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ISOPACH MAP , IWIlISHUK GROUP 

Well Thickness 
Feet Meters 

Atigaru Point 1 950 290 
Cape HI lkett 1 1,135 346 
J. W. Dalton 1 1.460 445 
West Dease 1 590 180 
Drew Point 1 1,470 448 
Fish Creek 1 830 253 
West Fish Cl"eelr. 1 1.302 391 
W. T. Foran 1 940 286 
South Hlrrt son Bay 1,015 309 
lkpikpuk 1 2,870 815 
Inigok 1 1,107 518 
North lntgok 1 1,156 352 
North kallkplk 1 1.076 328 
Kaolik 1 4,487 1.368 

*Knifeblade 1 1.805+ 550 
Koluktl.k 1 3.072 936 
Kugrul 1 2.250 686 
luYlln.1t 1 1.960 591 

..... de 1 3,405+ 1,038 
South Meade 1 2.050 625 
IluJoallk 1 3.180 1.152 
ElSt OuMl1k 1 2.935+ 895 
hard 1 2.390 128 
Seabee 1 1,675 510 

*Skull Cliff 440+ 135 
SilllPson 1 905 216 
Eut Si.pson 1 2,210 614 
East 51.pson 2 2.270 692 
South Simpson 1 1.835 559 

'*Square Lake 1 2.310 104 
East Teshekpuk 1 1,211 369 

*T1taluk 1 3.460 1,055 
Topagoruk 1 2,070 631 
ElSt Topagoruk 1 2.190+ 668 
Tunal tit 1 3.688 1,124 

*Taken fro. MOlenaar (1981) 

The Nanushuk Group is present at the surface in the southern NPRA at ANuna 
1. koluktak I. and Seabee 1. In all other wells. where present. the 
Nanushuk Group is separated fra. the overlying kb (Colville Group) unit by 
the .id-tenQMn1an unconforllity or Ues directly belOlii Quaternary surflce 
beds. 

Three criteria were used to deter'lline the top of the Nanushuk Group: a 
lithologic boundar" bet~en the Nanushuk and overlying deposits~ indicated 
by the presence of a distinct shoulder on electric. gblllil-ray. and sonic 
logs; sei.ic horizon 0390. corresponding to the top of the NanUShuk. 
which was tied into the wells and related to log cbaracter; and the F-8 
faunal zone. whicb. when present. corresponds to the upper part of the 
NanushuL 

The base of the Nanushuk Group was delimited primarily on lithology and 
log character. The lower Nanushuk. a preda.inantly IArtne faCies. is 
generally charactertzed on ga.ma-ray and sonic logs and to a lesser degree 
on elactric logs by a series of stacked. serrated. funne I-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 .arine Nanushuk facies 
and the .ore shale-rich sediments of the deeper marine facies of the Torok 
Fol'IIIt.1on. 
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ISOPACH MAP, T\lROK __ nOlI 

.. 11 Thickness __ 
Thickness 

At1garu Po1nt 1 2.856 809 
Awna 1 11,200+ 3,104 
South Barrow 3 1.155 352 
South Barrow 13 1,165 538 
Capa Halkett 1 3,048 928 
IN!st Dease 1 2.215 615 
J. iii. Dalton 1 3.343 1.019 
0..... Point 1 3.501 1,1)61 
Fish C .... k 1 3.120 951 
Vest Ft sh Creet 1 3.351 1,023 
iii. T. Forln 1 2,918 889 
South Harr1sOn BlY 1 3.054 931 
Ik. by 1 1,431 438 
U;ptkpu!r. 1 4.281 1.301 
lnigok. 1 5,081 1,551 
North Inl gok 1 4.120 1,256 
North Ka11kptk 1 3.418 1.041 
Kaolik 1 2,352 111 
Koluktak 1 2,810 856 
Kugrua 1 4.562 1,390 
Ku.Janak 1 2,602+ 193 
lisburne 1 6,010(1) 1.850 
Meade 1 1,855 565 
South Meade 1 4.344 1,324 
Ounoalik1 1,025 2,141 
East au. 1 tk 1 1,909+ 582 
Pe.rd 1 3,126+ 1,136 
Se'bee 1 11,393 3,413 
Sll11pson 1 4,305 1,312 
Square late 1 41. 14 
East StlllPSDn 1 3,105 1,129 
East StllpSDn 2 3,591 1.096 -
South S1111Pson 1 4,365 1,330 
East Teshelr.puk 1 3,126 1,136 
i1t11uk 1 520+ 158 
Topagoruk 1 4.535 1.382 
East Topagoruk 1 2,444+ 145 
Tulageak 1 1,950 594 
Tuna11k 1 6,846 2.026 
Wal.kpa 1 1,605 3,048 
Wa1akpa 2 2,102 641 
Wolf C .... k 1 185+ 56 

Sinclair Colville 1 1.472 449 
Areo Itkillik River 1 3.005 916 

At Awna 1 and Lisburne 1, the Torok Fonaat1on 1 • .., 
However. because of the structural cOllPlex1ty 1n that part 
the .Awuna 1 and L i sbume 1 areas ... re not contoured. 

the surface. 
of the NPRA, 

The Torok Fonution is very thick 1n the southwestern part of the NPRA. 
but thins northw.rd toward the Barrow High and eastward. 

The lithology 1s pre~1nantly shlle ';th a few thin silt ..-bers. In the 
northeastern MPRA. a nu.ber of 011 shows ... re noted in the silt llellbers. 
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FIGURE 87 

This figure shows the dlstdbution of lithofacies In the 
Torok Formation and Barlne Nanushuk Group at Tunalik I, South 
Meade I, !kplkpuk I, Inlgok I, and Atlgaru Point 1. The 
lithofacies are time-transgressive and become younger from 
the ... st to the east. Hmo 11 nes cut di agona lly downward 
fren the left side of the section to the right side. These 
facies are in the Ka-2 and Ka-3 parastratigraphic un1ts. 
Features of interest 1n this section are: 

1. Geologic tille units, parastratigraphic labels, and 
conventional lithostratigraphic names are shown on the 
right and left of the figure. For each well, the 
denlnant lithology is In the left-hand coluon. The next 
colu.n shows the interpreted depositional environment 
based on sediments. ,. middle column for Ikpikpuk 1 and 
Atlgaru Point 1 shows a faunal diversity plot modified 
from biostratigraphic reports of Anderson. Warren, and 
Associates. The right-hand colulln for each well shows 
the depositional environment based on those biostrati­
graphic reports. 

2. The Torok Formation unconformably oyer1ies unit ka-l and 
1n turn is overlain by marine facies of the Nanushuk 
Group. The "basal Torok" unconfol'llity 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 bott .. of the cross-beds. 

3. The Early Cretaceous Torok-Nanushuk depositional eycle 
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 transgression, 
followed by a stage of stable sedimentation at the end of 
the deposition of the Torok Formation lithofacies. The 
ca.pletfon of each pulse was marked by regression and the 
deposition of the nonmarine Nanushuk lithofac1es. 

4. The generalized lithological subdivisions were correlated 
with their lithofacies equivalents. An assu..,tlon was 
made that changes in lithofacies from the predominantly 
sand and silt-sand to clay directly reflected paleogeo­
graphic areas of sedimentation frOil 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 88 

LINE 30-76-6-1186
1 

SHOTPOINTS 407-610, 
stAtED FiNAl STAt 

Line 30-76. oriented east-west, crosses the Wainwright 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 nannl fault is 
obvious in the deep portion of the section near the eastern 
edge of the Meade Basin (shotpoint 420). 





FIGURE 89 

LIIIE 89X-78-6-1184, SHOTPOINTS 470-400, 
SCALED FiNAL STACK 

seismic line 89X-78, located In the Lookout Rldge Quadrangle, 
Intersects the Carbon Trend at a right angle across the Awu .. 
anticline. Thrust faulting with relative movement from sou~ 
to north Is Interpreted along the axis of the Carbon Trent 
down to and 1 nc1 udl ng horl zon 0650. The Awuna ant 1 c 11 ne 1. 
located on the northern flank of this thrust zone and appea., 
to be an allochthanous block. At horizon 0650, closure 
extends approxl.ately 106 miles In length and 6 to 8 miles 1. 
width. The closure Is defined by thrust faulting to tll! 
south and structural dip In all other directions. North dl, 
of horizons 0650 and 0550 Is evident on line 89X-78. 

The Awuna anticline is breached with the Nanushuk-Toral 
section outcropping alon9 the trend axis just south of Awu .. 
1. POSSible trapping mechanls",s In th1s area inclu. 
localized faulting or stratigraphic changes, especlall, 
within the "basal Torok." 
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FIGURE 90 

LINE 732-80-11~ SHOTPOINTS 134-198. 
SCALED FINAL srR 

Line 732-80 shows structural closure at horizon 0500 
extending down through the Nanushuk Group. Laterally offset 
from this closure, a large structural closure is shown at the 
horizon 0650 level, extending downward through the IIbasal 
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 R1ver 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-R36W. 
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FIGURE 92 

LINE 46XS-79-G-II84, SHOTPOINTS 2040-1601, 
SCALED FINAL stACK 
Line 46XS-79, oriented north-south, displays the multiple 
allochthanous blocks caused by thrust faulting. Relative 
lIovement of these blacks was fren south to north. Usburne 
I, east of this line, 1s the only well in the area. Based on 
information frOil this well, the shallow horizon shown was 
correlated with the Okpik.ruak Famation 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 intenmediate horizon also shows similar southwest dip and 
southeast·trending thrust faults, resulting in large 
structural closures at this level. 

The deep horizon may correlate with the deepest Lisburne 
carbonates reached by Lisburne 1. This horizon shows less 
decoll .... nt defomation but stll1 exhibits large structural 
closures. There is fairly good correlation along seiSllic 
lines 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 

STRUCTURAL FORM LINE MAP 
(SHAllOW HORIZoNl 
The structural form line map (shallow horizon) represents the 
general structure in the shallow rocks of the northern part 
of the Brooks Range Orogen. The region is so cQlllplexly 
faulted that few seisllic horizons can be traced more than a 
few lIiles. It is not possible to correlate seisllic events 
across these faults with any certainty. 
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FIGURE 94 

STRUCTURAl FORM LINE MAP 
(INTERMEDIATE HORiZON) 
The structural form line map (intermediate horizon) 
represents the general structure of the 1ntenmed1ate rocks in 
the northern part of the Brooks Range Orogen. The region is 
50 cCMiplexly faulted that few seismic horizons can be traced 
more than a few lIiles. It is not possible to correlate 
se1SM1c events across these faults with any certainty. 
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FIGURE 95 

The structural fom line IUp (deep horizon) represents the 
general structure of the deep rocks in the northern part of 
the Brooks Range Orogen. The region 15 so complexly faulted 
that few se1s.1c 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 

HISTORICAL CROSS SECTION B-B' 

Histor1cal reconstruction of the NPRA t using successively 
younger datl.DS. shows contemporaneous tectonic episodes for 
In intervil of geologic time, Development of the blsins and 
arches also is shown. Historical cross section 8-BI starts 
in the west (left) at Tunalik 1 and ends in the east (right) 
at Atigaru Point 1. The cross section also includes Peard I, 
Kugrua I, South Meade I, Topagoruk 1. Ikpikpuk 1. East 
Teshekpuk 1. and North Ka11kpik 1. OatUIIS used in the 
historical reconstruction are the tops of parastratigraph1c 
units M-l, M-2b. P-2, TR-3b. J-l. Ka-Ib, and Ka-3. and sea 
level. The main tectonic episodes and features are: 

1. The initial development of the Ikpikpuk Sasin took place 
in 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 
rellai ned a positi ve -tectoni c feature through Late 
Triassic time. Lowering of the Fish Creek Platform and a 
relative rise in sea level allowed unit J-l to be 
deposited in Early Jurassic (Hettang1an) ti.... Renewed 
up11ft of the Fish Creek Platfol'll and subsidence of the 
Tuna11k Basin caused I regional tilt of strata to the 
southwest in Late Jurassic ti.... Up11ft of the Fish 
Creek Platform continued after the Late Jurassic. 
reaching a maxi,.." 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 Cen_nian through 
Tertiary time. 

3. Development of the Meade and Wainwright Arches probably 
occurred in Late Mississippian (late Chesterian) to Early 
Pennsylvanian (Morrowan) tine and possibly earlier in 
Meramecian t1me. The Arches continued to be positive 
tectonic features through Late Cretaceous time. The 
Wlinwright 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 1n late Chesterian to Mor~an time and possibly 
earlier 1n late Meramecian t1me. Further development of 
the baSin continued through Late Triassic time. followed 
by a do .... nt 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 

HISTORICAl CROSS SECTION E-E' 

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

1. The Barrow H1gh existed as a positive feature in the 
early geologiC history of the NPRA (pre-Mississippian). 
Uplift continued through Late Jurassic time. Paleozoic 
to Tr1ass1c rocks lap out on the Barrow High. Subsidence 
of the Fish Creek Platform and the Barrow High and a 
relative rise 1n sea level allowed unit J-l to be 
depOSited in an east-to-west direction 1n Early Jurassic 
(Hettangian) time. Rocks of Hauterivian age (Ka-lb) were 
depOSited completely across the High, indicating a pause 
in up.1ift and a relative rise in sea level. Greatest 
uplift of the Barrow High took place after the deposition 
of the Ka-lb unit over the Bar~ 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 
MeralOec1an) time and continued through Middle Triassic 
(Anisian-ladinian) time. Relatively little basin growth 
took place in Late Triassic (Karnian-Norian-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 tecton1c feature 
through Late Missi 55; ppi an (Chesterian) time. Sei smi c­
strat1graphic evidence indicates that the lniat Platform 
was overlapped by the P-l unit in Early Pennsylvanian 
(Morrowan) time, and depOSition of strata over the 
platform continued through Early Cretaceous (Albian) 
time. Lowering of the umiat Platfonn, uplift of the 
Barrow High, and further subsidence of the lJIniat Basin 
caused a regional tilt of strata to the south in 
Cretaceous t1me. 
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FIGURE 98 

HISTORICAL CROSS SECTION GoG' 

Historical reconstruction of the NPRA, using succeSshely 
younger datlllS, shows contemporaneous tectoni c 'episodes for 
.n Interval of geologic time. The development of the baSins 
is also shown. Historical cross section G-G 1 starts at W. T. 
Foran 1 In the northwest (left) and ends In the southeast 
(right) at Arco ItkllHk Rher 1. II. 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 Ikplkpuk 
Basin. also Includes Cape Halkett 1. Atlg.ru Point 1. South 
Harrison B.y 1. and West Fish Creek 1. Datu",s used in the 
historic.l reconstruction are the tops of parastratlgraphic 
units M-l, M-2b, PR-2, TR-3b, J-l, Ka-Ib. and ka-3, and sea 
level. The main tectonic episodes and features are: 

1. The Barrow Arch existed as a posltlve tectonic feature 
early In the geologic history of the NPRA (pre­
Mississippian) and Influenced deposition of sediments 
until Late Cretaceous t1me. Rocks of late Hauterivian 
age (Ka-lb) were depOSited completely across the Barrow 
Arch, Indicating a rel.tlve rise In sea level. After 
deposition of unit Ka-lb over the B.rrow Arch In late 
Barrsian to early Aptian time, the Barrow Arch was 
uplifted again and re .. alned as a positive tectonic 
feature throughout late Albian time. The Barrow Arch was 
lowered in Tertiary t1111e, but rellained structurally 
higher than the Fish Creek Platform. 

2. The Fish Creek Platfom existed as a positive tectonic 
feature fro. Late MiSSissippian (late Meramecian to early 
Chesterian) time through Late Triassic time. Lowering of 
the Fish Creek Pl.tfo ... and the area between It and the 
Barrow Arch allowed deposition of unit J-l In Early 
JurasSic (Hettangian) ti.... UpHft of the Fish Creek 
Platform and the Barrow Arch and a lowering of the 
Tunallk Basin caused a regional tilt of str.ta to the 
southwest in Late Jurassic time. Uplift of the Fish 
Creek Platfo". continued until late Albian time when 
uplift was greatest. Subs;dence of the Fish Creek 
Pl.Uo .... occurred In Late Cretaceous (early Cenomanian) 
through Terti.ry time. 
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FIGURE 99 

J-la FACIES PROFILES. 8-8' 

Unit J-la is at the base of the Jurassic Kingak Formation. 
The unit is subdivided into four smaller un;ts: J-la(l). 
J-la(2). J-la(3). and J-la(4). 

J-Ia(l). composed of siltstone and shale. apparently occupies 
depressions on the eroded Triassic surface. The bottom cross 
section in this figure shows that J-Ia(l) ;s pre~ent at South 
Meade 1 and Ikpikpuk 1. but is absent at Kugrua I 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-Ia(3) is composed 
lIa1n1y of siltstone and shale. The unit overlies J-la(2), 
except at Tunal1k 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-Ia(4) 
lies directly over unit J-Ia(3) in each well on profile 8-8'. 
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FIGURE 100 

J-1a FACIES PROFILES, E-E' 

Figure 100 shows facies profiles for four subunits of unit 
J-1a at South Sarrow 13, South Sarrow 17, Iko Say I, Kuyanak 
I, South Simpson I, Ikpikpuk I, Inlgok 1, and Seabee 1 (cross 
section E-E'). 

J-hU) occupies depressions In the eroded Triassic surface. 
The unit is absent in South Simpson 1 and on the Sarrow Arch 
to the northwest. 

Unit J-la(2), shown in the lower facies profile, overlies 
J-la(I), except at South Simpson 1 where it overlies Triassic 
section. J-1a(2) Is composed of siltstones and shales with 
interbedded berllke sandstones. These sandstones are collec­
tively called the 'Barrow sandstone.· 

Unit J-la(3) also Is composed of sntstones and shales with 
Interbedded barl1ke sandstones. The lIiddle profile shows 
that these sandstones are present to the northwest f n the 
Sarrow area. This unit thins considerably as it approaches 
the Barrow High. 

Unit J-la(4) has essentially the same lithologic composition 
as unit J-la(3), but Is much thicker In the Barrow area. The 
unit thins to the southeast, and the barl1ke sandstones are 
absent at South Si~son 1 and lkpikpuk 1. 
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FIGURE 101 

TIME-DEPTH AND VELOCITY CURVES. 
TUAAtIR 1 

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

The five major velocity groups shown in figure 101 correlate 
well with Inigok 1 data, especially the interval velocity 
function. 
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FIGURE 102 

This velocity display shows. 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 moJor velOCity groups shown in figure 102 correlate 
well with Tunallk 1 data, espeCIally the interval velocity 
function. 
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fiGURE 103 

SUBSURFACE SHORT-WAVE VELOCITY ANOMALIES 

Tills figure shows the distribution of subsurface short-wave 
velocity anomaHes in the Fish Creek Platfono .rea. These 
.n ..... lles result from rapid variations in the thickness of 
the "Pebble Sh.le" unit. The absence of the low-velocity 
-Gamma Ray Shale,· ·Pebble Shale,· and some basal Torok 
sedfments, due to erosion, contributes to the subsurface 
anomalies. These anomalies manifest themselves as ·pull-ups· 
of underlyfng pre-Cretaceous reflectors on the seismic 
sections. 



/'~ 

~7 

. ,.t-'-' 
"-

, ... (}~ 

r'::' 
,:> 

( 
,..£ - '" ...., 
~ 

~ .( . 
(~ 
\, . ~ .-". .yo: ~ -:, , .. 

;. 
....... .~""" _ .•.. ',~ 

r -

I t ,.A ... ", ,1 .. ' . . " 
/".. . 

IMPSON I 

... -, 
i ... _ ,. 

I ......... 

...... ! 

- ...... 

_ .. - : ..... 

T 
\ 

'"'" . . .... 

.... .." 

/. 
• ! 

-.- " ..... 

• 

. :,,-. -~-
lOt, .' 
'~ ~.'" 
\.. .'. _ .. 

I·" ~ ... , . 
. "1- I. , 

",- '.; .\ .... : 

... 

'. -.. 

... . ..... 

. . , 

j 

I'~ 
. p'", , .•... 

. ! t , 
; "' ..... '-

...... 

DALTON J.W. 

'. 
~ 

.... .. .... 

-... ... 

4 I' S : "-1: ;9ft')- .• 

~J. ~:. -
. -
. . 

lON' • 
.. ,'x. • • 

ATIGARU PT 

• - I 

'-" 1 SH~RT WAVE 
'SUBSURFATCyE ANOMALIES 

'.'" VELOCI I 

'. ,'. "~ C I ' .025ISEC. 

.' ": -~ ;; ,;; . ••. • ~. FIGURE 103 



FIGURE 104 

LINE 75-75-&-1182, SHOTPOINTS 1-80, 
FiRAt STACk 

Thfs northwest-southeast seislfI;c line across the Fish Creek 
area illustrates 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 .. 
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FIGURE 105 

LINE 3O-74-6-1~ SHOTPOINTS 2-69, 
scAlED FINAl sFk 

All reflections on line 30-74 exhibit • pronounced sag 
between shotpoints 35 and 45. lIben.ll sei .. ic reflections 
exhibit the Salle iUIOunt of sag. a surface Of near-surface 
anomaly usually exists. In the NPRA, this type of anaoaly Is 
explained by inconsistencies In the thickness or velocity of 
the high-velocity penlafrost layer. In certain areas, 
especially near acthe lakes and strellls, the permafrost 
layer IS abnonoally thin. This lack of high-velocity surface 
material causes the pulldowns or sags seen on seisllic 
sections. 
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FIGURE 106 

MODEL OF A PERMAFROST VELOCITY AIIOMALY 

Figure 106 Illustr.tes • sl..,le model with • short-w •• e. 
p .... trost-typ.. low-.elocity an .... ly at the surf.ce. The 
figure shows the eff.cts of this .n .... ly on the reflection 
time .nd st.cklng .eloclty of two horlzont.l .. rkers .t 5.000 
ft .nd lZ.0oo ft. with st.cking .eloclty fluctu.tlons of 
3.500 ftls .nd 18.175 ft/s. respectl •• ly •• cross the edge of 
the .n .... ly. The •• erage .eloclty gr.des smoothly trON .bout 
9.300 ttls to 8.700 ttls for the sh.llow marker •• nd from 
.bout 10.300 ttls to 10.000 ftls for the deep .. arker 
(MacCallu. and Card. 1978. p. 55-65). 
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FiGURE 107 

Figure 107 shows the impulse response of various field 
recording filters used with DFS (Digital Field Systellj-I1I, 
DFS-IY, and DFS-V recording systems. These types of systems 
with broad-band filters were used to record all NPRA sei .. ic 
data in 197Z through 1981. 
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FIGURE 108 

OUTPUT FROM VARIOUS OECONVOLUTION OPERATORS 

Figure 108 Illustrates the effects of various deconvolution 
operators on a wavelet resulting from ~nfmum phase correla­
tion of Vlbroseis data obtained frCllll a test.lllpulse. The 
Information presented is directly applicable to data acquired 
using ~namite as the energy source. 

A nearly IIlnllluII phase wavelet similar to the one displayed 
under -A- in the figure would result from a positive reflec­
tion coefficient if 5EG standard recording polarity Is used. 
The NPRA seismic data processed with time variant deconvolu­
tion (TVD) had 5 to 10 percent white noise added. thus "E" in 
the figure is the appropriate display of the output after 
TVO. The resulting complex wavelet IIDst closely approximates 
zero phase, and a positive reflection coefficient produces a 
trough. The output after deslgnature deconvolution (OE5IG), 
shown under -0- in the figure, is v1rtually zero phase, with 
a positive reflection coefficient producing a peak. The 
OIOxllllUlll amplitude of the OESIG output occurs at an earlier 
time than the TVO output. The relative phase angle between 
DESIG and TVO output is about 180·, nearly equivalent to 
reversing the polarity. 
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FIGURE 109 

CORRELATION CROSS SECTION A-A'-A", 
tuNAtlk 1 TO INIGOK I 
The datum of cross section A-A'-A" is the top of the Kingak 
Fonnatfon. The cross section shows the major J-I subdivi­
sions and all of the J-3 subdivisions, which are the J-3aI 
and J-3aII subunits of J-3a; J-3b; and the J-3cI. J-3cII, and 
J-3cIII subunits of J-3c. 

An unconfol'lllity between the Triassic and Jurassic separates 
unit J-I froll the underlying TR-3 unit. The mid-Jurassic 
unconfonli~ separates unit J-I fro", the overlying J-3 unit, 
and an early Neocomian unconformity separates units J-3b and 
J-3c. The basal "Pebble Shale" unconfonnity defines the top 
of the Kingak For.ation, except at Tunalik I where the 
mid-Neocomian unconform;~ separ.ates units J-3c and Ka-Ia. 

The ANA foraminifera zonules are displayed to show their 
relationship to the lithologic subdivisions. 
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FIGURE 110 

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 rock.s and unit J-3 uncon­
formably overlying unit J-1. 

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

The AWA foraminifera zonules shown- for each well indicate 
their relaUonshlp to the lfthologk subdivisions. 
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FIGURE 111 

CORRELATION CROSS SECTION B-B', 
TUNAllR 1 TO ATlGARU POINT 1 
This section shows detailed facies correlations within units 
J-la and J-Ib ("Lower Kingak"). The datum for the section is 
the top of unit J-lb, which in this area is a local unconfor­
mfty. The rest of the -Lower Kingak- 1s 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), J-la(2), J-la(3), and 
J-la(4). Unit J-lb has two subunits: J-Ib(ll and J-Ib(2). 
On this section, subunit J-laU) is present only in South 
Meade 1 and Ikplkpuk I. In Tunallk I, only J-Ia(4) and the 
upper. part of J-Ia(3) are present. In Peard I, J-Ia is 
absent and J-Ib(l) directly overlies TR-3. 
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FIGURE 112 

This section shows detailed facies correlations within 
units J-la and J-lb ('lower Kingak"). The datum for the 
section is the top of unit J-1b, which in this area is a 
local unconfonaity. 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-1a(l}, J-1a(2}, J-1a(3}, and 
J-1a(4}. Unit J-1b has two subunits: J-lb(1} and J-1b(2}. 
Subunit J-1al1} is absent at South Simpson 1. Subunit 
J-1b(Z} Is present only at Walakpa 1. At 1nigok I, the upper' 
part of J-1a(3} and all of J-1a(4} and J-1b are absent • 
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FIGURE 113 

This section shows detafled facfes correlations wlthfn 
the subunfts J-lcll) and J-lc(Z) (uppel'llOst "lower Kfngak") 
and unit J-3a (lowermost "Upper Kingak"). Unit J-la Is 
present In Tunallk I, where units J-lb and J-lc are absent. 
The datu. for the sectfon fs the mfd-Jurassfc unconformfty. 
The top of unft J-3a fs a local unconformfty. 

Above the mfd-Jurasslc unconformfty, subunits J-3al and 
J-3an were finely subdivided for lIore detalled study. 
J-3aI, which contains the "Simpson sandstone," 15 divided 
Into flve SUbunits. The best developed sands on this cross 
section appear In subunit J-3aI(4) at Kugrua I, Peard 1, and 
South Meade 1. 

Unit J-3an Is divided Into six subunits. Subunit J~3anll) 
Is present only In Tunallk 1 and Kugrua 1. Units J-3a1I(S) 
and J-3aII(6) are not recognizable In Ikplkpuk 1. 
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FIGURE 114 

CORRELATION CROSS SECTION 0-0'-0', 
IIAlXkPA 1 TO INIGO\( 1 

Thfs sectfon shows detafled facfes correlatfons for subunft 
J-lc(2) (uppermost 'Lower Kingak') and subdfvfsfons of unit 
J-3a (lowermost "Upper Kfngak·). All Of unft J-lc fs absent 
fn West Ffsh Creek 1 and Infgok 1. The datum fs ~he IIfd­
Jurassfc unconformity. The top of J-3a is a local unconfor­
mfty fn thfs area. 

Unft J-3a fs the fnterval that contafns the 'Sfmpson sand­
stone'; the best development of thfs sandstone on thfs 
sectfon fs at South Simpson 1. Subunfts J-3aI and J-3aII 
were subdfvided further for IIOre detafled study. All of 
subunit J-3U(4) and most of the basal part of J-3aIlS) are 
lIissfng at South Harrfson BIIY 1 where these subunits appear 
to lap onto a IIfnor. local unconfonnfty. At South Harrfson 
BIIY 1. subunft J-3aII(2) is fnterpreted to lap onto J-3aI(S). 
The upper part of J-3aI and all of J-3aII are truncated by 
the basal 'Pebble Shale' unconfomity, whfch also truncates 
the upper part of J-3aII(3) at East Teshekpuk 1. At Walakpa 
I, the ·Walakpa sandstone" fs fnterpreted to overHe the 
basal 'Pebble Shale' unconfomity at the top of subunit 
J-3all(5). 
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FIGURE 115 

This section shows detailed facies correlations for subunits 
J-3alI(4) and J-3alI(5). The datull Is the top of subunit 
J-3alI(3). The top of the section frOll Ikplkpuk 1 eastward 
Is the base of unit J-3b. 

At Walakpa 1. the top of subunit J-3all(S) Is the basal 
'Pebble Shale' unconfo .... lty, 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) fr ... Walakpa 1 toward West Fish Creek I, and 
thickening of J-3all(5) froll Walakpa 1 to Ikplkpuk 1. 
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FIGURE 116 

Figure 116 shows the facies distribution of Early Jurassic 
(J-llj strata In the NPRA. The llnelr distribution of slnds 
Indlcltes probable deposition IS strand bars. The presence 
of Idjaeent clays ereltes possible hydrocarbon en.lro_nts 
beelluse of the close proxi_tty of potential sources to 
potential reservoirs • 
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FIGURE 117 

The Neocom1an sand represented by th1s t1me map 15 
1nterpreted as ly1ng 1mmediately above se1sm1c hor1zon 0800. 
To the west and south, the sands appear to downlap onto the 
horizon on the seismic sections; the northwestern li.it is 
not as well def1ned se1smically. The Neocomhn sand 
term1nates due to either truncation by a local unconform1ty 
or lateral fac1es change to the northwest. 

Contours are represented by dashes 1n the northwestern part 
of the nap due to a lack of seism1c data • 
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FIGURE 118 

This cross section illustrates the stratigraphic relationship 
between the uppermost Kingak Format;on and the overlying 
·Pebble Shale- unit and Torok Fonnation. The "Pebble Shale" 
'J!!.lt Is denoted by ® on figure 118. Numbers Q), ®, and 
Q) represent the interval containing the Neocomian sands at 
Tunal1k 1; this interval is equivalent to the Ka .. la 
parastratigraphic unit and was identified only in Tunal1k 1. 

The Neocaa1an sand with significant gas shows in the interval 
from 12,510 to 12,565 ft (3,814 to 3,831 ml Is the sand unit 
represented as ill . 
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FIGURE 119 

This cross section illustrates the stratigraphic relationship 
between the uppermost Kingak Formation and the overlying 
·Pebble Shale- unit and Torok Formation. The ·Pebble Shale­
unit is denoted by @ on figure 119. Numbers <D. ®. and 
@ represent the interval containing the Neocomian sands at 
Tunal1k. 1 that contain gas. This interval is equivalent to 
the Ka-la parastratigraphic unit and was identified only in 
Tunallk 1. 
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FIGURE 120 

COMPARISON OF REGIONAL CYCLE CHART 
OF NPRA WITH GLOBAL CYCLE cHART 
F1gure 120 compares paleoenvironmental sequences of selected 
NPRA wells and global cycles during Devonian to Tertiary 
t1me. The extreme 1eft- and right-h.and scales show geologic 
time 1n millions of years. On the left side of the chart are 
f1r5t-,. second-. and third-order global cycles outlined by 
Vall 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 empare more 
clearly the paleoenvironmental sequences of the NPRA to the 
global sea-level turves. 

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 geological time scale, the ANA foramini­
feral zones (Anderson. Warren, and ASSOCiates, 1914-1919) and 
parastratigraphic units are given. The figure also shows 
paleoenvironmental sequences for six selected NPRA wells and 
average sed1mentation rates for the main parastratigraphic 
units. 

The depOSitional environments represented in the selected 
NPRA wells range from nonmarine to open marine equivalent to 
modem 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 late 
Cretaceous age are mainly nonllarine to marginal-marine 
deposits. The interpretations of paleoenv1 ronmental 
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 paleoenVironmental 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 1Zl 

Vitrinite reflectance of 1.2 percent was not reached in any 
well northwest of Atigaru Point 1. At South Barrow 13. 
mature sect10n was not penetrated. 

Geoch ... k.l data for Cape Halkett I ends at 4.900 ft (1.494 
mI. Oashed lines Indicate projected vitrinite reflectance 
and gas~tness values. 
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FIGURE 122 

On cross section 8-B I
, vitrinite reflectance of 1.2 percent 

was reached at all wells except North Kallkplk 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 

Vitr1nite reflectance values of 1 .. 2 percent were reached at 
all wells on cross section D-DI except for Walakpa 1, South 
Barrow 13, and South Barrow 17. At South Barrow 13. IIilture 
section .as not penetrated. Abnol'1llillly shallow maturity and 
post-maturity levels at Lisburne 1 are in agreement with 
thrusting detennlned by seYeral other methods. 

Gas....wetness data are not available for South Barrow 3 and 
O_lik 1. 
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FIGURE 1Z4 

CROSS SECTION E-E'~OURCE ROCK 
POTERfIALITHERMAl TURATION 

On cross section E-EI. no vitrinite reflectance values of 1.2 
percent were r.ached northwest of South SImpson 1. At South 
Barrow 13, no mature section was penetrated. 

Gas-wetness data are not avaIlable for SImpson I, and depths 
ar. projected. In Seabee 1. the top of the 50 percent gas­
wetness interval 1s questionable. 
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FIGURE 125 

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 mI. The short horizontal lines on the left side of 
the well colUIIII represent ol1-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 15 considered oil-prone, 15 lipid-rich 
material found in marine or lacustrine sediments. Herbaceous 
kerogen IIiIY be either 011- or gas-prone and 15 llpld-rlch 
material derived from terrestrial plants. Wo~ kerogen Is • 
gas source derived from woody structural plant materfal. 
Inertinite, which is composed of charred wood and "dead" 
oxidized carbon, is not a ~drocarbon source. 
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FIGURE 126 

In crosS section 8-8 1
, 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 ga5-
prone sources. 

Four kerogen types, identified by optical analyses, are shown 
in their relative abundance.. These types are amorphous, 
herbaceous, woody, and inertinite kerogen. Allorphous 
kerogen, which 1s considered oil-prone, 1s l1pid-rich 
material found in marine or lacustrine sediments. Herbaceous 
kerogen IM.Y be either 011- or gas-prone and 1s lipid-rich 
material derived from terrestrial plants. Woody kerogen Is a 
gas source derived from woody structural plant materfal. 
Inertinite, wMch is composed of charred wood and -dead" 
oxidized carbon, is not a hydrocarbon source. 
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CROSS SECTION D-D't VISUAL KEROGEN COMPOSITION 
AND PHCJOC SOURCE YPE INDICATORS . 

In cross section 0-0 1
, the short horizontal lines on the left 

side of the well columns represent oll-prone sources 
Indicated by PHC/OC .alues. The longer lines represent gas­
prone sources. 

Four kerogen types, identified by optical analyses. are shown 
in their relative abundance. These types are aJIIorphous, 
herbaceous, woody, and inert i ni te kerogen. Allorphous 
kerogen, which 1s considered oil-prone, is lipid-rich 
material found in marine or lacustrine sediments. Herbaceous 
kerogen IU.Y be either on- or gas-prone and Is lipid-rich 
material derived fro. terrestrial plants. Woody kerogen is a 
gas source derived from woody structural plant material. 
Inertinite, which is clBposed of charred wood and IIdead­
oxidized carbon, 1s not a hydrocarbon source. 
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FIGURE 128 

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

Four kerogen types, identified by opt1ca1 analyses. are shown 
in their relative abundance. These types are atIIorphous, 
herbaceous, woody, and 1nertinite kerogen. Amorphous 
kerogen, which 1s considered 011-prone, 1s lipid-rich 
.aterlal found in marine or lacustrine sed1.ents. Herbaceous 
kerogen NY be either oH- or gas-prone and Is lipid-rich 
Raterlal derived from terrestrial plants. Wo~ 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 ~drocarbon SOurce. 
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FIGURE 129 

TECTONIC REGIONS MAP, NPRA 

TIle three 1I01n 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 
lIOinly stratigraphic. In the Foothills Belt, there are large 
antlclfnal trends both north and south of the Carbon Trend. 
Thrust faulting in the Brooks Range Orogen may provide 
hydrocarbon traps sonoewhat simllar to those in the RockY 
Mountain Overthrust Belt • 
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FIGURE 130 

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

1. Of the four wells. only Tunalik 1 and Ll~burne' 1 
penetrated pre-CretaceOU5 rocks. None of the wells 
reached basement. The deepest well was Tunalik 1. which 
reached unit P-l (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-l ("Lower Kingak") is deeply truncated by the mid­
Jurassic unconformity. At Tunalik 1. only 140 ft (43 m) 
of J-la remain. Unit J-l is absent at lisburne 1. 

3. The mld-NeocOilian unconforllity truncates unit J-3 (I'Upper 
Kingak"). 

4. The basal ·Pebble Shale· unconformity truncates the Ka-la 
unit. At Tuna11k 1. Ka-la consists of 1.705 ft (520 m) 
of interbedded 511ty sandstones and siltstones that are 
NeoeOllian. The silty sandstones may be turbidites. 

5. Torok fondothem (bottomset) beds withl n the t ime­
transgressive Ka-2 unit are present above the Ka-lb 
("Pebble Shale") unit at Tunalik 1. At Awuna 1. the 
Torok fondothem beds within Ka-2 were the deepest rocks 
reached. The Torok undathell (topset) beds within Ka-2 
are the deepest strata penetrated at Kaolak 1. 

6. The tille-transgressive Ka-3 unit (Torok-Nanushuk) 15 
present just below Quaternary beds at Tunalik 1 and 
Kaolak 1. At Tunalik l~ Ka-3 contains Nanushuk marine 
and nomarine beds. At Kaolak l~ Ka-3 1s COilPOSed of 
Nanushuk nonmar1ne rocks. 

7. At Awun. 1. Torok clinoth ... (foreset) beds within Ka-2 
are at the surface; at lisburne 1~ Torok fondothem 
(bottomset) beds w1thin Ka-2 are at the surface. 

8. Just north of lisburne 1 is a zone of thrust faulting. 
which precludes direct correlation with we11s to the 
north. Five fault-separated repeat sequences were found 
at lisburne 1; tops for the plates are given in figure 
69.. Numerous high ganma-ray curve deflections 1n the 
TR-3a (Shublik) to Ka-lb interval may indicate several 
unconfonn1ties and slow deposition in this area. All 
pre-Cretaceous rocks thin at lisburne 1. 
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FIGURE 131 

Because of the inadequate quality of the seismic data over 
most of the length of cross section C-C 1 ~ a compressed 
seismic cross section was not compiled. This parastrati­
graphic cross section was assembled by plotting seismic 
horizon t1mes where seismic lines intersect the line of 
sect10n. (Seismic line numbers are shown along the datum 
11 ne.) The poi nts were then compared to 1 nter-preted 
conventional seismic sections and projected accordingly. 
Features of interest on the northwest (left) portion of the 
figure include: 

1. The southeastward lapout of P-l onto a minor, pos1tive 
basement feature. northwest of Kaolak 1, 1s apparent. 
This basement feature is probably a saddle along the 
Wainwright Arch-utukok High 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 Fomation is relatively thin. Units TR-3 and J-I 
are cOllbined southeast of Kaolak 110 because it 1s 
difficult to separate horizon 1000 (top of TR-3b) from 
horizon 0900 (mid-Jurassic unconfonnity) beyond that 
poInt. 

4. The !<a-Ia part of the Kingak Formation is relatively 
thicker than the Jurassic part. At Tunalik 110 several 
turbidlte(?) 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 Meocomian In age. 

Farther to the southeast 10 it is more difficult to trace 
seisllic horizons due to poor data quality. Features of 
Interest include: 

1. At Awuna I, there are anticlines and thrust faults 
comprising the prominent Carbon Trend. which is the 
largest surface structure of potential economic interest 
withIn the FoothIlls 8elt. 

2. In the cOIIIPlexly thrust-faulted area around Lisburne I, 
six thrust plates are identifiable in sefSRI1c sections. 
Five of these plates were drilled at LIsburne 1. 

Between seismic lines 49 and l07XE, there is a large area of 
virtually uninterpretable data. 
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FIGURE 132 

LINE R7XK-79-G-1186, SHOTPOINTS 578-401, 
StAUO FiNAl StACk 

Line R7XK-79, o.lented In a north-south dl.ection In the 
northwest portion of the Lookout Ridg. Quadrangle, crosses 
the east-west t.endlng Shanlnga.ok anticline. This f.atu •• 
• xhibits closu ••• xt.nding app.oxillat.ly 26 III (42 km) In 
l.ngth and 5 to 7.1 (8 to 11) In width. Th. sh.llow section 
within this •••• also Is cut by sh.llow th.ust faulting. 
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