu

|sundsbone. The lower part of the Topagoruk Formation peruaists as

shele, bovever, and is correlative with the upper part of the Torok I

L#sy LI T L S T L RN PR
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Formation, & ¢lay rhale sequence underlying the Tuktu Pormetion wherse

they crop out in the foothilie.
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The Topsgoruk Formation, in which the Verneuwllinoides borealis

microfauna has 1ts best development, {5 the most conalstently foeetl-
iferous unit of Early “retsceous age in the subsurface. Besides the
Foraminifera, vorm tubes of Ditrupa cornu Imlaey, Inoceramug ep., and
wioute crinoid oswicles (Bslanocrinus, ep.), are found neer the top
of the formation. Fossils are most common in the upper, slightly
ajlty and sandy pert of the formation. The fauna also increasas in .
abundance, yarticulerly m calcarecus Foreminifera, from south to
north. Much of the fauna heas been described by Mre, Leoblich ('rappan,l
" 1958, p. 201-222).
Nanustuk Group (Lower and Upper Cretaceous)
The Nanushuk Group of Eerly Cretaceous end early Late Cretaceous
. age was described by Grye, Patton, and Payns (1951, p. 162), and was
redeflned by R. L. Detterman in 1956 {1956a, p. 233). Outcrops fn |

the foothllls north of the Brooxs Range consist of sardatone, conglom-

1 erate, sllistone, and ehale, with winor amounts of coal, ironatone,

bentonite apd limestone concretions. It is divided ioto the maripe

‘ Tuktu, Grandstaml, and Ninuluk Formations, and the nommarine Chaodler

Formation vhich intertongues with the tio latter formations. The

Tongues. In the subsurfece, the Tuktu Foruatioh is absent (it is rep-
i resented tbere by the maripe shale of the Topagoruk Formation), and
the upper (Niakogon) iongue of the Chandler Formation has not been

fdentified, The appearance of the other three unite is described l

_below. — e e e e e
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Chandler Formation has two major topgues, the Killik and Niakogon ,
}
i

-

2z
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-

Grandstand Formetion.--The marine Gramdstand Formation, of

Albian age‘, compGaed primarily of sandstone, interfingers with and

overliee the Topagoruk Formation in the subsurface, and 18 distin-
. guished from 1t by the comparatively large proportion of sandgtons.
E It is & widespreead unit, yresent in almost every test well, and 185
the reservoir of much of the oill po far produced in northern Alaska.
The sandetone is commonly light grey, medium to very fine grained,
poorly to moderately well sorted, and is composed of subangular tu
subrounded grains of vhite and clear quartz with some gray chert and
dark rock fragments. The grains have low sphericity; thelr surfaces
may be frosted. Argiliaceous cement ia common, and in a Ffew bedas
calcium carbonate further consolidates the rock.
rare, and gleuconite is present only as casts of Radiolaria. Medium
dark gra.y' c¢lay shale 1@ interbedded ﬂw-the sandstone, separating
the coarser depoeits into maseive or thin-bedded leyers. Siltstone
makes up only a minor part of the roek. The formation veries greatly
in thickness, rnnging from 100 feet or less at the eastern aml weat-
osition.

The formation grades upward into the nommaripe Chandler

Formation and the boundary In some caees 18 obacure.
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Mica and pyrite are '

ermpost occurrences to neerly 3,000 feet in the area of greatest dep- .
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The type eectlon, named from exposures om the left bank of the
Anaktuvuk River where it crosses the Grar;dst.and anticiine, 1a described
Ly Robert L. Detterman (19564, p. 236). At that plece, "the baaal part
of the formation 15 predomirantly fine-grained, light olive-~gray to
dark yellow-red sandstone, with a thin, greenish, “salt and pepper”
sandetone bed at the base, and subordinate smounts of siltetone ‘and
shale. In the upper part, slltstone and s5ilt shale constitute about
50 percent of the unit; wmlnor amounte of coal occur vithin thie se-
quence”. Concretions, plant foeeils, end crosabedding are present in
E‘r.h»e type aection, whick alao contains the Verneullinoiden borealis I|

microfauns and Eome long-ranglng pelecypods, The formation in the sub-

surface ie correlated with this untt because both are marine am! are ,
predominantly sandstone, both contain the distinctive micreofaunal as-

serblege, and both occur between nonmarine beds above and finer-grained)
I

marine strate below.

|

1
|

1
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The Grandstand Formation is thickeat in the centrel part of the

T reglon, in the vicinity of Meade and Oumalik test wells, thinning
3 1 gradually to the esst and south and, probably, to the weest; it thins
n { more rapidly to the north where some of it has been eroded (see fig.
5. 19). The greatest concentration of sandstone does not coincide with

6 . the thickest part Of the formation, however, amxl flgure 10 shows ithe

7 1 concentration to be in & porthwest-southeast band extending from Eaat

s | Topagoruk test well 1 to the Wolf Creek area, approximately parallel !

«

te- | Flgure 9. TIsopach map of the Grandstand Formation baeed on sub-

1 surface data,

n i Figure 10, Isopach map ehowing the total thickmess of pandsatone

1 beds in the Grandstand Formatlon.

16 to the etrike of {sopach lines drevn on the Topagoruk Formation as

1" shown 1un figure 8.
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_ervoir. At Gublk, 20 miles to the eest, most of the sandetone beds | '

!

. [
strata, which are equivalent to the productive sandatone beds of the !

An esst-vest croseé secilion, plate 1, Ehows the major characteris-
tlce and changes in the Orandstand Formation in the subsurface of  the
southern part of the Reaer\re.- The most thoroughly examined styrata of
the formatiop ere thoge in the Umiat field, vhere all holes vere
drilled into or through it. In this fleld, the Graodetand Formation
consista of amn upper and & lower series of sandstone beds separated
by clay shale, & seguence that ie described in the chapter on the
Untat field (p. 212 £f). Both the upper and lower sendstone beds con-
taln o1l 4t Uniat but the lover sequence has more massive, slightly
more permeable and aomewhat cosrser sandstone than the upper part of

the formation (see table 2, p. 225) and consequently 1s o better res-

have graded into siltstone and clay shale and are bere considered to
be part of the Topagoruk Formation, although they had previously
(Robinson, 1958a, p. 211-212) been placed ino the Qrandatend Formation.
A slight ahov of oll was noted in the comrser beds, but reservolr '
properties are very poor and slmost no fluid was obtained frou the
Uniat field.

P T T T L N LT L]
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West from Umiat, however; the formation thickens as coarser sed*-
nenis replace the fine deposits of the umlerlying Topagoruk Formatlon.
The cro8s section described sbove shove the increase in sandstone to

a t.he west. In the vicinity of Wolf Creek amd Titaluk the upper port of
‘the Orandstt.nd Formation reeembles the sequence at Umlat in having eome
¢ interbedded eardstone and clay ahale near the top vhich are separated
{by a predominantly cley shale section from more massive and elightly
" lcosrser Sardetone layers below. At Umlat the more massive group of
imﬂnmm bede 18 underlain by the Topagoruk Formation, made of cley
19 - |shale with a few thin heds of sandstone and sllts.tone. At Wolf Creek,
It however, this group of B;ndstom beds 18 underlais by more than 600
1z -'rect of streta, also of the (randsiand Fojymation, coneisting of thick
1:  .gandstone beds peparated by clay shala. In Titaluk test vell 1, more
" I]thick serdstone beds lover the base of the formation, and the sandetone
1% "15 coarser than it 1s in the eastern holea. Porosity and permeability
Le 1i\in:t:renu! from esst to weest io opite of the incresaing grain stze, part-
""" 1y because the grains are less well morted and have much more inter-
5 wtitied materisl, and partly because of & increape in the amount of
' galcareous cement, especially at Titaluk.
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To :omplete the picture of diminishing sardstone {and of increas-
iryg nonmaring deposits’ toword the western side of ibe Reserve, Keolak
test vell 1 hns aleo been inciunded in the cross section, plate 1.
Hearly 100 feet of sandstone 1s present in thie test between a pon- *
marlne, coaly sequence sbove and 1,307 feet of probably nommaripe clay
sht le with a litile siltstone below. The sandstone may be wmarine, al-
though no fossils or lithology diagnostic of either enviponmenti were
noted within 1t; if it is, it may reprepent the westermmost Occurrence 8
of the Grandstand Formation. The nearest jdentifiable sardstones, hov-
ever, which crop out sbout 315 miles southwest, are part of the Kukpow- i
ruk Formation (Chapman and Sable, 1560, pl. 9), and the sendatone In ' *
Keolek tept well 1 may correlate with this vestern formation insteed.
A ihird posalbility §s that the sapiatone ir Kaolak test well corre-
lates with both formations, end thue forme the connecting link between
them. The reletions between the variou:s samdsione beda must walt for

sdditjonal informat.on before they c2n be clarified. N

68

In the southeastern part of the Reserve, the Gramdstard Formation
changes very little from northwest to southeast, in contrabt to the
rapid facies change from northeast t0 southwest, About 30 alles south.
southenst of Unint, {pearly at right engles to the line of the croas
gection in plate 1}, Grandstapd test well, (Robinsop, 1958u, pl. 19)
disclosed & uquo:-we which {s rery mimilar to that at Umlat, as shown
in plate 2. At Grandstand, the sandstone 1s slightly coarser than it
is in comparable beds at Umiet, but it contains a wuch greater propor-

tion of silt and argilliscecus lnterstitisal mmterial, and therefore

doss not have the good resarvoir properties of the beds at tmiat. Eu-

cept for this difference, s slight increase In thickneds is the only

- change in this distance, in contrast t0 the marked facies change fn

the shorter dfstance from Uniat to Gubik, Conparisons of other tests
in vhich oot hole is north of the other, such aAs Knifeblade and Tital-
uk oy Wolf Creek ard Square Lake (see lodex map, fig. 1), also show
canmpsratively little chapge in thosa dlrections, although the southern
tests in each case have a slightly gran-ter amount of coerser sand ‘than

the northern ones,.



Io the northern test wells which drilled through the Tormation at East of the Topagoruk test wells, the Orandatand Formation thine

Topagoruk, Simpsch, aod Barrow, the thicknese of the unit depeods pri- ad the sanxdstone beds grade into the siltstone and olay shale of the

" marily on the depth to vhich erceion has removed the upper beda. East

4

I

Topagoruk with about 1,660 feet, usy have a nearly complets pection,

vhereas 1t haa been removed entirely from some of the holes in the

vieinity of Foint Barrow. The sandsatons in this northern erea ts fine-

to very fioe-graiped, but ie commonly less argillaceous and eailty,
ganerally lacke calcareou. cement, and has auch greater porosity and

permesbility than the sandatone in the southern tests {fig. 12).

figure 12, Lines of equal porosity based on averages of all sand-

atonea tested ln the Srandetand Pormation.

In the Topagoruk test wells, a fev thin beds of coal interrupt the

dominantly marine sequence, but ponmarine sedimante in the other tasta’

are representsd only by particles of co&ly or carbonacecus material.
In keeping with the nearly north strike of sectione with similar ge-
quences of beds farther south, the seguence of beds in Topagoruk and
Simpaon test vells regemble each other, with the thicker sandstone
beds in the lower part of the formation and thinper, more widely
spaced ones in the upper part. The sectiona in the Barrow holes in-

clude only the lovest fev hundred feet of the formation, but these

| beds have the highest porveity of any rocks in the Reserve,

TR T

70

.'

3 : Topagaruk Formation. A€ Pieh Creek teat well 1, the vorthessternmoat

a

Ll

.

i -

-

hole, the Orandstand Formation i® missing mnd beds of the Colvillie
Group rest directly on the Topagoruk Formation. Thin iunterbedded
layers of siltstone and clay shala in the uppermost 100 feet of the
Topagoruk Formation may be tha castern equivalent of the sandstone
beds of the Grandstand Yormation to the wvest, or may represent the

Bisuluk Formation.
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Titaluk teet wall 1,  about b5 miles porthwest of the type sec-
tion, drilled through 1,260 feet of the Killikx Tongue. ‘Thare 18 Do
sharp bresk batween 1t and the overlying Minuluk Formetion, and the
contact iw put "at the base of & thick slandnttm: vhere there ia s
dimimution of microfoasils which may be indicative of noomarine beds"
{Reblnson, 1959a, p. 379}. The rock is eimilar to that at Wolf Creek,
excopt that the coal is more common pear ths middls of the formation
instesd of in tha wpper part. 'f

Io more emstarly testa, the formation is much thioner, as shown
in plate 1; 1t is representied in the Umist area Ly approximately 300
fert Of clay shale with some sandstone l.nd. a 1ittle coal apd clay :
ironstone, There are 00 beds definitely 3dantifiabls ss Dormarine in l
the Gubik wells, where a L00-foot section of sandstope mpd clay shale ‘
with 2 little clay ironstons betwasn the Seabes apd Grandstand Forme-
tions is squivalent to the Ninuluk and Chandler Formations undifferen-
tiated. A lack of coal beds or other avidence of nommarine dnpocition'[

in theee beds makes a more spacific correlation uncertain, The spand- !

stone in this section 38 the reservoir of m considsrable quantlty of

gad; ite porosity ranges fram 1.6 to 15.1 percent and permeability

from 0 to 265 millidarcys.
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) In the western part of the Reserve, the Chandler Formation
thickens greatly at the expense of the marine units (fig. 13). Coal
also becomes more ambucdant, with beds several feet thick in the Meade

1 and Kaolak teat wells, and in ocuterops near the Meeade River. In Mende

,- Figure 13. Isopach map of the Chandler PRormation, based on sub-

!
! purface data.

I

test well 1, the Chandler Formation is approximately 1,200 feet thick,,

amd the section, although predominantly clay shala, contains many beds
of coal amd mumerous clay ironstone nodulee, and asany charopbytes,

typical of this formation, were recovered from the washed microfossil

semples, At Keolak test well 3, TO miles veat of Meade, the nonmarine

|
deposita make up & section {from 113 to about 4,600 feet} whick is !
1

almoat 4,500 feet thick. The lowest part is composed of 1,400 feet 01’[

wifoasiliferous clay shale with rarc sandstone and coal; this ia over-

lain by sbout 100 feet of sacdstone, Above the sandstone is a 1,900- !

foot saquence which contains numervus coal beds {one of which 1s 17
feet thick), interbedded with clay shale and & emall emount of pand-

etone. Above the 1,900-foot coaly section coal diminishes and thick

serdetons beds make up most of the rock; clay 1ron§tane ie particu.lm:‘-.
. 1
1y abundant in the uppermoat 4CO feet of this 1,100-foot interval, :

b

which completes the essentially nomnmarine Bequence.
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Microfossils indicate that the clay shale underlying these non-
marine beds 1s largely morine, and the species prosent are typlcal of
the Topogaruk Formation, with which the .fossiliferous beds are corre-

_lated. The nonmarine sequence of e Chamiler Formation in Kaolmk
test well 1 may continue anmdl thicken to the southwest, to become the
gquivalent, at leagt in part, to the th'ick, nommarine Corvin Formation

a8 1t is described by E. G, Ssble (Sable, 1956, p. 2,641), and cmpmnf

" and Seble (1960, p. 101), in the region to the south and west of the |
test well.

Square lake test well 2 18 the only hole nmorth of the lipe of
cross gection of plate 1 to drill into rocks which may represent the

Chandler Formation. The sectilon in this teat well, which 18 about 15 |
miles worth of ti)e Wolf Creek holes, consists or. 590 feet of beds

; {from 1,885 to 2,475 feet) which, like thoase in the Gubik wells, |
cannot be delfinitely proven marine or nonmarine. The uppermost few |

| feet contaln microfossils typleal of thl; Ninuluk Formation, but ¢arbo-

i naceous plant flakes aod a few clay ironatone nodules common in the !

Chandler Form!;tion are present in ths lower part of the section. Moat!

. of the rock is clay shale, but there are mumerous thin beds of sand-

stone in the lover part, and a few close to the top., Unlike the com-
parable sections of the Titaluk and Xnifeblsade holes, there is no
definite correlation of beds between thie hole and Wolf Creek, and thel
boundaries are defined more on the chml‘a.eterlstics of the over- amd

wxierlying beds than on those of this Ninuluk-Chandler sequence jitself
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The northern test vells, at Topagoruk, Simpson and Barrov did not

encounter any beda of the Chandler Formatiom, which vas either pever

dspouited or hes eince besn eroded from this area. In Sixpson and

! of the Grendstsnd Formation suggest that thers was at laast a minor

amount 0f pomuarins deposition in the wicinity apd probably an in-

crease in quantity and duration of noomarine sedimentstion took place

| of which no recard now rematos. At Simpeon Seeps anl in Fish Cresk

test vall 1, there 1s no evidence of noonmarins sirata:

|
ous Irom the Grandstand through the Ninulok Formation, end at Fish

ing oo marine zlltstone apd shale of the Topagoruk(?) Formation.

Finuluk Formation.--The type section of the marine Niawluk Forwoa-

|
}
-1 tlcn, which 1a Cenomanjsn (early Late (retacecus) in sgy, is at ths
|
3

in ths Simpason
mﬁ‘. core tests marine sandstones wvith intarbedded clay shale are continun-

Creek & oarine section ie contimuous, with the Beabee Formation rest- -

\
|
|
1

Fiouluk Bluffs on the Colville River about 20 miles below the mouth of

. the Kill1X River. They were deberibed by Detterman [1956a, p. 241).

I In this area tbe Ninuluk Formation is 657 feet thieck but it 1is inter- !

|

I
:beddadvithhrounitﬁoftMnomrimlukomM\notththri

20- | Formation which sre 261 feei thick. The Nimuluk Formation at the t:ypnal

t section 18 mbout 60 percent warine ¢lay shale and siltstone. The re-
|

. palmder 18 mostly coarse sandstone vith thin lagses of conglonerate,

_Harine fossila are present, e¢specially in the basal part.
t

!

EOL T L




The subheurface sectlonlnemst to the type section is in the Wolf
Creek area, about 16 miles porth. Here 520 feet of the Ninuluk Forma-
tion wad penetrated but no part of the Hiakogon Tongue of the Chandler
Pormation 1l differentiated., In the Wolf Creek holes the formation
consists of about 60 percent clay shale wnd siltstone and 40 percent
sandstone, similar to that in ibe type eection, but the average grain

size of tha sandetone is smaller and the thickness of the nomsarins

‘beds in the section 1s considerably less. Ths sandetone st Wolf Creek,’

similer in composition to that found lower in the Nenusbuk Group, im

primarily very fine t0 fine groined with o fev strata containing mediua .
graios. A total of 75 feet of earbonnceous clay shals, coaly, and ban-
tonitic beds possidbly of nommarine origin sre scattered through the ;
formation, compared to 261 feet of Chandler Formation interbedded at ‘

;“" type section. 1

Two ehallow-vater marine or brackish-vater Foraminifera, M4

Yrensnais Stelek and Wall and Trochammiosa rutherfordf Btelck and Wall, ;
ins well as Ipoceramys and other pslscypods have been found in the Niou-'

Juk Forwmation in the subsurface, The microfossils mre diegnoatic amd

1
{ t
ferve {0 diffarentiate the formation from other strata.

ot P N I PRI

T8

| Twenty-five miles to the west, the Ninuluk Formation in Titaluk
teat well 1 16 approximately the same thickness as at Wolf Creek, bui

v is somewhat less sandy. Both mega- and microfossils are found through-

o out the formatlon, even in the carbonaceous strata which might other-

~  wise be J;.ldged nopmarine. Farther vest t_.hc forwation 18 abseent; older

+ |, Cretsceous beds ere ot the surface.

: | Eaat, mrﬂmult, and north of the Titaluk and Wolf Creck areas

. the formation gets thinner. Sandy strata with thin clay shale inter-

“ , beds containing the Gaudryina-Trochammina fauna are found at Square

- Lake [mbout 65 feet) and Umlet (105 feet). At Umiat the fauna i6
" found at the base of a eandetone vhich has ebows of oil. The eftec-

12 tive porosity of the sandstone in Uniat test well 11, where numerous '

A deternminations were made, averages 12.52 percent; the air pameabilityL
1+ | ranges from impermeable to 56 millidarcys. At Gquare Lake the Ninuluk,
ib--' Formation is not differentinted from the Chandler Formation because LE

1% ie not poseible to tell which beds are marine and which are not. The

b upper saristone beds immedismtely uoderlylng the Caudryina-Trochammina ;

1
18 fauna have an effective porosity ranging from 11.1 to 17.5 percent and;

1y an air peroeedbility from impermeatle to 645 millidarcys. A& very thin

]
i

»-1 conglomerate of rounded black chert pebbles 1s present at the top of

i the urdifferentlated section at Square Lake test well 1. The Ninuluk |
4 Formation 18 nleo urdifferentiated in the Qubik area, where the dis-
-t tinctive mlcrofeuna is found only at the top of 300 feet of gandstone

“ and siltetone which produce gas.
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Seabee Formatlon.--The Seabee Formation, of Turcnian age, 18

largely clay ehale bul contains varying amcunts of coarper clastics.
At the type gection in Umiat test well 11 (uhui;ingwn, 1956, p. 246) i
the formation is shout 1,500 feet thick ard consiets, from bottom to '
top, of 230 feet of sandstone and slltstone with thin beds of clay
shale, 315 feet of mediur darklgray clay shale, 190 feet of medium
lght gray eandstone with s little shale, 105 feet of medium dark gray-

shale, 320 feet of medium gray clsy shale including a small amount of

sandstone, 55 feet of mediwm light gray clay and stlty sandetone, and '

: mica and sgme carbonaceous particles.

finally 190 feet of medium gray shale. The sandetones and Biltstones
are made up of subangular grains of clear quartz with a small amount

of vhite quartz ard rock fragmenta. The sardetones are silty, very

;
fine to fipe-gréined and contaln scattered plateec of biotite and white
Slight ehowe of 01l were noted i
in" the basal sandetones; the porceity {s varisble, ranging from 0.55

to 20.64 percent, and permeabllity from O to 48 millidarcys. The clay,

* phale and claystone, dlfferentiated by shaly or conchoidal cleavage,

" usually has laminae or thin beds of =iltstone,

is medipm gray to medium dark gray, 18 commonly ailty, mlcaceous, and !
Bentonite 18 comwon !
throughout the formation and i{s found in light gray, light bluish g;ray}
or medium ligl-'lt. gray beds a fraction of an inch to a fev ‘anhee thlck.i
In some horizons the thin alterpaling beds of clay shale ard bent.onite!

resemble varves.

DTN LY R BT RTT S O P T TR YR T
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The clay shale in the lover 950 feet of the type section 18
darker in color and is & little harder than the clay ehale above.

The darker sbale beds, which apparently correlate with those thet

" weather to paper-thin fregments on the eurface, have been referred 1o

by field geologists in the Unint mres as the "paper” shales (Whitting-
ton, 1956, p. 2uO). ‘These deds are commonly very fossilifercus and
contain the smmonite Borisslakocersas sp., numerous specimens of the

thin-shelled Inoceramus lmbiatus Schlotbeim, brownish fishbone {reg-

mente and scales, a fev Radiolaria and a few Foraminifera, both cal-
carecus snd Arenacecus.

The upper 245 feet of the type section has been tentatively re-
ferred to the 'Ayly&k Member of the Seabee Formation (Detterwan, 1956b,

p. 253) which cropa out south of Umiat.

Lithologically, however, this

1 ‘ mepber ia not clearly distinguiehed anyvhere In the subsurface although

iy

.
|
|

i '

T4

Peeudoclavulina hastata (Cushman) end Arsucbulimina torula Tappan,

typical foraminifera of the Aylysk Member, are fourd in Umjat test

i well 11, and In other teet vells.

I AR NIT T " P
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- mediate saniatones i thinomer.

. farther wost 18 at the top of Wolfl Cresk test well 1, 30 miles wvest of

 Formation 18 & little sililer and sandier iz the lowver 500 leet;

; tha shals ie mostly meditm gray.

. and soma primmatic sregonite are found st Jubik.

| shows were negligible.

The Secabee Formation at Square Lake, 30 miles porthweet of Umiat,
18 310 Teet thinner (700 to 1,885 feet} than at thes type section.
Most of the loss of ssction eppears to bave taken place pear the top
of the formation which has glven vey to the nonmarine Tulurak Tongne [
of the Prince Creekx Formmtion. The basal sandstone in this iest well

ie a little thicker and coarser grained than at Uhaiat, and the inter-

atone 18 moderately good, (10.3 to 20.4 percent), air permesbility is :

" poor, (lmpernsabls to 43 midlidarcys), and a few thin beds are calcar-

SOUN,

The only occurrence of the Seabee Formetion in the subsurface

Umiat, Where 85 feet of cley shale, bentonite and siltstons beds con-

i
taining & sparse Sesboe microfeuns werw drilled. | ‘
}

Ip the Gublk area, 20 miles east of the type saction, the EBsabee

otherwsee 1t is very such the ssme as the iype section, although the l
distinction botwoen the 1ighier apd darker shale beds is sbsent, and |l
A faw very thin beds of limestone

The basul sandatons

beds sre very "dirty”, snd porosity and permeability are lowp ofl

RN WER A bre

Effective porosity of the basal sand- {

In the nort&utarn carper of the Reserve, in Pish Creek ieat
vell ), the Seabee consists of 1,235 feet of light gray micaceous clay
2+ ohale vith very little sandstons or siltstone. Borlasiakoceras sp,
. shells are present apd fish bone Ifrageents Are comecn in the lower part
» of the section.
o The Seabee section in tha Bimpson Jeeps area, on the Arctic Coaat,
+ Apparently is uwpconfOrmabls on, and containe Tevorked saterial from,
+ the Nanushuk Group below. The Seabee Formation is only about 200 Teet
s  thick over most of that area, although 1,500 feet of Beabes shale Tills,
lD—];‘ canyon therw that was ercded in pre-—Sesbee beds (sse p. 183 rr.).
)i (Thin beds of the formation which are idestical iz sppedrsnce to the
12 E";ptper" shale beds at Umiat mre found but sre caly about 50 fest thick.’
12 A few argilliacecus, wilty sandetone beds as mnch as 25 feet thiock are
0 jaleo pressat, as well as thin limsstone beds and ersgonite like that et
- ‘Oubik. Bome oll is fourd in the besal sandy beds of the Seabee Formn-
" j»tion at Simpeon Seeps 011 Field. Those beds, fouod in tha permafrost
‘zome within hOO feet of the surfuce, ure nearly usconsolidated, apd the
te :icttaotim porosity (vhick has pever been sdequately measured because of

ithe poor {nduration) mwt be guite high--2% percent or greater.

H
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Foraminifers, Hedbergells loetbe:-'lel (Nauss) and Hetsrohelix globulosa 3
{Ehrenterg) (Tappan, 1962, p. 96} vhich, vith Borieeiskoceras wad b .
Ipoceramua lablatus Schlothelm, are present in RNorth America in the s
Lower Turonien strate (Stelck and Well, 1954, p. 1%-16, and Jones and .
CQryc, 1960, p. 160). About 1,250 feet of ;:eclium light gray clay shale, ?
‘ in Horth Simpscn test well 1 1w aleo confidered Seabee in nge becsuse 5 ) 8
of the presence of Boriﬂaiukuct;.'ran sp. and Inoceramus prisms. Lepto- 1 ¢
- - ;
lepis, & fieh, ia present Lu the same beds, I 1
Sandatone o the Seabee Formatlon csn usually be differentiated H
from that of the Nanushuk Uroup by the sbundapce of the biotite, and iz
rock particles, apd by the arglllacecus "dirty” watrix. Desplie these 12
features determination of the exact conh;.l.ct between the two 1s Aiffi- 1
cult. The besal sandy section of the Sembee Formation, which vuries 18-

. placed vherever the proportion of sandy noomarine bede of the Tuluvak

fhe typlcal megafossils of the type section ere common and Redio- )

laria are abwsant. The formation also contalne two genera of pulﬁgit:

locally in thickneeés, may represent a revorking of the Napushuk Group

saamistonse. The pature of the contact itself 18 obacure end An uncoQo-
formity i1s probably present.

The wupper contact of the formation is gradational and has been

' Tongue of the Prince Creek Formation exceeds that of the maripe allty | i

clay shale of the Seabee Formation.

1N

R LT
-

Prince Creek Formation,~-The Prince Creek Formation, named for

Prioce Creek, a tributary of the Colville River soutiwest of Umist

i{Gryc, Patton, and Payne, 1951, p. 166), i5 divided 1nto two tongues.

H
Both ere nonmaripe, and interfinger with marine members of the Schrader

I .
. Bluff Formation. The lower, the Tuluvak Tongue, 15 partly the time

equivalent of the Rogers Creek and Barrow Trail Members of the Schrader
| N

luff Formation, and of part of the Aylyak Member of the Seabee Forma-
tion. The upper, the Kogosukruk Tongue, im equivaelent to and poseibly .

8lightly younger than the Sentinel Hill Member of the Schrader Bluff '

-??omtlon. The Twluvaek Tongue is fourd in the subsurfece in five holss

|
Arilled in the porthesst part of the Reserve, epd the Xogosukruk 'I'O'ngue1

lin one. - i

Tuluvak Tengue.-~In the type section, st Tuluvak Bluffs on the
haodler River, the Tuluvak Tongue 18 1,200 feet thick (Gryc, Patton,
land Payoe, 1951, p. 166). The thickest section of 1t fn the subsurface]
jrovever, 18 found in the Gubik test wella, where it 15 871 feet thick. |
S1x bundred and seventy-five feet and 523 feet are fourd in Square Lake:'
test well 1 end in Unmiat test well 1) respectively, but in both of i

these, the upper peart of the tongue has been eroded. . At Figh Creek

- |teat well 1, 25 feet of nommarine beds of the Tuluvak Tongue comprise

the northermmost evidence of Cretaceous nonmarine deposition in north-

lern Aleska.
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The follovwing deseription of the Tuluvak Tongue 1e based on Gubik

test well 2, where much of the section was cored. More than balf of

the rock ie ssndstone or slltetone vhich ie light gray to medium light

gray. It varies from soft t0 moderately herd amdl from thinbedded to !

masgive. The sapdstones are smdng the coarsest drilled on the Reeerve

" and the greina range in size from very fine {rarely silt-sized) to

" percent) of the sandstone but in some beds ss much as 40 psrcent of

very coarse, grading in a fev rare thin layers to a conglomerate of |
well rounded black chert armd vhite quartz gramiles and pebbles, The
grailns are eubangular to subrounded, end larger 8izes are the beat :

rourded, White and elear quartz mre the sain constituents {50 to 85

the total is dark gray and black chert. The latter beds bave a typi-
cal "ealt and pepper” appearance. The remainder of the grains are
msde up of blotite, coal, ironstone, white feldspar(1), siderite,
pyrite, and rock rmg;nqu. The matrix is elther argillacecus,

sideritic, or calcareous, Calcareous cement totalled 54 percent of |

the rock, in one sample from Gubik test well 2.

aan iy et

2

5 -
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¥

The clay shale which mskes up 12 percent of the Tuluvak Tongue 1a

wedium light gray to mediuwm gray, is soft to hard, and has good shaly
]

‘r::lnavage except in the lowest part of the sectico where claystons L
present. A small amcunt of elay shale, ususlly asssociated with coal,

Ais black and carbonaceous.

Beatonite is & conepicuous constituent of
the section, elther finely disseminated in the clay shale or in beds

commonly a- few inches to 2 feet thick,

The rock is soft, and is white
,’or very light yellovish, greenish, or blulsh gray. It ie aleo fourd

1rare13 in the matrix of the sacletooes. Coal, shiny to duwll black,

10- lbrittle with conchotdal or blocky fracture, 18 common in thin beds.
|

113

12

13

14

15—
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1y

Pite of clear yeliow amber were seen in the coal, Carbonaceous lumi-
phe and partings, and carbonized plant fragments are sbumdant in both
the clay shale and sandetone. Clay ironstone nodules and lenzes are
coumon in the Tuluvak Toogue; limesatone layers are very rare, thin,

‘bard, and medjium gray in color. Calcite and arsgonite are preeent in
tiny weinlets in the limestone.

! The Tuluvak sapndétone i the upper ges-producing horizon in the

]
iGubik field. In this field the porosity of the sandstone rangea from

b to 26,4 percent, averaging about 15 pereent, and the afr permeabil-!

- ity from impermesble to 3,780 millidareys,

]
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Schrader Bluff Formation.-~The Schrader Bluff Formation, named

- from & bluff on the Ansktuvuk River near the mouth of the Tuluga River

1

P

b

(Whittington, 1956, p. 249) 18 marine in origin ard includes beds of
;Coniuja.n? (see p. 133}, Santloninn, and Campanian ege. It crops out in
the northeastern part of the Reserve, principally along the Colville
River and tributary streams north of Umlat, The formation 1s marine,
ard has been divided into three units, the Rogers Creek Member, the
'Barrow Trail Member, and the Sentinel HI1l Member.

In the subsurface the Rogers Creek and Barrow Trajl Members are

- found in the Qublk test vells, and the youngest, the Sentinel Hill Mem-

ber, ia present in Sentinel Rill core test 1 and in Fileh Creek test |

:uell 1. Farther northwest, charascteristics which distinguish the mem-

bers from each other dlaappear and the Schrader Bluff Formatlon 18 un-

-idlfferentiated, in North Simpson test well 1.

The Schrader Bluff Formatlon 1a 1,460 feet thick in North Bimpson
test well 1. The rock in thia teet well is almost entirely clsy shale

which 18 light grey to medium 1ight gray. It is fairly soft and parts

ieasily parallel. to the bedding. Host of this clay shale is tuffaceous |

3

Innd volcanic glosa shards are common throughout the interval. The tuff
or altered shards are present in some places as little vhite epecks in :
the ¢lay ehale or in thin lig,ht,-colored' leminee. BSandy, silty, or cal-
careoug Deds are very rore. An sbundent marine mlerofauna and Inocer-
jamue priene are present. A few characteristic microfoseils usually ae-

sociated with the Sentinel HL1] Mesber are pot preaent in t.hisl tent and!
it is poseible that the Intervael represents the Bprers Creek and Btu'rcwrl
Truil Membera, :

Hasl™. oo llaw bd b7 pws o0 vEbdy

e
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The lower 952 feet of the Schrader Bluff Formation in Fish Cren~k
test vell 1 is composed of light to medium gray clay shale and about

10 perecent light gray sandetone and siltstone., Almost all the esnd-

. ptone is within 100 feet of the base of the Tomation. Yellowish grey
| bentonite or bentonitic shale 1s distributed sparingly throughout the

formation. One bed of brown limestone 18 preeent 7O feet from the top.

Biotite plates ere relatively common in the sandy and silty veds. The
' upper 615 feet of the Schrader Bluff Formation fs dfetinguished from
the lower part primarily by the abundance of glassy volcanic sahards;
it hes been referred to the Seutinel Hill Member of the forwation (see
| P- 100) because 1t appears to correlate with the Sentinel Hill Member

in Sentinel Hill core test 1.
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' geay to light g@ruy, or light greenish gray.

Rogera Croek Member.--The Rogere Creek Member of the Bchrader

Bluff Formation is pot well exposed on the surfece (Whittington, 195€,

p. 250)," ani is preeent im the subaurface only at Qubik. It 14 pamed
from Bo.ger- Creek, located 10 miles southwest of Umiat. At Qubilk, th
member 18 about 590 fest thick snd consists almost entirely of elay
ahale with two sanistone or siltatone beds thicker than 15 feet. The

clay shale is medium light gray to medium gray, ls rathsr soft, and \

breeks falrly well paralie) to the beddipg. The siltstone ie light
groy aod gradea to the fipe-grajoed aapdstone mentioned above., The
grains are subangular aod are mads up mostly of vhite and elear quartsz.
with dark-colored chert, bicotite, carbonaceous particles and & little
ryrite. The matriy is bentopitic anpd contains a fev volcanic glaas
sharde, Volcanic tuff, in beds as much as 20 feat thick, {a charee~
teristic of the mection. The tuff 1s rather hard, vhits, very lignt |

It contains flecks of

carbomceous material snd brown biotite piates. Boft, white, or light

greenish gray bantonite 1a also present, Calcarecus beds, except for i

b

» T-inch modium gray hard limestons layer in & core 90 faet balow the ;

top of the menbar, sre lacking.

The Rogers Cresk Member contains only a sparse microfacna made up

of & fev Forpminifera and thyee speciss of Radlclaris., A thick-

shelle. Inocersams, of. I. lundbreckensis McLears (more recently com-
sidered synonymova with I. patootepsis dn Loricl, see Jones smd Orya,
1960, p. 161 snd pl. 22), vas fourd in the upper part of the section,

and Inocersaus priems were present lower in the mectlon.

[T - "

9%

e

- tas near Umiat.

The Rogers Creek Member is distinguished from the Tutuvek Tongue
of the Prince Creek Formatlion belov and frow the Barrow Trail Member
of the Schrader Blulf Formation above by the presence of aebundant tuff
anxd by its lack of sandy beds.

Barrov Trail Member.--Sandstone beds of the Barrow Trat) Member
form prominent bluffa or cuestas, anxd the member ia pamed for the old
tractor trail between Berrov and Umiat which follows one of the cues-

In the subsurface, however, the rock ia aimilar to

the Rogers Cresk Member, edxcept for & larger proportion of sandstope.

The Barrow Trall Member is identiffed in the subsurface only at
Gubik. Oubik test well 2 pepetrated only 395 feet of the member, al-
though 1t reaches a thickness of at leaat 700 feet on the suwface

f
It copsists, in the subsurface, of about

(Whittington, 1656, p. 251).
equal smounts of samietope, siltstons and clay shale. The seodatone
and siltatope are very light to light gray and are moderately hand,

The aandstone 18 very fine-~ to medium-grained with 75 to 85 percent

- angular to subangular grajns of white snd clear quartz, 15 percent

dark chert, coal, and rock fragments, up to 3 percent opague vhit:
veleanic glass shards, and 3 percautl mica. The matrix of the sand-
stone and glltstons ies argilimcecus or bentonitie. MNot many cores
were taken in theee beds apd no tests for porosity or permeabllyty
were run. However tle bventonitic character of the matrix makee 1t

very unlikely that they are at all porous or permeable.

L N R R
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In Septinel Hi1ll core test 1, sediments are somewhat coarser,
with sapdatone and siltstone making up almeoet half of the roch. They |
. are maseive, as much as 100 feet thick, and rather friable, except |

vhere they have calcarecus cement. The sandstone is very fine- to E
well 1. Bentonite is abupdant both finely disseminated and 1p beds 1
i lnch to 5 feet thick; it 1s vhite, light gray, or greenish gray, end
‘! copmonly contains mipute biotite plates. Carbonized plant particles
| are pregent, some of uhich werw identiffeble, according to Roland W.
Brown, as dicotyledons {Roblnson and Collins, 1959, p. 489)., Humerous
unidentifiable fragmentary pelecypod shells, and one ebhell identified
by George Orye es Mytilus ep. (op. ett., p. 489) were found, and mm-
tpe microfoseils vere alno recovered. Ko shows of ©ll or gas were
noted; porosity ranges from 15 to 29 parcent and ypermeability from 10
to 290 millidarcys.

Correlation based on the interpretation of reflecticns from sels-
mic lines close to the two tests indicates that scme of the marins
bede in Fleh Creek teat well 1 ere the equivelent of the 109-foot see-
tion of the ponmarine Kogosukruk tongue in Sentinel B1ll core test 1.
The upper LOD feet of the Sentinel E111 Member ian Fiph Creek teat well
1 18 correlative to the loweat LOO feet of bede, composed of both Sen-
tinel Hill Member aod Kogosukruk Tongue, in Sentipel Hill core teat 1,
This copclusion also has been reached by Williem P. Brosgd, who han

studied data from oulcrops of these two siratigrephic units as well as

l medium-grained, ard similar in coapposiilon to that in Fish Creek test 1.

| subsurface and selemic information (persoval communicatfon, 1956).
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*  Quatermary deposits

Qubik Formation Aml Recepnt alluyium. --The Subix Formation was

first named (the vord Gubik comes from Kupik or Kukpuk, meantng “Big

River”, the Es¥imo nsme for the lower Colville River} by F. C. Sc.hreulel‘

5_:’ and W. J. Peters (1904, p. 93), and vas originally described an a :

"brownish sand or loam about 10 to 15 feet in thicknees which uncoa-
formably overlies the beds of the Colville series, apparently as ..
continuous mantle", They did not state wvhether {t vaa warine or gon-
mrim, but in geperal usage this formation has come to inclwie all
the relatively unconsolidated ssdiments of Pleirtocene age which over—
1lie the Cretacecus eand Tertiary rocks on the Arctic coastal plain of
Alaska. It bas been described by A, F. Black {196k}, vho considers 1t
dominantly marine. In practice, particularly in the subsurface, 1t ie
difficult to tell the Qubik sediments from those of Recent ege and
fragquently no distinction ie made,. Subsurfece information on the
Gubik Formation in the Bimpson sdd Barrov areas is fairly reliable,
hovwever, because of the mumerous holes drilled and cored in these two
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The near-surface unconsolideted sediments ifo all the other teat
holes appear to be Recent mlluvium or possible nonmarine beds of Pleis-
tocene age., Although Sentinel Hill core test ) ie in the area of the
type section of the Gublk Formation, it wes epudded on the Colville

"River's edge at the base of high bluffs and went dlrectly from a fev
feet of river alluvium into Cretacecus hbeds without penct—ati.hg the
Gubik Formation., The OQubik test wells drilled through spproximately

| 65 feet of unconsolidated sand, gravel apd qlay. The sand is coarse \

| grained, pubsangwlar yellow, mte end” glear quartz, eml red, dark gray,
and black chert which 4B probsbly sll recent river dsposit. In the

' Unlat area the test boles in the ptream valleys and on the floodplain ;

of the Colville River drilled into unconsolidated sand avd gravel from

o few feet to D0 feet thick., 'The composition of the eapnd {8 the same

as that in the Gubik wells but {he grains are wore rounded. Wells

: loaated on the hills at Umlet went diuct.l:y into the Cretaceocus rocka.

1

| Fresh-vater ostracods of Pleistocene to Recent age and vhite megnfos- !

Bil shell frogments vere round‘ in eamples from the upper 30 or 40 feet,
Iorthctentamthemmllkmt. Toe mediments copsist xostly of |
" yellovish gray and light olive gray clay end ailt with scme #apd com-
]poaedOfsubangulartommdechurnndmuquert:andyunw, :
dark-gray ard black chert. A fev rounded grenules and pebbles of i

gravel are also present,

10k

Square Lake test well 1, the Wolf Craek test wells, Titaluk test
vell 1, the Kolfeblade test welle, and Meade teet well 1 penetrated

» ‘less than 30 feet of alluvial material, Qrandstand teet well 1, how-

. lle';er, vas located on the bank of the Chandler River and pepetrated 110

5 :Ieet of gravel and pand at the top of the hole, The gravel contains
5 fbroken {possibly by drilling) but otherwise subroundel pebbles of
H |Iblack, browvn, yellovw, green, and red chert, engular rragments of sand-
. }stone, quartz, quartzite, ironstone, and m few other rocks. The gand
* 18 very fine- to very coarse-gréined and is composed of the same ma-

19-terials as the gravel,

o
|
12'
!
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REQIONAL BTRUCTURE
The srea north of the Prooks Rapge in northern Alaska is occupled
by & atruchrral besin (Weoleon and others, 1962, p. 14}. Information

obtajped from drilling alona is inadequate to determios the 1faits of

. thias baein but geophyeical stwdics (u.sin.g"me seismograph, gravimestar

ord magnetometer) ant studfes of the swrface geclogy conmlucted during

the exploration of Kaval Petrdlsum Reserve No. 4 furnmiseh additiopal

the Arctic Oceen.

datn. In genernl the tasin is bounded on the mouth by the Brooks
Rapge, on the osst by the same renge ss {t swings morth towerd the
ocean, apd on the north by the Barrov Platfors ami by the margio of
To the veat the basin epparently contioues aod :
deepens under tho Chukohi Sea {Chapman, R, X, snd Sable, F. @., 1560,
p- 132).
ably just morth of, the mountain front, vhere thickness of sediments I

The deepest portion af the basin 1ies parallsl to, and fwob-,
on the order of 18,000 to 25,000 feet are postulatsd. The basin can
be divided 1nto subordiante eastern and wvestern parts separstod by a
structural swell knowvn ms the Meade arch, which is oriented in &

north-south direction necear the Meade Kiver. .

The sovthern third of the basin in the foothills belt is Docupled'

by mmerous complex, tight, and in some ossss overtlrust, folds
(Miller, Payne, asd Gryo, 1959, p. 104) which are elongate parallel to
the mountain front in & west-northwesterly direction. These diminish
northwvard just beyond the latitudes of Uniat into broad undulating

folds underlying the coastal plain.

L}

Drilling in Baval Petroleum Reserve No. 4 tested some of the
folds mapped in the outerop to the south but most of the drilling took
place in the eastern part of the basin on structures located by geo—

physical methods. Only one test well, Kaclak test well 1, was drilled

s in the vestern part, and Mesde teat well 1 was drilled on the Meade

LY

&l

|

, arch.

|

The Barrov anl Simpaon bholea were drilled on the porthern mar-

gin of the basin, on or ocear the Barrow arch,

207



The porth-south Etructural cross section, (G-G*, pl. 3) showe the
genersl configuration of the eastern part of the basin. At the north
edge, in the Barrow aree, pre-Mesozolc rocks {shown as argillites, oo

+  the section) are found within 2,500 feet of the swface, The Berrow
+ Area has had a complex structural history and, as can be seen on the
' ;section, numerous uncenformities of varying magnitiuxles are present.
North of South Barrow test wells 2 through 6 the Cretacecus beds thick-.
en ag they dip portaward umder tha Arctic Ocean. The Upper Triassic,
*  Lover and Middle Jurassic, and pebble shale beds are of ebout the sane
1o 'thickness at both Barrow and Simpson but the Dumalik and Topegoruk For-

I mations show copsiderable thickenlng in the direction of Simpson. The ‘

iz junconformity between the Oumalik and Topegoruk Formations ia beat da-

3 veloped in the Barrow area snd seema to disappear basinward. Middle
‘¢ |Devonian strata, “red beds”, nod Permian rocks have been pressrved off

1s ;the flanks of the Barrow high, ss showe by their presence at Topagoruk.

1 Belsmic work showvs deep-seated normal fauwlting on the south flank of

1 the Barrow arch in the area between Simpson amd Tifsgoruk but there is ‘

1

4 no evidence of this in the test wells, BSelamic work also suggests that
1« Eenrly Menozoic and Paleozolie rocks probably continue to dip southward
- ibeneath the greatly increased thickness of Cretacsous beds, (Woolsom,

2 |J. R. and others, 1962, p. 15). Cumal{k test well 1, vhich found the

-+ |base of the ODumalfk Formatien below 10,000 feet, demonstrates the ra- !

= pldity with which that formation thickens southward izto the basin.

X

[ B Y R LR L2 1]
FERIN

Although & comparatively shallow hole, Titaluk test wvell 1} was in-
»  cluled in the cross sect’on to show the oresence of Late Lowver Creta-
+  eaous and Upper Cretaceous bedsa in the center of the Basin. Knifeblade
+  ltest welle 1 and 24 give the first indication of rising etrats on the
8- "sout.h side of the basin., Between the Kdifeblade teats and Topagoruk
. ;test well 1 the interfingering of the Topagoruk, Orapdatand, eud Chasd-
’ 'Iler Formations is clearly indjicated.
» I Structure cross section HE-B°, plate &, 16 drewn in & nor'theuterly'
«  ldirection across the Reserve sod shows a #lightly different aspect of
1o- the basin. Btarting on the south vith the seme Knifeblade sod italuk
it 'holes, this section extends “down d1p" npearly at right angles to the .
12 reglonal strike amd shows the develoment of the Late Cretscecus lmtnl
is Tin the basin. The Seabee Formation 1s found on the surface near the
v Fimuk test. From there it dips rapidly into the eastern part of the
it - foasin, reeting on an unconformity which has beveled the Ninuluk end
1t part of the Chandler Formationa. The basin deepens apd Upper Creta-

17 lceaous rocks thicken in an easterly direction. The Sentine] Hill Member

4 the Kogoaukruk Tongue, uppermost Cretaceous beds fdentified in the :

*  |gubsurface, are present in Sentinel Hill core test 1 on the Coiville
|

7o~ Aiver. Limited eeismic work indiceates that the basin continues to

a eepen east of the Colville River, and Tertiary rocks crop out in the tl

|
7 fhite Hills (Payne and otbers, 1951, map, sheet 1).
;

e . J
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GEQLOGIC HISTORY !

The (ollowing discusaion of geologle cventa s concerned with the
bistory of that part of northern Alseka for which subsurfece data (8
now (1964) available., The interpretation 1s besed on information cb- °
talned primarily from test holes and geophysical surveys, as there are
few bedrock outcreps in most of the ares.

Steeply dipping ergilifte beds which underlie flat Upper Triessic
atrata in tbe Barrow and Simpson areas may well be the oldest known ‘
record of Ithe geologic hietory of the reglon. Unforiunately, the greenl
and red argillite in Slmpson test well 1 ¢ontaing noafossue, and the
black argillite ad interbedded sillcecus dolomite of the Barrow arem |
has ylelded only a few minute pyritic splnes of uncertain (but pmbably‘
.organic) origin and some sphercidal guartz aggregates that suggest :

i
!Fndioluria, neither of vwhich furniah evidance of the age of the depos- ‘
1t. i:')n the baeis of possible reglonal correlations, theee beds have
f’been compared to etratigraghic units ranging in age from Precambrian tDI
(Pemian. {The lithologic and structural differences between the a.rgll—.l
]us.e and the Late Trieseic beds make an earlier Triassic ege unlikely. )|

In thie paper, however, thcy have been described merely as pre-ﬂesozoic

iror lack of evidence of B more restricted age designatlon. A few in-
1

{ferences pbout the enviromment of deposition may be made, hovever, from

jthe texture and composftion of the rocks.

L
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The fine texture of the Simpecn srgillite suggeets that depoaition
probably tock place at a distance from the source of the material, or
that 1t took place under very qulet conditione. The coarsest material
Lthis pelite contalne 1s silt-size particles present in very reare lami- '
juae. Ho ripple marks, s cracks, or characteristics of terrestrial
deposiiion vere noted, although the red poler of a Tfew thin bede might
Ilu.ggn!t such an envircnment.

L e pyritic black arglllite of the Barrow srea is almost certainly
:‘ f maripe origin, and probably was deposited under anaerobic condition.-{
in a quiet basio whick receiwved only the Iineat of claatic material.
the silicecus, dolomitic beds in Avak test well 1 were origloally
sited am limestone, they have been t0o much altered by replacement |
and recrystallization to have any relict structures ipdicative of ihe ‘

source of the carbonate. Some of the argillite i{n South Barrov test

J
‘hel_ls conelsts of a few fragments of bhard eray rock compomed largely ]

:O.f silice,
!
ard 1t contains the Aadiolaria{l)} mentioned above.

This rock mey originally have included much velcanic ash,
The variable silica

contant of the arglll{ts (vhich ranges frou friable and sooty to blue-

y and splintery} may result either from variations in secondary ea-

iehmant, or from e changing silica content of . the original sediment,

L L N T LTI 2 Tl R TR
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~-hovever, ¢ uncertain.

‘The ebrliest event that can be dated in the geologic history of

the subsurface 1n northern Alaska 18 the deposition of Middle [(Early?)
Devonian strete in the vicinity of Topagoruk teet well 1. The oligomici
tie cong}.onerst.e of chert sand and pebbles way be a léhm-e 1ine deposit
of materim]l derived from a low-1ying land waee which, because of being ;
deeply weathered, or belng largely umderlain by cherty rocka, has fur- ’
nished 1ittle but chert to the deposit. The intarbedded milty, hard |
black elale contains plant remains vhich are well preserved, although

1 .

the p].m:t.n themselves were rather delicate. They grev in fresh-watar

"a'umpn, and e:'; they could not have been trnsported far befores burial,

L

1

ithe black shale vas probably m swamp deposit. The altermstion of black/
]

1uhale and conglomerate may ha a result of slight flnctuations of sea
Ilgvel, vith a short retreat of the sea coinclding with the formaticn “J

|
the swamp, The location of the land mass from vhich the sediments cemej

Lower and Middie Devonian beds are known on the
\n:nmaim Arctic Islands (Fortier, McMair, and Thorateinsson, 19Sh,

[p. 2,075) to the esst, and Kiddle Devonian beds have been raported from

the central end eastern Brooks Range, to the southsast and scath

1

L

{Boweber and Dutro, 1957, p. &, aod Drosgf, 1960, p. BAS1). It is

possible, therefore, that the beds in Topagoruk test well 1 record a

'transgressive ees, encrosching on & land mass to the north---perhaps b

!
lpart of the Anclent Arctica proposed by A, J. Eardley in 1951 {1951,

p. 538).

112
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L Later seismelogical studfea cast doubt on the exlstence of thie
1and (Eardley, 1960, p. 611), as did the fev gravity data aveilable
l(Xing, Dietz, and Alldredge, 1964, p. 1,550-1,555). The latter authors,
Tnmver, note that “mgnetic data provide convincing evidence that the
Iloor of the Arctic Ocean on the North American side of the Lemonoaov
;Bange_ is feormed by & large aunken block, or blocks, of continentel ma-
[t.erial, & large part probably consisting of a Precembrian ccmplex simi-
lar to that of the present shicld areas,” and that "the =eismological
jrecults can largely be accounted for if the PBurasian Besin l# & geouine ‘
Iocean.lc’basl.n with a thin eruat” {ibid, p. 155'75, thus giving new velid.

1ty to the comcept of Ancient Arctics. I

1
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Ralph W. Imiay, in his paper on tha Jurmesic mollusks from north-
ern Alaska, has an excellent discussion of the ecology of the Juressic
sens (Imlay, 1955, p. 75-78). He conclules (p. 82) that “faunal and
lithologic relationships suggest that mouch of the Jurassic sea botiom

in northern Aleska sloped moderatsly basip-ward and was stagoant and atl

least 88 deep as the lover part of the neiitic zone”. He alio states
'that the mscrofauna of Early Jursssic and early Middle Jurassic time
Ill:ﬂicste “fairly verm” water (op. eit., p. 82),

_' o Upper Bajocian or late Middle Jursssic beds bave yet been
i[rou.nd in the subsurface, or in the outcrops of northern Alasks (Dmlay,

1955, p. 73).
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The pebble shale, m sequence of beds with distinetive lithology
vhich ranges in age from Late Jurmssic {Oxfordism) to Early Cretaceous
{Albian) ia described in detail in the stratigraphy section (p. 13 fr.}.

. Fn is difflcult o explain the mechsnics of sedimantation of such a
s annu— lithology. Orains of quarts of falrly uniform size were de-
N Eposit&d singly in a matrix of eliy, over & long pericd of time through
. ia thick secticn. A satisfactory explspation of such az oddly sorted
] hnpolit probably m:!.ves fagtore othar thap the transporting agent,
? L‘ma oaf vhich say be the sowrce from vkhioh the sediments are derived.
10— t of the sediments found in the older beds ip the subsurface of
1 (nm-t.hnrn Alasimn were mrobably derived from Apcient Arctics, the land
12 vhich may have Ogoupied much of the basim of tha pressnt Arcila
15 Ocesn. During at least part of thie time, tha Barrov ares vas a sort
i of hinge line, with a slowly siunking basin to the scuth and tha lrodlng:

15-- [lacd to the porth, At times the Barrow area may have bedn emsrgent, or

1% have been at the stramd lins (Norisn stsge of ths Late Trissajc).
17 pebble shale was probably also derived from this lov, well-weather-
i lart, Pebble-shaln sediments of Lats Jurassic sge ocour (in the

15 |Tiglukpuk Formation) as far south as the hesdwsters of the Siksikpuk
70- River, in the present Brooke Range. The transition from latest Juras-
2t sie to esrliest Cretacecus, however, is mot remressnted in porthern

i
? fn by pebble shals or any other rock, probably because this vaa n

N
py

7+ period of great orogenie activity during vhich the ancesirel Brooks

l

#4

Hange was formed (Payue and others, 1951, shaet 3}. By Valsuglonisa

-

tj’zihil_w m_htrn.tlhing coarse clastice to the basin formipng
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- Ivhl.le finer aflt and clay making up the Oumalik Formation extended

"|south of the geosyncline. To summarize, the authons believe that the |

along the northern front of the mountaina, while farther north, 1o the
latitude of Qumalik test well 1, the sea etill received pebble-shale
pediments from the northern platform., Slightly later, the whole region'
was uplifted or the sen retreated, and there are no sediments of Hau-
teriviap, Barremian, and Aptien stages known north of the Brooks Ra.nge.:
'In early Albian time, as & result of renewed uplift of the anceatral
‘Procks Range, vest guantities of sedimentis flooded the re-sstablished !

;aeaﬂyncllnal trough from the south, and clastice of the Fortress Moun-

tain apd Lover Torok Formations vere deposited near the mountain front

north to the Oumalix test wells. Wbe northern land mass, the shoreline

ior vhich was now north of Barrow, cootioued to furnish acoe sediments,
hovever, anl & thin deposit of typical ﬁebb.le shale vas 1aid down at
Barrow, Simpacn, and Topagoruk in early Alblan time, costemporanecusly
[with the grayvacke type of s;djmnt forming the Oumaiik Formation far-
ithar south, The shorelipe ves pr;obably not far from Berros, as 1t !
supplied pebbles for a thin basal conglomerate there. A few cosrse
rounded greios of quartz ia the Owsalik Formation in Cumalik test well
1 represent the grea.test. Imown southern extent of pebble shale sedi-
mentation in lover Albian beda. The pah_bln shale in the Barrov ares
is the youngest deposit in Alaska vhilch was derived fron Anclent Are-
tica, and the final disappearance of this 0ld iand mass 1s marked by
the overlap of lower Albien graywacke of the Oumwalik Formation on the

pebble shale as the land asnk or was overvhelmed by sediments from

VS COTFHRMEN ] phedl I DFFaCE [ 1% 0 S1ie Py
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Pebble shale hed a single source, Anclent Arctica, which vas probably
& very lov peneplaiped land mrea on the eurface of which almost every
megascoplce mineral fragment except quartr and black chert hed been de-
[utroyed by weathering. Source, rather than transporting agency, deterj

ned the mineral content asd grain size. The fact that the graine are

t
60 well rounded indicates that they may be second ganeration or older i
in origin, The posaibility that the pebble shale might have béen do-~

rived from the south, with sowe sort of selection for the rounded cbert{
lod quartz grains, does not seem likely. Comsidering the haterogeneity

of sediments available in the ancestral Brooks Range and the evidence |
1

for very rapid depoaition shown by some of the formations of the same
lage as the pebble shsle 1t 1s hard to see vbat agent could aingle out
chert, quarte, apd clay clone, much less explain hov the sand end gran-
ules, and clay, wvere carried and deposited from that directio~ without

the inclusiop of intermedinte grain sizes.

P on CAWHHHMER D €S0 110G OFR K £« i%s o - diandy
LT

121



Deposition of the pebble shale probably wes very slow, and it
continued lotermittently for a long time. HReducing cond{ticns on the
sed bottom may bave existed part of the time, a2 black thale, abundant

: I[pyrite, apd Bome glauconits ars found. Faunas are varied both in abun-

> Qance gf specimens end in ege, as explained in the paregraphs on stra-

2 [Itigrnphy.
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1 The Oumalik Formation ia the first of a very thick sequence of
sediments {{ncluding 8leo the Topagoruk, Grardetand, and Chandler For-
3 mations) which was deposited during & relatively short period of time
‘ rin the Rlblan etage of Early Cretaceocus time. This sequence iz & prod-
« 'uct of typical geosynclinsl sedimentation, the depositior; of which took’
& place folloving a major uplift of the ancestral Brooke Range. The ;
¥ 'eouru seandstone anxd conglomerate of the Fortress Mountain Formation |
¢ |and the slightly less coarse Lower Torok Formation {Patton, 1956b, I
® 1p. 219 mnd 222) represent the early proximal depoelts in the basin. }
19 - ir probeble subsurface equivalent, the Oumalik Formation, repreuentsz
tl fiper clastic axiel phase of the same perfod. Deposition was contin-‘
12 in the center of the bssin, but in tho north the top of the Oc.ml-l
"n !ik Formation 18 marked ;:y an upconformity of at least local [oportance.
M iﬁorth from Oumalik test wvell 1 & large thickness of the Oumalik Forma-
15-[t10a 18 logt---the unit decreases from 6,000 feet at Oumalik to 2,700 ‘
15 [feet at Topagoruk, 1,700 feet at Simpson, and BO0O feet or leess at Bar- ‘
17 . lrow. Much of this loss may be the result of nondeposition se the eedi-|
¥ ments gradually adveaced over the land to the porth, but the upper sec-
1*  (tion seems 10 have suffered the greatest decrease, This, plus small
#- [changes 1n dips between the Cumalik and overlying Topegoruk Formations
21 tn some test wells, and pelemic evidence of unconformity, sirongly in-
#2  dieate uplift in part of the Reserve., This movement marks the boundary
2 |between lover and upper Albien time. A substantial faunal break has
2 been noted wt about this horizon by Imlay (1961, p. 4} in samples

gathered mostly from outcropes farther south, in the foothills rorth of
» -[the Brooks Renge; » change in the microfsusal assemblage bas been noted

as well. VX GL EREILA G e 4k B e bt e hadk T

o e
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1 The basin fllled repidly as siltistone and shale of the Topegoruk
FTormation followed the Cumalik Formstioni they resemble the foreset .
beds of a vast deltalc coast, Filgure 8 implies that the decpest part

. ;or the besin in which these sediments collected was pmobably scmevhere

|
s east of ,the northesstern corner of the Reserve. {Nelther Kaolak test

" !ve]_l 1l por-Meade test well 1 completely pensatrated the Topagoruk Forme-
t  tion, however, and ita thickness near and west of the Meade Arch iz un-
8  |known.) The discordant dips vithin tha Topegoruk Formation {described
* lon p. M) are commonly incléned in the direction of the casterly thick-
°- eping. This, and thelr nonconformity with the genile 2ip of the forma-

Y ltion boundaries, suggest that they may be the result of sedimsntary

12 processes rather than structursl movement. Delisic foresst bedding or

& bPidity currents, or both, probably played an important part in -the

" pastribution of the sanly and silty lenses which probably caused the

15~ geismle reflections, "&nriri;" bedding, moted in several places in the
' formation, also suggests the presence of currents crossing the ses

7 bottom. The upper part of the Topegoruk Formation contains the most

18 Proliric Cretacacus megs- and microfauna found {n the submuofece, Its
% outcrop equiveleat, the Tuktu sandstone, i alsc very foselliferous,
- with many similar gepsrn. The fauns of the Tuktu Formation, according
1 to Imlay {1961, p. 15-16) appears typical of the shallow part of the

2 meritic rope and that of the Topagoruk FPormation of slightly deeper

vater. The Verpeuilinoides borealls ghallow-wvater microfaunal essem-

*  mlage containing many Arenacecus species 13 most abundant mnd diversi-

F
21

24

#-)f1ed ia the siltier beds of the Topagoruk Formation within 500 feet of

U, & QOVEENWEMT PR (MG OFREL < bve O - 1T
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i
1 |the base of the Orandpiand Formstion. Some of the Albian cephalopods

2 |"are identified with species that lived in the ghallow neas that cover-
]

3 |ed the vestern interior of Cenada and the Yukon srea of Alaska.,.ths l

*  scarcity and small size (Of gastropods), coipled with the complete ab- |

- |sence of oysters, indicetes that the ses vaters were not wamm.” (Op.

& lest., Dp. 16).
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mation and Napushuk Group bede, aod removed them entirely north of the

Some time after the deposition of the Grandstsnd Formation, and
' before the Gubik Formation was laid dowm, & structural disturbance of
! at leaat local importsnce resulted in the complex faulting and possib-

ly in the cryptovelcanic structure in the Barrow ares. In the Simpson!

|
! Peninsula, Seabee sedimentation was interrupted by a pericd of appar-

ot

j ent submarine ercsion which cut s lfeep cenyon into older Beabee For- |

canyon, in the direction of North Bimpson test well 1. Theee events

!
f
and thelr poasible cause are discussed more fully in the sections on

the Barrow and Simpacn oil fielde.
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Deposition of the marine Schrader Bluff Formation and the equiva-

|lent noomarioe Prince Creek Formation occupied Coniacian(1), Santonles,

1a.nd Campanien stages. {There is mpparently some doubt about the pres-
‘ nee of beds deposited during Coniaclen time. Jopes and Gryc {1960,
Fp. 153) found no species of Inoceramus diegnostic of this interval,
|nnd no microfoesils have yet been identified thet are exclualvely of
i't.xus age {Meppan, 1962, p. 115}. Stratigrapbic charts in these publt-
1catl.onl puta the Rogers Creek in the Santonian stage 1o the former and
itn both stages in the latter). As in earlier Cretaceous time, the bea
level fluctuated, and deposition of marine sandstone and shale alter-
ted with ponmarine beds. The Tulurak Tongue, the lower unit of the
ince Creek Formation, extended farther northeast than any other non-
marioe beda, mnd shiwe that the grestest recorded retreat of the Late

Cre taceous sas took place Just after its extensive advance during See-

bee time. Wherever it occurs, the Tuluwak Tongue contalns pupercua
!beda of bentopite, which, with the tuffacecous, bentonitic marine sedi-

nta of the lower part of the Schrailer Blurf Formation, are evidence

coal, Foseils found in these beds in Square Lake and Gublk test welle
suggent that they were plants "inhabiting well-watered sitea, perhaps
gentle slopes, in a verm temperate climats” (R. W. Brown, written coa-
mumnjication, 1655}, (That the climste way have heen wnni_is borne out
by the studies of world-wide paleotemperatures of the post-Albien Cre-
taceous by the oxygen isotope method by H. A. lowvenstam aud 8. Epsteln

(1954), vhich showed a progressive rise in ocean temperature from the
Cepowanien to & climax io the Conjecian-Santonisn stages.)
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of continuing volcanic activity. The Tuluvek Tonguwe also contelns much
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| Cretaceous deponits bentonite is the dominant volcanic material. In

| the lower beds of the Schreder Bluff Formation, particularly im the

. In the upper part of the undifferentiated Schrader Bluff Formation

The youngest Cretaceoue sediments in Naval Petrcleum Reserve

"Fo. 4 eontinue to record fluctuations of sea level, with beds of the

Kogosuloruk Tongue of the Prince Creek Formation ipterfingering with

; the Sentinel Hill Member of the Schrader Bluff. A gradual change in

the nature of the voleanic sediments {8 the only appreclable variation'
(9]

+ from the older Upper Cretaceocus beds. In the lower part of the Upper '

!
:

 Ropgers Creeck Member, bentonite in prepent but some tuff vas also noted)

altered volcanic shards are abundant, apd in the uppermost division,
the Sentinel Hill Meaber, the shards are both sbundent sand unaltered.
Increasing alteration of the pyroclastic material appeara, in thie
cafe, to boe related 10 increaaing ege of the daposits.

The Sentinel H1ll Member and the Kogosukruk Tongue are lower
Cacmpanien in ege, and Af any later Cretacecus beds were laid dovn in

this part of Alasks they have not yet been ideptified. Subsurface

data furnish oo evidence of the age of emergence and folding which |

took place before the Pleistocenes epoch. The movement wvaa orogenic |
in the south, with the riee of the Broo).a Range accomparied by the ’
folding end reverse faulting which formed the anticlines that now par-
alle) {ts northern flank. Farther north, folding woas progressively l'
less pronounced but reglonal uplift raised the area above ses level
ard except for eome Tertiary sedimeptation [recorded by depoeits in

the White Eills, eaat of the lower Colville River) which was apparent-
_ly dimfted to the esatern part of the former Cretacecus basin, the

area vas subject to subaerial erosion uptdi) EAeLAtORERe. bMGr. .. 1

IR

13k

i Peat and & very small amount of clastic coal Occur bere and there.,
¥ | Yhe coal was probably derived from nearby Cretaceous beds anmd the pesat
e may record a time during the Plaistocens vhen the climats was more

® mild than at present, Large logs of spruce several feet long and sev-

"

The dominantly marine Gubik Formaticn of Plzistocene age spreasds

Fa

l
1
; as & thin mantle over moet of the Arctic coastal plaio {Black, 19Gh,
N 59} ranging in thickoess from a fev -:t.ans of feet to about 120 feet.
' ' It vas probably lafl down under conditions similar to those found Just
¢ off the Arctlic coast todmy but records a period of greater submergence
¢  than there ig at present. Variation in lithology can be attributed to

? l the location of the mouths of major streamsz, Warrier beaches, and off-
|

. shore barg, and to tha general ocean curreat circulation. At Simpaon,

e, ‘ for instance, the basa) part of the Qublk Formation 18 made up of

10-  coarpe, gravelly beds wherses at Barrow, fine sedimenta piedcainate ;

" near the banse.
12 The sarnda and grevels themselves contain only gralps end pebbles '
1 of the most reeletant pature, and probably have been reworked in more :

" than one sedimentary cycle, Julging from the roundness of many of

them. B8orting is poor to fair---the sand fs much mixed with cliy.

* | eral inches in diameter bave been found ip outerops of the Gublk For-

matlon {G. Gryc and L. Spetzman, personal communication, and R. Black,

- 5
7 1964, p. 65). BSuch ireees are nonexlatent on the Arctic Siope today, |
1

although similar loge, probably originating in the Mackenzie River

valley, occur along the coasti aml ob river bars near the coast.

Fed

N3, UV ERNMER | FRINTING TFRRF e a0 chien

- LIRS

135



yho-

The Foraminifers are marine but “en offshore enviromment 18 not
necessarily laplied by the celcaregus assesblage, as most of the gen-

era are notably tolerant of brackish water, and no pelegic geners ere

present” {Tappan, in Peyne and othere, 1951, sheet 3). The ostracods

- are of types fourd in ma cold maripe neritic environment of moderate

" depth, bhaving "living relatives in the Horth Atlantic and Arctic

4
|
|
i

Oceana, in water generally more than 10 fathoms and less than 100
fatbons deep” (F, H. Svaln, written communication, 1949). Although
the present Coastal FPlain has been emergent slnce the Fleiwtocene
epoch, deposition in the Arciic Ceean bordering the present coest has
probably continued uninterrupted from the late Pleistocene into the
present. Little change in the nature of the material 1laid down is
noticeable except that in some places nommarine alluvial gravels end

muyl have superseded the marine deposits. There is evidence that the

. shoreline today, after the relatively recent geperal emergence, is

retreating (McCarthy, 1953, p. 4b ££.)
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were discovered and almost all of the test wells had faint to good

ECONOMIC GEOLOGY
01) erd gas
Introduction

Tha objective of the receat exploration of Navel Petroleum

FResgrve No. & wae t0 makr & reasopabls svaluwstion of the petroleun

i potentialities of the Resarve and adjacent public lapds, In the

course of nipe years of drilling, three oil fields and two ges £slds

shove of oll or gas. Ths o1l discovered, bowewver, is of 1litile pres-

ent camericel vyalog because the flelds are pot axceptionally large

and the distance from markets is too great. Ooe gas Tessrvoir at
Gubik i¢ probably large enough to vwrTent developmant and ¢ smaller

field peay Barrovw has furnished gas soough to beat the wilitary and

consatruction camp there for several yessrs., Oas is being fwnished to
Barrov village, as well. The oil and gas fields are dsscribed in de-
tail in the following pages and the more ilmportant shows in other
aress are elso summarized.
Geology of the Barrov area and ges field
The term "Parrovw wrwa” ‘o this report incluodes the northera tip

of the Arctic Comstal Plain provincs of Alasia within & redius of 20

niles of Point Barrov. B8evan teat wells and four shallover holes \mm:

drillsd in the ares, the first oma in 1G4k and the lsst in 1964; somn

additional very shallow holes (125 feet or lsss in dspth} were dril_hd|
i

for permafrost and shallov atratigraphlice information.

(Bae p1. 5 roj

1.5 GOVEHRRENT pFHINTIHIL DFFR'
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Stratigraphy of ithe Barrow area,--Rocks in the Barrow area range

in ace from pr~-Mesozoic throuch Pleilstocene, buil, largely because of
structural complexity, no one test dri-lled a complete sequence. The
oldesi beds, of Paleozoic or older age, are ergillite, harder and more
steeply dipping (except in structurally enomslous Avak test well 1)
thar the Mesozcic strata. They, and the other stratigraphic units,
have beeo described in detall for esch well (Prof. Paper 305-X) anmd
their salient features are discussed 14 the section on etratigraphy
of this report.

Only one hole, South Barrovw test vell 3, encountered bods of
Triaessic age, but in that hole nearly 200 feet of strata contalning
Triassic pelecypods ineluded such uousual rock types as limooite
colites and coguina. The Jurassic rock cons{sts moetly of clay shale
erd olive gray eilty sandetope containlng & largs number of eammonltes.
Almost 800 feet of 1t is present in South Barrov test well 3, and an
uncertain amount (its thickness vas undeiemim‘ble because of erratie
dips and fsulting) in Avak test well 1, Jursssic beds of nllty sand-
stope have been identiffed in the gas vells (test wells 2, &, 5, and

6), but none were defioftely {dentified in South Barrow test well 1.

138

Pebble shale is the oldest Cretaceous rock unit in the holes and
is the only one to walniain 8 nearly conslant thickness and character
(2gain possibly excluding Avak test well 1, 1in which it 1s much dis-
turbed by fenlting). Above it, the Qumalik Formation, represented by
derk clay shale, 1e more than tuice 86 thick {&bout 70O feet} in South
Barrov test well 1 then in the southern test wells; this, and younger
Cretaceous strata are lacking in Avak test well 1, vhich drilled into
pebble shale directly beneath the Plelstocene Gublk Formation.

In South Barrow test well 1, the Topagoruk Formation is 1,700
feet thick, lmﬂ conslats of clay shale with some siltstone and a few
thin beds of sandstone., WHere, and in Arcon Barrow core test 1, it iz
capped by 250 and 300 feet, respectively, of the eandy Gramdstand For-
mation. To the south, the ges velle penetrated pome 1,600 feet of the
Topagoruk Formation, but the Grandstand Formation and the upper few
feet of the Topagoruk Formation have been removed by erosion. Still
farther south, at South Barrow test well 3, erosion has cut even more
deeply, and only 1,000 feet of the Topagoruk Formation remains.

The marine Gubik Formation blankets the wheole area and 15 cOm-
posed of sand, gravel anmd ciay consolidated only by ice. It contains
sbundant Foraminifera and other fosslla of Pleistocene age. Its
thickneass varies, although 1t averages about 100 feet, because of
irregularities in the eontact with underlying Cret.aceogs beds and 1n
tts ovn upper surface, The three shallowest holes were not drilled

much below the base of this formation.
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Struciure,--The area is the most complex structurally of any so
far encountered in the subsurface in Naval Petroleum Reserve Ho. b,
and because the surfece 1s largely marshy or lake-covered, all the
avallable stratigraphic and structural information {except for bedrock
exposed In a low sea-cliff pemr Skull CLIff core test 1) i{e from the
geophysical work and the test holes. Th:ree types of geophysical sur-
veys have been made in the area: n magnetometer survey made in 1945
by the U.5. Navy and the U.S5. Geologliesl Survey; s gravity metar sur-
vey, made in 1940 by the United Geophysicel Co-., Inc.; and selsmic
studies, made in 1948 and 1949 by the mame company. The magnetic in-
tensity shows very litile change acroas the area, the slight decreese
in intensity from northeast to southwest averaging less per mile than
that across any ares of egual size in the Re:s_erw.-. The observed grav-
ity, however, shous the Barrow ares to have the greateet observed
gravity of any part of the Reserve, vith the maximun near the south-
west corner of Elson Lagoon, and an abrupt decrease to the north

(fig. 14). An anomalous pattern Just south of the point of maxioum

Figure 1k, Observed gravity map of the Barrow area.

gravity conslats of s emal) circular area (3 miles in diameter) of
unusually high gravity surrcourded on 3} sldes by B belt of lov gravity
-~ B shape suggestive of a salt dome, but with & ceotral area of high

gravity instead of the low-gravity center of the typicel salt dome.

1h0

Several Beismic lines -across the Barrow ares furaish additional
details on the grevity anomaly, as well a8 & picture of the structural
complexity bemeath the flat surfece {fig. 15). According to the pro-
files (Woolson, 1962, p. 16), the gravity anomaly consists of a cen-

tral structurelly high area cut by small concentrie faults downthrown

Figure 1%. BSeismic map of structure of the shallow Cretaceous beds

in the Barrow area.

toward the periphery, swrrounded by & high ring of complex faulting
with concentric faulta downthrown primarily toward the ¢enter. HRadial
faulte, many with the downthrown side to the south, extend cutward
from the ring. South Barrow test wella 2, b, 5, apd 6, the gas-pro-
ducing wells, are just north of one of the radfal faults; Avek test
well L le north of the central high area of the anomaly, Iin mn area
of complex Taulting. Beds of Early Cretacecus age are dieturbed by
the faulting, and displacement of emrlier bede 16 apparenily no great-
er than on the Cretaceous formations, indicating that the movement

twok place in posi-Early Cretaceous time,
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Cryptoveleanie ttruct.rrs as dcsc{r*_b-erl by A. J. Bardley {1951,
p. 237-238) are nearly clrcular, with a "central uplift with intense
siructural aecrangeqent, and & marginnl, riag-shaped depression vith
frregular and local faulting., Iacludlng the marginal ring, they raage
in diameter from two to eight miles @11: Barrow atructure L[s about 5
mi]es,acros@. The loner intensely deranged core may be only part of
@& mile ncross in some, bul [n others up 10 2 miles. The faults make
voth an approximate concentric and radial pattern”. This deseription
fits vhat ls knowa sbout the anomaly at Barrow, Metamorphism or other
evidence of igneous amctivity is lacking at Barrow, as it is in most

eryptic voleanoes, mnd the cause of the upheaval 15 uncertain, FRobert

5. Dletz (1960, p. 1,781) suggeetd, however, that many eryptic volca-

nces result from a high-velocity impact probably ceused by e very
lerge meteorile. I 1his were the cause of the Barrow complex, it
might not be amiss (o speculate that such an iupact, by causing a
tsunami-like vave, could result in the formation of Simpson Canyon,

8 "foBsil” canyon discuseed in the paragrapbe on the geology of Simp-
gon Peninsula., The gravity "high" is, perheps, caused by buried re-

malns of & meteorlite,

142

Selsmic evidence showing the Barvow area to be the highest reglon,
structurally, of any part of the coastal plein within the BReserve, 'is
corroborated by data from the test welle, which penetrated pre-Mescozolc
rock at comperatively shallow depths. The highest part of the regional
gtructure (except For & possible southwestern extension In the vicinlty
of Skulli ciirr core’ test 1} is a structural ridge trending roughly
eagt-northeast and crosaing the area in the vicinlity of South Barrow
teat well 3, Just south of the complex feult zone. The test well was
drllled on a local culmination of thils regional fold. South of the
fold seismic records show beds dipping gently into the Cretaceous basin
which occuples most of the Reserve; to the north, they dip more steeply
toward the Arctic Ocean (pl. 5, crose-section I-I'}, The pre-Mesozoic
surface, cut in this area on argillite of possible early Paleozolc mge,

dips in a similar fashion, -although more steeply than tlie overlying

- deposits. The highest point of this eurface, hovever, is somevhat

farther north than Scuth Barrov teat well 3. Plate 5 shove the wedge
of Jurasslc and Triassic beds, thickening southward from a knife-edge
near the gas wells to more than 1,000 feet at South Barrow test vell

3, and separating the Oretaceous beds from the pre-Masozolc arglllite.

1hk3



Geologle hietory.--The history of the Barrow aree is complicated,

but data available at present suggest the {ollowing sequence of events:

1. Pre-Mesozoic deposition end folding of the mrgillite,
and beveling of the folds by erosion. A weathered surface devel-
oped, remnants of which are etill preserved in a ;:ore from South
Barrow test well 1.

2. Deposition, fn the vicinity of South Barrow test vell 3,
of limestone, coquina, sendstone, and oolitic limonite along an
upper Triassic shomline;_ the northern part of the Barrow ares.
vas probably above sea level.

3. Trensgression of a Jurassic sea from south to north,
depositing progresaively younger beda in '1t.s oortheard advance
from South Barrow test well 3 to Bouth Barrow test well 1.

h. Complete inundatfon of the Barrow area, accompunied by
deposition of the pebble shals beds on n comparatively level sur-
face underlain by the weathered surface of pre-Mesozolc rocka to
the north and the uppermost Jurassic beds to the south,

5. Deposition of the Oumalik Formation, followed by uplift,
particularly near the gas wells, and beveling of the Oumalik For-
mation, Regional evidence (see p. 158) suggests that these sedi~
ments, in conirast to the earlier ones, came from the south.

6. Depositlon of the Topegoruk and Grandstand Formations.

7. The disturbance of the cryptgovolcanic(?) structure amd
apsociated feulting, with an increase in dip to ’fhe north. Thia

faulting probably formed the structural trap in which the gas was

1hih

gubsequently trapped.

B. Ercaion beveling the Topagoruk and Grandstand Formations,
and removing all evidence (if there bad been any) of later pre-
Fleistocene deposition,

9. Tracsgression of a Pleletocepne sea from the worth, and
deposition of the Oublk Formation,

10. Retreat of the Pleistocene sea, ani subjectlon of the
area to subaerial geologic processes, many oOf them related to the

preaence of permafroet, which have continuwed to the present.
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Gas and oll.--The reservoir of gas tapped by South Barrow test
vells 2, 4, 5, and & probably is limited to a emall area betweer the
fault just south of the wells, the porthera knife-edge of the Jurasaic
beds, and & waler level which 15 probably a short distance northwest
and dovn dip from South Barrov test vell 2 (vhich produced & small
amount of water with the ges). Tue gas reserve, vhich is probably im
the Jurnseic beds {although scme gas may be in frectures in the argil-
lite}, was estimated by Everette Skurﬁa c.vf Arctic Contractore in May,
1951, to be 7 2f3 billion cuble feet; the Arctic Contractors estimnted
5 %o 7 billion cubic fect In May, 1953 (written communications, 1953);
s later estimate ie 10 billion cubic feet {Miller, Payne, and Crye,
1959, p. 102).- If these Juraselc rocks mre equivalent to &ny beds im
South Barrow test well 3, they sre represented there by sedimenta vhich
are probably too fine-gralned to produce an apprecisble quantity of
gas, even 1f they vere tapped in 8 structurally f{avorable position.

In South Barrow test well 3, located on a small anticline delineated
by & seiemic survey, the upper part of the Jurassic eequence had only

a faint gas shov.

16

The four gis vells are only a fev hundred feet apart, and South
Barrov test well 5, drilled in 1955 by th;e U.8. Alr Force, is betwveen
oumbers 2 snd 4. It 18 producing gas at present (1964); South Barrow
test well 2 vas destroyed by fire, and South Barrov test well & ja
shut in, a standby well for the producer. Of the three wells, number

5 has been the most successful so far ae ;1 producer, partly because

. of experience in production practices gained from the other two wells.

It is furnishing eufficient ges to heat the U.S5. Covernment lnetalla-
tione at Darrovw, baving an estimated maxfiomm stabilized prcduction
rate of 7,900.,000 cubtic feet per day, with no water. The gas 1e 97
10 96 percent msthane, but & minor smount of comdensate, \I.rit.h an
A.P.I. gravity of 48,37, aod consteting mostly of gesoline and naptha,
was also produced, Production details aod fluld analyses ol the gas
vells are given in Prof. Paper 305-K (Collina, p. 605-606, 624-625).
South Barrov test well 6, locaisd 1,925 feet B 73° E from test well 5,
is 2,363 feet deep and bad an initial production of 9.6 million cubic
feet of gas from 2,276 to 2,363 feet, through & 2-inch pipe from the
same horizon ad the cther vells. It vaa drllled largely to eupply gas
to Barrov ¥illage end 1t wam completed in the Bummer of 1964 by the

U.8. Bavy.

T



Geclogy of the Fish Creek oil fleld

Fish Creeck test well 1, drilied at the northeset corner of the
Reserve in 1949, penetrated 130 feet of interbedded cley shale and
sandy siltetone which contalns aom-e dark, heavy oil., The test, which
s described more fully elsevhere (Roblnson ard Collins, 1959), vas
drilllef.\ near on oil Seep on the marshy tundra of the Arctic cosetal
plain. The ares has no Iouwrc-:pa of coneolidated rook, and the struc-
ture of the underlying beds bas been studted by means of eelemograph,
graviseter and magne tometer surveys. Magnetic intensity is rather
uniform over the ares, but the gravity map shows an ares of wnusually
high gravity in the vicinity of the seep {Woolson and others, 1962,
pl. 2). Seismic vork, hovever, shoved no evidence of an enticlive,
and indicated that the region is underlain by sedimentary rocks
Cipping gently {about 50 feet per mile) emstward; etrata at a depth
of 10,000 Teet dip somevhat more steeply southward, The older rocks
are presumed to be basal éreta.ceoua or Jurassic, and the upper ones

are younger Cretacecus beds.
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After drilling through sedimepnts of the Colvilile Group, consist-
ing predomipantly of clay shele with some bentonite and tuff, the top
of the Topagoruk(?) Formation was penetrated at 2,890 feet, snd the
oil-bearing beds at 2,920 feet. At the total depth of 7,020 feet the
test had drilled a long Bection of Lower Creteaceous shale, 8o the hole
vas plugged back and gidetiracked through the producing zone. Pumping
equipment wap installed, and the well averaged 9 to 12 barrels of ofl
with no vater for about 3 weeks, before the equipoment was removed and
the hole abandoned. The brownlsh-black ©11, analyzed by the U.S,
Bureau of Mines, hae en A.P.I. gravity of 13.9", pour point of 25°
Fahrenheit, and econtains 1.92 percént sulphur; read oll, Jubricating
oil, and diesel fuel could be obtaiped from it. HNo estimste of re-

nerves wag made.
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well,

The extent of the deposit is wnknown, but the lack of structural
complexity suggests that it could be large. 'The cbaracteristiecs of
the o1l imply that its lighter constituents may have lefi the reser-
voir, the eoll now found there being the .h'.eavl.e'r resldue, If & fault
cut the oll-Yearing beds and reached the surface of the ground at the
seep, 1l might furnish & means by which the nore volatile components
could escape from the reservolir and create the seep. If it were to
paralle) the etrike, it might aiso trap the oil by preventing west-
ward migretion up the east-dipping beds, forming a barrier against
which the petroleum could sccupulate, The unusually thin (sbout 130
feet) sandy eiltstone section forming the reservoir indicates ancther
pogsible explanation for the pregence of the cll: If the reserveolr
beds have been trmeated by an unconformity, the resulting stratigraph-
ic trap could be sealed by overlying impermeavle strata. Either type -
of trap could be of constderable extent, and wvould preaumably be
elongate parallel to the sirike, roughly north and south. The weetern
edge would perhaps be s mile or 80 from the well, fn case of a Taulted
trap, and at an unknown distance, i 1t were a stratigraphic trap.

The eastern boundary in either case would depend on the location of
the oifl-vater contact, which 18 probably down dip an wnknown dil;t.ance
from the well. The hole produced water-free oil durlng a J-week pump-
ing tast {except for & 1little salt water recovered during the first &
hours), so the oil-water contact 18 probubly not very close to the

1f it were a stratigraphic trap, the location of the eastarnm
boundary would be affected by the position of the unconformity, as
well,
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Geology of the Gublk gas fileld

Geography and developoent of the srea.--In Lo4hL, 1945, end 1947

U.8. Geological Survey field parties recognized a pumber of esst-weat
trenting anticlines and synclines southeast of the Reserve. They
mapped wegtward plunge on one of these structures near the Colvillie
River apd pamed it the "Gubik anticline”. The anticline is situated
at the northern edge of the MNorthern Foothilis section of the Arctic
Foothills physiographic province, approximately 16 miles northeast of
Umiat, in an aree of low rolling billa with a relief of about 500 feet.
Yhe flood plein of the Anaktuvuk River crogses the (Gubik structure 1im
a broad valley flacked by.low bluffe, but the Chandler River is a lit-
tle narvover, Vith glightly steeper kills o the side.

In 1950, the esismic program carried out by the United Geophyvwical
Co., also defined north-south reversal anl w westerly dip on the struc-
ture weat of the Chandler River. Closure at the east end of the anti-
cline was mapped during the sama sumoer by W. A. Fischer and A. N,
Kover who vere asslgned the st‘.uiy of this structure as a speclal proj-
ect by the U.5. Qeoclogical Survey. Thie work, plus stratigraphic con-
Iaider&t.lons which indjiecated that the pear-surface yproducing sands in
the Umiat field vould be approximately 2,800 feet lover if present at
Gubik (apd well below the permafrost level)}, prompted further geophyati-
cnl expioration in the Qubik area in e€arly 1951. A total of 75 pro-
filep were shot between January 29th and March 5th of that year, A
closed structure uasldeflned and the seismic information provided the

basia for makiaog the location of Gubik test well 1.

151



Oublk test well 1, drilled in the sumeer of 1951, is located on
the west side of tbe Chandier River about 1 1/2 miles above ita junc-
4ion with the Colville River. @e&s in comerical gquantities vas dis-
covered 1n the Tuluvak Toogue of the Prince Creek Formation end aleo
in the Chandler end Niouluk Formations undifferentiated. After _mk.ing
sone ;:a!ts the well was shut in.

A second well, Qubik test wvell 2, ves drilled In the fall of
1551, '‘The primary objective of Gubik test woll 2, which is located
Just & iittle more than & mile southeast of Qubik test well 1, vas to
find oil in the sendstones which were g:'n--bearing or vhich appesared to
keve favorable reservoir characteristics in the first hole. Secondary

purposea vere to determina the extent u! the gas deposit in ench gax-

bearing sandstone and to determine eny gas-oll, ges-water, or ¢il-

. wvater contacts present.
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The second' test well produced gas froa the younger sandstonesl
but no oll vas found. The older sendstones vere water-bearing., While
the well ves being tested it caught fire, and the rig was burned dovg,
After about 4 deys the hole bridped itself and wes allowed to frceze.
The rembimder of the equipsent was moved away and no further drilling
was done In the Gubik aree by the government.

Stiratigraphy of the Gubik gee fleld.--The section 13 eimilar in

the two Cubill wellg as they were drilled relatively close together.
They are described in detell eleevhere (Robinson, 19580a), and the fol-
loving is & sumpory with emphasis on correlative beds.

Topagoruk Formation.--The oldest formation penetrated by these

teste is the Topagoruk Formation, GCublk test well 1 penetrated 2,265

feet of it but Gubik test well 2, s shallower hole, drtlled through
only 595 feet of the formation. In the detailed report referred to
above approximately 600 feet of the upper part of the Topagoruk For-
mation as deecribed here wan designated the drandetand Formation.

The authars now prefer to include it all in the Topagoruk Formation,
because there is not enough sandstone in this upper 600 feet to war-
rant ecailing it the Grandstapd Formation. It is, however, thought o
be the time equivalent of the Gramistand Formation as it occurs in
the Umiat sres, The clestice of the Graodstand Formation become grad-
ually fiper toward the northeast from Uniat until only clay shale,

siltstone, and a few very thin beds of Bandstone are found in thie

- part of the section in the Qubik area,
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The TFopagoruk Formatlon at Gubik is moatly a siltty, medium to
}medium dark gray, medium herd, {but mostly noncnln;l.reoua) clay shale
‘that 1s also slightly bentonitic. The upper 600 feet contains a fev

I

jbedes of wedium light gray siltstone and & very few thin leyers of very

i

Tine graiped light gray sandetone.
A

fauna 18 found throughout these marine beds in varylng sbupdance.

The Verneuilinoides borealis micro-

Com-lution between the two wella ia good both lithologically emd
by the electric log. The upper sectlon in Oubik test well 2 is approx-
imately 200 feet shorter than the elmilar section in Qublk test well 1.
Mhe sandetone at 3,557 feet in Qublk test well 1 1a 240 feet lower in

Gubik test vell 2, yet the mlltstope at 4,213 feet in test well 1 prob-
lably correlates with the ailty sandstone that 18 only 58 feet lower in
‘Gublk test wel. 2; the discrepsncy 16 probably due to a fault {which i»s

discussed further in the section on etructure}.

Chandler and Niouluk Formations undifferentiated.-~-The Chandler
Ninuluk Formations undifferentiated fism h30 feet thick and ie com-
The lover producing

sandstone 18 nearly 200 feet ihick and im eeperated from over- and

ed slmoat entirely of sandatope and siltstons.

underlying ailtetones and sardsione by a few thio bedsa of clsy shale.
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- made up moatly of dark colored olay shale with silty and sandy beds

Foaslls are fouod in the sectlion only within the upper 130 feet
acd consiet of a few apecies of Foraminifers, some of which are iypical
of the Ninluk Formation, and a fev very rare pelacyped fragments.

is portion of the section may be conaidered part of the maripe Hioul-

uk Formation. 'The barren, very sandy beds below conta.in some carbons-~
cepus material and ironstone. A there 18 DO evidence thuat the sandy
veds are marine they have.been tentatively assigned to the Chandler
Formation and the whole 430 fest has been combined into one undiffen-
tiated unit., A precise contact between the two formations is inpossi-
[ble to locate with the evidence avallsble. Io thie unit, lithologic,
paleontologie, and electric log correlations between the two Gublk t
wella in excellent. i
Seabes Formation.--Overlying the Chandisr and Ninuluk Fémtiom
mdifferentiated is about 1,550 feet of the Besbee Formation. It ie
mesr the top apd bottcw. Biotite, a mineral typical of the saodstones
of muach of the Colville Group, is fairly common ln the Seabee beds in
the Gubik srea. Bentonlite and a few thin limestone beds are charac-

teristic of the section. Inocersmsis labilatus Schlotheim, Redioleria,

= few Foramipitera, apd fish bone fregments heave been recovered frow

the Seabee Formation in these wells.

1, & GVWFARMINT FPAINDING OFFH £ 010 012 S0l
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fis in the Lover Cretateous beds, the lithologle, paleoniologle
and electric log correlation between the {:wo Gubik test vells fs ex-
cellent. The btentomitic, fossiliferous, medium derk gray clay shale
at -2,654 feet in Gubik test well 1 and about -2,887 feet in Gublk
test well 2 1a an especially good marker, Similar beds are fouod in
the S;:abee Formation at Usiat, Simpson Seeps, and elsevwhere. Micro-
foes1ls Found within 300 feet of the top of the formetion in Gubik
test vell 2 are like those fourd in the Ayiysk Member of the Seabee
Formation s it ie deecribved from eurface exposures (Dattermen, 19569,
p. 254), but this member i® pot clearly differentiated in the Oublk '
area.

Prince Creek Fomntion,- Tuluvak Tongue.--This tongue overlies
the Seabee Formation in the Gubik area, Tt 1e about 870 leet thick
cosl and bentonite., The sandstone varies fram very fine to coarse-

grained, and in geperal is coarser than wost of the samdstones in the

i
an! copeiets mainly of sandstone with some conglomerate, clay shale, '
|
I

Cretaceous strata of the subsurface elsewhere in the Reserve, Some of
the sandgtone beds are quite calcareous. ©as is produced from sand- l

stone beds in the lover half of thie formation. .

(YIS
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Bede of coal as muci. 88 one foot thick vwere cored. The bede of
coal shown on the grephic log of Gublk test well 1 (Robinson, 195&:

" pl. 15) are probably not as thick as they were plotted; cutting esm-

4 Plee were probebly contamimt@ by the firat coal penetrated. Indi-
s vidoal coal beds prcbably correlate poorly over any great distance but

& the coal-and-bentonite zomes might be better. Beds of bentonite are
? found in at least three horizons (at 1,430 feet, 1,760 feet, and 1,880

¢ | feet in Qublk test well 2} which are tracesble between the two wells.

s Other beds present may be egually continuous but the evidence 1s not

clear.

Thin conglomerates are found {n several placesa in the sapd-
I stops. Bamples from the two wells suggest that they vary considerably
2 fyom place to place in thickness and grain size. Electric log corre-
1 lation is particularly good in this formation between the two wells,
“ | as shown on plate 6.

o Schrader Bluff Formation, Rogers Creek and Barrow Trail Members.
16 —_About 1,100 feet of the Schrader Bluff Formation is present in Gu.bik'l

test well 2 apd some 200 feet less in test well 1, becauss the latter

is higher op the anticline. The formation fié marine and in the Gublk

' ares consists of two meashers:

kL]
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- eepus particles.

- of white tuff at 1,045 feet in this vell was not noted in Cublk teat

+  hole.} Bentonite is aleo found it the Rogers Creek Member.

The Rogers Creek Member is almost entirely mediym light gray,
mediun hard clay shale which 1s almost 600 feet thick. It containe

tuo very dletinctive beds of tuff---the Tirst, at 590 feet in Gubik

teat well 2, i3 a light greenish gray and is speckled with carbona-

The second, a zone of twuffacecus shale with tte top
at 8r(;\reet in the same Gublk well, haa leyers of white to very light
gray tuff which is hard and containe blotite plates. Another layer

well 1, (It may beve been miesed in the cutting samples in the latter]
Toe Barrow Trail Member contelns three beda of saxdstone vhich

probably account for its more resistant nature and distinctive out-

The sardstones typically have a very bentonitic matrix, distin-

rTop.

guishing them from other s=andstone beds in the Upper Cretaceous of the

subsurface, and they also contain many volcenic shards,
!
The Sentinel Hi)l Meumber of the Schrader Bluff Formation and the f
3
Kogosukruk Tongue of the Prince Creek Formation, the uppermost parts

of their respective formations as found op the surface, are not in thel

' Gublk wells, but are probably present on the flanks of the Gubik

structure.,
Quaternary depoaltis.--Approximately TO feet of Recent river
alluvium is st the top of the wells. Sand and a small apount of

&ravel are the major constituents.
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- on the sides of the structure but puor on the ecrest,

Structure.--The Gublk anticline extends from a point about 6
miles west of the Colville River eastweard to the Anaktuvuk River,
approxisately across the mouth of the Chandler River. It 15 sbout 6
miles north of, and roughly parallel to, the larger Umiat antlicline,
end is separated from it by the Kutchik eyncline (Payne anl othere,

14
1951, sheet 1).

Geophysical work suggests that the structure ie relatively sym- .

metricel and simpie, about 1 miles long and 3.2 miles wide at itse
widegt, 88 meagsured on a —h,GOO-root closed coctour. Closure, as

shown on figure 16 which depicia the structure as contoured by United

Figure 16. Gublk anticline,

Geophysical Co. Ine. on & scismic horizeon in the upper part of the

Topagoruk Formation, 18 in excess of 5CO feet ard encompssses an aren '

of approximately 30 aquare miles. The selsuic reflectlons were good
Ap moest of the
gection below 11,000 feet is shale, no satisfactory reflectlous werc

obtained belovw this depth. Figure 16 showe the location of the sels-
mic shot points and lines ad well as the depth of the t;ontmn'ed hori-

z0o0.
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part of tbe Topagorux Formation, to sbout b,500 feet.

Dip on the north side of the anticline from the crest to the
4,600 foot contour 1s about 300 feet per mile; below -4,600 feet 1t
ateepens to BOO feet per mile. On the south flank the beds dip about
500 feet per mile. The latter Tigure ie equivalent to a slx-degree
dip, ard i=s 1p accordance with those recorded in the corea of Gublk
test :rjel.l 2 at the depth of the seisalc contowr horizon.

The east epd of the Oublk nntlcl.!.ne plunges at the rate of 140
feet per mile and t.hn wvest end, vhich is ot as eteep, piunges 85 feet
per mile, Additional seismic control, ;;nrticulnrly at the vast end of
the structure, might add some 300 feet more closure in addition to the
poseible 500 feet shown on the map.

Gubik test well 1, vhich $s located near the crest of the anti-
c¢line {zee pl. 6} bas diple ranging from about 1° to 6° dovn to approx-
imately 1,800 feet. Below this, the beds dip 1* or are Tlat-lylng
through the Seabee, Chandler, and Niouluk Forwatiops, and the upper
In the lower
1,500 feet of the Topagoruk Formation the dips are sieeper, ranging
from 10° to 16", This steepening of dips may reflect the “zone of

discordant dips” described on page 54.

PR T I T T
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. In Gublk test well 2, which 15 on the south flank of the anti-

? | cline, average dipe are alightly steeper than in the first vell. They
H range roughly from 4% to 9 down through the Seabee Formation, but in
] ! the Chandler and Rinpuluk Formai-:ionn are alightly lover, being mostly

s between 1" and - 3°. Dips in the upper part of the Topegoruk Formation
‘ | are as high as 7° sod the lovest 150 feet of the formation contalns

7 !dipl of about 13°. The steeper beds in tha lower part of the Torago-
L vk Formation are in the upper part of the same zone of discordant
- dips mentioned sbove.

w. i As mentioned in the discussion of the Topegoruk Formation, nearly
170 feet of pection 18 miesing at about &,280 feet in Oublk test well

2. %o unconformity has ever been described at this horizon in the

13 pectlon so it s sseumed $hat the bede are cut out by a normal fauit.
1o i 81lckepeides are found in cores both above and below the postulated
o position of the fawlt, lending support to this theory. The direction
- of strike or amount of dip of such & fault 1s unknown. The fault 1s
v not shown on the map, figure 16, as selsmie lata peither confirm nor

i ‘deny its presence.
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' & test in Oubik teet well 2. Mohr uyn-bfl this test from 1,674-1,737T |

As mentioned previouely ges in the ditch in Gublk test wall 1 was
noted when the test penetrated samdstene G. The drill stem test from
1,431-1,502 feet in Gubik teat well 2 recovered 500 feet of gas ecut
water. The veter was of the same ealinity as the drilling fluid,

Mohr says (op. ¢it.), "fhe electric log suggests saturation by water

of lo: salinity. Although the recovered fluld obviously came fram the

: pand, there is doubt as to whether it i1a filtered drilliog fluid eor

formation vater.™

Samdetone H vas not cored in Oublk test vell 1 eo the interval
vas tot thoroughly tested for shows or for porosity amd permesbility.
The electric log suggests that the upper 10 feet of the section might
contaln gas., The porusity apd perwsab{lity are probably fairly high
as some conglomeraile 18 presént. The porﬁon of this sandstons tested
by the drill stes test 1,50h-1,55% feet in Gubik teat well 2 wes dry
apd no odors or cuts \;-ere noted in the cores.

Sandstone I 1s probanly very silty and impermesble.

A falr amount of ged was produced on & drill stem test of samd-

\ stone J ip Gubik test well 1 but only drilling fluid wvas rocovered in

feet (op cit.), “The core snalyses show permesbilities sufficient for |

fluid production, and the cores evolved gas and ylelded cuts of oll
with polvents but no free vil. The electric log indicates queation-
able Saturation by gas or by vater of very low ealinity. It appears

that the pand wes mudded off, end that if the tester had been left

open longer, & sample of the formation fiuld should have been obte_ved, "
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Cuttings show sandetone K 1e coarse grained in Gublk test well 1
i but no cores were taken and no teste were made.
| .
' best gas producing horizon im Gubik test well 2 and has a permeability

Sandstone ¥ 1e the
' at ope place, of 3,750 millidarcys, A test produced an estimated rate
of 8 million cubic feet of geas per day on & l-inch -orifice. The shut-
in bottom hole pressure was 1,050 pounde per square inch., Mohr sayw

{op. cit.) of a drill stem test from 1,044-1,885 feet which recovered ‘
lml

cores showed feir oil staiping apd bled a little free oil from 1,856 i

oil cut md in addition to gas near the bottom of thie sandetone,

{ to 1,873 feet, but the oll seemed to be limited to the slightiy penne-!
_able portion of the sand.” The teat from 1,876-1,885 feet produced &

small quantity of water. The water level in this sandatone may be

close to 1,876 feet (-1,713 feet). This is believed to be the sand ‘

vhich blew out in Gubik test well 2 {Robinson, 19583, P. 255).
Sandstone L 18 ope of the two best producing horizons {the other

being in the Chapdler and Ninuluk Formations wndifferentisted} La

. Qublkx test well 1, but unfortuonately the sandiatons produced salt water

plus 5 small quantity of gas and o1l cut mud in Gubik test well 2.

The water level in esndetone L i probably close to 1,928 fect

{(-1,765 feet).

Sandstone M Lo the upper part of the Scabee E‘omatlon had no

sdequate test for petrolews. No other sandstone {n the Seabee Forma-

tion vae tested except P. A very pale cut vas found io Gublk test

|
|
|

well 1 but water was produced from Gubtk test well 2. The permeabil-

1ty in this pandatone iz very low,

P s b HRMES T sl s a Rk, |
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Arctic Contractors estimate the reserves of the Gubik field as Geolegy of the Simpeon Peninsula and the Simpson Seeps 01l Fleld

rollows {written communlication, 1953): A revised estimate of tle re- 2 Geography ard development of the erea.~-Four lerge oil Seeps are
! ' 1, "
Berves in the Gubik fileld places them at 222,000 million cudble feet in ! located on the 'Simpson Peninsula®, about 50 mlles southeast of Barrow

the sande upon vhich successful tests vere made and s poseible 295,000) . (eee Fig. 1 apd pl. 7). It ia a flat, marshy strip of land bordering

J

. million cublc fest tf sande are included which appear on the electric ' s ! the Arctic Ocean between Dease Inlet on the west and Smith Bay on the

log t'b) have similar characteristica. © | east. Cape Simpson, on the east side of the penineula, wes named by

* P. W. Dense and Thomas Sinpecn in 1837 in howor of Sir George Simpson, |

a long-time governor of the Hudeon's Bay Company. BSeep 1 18 3 miles

¢l

T4

168

!
L ' northvest, Secep 2 1s two milea west, end Seep 3 s about 5 miles south-

m-i wapt of Cape Simpson, and they are therefore frequently called the

[ §]

.

in

Fe]

"Simpeon Seepe”.
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These ihree oil seeps are located on prominent mounds which rise

15 to 3D Feet above Lhe coastal plaln; as shown in Cigure 17. The

Figure 17. Reconnalssance topogrephic map of the Slrpson Seeps ares

based cn shot point and core bhole elﬁvations. This map

shows the mounds on which the sSeeps are located.

roughly ovel mounds are nearly allgned in s north-south directlon.
Seep 1 (efter a description by Evbley, 1944, p. 419) 1s 500 yards
south of the ArciicOceen and has a soubheasterly asphaltic surface

flow (see fig. 18) of about 200 by 80 feet, although hardened pitch

Flgure 1B. genera) vlew of Simpson Seep 1, the nortbermscst of
three large oll seeps found in the Cape Simpson ares.

Summer, 1948,

underlies the Lundra for 1,200 feet in a north-south, and for 800
feet in mn east-west direction. Seep 2 flows south out of s mound
into a mﬁal.[ lake, following a channel about 150 feet wide and 600
feet long {Hanna, 1963, pl. 1). At Seep 3 amall plich pools are
present nearby and petrclewn residue underlies Lhe tundra for a
distance of 700 feet north-south and about 1,000 feet east-west,
although the exposed Flow is smeller than the first two seeps, belng

300 by 100 feet. OCther small seeps may be present in the area but
only 2A, located three miles goullwest of Cape Simpson, ls customayily

rere_rrei_l to by number.

L T T T I RIS ST RS 1Y% 71
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v The BeePs were probably known to the Eskimos and may have beea

1 mincd for fuel before the coming of white men, It ie possible that

+ . whalers who had visited the erea since the 1850's alec knew ot their

-

| exiatence, but Charles D. Brower, long-time trader at Barrow, visllted
s the seeps in 1836 ard claime to have been the Firat vhite man to have

I
% seen thew (Brower, 1950, p. O4).

The firat mention of the seeps in

' l print was made in 1909 by A. H. Brooks of the U.5. Geologlcal Survey

a ) {1909, p. 62). His information ceme from E. deK. Leffingwell, who had
3 ! gpent from 1906 to 101k on the Arctic comst while engaged in scientif-
jo- | e investigations, but apparently d1d not vieit the seepa in person.
1t | Mention vas also msde of the seeps by George C. Martin (192), p. 68)

12 in & summary report on petroleun in Alasks.

" One who d1d a great deal to call the seeps to public attention

u vas Alexander Malcolm "Sandy” Smith who first saw the area in the win-

15| ter of 1913-191% and who promoted interest in them on the part of &
12 ! group of bankers in California. In the aummer of 1921 Hax Steineks
v A Harry A, Campbell of the "Adams Expedition”™, gulded by Smith,
L | staked 42 claims op the north and east slde of the peninsula near the
1o l seepa, Just a fev deye shead of a rivel expedition repreasnting a

|
v : major oil company (Bmith, oral cowmunication, 1955). They were not

*t | able to hold these clalms as a large amouni of land in northern Alaske)
]

= inclwding the Simpson Peninsuls, was set aside by President Hardipg 1n

1923 as Naval Peiroleum Reserve No, b.

an
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At the request of the U.5. Navy, the U.S. Geological Survey sent
aeveral partles north to etudy the geology. Of these, Sidney Pelge
wapg the [irst government geologist to visii mand describe ihe Simpson
Seeps (Paige, Foren, and Gilluly, 1925, p, 23). A sumary of the re-
gults of the Survey's explorations in the Reserve through 1926 end a

detailed diecussion of the imown petroleum cccurrences can be found 'Ln.I

. "Geology ard Mineral Resources of Horthweatern Alaska” by Philip 5.

Smith and J. B. Mertie, Jr., {1930, p. 274-286). '

Nothing further was done about the Simpson Beepa uwntil World H’alr
II whep interest was revived in Naval Peiroleum Reserve No. 4. In
1943 Norman Ebbley, Jr., of the U.S. Bureau ‘of Hines spd fenry R. 1
Joesting of the Aleske Territorial Bureau of Mines made & field trip i
to northern Alssks to iovestigate all the reported oll eeeps. The
Simpeon Seeps as well ae five other eeeim were located and described |
{Ebbley, 194h, p. L15-k19), '

In 194%, vhen the Navy initiated its program for the exploration
of the Reserve, Simpaon ared vas one of the firat ones to be consider-
ed. A camp was %O be set up Bt Cape Simpson and shallow core drilling:
carried on Iin order to obtain stratigraphic informatlon preparatory bo:
driiling a deep test well. Equipment wes shipped, but upon arriving I

at Cape Simpson in August, the beach, the weather;, and the ice condi- ’

, tions were econsidered unfaverable for landing and the parties mhm\ed|

to Barrow where a permapnent camp was set up. Drllling on the Simpsen 5

Peninsula was postponed wntil the following summer.

172
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Drilling equipment and suppliee were moved to the area early la
1945, An important discovery of the first trip was the deslral;ility
of traveling to a place like Cape Simpson on sea ice rather than over
i spd. The Tirst tractor train left for Simpscn on January 22, 1945,
.E and the fourth succesaful trip had been completed by the middle of

! April.

i
t

i A gravity meter and ® seismograph party went into operation at

| Cape Stmpson 1n the first part of June, 1945, and continued working

. through most of the summer. A total of 317 eeismic profilee were ob-
! talned for subsurface coverage of 206 miles on the western one thinl of
I! the perdnesula. 01 from & depth of 75 feet was collected in the Blush

; Pit from one shot hole, apd gae showings caused the sbandonment of

" another.

Twelve shallow core heolee (from 116 to 580 feet deep) were drill-

i . H
~jed by & Ravy Copstruction Pattalion on the west side of the peninsula

« between June 25 and August 29, 1945, and shows of oil were found in
four of them. Freezing in the holes, taused by the permafrost, wae

the only mource of perious Aifficulty in drilling these holee.

-
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Seismic work wae continued in the Simpaon area in 1946 o cover
a gravimetric high discovered the previous year. The results of the
geophysical work ard the shallow core’ teats determined a site for &
deep test well on the vest side of the peninsula. The hole, Simpeon
test well 1, was drilled from June 1947 to June 1948 ard reached a
totel depth of 7,002 feet, fp pre-Mesozolc rocks (Rabinson, 1959b).
Thie was the firet major test well in the Reserve inm which drilling
was continued throughout the winter. It ves completed &8s a dry hole
although 8 few showes of oll were obtained '11:1 eballow rocka of Creta-
Ceous Bge.
In 1948, the U.5. Geologs;:al Survey pent a geclogiest to examlpe
: the surfsce exposures near the seeps, but no bedrock wes found im
" place (Patton, 19W8). By 1649 & new program, including the drilling

of many shallow test holes, wae initieted.

S R P A LR T T
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In the course of the next three years 32 core tests ranglog in
depth from 290 to 2,505 feet vere drilled ia the Cepe Simpson area,

and vere pumbered consecutively with the early core tests to the weat.

The reflection seismic work done la 1946 indicated an elongate eyn-

¢line centered under Laxe Minga, located five miles west of Cape Simp-
son. This anomaly was believed to be caused by & decreass in velocity
of thawed surface sediments rather than a atruc‘tln'nl. feature.' Mipnga
velocity test 14 wvas drilled during the spring of 1950 on the lake ice
in order to test this theory. Ko permafroet ua.;a found, eo the theory
wvas correct and no syncline existed under Lake Mings. A selsmic high |
on & deepor horizon (see Robinson, 1959b, p. 525) centered about 10

miles porthwest of Cepe Simpeon wae tested In the late apring of 1950

* by North Simpson test well 1, a dry hole which vas drilled to a depth

of 3,7Th feet in Crt‘tacem rocks. Sandftone reservolr beds expected
in the hole were absent under mn unconformity {(described 1in more de-
tail on p. 183 ££.).

Fairly 3;>Od shows of oll or gas in beds of Cretacecus age vere
fourd ip 5 core tests in the vicinity of Seep 2 amd in 6 core teats
neay Seep 3. Core teet 26, near Beep 3, was the discovery well of

the Sippaon Seeps cil Tield; core test 31 at Seep 2A was also & pro-

! ducing wvell. Following the drilling of core teat 31 in March 1951

|
1
i
I
1
]

the floving wells were shut 1n end drilling oo the Simpson Fenfinsulae

ceased,
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| Stratigraphy of the Simpson Peninsula.--Simpson test well 1 is

the only hole on the Simpson Penineula that vent deep enough to reach ‘

pre-Cretagceous rocks; they have been desr.-‘rlbed elaevhere in this re-
. port (p. 16ff}. The Cretacecus formations are described briefly below,
ard detafls are available in other papers (Robingon, 1959b apd 1964}, .

.

Ounalik Formaticn, as well az Simpson teat well 1. In both boles it

x

(

“ | Dumalik Formation.--North Simpacn test well 1 pepetrated the
!
L

8 |' consiete of medlum derk gray clay dhale that 1a alightly darker snd
< less eilty than the overlying Topagoruk Formation, end hae different !
o characteristics on tbe electric log. It contains pyritic specimens
1 . of Lithocempe sp., a rediolarian diagnoetic of the formation apd the
2 '| lover part of the Torok Formstion. 7Tne formation 1s 1,710 feet thick

1" . in Simpaon test well 1}, vhich drilled through the complete sectiom;
1

14 k Horth Simpaon test well 1 only penstrated the upper 185 feet of it.
Topagoruk Formation.--This unit eonsists of medium gray to medfws’

1

% . light gray clay shale anmd light to medium light gray siltetone, vith s

i ‘ few very thin beds of sllty sandstone nesr the 'bop. It coutaine 3 [

i l beds of medium grey, hard, silty limestone, vhich are less than 2 feet

' : thick. Coal 18 sbeent srd clay ironstone is very rere. Fossils, in-

w-| eluvding Incceramus prisms anl the Vermeuilinoides borealis alcrofauna,

2 are eburdant. Textularia topagorukensia Teppen, & foraminifer typical

. of the lower part of the formation, is present ln both test welle, At

|

wod Simpson test well 1, which drilled through & complete section of the

3

« | tormation, 1t le 2,500 feet thick, but at Horth Simpson teet well 1
all but the lowest B20 feet was rvemoved by erosion during Seebee time |

- | (see p.183 ££). . o .

176

i The Topagoruk Formaticn is the oldeet stratigraphic unit pene-
‘, trated by any of the Simpaon Seaps core tests, on the east side of the
pendnevla, and {ia found only in core tests 25, 27, and 28. The lover
‘ pections of these tests vere consldered a pert of the Grandetend For-
5- . mation in Professional Paper 305-L (Hobinaon, 1964}, but regiopal
s stuliea have prompted the asuthors %o revise the correletions and 1n-
7 clude the beds in the Topagoruk Formation. The thickest sectlon of

¢ | the Topagoruk Formation in the Simpson Seepe area is in core test 2§,

10- | resenbles the upper part of the type saction of the Topagoruk Forma-

i
I
% where the intervel from 1,655 to 2,505 feet (the total depth) closely {
11| tion in Topagoruk test well 1. A tentative correlation with Simpson ’
12 ! teat vell 1 suggests that the contact between the Grandetand and To-
ao pagoruk Formations 18 &t about the sape horizon on both sldes of the
” ] penineula, although the Topagoruk Formatica in the test well contains |
151-\ wmuch less sandstone, :
W In all three of these core teste there is & short section just’ |
2 ! belaw the top of the Topsgoruk Formation with a very low spontanecus
s | potentinl recding on the electrie log which makes s good marker hordi-
™ zon. A trace of bentonitic clay found 1n cutting samples from these |

20| beds in core test 28 could mcecount for the low potential.
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Grandstamd Formation.--This Tormation in Simpson teet well 1 in-

cludes jipterbedded sandstone, silteatone, and shale, with a basal sa:ui—

stone mewmber more than 200 feet thick; ihe formsttion there 1s 965 feet}

thick. Core teats } to 10, located Just east of and dowm dip from

~ Bimpson test well 1 on B small local structure, probably contain

1

Bligh‘h‘ly younger etraia: the presence of bentonlia sBuggests that a

few bteds of the Niouwluk and Sesbee Formations undifferentiated are

' present, but the samplcs are very poor and contacts camnot be drawm.

' Brandstamd Formation in these core tests.

For convenlence all beds below the Qubik Formation are included in the

Despite the poor samples,

* good correlations can be drawa between the holea on individual sapd-

i

; stone beds (see pl. B).

In North Simpeon test well 1 the Grendetand
Formation 18 absent, and beds of the Sesbee Formation rest directly on

the eroded surface of the Topagoruk Formation,

P R LT T
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In the Bimpson Seeps area on the eaat side of the peninsula the
complete Grandstand Formation wvas penetrated in only one hole, core
test 27, where It iz about 965 feet thick. Moet of the other holea
| 414 not reach the bottom of the formation; in core tests 25 end 27,

which did, the upper part had been removed by erosion. The upper

b

! boundary of this formation is rather uncertain, and is placed at the

‘ top of the uppermoat relatively "clesn" apnd medium-grained sandstons,

| The contact 18 not well established in all the core tcits, an deter-

'mining its position is complicated by the preseuce of an uncon.tornit.y,]

with associated slump blocks and possible revorked sedimente, in addi- ,i
UnIort,u-!

tion to poor or contaminated semples from scme of the tewts,

nately. the uppermost sandstone bed was not sampled in core test 27, !

but in core test 14 most of 1t was cored, and elements of the Verneu- :

‘ i1lincides borealis microfauna appear belov it and & fev Radlolaria |

. common in the Upper Cretaceous vere found above. Correlation of the
© pandetone bede within the formation iz good in the Simpson Seaps area ;

* between holes that are close, and also fram seep to seep. The crogs

secilon, plate 9, ghovs that they increase slightly irn thickoess to-

i
vard the north and a sandstone bed lacking in Simpecn core test ZT, at

the south, ia present farther north (at -645 feet in core test 14 and

sbout -T20 feet in core test 23}, The proporticn of semigtone to

1
1
|

shale alao appears o increase slightly tovard the north. Correlation

of individual beds with thope in Minge velocity test 1, only a few
milea vent, 18 queetionable, however, and vithlﬁimpoon test well 1,

16 miles west, it {8 impossible and onily sandetone groupe and paleon-
tology are relisble,

R A L LIRE TR N P T et
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" formation,

. garnet.

One excellent local horlzon marker in the Simpson Seeps area-l is I'the
worm tube, Ditrupa cornu, The uppermost occwTence of this foagll =3

near the bottom of the second wajor sandstone bed below the top of the
It is fourd in sandy end silty beds, most ol the grains orl
which are made of white and cleer guertz. A clear yellow mineral 1s
also iapecia.uy common 1n these bedm as well s a few grains of red

The Verneuilinoided borealls fauns 18 spearse near the top of

the formation but increases with depth, apd Inoceresmss prisme are

COMmOD -

P Ed MR R OFFGCE S 18 L A
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Ninuluk and Seabea Formations undifferectiated.--Overlying the
Orandetand Formation in most of the Simpson Seepe core tests is &

group of beds with characteristics of both the Kimuluk and Seabes For-

oo pations.” These beds sre absent at 8impeon test well 1 (vbere the

5.
E
?

B

12

2

1
-

5

H

s

19
0=

21

22

2

EL]

Orandatand Formation is overlain by the Gubik Formation) apd st North
Simpaon Pest well 1 (vhere the Topsgoruk Formaticn i» overlain by the

. Seabes Formation), and are only doubtfully present in corw tests 1 to

| 10 (whore s seall portion of the section that might be Ninuluk mad

Bsadws Farmations undifferentiated is planed in the Orandstand Forma- |

tion). In the Sispson Seeps mres, however, this unit ie sbout 300

feet thick, sod the top 18 datermined by the unconformity dssoribed !

]b.m (p. 183 ££.). It vas cored in Himpeoh core test 27 from 146 %o |

M50 feet, mnd in core test 30 from 1k3 to M5 fest, and is present, at

In sddition to the sandetoma

lesst in part, fn several other tests.
,ia.ndelqlhale, the lover hauf of the umit sontains thin beds of coal
" and {ronstoon apd the upper portion contains two distinet bentonitic
' horitons, eech about 50 feat thick, and & few thin beds of limestone
or armgonite.
sorrelated with great accuracy batween Seepe 2 and 3.

Ths bentonite beds are sxcellent mariers and can ba
Xvan in the
absencs of good lithologic saamples their ypresance cap be dafectsad Yy
thes lowered self-potentials of the elsciric logs.

!
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On the emst &ide of the Simpson Penipsulae the surface of the un-
conformity is very irregular, and its northerly dip 16 interrupted by 1
e canyon which extends 10 miles to the south. The gradient of the
floor of the canyon avereges about 5°, end the slope of the weet wall
between Minga velocity test amd Simpson core test 1§ 16 about 157. On
the Sther side the canyon bifurcates, vith & small tributary chennel
coming in from the southeast.,
channel between core teats 25 and 26 18 '18°, and the well of the sec-
ondary channel between core tests 14 and 22 slopes about 13°, The im-
terpretation of thie unusually rugged surface as a burled or “fossil”
canyon vas firet made by T. G. Peyne and Helen Tappan Loeblich in the

summer of 1950 {Payne, 1950, personal commumnicetion}.
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The Blape of the east vall of the main l :

The ege of the canyon, and bence of the unconformity, 16 deter-
" mined with considerable accuracy because of the distinctive character-
? istics of ihe beds under- smd overlying it. The normal eequence of
i l the strata which have been cut by the unconformity in this area, and
5-, the distinctive horizons within them, are s\marized-aa follows:
A 1. The Topagoruk Formation, & clay shale containing the Verneu-

’ ilinciden borealis microfeuna and Inocéremua prismsa in sbundance.

3 2, The Qrandstand Formation, consiating of sandatons with some

i : interbedded shale, contalning the Verpeuilincides borealis microfauns

w—| and with the worm tube Ditrupa cornu present, in the Simpson Seeps
n area, trom sbout 250 feet below the top of the formation on down. |
2 3. The Hinxluk and SBeabee Formations undifferentiated, which
5 | contain & Little coal and cliy ironstons in the lover part, and two |

H distinctive bentonltiie zones in the upper part. The lower of the two

»—| zopes 18 coaly; the upper on2, which is very fossjlifercus, with amo-’
i
' | nites and other foesils dlagnostic of the Sesbee Formatign, 1s rererre*

” 10 hexe a8 the Borlesiskoceras-Inoceramus zone. The Ninuluk-Seabee

” gection 18 about 300 feet thick.

7| Boriesiakocerea sp. is presenot in it st Simpaon core test 18 and at

i
!
|
12 The unconformity {s overlain by e rather usifors clay shale. .
|
2 North Simpson test well 1, and as these beds are undisturbed and the |

i

2 tosslls are too fragile to have been reworked from the strata below,

23

the shale 1s also part of the Seabee Formation.

therefore, wmust represant a comparatively short period of erosion

| ter o MAMLA L - e,

The unconfarwity,

el

| which took plece during Seabee time.
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Vo The depth Of the unconformity in esch hole is located by & 1 block which slipped down the side of the canyon. BSteeply-dipping
: |

change in 1iihology, where the dril) vent from overlylng clay shale | »  beds of the Borissiakxoceres-Tnoceramus zome &re preecnt Just sbove the
intc oue or another of the distinctive beds below. Associated with > wiconformity is sany core tasts, and probebly repreeent fragments of

. the surface of the unconformity ere other features, some of which fur-i * ‘ brecein or elumped blocki, Belov the unconformity, bads of the same
nish edditional evidence of ita sge. In Simpeon core teat 29, a brec-i 4.7 zoms are flat-lying.

. cia found Just above the unconformity includes angular rock fragments } &

vhich contain Inoceramus priems, & large fish scale, and distinctive

lithologle characteristics of the Borigaiakoceras-Incceramus zone, &s | ! I

5 - well ma fragments of cley shale containing miorofossile of the Ninuluk
it | and Scabee Formations undifferentisted. Core tepts 22 and 25, also ve-

" i Jocated on the canyon wall (see pl. 10}, contained similar brecciss; 1

12 r in core test 22, 1t consinted of fragments of beotonitic clay sbale, + .
' slltetone, coal and clay ironstone. Associated beds dip 60° aod con- ”
.
1+ tain slickensidea. In core teat 25, the angular fragments incluled | "
15 | clay shale with coal chips and yellow clay ironstone; aseociated sh.alalr ' 1
w o beds dip 257, and are separated from the sandatone breccle, at one '! e
17 point in the core, by & 1/16-inch thick layer of dark clay shale that l 17
! N
“w daips 70-75°. Sieeply dipping slickensldes are present in the clay ! 1
19 ghale beds in this hole, ae well. In core test 2}, located near the e
# | bottom of the canyon, & slumped block of tha Grandetand Formation 55 . zo-
2 feet thick reats on the unconformity; beds in it dip 45" to 50° and J.t; &

eontains many élickensided fracture surfaces., Ip core teet 13, beds |

P

2

™ of the Borissiskocerss-Inoceramus zone are nearly 300 feet lower than u

u their noyrmal poeition, dip from 10° to 25°, sre somevhat distorted,

~ | and contain slickensides. They, t0o, ure interpreted os being fna | e

Non FARFHNMENY et IR B T pasd g ‘
.
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! most 80 feet of Ditrupa-bearing beds have been removed by erosion as-

! gtopes near the top of the ridge. Rast of core test 14 1s the tribu- {

The east-weat cross section, plate 10, shows the relation of the

unconformity to the beds above apd below it, in the vicinity of the

camyon. Part A {of pl. 10) shows Minga velocity test on the west side,
core teats 19 and 18 vithin the canyon (neither _eached the bottom),
and core test 13 on the east side, Core test 14, on the ridge hetween

the pain and tributary cenyons, has shove of the oil trapped 1o sand-

b

tary canyon. The beds In the core at the bottom of core taat 22,
vithin the tributary capyon, dip 60", contain slfckensides, and are in]
part a breccia, suggesting that the core test stopped Just above the
unconformi ty surface, At Simpason core fest 28, pearly io the middle
of the tributary, the Sesbee Formation rests directly on the Graod-
stand Formaticn. The contact betwesn the two formations is showvn
clearly by both the cutting samples and tha elactric lng. The upper-

sociated with the unconformity. Core teat 20 shows s slight riss in

the canyon floor tovard the east. The unconformity is placed 27 feat

highnr than in core test 22 bectnse of a change in lithology at that

depth.
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Plate 1O0F showe the east side of the canyon farther ecuth, in the

2 viclaity of Simpeon Seep 3.
4 in the Sesbes Formation above the unconformity ms high as 30°.

Cores from core test 25 show initial dipe
Some

. }slmping bas teken place along & emall fault. Breccils with engular

« fragmente ag much as 2 inches in diemeter wes noted as bigh as 110 feet
¢ @bove the unconformity. Ditrupa cornu here is 160 feet lower than

) !mml, the higher Ditrupa-bearing beds baving been remcoved by erosion.

1
v At Simpson core test 26, the discovery well of the Simpsom Seep.s oll
s ‘fisld, the unconformity is Jjust under the Gubik Formation; & little
1o~ farther east, core test 27 crossed it ebout 53 feet lower.

n | Buch & pronounced unconformity 1a not recognized within the Seabee

12 lh?omt.ton farther south in the Reeerve, and its cause is uncertain, '

i+ !interwsting apeculation, however, La that it is related to the possiule:

|

14+ icryptovoleanic atructure at Barrow, That structure was formed in posi-

s lGrandatand, pre-Gublk time, and may vell record the impact of a large
1% ?net.eorite. Such a catastrophe may have caused earth tremors and a I
teunami-1ike disturbance of the shaliow ses which covered the area,
s Insult.i.ng in a short-iived pericd of submsrine ercsicon and elumping likg
H

1> ithat discovered underlying the Simpson Penlpaula. The sediments there :
2. are (and muet have been then) poorly unconsolidated, and & suddep rueh |
| i

i icpf wvater could remove a large guantity of them with little Aifficulty.
2z FPrem.mbly the area betueen the peninsula and Barrow would have been 1

| .

22 gven more drastically affected but po holes have been drilled between
o the two areas, and post-Cretacecus erosion in the Barrow area has re- '
ved evidence of such effects except the structural disturbance of thel
#5-- [Lower Cretaceous and older bede,

- R Y |
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Seabee Formation.--The Seabee beds depoalted on the unconformlty

contain gcme bentonitic and sandy beds made up of reworked materisl

. from the soft underlylng sediments but for the most part they consiet

of clay shale. The high resistivity curve on tle electric log of core

test 23 and many of the other core teata (Robinson, 1964, pl. 4h-46)

is related to the presence of permatrost in the clay shale. In Mingas |

veloelty test, vhere permafrost vas absent, the resistivity in the
upper few 100 feet was low. Initis) dipa of this part of the Seabee
Formation ¢n slopes of the unconformlty surface mre high. The bede

are deted, eas mentioned above, by the occurrence of Borissiakoceras

< ap. Ln Stwmpaon core test 18; the strats overlying the unconferuity on

the west side of the penizcsula are conaidered to be of Seabes ape by
annlogy to the Simpson Seeps area. They poetdate the unconformity,

but other evidence of their age is lacking. In Nerth Simpson test

- _well 1 this part of the Seabee Formation s 1,220 feet thick and is

: compoeed almost entirely of clay shale although a fev bentonitie and

calcareous beds are foud, JInoceramus prisms and fishbone fragments:
and seales sare conmon, and Borlssiakoceras sp. 1s found {n about the
middle of the formation., The beds-ha\re n steep initlal dip, as they
rest on the nortb-sloping surface of the unconformity, which here is
cut Lnte the Topagoruk Formation. Individual beds caonot be correlat-

ed (rom hole to hole within the Seabee Formation above the unconform-

1ty. .

' I B L Y T e VP TIT
LA

! Schrader Bluff Formation.--This formatlon is 1,460 feet thick on

- :t.he Simpecn Peninsule in Bortk Simpson test well 1. The transition

. ‘rrom the Seabee Formation to the Schrader Bluff is gredetional and the

¢ vontact, based on gradual change, is arbltrarily chosen.

The formation

s- 1m clay shale but containe volcanic glsss shards and an abundant micro--

¢ [faunha consisting of both Foraminifera and Radiclaria.

It i5 aleo lees

r |silty than the underlying Seabee Formation. The strata are designated !

v tacecus microfeuna arnd the shards comnon in that formation farther

10- |gouth, énd because they overlie the Seabee Formation.

Il icould be younger than Schreder Pluff.

1

12

21

24

il
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In part,

they

IR
P

¢  part of the Schreder Bluff Formation because they contain an Upper Cre-'
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On the enat side of the peninsnla, near the crust of the mounds
vhere the seeps apparently have thelr source, W. W, Pattoo dug two

They ranged ino
Patton observed {written commsnication, I

pits at Heep 1, four at Seep 2, and one at Beep 1.
depth from 9 to 13 feet.
15%8) that:
f “Below the froet tins three types of material were eccountered:
‘ blue-gray yellow clay, yellov-brown silt commonly comtaining rounded
ll chert ad quartzite pebbles, and ice. The clay and 81lt appesred to
_be interbedded. Above the frost, vhich occurred at a depth of two
feet, was & cover of pitch, pitch-bound »3ilt and moss.
"Scme limey shale, limestont and ironstone flost on seversl of

i the mounds has prompted seversl gwologista {Puige, Foran and Gilluly,
1925, p. 23) to suggest that these peculiar topographic festures are !
directly underlain by hardrock, However, ne consolidated bedrock in

place was encountered in any of the test pits. An cccasional isolated

fragment of shale or limestope was unearthed, It seems probable that |

"theunswe].luthssurfmtlmtwmbmuahtupfmnm&ap&by;

frost action.

"At the porthern en? of the mmnd from vhich Seep 1 emerges, &

mound -forming Laterial here 1s blus-gray alay and masaive blocks and

20-foot section through ths mound is axposed in a beach bluff. Tiw }
]
wedges of ice., Ho copsoiidated bedrook was found.” }

Microfossil semp.es from these test plts sent to Mrs. Loebdlich i

for determination produced only s fev species ¢f calearecus Fleisto-

_¢ene Yoraminifera, el

B R L L TV T Ee T B FERT T E
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In the core tests of the Simpecn Seceps area the Qubik Formation
and Recont sediments are usually T5 to 80 fest thick altbough Stimpason
core test 23 drillsd throogh about 95 feet, and core test 31 about 100
! foet. Thase variations are probably very local, as core test 24, oear
| uumber 23, has only T7 feet of thess beds. The t-hicl:n@n under Lake
: Minga iu ¥inge velocity test 1 is 73 feet, memsuring from the bottom
of the lake (vhich {8 12 feet belov ses lavwl), is similar to that of
the other tasts.

The (Jubik Formation was cored in four of the boles in the Simpaon,
Besps ares. Tha most coring, 67 feet, was dorm inm Bimpson core test I
13. Nare the beds are largely light ysllowisk {limonite-stained} greyl
elay vith beds of st and saad mostly upder 1 foot thieck but ranging |
up to b :rte_t in thiciness. Rounded pebtblas and grarules of black :
chert anl gquartzite are inboththaelwtdundybedlhutmnot'
vory abundant. The lowest 50 feest of the strata at Bimpscn Seeps, an ‘
on the west slde of the paninsula, contaips coarser sand beds thso the
| upper M. Clay cores from tha (ubik Formstion in core tasts 21, 23,
ard 20 suggest that the cutting easmples give a poor impression of the
formtion:

saaples novw indicating sard may have originally represant-

od soft bads of clay with thin sapd layers, The sand resains when the

cutting samples are vashed in the laboratory, btut the clay weashows sway

with the drilling mud.

|
|
|
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1 test 8 at -530 feet. Both sanistone L und eandatone W contain & very
> Ia.light amnunt of gas in Siwpson test wel) 1, which is looated pear the
highest point of the "trap™ formed by lupermeabls shale redting on the

T e P:cnladadgeofﬂmxﬂ.ommw. At oos {ime inip arva on the

5 -ueut gide of the peninsuls may have hed s sixeable reservoir of oll tmtl

}-outq:u:epamlemhallmumotuped Today therw resatns only
L small amount of residual petroleum $r the Grandetsnd sanistone.
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' Avout 6 miles south-southwest of Simpecn test well 1 e small
'; seep, Admiralty Seep (nlsc calld Demse Inlet Seep) was descrited by
I| Evbley (19Lh, p. 418) as conaisting "of a heavy petroleun reeidue

1 1 coming from & low mm;md, the residue misc being found bencath the moas
5- ‘ in several places arouwnd the mound. Most of the waterial hed apparent-
s ' )y been long exposed to the alr end was almoat hard enough to wvalk on

; with the air temperature at 35 F, Severnl hundred sacke of piteh
s have been mined from a pit for fusl by the natives in the area, Some
s fresher materlal of lover viecodity was found near the center of the |
ie-| BeEp...

7] “about 200 yards enst of the deposit pitch-scaked moss and ailt

Piteh was i

12 were found along a low bench for a distance of 300 feet.
E aleo found under the mosa at several places on the bench.™
14 The conditions at this locality must be simdler to these at the

15-| eore tegta---1.e., o0il in & local high on the Grandstand Formation
1% trapped under tbhe unconformity either by frozen ground or by imperme-
1 able Upper Cretaceous shalel
19 Forth Simpeon aree.--The North Simpaon test well had no shova at
19 811. The mid-Seabee unconformity cuts down into the Topsgoruk Forma-
20-| tion and all the sandy reservoir beds found pesr the Simpeon Sceps are

z sbyent. The occurrence of oll reported 1o the shot holes scutheast of

22 NHorth Simpeon tebt well 1 1is hard to explain unless 1t has migrated
» through the Gubik Formatico from bome point slong the unconformliy.

24 If o, it has probably moved a long way.
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-[ At Seep 24, core test 31 was drilling at -34é feet cloee to the
top of the Minuluk-Seabee producing sandetone when 1t begen flowing
0il. Op & 65-hour test it fiowved at an estimated rate of 120-125

barrels of 21° gravity oil and 2,000 to 4,000 cubic feet of gas per
Liagr, the best production in the Simpson Seeps area. Freerzing caused
trouble during the production test but no water was produced. Core

test 31 1s probably on o separate closure along the crest of the ridge
eagt of Simpaon Canyon as the top of the Nipuwluk-Seabse producing sapd-

stone 1a pearly 30 feet lover than at Seep 3. Seep 2A 18 a smpall one,

- mhich might be en indication thet better o1l productica could be found

along the ridge where seepages are absent. It seems to be true that
the blgger the seep, the smaller the production.

Conditions at Seep 3 are almost identical with those at Seep 2 ex-
cept that the impermeable cap has been aore effective pear Heep 3, Or
perhaps the beds abut against the unconformity {eard hence againat the
r:werlying impermesble shale) to o greater depth. The Ninuluk-Seabee
producing aandsione beda are a little higher structurally then at Seep
2. The prlod.uct.ian in core teat 26, atop the east slope of Simpson Can-
yor cae mostly from a seodatone at -274 to -310 feet. Water with only
a trace of coll was recovered when the hole was balled from -335 to -535
feet.
inch pipe at mn everage rate of 110 barrels of oll per day. The grav-
ity was 20° A,P.I., the oil temperature 21° F,, apd the caslng pressure
47 pei. Op & 13-day test made five months sfter completion, the well

produced at an average rate of 92 barrels of oil with 2,500 to 3,000
lcubic feet of gas per day, bottom hole presaure was 195-215 poi, amd

o LR RS RN LR ER D e e skl
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On an esrly production test, core test 26 floved through a 2 1/2¢
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! Simpson core itest 30, also near Seep 3, had good shows of oll inm
the Ninuluk-Seabee producing horizon pensirated at -298 feet and shovs
iln the Gramatusd FPormation in sandstones at -%30 and -606 feet. A
]banmg L:6t from ~1h5 to -335 feet recovered ofl st the rate of only |
6 barrels per day. Its twin hole, 30A, wan bailed from -85 to -350 i
feet et only 5 barrele per day with & very emall amount of ges. No
ater was reported but ice was present in the hole. Core test 27 had ‘
good Ehows of oil ‘in the Ninuluk-Seabee discovery horizon {tcp at -304 |
feet) but only 3 barrels were bailed per day when the hols was at a |
depth of -35T feet.

Shovus at -815 feet in core test 25 vere deeper than pormal; that
hole, 1ike core tests 13 apd 17 at Seep 2, is 1ov o the slope of Simp-
scn Canyon. Showa were also found in core test 29 in some silty Leds
of the upper part of the Seabee Formation, froam -280 to -350 reet;
these beds lie sbove the unconformity but directly across it from the
oil-producing horizon at core test 26, and by sbutting againat the oil-
bearing beds have received oil that has seeped acrosse the unconformity

along the permeable beda.

— ——
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3 |diecovered in Naval Petroleum Reserve No, M, ies pear the southesstern

F]

25

i
[
i Development of the aren.--The Umiat field, the first oil rield
i

'corner of the Reserve, mbout 175 miles southenst of Point Barrow. It

in the Colville River flats to 942 feet 3 miles to the northwest

Geology of the Umiet 01l Field

ie in the Northern Foothills section of the Arctic Foothills province,

elevations pear Umiet renge from 335 feet
g

An Ares of.nodemte relief:

{f1g. 1}9)}. The structure of the underlying rocks has determined the

fgure 19. The Umilat anticline contoured on the top of the Grandetapd

Formatlion,

topography, and sanlstone ridges altarmate vith valleys eroded in less
dureble beds of shals.

The earliest evidence -of petroleum xnown in the Umiat area was an
©il seep about a mile west of Umiat Mountain, on tbe north side of &
small lake. It was known to the Eskimos, and visited in 1943 by Norman
Ebbley, Jr., of the U.8. Buresu of Mines a.nri Henry R. Joesting of the
Alaskn Burean of Mines (Evbley, 1954, p. 417). The seep had been re-
ported to flow 4 to 5 barrels a day, but in 1943 it consisted of a slow
steady seep of light distillate, with bubbles of gas. Some sand and
gravel on the river bank south of the lake was soaked with oll, and &

little o1l and gas 8lao rose from a lake bed mbout & mile to the west. |
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In the epring of 194 a Navy reconnalssance party under Lt, ¥. T.
]Fomn visited the Reeerve and noted evidence of an anticline near Umiatl
pMountain; later the same year he returned ard mede a study of the struc-

ture. A U.5. GeoIogical Survey fleld party mapped exposures along the

L

iColville River at the same time. Early in 1945 the drilling rig for

Unmiat teet well 1 wes freighted across the frozen tundra from Barrow [

camp to Umiat, and in June the Navy began drilling et a location based .

summet and the U.3. Geological Survey and the U.3. Hevy cooperated in

!On the field work. Field perties mepped the Umiat mnticline during the
!
making en airborne magnetometer survey of much of tix Reserve, includ-

ing the Umiat area. In September, drilling was suspended for the win- I
ter, and vhen it wae resumed in the spring of 1945, 1t wmse carried on
by Arctic Contractors. Although a few minor shou;a of oil were found,

the test was abanicned as s dry hole at a total depth of 6,005 feet,.
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The U.S5. Geological Survey mapped the anticline in some detall in
1946, mid the United Geophysical Co., Tne., crogsed the etructure uith
two seismle survey lines. Umlaet test well 3 (then deaignated ss Umlat

;core test 1) was drilled near the crest of the structure late in the !

- year, apd {1 produced a small emount of oi{l, and Uniat test well 2,

another deep test, waa drilled just southeast of teat well 3, but was
i .

jabandoned at 6,212 feet. Lack of production from thie hole discouraged
Efurthe: drilling, and the next test wos not etarted until 1950, In I'I
-|t.hat year, three comparatively shallow cable-tool holea {Unlat test
wella 4, 5, and 6) produced oll from Cretaceous sandstone on the Btruc-.
ture, and & fourth {Umiat test wvell 7) defined the southern edge of *he!
Iproc.lu(:ing aren by producing only salt water. Theee holeg, particularly
teet vell 5, vhich ves only a lev feet from Umiat test well 2, suggest--
iedl that the samistone drilled in the earller teat contained ofl but
that fresh water in the mul circulated through the rotary drilling
tools wmade the beds lwmpermeable by causlng constltuenis of the nrgilla-%
ceous interstitial material to awell.

Umint test wells 8 and 10, cable-tool holes drilled im 1951, pro- |

[duced otl and gae, apparently from & separste fauwlt block, on the creati

“lof the structure, Umiat test well 9, the westernmost oll producer, vaa!

also drilled im 1991; Lt demonetrated the value of using oll-base mud j
wilh rotary drilling, compared 1o & water mixture. ‘
]

Umiat test well 11, the last hele drilled at Uniat before explora-

i

tion vas suepended, was lov on the north flank, and produced salt water,
- *

011 emulsion mid was used in this 3,303-Toot test, which wae drilled 1n;

19523,
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: 01] vas produced from the wells only to teat their production ca-
: pacities, and to obtain oil for ofl-base or oll-emulsion mud. The
holes that vere not dry and abendoned have been: shut in.

L] Stratigraphy of the Umiat oll field,--Cretacecus formations reng-

s—llng from the Ouma)ik Formatiom to the Schrader Biufl Formation, ard

s  Guaternary alluvium, were penetrated by various wells st Umiat, Veria-

¥ tions in composition and thicknees of tiwr atratigraphic units across

¢ |the field are discussed below, and further detsils for individuml holes'
1 !
? sare mvaileble in Professional Paper 305-B {Colllnas, 1958a). ]

1 el in UVauiat test welle } and 2, but the other holes vere t0o shallow 'bo

10~ Oumalik Formation.--About %00 feet of this formation was penetrat-

17 preach 1t, This medium dark gray slightly sllty marine clay shale does '

!

14 Ilnot crop out in the vicinity of the tests, and ite thickness in the

, |

1« Wmist mrea 18 unknown. It cootains rare thin beds and laminae of light'i
15 Ibrm'ninh gray lwpermeable esandatone and siltstone which showed no aigns?

e lot oil or gas. ;

i : Topagoruk Formation.--The Topagoruk Formation is alao coaposed

®  |primarily of gray marine clay shale, but it is elightly lighter in

1 |eolor and elightly slltier than the Ouwmalik Formaiion, and 1t contains .

20- 1the Yerneuflinoides borealie microfauna characterigtic of 1t end of the

2t gverlying Grandstand sandstone, (Bergquist, 1958a, p. 200). Five of

22 the Umiat holes drilled into the formation: Umiat test wells 1 and 2

3 peneirated 1t completely, test well 11 drilled through a little more

1

#  |than 300 feet of it, and test wells 5 and 9 drilled into the top of the.

formation. The unlt Is approximately 2,800 feet thick; the 3,350 feet !

- }gg_egggt in Umiel test well 2 is the result of duplication by a reverse |
fault (see pi. 1), ~ — ' ’ e T T
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FI



; The upper T00 feet of the Topagoruk Formation containzs some Leds
of sandatope and siltetove {lees than 10 feet thick) in Umiat test
welle 1 apd 2. These beds are more pumerous to the wvest, comprising

4 'about 10 percenmt of the rock in test well 1 and about balf as much o |

5 itest. vell 2, Rare thin beds of sacdstope and elltetone, present sw '

* l ch as 1,500 feet below the top of the formation in Umist test well 1,

: (are ahsent at depths grester than 1,000 feet btelov the top {except |

5 Where repeated by feulting) in test well 2. These sandy, silty beds i

“ :rusenble the samlstone of the overlylog Orapdstand Formstlon except f0r|

a- i.timr grain size and ipereess in argillscecus material; they contain no

" shows of oil or ges. No beds are distioctive encugh to be correlated

1z ram ope hole to the other, and 1t is possibls that none are continuous

13 :tor that distance. I
. I

o Grandstard Formatfion.--The marine Grandeteand Formation, the lowest

15 - ‘anit of the Napushuk Group, consists of thin to massive sandstone beds

6 |separated by intexrvals of clay shale. Every test well on the antieline
1

" drilled in to the upper part of the formation, but only Umiat test |

M wells 2, 2, 5, 9, and 11 Teached the bmse. The complete section in-

[
!
% |cludes an "upper sandstome bed” and a “lower sanistone bed” {Collins, [
2- [1958a, p. T5), separnied by clay shale, and vith n few feet of fossfl- |

b

2t |{fercus clay shale at the top. On the crest of the anticline, the for-
7 |aation 18 655 to 700 feet tulck, but in Uaiat test well 1, to the west,'
" 1t 18 755 feet thick {excluding the effect of a reverse fault vhich re-
2 peata saveral hundred feet of strata), reflecting the reglosal south-

estwvard thickening of the sandy sequance. The cross sectlom, plate |
12, ehovs the changes 1a the beds from sast to vest.
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In Umiat test well 1}, the ”1a;aur sarxistons bed" makes up the basg-
» al 275 Teet of the formstion; 1t includss & few thin beds of elay shale,
« liaa 20 teet of eiltstone which divides the sandatons into two perts.
¢ Iz Gmiat test well 9, the sequence is >imflar except that the sandatone
5- tha siltstons is interruptied near the top by almost 30 feet of
¢ lelxy mbale. In Umiat test well 1, the "lower samdstone bed” is further
? ¥ided by clay shald. A 30-foot siltstoms stratum pressnt Just below
* [the unit tn test well 9 grades into sandstone st test well 1, thus in- '
+  loreasing the thickness of the formaticn bacause its lover bousdery fol-

it- ows the base of tha sandstone sequence. ' <

1 The “upper sanlstons bed" ia somawhat less varisble than the “low--

1 k.r sandistops bed” apd mlzg differs from it in thickening to the east

1 l-nd porth. Ino Umist test well 1, it consists of & sansive 50-foot bed |

T saxdstons; {n more sasterly wells, whare it Includss a favw very thini
15- |olay shale beds, It increased to s maximm of 108 feet, In most tests l

1t e fow thin beds of sandstons are also mt-rbtdmuththa_merm

I

7 of the underlying sbale. |,
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The sandstope ranges from very fipe to P:diuu in grain sirve, amd
vertical variations are quite similar nm well to well, Porvsity and
permeability of samples from sapdstopss in ﬂm Grandstand Formation ,
vary greatly, ranging from less than 5 to nearly 500 millidarcys. The i
apper part of the "lower sandstone bed” 1s generally the most perseable

of the formation, andl its base the lomst permesble. The “"upper '
‘sandstons bed” changes in permeability both vertically and horizontally
?Both parosity and permeability very roughly with grain size, but other I
fastors, such as differing amounts of‘ calcareous aixl argillececus in-
l!terst.lual material, cause rapid and apperesntly srrstioc fluctoations, ~
Fresh water introduced into the sandstooe de't!rimng, or later,
||raducel permeability sharply, by csusing ihe interstitial clay minerwls

to swall. 1

Almost all of the of) found in tha TUmiat field is taspped in the

drandstand Formation; 1ts occcurrence is discuseed in & later parsgraph

(p. 224 tr.). -
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1 I Kiliik Tongue of the Chandler Formation.--The Killik Tongue of !
2z the Chandler Formation is a noumarine unit of clay shale with Bome

3 [allity sandstope and a Jittle coal apd cley ironetone that overlies the
¢+ |Grandstand Formation, In Umiat test well 1 the tongue 18 300 feet

s- (thick, and comsists primarily of clay shale, with a 1ittle irterbedded
s Lll-tatone and pantatone., In the other holee, the tongue 1s.10 to 4O .
7 |feet thinner, but the samistone beds have increased to make up from 1/8
#  jto nearly 1/3 of the rock. There are three gamigtone bede, each approx
s (imately 10 feet thlck, 4in tesat wells 9 aond 10; in these holes the

10- [tongue is only 260 feet thick. In teets 6, 7, and 8 the sandstone bedal

n 20 to 40 feet thick, and the tongue thickens to 280-290 feet. In

12 at test wells 2 ami 11, the uppermost sendstone 18 interbedded with |
|

11 lghale, and in tests 3, 4, apd 5 it ia missing because the holes sp.lﬂ.dedi

14 low this bed. Data are too scattered 0 permit comparison of poros- ;

13-ty and permeabllity in various sandstone beds or between holes, but
16 |they indicate 8 renge from impermeable to 550 militdarcys, with most of’

17 [the samples horving leas than 100 millidercye permesbility. Coal and |
18 clay ironstone are present 1n all the holes east from test well 8, rang{r.
] 1n.gfronr&reintheupperpartortest\rell96md7wcounonthrough.

?0-lout the tongue, in more northerly holes. The four western holes {teat

2 jwells 8, 10, 9, ard 1) have none. The bLeds are essentially unfosail-

i
22 iferous, except for & few plant aporee, charophytes, and coal. Oil j
23 |shows were noted in the sandetons in most of the testa, and there was i

# & show of gas in the middle sandstone bed 1in Umiat test well 5.
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Ni{nwluk Forwation.--The Wipuluk Formation, the uppermost unit of

the Nanushuk Group, was drilled in seven of the holes. In Umiat test
well 1 it 1s comparatively thin {95 feet thick), snd consiats of inter-

vedded clay shale, sllitstong and sandatone. In the other tests, how-

ever, the shale i{e almost lacking, and the formation containa an aver- !

age of 120 feet of maseive sandsione with a fev thin beds of shale in
‘the middle aod at the top and botitom. Io test vells 6 and 10, Porem-
-‘inifera typical of this formation are present in the shale., Poroelty

‘and permeabiility of the sardstone vary pesrly a8 such ab for the lower

- [formatione, reaging from impermeable to 435 millidarcys in Uniat test

well 8, and from impermeable to 56 millidarcys in tent vell 11, O41
lshows vere poted in test wells T, 8, 9, and 10.

!; Seabee Formation.--Many of the teats on the Umiat anticline driil-
!'ed through part of the Seabee Formation, but only Umiat test well 11
penetrated it completely; in that hole, 1t 18 mbout 1,500 feet thick.
Thies secticn has bBeen named the type sect.iqn for the formation,
(Whdttington, 1956, p. 247), and fe described in considerable detail -on
page 82 £f. About 900 feet of the Seabea formation is present in Umiat
test well 1, but test wells 6, 7, 8, axd 10 drilled only the dasal part
of 1t. The unit consists of ¢lay shale with some beds of eandstone,

and 8 emall amount of bentonite; it contains marine foesils.
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The gandatone beds are not unifom from east to west. A 180-foot

[
|Bequence of samdstone and siltstone with its bese 150 feet above the
‘oottom of the formation in Umiat test well 11 is 20 feet thimner in
{teat. well 10, and in test well 1 ta represented by clay shale with only
a few thin beds of sandstone and eiltstone. Another interval of sand-
atone bveds beginnlng 550 feet above the base of the formation in Umiat !
teat well 11 is 670 feet above the base in test well 1. The sandetone |

sequence has about the same thickness in both tests, but in the eastern’

le it consists of a 60-foot bed of celcarwous sandstone underlain by |
about 85 feet of samdgtone bede eeparated by thin layers of clay shale, I
mhile im the western hole the thickest bed of samistone 18 4O Ffeet and |
it 18 in the aiddie of the interval, being overiain end underlain by !
thinner semistone beds. This resistant group of beds outlines the .
Umiat antleline on the surface, forming a ridge on the steeply dipping E
north flank of the structure, and gentler dip slopes on the southern I
lside (Whittington, personal communication, 1956). . '
The upper few hundred feet of the formation, comsisting of clay ‘

shale with a little interbedded sandstone, were drilled only in Umiat

test well 11. l
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.o The anticline iz asymmetrical, with dips as high as 80° on the
northern side and low ocoes, aversging 5" or 6%, on the south {see pl. '
{ 11). The sandstone bed of the Beaboa Formation referred to mbove 1s .
. ]emmﬁauuwummgm@ummmmmuorm-w-
. [ ture, but forms a gently dippiog slope 4o the south. Tha beds fhthnl
. | out repidly a short distance north of the axis, however, and at Ustat
7 I tast well 11 they dip 20" or lses; still farthar north, 4ip decreases
I to 8° to 10°, |
|
o

] i
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. Subsarfece 8vidence indicates that at lamst two thrust faults com-
s _Eplj.n.nta the structure, besides the minar faulting observed in outerope. -
1Both Taults are approximatsly parallel to the axis of the antigline and:
4 [to each other, axl they duplicate severel hunired faet of strata {eee
s— pl. 11}. According to the imterpretation given hare, they have their
s atast displacenent at depth, with s decreasing threw, especially on
»  ithe larger feult, as they syproach the surface. Although west- or eas

L] Flovm trivutaries of Bearpaw &nd Ssabos Creeks are in vallsys which

’ e surfsce expressions of the faults, field work kias shown no ouuu-l
1o- jgvidence of their prwsence. The faults have separated the oll field }
I |into two blocks, both of !lh.ieh have risen relative to the morth flank 1
' 6t the structure. Tom porthern segaezt, vith Ustat test wells 8 and 10)
13 would have been On tw crest of the fold, if the scuthern sogment, m-[
“  Hatning the other proinoing wells, hat not beosn raised aven higher by |
15~ [the faulting. The larger fault, betwwen the north flank apd the nort.h-i
1+ |arn biook, has & stratigrephic throv of at least 1,100 fect in tatat |

7 |test well 2, vhich {t cuts at a dopth of 5,100 feet. The fanlt pleuw

14 8 alowly to the north becoming scmevhat stoeper near the sxtace,
ts cuta Uaiat test well 10 at approximately 1,830 feet, to reach the
20- ace jJust morth of the ridge of resistant saniutons described above,

721 whare 1t has an estimated 500 feet of stratigraphic throw. The smaller
77 fault plaps, separsting the tvo segments of the oll field, also rises |

»  |to the north; cutting Umiat test well 2 at 2,h00 feet, test wvall B8 at

#1350 feet, and test well 10 at 210 feet, 1t xesaches the surface jJust
noxth of the latior wells. The fault has a stratigraphic throw of 550
22-[feet in Uniat tedt well 2 spd cuts test wells 8 and 10 with approximate}

1y 380 snd 500 Teet of stratigraphic throw, respeatively.
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The prinecipal reservolr rock 1o the field, however, i1s spparently

‘the gandstone of the Grandstand Formation. Within the producing srea

' .
'the sandstone 16 concentrated In two bede, described previocusly as the

I
|

not form a single reservolr south of the ruults.- Revertheless, the

upper and lover asardetone beds {see p. 212). The two beds probadly do
ymtual ojl-water contact in the main part of the fleld may be close to
§h65 feet below ses level in both bede: water was first encountered at
|-ls65 feet, near the top of the lover sandstone bed, 1o Umiat test well
IIS, arxi near the eame depth, but in the base of the upper sandatope bed,
_lin Uniat test wvell 6. On the other hand, no water was produced fram
Tieit.her sandatone bed in teat well 9, although it wae drilled to a depth
of 666 feet below mea level, and oll production seemed to come from
‘sandstone belov -465 feet as well as sbove. The other wells, test
wells 3 and 4, with total Aepths at -212 amd -357 feet respectively,

Lere too ehallow to reach the water-bearing bedsa, In the fault block

containing Umlat test wells 8 and 10, the two sapdstope beds are sep-

trate reserveirse; the former well produced oll from the upper sand-

[sbom bed, and only ges from the lower ope, The latter test also pro-
lduccd @1l from the upper bed, but the lower one was miseing at the
bottom of the hole because of the thrust fault, which placed shale (n

the position normally occupied by the pandatone,

RN T U] L T S S T TR I T |

I Tt

!

20- |than the other teats,

kal

27

#1

4

2% -

! The gas-~bearing lover sandsione bed in Unint test well 8 (s lover,
istruct.ura].ly, than 1t i in wells Bouth of the fault, where 1t contulus
:01]_. This suggeets that:
1. the oil and gas accumuleted before faulting took place, ard
2. there was originally a gms cap on the unfaulted anticline )
{ that there way 8t1ll be one in the main part of the field,
up dip from Umiat test well li, 1s slso suggested by the gas- |
oll contact In that well}, end
\ 3. the upper and lower anndstone beds are sepa:ra‘t.e r-eﬂervloirs. }r
011 ashowp were noted'in the Killik erd NLD‘IJJ.I-.IR Formationa in mev-
eral welle but most of the tests did not produce any oil from them.

The exceptions are test wella & and T, each of which produced a few

gallons of oll du-ing belling tests of the Killik Formation, and Umlat
teat well 10 from which bailfing tests produced b barrels of oil per |
!
hour for 22 hours from the Ninuluk Formetionr, and 183 barrels in 3 |
|
I

hours from the Ninuluk and K111ik bede combined. Presumably thease for-

mations are too shallow, in the other producing wells, to form adeguate
traps., Uniet tect wells 6, 7, and 10 are all lover, structurally, amd t
sre farther from outcroﬁn of lhe reservoir beds near Bearpuw Creek,

Variations in permeability may aleo bave affect-

ed the eccumuiation and production of ol in these bheds. In Umiat test

wells 6 and 7, the producing horizons mre higher than the -h65 foot
level of the possible oll-water contact of the Grendstand Formetlon,

but whether the reeervoirs mre connected or not is uncertain,

LML E, DOV ERNMENT PRINTING OFFKE ., 1% 0 - 3
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Between the two faults, the Ninuluk and Killix Formations appear
to be aeparate reservoira. They pmoduced. o1l {n the lower test (tast
vell 10), erd only slight shows in the higher one (test well 8). HNeo

«  important differonce in reeervolr moperties of the sanistone is sppar-'
5 :ant betwean the two holss; seepage up dip to the mearby fault plane may
~ ‘have drajned oil from these beda {n test well 8. Bqntcrvuroundlnl
i I:e.lther bole, and the extant of production im the fault block im put
. :mown The block 1tsalf 48 narrov snd &1ps quite steeply, however, go ;
“ lthe productive area cannot be large. '
- | Bacausa af the possibla connection of ressrveir bdeds, and the mn-
I certainty of oll-water eontacts, the area u.nd.arllain vy oﬂ‘.-becri.ng !|
1z irockl cansat be established exactly. Assuming that the contsct 1s at 1
12 l—%s feet 1n both beds them ofl 10 present in the OGrendstand Farmation |
I \-rm tha scuthern fault south oearly to Umiat teat well T, west ooarly
4o teat well 1, and east us far a8 Usist Mountain (ses f1y. 19), naler-
5 jmn; a simi-clliptical ares bounded by the intarsection of the Upper ]
\* 'Orandetand sandatone bed and the -M65 foot contour. The slight amownt |
¥ lof oil presept in the Ki111X% Formation appesrs to ring this hnlr-ollip-T
' fom the south, extending farther down the flsak of the structare amd
- kbemg abzent pear tha apex ©f the antiolins.
H . Tha steep flank of the anticline north of the faults iz probably !
2 Etoo lov structurally to contain ol}, although s minor smount might be |
¥ greppsd in upturped beds againat the northeym fault. Umist test well

7 (1, & short distance porth of the fault, produced only salty watsr. ,

25 -
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| The only indication of a gas cap in the main part of tha field te
‘the presence of gas-cut oil in Usiat tost well 4; 1t le the highest
*  well on the structure, and any gas cep would have 1o oocupy. the small
‘ ;l.reabettaent.he\reuanﬂ.tbamthernfault.
5.} Data from holes that drilled completsly through the permafross,
¢ jand from thormisiors installed fn Umiat test wells b, 6, 9, and 11, 1n-
? !dicsu that permanently frozen ground is present in the Umist ares to &
» !aapt.hod:.boutgooreetmrmmm,m.ntm.omthu'roo "
s i'reot in the Colville River flats, The vatar-ice contact at the base orll
- th. permafrost rises from sbout h50 feet below sea level {n the flats

i about 100 feet below ssa level bwupeath the ridges, rellecting the

|
17 |[topography. ALl of tie tasts drilled through pormarrost, and ice form-'
1 lsd at soue time durimg driliing or testing in sll of the produaing |
L 1ls. Besides causing mechanioal diffisulties ¥ith pumpe, Tlow 1imes,

t8- ]-nl other aquipment, the presence of 1ce and the accompanying low tem- ‘
6 |paratures have an sdverse effect on the flow of oil from the reservolr |

' rocks, The wmct relationahip batween frozen sediments and ol]l produc-

12 l‘l‘.iun vas oot datermined, but s much lower recovery facior has been as- |
' lmumed for the pormafrost xon2, in making estimates of reserves,
S |
|
i
I
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‘fthe hole after the well stood idle during the winter), there 1s a dif-

Analyses of camples from several Umlat welle have been made by
the Petroleym Experiment Station of the U.S. Bureau of Mines at
Bartlesville, Oklebowa (McKinney, Gertom, ent Scivartz, 1959, p. 9).
Theoe studies have shown that ol)l produced fram the field is green
(Natlonal Petroleum Association Golor Numbér 4, & 1/2, and 6, for vnr1—1:'
lous samples), has an API gravity of about 36°, Saybolt Universal vis-

}cosity of 36 to 37 secopds, and & powr point lower than $°F (-15° and

|
et kas less than 0.1 percent sulfur, It has a bigh proportion of

]
1=25"F, in eamples from Umiat test well 3). It is high in naphthenpes, l
'fga.aollna (pour point ~-BO'F} and diesel fuel (powr point -10°F). The '
oil from Umiat test well 1 differs from that of the other wells in
heving less gasoline, more kerosene and beavier fractions, and in being
| .
more pareffinic amd correspoodingly lesa paphthenic. Although same of
the differepce may have resulted from weathering {the ofl collected in
ference in types of hydrocarbons preseast. The sample from Umiat test
well 1 18 similar to many Mid-Continent crude oile such es that from
the Oklahoma City field, Oklabowa, except for the lack of higher frac-

tions.

Pon LATSLHRNES D PRI IRL O ek BNy - 51 Pl
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In the samples from Umiat test well 3, the paphthenic quality ia
conotant in the gasoline frections, &nd then fpncreages abruptly, to re-
main at & higher level through the diesel fuel apd lubricating o1l '
range. Other olla, euch ms thet from the Bpindletop field, Texaa, are *
'naphthenic in the gagoline fractioos but not increasiagly so in heavier]
fractions. Athabaska tar sends are alao paphthenic in the gaso.ine I
fractions. b

Several estimates of reserves have been made {by Arctie Contrac-
tors, the U.S3.. Navy, and the U.S, Bureau of Mines} at various times
uring the explc;ration of the field, with results ranging between ex-
tremes of 2 million and 122 million barrels of recoverable oll (writteu.‘
communlcationa, 1953). An sverage estimate is 50 million barrels. 'Tue
moat variable figure in the calculations is the recovery factor; its
volus 1s affecied by permmfrost, and hencs 1t 18 particularly difficult
10 estizate. Other variadble factors are the percent of connate water,
tha pet erreulative sard, the size of the producing area, aod the effec-
The lack of prolnuged produc tion

teats, a3 vell a8 the variablea mentioned sbove, make the oll reserve

tivenses of a possible gas, drive.
estimates of the field uncertain, The fleld is considered to tave no
imediate cammercial valpe, hovever, because of its location. Fair-
banks, the pearest lavge town, 18 about 350 airline miles mvay, -ard the
coat of transporting the oll im at present prohibltive. A small emount
has recently (1964) been suthorized for sele to exploration companies

who are currently vorking in northern Alaska outalde the Reserve, to

save them the difficulty of importing fuel.,
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- lnear enough together to afford a correlation, ard these groupd of holes

011 and gas in other areas
Shows of of{l or gas were noted in several test wella, basides the
flelds previously described. Information concerning thess holes ie

ftumna.rized below. In sobe cases o or more holo.;a have been drilled

are also discussed in the paragraphs below,
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Knifeblade area.--No good oil or gas shous were found in the

feblade holes, although test wells 1 dnd 2A showed faint oll atalna
n aome cores, ond & few cores bled gas. Balt water entered both holesl"
hile they were being drilled, and no free oll eppeared on-any of it aa‘
it vas balled ont., Knifeblade test well 1 and Knifeblade test well 24 I
(located 28 feet from test well 2, which vas abandoned at & total depth,
of 373 feet) are situmted on opposits sides of & thrust fault which
roughly parallels the axis of the eastern end of the Knifeblade mati-

cline (Robinson, 1959a, f1g. T). This structure, which 1s sbout 65

8 west-southvest of Umist, is in the northern foothilis of the
rooks Range. Konifeblade test well 1 is on the north, or downthrown
oide, of the fanlt, and down the north flank of the structure, and
[thererm containe & mxh thicker section of the younger rocks of the
Chandler Formation. The Chandler beds are nommarine and here contain
nume Tous i:ede of coal, some carbonsceouws material, plent fragments, and

ironstone nodules or concretions. The fev sandstone bLede characteria-

tically contain much sericite in the matrix. The Grandsterd papdsatone -

[beds are quite coarse-grained near the top and become fiper with depth,,
Sericlte 18 also comon ia the matrix near the top of the formetion,
Hand some coal ia present 1n the upper 300 feet. Correlation of the ln-,'

dividual sandsftone beds vithin the Grandstand Formation between the ol
i

At firat glance it appeare that
I

the Grandatand section in Knifeblade test well 2A is thicker than that |

in test vell 1, but this ts the result of structural dip rather than |

stratigrapnic thicknesses, Sowe dips vecorded from the cores of test ‘

vell 24, particulerly near the top, were as high es 40, end many vere

wore than 20°. Ditrups cornu, a worm tube, i locally an excellent

I THAIE TOPHET o

horizon marker 1on T, 4 CAVERARERS TRBEG SN ER A

temt wells iz very good (see pl. 13}.
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! Meade area.~-Meade test well 1 is locsted on an mnticline showm

1 [oy seismic surveys to be eabout T miles long and 3 miles wide, with a

H cloaure of 200 feet. Located peer the southern edge of the coasetal

+ plain about %0 miles south-scuthwest of Barrow, there wvere no purface
- [indications of & structure. Oas was encountered in thin sandsiope beds

t [of the Grandstand Formation at 2,949-2,969 and h,134),148 feet, apd

7 |the Bandstone aleo had faint oil etaina, &lthough no (i1 was recovered

8  during testing. The goe flowed at = rate of 1,132,000 cubic feet per

® May with a l-inch orifice at 35 pai anmd 38°F, ard reserves were eaty-

v |mated by Arctie Contractors (written comgunication, June, 39%53) as

12 ished elsewhere (Collins, 1958a, p. 342-353),

L ! Oumalik area,--Some sandetones near 2,700 feet in the Grandatand
M Formation and In the lover Cumalik Formstion in Oumalik test well 1
¥ hwepre found to contaln gag under high pressure, but the producing send-
16 |atonss were not located accurately nor tested. In gencral the sand -
Y stones have very low poroslty snd permesbility and coamnercial produc-

'""  |tion {s doubtful.

o
2
£
23
24

2% -

" ]19,600,000,000 cubic feet. Lithologic and drilling dats have been pub-
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Oumalik test well 1 and Fast Oumalik test well L are located on

anticlines discovered by seismic surveys some 100 miles sout.h-soutbeo,at.[

|

!

of Barrow, on the edge of the Arctic Coaatal Flain. Plate 1k shows the
ruggented correlat.ion betveen the two holes, which are 12 miles apart.
canse of 1ta lower structursl posltion East Oumalik test well 1 has
600 feat of the coaly noumaripe Cherdler Formatlion at the top of the
hols. Faunal evidence indicates that very few or nene of these non-
Lnribn beds are present at the top of Oumalik test well 1. Both holee
contain a complete section of the Grandetand Formation. The sandstone
bed s hl this formation in the Oumalik ares are relatively perelstent
and cen be correlated despite the distance between them. This con-
trests with the same formation in tbe Topagoruk test wells [see below)
where individual beds cannot be traced from ope wvell o the other, The
limeetope and sideritic heds in the upper part of the Orandetand Forma-
tion at Oumalik are alsc locally correlative; such a high cartonate
content is oot partleularly charscter{stic of the formation in other

areas, The abundant Verneullinoidee borealls microfauna {Bergautsat,

1956, p. 65-68) 15 found in both the Grandstand and Topsgoruk Forma-
tiona, and tha top of this fauna snd a few other paleontologlc markers
are sbowvn oo plate Mk, The base of the Grandstand Formation grades
into the more shaly Topagoruk Formation quite repidly fo the Oumalik
area, ng sbown on plate 1h. BSandstone beds in the Topagoruk Formation

are lenticular and cannot be correlated, but the general sequence is

the same---8iliy clay beds at the base of the formation grading up into

the coarser sandy beds rear the top, end finally into the Grardatand

Ho%, GOWNHRUERT FHIKIING DFFICT 18w 00 =
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The tuo holes are located about halfvay between the Oumalik holes
land Barrow, on anticlines defined by seismic surveys. Plate 15 shows a
f—-omlatlon of the upper part of Topagoruk test well 1| with East Topag-

oruk teat well 1, 15 miles to the east. Correlation of individual beds

-|in the Grandstart Formation 18 not demonstrable because of thickness

end facles changes, although pome beds are probably sontiauous from onpe
hole to the other. In Topagoruk tent wvell 1, the Grandsiand Formation
contains many thin beda of coal, most of which are not found in the

leagtern hole. Clay 1romstope common between 600 and 800 feet fm Topag-

-loruk teat well 1 ie alac missing from the comparsble interveal at East

Topagorak. Seuwdstone beds in the Orandatand Formation in Topagoruk
test well 1 are less well defined and masmive and contain more inter-
[reds of clay shale than et Esst Topsgoruk, but the top of one bed which
eeems to be preeent in both holes im near 600 feet in Topagoruk test
well 1 and aboul 3100 feet lower at East Topegoruk. Below thie sand-
stone both holes drilled into a shaly escticn underlain by more sand-
~tone, although the lower sandy sequence 18 thicker in the east.

The thin epandstone bede of the Topagoruk Formation appear w be
more persistent across the ares, although most of them are thinner to

]
the eant.
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Faunal evidence corroboretes the 1ithologic correlation discussed
labove. A section containing comwon fregments of Ditrupa coray an. Ino-
lceramus &7, iz & fev hupdred feat higher in Topagoruk test well 1 than
in East Topagoruk test vell 1. ITo addition, the uppermost occwrrenced

of many micyofossils of the Verpeullincides borealis assemblage an well

as the section containing the most abundant speclmens and specles of
the sssemblage, aversge about 450 feet higher in Topsgoruk test well 1
than at Bast Topagoruk (Bergquist, 1958b, p. 312 and 314},

! Wolf Creek area.--The Wolf Creek anticlize has 200 feet of provea
closure 1o an ares 5 miles long, with a maxtzun posaible closure of 600
ifeet over an area 1§ miles long, mapped by surface and photogeclogic
lethods, Three holes were drilled op it: Weoll Creek test wells 1 and

13, on the crest, produced ges from the Chandier and Grundstand Forma-

tions {see shows on pl. 16), and Wolf Creek teat well 2, on the north
flank of the structure, produced water with & trace of gas from the

same formations. The best gas production vas from Wolf Creek test well

1, which produced at a rate of 1,304,900 cubic feet per deay through a
|

1 1/2-inch orifice from a sazistone bed 1n the Grecdetand Fermation at

the bottom of the hole.
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o The correlation of beds penetrsted by the three holes is shown in
‘plate 16. Only twe of the four formations drilled were penpetrated by

more than one test well, but correlation of these two, the Ninuiuk and

o ‘;Chnndler Formatlons, shows the much greater coantineity of beds in the

~ marine Minuluk Formation, which bes samdstone beds that persist witu
¢ l1ittle change across the anticline, compared to the nonmartine Chapdier
H | ormation, which has discontinucus, lenticular beds only a t'eu of which
& ican be definitely treced from one test well to mnother., The relative

¢ emge of correlation in e north-south direction 1s alac illustrated, as

m. lcorrtaltlt.lcm between teet wells 2 and 3 is about B8 good a8 it 18 be-

|
!
{
" tween test wells 1 and 3, although test well 2 lg about 15 times fer- |

17 lther avay (1 1/3 miles) from test well 3 than teit well 1 is.

L2
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Sumrary of 011 and Gas
No shows of oll or gas were found in Neval Petroleum Reserve No. U
1 in rocks of pre-Mesozolc age and Topagoruk test wvell 1 found no sult-
+ L ble reservoir rocks as deep as 10,507 feet, the totel depib of the
r hole. Triasslc sandstone beds, penetrated only in the northera pert of
« 'the Reserve, have a cerbonete cement and are too impermeable to make

1 lgstmd. reservolr rocks; none had showse. Bassl eanmdstone beds of Jurassic

[ 'age have & few thin layers of intraformatiornsl conglomerate in Simpson .
3 'test well 1 which have faint shows of oll, suggesting the poesibllity
w0 lof sdditional Jurazsic (or older) petrolifercus beds on or near the
]

11 iﬂ.an.ks of the Barrow high. In Topagoruk test well 1, Juradsic beds

f
12 |'uere predominantly clay shale and the sapdetone &t the base of the se-
L

H

i*  quence had no shows of oil or gas; 1n South Barrow test wel 3, the
14 L)ed

beds ere sandier but still had po appreciable shows. The oldeat produc-

15 tion found 1n the Reserve, hovever, is in beds of -Jura.naic age in South
1« Ba,row test wells 2, &, 5, and 6, which produce ges. Although Bouth :
12 Berrow test well I3 was & dry hole, the numerous faulte in the area may ;
a2 |[have trapped oil or gae in Juraseic beds elsevhere 1in the vicinity. i

19 Almost all of the 01l and gas discovered in Naval Petroleum Re- |

71 [Oumelik Formation wers noted 1n Oumelik test well 1, but they were poor

22 {and the sardetoue beds are silty aml poorly sorted. The Topagoruk For-

N mation containg heavy, dark oil at Fish Creek teet vell 1, in thin beds

- |gerve No, B has been in rocks of Cretacecus sge. Gas shows in the J.owcl
?
1
l

M of sandy siltstone which, althougl. they are poor, are the only reser-

7>-[volr beds 1n the vell. e
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- Grandstand beds within relatlvely essy reach of the drill, and thua the s

‘Ifigures 1¢ and 12, which depict the average porosity and thickness of

The Grandastand sand
The bvest oll-preducing cone discovered in the Reserve 1o date is 8 andstone beds were deposited following depesition

the Crandetand Formation, which is the reservoir of mst' of the oil at of & great thickeess of argillacecus, fossilifercus sediments. T

s 1ikel efo: at nd -
Umiat Cleld apd also had the best shows in other tests. Many of the ' seens ¥, therefore, that the Grandstamd oil criginuted in the or

Slructures found in the coastal plain and in the foothills contaln ! ‘ ganic rewains of the prolific feena in the upper Topagoruk and lower

ICrandetand Formations, and then migrated upward into reservolr heds of |

|
t . @ Fish Cyree
possibilitles for production from them should be numerous., But, except! ¢  the Grandetend Formation, 01l at Fie k and Simpeon Seceps and the

. + .
ifor the Umiat anticline, drilling on these ptructures has not been es- | 7 |gas at Gubik could well have had & simih_u' origin, although the reser
]

[} rl tﬂ
ipeciﬂlly revarding; most test wells had snowe of afl or gae, but few ﬁ s ivolr rocke are of & elightly different age. At Gubik, no Grandutard [

7 t . pped in mand th
hed apprecisble quantities of gas and none produced oll except ai Uniat, ’ ormation ie preeent, and the gas la tre n atone beda of the |

. £ tinted N and Chapd Fi B
!‘]'he matrix of the sandesione beds 15 especially lmportent; much of the 1 10 jundifferentia feaiuk ler Formations, vhich overlte fine
i

F t rd
Grandstand Formation 1e 1y , ol has & large smount of argil- I clastice of the Topagoruk Formation and are capped bWy lmpermeszble ahalel

l Formation. At Fish € '(.'. F
laceous material {n the matrix. Regardless of structure, the adverse 1 { the Seabee Formation o Creek, the Grandstand Formation 1s

also abaent; reservolr beda of the ?7) Formation hold th
factors of porosity and permeability minimlze chances of the discovery " i poar Topagoruk(1) Fo i e

oil. he
of oll In such locatlions as the Grandetamd anticline. A comparison of " 11 A?t' Simpson Seeps, the oil has apparently migrated through the

13- 'very porous, permeable, and frieble Grandstopd sandstone beds to the

to g 1 f lastl hich nt Se -
(rardstend sandstone beda showe that ihe sandetone has the best reser- e p of the pection of coarae ¢ 8 vhich {8 Ninuluk & abec un

! ifferentiated in age, apd wh hele of
voir properties in & reglon extending southeast from Barrow, particularg o ‘d erentis noBes, rd.u ich 1s overlain, as at Gublk, by shale o
’ i

- the Seabee F . f
1y east of the Topagoruk area, where the greatest sandstone thicknees 1] e Seabee Formation., The oil in the seeps ie at preeent eacaping from

: bably th s rmafrost.
coincides roughly with the greatest average porosity, Recomnalesance 19 [these shallov beds, prto 1y through fissures in the pe t. In

- e of these ingtances, the trol. fluida ha pparentl ved -
seiemic vork in the srea did not locate any atrutture capable of trap- - |emch these instances, petrolcun flulda have & nely mo up

»  ward to the top of the Bandy section, until they wvere stopped by lmper-

ping oil, but eome areas, partlcularly one south of Teshekpuk Lake,

22 mrable beds above.
have not been stadied in sufficient detail to determine the presence aooy

or Absence of such structures,

t
I -2 )
|
|

-
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. lpema.‘ohe shale of tbhe Schrader Bluff Formation,

The uppermost producing zone fourd in the Reserve is in the Tulu-
vak Tongue of the Prince Creek Formaticn, which conteins much of the

gas of the Gubik anticiine, Although it is nonmarine, the Tuluvak

:’l‘on.g\.:e is comparable to the Srardstarnd Formation in that 1t contalns '

sandstone beds overlying & thick sequence of fossiliferous werine beds

{Seabee Formstion) which must have contained a large amcunt of organie '
l:,maberial, presumably the source of the gas, BRere agaln, the fluid .
:seema to bave formed in the marine shale and migrated wpward into over-!

‘Lylug reservolr gaundstones. The cayping rock in this case 18 the lm-
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Figure 4.

Steeply dipping argillites in Simpson test well
The core was moistened with water to bring out
color differences.

1.



Devonian chert conglomerata from
10,479-81 feet in Topagoruk test
vell 1. The core was moiastened

before being photographed, to bring
out color differences.
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Figure 1.

Carvonaceous particles outline leminae and
small lenses in siltstone and sandstone of the
Gramdstand Formation. The core shown here was
taken at approximately 2,955 feet in Meade test
well 1. Core i3 about 3 inches in dlameter. .
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W. W. Patton, Jr.

Figure 18, General view of Simpaon Seep 1, the northern-
most of three large oil seeps found in the Cape
Simpson area. Summer 1948. :
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Todble 1. An enalysis, by the U. S. Pureen af Hipes, of crule o0f{l aollacted (rom one of the Simupaon

seeps (n 1948,
GRNERAL CRARACTERISTICS
Speeifia gravity, 0.933 A, P. 1. grevity 20,2° Pour polat, ‘P below § .
Sulfur, gereent, 0.2 Color, brovnish green

Seybolt Universal vimcosity at 100° F,, G40 sec; at 130° P., 26D sec.
DISTILLATYION, BUREAU OF MINE3 ROUTIME METHOD
Dist{llst{cn at atmoepheric pressure, Th9 ma. Pirst drip, 217° C (L23° P.)

Frection Cut st Percent Swmm Sy. =r. ‘AP, 1. Corr, Aniline Saybolt Cloud
point Universal tast
Viscosity
No. - Percent  €0/&0°F. 6w Index ‘¢ 100°F *F
1 50 122 '
2 75 167
3 100 212
) 123 257
5 130 e
6 175 387
7 20 392
8 25 L3 _ ]
g 250 . A& 3.6 3.6  0.48T1 2.9 - 58.9
1o z15 527 6.6 1.2 .82 7.1 58 61.6
Distillation continued at LOmm.
1 200 392 3.9 1kl 0.907 2.5 61 63.4 kg velov 5°
12 28 W37 8.8 22.9 .91 22.6 62 62.6 & do.
13 30 W& 8.7 3.6 -928 2.0 3 66.2 105 do.
I 75 sz 8.5 .1 .955 19.8 = 9.4 210 do.
15 300 572 1.1 50.2 .937 19.5 (] 75.8 over k0O 40-
flentduus k9.2 9.4 0.549 17.6 100.0

Carvan redidue Of residuum, .0 percent; cardon residue of crule, 2.0 percent. -

APPROXDMATE SUMMARY

Ligat gssoline Percent Speelfic "AP T Viscoa{ty
&avity

Total zseoline and naputha - - -- . -
Keronioe distillate -— .~ P . .~
Cas of) 12.7 0.891 213 .-
Ronviscous lubricsting distvilliate 13.5 508-.927 24,13-21,1 $0-100
Medium lubricating dlwt{liste 8.9 .927-.934 21.1-20.0 100-200
Viscous ludbricating distillate 15.1 .936-~,938 20.0-19.4 Above 200
Residuua 9 2 .Ghg 17.6

Distillatiom loss 0.6
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