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ABSTRACT

Recent gravity and aeromagnetic investigations of the Talkeetna Mountains of
south-central Alaska (61.5-63.75°N, 145-151°W) were undertaken to study the
region’s framework geophysics and to reinterpret crustal structures and composition.
Aeromagnetic data for this study were compiled from 13 available regional- and local-
scale surveys. Over 400 new gravity stations were collected along 12 profiles in the
study area and combined with 3286 existing regional data.

These data are brought together here with current stratigraphic, lithogeochemi-
cal, structural, isotopic, and paleontologic findings to bear on the tectonics and met-
allogeny of south-central Alaska, and in particular to: (1) help understand the regional
tectonic character of south-central Alaska, especially related to the development of the
southern Alaska orocline; (2) to determine the structural relationships between tectono-
stratigraphic terranes (including Kahiltna, Wrangellia, and Peninsular terranes, as
well as smaller terranes such as Susitna, Broad Pass, and Maclaren); (3) to understand
the character of major faults; and (4) to develop a geophysically based regional min-
eral assessment for the Talkeetna Mountains and surrounding region that identifies
the locations, size, and depth of buried sources of important potential mineral targets
such as ultramafic units associated with feeder zones to the Triassic Nikolai Green-
stone flood basalt.

Within the Talkeetna Mountains region, we interpret four regional-scale domains,
with internally consistent geophysical character, that mostly correspond with previ-
ously defined tectonostratigraphic terranes. These include a Wrangellia domain, a
restricted Peninsular domain, and two domains within the Mesozoic overlap assem-
blage north of Wrangellia. At the broadest scale, potential field data suggest that a
large block of the Talkeetna Mountains consists of relatively dense magnetic crust,
likely of oceanic-crustal composition (corresponding with Wrangellia and Peninsular
terranes) that may also have been underplated by mafic material during early to
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middle Tertiary volcanism. At the NW edge of this block lies a prominent gravity and
magnetic gradient (~3.25 mGal/km, ~100 nT/km) that forms a NE-trending first-
order crustal discontinuity between dense late Paleozoic to Cretaceous Wrangellia
crust and low-density Jurassic to Cretaceous flysch to the northwest.

Potential field models indicate this crustal break is a deep (>10 km), steeply dip-
ping structure—not a shallow-dipping thrust as previously thought. Confined to a
narrow zone of a few tens of kilometers situated along this boundary is a belt of Niko-
lai Greenstone and related rocks that carry a distinct geophysical signature that allows
for assessing their size and distribution.

A zone of transitional crust, located between Wrangellia and North America, is
cut by several northeast-trending structures that may have been reactivated in Ter-
tiary time, perhaps accommodating combined thrust and dextral strike-slip motion
due to the westward escape of crust during and since Tertiary oroclinal bending.

Due to the geophysical contrast of continental North American crust and
Wrangellia’s oceanic crust, slivers of Wrangellia’s margin can be seen offset, along the
Talkeetna fault zone, from interior Wrangellia, perhaps allowing an estimate of the
magnitude of strike-slip displacement.

The Mesozoic flysch northwest of this crustal break is distributed over two dis-
tinct geophysical domains that we interpret as a southeast domain underlain by tran-
sitional crust and a northwest domain rooted by continental crust. We infer this to
reflect two different depositional basins, consistent with recent sediment provenance
studies that demonstrate that two distinct subbasins, one to the northwest and one to
the southeast, received their sediments from continental North America’s Mesozoic
margin and from Wrangellia, respectively.

Keywords: south-central Alaska, crustal structure, mineral resources, geophysics,

gravity, magnetics, terrane.

INTRODUCTION
Nature and Purpose of Study

Although the Talkeetna Mountains (Fig. 1) are one of Alaska’s
most promising areas for mineral exploration because they are
surrounded by major transportation corridors, they have remained
relatively inaccessible and their mineral potential underexplored.
Existing geologic mapping (Csejtey, 1974; Csejtey et al., 1978,
1992; Fig. 2) has been mainly reconnaissance in nature, leaving
large tracts of terrain unmapped at scales appropriate for mineral
resource evaluation.

New gravity (Fig. 3A) and aeromagnetic (Fig. 3B; GSA Data
Repository, Table DR1!) data from the Talkeetna Mountains and
surrounding regions provide an opportunity to address several fun-
damental mineral resource, geologic, and infrastructure (such as
routing and hazard issues for pipelines, rail extensions, and roads)
issues. These data significantly improve the regional potential field
database of this remote area and provide a basis for reevaluating
the regional structural framework. We use these data to (1) define
and assess the geophysical character of crustal terranes; (2) con-

IGSA Data Repository Item 2007113, Tables DR1-DR3, is available on request
from Documents Secretary, GSA, P.O. Box 9140, Boulder, CO 80301-9140, USA,
or editing @ geosociety.org, at www.geosociety.org/pubs/ft2007.htm.

strain the geometry of first-order, terrane-bounding structures;
and (3) identify major second-order structures internal to terranes.
These crustal interpretations in turn affect our understanding of
Late Triassic to Holocene plate interactions throughout the region
and suggest modifications to the currently accepted tectonostrati-
graphic terrane nomenclature. These interpretations improve our
understanding of the suturing of Wrangellia to the continental
margin, the development of the southern Alaska orocline, and the
distribution of Tertiary plutonism and volcanism.

Evaluating the area’s mineral potential depends on under-
standing this geologic and tectonic history, as well as the distribu-
tion of tectonostratigraphic terranes and their internal and bounding
faults that influence the distribution of mineral occurrences. Be-
cause many potentially ore-bearing magmatic rocks have distinct
geophysical expressions, gravity and magnetic data can be used
to determine the subsurface extent of known bodies and to iden-
tify buried sources. As a result, these new geophysical data pro-
vide an improved metallogenic framework for an updated mineral
assessment for south-central Alaska.

Regional Setting

Physiography

The Talkeetna Mountains form an elevated topographic block
situated between the Alaska Range and Clearwater Mountains to
the north and Chugach Mountains in south-central Alaska (Fig. 1).
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Figure 1. (A) Digital shaded relief map of south-central Alaska showing physiographic provinces, major roads, towns, outline of Talkeetna Moun-
tains (dashed line), and major faults (red lines); (B) regional locality map with faults; (C) major lithotectonic/tectonostratigraphic terranes as

defined in this study.

Two prominent river basins bound the Talkeetna Mountains—the
Susitna to the west and the Copper River to the east (Fig. 1). The
Talkeetna Mountains vary from rugged glaciated terrain with
summit peaks between 2000 and 2700 m to benches at 600700 m
elevation along the deeply incised Susitna River.

The physiography of the Talkeetna Mountains, including the
orientation of the drainage network, ridges, and valleys, is strongly
influenced by geologic structures. A pervasive N20—40°E struc-
tural fabric is defined by prominent physiographic features such
as Broad Pass, the Fog Lakes lowland, and Watana and Tsisi
Creeks. Conjugate fracture patterns forming a network of inter-
secting lineations result in polygonal topographic blocks observed
in aerial photos and satellite imagery throughout much of the
northern and central Talkeetna Mountains.

Regional Geologic Framework

South-central Alaska (Figs. 1C, 2) is an assemblage of Paleo-
zoic and Mesozoic tectonostratigraphic terranes, including intra-
oceanic and possible continental arcs, accretionary prisms, flysch
basins, oceanic plateaus, and large blocks of oceanic crustal rocks
that represent the remnants of Devonian to Jurassic continental
marginal basins (Berg et al., 1972; Jones et al., 1972; Berg et al.,
1978; Plafker and Berg, 1994). After having accreted to the North
American continent, oblique subduction drove these terranes

northwestward along the continental margin via dextral strike-
slip fault systems like the ancestral Denali and Castle Mountain
fault zones. During Late Cretaceous to early Tertiary time, widely
distributed but discontinuous volcanism and plutonism stitched
together the assemblage of southern Alaska terranes.

Prior to Eocene volcanism, oblique subduction and trans-
pression of southern Alaska terranes toward a North American
plate backstop within and north of the Alaska Range produced the
distinctive curvature of southern Alaska commonly referred to as
the southern Alaska orocline (Plafker and Berg, 1994).

The Talkeetna Mountains study area is uniquely situated
within the axis of the orocline, a region presently undergoing con-
vergence, experiencing abundant shallow seismicity, and situated
on an active upper crustal plate above the Aleutian Benioff zone
(Eberhart-Phillips et al., 2003; Glen, 2004). Therefore, insights
developed from this geophysical study concerning the crustal char-
acter of, and structures within, the Talkeetna Mountains bear on our
understanding of the framework of current tectonic activity.

Dextral Shear Zones. Among the most prominent physio-
graphic features of southern Alaska are a series of nested arcuate
lineations that parallel the convex-southward coastline of the state.
These features are generally interpreted as major dextral fault zones
that developed in response to stresses imposed on the western
edge of North America by transcurrent motion and by the oblique
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Figure 2. Regional geologic map of the Talkeetna Mountains and surrounding region (simplified from Wilson et al., 1998). Gravity stations are shown
by triangles. Qu = Quaternary sediments, undifferentiated; Ts = Tertiary nonmarine clastic sedimentary rocks; Tv = Tertiary volcanic rocks; Tgr =
Tertiary granitoid intrusive rocks; Tgn = Tertiary gneiss and granitoid intrusive rocks, undifferentiated; Ks = Cretaceous sedimentary rocks; Kv = Cre-
taceous volcanic rocks; Kgr = Cretaceous granitoid intrusive rocks; KJf = Jurassic to Cretaceous flysch, shale, sandstone, and conglomerate; Js = Juras-
sic sedimentary rocks; Jv = Jurassic volcanic and volcaniclastic rocks; Jgd = Jurassic granodiorite; TTrmu = Tertiary(?) to Triassic mafic and ultramafic
rocks; TPmet = Tertiary to Permian metamorphic rocks and mélange, undifferentiated; Trs = Triassic sedimentary rocks; TrN = Triassic Nikolai Green-
stone and gabbros; TrDvs = Triassic to Devonian Chulitna terrane volcanic and sedimentary rocks; gr = granitoid rocks, undifferentiated.
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Figure 3. Index of (A) new (red squares) and
existing (black triangles) gravity stations, and
(B) aeromagnetic surveys within the Talkeetna
Mountains study area (refer to Table DR1 [see
footnote 1]). Note that interpretations are more
tentative in areas of low station density, or low
resolution data.
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subduction of the Pacific plate beneath the North American plate.
From north to south, these major structural boundaries are the Denali
fault zone (including the Hines Creek, McKinley, Totschunda,
Susitna Glacier, and related fault splays; Eberhart-Phillips et al.,
2003) the Castle Mountain fault zone, and the Border Ranges fault.

Northeast-trending faults. Although arcuate dextral strike-
slip faults, which bound the Talkeetna Mountains to the north and
south (Denali and Castle Mountain fault zones, respectively), are
oriented dominantly east-west, many of the prominent faults in the
Talkeetna Mountains region are oriented N 20—40°E and parallel
the northeast trend of geologic units within the area. It is specu-
lated that many of these northeasterly structures are part of a sys-
tem of oblique-slip faults that accommodate shortening within the
hinge of the Alaska orocline as crust is transported westward
through the bend (Glen, 2004). Some of these northeasterly struc-
tures and their relationship to bulk shear within the Talkeetna
Mountains were described by O’Neill et al. (2005).

Broxson Gulch thrust. The Broxson Gulch thrust fault was first
recognized by Stout (1965, 1972) in the Delta River region. It was
subsequently extended southwestward by Smith (1974). Csejtey
(1976) and Csejtey et al. (1978) mapped it into the Talkeetna Moun-
tains to merge with the Talkeetna thrust, lengthening it to nearly
200 km. Where it was recognized in the Delta River region, the fault
is manifest as a narrow zone of northwest-dipping (5—40°) imbri-
cate thrusts and shows evidence of Tertiary movement. Stout and
Chase (1980) suggested that the Broxson Gulch thrust may have
been responsible for mitigating compressional stress between what
they considered distinct plates north and south of the thrust.

Talkeetna thrust. The northeast-trending Talkeetna fault was
originally mapped by Csejtey et al. (1978) as a single, southeastward-
dipping shallow thrust fault interpreted to place rocks of Wrangel-
lia terrane in the upper plate tens of kilometers northwestward
over continental margin sedimentary rocks in the lower plate. Most
of the length of the Talkeetna thrust fault as mapped was covered
by Quaternary sediments in the lowlands along the Fog Lakes and
Watana Creek in the Talkeetna Mountains. Csejtey et al. (1978)
interpreted several splays of the Talkeetna thrust in the Butte
Creek area (Talkeetna D-2 and Healy A-2 quadrangles). The basal
thrust exposed at Butte Creek, however, has been documented to
have both minor offset and little deformation (O’Neill et al.,
2003a, 2003b). Exposures of the Talkeetna thrust at its southern
end (TK B-5 quadrangle) dip 75° W with small-scale structures
suggesting local reverse motion.

Because of these inconsistencies, we do not use the term Tal-
keetna thrust fault, but refer to the deep crustal structure bounding
the Wrangellia terrane as the Talkeetna Suture Zone, which will be
described later in this paper. Surface structures near and overlying
the Talkeetna suture zone are identified separately (Watana Creek
fault, Butte Creek thrust, and the Susitna Lineament).

West Fork fault. The West Fork fault is defined as the bound-
ary between the Wrangellia terrane (Gulkana River metamorphic
complex) to the north and unmetamorphosed Talkeetna arc rocks
of the Peninsular terrane to the south (Nokleberg et al., 1994). This
fault is marked along its southern edge by prominent east-trending
magnetic highs (including the Sourdough high of Andreasen et al.,
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1964, and Nokleberg et al., 1994, and our regional magnetic
domain 13; Table DR2 [see footnote 1]) that reflect a subvertical
structure marking the northern edge of the Wrangellia-Peninsular
terrane boundary as herein defined. Westward, however, the mag-
netic high dies out near the Oshetna River, and the fault has not
been mapped in the Talkeetna Mountains quadrangle. No sense of
offset has been suggested for the West Fork fault.

Tsisi Creek fault. A major shear zone along Tsisi Creek (Fig. 1)
was first mapped by Csejtey et al. (1978), who suggested that it
may mark a thrust zone up to 25 km wide with significant displace-
ment. The Tsisi Creek fault as defined by recent geologic mapping
and geophysical modeling, however, is a relatively narrow, near-
vertical north-30°-east trending structure (Glen et al., this volume)
that locally coincides with prominent gravity and magnetic gradi-
ents. Up-to-the-east displacement on the Tsisi Creek fault places
Middle Jurassic granitoid batholiths and their gneissic wall rocks
in contact with Nikolai Greenstone and its basement rocks to the
west. Vertical offset of several kilometers is suggested by the pres-
ence of andesitic dikes and course-grained intrusions of the same
age, at the same elevations on either side of the fault. No strike-slip
motion has been documented along the fault. At its northeastern
end, the Tsisi Creek fault coalesces with the Kosina Creek fault but
has not been traced north of the Susitna River.

Susitna Lineament. The Susitna Lineament of Smith et al.
(1988), a prominent physiographic break along the edge of Butte
Lake, was extended southward through the northern Talkeetna
Mountains by Clautice (1990). It is defined primarily by elongate
lakes and aligned drainages and forms the western edge of the Fog
Lakes and Watana lowlands. Although clearly visible in aerial and
satellite imagery as a single through-going feature, the Susitna Lin-
eament is comprised of segments, some of which have complex or
subdued surface expressions. In detail the lineament consists of a se-
ries of 10-20-km-long en echelon segments stepping eastward as it
is traced northward. Motion on the Susitna Lineament is in part east-
side down, with Eocene volcanic rocks and Miocene and Oligocene
sedimentary rocks exposed in the Fog Lakes and Watana basins
(Hardy, 1987; Schmidt et al., 2002). The en echelon offsets and as-
sociated fracture zones suggest that the Susitna Lineament also has
a component of dextral strike-slip offset (O’Neill et al., 2005).

Tectonostratigraphic Terranes

Subsequent to having accreted to the continent, south-central
Alaskan terranes were significantly modified from their original
spatial extent by faulting and shearing imposed by oblique sub-
duction (Plafker and Berg, 1994). In the Talkeetna Mountains,
terranes are presently arranged with a dominantly northeast ori-
entation that changes to an easterly trend in the eastern portion
of the study area. Three major lithostratigraphic terranes and
overlap assemblages have been previously defined in this region
(Berg et al., 1978): the Jurassic-Cretaceous Kahiltna Flysch, the
late Paleozoic—early Mesozoic Wrangellia terrane, and the mid-
dle Mesozoic Peninsular terrane.

Wrangellia. The Wrangellia terrane in the northern Talkeetna
Mountains consists of a sequence of Mississippian to Middle Tri-
assic metasedimentary rocks including siliceous siltstones, chert,
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sandstones, and fossiliferous limestone (Nokleberg et al., 1994).
These are overlain by flood basalts of the Middle to Late Triassic
Nikolai Greenstone and related gabbro and dolerite sills and by
minor Triassic and Jurassic shallow marine sedimentary rocks.
Peninsular. The Peninsular terrane as defined in the south-
east portion of the study area consists of Paleozoic(?) and Meso-
zoic metasedimentary rocks, the distinctive Late Triassic(?) to Early
Jurassic (205-190 Ma) Talkeetna volcanic arc rocks, and Early
and Middle Jurassic granitoid batholiths (Nokleberg et al., 1994).
Kahiltna overlap assemblage. The Jurassic-Cretaceous Ka-
hiltna Flysch was defined as deformed flysch and basinal clastic
sedimentary rocks intruded by Late Cretaceous and Tertiary plutons
that lie northwest (inboard) of the Wrangellia terrane (Nokleberg
et al., 1994). The flysch has recently been recognized to have been
deposited in two separate basins (Ridgway et al., 2002). The Ka-
hiltna flysch basin that lies to the northwest of Broad Pass contains
middle Jurassic to Late Cretaceous continental material derived from
North America (near present-day western Alaska) that was shed to
the southeast. The North Talkeetna flysch basin, located to the south-
east of Broad Pass includes Late(?) Triassic to Early Cretaceous clas-
tic material derived from Wrangellia that was shed to the northwest.

GEOPHYSICS
Potential Field Geophysics

Geophysical surveys, which image the subsurface, are par-
ticularly important to geologic interpretation in areas such as
Alaska where much of the land surface is covered by Quaternary
deposits, where bedrock is degraded by extreme weathering con-
ditions, and where many bedrock exposures are inaccessible.
Gravity and magnetic data can be obtained relatively quickly
over large tracts of land making them particularly useful for
regional studies of crustal structures. Spatial variations in gravity
and magnetics result from lateral contrasts in rock-density and
rock-magnetic properties (induced and remanent magnetizations),
respectively. These rock-property contrasts may occur across geo-
logic structures such as faults or folds, across contacts between
lithologic or stratigraphic units, or within a single lithostratigraphic
unit, such as variations resulting from facies changes.

The size, geometry, and depth to a potential field source; the
character of the geomagnetic field; and the rock properties of a
source and its surroundings all determine the character of a
source’s anomaly. Despite this complexity, and the inherent
nonunique nature of potential field model solutions, potential
field data can provide concrete constraints on the geometry and,
inferentially, the origin of anomaly sources, particularly when
combined with other geologic constraints such as the regional tec-
tonic framework, surface geology, and seismic or electrical data.

Some general conclusions can be drawn from the character
of geophysical anomalies and their likely sources. The shallower
the depth to a potential field source body, the higher the ampli-
tude, the shorter the wavelength, and the steeper the gradients of
its potential field anomaly. As a result, high-amplitude, short-
wavelength anomalies, which often have steep gradients, are
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produced by sources at shallow depths in the crust. In contrast,
long-wavelength anomalies having smooth gradients commonly
reflect deep sources. Anomalies with wavelengths of hundreds
of kilometers, for example, most likely arise from sources in the
lower crust. Although wide, shallow, thin sources with gently
sloping sides can produce similar anomalies, such cases can usu-
ally be recognized with regional geologic mapping. For the pur-
poses of this paper, we define deep as >10-15 km, midcrustal as
3—-10 km, and shallow as any source <3 km below the surface.

Gravity maps indicate anomalies that arise from lateral density
contrasts that may arise from deviations from isostatic equilib-
rium, density contrasts between rock bodies, or lateral variations
in temperature within the crust. On the one hand, contrasts in rock
density may be due to lithologic or structural contacts between
rock units, partial melting, or phase transitions. Magnetic anom-
alies, on the other hand, reflect variations in the magnetization of
the crust (including induced and remanent magnetizations), which,
to a large extent (i.e., in rocks with small remanent components)
reflect variations in the magnetic susceptibility of rocks caused by
changes in the concentration and mineralogy of magnetic miner-
als within the crust. It is often assumed that the induced compo-
nent need only be considered because of present field remanent
overprints that are parallel to the induced component or low inten-
sity remanence components. Although this is generally a reason-
able assumption, it may not hold true in strongly magnetic terrain
such as over mafic volcanic or intrusive rocks.

Generally, gravity and magnetic highs arise from mafic and
ultramafic igneous and crystalline basement rocks, whereas lows
arise from felsic igneous, sedimentary, or altered basement rocks.
Metamorphism and alteration can strongly affect the susceptibil-
ity of an originally homogeneous rock body by leading to the
nonuniform production or destruction of magnetic minerals.
Igneous outcrops not associated with magnetic anomalies might
be thin or contain low concentrations of primary magnetic miner-
als or might have lost them due to alteration. In south-central
Alaska, many of the most prominent aeromagnetic anomalies
arise from volcanic, gabbroic, and ultramafic rocks associated
with the Wrangellia and Peninsular (and Chugach) terranes.

In contrast to gravity data, magnetic data highlight shallow
and midcrustal features as opposed to deep sources. This is due in
part to the more rapid attenuation of magnetic fields with distance
to their source than gravity. The fact, too, that there are signifi-
cantly fewer gravity data, limits the ability of gravity data to
resolve small-scale features, rendering the gravity method most
effective at resolving broad, deep crustal structures. In addition,
unlike gravity, crustal remanent magnetism has a depth limit set
by the Curie temperature isotherm, the temperature above which
remanent magnetization does not exist.

Previous Geophysical Work

Results from previous geophysical studies overlapping all
or part of the current study area (e.g., Barnes and Csejtey, 1985;
Csejtey and Griscom, 1978; Burns, 1982; Cady, 1989; Campbell,
1987; Campbell and Barnes, 1985; Campbell and Nokleberg,
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1984, 1985, 1986, 1997; Case, 1985; Fisher and von Huene,
1984; Grantz et al., 1963; Griscom, 1979; Griscom and Case,
1983; Hackett, 1978a, 1978b, 1979a, 1979b; Saltus et al., 1997,
2003; Wescott and Witte, 1982) were incorporated in our interpre-
tations. At the regional scale, Saltus et al. (1997) defined several
tectono-geophysical domains that correspond closely to the
regional-scale geophysical domains described here. Notable dif-
ferences, however, are discussed below and in the adjoining geo-
physical tables.

Potential Field Data

Gravity data collected at 399 gravity stations from across the
Talkeetna Mountains study area (Fig. 3A) during 1999-2002
were compiled along with previously published data (Morin and
Glen, 2002, 2003; Sanger and Glen, 2003).

In order to produce gravity maps reflecting lateral variations
in the density of the crust, raw gravity measurements were
reduced using standard gravity reduction methods (Dobrin and
Savit, 1988; Blakely, 1995). These reductions remove the effects
of elevation, topography, and the total mass, rotation, and ellip-
soidal shape of the Earth and yield the complete Bouguer gravity
anomaly (CBA). Although the CBA reveals lateral density varia-
tions at short wavelength scales, it does a poor job isolating longer
wavelength features because these are often masked by broad
anomalies due to deep crustal roots that isostatically compensate
topographic loads. The isostatic correction accounts for the effects
of these compensating masses (Fig. 4), and yields isostatic maps
that typically indicate anomalies arising solely from density inho-
mogeneities in the crust. Both the new and existing data were
reduced and gridded to produce the various gravity and derivative
maps shown in this report. Barnes (1976) suggests that much of
southern Alaska, including the present study area, is not in isosta-
tic balance due to effects of the subducting Pacific plate. Lack of
isostatic balance could bias some of the residual anomalies, par-
ticularly in the southern portion of the study area, such as the Cook
Inlet. Nonetheless, this is a relatively broad wavelength phenom-
enon and should not influence the domain analysis discussed
below, which is concerned with domain fabric dominated by rela-
tively high frequencies and with domain boundaries that are defined
by sharp magnetic horizontal gradients.

Magnetic data used in this report (Fig. 3B, Table DRI [see
footnote 1]) were derived from a statewide compilation (Saltus
etal., 1999a, 1999b; Saltus and Simmons, 1997) and from several
more recently flown surveys (Pritchard, 1997, 1998; Burns, 2002,
2003). These surveys were gridded and merged to produce the
various filtered and derivative maps discussed below.

Rock Property Data

Because gravity and magnetic field anomalies reflect varia-
tions in the density and magnetic susceptibility of the underlying
lithology, these rock properties are essential components to poten-
tial field modeling. A compilation of 306 density and 706 suscep-
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tibility measurements (Sanger and Glen, 2003), collected to con-
strain potential field models, were used in this report.

In general, the average grain density of rocks in the study
region increases from sedimentary, felsic, and intermediate igneous
rocks, to mafic igneous and metamorphic rocks. Magnetic suscep-
tibility measurements performed on rock outcrops and hand sam-
ples from the study area also reveal lower magnetic susceptibilities
for sedimentary and felsic intrusive rocks; moderate susceptibility
values for metamorphic, felsic extrusive, and intermediate igneous
rocks; and higher susceptibility values for mafic igneous rocks. The
density and magnetic properties of rocks in the study area are gen-
erally consistent with general trends expected for these rock types.

The magnetization of a rock depends largely on its magnetic
mineral content. Mafic rocks generally have higher magnetic sus-
ceptibilities than felsic rocks because mafic rocks typically contain
more strongly magnetic minerals such as magnetite (Carmichael,
1982). Rocks from the study area reflect this trend—the highest
average magnetic susceptibilities come from mafic igneous rocks,
whereas the lowest calculated averages come from sedimentary
as well as felsic and unidentified igneous rocks.

Density values for rocks from the study area are also consistent
with general trends (Olhoeft and Johnson, 1989) and show highest
average grain densities for both extrusive and intrusive mafic ig-
neous rocks and lowest mean grain density values for felsic intru-
sive rocks. Because grain density is affected largely by a rock’s
mineral composition and porosity, rocks rich in felsic minerals tend
to have lower densities than rocks rich in mafic minerals. Igneous
and metamorphic rocks tend to be denser than sedimentary rocks, in
part because of their composition but also because they are gener-
ally less porous than sedimentary rocks.

Filtering and Derivative Methods

Magnetic Potential (Pseudogravity)

Crustal magnetism varies because of changes in both the
concentration and type of magnetic minerals within the crust
(analogous to the relation between density a