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ABSTRACT

Aeromagnetic and gravity data are processed and interpreted to
reveal deep and shallow information about the crustal structure
of the central North Slope, Alaska. Regional aeromagnetic anom-
alies primarily reflect deep crustal features. Regional gravity anom-
alies are more complex and require detailed analysis. We constrain
our geophysical models with seismic data and interpretations along
two transects including the Trans-Alaska Crustal Transect. Com-
bined geophysical analysis reveals a remarkable heterogeneity of
the pre-Mississippian basement. In the central North Slope, pre-
Mississippian basement consists of two distinct geophysical domains.
To the southwest, the basement is dense and highly magnetic; this
basement is likely mafic and mechanically strong, possibly acting
as a buttress to basement involvement in Brooks Range thrusting.
To the northeast, the central North Slope basement consists of
lower density, moderately magnetic rocks with several discrete re-
gions (intrusions?) of more magnetic rocks. A conjugate set of geo-
physical trends, northwest-southeast and southwest-northeast, may
be a factor in the crustal response to tectonic compression in this
domain. High-resolution gravity and aeromagnetic data, where avail-
able, reflect details of shallow fault and fold structure. The maps
and profile models in this report should provide useful guidelines
and complementary information for regional structural studies,
particularly in combination with detailed seismic reflection inter-
pretations. Future challenges include collection of high-resolution
gravity and aeromagnetic data for the entire North Slope as well
as additional deep crustal information from seismic, drilling, and
other complementary methods.
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INTRODUCTION

The central North Slope of Alaska encompasses the
territory between the Colville and Canning rivers
(Figure 1). The southern boundary is the Brooks Range
mountain front. We discuss geophysical data and inter-
pretations for the central North Slope as well as parts
of the National Petroleum Reserve, Alaska (NPRA) to
the west, parts of the Brooks Range to the south, and
parts of the Arctic National Wildlife Refuge (ANWR)
to the east. Topographically, the central North Slope
includes the Brooks Range foothills and the broad
Arctic coastal plain dotted with lakes. The crest of the
western Brooks Range trends west to east and then
bends near Atigun Gorge (where the Dalton Highway
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passes through; Figure 1) and follows a more north-
easterly trend in the east.

The northern part of the central North Slope has
been extensively probed with geophysical surveys (pri-
marily seismic reflection) and exploratory drilling.
About 260 wildcat wells had been drilled in the area
north of 70°N between the Colville and Canning rivers
and in the adjacent offshore through the end of 1999.
Since 1999, about 20 additional exploratory wells have
been drilled in this area. The current oil exploration
and development region, associated with the Prudhoe
and related fields, extends about 24 km (15 mi) inland
along the Beaufort Sea coast from the Canning River
to the Colville River. The remainder of the central
North Slope has been only sparsely tested by drilling,
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Figure 1. Location map. (a) Topography and regional boundaries for the central -
North Slope, Alaska. Abbreviations: AG = Atigun Gorge, PB = Prudhoe Bay, FB = Franklin o
Bluff, U= Umiat, K = Kuparuk, and D = Mt. Doonerak. AA’ shows the endpoints of the 4

modeled part of the TACT seismic line (Figure 13). BB’ shows the endpoints of a
modeled line that encompasses an industry seismic line between CC’ (Figures 14-16).

(b) Inset rectangle shows the map region spanned by Figures 4-8 and 10-12.
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CENTRAL NORTH SLOPE STRATIGRAPHY

Figure 2. Generalized
stratigraphy of the cen-

Ma SW Gubik Fm. NE tral North Slope, Alaska.
N 2 |Illll"""'"" Modified from Garrity
m.
IIIIII anirkto¥ ¢ et al. (2005).
<Zt CENOZOIC
= 50 —
X
(@]
2 I
m CRETACEOUS 100- Hue Shale
%— * #ﬂiﬂ gamma-ray zone
l: P 4%‘;‘ 1 l.‘l‘l’r‘ formity T.’E
g 146 |
(18
S JURASSIC
5 — 200 -
m(=
—< TRIASSIC
x 251 -
"'EJ PERMIAN
ﬂ PENNSYLVANIAN - o | Lisburne Group
=
Zlg| MmississiPPIAN -’3\»& BUp
z 359 -_..JllllI||||||||||||||IIIIIIII|II |||||||
>z PRE-
Z MISSISSIPPIAN =
»
L [< MEGASEQUENCES * Allochthonous rock units

|:| Nonmarine

- Marine slope and basin ﬂ]ﬂm Hiatus or erosion - Granite

[ ] Marine shelf [__] Condensed marine shale || Metasedimentary [ Carbonates

particularly the southernmost part in the Brooks Range
foothills.

Gravity and aeromagnetic data provide critical
clues to both the deep and shallow structural frame-
work of the relatively unexplored parts of the central
North Slope. This geophysical framework provides
constraints on the interpretation of regional structures
and trends with implications for hydrocarbon explora-
tion and evaluation. Where available, high-resolution
gravity and aeromagnetic data also provide important
clues to shallow structure, including possible targets
for exploratory drilling.

In this article, we describe the gravity and aero-
magnetic data for the central North Slope. Our focus
is on the general interpretation of the data, with a look
at deep structure and at shallow structural trends and
the ways in which these interpretations complement

and extend knowledge from drilling and regional seis-
mic data. Finally, we outline general conclusions and
make suggestions for further study.

REGIONAL GEOLOGY

Figure 2 provides the stratigraphic framework for the
central North Slope. Figure 3 depicts the generalized
geology. The Mississippian to Triassic Ellesmerian mega-
sequence and its pre-Mississippian low-grade meta-
morphic basement (Franklinian megasequence) are con-
sidered to be part of a passive continental margin (south
facing in present-day coordinates) on the northwestern
edge of North America. This passive margin collided
with an arc-related terrane in the latest Jurassic to the
Early Cretaceous, leading to the initiation of the Brooks
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Range (Moore et al., 1994a). The Jurassic and Lower
Cretaceous Beaufortian megasequence (Figures 2, 3)
records incipient rifting related to the eventual mid-
dle Cretaceous opening of the Canada basin (Grantz
et al.,, 1994). As a result of this ocean opening, the
Arctic Alaska terrane, a fragment of the early North
American margin, was left stranded in the location of
the present-day North Slope (Moore et al., 1994a).
The middle Cretaceous to Tertiary Brookian mega-
sequence (Figures 2, 3) overlies the Pebble shale and
the Lower Cretaceous unconformity (LCU) and con-
sists of several northeastward-prograding, continental-
margin sequences derived from the uplifted Brookian
orogen; these sequences fill the foredeep north of the
Brooks Range and step out across the north-facing
Arctic passive margin (e.g., Saltus and Bird, 2003).

The foothills and the southern part of the Arctic
coastal plain of the central North Slope contain the
frontal part of a complex Tertiary fold-thrust belt.
These Tertiary folds and thrusts are superimposed on
the Middle Jurassic to Early Cretaceous main phase of
deformation that affects the southernmost part of the
foothills belt and the Brooks Range to the south. Both
episodes of crustal shortening were dominantly north
vergent.

Tertiary deformation across the central North Slope
records a transition in structural style from thin skinned
in the west to strongly basement involved in the east.
West of the Dalton Highway, thrusting north of the
Brooks Range front is fundamentally thin skinned. Geo-
logic and geophysical data across that region indicate
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the presence of a thin-skinned triangle zone above a
regional detachment in the Jurassic and Lower Creta-
ceous Kingak Shale (Figures 2, 3) underlying the foot-
hills and a detachment-folded domain in Brookian
Colville basin strata to the north. East of the Dalton
Highway, the northeastern Brooks Range and the foot-
hills to its north are characterized by thick-skinned,
basement-involved thrusting, with a northward transi-
tion into thin-skinned thrusting and folding as deforma-
tion dies out at the front of the orogenic belt. The strong
basement involvement continues eastward across the
coastal plain in the ANWR (Grow et al., 1999; Moore,
1999; Potter et al., 1999, 2004; O’Sullivan and Wallace,
2002).

DESCRIPTION OF AVAILABLE GRAVITY AND
AEROMAGNETIC DATA

Public-domain gravity data, much of it collected or
compiled by Barnes (1976, 1977) and Barnes et al.
(1994), are sparse in the central North Slope (Figure 4),
consisting of several river traverses in the foothills, de-
tailed data along the Dalton Highway and the nearby
Trans-Alaska Crustal Transect (TACT) seismic profile,
and scattered regional stations with a typical spacing
of 20 km (12 mi). In contrast, within the NPRA,
public-domain gravity data are available as a series of
profiles along seismic lines with a typical spacing of
5 km (3.1 mi) or less. Along the profiles, the gravity
station spacing ranges from about 100 to 500 m (330
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Figure 4. Gravity data index. Dark gray stations are part of the U.S.

Geological Survey public-domain gravity data file. Black stations

are proprietary data owned by PhotoGravity, Inc.,, Houston, Texas. Light-gray stations are ANWR data held by an oil company
consortium. Dashed line profiles show the location of modeled cross sections. Base is from Figure 1.

to 1640 ft). Gravity data with similar spacing are avail-
able commercially for the foothills part of the central
North Slope and for the ANWR coastal plain to the east
(Figure 4).

A regional map of complete Bouguer gravity anom-
alies, prepared from the public-domain gravity data for
the central North Slope, is shown in Figure 5. As ex-
pected for complete Bouguer gravity (i.e., Airy, 1855;
Sleep and Fujita, 1997; Watts, 2001), the regional anom-
alies are inversely related to topography. Thus, the
high topography of the Brooks Range coincides with
low gravity values. In the lower elevations of the Arctic
coastal plain, complete Bouguer gravity values are sys-
tematically higher than in the Brooks Range. The highest
regional gravity values follow, in part, the basement
high along the Barrow arch (Figures 3, 5). A local gravity
low includes the location of the East Teshekpuk 1 drill-
hole that encountered granite in the shallow basement
(Bird et al., 1978; Saltus et al., 2002).

Public-domain aeromagnetic data provide regional
coverage for the central North Slope (Figure 6) and

consist mostly of vintage data with 3.2-km (2-mi) flight-
line spacing. These data include the 1945-1946 aero-
magnetic survey of NPRA (Payne et al., 1952; Grauch
and Castellanos, 1995), which is generally regarded as
the first regional-scale aeromagnetic survey flown over
land. These older data were collected with an analog
system and have been digitized from compiled contour
maps (Grauch and Castellanos, 1995; Connard et al.,
1999). The southern part of the study area is spanned
by digital flight-line data for aeromagnetic surveys
conducted by the U.S. Geological Survey in 1976 (with
1.6-km [1-mi] flight-line spacing) and 1982 (3.2-km
[2-mi] flight-line spacing). To the east, the coastal
plain is spanned by a 1981 survey (Cunningham et al.,
1987; Donovan et al., 1988) flown to investigate the
possibility of direct aeromagnetic hydrocarbon detec-
tion. South of this survey, the only known aeromag-
netic coverage is provided by regional reconnaissance
profiles flown (with 16-km [10-mi] flight-line spacing)
in 1965 and digitized from a regional compilation
map. High-resolution commercial aeromagnetic data
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Figure 5. Regional gravity map. Complete Bouguer gravity anomalies from the U.S. Geological Survey public-domain data file.
Contour interval 2 mGal. T = East Teshekpuk 1 drillhole. Heavy dashed line profiles show the location of modeled cross sections. Base

map is from Figure 1.

(line spacing of 800 m [2600 ft] or less) have also been
flown over parts of the central North Slope, including
the ANWR 1002 (coastal plain) area and west into
eastern NPRA. Additional, medium-resolution (typi-
cally 1.6-km [1-mi] spacing) aeromagnetic data are
available commercially for other coastal regions of the
North Slope.

A regional map of total field aeromagnetic data,
corrected for the International Geomagnetic Reference
Field (Figure 7), has been prepared from the public-
domain data (Saltus and Simmons, 1997; Saltus et al.,
1999a). The primary feature on this map is the long-
wavelength, North Slope magnetic high in the western
part of the central North Slope. This feature is caused
by magnetic rocks that comprise a significant part of
the pre-Mississippian basement, possibly mafic intru-
sions related to a (Devonian?) failed rift (Saltus et al.,
1999b). Aside from the North Slope magnetic high,
the regional magnetic field of northern Alaska, north
of the Brooks Range, is regionally subdued, consistent
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with a nonmagnetic sedimentary section and a weakly
magnetic basement. Several local magnetic highs, in-
cluding two in the northern part of the central North
Slope, may indicate upper crustal, magnetite-bearing
intrusions. A northwest-southeast—trending aeromag-
netic trough (labeled A in Figure 7) flanks the north-
east boundary of the North Slope magnetic high. This
feature indicates a zone of relatively nonmagnetic crustal
rocks as well as suggesting a northwest-trending struc-
tural grain.

LONG-WAVELENGTH (DEEP)
GEOPHYSICAL FEATURES

The broad magnetic anomalies of the 1945-1946 re-
gional aeromagnetic survey of NPRA, and adjoining
areas to the east, primarily reflect basement structure
and composition (Figure 8). No data processing was per-
formed to isolate the long-wavelength (deep-structure)
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Figure 6. Aeromagnetic data index. Regional, public-domain, aeromagnetic surveys included in the statewide merged aeromagnetic
grid (Saltus and Simmons, 1997) spanning the central North Slope. Direction of pattern lines indicates approximate direction of

survey flight lines. Base is from Figure 1.

part of this data set in Figure 8; these long wavelengths
are naturally dominant, especially in the historical part
of the survey flown in 1945-1946. These wavelengths
dominate because of the relative lack of shallow mag-
netic sources, the wide flight-line spacing, and the
analog nature of the older survey. A detailed analysis of
these data (Phillips et al., 2002; Saltus et al., 2002) does
reveal a small number of low-amplitude features that
represent magnetic sources (likely volcanic) in the post-
Mississippian section, but these features are too subtle
to see in Figure 8. In addition, by displaying the data
as flat color bands in Figure 8, instead of employing
shaded relief as in Figure 7, we further emphasize the
long-wavelength features.

At the largest scale, we interpret two basement
zones. The southwestern part of the central North Slope
features a thick and highly magnetic basement zone
that gives rise to part of the North Slope magnetic high
(labeled A in Figure 8). This magnetic anomaly may
reflect mafic and ultramafic rocks of a failed rift (Saltus
et al., 1999b). The North Slope magnetic high termi-

nates to the northeast along a northwest-southeast
boundary. To the northeast of this boundary, the cen-
tral North Slope basement has a generally neutral mag-
netic character punctuated by a nonmagnetic or re-
versely magnetized zone (anomaly B, Figure 8) and
three discrete magnetic highs (C, D, and E, Figure 8).
The nonmagnetic basement zone (B, Figure 8) could
reflect nonmagnetic (or possibly reversely magnetized)
sedimentary-protolith rocks in the crystalline basement.
The northwest-southeast trend of this zone parallels
the edge of the North Slope magnetic high and may
be related structurally. The remaining magnetic highs
(C-E, Figure 8) could reflect broad zones of igneous
intrusion in a crystalline basement. All of these highs
show bounding trends that are oriented northwest-
southeast or northeast-southwest.

Numerous attempts have been made to analyze
gravity data in NPRA. In particular, the problem of re-
gional and residual separation for the purpose of isolat-
ing upper crustal anomalies has received much atten-
tion. Broadly following the work of Nunn et al. (1987)
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Figure 7. Regional aeromagnetic map. Subset of the Alaska statewide merged aeromagnetic map (Saltus and Simmons, 1997).
OMK = Oumalik, FCK = Fish Creek. Dashed line and A mark magnetic trough discussed in the text.

and Spurlin (1993), we feel that it is appropriate to
apply a gravity regional field based on regional isos-
tasy and flexural rigidity of the crust. Insufficient inde-
pendent constraints (i.e., no regional seismic mapping
of the Moho) are available to produce a unique physi-
cal model for isostatic regional removal in northern
Alaska. We have therefore developed an empirical,
damped isostatic approach to regional and residual
separation for the central North Slope. Instead of ap-
plying the full isostatic regional gravity field from a
local Airy isostatic model, we multiply first by an ap-
propriate fraction (damping factor) to produce a partial
isostatic correction.

Comparative analysis of gravity and topography
(Figure 9) can be thwarted if there is a significant cor-
relation between topography and geology. On the North
Slope, the Colville basin, containing a thick sedimen-
tary section of lower density rocks, lies beneath the low
topography of the coastal plain and northern foothills.
In contrast, the Brooks Range correlates generally with
exposures of rocks of higher density relative to the ba-
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sin. To avoid this elevation and density bias, we per-
formed our comparisons of gravity and topography only
on regions with elevation in excess of 500 m (1640 ft).
This eliminates the systematic correlation of low grav-
ity and low elevation values of the Colville basin and
coastal plain from the analysis.

The resulting residual gravity map (Figure 10)
shows the upper crustal gravity anomalies that persist
after the removal of a damped isostatic regional gravity
field. We calculated the appropriate damping factor (in
this case 0.782) by examination of the correlation of
residual gravity and topography higher than 500 m
(1640 ft) (Figure 9), for the North Slope, after appli-
cation of the factor. Complete Bouguer anomalies are
related to topography along a trend line with a slope of
—30.3 x 1073 mGal/m (Figure 9). Local (Airy, 1855;
Simpson et al., 1986) isostatic anomalies show a correla-
tion trend line of +8.5 x 10~ 3 mGal/m, consistent with
the idea that flexural strength of the crust is prevent-
ing the full attainment of local isostatic equilibrium.
If the local isostatic regional gravity field is multiplied
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modeled cross sections. Base map is from Figure 1.

by a damping factor of 0.782 before subtraction from
the complete Bouguer gravity, the resulting damped
isostatic residual shows no statistical correlation of grav-
ity and topography for regions of the North Slope with
elevations greater than 500 m (1640 ft). This implies
that about 20% of the support of Brooks Range topog-
raphy results from the horizontally distributed flexural
strength of the lithosphere. The remaining 80% of the
support arises from isostatic buoyancy relating to the
vertical distribution of lithospheric density.

The damped isostatic residual gravity anomalies
for the central North Slope (Figure 10) reflect lateral
variations in rock density from the surface into the mid-
crust, including a significant part of the pre-Mississipian
basement. As observed in previous gravity interpreta-
tions for northern Alaska, the residual gravity field does
not show a simple relationship to upper crustal geology.
In fact, the damped isostatic residual anomalies show a

high degree of correlation with the basement features
observed in the regional aeromagnetic data. Broadly
speaking, the southwestern part of the central North
Slope shows high gravity values (in general agreement
with the location of the North Slope magnetic high).
The northeastern part of the central North Slope shows
low gravity values in the region of generally neutral
aeromagnetic values. These broad trends do not mimic
the isopachs of the Lower Cretaceous to Cenozoic
Brookian sedimentary section (shown in Figure 10)
(i.e., Saltus and Bird, 2003). The sedimentary section
(Figure 2), as known from drilling and seismic data,
thickens steadily from the Barrow arch southward to
the northern foothills throughout the central North
Slope and should, therefore, cause a gravity low to
the south where the low-density sedimentary rocks
are the thickest. If this basin gravity effect is modeled
using the known basin configuration (e.g., Saltus and
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Bird, 2003) and then subtracted from the isostatic
residual anomaly (as done in NPRA by Saltus et al,,
2001), the resulting basement gravity map shows an
even greater correlation with regional aeromagnetic
anomalies.

The overall conclusion from examination of the
long-wavelength components of the gravity and aero-
magnetic data is that the central North Slope has
two distinct basement zones that are separated by a
northwest-southeast trend that crosses to the north-
west into NPRA near the Umiat bend in the Colville
River. To the southwest of this diagonal boundary
(shown as a thick gray line in Figure 10), the basement
rocks are generally dense and magnetic and may reflect
a major crustal component of mafic, failed rift mate-
rial. Regional geophysical trends in this southwest zone
include northwest-southeast trends near the bound-
ary, north-south trends farther south and west, and
east trends at the southern margin. To the northeast
of this diagonal boundary (Figure 10), the basement
appears to be generally low density and magnetically
neutral, reflecting a granitic or metasedimentary char-
acter. Regional geophysical trends in the northeastern
basement zone are conjugate northwest-southeast and
northeast-southwest (Figure 10).

1504 Geohorizons

SHORT-WAVELENGTH (SHALLOW)
GEOPHYSICAL FEATURES

A shallow crustal structure is reflected in short-
wavelength features of gravity and aeromagnetic data.
The application of matched filters (Syberg, 1972;
Phillips, 1997, 2001) provides a formal method for
defining optimum Fourier-domain filters for the fre-
quency slicing of gravity and magnetic data. The tech-
nique involves the visual identification of linear zones
on a radially averaged power spectrum plot. Each of
these trend lines is then converted into a band-pass filter.
Finally, the individual filters are iteratively optimized so
that they sum to match the observed spectrum. Because
of the physical separation between shallow and deep
anomaly sources, this technique is particularly effective
for potential field data that span parts (Figures 11, 12)
of the central North Slope.

Modern, high-resolution aeromagnetic data col-
lected on the North Slope contain short-wavelength
anomalies that are related to shallow folding and thrust-
ing of the sedimentary section. In the Beaufort coastal
plain in ANWR, these anomalies have been tied to
shallow seismic interpretations and can be modeled as
a direct consequence of folding, faulting, and erosional
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and trends identified from the regional aeromagnetic data.

truncation of magnetic sedimentary layers in the Ter-
tiary deltaic section (Phillips, 1999; Phillips et al., 1999;
Potter et al., 2004). The observed magnetic anomalies
can be reproduced with forward models consisting of
magnetic layers that parallel the seismically determined
shallow structure. The precise nature of the magneti-
zation is unknown but may arise directly from detrital
variations in the magnetic content of the deposited
sediments or from chemical magnetization acquired as
sediments accumulated (Phillips et al., 1999).

Similar short-wavelength aeromagnetic anoma-
lies extend into and through the central North Slope
(Figure 11). We infer that these features, as in the
coastal plain in ANWR to the east, reflect disturbance
of the shallow sedimentary section by folding and thrust-
ing. The mapped magnetic patterns encompass a wider
zone as one proceeds westward. The width of this
trend is governed, at least in part, by the much broader
north-south extent of Brookian sedimentary rocks to

the west, where the Brooks Range front lies much far-
ther south.

In the central North Slope region, two general zones
of short-wavelength magnetic anomalies are present.
The first is a narrow zone to the north where lower
Tertiary rocks are exposed at the surface (e.g., Franklin
Bluffs; Mull et al., 2003b) with a northwest-southeast
strike. This zone lies above the northeastern geophysi-
cal basement domain. The second is a broader east-west
zone to the south (but still well north of the Brooks
Range mountain front; this zone lies above the south-
western geophysical basement domain) where mostly
Upper Cretaceous rocks are exposed at the surface
(Mull et al., 2004). The western part of the southern
anomaly zone (box labeled A in Figure 11) includes a
northwesterly set of features. The split between these
anomaly zones may further broaden into NPRA, where
high-resolution aeromagnetic data are presently un-
available. We expect the southern band of shallow
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Figure 11. Short-wavelength (shallow) magnetic map. Color-shaded regions are band-pass-filtered versions of a part of the high-
resolution, proprietary aeromagnetic data available from Fugro Geosurveys, Inc. (used with permission from Fugro Airborne Surveys).
Red lines show shallow aeromagnetic features identified from the proprietary aeromagnetic data (Fugro Geosurveys, Inc.; used with
permission). Gray lines are basement boundaries and trends identified from the regional aeromagnetic data. The box labeled A

contains anomaly trends discussed in the text. Base is from Figure 1.

aeromagnetic features to swing into a north-south
trend parallel to the western updip limit of the Upper
Cretaceous Seabee Formation as shown on the NPRA
geologic map of Mayfield et al. (1988).

Public-domain gravity data for the central North
Slope are too widely spaced to map shallow structural
features. Proprietary gravity data span the foothills re-
gion in a 75-km (46-mi)-wide belt extending north of
the Brooks Range mountain front (Figure 4). These
data, collected on north-south transects with an aver-
age spacing of about 8 km (5 mi), can be gridded using a
bidirectional algorithm and then match filtered (Syberg,
1972; Phillips, 1997, 2001) to highlight features with
wavelengths of a few kilometers (Figure 12). Although
not quite as detailed, the public-domain gravity data
spanning NPRA, when processed in a similar fashion,
reveal fine-scale features as well (Figure 12).
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Several discrete, short-wavelength, linear gravity
features can be identified on the filtered gravity map
(Figure 12). In the northeastern part of the data area,
several short linear features (features 1-3 in Figure 12)
can be identified with an east-west trend and average
spacing of about 10 km (6 mi). Feature 1 corresponds to
the Kavik structure, on which the undeveloped Kavik
gas field is located (Verma et al., 2005). To the south, a
band of four linear features (4-7 in Figure 12) trend
in a more southwesterly direction, with an average spac-
ing of about 10 km (6 mi). Gravity feature 4 appears
to be a composite of two geologic structures, based on
seismic reflection interpretation and surface geology.
The eastern part of feature 4 corresponds to a basement-
involved fold at the mountain front (possibly continu-
ous with the Echooka anticlinorium of Meigs and Imm,
1995), and the western part of feature 4 corresponds
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Figure 12. Short-wavelength (shallow) gravity map. Colored areas indicate gravity highs on a high-pass-filtered gravity map,
constructed using bidirectional gridding, from U.S. Geological Survey public-domain gravity data in NPRA and PhotoGravity
proprietary gravity data east of the Colville River. The numbered features are discussed in the text. Black lines represent basement
boundaries and trends identified from regional aeromagnetic data. Dashed line profiles show the location of modeled cross sections.

Base is from Figure 1.

to a prominent thrust-related anticline developed in
the Brookian section (with only minor basement in-
volvement) and tested by the Aufeis well. Gravity fea-
tures 5—7 also correspond to anticlines interpreted from
proprietary seismic reflection data, with slightly less
confidence, as regional two-dimensional (2-D) seismic
lines are of poorer quality in the foothills. Continuing
farther south, an east-west zone, about 30 km (18 mi)
wide, contains no continuous linear gravity features.
South of this trend-free zone is a fairly continuous,
curvilinear set of more or less east-west—trending linear
gravity features (features 8, 11, 14, and 15 in Figure 12)
that extend westward into NPRA. In general, this areais
poorly imaged on proprietary seismic data, but these
trends seem reasonable as expressions of foothill struc-
tural trends as discussed in the next section. Feature
8 corresponds to the Tuktu escarpment, the southern

limit of exposures of thick Lower Cretaceous sand-
stones. Features 11, 14, and 15 track an outcrop belt
of Fortress Mountain Formation sandstones. Farther
south is a second, less conspicuous set of curvilinear
features (9, 10, and 12 in Figure 12). The eastern part
of feature 9 corresponds to a belt of exposures of thrust-
imbricated Lower Cretaceous Cobblestone sandstone
(Mull et al., 2003a). Feature 13 corresponds to ex-
posures of allochthonous mafic rocks in the Kikiktak
Mountain klippe of Mull et al. (1994). An east-west
gravity high (feature 16 in Figure 12) appears to cor-
relate to the Grandstand anticline of Kelley (1990).
Several linear features extend westward into NPRA
(17-19 in Figure 12) with a more northerly trend
to the west. Feature 18 is the Umiat anticline. These
detailed geological correlations with high-resolution
gravity anomalies demonstrate the utility of the gravity
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method in this structurally complex region. We feel
that further interpretation of existing high-resolution
gravity as well as continued data collection will provide
useful guidance to detailed structural studies and ex-
ploration in the Brooks Range foothills.

DETAILED INTERPRETATION ALONG
TWO SEISMIC LINES

The TACT deep refraction seismic profile follows
the Dalton Highway across the central North Slope
(Figure 1) (Fuis et al., 1995, 1997). Within our study
area, complete Bouguer anomaly (CBA) gravity val-
ues (Figures 5, 13) along the TACT are broadly anti-
thetic to topography, with low gravity values coinci-
dent with the high Brooks Range and neutral gravity
values along the coastal plain. Total field magnetic
values (Figures 8, 13) along this part of the TACT are
relatively subdued. The TACT skirts around the edge of
the North Slope magnetic high (labeled A in Figure 8)
and crosses a smaller magnetic high (C in Figure 8) and
part of a third magnetic high (D in Figure 8).

A 2-D forward model (Figure 13) shows a broad
physical property framework that is consistent with
the seismic results and the potential field data. The
model honors the block and layer boundaries identi-
fied by Fuis et al. (1997). Densities were initially set
based on conversion from refraction velocities (Fuis
et al., 1997) using the relations of Gardner et al. (1974)
and Jones (1996) and then adjusted incrementally
to obtain a reasonable fit to the data. The regional
(CBA) gravity low is caused by the position of the Moho,
which reaches a depth of about 48 km (30 mi). The
deeper slab, identified based on seismic refraction (Fuis’
layer 10, Figure 13), is indistinguishable from the man-
tle (layer 11) in its gravity expression. Upper crustal
densities in this model are consistent with a crystalline
and dense carbonate composition for the pre-Brookian
rocks exposed in the Brooks Range and with lower den-
sity sedimentary rocks in the Colville basin.

The lower crust (Fuis’ layer 9, Figure 13) requires
considerable heterogeneity in physical properties (both
density and magnetic susceptibility) to match the ob-
served gravity and magnetic data. The details of this
physical property variation are not uniquely determined
by this model, but the scale of the variation shows that
it is significant. Three basement regions (labeled A, B,
and C on panel 3 of Figure 13) with elevated magnetic
susceptibility are required to explain the three magnetic
highs crossed by the TACT. Magnetic susceptibilities of
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between 25 and 27 mSI (equivalent to a magnetic in-
tensity of about 1.2 A/m) were assigned to these bodies.
These magnetic values are consistent with a range of
intrusive rock types from intermediate to mafic in com-
position. Each of these anomalous basement regions also
represents density heterogeneity in this model. The north-
ern basement body (C, panel 3, Figure 13) requires a
significantly lower density than the surrounding basement
to match the local gravity low (see also Figure 10). This
may represent a region of felsic composition (although
with sufficient magnetite to be significantly magnetic).

Inferred seismic velocities and interpreted base-
ment lithologies along the TACT profile (Fuis et al.,
1997) do not significantly reflect the presence of a
dense body in the basement required by the gravity
and aeromagnetic data in the vicinity of the Brooks
Range mountain front (the North Slope magnetic high,
A in Figure 8). We attribute this discrepancy to the
fact that the TACT profile just clips the eastern limit
of the geophysical features. Seismic energy from these
features would be expected to have a significant three-
dimensional component; it would not necessarily be
well imaged in 2-D seismic data. In addition, gravity
and aeromagnetic data were not incorporated in the
seismic interpretation (Fuis et al., 1997).

Although commercial detailed gravity (Figure 4)
and aeromagnetic data (Figure 11) are available for
parts of the TACT (Figure 4), the seismic refraction
interpretation (Fuis et al, 1997) is not sufficiently de-
tailed to constrain shallow interpretation. That aspect
of potential field interpretation is better illustrated in
our next geophysical cross section.

Industry reflection seismic lines have been collected
in the southern part of the central North Slope. We
will examine one line that is available to the U.S. Geo-
logical Survey and is used here with permission from
WesternGeco (Figure 14, location shown in Figure 1).
A regional gravity and magnetic model, analogous to
the TACT model (Figure 13), shows that the crustal
root beneath the high Brooks Range topography is
primarily responsible for the long-wavelength gravity
low centered roughly on the high topography. The gen-
eral shape of the Colville basin in this model is based
on a compilation (Saltus and Bird, 2003) of regional
seismic and drillhole data. The gravity low caused by
sedimentary rocks in the basin is offset in the model
by the high densities in the pre-Mississippian base-
ment (model body with density of 2810 kg/m?). This
same dense body is also magnetic and accounts for the
broad aeromagnetic anomalies along this line (part of
the North Slope deep magnetic high). The style of the
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Figure 13. Geophysical cross section interpretation along the Trans-Alaska Crustal Transect (TACT; location shown in Figure 1 and
many subsequent figures as AA"). The top panel depicts observed (dots) and calculated (line) magnetic anomalies. The second panel
depicts observed (dots) and calculated (line) gravity anomalies. The third panel shows the cross sectional geophysical block model
with densities (D) labeled in kg/m® and magnetic susceptibilities (S) labeled in mSI. M = Moho. Calculated anomalies shown in panels
one and two arise from the two-dimensional (infinite in and out of the frame) bodies shown in panel 3. Panels 4 and 5 are from Fuis
et al. (1997) and depict and explain the refraction seismic interpretation for the TACT. The geophysical model was built to (1) honor the
crustal blocks defined in the seismic interpretation of Fuis et al. (1997); (2) contain densities consistent with seismic velocities (Fuis
et al., 1997) with only minor adjustment; and (3) match the broad aeromagnetic anomalies with high-susceptibility and high-density

bodies in the pre-Mississippian basement.

gravity model at the southern end of the line (south
of the Colville basin) is based generally on the struc-
tural style of the TACT line seismic interpretation
(Figure 13) (Fuis et al., 1997).

The interpretation shown on the seismic line
(Figure 14) is generalized. Three stratigraphic hori-
zons are picked: the top of the pre-Mississippian base-
ment, the top of the Triassic Shublik Formation, and
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the LCU (Figure 2). The structural interpretation illus-
trates several fundamental elements of the thrust struc-
ture of the Brooks Range foothills and southern coastal
plain. In this frontal part of the Brookian orogen, the
basal detachment steps up from the Triassic Shublik
Formation to the Jurassic—-Lower Cretaceous Kingak
Shale and, ultimately, into the Lower Cretaceous to
Paleogene part of the Brookian megasequence. The
southern part of the interpretation, shown with dashed
lines, is a generalized portrayal of the tip of a large
passive-roof duplex (triangle zone), which likely cor-
responds to the area of poor seismic data quality at the
south end of the line. To the north, the basal detachment
locally ramps up into the Brookian section, where struc-
tural thickening and backthrusting underlie promi-
nent anticlines in the fold belt at the front of the
deformation belt.

High-pass filtering of high-resolution gravity data
(Figure 12; used with permission from PhotoGravity)
reveal four small-amplitude (less-than-1-mGal) gravity
highs along the southernmost part of the seismic line
spaced atintervals between 12 and 15 km (7.5 and 9.3 mi)
(Figure 15). The middle two highs were discussed pre-
viously (gravity highs labeled 8 and 9 in Figure 12).
Two density interfaces contribute to the model. The
first is the contrast in density between surficial rocks
(modeled here as 2600 kg/m®) and the gravity reduc-
tion density of 2670 kg/m>. This effect leads to gravity
lows over hills and highs over valleys. Superimposed on
this effect is a second modeled density contrast with
denser (2670-kg/m>) rocks at shallow depths. The shape
of this second density contrast surface is based generally
on the shallow continuation of anticlinal and synclinal
patterns observed in the shallow seismic data in the
northern part of this line segment (Figure 15). Note
that the specific densities chosen for this model are ad
hoc; the model is meant to illustrate the general nature
of the gravity sources. In detail, the density structure
is undoubtedly more complex. The model shows two
anticlinal culminations in the southern part of the seis-
mic line where coherent reflectors are lacking. These
two structural highs correspond to the Arc Mountain
anticline and the Cobblestone culmination (Mull et al.,
2003a). Our conclusion is that the high-pass gravity
highs in this region can be used to map structural highs
that occur within the upper 1 km (0.6 mi) or so of the
subsurface.

High-resolution aeromagnetic data are available
(proprietary data owned by Fugro, Inc. and displayed
here with permission) for the northern part of this
seismic line (Figures 11, 16). Subtle features (ampli-

tudes of only =5 nT for a flight height of 500 ft [152 m])
can be reasonably modeled as the effect of magnetic
stratigraphy in the shallow rock section (Figure 16).
This general model is analogous to models of high-
resolution aeromagnetic data in the Beaufort coastal
plain of the ANWR (Phillips et al., 1999), but differs
from these models in one key aspect: we are not in-
cluding reversely magnetized layers for which there is,
as yet, no physical property evidence. If the surround-
ing rocks have a sufficiently high magnetization (here, a
magnetization of 1.0 mSI is the nominal background
shown in the deep part of the model), then stratigraphic
intervals with lower-than-background magnetization
will cause relative magnetic lows without the need to
invoke reverse remanent magnetization in the model.
Depending on the magnetic stratigraphy, the asso-
ciation of magnetic features to geologic structure may
be complex. In this model, the local magnetic highs are
related to the truncation of relatively magnetic layers at
or near the surface. A prominent local magnetic low (at
a distance of 94 km [58 mi] along the profile) is inter-
preted as a very weakly magnetized zone in the crest of
an anticlinal fold. This zone lacks coherent reflectors in
the seismic line, perhaps indicating the disruption of the
stratigraphy by faulting. The weak magnetization zone
could be the result of alteration or leaching of magnetic
minerals in this faulted zone or erosion of the magnetic
layer that is present on the flanks of the anticline.

DISCUSSION

The function of basement structures in the evolution
of continental regions has been widely recognized and
discussed (e.g., Holdsworth et al., 1998, 2001; Sims
et al., 2005). Central North Slope basement domains
and trends correlate, in many cases, with mapped and
inferred shallow structures and structural trends. This
suggests a causal relationship between the deep and
shallow structures. We postulate that deep geophysi-
cal boundaries represent zones of stress concentration
that have influenced the reaction of the Arctic Alaska
plate to tectonic events. The reactivation of deep struc-
tures may help explain the regional patterns of uplift
and erosion mapped by Burns et al. (2002).

Whether thick-skinned (basement-involved) or thin-
skinned thrusting occurs in a compressional tectonic
setting is largely dependent on the overall strength
profile of the crust (e.g., Babeyko and Sobolev, 2006).
Although the basement-involved nature and the Ter-
tiary age of deformation in the northeastern Brooks
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Range were likely far-field expressions of stresses pro-
duced by plate convergence in southern Alaska (Moore
etal., 1985; Grantz et al., 1994), lateral variations in the
strength of the basement likely influenced the structural
patterns in the shallow crust. In particular, the southern
and eastern margins of the geophysical basement zone
defined by the North Slope magnetic high coincide
spatially with structural transitions and trends.

The southern boundary of the North Slope mag-
netic high lies north of the northern limit of thick-
skinned, basement-involved thrusting as defined by
seismic (Fuis et al., 1997) and structural (Moore et al.,
1997) interpretations of the TACT and other seismic
lines (Figures 13, 14). The eastern limit of the North
Slope magnetic high, near the Atigun Gorge, correlates
with the northward bend in the trend of the central
Brooks Range mountain front (location in Figure 1).
We propose that the dense, magnetic basement domain
associated with the North Slope magnetic high rep-
resents a Devonian(?) failed rift and is dominated by
mafic intrusions likely flanked by a weaker cogenetic
sedimentary section. The mechanical strength and prob-
able lack of stratification in this proposed mafic base-
ment make it highly competent, forming a buttress against
which the western Brooks Range was thrusted, so that
thrusting farther north steps up into the sedimentary
section and does not involve the basement rocks. To the
east of the Atigun Gorge, where we infer a more silic-
ic, metasedimentary basement, the basement-involved
thrusting continues well to the north.

The Atigun Gorge also marks the approximate in-
tersection of the boundary between the Endicott Moun-
tains and North Slope subterranes with the northern
front of the Brooks Range (Figures 3, 8) (Moore et al.,
1994b). This is a faulted boundary between adjacent
subterranes with distinct stratigraphies that imply sig-
nificant relative displacement (Moore et al., 1994b).
To the west of the Atigun Gorge, the subterrane bound-
ary falls a few tens of kilometers north of the Brooks
Range mountain front. To the east, the mountain front
extends to more than 100 km (62 mi) north of the sub-
terrane boundary. Exposures of pre-Mississippian rocks
in the northeastern Brooks Range are complex and di-
verse (Moore et al., 1994b) and include rocks with both
continental and oceanic affinity. A lower Paleozoic oce-
anic assemblage that includes mafic volcanic rocks in
the basement exposed in the Romanzof Mountains
(Dutro, 1981; Moore et al., 1994b) is of particular note
as a possible surface analog for dense and magnetic

basement rocks. These rocks were deformed during the
Middle to Late Devonian (Anderson and Wallace, 1990)

1514 Geohorizons

and may be analogous to the source rocks for the North
Slope magnetic high.

In the western North Slope, aeromagnetic and
gravity data are sparse. However, regional compilations
(North American Magnetic Anomaly Group, 2002;
Klemperer et al., 2002) suggest that the North Slope
magnetic high may connect to the geophysical anomaly
underlying the Hanna Trough, a major tectonic ele-
ment in the Chukchi Sea (Figure 3). If so, this would
support a connection, as hypothesized by Sherwood
et al. (2002), between the Devonian and later rifting
of the Hanna Trough and tectonic events associated
with the Ellesmerian depositional sequence beneath
the North Slope.

In summary, regional gravity and aeromagnetic
data, publicly available for much of the North Slope of
Alaska, reveal important information about funda-
mental basement composition and structural grain. The
basement features may represent zones of weakness
or stress concentration that have had a fundamental
influence on both large- and small-scale tectonic de-
velopment of the Brooks Range and the fold and thrust
belt of northern Alaska. The whole crust geophysical
property models illustrated by the cross section inter-
pretations in Figures 13 and 14 provide a framework
for a detailed analysis along other seismic lines or tran-
sects of interest throughout the North Slope.

Modern gravity and aeromagnetic surveys contain
short-wavelength information absent in the older data
and can be mathematically filtered, using readily avail-
able techniques and software, to highlight shallow fea-
tures and trends. Shallow geophysical feature maps,
particularly when linked to detailed seismic interpreta-
tions, are an important contribution to an integrated
structural model of this complex area. The models pre-
sented in this article may provide useful guidelines for
application elsewhere in the Brooks Range foothills belt.

Challenges for future geophysical work on the
North Slope include (1) the collection of detailed, high-
resolution aeromagnetic and gravity data spanning the
entire North Slope; (2) the collection of regional deep-
seismic soundings to map the Moho and upper mantle;
(3) the integration and use of existing regional seismic
information to construct a three-dimensional frame-
work of the primary seismic horizons and the use of this
model to analyze the intermediate wavelengths pres-
ent in the gravity and aeromagnetic data; (4) better
integration of gravity and magnetic data with seismic
interpretation in depth; and (5) drilling of one or more
deep scientific boreholes into the geophysical basement
anomalies.



CONCLUSIONS

Regional aeromagnetic data for the North Slope show
broad, high-amplitude anomalies that are related
primarily to physical property variation in the pre-
Mississippian basement. The understanding of regional
gravity anomalies is more complex and requires a model
of isostasy, constraints from deep seismic interpreta-
tion, and independent knowledge (from seismic and
drilling) of the structure of the Colville basin. Taken
together, these potential field constraints yield a geo-
physical model that demonstrates significant physical
property heterogeneity in the pre-Mississippian base-
ment. The combined geophysical model of the North
Slope crust provides a template for regional and re-
sidual separation that should be of use to continued
geophysical (particularly gravity) analysis and explora-
tion in the region. Basement composition and struc-
tural trends appear to have had a major influence on
both large- and small-scale tectonic development of
the Brooks Range as well as the fold and thrust belt.
The resistance of the dense and magnetic source of
the North Slope magnetic high to basement deforma-
tion may have influenced the nature and location of
basement-involved thrusting of the Brooks Range in
northern Alaska. High-resolution gravity and aeromag-
netic data contain short-wavelength features that can
be used to map shallow structures and trends. De-
tailed models of short-wavelength gravity and aero-
magnetic anomalies along a selected industry seismic
line are models for the application of both new and
existing high-resolution potential field surveys to fu-
ture exploration.
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