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High-resolution aeromagnetic surveys over forearc basins can detect faults and folds in weakly magnetized sed-
iments, thus providing geologic constraints on tectonic evolution and improved understanding of seismic hazards
in convergent-margin settings. Puget Sound, Washington, and Cook Inlet, Alaska, provide two case histories.
In each lowland region, shallow-source magnetic anomalies are related to active folds and/or faults. Mapping
these structures is critical for understanding seismic hazards that face the urban regions of Seattle, Washington,
and Anchorage, Alaska. Similarities in aeromagnetic anomaly patterns and magnetic stratigraphy between the
two regions suggest that we can expect the aeromagnetic method to yield useful structural information that may
contribute to earth-hazard and energy resource investigations in other forearc basins.
Key words: Aeromagnetic, susceptibility, seismic hazards.

1. Introduction
The populated lowlands of Puget Sound, Washington,

and Cook Inlet, Alaska, lie within seismically active forearc
basins in a dynamic convergent margin (Fig. 1). The Puget
Lowland is home to some 3 million people and hosts the
major cities of Seattle, Everett, Bellingham, Olympia, and
Tacoma, Washington; and Vancouver and Victoria, British
Columbia. The Puget Sound region has extensive urban in-
frastructure and includes a relatively large population den-
sity at low elevation and near shorelines. Cook Inlet has
a lower total population (approximately 500 thousand), but
hosts Alaska’s largest city, Anchorage, and has extensive
transportation and energy infrastructure of national impor-
tance.

Puget Sound lies within the forearc of the Cascadia sub-
duction zone above the obliquely subducting Juan de Fuca
plate and is adjacent to the Cascade volcanic arc. The low-
land is underlain by several large sedimentary basins, in-
cluding the Bellingham, Everett, Seattle and Tacoma basins,
in some places reaching depths of 9 to 10 km (Brocher et
al., 2001). Cook Inlet is a forearc basin situated above the
subducting Pacific Plate and lying adjacent to the Aleutian
volcanic arc. The Cook Inlet sedimentary basin has a max-
imum depth of about 5 km (Kirschner and Lyon, 1973).

Three kinds of earthquakes threaten Puget Sound and
Cook Inlet. The megathrust contact between the subducting
oceanic slab and overriding continental plate generates the
world’s greatest earthquakes, with recurrence intervals on
the order of hundreds of years (Hyndman and Wang, 1995;
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Combellick, 1991, 1993, 1994). The 1964 M 9.2 Prince
William Sound earthquake near Cook Inlet (Plafker, 1965;
Christensen and Beck, 1994) and the 1700 Mw 9 Casca-
dia event near Puget Sound (Atwater and Hemphill-Haley,
1997) were both megathrust events. Puget Sound and Cook
Inlet are also susceptible to deep intra-slab earthquakes ≥
M 7, which occur within the subducting slab at depths of
40–70 km, directly beneath the lowlands and its urban cen-
ters (Kirby et al., 1996). The Mw 6.8 Nisqually earthquake
occurred at a depth of 57 km and caused an estimated $2 bil-
lion in damage to the Puget Sound region in 2001 (Frankel
et al., 2002). Estimated recurrence of damaging within-slab
events is about 30–50 years in Puget Sound.

More infrequent, but potentially much more damaging,
are shallow earthquakes that occur along crustal faults in
the overriding continental plate. The city of Kobe, Japan,
which occupies a similar forearc tectonic setting to Anchor-
age and Seattle, was devastated by the 1995 Mw 6.9 Hyogo-
ken Nanbu earthquake. The Hyogo-ken Nanbu earthquake,
which occurred on a shallow crustal fault, caused the loss
of more than 5000 lives and $100 billion in damage. Pa-
leoseismic evidence indicates the Seattle fault, which lies
beneath the cities of Seattle, Bremerton, and Bellevue, gen-
erated a M 7 earthquake about 1100 years ago (Bucknam et
al., 1992; Nelson et al., 2003).

Finding the crustal faults beneath the major population
centers of the Puget Sound and Cook Inlet—and under-
standing their location, geometry, and seismic hazard is crit-
ical in mitigating the effects of large crustal earthquakes.
However, many of the faults are concealed beneath Quater-
nary sediments, vegetation, water, and urban development,
so that geophysical methods are essential to accurately map
their extent. Aeromagnetic surveys have proven especially
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Fig. 1. Topography and bathymetry of northwestern North America and the Pacific Ocean, showing location of Puget Sound and Cook Inlet study areas.
Circles show major earthquake locations, triangles show major volcanoes. The arrows depict the approximate direction of tectonic plate convergence
with respect to North America in each region.

valuable in recognizing shallow crustal structures in both
the Puget Lowland and in Cook Inlet (e.g., Blakely et al.,
1999, 2002, 2004; Saltus et al., 2001).

In this paper we make a comparative examination of
aeromagnetic data from Puget Sound and Cook Inlet and
find remarkable similarities in aeromagnetic anomalies
measured in both regions. The large-scale crustal structure
in both regions is well defined by aeromagnetic anomalies
that outline fault-bounded crustal blocks, but filtering of the
high resolution data shows that subtle, near-surface anoma-
lies are also recognizable. Structures imaged in this way are
proving useful for interpreting young deformation features
and potentially active faults and folds.

2. Geology
2.1 Puget Sound

The Puget Lowland occupies the structural depression
between the Olympic Mountains and Coast Range to the
west and the Cascade volcanic arc to the east (Fig. 2).
Much of the western part of the Lowland is underlain by
Eocene Crescent Formation of largely basalt composition
and oceanic affinity. These massive rocks crop out in the
Olympic Mountains and dip shallowly eastward beneath the
Puget Sound. Amalgamated pre-Tertiary, ophiolite-bearing
oceanic terranes and overlying Tertiary Cascade volcanic
rocks underlie the Lowland to the north and east and form
the high topography of the Cascade Range. All of these
bedrock units produce high-amplitude magnetic anomalies.
A number of regionally significant thrust, strike-slip, and
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Fig. 2. Generalized geology of the Puget Sound region, modified from Johnson et al. (1996). Abbreviations: SF, Seattle fault; DMF; Devils Mountain
fault; SWF, southern Whidbey Island fault; TF, Tacoma fault; BB, Bellingham basin; EB, Everett basin; SB, Seattle basin; TB, Tacoma basin.

oblique faults are superimposed on this bedrock framework,
including the Devils Mountain, southern Whidbey Island,
Seattle, and Tacoma faults (Fig. 2). These faults form
the structural boundaries between important sedimentary
basins that line up along the Puget Lowland, notably the
Bellingham, Everett, Seattle, and Tacoma basins (Fig. 2).
Geophysical studies (Brocher et al., 2001; Johnson et al.,
1996) indicate that the Seattle and Everett basins exceed 6
and 9 km depth, respectively. Eocene and younger sedi-
ments that fill these basins were derived, in part, from an-
cient volcanic highlands, and shallow portions of these sed-
imentary sections produce low-amplitude anomalies where
the sediments have been deformed into complex struc-
tures. The bedrock geology, regional faults, and sedimen-

tary basins are largely obscured by the cover of Quaternary
glacial and fluvial deposits, vegetation, and the deep waters
of Puget Sound.
2.2 Cook Inlet

The Cook Inlet basin lies between the Kenai Moun-
tains to the southeast and the southern Alaska Range and
northern Aleutian Range to the north and west (Fig. 3).
Triassic (?) to Lower Jurassic metavolcanic, ultramafic,
and volcaniclastic rocks of the magnetic Talkeetna Forma-
tion are thought to underlie the entire basin. The Bor-
der Ranges fault (BRF) parallels the southeast margin of
the basin and marks a transition to the non-magnetic, ac-
cretionary metavolcanic slate and greywacke mélange of
the McHugh Complex and Valdez Group in the Kenai and
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Fig. 3. Generalized geology of the Cook Inlet region, based on Magoon et al. (1976); folds from Haeussler and Saltus (in review (a)). Abbreviations:
BBF, Bruin Bay fault; BRF, Border Ranges fault; CMF, Castle Mountain fault; LCF, Lake Clark fault; CIB, Cook Inlet Basin; SB, Susitna Basin; B,
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Chugach Mountains. The northernmost volcanoes of the ac-
tive Aleutian volcanic arc and associated volcanic rocks lie
northwest of the basin. Within this forearc tectonic frame-
work, the Cook Inlet basin is separated from the Susitna
basin to the north by the Castle Mountain fault, and from
the Shelikof basin to the southwest by the Seldovia arch.
Within the Cook Inlet basin, the Miocene and later sedi-

ments are derived, in part, from magnetic rocks in the high-
lands to the north and west. Shallow magnetic intervals of
these sedimentary rocks produce low-amplitude aeromag-
netic anomalies where they have been deformed by later
fault-cored folds (Haeussler et al., 2000). Many of these
folds host oil and/or gas accumulations (Kirshner and Lyon,
1973; Magoon et al., 1976). At least some of the folds
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Fig. 4. Comparative stratigraphy for the Puget Sound and Cook Inlet regions. Puget Sound sections simplified from Johnson et al. (1994, 1996). Cook
Inlet sections simplified from Magoon et al. (1976) and Magoon and Egbert (1986).
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appear to be active (Haeussler et al., 2000), and there is
one fault, the Castle Mountain fault, that has a history of
Holocene offset (Haeussler et al., 2000). The bedrock ge-
ology of the basin is obscured by the cover of Quaternary
glacial and fluvial deposits and the shallow waters of Cook
Inlet.

3. Magnetic Stratigraphy
Basin stratigraphy of the Puget Sound and Cook Inlet re-

gions is similar (Fig. 4). Basins in both regions are under-
lain by volcanic or volcaniclastic basement with overlying
Tertiary marine, fluvial, and Quaternary glacial deposits.
The volcanic basement produces high-amplitude anomalies
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Fig. 6. Comparison between generalized Cook Inlet and Puget Sound
magnetic susceptibilities for basinal magnetic source rocks.

with wavelengths characteristic of sources at depth, as ob-
served in aeromagnetic surveys worldwide. Sedimentary
rocks are often considered nonmagnetic in other areas, but
in the forearc regions of Alaska and Cascadia, late Tertiary
and Quaternary deposits contain enough magnetic miner-
als to sometimes cause low-amplitude, shallow-source aero-
magnetic anomalies. Although the deeper, marine portions
of the basins are essentially non-magnetic, the shallow Ter-
tiary and Quaternary section contribute to low-amplitude
aeromagnetic anomalies.

Measurements of magnetic susceptibility on rocks of
the Cook Inlet region (Fig. 5; Altstatt et al., 2002) show
that plutonic and volcanic rocks are the primary magnetic
sources in the region. Weakly to moderately magnetic
sources exist within portions of sedimentary and volcani-
clastic units including Quaternary glacial deposits (Saltus
and Haeussler, 2004), zones within the predominantly flu-
vial Tertiary Sterling Formation, and the Triassic to Jurassic
Talkeetna Formation.

Similar magnetic relations are observed in the Puget
Lowland (Fig. 6), where volcanic bedrock constitutes the
dominant magnetic source. Magnetic measurements of
Eocene basalts of the Crescent Formation suggest an av-
erage susceptibility of 60 mSI (which results in an induced
magnetization of 2.75 A/m; Finn, 1990). Overlying Tertiary
sediments, on the other hand, are typically very low in mag-
netization. Susceptibility measurements of upper Eocene
to Oligocene Blakeley Formation near Everett, Washing-
ton, for example, indicate an average susceptibility of only
0.2 mSI (induced magnetization 0.01 A/m; Blakely et al.,
2004). Exceptions do exist in these Tertiary strata, espe-
cially within pebbly layers. A particularly notable exam-
ple is a basaltic conglomerate that lies within the Miocene
Blakely Harbor Formation and is exposed on Bainbridge
Island east of Seattle. This conglomerate has a measured
susceptibility of 17 mSI (induced magnetization 0.8 A/m)
and, because of its steep dip, produces a distinctive, dike-
like aeromagnetic anomaly (Blakely et al., 2002). Quater-
nary glacial deposits are often considered nonmagnetic in
other areas, but they can be slightly magnetic in the Puget
Lowland. Magnetic susceptibility measurements at five lo-

cations between Seattle and Everett indicate susceptibilities
ranging from 1 to 2.5 mSI (induced magnetizations of 0.05
to 0.12 A/m), with an overall average value of 2 mSI (0.09
A/m; Blakely et al., 2004).

In both the Cook Inlet and Puget Lowland, shallow-
source aeromagnetic anomalies are predicted to arise from
structural or topographic features involving surficial or
near-surface geologic units. In both regions, Quaternary
glacial deposits are sufficiently magnetic to produce short-
wavelength magnetic features of 10 s of nT (Saltus and
Haeussler, 2004). Portions of the fluvial Tertiary section
(distinct units within the Blakely Harbor Formation in Puget
Sound, as described above, and parts of the Sterling For-
mation in Cook Inlet) are sufficiently magnetic to produce
moderate to large amplitude magnetic anomalies with short
to moderate wavelengths. And in both regions the volcanic
basement rocks (Crescent Formation in Puget Sound, Tal-
keetna Formation in Cook Inlet) are highly magnetic and
produce long-wavelength anomalies reflecting basement to-
pography, compositional variation, and structural disrup-
tion.

4. Aeromagnetic Data and Analysis
During the past decade, the U.S. Geological Survey has

conducted detailed, moderate- to high-resolution aeromag-
netic surveys over both the Puget Sound (Fig. 7; Blakely et
al., 1999) and Cook Inlet (Fig. 8; Saltus et al., 2001) re-
gions.

In Puget Sound (Fig. 7), high-amplitude, short-
wavelength magnetic highs surround the Everett, Seattle,
and Tacoma basins and correspond in some cases to expo-
sures of pre-Tertiary ophiolite, Eocene Crescent Formation
and other crystalline basement rocks, and Cascade volcanic
rocks. Without exception, all of the known or suspected ma-
jor fault zones of the Puget Lowland (Fig. 2) are represented
by linear magnetic anomalies (Fig. 7). Of particular inter-
est, several distinctive east-west magnetic lineations follow
and parallel the Seattle fault zone, known to be responsible
for 3 or 4 ground-rupturing earthquakes over the last 2500
years (Nelson et al., 2003).

In Cook Inlet (Fig. 8), high amplitude, short wave-
length magnetic highs surround the basins and correspond
to exposures of Triassic and younger volcanic and plutonic
rocks, including the Talkeetna Formation. Sharp and dis-
tinctive magnetic features correspond with, or are paral-
lel to, the mapped trace of the Castle Mountain and Bor-
der Ranges faults (Fig. 3). In addition, a variety of sub-
tle short-wavelength features are also present, many with
north-northeast/south-southwest trend.

We used matched filtering (Syberg, 1972; Phillips, 1997)
to characterize the magnetic fields of the Puget Sound and
Cook Inlet regions. This method uses Fourier-domain char-
acteristics of potential fields to estimate depths of principal
sources. The resulting filters can then be used to decompose
observed magnetic anomalies into estimates of the anoma-
lies caused by sources at those principal depths. A com-
parison of a five-level decomposition of the aeromagnetic
data from each region (Fig. 9) shows remarkably similar
wavenumber content and matched-filter depths for both the
Puget Sound and Cook Inlet regions. We interpret these
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Fig. 7. Total field composite aeromagnetic map of the Puget Sound region (Blakely et al., 1999). Faults (solid and dashed lines) from Fig. 2: DMF,
Devils Mountain fault; SWF, southern Whidbey Island fault; and TF, Tacoma fault. Cities (open squares) from Fig. 2.

layers as follows: Half-space filter A represents anomalies
arising from sources in and below the pre-Cenozoic base-
ment, thin sheet layer B is the upper portion of the magnetic
basement, layers C and D are Tertiary and Quaternary rocks
and deposits, and layer E consists of sources near and at the
surface, including cultural noise and aliasing. The biggest
differences in the matched filters occur in the amplitudes
of the C layers and in both the amplitudes and frequencies
of the E layers. Puget Sound anomalies show higher C-
layer amplitudes than the Cook Inlet, possibly because of
strong magnetic sources observed within the Blakely Har-
bor formation (Blakely et al., 2002) relative to the some-
what weaker magnetic sources in the Sterling Formation.
Greater E-layer amplitudes and lower E-layer wavenum-

bers in the Cook Inlet relative to Puget Sound may reflect
Quaternary deposits with higher susceptibilities or, alterna-
tively, aliasing caused by a lower flight height relative to the
flight-line spacing.

Applying matched filters to the aeromagnetic surveys
emphasizes anomalies originating from various depth
ranges (Fig. 9). In particular, we were interested in ex-
amining and comparing that part of the observed magnetic
field that originates from intra-basin sources, namely levels
C and D. For Puget Sound, the filtered map (Fig. 10) shows
a number of shallow-source lineaments, many of which cor-
relate with known fault zones, including the Devils Moun-
tain, southern Whidbey Island, Seattle, and Tacoma faults.
Around the margins of the Puget Sound basins, surficial ex-
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posures of highly magnetic volcanic rocks cause very in-
tense high/low anomaly pairs. Linear anomalies over the
hanging-wall of the Seattle fault correlate one-to-one with
sparse exposures of Tertiary volcanic and sedimentary rocks
(Blakely et al., 2002). Over the deeper portions of the
basins, more subtle anomalies appear, possibly related to
internal structure of the basins and local topographic fea-
tures, such as beach cliffs that lie along the shoreline be-
tween Seattle and Everett. Features that trend more or less
east-west and northwest-southeast are of particular interest
because they may be related to folds and/or faults within the
basins.

East-trending linear anomalies along the Seattle fault are

compatible with a series of south-side-up thrust faults that
offset the Eocene Crescent Formation (Fig. 11; Blakely et
al., 2002), consistent with seismic-reflection interpretations
(Pratt et al., 1997; Johnson et al., 1994). The same magnetic
anomalies are also consistent with a more recent model for
the Seattle uplift (Brocher et al., 2004) that includes sig-
nificant backthrusting, consistent with seismic-reflection,
seismic-velocity, and paleoseismic evidence. Any model
of the Seattle fault must contend with the Blakely Harbor
Formation, a Miocene fluvial section that includes a signifi-
cantly magnetic basalt conglomerate (Blakely et al., 2002).
This steeply dipping conglomerate produces a dike-like
magnetic anomaly (the northern high in Fig. 11), shorter
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Fig. 11. Detailed, two-dimensional magnetic model across the Seattle fault, Puget Sound, Washington (Blakely et al., 2002).

in wavelength but similar in amplitude to the southern mag-
netic highs caused by Eocene basalt of the Crescent Forma-
tion. Detailed analysis of this conglomerate, incorporating
magnetic modeling with constraints from seismic data and
geologic mapping, allows us to identify similar rocks along
the entire length of the Seattle fault (Blakely et al., 2002).

For Cook Inlet, the bandpass map (Fig. 12) shows a num-
ber of similar shallow-source anomalies, including many
linear features with trends more or less parallel to the long
axis of the Cook Inlet basin. Some of these features, such as
the distinctive set of curvilinear features surrounding a mag-
netic low in the Beluga oil and gas field region, are clearly
related to shallow structure seen in seismic data (Haeussler
et al., 2000; Saltus et al., 2001; Haeussler and Saltus, in re-
view (a)). Other linear trends, such as those located further
to the east over the Kenai Peninsula, may relate to mono-
clines or other structural or stratigraphic features. The Qua-
ternary glacial deposits in the Cook Inlet region are suf-
ficiently magnetic to generate subtle magnetic anomalies
at beach cliffs and other topographic features (Saltus and
Haeussler, 2004). Also, sharp-edged linear features extend-
ing generally northwest from the active volcanic region of
the Aleutian Range are probably related to volcanic and/or
volcaniclastic flows (Haeussler and Saltus, in review (b)).

Relative to the Puget Sound, the Cook Inlet has less pub-

licly available shallow seismic data and fewer detailed map-
ping constraints, posing problems for detailed interpreta-
tion of shallow-source aeromagnetic anomalies. Regional
seismic lines, donated to the USGS by ARCO (and dis-
cussed in Haeussler et al., 2000), provide some constraints
for potential-field modeling, although these seismic data are
not ideally suited for interpretation of shallow detail. In the
region of the Beluga oil and gas field, the pattern of seismic
reflectors in the flanking syncline can be used to guide the
geometry of a consistent model in which discrete magnetic
layers within the younger Sterling and/or overlying Quater-
nary section cause the shallow magnetic features (Fig. 13).

5. Discussion
Previous studies have discussed the significance of large

aeromagnetic anomalies in subduction/active arc settings
including the Pacific Northwest (e.g., Finn, 1990; Wells
et al., 1998) and southern Alaska (Grantz et al., 1963;
Griscom and Case, 1983). These earlier studies utilized
aeromagnetic data collected typically at altitudes greater
than 1000 ft (305 m) and with line spacing of 1 mile or
greater (1600 m or greater). Because of the mathematical
fall off of sensitivity to shallow sources, in addition to older,
lower resolution instrumentation and less accurate naviga-
tion, these earlier aeromagnetic surveys were primarily sen-
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sitive to and interpreted in terms of thick, regional magnetic
sources such as crystalline basement and regional extrusive
and/or intrusive volcanic or plutonic complexes.

Advances in measurement and navigation technology,
improved data processing, and new interpretation methods
have given us the ability to investigate more subtle mag-
netic sources, particularly those arising within sedimentary
basins (e.g., Grauch, 2001). High-resolution aeromagnetic
surveys (flight heights as low as 100 ft–30.5 m, and line
spacing as narrow as 1/8 mile–200 m) show a wealth of
anomaly detail not present in pre-1980’s data.

Although improved data acquisition and processing have
sharpened our view of the low-altitude magnetic field, mag-
netic surveys are still subject to the fundamental non-
uniqueness of potential-field interpretation. In one sense,
interpretation has become more difficult. We no longer can
make the blanket assumption (as was often done in older
studies) that sedimentary rocks are nonmagnetic. We are
now using aeromagnetic data to investigate a wider range
of crustal depths than ever before, and it is increasingly
important to incorporate independent information, such as
detailed magnetic property measurements and depth con-

straints from boreholes or other geophysical methods, in or-
der to reasonably limit the range of permissible Earth mod-
els.

Aeromagnetic studies have led to speculation (Blakely et
al., 2005), consistent with deep seismic interpretation (Bo-
stock et al., 2002; Brocher et al., 2003), that a portion of the
longest-wavelength aeromagnetic anomalies over the Cas-
cadia forearc originate from serpentinization of the mantle
wedge above the subducting slab. If correct, this interpreta-
tion extends the bottom of the potentially magnetic layer to
beneath the continental Moho of the Cascadia forearc and
to depths greater than 50 km. It has also been proposed that
a similar deep source may contribute to long-wavelength
components of the southern Alaska magnetic high (Blakely
et al., 2005).

While it is reasonable to postulate the contribution of
deep serpentinized mantle to the total aeromagnetic sig-
nature in both Puget Sound and Cook Inlet, it is evident
that long-wavelength anomalies arise mainly from mid- to
upper-crustal sources, namely magnetic basement and in-
trusive rocks related to the arc settings discussed above. In
addition, it is clear that portions of the basin sedimentary
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section and, indeed even surficial deposits, are sufficiently
magnetic to produce weak-to-moderate amplitude aeromag-
netic anomalies as well.

Interpretation of broad (long-wavelength) anomalies has
the greatest theoretical ambiguity. The short-wavelength
content of a magnetic anomaly is limited by the depth to its
source. While shallow sources can produce both long- and
short-wavelength anomalies, depending on the wavenumber
content of the shallow source, deep sources produce only
anomalies with characteristically long wavelengths, regard-
less of the wavenumber content of sources. It is not pos-
sible, therefore to distinguish shallow from deep sources
using long-wavelength magnetic anomalies alone. These
limitations must be kept in mind when estimating magnetic
depth, as attempted here with the matched filtering tech-
nique. The matched-filter results for Puget Sound and Cook
Inlet (Fig. 9) indicate similar wavenumber content in the
two aeromagnetic surveys, but they do not strictly prove
that the magnetic sources are concentrated at the depths in-
dicated. In the case of each bandpass filter, some or all of
the source energy in that band could arise from a shallower
level. However, in both Puget Sound and Cook Inlet it is ge-
ologically reasonable to expect magnetic sources at a range
of depths, so the results are not surprising.

In both Puget Sound and Cook Inlet, we have constrained
our interpretations with seismic and gravity data where
available. Puget Sound has better published seismic cov-
erage than Cook Inlet, particularly for the deeper crust. Re-
gional gravity data are available in both regions. In Puget
Sound, Brocher et al. (2003) found isostatic residual grav-
ity anomalies to be consistent with densities calculated from
three-dimensional seismic models using Gardner’s relation
(Gardner et al., 1974). In Cook Inlet, isostatic gravity
anomalies are too low in amplitude to be caused solely by
the known thickness of sediments in the Cook Inlet basin,
and it is clear that the region is not in local isostatic bal-
ance (Barnes, 1977). The crust beneath sea-level elevations
in Cook Inlet probably exceeds 50 km in thickness. Thus
the standard local (Airy) isostatic model is not useful here
for predicting and removing the effects of deep crustal grav-
ity sources in order to isolate the gravity expression of the

basin itself. Independent Moho-depth determinations (i.e.
from deep seismic or electrical soundings) would aid in this
endeavor. Failing that determination, wavelength filtering
can be used to produce an estimated basin gravity map.

Interpretation of short-wavelength aeromagnetic features
is considerably less problematic, as these anomalies can-
not originate from great depths. Thus, shallow bandpass
and highpass filters derived from matched filtering (Puget
Sound, Fig. 10; Cook Inlet, Fig. 12) or upward-continuation
residuals (e.g., Blakely et al., 2002) are reliable indicators
of patterns related to the distribution of shallow magnetic
sources.

In addition to understanding seismic hazards, knowledge
of shallow structure is important for hydrocarbon explo-
ration. Puget Sound has no known hydrocarbon poten-
tial, but Cook Inlet hosts significant oil and gas resources
(Kirschner and Lyon, 1973; Magoon et al., 1976; Magoon,
1994) and is still being developed (Anonymous, 1999). Al-
though the initial hydrocarbon discovery and much of the
exploration in Cook Inlet preceded collection of aeromag-
netic data in the region, the correspondence of linear short-
wavelength aeromagnetic features with known folds (e.g.,
Fig. 12), many of which host hydrocarbons, demonstrates
the utility of high-resolution aeromagnetic surveys as an
exploration tool, particularly for early work in a frontier
area. Regional aeromagnetic reconnaissance is much more
economical than seismic data collection and exploratory
drilling. In a well-developed region, detailed aeromagnetic
data can assist in mapping out the full extent of known
structures.

6. Conclusions
Aeromagnetic anomalies from the Puget Sound and Cook

Inlet regions show remarkable similarity in wavenumber
and amplitude. In particular, the aeromagnetic data from
both regions contain a rich array of shallow-source features
related to faults and folds and thus important for seismic-
hazard assessment. Magnetic properties of the stratigraphic
sections are also similar: Pre-Cenozoic and Eocene vol-
canic basement is significantly magnetic, deep basin sedi-
ments of Tertiary age and marine origin are generally non-
magnetic, and shallower Tertiary fluvial and Quaternary
glacial deposits are sufficiently magnetic to produce small-
amplitude anomalies. In both Puget Sound and Cook Inlet,
matched filtering of the aeromagnetic data yields bandpass
and highpass aeromagnetic maps that delineate these shal-
low features. Based on our results in these two regions, it
appears likely that other forearc basins will show the same
kinds of aeromagnetic features. Therefore, aeromagnetic
data are expected to provide a useful aid in mapping the lo-
cation and extent of shallow faults and folds that may be
important for understanding of the seismic hazards, pos-
sible resource potential, and structural framework of other
forearc basins.
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