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ABSTRACT
The Baja British Columbia (Baja B.C.)

hypothesis derives primarily from
observed discordant paleomagnetic
directions of Insular and Intermontane
terranes interpreted to indicate
post–mid-Cretaceous northward
transport by up to 4000 km with respect
to the continental interior. Recent
paleomagnetic results from near Prince
Rupert, British Columbia, document that
discordant directions in plutonic rocks
of this area are primarily due to local
deformation rather than transport from a
Cretaceous location along the southwest
margin of North America. Expanded
paleomagnetic studies of Cretaceous
rocks at Duke Island and MacColl Ridge,
Alaska, have led to much smaller
estimates of latitudinal motion for
Insular terranes than previously
concluded. Recognition of likely
chemical remagnetization of Cretaceous
sequences in the Tyaughton and
Methow basins, along with effects of
compaction shallowing on marine
sediments of the Nanaimo Group,
indicate that paleomagnetic data from
these rocks may not require the
magnitude of northward transport
suggested by the Baja B.C.
paleogeography. Instead, the
paleomagnetic observations are
consistent with a Cretaceous
paleogeography that limits post–mid-
Cretaceous northward motion to ~1000

km. The resulting paleogeography has
the appealing feature of an Andean-like,
continuous subduction-related magmatic
arc along the Cordilleran margin during
Cretaceous time.

INTRODUCTION
One may quibble over the details, but

the general picture on paleomagnetism 
is sufficiently compelling that it is much
more reasonable to accept it than to
disregard it.

—H.H. Hess, 1962
It is clear that much of the North

American Cordillera is composed of
terranes of oceanic affinity that were
added to and shuffled along the
continental margin during Mesozoic and
Cenozoic time (Coney et al., 1980).
Paleomagnetism contributed to the
realization that some terranes
experienced large-scale latitudinal
motion prior to or following accretion to
the continental margin (Hillhouse,
1977). But Cordilleran geologists now
find themselves struggling with the Baja
British Columbia (Baja B.C.) hypothesis,
which many perceive as a fundamental
conflict between paleomagnetic data
and geologic observations. We view the
controversy as growing pains in
attempts to decipher the tectonic
evolution of an orogen where
supracrustal rocks have largely been
removed and those remaining are
complexly deformed. The remark by
Hess (1962) reminds us of the apparent
conflict between paleomagnetism and
conventional geological wisdom
regarding continental drift (Irving, 1988).
In his celebrated article, Hess laid out
concepts of plate tectonics resolving that
apparent conflict. A more recent
example of perceived conflict between
paleomagnetism and geology resolved
to the benefit of both disciplines is
vertical-axis rotations of parts of the
Cordilleran margin (Kamerling and

Luyendyk, 1979; Beck et al., 1986). This
history suggests that apparent conflicts
between paleomagnetism and geology
can lead to significant insights that
neither discipline alone could have
delivered.

The Baja B.C. controversy is focused
on the magnitude of post–mid-
Cretaceous northward transport of
segments of the North American
Cordillera. Did southeast Alaska,
western British Columbia, and the North
Cascades experience northward
transport during the last 100 m.y.,
limited to 500–1000 km, as interpreted
from the geologic record of inboard
strike-slip faults (Price and Charmichael,
1986)? Or was this region, in mid-
Cretaceous time, situated adjacent to the
continental margin in the position now
occupied by Baja California (Cowan et
al., 1997)? The Baja B.C. hypothesis
remains controversial and was the focus
of a recent Penrose Conference
(Mahoney et al., 2000). The primary
motivation for the Baja B.C. hypothesis
comes from discordant paleomagnetic
directions interpreted to favor post–mid-
Cretaceous northward transport up to
4000 km (Beck, 1980; Irving et al., 1996;
Ward et al., 1997). However, the
magnitudes of northward transport
interpreted from paleomagnetic data in
Cretaceous rocks range from ~500 km
(Vandall, 1993) to ~4000 km (Panuska,
1985). So the paleomagnetic data do not
provide a unified and simple signal to
interpret. In addition to northward
transport, part of the paleomagnetic
discordance must result from geologic
deformations such as faulting or folding
of crustal panels. But between transport
and structural disturbance, which is the
signal and which is the noise?

In this paper, we offer ideas and
observations that permit understanding
of paleomagnetic observations from
Insular and Intermontane terranes (Fig. 1)

Baja British Columbia Hypothesis
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with much less northward transport than
suggested by the Baja B.C. model. Our
approach is conservative and we are
sometimes pushing the confidence limits
on paleomagnetic observations toward
lower displacement estimates. The
resulting Cretaceous paleogeography
avoids many of the geological conflicts
of the Baja B.C. hypothesis but still
requires ~1000 km post–mid-Cretaceous
northward motion for large segments of
the North American Cordillera.

CHANGES IN LATITUDE 
OR CHANGES IN ATTITUDE?

The majority of discordant
paleomagnetic results have been
obtained from intrusive igneous rocks
for which interpretation is complicated
by lack of control on paleohorizontal at
the time of magnetization. The general
pattern of shallow inclinations and
clockwise-deflected declinations
observed in the Cretaceous plutonic
rocks can be explained either by
northward transport coupled with
clockwise vertical-axis rotation or by
systematic northeast-side-up tilt during
uplift. A “translation versus tilt”
controversy has ensued (Butler et al.,
1989; Ague and Brandon, 1997). A
central issue is the plausibility of
plutonic rocks experiencing tilt of
sufficient magnitude and correct
geometry to explain the discordant
paleomagnetic directions.

A bias towards shallower inclinations
results from the steep expected direction
in Cretaceous time when the
paleomagnetic pole was located in
northern Alaska, at its closest approach
to the Cordillera. The steep expected
direction results in high probability that
a deflection will result in a shallower
rather than steeper direction (Fig. 2A).
Because the expected declination is
aligned with the structural grain of the
Insular terranes and Coast Mountains,
tilting of crustal panels about axes
subparallel to the structural grain will
always produce shallower observed
inclinations.

End-member translation and tilt
interpretations of the discordant
paleomagnetic direction from the
Spuzzum pluton of southern British
Columbia are illustrated in Figure 2. On
the assumption that present horizontal
approximates paleohorizontal, the 17°

flattening of observed inclination
indicates ~2500 km of northward
motion while the discordant declination
indicates 58° of clockwise vertical-axis
rotation (Fig. 2B). Alternatively, the
expected direction can be deflected to
the observed direction by ~30°
northeast-side-up tilt of the pluton about
a horizontal axis with azimuth ≈330°
(Fig. 2C). This northwest-southeast axis
is subparallel to the structural grain of
the Coast Mountains and consistent with
structures that could tilt panels of crust.
Barometry of metamorphic assemblages
surrounding the Spuzzum pluton
indicates that this panel of crust tilted
northeast-side-up by 33° about an axis
with azimuth of 332° (Brown and
Burmester, 1991).

EXAMPLES OF TILTING AND
FOLDING FROM THE PRINCE
RUPERT AREA

The Quottoon plutonic complex was
emplaced into eastern parts of the Coast
shear zone (Fig. 3), considered by some
workers to have accommodated ~2000
km of strike-slip motion between the
Insular terranes and Intermontane
terranes (Hollister and Andronicos,
l997). Paleomagnetic data were obtained
from more than 200 sites distributed
from the Skeena River to Willard Inlet.
U-Pb crystallization ages range from 72.3
to 55.5 Ma (Klepeis et al., 1998). K-Ar
hornblende dates indicate Eocene
cooling and magnetization after the
proposed northward motion of Baja
B.C. However, locally, the Quottoon
plutonic complex yields paleomagnetic
directions that are shallow and rotated
clockwise, similar to plutons within Baja
B.C. to the west. Eocene extension of
the Coast Mountains tilted crustal panels
that are bounded by northwest striking
east-side-down normal faults and
northeast-striking transfer faults (Fig. 3;
Butler et al., 2001b). Based on a tilting
domino model, ~30% extension can
produce the 40° maximum tilts.

We collected paleomagnetic sites
along a northeast-southwest transect
across the northern part of the Ecstall
pluton (Butler et al., 2000).
Geobarometry and U-Pb analyses
indicate 91 Ma crystallization at a depth
of ~25 km. 40Ar/39Ar dates on
hornblende from the western margin
indicate cooling and magnetization at 84
Ma while hornblende from the central
part yields a cooling age of 76 Ma.
Crawford et al. (1987) interpret the
Prince Rupert shear zone as a west-
directed thrust with the Ecstall pluton in
the upper plate (Fig. 3). For the central
part of the pluton, paleomagnetic
directions are concordant with the
expected Cretaceous direction while
observed directions from the western
margin are discordant by >70°.
Observed directions are distributed
along a small circle with subhorizontal
axis at ~340° azimuth. These directions
cannot record northward flight of Baja
B.C. because this would require ~7000
km of transport in ~8 m.y. at a velocity
of ~1 m/yr! Our tectonic interpretation
of the paleomagnetic, geochronologic,
and barometric data from the Ecstall
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Figure 1. Generalized geological map of
Coast Mountains and terranes of northern
Cordillera. Prince Rupert area is outlined by
box. Adapted from Gehrels and Kapp
(1998). Geologic terranes: A—Alexander;
C—Cache Creek; K—Kootenay; MP—
Methow-Pasayten basins; NC—high grade
rocks of North Cascades; Q—Quesnel; S—
Stikine; SJNC—San Juan–North Cascades
thrust belt; SM—Slide Mountain; TB—
Tyaughton Basin; YT—Yukon-Tanana.
Paleomagnetic studies: DI—Duke Island;
MB—Methow Basin; MR—MacColl Ridge;
MS—Mount Stuart; NG—Nanaimo Group;
SB—Spences Bridge; SP—Spuzzum pluton;
SPC—Silverquick–Powell Creek.
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pluton involves thrust displacement above the upward convex
Prince Rupert shear zone (Fig. 3). We conclude that local
folding with ~1000 km of northward transport produced the
paleomagnetic discordance in the Ecstall pluton. These
examples show that local folding and tilting are the dominant
cause of discordant paleomagnetic directions at least in this
part of the Insular terranes and Coast orogen.

THE MODERATE TRANSLATION ALTERNATIVE
A full synthesis of paleomagnetic data relevant to the Baja

B.C. controversy is beyond the scope of this paper.
Nevertheless, we provide alternative interpretations of key
paleomagnetic studies (Fig. 1) considered by proponents of
the Baja B.C. paleogeography to require ~3000 km post–mid-
Cretaceous northward transport (Irving et al., 1996; Cowan et
al., 1997). Our alternative interpretation is consistent with the
suggestion that the combined effects of ~1000 km northward
translation with tilting of crustal panels about axes parallel to
the Coast orogen and compaction shallowing of
paleomagnetic inclination in sedimentary rocks can explain
the paleomagnetic observations. Note that we do not reject
any paleomagnetic data. Instead, we offer alternative
interpretations of these important observations.

Bogue et al. (1995) reported a paleolatitude based on
paleomagnetic results from the mid-Cretaceous layered
ultramafic intrusion of Duke Island in southeast Alaska. They
argued that unplunging of fold axes followed by unfolding
could restore cumulate layering and paleomagnetic vectors to
paleohorizontal. We recently obtained paleomagnetic
directions from sites where the attitude of cumulate layering
was directly measured (Butler et al., 2001a). These data fail a

fold test and indicate that cumulate layering was highly
contorted at the time of magnetization. Observations of
cumulate layering in other ultramafic intrusions indicate that
layering can depart from horizontal by 10°–20°, even on the
kilometer scale (Irvine et al., 1998). We conclude that use of
such cumulate layering as a proxy for paleohorizontal is not
justified and paleomagnetic data from Duke Island cannot be
used to infer a Cretaceous paleolatitude for the Insular
terranes.

Based on paleomagnetic data from only 20 specimens of
sedimentary rock from the Upper Cretaceous MacColl Ridge
Formation in the southern Alaska fragment of the Wrangellia
terrane (Fig. 1), Panuska (1985) reported a paleolatitude of
32°N. This result suggested a dramatic 4000 km of post-
Cretaceous northward transport. However, Trop et al. (1999)
resampled the MacColl Ridge Formation, concentrating on
volcanic tuff layers, and arrived at a much-reduced estimate of
displacement. The data from 15 sites (129 samples) yield an
inferred Late Cretaceous paleolatitude of 53°N ± 8°, indicating
1650 ± 1100 km of northward displacement.

The paleomagnetic results from the Cenomanian to
Campanian Silverquick Conglomerate and the Powell Creek
volcanic rocks in the Tyaughton Basin were interpreted by
Wynne et al. (1995) to require 3000 km of northward
translation. The conflict of this interpretation with geological
correlations and estimates of offset between the Methow and
Tyaughton basins has been described by Monger and Price
(1996). In the Silverquick–Powell Creek sequence, there is
evidence for authigenic magnetite in the sedimentary rocks,
suggesting the magnetization could be of secondary chemical
origin. Indeed, the maximum clustering of paleomagnetic

Figure 2. A: Equal-area
projection showing
expected Cretaceous
direction at location of
Spuzzum pluton in south-
ern British Columbia.
Directions with inclina-
tions shallower than
expected direction occur
within blue area; direc-
tions with inclinations
steeper than expected
direction occur within red
area. Arrows indicate
deflections from expected
direction resulting from
20° tilt of a pluton in
directions indicated. Only
a southeast-side-up tilt can
yield an inclination
steeper than expected
direction; all other tilt
directions yield shallower
inclinations. B: Translation plus rotation interpretation of observed (red square) and expected (green circle) paleomagnetic directions for
Spuzzum pluton of southern British Columbia (Irving et al., 1985). Observed inclination is 17° shallower than expected inclination and is
interpreted to indicate ~2500 km of northward translation from a Cretaceous location adjacent to southwestern North America. Observed
declination is clockwise of the expected declination and is interpreted to indicate 58° of clockwise vertical-axis rotation. C: Tilt interpreta-
tion showing deflection of expected direction (green circle) to observed direction (red square) by 30° northeast-side-up tilt of Spuzzum plu-
ton about a horizontal axis with azimuth ≈ 330°.
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directions occurs at 70% unfolding.
Further, considering the evidence for
remagnetization of equivalent rocks in
the Methow Basin (Bazard et al., 1990),
we conclude that the Silverquick–Powell
Creek strata contain a synfolding
remagnetization which cannot be used
to infer its motion history. Recently,
Haskin et al. (2000) obtained
paleomagnetic data from 104 Ma
volcanic rocks that unconformably
underlie the Silverquick Conglomerate
and Powell Creek volcanics. The 
mean paleomagnetic direction is in-
distinguishable from that of the
correlative Spences Bridge Group
(Irving et al., 1995), and the combined
results provide a strong indication that
this assemblage was 1100 ± 600 km
south at 104 Ma.

The paleomagnetic direction from the
Mount Stuart batholith is discordant,
again with shallow inclination and
clockwise declination compared with
the expected Cretaceous direction (Beck
et al., 1981). Butler et al. (1989) argued
that southwest dipping sedimentary
rocks of the Swauk Formation adjacent
to the southwestern part of the batholith
require post–early Eocene northeast-
side-up tilt which largely explains the
discordant paleomagnetism. However,
that interpretation was challenged by
Miller et al. (1990). Ague and Brandon
(1996) applied aluminum-in-
hornblende barometry to infer a tilt of
8° northwest-side-up. Anderson (1997)
criticized the pressure estimates of
Ague and Brandon (1996), concluding
that their pressure estimates are not
reliable. That conclusion was, in turn,
refuted by Ague and Brandon (1997).
Perhaps the most secure conclusion to
reach about the Mount Stuart batholith
is that the postmagnetization history of
deformation is disputed and complex.

Paleomagnetic data from marine
sedimentary rocks of the Upper
Cretaceous Nanaimo Group have been
interpreted by Ward et al. (1997) to
support the Baja B.C. model. However,
the clay content of the Nanaimo
sedimentary rocks likely made them
susceptible to inclination shallowing by
burial compaction. Laboratory
experiments with synthetic and natural
clay-rich sediments indicate that detrital
Fe-oxide particles become attached to
clay particles and rotate toward the

horizontal during fabric development
accompanying compaction, thus
shallowing the inclination (Sun and
Kodama, 1992). The remanence
anisotropy of paleomagnetic samples
can be used to correct for inclination
shallowing caused by compaction
(Kodama, 1997). Kim and Kodama
(1999) showed that Nanaimo rocks,
including some of the calcite
concretions sampled for paleomag-
netism, have a magnetic fabric
characteristic of burial compaction,
indicating ~15° of inclination
shallowing. Correcting for the effects of
compaction reduces the latitudinal
displacement by 1500 km indicating that
the Nanaimo rocks were slightly south
of the Intermontane terranes in Late
Cretaceous time.

The above discussion presented
viable alternatives to the Baja B.C.
paleogeography for interpreting the
paleomagnetic observations. In some
cases, these “tilt plus moderate
translation” interpretations are well
supported by the geology. In other
cases, this explanation is speculative
and requires further study. Housen and
Beck (1999) argued that tilting of
Cretaceous plutonic rocks, compaction
of Cretaceous sedimentary rocks, and
synfolding remagnetization of

Cretaceous volcanic rocks could never
conspire to produce the shallow
observed paleomagnetic inclinations
from the Insular terranes and Coast
Mountains. If these processes resulted in
both steeper and shallower inclinations
with equal probabilities, we would
agree with their assessment. But
compaction of sedimentary rocks will
shallow paleomagnetic inclinations,
tilting of the plutonic rocks strongly
favors shallowed inclinations, and the
same bias affects rocks that experience
tilting or folding subsequent to
remagnetization.

It is worth recalling that early
conclusions of 2500 km northward
transport for coastal and Baja California
were based on paleomagnetic data from
a half dozen Mesozoic and Cenozoic
formations. When about 20 studies had
been published, the implied motion
histories became complex with internal
inconsistencies begging alternative
explanation. Dickinson and Butler
(1998) concluded that Neogene offset
on the San Andreas fault system is
sufficient to account for the paleo-
magnetic data, when compaction
shallowing in sedimentary rocks and
tilting of plutonic rocks are taken into
account. Might history repeat in the case
of the Baja B.C. hypothesis once

Figure 3. Summary of paleomagnetic observations of tilting and folding of plutonic rocks in
Prince Rupert area. Diagram at upper right shows along-strike variation in amount of
northeast-side-up tilt that affected Quottoon plutonic complex. Illustration at right is tectonic
model for tilting of crustal panels containing Quottoon plutonic complex during Eocene
extension. Folding model for Ecstall pluton is shown by block diagram at left with arrows
indicating paleomagnetic directions. Ecstall pluton is shown above west vergent and convex
upward Prince Rupert shear zone. View is toward north. Geologic map is from Hutchison
(1982) while geologic structures are adapted from Crawford et al. (1987).
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additional paleomagnetic data and a
supporting array of geologic
observations are acquired?

TOWARDS A MID-CRETACEOUS
PALEOGEOGRAPHY

Reinterpretation of paleomagnetic
data from Insular and Intermontane
terranes allows for the construction of 
a simplified Late Cretaceous paleo-
geographic map of western North
America that is consistent with both
geologic relations and with conservative
estimates of displacement based on
paleomagnetism (Fig. 4). The likely
positions of Cordilleran terranes, mag-
matic belts, and first-order strike-slip
fault systems at ~90 Ma differ signi-
ficantly from the “Northern Option”
reconstruction of Cowan et al. (1997).
We incorporate ~1000 km of northward
translation of Insular terranes and ~800
km of northward motion of Inter-
montane terranes, most of which oc-
curred during Late Cretaceous through
Eocene time. These transport values are
generally at the low end of the trans-
lation estimates based on paleomagnetic
studies from the Insular and Inter-
montane terranes. An appealing aspect
of this reconstruction is the existence of
a continuous, subduction-related mag-
matic arc along the Cordilleran margin.

The inboard strike-slip fault (Fig. 4) is
interpreted to include a broad zone of
structures related to the Tintina–Rocky
Mountain trench system in the northern
Cordillera, and their cryptic contin-
uations into southern British Columbia
and northern Washington (Gabrielse,
1985). The fault shown between Insular
and Intermontane terranes is interpreted
to have ~200 km of dextral slip.
Expressions of this structure would
include the Denali fault in Alaska (north
of the intersection with the Chatham
Strait fault), the Coast shear zone and
related structures within the Coast
Mountains (Lanphere, 1978; Hollister
and Andronicos, 1997) and the
Yalakom, Harrison Lake, and related
faults in southern British Columbia and
northern Washington (Umhoefer and
Schiarizza, 1996). 

If we are relieved of the necessity to
move Baja B.C. 3000 km north during
the Late Cretaceous and Paleogene,
some aspects of plate kinematics and
North American continental dynamics

are more easily understood. Dickinson
and Snyder (1978) suggested that onset
of flat subduction of the Farallon plate
under North America could explain the
inland migration of magmatism and
foreland deformation during the
Laramide orogeny which commenced at
75 Ma. Geodynamic models confirm that
basal traction from flat slab subduction
is required to account for foreland
deformation far inboard from the
continental margin (Bird, 1998). Models
depending on interactions at the sub-
duction margin, such as the hit-and-run
collision of Baja B.C. with the south-
western margin (Maxson and Tikoff,
1996), cannot transmit compressional
forces sufficiently far inboard.
Proponents of the Baja B.C. model have

often appealed to the southern option
for the Kula-Farallon ridge (Engebretson
et al., 1985) so that Baja B.C. could be
moved northward on the Kula plate.
Instead, the northeast direction of
foreland shortening south of 49°N
between 75 and 50 Ma and the contrast
with Rocky Mountain deformation closer
to the continental margin farther north is
readily understood using the simpler
northern option for the Kula-Farallon
ridge. Indeed, the northern option is
strongly favored by seismic tomography
of the subducted Kula-Farallon plate
boundary, which is imaged under the
Great Lakes region (Bunge and Grand,
2000).

CONCLUSIONS
The Baja B.C. controversy is primarily

the result of sparse and piecewise
application of paleomagnetism and
supporting geologic and geochemical
methods to an orogen which experi-
enced complex deformation and from
which supracrustal rocks have largely
been removed. The above analysis
suggests that discordant paleomagnetic
directions from the Cordilleran margin
of North America are understandable
within a paleogeography which limits
post–mid-Cretaceous northward motion
to ~1000 km. A necessary condition for
embracing this smaller amount of
latitudinal motion, as opposed to the
~3000 km displacements of the Baja
B.C. hypothesis, is recognition that
crustal panels of the Insular terranes and
Coast orogen have experienced tilting or
folding around axes subparallel to the
continental margin. Dense
paleomagnetic sampling along with 
U-Pb geochronology, 40Ar/39Ar
thermochronology, geobarometric
analyses, and structural geology have
established that such tilting and folding
has affected the margin near Prince
Rupert, British Columbia. The utility of
paleomagnetism in deciphering the
tectonics of midcrustal rocks in
extensional settings has been
documented in the Omineca belt of
southeast British Columbia (Wingate
and Irving, 1994) and in the Basin and
Range (Livaccari et al., 1995). These
successful applications are traceable in
part to tighter constraints on inter-
pretation because large transport of
these areas is not an option. We expect
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that resolution of the Baja B.C.
controversy through wider application
of interdisciplinary approaches will
usher in a period of rapid advance in
understanding of the northern
Cordillera. Coordinated with the
increasing array of sophisticated
geological and geochemical methods
applicable to elucidating crustal
architecture, paleomagnetism will play 
a central role.

ACKNOWLEDGMENTS
We thank Bill Dickinson for

stimulating discussions and Kathleen
Koopman for assistance with figures.
The manuscript was improved by
careful reviews from David Evans, John
Geissman, Paul Umhoefer, and Karl
Karlstrom. Funding was provided by the
Tectonics Program of the National
Science Foundation.

REFERENCES CITED
Ague, J.J., and Brandon, M.T., 1996, Regional tilt of the
Mount Stuart batholith, Washington, determined using
aluminum in hornblende barometry: Implications for
northward translation of Baja British Columbia: Geological
Society of America Bulletin, v. 108, p. 471–488.

Ague, J.J., and Brandon, M.T., 1997, Regional tilt of the
Mount Stuart batholith, Washington, determined using
aluminum-in-hornblende barometry: Implications for
northward translation of Baja British Columbia: Discussion:
Geological Society of America Bulletin, v. 109, 
p. 1225–1227.

Anderson, J.L., 1997, Regional tilt of the Mount Stuart
batholith, Washington, determined using aluminum-in-
hornblende barometry: Implications for northward trans-
lation of Baja British Columbia: Discussion: Geological
Society of America Bulletin, v. 109, p. 1223–1225.

Bazard, D.R., Burmester, R.F., Beck, M.E. Jr., Granirer, J.L.,
and Schwarz, C.G., 1990, Paleomagnetism of the Methow
region, north-central Washington: Structural application of
paleomagnetic data in a complexly deformed, variably
remagnetized terrane: Canadian Journal of Earth Science, 
v. 27, p. 330–343.

Beck, M.E., 1980, Paleomagnetic record of plate-margin
tectonics processes along the western edge of North
America: Journal of Geophysical Research B: Solid Earth, 
v. 85, p. 7115–7131.

Beck, M.E. Jr., Burmester, R.F., and Schoonover, R., 1981,
Paleomagnetism and tectonics of Cretaceous Mount Stuart
batholith of Washington: Translation or tilt?: Earth and
Planetary Science Letters, v. 56, p. 336–342.

Beck, M.E. Jr., Burmester, R.F., Craig, D.E., Grommé, C.S.,
and Wells, R.E., 1986, Paleomagnetism of middle Tertiary
volcanic rocks from the Western Cascade series, northern
California: Timing and scale of rotation in the southern
Cascades and Klamath Mountains: Journal of Geophysical
Research, v. 91, p. 8219–8230.

Bird, P., 1998, Kinematic history of the Laramide orogeny
in latitudes 35°–49°N, western United States: Tectonics, 
v. 17, p. 780–801.

Bogue, S.W., Grommé, S., and Hillhouse, J.W., 1995,
Paleomagnetism, magnetic anisotropy, and mid-Cretaceous
paleolatitude of the Duke Island (Alaska) ultramafic
complex: Tectonics, v. 14, p. 1133–1152.

Brown, E.H., and Burmester, R.F., 1991, Metamorphic
evidence for tilt of the Spuzzum pluton: Diminished basis
for the “Baja British Columbia” concept: Tectonics, v. 10, 
p. 978–985.

Bunge, H.-P., and Grand, S.P., 2000, Mesozoic plate-
motion history below the northeast Pacific Ocean from

seismic images of the subducted Farallon slab: Nature, 
v. 405, p. 337–340.

Burchfiel, B.C., Cowan, D.S., and Davis, G.A., 1992,
Tectonic overview of the Cordilleran orogen in the western
United States, in Burchfiel, B.C., et al., eds., The Geology of
North America: The Cordilleran orogen: Conterminous
U.S.: Boulder, Colorado, USA, Geological Society of
America, p. 407–480.

Butler, R.F., Gehrels, G.E., and Hart, W., 2000,
Paleomagnetism of plutonic rocks near Prince Rupert,
British Columbia: Importance of tilting and folding,
Geological Society of America Abstracts with Programs, 
v. 23, no. 7, p. A245.

Butler, R.F., Gehrels, G.E., and Saleeby, J.B., 2001a,
Paleomagnetism of the Duke Island (Alaska) ultramafic
complex revisited: Journal of Geophysical Research 
(in press).

Butler, R.F., Gehrels, G.E., Crawford, M.L., and Crawford,
W.A., 2001b, Paleomagnetism of the Quottoon plutonic
complex in the Coast Mountains of British Columbia and
southeastern Alaska: Evidence for tilting during uplift:
Canadian Journal of Earth Science (in press).

Butler, R.F., Gehrels, G.E., McClelland, W.C., May, S.R.,
and Klepacki, D., 1989, Discordant paleomagnetic poles
from the Canadian Coast Plutonic Complex: Regional tilt
rather than large-scale displacement?: Geology, v. 17, 
p. 691–694.

Coney, P.J., Jones, D.L., and Monger, J.W.H., 1980,
Cordilleran suspect terranes: Nature, v. 288, p. 329–333.

Cowan, D.S., Brandon, M.T., and Garver, J.L., 1997,
Geologic tests of hypotheses for large coastwise dis-
placements—A critique illustrated by the Baja British
Columbia controversy: American Journal of Science, 
v. 297, p. 117–173.

Crawford, M.L., Hollister, L.S., and Woodsworth, G.J.,
1987, Crustal deformation and regional metamorphism
across a terrane boundary, Coast Plutonic Complex, British
Columbia: Tectonics, v. 6, p. 343–361.

Dickinson, W.R., and Butler, R.F., 1998, Coastal and Baja
California paleomagnetism reconsidered: Geological
Society of America Bulletin, v. 110, p. 1268–1280.

Dickinson, W.R., and Snyder, W.S., 1978, Plate tectonics of
the Laramide orogeny, in Matthews, I.V., ed., Laramide
folding associated with basement block faulting in the west-
ern United States: Boulder, Colorado, USA, Geological
Society of America Memoir 151, p. 355–366.

Engebretson, D.C., Cox, A., and Gordon, R., 1985, Relative
motions between oceanic and continental plates in the
Pacific basin: Boulder, Colorado, USA, Geological Society
of America Special Paper 206, p. 1–59.

Gabrielse, H., 1985, Major dextral transcurrent
displacements along the Northern Rocky Mountain Trench
and related lineaments in north-central British Columbia:
Geological Society of America Bulletin, v. 96, p. 1–14.

Gehrels, G.E., and Kapp, P.A., 1998, Detrital
geochronology and regional correlation of metasedimentary
rocks in the Coast Mountains, southeastern Alaska:
Canadian Journal of Earth Science, v. 35, p. 269–279.

Haskin, M.L., Mustard, P.S., Mahoney, J.B., Enkin, R.J., and
Friedman, R., 2000, Multidisciplinary correlation of mid-
Cretaceous volcanic packages across the Insular/
Intermontane superterrane boundary: Implications for the
Baja B.C. hypothesis: Geological Society of America
Abstracts with Programs, v. 32, no. 7, p. A107–A108.

Hess, H.H., 1962, History of ocean basins, in Engel, A.E.J.,
et al., eds., Petrological studies: A volume in honor of A.F.
Buddington: Boulder, Colorado, USA, Geological Society of
America, p. 599–620.

Hillhouse, J.W., 1977, Paleomagnetism of the Triassic
Nikolai Greenstone, McCarthy quadrangle, Alaska:
Canadian Journal of Earth Science, v. 14, p. 2578–2592.

Hollister, L.S., and Andronicos, C.L., 1997, A candidate for
the Baja British Columbia fault system in the Coast Plutonic
Complex: GSA Today, v. 7, no. 11, p. 1–7.

Housen, B.A., and Beck, M.E. Jr., 1999, Testing terrane
transport: An inclusive approach to the Baja B.C.
controversy: Geology, v. 27, p. 1143–1146.

Hutchison, W.W., 1982, Geology of the Prince
Rupert–Skeena map area, British Columbia, Geological
Survey of Canada Memoir 394, 116 p.

Irvine, T.N., Anderson, J.C.Ø., and Brooks, C.K., 1998,
Included blocks (and blocks within blocks) in the
Skaergaard intrusion: Geologic relations and the origins of
rhythmic modally graded layers: Geological Society of
America Bulletin, v. 110, p. 1398–1447.

Irving, E., 1988, The paleomagnetic confirmation of
continental drift: Eos (Transactions, American Geophysical
Union), v. 69, p. 1001–1014.

Irving, E., Thorkelson, D.J., Wheadon, P.M., and Enkin, R.J.,
1995, Paleomagnetism of the Spences Bridge Group and
northward displacement of the Intermontane Belt, British
Columbia: A second look: Journal of Geophysical Research,
v. 100, p. 6057–6071.

Irving, E., Woodsworth, G.J., Wynne, P.J., and Morrison, A.,
1985, Paleomagnetic evidence for displacement from the
south of the Coast Plutonic Complex, British Columbia:
Canadian Journal of Earth Science, v. 22, p. 584–598.

Irving, E., Wynne, P.J., Thorkelson, D.J., and Schiarizza, P.,
1996, Large (1000 to 4000 km) northward movements of
tectonic domains in the northern Cordillera, 83 to 45 Ma:
Journal of Geophysical Research, v. 101, p.17,901–17,916.

Kamerling, M.J., and Luyendyk, B.P., 1979, Tectonic
rotations of the Santa Monica Mountains region, western
Transverse Ranges, California, suggested by paleomagnetic
vectors: Geological Society of America Bulletin, v. 90,
p. 331–337.

Kim, B., and Kodama, K.P., 1999, Magnetic anisotropy of
Nanaimo Group sedimentary rocks from Hornby Island: 
Eos (Transactions, American Geophysical Union), v. 80, 
p. F299–F300.

Klepeis, K.A., Crawford, M.L., and Gehrels, G.E., 1998,
Structural history of the crustal-scale Coast shear zone near
Portland Inlet, southeast Alaska and British Columbia:
Journal of Structural Geology, v. 20, p. 883–904.

Kodama, K.P., 1997, A successful rock magnetic technique
for correcting paleomagnetic inclination shallowing: Case
study of the Nacimiento Formation, New Mexico: Journal
of Geophysical Research, v. 102, p. 5193–5205.

Lanphere, M.L., 1978, Displacement history of the Denali
fault system, Alaska and Canada: Canadian Journal of Earth
Science, v. 15, p. 817–822.

Livaccari, R.F., Geissman, J.W., and Reynolds, S.J., 1995,
Large-magnitude extensional deformation in the South
Mountains metamorphic core complex, Arizona: Evaluation
with paleomagnetism: Geological Society of America
Bulletin, v. 107, p. 877–894.

Mahoney, J.B., Tikoff, B., Maxson, J., and Haugerud, R.A.,
2000, Terrane accretion along the western Cordilleran
margin: Constraints on timing and displacement: GSA
Today, v. 10, no. 2, p. 11–13.

Maxson, J., and Tikoff, B., 1996, Hit-and-run model for the
Laramide orogeny, western United States: Geology, v. 24,
p. 968–972.

Miller, R.B., Johnson, S.Y., and McDougall, J.W., 1990,
Discordant paleomagnetic poles from the Canadian Coast
Plutonic Complex: Regional tilt rather than large dis-
placement?: Comment: Geology, v. 18, p. 1164–1165.

Monger, J.W.H., and Price, R.A., 1996, Paleomagnetism of
the Upper Cretaceous strata of Mount Tatlow: Evidence 
for 3000 km of northward displacement of the eastern Coast
Belt, British Columbia, by P.J. Wynne et al., and Paleo-
magnetism of the Spences Bridge Group and northward
displacement of the Intermontane Belt, British Columbia: 
A second look, by E. Irving et al.: Discussion and reply:
Journal of Geophysical Research, v. 101, p. 13,793–
13,800.

Nokleberg, W.J., Parfenov, L.M., Monger, J.W.H., Norton,
I.O., Khanchuk, A.I., Stone, D.B., Scholl, D.W., and Fujita,
K., 1998, Phanerozoic tectonic evolution of the Circum-
North Pacific: U.S. Geological Survey, p. 98–754.

Oldow, J.S., Bally, A.W., Avé Lallemant, H.G., and
Leeman, W.P., 1989, Phanerozoic evolution of the North
American Cordillera; United States and Canada: Geology 
of North America: Boulder, Colorado, USA, Geological
Society of America, p. 139–232.

Continued on page 10



Panuska, B.C., 1985, Paleomagnetic evidence for a post-Cretaceous accretion of
Wrangellia: Geology, v. 13, p. 880–883.

Plafker, G., and Berg, H.C., 1994, Overview of the geology and tectonic evolution of
Alaska, in Plafker, G., and Berg, H.C., eds., The Geology of Alaska: Geology of North
America: Boulder, Colorado, USA, Geological Society of America, p. 989–1022.

Price, R.A., and Charmichael, D.M., 1986, Geometric test for Late Cretaceous–
Paleocene intracontinental transform faulting in the Canadian Cordillera: Geology, 
v. 14, p. 468–471.

Sun, W.W., and Kodama, K.P., 1992, Magnetic anisotropy, scanning electron
microscopy, and X-ray pole figure goniometry study of inclination shallowing in 
a compacting clay-rich sediment: Journal of Geophysical Research, v. 97, 
p. 19,599–19,615.

Trop, J.M., Stamatakos, J.A., and Ridgway, K.D., 1999, Determining the Late Cretaceous
paleolatitude and accretion history of the allochthonous Wrangellia Terrane:
Paleomagnetism, geochronology, and tectonic analysis of the MacColl Ridge Formation,
southern Alaska: Eos (Transactions, American Geophysical Union), v. 80, p. F948.

Umhoefer, P.J., and Schiarizza, P., 1996, Latest Cretaceous to early Tertiary strike-slip
faulting on the southeastern Yalakom fault system, southeastern Coast Belt, British
Columbia: Geological Society of America Bulletin, v. 108, p. 768–785.

Vandall, T.A., 1993, Cretaceous Coast Belt paleomagnetic data from the Spetch Creek
pluton, B.C.: Evidence for the “tilt and moderate displacement” model: Canadian
Journal of Earth Science, v. 30, p. 1037–1048.

Ward, P.D., Hurtado, J.M., Kirschvink, J.L., and Verosub, K.L., 1997, Measurements of
the Cretaceous paleolatitude of Vancouver Island: Consistent with the Baja–British
Columbia hypothesis: Science, v. 277, p. 1642–1645.

Wingate, M.T.D., and Irving, E., 1994, Extension in high-grade terranes of the southern
Omineca Belt, British Columbia: Evidence from paleomagnetism: Tectonics, 
v. 13, p. 686–711.

Wynne, P.J., Irving, E., Maxson, J.A., and Kleinspehn, K.L., 1995, Paleomagnetism of the
Upper Cretaceous strata of Mount Tatlow: Evidence for 3000 km of northward
displacement of the eastern Coast Belt, British Columbia: Journal of Geophysical
Research, v. 100, p. 6073–6091.

Manuscript received March 7, 2001; accepted April 9, 2001. ▲

10 JUNE 2001, GSA TODAY

Continued from page 9

225 West 34th Street
Suite 1412
New York, NY 10122-1496

L A N E  S C I E N C E  E Q U I P M E N T  C O R P .

For over forty years, Lane Science Equipment has been the

name museums, universities and individual collectors trust

most to protect their valuable specimens.

To learn more about our Geology & Paleontology Cabinets

or any of our other products, visit our website at 

www.lanescience.com or contact us at the listing below.

❋  All steel construction

❋  No adhesives

❋  Lane lift-off door

GEOLOGY & PALEONTOLOGY
S P E C I M E N  C A B I N E T S

Tel: 212-563-0663
Fax: 212-465-9440
www.lanescience.com

❋  Powder paint finish

❋  Durable neoprene door seal

❋  Reinforced for easy stacking



GSA TODAY, JUNE 2001 11

The most surprising thing I’ve learned as GSA presi-
dent must be that dairy farmers are interested in Earth
Science Week. It shouldn’t surprise me, but like many
geologists, I tend to overlook the less obvious con-
nections with earth sciences. Conversely, we geolo-

gists often assume that what is so obvious to us is understood by
the public and by public officials. When we hear severe budget
cuts are proposed for the U.S. Geological Survey and National
Science Foundation, we hope the public and public officials will
recognize that such cuts are detrimental to society and the econ-
omy. Yet even our fellow scientists don’t recognize the impor-
tance of the earth sciences. Two recent experiences have
impressed on me the need to interact more with all scientists,
both scientifically and politically.

I have been working on Macquarie Island, located 1500 km
south of New Zealand. This World Heritage site is a sliver of
oceanic crust uplifted at a restraining bend along the Pacific-Aus-
tralian transform plate boundary and is a unique place to study
plate boundary processes. But the island also is home to more
than a million penguins, 70,000 elephant seals, numerous
species of ground-nesting birds, and unusual vegetation. Most of
the 40 scientists who come each year to study on the island are
biologists or botanists. Working on the island turns you into a
naturalist, if only to survive—for example, knowing the mating
habits of elephant seals can save your life! Plus, my students will
confirm that the close interaction with other scientists over many
months generates a genuine interest in what others are studying.
The obvious strong connection between the vegetation, animals,
geology, topography, weather, and plate motion leads to scientific
discussions on how various processes are linked. Here, penguins
really are affected by plate boundaries, because their colonies
are being uplifted at 5–16 mm per year, making their trek to the
ocean longer every day. Not all of them have been willing to
leave their established colony and move to lower elevations,
causing unusual penguin living conditions!

So yes, penguins and plate boundaries have something in com-
mon, but what about politics and geologists? As GSA’s president,
I am a member of the Council of Scientific Society Presidents, a
group very active in influencing science policy. I have found that
although there is a strong interest among other scientists in inter-
acting with us scientifically, our peers do not appreciate the rele-
vance of our science. When scientists publish studies on the need
for research in environmental sciences, and the words earth sci-
ence, geology, or geoscience don’t even appear, we all lose.
Because of the striking and newsworthy effects that geologic pro-
cesses have on people, earth sciences are probably the easiest to
sell to the public, yet we don’t capitalize on this. For example,
every news article on a recent earthquake should mention the
need to study plate boundaries through such initiatives as Earth-
Scope. Other scientists are either not aware of what we do, or
they can more easily see the value of biological, chemical, or
physical sciences.

What can we do? We need to educate our fellow scientists—
something we can all do in our day-to-day contacts with col-
leagues. We need to take every opportunity offered to spread the
message that earth science research can provide answers to
major scientific and societal problems. And, we need to work
together with other scientists to increase public awareness of the
importance of all sciences to society and to the growth of our
economy, or we will be isolated just like those penguins on a
plate boundary we don’t understand.

What Do Penguins and Plate Boundaries
Have in Common? 

About as Much 
as Politics 
and Geologists

Correction
The Council on Undergraduate Research—Geosciences
Division, the National Association of Geoscience Teachers,
and the Association of American State Geologists were listed
incorrectly in the May “Dialogue” column. GSA apologizes
to these societies and to their members for the errors.

dialogue

Sharon Mosher, GSA President
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Don’t Just
Make the
Meeting—
Make the
Meeting
Happen
Rob Young and Dave Bush, Technical
Program Co-Chairs, 2001 GSA Annual
Meeting

As the technical program co-chairs for
this year’s GSA Annual Meeting in Boston,
we have been getting a great deal of input
from friends and colleagues regarding the
successes and failures of recent GSA
meetings. There are some who feel that
GSA has lost the “cutting edge” to another
large, geological organization. (O.K., it’s
AGU.) One colleague went so far as to
exclaim, “Not enough hard science. Too
much education!” Of course, we still
believe that field work constitutes science
as much as computer models constitute
science, so we are not prepared to
apologize for our recent technical
programs (and as an aside, Reno had the
most abstracts ever submitted to a GSA
meeting). But there is some truth to the
laments of our digitally enhanced friends.

Due to the inherent reliance on tech-
nology within geophysical research, the
American Geophysical Union (AGU)
meeting has always been loaded with
technological innovators and numerical
modelers. But over recent years, the AGU
meeting has expanded its umbrella to
include the technologically inclined in
fields that have been traditional GSA
strongholds: hydrology, coastal and
nearshore geology, and tectonics, to name
a few.

Unlike some GSA loyalists, we don’t
believe that this trend threatens the health
of our own meeting, nor does it threaten
our organization. But we are concerned
that, slowly but surely, we seem to be
separating the modelers from the field
geologists, and the technology from the
data. If we all go to different meetings, the
application of numerical models will

continue to slide further away from reality
(biased personal opinion), and the
grizzled old field geologist will continue to
be lost outside the technological loop (like
our former doctoral advisor).

So what do we do? Should we all put
our presentations on overheads and go to
AGU? Nooooooooooo. Fortunately, our
meeting format allows us to remedy this
problem ourselves. Believe it or not, the
GSA Annual Meeting technical program is
proposed and assembled entirely by its
participants. That’s right, if you’re reading
this, you have the right to propose a
technical session at any GSA meeting.
Furthermore, if you have been displeased
with some of the science at recent
meetings, we would argue that you have
the responsibility, as a GSA member, to do
something about it. Rather than abandon
the organization, how about helping us to
bring some of our wandering sheep back
into the fold? Propose a session.
Undeniably, it would be good for us, and
also good for science.

The new meeting format was designed
to open the meeting up to the
membership. There is no denying that it
has done this successfully. We encourage
all of you to seize this opportunity to
improve and reinvigorate the technical
program. If there hasn’t been something
there to interest you, put it there! If you
have questions on how you can contribute
to the content of the technical program,
contact us at dbush@westga.edu or
ryoung@wcuvaxl.wcu.edu. See you in
Boston. 
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2001 GSA Annual

Meeting, Boston
Abstract deadlines: 
July 17 (paper); July 24 (online)

2002 GSA Annual

Meeting, Denver
Topical Session proposal deadline:
January 17, 2002



Abstracts 
with Programs: 

Purchase 
Your

Advance 
Copy Today!
Purchase an advance copy of
the Abstracts with Programs

volume (2001, vol. 33, no. 6)
by September 28, and you
should receive it before the
Annual Meeting in Boston. 

This saves you the trouble of
purchasing the volume at 

the meeting and gives you time
to look over the abstracts

ahead of time.

If you would like to take
advantage of this offer, please
order the volume with your

meeting registration (online at
www.geosociety.org or using

the paper form.)

NOTE: Please check to make
sure that you have not already

purchased a copy on your
membership dues statement or

through GSA Publications
Sales. No refunds will be given

for duplicate orders.

If you are not attending the
meeting, order the volume

online at www.geosociety.org
or by contacting GSA

Publication Sales, P.O. Box
9140, Boulder, CO 80301-

9140, 1-888-443-4472, (303)
447-2020, ext. 1774. The

volume also will be for sale at
the meeting at the GSA

Bookstore and in the on-site
registration area.

Price: $35 for GSA members;
$42 for nonmembers. Price

includes shipping. No
additional discounts may be
applied to this offer. Copies
will be mailed about three

weeks prior to meeting.
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Take part in daily drawings for free books and products.

You can also shop for other products and publications offered at the GSA Bookstore:

• Rite in the Rain all-weather writing paper and supplies

• Educational products from the Australian Geological Survey Organisation

• Books of interest from other publishers

VISIT THE
GSA BOOKSTORE

in Boston

GSA Publication Sales
P.O. Box 9140
Boulder, CO 80301-9140
www.geosociety.org

Phone: (303) 447-2020, ext. 1774
Toll-free: 1-888-443-4472
Fax: 303-443-1510

Browse the latest GSA publications in
the GSA Bookstore at the Annual Meeting,
then take advantage of the special show
discount on Special Papers, Field Guides,
Memoirs, Maps and Charts, Treatise on
Invertebrate Paleontology, and more.



Nevado del Ruiz, 1985:
over 23,000 people died 
in a volcanic eruption 
due to the government’s
failure to take scientists’
warnings seriously.

Galeras, 1993:
despite seismic data
warning of potential 
danger, an expedition of
scientists and tourists
proceeded into the 
volcano where a shower 
of burning rocks claimed
the lives of nine people.

Hard-hitting and controversial, 
the missteps leading to these deadly
volcanic disasters are masterfully
investigated and exposed by “highly
talented science writer”(—New York
Times Book Review) Victoria Bruce. 

Combining interviews, incredibly
thorough research, and scientific
study, Bruce offers a compassionate
explanation of the culture and 
geology that influence those living 
in the shadow of Columbia’s great
volcanoes.

“Heart-stopping . . . . a gripping
disaster story [and] a scathing
account of human folly, arrogance
and ambition.”

—New York Times Book Review

ISBN 0-06-019920-2 hardcover
$26.00 ($39.50 Can.) / 256 pp.
www.noapparentdanger.com

Victoria Bruce is a former science 
writer for NASA and the Portland 
Oregonian and holds a Master’s degree 
in geology from UC-Riverside.

NO APPARENT
DANGER
The True Story of Volcanic Disaster 

at Galeras and Nevado del Ruiz

Also available from HarperAudio( ((( ((( (

Remember 
receiving 

your research 
grant from 

GSA?

Remember 
the feeling of 

pride and 
accomplishment?

Don’t you wish 
others could 

enjoy this 
experience?

Make it happen! 

Contribute to 

Supporting The Advancement 
of Research

Geological Society 
of America Foundation

P.O. Box 9140
Boulder, CO 80301-9140

(303) 447-2020, ext. 1154
gsaf@geosociety.org
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PALEOMAP PROJECT
The goal of the PALEOMAP Project is to illustrate the plate tectonic development of
the ocean basins and continents, as well as the changing distribution of land and

sea during the past 1100 million years.

Results of research are published in a 
variety of formats useful for teaching and research

Stop by our booth in Boston
CALL US TOLL-FREE 888-288-0160

VISIT OUR WEBSITE www.scotese.com 



GSA Foundation Update

Donna L. Russell, Director of Operations

GSA Members Eligible for Subaru Benefit
Subaru of America has offered a great benefit to all

members of the Geological Society of America: GSA
members are able to purchase new Subarus at invoice cost.
For every car sale recognized under this program, Subaru
will make a $150 donation to the Foundation to be split
between the Earth Science Educator Program and the Doris
Curtis Women in Science Fund.

Any GSA member who has been a member for at least
six months is now eligible to purchase or lease a new
Subaru at dealer invoice cost. The qualified member must
contact the VIP Partner Program Administrator at GSA and
request a Dealer Visit Authorization form and letter of
introduction before visiting their Subaru dealer of choice.

The letter of introduction must be presented to the
participating dealer sales manager upon entry to your
preferred Subaru dealership and before pricing negotiations

are initiated. The savings will vary by vehicle, but may
range from approximately $1,300 to more than $3,000.

Subaru of America and GSA are pleased to extend their
partnership by providing this benefit to GSA members. For
further details or to request a letter of introduction, contact
the VIP Partners program administrator, Nancy Williams, at
nwilliams@geosociety.org, 1-800-472-1988, ext. 1117.
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Most memorable early geologic experience

Getting lost in Yellowstone Park during my first job in
geology.

—Parker E. Calkin

Subaru of America, Inc. recently signed a
two-year sponsorship agreement with the
Geological Society of America (GSA).
The partnership assures funding for a
portion of annual meeting expenses,
enhances member services and provides
funding for some GSA programs. The
following are the general areas of support
made possible by this relationship:

• Subaru was the title sponsor of
the GSA annual meeting this
past November in Reno, NV.

• The use of two decaled
Subaru Outback vehicles at
G S A H e a d q u a r t e r s i n
Boulder, CO, for two years.

• Underwriting for two key programs
within GSA’s Science, Education and

Outreach Department. Diana Stordeur,
an award-winning science teacher from
Denver, will work full time for one
academic year on the Distinguished
High School Earth Science Education
in Residence Program. In addition, the
Doris Curtis Women in Science Fund

was enhanced by the Subaru-GSA
partnership. An award was given at the
GSA annual meeting last year to an
outstanding woman in the geosciences,
and additional dollars will be added to
the endowment of this fund.

By contacting Subaru of America within
60 days after purchasing a new

Subaru, GSA members can ensure
that Subaru of America will

make a $150 donation to the
GSA Foundation to support

the GSA Distinguished
Educator Program and
t h e D o r i s C u r t i s

Women in Science Fund.

For deta i l s about the GSA, v i s i t
www.geosociety.org.

Subaru Announces New Sponsorship

Science teacher Diana Stordeur in a
Subaru Outback provided to the GSA.

A Subaru Update
The following ad announcing the sponsorship agreement between Subaru and GSA appeared in Subaru’s Drive magazine. 



Enclosed is my contribution in the amount of
$____________.

Please credit my contribution to the:

Unrestricted Fund

Other: _________________ Fund

I have named GSA Foundation in my will.

PLEASE PRINT

Name _________________________________________________________________

Address _______________________________________________________________

City/State/ZIP___________________________________________________________

Phone ___________________________________________

GSA Foundation
3300 Penrose Place, 

P.O. Box 9140

Boulder, CO 80301-9140

(303) 447-2020 

drussell@geosociety.org

VISIT OUR WEBSITE

www.meijitechno.com
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Thanks for the Wake-Up Call
The dozen sustainability articles [in

2000] have been stimulating to those of us
who have feared that “sustainability” may
have become just another throwaway term
in our faddish culture today.

However, since we have just experi-
enced the debacle of a presidential
election noted for its vituperation and
divisiveness, George W. Fisher’s Part XI
(GSA Today, v. 10, no. 11, p. 19) appears
to offer some hope for the political
community in which we live.

Fisher’s call for us earth scientists to
engage our neighbors, to communicate
our value systems as well as our scientific
knowledge, and especially to recognize
the global aspect of our cultural systems
and our environment injects some much-
needed wisdom into our thinking.

The sense of balance that he urges us to
adopt—both/and rather than either/or—is
what nature is more attuned to. Our
philosophical discourse—and our legal
systems—all too often are characterized by
either/or. This change could speak vol-
umes of self-awareness and healing, both
of which will be very necessary if we are
to bootstrap ourselves out of the political
morass in which we are immersed.

It is time for us—earth scientists and all
the other critters that we must interact
with—to become more both/and in our
contemplation, our communication, and
our actions. Thanks, George Fisher, for the
wake-up call!

Allen F. Agnew
Courtesy Professor

Oregon State University

Changing Cultural Values
GSA Today has taken a commendable

stance in publishing the series “Toward a
Stewardship of the Global Commons.”
However, in Part XII, “We have the Option
of Choice: The Future is Up to Us” (GSA
Today, v. 10, no. 12, p. 24), the authors
appear to make some questionable
assumptions regarding the difficulties

involved in changing cultural values
through appeals to reason and self-
interest. For example, the enlightenment
founders of European and American
democratic nation-states expected a
science-based, secular society of literate,
deistic humanists to evolve out of the
eighteenth century foundations of
modernity. They did not anticipate such
regressions from their secular political
ideal as the romantic movement, religious
revivalism, and totalitarian fanaticism.
Likewise, the founders of the American
environmental movement of the 1960s and
1970s did not expect the powerful anti-
environmental forces of political
conservatism, corporate propaganda,
individual consumerism, and the wise use
movement to undo many of the
achievements of the movement to the
point that today’s growth mania, oversized
homes and SUVs, unconstrained
population growth, and ecologically
destructive resource consumption are
worse than ever after more than three
decades of environmental education.
Much has been accomplished through the
creation of the National Environmental
Policy Act, Environmental Protection
Agency, and numerous public and private
institutions, but these achievements have
been overwhelmed by the voracious
appetite of modern industrial society.

Appeals to altruism and self-interest in
behalf of the environment today are falling
on the deaf ears of a populace which
continues to pursue the “American dream”
of egoistic individualism leading to
material abundance. For all of our
recycling programs, we produce more
waste per capita today than we did at the
beginning of the environmental
movement. The recommendations
proposed by the authors of “The Future is
Up to Us” already have been implemented
(with the purpose of achieving
environmental literacy and advocacy
leading to political and social reform)
relentlessly for decades and yet we
stagnate. Why is our behavior so

intractable? One reason is that modern
western science, from Francis Bacon to
Newton, developed in a crucible of belief
to produce a humanistic arrogance toward
nature. Ecosystems, in the popular mind,
remain nothing more than aggregates of
resources, which will continue to be used
to build a technological utopia on a global
scale.

If we are to seriously challenge the
dominant anti-environmental social
paradigm of the 21st century, we need to
unmask publicly the underlying
assumptions of our western culture (and
their manifestation throughout the globe).
Books such as Max Oelschlaeger’s The
Idea of Wilderness (1991) and William
Ophuls’ Requiem for Modern Politics
(1997) have initiated this self-
enlightenment, but only to an academic
elite. Without the spread of such ideas to a
larger public, however, the proselytization
in behalf of building a sustainable society
suggested by the authors of “The Future is
Up to Us” will fall upon the barren ground
of a collective world view, which can only
lead to completion of the modern project
(with its Judeo-Christian roots): the
transformation of all of nature into a
thoroughly controlled and managed planet
supporting an increasingly technological
society. This is not to say that we should
abandon the goal of environmental
literacy and action, but rather that we
should pursue it with a realistic awareness
of what we are up against.

Gilbert LaFreniere
Willamette University

Multidisciplinary Exchange Needed
I very much enjoyed the series “Toward

a stewardship of the Global Commons:
Engaging ‘My Neighbor’ in the Issue of
Sustainability” in GSA Today. I believe the
leadership of the Geological Society of
America should be congratulated for
opening up this controversial subject.

I would like to see other professions
such as forestry or oceanography deal
with their “commons.” With oceans

Letters

Prompts CommentsSustainability Series



occupying such a large percentage of
Earth’s surface, what are the human
ecological footprints and carrying capacity
of the oceans and how can our impacts be
measured? Would the guidelines be
similar?

Then I would like to see these
professions exchange and compare articles
on a multidisciplinary basis. Perhaps a
third party publication may be better but
we tend to stay with our own profession’s
publications.

Bill Lukens
2860 Wrenco Loop

Sandpoint, ID 83864

Sustainability: It’s
Philosophy/Management, Not Science

During the last year, GSA Today has
published a series of articles on
sustainability as well as reports on
meetings about sustainability. Although
these articles contain scientific
information, have the “look” of science,
and are published in a journal read almost
exclusively by scientists, I believe that in
many cases, they have blurred the
distinction between science and
philosophy/management policy. 

Sustainability is a new word that was
first popularized in the environmental
sense in 1987 when the United Nations
Brundtland Commission defined
sustainability as “the ability to meet the
needs of the present generation without
compromising the ability of future
generations to meet their needs.”  Implicit
in this definition is a series of value
judgments regarding wealth distribution of
“meeting the needs,” and sounds similar to
“… to each according to his needs and
from each according to his abilities,”
another well-known philosophy of wealth
distribution. Sustainability addresses some
of the philosophical and management
issues important to discussion of our
resources and the environment; but as
defined above, it is a management, not a
scientific approach. 

The scientific method is based on the
principle that observation is the judge of
whether something is true or not. It
involves clever experiments, careful
measurements, learning to ask the right
question, and the application of a string of
logical arguments.  It is this approach in
which observation is the arbiter that
distinguishes the scientific method from all
other approaches in addressing the
mysteries of nature. A scientific
observation will be the same for any
observer: groundwater, for example, flows
from areas of high potential to areas of
low potential, regardless of race, religion,

creed, form of government, economic
model, or geographic location of the
observer. These observations are
indisputable, and there is no compromise.
I recognize that the way we design
experiments and interpret data may not be
entirely free from bias, but there are ways
to catch these transgressions, and they
differ significantly from outright moral,
ethical, and management issues.

At the risk of sounding iconoclastic, I
am concerned that some scientists in their
enthusiasm to preserve the environment
have jumped on the “sustainability”
bandwagon without fully acknowledging
the concept’s philosophical/management
nature. Scientists and engineers can
provide answers to some of the questions
that emanate from the sustainability
philosophy, and we are well trained and
equipped to supply those “what if”
answers. We are not, however, moral or
ethical leaders, nor are we elected officials
for whom the responsibility exists for
making value judgments. As geoscientists,
we have a societal responsibility to protect
the environment; but we must take great
care that the philosophy is separated from
the science in any statements that we
make or concepts we embrace. If we are
to make valued input into management of
the environment, we must maintain our
credibility as independent observers free
from value judgments.

Warren W. Wood
U.S. Geological Survey

Wwwood@usgs.gov

The best science on
earth

COLUMBIA UNIVERSITY PRESS
columbia.edu/cu/cup     800-944-8648

“Dean powerfully argues [that]

America may face a future of

beachless beach towns.”

—Time Magazine

“Against the Tide flashes like a

metaphorical lighthouse to warn

scientists, policymakers, and the

public about the state of the shore-

line.” —Science
296 pages • $16.95 paper

The Monterey
Formation
From Rocks to Molecules
Edited by Caroline M.
Isaacs and Jurgen
Rullkötter

This extraordinary case study of a clas-

sic marine petroleum in the prolific oil

basins of California is based on results

from the Cooperative Monterey Organic

Geochemistry Study (CMOGS). The

book examines paleoenvironmental

conditions, characteristics, thermal

maturation, and oil generation in the

Monterey Formation, with particular

emphasis on the Santa Maria and

Santa Barbara-Ventura Basins.
608 pages • $150.00 cloth • $50.00 paper

NOW IN PAPERBACK
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Letters: GSA Today encourages
readers to share their views on topics
covered in the magazine or on topics
of interest to members of the geo-
science community. Letters should be
no longer than 300 words; prefer-
ence will be given to letters that meet
this limit. Send letters to:

jhammann@geosociety.org
fax 303-447-1133, or 

c/o GSA Today, P.O. Box 9140
Boulder, CO 80301-9140. 

Note: Comments and letters on sci-
ence articles must be received within
two or three weeks of publication of
the article in order to be considered
for publication.



Today’s Reality—
Professional
Registration, Exit
Examinations, 
and the National
Association of State
Boards of Geology

John W. Williams,
Professor and Chair,
Department of
Geology, San Jose
State University, Past
President of the
National Association

of State Boards of Geology, Past President
of the Association of Engineering
Geologists

The ink is drying on the Ph.D. in
geology diploma just earned from a
prestigious university. The new Ph.D. is
anxious to hang out her shingle,
declaring her a geologist ready to assist
the public on geologic issues. Belatedly,
she learns that 29 states require geologic
licensure in order to advertise as a
geologist and to do work for the public
without direct supervision. For this
required licensure, in addition to the
coveted degree in geology, she needs
about 5 years of supervised experience,
and must pass a written examination.

In 1988, the National Association of
State Boards of Geology (ASBOG) was
organized to link state geology licensing
boards and to facilitate the preparation
of uniform procedures. Twenty-four of

the 29 states requiring geologic licensure
are members.

Much of today’s geological practice
impacts engineered works, the health,
safety, and welfare of the public, and the
environment. These areas of geologic
activity continue to expand and offer the
greatest opportunities for employment.
Inadequate and incompetent practice by
a geologist can cause loss of life or
property and can be expensive because
of the need to redo work. Licensure by
individual states helps provide
protection for the public by establishing
minimum standards in the discipline that
individuals wishing to practice must
meet and maintain.

In addition to being an advocate for
licensure, one of ASBOG's principal
services is developing standardized
written examinations for evaluating the
qualifications of applicants seeking
licensure as professional geologists. The
use of a common (national) examination
enhances the ability of the geologist to
be licensed in multiple states without the
need to take examinations in different
jurisdictions.

The ASBOG examination content is
determined by periodic, detailed surveys
of practicing professional geologists
through out the United States to assess
the geologic knowledge and skills
needed to practice safely and effectively.
The resultant two-part examination,
“Fundamentals and Practice,” tests
academic knowledge of geology and
practical skills. Over the decade of
examination administration, on the
average, 55%–60% of candidates have
demonstrated successful performance.

Thus, approximately 40% of the
candidates, all of whom had the
required geologic degree and requisite
years of experience, did not demonstrate
the geologic knowledge and skills
believed by the profession to be needed
in order to practice effectively.

Recently, the geology degree–granting
universities in Mississippi began to
require that all graduating geology
majors take the “Fundamentals” portion
of the examination. Two academic
institutions in Kentucky also have
adopted this procedure. The data
generated about student performance
over time in the various subject areas of
the examination are employed as factors
to provide direction in curricular
adjustments. This use of the examination
is not a pass/fail graduation requirement,
but guides colleges and universities so
that students receive the basics—the
knowledge and skills essential for
satisfactory performance in geological
careers. ASBOG is encouraging other
states and schools to consider using the
“Fundamentals” examination in this
manner.

The practice of geology is coming of
age, utilizing techniques already adopted
by many other scientific disciplines to
ensure that qualified individuals are
licensed to practice with the expectation
that quality services and products will
result.

If you would like to comment on this issue,
please contact Dennis Goldman, Senior
Director of Programs and Products, GSA, P.O.
Box 9140, Boulder, CO 80301-9140, (303)
447-2020, ext. 1202, dgoldman@geosociety.org.

Commentary
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Out in the Blue: Letters from Arabia 1937 - 1940
A young American geologist explores the deserts of early Saudi Arabia.

The new best selling book about life in 
Saudi Arabia before there was oil.

Hardcover, 320 pages, 125 photographs, and 4 maps, $34.95
Now available at www.outintheblue.com or amazon.com

Selwa Press, 1101 Portola St., Vista, CA 92084, 760-945-3052, tb@outintheblue.com

The earth sciences
most effective software just
got better...

It’sFree
Download at www.geosoft.com

Making the digital earth work for you

Let us leverage 
your support of women 
in the geosciences!

“to achieve equality of opportunity
in the geosciences for women”

http://www.awg.org/AWGFoundation/
A 501(c)3 non-profit public education corporation

American Institute of Professional Geologists

COMPETENCE... INTEGRITY... ETHICS
8703 Yates Drive, Suite 200, Westminster, CO 80031-3681

(303) 412-6205 • Fax (303) 412-6219 • aipg@aipg.org • www.aipg.org

Visit the AIPG Booth #647 in Reno, Nevada - November 13-16, 2000

ASSOCIATION FOR WOMEN GEOSCIENTISTS

to Exchange information

to Encourage participation

to Enhance professional growth

Learn more about AWG
Meet our members at the GSA meeting -- Boston -- Booth 925 

P.O. BOX 280, BROOMFIELD, CO 80028, WWW.AWG.ORG

Finally!
A teacher-friendly,
hands-on, K-adult

earth science program.
Kids of all ages love it!

Rock Detective Geoscience Education
593 Gardiner Road, Dresden Mills, ME 04342
(207) 737-4612 office (207) 737-4031 fax 
kidsrx@agate.net

www.rockdetective.org

Booth
#1227

Support These Businesses and Organizations
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The Carbon Cycle

Edited by T.M.L. Wigley and D.S. Schimel, Cambridge University
Press, New York, 2000, $64.95.

The Carbon Cycle represents a comprehensive attempt to
summarize an enormous amount of interdisciplinary research into
the carbon cycle and global change. The book’s 21 chapters
address three main questions—the “missing” carbon; past vari-
ations in CO2; and using models to understand carbon dynamics
in terrestrial and marine systems. 

Despite its 2000 publication date, the volume is about 5 years
out of date. Values for large-scale carbon fluxes are from the early
1990s (referencing papers from 1993 at the latest). Fossil fuel
emission data and terrestrial exchanges are reported for the 1980s
only. The lack of recent studies is most marked in the discussion,
or lack thereof, of ecosystem manipulation studies—critical for
understanding the CO2 “fertilization” effect over the long term, as
well as for understanding and modeling terrestrial carbon
dynamics. Various authors consider results from controlled-
environment CO2 enhancement studies, but also acknowledge
the need for long-term field studies. Results from ecosystem-level
studies of CO2 enhancement and ecosystem warming have been
available for several years, but are not included here. Updates
should be easily found, however, as just about every major
scholar in the carbon cycle research community is represented or
referenced here.

One of the volume’s strengths is the thorough approach to
quantifying the carbon cycle and understanding uncertainties in
estimations of carbon fluxes and reservoirs, and in model
parameters and results. This is most apparent in chapters dealing
with terrestrial carbon flux and modeling of ocean carbon.
Attempts to initialize models with observed data are well
described and thorough, but occasionally there is insufficient
detail given of model calibration and validation schemes, making
it difficult to assess the value of model results. This is partly due
to the aforementioned lack of inclusion of results from recent
long-term ecological studies, which could provide relevant data
for model calibration and testing. 

The Carbon Cycle is a valuable resource for anyone working in
the field of global change. Most figures are clear and easily
understood (for example, excellent illustrations of carbon models),
and would translate well to classroom use. Several chapters
would be appropriate reading for upper-level undergraduate or
graduate courses in climate change, ecosystem ecology, or earth
system modeling. The chapters are similar in format, and
occasionally in content, to the 1995 Intergovernmental Panel on
Climate Change (IPCC) report on the science of climate change,
and The Carbon Cycle may therefore be considered a companion
volume to the 2000 update of the IPCC Scientific Assessment.

Karin P. Shen
Department of Geology

Vanderbilt University

The Ecology of the 
Cambrian Radiation

Edited by A. Yu Zhuravlev and R. Riding, Columbia University
Press, New York, 2001, 576 p., $80.00 cloth, $40.00 paper.

The Ecology of the Cambrian Radiation is the most recent
addition to the “critical moments in paleobiology and earth
history series” published by Columbia University Press. The book
covers a broad spectrum of paleoenvironmental and
paleobiological themes relating to the Precambrian-Cambrian
transition in 21 chapters, with contributions by well-respected
experts in the various fields.

One of the unique features of the Precambrian-Cambrian
transition in comparison with other major events in biosphere
history is the diversity of possible contributory factors that have
been inferred to contribute towards the evolution and radiation of
complex animal life around the Precambrian-Cambrian boundary.
While this book does not aim to cover all of these debates, the
first part of the book, “The Environment,” provides excellent
summaries of global tectonics and paleoclimate in the context of
the Cambrian radiation event.

The second part of the book, entitled “Community Patterns and
Dynamics,” addresses aspects of the paleoecology of Cambrian
plankton and the benthos of siliciclastic and carbonate environ-
ments with respect to their evolution during the Cambrian.
Although much of the material is already published elsewhere,
the reviews are well written and very much focused on the theme
of the book. In particular, the review of Burzin et al. is broad
reaching and represents a significant contribution to the field.

The third part of the book, “Ecologic Radiation of Major Groups
of Organisms,” covers most of the biological groups integral to
the Cambrian radiation, including the often-overlooked algae,
bacteria, and dinoflagellates that contributed the primary pro-
ductivity that fueled the Cambrian radiation event. The higher
orders of Cambrian taxa are also covered, with excellent dis-
cussions of the ecology of trilobite and non-trilobite arthropods
by N. Hughes and G. Budd, respectively. This part of the book
would have been significantly strengthened by adding an ex-
panded section on the Cnidaria-Ediacara fauna, which is only
treated in a cursory manner. In addition, the invaluable paleo-
ecological information on the soft-bodied biota given by trace
fossils probably also warranted a chapter to make this book a
more rounded text.

The volume as a whole is well edited, with a consistent style
and good quality reproduction of photographs and drawings.
One feature of the book, however, is that in several of the more
rapidly moving fields, the references are significantly out of date.
Several of the authors seem to have rather neglected post-1998
references, which, unfortunately, detracts from what is otherwise
an excellent resource text for students and professionals alike.

D. McIlroy
Statoil Lecturer in Earth Sciences

Liverpool University
Liverpool L69 3GP, U.K.
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PREMIER DATA SERVICES
2 Inverness Drive East, Suite 100, Englewood, CO 80112 

www.premierdata.com
Government Sales: 303.329.7184 • 800.210.9100x184
Commercial Sales: 303.329.7185 • 800.210.9100x185

“Not Just Information You Need . . .  Information You Can Use”

Go to
www.pdsstudio.com

enter offer code GS401 and
Try Us FREE for

2 Weeks!

PREMIER DATA SERVICES . . .
The intelligent way to research, analyze  

and map federal and state land use records.

Premier Data’s software, databases and internet tool sets give
you the power to do things you may have thought impossible.

That’s what hundreds of satisfied oil & gas, mining and
government land professionals are saying about Premier’s
suite of effective, innovative Landware tools and services.

Unleash the power of Premier’s proven technology and
do in minutes or hours what used to take days or weeks.
It’s True! Do all these things and more . . .

• Efficiently research millions of BLM records
• Create reports based on your requirements
• Research lots, tracts and other survey types
• Easily research BLM and state lease sales
• Analyze resource utilization & development
• Know which federal parcels are encumbered
• Analyze competitor lease positions
• Quickly, accurately, automatically make maps that will bring your opportunities into focus

Plate movements, weathering, gravity action, stream erosion
and deposition, folding and faulting, volcanic activity, glaciation,
wind action, coastal processes, and more.

352 pages (most in full color)  •  6,000-entry index 
556 interpretive photos • 75 drawings

AVAILABLE  WHEREVER BOOKS ARE SOLD
$29.95 • ISBN: 0967407508

See the book at: www.mahwah.com/adastra
ADASTRA WEST, INC. • Mahwah, NJ 07430  • 201-529-1144

READING theEARTH
L A N D F O R M S  I N  T H E  M A K I N G

“Excellent.,, rich illustrations, graceful  
writing, useful as a reference” -Geotimes

“Clearly written... eye-catching... 
sound...  for home, office or field.”

-Journal of Geoscience Education

JEROME WYCKOFF Author and Photographer
Donald R. Coates, Ph.D. Technical Adviser

A Guide to Earth Scenery FOR ALL READERS

Billion-Year Earth History of
Australia and Neighbours 
in Gondwanaland

Edited by J.J. Veevers, GEMOC Press, Sydney, Australia, 2000,
388 p., $40.

This thorough but compact volume of two dozen chapters is a
profusely illustrated (sketch maps and diagrams; no photographs)
tectonic history of the Australian continent and its Gondwanan
neighbors over the past billion years. Although a dozen contri-
butors lent their technical expertise to some chapters, the bulk of
the volume (~60%) was written solely by its editor, who has
imparted to it a consistency of style and treatment uncommon for
its genre. The format (page plats 7 × 10 in) makes for figures and
tables packed with information. Passages that are not author-
itative, in the sense of reflecting some widely held consensus, are
nonetheless carefully crafted.

The book offers several kinds of rewards for overseas readers.
Succinct overviews of Australian paleomagnetic poles and
paleolatitudes through time, of patterns of seafloor spreading in
the oceans around Australia, of the geophysical properties of
Australian crust and lithosphere, and of Quaternary glacial-
interglacial fluctuations in Australia are brought together for easy
perusal. For those unfamiliar with key Australian geologic pro-
vinces, there are compact summaries of the Proterozoic assembly
and subsequent Neoproterozoic history of interior Australia, the

evolution of the Paleozoic Tasman orogenic belt (~25% of the
total text), the development of post-Tasman Permian-Triassic
basins and fold belts, and the morphotectonics of modern
Australian continental margins.

Paleotectonic and paleogeographic syntheses address questions
of global tectonics from a “down under” perspective that is im-
portant for a balanced appraisal of global relations. In this vein,
the book considers the place of Australia and adjoining contin-
ental blocks within Gondwanaland, Gondwanan affairs during
the assembly of Pangea, and salient drift episodes involving
Australia and its Gondwanan neighbors during the breakup of
Pangea. The treatment of Rodinia is unorthodox, but potential
Australia-Laurentia crustal connections are explored thoughtfully.

Unique in my experience are provocative topical discussions,
almost in the nature of expanded sidebars, on a topographic-
bathymetric feature termed the Australian-Antarctic Depression
aligned normal to the Australia-Antarctica spreading ridge, post-
Jurassic vertical motions of the Australian platform akin to epei-
rogeny, and widespread sedimentary dispersal of Neoproterozoic-
Cambrian zircons from the Transantarctic Beardmore-Ross orogen.

There is no more informative summary of Australian tectonic
history in a regional and global context, something in the volume
for almost everyone, and the price is right!

William R. Dickinson
Department of Geosciences

University of Arizona
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GeoTrip
New Year’s at the End of the World: The Geology of Southern
Patagonia, Including Tierra del Fuego 
Dec. 26, 2001–Jan. 10, 2002
15 days, 14 nights
Scientific leaders: James Reynolds, Brevard College, Brevard,
North Carolina; Dorothy L. Stout, Cypress College, Cypress,
California.

Jim Reynolds has spent the past 15 years investigating the uplift
history of the Andes. Using magnetostratigraphy, Jim and his
colleagues are developing a relatively precise chronostratigraphy
across the many tectonic provinces that we will visit. In addition to
his work at Magstrat, LLC, and Brevard College, he holds an
adjunct position at the University of Pittsburgh.

Since 1978, Dottie Stout has been leading geological
expeditions around the world, including trips to China, South
America, Africa, Europe, Indonesia, Australia, and Russia. Dottie is
past president of the National Association of Geology Teachers
and is temporarily on leave as a program director at the National
Science Foundation.
Description

Our trip will start in Ushuaia, Argentina, the southernmost city
in the world, at the base of the Cordillera Darwin on the Beagle
Channel along the southern shore of Tierra del Fuego. The austral
summer can be pleasant, but is seldom truly warm. We’ll look at
the glaciers, rocks, and the tectonic setting along the channel

before we cross the mountains to the Patagonian steppes that
comprise the northern part of the island. After crossing into Chile
and taking the ferry across the Straits of Magellan to the South
American mainland, we’ll head eastward along the straits through
the oil and gas fields to the penguin rookery near Punta
Dungeness, Argentina. We’ll observe the interplay between sea-
level changes, glaciations, waves, currents, and extreme tidal
ranges that shaped the coastline, while dodging the numerous
rheas and guanacos on the plains. From there, we’ll go to Río
Gallegos and then to Glaciers National Park in the Patagonian
Andes. We’ll watch icebergs calve off of the Perito Moreno glacier
into Lago Argentino, take a daylong boat trip on the lake, and
slalom through the icebergs while Andean condors soar overhead.
A low pass through the mountains will take us to Torres del Paine
National Park in Chile to see the most spectacular mountains in
the Andes. After a boat trip up the Ultima Esperanza fjord at Puerto
Natales, we’ll head to Punta Arenas and our flight home.
Fees and Payment

$4,200 for GSA members, $4,300 for nonmembers. A $300
deposit is due with your reservation and is refundable through
Sept. 1, less a $50 processing fee. Total balance is due Sept. 1.
Minimum: 20; maximum: 30. Included: Guidebook; airfare from
Atlanta to Ushuaia via Buenos Aires; ground transportation;
lodging for 13 nights (double occupancy); and meals for 14 days.
Not included: Airfare to and from Atlanta, Georgia; and alcoholic
beverages.

Register Today!

Name 

Institution/Employer

Mailing Address

City/State/Country/ZIP

Phone (business/home)

Guest Name

GSA Member #

Deposit No. of Total Paid 
Per Person Persons Deposit

Patagonia $300 ____ $_________

TOTAL DEPOSIT $_________

VISA MasterCard American Express  Discover

Credit Card # Exp. Date

Signature

I’ve enclosed no deposit, but I’m interested. Please send information.

MAIL OR FAX REGISTRATION FORM AND CHECK OR
CREDIT CARD INFORMATION TO:
2001 GSA GeoVentures, Member Services
P.O. Box 9140, Boulder, CO 80301-9140
fax 303-447-1133 or 303-443-1510

MAKE CHECKS PAYABLE TO: GSA 2001 GeoVentures

Send a deposit to hold your reservation; please pay by check or
credit card. You will receive further information and a confirmation of
your registration within two weeks after your reservation is received.

Lago Argentino. Photo by J. Reynolds.

Perito Moreno glacier. Photo by J. Reynolds.
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Announcements
J. D. Hanawalt Powder
Diffraction Award 
Nominees Sought

The International Centre for Diffraction
Data (ICDD) is seeking nominees for the
2001 J.D. Hanawalt Powder Diffraction
Award for an important, recent contri-
bution to the field of powder diffraction.
The award is named for Professor J. Don-
ald Hanawalt, whose pioneering work in
the 1930s led to the development of the
PDF® database structure and search
and/or match procedures still in use
today. Work eligible for consideration
must have been published after January 1,

1996. The selection committee welcomes
suggestions, nominations and documenta-
tion of accomplishments for possible
recipients through June 30, 2001. The
award will be presented at the 50th
Annual Denver X-ray Conference to be
held at Steamboat Springs, Colorado,
USA, from July 30–August 3, 2001. The
recipient’s travel expenses to the meeting
will be provided.

Send submissions to: Executive Director,
International Centre for Diffraction Data,
Newtown Square Corporate Campus, 12
Campus Boulevard, Newtown Square, PA
19073-3273, U.S.A., (610) 325-9814, fax
610-325-9823, information@icdd.com.

In Memoriam
David W. Blake
Battle Mountain, Nevada
September 13, 2000

Michael Fleischer
Washington, D.C.

Ronald C. Hirschfeld
Winchester, Massachusetts
March 7, 2001

Charles B. Sclar
Bethlehem, Pennsylvania
January 13, 2001

Robert L. Slamal
Wichita, Kansas
February 2001

About People
GSA Fellow William A. Berggren, senior scientist emeritus at the Woods Hole

Oceanographic Institution and distinguished visiting professor at Rutgers University, was
awarded a doctorate honoris causa by the University of Utrecht (The Netherlands) on
March 26 in connection with its 365th anniversary. This doctorate was awarded to
Berggren for his research on the construction of geological time scales based on “The
integration of a broad spectrum of biological, chemical, and physical tools that can be
applied to accurately date marine as well as terrestrial sediments presently exposed on
land or recovered from the oceans through deep-sea drilling.”

We left for the meeting on time and with all slides accounted for. But a flat left us
stranded on the tollway, late for our flight, then stuck at Midway for hours. We

could still make the meeting, but had to take a detour through Sioux Falls. I
was so tired, I was hallucinating. I swear I thought I saw Folk's nannobac-

teria in my airport snack bar nachos. Morning hit like a blind thrust, and
me with a presentation to give! Thank goodness for my no-iron GSA

polo-style shirt. At least I looked good.

To view the entire selection of GSA apparel, visit the Member Services section of
the GSA Web site at www.geosociety.org. Sizes are available from small to extra-
extra large; some sizes in certain items are sold out.

To order, call Member Services at 1-888-443-4472. 

Get Your GSA Apparel
polo-style shirts
S–XL: $22; XXL: $24
spruce, navy, black, and clay

Have Polo, Will Travel
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Published on the 1st of the month of issue. Ads (or 
cancellations) must reach the GSA Advertising office one
month prior. Contact Advertising Department, (303)
447-2020, 1-800-472-1988, fax 303-447-1133, or e-mail
acrawford@geosociety.org. Please include complete
address, phone number, and e-mail address with all
correspondence.

Per line
Per Line for each

for addt’l month
Classification 1st month (same ad)

Situations Wanted $1.75 $1.40
Positions Open $6.50 $5.50
Consultants $6.50 $5.50
Services & Supplies $6.50 $5.50
Opportunities for Students

first 25 lines $0.00 $2.35
additional lines $1.35 $2.35

Code number: $2.75 extra

Agencies and organizations may submit purchase order
or payment with copy. Individuals must send prepay-
ment with copy. To estimate cost, count 54 characters
per line, including all punctuation and blank spaces.
Actual cost may differ if you use capitals, centered
copy, or special characters.

To answer coded ads, use this address: Code # ----,
GSA Advertising Dept., P.O. Box 9140, Boulder, CO
80301-9140. All coded mail will be forwarded within
24 hours of arrival at GSA Today office.

Positions Open
ASSISTANT PROFESSOR

WATERSHED HYDROLOGY
UNIVERSITY OF NEVADA, RENO

The Environmental and Resource Sciences Department of
the University of Nevada, Reno, seeks candidates in the
area of watershed science with emphasis on water quality,
nutrient dynamics, and/or sediment transport. A Ph.D. in
watershed science, hydrology, civil/environmental/agricul-
tural engineering or related field is required at appointment.
Experience with numerical methods and modeling of water
quality dynamics in surface waters is required and exper-
tise in field-scale experimentation, non-point source pollu-
tion, contaminant fate and transport, and limnology is pre-
ferred. Candidates must possess strong written and oral
communication skills, capability to develop an externally
funded research program, and a documented commitment
to excellence in undergraduate/graduate teaching and
advisement of graduate students. This full-time (12-month)
tenure-track position is anticipated to involve approxi-
mately 70% research and 30% teaching. Starting salary
will be commensurate with qualifications/experience with a
starting date of January 1, 2002, or as soon as possible
thereafter.

The successful candidate will be expected to collabo-
rate on multidisciplinary research with faculty in the depart-
ment on a broad range of activities, including watershed
assessment, range and forest restoration, habitat rehabili-
tation and impacts of anthropogenic pollutants on micro-
bial and vertebrate populations. He or she will develop a
nationally competitive research program in the areas of
watershed hydrology and water quality and teach under-
graduate/graduate courses in hydrology.

The successful candidate will also have the opportunity
to interact with several successful interdisciplinary gradu-
ate programs on campus, including: Environmental Sci-
ence and Health; Environmental Engineering; and Hydro-
logic Sciences, a nationally recognized program at the
University of Nevada, Reno, with more than 70 graduate
students and 55 faculty members. The candidate will also
have opportunities to participate in experimental water-
shed studies in the Lake Tahoe basin, the Great Basin and

with the Desert Research Institute.
Applicants should send letter of application summariz-

ing qualifications, curriculum vitae, statements of research
and teaching interests, and names and contact information
of 3 references to: Jean Freestone, Search Committee
Secretary, Dept. of Environmental & Resource Sciences,
University of Nevada, Reno, MS 186, 1000 Valley Road,
Reno, NV 89512-0013. Applications received by July 1,
2001, will be given full consideration. For procedural clarifi-
cation, contact: Ms. Jean Freestone, (775) 784-4020, free-
ston@ers.unr.edu, or Dr. Scott W. Tyler, Search Committee
Chair, (775) 784-6250, styler@unr.edu. For additional infor-
mation on the position and University, Department of Envi-
ronmental and Resource Science and related programs,
see: http://www.ag.unr.edu/naes/employ.htm and
http://www.jobs.unr.edu. EEO/AA

UNIVERSITY OF MINNESOTA
DIRECTOR, MINNESOTA GEOLOGICAL SURVEY 

The University of Minnesota seeks to fill the position of
Director of the Minnesota Geological Survey (MGS). The
director is the scientific and administrative leader of an
earth science research and service organization and as
such leads the MGS with considerable autonomy. The
MGS is staffed by 30 professional geologists, hydrogeolo-
gists, geophysicists, and support personnel, and operates
on an annual budget of approximately $2 million. Adminis-
tratively, the MGS is a unit of the School of Earth Sciences
in the Institute of Technology. The MGS director is a
tenured faculty member in the Department of Geology and
Geophysics and reports to the head of the school.

The Minnesota Geological Survey carries out an active
program of basic and applied geological research and 
provides service and education in geological matters to the
people of Minnesota. Principal activities include geologic
mapping in (1) structurally complex Precambrian terranes,
(2) essentially undeformed sedimentary strata of Paleozoic
and Mesozoic age, and (3) varied glacial deposits of Qua-
ternary age. Geologic mapping is integrated with vigorous
programs in applied geophysics, applied stratigraphy and
hydrogeology, and glacial geology. MGS staff, publica-
tions, and databases serve the needs of scientists, deci-

CLASSIFIED 
Advertising
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sion-makers, and resource managers at all public and pri-
vate levels concerned with ground water, environmental
issues, land-use planning, waste disposal, mineral discov-
ery, and mineral-resource development.

The MGS is funded by a special appropriation from the
State Legislature and in addition receives significant con-
tract funding for special projects and research from various
governmental agencies. The director is responsible for
maintaining and augmenting the present programs of
research and service to the state, maintaining records of
the state's mineral and water resources data, and for pro-
viding geological information and evaluation to various
governmental agencies and the public. The director is

responsible for establishing and maintaining close working
relationships with local, state and federal agencies as well
as other university departments involved in geological
research and the use of geological information in public
policy and resource development.

The close connection between the MGS and the
Department of Geology and Geophysics provides signifi-
cant opportunities for collaborative projects of research,
instruction and service. The director is expected to con-
tribute to the educational role of the Department of Geol-
ogy and Geophysics by teaching occasional courses and
seminars.

Candidates for the position must hold a Ph.D. in geol-

ogy or related fields, have at least 10 years professional
experience, demonstrated management and personnel
skills, and credentials qualifying them for a senior level
academic appointment in the Department of Geology and
Geophysics. The appointment as director is full time for an
initial period of three years and is renewable.
Interested persons should send a resume and the names,
addresses, and telephone numbers of three references to
Professor James Stout, Chair, MGS Director Search Com-
mittee, Department of Geology and Geophysics, 108 Pills-
bury Hall, University of Minnesota, Minneapolis, MN 55455.
Inquiries may also be made to Dr. Stout at (612) 624-4344
or jstout@umn.edu. The position is available January 1,
2002, and the closing date for applications is July 31,
2001.

The University of Minnesota is an equal opportunity
educator and employer.

VERTEBRATE PALEONTOLOGY POSITION
BRIGHAM YOUNG UNIVERSITY

The Department of Geology at Brigham Young University
invites applications for a tenure-track position in vertebrate
paleontology with an emphasis in dinosaur paleobiology.
The successful candidate will be expected to teach
courses (undergraduate and graduate) in this field along
with Historical Geology and other general geology courses
as needed. The successful candidate must have a Ph.D.
and will be expected to initiate/maintain a productive
research program that includes, but is not restricted to,
development of the extensive dinosaur collections cur-
rently housed at BYU. The position will be available as
early as July 1, 2002. Starting salary and rank will be com-
mensurate with experience.

Applicants should send a letter of application and cur-
riculum vitae including names of three references to Dr.
Scott M. Ritter, Faculty Search Committee, Department of
Geology-S 389 ESC, Brigham Young University, Provo, UT
84602. Application materials must be received on or before
August 1, 2001, to be considered.

BYU, An equal opportunity employer, is sponsored by
the Church of Jesus Christ of Latter-Day Saints, and
requires observance of Church standards. Preference is
given to members of the sponsoring church.

Services and Supplies
RECENT, RARE, AND OUT-OF-PRINT BOOKS. Find our
online catalog at http://home.earthlink.net/~msbooks for
books on geology, mining history, ore deposits, U.S. Geo-
logical Survey, and western Americana; e-mail:
msbooks@earthlink.net. For free printed catalogs, send
your request and area(s) of interest to MS Book and Min-
eral Company, P.O. Box 6774, Lake Charles, LA 70606-
6774.

TRANSLATION AND INFORMATION FOR JAPANESE
EARTH SCIENCE. Please visit Earth-J at http://earthj.
vis.ne.jp, Email: earthj@mf.vis.ne.jp

GREAT SELECTION OF BOOKS AND GEOSCIENCE
PRODUCTS. Visit the GSA Bookstore in the Exhibit Hall at
the 2001 GSA Annual Meeting in Boston. GSA publications
and apparel, books from other publishers, a Members’
Corner (featuring books by GSA members), educational
products from the Australian Geological Survey Organisa-
tion, and more! Buy ‘em in Boston!

KING FAHD UNIVERSITY OF
PETROLEUM & MINERALS
DHAHRAN, SAUDI ARABIA

College of Sciences
Earth Sciences Department

The Department of Earth Sciences at King Fahd University of Petroleum &
Minerals, Dhahran, Saudi Arabia invites applications for a faculty position at a
professor rank in the field of Environmental and Engineering Geology. This
position requires someone who is experienced in all aspects of environmental
investigations and assessments. Areas of particular interest are interaction of
humans with the geologic environment, waste and pollution management,
assessing geological hazards and risks, toxic substance control and land use
management. Additional requirements are a Ph.D. degree in Environmental
Geology / Engineering Geology and at least ten years of industry experience.
The successful candidate must be innovative and have the vision and ability to
apply advanced scientific and computer techniques to environmental and
geological engineering problems. Teaching at the undergraduate and graduate
levels and maintaining a strong research program will be expected of the
successful candidates.

Salary/Benefits: Two year renewable contract. Competitive salaries based on
qualifications and experience. Free furnished air-conditioned on-campus housing
unit with free essential utilities and maintenance. The appointment includes the
following benefits according to the University’s policy: air ticket to Dammam on
appointment; annual repatriation air tickets for up to four persons; assistance
with local tuition fees for school-age dependent children; local transportation
allowance; two months paid summer leave; end-of-service gratuity. KFUPM
campus has a range of facilities including a medical and dental clinic, an
extensive library, computing, research and teaching laboratory facilities and a
recreation center.

To apply: Mail, fax or e-mail cover letter and detailed resume to:
Dean, Faculty & Personnel Affairs 
KFUPM, DEPT. ES-2101 
Dhahran, 31261, Saudi Arabia
Fax: 966-3-860-2429   E-Mail: faculty@kfupm.edu.sa or
es.chairman@kfupm.edu.sa

Please visit our website address:
http://www.kfupm.edu.sa



OCEAN CIRCULATION AND CLIMATE
Observing and Modeling the Global Ocean
Edited by Gerold Siedler, John Church, John Gould
April 2001, Casebound, 640 pp, $99.95 (USA), £65.95 (UK)
ISBN: 0-12-641351-7

GLOBAL BIOGEOCHEMICAL CYCLES IN THE
CLIMATE SYSTEM
Edited by Ernest-Detlef Schulze, Martin Heimann, Sandy Harrison,
Elisabeth Holland, Jonathan Lloyd, Ian Colin Prentice, 
David Schimel
May 2001, Casebound, 416 pp., $89.95 (USA), £59.95 (UK)
ISBN: 0-12-631260-5

GENERAL CIRCULATION MODEL
DEVELOPMENT
Edited by David A. Randall
2000, Casebound, 807 pp., $99.95 (USA), £62.95 (UK)
ISBN: 0-12-578010-9

EARTHQUAKE THERMODYNAMICS
AND PHASE TRANSFORMATIONS IN
THE EARTH’S INTERIOR
Edited by Roman Teisseyre and Eugeniusz Majewski
2000, Casebound, $105.00 (USA), £79.95 (UK)/ISBN: 0-12-685185-9

EARTH MAGNETISM
A Guided Tour Through Magnetic Fields
Wallace H. Campbell
December 2000, Paperback, $29.95 (USA), £16.95 (UK)
ISBN: 0-12-158164-0

SEA LEVEL RISE
History and Consequences
International Geophysics Series,Volume 75
Edited by Bruce Douglas, Michael S. Kearney, Stephen P. Leatherman
Fall 2000, Casebound, c. 272 pp, $59.95/ISBN: 0-12-221345-9

SATELLITE ALTIMETRY AND EARTH SCIENCES
Handbook of Techniques and Applications
International Geophysics Series,Volume 69
Edited by Lee-Lueng Fu and Anny Cazenave
Fall 2000, Casebound, c. 624 pp., $104.95/ISBN: 0-12-269545-3

TECHNIQUES OF MODERN STRUCTURAL
GEOLOGY, VOLUME 3
Applications of Continuum Mechanics in Structural Geology
John Ramsay and Dr. Richard J. Lisle
Fall 2000, Paperback, c 608 pp., $65.00/ISBN: 0-12-576923-7

Awarded for Excellence in Professional/Scholarly Publishing for 1999
by the Association of American Publishers, Professional and Scholarly
Division, in the Geography and Earth Science category
www.academicpress.com/volcanoes

ENCYCLOPEDIA OF VOLCANOES
Edited by Haraldur Sigurdsson, Bruce Houghton,
Stephen R. McNutt, Hazel Rymer, and John Stix
1999, Casebound, 1,400 pp, $99.95/ISBN: 0-12-643140-X

APPLIED SEDIMENTOLOGY, 2ND EDITION
Richard Selley
May 2000, Casebound, 523 pp., $82.50/ISBN: 0-12-636375-7

EARTH SYSTEM SCIENCE
From Biogeochemical Cycles to Global Changes
International Geophysics Series,Volume 72
Michael Jacobson, Robert J. Charlson, Henning Rodhe,
and Gordon H. Orians
February 2000, Paperback, 527 pp, $54.95/ISBN: 0-12-379370-X

COMET AND ASTEROID IMPACT HAZARDS
ON A POPULATED EARTH
Computer Modeling
John S. Lewis
1999, Paperback, 200 pp., $49.95/ISBN: 0-12-446760-1

PALEOMAGNETISM
Continents and Oceans
Michael W. McElhinny and Phillip L. McFadden
1999, Casebound, 386 pp., $69.95/ISBN: 0-12-483355-1

PALEOSEISMOLOGY
Edited by James P. McCalpin
1998, Paperback, 588 pp., $49.95/ISBN: 0-12-481826-9

PALEOCLIMATOLOGY, 2ND EDITION
Raymond S. Bradley
1999, Casebound, 612 pp., $69.95/ISBN: 0-12-124010-X

ELEMENTS OF PETROLEUM GEOLOGY
Richard Selley
1997, Casebound, 462 pp., $79.95/ISBN: 0-12-636370-6

ECONOMIC RISK IN
HYDROCARBON EXPLORATION
Ian Lerche and John A. MacKay
1999, Casebound, 424 pp., $129.00/ISBN: 0-12-444165-3

Forthcoming Fall 2001

ENCYCLOPEDIA OF PHYSICAL SCIENCE AND
TECHNOLOGY, 3E
October 2001, 17-Volume Set plus Index, 14,800 pp.
ISBN: 0-12-227410-5
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