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Cover.  Exposure of Kingak Shale (foreground and lower ridge) overlain by sandstone in the Torok Formation at ridgetop. Pebble shale 
unit and gamma ray zone are either covered by talus below the Torok Formation or are absent in this area owing to erosion at base 
of the Torok Formation. The Torok sandstone at ridgetop comprises basin-floor fan deposits inferred to be part of the Torok foredeep 
wedge (see fig. 2 and text). Exposure is on Gilead syncline, approximately 150 kilometers east of the Colville and East Umiat well 
locations shown in figure 3. Relief from foreground exposure to top of ridge is approximately 300 meters.
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Abstract
The Jurassic–Lower Cretaceous Kingak Shale in the 

National Petroleum Reserve in Alaska (NPRA) includes 
several southward-offlapping depositional sequences that 
culminate in an ultimate shelf margin, which preserves the 
depositional profile in southern NPRA. The Kingak Shale 
thins abruptly southward across the ultimate shelf margin and 
grades into condensed shale, which is intercalated with under-
lying condensed shale and chert of the Upper Triassic Shublik 
Formation and overlying condensed shale of the Lower Cre-
taceous pebble shale unit and the gamma-ray zone (GRZ) of 
the Hue Shale. This composite of condensed shale forms a thin 
(≈300-meter) and mechanically weak section between much 
thicker and mechanically stronger units, including the Sadlero-
chit and Lisburne Groups below and the sandstone-prone 
foredeep wedge of the Torok Formation above.

Seismic interpretation indicates that the composite 
condensed section acted as the major detachment during an 
Early Tertiary phase of deformation in the northern foothills of 
the Brooks Range and that thrust faults step up northward to 
the top of the Kingak, or to other surfaces within the Kingak 
or the overlying Torok. The main structural style is imbricate 
fault-bend folding, although fault-propagation folding is evi-
dent locally, and large-displacement thrust faults incorporate 
backthrusting to form structural wedges. The Kingak ultimate 
shelf margin served as a ramp to localize several thrust faults, 
and the spatial relationship between the ultimate shelf mar-
gin and thrust vergence is inferred to have controlled many 
structures in southern NPRA. For example, the obliqueness 
of the Carbon Creek anticline relative to other structures in 
the foothills is the result of northward-verging thrust faults 
impinging obliquely on the Kingak ultimate shelf margin in 
southwestern NPRA.

Introduction
The architecture and geometry of clastic depositional 

sequences exert a primary control on the character and distri-
bution of lithofacies and, therefore, on mechanical anisotropy. 
Thus, depositional sequences comprising a variety of lithofa-
cies have the potential to significantly influence structures gen-
erated during contractional deformation. Although the effects 
of mechanical anisotropy arising from lithologic contrasts 
between formations are recognized routinely at the regional 
scale (for example, Wallace and Hanks, 1990), the influence 
of sequence stratigraphy and the inherent three-dimensional 
complexity in lithofacies distribution rarely are considered in 
studies of structural geology.

This study, based mostly on two-dimensional seismic 
data and sparse well control, integrates sequence stratigraphic 
and structural interpretations to evaluate the influence of 
Jurassic–Lower Cretaceous depositional sequences on the 
character and geometry of contractional faults and folds in 
the northern foothills of the Brooks Range in northern Alaska. 
This study was conducted in the southwestern part of the 
National Petroleum Reserve in Alaska (NPRA), where two 
main stages of contractional deformation, one in the Early 
Cretaceous and one in the Early Tertiary, have been docu-
mented (Moore and others, 2004).

Specific objectives of this study are to (1) document the 
stratal geometry of the Jurassic–Lower Cretaceous Kingak 
Shale, (2) interpret the geometry and kinematic origin of faults 
and folds, and (3) evaluate whether depositional sequences 
and stratal geometry influenced the development and geometry 
of structures.
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Geologic Setting

Stratigraphy

The stratigraphy of northern Alaska typically is divided 
into four tectonostratigraphic sequences that reflect main 
stages of tectonic development (fig. 1; Lerand, 1973; Hubbard 
and others, 1987). Acoustic basement consists mostly of pre-
Mississippian low-rank metamorphic rocks of the Franklinian 
sequence, which was broadly deformed during the Ellesmerian 
orogeny (Late Devonian–Early Mississippian; Moore and 
others, 1994). The overlying Ellesmerian sequence comprises 
Mississippian to Triassic marine carbonate and nonmarine to 
shallow-marine siliciclastic strata deposited on a south-facing 
(present coordinates) passive continental margin prior to open-
ing of the Canada Basin (Bird and Houseknecht, 2011). The 
Beaufortian sequence is a succession of Jurassic to Lower Cre-
taceous (Neocomian) siliciclastic strata that record erosional 
and depositional effects of rift opening of the Canada Basin 
(Hubbard and others, 1987; Houseknecht and Bird, 2004, 
2011). The Brookian sequence consists of Cretaceous to Ceno-
zoic siliciclastic sediments derived from the Chukotka and 
Brooks Range orogenic belts and deposited as deep marine 
through nonmarine strata in the Colville foreland basin and on 
the continental margin to the north (Houseknecht, Bird, and 
Schenk, 2009; Houseknecht and Bird, 2011). Regional aspects 
of these four sequences have been summarized by Moore and 
others (1994), Bird (2001), and Bird and Houseknecht (2011).

This study is focused on a stratigraphic interval that spans 
from the Shublik Formation of the Ellesmerian sequence to 
the Nanushuk Formation of the Brookian sequence (figs. 1, 2). 
Additional details of this stratigraphic succession are provided 
in the following sections.

Shublik Formation
The Middle–Upper Triassic Shublik Formation was 

deposited on a south-facing (present coordinates) open-marine 
shelf influenced by upwelling conditions (Kelly and others, 
2007). The formation comprises bioclastic carbonate, siltstone, 
shale, and sandstone that are variably phosphatic and glau-
conitic. In the study area, the Shublik likely is less than 150 
meters (m) thick and comprises mostly organic rich shale and 
limestone (Kelly and others, 2007), although no well penetra-
tions exist to confirm these inferences. In exposures in the 
eastern Brooks Range and in well penetrations to the north, the 
Shublik commonly is organic rich and is considered a major 
petroleum source rock in Arctic Alaska (Peters and others, 
2006; Kelly and others, 2007).

Kingak Shale
The Jurassic–Lower Cretaceous (Neocomian) Kingak 

Shale in NPRA comprises a succession of southward-offlap-
ping depositional sequences that are inferred to reflect various 

phases of rift-shoulder uplift and quiescence during opening 
of the Canada Basin (Hubbard and others, 1987; Houseknecht 
and Bird, 2004). An isopach map of the Kingak Shale illus-
trates a zone of maximum thickness (900 to more than 1,200 
m) that bisects NPRA from west-northwest to east-southeast 
(Houseknecht and Bird, 2004). From this zone of maximum 
thickness, the Kingak thins gradually northward owing to dep-
ositional onlap, truncation by intraformational unconformities, 
and truncation by the Lower Cretaceous unconformity (LCU), 
which forms the upper contact of the formation (fig. 2). South-
ward from the zone of maximum thickness, the Kingak thins 
more abruptly across an ultimate shelf margin (the farthest 
basinward shelf margin, which preserves a relict depositional 
profile), and the upper contact of the formation is a correlative 
conformity to the LCU (Houseknecht and Bird, 2004).

Internally, the Kingak Shale comprises four depositional 
sequence sets, each of which is a heterolithic succession of 
shale, silty shale, and sandstone stacked into multiple coars-
ening-upward sequences. The distal part of each sequence set 
includes a transgressive deposit of condensed shale at the base, 
and the same is true of the smaller-scale sequences within 
each sequence set (Houseknecht and Bird, 2004). At the distal 
toe of each sequence set and sequence, the condensed shale 
downlaps to near the base of the formation and coalesces with 
other beds of condensed shale to form a composite condensed 
section in the most basinward part of the formation (fig. 2).

Pebble Shale Unit and Gamma-Ray Zone
The Kingak Shale is overlain by the mostly Hauterivian 

pebble shale unit (PSU), a universally applied yet informal 
stratigraphic term for a generally fining-upward succession of 
condensed shale containing variable amounts of disseminated 
silt, sand, pebbles, and cobbles (Bird and Molenaar, 1987; 
Macquaker and Keller, 2005). The PSU grades upward into the 
gamma-ray zone (GRZ; also called “highly radioactive zone,” 
or HRZ), formally part of the Hue Shale (Bird and Molenaar, 
1987; Mull and others, 2003). The GRZ is condensed, organic 
shale whose age in NPRA likely spans Barremian to Aptian. 
Tongues of the GRZ are draped on transgressive surfaces in 
the overlying Torok Formation, both in the “foredeep wedge” 
and foreset seismic facies of Houseknecht and Schenk (2001) 
and Houseknecht and others (2009b).

The PSU and basal GRZ are interpreted as a transgressive 
systems tract, and the remainder of the GRZ is interpreted as 
distal, starved basin deposits that accumulated during numer-
ous cycles of relative sea-level change (Houseknecht, LePain, 
and others, 2009). Together, the PSU and GRZ comprise 
condensed, organic shale. Both the seismic velocity and the 
density of this shale are low and therefore contrast with verti-
cally adjacent strata to yield a regionally extensive, high-
amplitude reflection marking the contact between Beaufortian 
and Brookian strata. The composite PSU-GRZ condensed 
shale mantles the ultimate shelf margin of the Kingak Shale 
and is inferred to downlap nearly onto the Kingak condensed 
shale in the southern part of the basin (fig. 2).
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Figure 1.  Chronostratigraphy of the National Petroleum Reserve in Alaska showing 
tectonostratigraphic sequences (modified from Houseknecht and Bird, 2004). Fm., 
formation; Ma, mega-annum; Ss., sandstone.
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Torok and Nanushuk Formations
The Torok and Nanushuk Formations, together with the 

GRZ, constitute a clinothem formed by a depositional system 
that prograded eastward and northward in the Colville foreland 
basin (Molenaar, 1988; Houseknecht, Bird, and Schenk, 2009). 
The Torok Formation, mostly Aptian–Albian in NPRA, com-
prises sandstone and silty mudstone deposited in basin-floor 
fan and marine slope environments. The Nanushuk Formation, 
mostly Albian–Cenomanian in NPRA, comprises mudstone, 
sandstone, and coal deposited in marine shelf, shoreface, delta, 
fluvial, and paludal coastal plain settings.

The Brookian clinothem comprises three main architec-
tural elements in the study area (shown in figs. 3 and 4), which 
is on the northern margin of the Colville foredeep. The lowest 
element (lower part of Torok Formation) is a wedge-shaped 
body of mostly sandstone deposited in a basin-floor fan setting 
and restricted to the foredeep (fig. 2; Houseknecht and Schenk, 
2001; Houseknecht, Bird, and Schenk, 2009; Houseknecht, 
LePain, and others, 2009). This “foredeep wedge” is at least 2 
kilometers (km) thick in the area of greatest accommodation, 
which is basinward of the Kingak ultimate shelf margin (fig. 
2); it thins northward and pinches out into the GRZ. The most 
abrupt northward thinning occurs where the foredeep wedge 
pinches out across the relict Kingak ultimate shelf margin (fig. 
2). The thinner, upper portion of the foredeep wedge thins 
more gradually northward from the Kingak ultimate shelf 
margin and pinches out completely across central NPRA; this 
architectural element is absent in northern NPRA (House-
knecht and Schenk, 2001; Houseknecht and others, 2009b). 
The foredeep wedge internally consists of tabular bodies of 
mostly sandstone tens to hundreds of meters thick and tens of 
kilometers wide, separated by beds of condensed shale that are 
tongues of the GRZ (fig. 2).

The middle architectural element (upper part of Torok 
Formation) is a regionally persistent, 1.0- to 1.5-km-thick 
unit of silty mudstone deposited in a marine slope setting 
(fig. 2). Beds in this “slope clinoform” element downlap onto 
the foredeep wedge in the study area, downlap into the GRZ 
in northern NPRA where the foredeep wedge is absent, and 
toplap the upper architectural element (Nanushuk Formation) 
everywhere in NPRA. The Nanushuk Formation is the topset 
portion of the clinothem (fig. 2) and consists of interbedded 
mudstone, sandstone, and coal deposited in a spectrum of shal-
low marine to nonmarine environments. Although internally it 
appears seismically tabular, the topset element thins eastward 
and northward across NPRA (Bird, 1988) as the result of 
accommodation growth in the foredeep during deposition and 
the aggradational trajectory of the toplap surface that separates 
shallow marine facies above from marine-slope facies below 
(Houseknecht and Schenk, 2001; Houseknecht, Bird, and 
Schenk, 2009; Houseknecht, LePain, and others, 2009).

Structure

The study area lies within the Brooks Range frontal 
fold and thrust belt, in which structures generally grade 
from simple, upright folds in the north to complex folds and 
thrust faults involving deeper stratigraphic levels in the south 
(Kirschner and Rycerski, 1988; Moore and others, 1994, 
2004; Potter and Moore, 2003; Duncan and others, 2012). 
Deformation along the northern front of the Brooks Range is 
inferred to have occurred in two phases: one during the Early 
Cretaceous and characterized by significant shortening and 
low structural relief, and the second during the Early Ter-
tiary and characterized by modest shortening and significant 
structural relief (Moore and others, 2004). Deformation in the 
study area occurred mostly during the latter phase because the 
depositional age of deformed Brookian strata postdates the 
Early Cretaceous phase of tectonism and no growth strata are 
evident.

An apparent structural discontinuity crosses obliquely 
the fold and thrust belt in southwestern NPRA (Kirschner and 
Rycerski, 1988). Named the “Carbon Creek fault(?) zone” (fig. 
3), the WNW.–ESE.-trending discontinuity was defined on the 
basis of the westward termination of W.–E. striking anticlines 
on the north side, a bend in the strike of the Carbon anticline 
(later mapped as the Carbon Creek anticline on the basis of 
surface geology by Mull and others (2006b)) on the south side 
(from W.–E. to WNW.–ESE., parallel to the discontinuity), 
and an abrupt southward increase in the complexity of detach-
ment folds across the discontinuity inferred from seismic data 
(Kirschner and Rycerski, 1988). The discontinuity also is 
evident in digital elevation and Landsat images, with topogra-
phy mostly controlled by long-trending anticlines defined by 
sandstone in the Nanushuk Formation to the north and shorter-
trending synclines defined by sandstone in the Nanushuk 
Formation to the south (fig. 3). Kirschner and Rycerski (1984) 
suggested that the Carbon Creek fault zone may represent a 
dextral strike-slip fault or en echelon series of faults. Both 
north- and south-vergent thrust faults were described along 
some segments of the anticline, but no explanation was given 
for the abrupt change in trend of the fold near its northwestern 
extent (Mull and others, 2006b).

The Carbon Creek fault zone (Kirschner and Rycerski, 
1988) or anticline (Mull and others, 2006b) lies on-trend to the 
southeast with the Tuktu escarpment, the roof of a prominent 
triangle zone. The Tuktu escarpment is considered an abrupt 
structural boundary between domains of lesser (north) and 
greater (south) degrees of deformation (Potter and Moore, 
2003; Moore and others, 2004; Duncan and others, 2012).

Methods
This subsurface study is based mostly on two-dimen-

sional seismic data and sparse well control, although pub-
lished outcrop data were used to corroborate observations and 



6    Influence of the Kingak Shale Ultimate Shelf Margin on Frontal Structures of the Brooks Range in Alaska

EXPLANATION

68°N

69°N

70°N

71°N 160°W
162°W

158°W
154°W 152°W   150°W

R-
1

R-
2 R-

3

R-3

R-
21

R-
21

R-
4

R-
4

R-
5

R-5

R-
22

R-
22

R-
23

R-
23

R-
19

R-
19

R-
10

R-
10

R-
7

R-7

R-
9

R-
9

R-
8

R-
8

R-6

R-
6

R-
2

R-
1A

LT

R-1ALTR-
1

R-20

R-24

R-24

R-20

R-17

R-17

R-16

R-16

R-15

R-14

R-14

R-15

R-12

R-12

R-13

R-13

R-11

R-11

R-13ALT

R-
13

AL
T

R-18

R-18

Seabee 

East Umiat
Colville

Tulaga

Lisburne

Exploration well and
  identifier

National Petroleum Reserve in
  Alaska (NPRA) boundary Carbon Creek fault zone

Norseman anticline

Tuktu escarpment 

Carbon Creek anticline

Northern front of Brooks Range
Seismic line and identifierR-22

Lisburne

Awuna

Tungak Creek

Akulik

Koluktak

Inigok

ALASKA

156°W

Study area

INDEX MAP

Digital elevation data from Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER) Global

Digital Elevation Model Version 2, 2013

Base from Bureau of Land Management digital data, 2012
Geographic projection, decimal degrees
Datum, North American Datum of 1983

0 20 40 60 80 KILOMETERS

0 20 40 60 40 MILES
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interpretations. Most stratigraphic and structural interpretation 
was done on a digital workstation running IHS Kingdom® 
8.7 software. Stratigraphic and structural interpretations were 
performed on a regional grid of 1974–1981 vintage, public-
domain seismic data comprising 26 lines that previously had 
been reprocessed by using post-stack time processing tech-
niques (Miller and others, 2000, 2001).

Formation tops and key sequence boundaries were cor-
related across the study area on the basis of reflection continu-
ity and concepts of seismic/sequence stratigraphy. Sequence 
boundaries and other key surfaces in the Kingak Shale and 

Brookian clinothem were based on interpretations of House-
knecht and Bird (2004), Houseknecht, Bird, and Schenk 
(2009), and Houseknecht, LePain, and others (2009) and cor-
related into areas not previously mapped on the basis of conti-
nuity of seismic reflections. Faults and folds were interpreted 
on seismic lines by using the principles of fault-related folding 
outlined by Shaw and others (2005).

Formation tops and other key stratigraphic surfaces, most 
of which were picked in wireline logs from exploration wells 
by Kenneth J. Bird (USGS, retired), were tied to nearby seis-
mic lines to establish an initial time-depth (T-D) function for 
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each well. The initial well ties were based on the interpreta-
tions of previous workers (for example, Molenaar, 1988; Bird 
and Molenaar, 1992; Houseknecht and Bird, 2004; Kulander 
and others, 2005; Houseknecht, Bird, and Schenk, 2009) and 
correlation between distinct seismic reflections and well-log 
response. These well ties subsequently were refined by con-
struction of a synthetic seismogram for each well for which 
both sonic and density logs were available, as well as by cor-
relation of the resultant synthetic to nearby seismic lines.

Observations and Interpretations

Stratal Geometry

The overall geometry of the Kingak Shale was confirmed 
by constructing an isochron map (fig. 4) between the top of 
the Shublik Formation (or top of the Sag River Sandstone in 
northern NPRA) and the top of the Kingak Shale (fig. 1). A 
zone of maximum thickness, defined approximately by the 
0.5-second isochron, bisects NPRA from west-northwest to 
east-southeast. Using a time-thickness function (0.18 second 
equals approximately 300 m) for the Kingak Shale, derived 
from the T-D function calculated for the Husky Inigok #1 well 
(“Inigok” in fig. 3), we estimate that the zone of maximum 
thickness ranges from about 750 m to about 1,200 m. North-
ward from the zone of maximum thickness, the Kingak Shale 
thins gradually to a featheredge or complete pinchout near 
the northeastern boundary of NPRA (fig. 4). Southward from 
the zone of maximum thickness, the Kingak Shale thins more 
abruptly to about 150 m (less than 0.1 second; fig. 4).

Our isochron map is consistent—both in overall geom-
etry and absolute thickness—with a previously published 
isopach map constructed using depth-converted seismic data 
and well penetrations (fig. 1 of Houseknecht and Bird, 2004). 
The isochron map extends farther south and therefore better 
defines the basinward thinning across the relict Kingak ulti-
mate shelf margin. This relict shelf margin preserves between 
600 and 1,050 m of relief over a distance of 15 to 40 km. The 
southward thinning also corresponds to the gradation of the 
Kingak Shale into a basinal condensed section. Significantly, 
the relict Kingak shelf edge, defined approximately by the 
0.5-second isochron along the southern margin of the zone of 
maximum thickness, is not linear across the width of NPRA 
but displays a prominent southward bulge in southwest-central 
NPRA (fig. 4).

Although deformation precludes detailed estimation of 
the thickness of the Torok foredeep wedge, it thickens south-
ward from a few hundred meters in central NPRA to more 
than 3,000 m in southern NPRA. The southward thickening is 
attributed partly to the 600–1,050 m of increased accommoda-
tion across the relict Kingak shelf margin and partly to flexural 
subsidence of the Colville foredeep in response to tectonic 
loading of the Early Cretaceous ancestral Brooks Range. Our 
seismic observations indicate that the most abrupt thickening 

of the Torok foredeep wedge occurs across the relict Kingak 
shelf margin, as depicted in figure 2.

The thickness of neither the Torok slope clinoform nor 
the Nanushuk topset architectural element appears to be 
influenced by the relict Kingak shelf margin. The southward 
thickening displayed by both occurs on a broader scale that we 
interpret to be the result of flexural subsidence of the foredeep.

Structural Deformation

The structural style of the study area primarily involves 
south-dipping thrust faults and fault-related folds (pl. 1; avail-
able for download at http://pubs.usgs.gov/sir/2014/5056/). 
North-vergent thrust faults commonly tip out and link with 
north-dipping back thrusts. Together, the thrusts and back 
thrusts form structural wedges that accommodate a large 
amount of slip. Deformation decreases in complexity and steps 
to higher (younger) stratigraphic horizons northward, an obser-
vation that is consistent with the work of others (for example, 
Kirschner and Rycerski, 1988; Potter and Moore, 2003; Moore 
and others, 2004; Duncan and others, 2012). 

In the southern part of the study area, most thrust faults 
step up from a detachment in a thin (≈300-m) stratigraphic 
succession that includes the Shublik Formation, Kingak Shale, 
PSU, and GRZ. All these formations in this part of the basin 
are thin and comprise mainly condensed and organic rich 
shale. Although we are not aware of any mechanical data for 
these formations, experimental data for similar shale demon-
strate that they are uniformly weak compared to other litholo-
gies (Goodman, 1989). We infer, therefore, that the Shublik, 
Kingak, PSU, and GRZ in the study area form a composite, 
mechanically weak interval intercalated between thicker 
and mechanically more competent strata of the Sadlerochit, 
Lisburne, and Endicott Groups below (fig. 1) and the foredeep 
wedge of the Torok Formation above (fig. 2). 

To the north, the thrust faults ramp up and detach again 
within the Kingak, at the top of the Kingak, or in the Torok 
foredeep wedge. Our observations suggest that the locations 
of ramps and detachments commonly are influenced by the 
presence of mechanically weak shale beds whose character 
and distribution are related to sequence stratigraphy. Specifi-
cally, shale beds in the Kingak and Torok occur as transgres-
sive deposits above flooding surfaces, which typically are 
localized above lowstand sequence boundaries (Houseknecht 
and Bird, 2004; Houseknecht, Bird, and Schenk, 2009). In the 
western and eastern parts of our study area, most thrust faults 
with significant throw (>300 m) ramp up through the lower 
part of the Torok foredeep wedge and detach along one of the 
condensed shale tongues of the GRZ (pl. 1, lines R-3, R-6, 
and R-22). These locations lie basinward of the Kingak relict 
shelf margin, in places where the Kingak comprises a thin, 
condensed shale.

In the central part of our study area, where strata 
deformed during the Tertiary phase of Brookian tectonism 
intersect the southward bulge in the Kingak relict shelf 
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Figure 4. Isochron map of the stratigraphic interval between the top of the Kingak Shale and the top of the Shublik Formation. 
Study was limited to polygon that defines outer boundaries of isochron map.

margin, thrust faults with significant throw detach in or near 
the PSU–GRZ where the composite condensed section is 
draped on the south-dipping relict shelf margin (pl. 1, lines 
R-4, R-21, and R-5). Some of these detachments ramp directly 
up from the relict shelf margin into the Torok foredeep wedge 
and then detach again along a tongue of the GRZ. Others 
continue northward from the relict shelf edge for several 
kilometers in the composite condensed section at the top of the 
Kingak and then either ramp up into the Torok foredeep wedge 
or tip out in or near the PSU–GRZ condensed section.

Most folds observed in the study area are fault-bend 
folds consistent with the relationships as described by Shaw 

and others (2005). Imbricated break-forward fault-bend folds 
occur in certain areas, including locations where the Kingak 
relict shelf margin is interpreted to have localized increased 
shortening (pl. 1, line R-4). Some of the faults involved with 
the imbricated fault-bend folding appear to break through to 
the surface, an observation corroborated by the coincidence of 
thrust faults shown on published geologic and structure maps 
(Mayfield and others, 1988; Kirschner and Rycerski, 1988; 
Mull and others, 2005, 2006a, 2006b). The main imbricate 
system concentrated above the Kingak relict shelf margin 
displays a total slip of about 6 km.
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Discussion
The geometry of the fold and thrust belt in southwestern 

NPRA appears generally parallel to the prominent northward 
bulge in the Brooks Range front (fig. 3). The range front 
trends west-southwest to east-northeast from the western 
NPRA boundary (161.8°W.) to about 159°W., from where it 
trends southeastward to about 157.5°W. Most surface folds in 
southwestern NPRA are broadly parallel to the range front, as 
illustrated by their topographic expression (fig. 3). In contrast, 
the Carbon Creek anticline is divergent from this general pat-
tern, trending southeast-northwest from about 157°W to about 
161°W., from where it trends westward to the NPRA bound-
ary (fig. 3). The change in trend of the Carbon Creek anti-
cline, together with other subtle evidence, led Kirschner and 
Rycerski (1988) to speculate the presence of the right-lateral 
Carbon Creek fault zone (fig. 3). However, our observations 
of the subsurface structure do not reveal compelling evidence 
for strike-slip faulting near the Carbon Creek anticline. We do 
note a zone of imbricated thrusts along the trend of the Carbon 
Creek anticline and continuing to the northwest beyond the 
Norseman anticline (fig. 3; Kirschner and Rycerski, 1988; 
Mull and others, 2006b). Thus this imbricate zone in south-
western NPRA is oblique to the main structural grain.

 We propose that the northwest–southeast trending Car-
bon Creek anticline and associated oblique structures (Norse-
man anticline and others) are an imbricate of repeated Kingak 
through Torok Formations. These structures are oblique to 
other structures in southwestern NPRA because the Kingak 
shelf margin, which controlled the depth of the basal detach-
ment, happens to be oblique to the strike of the Brooks Range 
in this area (fig. 4; pl. 1). The Kingak shelf margin strikes 
northwest–southeast, and the Brooks Range trends west–east. 
The seismic lines in plate 1 show that the imbricated fault-
bend folding south of Kingak shelf margin is associated with a 
deeper detachment. To the north, imbrication is less significant 
and detaches within the Torok. Figures 3 and 4 together show 
how the strike of the Brooks Range differs from the strike of 
the Kingak shelf margin in western NPRA. 

Structural features near the southeastern part of the 
Carbon Creek fault zone are not oblique to the strike of the 
Brooks Range. They both trend southeast–northwest (pl. 1, 
fig. 3). In southeastern NPRA the major imbricated fault-bend 
folds do not occur at the Kingak shelf margin as they do to the 
west, although thrusting is associated with the Kingak margin. 
We infer that this localization of thrusting occurs because the 
Kingak margin comprises a southward-thinning stratal geom-
etry draped by mechanically weak shale, an effective combi-
nation for thrust ramp localization (pl. 1). However, the major 
structural break in this part of NPRA is south of the Kingak 
margin where the Carbon Creek anticline has been mapped 
(pl. 1, fig. 3, fig. 4). This imbricate system of focused contrac-
tion appears to extend eastward to the Tuktu triangle zone 
(Potter and Moore, 2003; Moore and others, 2004; Duncan 
and others, 2012).

Conclusions 
Regional sequence stratigraphy of the Jurassic to Lower 

Cretaceous Kingak Shale in southern NPRA controlled 
mechanical stratigraphy, which in turn influenced the struc-
tures generated during the early Tertiary phase of Brookian 
folding and thrust faulting. The major detachment is the basal 
condensed section, which comprises the Shublik Formation, 
Kingak Shale, the pebble shale unit and the gamma-ray zone 
(fig. 1, fig. 2, pl. 1). Thrust faults step up from this detachment 
to the top of the Kingak, to another depositional sequence 
within the Kingak Formation, or to a sequence boundary 
within the Torok Formation. 

The structural style is imbricate fault-bend folding. There 
is some fault-propagation folding, and thrusts with large 
amounts of displacement locally incorporate backthrusting to 
form a structural wedge or triangle zone in order to accommo-
date large amounts of slip. These major imbricate systems and 
other smaller thrusts make use of the Kingak ultimate shelf 
margin, which is an effective surface on which thrusts can 
ramp. The obliqueness of the Carbon Creek anticline relative 
to other structures in the foothills is the result of northward-
verging thrust faults impinging obliquely on the Kingak 
ultimate shelf margin, which is oriented northwest–southeast 
in southwestern NPRA.
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