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ABSTRACT

The 1995 western North American
Deep Probe seismic experiment, a conti-
nental-scale, long-range refraction inves-
tigation, extended from the Colorado
Plateau to the Archean craton in Canada.
The profile crossed the Proterozoic ter-
ranes of the southern Rocky Mountains
and Colorado Plateau and the southern
part of the Archean Wyoming province—
a region modified by Phanerozoic tecton-
ism, and the northern part of the
Wyoming province and the Archean
Hearne province—a region that has been
relatively stable since the Archean. Each
geologic province has a distinctive
crustal type, that of the Wyoming
province being the thickest and fastest.
In the mantle, the change from low to
high upper-mantle seismic velocity that
marks the passage from the orogenic
plateau to the craton in published tele-
seismic tomographic images is seen to
occur abruptly in the vicinity of the
Cheyenne belt, which separates the Pro-
terozoic Rocky Mountain terranes from
the Archean Wyoming province. To the
south, the upper mantle beneath the
southern Rocky Mountains has a well-
developed P-wave low-velocity zone like
that beneath the Gulf of California
spreading system. To the north, the
upper mantle beneath the Archean
provinces resembles the teleseismic aver-
age for the Canadian shield.

INTRODUCTION

The 1995 Deep Probe investigation is
unique among modern seismic refraction
studies of western North American litho-
sphere in scale and spatial sampling (Fig. 1).
The study provides seismic observations
between the scale of regional reflection or
refraction crustal studies and of teleseismic
earthquake mantle studies. The Deep Probe
corridor approximately follows the 110th
meridian, spanning ~29° from north of the
U.S.-Mexican border to Great Slave Lake in

Canada. From north to south, the profile
crosses the Archean Hearne and Wyoming
provinces, the Cheyenne belt, and the Pro-
terozoic terranes of the southern Rocky
Mountains and Colorado Plateau.

Beginning in the north, the Hearne
province of central-south Alberta is the west-
ernmost extension of the Canadian craton.
On the basis of basement drill core, gravity,
and aeromagnetic studies, the province con-

sists of several Archean domains (Ross et al.,
1991). Sedimentary sequences in southern
Alberta and northern Montana indicate that
the region has been a largely stable topo-
graphic high for 1.5 b. y. A prominent crustal
feature known as the Vulcan structure could
mark the limit with the Wyoming province.
The Wyoming province, which is an agglom-

Figure 1. Location map showing the Deep Probe corridor in western North America. Blue line shows
seismograph stations occupied for 1995 active-source experiment. SP refers to Deep Probe shotpoints, S
to SAREX shotpoints used in this study. Red lines denote borders of major geologic provinces (after Hoff-
man, 1989). VS—Vulcan structure between Hearne and Wyoming Archean provinces; CB—Cheyenne
belt suture between Archean Wyoming province and Proterozoic accreted terranes.
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eration of back-arc basins, island arcs, and
micro-continental fragments intruded by
Late Archean granites, has been largely stable
since 2.7 to 2.6 Ga (Houston et al., 1993).
The rest of the southwestern U.S. interior
consists of Proterozoic island-arc terranes
accreted to the southern margin of the
Wyoming province between 2.0 and 1.3 Ga
(Karlstrom and Bowring, 1988). The
Cheyenne belt at the southern boundary of
the Wyoming province is interpreted as a
Proterozoic crustal suture (Karlstrom and

Houston, 1984). The resultant continent
known as Laurentia was subjected to Late
Proterozic to Early Cambrian rifting that
established the limits of the modern North
American craton (e.g., Hoffman, 1989).

In the Phanerozoic, the western margin
of North America was uplifted and modified
by a succession of tectonic events (Burchfiel
and Davis, 1975; Ye et al., 1996), only some
of which extended into the study area. Of
those that did, the Pennsylvanian Ancestral
Rockies event affected the Proterozoic ter-
ranes south of the Cheyenne belt, producing
the Uncompahgre uplift. The Late Creta-
ceous to mid-Eocene Laramide event pro-
duced basement uplifts and deep sedimen-
tary basins throughout the Proterozoic
terranes and the southern Wyoming
province. Tertiary events in the southern part
of the region caused uplift of the Colorado
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Extended Deadline!
The Penrose Conference on

“Strike-slip to subduction transitions on
plate boundaries: Tectonic settings,
plate kinematics, and seismic hazards,”
Puerta Plata, Dominican Republic has
extended its application deadline to
September 1, 1998.
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Plateau and produced Basin and Range
extension (e.g., Schneider and Keller, 1994). 

The goals of the seismic investigation
were to determine and contrast the litho-
spheric structures of the relatively stable
Hearne and northern Wyoming provinces
with those of the southern Wyoming
province and the Proterozoic terranes
affected by Laramide events. The seismic data
collected provide a continental-scale 
P-wave velocity model for the crust and
upper mantle to depths of ~150 km. We
describe two major lateral changes in velocity
structure, one in the crust and one in the
mantle, which are associated with bound-
aries between the geological provinces and
indicate major differences in lithospheric
evolution.

DEEP PROBE SEISMIC OBSERVA-
TIONS AND INTERPRETATION

The Deep Probe experiment consisted of
10 shots detonated at seven shotpoints,
recorded by 710 portable refraction seis-
mometers deployed twice at about 1200 sites.
Nominal instrument spacing was 1.25 km
(Fig. 1; Gorman et al., 1997). Shot size varied
from 2400 to 17000 kg of chemical explo-
sive. The recording arrays extended from
northern New Mexico to central Alberta. Just
prior to our experiment, the Canadian Litho-
probe program conducted the crustal-scale
Southern Alberta Refraction Experiment
(SAREX), coincident with the Canadian part
of Deep Probe. Three shot records from
SAREX are included in the analysis here (S1,
S6, and S11; Fig. 1).

Seismic Observations: Three
Province-Related Seismic 
Signatures

The fundamental experimental results
are illustrated by the records from shotpoint
SP43 in central Wyoming, just north of the
Cheyenne belt (Fig. 3, see p. 16–17).
Markedly different crustal and upper-mantle
signals occur north and south of SP43, indi-
cating profound changes in the upper 150
km of the lithosphere over a distance not
exceeding 250–300 km. Primary crustal and
mantle seismic waves observed include: Pg—
upper crustal refractions; Pi—refracted within
a lower crustal layer; PmP—reflected from
the Moho; and Pn and related phases—
refracted beneath the Moho. Travel times
and amplitudes of these waves constrain
crustal thicknesses and crustal and mantle
seismic velocities. An important feature is the
source to receiver offset at which Pn becomes
a first arrival—the crossover distance—which
increases with crustal thickness.

First-order observations on the profile
south of SP43 in the Proterozoic terranes of
the southern Rockies–Colorado Plateau are
that Pn becomes a first arrival at ~200 km off-
set, has velocities of 7.9–8.0 km/s, and is very
weak from the crossover at ~200 km to ~425
km (Fig. 2). Beyond 425 km, Pn amplitude

strengthens to offset distances of 800 km.
This weak Pn character from 200 to 425 km
also occurs on records from SP33 and SP37 in
New Mexico and Colorado.

The record for the Archean Wyoming
province north of SP43 is dramatically differ-
ent (Fig. 2). In particular, a Pn crossover at
~260 km indicates a thicker crust, and high-
amplitude and high-velocity (8.1–8.4 km/s)
Pn phases to offsets of ~800–1000 km indi-
cate a distinct upper-mantle structure. Pn
with similar character is seen south of SP49
from the Canadian border to central
Wyoming (Fig. 2). More subtle features seen
at SP43 north and SP49 south are lower
crustal refractions, Pi, with phase velocities of
7.0–7.3 km/s that are first arrivals from 180
to 260 km and clear second arrivals from 260
to 400 km (Fig. 2). Lower-crust events like
these are absent in the Proterozoic terranes to
the south and the Hearne province to the
north. 

North of SP49, in the Hearne province,
Pn becomes a first arrival at ~210 km with
velocities of 8.1–8.2 km/s. The shorter Pn
crossover distance (210 km) is also observed
on the other shots in the Hearne province,
indicating a thinner crust than in the
Wyoming province.

Cross Section of Western North
America

To interpret the data, we used reflectiv-
ity modeling to estimate average one-dimen-
sional velocity structures of the three

provinces (Fuchs and Müller, 1971), and two-
dimensional ray-tracing and travel-time
inversion to estimate two-dimensional crust
and upper mantle structure from all shots
(Luetgert, 1992; Zelt and Smith, 1992). Due
to large distances between shotpoints
(~400–600 km) travel-time modeling concen-
trated on the primary crustal and mantle
phases identifiable from shot to shot. For two-
dimensional ray-tracing, the starting model
used crustal structure estimates from the one-
dimensional interpretations, previous seismic
studies, and other geological and geophysical
data (Prodehl and Lipman, 1989; Pakiser,
1989; Schneider and Keller, 1994; Snelson,
1998). The two-dimensional modeling and
inversion allow a more detailed lithospheric
picture (Fig. 2), particularly where Moho
depth changes by 10 km over lateral dis-
tances of ~100 km. Complex sedimentary
basins along the profile generate short scale
variations in arrival times which were well
matched using a near-surface structure devel-
oped from published studies and velocity-
depth information from 71 well logs (Snel-
son, 1998; Snelson et al., 1998). From the top
of basement down, only small lateral velocity
variations within a province were required to
fit the data. Long-offset Pn and crustal
arrivals allowed determination of mean
velocities within a province to ±0.1 km/s and
mean depths to the Moho to ~2 km in Pn
crossover regions (Fig. 2).

Lithosphere continued from p. 2
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The main features of the seismic data
are exemplified by three simple but very dif-
ferent one-dimensional velocity models that
explain the main amplitude relations among
the seismic phases and give average crustal
and mantle structure within each province
(Figs. 2, 31). These are related through the
two-dimensional interpretation (Fig. 2). In
the south, the Proterozoic crust in the Rocky
Mountains and Colorado Plateau is 40 to 45
km thick and shows a linear velocity
increase with depth. Most variation in
crustal thickness occurs near the boundary
with the Wyoming province. In the Archean
Wyoming province, crustal thicknesses
range from ~40 km at the Cheyenne belt to
an average of ~50 km farther north. A high-
velocity layer (vp ~ 7.05–7.30 km/s) occurs in
the lower ~25 km of the crust. Crossing the
Vulcan structure, Moho depth in the Hearne
province shallows to ~40 km. The crust
again shows a simple vertical velocity gradi-
ent, but with higher velocities than in the
Proterozoic crust. Mean crustal velocity in
the Southern Rockies and Colorado Plateau
is 6.3 km/s, compared with 6.6 km/s in the
Wyoming province, and 6.45 km/s in the
Hearne province.

On a global scale, the southern Rockies
crust is thin and slow compared to average
crustal thicknesses and velocities of 42 km
and 6.4–6.5 km/s for shields and platforms,
and of 46–50 km and 6.4 km/s for orogens
(Christensen and Mooney, 1995; Rudnick
and Fountain, 1995). The Wyoming province
crust is considerably thicker and faster than
that of average shields, and faster than, but
similar in thickness to orogens. The some-
what thinner Hearne province crust has an
average shield velocity.

Variations in amplitude and velocity of
the Pn phase indicate extreme differences in
the upper mantle along the profile (Figs. 2,
3). North of SP43, the mantle just below the
Moho under the Archean provinces has a
velocity of 8.1 km/s that increases with
depth. There is no evidence of a low-velocity
zone. South of SP43, the mantle under the
Proterozoic province has a thin lid with
velocities of 7.9–8.0 km/s that is underlain by
a thick low-velocity zone with a velocity that
decreases to 7.75 ±0.1 km/s at 60 km depth.
The high-amplitude Pn phase observed in
the 425 to 800 km offset range is a turning or
reflected phase from a depth of ~90 km or
more.

Although determining the width of hor-
izontal transitions between terranes is ham-
pered by shot spacing, fortuitous shot posi-
tioning and geologic information allow some
inferences to be made. In particular, strong
asymmetry of seismic arrivals from SP43
implies a transition zone of less than ~250
km on the southern edge of the Wyoming
province. On the northern edge, first-arrival
refractions from the lower crust are seen from
both the north and the south at SP49/S1;
whereas 250 km to the north at S6, strongly
asymmetric first arrivals do not include
lower-crustal events. This implies that the
transition zone between the Wyoming and
Hearne provinces is less than 100 km wide.

IMPLICATIONS FOR NORTH 
AMERICAN EVOLUTION

The scale of the Deep Probe experiment
permits comparison with earthquake-derived
tomographic images of North America that
indicate a transition from fast, cold upper
mantle beneath the craton, to slow, hot
upper mantle beneath the uplifted North
American orogenic plateau (Grand, 1994;
Grand et al., 1997; van der Lee and Nolet,
1997). The resolution of the earthquake stud-
ies is considerably less—about 500 km hori-
zontally and 100 km vertically.

Southern Rocky Mountains–
Colorado Plateau: Proterozoic
Accreted Terranes

Given its location within a region of
Laramide tectonism, the crust in the south-
ern Rockies–Colorado Plateau is surprisingly
simple: little lateral velocity variation and no
vertical layering. Its 40 to 45 km thickness is
insufficient to explain present regional eleva-
tions (e.g., Sheehan et al., 1995). Going
deeper, the upper-mantle velocity profile is

comparable to that of Walck (1983) for the
Gulf of California part of the East Pacific Rise
spreading system (Fig. 3), in that both show
low-velocity zones just beneath the Moho.
The low-velocity zone beneath the southern
Rockies likely represents the buoyant mantle
needed to support the topography, and is
deeper and thicker than its equivalent in the
Colorado Plateau–Basin and Range transition
zone in Arizona (Benz and McCarthy, 1994).
To the east, a range of seismic methods (e.g.,
Sinno and Keller, 1986; Keller et al., 1990;
Slack et al., 1996) indicates low velocities in
the uppermost mantle of the Rio Grande Rift.
Grand’s (1994) teleseismic observations show
low velocities in the mantle extending from
the East Pacific Rise through the southwest-
ern United States. The Deep Probe results
show that regional low-velocity mantle
extends northward to the Cheyenne belt.

Wyoming Province: Thick Archean
Crust

The crust is thicker and faster in the
Wyoming province than in the Proterozoic
terranes, with a high-velocity lower-crustal
layer occurring in most of the province. The
transition from thin (40 km) to thick (50 km)
crust occurs in the southernmost 150 km of
the province. It is unclear how the Laramide
tectonism that affected parts of the province
modified the Archean crust. Nothing in our
results indicates a Laramide influence unless
the entire lower crustal layer is a Laramide
feature. The seismic velocity model (Fig. 2)
indicates a thick lower crust and uniform
upper-mantle structure beneath Laramide
uplifts in Wyoming and southern Montana
as well as the plains of Montana and south-
ern Alberta. 

Although the Archean crust in this part
of the Deep Probe profile is ~10 km thicker
than the global average for shields and plat-
forms (Christensen and Mooney, 1995), it is
not the only cratonic region with a high-
velocity lower crust (Rudnick and Fountain,
1995). High velocities like these are compati-
ble with mafic garnet granulite or horn-
blendite compositions, such as are found
among northern Montana xenoliths (Reed et
al., 1993), or with intermediate-composition
crust that is mixed with eclogite, pyroxenite,
or dunite.

After adjustment for crustal thickness,
the upper-mantle model for the Archean
Wyoming province is comparable to the
average Canadian shield P-wave profile (S25
in Fig. 3) derived from teleseismic P-wave
observations by LeFevre and Helmberger,
(1989). The similarities of the two profiles,
derived from different types and scales of
seismic data, indicate a similarity between
Wyoming province and Canadian shield
upper mantle.

Vulcan Structure and Hearne
Province

The crustal boundary between the
Wyoming and Hearne provinces appears to
lie close to the Vulcan structure in southern

Figure 2. Top: Two-dimensional P-velocity model
along Deep Probe corridor. Stars show shots used
in this study, gray lines show locations of
intracrustal and Moho reflection points. Model
depths are best constrained by Pi and Pn refrac-
tions that arise in these locations. The one-dimen-
sional velocity profiles derived from reflectivity
modeling are superimposed. All velocities shown
assume a flat Earth: At 100 km depth they are
~0.15 km/s faster than in a spherical Earth. Bot-
tom: Record sections from SP43, SP37, and SP49
are plotted beneath the shot location with calcu-
lated traveltime curves from the model superim-
posed in red. The blue circles indicate the
crossover where Pn becomes the first arrival.
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Alberta. This structure is covered by younger
sedimentary sequences, and is thus delin-
eated by gravity, magnetic, and seismic data
(Kanasewich et al., 1969). It is a target for
Lithoprobe’s Alberta Basement Transect (Ross
et al., 1997). North of the Vulcan structure,
the crust is like average Archean crust. No
strong vertical or lateral variations are seen
with the exception of a slight thinning to the
north. Despite crustal differences with the
Wyoming province, the Hearne province has
a similar mantle.

Some Unanswered Questions
We are left with questions related to the

development of the crust-mantle system
along the profile. Is the thick high-velocity
lower crust in the Wyoming province due to
original Archean assembly, Laramide tecton-
ism, or neither? If the lower crust is the result
of Archean formation, why is the Hearne
province different? Has its lower crust been
delaminated or incorporated into the upper
mantle through eclogitization (Nelson,
1991)? If the lower crust beneath the
Wyoming province resulted from lower
crustal flow during the Laramide, why is the
crust to the south so different? A global com-
pilation of Precambrian seismic structure
(Durrheim and Mooney, 1994) shows
Archean crust to be generally thinner and to
have lower velocity crust than Proterozoic
crust. This pattern is opposite to that seen in
the Wyoming province and the Proterozoic
terranes to the south.

CONCLUSIONS

The Deep Probe experiment provides a
continental-scale model of crust and upper-
mantle compressional velocity to depths of
~150 km along a transect crossing three dis-
tinct geologic provinces. Each province has a
distinct crustal type. The Wyoming province
has an unusual 25-km-thick high-velocity
lower-crustal layer, whereas the Hearne
province crust is more typical of an Archean
shield. The crust in the southern
Rockies–Colorado Plateau is relatively simple,
and it is thinner than expected from its ele-
vation and Phanerozoic contractional tec-
tonic history. 

The lithospheric mantle structure differs
profoundly between the relatively stable
Archean mantle in the north and a mobile,
tectonically active upper mantle in the south,
likely modified by Laramide and more recent
tectonism. The transition between the two
mantle structures is laterally abrupt, lying
close to a Proterozoic-age crustal suture
despite episodes of more recent tectonism.
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On May 22, 1998, the White House
issued Presidential Directive 63 (PDD 63)
calling for a national effort to assure the
security of eight of the United States’
increasingly vulnerable and intercon-
nected infrastructures, several of which
are deeply connected to the earth sci-
ences. PDD 63 builds on October 1997
recommendations of the President’s Com-
mission on Critical Infrastructure Protec-
tion (PCCIP). The PCCIP, established in
July 1996 by Presidential Executive Order
3010, is the first national effort to address
the vulnerabilities created in the new
information age. The commission was
tasked to formulate a comprehensive
national strategy for protecting U.S.
infrastructures from physical and “cyber”
threats. Specifically, the PCCIP’s mission
is to “Determine and categorize the range
of threats to critical infrastructures; iden-
tify vulnerabilities within and among crit-
ical infrastructures; find and assess
options for protecting infrastructures,
assuring continuation and restoration of
service; develop a strategy for protecting
critical infrastructures; and recommend
an implementation plan for protective
and assurance measures, including the
policy, legislative and other changes
required.”

The 18 member PCCIP, chaired by
Robert T. Marsh, an aerospace industry
executive, includes senior representatives
from private industry, government, and
academia. An advisory committee consist-
ing of industry leaders provides counsel to
the commission, and a steering commit-
tee, made up of cabinet-level officials,
reviewed the commission’s report before
forwarding it to the President. Commis-
sion members were divided into five
teams, representing the eight critical
infrastructures. Each team evaluated the
growing risk, threats, and vulnerabilities
within its sector. A threat was defined as
“Anyone with the capability, technology,
opportunity, and intent to do harm.
Potential threats can be foreign or domes-
tic, internal or external, state-sponsored
or a single rogue element.” Terrorists,
insiders, disgruntled employees, and
hackers were included in the profile.

The PCCIP noted that most of the
nation’s vital services are delivered by pri-
vate companies. This creates a significant

challenge in determining where the
responsibility of protecting critical infras-
tructures falls. The commission addressed
this challenge by bringing representatives
from the private and public sectors
together to assess infrastructure vulnera-
bilities and to develop assurance strategies
for the future. The Commission consulted
with over 6,000 representatives from the
private and public sectors, including
industry executives, security experts, gov-
ernment agencies, and private citizens.

The PCCIP report defines the eight
critical infrastructures as systems whose
incapacity or destruction would have a
debilitating impact on the defense or eco-
nomic security of the nation. The report
deals with the following infrastructures:
telecommunications, electrical power sys-
tems, gas and oil production, storage and
transportation, banking and finance,
transportation, water supply systems,
emergency services, and continuity of
government services.

Telecommunications are defined as
the networks and systems that support
the transmission and exchange of elec-
tronic communications among and
between end-users (such as networked
computers). Electrical power systems are
defined as the 
generation stations, transmission, and dis-
tribution networks that create and supply
electricity to end-users so that end-users
achieve and maintain nominal function-
ality, including the transportation and
storage of fuel essential to that system.
Gas and Oil Production, Storage, and
Transportation are defined as the holding
facilities for natural gas, crude and refined
petroleum, and petroleum-derived fuels,
the refining and processing facilities for
these fuels, and the pipelines, ships,
trucks, and rail systems that transport
these commodities from their source to
systems that are dependent upon gas and
oil in one of their useful forms. Banking
and finance are defined as the retail and
commercial organizations, investment
institutions, exchange boards, trading
houses, and reserve systems, and associ-
ated operational organizations, govern-
ment operations, and support entities,
that are involved in all manner of mone-
tary transactions, including its storage for
saving purposes, its investment for

income purposes, its exchange for pay-
ment purposes, and its disbursement in
the form of loans and other financial
instruments. Transportation is defined as
the aviation, rail, highway, and aquatic
vehicles, conduits, and support systems
by which people and goods are moved
from a point-of-origin to a destination
point in order to support and complete
matters of commerce, government opera-
tions, and personal affairs. Water supply
systems are defined as the sources of
water, reservoirs and holding facilities,
aqueducts and other transport systems,
the filtration and cleaning systems, the
pipelines, the cooling systems, and other
delivery mechanisms that provide for
domestic and industrial applications,
including systems for dealing with waste
water and fire fighting. Emergency ser-
vices are defined as the medical, police,
fire, and rescue systems and personnel
that are called upon when an individual
or community is responding to a public
health or safety incident where speed and
efficiency are necessary. Continuity of
Government Services is defined as those
operations and services of governments at
federal, state, and local levels critical to
the functioning of the nation’s systems,
i.e., public health, safety, and welfare.

The sector teams and their industries
included: Information & Communica-
tions —telecommunications, computers &
software, Internet, satellites, and fiber
optics; Physical Distribution—railroads,
air traffic, maritime, intermodal, and
pipelines;  Energy—electrical power, natu-
ral gas, petroleum, production, distribu-
tion, and storage; Banking and Finance—
financial transactions, stock and bond
markets, and the Federal Reserve; and
Vital Human Services—water, emergency
services, and government services.

PDD 63 is the culmination of an
intense, interagency effort to evaluate the
PCCIP’s recommendations and produce a
workable and innovative framework for
critical infrastructure protection.  The
President’s policy sets a goal of a reliable,
interconnected, and secure information
system infrastructure by the year 2003,
and significantly increased security to
government systems by the year 2000.

This will be accomplished by:

WASHINGTON REPORT
Bruce F. Molnia

Washington Report provides the GSA membership with a window on the activities of the federal agencies, Congress and the legislative pro-
cess, and international interactions that could impact the geoscience community. These reports present summaries of agency and intera-
gency programs, track legislation, and present insights into Washington, D.C., geopolitics as they pertain to the geosciences.

PROTECTING AMERICA’S CRITICAL INFRASTRUCTURES:  PDD 63
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• Immediately establishing a National
Center to warn of and respond to
attacks;

• Ensuring the capability to protect criti-
cal infrastructures from intentional acts
by 2003;

• Addressing the cyber and physical
infrastructure vulnerabilities of the Fed-
eral government by requiring each
department and agency to work to
reduce its exposure to new threats;

• Requiring the Federal government to
serve as a model to the rest of the coun-
try for how infrastructure protection is
to be attained;

• Defining a National Infrastructure Pro-
tection Center (NIPC), to be located at
the Federal Bureau of Investigations
(FBI), which will fuse representatives
from FBI, Department of Defense, U.S.
Secret Service, Department of Energy,
Department of Transportation, the
intelligence community, and the pri-
vate sector in an unprecedented
attempt at information sharing among
agencies in collaboration with the pri-
vate sector. The NIPC will also provide
the principal means of facilitating and
coordinating the Federal Government’s
response to an incident, mitigating
attacks, investigating threats, and mon-
itoring reconstitution efforts;

• Establishing a national coordinator
whose scope will include not only criti-
cal infrastructure but also foreign ter-
rorism and threats of domestic mass
destruction (including biological
weapons);

• Establishing Information Sharing and
Analysis Centers, to be set up by the 
private sector in cooperation with the 
federal government and modeled on
the Centers for Disease Control and
Prevention;

• Establishing a Critical Infrastructure
Assurance Office which will provide
support to the National Coordinator’s
work with government agencies and
the private sector in developing a
national plan.  The office will also help
coordinate a national education and
awareness program, and legislative and
public affairs;

• Establishing a National Infrastructure
Assurance Council drawn from private
sector leaders and state and local offi-
cials to provide guidance to the policy
formulation of a national plan;

• Seeking voluntary participation of pri-
vate industry to meet common goals
for protecting  critical systems through
public-private partnerships;

• Protecting privacy rights and seeking to
utilize market forces.

Opposition to this commission sur-
faced with the release of the 1996 Execu-
tive Order and focused on invasion of pri-
vacy issues. One group commented that
the order’s creation of a Department of
Justice Infrastructure Protection Task
Force was equivalent to the formation of
an American Gestapo. ■

VOTE!

Attention, voting members:
your vote is an important part
of the management process!
The 1998 GSA ballot to elect
officers for 1999 and councilors
for the term 1999–2001 will be
mailed with the annual report in
August. Ballot and signed proxy
must be postmarked by
September 21.



8 GSA TODAY, July 1998

GSA 1998 President Victor R. Baker, Robert W. Hatcher
(professor of geology at the University of Tennessee and
1993 GSA president), Kentucky State Geologist Donald C.
Haney, and Gerald M. Friedman, professor of geology at
Brooklyn College, were designated Honorary West Virginians
at the GSA Southeastern Section meeting in March. West Vir-
ginia Governor Cecil H. Underwood presented certificates to
the four GSA Fellows in recognition of outstanding accom-
plishments and meritorious service. The 1998 Southeastern
Section meeting was in Charleston, West Virginia. The award
is the highest honor given by the state to nonresidents.

Right to left: Vic Baker, Bob Hatcher, Don Haney, and
Gerry Friedman display their Honorary West Virginian certifi-
cates at the Southeastern Section meeting.

ANNOUNCEMENT AND CALL FOR PAPERS

AADE INDUSTRY FORUM ON

Pressure Regimes in
Sedimentary Basins
and Their Prediction

September 2-4, 1998
Del Lago Resort at Lake Conroe, North of Houston, TX

Sponsors: AADE, CONOCO, DOE and GRI
Format: SEG Summer Workshop Format

REGISTRATION
Pre-registration Fee is $800 and includes 4 nights of accommodations at the
Resort and 3 meals per day during the conference. Attendance is limited to
200 people.

PROGRAM
To bring together geoscientists and engineers who deal with all aspects of
pore pressure in sedimentary basins. Session topics will include (1) shale
mechanics, (2) overpressure mechanisms,  (3) pore pressure and fracture gra-
dient prediction,  (4) pressure at the prospect and basin scale, (5) pressure
management while drilling, and (6) frontier issues.

ABSTRACTS AND PUBLICATION
Extended abstracts will be published in a preprint volume (6 page maximum
with text and figures). The abstract deadline is March 31, 1998.

INFORMATION
For additional information on the Forum contact the meeting chairman

Dr. Alan R. Huffman, Manager, 
Seismic Imaging Technology, Conoco Inc.

by fax at 580/767-6067, or
e-mail at alan.r.huffman@usa.conoco.com

PRESIDENT (1999)
Gail M. Ashley, Piscataway, New Jersey

VICE-PRESIDENT (1999)
Mary Lou Zoback, Menlo Park, California

TREASURER (1999)
David E. Dunn, Richardson, Texas

COUNCILOR (1999–2001), POSITION 1
Mary J. Kraus, Boulder, Colorado
Noel P. James, Ontario, Canada

COUNCILOR (1999–2001), POSITION 2
Claudia J. Mora, Knoxville, Tennessee
Rob Van der Voo, Ann Arbor, Michigan

COUNCILOR (1999–2001), POSITION 3
Carol Simpson, Boston, Massachussetts
Jane Selverstone, Albuquerque, New Mexico

COUNCILOR (1999–2001), POSITION 4
John J. Clague, Vancouver, British Columbia
Stephen G. Wells, Reno, Nevada

1999 Officer and
Councilor Nominees
Council announces the following officer and councilor candi-
dates. Biographical information on all candidates will be mailed
with the ballot to all voting members in August.

Governor Honors GSA Fellows

American Association of 
Stratigraphic Palynologists
is Newest GSA 
Associated Society

The GSA Council has approved Associated Society status for
the American Association of Stratigraphic Palynologists (AASP).
AASP was founded in 1967 to promote the science of palynology
and to foster the spirit of scientific research. These purposes have
been expanded beyond stratigraphic applications of palynology
to include: environmental applications such as high-resolution
modeling of aquifers and groundwater flow, and remediation of
contaminated waste sites; Quaternary paleoclimatic reconstruc-
tions as a record for global warming as reflected by the effects of
greenhouse gases through their influence on Earth’s flora and its
floral record; the use of palynology in charting the migration
pathways of insects; palynology as a tool in archaeological recon-
structions; palynology in conjunction with geology as an integral
part of forensic science; and the use of palynology in paleoenvi-
ronmental reconstructions in strata of all ages. 

According to the GSA Bylaws (Article XI), “Any national or
international society that has aims consistent with those of The
Geological Society of America, that is, the advancement of the
science of geology, may, with the approval of the Council, associ-
ate itself with the Society for the purpose of cooperation in
annual, sectional, or divisional meetings, in publications, or in
other appropriate ways.”

AASP has nearly 800 members in the United States and
abroad. The association holds an annual meeting and also pro-
vides materials designed to enhance the knowledge of its mem-
bers.

Officers for 1998 are President Rolf Mathews, President-Elect
Christopher N. Denison, Past President Gordon D. Wood, Secre-
tary-Treasurer David T. Pocknall, and Managing Editor David K.
Goodman.
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The time is drawing near for geolo-
gists of all types to descend on Toronto
for the 1998 GSA Annual Meeing, and
many of you may be presenting posters
for the first time. I thought of submitting
this particular column for the September
issue, but the earlier you begin planning
your poster, the better your results (and
feedback) are likely to be. The idea of a 
column on helpful hints for designing
posters is also fresh in my mind because I
just presented one of my own posters at a
GSA Penrose Conference. In preparing for
that meeting, I discovered how few arti-
cles there were on this topic, and how
widely the suggestions varied. Some of
you have given posters before, and proba-
bly consider yourselves experts by now.
We may learn from our mistakes, but we
can always improve. Although this topic
may be of interest primarily to the novice
poster presenter, a broader audience may
benefit as well by heeding some of these
suggestions.

Spatial Circumstances

The content of your poster will
largely be determined by the amount of
space you are given. For most meetings,
this is 4’ by 8’, and you should use as
much of it as possible without overcrowd-
ing. Your first inclination might be to fill
half of this space with text and half with
graphics. A better approach would be to
limit your text to about one-fourth of the
space and maximize the impact of your
graphics. Remember that a poster session
is more than just abstracts and authors—it
is a graphically oriented method for
increasing active discussion of research.

Step One: Picture This
As your first step, make a list of the

photographs, figures, and data tables you
would need if you were to create a poster
describing your research using graphics
only. This may seem difficult or impossi-
ble to do, but it will force you to focus on
the essential elements of your work. The
bulk of your time will then be spent col-
lecting or creating these images. Be sure
to write simple captions for each and
every graphic.

Step Two: Divide and Conquer
Think of your poster as an argument

to convince others that what you have

done is important (you will certainly
encounter others who agree to disagree
about your methods or results). Although
there’s no substitute for knowing your
subject matter, being well organized can
help you survive the critical eye. Lead the
viewer step by step through your research
by dividing the poster into discrete ele-
ments. Traditional wisdom holds that, at
a minimum, you should include title,
abstract, introduction, methodology,
results, and conclusions. Depending on
the stage of your research, however, you
may also want to include sections on
future research plans, questions for dis-
cussion, etc. Be sure to leave white space
between sections, so that each stands
alone. Text size is also very critical. It
must be large enough to be read at a dis-
tance, because if you attract a crowd, it
may be difficult to get close to your
poster. Generally this means a font size
greater than 100 points for your title, and
greater than 18 points for the body of
your poster’s text.

Step Three: Some Assembly
Required

There are several approaches to
assembling your final poster. Perhaps the
most common is to wait until the meet-
ing, and then pin your text and graphics
blocks to the bulletin board provided for
you. For a more polished look, you may
want to assemble the poster at home on
pre-cut matte board, available from most
art supply stores and framing galleries.
But the days of scissors and spray adhe-
sive are coming to an end. At the confer-
ence I attended recently, perhaps one-
third of all posters were printed as single
sheets using high-quality color plotters.
Popular programs for creating your poster
this way include Microsoft Powerpoint
and Adobe Illustrator. Before you attempt
the electronic method you should become
familiar with the software. Depending on
which you choose, the learning curve can
have a steep initial slope. More important
is to know the capabilities of your com-
puter system, because large graphics files
embedded in your poster will mean a very
large file size, often several megabytes. Be
sure your computer is connected directly
to the final printer—otherwise you will
have to FTP the file to one that is con-
nected or carry the file on a Zip disk or
other high-density diskette.

In many ways, presenting a poster is
much harder than giving a talk. Over the
course of the session, you will probably
talk much more than 20 minutes and will
have to answer many more questions
than the few allowed after a talk. Make it
obvious that you are the author and not
just another viewer. Actively engage each
person who approaches your poster.
Rehearse a brief summary of your research
that you can present to those in a hurry.
And finally, don’t be afraid to highlight
areas that are not totally worked out,
since this is where you might get the most
benefit from feedback. It’s better to have
several people standing next to your
poster discussing ways to improve the
study than to be standing all alone.

Posters can be as individual as their
presenters. After all, no one else has the
same perspective of your research or
understands the particular question that
you are asking. This diversity of style may
also reflect personal preference in regard
to graphic design. On the other hand,
poster sessions, as informal as they seem,
are probably the method by which an
overwhelming proportion of technical
information is passed during meetings, so
the way in which they are designed
deserves more than a passing glance. In
this case, five minutes may just be
enough! ■

STUDENT NEWS AND VIEWS
Brian Exton, University of Texas at Austin

Student News and Views provides GSA membership with commentary on matters relating to
undergraduate and graduate students in the geosciences. The Correspondent for Student News
and Views welcomes comments and suggestions, sent to stumatts@geosociety.org.

Effective Posters: The Five-Minute Tour
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Since I am receiving monthly checks
from the Social Security Administration,
I believe I am now entitled to write
“retired” on forms asking for one’s occu-
pation. But in getting to this version of
the Holy Grail, there were some annoy-
ances to deal with, and a significant reve-
lation to ponder. One of the annoyances
involved actually getting the first check
from SSA—a sordid story unto itself. Call
me if you would like to know the gory
details.

The revelation concerned distribu-
tions from qualified retirement plans such
as an IRA, Keough, SEP, 401(k), or pen-
sion. At the time they are made with pre-
tax dollars, retirement contributions are
tax deferred. Therefore, except for any
after-tax contributions you might have
made, amounts withdrawn from any of
the plans are taxable at regular income rates,
not at long-term capital gain rates.

That’s right! All that impressive
growth attributable to rising market val-
ues that most of us have witnessed in our
retirement assets could be taxed at federal
rates of 39.6% or more (not including
state and local taxes) when we start peri-
odic withdrawals or take a lump-sum dis-
tribution. This is nearly double the 20%
long-term capital gain rate enacted in
1997. 

Furthermore, if you die with assets
still in your plans, your plan beneficiaries
will continue to bear these tax pains. The
same tax rates apply to beneficiary with-
drawals as to retiree withdrawals. Unlike a
bequest from other estate assets, which
can be tax free to the recipient, the
remainder interest of an IRA has bag-
gage—the liability for the deferred,
unpaid tax on the income originally
invested plus the appreciation on the
investments.

Fortunately, with some planning,
now the tax disadvantage can be mini-
mized. The Internal Revenue Service has
approved bequests of retirement plans to
qualified charities, such as the GSA Foun-
dation, and the charities are exempt from
taxation on subsequent distributions.

An example can illustrate the oppor-
tunity. A GSA member with a $50,000 IRA
and personal assets valued at $150,000
wishes to bequeath $50,000 each to a
nephew and to the GSA Foundation.
Assignment of the IRA to the nephew
would require him to pay the accumu-

lated tax liability on the value in excess of
the member’s original contribution. The
net value of the bequest could be reduced
to $30,000 after taxes. Alternatively, by
making the GSA Foundation the benefi-
ciary of the IRA and paying the nephew’s
bequest from other estate assets, both
transfers can be made free of taxation and
realize the full $50,000 benefit for each.

Owing to these potentially onerous
tax liabilities, taking the extra estate plan-
ning time and care to anticipate the prob-
lem can pay big dividends to your benefi-
ciaries. Most financial institutions such as
banks, brokers, insurance companies, and
retirement plan administrators have
forms enabling you to change the benefi-
ciary designations of your retirement
assets. It’s worth a call to inquire about
the procedures.

Returning to my situation, I have an
IRA that can be used for charitable
bequests. So the GSA Foundation is now a
beneficiary of my IRA, and bequests to
family members will be paid from other
assets in my estate. With its 110-year his-
tory of serving the interests of geology
professionals, its extensive scientific and
educational agenda, and its long-term and
reliable performance in managing its own
assets, GSA is a worthy beneficiary of its
members’ philanthropy.

A college development officer once
told me that he didn’t think much of IRA
gifts to his organization. His reasoning
was that, upon retirement, individuals
would rapidly deplete their IRAs, and the
college’s residual interest would likewise
dissipate. Not necessarily so!

I’ve heard it said that 90% of 90-year-
olds still have 90% of their IRAs. I can’t
vouch for the accuracy of the statement,
but on the basis of personal contacts in
recent years, I can say that many senior
GSA members admit to having much
larger personal estates than they expected
to have in retirement. IRAs and similar
qualified retirement plans constitute a sig-
nificant share of these estates. If you find
yourself at risk of incurring big tax bills
from the existing status of your retire-
ment accounts, you may wish to consider
integrating gifts to the GSA Foundation in
your estate planning. I invite you to call
the Foundation office (at 303-447-2020)
for further information about how you
may make these profitable changes. ■

GSAF UPDATE

A Funny Thing Happened 
on the Way to Retirement
by Robert L. Fuchs

Digging Up the Past

During the first lunar landing,
29 years ago, almost 70 of us were
at a geology summer field camp
near Park City, Utah. Gathered
around the television set, we were
quiet as Armstrong and Aldrin
descended to the lunar surface.
But as the crew began to
describe what they saw and to
name rock types, we began to
chatter, and we went wild
when one of the astronauts
announced seeing something
that looked “like
anorthosite”! Those of us
who were witness to that
event of events in
humankind’s history
will never forget it.
Those of us who
are geologists have
it etched in stone!

—John C. Jens

Money returned to GSA by
research grants alumni can be
completely recycled into new
grants.

Give a geology student that
science career start by contribut-
ing to the Foundation’s Research
Grants Fund.

Call, write, or send your
check for recycling to the GSA
Foundation now.

GSA FOUNDATION
P.O. Box 9140

Boulder, CO  80301
(303) 447-2020, ext. 154

IMPORTANT NOTICE…

Research Grants
are Completely 

Recyclable
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Biggs Excellence in
Earth Science Education
Fund
Ira E. Furlong

Building Expansion
Gordon P. Eaton*♦

Cordilleran Section
Endowment 
Julie J. Dieu♦

Allan V. Cox Student
Scholarship Award 
ARCO Foundation, Inc.*

Doris M. Curtis
Memorial
Darinka Zigic Briggs

John T. Dillon Alaska
Scholarship Award
ARCO Foundation, Inc.*

Dwornik Planetary
Geoscience Award
Ronald Greeley*
Ellen R. Stofan

John C. Frye
Environmental Award 
Garry D. McKenzie♦

GEOSTAR
RaNaye B. Dreier

Arthur D. Howard Fund
ARCO Foundation, Inc.*

Hydrogeology Division
Award 
Claire B. Davidson*

Institute for
Environmental
Education
Dawn E. Janney
James M. McNeal
Peter Robinson

J. Hoover Mackin Award 
Leonard Palmer
Dwight L. Schmidt

John F. Mann Institute
for Applied Geosciences
John R. Williams

Carol G. and John T.
McGill Fund
Paul M. Merifield*

John Montagne Fund
John Montagne*♦

National Park Service
Internship Fund
Frank A. Campini

Foundation*♦

Shell Oil Company
Foundation*♦

North-Central Section
Endowment
Robert D. Hall♦
Richard D. Harvey♦

Bruce L. “Biff” Reed
Scholarship
ARCO Foundation, Inc.*
Katherine M. Reed*

Research Grants
Gary McGregor Boone

Kelly Ann Boland Braun
Darinka Zigic Briggs
H. Paul Buchheim
S. Christopher Caran
George H. Davis
David Jon Furbish
Gregory D. Harper
Gregory K. Middleton
Lisa M. Pratt
Peter Robinson
Valentine I. Sumin

Keith Runcorn Fund
ARCO Foundation, Inc.*

SAGE
Darinka Zigic Briggs
Byron S. Hardie
Dawn E. Janney

Southeastern Section
Endowment
James A. Drahovzal♦
Frank R. Ettensohn♦

Orrin H. Pilkey♦

Robert C. Whisonant♦

Roy J. Shlemon Applied
Geology Fund
Russell G. Slayback*

Shoemaker Memorial
Fund for Crater Studies
Charles J. Budney
Stephen E. Clabaugh
William Sinclair Cordua*
Benjamin F. Howell, Jr.
Alfred S. McEwen
John S. Shelton*
Harold K. Stager

Berton and Janet Stevens
G. W. and Doris B. Weir *

Unrestricted
Alice S. Allen
Richard C. Anderson
Darinka Zigic Briggs
Paul F. Dickert
Julie J. Dieu♦

James A. Drahovzal♦
Trevor A. Dumitru
Frank R. Ettensohn♦

Irving S. Fisher
Robert E. Fox
Robert N. Ginsburg*♦

Richard D. Harvey♦

Alan D. Hoagland
Gerald H. Johnson
E. Dean B. Laudeman
Christer J. Loftenius
Harmon D. Maher, Jr.
Larry G. Mastin
Robert B. Mixon
Mobil Foundation, Inc.*
Louis Moyd*
Kwok-Choi S. Ng
Dag Nummedal
Orrin H. Pilkey♦

Richard C. Quittmeyer
Peter Robinson
R. Shagam
Jason R. Sorenson
Lee J. Suttner*♦

A. Wesley Ward, Jr.
M. Gordon Wolman*♦

Women in Science 
Cynthia A. Gardner

* Century Plus Roster (gifts of
$150 or more).

♦ Second Century Fund.

Donors to the Foundation, March and April 1998

GSA Foundation
3300 Penrose Place 

P.O. Box 9140
Boulder, CO 80301

(303) 447-2020
drussell@geosociety.org 

Enclosed is my contribution in the amount of $__________.

Please add my name to the Century Plus Roster (gifts of $150 or more).

Please credit my gift to the ___________________________ Fund.

PLEASE PRINT

Name ________________________________________________________________

Address ______________________________________________________________

City/State/ZIP _________________________________________________________

Phone _______________________________________________________________

About People

Student Associate Richard Ash-
more, Lamar University, Beaumont,
Texas, was selected as one of 20 col-
lege students from across the country
for USA Today’s 1998 All-USA College
Academic Team. The American Asso-
ciation of Petroleum Geologists also
named Ashmore its first convention
scholar, for the 1998 AAPG annual
meeting.

Fellow George D. Klein has
relocated his consulting firm, now
called SED-STRAT Geoscience Con-
sultants, to Houston Texas.
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Geoecology, geobiology, geomicro-
biology, Earth-system science: Does this
terminology represent new avenues of
inquiry, or just a recent hatch of buzz
words? If employing such terms helps to
increase awareness of geology’s critical
role in environmental problem-solving
and sustainable ecosystem management,
then I for one will buzz persistently.
These new terms represent more than
fashion, however. The theme “Earth Sys-
tem Summit” and much of the content
of GSA’s 1997 Annual Meeting in Salt
Lake City suggest that fresh scientific
insight and integration of diverse
approaches are largely responsible for
new usage of terms like “geoecology” as
well as new terms like “Earth-system sci-
ence.” As decision-makers at all levels of
society grapple with issues of environ-
mental degradation, sustainable land
use, global climate change, and declin-
ing biodiversity, the need for scientific
information about the structure, func-
tion, and evolution of complex natural
systems grows. Geologists are beginning
to respond to these needs through
research that elucidates critical linkages
between geological, biological, and eco-
logical components of complex natural
systems. So while the “geo” in geoecol-
ogy may not be “new,” its contribution
to the emerging emphasis on systems-
level inquiry is. 

Earth System Science and 
Geoecology

“Earth-system science” is an inclu-
sive concept that comprises social sys-
tems as integral components of the
dynamic processes of Earth. Current
usage of the term “Earth-system science”
implies integration of earth, life, atmo-
spheric, planetary, and social sciences to
identify systemic relationships of global
aspect. Earth-system science explicitly
considers historic, current, and future
anthropogenic influences.

“Geoecology” focuses on the cur-
rent state of complex natural systems as
understood through direct observation
(as compared to “geobiology,” which
focuses on the historic record of rela-
tionships between geology and biology
viewed through proxy evidence). The
term “geoecology” has been used for
decades by soils scientists to describe the

study of relationships between soils and
vegetation. My usage of the term
expands on this concept to include the
study of all relationships between geol-
ogy, in its fullest sense, and the structure
and function of modern ecosystems. In
my introductory remarks for GSA’s sixth
annual Environmental Forum at the
1997 Annual Meeting, I emphasized the
contingent relationships (see below)
that emerge at the interface of the geo-
logical and biological components of
ecosystems. 

Geoecology as an Emerging 
Application

Geoecology looks for congruence
and coincidence between geological ele-
ments and processes and ecological ele-
ments and processes. As described
above, it then seeks out dependent rela-
tionships between these elements and
processes. Geological parameters upon
which ecosystem structure and function
are dependent at the level of the whole
system are “geoecological contingen-
cies.”

To describe what I mean by “geoe-
cological contingency,” I use a unique
and relatively simple system that occurs
on the Colorado Plateau. Hanging gar-
dens are isolated and distinct “island
ecosystems” that occur on canyon side-
walls and headwalls in the incised
drainage system of the plateau. Two
geoecological contingencies prescribe
the occurrence and persistence of the
hanging-garden habitat, and the ecosys-
tem it supports—the presence of a
perennial groundwater seep and protec-
tive headward-concave geomorphology.
These two contingencies subsume litho-
logic, stratigraphic, hydrologic, struc-
tural, and geomorphic factors that
together determine the occurrence of
seeps and the geomorphologic features
they create. Protective geomorphology
and groundwater seeps allow the accu-
mulation of colluvium on steep slopes,
and a constant supply of water below
the fluvial (erosional) threshold. These
habitat parameters are boundary condi-
tions for occurrence and persistence of
the distinctive hanging-garden commu-
nity, and are direct consequences of the
two geoecological contingencies. Char-
acteristic geomorphology that indicates
the occurrence of these habitat bound-

ary conditions can be identified, with
practice, by using topographic and geo-
logic maps, aerial photographs, and
even satellite imagery. Furthermore, the
geologic controls on habitat characteris-
tics (e.g., shape, size, soil properties) are
so conservative across the system that
one can reliably anticipate variations in
the hanging-garden community on the
basis of geologic factors alone (May,
1998; May et al., 1995).

Geoecological contingencies are
conceptually appealing to me as a scien-
tist interested in the hierarchical struc-
ture and function of naturally occurring
systems. As a scientist directly involved
with land and resource management
issues for many years, however, I find
that the elegance of geoecological con-
tingency also represents immediate util-
ity. Episodic change aside, the geologic
components of ecosystems are more
conservative across time and space than
the biological components. When we
can identify higher-order geologic
boundary conditions upon which
ecosystem function is contingent, we are
capturing information at a level useful
to decision-makers. That is, understand-
ing geoecological contingency can allow
us to anticipate agents that force direc-
tional change and/or system collapse. If
these are anthropogenic in origin, we
may choose to avoid them or to use
them, as societal values dictate.

For example, erosion of colluvial
soil on a hanging garden decreases the
habitat available to support its endemic
species. Human foot traffic and grazing
are the two observed anthropogenic
causes of erosion. Diverting seep dis-
charge away from a hanging garden can
collapse the system. Aquifer drawdown
may affect the occurrence and distribu-
tion of hanging gardens at local to
regional scales. Such information is
quite valuable to those responsible for
maintaining viable habitat for endemic
and threatened and endangered species.
The most critical information necessary
to prevent anthropogenic impact on this
habitat is geologic. This information is
readily accessible and can be applied to
conservation efforts in advance of more
complete knowledge of the species’ biol-
ogy and ecology. 

The geoecology of hanging gardens
is a simplistic case study. The speakers in
the 1997 GSA Environmental Forum,
“Concepts in Geoecology: Applying New
Knowledge at the Interface of the Life
and Earth Sciences,” presented examples
of geoecological concepts across the full
range of temporal and spatial scales, and
at varying levels of complexity. Keynote
speaker Steven Stanley suggested, for
example, that total available magnesium
is a parameter that has determined the
abundance and ecological importance of

ENVIRONMENT MATTERS

Geoecology: Emerging
Direction or Buzz Word?
Cathleen L. May, Outsource Options, Inc., P.O. Box 833, Gunnison, CO 81230

Institute for
Environmental
Education
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different calcareous reef-building taxa
over 500 million years. This parameter
appears to have been contingent on
variability in spreading rates at mid-
ocean ridges. Evolutionary biologist
James Patton showed how the complex
patterns of ecologic heterogeneity and
taxonomic diversity in the Amazon
Basin are contingent on a historic tem-
plate of landform evolution and a
“dynamic geological past (and present).”
Karen Prestegaard discussed an inte-
grated approach to field experiments at
the scale of stream reaches. Besides gen-
erating explicitly geological, hydrologi-
cal, and ecological data, these efforts are
revealing the contingent relationships
among streambed heterogeneity, pri-
mary productivity, and benthic ecology.
Bruce Douglas showed how hydrologic
budgets and total energy balances vary
between the upper and lower parts of a
single watershed, contingent upon
bedrock geology and structure. In the
accompanying theme session on geoe-
cology, 14 authors presented technical
papers that specifically linked geology to
ecological processes. Again, the research
represented a full range of temporal and
spatial scales. For speakers’ abstracts, see
GSA Abstract with Programs, v. 29, no. 6,
p. A21–22 and A65–68. 

Is geoecology emerging as a research
focus? I note several positive indicators.
One was the remarkable participation by
the audience throughout last year’s
Environmental Forum. Toward the end
of the last panel discussion period, at
least six theme session advocates
described the geoecological relevance
and complementary nature of technical
papers that would be presented during
the meetings in Salt Lake City. This sug-
gests that with minor prompting and a
few good examples, earth scientists from
all subdisciplines can easily see them-
selves and their research as directly
applicable to ecological questions and
problems. Another indicator was that 14
papers in the geoecology technical ses-
sion came from eight different geologi-
cal subdisciplines. An informal survey of
the presenters showed that each felt that
the relevance of their work would be
showcased under the “geoecology spot-
light” and might not be appreciated
within their own subdiscipline. Two
recent pieces in GSA Today caught my
attention for their geoecological rele-
vance: Antony Berger’s “Environmental
Change, Geoindicators, and the Auton-
omy of Nature” (GSA Today, January
1998) and Donald Runnells’s “Investiga-
tions of Natural Background Geochem-
istry—Scientific, Regulatory, and Engi-
neering Issues” (Environment Matters,
GSA Today, March 1998). The upcoming
GSA Annual Meeting in Toronto
includes a theme session on Hydrogeo-
logic Controls on Ecosystems. Other

indicators come from some of the pri-
mary consumers of geoecological infor-
mation. For example, the Forest Service
ran its sixth annual in-service field
course in Geology and Ecosystem Man-
agement this past summer. Demand for
the course has outstripped the agency’s
ability to accommodate requests for
admission, which are now received from
other government agencies. Who wants
to take this course? Mostly ecologists
and administrators responsible for
implementing sustainability strategies
on public lands. 

What Now?
In his endnote address to last year’s

Environmental Forum, Dennis Fenn
(chief of the Biological Resources Divi-
sion of the USGS) confirmed that both
environmental problem solving and
long-term goals such as ecosystem
health and sustainable land use require
integrative, coordinated research among
disciplines and immediately applicable
scientific information at a level useful to
decision-makers.

We all recognize that geology
underpins ecosystems, directly or indi-
rectly, at all spatial and temporal scales.
The fundamental concepts of geoecol-
ogy are not new. Their current relevance
lies in the fact that they generate infor-
mation “at a level useful to decision-
makers.” Certainly most geologists are

not going to become ecologists to
achieve such goals. Ecologists are not
prone to ask geologists to help them
describe the parameters of the system
they are researching. Each discipline
must pursue its specializations deeply to
achieve the best possible understanding.
Geoecology is not a blending of the
superficial aspects of either science. It is
an avenue for synthesizing our deeper
understandings and making them rele-
vant to the larger goals of Earth-system
science. It requires an active attempt by
geologists of all specializations to make
their knowledge available. A cab driver
in Washington, D.C., with whom I con-
versed while attending the GSA Geology
and Public Policy Committee meeting in
April put it most succinctly: “Everybody
knows it’s all rocks under there. It all
starts from the ground up.” 
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During the Eocene-Oligocene transi-
tion, a critical period in earth history, the
“greenhouse” conditions of the middle
Eocene were gradually replaced by the
“icehouse” conditions of the early
Oligocene. In the past 20 years, enormous
strides have been made in our under-
standing of the global climatic changes of
the Eocene and Oligocene, especially in
the pelagic marine record of the world.

The focus of the GSA Penrose Confer-
ence, “The Marine Eocene-Oligocene
Transition,” August 17–22, 1999, will be
to synthesize our current understanding
of the deep marine and pelagic record of
Eocene-Oligocene climatic and biotic
events, and then to relate that synthesis
to the shallow marine records of various
continents, especially North America. The
site of the conference, Evergreen State
College, Olympia, Washington, in the
beautiful forests of the Olympic Penin-
sula, will allow us to take a mid-meeting
field trip to fossiliferous Eocene and
Oligocene outcrops in the area, and to
collect fossils from both sides of the
Eocene-Oligocene boundary. Excellent
fossil records of the bivalves, gastropods,
echinoids, and foraminifera (as well as
other marine groups) are known from the
Gulf Coast, Atlantic Coast, and Pacific

Coast, but for decades, their correlation to
the global time scale was very imprecise.
New correlations using magnetic and iso-
topic stratigraphy have greatly enhanced
our cross-comparisons among the
Atlantic, Gulf, and Pacific coasts.  These
data will allow us to consider changes in
diversity and ecology in shallow-marine
organisms throughout the entire late Pale-
ogene, and correlate those events pre-
cisely to the global time scale and its
record of climate.  In addition, many of
these shallow marine sediments will have
also yielded a stable isotope record for the
first time, allowing direct comparison
with the global isotopic signal.  Thus, we
invite specialists in late Paleogene fossils,
stratigraphers, isotope geologists, paleocli-
matologists, and anyone else with impor-
tant data on this time interval to apply.

The sessions will update the strati-
graphic context for the Atlantic, Pacific,
and Gulf Coasts, and then analyze the
isotopic and paleontological records of
each of these regions. Questions to be
considered are: How did diversity and
turnover change through the 12 m.y.
(49–37 Ma) of the middle Eocene? Do cli-
matic and/or biotic changes appear to
have occurred gradually or in a stepwise
fashion through this interval? Do partici-

pants’ databases show a dramatic extinc-
tion at the end of the middle Eocene
(37.0 Ma)? Are there any events correlated
with the mid–late Eocene (35.5–36.0 Ma)
impacts now documented from the
Chesapeake Bay area and Siberia? Are
there indications of a dramatic cooling in
the earliest Oligocene (33.0 Ma)?

The conference is limited to 80 par-
ticipants.  We encourage interested gradu-
ate students to apply; some partial stu-
dent subsidies will be available. The
registration fee, which covers lodging,
meals, field trips, and all other conference
costs except personal incidentals, is not
expected to exceed $700.  Participants will
be responsible for transportation to and
from the conference site.

Co-conveners are Donald Prothero,
Dept. of Geology, Occidental College, Los
Angeles, CA 90041, (213) 259-2557, fax
213-259-2704, prothero@oxy.edu; Linda
Ivany, Museum of Paleontology, Univer-
sity of Michigan, Ann Arbor, MI 48109,
(313) 763-9253, ivany@umich.edu; Eliza-
beth Nesbitt, Burke Museum of Natural
History and Culture, University of Wash-
ington, Box 343010, Seattle, WA 98195,
(206) 543-5949,
lnesbitt@u.washington.edu.

The application deadline is
February 15, 1999. If you wish to par-
ticipate send a letter of application to
Donald Prothero (address above), includ-
ing a brief statement of interests, the rele-
vance of your recent work to the themes
of the meeting, and a proposed title of
your presentation (oral or poster; poster
preferred). Invitations will be mailed to
participants by March 15, 1999. ■

Penrose Conference , August 17–22, 1999

Marine Eocene-Oligocene
Transition

Penrose

CONFERENCE

Big Tough Ediacarans
Narbonne (1998) has continued to

promote the idea that Ediacaran fossils
(Vendobionta) were soft-bodied animals
by suggesting that their remarkable preser-
vation in quartz sandstone was facilitated
by microbial mats, which created a “death
mask” of the  fossils. His illustration of a
specimen of Spriggia on a large rip-up car-
bonaceous film (Narbonne, 1998, Fig. 10)
is an important new piece of evidence in
the controversy concerning preservation
of these problematic fossils. Like other
recently discovered Vendobionta (Crimes
et al., 1995; Crimes and Fedonkin, 1996),
Narbonne’s carbonaceoous film with an
undistorted Spriggia reveals the extraordi-
nary rigidity of these fossils. It also is evi-
dence that sessile mats with Ediacaran fos-
sils could be transported from shallow to
deep water. The rigidity of Ediacaran fos-

sils and associated matlike organisms is
quite unlike jellyfish, pond scums, or
unmineralized microbial mats of my
experience.

Arguments such as those presented by
Narbonne for microbial preservation of
Ediacaran fossils still require a microbial
consortium of unusual rigidity and tough-
ness, comparable to those of lichens with
their structural chitin (Retallack, 1994,
1997). Recent discovery of exquisitely pre-
served Devonian lichens is stimulating
workers to reexamine a variety of permin-
eralized Precambrian fossils as possible
lichens (Taylor et al., 1997).
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Lichens They Are Not
Retallack continues to promote his

idea that the Ediacara biota consisted
entirely of lichens (Retallack, 1994), an
interpretation that has already been criti-
cized by Waggoner (1995). In addition to
Waggoner’s many objections, modern
lichens are photosynthetic and nonma-
rine, whereas Ediacaran fossils were exclu-
sively marine and occur in life position in
probable deep-slope and fan deposits

LETTERS

Letters continued on p. 15
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Stuart Rojstaczer, Duke University, will
be the 1999 Birdsall-Dreiss Distinguished
Lecturer. He will speak on one of three top-
ics by request from interested institutions.
All talks are aimed at audiences broadly
interested in the earth sciences.

Rojstaczer received a B.S. degree from
the University of Wisconsin, an M.S. from
the University of Illinois, and a Ph.D. from
Stanford University. Formerly a research
hydrologist with the U.S. Geological Sur-
vey, he has been at Duke University since
1990. At Duke, he serves as an associate
professor of geology, environment and
engineering, and as director of the Center
for Hydrologic Science. He has published
numerous research articles on a wide range
of topics involving subsurface fluid flow
and is the author of Gone for Good: Tales of
University Life After the Golden Age (Oxford
University Press, 1999).

To request a visit to your institution
during this tour, go to http://www.aas.
duke.edu/cgi-bin/geo/birdsall_dreiss.pl,
where you will find an easy to use web-
based request form, or contact Stuart Rojs-
taczer directly (Division of Earth & Ocean
Sciences, Duke University, Box 90230,
Durham, NC 27708, (919) 684-3159, fax
919-684-5833, stuart@duke.edu). We are
particularly interested in including liberal
arts colleges in the itinerary. The Hydroge-
ology Division pays transportation
expenses; the host institution is expected
to provide for the lecturer’s local expenses.

TALK TOPICS

• Geysers: Why Are They So Rare
and What Might They Indicate
About Deformation in Areas of
Active Tectonics?

Geysers are admired for both their
beauty and rarity. Historical data, some of

which are undoubtedly of questionable
quality, indicate that variations in geyser
and hydrothermal system behavior are
partly controlled by tectonic deformation
and may even provide clues to preseismic
behavior near plate boundaries. We present
a model of geyser mechanics that serves to
explain why geysers are rare relative to
other hydrothermal features, such as
fumaroles and warm springs. We also pre-
sent the first comprehensive effort to mon-
itor geyser activity in the Old Faithful
region of Yellowstone National Park over a
lengthy (one year) time period. The data
indicate that geyser behavior can be sensi-
tive to small elastic deformation. Thus, his-
torical accounts of unusual geyser activity
associated with regional seismic events
may reflect local elastic deformation
induced by regional tectonism, and may
not be as far-fetched as generally thought.

• Truly Useful Prediction of Sub-
surface Contaminant Transport:
Can We Ever Have Enough Data?

The threat of contamination of well
water is a world-wide problem, and the
future costs associated with clean-up of
contaminated aquifers or containment of
contamination potentially will cost tril-
lions of dollars. In order to assess the risk
of contamination and devise effective
clean-up strategies, it is imperative that we
be able to predict rates and directions of
contaminant movement. Understanding
spatial variability and scaling of permeabil-
ity is a key to predicting contaminant
transport in the shallow subsurface. Con-
ventional testing of permeability is gener-
ally done at too large a scale and at a reso-
lution too coarse to allow for truly useful
prediction of contaminant transport in the
preponderance of cases. Our successes and

failures in prediction of contaminant trans-
port indicate that improvements in predic-
tion will depend heavily on improving
methods of imaging the permeability of
the subsurface rather than improving our
mathematical models of contaminant
transport.

• Faults and Fluids: What Can We
Learn About Brittle Failure in the
Crust From Shallow Subsurface
Hydrology?

Groundwater at depth has been
hypothesized to play an important role in
fault generation and fault motion. The
temptation has been to assume that shal-
low subsurface hydrology is sometimes sig-
nificantly coupled to deep-seated geologic
and hydrologic processes in and around
fault zones. Monitoring of shallow subsur-
face hydrology in areas of active tectonics
can provide valuable information about
crustal behavior. During aseismic periods,
we can quantitatively use pore-fluid pres-
sure to monitor elastic deformation near
and within faults. The response of shallow
groundwater and surface water to earth-
quakes also gives us information on the
state of stress in the near surface and the
susceptibility of the near surface to brittle
failure. But evidence for significant cou-
pling between shallow and deep hydrology
is generally lacking. Evidence of the interac-
tion between faults and fluids is currently
heavily dependent on geophysical imaging
and geological examination of exhumed
fault zones.  If we wish to significantly
improve our understanding of the interac-
tion between faults and fluids at depth, we
will likely need to monitor hydrology at
seismogenic depths directly. ■

Sign Up Now!

Birdsall-Dreiss Distinguished Lecturer for 1999 Announced

below the euphotic zone (see Narbonne,
1998, and references therein). Retallack’s
argument that these could not have been
deep-marine because the deposits in New-
foundland include “red beds” (actually red
shales) and those in the Mackenzie Moun-
tains have a “calcareous composition”
(Retallack, 1994, p. 537–538) ignores the
fact that red mud and carbonates are the
two most characteristic sediments on the
deep sea floor of modern oceans (Kennett,
1982; Stow et al., 1996). 

Retallack’s view that no modern bac-
terial and algal mats are rigid or tough is
perplexing in light of an extensive litera-

ture to the contrary (e.g., Gerdes et al.,
1993; Krumbein et al., 1994).

Most important, the tremendous dis-
parity in body plans, composition, and
symmetry evident in the Ediacara biota
suggests that attempts to shoehorn these
organisms into any single taxonomic
group is inappropriate, and may hinder
our understanding of their paleobiology.

REFERENCES CITED
Gerdes, G., Claes, M., Dunajtschik-Piewak, K., Riege, H.,
Krumbein, W. E., and Reineck, H.-E., 1993, Contribu-
tion of microbial mats to sedimentary surface struc-
tures: Facies, v. 29, p. 61–74.

Kennett, J., 1982, Marine geology: Englewood Cliffs,
New Jersey, Prentice-Hall, 813 p.

Krumbein, W. E., Paterson, D. M., and Stal, L. J., editors,
1994, Biostabilization of sediments: Oldenburg, Ger-

many, Bibliotheks und Informationssystem der Carl
von Ossietzky Universitat Oldenburg (BIS), 526 p.

Narbonne, G. M., 1998, The Ediacara biota: A terminal
Neoproterozoic experiment in the evolution of life: GSA
Today, v. 8, p. 1–6.

Retallack, G. J., 1994, Were the Ediacaran fossils
lichens?: Paleobiology, v. 20, p. 523–544.

Stow, D. A. V., Reading, H. G., and Collinson, J. D.,
1996, Deep seas, in Reading, H. G., ed., Depositional
environments: Processes, facies and stratigraphy [3rd
edition]: Oxford, UK, Blackwell Scientific, p. 395–453.

Waggoner, B. M., 1995, Ediacaran lichens: A critique:
Paleobiology, v. 21, p. 393–397.

Guy M. Narbonne
Queen’s University

Kingston, ON K7l 3N6, Canada
narbonne@geol.queensu.ca ■

Letters continued from p. 14



16 GSA TODAY, July 1998

Figure 3. One-dimensional velocity profiles from reflectivity modeling of Deep Probe data compared with those deter-
mined previously from earthquake observations. The Proterozoic is compared with model GCA for the Gulf of Califor-
nia (Walck, 1983) and the Wyoming province with model S25 for shield North America (LeFevre and Helmberger,
1989). In each case, the earthquake profiles are shifted vertically so that Moho depths match those in our model.

Probing the Archean and Proterozoic Lithosphere of Western North America, by Deep Probe Working Group (p. 1–5, this issue)
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The GSA Penrose Conference , “Linking
Spatial and Temporal Scales in Paleoecology
and Ecology,” was held in Solomons, Mary-
land, May 14–18, 1998. This conference was
cosponsored by the Paleontological Society
and the Ecological Society of America. It
brought together 76 paleoecologists and ecol-
ogists from eight countries to consider how
ecological interpretation and synthesis are
affected by the spatial and temporal scale at
which data are collected and models are con-
structed. This conference provided an excit-
ing venue for members of the earth and bio-
logical sciences communities to look for
common scientific ground, and to identify
interdisciplinary research directions that will
cross the traditional boundaries between the
fields of paleontology and ecology. Owing to
the diverse background of the participants,
the conveners  organized the meeting around
a series of activities intended to maximize
cross-disciplinary interaction. Field trips, dedi-
cated poster sessions, and panel discussions
were emphasized throughout the meeting,
whereas formal talks were used primarily to
introduce general topics and provide fodder
for conversation. 

The first day of the conference was an
all-day field trip examining the Virginia
Coastal Reserve–Long Term Ecological
Research Site (LTER), located along the barrier
islands, coastal marshes and beaches of east-
ern Virginia, on the Delmarva Peninsula. This
trip was organized by Bruce Hayden, and run
by John Porter, Ray Dueser, Aaron Mills,
Linda Blum, Bob Christian, and Michael Fen-
ster. The premeeting field trip served to intro-
duce the themes of the conference, through
an understanding of the evolution of the
coastal ecosystem of Virginia at varying tem-
poral and spatial scales, and through discus-
sion of how physical processes (tectonism,
eustasy, and sediment supply) interact with
ecosystem development at varying scales. The
formation of an Eocene impact crater, cen-
tered on what is now southern Chesapeake
Bay, set the stage for subsequent ecological
events, whose effects are still being felt today.
A combination of long-term relative subsi-
dence in the southern Delmarva Peninsula

associated with crater-induced structures,
along with both low sediment supply and
eustatic sea-level rise, is creating a rapid mod-
ern relative sea-level rise of ~3mm/yr along
this coast. A primary function of the Virginia
Coastal LTER is to monitor the effect of this
sea-level rise, as it induces forest die-backs,
transgressive salt marsh migration, and the
formation of new storm flooding surfaces in
what were previously forested coastal regions.
Field trip participants also saw how human-
induced change (changing agricultural meth-
ods and conversion of economic bases) is
playing out in the context of this environ-
mental change. In the afternoon, the field trip
moved south, across the Chesapeake Bay
Bridge to Cape Henry. Here, less than 50 km
south of the LTER sites, a progradational
Holocene coastline is developing, under the
combined influence of considerably greater
sediment input and lower subsidence rates.
Formation of a succession of shoreward-
migrating beach ridges has sequentially
caused the development of bald cypress
swamps in the swales between ridges.
Changes in the scale and rate of landscape
evolution during beach migration has caused
vegetational zones to also migrate at varying
rates. 

Day two of the conference marked the
beginning of the formal sessions. Convener
Andy Cohen introduced the background and
themes of the conference. Ecological pro-
cesses occur over a vast range of spatial and
temporal scales, and it is increasingly evident
that our perception of how these processes
and changes play out is dependent on the
scales at which we observe them, as well as
our scientific and cultural differences. “Deep
Time” (i.e., pre-Quaternary) paleoecologists,
Quaternary paleoecologists, and neoecologists
collect observations and generate theory at
variable scales and with variable information
bases. Can these observations be synthesized
by common methodology and theory, or are
there fundamental discontinuities crossing
between scales? The morning’s speakers con-
fronted these issues through introductions to
the various approaches to ecological under-
standing employed today. Mike Rosenzweig

gave an introduction to large-scale ecological
patterns and our current understanding of
what these patterns signify in terms of
dynamics at the regional and global level.
Advances in statistical methods have greatly
improved our ability to assess patterns of
diversity in biotas, particularly with regard to
species that are relatively rare. Convener Jim
Brown presented a series of neoecological
data sets gleaned from a variety of temporal
and spatial scales, in an attempt to clarify for
the paleoecologists in the audience the com-
plexities in understanding pattern and its
mechanistic interpretation. Richard Bambach
gave participants an overview of the fossil
record. He framed this discussion around a
dichotomy of those processes and patterns
that are familiar to both paleoecologists and
neoecologists, and those that are only evident
from the vantage point of long time intervals
that paleoecologists can observe. Karl Flessa
attacked the thorny question of temporal res-
olution in the fossil record. Paleoecology is
only recently moving away from a long inter-
lude of hand wringing over the problems
taphonomy and time averaging of fossil fau-
nas pose for paleoecology, to a realization that
the fossil record can be resolved much better
than traditionally thought and that time
averaging isn’t all bad news. Roy Plotnick dis-
cussed the roles of models and modeling in
paleoecology, considering their potential for
providing linkages between scales. He also
showed the importance of a solid grounding
in biological understanding in which to
embed the development of theory, and the
misinterpretations that may await modelers
who don’t have this grounding.

Poster presentations that followed the
morning talks emphasized the general theme
of data acquisition in paleoecology and ecol-
ogy. Posters provided an opportunity for par-
ticipants to better understand the nature of
data sets from fields in which they may have
had little prior experience, as well as seeing
how such data are manipulated statistically
by other fields. Posters emphasized a wide
variety of ecological subjects, including pat-
terns of diversity or community structure data
at varying scales, taphonomic effects of scal-
ing interpretations, and body-size dynamics
at varying scales and their relationship to evo-
lution and climate. Two panel discussions
were convened following each of the poster
sessions of the day. Panel discussions allowed
a different group of participants than those
who had just spoken or presented posters to
comment on what had been presented and to
field questions from the general audience.
This activity, which continued throughout
the meeting, proved a highly successful and
stimulating way to generate excitement about
what had been covered up to that point.
There was a buzz in the air following the first
day’s panel sessions, as participants recog-
nized the great potential for cross-disciplinary
research efforts that might arise by linking the
perspectives of paleoecologists and ecologists
around common research questions. For
example, participants pondered how analo-
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gous time and space really are in ecology,
whether time averaging is really a problem or,
in fact an opportunity, what other types of
issues besides diversity we should be consider-
ing in terms of temporal and spatial scaling,
and at what conceptual levels paleoecology
and ecology might interact. That evening, Jim
Reichman from the National Center for Eco-
logical Analysis and Synthesis (NCEAS) gave
an after-dinner talk on how his center works,
and its eagerness to entertain innovative pro-
posals for sabbatical visits and collaborative
workshops spanning the boundary between
paleoecology and ecology.

On the third day, the conference moved
to a detailed discussion of community struc-
ture and stability. Participants got down to
considering major and contentious issues
concerning the dynamics of diversity change
and community structure over varying time
and space scales. Linda Ivany and Carl Brett
presented their case for coordinated stasis in
the fossil record. This idea postulates that
large assemblages of marine benthic organ-
isms evolve at about the same time, co-occur
over millions of years, and then simultane-
ously undergo extinction. Ivany reviewed evi-
dence from the Devonian of New York and
the Eocene of the U.S. Gulf Coast that sug-
gests that benthic assemblages persisted over
1–8 Ma time intervals, even in the face of sea-
level fluctuations. Mark Patzkowsky argued
against the coordinated stasis model based on
his work on similar Paleozoic ecosystems. In
the Ordovician of the eastern United States he
finds that species turnover largely corre-
sponds to pulses of environmental change,
and that significant extinction and origina-
tion events are not always simultaneous.
Background turnover within stratigraphic
units seems to be much higher than what has
been reported by Brett, Ivany, and others.
These divergent views lead to the question of
how common patterns of individualistic vs.
coordinated change really are, and to what
extent our perception of these patterns are
regulated by the temporal resolution of indi-
vidual data sets and the episodicity of envi-
ronmental change. Russ Graham and Steve
Jackson both made a case for individualistic
responses in explaining community composi-
tion in the Quaternary, in particular the
occurrence of “no modern analog” biotas.
Graham argued for using the Quaternary as a
bridge between the deep paleoecological
record and modern ecology. He noted that in
the Quaternary, temporal resolution is now
good enough that although he can’t say that
two individuals of co-occurring “no-analog”
species saw each other “eyeball to eyeball,”
they can be linked within 50 years in time.
Both Graham and Jackson emphasized that
patterns of individualistic change should not
be confused with a notion of random associa-
tion. Jackson argued for a greater understand-
ing of potential yet unrealized niche space in
organisms that may well explain these
“anomalous” communities. Fred Grassle gave
the conferees a fascinating glimpse into the
species diversity and community composi-

tion in the deep sea. Although our under-
standing of this environment is limited by
the difficulties involved in obtaining broad
spatial and temporal coverage, it is evident
that deep-sea organisms are highly diverse
and their distributions very patchy. Even
small-scale environmental heterogeneities,
such as the deposition of a log, can create
habitat patches with distinctive characteristics
that persist for many years.

Afternoon posters and panel sessions
and the evening lecture continued exploring
the themes of structure and stability, with
greater attention to details of changes across
scale boundaries. Questions tackled included:
(1) Do “rules” exist in ecology, either within
scales or transcending scale boundaries? (2)
How analogous are time and space in ecol-
ogy? (3) How does scaling affect our under-
standing of other issues such as body size
structure in communities? (4) To what extent
do terminological differences impede under-
standing between ecologists and paleoecolo-
gists? This point was illustrated by Joan
Roughgarden in a discussion of the meaning
of “stability.” Jack Sepkoski discussed patterns
of global marine biotic organization, building
on his earlier compilation analyses of
Phanerozoic diversity patterns. He presented
the problems of decomposing Phanerozoic
marine diversity as a “chicken or egg” prob-
lem. Are the dominant controls at the local or
regional level building up to creating a global
pattern, or are there global controls on diver-
sity that filter down to the local level? Both
panel discussions and informal conversations
on this day and the next day generated a
lively discussion of specific research questions
that might be usefully pursued by small work-
ing groups as followups to the conference,
and the general excitement level surrounding
this discussion led many to view the Penrose
conference as but the first step in what could
become an ongoing dialog among ecologists
and paleoecologists with similar research
question interests. There was considerable dis-
cussion of how working groups might con-
tinue the dialog through a series of NCEAS-
type workshops. 

A field trip on the fourth day to the well-
known Miocene Calvert Cliffs, led by Patricia
Kelley and Susan Kidwell, provided an oppor-
tunity for the participants to consider, on the
outcrop, many of the scaling, data collection,
and taphonomic issues confronting paleo-
ecologists that had been discussed over the
last few days. Kidwell and Kelley gave detailed
talks on the depositional setting of the
marginal marine and shelf outcrops visited,
the taphonomic context of the fossils (which
varies in significant ways related to sea-level
fluctuations along the Atlantic coastal mar-
gin), and the paleoecological problems cur-
rently or previously under study. The
Miocene deposits of this region have been the
focus of intensive investigations on the inter-
face between ecology and evolution, most
notably concerning processes of predator-prey
interactions over time, and the tempo and
mode of evolutionary change. Ecologists

attending the meeting with little prior paleo-
ecological experience gained a great deal of
insight into the practical considerations of
sampling.

An evening lecture on the fourth day by
Mark Westoby looked at ecomorphic classifi-
cation schemes for plants and plant commu-
nities. Westoby put forward a new classifica-
tion scheme which characterizes various
aspects of total leaf size, plant height, and
seed size. The expression of all of these fea-
tures involves fundamental ecological com-
promises across environmental gradients of
moisture and nutrient availability. Some,
though probably not all of these variables,
could in principle be measured for fossil
plants, thereby extending the comparative
value of Westoby’s scheme from strictly
between floras or regions to cross time peri-
ods. 

On the final day of the conference the
theme of relationships between scales was
more thoroughly explored. Joan Roughgar-
den looked at the evidence for linkage across
scales in the recruitment and growth of inter-
tidal barnacle communities. She demon-
strated that local or patch scales of benthic
intertidal adult barnacle and starfish interac-
tions are strongly mediated by the vastly dif-
ferent scale over which planktonic barnacle
larvae are dispersed and subsequently
recruited to the benthos as adults. The latter
results from oceanic current circulation and
migration of Ekman transport systems with
respect to the coastline. David Jablonski
looked at the evolution of onshore to offshore
trends in the origination of major benthic
invertebrate biotas. He asked what upward 
or downward effects may influence this pat-
tern. After showing that these patterns are not
artifactual, resulting from taphonomic biases,
he proceded to demonstrate that the dynam-
ics of invasion at the higher, ordinal level dif-
fer in substantive ways from what is observed
at lower hierarchical levels. Bill DiMichele dis-
cussed some of the scaling problems involved
in understanding the evolution of terrestrial
floras. Ecomorphic exploration of plant form
and habitat preference on the broadest levels
are strongly linked to phylogeny in plants.
Although turnover may occur at lower taxo-
nomic scales during the evolution of a flora,
the fundamental character of a plant commu-
nity with respect to more inclusive clades
remains remarkably stable over long geologic
time intervals. Community assembly “rules”
may change through the history of a clade,
and incumbency limits the degree to which
new floras can invade an ecosystem. Arnie
Miller reviewed the nature of the global
Ordovician radiation of marine invertebrates,
moving from global down to regional scales.
Miller showed that an apparent global diversi-
fication event, when dissected into its compo-
nent parts, is actually a composite of regions
with highly variable rates of diversification,
possibly driven by profound differences in
tectonic setting of the various continents.

Penrose Conference continued on p. 21
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I had two experiences at work that
changed my perspective on our profes-
sion. In the first instance, I was listening
to the chairman of a science and technol-
ogy department talk to congressional staff
about the importance of federal funding
for research and development. Actually, he
was lecturing more than talking. This was
not surprising given his position as an aca-
demic. It was, however, frustrating that
after 30 minutes he had not gotten to the
point despite some gently leading ques-
tions intended to steer the session in a
productive direction. The experience got
me thinking about how scientists commu-
nicate the importance of science.

On another occasion, I watched two
scientists give a briefing on ecosystem
restoration in another legislator’s office.
They did a masterful job of briefing the
staff. You could see by body language, and
hear by the nature of the questions asked,
that connections were being made in the
staff person’s mind between geology and
ecology. She was understanding how the
geosciences were basic to studies of Earth,
and how the lens of geologic time pro-
vided a unique perspective on ecosystem
reconstruction by showing how the envi-
ronment looked in the absence of histori-
cal records. I thoroughly enjoyed watch-
ing the interaction. At the end of this
highly informative meeting, when asked
what the legislator’s office could do for sci-
entists, the answer was, “Nothing, we just
wanted to let you know what we were
doing in your area.” What?! It seemed to
me the scientists had missed the chance,
at the invitation of the congressional staff,
to explain how the office could help with
the research effort. When I questioned the
scientists on this point, they said they
were not lobbyists and were constrained
by their organization from engaging in
such activities. Once again, I thought
about how scientists communicate with
decision-makers. Specifically, how can we
effectively sell science so that we get what
we want?

When I relayed these stories to a vet-
eran salesman, he told me that in the first
instance, the professor was only interested
in his viewpoint—no “sale” potential. In
the second instance, the scientists had
made the “sale” by showing how the
research benefited both the legislator and
the scientists, but had not closed the deal
by “asking for the order” (i.e., asking for
assistance). 

As I considered the question of sell-
ing, I thought about how, as scientists, we
hawk our ideas all the time. With col-
leagues, we discuss our theories in private

over coffee and in public at conferences.
We pitch our ideas to clients and com-
pany management. We write
detailed proposals to funding
agencies in support of our research
ideas. By and large, we market our science
to other scientists. So I thought, how
tough could it be to get what we want? I
realized, however, that what we think of
as selling is actually persuasive arguing;
the two are related but not the same. The
persuasive argument is crafted from a
debate about an issue and revolves around
the statement, “My position has merit and
this is why.” The successful sale centers on
the question, “How can we benefit each
other?” 

When visiting Congress, the emphasis
should be on the successful sale as
opposed to the persuasive argument. This
recognizes that the person you meet in a
congressional office is not extensively
trained in science and may be ill-suited to
evaluate your technical arguments. So
instead, focus on selling your idea. The
goal is to show how your idea benefits the
people of the representative’s region,
which is, in turn, good for the representa-
tive and good for the nation. That is the
practical order of interest. Our system of
government is carefully designed around
the concept of grassroots and is intended
to keep the elected representative’s focus
on the needs of the people. We start with
the local and move to the national, and
then the international, perspective. The
successful sales pitch must be developed
within a flexible framework, and the
“seller” must be able to sense where the
dialogue (not monologue) is going and
avoid the urge to stick to a prepared text. 

Getting back to the two-scientists
example, why is it assumed that providing
information and asking for assistance is
lobbying, and that this is bad? In essence,
lobbying is about providing information
and selling ideas. The perception of the
lobbyist as doling out money and buying
votes is unrealistic. You might be thinking
that your organization does not allow lob-
bying. Well, ask your managers how they
define lobbying and who is providing
information to decision-makers. Who bet-
ter to be part of the team that provides
this information than those who actually
do the scientific and technical work?
Many organization’s policies regarding
communicating with Congress are poorly
constrained. I have seen glaring inconsis-
tencies within and among federal and pri-
vate organizations in policies related to
communicating with Congress. It may
come as a surprise to learn that universi-

ties frequently lobby Capitol Hill, if
you think that universities promote
only national educational goals.

They do, but they have institu-
tional agendas and seek funding

for particular univer-
sity projects. Other

science and technical
groups are active as
well.

The underlying
assumption is that com-

municating with decision-makers is decep-
tive, just like selling. This notion is limit-
ing. Legislators need reliable information
to develop good legislation. Congress is
awash in information, but not all of it is
reliable. You might think that congres-
sional hearings are the appropriate time
for exchanging information. As it turns
out, hearings are not the best venue for
communicating, because they are highly
controlled and choreographed, the conse-
quence being that information flow is
restricted. 

In the legislative context, the most
effective time for sharing information is
when legislative ideas are being formed
and while minds are open to discovery.
Here are some suggestions for communi-
cating with Congress (or other legislative
bodies) that foster success in legislative
matters.

Suggestion #1: Treat the legislative
staff as you would like to be treated your-
self. This respects basic human dignity and
is professional courtesy.

Suggestion #2: Do your homework on
an issue. Know what is important to legis-
lators. What are their views? What is their
voting record? What have they said about
your issue? Maybe they haven’t said any-
thing (on the basis of information avail-
able on their Web site or in their local or
national offices), so this is a great opportu-
nity to show why your position is a good
one for a particular representative. You do
not have to be well versed in the details of
the legislative process. You are a geoscien-
tist, not a legislative expert. Know enough
to be conversant, but speak from your
heart about what you feel is important.
Empower the staff to help you by conced-
ing your vulnerability. Nothing is as per-
suasive as passion for one’s beliefs.

Suggestion #3: Science is not an enti-
tlement and something to be funded in
and of itself. Science is not a distinct cate-
gory of human activity. It is an activity
that serves as the basis of many legislative
proposals. In conversations on Capitol
Hill, the question is often asked, “What is
the science on this (i.e., what is the scien-
tific basis)?” Science has power because it
provides order in a chaotic world. 

Suggestion #4: Communicate fre-
quently with congressional staff. Call the
Washington, D.C., office and find out who

Selling Science
David J. Verardo, 1997–1998 GSA Congressional Science Fellow
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This examination of processes at progressively
smaller scales suggests a need to evaluate, in
similar detail, the tempo of other presump-
tively global events such as mass extinctions.
Bruce Patterson gave the final talk of the
meeting, looking at altitudinal diversity gradi-
ents across the Peruvian Amazon. Although
data from bird surveys have come to be a sort
of benchmark against which biogeographic
models are compared, Patterson showed that
many other patterns of diversity occur, partic-
ularly among small mammals. Spatial ranges
and gradients in extant organisms display
many properties analogous to the biostrati-
graphic ranges familiar to paleoecologists.
Using his nested subset methodology, Patter-

son argued that historical factors and differ-
ences in dispersal ability, as well as species-
area relationships, play a role in structuring
mammal distribution patterns. 

During the final panel discussion, a con-
sensus arose among the panelists and audi-
ence as to the need for continued dialog
among paleoecologists and ecologists. Scien-
tists from both disciplines were urged to seek
out colleagues with complementary skills to
solve scaling problems of mutual interest
while simultaneously drawing on the
strengths of their respective knowledge. Fol-
lowing on the favored metaphor of the meet-
ing, one conferee suggested that “we had to
become polygamous” in developing collabo-
rations among multiple fields. During the
conference, participants had made tentative

but important steps in learning each others’
scientific “languages,” critical for sustained
dialog. It was widely agreed that the need for
such a dialog has never been greater. The
combined issues of global change and biodi-
versity loss on Earth both dramatize the need
for understanding processes of diversification,
invasion, and extinction at all scales. Our old
modus operandi, of making simplistic inter-
pretations of data gleaned from each other’s
fields, should be replaced by truly collabora-
tive efforts to understand these most serious
of environmental problems. This Penrose
Conference provided an exciting opportunity
for all participants to begin what we hope will
become a sustained and fruitful conversation
between paleoecology and ecology. ■

handles your issues and interests. Write
that staff member a personal letter and fol-
low up with a phone call. For a particular
issue, provide your thoughts and a poten-
tial solution. Maintain contacts even if
you do not have any comment at the
moment, but do not stalk the staff. Offer
to be a resource on science issues. Do not
call or write just to complain, and never
begin a letter with an insult (this occurs all
too frequently). Show your support on a
range of issues. In short, develop a profes-
sional relationship with the staff.

Suggestion #5: Close the deal. Ask for
the legislator’s support on your particular
issue. Do not badger the staff for a firm
answer, but let them know that you are
serious about your issue.

Suggestion #6: Lose gracefully. You
rarely get all that you want, so do not
burn bridges, because you will have to go
back across them eventually. America is a
big country, but Congress is a small world. 

These guidelines seem too simple, too
easy, and too obvious to be of value, so
they are often ignored. Oddly enough,
what drives daily activity on Capitol Hill
and, hence, public policy, is the relation-
ships among people. This situation is no
different from our personal and profes-
sional lives.

Some might be offended at the sug-
gestion that selling science is necessary.
They might see it as somehow vulgar or
not dignified.They might believe that sci-
ence’s value should be self evident. But
Congress is not composed of scientists and
engineers. It comprises people whose
backgrounds and interests lie elsewhere.
Congress is filled with aggressive self-
starters who run independent shops sup-
ported by one client—the voting public.
So, since Members of Congress or their
staffs are not, with few exceptions, scien-
tists, then how are they to understand
technical issues without your help? Osmo-
sis is not an effective learning strategy, and
mind-reading is not a convincing form of
communication. 

Why not get more scientists on the
Hill? Because we eschew science policy as
a career path for scientists. Why? Because
it is not field or laboratory based and is
therefore considered of limited value. This
aversion to working with decision-makers
is unfortunate and counterproductive
since what transpires in the District of
Columbia affects future trends in science
funding and agency missions. Our profes-
sion has been slow to understand that par-
ticipation is fundamental to success.

The point is that geoscientists are
being left behind to harbor some outdated
ideas regarding the world. We should take
a hard look at our values and our mode of

operation. What do we consider to be our
core values, and how do we achieve them?
Our profession and institutions have
changed radically over the years. In indus-
try, companies have shifted to contract
workers whose numbers ebb and flow with
the economic tide. Within academia, a
quiet revolution has occurred. In the
period between 1970 and 1993,
non–tenure track and part-time faculty
positions at four-year colleges increased by
88% and now compose more than 40% of
total faculty positions. In this case, indus-
try and academia track closely. What then
is the paradigm for today’s professional
world? Clearly, some of our old ways must
go, for they are confining. Ours is a
vibrant science that looks to the past for
solutions for the present and future. We
should not, however, become mired in the
past. Instead, we must emphasize our con-
nection to, indeed our underpinning of,
other sciences. 

In general, science still enjoys healthy
respect in the U.S. Congress and in society
at large. The time of expansive growth for
science, however, is over; this slowdown
reflects the fundamental change in today’s
budgetary and professional landscape. It
will take some time to adjust both cogni-
tively and behaviorally; this has already
begun. By looking ahead and being adapt-
able and innovative, however, we can
move forward together. ■

Simone Alin
John Alroy
Richard Aronson
Gail Ashley
Catherine Badgley
Richard Bambach
Roberto Barbieri
Kay Behrensmeyer
J. Bret Bennington
G. Lynn Brewster-

Wingard
Grace Brush
Donna Carlson

Chi-ru Chang
Michael Collins
Sean Connin
Sean Connolly
Kathryn Cottingham
Michael Cuggy
Tamar Dayan
Claudia Del Rio
William DiMichele
Douglas Erwin
Brian Exton
Karl Flessa
Norman Fredericksen

Robert Gastaldo
Russell Graham
Frederick Grassle
Elizabeth Hadly
Lucas Hottinger
John Hunter
Scott Ishman
Linda Ivany
David Jablonski
Stephen Jackson
Christine Janis
Thomas Kammer
Patricia Kelley

Susan Kidwell
Mary Killelea
Michal Kowalewski
Matthew Kosnik
Conrad Labandiera
Kathleen Lyons
Richard Lupia
Christopher G. Maples
Ronald Martin
Brian A. Maurer
Arnold Miller
Richard Norris
Thomas Olszewski

John Pandolfi
Lisa Park
Bruce Patterson
Mark Patzkowsky
Hermann Pfefferkorn
Roy Plotnick
James Reichman
Michael Rosenzweig
Joan Roughgarden
John Sepkoski
Felisa Smith
Cheryl Solomon
Heidemarie Steltzer

Nils Stenseth
Carol Tang
Jessica Theodor
Thomas Therriault
Anne Weil
Mark Westoby
Jack Williams
Scott Wing
Deborah Woodcock
Yaron Ziv

Penrose Conference Participants
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Looking for a New Job?

Are you looking for a new position
in the field of geology? The GSA
Employment Service offers an

economical way to find one. Potential
employers use the service to find the
qualified individuals they need.

You may register any time throughout
the year. Your name will be provided to all
participating employers who seek individu-
als with your qualifications. If possible, take
advantage of GSA’s Employment Interview
Service, which is conducted each fall in con-
junction with the Society’s Annual Meeting.
The service brings potential employers and
employees together for face-to-face inter-
views. Mark your calendar for the 1998 GSA
Annual Meeting in Toronto, Ontario.

To register, complete the application
form on page 23, prepare a one-to two-page
résumé, and mail it with your payment to
GSA headquarters. One-year listing for GSA
Members and Student Associates in good
standing: $30, nonmembers: $60.

NOTE TO APPLICANTS: If you plan
to interview at the GSA Annual Meeting,
GSA must receive your materials no later
than September 1, 1998. If we receive your
materials by September 1, your record will
be included in the information employers

receive prior to the meeting. Submit the
form early to receive maximum exposure!
Don’t forget to indicate on your application
form that you would like to interview in
October. Good luck with your job search! 

For additional information or
submission of forms, please contact
T. Michael Moreland, Manager, Membership
Services, Geological Society of America,
P.O. Box 9140, Boulder, CO 80301,
(303) 447-2020, or member@geosociety.org.

Looking for a
New Employee?

When was the last time you hired
a new employee? Did you waste
time and effort in your search for

a qualified geoscientist? Let the GSA com-
puterized search file make your job easier.

How does it work? Complete the
Employer’s Request for Earth Science Appli-
cants form on page 24. Remember to specify
educational and professional experience re-
quirements as well as the specialty area or
areas of expertise your applicant should
have. The GSA computer will take it from
there.

You will receive a printout that in-
cludes the applicants’ names, addresses,
phone numbers, areas of specialty, type of

employment desired, degrees held, years of
professional experience, and current
employment status. Résumés for each appli-
cant are sent with each printout at no addi-
tional charge. For 1998, the cost of a print-
out of one or two specialty codes is $175.
(For example, in a recent job search for an
analyst of inorganic materials, the employer
requested the specialty codes of geochem-
istry and petrology.) Each additional spe-
cialty is $50. A printout of the applicant list-
ing in all specialties is available for $350.
(Specialty codes printed in boldface type are
considered major headings. If you request a
listing of one of the subspecialties, appli-
cants coded under the major category will
be included but not those coded under the
other related subspecialties.) If you have any
questions about your personalized com-
puter search, GSA Membership Services will
assist you.

The GSA Employment Service is avail-
able year round. However, GSA also con-
ducts the Employment Interview Service
each fall in conjunction with the Society’s
Annual Meeting (this year in Toronto,
Ontario, October 26–29). You may rent
interview space in half-day increments from
GSA. Our staff will schedule all interviews
with applicants for you, the recruiter. In
addition, GSA offers a message service, com-
plete listing of applicants, copies of résumés
at no additional charge, and a posting of all
job openings. ■

GSA Employment Service



APPLICATION FOR EMPLOYMENT MATCHING SERVICE
(Please type or print legibly)

TITLE: Dr. Mr. Ms. Mrs. Miss

NAME ___________________________________________________________________________ DATE _____________________
Family/Last Name First

MAILING ADDRESS __________________________________________________________________________________________

CITY ______________________________________________________ STATE ____________ ZIP CODE _____________________

DATE AVAILABLE ________________ CONTACT TELEPHONE (            ) _________________ or (            )__________________
list one only     area code Business Home

E-MAIL __________________________________________________ VISA (If not U.S. citizen, list visa) __________________________

I HAVE HAVE NOT PREVIOUSLY BEEN REGISTERED WITH THE EMPLOYMENT MATCHING SERVICE

FOR ACCOUNTING USE ONLY

Current? __________ $30 $60 

Ck # __________________________

Acct. # 1-000-4086-000

No. __________________________

EXPERIENCE Must use specialty codes listed below.
Choose THREE that best describe your expertise in order of importance.

1. _____________ 2. ______________ 3. _______________

PRESENT SPECIALTY
Choose ONE from codes listed below ____________________________

YEARS EXPERIENCE IN THIS SPECIALTY _______________________

PRESENT EMPLOYER ________________________________________________________________________________________

TYPE OF POSITION DESIRED (Check as many boxes as apply.)
Interested in:   Academic Government Industry Other
Specific interest:   Administration Exploration/Production Field Research Teaching
Will accept employment in:   U.S. only U.S. with foreign assignments Either

GIVE NUMBER OF YEARS EXPERIENCE FOR ANY OF THE FOLLOWING THAT ARE APPLICABLE
Administrative_____ Exploration/Production_____ Field_____ Research_____ Teaching_____ Total geological experience______

KNOWLEDGE OF FOREIGN LANGUAGES: French German Russian Spanish Other ____________________________

ACADEMIC TRAINING
College or University Degree (rec’d or expected) Year Major Minor

I I I I
I I I I
I I I I

Postdoctoral research: Field ________________________ Institution _____________________________________________ Number of years ________

100 Economic Geology
101 coal geology
102 geothermal, etc.
103 metallic deposits
104 nonmetallic deposits
105 mining geology

120 Engineering Geology
150 Environmental Geology
160 Public Education &

Communication
200 General Geology
220 Geochemistry

221 organic
222 high temperature

223 low temperature
224 stable isotopes
225 geochronology

250 Geomorphology
300 Geophysics

301 seismic
302 gravity/magnetics
303 seismicity
304 paleomagnetism

320 Hydrogeology
321 hydrochemistry
322 ground water
323 surface water

330 Library

350 Mathematical Geology
351 computer science
352 statistical geology

400 Mineralogy
401 crystallography
402 clay mineralogy

410 Museum (curator)
420 Oceanography

421 marine geology
422 coastal geology

450 Paleontology
451 invertebrate
452 vertebrate
453 micropaleontology

454 paleobotany
455 paleoecology

500 Petroleum Geology
501 exploration
502 subsurface strat.

520 Petrology
521 igneous
522 metamorphic
523 sedimentary (clastic)
524 sedimentary (carb.)
525 experimental

550 Planetology
575 Quaternary Geology
600 Regional Geology

620 Remote Sensing
621 photogeology
622 photogrammetry

630 Science Editing
650 Sedimentology

651 sed. processes
652 sed. environments

720 Stratigraphy
750 Structural Geology

751 tectonics
752 tectonophysics
753 rock mechanics

800 Volcanology

SPECIALTY CODES Select those that best describe your ability. Use codes in bold face only when other breakdowns are inadequate.

Résumé must be attached, limited to two pages, typewritten on one side only, to be acceptable for reproduction to employers. Include
your name, address, and phone number; concise details of work experience; and majors/minors on degrees.

Fee: $30 if you are a Member or Student Associate of GSA in good standing (Member #_____________________), $60 if you are not a
member of GSA. Payment in U.S. funds (check, money order, or charge information must accompany form).

Make check payable to the Geological Society of America. This application will be active for 1 year.

Check / Money Order MasterCard VISA Diners Club American Express or Optima
Card Expires Card Number

(Mo/Yr) I I I I I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I Signature ___________________________________________
Required for credit card payment Date

9/97

I agree to release GSA or their representatives from responsibility for errors that may occur in processing or distributing this data. I understand that GSA makes no guarantee
of contact by an employer in this service. I agree to notify GSA Employment Service immediately of change of address or acceptance of a position.

Signature (required) __________________________________________________ I will/will not attend the 19______ GSA Annual Meeting in ___________________

303/447-2020 • FAX 303/447-1133 • E-mail member@geosociety.org



I am interested in interviewing applicants through the GSA

Employment Service at the 19____ Annual Meeting in

________________________.

Signature (required) ____________________________________

Date ________________________________________________

1. I agree to use this service for valid recruiting purposes.

2. I agree that no placement charges will be assessed to any ap-
plicant participating in the GSA Employment Matching Service.

EMPLOYER’S REQUEST FOR EARTH SCIENCE APPLICANTS
(Please type or print legibly)

NAME ___________________________________________________________________________ DATE _____________

ORGANIZATION _____________________________________________________________________________________

MAILING ADDRESS ________________________________________________________________________________________

CITY _________________________ STATE _____ ZIP CODE ___________ TELEPHONE (           ) ______________________
area code Number

E-MAIL ___________________________________________________________________________ FAX (           ) ________________

SPECIALTY CODES (see list below)
List the specialty code numbers that you wish to order, or check here if you want the entire file of applicants in ALL specialties.

1. _______________ 2. ______________ 3. ______________ 4. ______________ 5. ______________ 6. ______________

POSITION DATA: What position(s) do you expect to fill? ______________________________________________________________

In what area(s)? ______________________________________________________________________________________________

Degree requirements ____________________________________________________ Number of positions available ____________

100 Economic Geology
101 coal geology
102 geothermal, etc.
103 metallic deposits
104 nonmetallic deposits
105 mining geology

120 Engineering Geology
150 Environmental Geology
160 Public Education & Com-

munication
200 General Geology
220 Geochemistry

221 organic
222 high temperature

223 low temperature
224 stable isotopes
225 geochronology

250 Geomorphology
300 Geophysics

301 seismic
302 gravity/magnetics
303 seismicity
304 paleomagnetism

320 Hydrogeology
321 hydrochemistry
322 ground water
323 surface water

330 Library

350 Mathematical Geology
351 computer science
352 statistical geology

400 Mineralogy
401 crystallography
402 clay mineralogy

410 Museum (curator)
420 Oceanography

421 marine geology
422 coastal geology

450 Paleontology
451 invertebrate
452 vertebrate
453 micropaleontology

454 paleobotany
455 paleoecology

500 Petroleum Geology
501 exploration
502 subsurface strat.

520 Petrology
521 igneous
522 metamorphic
523 sedimentary (clastic)
524 sedimentary (carb.)
525 experimental

550 Planetology
575 Quaternary Geology
600 Regional Geology

620 Remote Sensing
621 photogeology
622 photogrammetry

630 Science Editing
650 Sedimentology

651 sed. processes
652 sed. environments

720 Stratigraphy
750 Structural Geology

751 tectonics
752 tectonophysics
753 rock mechanics

800 Volcanology

SPECIALTY CODES

Applicants seeking employment in:
Academic Government Industry Other _______________

Minimum degree required:
None B.A. or B.S. M.A. or M.S. Ph.D.

Minimum professional experience:
None 1–5 years 6-plus years

Employment in: U.S. only U.S. with foreign assignments Either

Foreign Languages: French German Russian Spanish Other ________________________________ Not required

Experience desired (years):
None 1–5 6-plus

Administrative

Exploration/Production

Field

Research

Teaching

Total fee enclosed . . . . . . . . . . . . . . . . . . . . $ ____________

Or invoice requested . . . . . . . . . . . . . . . . . . $ __________



1. ■ ANALYSIS OF VEINS IN LOW-TEMPERATURE ENVIRON-
MENTS—INTRODUCTION FOR STRUCTURAL GEOLOGISTS

Saturday, October 24 and Sunday, October 25, 8:00 a.m. to 5:00 p.m.
Metro Toronto Convention Centre. Cosponsored by GSA Structural
Geology and Tectonics Division. FACULTY: David V. Wiltschko, John W.
Morse, and Will Lamb, Dept. of Geology and Geophysics, Texas A&M
University, College Station, and Zachary D. Sharp, Dept. of Earth and
Planetary Sciences, University of New Mexico.
Limit: 40. Fee: $290, students $270; includes course manual and lunch
both days. CEUs: 1.6.

2. ■ DEFORMATION MECHANISMS AND MICROSTRUCTURES
Saturday, October 24, 8:00 a.m. to 5:00 p.m., and Sunday, October 25,
8:00 a.m. to 12:00 noon. University of Toronto. Cosponsored by GSA
Structural Geology and Tectonics Division. FACULTY: Jan Tullis, Dept.
of Geological Sciences, Brown University; Christian Teyssier, Dept. of
Geology, University of Minnesota; Holger Stunitz, Geology and Paleon-
tology Institute of Basel University, Switzerland.
Limit: 30. Fee: $250, students $230; includes course manual, slide set,
and lunch on Saturday. CEUs: 1.6.

3. ■ PHASE I ENVIRONMENTAL SITE ASSESSMENTS
Saturday, October 24 and Sunday, October 25, 8:00 a.m. to 5:00 p.m.
Metro Toronto Convention Centre. Cosponsored by GSA Engineering
Geology Division. FACULTY: Raymond C. Kimbrough, Tom Joiner &
Associates, Inc., Tuscaloosa.
Limit: 30. Fee: $245, students $225; includes course manual and lunch
both days. CEUs: 1.6. Optional exam fee: $90. Optional NREP Study
Guide is available for $50.

4. ■ THREE-DIMENSIONAL SEISMIC INTERPRETATION: A
PRIMER FOR GEOLOGISTS

Saturday, October 24 and Sunday, October 25, 8:00 a.m. to 5:00 p.m.
Metro Toronto Convention Centre. FACULTY: Bruce S. Hart, New Mex-
ico Bureau of Mines and Mineral Resources, Socorro.
Limit: 40. Fee: $240, students $220; includes course manual and lunch
both days. CEUs: 1.6.

5. ■ ANALYTICAL METHODS AND APPLICATIONS IN PROVE-
NANCE STUDIES OF LITHIC ARTIFACTS

Sunday, October 25, 8:00 a.m. to 5:00 p.m. University of Toronto.
Cosponsored by GSA Archaeological Geology Division. FACULTY:
Patrick J. Julig, Dept. of Sociology and Anthropology, Laurentian Univer-
sity, Sudbury, Ontario; Darrel G. F. Long, Dept. of Earth Sciences, Lauren-
tian University, Sudbury, Ontario; R. G.V. Hancock, SLOWPOKE reactor
facility, Dept. of Chemical Engineering and Applied Chemistry, University
of Toronto.
Limit: 30. Fee: $220, students $200; includes course manual and lunch.
CEUs: 0.8.

6. ■ APPLICATIONS OF ENVIRONMENTAL ISOTOPES IN
GROUNDWATER STUDIES

Sunday, October 25, 8:00 a.m. to 5:00 p.m. Metro Toronto Convention
Centre. Cosponsored by GSA Hydrogeology Division. FACULTY: Ramon
Aravena, Dept. of Earth Sciences, University of Waterloo, Ontario;
Ian D. Clark, Dept. of Geology, University of Ottawa.
Limit: 50. Fee: $190, students $170; includes course manual and lunch.
CEUs: 0.8.

7. ■ BUCK ROGERS, FIELD GEOLOGIST: 21ST CENTURY ELEC-
TRONIC WIZARDRY FOR MAPPING AND FIELD DATA
COLLECTION

Sunday, October 25, 8:00 a.m. to 5:00 p.m. Metro Toronto Convention
Centre. FACULTY: John H. Kramer, Condor Earth Technologies, Inc.,
Sonora, California; Todd T. Fitzgibbon, U.S. Geological Survey, Menlo
Park, California.
Limit: 35. Fee: $240, students $220; includes course manual and lunch.
CEUs: 0.8.

8. ■ DESIGN AND CREATION OF STATE-OF-THE-ART, INTERAC-
TIVE, MULTIMEDIA CD-ROMS FOR USE IN TEACHING
GEOLOGY

Sunday, October 25, 8:00 a.m. to 5:00 p.m. University of Toronto. 
FACULTY: Parvinder S. Sethi, Dept. of Geology, Radford University,
Radford, Virginia.
Limit: 25. Fee: $230, students $210; includes course manual and lunch.
CEUs: 0.8.

9. ■ DETECTING ENVIRONMENTAL EFFECTS USING BENTHIC
FORAMINIFERA AND THECAMOEBIANS

Sunday, October 25, 8:00 a.m. to 5:00 p.m. Metro Toronto Convention
Centre. Cosponsored by Cushman Foundation. FACULTY: David B.
Scott, Dept. of Earth Sciences, Dalhousie University, Halifax, Nova Sco-
tia; Eduard G. Reinhardt, Dept. of Earth Sciences, Dalhousie University,
Halifax, Nova Scotia; Francine M. G. McCarthy, Dept. of Earth Sciences,
Brock University, St. Catharines, Ontario; R. Timothy Patterson, Dept.
of Earth Sciences, Carleton University, Ottawa, Ontario.
Limit: 30. Fee: $230, students $210; includes course manual and lunch.
CEUs: 0.8.

10. ■ GEOTECHNICAL AND ENVIRONMENTAL APPLICATIONS
OF TIME DOMAIN REFLECTOMETRY

Sunday, October 25, 8:00 a.m. to 5:00 p.m. Metro Toronto Convention
Centre. Cosponsored by GSA Engineering Geology Division. FACULTY:
Kevin M. O’Connor, President, GeoTDR, Inc., Apple Valley, Minnesota;
Charles H. Dowding, Dept. of Civil Engineering, Northwestern Uni-
versity.
Limit: 50. Fee: $190, students $170; includes course manual and lunch.
CEUs: 0.8.

11. ■ TEACHING PRACTICAL HYDROGEOLOGY: HOW TO MAKE
DO WITH SCANT “REAL WORLD” DATA

Sunday, October 25, 8:00 a.m. to 5:00 p.m. Metro Toronto Convention
Centre. Cosponsored by GSA Hydrogeology Division. FACULTY:
Donald I. Siegel, Dept. of Earth Sciences, Syracuse University.
Limit: 50. Fee: $170, students $150; includes course manual and lunch.
CEUs: 0.8.

CALL FOR

GSA SHORT COURSE PROPOSALS
Due December 1, 1998
The GSA Committee on Continuing Education invites
those interested in proposing a GSA-sponsored or
cosponsored course or workshop to contact GSA head-
quarters for proposal guidelines. Short courses may be
conducted in conjunction with all GSA annual or sec-
tion meetings. We are particularly interested in receiving
proposals for the 1999 Denver Annual Meeting or the
2000 Reno Annual Meeting.
Proposals must be received by December 1, 1998. Selec-
tion of courses for 1999 will be made by February 1, 1999.
For those planning ahead, we will also consider courses
for 2000 at that time.

For proposal guidelines or information, contact:
Edna Collis, Continuing Education Coordinator, 
GSA headquarters, 1-800-472-1988, ext. 134,
ecollis@geosociety.org

GSA-SPONSORED SHORT COURSES
Registration information and course descriptions were published in the June issue of GSA Today. For additional information, contact Edna Collis,

GSA headquarters, ecollis@geosociety.org, or see GSA’s Web site, www.geosociety.org.

Fees are given in U.S. dollars

PREREGISTRATION DEADLINE:SEPTEMBER 18   •   CANCELLATION DEADLINE:SEPTEMBER 25
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579 Synsedimentary deformation in the Jurassic of southeastern 
Utah—A case of impact shaking?
Walter Alvarez, Erick Staley, Diane O’Connor, Marjorie A. Chan

583 δ13C variations of loess organic matter as a record of the vegetation
response to climatic changes during the Weichselian
Christine Hatté, Michel Fontugne, Denis-Didier Rousseau, Pierre Antoine, Ludwig Zöller,
Nadine Tisnérat-Laborde, Ilhem Bentaleb

587 Exposure dating and validation of periglacial weathering limits, 
northwest Scotland
John O. Stone, Colin K. Ballantyne, L. Keith Fifield

591 Effect of strain rate in the distribution of monogenetic and polygenetic
volcanism in the Transmexican volcanic belt
Susana A. Alaniz-Alvarez, Ángel Francisco Nieto-Samaniego, Luca Ferrari

595 A mechanism to explain rift-basin subsidence and stratigraphic 
patterns through fault-array evolution
Sanjeev Gupta, Patience A. Cowie, Nancye H. Dawers, John R. Underhill

599 Megaflood erosion and meltwater plumbing changes during last North
American deglaciation recorded in Gulf of Mexico sediments
Paul A. Brown, James P. Kennett

603 Widespread chemical remagnetization: Orogenic fluids or burial 
diagenesis of clays?
B. Katz, R. D. Elmore, M. Cogoini, S. Ferry

607 Meteoritic event recorded in Antarctic ice
Ralph P. Harvey, Nelia W. Dunbar, William C. McIntosh, Richard P. Esser, 
Kuni Nishiizumi, Susan Taylor, Marc W. Caffee

611 Slab in the wrong place: Lower lithospheric mantle delamination in the
last stage of the eastern Carpathian subduction retreat
Radu Gîrbacea, Wolfgang Frisch

615 Early Preboreal cooling in the Nordic seas region triggered by meltwater
Morten Hald, Sveinung Hagen

619 Multiple magma sources involved in marginal-sea formation: Pb, Sr, and
Nd isotopic evidence from the Japan Sea region
Satoshi Okamura, Richard J. Arculus, Yuri A. Martynov, Hiroo Kagami, 
Takeyoshi Yoshida, Yoshinobu Kawano

623 Glacially influenced sedimentation in the late Neoproterozoic 
Mechum River Formation, Blue Ridge province, Virginia
Christopher M. Bailey, Shanan E. Peters

627 Late Visean hidden basins in the internal zones of the Variscan belt: 
U-Pb zircon evidence from the French Massif Central
O. Burguier, J. F. Becq-Giraudon, D. Bosch, J. R. Lancelot

631 Sinking intrusion model for the emplacement of garnet-bearing 
peridotites into continent collision orogens
Hannes K. Brueckner

635 Match between late Pleistocene Great Bahama Bank and deep-sea 
oxygen isotope records of sea level
Carrie M. Kievman

639 Lithospheric gravitational potential energy and past orogenesis: Implica-
tions for conditions of initial Basin and Range and Laramide deformation
Craig H. Jones, Leslie J. Sonder, Jeffrey R. Unruh

643 Laurentide glacial landscapes: The role of ice streams
Carrie J. Patterson

647 Authigenic carbonates from the Cascadia subduction zone and their
relation to gas hydrate stability
Gerhard Bohrmann, Jens Greinert, Erwin Suess, Marta Torres

651 British late glacial and Holocene climatic history reconstructed from
land snail assemblages
Denis-Didier Rousseau, Richard Preece, Nicole Limondin-Lozouet

655 Recurrence rates of basaltic volcanism in SP cluster, San Francisco 
volcanic field, Arizona
F. M. Conway, C. B. Connor, B. E. Hill, C. D. Condit, K. Mullaney, C. M. Hall

659 Seismological evidence for tearing of the Pacific plate at the northern
termination of the Tonga subduction zone
David W. Millen, Michael W. Hamburger

663 Elastic strain energy as a control in the evolution of asymmetric 
pressure-solution contacts
Doron Gal, Amos Nur

Forum

666 Terrestrial record of Laurentide Ice Sheet reorganization during Heinrich events
Comment: Jaco H. Baas, Joachim Schönfeld
Comment: Gary N. Meyer, Carrie J. Patterson, Howard C. Hobbs, Mark D. Johnson,
James F. P. Cotter
Reply: Howard D. Mooers, J. D. Lehr

670 High-resolution records of the late Paleocene thermal maximum and 
circum-Caribbean volcanism: Is there a causal link?
Comment: Gerald R. Dickens
Reply: Timothy J. Bralower, Deborah J. Thomas, Ellen Thomas, James C. Zachos

672 Sea level–climate correlation during the past 1400 yr: Correction
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821–845 Wisconsinan glacial and sea-level history of Maritime Canada and 
the adjacent continental shelf: A correlation of land and sea events
R. R. Stea, D. J. W. Piper, G. B. J. Fader, and R. Boyd

846–876 OVERVIEW
Late Cenozoic tectonics of the central and southern 
Coast Ranges of California
Benjamin M. Page, George A. Thompson, and Robert G. Coleman

877–887 Tsivat Basin Conduit System persists through two surges, 
Bering Piedmont Glacier, Alaska
P. Jay Fleisher, Donald H. Cadwell, and Ernest H. Muller

888–899 Pleistocene to Holocene contrasts in organic matter production 
and preservation on the California continental margin
Walter E. Dean and James V. Gardner

900–915 Limited, localized nonvolatile element flux and volume change 
in Appalachian slates
Eric A. Erslev

916–930 Subduction- and exhumation-related fabrics in the Paleozoic 
high-pressure–low-temperature Maksyutov Complex, Antingan area,
southern Urals, Russia
Ralf Hetzel, Helmut P. Echtler, Wolfgang Seifert, Bernd A. Schulte,
and Kirill S. Ivano

931–945 Age of Lassen Peak, California, and implications for the ages 
of late Pleistocene glaciations in the southern Cascade Range
Brent D. Turrin, Robert L. Christiansen, Michael A. Clynne, 
Duane E. Champion, Wendy J. Gerstel, L. J. Patrick Muffler, 
and Deborah A. Trimble
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1998 
October 26–29
Metro Toronto
Convention Centre

Sheraton Centre
Toronto Hotel
www.geosociety.org/meetings/98

Abstracts due: July 13

GENERAL CHAIRS

Jeffrey J. Fawcett, University of
Toronto 
Peter von Bitter, Royal Ontario
Museum

TECHNICAL PROGRAM CHAIRS

Denis M. Shaw, McMaster 
University
Andrew Miall, University of Toronto

FIELD TRIP CHAIRS

Pierre Robin, Henry Halls
University of Toronto

Travel to Toronto
• Visit the GSA Toronto Web site for links to travel information: www/geosociety.org/meetings/98, then e-mail us if you have

any questions: meetings@geosociety.org.

Federal and State Employees
• For the purposes of the GSA meeting, the Toronto destination will be considered nonforeign travel by the U.S. Geological Survey.

Just be sure that your name is on the list to go to Toronto. Other federal agencies may also have the same policy. State governments,
however, may consider Canada as foreign travel, so please be sure that the GSA Annual Meeting is on the list for “approved” travel.

U.S. Visa Holders
• Get in touch with your consulate NOW. Citizens or permanent residents of other

countries must have a valid passport and/or a valid visitors visa and should con-
tact their local Canadian Embassy, Consulate, or High Commission Office for fur-
ther qualification.

Travel and Immigration Information
• For native-born Americans and/or U.S. citizens, it’s really easy! Canadian Immi-

gration only requires either (1) a passport OR (2) a birth certificate, supported by
photo I.D.

• A permanent resident who is not a citizen is required to possess a 1551 or 1151
form (“Green Card”) by both U.S. and Canadian Immigration. This is also easy!

Geological Association of Canada and Mineralogical Association
of Canada members welcome to register at the GSA members
rate!

GSA MEETINGS

TORONTOTORONTO1998 Annual Meeting
ASSEMBLY OF A CONTINENT
Call for Papers and First Announcement in the April issue of GSA Today. 

Registration and Housing information in the June issue of GSA Today.

TRAVEL GRANTS FOR 
STUDENT MEMBERS OF GSA
The GSA Foundation has awarded
matching grants to the six GSA sections.
The money, when combined with equal
funds from the sections, is used to
assist student members of GSA travel-
ing to GSA meetings. The following sec-
tions offer assistance to the Annual
Meeting in Toronto. The remaining two
sections, Cordilleran and Rocky Moun-
tain, offer assistance to their section
meetings. For information and dead-
lines, contact your section secretary.

■ North-Central: Robert F. Diffendal, Jr.
(402) 472-7546, rfd@unlinfo.unl.edu

■ Northeastern: Kenneth N. Weaver
(410) 554-5532, kweaver438@aol.com

■ South-Central: Rena M. Bonem
(254) 710-2361, 
Rena_Bonem@baylor.edu

■ Southeastern: Harold H. Stowell
(205) 348-5098,
hstowell@wgs.geo.ua.edu

See you in

Toronto!

28 GSA TODAY, July 1998



Call for Papers: April and June GSA Today

Registration and Housing 
information: June GSA Today

Technical Program Schedule:
September GSA Today
and the Web

Preregistration Deadline: September 18

FUTURE MEETINGS
2000 Reno, Nevada 

November 13–16
2001 Boston, Massachusetts 

November 5–8
2002 Denver, Colorado 

October 28–31
2003 Seattle, Washington

November 2–5
For information on any GSA
Meeting call the GSA Meetings
Department.
1-800-472-1988 or
(303) 447-2020, ext. 113
meetings@geosociety.org
Or see GSA’s Web page at
http://www.geosociety.org

1999 
Denver, Colorado

October 25–28
Colorado Convention Center
GENERAL CO-CHAIRS

Mary J. Kraus, David Budd, University
of Colorado

TECHNICAL PROGRAM CHAIRS

Craig Jones, G. Lang Farmer, University
of Colorado

Due date for symposia
and theme proposals:

January 6, 1999

CALL FOR FIELD TRIP PROPOSALS

We are interested in proposals for
single-day and multi-day field trips
beginning or ending in Denver, and
dealing with all aspects of the geo-
sciences. Please contact the Field Trip
Co-Chairs:

Alan Lester
Department of Geological Sciences
University of Colorado
Campus Box 399
Boulder, CO 80309-0399
(303) 492-6172
fax 303-492-2606
alan.lester@colorado.edu

Bruce Trudgill
Department of Geological Sciences
University of Colorado
Campus Box 399
Boulder, CO 80309-0399
(303) 492-2126
fax 303-492-2606
bruce@lolita.colorado.edu

GSA Annual Meeting
October 26–29, 1998, Toronto, Ontario
Metro Toronto Convention Centre

Exciting new data or
breakthroughs 
over the summer?
Present your work at the GSA Annual Meeting this fall!

Special instructions for submitting an abstract for the Late-Breaking Research Sessions:
◆ An abstract on late-breaking research may be submitted electronically after 

September 1 until midnight, September 30, 1998.
◆ Abstracts may not be submitted on paper or by e-mail; they must be submitted

using the Web form:    http://www.geosociety.org/meetings/98
◆ Space will be limited and selection will be based on scientific merit.
◆ The author must provide a brief explanation of why the abstract deserves consider-

ation after the usual deadline for this meeting.
◆ The presentation will be poster mode only, and will be put with the appropriate

discipline poster session. These posters will be advertised as “Late-Breaking
Research,” with booth number, at session entrances.

◆ Because of scheduling limitations, the policy is that only one volunteered paper
may be presented in either oral or poster mode for the overall meeting. If you
already had a volunteered abstract accepted, please do not submit another—even if
the second one is “news.”

Abstract Fee: For this meeting, a nonrefundable abstract fee of $50 must accompany
each Late-Breaking Research abstract submitted. Our Web-template form will ask for
credit-card information. We have installed one of the best-known and most respected
secure server systems for transmission of your credit-card data to fully protect your
confidential information.

Schedule: Abstracts will be reviewed by the Technical Program Chairs for 1998 and
1999. Electronic acceptance notices will be sent out the first week in October with the
place and time of presentation. The date and time will depend on where your paper
best fits scientifically. We will try to provide a time for your paper together with others
of similar relevance.

Publication: These abstracts will be published on the Web along with the other
annual meeting abstracts, and paper copies will be made available on site in Toronto.
They will not be published in the Abstracts with Programs volume.

Announcing …
Late-Breaking

Research 
Sessions 

Register

Today!
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Published on the 1st of the month of issue. Ads (or can-
cellations) 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:acrawfor@geosociety.org. Please include com-
plete 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 prepayment
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

HYDROGEOSCIENCE, VIRGINIA TECH
The Department of Geological Sciences at Virginia Poly-
technic Institute and State University (Virginia Tech)
extends its search for an Assistant Professor (tenure-
track) in Hydrosciences.

The successful candidate must have expertise in data
collection and quantitative analysis of field observations.
Areas of interest include: Environmental geochemistry of
natural aquifer systems in sedimentary and fractured crys-
talline terranes, multiphase fluid flow in aquifer systems
using deterministic and stochastic techniques, determinis-
tic/stochastic modeling of fluid-flow systems in petroleum
reservoirs.

A Ph.D. is required at the time of appointment. Applica-
tion closing date is September 1, 1998. Interested appli-
cants should send a letter of interest, curriculum vitae,
transcripts, names of three references, a statement of
anticipated research and teaching interests, along with a
short essay explaining where the applicant would like to
see him/herself within the geosciences in the 21st century.
Applicants should send their application package to Cahit
Coruh, Chairman, Department of Geological Sciences,
Virginia Tech, 4044 Derring Hall, Blacksburg, VA 24061-
0420; Phone: (540) 231-6894; fax: 540-231-3386; E-mail:
coruh@vt.edu. For detailed information about the Depart-
ment, applicants are encouraged to visit the Department's
Home Page at http://www.geol.vt.edu/.

Virginia Tech is an equal opportunity/affirmative action
employer.

HARVARD UNIVERSITY
DEPARTMENT OF EARTH & PLANETARY SCIENCES

JUNIOR FACULTY POSITION
The Department of Earth and Planetary Sciences at Har-
vard University seeks to fill a tenure track position at the
assistant or untenured associate professor level. We are
interested in candidates who investigate the processes
and evolution of the Earth and planets through studies of
the physical and chemical properties of rocks, minerals,
and melts. The selected candidate will be expected to
develop a strong research program and to teach at the
undergraduate and graduate levels. Applicants should
send a statement of research and teaching interests, cur-
riculum vitae and the names of three referees to Prof.
Roberta Rudnick, Chair, Petrology Search Committee,
Department of Earth and Planetary Sciences, Harvard
University, 20 Oxford Street, Cambridge, MA 02138.
Applications should be received by September 15, 1998.
We particularly encourage applications from women and
minorities. For more information about the department you
may visit our web site at: www.eps.harvard.edu.

UCLA
NEOTECTONICS FACULTY POSITION

The Department of Earth and Space Sciences, University
of California, Los Angeles, invites applications for a ladder
faculty position at the assistant or associate professor
level in the general areas of neotectonics, paleoseismol-
ogy, quantitative geomorphology, and surficial processes.
We are particularly interested in candidates who can inte-
grate field observations with one of the following disci-
plines: (1) quantitative modeling of landform evolution due
to interaction of neotectonics and surficial processes, (2)
monitoring surface deformation and evolution using space
geodetic techniques (e.g., radar interferometry, SPOT
imagery, GPS), (3) modeling crustal and mantle dynamics
using patterns and histories of Quaternary land surface
deformation, (4) earthquake hazard assessments, and (5)
Quaternary chronology of land surfaces and dating offset
geologic features along active faults. The Department has
active programs in monitoring and forecasting of southern
Californian earthquakes, the tectonics of Asia and North
American Cordillera, mantle dynamics, and planetary sci-
ences. Interested applicants should send a resume, a list
of three references, and other relevant documentation to:
Neotectonics Search Committee, Department of Earth and
Space Sciences, P.O. Box 1567, University of California,
Los Angeles, CA 90095-1567.

Deadline for applications is September 1, 1998. The
University of California is an equal opportunity employer.

CRUSTAL SEISMOLOGIST
The Department of Geosciences within the Penn State
University's College of Earth and Mineral Sciences (EMS)
invites applications for a tenure-track faculty position in
the area of Crustal Seismology. Of particular interest are
individuals involved in the acquisition, analysis, and inno-
vative use of seismic data (active or passive source) for
solving problems in structure, evolution, and active tec-
tonic processes of the crust, earthquake source dynamics,
and/or natural hazards.

This position is part of a focused initiative in the area of
Geodynamics that includes the potential in the future for
up to three additional faculty hires in rheology, crustal
geodynamics, and observational crustal deformation. The
successful candidate will join a geodynamics group with
research activities in seismilogy, lithospheric geodynam-
ics, surface processes, active tectonics, and structural
geology. Opportunities exist to participate in our Applied
Geosciences program and/or the college-wide Center for
Natural Hazards Research in the EMS Environment Insti-
tute. Applicants should demonstrate the potential for
developing a funded research program and high-quality
teaching. A Ph.D. is required at the time of appointment.
We expect to fill this position at the Assistant Professor
level, but appointment at an Associate Professor level is
possible in exceptional cases. The search process begins
immediately and will continue until suitable candidates are
identified.

Applications should include a complete resume, exam-
ples of published work, a statement outlining teaching and
research interests, and the names and addresses of at
least four (4) individuals who could provide references.
Send application materials to: Geosciences Search Chair-
man, The Pennsylvania State University, Department of
Geosciences, 503G Deike Building, University Park, PA
16802. AA/EOE.

STRUCTURAL GEOLOGY – PETROLEUM GEOLOGY
WEST VIRGINIA UNIVERSITY

The Department of Geology & Geography invites applica-
tions for a tenure-track faculty position in structural geol-
ogy. The appointment will be at the level of beginning
assistant professor, effective January or August 1999, and
the Ph.D. degree is required at the time of appointment.
We are seeking an individual who is adept in both quanti-
tative and field approaches to geological research and
teaching. This individual will be expected to collaborate
with others in the department and to establish linkages
with the petroleum industry. The successful candidate will
have demonstrated research capabilities in structural
geology and petroleum geology, and he or she should be
able to effectively teach undergraduate courses in these
two fields and supervise M.S. and Ph.D. students. The
candidate should be able to teach a large section of intro-
ductory geology and to participate in the team-teaching of
our capstone field camp. In addition, the successful candi-
date must attract external research funding. Additional
information is available on-line at http://www.geo.wvu.edu.

Interested candidates should submit a curriculum vitae
including a list of publications, grants, a statement of

teaching and research interests, transcripts from graduate
schools, and contact information for five references to: Dr.
Richard Smosna, Chair of Search Committee, Department
of Geology & Geography, Box 6300, West Virginia Univer-
sity, Morgantown, WV 26506. Review of applications will
begin on September 1, and will continue until the position
is f i l led. West Virginia University is an equal
opportunity/affirmative action employer.

THE UNIVERSITY OF NEW BRUNSWICK
ECONOMIC GEOLOGIST

Applications are invited for the CHAIR IN ECONOMIC
GEOLOGY to be appointed at the Assistant Professor
level. The position is at this time supported for a 4 year
term. As a priority position within the Department and Fac-
ulty of Science, it is intended to establish the Chair as a
tenure-track position at the earliest possible date. Respon-
sibilities will include undergraduate and graduate teaching
covering resource exploration, evaluation, and develop-
ment. The Department of Geology supports Geology,
Environmental Geochemistry, and Geological Engineering
programs, to which all faculty contribute. The Department
is particularly seeking a candidate who can integrate into
and complement existing research interests. Candidates
must have a Ph.D. at the time of appointment, with a
strong background in some aspect of mineral deposits
geology (e.g. mineral exploration science, stable isotopes,
ore genesis). The successful candidate is expected to
develop a research focus on mineral deposits and other
economic/resource geology topics through an externally
funded research program.

The Department of Geology is involved in rejuvenation
of its faculty and anticipates significant opportunities for
the successful candidate. Research facilities include
microprobe, analytical SEM & TEM, XRD, high-tempera-
ture geochemistry lab, AA/graphite furnace/ICP and GIS
lab.

Given suitable candidates, the position is available as
of July 1, 1998. It is intended to fill the position by January
1, 1999.

In accordance with Canadian immigration require-
ments, this advertisement is directed to Canadian citizens
and permanent residents. Applicants are asked to provide
a curriculum vitae, a statement of teaching and research
plans, and arrange for three letters of recommendation to
be sent directly to: Dr. Joseph C. White, Chair, Depart-
ment of Geology, University of New Brunswick, 2 Balley
Drive, Fredericton, NB E3B 5A3 CANADA.

The University of New Brunswick is committed to the
principle of Employment Equity.

THE OHIO STATE UNIVERSITY
DIRECTOR, BYRD POLAR RESEARCH CENTER

The Byrd Polar Research Center (BPRC) enjoys an inter-
national reputation as a premier polar and alpine research
center with an expanding focus on global enviromental
issues. Its mission is to conduct multi-disciplinary
research, offer enhanced educational opportunities, and
provide outreach activities that build and strengthen
OSU's programs in Polar Processes and Earth System
Science. This mission is carried out by providing research
facilities and expertise complementary to those in OSU's
academic departments and by offering a unique interdisci-
plinary perspective for study of the Earth system and inter-
actions among its components. The BPRC has approxi-
mately 40 active scientists conducting research in six
major areas: Geology, Glacier Dynamics, Ice Core Paleo-
climatology, Polar Meteorology, Remote Sensing, and
Environmental Chemistry. In addition, the BPRC has an
active Archival Program that preserves important collec-
tions such as the papers of Admiral Richard E. Byrd, Sir
Hubert Wilkins, and Dr. Frederick Cook. More information
about each of these research programs and other Center
activit ies is on the BPRC's Website (http://www-
bprc.mps.ohio-state.edu). During the next 5–10 years,
BPRC's goal is to continue the pursuit of excellence in
existing research programs and increase its national and
international recognition in the areas of understanding cli-
mate variability, detecting and interpreting changes in
modern physical and biological systems, and predicting
future environmental changes and their consequences for
society. To realize these goals, we envision a growth of
the Byrd Center and a broadening of its research focus to
provide a more global perspective.

The Director will provide leadership to the Center and
will be responsible for its day-to-day operation. A faculty
appointment will be made at the appropriate level within
one of the affiliated Departments (e.g., Civil and Environ-
mental Engineering and Geodetic Science, Geological
Sciences, Geography, Chemistry). The Director will pro-
vide leadership in strengthening existing research pro-
grams, developing research in new areas, encouraging
collaborative activities within the Center and the 
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University, and fostering relations with current funding
agencies (NSF, NASA, NOAA, etc.) as well as actively
exploring other funding opportunities. The Director is
expected to develop outreach activities within the Univer-
sity, as well as within the local community. The successful
candidate should have an established national and inter-
national stature in Earth System Science research as evi-
denced by an outstanding record of recent publications
and competitive research funding, and she/he is expected
to maintain a vigorous research program. To apply, send
a curriculum vitae, a statement of research interest, a
description of relevant management experience, and the
names of three references to Chair, Search Committee for
BPRC Director, Office of Research, The Ohio State Uni-
versity, 208 Bricker Hall, 190 N. Oval Mall, Columbus, OH
43210. The Search Committee will begin reviewing appli-
cations immediately and continue until a suitable candi-
date is found.

The Ohio State University is an equal opportunity/affir-
mative action employer. Women, minorities, Vietnam-era
veterans, disabled veterans, and individuals with disabili-
ties are encouraged to apply.

INFORMATION SERVICES DIRECTOR
CENTER FOR EARTHQUAKE RESEARCH AND
INFORMATION (CERI) AT THE U. OF MEMPHIS

We seek a creative and enthusiastic person with excellent
qualifications to coordinate and implement our public edu-
cation and outreach programs. The ISD will coordinate
activities with other agencies (e.g., The Mid-America
Earthquake Center, USGS, IRIS, SCEC). Duties include:

developing and presenting public programs about earth-
quakes; designing and producing brochures and pam-
phlets; directing the Internet presentation of education and
outreach materials about seismic hazards in the central
U.S. The ISD is the principal contact for public inquiries to
CERI and coordinates information flow to media and
response/emergency management officials during earth-
quake emergencies. Other duties include: writing grant
proposals to fund education and outreach activities, and
conducting and attending workshops with CERI's cus-
tomers. The ISD will supervise CERI outreach and educa-
tion personnel. Applicants should hold a Master’s Degree
in one of two tracks: 1) Science Education, Communica-
tion, Marketing, etc., or 2) Earth Sciences or Engineering.
Position requires three years experience dedicated to sci-
entific education, outreach and/or disaster planning, or an
equivalent combination of education and experience.
Compensation is commensurate with experience and
qualifications, and includes an excellent benefits package.
The application deadline is July 15, 1998, or until filled.
Request application information from the Department of
Human Resources, 108 Jones Hall, Phone: (901) 
678-2601.

The University of Memphis, Memphis, TN 38152.
Equal Opportunity/Affirmative Action Employer.

POSITION OF STATE PALEONTOLOGIST OF UTAH
UTAH GEOLOGICAL SURVEY

The Utah Geological Survey (UGS) invites applications for
the position of State Paleontologist of Utah (Senior Geolo-
gist). This position begins approximately November 1,

1998. Duties of the position include: (1) conduct field sur-
veys, excavations, laboratory research, and curation, and
publish results in house and in outside publications; (2)
pursue funding and prepare proposals for priority paleon-
tology projects; (3) advise the Director of the UGS on
paleontological issues of local, state, and national signifi-
cance; (4) issue permits for paleontological excavations;
and (5) promote the paleontology of Utah through collabo-
ration with other paleontologists, cooperation with Utah
museums, support and guidance of amateur organiza-
tions, and supervision of volunteers. Preference will be
given to individuals with an advanced degree in geology
(paleontology specialty) or other earth science degree and
experience in excavation and laboratory preparation of
vertebrate fossil specimens. The UGS has just completed
a new specimen preparation laboratory. Minimum starting
salary $34,278 with an excellent benefit package. Submit
a resume and Utah Skill Match cover sheet (which can be
found at www.ugs.state.ut.us; or obtained from Cheryl
Ostlund at (801) 537-3300) to Department of Human
Resource Management, 2120 State Office Building, Salt
Lake City, UT 84114. On the top right hand corner of the
Utah Skill Match cover sheet please enter 8NR9UG in the
blank for the source code. In addition, applicants may con-
tact the Department of Natural Resources Human
Resource office at (801) 538-7210 to ensure consideration
for this position. The State of Utah is an equal opportunity
employer.

1998 Penrose Conferences
July 
July 4–11, Processes of Crustal Differentia-
tion: Crust-Mantle Interactions, Melting,
and Granite Migration Through the Crust,
Verbania, Italy. Information: Tracy Rushmer, Dept.
of Geology, University of Vermont, Burlington,
VT 05405, (802) 656-8136, fax 802-656-0045,
trushmer@zoo.uvm.edu.

September
September 13–17, Ophiolites and Oceanic
Crust: New Insights from Field Studies and
Ocean Drilling Program, Marshall, California.
Information: Yildirim Dilek, Dept. of Geology,
Miami University, Oxford, OH 45056, (513) 
529-2212, fax 513-529-1542, dileky@muohio.edu.

1999 Penrose Conferences
January
January 18–24, Strike-slip to Subduction Tran-
sitions on Plate Boundaries: Tectonic Set-
ting, Plate Kinematics, and Seismic Hazards,
Puerto Plata, Dominican Republic. Information:
Paul Mann, Institute of Geophysics, University of
Texas, Bldg 600, 4412 Spicewood Springs Road,
Austin, TX  78759-8500, (512) 471-0452, fax 
512-471-8844, paulm@utig.ig.utexas.edu.

March
March 25–31, Mid-Cretaceous to Recent Plate
Boundary Processes in the Southwest
Pacific, Arthur’s Pass, South Island of New
Zealand. Information: Suzanne L. Baldwin, 
Department of Geosciences, University of 
Arizona, Tucson, AZ 85721, (520) 621-9688, 
fax 520-621-2672, baldwin@geo.arizona.edu.

June
June 18–24, Terrane Accretion along the
Western Cordilleran Margin: Constraints on
Timing and Displacement, Winthrop, Washing-
ton. Information: J. Brian Mahoney, Department of

Geology, University of Wisconsin, Eau Claire, WI
54702-4004, (715) 836-4952, fax 715-836-2380,
mahonej@uwec.edu.

August
August 17–22, The Marine Eocene-Oligocene
Transition, Olympia, Washington. Information:
Donald R. Prothero, Department of Geology, Occi-
dental College, 1600 Campus Road, Los Angeles,
CA  90041, (213) 259-2557, fax 213-259-2704,
prothero@oxy.edu.  

1998 Meetings
July
July 23–25, 44th Annual Rocky Mountain
Mineral Law Institute, Snowmass Village at
Aspen, Colorado. Information: Mark Holland,
Rocky Mountain Mineral Law Foundation, 7039
East 18th Ave., Denver, CO 80220, (303) 
321-8100, fax 303-321-7657, info@rmmlf.org,
http://www.rmmlf.org.

September
September 3–6, 1998, Earth Stress and Indus-
try—The World Stress Map and Beyond
(Euroconference), Heidelberg, Germany. Infor-
mation: WSM Euroconference Office, Geophysical
Institute, University of Karlsruhe, Hertzstraße 16,
76187 Karlsruhe, Germany, fax: 49 721 71173,
wsm@gpiwap1.physik.uni-karlsruhe.de.

September 9–14, Association of Earth Science
Editors–European Association of Science Edi-
tors–Council of Biology Editors–GeoInfo VI,
Washington, D.C. Information: Barbara Haner, Sci-
ence & Engineering Library, 4697 Geology Bldg.,
University of California, Los Angeles, CA 90095,
(310) 825-1055, bhaner@library.ucla.edu, or
http://earth.agu.org/editorinfo98.

September 15–18, Western States Seismic 
Policy Council, 20th Annual Conference,
Pasadena, California. Information: Western States
Seismic Policy Council, 121 Second Street, 4th
Floor, San Francisco, CA  94105, (415) 974-6435,
fax 415-974-1747, wsspc@wsspc.org.

September 20–23, Ground Water Protection
Council Annual Forum, Sacramento, California.
Information: Ground Water Protection Council,

827 NW 63rd, Ste. 103, Oklahoma City, OK
73116, (405) 848-0690, fax 405-848-0722,
ben@gwpc.site.net, http://gwpc.site.net/
meetings.htm.

November
November 8–9, Geology, Mineralogy and
Human Welfare National Academy of Sciences
Colloquium, Irvine, California. Information and
registration: Edward Patte, National Academy of
Sciences, NAS-146, 2101 Constitution Ave., NW,
Washington DC 20418, (202) 334-2445, fax 202-
334-2153, epatte@nas.edu, http://www2.nas.edu/
abstract/20fa.html.

November 11–13, 20th New Zealand Geother-
mal Workshop, University of Auckland, New
Zealand. Information: Geothermal Institute, Uni-
versity of Auckland, Private Bag 92019, Auckland,
New Zealand, fax 64-9-373-7436, geo.wshop@
auckland.ac.nz.

1999 Meetings
January
January 24–27, Conference on Tailings and
Mine Waste, Fort Collins, Colorado. Information:
Linda Hinshaw, Dept. of Civil Engineering, Col-
orado State University, Fort Collins, CO 80523-
1372, (970) 491-6081, fax 970-491-3584 or 7727,
lhinshaw@engr.colostate.edu. (Abstracts deadline:
June 12, 1998.)

March
March 1–3, 13th International Conference
and Workshops on Applied Remote Sensing,
Vancouver, British Columbia. Information: ERIM
Geologic Conferences, Box 134008, Ann Arbor,
MI 48114-4008, (734) 994-1200, ext. 3234, 
fax 734-994-5123, wallman@erim-int.com,
http://www.erim-int.com/CONF/conf.html.
(Abstracts deadline: July 13, 1998.)

Send notices of meetings of general interest, in
format above, to Editor, GSA Today, P.O. Box 9140,
Boulder, CO 80301, E-mail: editing@geosociety.org.

Only new or changed information is
published in GSA Today. A complete listing
can be found in the Calendar section on
the Internet: http://www.geosociety.org.
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1998 ANNUAL MEETING AND EXPOSITION October 26–29, 1998

T
EDITED BY
Charles W. Welby and Monica E. Gowan, 1998
The 13 papers in this volume illustrate issues and
opportunities confronting geologists as they bring
their knowledge and understanding to bear in
matters related to public health and welfare. Public
decisions and decision-making processes in the face
of geologic complexity and uncertainty are the
subject of the first group of papers. In the second
group, several "voice of warning" papers illustrate the
use of geologic knowledge and research to warn the
public of health hazards derived from geologic
materials and processes.A third group of papers, in
the "voice of reason" section, describes use of
geologic knowledge to help lower the costs of
mitigation and avoidance of geologic hazards. Finally,
ethical and philosophical questions sometimes
confronting geoscientists are discussed in a fourth
group of papers, which address issues of "truth" as related to the legal process and questions
about the adequacy of information in making decisions about long-term radioactive waste
disposal.

REG012, 192 p., indexed, ISBN 0-8137-4112-2, $64.00, Member price $51.20

1-800-472-1988 www.geosociety.org
303-447-2020     fax 303-447-1133
GSA Publication Sales, P.O. Box 9140, Boulder, CO 80301

Volumes are 8-1/2" x 11", hardbound.
Prices include shipping and handling.


