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FIGURE 85

FIGURE 85

1SOPACH MAP, NANUSHUK GROUP

Well Thickness

Feet Peters

Atigaru Point 1 950 290

Cape Halkett 1 1,135 346

J. W. Dalton 1 1,460 445

West Dease 1 590 180

Drew Point 1 1,470 443

Fish Creek 1 830 253

West Fish Creek 1 1,302 g7

W. T. Foran 1 940 286

South Harrison Bay 1,015 309

Tkpikpuk 1 2,870 875

Inigok 1 1,707 518

North Inigok 1 1,156 352

North Kalikpik 1 1,076 328

Kaolak 1 4,487 1,368

*Knifeblade 1 1,805+ 550
Kaluktak 1 3,072 936

Kugrua 1 2,250 686

Kuyanak 1 1,960 597

Meade 1 3,805+ 1,038
South Meade 1 2,050 625

Oumalfk 1 3,780 1,152

East Oumalik 1 2,935+ 895

Peard 1 2,390 728

Seabee 1 1,675 510

*Skull Cliff 440+ 135
Simpson 1 905 276

East Simpson 1 2,210 674

East Simpson 2 2,270 692

South Simpson 1 1,835 559

*Square Lake 1 2,310 704
East Teshekpuk 1 1,211 269

*Titaluk 1 3,460 1,055
Topagoruk 1 2,070 631

East Topagoruk 1 2,190+ 668

Tunaltk 1 3,6B8 1,124

*Taken Trom Molenaar {[19B1)

The Manushuk Group is present at the surface in the southern NPRA at Awuna

1, Koluktak 1, and Seabee 1, In all other wells, where present, the

Nanushuk Group is separated from the overlying Kb (Colville Group) unit by

;:: mid-Cenomanian unconformity or 1ies directly below (Quaternary surface
s-

Three criteria were used to determine the top of the Nanushuk Group: a
lithologic boundary between the Nanushuk and overlying deposits, indicated
by the presence pf a distinct shoulder on electric, gamma-ray, and sonic
logs; seismic horizon 0390, corresponding to the top of the Nanushuk,
which was tied into the wells and related to log character; and the F-8
faunal kzonn. which, when present, corresponds to the uppar part of the
Nanushuk.

The base of the Nanushuk Group was delimited primarily on lithology and
Jog character. The lower MNanushuk, a predominantly marine facies, is
generally characterized on gemma-ray and sonic 1095 and to a lesser degree
on electric logs by a series of stacked, serrated, funnel-shaped,
coarsening upwards, log expressions. The base of the Nanushuk was placed
at the base of the lowest of these log characters, thus marking the
contact between the more sand-rich sediments of the marine Nanushuk facies
;nd the more shale-rich sediments of the deeper marine facies of the Torok
ormation.
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FIGURE 86

FIGURE 8E

I1SOPACH MAP, TOROK FORMATION

Well Thickness

Feat Thickness

Atigaru Point 1 Z,856 809
Awuna 1 11,200+ 3,104
South Barrow 3 1,155 352
South Barrow 13 1,765 538
. Cape Halkett 1 3,048 928
West Dease 1 2,215 675
J. W, Dalton 1 3,343 1,019
Drew Point 1 3,501 1.067
Fish Creek 1 3,120 951
West Fish Creek 1 3,357 1,023
W. T. Foran 1 2,918 889
South Harrison Bay 1 3,054 931
Iko Bay 1 1,437 438
Ikpikpuk 1 8,287 1,307
Inigok 1 5,087 1,551
North Inigok 1 4,120 1,256
North Kalikpik 1 3,418 1,041
Kaalak 1 2,352 nz
Koluktak 1 2,810 856
ugrua 1 ’ 4 562 1,390
Kuyanak 1 Z2.602+ 793
Lisburne 1 6,070(7) 1,850
Meade 1 1,855 565
South Meade 1 4,344 1,324
Oumalik 1 7,025 2.141
East OQumalik 1 1,909+ 582
Peard 1 3,726+ 1,136
Seabee 1 11,393 3,473
Simpson 1 4,305 1,312
Square Lake 1 47+ 14
East Simpson 1 3,705 1,129
East Simpson 2 3,597 1,096
South Simpson 1 4,365 1,330
East Teshekpuk 1 3,726 1,136
Titaluk 1 520+ 158
Topagoruk 1 4,535 1,382
East Topagoruk 1 2,444+ 745
Tulageak 1 1,950 594
Tunalik 1 6,846 2,026
Walakpa 1 1,605 3,048
Walakpa 2 2,102 641
bolf Creek 1 185+ 56
Sinclair Colville 1 1,472 449
Arco Itkillik River 1 3,005 916

At Awna 1 and Lisburne 1, the Torck Formation is on the surface.
However, because of the structural complexity in that part of the NPRA,
the Awuna 1 and Lisburne 1 areas were not contoured.

The Torok Formation is very thick in the southwestern part of the NPRA,
but thins nortiward toward the Barrow High and eastward.

The lithology is predominantly shale with 2 few thin silt members. In the
northeastern NPRA, a number of oil shows were noted in the silt members.
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FIGURE 87

FIGURE 87

LITHOFACIES CROSS SECTION OF
H Ke S|

This figure shows the distribution of 1lithofacies in the
Torok Formation and wmarine Nanushuk Group at Tunalik 1, South
Meade 1, Ikpikpuk 1, Inigok 1, and Atigaru Point 1. The
Jithofacies are time-transgressive and become younger from
the west to the east. Time lines cut diagonally downward
from the left side of the section to the right side. These
facies are in the Ka-2 and Ka-3 parastratigraphic units.
Features of interest in this section are:

l. Geologic time units, parastratigraphic labels, and
conventional l1ithostratigraphic names are shown on the
right and left of the figure. For each well, the
dominant lithology is in the left-hand column. The next
column shows the interpreted depositional environment
based on sediments. A middle column for Ikpikpuk 1 and
Atigaru Point 1 shows a faunal diversity plot modified
from biostratigraphic reports of Anderson, Warren, and
Associates. The right-hand column for each well shows
the depositional environment based on those biostrati-
graphic reports.

2. The Torok Formation unconformably overlies unit Ka-1 and
in turn is overiain by marine facies of the Nanushuk
Group. The "basal Torok" unconformity at the base of
Ka-2 or Ka-3 is traced over the region. A boundary
between marine and nonmarine deposits of the Nanushuk is
at the bottom of the cross-beds.

3. The Early Cretaceous Torok-Nanushuk depositional cycle
began after a hiatus at the end of the deposition of the
Ka-l unit, Ka-2 and Ka-3 were deposited in a series of
depositional pulses that do not Seem to be marked by
major hiatuses. Each pulse started with a transqression,
followed by a stage of stable sedimentation at the end of
the deposition of the Torok Formation lithofacies. The
completion of each pulse was marked by regression and the
deposition of the nonmarine Nanushuk lithofacies.

4, The generalized 1ithological subdivisions were correlated
with their lithofacies equivalents. An assumption was
made that changes in lithofacies from the predominantly
sand and silt-sand to clay directly reflected paleogeo-
graphic areas of sedimentation from the shelf to basin
part of the Early Cretaceous sea. All these facies are
shown on the lithofacies cross section.
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FiGURE 8B

FIGURE 88

LINE 30-76-6-1186, SHOTPOINTS 407-610,

SCALED FINAL STACK

Line 30-76, oriented east-west, crosses the MWainwright Arch
and Meade Basin, These are broad features trending in a
north-south direction. Slight thinning of the deeper section
is observed over the Wainwright Arch with thickening of the
horizon 1100 to 1500 interval in the Meade Basin. Major
interest lies in the high-angle faults that dot the
peripheries of these features. A large normal fault is
obvious in the deep portion of the section near the eastern
edge of the Meade Basin (shotpoint 420).
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FIGURE 89

FIGURE 89

LINE 89X-78-6-1184, SHOTPOINTS 470-400,
SCALED FINAL STACK

Seismic line 89X-78, located in the Lookout Ridge Quadrangle,
intersects the Carbeon Trend at a right angle across the Awuna
anticline. Thrust faulting with relative movement from south
to north is interpreted along the axis of the Carbon Trend
down to and including horizon 0650. The Awuna anticline s
located on the northern flank of this thrust zone and appears
to be an allochthanous block. At horizon 0650, closure
extends approximately 106 miles in length and 6 to 8 miles is
width. The closure is defined by thrust faulting to the
south and structural dip in all other directions. North dip
of horizons 0650 and 0550 is evident on line 89X-78.

The Awuna anticline is breached with the HNanushuk-Torok
section outcropping along the trend axis just south of Awum
1. Possible trapping wmechanisms in this area include
localized faulting or stratigraphic changes, especially
within the “basal Torok."



1800 P
1600 e 1800
[ 1500 — LOOKOUT SURFAGE 1600
1400 RIDGE 1500
L 1300 . 1a00 £
£ 1200 e —— 1300 L
1100 = = = - _ R e = § e 1200
V 1000 e T ~—— /,’M‘% e ———— e 3
A 900 ’ a T - - - ; 1000 V
T 800 - e /‘\smrms DATUM .
700 B . 300 A
o % T e e BT
600
N 308 : : w 2
SURFACE LOW| -
390 : ER CRETACEOUS . LOWER CRETACEQUS LOWER CRETACEQUS SURFACE w0 N
9 OUTCROP _NANUSHUK GROUP IOROK EQBMATION ; 200
c; 124 . NANUSHLUK GROUP QUTCRAP 0
4
°r o] — AWUNA | Y
L ] T A 5 gun BN 6 t
P
LOOKOUT  RIDGE s
. , AWUNA AWUNA FRECRL '
SYNCLINE === SURFACE FEATURES > 8577 | SP3%5S ANTIGLIN S L
! : , _L NT ICLINE “SYNCLINE. SYNCLINE o
P 1 .- "
sh [2% 57 e ' . .o i 1. . . . . N
N 4;.4 46 AL (13D d4n 4t 4 1As 4t 449 44 440 441 4a 434 437 434 441 4 49 1 15 422 42 419 e e RE iR a0 s Y o .
0. LI L ” p Wit e T T~ T T & y - -
HORIZONS 9 ; —0.0
5 o ¥ ‘i e g4
~— h b . b ks
o g » e 2 . =f =3 0550
0550 5 = F: = ‘ = > : :
3 Y ppr ¥ Heat i -
10— . S 1 » ' v - e 2 e . o 2
- e y ¥ ¢ — - ¢ Z p vl .
; 0 Y @ . bl g 1.0
2 " e i :
»
. - . - i
. = & > X 4
" g ) o, I '
< 5 T , S R . d
A g B . - i it e & :
0650 M o b ® * m h A F ST — e o Tt
3 . ' o gl i " : s L v o
T . bty it ST - :a . r " T n.!‘ W P » : . %
] : it it A7 1, 3 - " o o
™ 2.0 - & " ) < it o e : ” 0650
E ) & ! o - " 2 T TR "; o W ~2.0
v 0 q & o
4 3 g -t o . 1 DL i i ST i gl R e e A e e B e e T Sl T e, o E R Mo’ e o0 g
I »“" "~y L " " " W v e
N . . - - h ’ i ' s i . T
. % " " i & B . . “ oy |
o ! o, ? = . * i .
s . : ' - » 2 " : o : "
E ‘ - > ! 7y " E
> : o i by . RE " 2 i, .
c ”; : o »
0 o ,M’ Y - ol ¢ ) - - g > p 0 b by e |
N 30— > . ask . L 5 : e ,":""J.: x o - . - . - ” “”‘ o N
o W s - o~ 2 ; 0 f X g . L @ ol 3 30
s ; g : Y e Ty oMoy ‘ e s - 2 g ; - - -
... B 2o i v " [ '~- il R i T o m_Q..‘.,y e o " 0 s ol - i - gl oo Y
- et e, g I W gy LS g . :
b » " o " .J.JLG . e - . 4 ) . T .. . o % ki
- g, e, . et ] g L ¢ P i b ” o : ey " e ) !
g o p " L v s 0 "
1020 z 9 P . el y " ! 1020
g = & : o "~ e o 3 o~ S T T : w . .
¥ iy el (9 x o O - . 8 k . e e iy ) 2 r
m — ~MM" o 03 ‘v}"!;‘. g > g 3 . 1 ;"‘.{‘_ ' % - - i 2P oo .. €
.0 [ g g o 3 ., . . ¢ s ) 1N o - 0 s 4
T ;: ™, M - o~ S ? ) v : Ve [}
- .. LAt Wy it Wy~ S . g - - ' a0
i D ! 5 . . P ‘ o 0
e o = e ALY ¢ : Z P = : N
PR et BTl Mg 5 i e " oh N > e gt (o ” » e -
e i ] » -t . \ " ¥ y 3 W, - " . v in> g o - ) i et D
b " aron i P S ot X, ; B3 o " - : s
. o A% = e ¥ X e s S o W = o
[ 0 A o - “ pati 4
> RN ¥ S\ . ' safteny / g 1500
1500 ey R o R g s ; iy e o
=00 - v '\vu w 4 O * o dw gy oy
MY o i iy ) ‘ o " T %3 R -
A LM ¢ . 0 o g l > ¢ . ., - i
‘ . y e B i o 3y - frael, . o R gy 5.0
\ ? o - '. J,::"" g ‘.:?.:""”' i o e >, v P 2 .*«l-vu-ﬂ*
4 4,3. oSl e . N, © 5 - Tt : " oy H“.fz
. tpfla o y y q . > - P, i B b % P Ay 3
S 7 N T S e o AT 2
N [ 0 ) T g ’ ", Ky 5 . {;V K (- M 7l
(8 NN TSy e it = NP, ottt 2o S e e Sl
S A e P o & "~ , :
QO T Y 55 N e pster o v . v . u
) ey " : : : - 2 -
o A e Ny o > L " d
» d o . g ; g
o ’ } ukﬂﬂf ClelCN . * G q
- b g, - » e i+ Y ! R 9 i
i —6.0

HUSKY OIL

USGS
ONPRA

NPR OPRS

INC

NATIONAL PETROLEUM RESERVE AL ASKA
SOUTHERN FOOTHILLS AREA

89X-78-G-1184

SHOTPOINTS 470- 400
SCALED FINAL STACK

FIGURE 89

MAP

INDE X

-O

MILES

TETRA TECH REPORT NO 8200

T(v%-owo



FIGURE 80

FIGURE 90

LINE 732-80-1182, SHOTPOINTS 134-198,

SCALED FIRAL STACK

Line 732-80 shows structural closure at horizon 0500
extending down through the Ranushuk Group. Laterally offset
from this closure, a large structural closure is shown at the
horizon 0650 level, extending downward through the “basal
Torok" and including horizon 0700. This local structure is
part of the Carbon Trend, a large decollement faulting trend
extending across the southern NPRA. Along the axis of this

~ trend, running from the Colville River northwest to the

Utukok River, thrust faulting is evident with relative
movement from south to north. Deformation from this faulting
is shallow and generally extends only through the "basal
Torok.” Line 732-80 is situated in the Utukok Quadrangle,
and extends northeasterly across the Carbon Trend. The local
structure shown is centered at T2N-R36MW.




I'nvﬂ"'i'm\'\'f:;( e R ot

2800 2800
E 2600 - 2600 F
L 2500 b 2500 |
F 200 - 2100 &
3200 /SURFACE 500 v
v 7 —SLOPING DATUM 0
A 2100 ~ — 2100 A
2000 — 2000
T 1500 2 T 1900 T
0 SURFACE 1 0
R — " — —— e T  —— - — —_— 1298 N
e
1300 1 1 T I H 1300
16 o . s
. . —r —r v T LAY L .
. B S o . LQCATION LISBURNE NO. | o ’ . . . . . ~ e . i L A, 4
. . R R L. ... . OFFSET 76807 EAST _ o . L L . T T T
o
XLINES A XLINES
oF 930 T Lol 1050 1370 1090 Rk 1130 1ibi 1170 Pyl el 12 Lo Al 1290 1310 130 1360 1370 1790 N 1430 1 ) 1497 A A 185G 1870 1590 i 1630 L e 130G 110 Uk
SPN 985 983 981 979 977 975 973 971 969 967 965 863 861 959|957 955 953 351 949 947 945 943 941 939 937 935 9:.33 931 979 9,7 925 923 921 919 9l 17 915 913 9]1 }909 307 905 903 901 899 897 895 893 89! 889 8§7 SPN
———
HORIZONS ‘“21”"”"" W WW "W‘W W » i
"ﬂ‘ v\( - 4 , Q.I,‘ll( e —
J)'i'{ A SRR,
T A, o
ey .‘-.n- ’rq‘ J.A.\”
4
THRUST FAULT 3
08
THRUST FAULT . 1 vmﬂ‘ e e u-.':.': At “'"‘“Q s it by \““’w’ > @f_jﬂ‘,‘\l.;“h‘ g Ty 3
3 2 an ..:: Uk« ,),’i\ss ‘Mz P ;‘i_ e :\;‘l.,- ‘l::'\‘r*"-‘* 3« ’:‘s‘m :1 'tl;% ,,,‘ <ot ‘y ol w¢.<:‘;.,‘,«wf ‘E“ ‘:‘.r "",.;:""‘? .
3 A ™ il ~ 5 -" 43 ), k*‘w oo e W SRS T 2 e N by T '
3 ﬁ« “:mwﬁ "‘w::; w‘z 'f;f; 1 0 AL o T R "’ ,.-.'-x«s- o ;;::W o S S e NSO AR L s “n \');‘;N ﬁt_;-“.t.'* 'ri -
2 b Tl ey X, NP . L e S ; = 1 gy ) i X
s S S R e B e R i e T ERRrATeh S e R T S SRS e
o el ¥ " v Y y y - -.'»' i ot o S 2t B -"#"* f‘.xa« b -
e w*«-n.“* et o = - M*mh t" T OB VR R TN
i ey ,,.Mﬁ I o v, L LA TN, o wm, ; fnledde uw g e ‘uv:: R e x;‘!ﬂﬂ s
. n;;j“ ":‘t o T el v«-..n"- S e T T o L b.. PN TS @*ﬂ TS e
% o~ v ".‘\ 4 (0 w .0 Y A ‘ﬂ"u e, )
s «:’:“;, ) e o e ﬂrw” :1’“ {‘ ‘;w \:vdmnm .n.v’:"' L e e u'; '. «.:\m:‘ r‘u,..w v;“:“ {*«"‘\\rﬁ '*:3 t.. ol ’Q’x::‘)‘; ‘Jw;:g..‘_. &u.):“"t ¥ Q‘i;.‘i&.&“m "(‘ .
w . L S e Wy WML el Sl W o NG e, o WHg e AT a0y ot W g "
. ':“;gw&‘" ’*f_ ‘.“ e ) e M;V_ 5 . e ::’"‘1:'}‘ ‘iw oy :« mwfkwm Sl w»mv:-:. ;"3 &y;.mw ‘“T,mmh‘vm e e {‘ h S ':‘,:";" < et A
" LN i NWM 1 s ey e s o ‘:tx{w - ':;L; ﬁn ‘:ﬁ w&“"«;:' ety S ”' uﬁu« .;:"::w-:. «-“m‘m ‘L“::hl‘«l“\m) SR
! ¢ 7 et e e 7R Y gt i (T e M A . (LA .
R .. s T e R e S S e T R e S e e ':S”N R S S e e s e S
o . 1 R LT P bt o Py s 0 o a. b I ,, "‘ e . !
ol J;ﬁ&:« ﬁﬁu"f«:...r.:' : v 5 ww omrt yﬁﬁm‘ ‘%wihw( 1‘”‘& "r im Mw m mw‘:’ el m ;‘W W -,ku'; NS;”, b, M :‘ Mm s
ST S il 1, g T aiamnasips o oty P s RN AN e « 0 2 Ry o Wl 8T . '
; e Ot e « ﬁ;am o et -u;‘mwh«ﬁ;rﬁ o Ads"‘ai« i, 36 i, “‘; .%% S ‘Zhw' *)" ol 4 L :ﬂ' m“wﬂ. v‘j«‘:«“:% 2o
N . At iy, o (1), x gl W ml\m ™ " del”! . M f b1 M .
g ﬁ‘fm Qj}}s%stu‘ e {..»L,,'f e wl’" v {"F?lmw‘ o = ;‘ﬁéﬁu’ : ) ”’"um“:h e, Wb, i, s S & i
~":‘($""' Iy L :4";::? “:‘.:«, Ny T ':#:“4" ”% g -1‘.#1"' (m “ v“"'m"‘ ' m’m,«rm '&fm :r ﬂ!, "m’f‘\m .-}p .“ M .,
< o W s % e -7
THRUST ek S e e e o e 1’%« 'W*f"’\';«%m‘”ﬂ ,.miwﬁ» o0 T
R I .auuw* " .tm«awm W t.,, o Mww. # b "m M‘ U A
[ . m 0 el T AT o " 'r.x'w'mn‘ o /.115”?'«(« @ , s o ,,,;:‘;-w m.‘.' P
g mt .ﬁ.ﬂ«m :‘.':."-4“;«‘ o 1‘*}‘4.@ “Q N c.\:f“m. t myw pﬂ.“u '.,\,‘:m.:. ; : " ‘fj;*:« " "Jf:;, ;w e W
. “ o 3 A i ; y -
hausT FalM - - g .,,,..mgr ." il ‘“;L:;“J, : e e ,"",.m-«. .nw W w&mmﬁ ««.mm,“,ul i . g “r(mm.« W}h a,‘.'l'-‘!'”é';» o ‘0 ?
- . : Uttt ) § v o o i <t » gy *“"«1 Mgy 1,, .-» mm wxw«l.*ww' o ot ot oo
Wm éﬁ};‘f o “‘«li.w \'&Nﬁmn“ “)a‘ “33"?: St e 'r."u o ‘\"»,,.‘va ol "u.; JM' 4‘0& b oy S S ‘fw imk:m\ L
I e B el @‘*“w w S S (;:l.b“*w:b b z: - 5 v .«Me e o I
5 - s . Veatls. ans)) “ X e e . [ Ry les, g e f' 2, _'*“ o, T -
THRUST FAULT g ,,,,.,411 “"ZL ; o s .« ,&\‘-W wm."\ “'l“ﬁ oo ,,m > R A A ) e wmm Il b gt il LA ,ﬂi X, W'
. e oy »ww «M’“‘f‘f ,‘. 3 g e, Parscvu d ) “1 < S \ﬂ« W ot 'ldlb . K fjh - N
‘ g W, o e u. "‘u”f"‘dl S g T e ol - uw n Tt e o v A ;
;xw;(.«{; ::t::\ .««fr:f g ;;..u T Ryt Lol e ’}A\M'ﬂ;’. m* il :«»‘w - o b o :‘..ffi ;{2&: :_'m i "f&f 4»:‘ v «‘«»M. Rng T Y “"“"«Z f..‘.,«,ﬁs ﬂ(‘um‘mt oo ":lhr‘.‘ o :"‘:«‘%’” .f:rk%“(\‘lﬁt“ -
0 R AL VT - ” " " el s et R ' T ), » w5 o)t
S - P %’» s 1‘55" r*‘»** *1-.. m"ﬁ: ) % o """" L ey e A, o LT T N WAl s . o ! v <o S
Y e 7""“" i o i el ; S ot Ml e, (T i R 7N i N p >
E oo mw m o "“vf:"?ﬁ o o e~ i .ﬂf* ety il S b N W, W i sl a8f % ...', ) o R P m o - £
- L St e i . p t
C X _«; <o ﬁmw-m oa ?"‘f‘««m Ay -t e o K g ey M«n. ey, o .ucw":a C .*v..m" <w‘*“f Yo C
- e 2 5 0 B o, Y o
e, il wﬂ x, .“‘ \n " A % “\]‘«IJM -, u‘*‘_m\‘ "y 4-...'(‘«‘" o «: :4”4(‘&“ « P QI' o «‘«".: |‘ . 'w « s o '.47 g‘
0 - ym:: »“ o~ Mm“"‘ w" “ " o s ¥ .ﬂ L YG8 nl e Fanl PR e ol S0
- T 3 « ".n m,:’k.\lwﬁ S gy, L )
N u\m m.'«'w‘,.r» M« L R N
-‘
D - oy oy e 0
S & TR T e nehy gy S
o \'“‘"wu e o o
. W“‘ﬂ «W%&' 3‘% oo : F I b, .
‘k. m?f* PR m:! B 4m-;a L \-}t. thzg, wm ; “""""&“"" mpt;{ ;! "l' ;«;:“::‘,.; o
9 e i o ey ‘g ‘m—" 5‘“'4“' oy '*"r i o 3 N s " ! g Loty
THRUST RAOLT . el e g :"«,‘.:;" wu W?fu‘" & m,r@; :wm"_r- :*;‘ @w’x m.‘whm Saukd” S *W«w i S '«:4 ’,'i‘-.. "c&m::' %h.\ il Vel - o e :::‘m A ol ot W f 4 Si:?."' ‘v’m» .
Y ‘|“ = . \/ ™ Y RhaS « i M‘ ‘ . - 5 ~V '." o ’ WY 1 s - (¢4 ol p J
o1 R .‘,!‘t W‘ = w.:l' s i ﬁfﬁ"‘* "'“m;; *ﬁ%’ ] I:-x&. o) """f"‘h ﬁ;ﬁﬁmﬁ g o™ "::Améc ) \m«& P ] a‘&mwﬂf e «:‘w:n:}ww <l Lo RPN “'P’ .«#Qz W it
Mg ;g W"‘ { Ve ™ Y "N D (el Ve o - ou PRV gl T i i S
e "*“wt‘ 'f% M«r"‘ W "'m ‘3:«7.&’“% ‘?..m M &mw ’f»’u:a ot i e A it 0 ”:‘Si]»',:;v« x:’:‘-‘; -«w ;;#.“‘?:'?‘r.ﬂg‘;‘: 11‘4{,.}«#‘ A ﬂui“?.?a s s .
¥ e R S S e S e Y BT P R pea e T G5 .
3 ! : ‘ 5
%mm M W i o i
s m e e e e S r‘z"ia; MFwgent ‘e
. b N w“ i o WAM-« &~ s m: e .4(\{»."«.: sl o5
PR . ;;wﬂ e m&W\v;:"ﬂ; ‘:‘::‘;::"""“"Ja o P m"" *"‘,—V.,... %: _'w'h 1 :;“:;:::::‘ P ooa iy ol ] “'”m')" o e S - s
. thve Vg — S " v, e s , S " v g
01~ “‘"‘M % MU s st M’J R %w -4 w e Wy i m"u!m"h- ‘n’" "" t:“‘ 'H:“' ! f::\: "‘!2:,",,« : - e &’t'; ;’M' ;:‘;:’:: “",1 w«:[ :ﬁ\.% ~a
> ,., L : ! e Shiieiioiy s et st
PR "’ﬁm ;};:«m\: G ey oo et i ;’*‘ *‘3‘;_“» .u. %m «*«.:r‘ w-«..’”' !;;fn i wzm et iy ;w," | » ww e r' o s "':a:. b p \:‘?«";J.« "3 "Mw“ uv:mm \4;: o as
i e ¢ < e * P o R ‘ o o, LY <‘u,w - ~ % A e o
4 MM o W m m“m “ n“‘.‘t‘;:v;i VW “ “ ‘ «J:'ﬂ‘:: B ‘““ :m 0n ke NW "?J;;: “”;zmmfu W "‘7}5&:‘ ﬁ' f‘ ":lw *b Al Wh ¥ - m‘« e f vt ;‘«Uhm 5.2 *::'m'aa- i v 3 ‘-' l ! ::}%M vﬂ“..n«ll(m -3
. 0 w ) M / AL W - i i by X 1 A &) . w, s ‘w e s hloalt o ot v autume w4 U
R “,-‘:5’@ e K i G wi‘u """ s &..:m mm«.‘hw-wt b i o o b o e e et e iyl -

o o e e Wi m«w X
: % o S ST e «w..m.dl"n o “*
P e ;

- SN N Ee, AN *"""’ M I&‘,’,:f&"
- e ] W “‘ - ﬁ#’;’:}
X 'w'"m.

" i B
R g™ « R e
% Eraoals

Aok «'m.,.. -
'&.1

«‘;, .“w«

D O .m ,.,«N“‘h o
T oy . 0,5 e .ui:‘;, .
-0 .,&'ke ek Vi, "1“41! v\i’..mm

i gy
\xax" A R e

0

W

ety "‘!«n
.«"ﬂ

Ly o N
Bl il i

IS gl o
R s AW ot e

[t e, W dedf

=
o f,‘*mw o e nna

i et ; (L & e, g X i
Aoy T "“m , T o M “.ﬁ.m'mt,.. m'f.vmx, i - "‘:m A S il o
e o T T s B B s * A e
o .A! ﬂ - N ) A “"""1’ -
\ azﬁ " “‘f« 1 iy e e ettt o b ?‘ o
- PO e o MY o A\WM‘ "‘” 'ﬂ - . o)l "”ﬂ.?(lll.d’(\ oty o nl®

‘«4«“‘, “w («w Wm 'h'f“.‘m‘ “‘,0‘«;\"«"\'(\
T et S Sk
. T e

"m"\aw;'w-m' v ‘««., I

& 4,

ot mmw ‘m‘
A
"‘h.A ..Xﬁuam GRS

PR
v, “. e (/m

m ",(«« "dw‘?'
'l Ww@m‘ "'\ul

L W My gy

e ity N N
e cnpe l\.u‘é\:‘ﬁ «@“‘:@rw‘w

S
ut“‘" ﬁn&‘u‘ g ﬂ
o

Lt Sl Lot .vi",“.n\‘t an
&

™
e v H,
. ‘(ll( :‘,’!‘

RV ENAN] [ ——

USGS
ONPRA

NATIONAL PETROLEUM RESERVE ALASKA
HUSKY OIL NPR OPRS . INC
SOUTHERN FOOTHILLS AREA

3/X-78-G-1173

SHOTPOINTS 986- 887
SCALED FINAL STACK

FIGURE 9l

-~
I I,,unn s
e
orree
(S &
=
{ NPRA
- E | o —
- —
~.
»‘57_ \‘;’ o —
b 3 - T ]
oL MAP

[—O

MILES

TETRA TECH REPORT NO. 8200

Te¢X-01}F0



FIGURE 92

FIGURE 92

LINE 46X5-79-6-1184, SHOTPOINTS 2040-1601,
D

Line 46XS-79, oriented north-south, displays the multiple
allochthanous blocks caused by thrust fauiting. Relative
movement of these blocks was from south to north. Lisburne
1, east of this line, is the only well in the area. Based on
information from this well, the shallow horizon shown was
correlated with the Okpikruak Formation of the Lower
Cretaceous. A number of potential structural traps occur at
this horizon due to the combination of southwest-dipping
strata and southeast-trending thrust faults.

The intermediate hor'izon also shows similar southwest dip and
southeast-trending thrust faults, resulting in 1large
structural closures at this level.

The deep horizon may correlate with the deepest Lisburne
carbonates reached by Lisburne 1. This horizon shows less
decollement deformation but still exhibits large structural
closures. There is fairly good correlation along seismic
1ines for these three horizons, except across major faults
where the correlation becomes questionable because of large
amounts of horizontal and vertical displacement.
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FIGURE 93

FIGURE 93

STRUCTURAL FORM LINE MAP

The structural form 1ine map (shallow horizon)} represents the
general structure in the shallow rocks of the northern part
of the Brooks Range Orogen. The region is so complexly
faulted that few seismic horizons can be traced more than a
few miles. It is not possible to correlate seismic events
across these faults with any certainty.
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FIGURE 94

FIGURE 94

STRUCTURAL FORM LINE MAP

The structural form line map ({intermediate horizon)
represents the general structure of the intermediate rocks in
the northern part of the Brooks Range Orogen. The region is
so complexly faulted that few seismic horizons can be traced
more than a few miles. It is not possible to correlate
seismic events across these faults with any certainty.
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FIGURE 95

FIGURE 95

STRUCTURAL FORM LINE MAP

The structural form line map (deep horizon) represents the
general structure of the deep rocks in the northern part of
the Brooks Range Orogen. The region 1s so complexly faulted
that few seismic horizons can be traced more than a few
miles. It is not possible to correlate seismic events across
these faults with any certainty.
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FIGURE 96

FIGURE 96

HISTORICAL CROSS SECTION B-B°

Historical reconstruction of the NPRA, using successively
younger datums, shows contemporanecus tectonic episodes for
an interval of geologic time. Uevelopment of the basins and
arches also is shown. Historical cross section B-B' starts
in the west (left) at Tunalik 1 and ends in the east (right)
at Atigaru Point 1. The cross section also includes Peard 1,
Kugrua 1, South Meade 1, Topagoruk 1, Ikpikpuk 1, East
Teshekpuk 1, and MNorth Kalikpik 1. Datums used in the
historical reconstruction are the tops of parastratigraphic
units M-1, M-2b, P-2, TR-3b, J-1, Ka-1b, and Ka-3, and sea
level. The main tectonic episodes and features are:

1. The initial development of the Ikpikpuk Basin took place
tn Late Mississippian (late Meramecian to early
Chesterian) time and continued through Late Cretaceous
(Cenomanian) time. The greatest basin growth occurred in
Albian time.

. 2. Initial uplift of the Fish Creek Platform also took place

in late Meramecian to early Chesterian time. The platform
remained a positive tectonic feature through Late
Triassic time. Lowering of the Fish Creek Platform and a
relative rise in sea 1level allowed unit J-1 to be
deposited in Early Jurassic (Hettangian) time. Renewed
uplift of the Fish Creek Platform and subsidence of the
Tunalik Basin caused a regional tilt of strata to the
southwest in Late Jurassic time. Uplift of the Fish
Creek Platform continued after the Late Jurassic,
reaching a maximum in Late Albian time. At that time,
the Fish Creek Platform was higher structurally than the
Meade and Wainwright Arches. Subsidence of the Fish
Creek Platform took place in early Cenomanian through
Tertiary time,

3. Development of the Meade and Wainwright Arches probably
occurred in Late Mississipptian {late Chesterian) to Early
Pennsylvanian {(Morrowan)} time and possibly earlier in
Meramecian time. The Arches continued to be positive
tectonic features through Late Cretaceous time, The
Wainwright Arch was uplifted higher than the Meade Arch
in Early Cretaceous (Barremian) time and existed through
Tertiary time and to the present.

4. Initial development of the Tunalik Basin probably
occurred in late Chesterian to Morrowan time and possibly
earlier in late Meramecian time. Further development of
the basin continued through Late Triassic time, followed
by a dormant period in Early Jurassic (early Hettangian
to late Callovian)} time. Renewed subsidence took place
in Late Jurassic (Oxfordian) time and continued through
Early Cretaceous (late Albian) time. Greatest basin
growth occurred in early Aptian to late Albian time.
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FIGURE 97

FIGURE 97

HISTORICAL CROSS SECTION E-E'

Historical cross section E-E' runs generally northwestward,
starting in the north (ieft) at South Barrow 13 and ending 1in
the southeast (right) at Seabee 1. The section also.includes
South Barrow 17, Iko Bay 1, Tulageak 1, West Dease 1, Simpson
1, South Simpson 1, Ikpikpuk 1, and Inigok 1. Datums used in
the historical reconstruction are the tops of parastrati-
graphic units M-1, M-2b, P-2, TR-3b, J-1, Ka-lb, Ka-2, and
Ka-3, and sea level. The main tectonic episodes and features
are:

1. The Barrow High existed as a positive feature in the
early geologic history of the NPRA (pre-Mississippian).
Uplift continued through late Jurassic time. Paleozoic
to Triassic rocks lap out on the Barrow High. Subsidence
of the Fish Creek Platform and the Barrow High and a
relative rise in sea Tlevel allowed unit J-1 to be
deposited in an east-to-west direction in Early Jurassic
(Hettangian) time. Rocks of Hauterivian age (Ka-1b} were
deposited completely across the High, indicating a pause
in uplift and a relative rise in sea level. Greatest
uplift of the Barrow High took place after the deposition
of the Ka-1b unit over the Barrow High in late Barremian
to early Aptian time. The Barrow High limited the
northward deposition of Ka-2 and Ka-3 in Aptian to late
Albian time. Renewed uplift of the Barrow High probably
occurred in Late Cretaceous time, which is indicated by
the erosion of parts of Ka-2 and Ka-3, and the absence of
Kb on the Barrow High.

2. Initial development of the Umiat Basin began in Early
Mississippian (late Osagian) to Late Mississippian (early
Meramecian) time and continued through Middle Triassic
(Amisian-Ladinian) time. Relatively little basin growth
took place in Late Triassic (Karnian-Nerian-Rhaetian) to
Early Jurassic (Hettangian) time. Subsidence once again
took place in Late Jurassic (Oxfordian) time and lasted
throughout Late Cretaceous.

3. The Umiat Platform existed as a positive tectonic feature
through Late Mississippian (Chesterian) time. Seismic-
stratigraphic evidence indicates that the Umiat Platform
was overlapped by the P-1 unit in Early Pennsylvanian
(Morrowan) time, and deposition of strata over the
platform continued through Early Cretaceous (Albian)
time. Lowering of the Umiat Platform, uplift of the
Barrow High, and further subsidence of the Umiat Basin
caused a regional tilt of strata to the south in
Cretaceous time.



ATION = 74 X

HORIZONTAL SCALE

VERTICAL EXAGGER

L )

—— e~

ENERGY MANAGEMENT DIVISION CALIFORNIA

TETRA TECH, INC__

HISTORICAL CROSS SECTION ~ E-E'

PETROLEUM EXPLORATION OF NPRA 1974-1981 (FINAL_REPORT)

' E nouUsTON
TEXAS

ALASKA

HUSKY OIL NPR OPERATIONS INC.

FIGURE 97

TETRA TECH REPORT NO. 8200

i e e T YO R et it
\
N,
T ,/\\Q&W
/ //
\ /ﬁ”
N e -
foo | TN
T A
\ az-w ISUSSUS N /
V. ] I
_ “Wm; - W4 COHYM ’I/IV
2 WG T A e 24 Wolva 80
/A@M/
N
/ e
/o o ,/.
A
\nu.s ¢ Wi Hvd
\(ﬂ\ s
)\((,m.‘ol((,))\(((\ W4 DOHYM
== — =
= —
— -
z-uL .SS NYHSIAL,
T Tocomw W4 HI8Nks s-0 ge-ul
°QE-YL (NALYD ~~n Tk 9g-¥1 ‘WNLVa
SS ¥IAIY OV5
— S0 e
==
—_ &ld
— e
ER
- H mh
1-f INALYQ S ~——— nNiva
~—~
A T~ so
~ -
RMﬁ T \
B
e T T //
— H..xm_(!..l — ” — {(;X 741
IS Ss
NS
> %
N sfonlonadeinsdosny >~ /
™
og-r / ///, /
IRECER NN
™~ ~ \
~— €S ¥3AIY VS
260 ™~ N «3LNugyy, | s MONYYS,
W %118NHS
N TR ey
q1-ox “:::aH Mux ——— <5 21883 LS8R ol s_.“..v_5 WNLva
$S ,NOSJWIS
pd
&
= \@ﬂ/
E==\ W\
z-u1 /W / // /
s og-¥l //% / / :.w/vv\w
t-r’ \%
y //// \ |
//// \ wo O\
ag-t / / / 0210N3 / s 0
ogt // //W, ,,w
// //// Wi HYdY Y /
e \\ // N
// // / W4 OOHWM / /
e / / /// 07 NOILISNVAL ,// _ waw %3380 30°
N RN = ==\
/ // / .55 MVHEIAL, / .
/ / / W3 NIBNHS N
AR
\ A
i /a H L MVONIY ¥3ddn,
| \
\ :
dHS MNHSNNYN PUO W3 HOHOL
£/2-o% ‘NNLYG e Es - ] L

WHOS LY Td V4 NISV E

CALVIAN A LVIWN N

o \ﬁN\_”f/ .Nnm..hm_.
=== NN \
—F==\ \ .

. NN , v

z-ul // %
—_— // 4

I
e N
N
TSI TT TN
R A
//
T NN
N
N
N

dHO NNHSNNYN PUC W4 NONOL

A3A37 v3S “NNLVa

S
S sz S

yd
///

vy Sera

y

/
/
/

7 S e e ————
Y Y L | Y Y ¥y v
,22e-ax £91-8% 26-8) . §2-ax _v~.mv.\ \ Oov-8%
1 338v3s I MOOINI IINdAIdN | NOSdNIS 'S | 3SV3AA'M S L Ava OXlI
,62-8) 22-8%
| NOSdNIS | Mv3ovinL

(3s8),3

HI9IH
MOY YV E
og ML
1692 - $-0
(N b2-
6v€2-" 11
i 0L ’ ”
- qi-
ST
O
MO 20

‘/ ﬁ/hn .Mx

ob-8)

—— —— £/2-0X% 'WNLV]

007'62- 9

00061 -

20081 -

000°21 - 4

00091 - 4

000°'GH- 4

000°b1 -

00C‘21- 4

0001 - A

00001~ 1

,0006- 1

,0008-

,0002 - 4

2009- 1

0008~ 4

000t -

.000¢ -

,00c2 - 4

.000t- 1

Q3A37 v3S WNLYC

€1 MONYVYE '0S

41 MOYYVE '0S

(MNN) 3




FIGURE 98

FIGURE 98

HISTORICAL CROSS SECTION G-G'

Historical reconstruction of the NPRA, using successively
younger datums, shows contemporaneous tectonic episodes for
an interval of geologic time. The development of the basins
is also shown., Historical cross section G-G' starts at W. T,
Foran 1 in the northwest (left) and ends in the southeast
(right) at Arco Itkillik River 1. W. T. Foran 1 is on the
south flank of the Barrow Arch. The section, which crosses
the Fish Creek Platform and the eastern edge of the Ikpikpuk
Basin, also includes Cape Halkett 1, Atigaru Point 1, South
Harrison Bay 1, and West Fish Creek 1. Datums used in the
historical reconstruction are the tops of parastratigraphic
units M-1, M-2b, PR-2, TR-3b, J-1, Ka-lb, and Ka-3, and sea
level. The main tectonic episodes and features are:

1. The Barrow Arch existed as a positive tectonic feature
early in the geologic history of the NPRA (pre-
Mississippian) and influenced deposition of sediments
until Late Cretaceous time. Rocks of late Hauterivian
age (Ka-1b) were deposited completely across the Barrow
Arch, 1indicating a relative rise in sea level. After
deposition of unit Ka-1b over the Barrow Arch in late
Barremian to early Aptian time, the Barrow Arch was
uplifted again and remained as a positive tectonic
feature throughout late Albian time. The Barrow Arch was
lowered in Tertiary time, but remained structurally
higher than the Fish Creek Platform.

2. The Fish Creek Platform existed as a positive tectonic
feature from Late Mississippian (late Meramecian to early
Chesterian) time through Late Triassic time. Lowering of
the Fish Creek Platform and the area between it and the
Barrow Arch allowed deposition of wunit J-1 1n Early .
Jurassic (Hettangian) time. Uplift of the Fish Creek
Platform and the Barrow Arch and a Towering of the
Tunalik Basin caused a regional tilt of strata to the
southwest in Late Jurassic time. Uplift of the Fish
Creek Platform continued until late Albian time when
uplift was greatest. Subsidence of the Fish Creek
Platform occurred in Late Cretaceous (early Cenomanian)
through Tertiary time.
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FIGURE 99

FIGURE 99

J-la FACIES PROFILES, B-B*

Unit J-la is at the base of the Jurassic Kingak Formation.
The unit is subdivided into four smaller units: J-1la(l),
J-1a{2), J-1a(3), and J-1la(4).

J-la{l), composed of siltstone and shale, apparently occupies
depressions on the eroded Triassic surface. The bottom cross
section in this figure shows that J-la(l) is present at South
Meade 1 and Ikpikpuk 1, but is absent at Kugrua 1 and wells
to the east of Ikpikpuk 1.

J-la{2) contains siltstone and shale, as well as barlike
sandstones that collectively make up the "Barrow sandstone.”
This unit, shown in the bottom section, is present in all of
the wells east of Tunalik 1.

The middle cross section shows that J-1la(3) is composed
mainly of siltstone and shale. The unit overlies J-la(2),
except at Tunallk 1 where it lies directly on Triassic
section.

The upper cross section shows that unit J-la(4) contains
siltstones and shales as well as barlike sandstones. J-la(4)
lies directly over unit J-la(3) in each well on profile B-B’.
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FIGURE 100

FIGURE 100

J-1a FACIES PROFILES, E-E'

Figure 100 shows facies profiles for four subunits of unit
J-la at South Barrow 13, South Barraw 17, Iko Bay 1, Kuyanak
1, South Simpson 1, Ikpikpuk 1, Inigok 1, and Seabee 1 (cross
section E-E').

J-1a{l) occupfes depressions in the eroded Triassic surface.
The unit is absent in South Simpson 1 and on the Barrow Arch
to the northwest.

Unit J-1a{2), shown in the lower facies profile, overlies
J-1a(1), except at South Simpson 1 where it overiies Triassic
section. J-1a(2) is composed of siltstones and shales with
jnterbedded barliike sandstones. These sandstones are collec-
tively called the “Barrow sandstone.™

Unit J-1a{3) also 1s composed of siltstones and shales with
interbedded barlike sandstones. The middle profile shows
that these sandstones are present to the northwest in the
Barrow area. This unit thins considerably as it approaches
the Barrow High.

Unit J-1a(4) has essentially the same 1ithologic composition
as unit J-1a{3), but is much thicker in the Barrow area. The
unit thins to the southeast, and the barlike sandstones are
absent at South Simpson 1 and Ikpikpuk 1.
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FIGURE 101

FIGURE 101

TIME-DEPTH AND VELOCITY CURVES,
TIWALTK T

This velocity display shows a calibrated sonic log as well as
a time-depth curve, interval velocities, and average velocity
functions. The velocity functions are derived from check-
shot survey data.

The five wajor velocity groups shown in figure 101 correlate =~

well with Inigok 1 data, especially the interval velocity
function.
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FIGURE 102

FIGURE 102

TIME-DEPTH AND YELOCITY CURVES,
1

This velocity display shows a calibrated sonic log as well as
a time-depth curve, Interval velocities, and average velocity
functions. The velocity functions are derived from check-
shot survey data.

The five major velocity groups shown in figure 102 correlate
well with Tunalik 1 data, especially the interval velocity
function.
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FIGURE 103

FIGURE 103

SUBSURFACE SHORT-WAVE YELOCITY ANOMALIES

This figure shows the distribution of subsurface short-wave
velocity anomalies in the Fish Creek Platform area. These
anomalies result from rapid variations in the thickness of
the "Pebble Shale" unit. The absence of the low-velocity
*gamma Ray Shale," "Pebble Shale," and some basal Torok
sediments, due to erosion, contributes to the subsurface
anomalies. These anomalies manifest themselves as "pull-ups”
of underlying pre-Cretaceous reflectors on the seismic
sections.
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FIGURE 104

FIGURE 104

LINE 75-75-G-1182, SHOTPOINTS 1-80,
FIRAL STACK

This northwest-southeast seismic 1ine across the Fish Creek
area fllustrates the result of the subsurface short-wave
velocity anomalies discussed in figure 103. Where horizon
0700 is absent, part of the "Pebble Shale" was removed by
erosion. The underlying reflectors clearly are "“pulled-up"
as a result of these anomalies.



—— ——— - wt A —

DEPARTMCZNT C-
THE NAVY

e A STy o DGR A
1000 ] e B — _ _ - ; - — LAVAL o AN

800 | - — - , - : - : - - = 800
700 e e - = — - - S L 700
600 | e , , : : - 600
500 | - — — - - 500
400 | e - e : : , , e R a0
300 1 e e : e , ~ e , - 300
200 1 e e e — —emy 200
100 e e e : — — * 100

- |
OACTAL 00
C\_)r"‘;.ﬂ, i yAt_ v

/5-G-1167

ZO— A <Mrm

. ._.
— o
Szo—ar<mrmS
\j
N
]

e e e o ———— e e

' FIGURE 104
FLINES ' X_INES |

L 547 - -l 2ad s A o4 RS BN 5227 SEEK SEE 8585 260 el ISR ores SER 55% [ £0S SRS 5 2 SN s S50 - R EL TRAZ S N 563° SEEK) 596 598% o Tl Tl chP ‘
" i | H | | I i I L ; | [ L | A . L [ L L . i " . L A L | 1 | | i
or ~ - -~ o e - A oy ! il a Il A A A A I Nal l ~ ~ ~ ~ ’ ~A ~Nr~ . . “ Ll N~ S
SP' gC 8 S - < S 68 66 64 62 68 58 6 54 5 oC 48 48 44 L2 4c 38 36 34 32 32 28 Z5 24 Cl e .8 .6 4 22 .C 8 6 4 2 SPN
I i i | | 1 i 1 i 1 1 1 i | L | | | i 1 1 i n | J I 1 i i ) L " . L 1 1 " | . | | ;
- - 3 5. ™ Y \ E 5 . - .
ke JL IUUUSSUR RO H E E 3 : e 4 - i —- .. emne oo ook i E € ; — !
3 ) 3 . T ' i T N \ ) V T 3 ) 3 E TR (
—_ . y NUSISU I - - T L) a Iy gy y e, > N " y TSI = NN G vy . U0 =9 2N JUNEY ! i ). N IV 3V U VU | )30 ' S e . dosd . 3 i 3 . UV PEEUSY YUUNGE J00) it 3 ~ i
I . P I LN OV ETNURTIN - JOUUIES OIS NIIE: NSRRI SUTTII INTNY . I JINN 21 3000) YUY, 3, T 153) SO MANNIE 2 2 IR NNE: ) 2N oo Tl NN SIS RIS N AN 4 ; N : XU 30850 D)y P Ly 3 1 NN ) 34 | . ) K¢ ) E T i
’ R R A e I R AN A ot R Y I NI ‘ ) R F T : FEY ¥ SIS Y N ) . Y I R ) Y i P ) 3 ] ) e )Wy D DRV o D For s ;L’ Y > 2y ‘ ‘ ) 3 o '
_ » >, ), 20 DI Iy, L, MW voo o ‘4§ ’ ) X "\ ALY Rt ) ) N o 1 > > J& ) i q 00 TRV ) VS 444X ) ) Ry "IQ' >y Y » RN o : ¢ 43354 3 T
R N ‘ R ) ) ' L) ) i ) 3 (AT ) ’, ) $ g3 PP ) ] ; » - ey 3¢ D) ») | ) IR » Ol ; ) y E -,
° >, , Re&=S )¢ 35 § ) X ) L2 4 y ) M ) D DD NE | Y ) ¢O98 g 8 ). ) » b ! »ORY 4 J339) N 22 50550901 )% b ol Y, > ) ' D < o ¥ ) p 3 -
—_ S T 1 $ c A - ~ - 3 + - bt -vc-v—oq—‘—e«o-o-o—o-o —— ;‘ !
. ', 24¢ ) I53%¢ vy, - A e i ? 2 . - « oy - YYS )2)>)0%)) ) »HH» ) ) 48R D) I by T 55 A g oy G 3 - i |
- \ ’ >y ) >, 19 3 3 y " ¢ Yy ” i - 3 ‘ } . o 3 o i
_ ) / )y oy3 ) LI ) 5555 i ‘ ) § ~ ) 2 g ” ) W) )) 1) oY 0 ; L !
») ) 'y )y TR N [ ) Voo 1 ) N 22 VYY) ) ) s 'y ) v 4 2> X ) 9 A S 551y 1) ) ; 1)) 222D )1 ) ) ) ¢ )] ( > 3 Ny } < / 22100y 0)W) ) B 70 - - ! !
[ b —— 2 i
- ./ ) ))) » f 40D et T 'h, ¥ )22,-’ g 7{ ) 13T % 9 N , R N g ) Y »,>) i , 59X Y y 20222 %9) . y) V) ) SV Yo < N >, 123) ) TN < Y ), 3 N ! i
- b — -
> d \ 133 3YS > MO 4CARCCcd ) ) 13 s g X ) ! %< ] YR D) ) Y ¢ ) 353N 40 )T ) RS My 13541 925953,334 o5 ), \ 3 o6 j‘
; e VYRS I B IR AN 51 NYS) M) 1)) ) N ') ' ) I ! RNy )y ")) J \ " ) 149334400 394N R4 ) 153493377 5% e ) 20 M , JR¢ 1) N ] 3 ¥ ! O ‘
— - - rre s . — -
) y YN TEVT Y TNV IRV X5 5555 3530511 3) 1 B rraa s n) NN ) 20 N6 > ), 2N ) ) : 00 ) )0)) 12 1 ), > b S e b RN 2 %7 3 ) : 120099 ey, ) ? X ; %)) ) E -~ - | )
_ ) XIS T I Y )R DI BNy )y Y hy 1y ) ) 22 1)) ) £ . " $5¢ YY) 3 g, L2 2) NNTy) Y 234 53 15 67 <9242 RO NNNRL , N > »y > | )) e3)] \ i - |
a 4 3908993933303 (555553 2> W2, RANINN] 2 Y 359 boar )y N 1997995 Sy RNy 2 ' bee » 1) 2 )) ) 1) ) ) ; 27, Y I WYy Pr)) $519°5% o 1) HDIRERY )N ! 9] IOy ) I -~ g i
- NI .55 ) ) < { y 7% XD »” ) ; .y 227900 ) 1 W A28 0R <. Y 113 I§SS < 2 33 DR INY s 4 MY N KA ' ¢ > NI ») A ;
. | Vop)) 1§ 4PN N 335ste. bk ) 255355 % o ) M2 T ’ ) 000 N E TN VY ») ; D P ) 2y ) > ‘ ) Bars] 36 ~ g { |
- — " >3 A J ) T J %3 "1 . 3
. i ) ) D) IR I D241 1353 ! Y T Ne I ) )) N \ N ) NSl E idedsas Y « Y )N ) 4 N E LA
- R : . V) f ) ML RN 1 y ) V2T D)Y . 5 ) ) : < Y e 83 » Ny ) i ) ! K T35} ) K < ; Y
- oS - S .
' ) ) 3 )i | v | | ) \ ? P ),
. ) ‘ TIEVINS JCSEIOETINVIR 7.: ";;: ;";z’;ﬂ)«{)).‘jn{m; ’;";1 "_gh" - NN L%”’)f’ 4");&;)&)» d ) 2 ) ) ) ) . ’ ] ! » IITNIM Vo0 ) , | ) .
— o L MR DI R TWIIN ’;){"L ‘ﬁn;n:;f”):::)“u JA” L ?iun raaks :"))nn;lly"wu N L‘)‘::u') ) ) ) ) | ) ) ) Y ), el / ) B ! ) \ ) ] » 022N . ! )] NN oo e
132 i Y 1 ! . V < 846 E 1 7 ), ; & ’ 7 18).244 . M g v ) . V) i
N 04d24) SHOU A ST O T SIS IN. ) ;»»Q“R{)n}%{'gy , ;;;5{?;“ 335 TSN ) ) 5% ), ) X NN ) ’ ) Y 308 TN ) ) ) )T ) .
« 310 N T " | 4 \ JARAI 0 v 4 & " ) R 14 f & S
—_ 138995220500/ ) ) s 2 L.)y‘ NN TN u.‘};::d ey hs 599902 DTN 1)) . ) ? Y : o~ 100 0 ; ) ) 1) ) Y f0) ! ) : | ' ) E
3 < NN ) ) ) ¢ RANRMINININE m 02757 ) ) 1 ) | ) ) ¥y )L > ) E: . ’ ”»? ) ‘ . ) ) 1), 17 8! f ! - 3 ) R<24N0 14400 OE 2
K ) ¢ } : " v ? ) 284 ) IGARE .S
—_ 2> ) 3154 Bt RHCITNIIWITN I;A}. ) ,*,)"‘”,},u l: A)'\.vng‘ ITVENOBTNG 5 2l .“v: 7. ¥ ) ) ) 9333713V 220) 202092 4 )2 ] M 3 ) ) ) ! \ 3 ) ) ) ) }nph)é)‘l:
. 8485 > X D Y Y% \YCECadi SRS i et sand = Y r"yﬁ +t ? " ’] , ” - ) " 4 5 I8Y)) P " S N ) X ) e 5 % ? 7 ) AARE U % e 1403 -
) N ) ! 3 I o T ¢ ) : ! D 'y ‘ S ) )0 ) ) HOW & N K ) 14 ) ) R < ) ) ) ; ) 35240 13951) -
~ ! g AN 2 i ymm DIDDIPINI ) 44NN ) g ) I 199 o y ) 53 M g yi 20 . 2TV, §9ddc<edt ) p 3 ' 6904 »! ) ) ) b R . ) ! 1)) U v 5 JIONN Do) -
° _ ) ’ o Yot YOy ) VY Vo k- D) / by, 2 e, Yyp) y ! R oy ) 2 o (LAl N » 2 ) . g ’ ) n ) ! ) o . X ) D » [ ) ) i i i . 2
N ) ) o ' ARt AN )t M \ 2 0 v, ) f ) e ) ) ) : X, ) IR N ) ) E€4Y ) ) ») »wm» ' D) Y -
~ V)0 ' Vol » / v §383 , ! ) > 1Y 7 n ) . )
. ; 'S ) ’ S DI )54 Vo 5 15 L )13 X g ; . . - ol
‘ D ) s Y NS ) ) o R4 ) VORTY V) 5 . . ) 33 7)) ) ICCAS LA / ’ ) ¥, C . ‘
8 X i/ ) ) ) ) YV YENNY ) 2 1)) \ 1 S ) ;4 ) 227 » ! ) 39 s 3 TNV ) ) ) ) ) 2! 4 N . S . © 8 !
] ) : R « ) ) g N T )Y ‘ MY 4 LT VD ) )) MR 266640 g ‘ 7 il i« \ ‘ |
N ’ ) 24 v ) ¥ " ) 0 ) N ) ) I ») : R ) %4 ( !
g— . ¢ ’ .9
o 4 ’ i D ) 12240033 .
© S 159990008 ) ) ) k Y v SN, i Thy \ g % ) ) G g8 ¢ R v o, : 4 v i
~ i ) f & ) ) ) ) & ) 1)) Y . N 7 A ) ] — L
R § x §3184 4 ©o :
oA ))) 2 > ) g, P ) V ) 4 ) ] 4 ) 20000 ! o,
o 3 33)) M) < S ] ) ) ] ) ) ) ) . : ) ) ¢ ! “
-3 p RN IENRY) ! ) TP o 54044 . YHY)Y . i ! \ i 4% ) 33454 ) . )] . “ : I RSP IPRNY] ’ ) ' . ! > 3
_ 20 1300300309 N ) . ) NIV IINN ! ) 5 1) ¢ ' Y O, T . )19 ) "N | ; ) ) ) ) | SRR WY H / 3 > C
cog 2 k 4l : 1)) ) s ' ) ) 5 ) < ", ) g ) ) 1)) )02 NYSacE ) | S 2> 1)) 5 ) RS ) ) ) 1363 1D )N ) i ) 3 206 NN ) ) ‘ 2 4
' PN i ASTIRLLIIVELS JUVEVEBASTUINNSSI1LAT .20 TISVWINEY LR n W 8 ME S udeedi))I)IN) ( 9N LG 5 i R 1A S ) AL C1OIND 3600 1atef1: 1)) S 0. COE DY ) - ) D A A i S ( | ) L :

: TR 2Z2-0\1230




FIGURE 105

FIGURE 105

LINE 3D-74-G-186, SHOTPOINTS 2-69,

SEALED FINAL STACK

All reflections on 1line 3D-74 exhibit a pronounced sag
between shotpoints 35 and 45. When all seismic reflections
exhibit the same amount of sag, a surface or near-surface
anomaly usually exists. In the NPRA, this type of anomaly is
explained by inconsistencies in the thickness or velocity of
the high-velocity permafrost layer. In certain areas,
especially near active lakes and streams, the permafrost
layer is abnormally thin. This lack of high-velocity surface
mateirial causes the pulldowns or sags seen on seismic
sections.
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FIGURE 106

FIGURE 106

MODEL OF A PERMAFROST YELOCITY ANOMALY

Figure 106 {llustrates a simple model with a short—wave,
permafrost-type, low-velocity anomaly at the surface. The
figure shows the effects of this anomaly on the reflection
time and stacking velocity of two horizontal markers at 5,000
ft and 12,000 ft, with stacking velocity fluctuations of
3,500 ft/s and 18,175 ft/s, respectively, across the edge of
the anamaly. The average velocity grades smoothly from about
9,300 ft/s to 8,700 ft/s for the shallow marker, and from
about 10,300 ft/s to 10,000 ft/s for the deep marker
(MacCallum and Card, 1978, p. 55-65).
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FIGURE 106. MODEL OF A PERMAFROST VELOCITY ANOMALY
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FIGURE 107

FIGURE 107

IMPULSE RESPONSE OF DFS-III, DFS-IY

AND DFS_V RECORDING SYSTEMS

~ Figure 107 shows the impulse response of various field

recording filters used with DFS (Digital Field System)-11I,
DFS-IV, and DF5-V recording systems. These types of systems
with broad-band filters were used to record all NPRA seismic
data in 1972 through 1981. '
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FIGURE 107. IMPULSE RESPONSE OF DFS — lil, DFS — IV,
AND DFS — V RECORDING SYSTEMS

1762-O0\R0
TETRA TECH REPORT NO. 82



FIGURE 108

FIGURE 108

OUTPUT FROM YARIOUS DECOMVOLUTION OPERATQRS

Figure 108 illustrates the effects of various deconvolution
operators on 2 wavelet resulting from minfmum phase correla-
tion of Vibroseis data obtained from a test. impuise. The
information presented is directly applicable to data acquired
using dynamite as the energy source.

A nearly minimum phase wavelet similar to the one displayed
under “A" in the figure would result from a positive reflec-
tion coefficient if SEG standard recording polarity {s used.
The NPRA seismic data processed with time variant deconvolu-
tion (TVD) had 5 to 10 percent white noise added, thus “E" {n
the figure is the appropriate display of the output after
TYD. The resulting complex wavelet most closely approximates
zero phase, and a positive reflection coefficient produces a
trough. The output after designature deconvolution (DESIG),
shown under “B" in the figure, is virtually zero phase, with
a positive reflection coefficient producing a peak. The
maximum amplitude of the DESIG output occurs at an earlier
time than the TVD output. The relative phase angle between
DESIG and TVD output is about 180°, nearly equivalent to
reversing the polarity.
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FIGURE 108

FIGURE 109

CORRELATION CROSS SECTION A-A'-A",
TONACTR T 10 INTGOK 1

The datum of cross section A-A'-A" is the top of the Kingak
Formation. The cross section shows the major J-1 subdivi-
sfons and all of the J-3 subdivisions, which are the J-3al
and J-3all subunits of J-3a; J-3b; and the J-3c¢I, J-3cII, and
J-3cllIl subunits of J-3c.

An unconformity between the Triassic and Jurassic separates
unit J-1 from the underiying TR-3 unit. The mid-Jurassic
unconformity separates unit J-1 from the overlying J-3 unit,
and an early Neocomian unconformity separates units J-3b and
J-3c. The basal "Pebble Shale" unconformity defines the top
of the Kingak Formation, except at Tumalik 1 where the
mid-Neocomian unconformity separates units J-3c¢ and Ka-la.

The AWA foraminifera zonules are displayed to show their
relationship to the 1ithologic subd1visionsf
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FIGURE 110

FIGURE 110

CORRELATION CROSS SECTION B-B'-8",
WACARPA T YO _INTGOK 1

The datum for cross section B-B'-B" is the top of the Kingak
Formation. As in figure 109, this section shows unit J-1
unconformably overlying Triassic rocks and unit J-3 uncon-
formably overlying unit J-1.

Across the area represented by this cross section, the basal
“Pebbie Shale" unconformity “defines the top of the Kingak
Formation. At Walakpa 1, South Simpson 1, and East Teshekpuk
1, units J-3b, J-3c, and parts of unit J-3a were eroded,
leaving a relatively thinner "Upper Kingak" section.

The AWA foraminifera zonules shown for each well indicate
their relationship to the 1ithologic subdivisions.
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FIGURE 111

FIGURE 111

CORRELATION CROSS SECTION B-B',
TUNACIK I YO ATIGARU POINT 1T

This section shows detailed facies correlations within units
J-1la and J-1b {"Lower Kingak"). The datum for the section is
the top of unit J-1b, which in this area is a local unconfor-
mity. The rest of the “Lower Xingak" is unit J-1c, as shown
on figures 113 and 114. The unconformity at the top of unit
TR-3 is at the bottom of the section.

Unit J-la has four subunits: J-1a(l), J-la(2), J-la(3), and
J-1a{4). Unit J-1b has two subunits: J-1b(1} and J-1b(2).
On this section, subunit J-la{l) is present only in South
Meade 1 and Ikpikpuk 1. In Tunalik 1, only J-la{4) and the
upper_ part of J-la(3) are present. In Peard 1, J-la is
absent and J-1b{1) directly overlies TR-3.
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FIGURE 112

FIGURE 112

CORRELATION CROSS SECTION E-E',
K

This section shows detailed facies correlations within
units J-la and J-1b ("Lower Xingak"). The datum for the
section is the top of unit J-1b, which in this area is a
1ocal unconformity, The rest of the "Lower Kingak" is unit
J-lc, as shown on figures 113 and 114. The unconformity at
the top of unit TR-3 is at the bottom of the section.

Unit J-la has four subunits: J-la(l), Jd-la{2}, J-la(3), and
J-la{4)}. Unit J-1b has two subunits: J-1b{1) and J-1b(2).
Subunit J-la(l) is absent at South Simpson 1. Subunit
J-1b(2) 1s present only at Walakpa 1. At Inigok 1, the upper
part of J-1a{3) and all of J-1la(4) and J-1b are absent.
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FIGURE 113

FIGURE 113

CORRELATION CROSS SECTION C-C'

TONALIK 1 10 IRPIRPR T~

This section shows detailed facies correlations within
the subunfts J-1c(1) and J-lc(2) (uppermost “Lower Kingak")
and unit J-3a (lowermost "Upper Kingak")}. Unit J-la is
present in Tunalik 1, where units J-1b and J-1¢c are absent.
The datum for the section is the mid-Jurassic unconformity.
The top of unit J-3a2 is a Tocal unconformity.

Above the mid-Jurassic unconformity, subunits J-3al and
J-3all were finely subdivided for more detailed study.
J-3al, which contains the “Simpson sandstone,” 1s dfvided
into five subunits. The best developed sands on this cross
section appear in subunit J-3aI(4) at Kugrua 1, Peard 1, and
South Meade 1.

Unit J-3all 1s divided into six subunits. Subunit J-3all(l)
is present only in Tunalik 1 and Kugrua 1. Units J-3all(5)
and J-3all{6) are not recognizable in Ikpikpuk 1.
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FIGURE 114

FIGURE 114

CORRELATION CROSS SECTION D-D‘-D*,
WALAKPA T 1O INIGOK T

This section shows detalled facies correlations for subunit
J-1¢{2) (uppermost "Lower Kingak") and subdivisions of unit
J-3a {lowermost “Upper Kingak"). A1l of unit J-1c is absent
in West Fish Creek 1 and Inigok 1. The datum is the mid-
Jurassic unconformity. The top of J-3a is a local unconfor-
mity in this area.

Unit J-3a is the interval that contains the "Simpson sand-
stone™; the best development of this sandstone on this
section is at South Simpson 1. Subunits J-3al and J-3all
were subdivided further for more detailed study. All of
subunit J-3aI{4} and most of the basal part of J-3aI(5) are
missing at South Harrison Bay 1 where these subunits appear
to lap onto a minor, local unconformity. At South Harrison
Bay 1, subun{t J-3all{2) is interpreted to lap onto J-3al(5).
The upper part of J-3al and all of J-3all are truncated by
the basal "Pebble Shale" unconformity, which also truncates
the upper part of J-3all(3) at East Teshekpuk 1. At Walakpa
1, the "Nalakpa sandstone"” is interpreted to overlie the
bagal ("F;ebb]e Shale" unconformity at the top of subunit
J-3all(5).
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FIGURE 115

FIGURE 115

CORRELATION CROSS SECTION E-E'-E"
WALAKPA 1 10 SOUTH HARRISON BAY 1

This section shows detailed facies correlations for subunits
J-3all(4) and J-3all{5). The datum is the top of subunit
J-3all(3). The top of the sectfon from Ikpikpuk 1 eastward
is the base of unit J-3b.

At Walakpa 1, the top of subunit J-3all(5) is the basal
"pebble Shale” unconformity, but the relationship of this
part of the stratigraphic section at Walakpa 1 to that in
other wells is uncertain. The section shows great thickening
of J-3alI{4) from Walakpa 1 toward West Fish Creek 1, and
thickening of J-3all(5) from Walakpa 1 to Ikpikpuk 1.
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FIGURE 116

FIGURE 116

FACIES MAP OF EARLY JURASSIC
—Ta)

Figure 116 shows the facles distribution of Early Jurassic
(J-12) strata in the NPRA. The linear distribution of sands
indicates probable deposition as strand bars. The presence
of adjacent clays creates possible hydrocarbon environments
because of the close proximity of potential sources to
potential reservoirs.
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FIGURE 117

FIGURE 117

NEOCONIAN SAND, TIME, TOP OF

SAND TN TUNALTK 1

The Neocomian sand represented by this time map Iis
interpreted as lying immediately above seismic horizon 0800.
To the west and South, the sands appear to downlap onto the
horizon on the seismic sections; the northwestern limit is
not as well defined seismically. The MNeocomian sand
terminates due to either truncation by a local unconformity
or lateral facies change to the northwest.

Contours are represented by dashes in the northwestern part
of the map due to a lack of seismic data.
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FIGURE 118

FIGURE 118

SEISMIC-STRATIGRAPHIC CROSS SECTION,
LINE 708-80

This cross section illustrates the stratigraphic relationship
between the uppermost Kingak Formation and the oaverlying
“Pebble Shale* unit and Torok Formation. The "Pebble_ Shale"
upit is denoted by (@) on figure 118. Numbers (D, @, and
65 represent the interval containing the Neocomian sands at
Tunatik 1; this interval is equivalent to the Ka-la
parastratigraphic unit and was identified only in Tunalik 1.

The Neocomian sand with significant gas shows in the interval
from 12,510 to 12,565 ft (3,814 to 3,831 m) is the sand unit
represented as (1). :
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FIGURE 119

LINE D5XW-80

FIGURE 119

SEISMIC-STRATIGRAPHIC CROSS SECTION,

This cross section illustrates the stratigraphic relationship
between the uppermost Kingak Formation and the overlying
“pebble Shale™ unit and Torok Formation., The “Pebblie Shale®
unit is denoted by (@ on figure 119. Numbers (D, @, and
(3) represent the interval containing the Neocomian sands at
Tunalik 1 that contain gas. This interval is equivalent to
the Kak-lf parastratigraphic unit and was identified only in
Tunalik l.




DSXW-80

SW
SHOTPOINTS 140

130

120 110

100

TUNALIK |

S0

NE

TWO -WAY
TIME
(SECONDS)

20+

2.1

TOROK FM

A\

-
12600

?

KINGAK FM _

I - 4 SHALE
(int.= 10600'- 10900)
SANDSTONE WITH

3  SILTSTONE AND SHALE
(int.= 10900~ 11450)

‘ SHALE WITH SANDSTONE
2 AND SILTSTONE

-_— (int.= 11450~ 12500)

SANDSTONE

' (int =12500- 12600)

(SHALE)

Pl GAS SHOW

TETRA TECH, INC

HOusTaN PASADENA
TELAS ENERGY MANAGEMENT DIVISION CALIFORNIA

PETROLEUM EXPLORATION OF NPR A& 15741981 (FINAL REPCKT;

SEISMIC STRATIGRAPHIC CROSS
SECTION
LINE DSXW-80

ALASKA

F R
ONPRA
HUSKY QIL NPR OPERATIONS INC.
PRU_J_E_CF MA NIEER:

W MELIRTEREL yPROJECT NO.
S ot RiwisEp T T
tNTERPRETATION BY: M RL LwdKy T Lukiadk P patt™

N

B WY R DATUM: SEL (R VEL

. C e e JR .
CONTOUR INT: SCALE: €£21,360

TETRA TECH REPORT 82uD

T62-0\%0

FIGURE {19



FIGURE 120

FIGURE 120

COMPARISON OF REGIONAL CYCLE CHART
YCL

Figure 120 compares paleoenvironmental Sequences of selected
NPRA wells and global cycles during Devonian to Tertiary
time. The extreme left- and right-hand scales show geologic
time in millions of years. On the left side of the chart are
first-, second-, and third-order global cycles outlined by
Vail and others (1977, p. 83-97). The first-order cycle and
Devonian through Late Jurassic parts of the second- and
third-order_ cycles are expanded horizontally to compare more
clearly the paleoenvironmental sequences of the NPRA to the
global sea-level curves.

The standard geological time scale, including eras, periods,
and epochs, is plotted to the right of the sea-level curves.
To the right of the geclogical time scale, the AWA foramini-
feral zones (Anderson, Marren, and Associates, 1974-1979) and
parastratigraphic units are given. The figure also shows
palecenvironmental sequences for six selected NPRA wells and
avgrage sedimentation rates for the main parastratigraphic
units.

The depositional environments represented 1in the selected
NPRA wells range Trom nonmarine to open marine equivalent to
modern continental slope and basin. Most of the rocks of
Middle Triassic through Early Cretaceous age were deposited
in marine shelf and slope environments. However, rocks of
Mississippian through Lower Triassic age and rocks of lLate
Cretaceous age are mainly nonmarine to marginal-marine
deposits. The interpretations of palecenvironmental
sequences are based mainly on micropaleontologic analysis by
Anderson, Warren, and Associates. Interpretations of the
data presented here are preliminary, and modifications can be
expected as further analyses are made,

The palecenvironmental sequences in the six NPRA wells can be
correlated with the second-order cycle of the global sea-
level chart. Several major drops in the global sea-level
chart (Vail and others, 1977, p. 85) coincide with the gaps
in the paleoenvironmental sequences that were found in the
NPRA wells. These gaps probably represent major regressions
of the sea, After major drops are correlated, each marked
sequence can be tied with the parastratigraphic units and
seismic horizons.
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FIGURE 121

FIGURE 121

CROSS SECTION A-A'i SOURCE ROCK

Vitrinite reflectance of 1,2 percent was not reached in any
well northwest of Atigaru Point 1. At South Barrow 13,
mature section was not penetrated.

Geochemical data for Cape Halkett 1 ends at 4,900 ft (1,494
m). Dashed lines indicate projected vitrinite reflectance
and gas-wetness values.
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FIGURE 122

FIGURE 122

CROSS SECTION B-B', SOURCE ROCK

POTENTTAL/THERRAL MATURATION

On cross section B-B', vitrinite reflectance of 1.2 percent
was reached at all wells except North Kalikpik 1. -

An anomalous, shallow maturity level present at South Meade 1
could reflect localized uplift.

The dashed gas-wetness line at Topagoruk 1 is a projection,
because no gas data are available.
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FIGURE 123

FIGURE 123

CROSS SECTION D-D*, SOURCE ROCK

POTENTIAL/THERMAL MATURATION

Vitrinite reflectance values of 1.2 percent were reached at
all wells on cross section D-D' except for Walakpa 1, South
Barrow 13, and South Barrow 17. At South Barrow 13, mature
section was not penetrated. Abnormally shallow maturity and
post-maturity 1levels at Lisburne 1 are in agreement with
thrusting determined by several other methods.

Gas-wetness data are not available for South Barrow 3 and
Qumalik 1.
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FIGURE 124

FIGURE 124

CROSS SECTION E-E°, SOURCE ROCK

POTENTIAL /THERMAL MATURATION

On cross section E-E', no vitrinite reflectance values of 1.2
percent were reached northwest of South Simpson 1. At South
Barrgw 13, no mature section was penetrated.

Gas-wetness data are not available for Simpson 1, and depths
are projected, In Seabee 1, the top of the 50 percent gas-
wetness interval is questionable.
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FIGURE 125

FIGURE 125

CROSS SECTION A-A', VISUAL KEROGEN COMPOSITION

AND PHC/OC SOURCE TYPE TRDICATORS

Visual kerogen data are shown for all wells on cross section
A-A‘, but at Cape Halkett 1 visual kerogen data stop at 3,390
ft (1,033 m). The short horizontal 1ines on the left side of
the well column represent oil-prone sources 1indicated by
PHC/OC values. The longer lines represent gas-prone sources.

Four kerogen types, identified by optical analyses, are shown
in their relative abundance. These types are amorphous,
herbaceous, woody, and inertinite kerogen. Amorphous
kerogen, which is considered oil-prone, is lipid-rich
material found in marine or lacustrine sediments. Herbaceous
kerogen may be either oil- or gas-prone and is 1lipid-rich
material derived from terrestrial plants. Woody kerogen is a
gas source derived from woody structural plant material.
Inertinite, which is composed of charred wood and “dead"
oxidized carbon, is not a hydrocarbon source.
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FIGURE 126

FIGURE 126

CROSS SECTION B-B', VISUAL KEROGEN COMPOSITION
5

In cross section B-B', the short horizontal lines on the left
side of the well columns represent oil-prone sources
indicated by PHC/OC values. The longer lines represent gas-
prone sources,

Four kerogen types, identified by optical analyses, are shown
in their relative abundance. These types are amorphous,
herbaceous, woody, and inertinite kerogen. Amorphous
kerogen, which is considered oil-prone, is 1ipid-rich
material found in marine or lacustrine sediments. Herbaceous
kerogen may be either oil- or gas-prone and is lipid-rich
material derived from terrestrial plants. Woody kerogen is a
gas source derived from woody structural plant material.
Inertinite, which is composed of charred wood and “dead"
oxidized carbon, is not a hydrocarbon source.
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FIGURE 127

FIGURE 127

CROSS SECTION D-D', VISUAL KEROGEN COMPOSITION
S .

In cross section D-D', the short horizontal lines on the left
side of the well columns represent oil-prone sources
indicated by PHC/OC values. The longer lines represent gas-
prone sources.

Four kerogen types, identified by optical analyses, are shown
in their relative abundance. These types are amorphous,
herbaceous, woody, and inertinite kerogen. Amorphous
kerogen, which 1s considered oil-prone, is lipid-rich
material found in marine or lacustrine sediments. Herbaceous
kerogen may be either oil- or gas-prone and is lipid-rich
material derived from terrestrizl plants. Woody kerogen is a
gas source derived from woody structural plant material.
Inertinite, which is composed of charred wood and “dead”
oxidized carbon, 1s not a hydrocarbon source.
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FIGURE 128

FIGURE 128

CROSS SECTION E-E', VISUAL KEROGEN COMPOSITION

AND PHC/OC SOURCE TYPE YRDICATORS

In cross section E-E*, the short horizontal 1ines to the left
of the well columns represent oil-prone sources indicated by
PHC/OC values. The longer lines represent gas-prone sources.

Four kerogen types, identified by optical analyses, are shown
in their relative abundance. These types are amorphous,
herbaceous, woody, and ifnertinite kerogen. Amorphous
kerogen, which 1s considered oil-prone, is lipid-rich
material found in marine or lacustrine sediments. Herbaceous
kerogen may be either o0il- or gas-prone and is 1ipid-rich
material derived from terrestrial plants. Woody kerogen is a
gas source derived from woody structural plant material.
Inertinite, which is composed of charred wood and “dead"
oxidized carbon, is not a hydrocarbon source.
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FIGURE 129

FIGURE 129

TECTONIC REGIONS MAP, NPRA

The three main tectonic regions in the NPRA are the Arctic
Coastal Plain, Foothills Belt, and Brooks Range Orogen.
Potential hydrocarbon traps on the Arctic Coastal Plain are
mainly stratigraphic. In the Foothills Belt, there are large
anticlinal trends both north and south of the Carbon Trend.
Thrust faulting in the Brooks Range Orogen may provide
hydrocarbon traps somewhat similar to those in the Rocky
Mountain Overthrust Belt.
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FIGURE 130

FIGURE 130

CORRELATION CROSS SECTION C-C°,
TUNALIK SBURN

Cross section C-C' includes Tunalik 1, Kaolak 1, Awuna 1, and
Lisburne 1. Datum is sea level. The main geologic features
are:

1. Of the four wells, only Tunalik 1 and Lisburne” 1
penetrated pre-Cretaceous rocks. None of the wells
reached basement. The deepest well was Tunalik 1, which
reached unit P-1 (Wahoo Limestone). At Kaolak 1 and
Awuna 1, all units below Ka-2 {(Torok-Nanushuk) are
projected; the ‘stratigraphic relationships shown are
based on seismic-stratigraphic interpretation.

2. Unit J-1 (“Lower Kingak") is deeply truncated by the mid-
Jurassic unconformity. At Tumalik 1, only 140 ft (43 m)
of J-1a remain. Unit J-1 is absent at Lisburne 1.

3. The mid-Neocomian unconformity truncates unit J-3 {“Upper
Kingak").

4. The basal “Pebble Shale" unconformity truncates the Ka-la
unit. At Tunalik 1, Ka-la consists of 1,705 ft (520 m)
of interbedded silty sandstones and siltstones that are
Neocomian. The silty sandstones may be turhidites.

5. Torok fondothem (bottomset) beds within the time-
transgressive Ka-2 unit are present above the Ka-1b
("Pebble Shale")} unit at Tunalik 1. At Awuna 1, the
Torok fondothem beds within Ka-2 were the deepest rocks
reached. The Torok undathem (topset) beds within Ka-2
are the deepest strata penetrated at Kaolak 1.

6. The time-transgressive Ka-3 unit (Torok-Nanushuk) is
present just below Quaternary beds at Tumalik 1 and
Xaolak 1. At Tunalik 1, Ka-3 contains Nanushuk marine
and nommarine beds. At Kaolak 1, Ka-3 is composed of
Nanushuk nonmarine rocks.

7. At Awuna 1, Torok clinothem (foreset) beds within Ka-2
are at the surface; at Lisburne 1, Torok fondothem
(bottomset) beds within Ka-2 are at the surface.

8. Just north of Lisburne 1 is a zone of thrust faulting,
which precludes direct correlation with wells to the
north. Five fault-separated repeat sequences were found
at Lisburne 1; tops for the plates are given in figure
69. Numerous high gamma-ray curve deflections in the
TR-3a {Shublik) to Ka-1lb interval may indicate several
unconformities and slow deposition in this area., All
pre-Cretaceous rocks thin at Lisburne 1.
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FIGURE 131

FIGURE 131

PARASTRATIGRAPHIC CROSS SECTION C-C',

TUNALIK T T0 LTSBURNE 1

Because of the inadequate quality of the seismic data over
most of the length of cross section C-C', a compressed
seismic c¢ross section was not compiled. This parastrati-
graphic cross section was assembled by plotting seismic
horizon times where seismic lines intersect the line of
section. {Seismic line numbers are shown along the datum
line.) The points were then compared to {interpreted
conventional seismic sections and projected accordingly.
Features of interest on the northwest (left) portion of the
figure include:

1. The southeastward lapout of P-1 onto a minor, positive
basement feature, northwest of Kaolak 1, s apparent.
This basement feature is probably a saddle along the
Wainwright Arch-Utukok Righ trend.

2. Units TR-1 and TR-2 are very thick. This sequence
probably consists of shale and siltstone.

3. The Jurassic (J-1, J-3a, J-3b, and J-3c)} part of the
Kingak Formation is relatively thin. Units TR-3 and J-1
are combined southeast of Kaolak 1, because it is
difficult to separate horizon 1000 (top of TR-3b) from
hu;i:nn 0900 (mid-Jurassic unconformity) beyond that
point.

4. The Ka-la part of the Kingak Formation is relatively
-thicker than the Jurassic part. At Tunalik 1, several
turbidite{?} silty sandstones and a 604-ft (185-m) silty
sandstone occur within this unit.

5. Ka consists mainly of unit Ka-2, which is progressively
older to the southeast. Horizon 0650 may bound strata
that are earliest Aptian to latest Neocomian in age.

Farther to the southeast, it is more difficult to trace
seismic horizons due to poor data quality. Features of
interest include:

1. At Awuna 1, there are anticlines and thrust faults
comprising the prominent Carbon Trend, which is the
largest surface structure of potential economic interest
within the Foothills Belt.

2. In the complexly thrust-faulted area around Lisburne 1,
six thrust plates are identifiable in seismic sections.
Five of these plates were drilled at Lisburne 1.

Between seismic lines 49 and 107XE, there is a large area of
virtually uninterpretable data.
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FIGURE 132

FIGURE 132

LINE R7XN-79-G-1186, SHOTPOINTS 578-401,
SCALED FINAC STACK

Line R7XN-79, oriented in a north-south direction in the
northwest portion of the Lookout Ridge Quadrangle, crosses
the east-west trending Shaningarok anticline., This feature
exhibits closure extending approximately 26 mi (42 km) in
length and 5 to 7 mi (8 to 11} in width. The shallaw section
within this area also is cut by shallow thrust faulting.
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