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ABSTRACT

Sound provides a natural means
for exploring the ocean, but current
sonar systems, as used, for example,
in swath-mapping applications, do
not provide directly pictorial images
of the ocean depths. Such systems are
more akin to radar, which relies on
travel-time information to map the
environment. A new acoustic tech-
nique for providing real-time, visual
images of the interior of the ocean
is being developed, and results from
initial experiments at sea provide evi-
dence in support of the concept. The
imaging process relies on ambient
noise, or “acoustic daylight,” as the
source of illumination, the underly-
ing idea being analogous to photogra-
phy in the atmosphere with daylight
illuminating the subject. An object in
the noise field scatters the incident
sound, and the scattered field is
focused with an acoustic lens to form
an image on an array of transducers.
After signal processing, the acoustic
image is displayed as a pictorial
image on a television monitor. Acous-
tic “color,” characterizing the spectral
reflectivity of the object, could be
represented as artificially generated
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optical color in the display, and a
rapid refresh rate could yield moving
images much like those from a con-
ventional video camera. Acoustic
daylight imaging holds promise for
several underwater applications,
including mapping the topology and
geology of the seafloor.

INTRODUCTION

Daylight is strongly absorbed by
sea water: below a depth of a few tens
of metres the ocean is enveloped in
darkness. Lack of visibility seriously
impedes exploration of the ocean
depths and is one of the main reasons
why activities such as seafloor mapping
are so slow and costly. Artificial light
sources can be used at depth but, like
daylight, are heavily attenuated by the
medium, which limits the effectiveness
of all forms of optical illumination to
very short ranges. Turbidity, which
may be severe in shallow environ-
ments, exacerbates the problem by
reducing the range achievable with
optics effectively to zero.

Acoustic techniques for probing
the ocean are more promising than
light, because sea water is essentially
transparent to sound. As demonstrated
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Figure 2. Ambient noise spectra obtained with neoprene-faced targets “on,” "“off,” and absent.

recently in the Heard Island experi-
ment (Baggeroer and Munk, 1992),
sound, under the right circumstances,
can be transmitted and detected over
oceanic path lengths of tens of thou-
sands of kilometres. Traditionally,
acoustics is used in two ways in the
ocean: “passive” methods involve sim-
ply listening for the sound produced by
an object, such as a submarine, whereas
“active” systems transmit pulses of
sound and listen for returning echoes.
Swath-mapping sonar is an example

of an active systemn that is used in an
exploratory application, in this case
leading to the production of contour
or topographic maps of the bathymetry
(Macdonald et al., 1993).

Most acoustic systems used for
probing the ocean are based on some
form of active technology. This is
equivalent, in the case of a swath-map-
ping sonar, for example, to exploring
the surface of Earth in pitch darkness
using a flashlight; or more accurately,
using radar transmissions, which pro-
vide travel-time information but no
direct visual image. In the circum-
stances, it is not surprising that ocean
exploration is such an arduous activity.
Because sonar systems do not yield
pictorial images directly, considerable
computational effort or a high level of
skill and experience is required to inter-
pret their output. Such systems are far
from being the underwater equivalent
of a conventional photographic or
video camera in the atmosphere.

In fact, optical imaging, which is
so familiar in the atmosphere, has at
present no acoustic analogue in the
ocean. Conventional images, as formed
by the human eye or a photographic

camera, are possible because the pres-
ence of an object modifies the ambient
illumination by scattering the incident
radiation. When the scattered light is
focused by an optical lens onto a focal
surface (retina or film), an image is cre-
ated. An essential ingredient in this
process is the illuminating field which,
under natural conditions in the atmos-
phere, is daylight. Although it embod-
ies elements and advantages of both,
photographic imaging with daylight

is neither an active nor a passive tech-
nique: the objects being imaged are
not intrinsic radiators, nor is the object
space illuminated by an artificial light
source.

Photography, both still and video,
is an extremely effective method of
communicating information, as exem-
plified by the news media, advertising,
and television. An analogous acoustic
system for creating pictorial images of
objects in the ocean could show similar
potential. For reasons that may be asso-
ciated with the evolution of sonar, such
a system has never been developed; it
is, however, feasible.

ACOUSTIC DAYLIGHT

Ambient noise in the ocean is
the analogue of daylight in the atmo-
sphere. Both are incoherent, random
fields of radiation propagating in all
directions, although the source mecha-
nisms in the two cases are obviously
different. The oceanic noise field is
produced by numerous natural sources,
including breaking waves, bubbles,
spray, and precipitation (Kerman, 1988,
1993), in addition to shipping, offshore

Vision continued on p. 100
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Geology: A Truly International Activity

Kevin Burke, Department of Geosciences, University of Houston—Past President, International Division

In the early 1950s at the award
ceremony of the Geological Society
of London, I recall a tall, handsome,
blond young man, a counselor from
the Swedish Embassy, standing in for
Erik Jarvik, who could not come to
collect a medal. In his short speech, he
referred to scientists as “the only truly
international community,” a statement
with strong political overtones at that
time in Europe. This statement, how-
ever, is more applicable than ever to
geologists in these times of global poli-
tics and global change, when perspec-
tives are continually being altered.

GSA’s International Division is
active in this changing world in several
ways, most of which reflect the energy
and enthusiasm of one person or a
small number of individuals. Here,

I review some of these efforts.

Our division membership is small
when compared with the number of
GSA members who have international
interests. If, in scanning this article,
you recognize some activity that you
would like to share in or notice some
activity that we are missing, think
about joining us. Our dues are low, and
we try to transfer any balance to a dedi-
cated fund in the GSA Foundation that
we hope will eventually allow us to do
more of the things that we would like
to do.

INTERNATIONAL
STUDENTS

Our students committee is the
brainchild of Jim Skehan, Division
second vice president. The committee
has helped Australian and European
students arrange field trips in the
United States, and it operates a
“Geopals” program in which people
make a deductible contribution to the
Society that enables a named student
from abroad to receive one or more of
the Society’s journals. Lindgren Chyi
of the University of Akron assumed
responsibility for the students commit-
tee while Jim was involved in organiz-
ing the Boston Annual Meeting.

With the great influx of students
from eastern Europe, Russia, and
China, the students committee has
some new challenges. A good deal of
early effort focused on students from
the developing nations in the southern
tier; while the problems of those com-
munities have not declined, a whole
set of new problems has arisen.

AGID LINKS

The Division maintains close links
with AGID, the Association of Geosci-
entists for International Development.
AGID was one of the great interests of
Bill Greenwood, our former president,
whose unexpected death in July 1992
left a large gap. Sandra Barr from Aca-
dia University in Wolfville, Nova Sco-
tia, has been a vice-president of AGID
and is an active member of the divi-
sion. This year we have been fortunate
that Fred Simon of the U.S. Geological
Survey in Reston, Virginia, new Divi-
sion secretary-treasurer (whose work is
involved with developing nations) has
also agreed to play an informal role in
keeping AGID in close touch with the
Division.

BOOKS FOR ABROAD

The Division has been collaborat-
ing with the Geoscience Information
Society on a critical aspect of education
in the developing countries. That soci-

ety has led the way in letting geologists
know how best to send technical books
and journals to countries where they
are needed desperately. Readers of GSA
Today may recall the publication of a
list of names and addresses of organiza-
tions that can handle such material.
That list appeared in an article by
Claren Kidd of the University of OKla-
homa in the July 1992 issue. We plan
to publish updated versions of this list
periodically.

ANNUAL MEETING
ACTIVITIES

One of the beliefs of the founders
of the Division was that it should be
easier for GSA members to learn more
about developments in the geological
understanding of remote parts of the
world. At Cincinnati in 1992, we
jointly sponsored a session with the
Engineering Geology Division on
problems in Latin America and the
Caribbean. In 1993 at Boston both a
short course on the geology of Asia
and sessions on the Himalayas were
presented. A short course on the island-
arc geology of Japan and a theme ses-
sion on circum-Pacific geology are
planned for the 1994 Seattle meeting.
Sponsoring an international field trip
in association with the 1995 New
Orleans annual meeting is being
investigated.

PUBLICATIONS IN FOREIGN
LANGUAGES

A topic that has come up at annual
meetings of the Division is the publica-
tion of papers, particularly on remote
and poorly known areas, in a form that
is both accessible and comprehensible
to members of our Society. To a consid-
erable extent, this happens already
through scholarly cooperation between
GSA members and colleagues from
remote nations. There are also a num-
ber of cover-to-cover translation jour-
nals. Brian Skinner, past president of
the Division, has been working with
the publisher of International Geology
Review (IGR), a journal that for the past
35 years has published selected transla-
tions from Russian journals, to expand
the geographic coverage and the topi-
cal scope of that journal. This initiative
addresses the same problem of commu-

nication in a different way. Brian and

I have agreed to become editors of a
reorganized IGR, and I am quite excited
about the possibilities. Please contact
Brian at Yale University or me at the
University of Houston to hear more
about this.

LINKS WITH NATIONAL
GEOLOGICAL SOCIETIES ON
OTHER CONTINENTS

In 1992, the GSA Council
approved a set of guidelines, drafted
within the Division, addressing ways
in which our Society might forge for-
mal and informal links with peer
groups on other continents. These
guidelines were published in GSA Today
in September 1992, and additional
copies are still available from the exec-
utive office in Boulder. With tremen-
dous help from GSA Executive Direc-
tory Mike Wahl and his staff, I worked
to contact the presidents of several
foreign societies as an experiment to
see how implementation of these
guidelines might be initiated.

We told the presidents of these
societies of the GSA Council’s decision
and sent them copies of the guidelines,
suggesting that we would welcome a
start in exploring what kinds of cooper-
ation might be both practicable and
effective. We have had a good response.
Indian, Belgian, British, German,
Namibian, Venezuelan, French, Bul-
garian, and Swiss societies are among
those that have responded. Some of the
areas in which collaboration seems
possible are simple. For example, the
exchange of calendars for a year or
more ahead allows societies to publi-
cize each other’s activities. You will
see evidence of this in the columns
of GSA Today.

Some of the other kinds of coop-
eration require individual effort by
members. Someone who lives in North
America and is a member of both GSA
and a national society on another con-
tinent can promote collaboration. We
are just beginning to identify people
who might fill the bill. Any reader
who feels that he or she could help and
would like to volunteer should contact
one of the officers of the Division.

International continued on p. 102

how these rivers should be managed.

G&PP Committee and IEE
Sponsor Symposium in Durango

The Geology and Public Policy Committee and the Institute for
Environmental Education (IEE) will cosponsor a symposium on May 5,

1994, at the GSA Rocky Mountain Section meeting in Durango, Colorado. The
symposium, Geoscience Contributions to Water-Resource Decision-Making in
the Southwest, is organized by John C. Schmidt of Utah State University.

Water-resource development has been a crucial element of the growth of agri-
culture, industry, and municipalities in the American Southwest. The geosciences
have traditionally played an important role in providing basic earth science and
hydrologic understanding that has been used to construct and manage dams,
reservoirs, and diversions. In the past 20 years, geoscientists have become in-
creasingly involved in issues concerning management of in-stream values of
stream reaches below reservoirs and diversions. Speakers at this symposium
will present the results of various approaches within the geosciences that are
being actively used to address issues such as management of riparian corridor
resources in Grand Canyon National Park, management of endangered fish
habitat, management of coarse debris in white-water streams, and develop-
ment of in-stream flow rules for mountain streams. Other papers will concern
the appropriate role of geoscientists in addressing the needs of the engineering
community and the needs of the general public in current debates about
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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 process, and international
interactions that could impact the geoscience community. In future issues,
Washington Report will present summaries of agency and interagency programs,
track legislation, and present insights into Washington, D.C., geopolitics as they

pertain to the geosciences.

Women Scientists and Engineers in
Government and Industry:
What Does the Future Hold?

Women scientists and engineers,
already in short supply in the federal
government, may be affected dispro-
portionately by the Clinton admini-
stration’s effort to reduce the size of
government by 252,000 employees.
Estimates of the number of targeted
jobs to be cut from the larger depart-
ments and agencies are: Defense—
102,000; Treasury—19,000; Veterans
Administration—185,700; Agriculture—
14,000; Health and Human Services—
13,900; Justice—12,500; Interior—
9600; Transportation—8500;
Energy—4700; Commerce—3800;
Environmental Protection Agency—
3400; State—3400; Labor—2900; Gen-
eral Services Administration—2900;
Housing and Urban Development—
2700; Office of Personnel Manage-
ment—1650; and Education—1600.
Additionally, smaller agencies, commis-
sions, and the like would lose about
29,000 jobs. Most cuts would come
in fiscal years 1995 through 1997.

Agriculture, Interior, Energy, and
Commerce, home to many of the fed-
eral government'’s female scientists
and engineers, especially those with
earth science expertise, are targeted for
a reduction of more than 32,000 jobs.
Although the announced target group
for a significant percentage of the
reduction is mid-level managers—
generally middle-aged, white males—
the federal government’s complicated
regulations pertaining to civil service
seniority, job protection, and bumping
may result in much of the reduction
affecting younger women scientists and
engineers. Ironically, recent successful
efforts to negate decades of gender
inequity in federal hiring have resulted
in women making up a significant per-
centage of professional scientists and
engineers with less than ten years of
government service. Because the final
determination of who will lose their
jobs may ultimately come down to an
equation based on years of service and
veteran'’s preference, reinventing gov-
ernment may take a disproportionate
toll on a group that had been identified
as potential primary beneficiaries of
improvements in government.

An example of how one earth sci-
ence organization is being affected by
the Clinton administration’s effort to
reinvent government can be seen in
the proposed reductions for the U.S.
Bureau of Mines (USBM) beginning in
fiscal year 1995. President Clinton has
requested $150.7 million for USBM in
the FY 1995 budget, down $19.7 mil-
lion (11.5%) from the FY 1994 appro-
priation. The “keystone” of the FY
1995 changes will be the consolidation
of more than a dozen field complexes
into five new “Centers of Excellence.”
The focus of these centers will be envi-
ronmental remediation, pollution pre-
vention and control, health and safety,
materials research partnerships, and
minerals information. The Alaska Field

Operations Center (offices in Anchor-
age and Juneau) and research centers
in Rolla, Missouri, and Tuscaloosa,
Alabama, will be closed. The Inter-
mountain Field Operations Center, the
Minerals Availability Field Office, and
the Denver Research Center (all in
Denver, Colorado), will be consoli-
dated. In all, USBM will lose 211 jobs,
decreasing in size by 9.3% from the FY
1994 appropriations level of 2272 full-
time-equivalent (FTE) employees to a
proposed 2061 FTEs for FY 1995.

Concurrently, in accord with the
philosophy of the National Perfor-
mance Review, USBM will “eliminate
at least one management layer” in
field and headquarters offices, establish
internal and external review processes,
increase contracting and partnerships
to strengthen research activities, and
integrate the functions of the Mineral
Institutes into the USBM research pro-
gram. In FY 1995, the USBM budget for
research will be $96.4 million, includ-
ing a $3.8-million increase in environ-
mental research that is aimed primarily
at hazardous waste treatment technolo-
gies, particularly in the West. Efforts in
minerals and material science will cen-
ter on industrial process and materials
development to promote economic
growth and reduce environmental
problems.

Two recently released reports also
provide some very significant informa-
tion about the present and future status
of women in science and engineering.
The first, Women Scientists and Engineers
Employed in Industry: Why So Few? was
released early this year by the National
Research Council’s (NRC) Committee
on Women in Science and Engineering
(CWSE). The report summarizes the
findings of a CWSE conference held in
January 1993. Among the report’s reve-
lations: women made up only 12.3%
(1988 statistics) of the scientists and
engineers employed in industry, in
spite of the fact that women compose
about 45% of the total work force and
about 16% of the science and engineer-
ing (S&E) work force. This disparity
results largely from women receiving
substantially fewer S&E degrees than
do men at all academic degree levels.
Although the percentage and number
of women receiving S&E degrees has
increased significantly during the past
three decades (40% of S&E bachelor’s
degrees, 31% of S&E master’s degrees,
and 28% of S&E doctorates in 1989, up
from <24% of S&E bachelor’s degrees,
<14% of S&E master’s degrees, and 8%
of S&E doctorates in 1966), women still
receive less than one-third of all S&E
degrees.

The report documents the barriers
that women encounter throughout
their careers in industry, starting at the
job-search level. Limited access to job
information is typical, because com-
mon recruitment and hiring practices
“make extensive use of traditional net-
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works,” which frequently overlook the
available pool of qualified women can-
didates. After starting employment,
women commonly encounter paternal-
ism, sexual harassment, allegations of
reverse discrimination, gender inequity
in assessing production standards,
lower pay for equal performance, a
“glass ceiling” in job assignments, and
open hostility from male co-workers
and a male-oriented corporate culture.
The report documents that the attrition
rate for women scientists and engineers
pursuing careers in S&E is more than
double that for men and significantly
higher than that for other employment
sectors. The multiplicity of obstacles
and stumbling blocks that the report
describes likely is a significant factor
contributing to this excessive attrition.
Establishing women’s networks and
developing a productive mentoring
system could significantly improve the
success of women scientists and engi-
neers in industry; however, conference
attendees agreed that “of paramount
importance for the retention of women
scientists and engineers” is “attention
to work-family issues.”

The second report, Pathways for
Women in the Sciences: The Wellesley
Report, Part I, prepared by Paula Ray-
man and Belle Brett and published
by the Wellesley College Center for
Research on Women, analyzes and
documents factors that draw Wellesley
College women to the fields of science
and mathematics. The study was de-
signed to identify the factors associated
with (1) a woman’s initial choice to
pursue science in college and (2) her
retention in the sciences after college.
Funded by the Alfred P. Sloan Founda-
tion, the report investigates decision-

related factors at three critical junctures
in the life of the women participants:
when they enter college, when they
select a major, and when they make
early career decisions. To develop infor-
mation about initial choice, data were
drawn from 534 members of the Wel-
lesley class of 1995 through responses
to questionnaires. For information
about retention, all science and mathe-
matics graduates were sampled in the
classes of 1983-1991

Among its many findings, the
study determined that interest in sci-
ence and mathematics as a career was
developed prior to the college years.
Few women declared science as a major
if they had not expressed an interest in
science upon entering college. Most
women who were not science majors
were not rejecting science; rather, they
majored in disciplines that they found
more interesting. The report found that
women who continue in science are
much more likely to prefer subjects
with precise answers than subjects with
multiple interpretations. Students and
alumnae in science were more likely
than students in other disciplines to
have received encouragement from
multiple sources to pursue science.
Encouragement from parents is very
important—from mothers as well as
fathers. About two-thirds of the women
in the classes of 1983-1991 who chose
careers in science have remained in the
sciences.

The authors plan to expand their
sample to include science and mathe-
matics graduates in the classes of
1968-1982. Information about the
report can be obtained by calling the
Wellesley College Center for Research
on Women at (617) 283-2500. B
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Vision continued from p. 97

engineering activities, and marine
mammals (Urick, 1983). An object in
the noise field scatters some of the inci-
dent radiation, suggesting, by analogy
with photography, that the ambient
noise could be the basis of an “acoustic
daylight” imaging system.

Producing an acoustic daylight
image requires an acoustic lens to focus
the scattered sound onto a focal sur-
face. The lens could be a reflector,
refractor, or phased array. Differences
in acoustic intensity across the focal
surface constitute the image, making
acoustic daylight imaging an incoher-
ent technique that, unlike holography,
for example, does not rely on phase
information to produce the image.
(With a phased array as the acoustic
lens, the phasing is important only for
steering the beams). Once the acoustic
image has been formed, the intensity
distribution across the focal surface
would be displayed as a familiar picto-
rial image on a television monitor.

The ambient noise frequencies use-
ful for imaging lie between 5 and 100
kHz, where the upper limit is dictated
by the onset of thermal noise arising
from thermal agitation of the water
molecules (Mellen, 1952). Thermal
noise, a localized, microscopic phe-
nomenon, is not a radiating acoustic
field and hence cannot be used for
imaging. At a frequency of 25 kHz, near
the (geometric) center of the operating
band, the acoustic wavelength is 6 cm,
which is approximately five orders of
magnitude greater than the wavelength
of visible light. Inevitably, this means
that the resolution of acoustic daylight
images will be inferior to that of their
optical counterparts. In fact, the lower
limit of 5 kHz for acoustic daylight
imaging is set, rather arbitrarily, at a
frequency below which the angular
resolution of the lens is deemed to be
unacceptably low.

The (dilated) pupil of the human
eye is about 10 000 optical wavelengths
in diameter, which accounts for the
remarkable acuity of human vision.

To achieve similar angular resolution
with an acoustic daylight system would
require an acoustic aperture of the
order of 600 m, which is not practical
for a variety of reasons. An aperture of
10 m—i.e., approximately 200 acoustic
wavelengths, is about the largest that
could be achieved in the immediate
future. Although not of optical quality,
an image from such a system would be
by no means unacceptable. Moreover,
image enhancement techniques offer
the prospect of improving the per-
ceived sharpness of the final image.

At 25 kHz the attenuation of
sound in sea water is approximately
4 db/km. Assuming attenuation is the
limiting factor, the maximum range
of the system will therefore be of the
order of 0.5 km. With an aperture of
10 m, the angular resolution would be
~0.4°, corresponding to a linear resolu-

tion of 3 m for each point in the image
of a target at maximum range. For tar-
gets at shorter ranges, the lineat resolu-
tion scales accordingly; for example, at
a range of 100 m the linear resolution
at the center frequency is 0.6 m. A fur-
ther improvement could be achieved
by working at a higher frequency—say
75 kHz—where the linear resolution at
a range of 100 m is 0.2 m.

INCOHERENT IMAGING

The first in situ acoustic daylight
experiments (phase I) were conducted
in the Pacific Ocean off Scripps pier in
southern California (Buckingham et al.,
1992). The acoustic lens used in the
experiments was a parabolic reflector
of diameter 1.22 m with a single, low-
noise hydrophone at the focus. Thus,
the system formed a single beam or
“look” direction (Fig. 1A), correspond-
ing to just one pixel of an image. The
surface of the parabolic dish was faced
with neoprene rubber, which is nomi-
nally a perfectly soft (pressure-release)
reflector at the frequencies of interest.
Rectangular targets, also faced with
neoprene, were placed in the beam at
ranges of approximately 10 m; noise
spectra were recorded with the targets
“on” (broadside-on and “off”) (edge-
on) to the lens, as well as entirely
absent.

It is clear from Figure 2 that in the
“on” position the targets increased the
noise level across the band that is of
interest here; the targets were visible in
the illumination provided by the natu-
rally occurring ambient noise in the
ocean. Even in the “off” configuration,
the targets could be “seen,” in that
they produced higher energy noise
spectra than were obtained with the
targets absent. Although this single-
beam experiment is a far cry from
acoustic daylight image formation, the
fact that the intensity in a single pixel
responded to a target in the beam is the
first direct evidence that imaging with
ambient noise in the ocean is a physi-
cally reasonable possibility. Because
the technique works with one pixel, it
should only be a matter of technology
to extend it to many pixels, and many
pixels constitute a genuine pictorial
image.

Nominally, the difference between
the spectral levels observed with the
targets “on” and “off” is 3 db. However,
the “on” spectra show some interesting
structures, as illustrated in Figure 2,
where regions of relatively high inten-
sity or “hot spots” can be seen centered
around 10, 22, 33, and 47 kHz. Appar-
ently, the targets exhibited a frequency-
dependent acoustic albedo, some fre-
quencies being reflected more strongly
than others. This effect can be inter-
preted as “acoustic color,” by direct
analogy with optical color. Acoustic
color could be displayed as “false” opti-
cal color in an acoustic daylight image
(just as infrared and ultraviolet satellite
images are displayed in computer-gen-

Figure 3. Ambient
noise spectra obtained
with (dashed blue line)
and without (solid red
line) the bubble screen
as target. Note the
peak in the spectrum
around 11 kHz when
the bubbles are
present.

40

45 50

B

IS IR
E———— |
db

-,

:

——
WY s

b

B3N O
B |

db

Figure 4. Numerically simulated acoustic daylight image of a steel sphere in shallow water.
Breaking waves on the surface are represented as monochromatic sources (bright yellow
dashes), with an acoustic frequency of 50 kHz. A: High resolution, with 90000 pixels. B: Low
resolution (phase I1), with 100 pixels. C: Intermediate resolution (phase lif), with 900 pixels. In
all three images, color represents intensity, and dynamic range in each case is indicated by the

corresponding color bar.

erated color), thereby providing visu-
ally recognizable information about the
acoustic properties of the object space.

In a second experiment with the
phase I acoustic lens, the neoprene-
faced targets were replaced with a verti-
cal screen of bubbles, all of nominally
the same size (radius of 0.3 mm). Bub-
bles are well known to be resonant sys-
tems, with a resonance frequency that
varies inversely with the bubble radius
(Minnaert, 1933). For the bubbles
forming the screen, the resonance fre-
quency was about 11 kHz. The bubbles
were produced by attaching an air com-
pressor to a hose pipe along which
small holes had been pierced with a
fine needle. The hose pipe was laid on
the seafloor well below the beam of the
acoustic reflector to ensure that the
bubbles were acoustically quiescent as
their buoyancy carried them upward
through the beam. (On closure, a bub-
ble undergoes radial oscillations for
several milliseconds, during which
time it acts as a brief but effective nar-
row-band source of sound [Longuet-
Higgins, 1993]. After the oscillations
have decayed, the bubble is in equilib-
rium with its surroundings and
remains mute for the remainder of
its existence).

It can be seen from Figure 3 that
with bubbles present the spectrum
exhibits a pronounced peak centered
close to 11 kHz. Because they are quies-
cent within the beam, this peak cannot
be attributed to the initial pulses of
sound made by the bubbles at closure,
although it is consistent with the reso-
nant nature of the bubbles: each bub-
ble is excited by the incident (broad-

band) ambient noise and is driven into
radial oscillation around the resonance
frequency. The bubble then reradiates
sound uniformly in all directions
(Devin, 1959), the spectrum of which
shows a narrow peak centered on the

‘bubble resonance frequency. This scat-

tered field is responsible for the ob-
served peak in the noise spectrum in
Figure 3. Because the sizes of the bub-
bles constituting the screen were
almost certainly distributed about the
nominal diameter, the observed noise
peak is a superposition of individual
resonance peaks and hence is consider-
ably broader than the resonance peak
of a single bubble. On the basis of these
observations, it appears that the spectra
shown in Figure 3 constitute further
evidence in support of the concept of
acoustic daylight imaging.

The phase I experiments, with the
single-beamn lens, are now complete,
and construction of a multielement
acoustic lens (phase II) is in progress
(Fig. 1B). Again, the lens is a reflector
but with the single sensor replaced by
an array of 128 hydrophones in the
focal surface. The geometry of this
arrangement is such that each sensor
element corresponds to a single beam,
thus providing 128 pixels in the final
image. In passing, it is interesting to
note that this phase II lens, which
forms multiple beams through the
geometrical disposition of the dish and
transducer array, is an unusual example
of sonar system design, although it has
an analogue in the long-focal-length
mirror lens that is popular for conven-

Vision continued on p. 101

)
T 25 ~
o .
£ Bubble radius = 0.3 mm
5 20 Nominal resonance frequency = 11 kHz
Gy
z
2
Bl
5 =5db
S '-5
E 10 | 8 .
5 gz
ol e
2 e
'8 Ok o g
= } g =
= 5 2
8 i a
S o0t
E 0 5 10 15 20 25 30 35
< Frequency (kHz)
100

GSA TODAY, April 1994

9db

6db

3db

0db



Vision continued from p. 100

tional photography. Looking further
into the future, the reflector will be
replaced with a phased array of about
1000 elements (phase III), perhaps
mounted on the hull of a remotely
operated vehicle (Fig. 1C). Such a de-
sign would provide relatively high
resolution images of 1000 pixels and a
mechanical “zoom” capability achieved
through the mobility of the platform.

Even with as many as 1000 chan-
nels, each corresponding to a pixel, it
should be possible to achieve a rapid
refresh rate in real time, allowing mov-
ing images to be created. Acoustic day-
light imaging would then be the direct
analogue of video photography, giving
rise to moving, color pictures originat-
ing in ambient sound rather than
ambient light.

THEORETICAL MODELING

Although the idea of incoherent
imaging with ambient noise is appeal-
ing and the analogy with optical imag-
ing provides an intuitive basis for
understanding the physical processes
involved, it is difficult to quantify the
imaging process. Several questions are
of interest, including the effect of the
anisotropy of the noise on the image.
This issue was not clarified by the
phase I experiments because of difficul-
ties in measuring the directionality of
the noise field, although circumstantial
evidence suggests that Scripps pier itself
acted as a significant noise generator.

To address the question of
anisotropy, a full wave-theoretic analy-
sis (Buckingham, 1993) of acoustic day-
light imaging has been developed in
which the target is assumed to be a
spherical object with pressure-release
(i.e., acoustically soft) surface. Concen-
tric with the target sphere is a noise
sphere of infinite radius on which the
acoustic sources are distributed. The
directionality of the noise field is con-
trolled by selecting the area of the
noise sphere covered by the sources.
The acoustic lens is modeled as a line
array of hydrophones at half-wave-
length spacing, arranged endfire-on
(i.e., radially) to the target sphere. A
central feature of the analysis is the
derivation of a new, closed-form ap-
proximation for the Green’s function
of the field scattered from the pressure-
release sphere. This approximation
makes the statistical analysis of the
field tractable, allowing a solution
to be developed in a form that is easy
to evaluate on a desktop computer.

The response of the line array to
the scattered field is expressed in terms
of a “visibility” function, V, defined as
the ratio in decibels of the total field
(incident plus scattered) to the incident
field alone. This is essentially the quan-
tity that was measured in the original
phase I experiments. Provided the
contrast is sufficient, say, with positive
value (front lighting) greater than 3 dB
or negative value (back lighting) less
than -3 db, the object should be visible
against the background.

Theoretically, the visibility is fairly
insensitive to the anisotropy of the
noise under front lighting conditions,
showing values of several decibels,
which is consistent with the observa-
tions in the phase I experiments. This
is encouraging, because it implies that
the acoustic daylight imaging tech-
nique is robust in that it does not de-
pend critically on the detailed structure
of the noise field. Under strong back-
lighting conditions, the visibility func-
tion goes strongly negative (in deci-
bels), indicating that the object is in
silhouette. The onset of shadowing, as
predicted by the wave-theoretic theory,

is consistent with arguments based
on simple geometrical (ray acoustics).

NUMERICAL SIMULATION

Whereas the analytical theory pro-
vides a quantitative estimate of acous-
tic daylight imaging, it does not yield
simulated pictorial images. To remedy
this situation, a numerical model has
been developed (Potter, 1993), based
on Kirchoff-Helmholtz scattering and a
far-field assumption, that simulates the
process of acoustic daylight imaging.
Objects of various shapes and acoustic
properties, illuminated by realistic
noise fields, can be handled by the
computer code to provide images that
should be representative of a working
acoustic daylight system.

The object in the foreground in
Figure 4A, generated from the model,
is a steel sphere with a diameter of 1 m,
located in a shallow ocean channel.
The perspective is that of an observer,
at the same depth as the target sphere,
who is looking horizontally along the
channel; overhead is the sea surface
and below is the seafloor. In this exam-
ple, the acoustic illumination is pro-
vided solely by monochromatic surface
sources (bright yellow, parallel dashed
lines), with a frequency of 50 kHz, rep-
resenting one spectral component of
naturally generated sound from break-
ing waves. (Thus, there is no “acoustic
color” in Figure 4, in the sense dis-
cussed above in connection with
Figure 2. The color in Figure 4 repre-
sents intensity at a single frequency).

A great deal of visual information
about the acoustic properties and geo-
metrical form of the target, as well as
the geo-acoustic character of the envi-
ronment, is contained in Figure 4A. At
present, such images are unfamiliar,
and the information they contain
requires interpretation. However, of
all the human senses, vision is the
most highly developed, the human
eye-brain combination having evolved
to become remarkably efficient at rec-
ognizing visual cues. As our experience
with acoustic daylight images grows,
the acoustic messages contained
therein, as exemplified by Figure 4A,
should become as recognizable as the
optical information in a conventional
photograph.

In Figure 4A, the intense, bright
yellow surface sources can be seen
below (dull red), reflected in the bot-
tom. The source lines are mapped as
arcs onto the surface of the sphere,
thereby giving a visual indication of
the shape of the target. If the sphere
were pitted or otherwise flawed, then
the imperfection would show up as a
deformity in the mapped curve; if
the object were, say, ellipsoidal, the
mapped lines would be correspond-
ingly elongated. These mappings, of
course, are specular reflections of the
sources in the surface of the target. In
the ocean, the actual surface sources
would be more randomly distributed
than those shown in Figure 4A, but this
would not affect the overall level of the
illumination significantly, although it
would change the detailed structure of
the reflections from the target. Never-
theless, shape information could be
gleaned visually from these more ran-
dom mapped reflections in much the
same way as in the present example.

Apart from the specular reflections,
the shape of the object in Figure 4A is
also apparent from subtleties in shad-
ing. When the image is first viewed,
the shading is perhaps the main factor
that identifies the object as a sphere.
Shape inferred from shading is, of
course, commonplace when one views
a photograph, but it is only just being
exploited in the latest computer-gener-

ated swath-mapping sonar displays
(Nishimura and de Moustier, 1993).
Acoustic daylight imaging offers shad-
ing as a natural, intrinsic feature of the
new technique.

The seafloor in Figure 4A has been
modeled as a fast-fluid sediment with a
critical grazing angle of 28° (for sound
incident from above). Thus, noise rays
with grazing angles less than 28" are
totally reflected from the bottom,
whereas rays with higher grazing angles
penetrate the interface and are lost to
the water column. With such a bottom,
relatively little acoustic energy travels
upward at grazing angles steeper than
28°. This is indeed evident in Figure 4A
from the dark shadow on the lower
half of the sphere. The edge of this
shadow, which is very sharply delin-
eated, corresponds precisely to the
critical grazing angle of the seafloor.

Straight along the channel, on
either side of the equator of the sphere,
the image is almost black, indicating
that very little noise travels horizon-
tally. This is consistent with the fact
that most of the energy propagating in
the horizontal originates in far distant
surface sources and thus is subject to
severe attenuation. When we look
slightly above the horizon the surface
becomes brighter, an effect that contin-
ues progressively with increasing eleva-
tion, until the nearby, overhead sources
appear brightest of all.

In addition to the pronounced
shadowing, attenuation, and reflection
effects, the image in Figure 4A shows
some subtle features that relate to the
acoustic properties of the sphere itself,

(Although steel is obviously a hard
material, the sphere is not a perfectly
rigid body, nor is it a perfect reflector of
sound). Thus, even this simple example
of acoustic daylight imaging contains
an abundance of information, making
interpretation of the image an interest-
ing and challenging task.

A further factor that complicates
interpretation is reduced resolution in
real acoustic daylight images. The reso-
lution of the simulated image in Figure
4A is artificially high, at 90 000 pixels,
a number that could probably not be
achieved in practice. Figure 4B shows
the same image but degraded to 100
pixels, which is close to the quality
expected of the phase II system cur-
rently under construction. No image
enhancement has been applied in this
case, except for a simple interpolation
between pixels which introduces some
smoothing. Obviously, the sharpness
of the high-resolution image has been
lost and the dynamic range has been
reduced, but the most prominent fea-
tures of Figure 4A have been retained.
For instance, the dark shadow on the
lower hemisphere can still be seen, the
bright waistline is apparent, and the
shading on the upper half of the sphere
is also evident. Nevertheless, it would
be desirable to see some improvement
in image quality, at least to the level
where the shape of the target could
be recognized unequivocally.

When the number of pixels is
increased by almost an order of magni-
tude, to 900, corresponding to the
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Vision continued from p. 101

planned phase III system, the acuity of
the image is improved significantly and
the dynamic range is retained (Fig. 4C).
The target is easily recognizable as a
sphere and all the important details in
the high-resolution image of Figure 4A
are visible with only slight degradation
of quality. This degree of fidelity should
be achievable with a practical acoustic
daylight imaging system.

ACOUSTIC COLOR

Looking to the future, computer-
generated color in the display of the
phase II and phase III systems will be
used to represent the acoustic spectrum
in each pixel of an image. With this
scheme, the spectral content of a pixel
is determined by three factors: the
acoustic reflectivity of the correspond-
ing point in the object space (see Fig. 2),
the spectral shape of the sources, and
attenuation associated with both the
medium and the boundaries. Of these,
the acoustic reflectivity corresponds to
the intrinsic (optical) color of an object
as viewed in white light. The noise
sources in the ocean are not white
but they are broad-band (unlike the
monochromatic sources in the artifi-
cially generated Fig. 4A), showing a
spectrum that rolls off approximately
as (frequency)-2. Thus, low frequencies
predominate in oceanic ambient noise,
providing illumination that is acousti-
cally “pink.” This shift toward “acoustic
red” is further accentuated by attenua-
tion, which increases approximately as
(frequency)n, where n = 1 or 2, depend-
ing on the mechanism involved.

Attenuation does not have a direct
analogue in the atmosphere, because
light in the visible region of the spec-
trum is not significantly absorbed.

(A related phenomenon is a red sun-
set, which occurs because blue light is
scattered by particulate matter in the
atmosphere). In the ocean, on the
other hand, even the lowest frequen-
cies will be attenuated over sufficiently
long ranges, giving rise to regions of an
acoustic daylight image that will
appear dark. (Recall that the dark
regions on the horizon in Figure 4A

are an effect of attenuation.) In applica-
tions of acoustic daylight imaging, it
may well be possible to turn absorption
to advantage since it yields visual infor-
mation about the acoustic properties of
the ocean environment.

GEOPHYSICAL
APPLICATIONS

Acoustic daylight imaging has
naval, industrial, and geophysical
applications; potentially it is useful
whenever vision in the ocean is
required. In the geophysical arena,
an obvious application of the new
technique is high-resolution topo-
graphic mapping of the seafloor.

Assuming that the “camera” was
mounted on a mobile platform such
as a fish or remotely operated-'vehicle,
allowing it to operate within 100 m
of the bottom, a spatial resolution of
approximately 0.6 m per pixel could
reasonably be expected, with 1000
pixels composing the image. The
images would be processed in real time,
with a refresh rate of 10 Hz or faster,
and would show color characterizing
the acoustic properties of the seafloor.
In brief, moving, color images of the
seafloor would be produced.

Although such performance is for
the future, available evidence indicates
the feasibility of the technique. An
interesting feature of acoustic daylight
imaging, which distinguishes it from
most sidescan mapping sonar, is its
broad-band nature. A frequency band-
width of over a decade is the factor that
allows color to be introduced into the
images. Although artificially produced,
the color correlates with the frequency-
dependent acoustic properties of the
object space. Through this color facil-
ity, acoustic daylight images of the
seafloor may yield, in addition to
bottom topography, information on
the composition of the basement. For
instance, the acoustic reflectivity of a
porous sediment is strongly dependent
on frequency, whereas that of a consol-
idated basement is not. The different
colors of these two types of bottom
material in acoustic daylight images
could act as a discriminator, providing
an indication of their respective geo-
logic properties.

CONCLUSIONS

Simple experiments in the ocean
support the concept of imaging with
naturally generated ambient noise, a
conclusion that is consistent with theo-
retical and numerical models of the
new imaging technique. Because it
provides vision in the ocean, several
potential applications exist for acoustic
daylight imaging, including geophysi-
cal surveying of the seafloor. For two
reasons, attenuation in the ocean and
reduced angular resolution, the system
is effective only over short ranges, of
up to about 0.5 km. Within its operat-
ing envelope, the acoustic daylight
technique should produce images that
show (visual) color determined by
three factors: the spectral shape of the
noise, the degree of attenuation in the
ocean, and the acoustic reflectivity of
the object space. Because acoustic day-
light images can be refreshed rapidly,
the final effect should be much like a
conventional, moving video image on
a television monitor, but with some-
what inferior resolution.

Improvements in angular resolu-
tion could be achieved by increasing
the aperture of the acoustic lens; apart
from being prohibitively costly, such an
aperture would make the underwater
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camera unduly cumbersome. An alter-
native approach lies with image
enhancement algorithms, running

in real time to produce images with
improved acuity. Automated image
recognition is a related problem, which
for some geophysical applications may
be important; for example, automatic
classification of seafloor by topography
or geology could prove useful. Neural
networks, operating on raw data or ex-
tracted feature vectors rather than the
acoustic daylight images themselves,
may satisfy this requirement. Algo-
rithms dedicated to the enhancement
and recognition of acoustic daylight
images are currently being considered.
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OFFICERS OF THE DIVISION

Bruce Molnia of the U.S. Geologi-
cal Survey in Reston (and GSA Today
Forum editor), is currently president
of the Division. Pinar Yilmaz of Exxon
Production Research Company, Hous-
ton, is first vice-president and will suc-
ceed Bruce for a one-year term as presi-
dent in October 1994. John Oldow of
Rice University has just completed a
four-year term as our resourceful secre-
tary-treasurer, passing the baton to Fred
Simon. As mentioned, Jim Skehan has
started his term as second vice-presi-
dent and will become division leader

at the November 1995 New Orleans
meeting. I, having stepped down at the
Boston (1993) meeting, join Brian Skin-
ner in the ranks of past presidents.

FUTURE OF THE DIVISION

This short article has aimed to give
readers some idea of the kinds of things
that the International Division has
been doing during the four years of its
existence. Our future holds prospects of
continuing in the same directions and
branching out in new ways. Working
with other GSA Divisions, which we
have done, is an area where additional
opportunities certainly exist. [ am sure
our officers would be glad to hear your

suggestions. Field trips to other conti-
nents, more work with students visit-
ing North America, and grasping the
opportunities that arise as new nations
emerge and existing nations become
more accessible are all in our dreams.
The Division's diversity embraces
some responsibilities that I am begin-
ning to think might be better handled
in other ways. Specifically, I refer to
the kinds of functions that are filled
in many national societies by a foreign
secretary. As far as I know, GSA has
never had such a person, and the rea-
son may well be that we are a conti-
nental and supranational society.
Nonetheless, a foreign secretary to deal
with national societies on other conti-

nents (Antarctica, as always, being the
exception) could be very helpful. The
kind of person 1 envisage would be a
distinguished senior member of the
society, perhaps a past president or offi-
cer. He or she would hold office for per-
haps five to seven years and work with
the president and Council on links
with peer societies and international
bodies. The key to a foreign secretary’s
function is continuity in office; a one-
year appointee cannot become familiar
with the issues, and especially the
diverse ways of doing business, which
are the essence of international rela-
tions. This is an idea that I would like
to see discussed widely in the Society. B
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GSAF UPDATE

Robert L. Fuchs

New Support for
Student Travel Grants

One of the most popular GSA and
Foundation programs for the past
seven years has been student travel
grants. Administered by GSA's six Sec-
tions, the program provides money to
assist students attending Section meet-
ings and the GSA annual meeting.
Award parameters may vary among the
Sections, but generally recipients must
be enrolled in a geology program at a
college or university within the Sec-
tion. Also, preference may be given to
students presenting papers (oral or
poster) at the meetings.

Financially, the Foundation pro-
vides one-for-one matching grants to
each Section for their expenditures, by
reimbursing the Section each year for
50% of the money it spends in student
travel support. From inception in 1988
through the end of 1993 the Founda-
tion has paid out a total of $16,500 to
GSA Sections under this program.

Recently, Robert N. Ginsburg of
the Rosenstiel School of Marine and
Atmospheric Science at the University
of Miami made a five-year pledge to
the Second Century Fund, the annual
contributions to be used for student
travel grants to GSA annual meetings.
Ginsburg, a former member of the GSA
Council, said when making the pledge,
“I can’t think of a better way to support
young geologists and encourage their
entry into the scientific community.
For many members, the intercommuni-
cation that takes place at technical
meetings is a principal benefit of GSA
membership. Certainly the effect of
this exchange on students can be even
more far-reaching. And there is a lot of

benefit for the dollar—not too many of
our students ride in the front of the air-
plane and stay in the presidential suite.
They commandeer vans and go triple
or quadruple in hotel rooms. Geology
students have the ability to make a lit-
tle money go a long way, but they need
us to provide that money.”

If you would like to make a contri-
bution to the GSA Foundation that will
g0 a long way in benefiting geology,
consider student travel grants. Use the
accompanying coupon to send your gift,
or call us in Boulder to discuss a longer
term pledge to the Second Century
Fund for Earth-Education-Environment
that can be designated to this purpose.

New Fund Supports
Volcanology Research

The Lipman Research Fund has
been established at the GSA Founda-
tion to support student research grants
in volcanology and petrology in the
western United States and Alaska. This
fund is a gift of the Howard and Jean
Lipman Foundation and is a part of
GSA's Second Century Fund for Earth-
Education-Environment.

Recently, GSA received a five-year
extension of the National Science
Foundation matching grant for student
research. Under the terms of this
renewal, NSF will provide up to
$100,000 for the student research
grants program each year, at the rate of
$1 for every $2 from GSA and the
Foundation. Therefore, the Lipman
Research Fund is timely because the
dollars it provides will be augmented
by NSF funding.

When arrangements for this new
fund were completed, Lipman Founda-

Donors to the Foundation—January 1994

O Enclosed is my gift of $

0O Enclosed is my gift of $ for

for student travel grants.
O 1 would like to learn more about making a pledge to support student travel grants.

—————————————————————————————1
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tion President and GSA Fellow Peter W.
Lipman reflected on his own experi-
ence with GSA’s student research grants
program. “When [ was a graduate stu-
dent, the award of a research grant
proved to be a major milestone in my
studies. The money enabled me to
obtain chemical analyses that were crit-
ical to the successful completion of my
thesis and for which, at that time, I did
not have funds available.”

The GSA Committee on Research
Grants meets in April each year. In
1993, the Committee awarded
$257,882 to 178 recipients.

Pooled Income Fund
1993 Results

The GSA Foundation Pooled
Income Fund generated a cash return
of 6.3% and a total return of 11.7% in
1993. The cash return is down 10%
from the 1992 return of 7.0%, but the
total return is up 44% from the 1992

s R B N oo B S

total return of 8.1%. These results are
in line with the year'’s falling interest
rates and higher bond prices.

At the end of 1993 the Pooled
Income Fund net asset value was
$214,744, double that of the prior year
end. The fund'’s holdings included War-
burg Pincus Fixed Income and Global
Fixed Income Funds, Steinroe Income
Fund, and some corporate bonds.

The Pooled Income Fund is a
deferred gift mutual fund for GSA
members and friends, whereby bene-
factors receive income for life. Follow-
ing the donor’s death, his or her por-
tion of the fund becomes part of the
foundation’s endowment, and the
income is then used in support of GSA
programs and activities. If you would
like to learn more about this estate and
retirement planning technique that
benefits Earth and geology, please send
us the accompanying coupon, or call
the Foundation office—(303) 447-2020,
ext. 154. ®

Birdsall Award
S. S. Papadopulos*
(in memory of Shirley Dreiss)

Engineering Geology
Division Award Fund

Albert J. Depman Robert S. Coe

Hydrogeology
Division Award
David A. Stephenson

GEOSTAR Funds

Claude C. Albritton, Jr.
Memorial Fund
Jane C. Albritton*

John T. Dillon

Carl S. Benson

* Century Plus Roster

Biggs Excellence in
Earth Science Education
Camille I. Mancuso

Allan V. Cox Student
Scholarship Award
Richard G. Gordon

Doris M. Curtis
Memorial Fund
Kathryn Lohmeyer

Alaska Scholarship

Wendel A. Koontz

Dwornik Planetary
Geoscience Award

John C. Frye
Environmental Award
Alvin R. Leonard

GEOSTAR
Koike Toshio

Institute for
Environmental Education
Gerald 1. Eidenberg

Carol G. and

John T. McGill Fund
Diane V. Bakewell
Richard Lung

Antoinette Lierman Medlin
Scholarship Fund
Eugene C. Robertson

Minority Fund
A. Wesley Ward, Jr.

Publications Fund
Richard A. Davis
Lee R. Russell

Research Fund
Donald W. Curran
Paul K. Doss
Donald G. Hadley*
Steven Hoffman
Keith A. Howard
Michael J. Hozik
Barbara J. Johnston*
Suzanne M. Kay
Yousif K. Kharaka
Phillip S. Kistler
Shirley A. Rawson

Leon T. Silver
Leeann Srogi

SAGE

Daniel Sarewitz

Leeann Srogi

Paul A. Bailly*

Gerald 1. Eidenberg
Ann I. Gunman
Keith A. Howard

Patricia O. Seaward

David A. Stephenson*
Second Century Fund

Catherine Campbell*

Frank A. Campini Foundation*
Robert N. Ginsburg*

Dorothy Palmer

Unrestricted (GSA)
Philip W. Choquette
John j. Cipar

Graham R. Curtis
Cyrus W. Field
Stephen A. Forster
William S. Fyfe
William C. Graustein*
Steven M. Hay
William R. Merrill

S. Bryce Montgomery
Rosalind Munro

Scott L. Neville
Kenneth H. Peterson
Forrest G. Poole

R. Shagam

James B. Stevens

S. Francis Thoumsin, Jr.

(gifts of $150 or more) Ted A. Maxwell
In Memoriam Memorial Preprints
Donald F. Campbell Frederick Johnson A. E. Ringwood The following memorial preprints are now available, free of charge, by writing

Rio de Janeiro, Brazil

Gilbert Espenshade
Arlington, Virginia

W. B. Farrington
Laguna Beach,
California

Albert J. Froelich
Reston, Virginia

Douglas E. Harris
Fairbanks, Alaska
September 11, 1992

Elizabeth Holt
Baton Rouge, Louisiana

Littleton, Colorado
April 7, 1993

Ian M. Johnston
El Cajon, California
December 17, 1993

Richard Kenyon
Phoenix, Arizona

David Kobluk
Ontario, Canada

Charles B. Moke
Peoria, Arizona

John F. Powers
Salt Lake City, Utah
December 29, 1992

Australia
November 12, 1993

James S. Street
Canton, New York
October 16, 1993

John Verhoogen
Berkeley, California
November 8, 1993

Quido Zaruba
Prague, Czechoslovakia
September 8, 1993

Victor A. Zullo
Wilmington,

North Carolina
July 16, 1993

John Williams Anthony
Kenneth W. Bladh

Kenneth Edward Caster
F. D. Holland, John Pojeta, Jr.

Felix Chayes
Michael ]. Le Bas

Charles Wesley Chesterman
Present and former staff members,
California Division of Mines and Geology

Theodore Ayrault Dodge
Charles P. Seel

Dana Robineau Kelley
Joseph A. Awny

Harry John Klepser
Don W. Byerly

to GSA, P.O. Box 9140, Boulder, CO 80301.

Edwin R. McKnight
Allen V. Heyl, David B. Stewart

Watson Hiner Monroe
John A. Reinemund, Reginald P. Briggs,
Louis C. Conant

Andrew J. Mozola
Robert B. Furlong

James William Smith
Ernest H. Reade, Jr.

Arthur R. Still
Paul Gilmour, Ray W. Ludden, Mark S. Still

Lawrence A. Warner
Bruce F. Curtis

Robert Busch Wing
William L. Grossman
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1994 GSA Committees and Representatives

Committees are the key to GSA’s accomplishments in promoting the science of geology. Committee members and repre-
sentatives contribute their expertise and experience to all areas of GSA endeavor. Listed here are those currently serving the
Society and the science as committee members and as GSA representatives to other scientific groups.

Executive Committee

William R. Dickinson—President and
Chair; David A. Stephenson—Vice-
President; Robert D. Hatcher, Jr—Past
President; David E. Dunn—Treasurer;
Robert H. Dott, Jr—Council Member-
at-Large

Audit Committee

Genevieve Atwood—Chair, 1992-1994;
Anthony J. Naldrett, 1993-1995;
George H. Davis, 1994-1996;

Anthony Reso, 1993-1995; Paul A.
Bailly, 1992-1994; Ex Officio: David E.
Dunn—Treasurer

Committee on the Budget

David E. Dunn—Chair and Treasurer;
Arden L. Albee, 1993-1997; Anthony
Reso, 1993-199S; Ex Officio: F. Michael
Wahl; Leonard Cumley

Committee on Committees

James E. Tull—Chair; Mary P. Anderson;
Mohamed T. El-Ashry; John W. Hess, Jr.;
Jerome E. Machamer; E. R. Ward Neale

Committee on

Continuing Education

Karen L. Prestegaard—Chair, 1994
1996; Carolyn G. Olson, 1993-1995;
Laura F. Serpa, 1993-1995; Paul B.
DuMontelle, 1994-1996; David ]. Fur-
bish, 1994-1996; Martha O. Withjack,
1994-1996

Committee on the

Arthur L. Day Medal Award
Anthony J. Naldrett—Chair, 1994;
Richard M. Mitterer, 1992-1994;
Walter D. Mooney, 1992-1994; John D.
Bredehoeft, 1993-1995; J. Dungan
Smith, 1993-1995; Thomas H. Ander-
son, 1994-1996; Elizabeth Y. Anthony,
1994-1996

Committee on Education

Elisabeth C. Schwarzman—Chair,
1993-1994; Linda B. Knight, 1992~
1994; Frank Zuerner, 1992-1994;
Robert A. Matthews, 1993-1995; Lisette
Clemons, 1994-1995; Jo Dodds, 1994—
1996; Bruce K. Goodwin, 1994-1996;
Section representatives: Michael L.
Cummings (Cordilleran); Richard W.
Moyle (Rocky Mountain); Marian
Smith (North-Central); Philip L. Kehler
(South-Central); Daniel P. Murray
(Northeastern); Alexander S. Glover
(Southeastern); Ex Officio: David A.

Stephenson—yVice-President; Conferees:

Edward E. Geary—Coordinator for
Educational Programs; Laure Wallace—
USGS Educational Coordinator

Committee on External Awards
Gail M. Ashley—Chair; Anthony J.
Naldrett; Russell R. Dutcher; J. Thomas
Dutro, Jr.; Duane Eversoll; Richard G.
Gordon; Dorothy L. Stout; Stephen G.
Wells

Committee on

Geology and Public Policy
Donald C. Haney—Chair, 1992-1994;
Carroll Ann Hodges, 1992-1994;
John (Jack) C. Schmidt, 1992-1994;
Gail M. Ashley, 1993-1995; Emery T.
Cleaves, 1993-1995; George H. Shaw,
1993-1995; Laura E. Cummins, 1994—
1996; Orrin H. Pilkey, 1994-1996;
John W, Rold, 1994-1996; Past Con-
gressional Science Fellows: Craig M.
Schiffries, 1992-1994; Kenneth B. Tay-
lor, 1993-1995; Margaret Goud Collins,
1994-1996; Ex Officio: Section repre-
sentatives: Robert H. Fakundiny
(Northeastern); George R. Hallberg
(North-Central); Carroll Ann Hodges
(Cordilleran); John (Jack) C. Schmidt
(Rocky Mountain); Stephen H. Stow
(Southeastern); Joe C. Yelderman
(South-Central); Council/Committee
Liaison: Robert D. Hatcher, Jr.—Past
President

Committee on Honorary Fellows
Douglas W. Burbank—Chair, 1993-
1995; Richard W. Allmendinger, 1992-
1994; J. G. Liou, 1992-1994; Pinar Oya
Yilmaz, 1993-1995; Sandra M. Barr,
1994-1996; Robert N. Ginsburg,
1994-1996

Committee on Investments

Carel Otte—Chair, 1993-1995; Samuel
S. Adams, 1992-1994; Brian J. Skinner,
1992-1994; John E. Kilkenny, 1993-
1995; Anthony Reso, 1993-1995;

Ex Officio: David E. Dunn—Treasurer;
Robert L. Fuchs—President, GSA
Foundation

Committee on Membership

Jo Laird—Chair, 1993-1995; Charles B.
Sclar, 1992-1994; Edmund G. Wer-
mund, Jr., 1992-1994; Hugh H. Mills,
1993-1995; Paul C. Ragland,
1994-1996; Jan Veizer, 1994-1996

tion constraints.

Association of Earth Science Editors
Calls for Nominations for
Outstanding Publication Award

The Awards Committee of the Association of Earth Science Editors solic-
its nominations for AESE's Outstanding Publication Award. Given for the
first time in 1993, this award is designed to recognize an outstanding earth-
science publication—book, map, journal, or other individual publication,
including those produced electronically—that has been recently published.
This award recognizes the publication based on the quality of its editing,
design, illustration, writing, production cost-per-copy, and overall effective-
ness in achieving its publication goal. The primary aim of this award is to
recognize excellence in publication, taking into account goals and produc-

Nominations for the AESE Outstanding Publication Award must be
received by June 1, 1994, to be eligible for consideration. Each nomination
should provide necessary supporting material. Nominations will be screened
by the AESE Awards Committee, which will make recommendations to the
AESE Executive Committee, which will make final decisions.

Nominations and supporting materials should be submitted to Elsa Kap-
itan Mazzullo, AESE Awards Committee, Mitchell Energy Corporation, P.O.
Box 4000, The Woodlands, Texas 77387-4000, fax 713-377-5885. Questions
about the award should also be sent to this address.

Committee on Minorities and
Women in the Geosciences

A. Wesley Ward, Jr—Chair, 1989-1994;
Diana Elder Anderson, 1990-1994;
Jane E. Nielson, 1991-1994; Martha N.
Garcia, 1993-1995; Claudia I. Mora,
1993-1995; Marilyn J. Suiter, 1993-
1995; Karen L. Webber, 1993-1995;
Christopher 1. Chalokwu, 1994-1996;
Betty M. Miller, 1994-1996; Conferees:
Gail M. Ashley—Council/Committee
Liaison; Edward E. Geary—Coordinator
for Educational Programs

Committee on Nominations
Elaine R. Padovani—Chair; James A.
Drahovzal; George R. McCormick;
Hugh C. Morris; Donnie F. Parker, Jr.

Committee on

Penrose Conferences

Vickie L. Hansen—Chair, 1993-1995;
Mark T. Brandon, 1992-1994; J. Dun-
can Keppie, 1992-1994; Richard B.
Waitt, 1993-1995; Mark S. Drummond,
1994-1996

Committee on the

Penrose Medal Award

Gail M. Ashley—Chair, 1994; Hal J.
Gluskoter, 1992-1994; Carol Simpson,
1992-1994; William A. Thomas,
1992-1994; Grant Garven, 1993-1995;
Hans G. Avé Lallemant, 1994-1996;
Donn S. Gorsline, 1994-1996

Program Committee

Heinrich D. Holland—Chair and 1993
JTPC Chair; Mark S. Ghiorso—1994
JTPC Chair; Laura F. Serpa—19935 JTPC
Chair; 1996 JTPC Chair (To be deter-
mined; term begins at the summer
1994 JTPC meeting); Councilor
members: Karen L. Prestegaard,
1992-1994; Mark Cloos, 1993-1995;
John A. Cherry, 1994-1996; Ex Officio:
F. Michael Wahl—Executive Director;
Sue S. Beggs—Meetings Manager;
Edward E. Geary—Coordinator for
Educational Programs

Committee on Publications

Robert H. Dott, Jr—Chair, 1993-1994;
Fernando Ortega-Gutiérrez, 1992-1994;
James W. Horton, Jr., 1993-1995;
Morris W. Leighton, 1993-1995;

Keros Cartwright, 1994-1996; John E.
Costa—Editor, Bulletin; Arthur G.
Sylvester—Editor, Bulletin; David M.
Fountain—Editor, Geology; Henry T.
Mullins—Editor, Geology; Richard A.
Hoppin—Editor, Memoirs and Special
Papers; David Schleicher—Editor, Maps
and Charts; Bruce F. Molnia—Forum
Editor, GSA Today; Eldridge M.
Moores—Science Editor, GSA Today;
Richard Arnold Davis—Chair, Treatise
on Invertebrate Paleontology Advisory
Committee; Conferee: F. Michael
Wahl—Executive Director

Committee on Research Grants
Raymond V. Ingersoll—Chair, 1992~
1994; Darryll T. Pederson, 1992-1994;
Ben A. van der Pluijm, 1992-1994;
Mary L. Droser, 1994-1996; Peter C.
Patton, 1994-1996; Sheila J. Seaman,
1994-1996; NSF Conferee: Thomas O.
Wright

Treatise on Invertebrate
Paleontology Advisory Committee
Richard Arnold Davis—Chair, 1993-
1996; Ronald R. West, 1991-1994;

F. Michael Wahl, Executive Director

Committee on the Young Scientist
Award (Donath Medal)

Genevieve Atwood—Chair, 1994-1996;
Sharon Mosher, 1992-1994; Frank S.

Spear, 1992-1994; John C. Behrendt,
1993-1995; Leonard F. Konikow, 1993-
1995; R. Douglas Elmore, 1994-1996

Ad Hoc

Geosphere Alliance Committee
William S. Fyfe—Chair; Fred A.
Donath; William L. Fisher; Robert D.
Hatcher, Jr.; Susan W. Kieffer;
Raymond A. Price; E-an Zen

Ad Hoc Committee on
Membership Services

Arden L. Albee—Chair; Genevieve
Atwood; Kenneth E. Kolm; Marie E.
Morisawa; Karen L. Prestegaard;
John M. Sharp, Jr.

GSA Member of the American
Geological Institute (AGI)
Member Society Council

David A. Stephenson—Vice-President

GSA Member of the AGI
Education Advisory Committee
Edward E. Geary—Coordinator for
Educational Programs

GSA Member of the AGI
Government Affairs Program
Advisory Committee

M. Gordon Wolman, 1991-1994

GSA Representatives to the Amer-
ican Association for the Advance-
ment of Science (AAAS)

Section E—Geology and Geography:

J. Thomas Dutro, Jr., June 1, 1985-
February 23, 1997; Section W—
Atmospheric and Hydrospheric Sciences:
John G. Weihaupt, July 1, 1988-
February 23, 1997

GSA Representatives to the AAAS
Consortium of Affiliates for
International Programs (CAIP)
Bruce F. Molnia—President, GSA Inter-
national Division; F. Michael Wahl—
GSA Staff Liaison

GSA Representatives to the North
American Commission on Strati-
graphic Nomenclature (NACSN)
G. B. Morey, 1991-1994; Donald L.
Baars, 1992-1995; Lee C. Gerhard,
1993-1996; Representative-elect:
James O. Jones, 1994-1997 (term
begins during the NACSN 1994 fall
meeting in Seattle)

GSA Representative to the
Treatise Editorial Advisory and
Technical Advisory Boards of the
Paleontological Institute

Richard Arnold Davis

GSA Delegate to the
Circum-Pacific Council
Robert L. Fuchs, May 2, 1984~

GSA Representatives to the Joint
ASCE-GSA-AEG Committee on
Engineering Geology (American
Society of Civil Engineers, Associ-
ation of Engineering Geologists)
Jeffrey R. Keaton, July 1, 1991-June 30,
1994; John D. Rockaway, July 1, 1990-
June 30, 1996

GSA Representative to the
U.S. National Committee on
Tunneling Technology
Charles A. Baskerville, July 1,
1992-June 30, 1995

GSA Representative to the

U.S. National Committee on
Scientific Hydrology

David A. Stephenson, 1990-; Bruce B.
Hanshaw (alternate)

GSA and AASG Selection
Committee for the John C. Frye
Memorial Award in Environ-
mental Geology (Association of
American State Geologists)

Frank E. Kottlowski—Chair, AASG
representative; John P. Kempton, GSA
representative, 1990-1994; Diane L.
Conrad, AASG representative l
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1994 ANNUAL MEETING
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SEATTLE, WASHINGTON + OCTOBER 24-27

eology At the Leading Edge is the scientific theme of the
Seattle meeting. The theme draws emphasis both to the

geographical position of Seattle, situated on the leading
edge of a convergent plate margin, and to the application of “leading
edge” theoretical approaches and technological advances to the
elucidation of geological problems. Theme sessions and symposia
will be offered not only on aspects of Pacific Rim and convergent

| margin geology, but also on a wide range of contemporary
environmental and hydrogeological topics. An outstanding pro-

§ gram of scientific sessions, field trips, continuing education courses,

B and exhibits is organized around this theme.

j Seattle: The Emerald City - Seattle is a city of splendid views.

# No matter which direction you travel, there are mountains, forests,
or stretches of salt and fresh water. Flanked by the Cascade Range to
the east and the Olympic Mountains to the west, the city
occupies an isthmus betwéen Puget Sound, an 80-mile

long arm of the Pacific Ocean, and freshwater Lake

Washington. Seattle is known these days for its rich and
active cultural life, delicious foods and fresh roasted
coffees, and strong ties to the Pacific Rim. Seattle has

changed a lot since the last time GSA met in Seattle in

1977. Join us in the Northwest this October and experience the appeal
of this unique destination. On behalf of the Annual Meeting

Committee, we look forward to seeing you in Seattle.

REGISTRATION and FULL DETAILS: June issue GSA Today

Bbstracts Due ga/y 6 For Abstracts Forms (303) 447-8850
pzeteyijttdtion due S’eptemée'z 76 Registration and Housing Forms available June 1

ptoytam, }%ﬂ.igdi‘m’ and

foc{ymy nfjotmation  (303) 447-2020 or 1-800-472-1988

-ﬁﬂocia ted .Vocietiej Association for Women Geoscientists ¢ Association of American State Geologists & Association

of Geoscientists for International Development ¢ Cushman Foundation ¢ Geochemical Society o
Geoscience Information Society ¢ Mineralogical Society of America ¢ National Association of
Black Geologists and Geophysicists ¢ National Association of Geology Teachers ¢ National
Earth Science Teachers Association Paleontological Society & Sigma Gamma Epsilon ¢

Society of Economic Geologists & Society of Vertebrate Paleontologists



TECHNICAL PROGRAM

*

&l/ jot papeu and ﬂmzouncement
.f'ympoa'a' and Theme Sessions

%)

ABSTRACT DEADLINE: JULY 6

OINT TECHNICAL PROGRAM COMMITTEE: AUGUST 5-6.
The JTPC selects abstracts and determines the final session schedule.
Speakers will be notified within 14 days following that meeting,

The JTPC consists of approximately 40 geoscientists representing each of
the associated societies and GSA divisions participating in the technical pro-
gram. The JTPC chairs, nominated by the Seattle Annual Meeting Committee
and approved by the GSA Council, also serve a four-year term on GSA'’s on-
going Program Committee, which oversees all technical program activities.

-
Daily technical session schedule:
September issue of GSA Today. If you are not a
member, please call, fax, or write us, and we
will gladly send you the schedule.

1994 Technical Program Chairs

Chairman

Mark S. Ghiorso

Dept. of Geological Sciences

University of Washington

Mail Stop AJ-20

Seattle, WA 98195

Phone: (206) 685-2482

Fax: 206-543-3836

E-mail: ghiorso@fondue.
geology.washington.edu

Co-Chair

Thomas Dunne

Dept. of Geological Sciences

University of Washington

Mail Stop AJ-20

Seattle, WA 98195

Phone: (206) 543-7195

Fax: 206-543-3836

E-mail: dunne@geology.
washington.edu

-ﬂt the ,eedc(iny ﬂye:
.f'(.'l'entlxic Theme éot Seattle

eology At the Leading Edge is the scientific theme of the Seattle meeting.
G The theme draws emphasis both to the geographical position of Seat-

tle, situated on the leading edge of a convergent plate margin, and to
the application of “leading edge” theoretical approaches and technological
advances to the elucidation of geological problems. Theme sessions and sym-
posia will be offered on aspects of Pacific Rim and convergent margin geol-
ogy, with particular emphasis on the utilization of new technology.

The 1994 Annual Meeting Committee is sponsoring the Keynote

Symposium entitled The Birth and Death of a Plate which will include invited

Glacier Peak Wilderness, Nortl Cascades, Washington. Photo by Joln Karachewski.

* * * * L 4

talks on topics such as arc volcanism, kinematics of plate motion, accretionary
wedges, and evolution of ocean ridge spreading centers. Speakers will illumi-
nate these issues with results from remote sensing, geodesy, seismic imaging,
experimental studies of geologic materials, and computational advances in
modeling geologic systems. The 1994 Program Committee will have several,
more informal evening sessions aimed at bringing attendees up-to-date on
new techniques such as GIS (Geographical Information Systems), GPS
(Global Positioning System), and major nationally funded research projects -
such as the Continental Drilling Program. The 1994 GSA Annual Meeting in
Seattle promises an exciting opportunity to discuss important geologic ques-
tions in a nontraditional way.

GSA5 Institute Jor
NP Envivonmental Education

sponsor its third Annual Environmental Forum on Sunday afternoon,
October 23. The forum is entitled Crucial Environmental Issues: Fear and

Loathing at the Leading Edge. Speakers will address four topics: earthquakes
and earthquake prediction; low-level radioactive waste disposal; contaminant
hydrogeology; and geologic factors affecting habitat loss and modification.

Earthquakes are arguably the natural disaster that most fascinates and
frightens the public, and the demand for reliable earthquake prediction cre-
ates a situation that geological scientists must address. Disposal sites for low-
level radioactive waste is an issue that can lead to an inflamed and fearful
public, but the geoscientist can contribute by helping the public question key
assumptions that affect site selection. Ground-water contamination is a major
concern throughout the world. The forum will address serious questions fac-
ing the geoscientist/engineer that affect the cost and effectiveness of pro-
posed solutions. The causes and rates of species decline are widely debated,
and the ability to make effective decisions on endangered species protection
and land use depends on properly defining the debate. Discussion will focus
on the geoscientist’s role in this process.

In addition to the Forum, IEE will also sponsor or cosponsor with GSA
divisions several theme sessions in the technical program. These are identi-
fied with the global symbol . -

I n cooperation with the Geology and Public Policy Committee, IEE will

/fﬂ'neta/oyica/ .f’ociety oj Bmerica
75th -ﬂmziveuaty

geosciences, and has noted the MSA sessions with a special logo.

MBSA and the local program committee are cosponsoring a special
symposium in honor of this anniversary. Speakers will focus upon the current
advances and changing trends in mineralogical research. Additional special
events and programs in celebration of the anniversary are planned.

G SA congratulates its colleagues at MSA on 75 years of serving the

Bbstract Submittal Guidelines

1994 Abstract Forms Availability

¢ Abstracts Coordinator at GSA headquarters
¢ Conveners of symposia
¢ Advocates of theme sessions
¢ Geoscience departments of most colleges and universities
¢ Main federal and state survey offices

The required 1994 abstract form will be used as camera-ready copy for
publication. Abstracts are limited to 250 words with a minimum 10-point font
size. Please read the instructions on the abstract form. Your abstract may be
rejected if the instructions are not followed.

Only ONE Volunteered Abstract May Be Submitted

Submit only one volunteered abstract as speaker or poster presenter for
discipline and/or theme sessions. Multiple submissions as speaker-presenter
for volunteered abstracts may result in rejection of all abstracts. Note that
this limitation does not apply to, nor does it include, invited contributions
to symposia.
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Presentation Modes

Oral Mode—This is a verbal presentation before a seated audience. Fhe
normal length of an oral presentation is 15 minutes, including time for discus-
sion. Projection equipment consists of two 35 mm projectors, one overhead
projector, and two screens.

Poster Mode—Each poster session speaker is provided with three hori-
zontal, free-standing display boards approximately 8' wide and 4' high.

The speaker must be present for at least two of the four presentation hours.

Papers for discipline sessions may be submitted in either oral or
poster mode. However, because of the homogeneous topic, papers for
theme sessions are to be submitted only in the mode noted in the theme
description. If the abstract is submitted in the incorrect mode, the abstract
will NOT be considered for the theme session, but will automatically be
considered for a discipline session instead.

Presentation Formats

Abstracts

Invited by the convener

Volunteered for a topic announced before the
abstracts deadline

Volunteered for a specific scientific discipline, and
organized by topic during the JTPC meeting

Format
# Symposia
¢ Theme Sessions

# Discipline Sessions

Invited pd)aeu / .f'ympo.fia/

bstracts are to be sent directly to the convener by July 6. The conven-
A er who extended the invitation to speakers is responsible for obtaining

two independent reviews of each abstract, and for sending the reviews
and the abstracts to GSA headquarters prior to the JTPC meeting. A prelimi-
nary symposium schedule will be available from headquarters by May 15.

S1. Keynote Symposium: Birth and Death of a Plate.
1994 GSA Annual Meeting Committee. George W. Bergantz and
Kenneth C. Creager, University of Washington.

Douglas R. Toomey, University of Oregon
Magma generation at oceanic ridges

Ronald M. Clowes, University of British Columbia
Geophysical character of the Cascadia margin

Xavier Le Pichon, Ecole Normale Supérieure
Sediment and fluid budgets at continental margins

E. Wesley Hildreth, U.S. Geological Survey, Menlo Park
Arc magmatism

Julie D. Morris, Washington University, St. Louis
Time scales and geochemical signatures of arc niagmas

Leigh H. Royden, Massachusetts Institute of Technology
Mountain building: Mechanics of upper plate deformation

Larry J. Ruff, University of Michigan
Mega-thrust earthquakes and envirommental considerations

Kenneth C. Creager, University of Washington
Fate of the subducted slab

S2. Plate Motion and Displacement Partitioning in the Circum-Pacific
Orogenic Belts.
International Division. Basil Tikoff and Christian Teyssier, University of
Minnesota; John Oldow, Rice University.

S3. New Frontiers in Active Tectonics Science.
Structural Geology and Tectonics and Geophysics Divisions. George H.
Davis, University of Arizona; J. Bernard Minster, Scripps Institution of
Oceanography, San Diego.

S34. Tectonic Geomorphology, Depositional Processes, and the
Depositional Record.
Sedimentary Geology Division. Douglas Burbank, Massachusetts Institute
of Technology.

S5. Geology and the Postindustrial Society.
1994 GSA Annual Meeting Committee. George D. Klein, New Jersey
Marine Science Consortium, Fort Hancock.

S6. Meyer Symposium: Maintaining Compatibility of Mining and
the Environment.
Society of Economic Geologists and 1994 GSA Annual Meeting Committee.
George Brimhall and Lewis Gustafson, University of California, Berkeley.

57. Advances in Silica Geochemistry.
» Mineralogical Society of America. Peter J. Heaney, Princeton University;
Patricia Dove, Georgia Institute of Technology.

S8. Mineralogical Society of America 75th Anniversary Symposium.
& Mineralogical Society of America and 1994 GSA Annual Meeting Committee.
" W. Gary Ernst, Stanford University.

S9. Frontiers of Mineral Surface Geochemistry: A Symposium
»in Memory of Andrew J. Gratz (1962-1993).

Mineralogical Society of America and Geochemnical Society. Michael F.

Hochella, Jr., Virginia Polytechnic Institute and State University.
S10. The Dreiss Symposium: Recent Trends in Studies of Coupled
Hydrodynamic, Tectonic, and Thermal Processes.
Hydrogeology Division. Mark Person, University of Minnesota.
S11. Hydrology and Active Volcanism: At the Leading Edge.
Quaternary Geology and Geomorphology Division. John E. Costa and
Richard Waitt, U.S. Geological Survey, Vancouver, Washington.
S12. Regional Economic Geology of the Northern Cordillera.
Society of Economic Geologists. Eric S. Cheney, University of Washington.
S13. Historical Investigations of Extraterrestrial Events and Causes
in Earth History.
History of Geology Division. Joanne Bourgeois, University of Washington;
Mott T. Greene, University of Puget Sound.
S14. Cataclysms and Catastrophes: The Planetary Perspective.
Planetary Geology Division. Odette B. James, U.S. Geological Survey, Reston.
515. Evolutionary Paleobiology.
Paleontological Society. Douglas H. Erwin, National Museum of Natural
History, Smithsonian Institution.
S16. Military Geology in War and Peace.
Engineering Geology Division. James R. Underwood, Jr., Kansas State
University; Peter L. Guth, U.S. Naval Academy.
S17. Pyrolysis Techniques for Source Rock Evaluation—Twenty Years Later.
Organic Geochemistry Division of the Geochemical Society. Colin Barker, Uni-
versity of Tulsa; Steven Larter, The University (Newcastle upon Tyne).
S18. Origin of Compositional Characteristics in Tertiary Coals:
Paleoecology, Paleobotany and Palynology.
Coal Geology Division. Thomas D. Demchuk, Amoco Production Co.,,
Houston, Texas; Timothy A. Moore, Geological Survey of Wyoming,
Laramie; Jane C. Shearer, Foundation for Research in Science and
Technology, Wellington, New Zealand.
519. The Late Cretaceous Marine and Continental Record of Global
Climate Change. \
Cushinan Foundation. Enriqueta Barrera, University of Michigan; Brian T.
Huber, Smithsonian Institution.
520. Use of Archaeology for Dating Geologic Events.
Archaeological Geology Division. Margaret J. Guccione, University of
Arkansas.
521. Changing Gateways: The Impact of Technology on Geoscience
Information Exchange.
Geoscience Information Society. Barbara E. Haner, University of California,
Riverside.
522. Recent Advances in Geoscience Education—The Leading Edge of
Undergraduate Instruction and Research.
National Association of Geology Teachers and National Science Foundation.
John C. Palmquist, Lawrence University.
§23. Marine Trace-Element Biogeochemistry and the Sedimentary Record.
Geochemical Society. Lee R. Kump and Michael A. Arthur, Pennsylvania
State University.

524. The Geological Profession’s Response to National Priorities in
Science Education.
Geoscience Education Division. Robert Ridky, University of Maryland at
College Park.

525. Annual Environmental Forum: Crucial Environmental Issues:

Fear and Loathing at the Leading Edge.

7 Institute for Environmental Education. Patrick L. Abbott, San Diego State
University.

S26. SGE Student Research.

Sigma Gamma Epsilon. Charles J. Mankin, Oklahoma Geological Survey.

POSTER.

527. Where Geology Matters: Past, Present, and Future.
GSA Committee on Geology and Public Policy. Emery T. Cleaves, Maryland
Geological Survey; Donald C. Haney, Kentucky Geological Survey.
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This format includes all abstracts that are not specifically invited for a

<

symposium. Each paper will have a minimum of three reviews. Two
types of sessions are available:

I. Discipline Sessions

Papers are submitted to ONE scientific discipline. The JTPC representa-
tives organize the papers in sessions focused on this one discipline, e.g.,
hydrogeology, geochemistry.

2. Theme Sessions

Papers are submitted to a specific pre-announced title and to ONE
scientific category. Theme sessions are interdisciplinary; each theme may
have as many as three categories from which authors may choose ONE.
After each theme description below, thé categories are identified by name
and number as they appear on the 1994 Abstract Form.

Theme submissions must include:

Item Example

¢ Theme number T18

¢ Key words of the theme title =~ Methods for Quantifying Unsaturated
Permeability

# One category Environmental Geology—#6 on abstract
form

¢ Mode for the session Poster

Submit only in the mode indicated in description

If the abstract is submitted in the incorrect mode, the abstract will NOT
be considered for the theme session, but will automatically be considered for
a discipline session instead.

Role of theme advocate

Each theme session has been proposed by an advocate. Advocates may not
invite speakers; however, advocates may encourage colleagues to submit abstracts,
with the understanding that there is no guarantee of acceptance.

All abstracts will be evaluated by three appropriate JTPC reviewers in
the discipline for which they are submitted; a fourth review will be provided
by the theme advocate. During the August 5-6 JTPC meeting, the designated
JTPC representative (in consultation with the theme advocate) will organize
theme sessions from the abstracts approved for presentation.

Theme Topics

Please check the correct mode of the theme session—poster or oral.
If the abstract is submitted inaccurately, the abstract will be transferred
automatically to a discipline session.

T1. Liquefaction Hazard Mapping and Mitigation.
W. Paul Grant, Shannon & Wilson, Inc., Seattle, Washington.

The Pacific Rim has the potential for significant damage from earthquake
induced liquefaction, particularly from a subduction earthquake. Mitigation
of this hazard requires identifying susceptible areas and developing effective
construction techniques. This theme session will provide a forum for discus-
sion of liquefaction mapping strategies and case histories of effective liquefac-
tion mitigation. ORAL.

Engineering Geology (5), Geoscience Information (11).

T2. Speciation, Mobility, and Bioavailability of Metals in
» Mining Wastes.
Mineralogical Society of America. David Frank and Roseanne M. Loren-
zana, U.S. Environmental Protection Agency, Seattle, Washington.

Processing of ore deposits from convergent plate margins produces wastes
with elevated concentrations of metals and metalloids. Environmental mobil-
ity and biological uptake may also be altered. This theme session brings
together interdisciplinary studies involving mineralogical characterization
and geochemical speciation of solid and liquid mining wastes and their
biological effects. ORAL.

Environmental Geology (6), Geochemistry, Aqueous/Organic (7),
Mineralogy/Crystallography (16).

T3. The Role of Geology in Characterization, Contaminant Transport, and
Remediation of Hazardous Waste Sites.
o7 Institute for Environmental Education. Daniel Clayton and Kathy

Goetz Troost, Shannon & Wilson, Inc., Seattle, Washington.

The integration of geologic site characterization with exposure assessments
and remediation technology is of fundamental importance in successfully
remediating contaminated subsurface soils and ground water. This session

is a forum for case histories where innovative geological and hydrogeological
studies have been instrumental in assessing contaminant migration pathways
and selecting remedial strategies. ORAL.

Engineering Geology (5), Environmental Geology (6), Hydrogeology (13).

T4. Surprises for Society.
GSA Geosphere Alliance Committee. Susan Kieffer, University of
British Columbia.

Humans as individuals, or as societies with governing institutions, are little
prepared for nonintuitive events, or for events rare in their experience. This
session will be dedicated to describing, in socially and economically relevant
terms, events that are rare compared to human experience, but for which

the geologic record and our interpretations of it are relevant. These include
processes that have a statistically significant chance of happening on the
100-1000 year time scale, and/or processes that might be more rare but influ-
ence our interpretation of everyday phenomena. Examples might be: any
nonlinear phenomenon; large meteorite impacts as analogs for nuclear win-
ter; geologic extinctions as lessons in biodiversity; relations between rare
volcanic eruptions and climate changes; and processes on other planets and
their lessons for Earth. Implications for current societal problems must be
addressed. ORAL.

Environmental Geology (6), Hydrogeology (13), Quaternary Geology/
Geomorphology (25).

T5. The Geological Basis of Wild Salmon Ecology.
o) Institute for Environmental Education. David R. Montgomery and
W7 Thomas Dunne, University of Washington.

The recent national focus on the need to manage regional-scale mountain
landscapes to protect the habitat of wild salmon, spotted owls, and other
species raises the question of whether geological studies can provide under-
standing to assist with the task of managing landscape for biodiversity. The
theme session will use the habitat of the Pacific salmon as a focus for address-
ing this question. Abstracts are sought on how the processes of landscape
assembly and evolution provide the basis for ocean currents, climate and its
fluctuations, estuarine conditions, drainage basin hydrology, and channel and
floodplain morphology that have allowed the Pacific salmon to exploit an
extensive and varied range. ORAL.

Environmental Geology (6), Quaternary Geology /Geomorphology (25).

Té. Environmental Geology: The Voice of Warning.
& Institute for Environmental Education. Monica E. Gowan, GeoLogic,
7 Bellingham, Washington.

The geoscientist’s grasp of complex geoenvironmental issues carries a respon-
sibility to raise public awareness of the risks of natural hazards, resource
availability and consumption, and the impacts of human activities. This ses-
sion will focus on how geologists can contribute to developing a citizenry
informed on the geology relevant to environmental issues. ORAL.
Engineering Geology (5), Environmental Geology (6), Hydrogeology (13).

T7. Environmental Geology: The Voice of Reason.
Institute for Environmental Education. Monica E. Gowan, GeolLogic,
N Bellingham, Washington.

Geoscientists routinely use reasoning processes that test data reliability and
relevance, probabilities, and causal relations. These skills can help clear public
confusion over verity, risk, and consequences. This session will examine how
geologists can assist the public and decision makers in developing rational
perspectives that incorporate relevant geoscience in environmental debates.
ORAL.

Engineering Geology (5), Environmental Geology (6), Hydrogeology (13).
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Paradise Trail, Mt. Rainier National Park, Washington. Photo by Jolm Karachewski.

108 o o o o o

Abstract Forms and Information: (303) 447-2020 or 1-800-472-1988

GSA TODAY, April 1994



Sea stacks in Jurassic rocks of Sooes terrane, Point of Arches, west coast of Olympic Peninsula,
Washinglon. Photo by Eric S. Cheney.

T8. Geochemistry of Contaminant Transport.
L. Edmond (Ted) Eary, Sciences International, Inc., Kennewick,
Washington; George R. Holdren, Battelle Pacific Northwest Labs,
Richland, Washington.

Contaminant transport through geologic media is affected by biological

and chemical redox, solubility, and sorption reactions. Knowledge of these
processes is critical for assessing migration potential. This session brings
together researchers with theoretical, field, and modeling expertise to develop
a unified framework for describing geochemical processes that affect contam-
inant migration. ORAL.

Environmental Geology (6), Geochemistry, Aqueous/Organic (7),
Hydrogeology (13).

T9. Urban, Suburban, and Rural—Environmental Geology at

@ the Leading Edge.
Quaternary Geology and Geomorphology Division and Institute for
Environmental Education. Duncan Foley, Pacific Lutheran University,
Tacoma, Washington.

This session will focus on environmental aspects of the interface between
geology and society. Urban, suburban, and rural areas along the “leading
edge” are affected by multiple environmental issues including geologic haz-
ards (earthquakes, volcanoes, landslides, floods, and tsunamis), resource de-
velopment, waste disposal, and water shortages. Geological input is critical in
handling such issues in these areas of rapid development. ORAL.
Engineering Geology (5), Environmental Geology (6), Quaternary
Geology/Geomorphology (25).

T10. The Management of Contaminated Sites in Near-shore Marine and
Estuary Environments.
Theresa Henson, Shannon & Wilson, Inc., Seattle, Washington.

Many coastal urban environments in the U.S. contain sites where industrial
activities affect the near-shore zone. Representatives include military installa-
tions, wood treatment plants, municipal landfilling, and harbors. Numerous
such sites are currently being investigated to determine their potential impact
on the marine environment. This session will provide a forum to discuss reme-
diation resulting from an integration of a broad spectrum of disciplines: geol-
ogy, hydrology, fisheries, wetlands, wildlife biology, ecological and human
health risk assessment, environmental chemistry, and engineering. ORAL.
Environmental Geology (6), Hydrogeology (13), Marine Geology (14).

T11. Stable Environmental Isotope Application in Ground-water Systems.
Hydrogeology Division. Noel C. Krothe, Indiana University; Roy F.
Spalding, University of Nebraska.

The theme presentations will describe the current status of the theory and
application of stable isotopes of hydrogen, helium, carbon, nitrogen, oxygen,
and sulfur to the understanding of ground-water processes. The application
of stable isotopes in areas of environmental concern such as degradation of
ground-water quality associated with industries, waste repositories, waste
treatment, and agriculture will be highlighted. ORAL.

Environmental Geology (6), Geochemistry, Aqueous/Organic (7),
Hydrogeology (13).

T12. Hydrothermal Systems Evolution in the Cascade Range.
Hydrogeology Division. Lisa Shevenell, Nevada Bureau of Mines and
Geology, University of Nevada at Reno; Jules Friedman, U.S. Geological
Survey, Denver.

Although considerable research has been conducted on active hydrothermal
systems throughout the Cascade Range, little is known about the genesis of

Cascade geothermal systems. Is there evidence of an integrated system? What
is the most applicable heat-flow model? Are there significant hydrothermal
resources? The objective of this session is to present studies on the localiza-
tion, distribution, and temporal changes in individual volcano-related and
other hydrothermal systems. ORAL.

Geophysics/Tectonophysics (10), Hydrogeology (13), Volcanology (32).

T13. Relation of Depositional Environments to Chemical and Physical
Heterogeneity within Sedimentary Aquifers.
Hydrogeology Division and SEPM (Society for Sedimentary Geology).
Matthew J. Davis, University of New Hampshire; George N. Breit,
U.S. Geological Survey, Denver.

Heterogeneity of the physical and chemical properties of many sedimentary
aquifers is controlled largely by the processes of deposition. This session will
focus on the relation between depositional processes and the resulting spatial
variation of chemical and physical properties of aquifers that impact solute
transport and water quality. ORAL.

Geochemistry, Aqueous/Organic (7), Hydrogeology (13), Sediments, Clastic (28).

T14. Geologic Significance of Microbial Processes.
Hydrogeology Division. Philip C. Bennett, University of Texas at Austin;
Frank Chapelle, U.S. Geological Survey, Columbia, South Carolina.

Geoscientists are becoming increasingly aware of the powerful role that
microorganisms play in geologic processes. Rather than being passive inhabi-
tants of the subsurface, microbes are key factors in the diagenetic alteration of
sediments and rocks, and in the accumulation of some metal ores. This ses-
sion will focus on the geologic significance of microbial processes in the
lithosphere, examining the role of microbes as geologic agents. ORAL.
Environmental Geology (6), Geochemistry (7), Hydrogeology (13).

T15. Computational Hydrology and Data Visualization and Animation.
Hydrogeology Division. Edward A. Sudicky, Waterloo Centre for Ground-
water Research, University of Waterloo, Ontario, Canada; Frank W.
Schwartz, Ohio State University.

The goal of this special session is to explore the science and applicability of
exciting visualization and animation technologies in ground-water geology.
Beyond fundamental questions of how to extract information from multidi-
mensional data that comes from process-oriented, fluid-flow and mass-trans-
port models or from large-scale experiments, the session will examine the
future of these techniques in “digital” journals, hydrogeological education,
and the legal arena. ORAL.

Computers (3), Hydrogeology (13).

T16. Leading Edge Applications of Earth Science Modeling and
Visualization. s
COGEOINFO (Commission on the Management and Application of Geoscience
Information). A. Keith Turner, Colorado School of Mines; Frank A.
D’Agnese and Claudia C. Faunt, U.S. Geological Survey, Denver.

This session explores recent advances in three-dimensional (3-D) geoscience
computer modeling and visualization. Presentations will address the evalua-
tion of regional and global problems by these 3-D tools in conjunction with
process-response and numerical simulation models. Recent increases in vol-

Permian and Triassic pillow lava, pillow breccia, and limestone at Deadman Bay, San Juan Island,
Washington. Photo by Darrel S. Cowan.
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ume and complexity of geoscience data sets have resulted in concerns about
data availability and quality. Therefore, presentations will also discuss data
quality assurance, management and integration methods for structural geol-
ogy, stratigraphy, engineering geology, and hydrogeology. ORAL.
Computers (3), Engineering Geology (5), Hydrogeology (13).

T17. Integration of Hydraulic and Geochemical Approaches in Vadose
Zone Transport Studies.
% Hydrogeology Division and Institute for Environmental Education. Scott W.
Tyler, Desert Research Institute, Reno, Nevada; Bridget R. Scanlan,

Bureau of Economic Geology, University of Texas at Austin.

The emerging role of the vadose zone in ground-water recharge and contami-
nant transport studies has led to the development of new hydraulic and geo-
chemical indicators of soil water movement. These indicators too often pre-
sent conflicting data on both the direction and magnitude of subsurface water
flux. The objectives of this session are to explore integration and conflict reso-
lution of these hydraulic and geochemical indicators to better understand
vadose zone processes. The session should be of interest to hydrogeologists
and geochemists working on recharge and contaminant transport studies
related to site characterization of proposed waste disposal facilities and reme-
diation of contaminated sites in a variety of climates and terranes. ORAL.
Environmental Geology (6), Geochemistry, Aqueous/Organic (7),
Hydrogeology (13).

Please check the correct mode of the theme session—poster or oral.
If the abstract is submitted inaccurately, the abstract will be transferred
automatically to a discipline session.

T18. Methods for Quantifying Unsaturated Permeability, Retardation,
and Other Transport Properties in Rock, Soil, and Sediment.
Judith Wright, Battelle-Pacific Northwest Labs, Richland, Washington;
James L. Conca, Washington State University.

This theme session focuses on an interdisciplinary approach to determining
unsaturated subsurface transport in soils, sediments, and rocks. Comparison
of new and established techniques will show how to achieve a more complete
characterization and understanding of subsurface transport and water-sub-
strate interactions. Abstracts are requested from investigators utilizing vari-
ous empirical methods and modeling techniques including classical labora-
tory and in situ field studies, new direct-measurement technologies, and
multidimensional modeling. POSTER.

Environmental Geology (6), Geochemistry, Aqueous/Organic (7),
Hydrogeology (13).

T19. Description and Measurement of Constitutive Relations Governing
Fluid Flow in Variably Saturated Media.
Hydrogeology Division. Martinus Th. van Genuchten, U.S. Salinity Labora-
tory, Riverside, California; Robert J. Lenhard, Battelle-Pacific Northwest
Labs, Richland, Washington.

Important parameters for modeling fluid flow in variably saturated media are
the constitutive relations between fluid saturation, relative permeability, and
fluid pressure. This theme session addresses the description, measurement,
and scaling of the constitutive relations governing multiphase fluid flow. The
session will also focus on the development and testing of statistical pore-size
distribution, percolation-pore-network, and other theoretical or empirical
models for these relations. ORAL.

Hydrogeology (13).

T20. Records of Glaciation and Climate Change Along the Leading Edge
During the Last Glacial Maximum and the Pleistocene-Holocene
Transition (20-8 ka).

Donald T. Rodbell, Union College, Schenectady, New York; P. Thompson
Davis, Bentley College, Waltham, Massachusetts; Geoffrey O. Seltzer,
Byrd Polar Research Center, Ohio State University.

The purpose of this theme session is to evaluate glacial and climatic records
from the cordillera of North and South America. We solicit papers that docu-
ment (1) the timing and magnitude of the last glacial maximum, (2) the cli-
matic conditions that prevailed during the last glacial maximum, (3) the
mode and style of the last deglaciation, and (4) the occurrence of high-fre-
quency and large-magnitude climatic oscillations during the last glacial-inter-
glacial transition. Principal proxy records of interest are radiocarbon-dated
moraines, lacustrine sediments, and pollen spectra. Our goals are the identifi-
cation of regional patterns of climatic change and the compilation of a paleo-
climatic database along a north-south transect to test models of global
climatic forcing. ORAL.

Quaternary Geology/Geomorphology (25).

T21. The Last Interglacial: Timing and Environment.
Daniel R. Muhs, U.S. Geological Survey, Denver; Tom Hamilton,
U.S. Geological Survey, Anchorage.

The last interglacial period has been cited as a possible analog for a future cli-
mate under an increased-CO; “greenhouse” effect, with temperatures and sea
level higher than the present. Papers with last-interglacial coral reef, calcite
vein, paleosol, pollen, ice core, deep-sea core, or other records for North
America are invited for this theme session. ORAL.

Paleoceanography /Paleoclimatology (17), Quaternary Geology/
Geomorphology (25).

T22. Paleoclimate Records from Arctic Lakes and Estuaries.
Gifford Miller, University of Colorado, Boulder.

The Arctic plays a key role in the global climate system, primarily due to
strong feedback mechanisms related to the extent of permanent snow and ice
sheets, and the distribution of permanent and seasonal sea ice in the Arctic
Ocean and adjacent marginal seas. How changes in these conditions influence
the rest of the climate system, and conversely how changes that occur outside
the Arctic impact the Arctic remain obscure. An international effort to
develop high-resolution time series of environmental change for the past 20
ka for the circum-Arctic regions is now well under way, including GCM mod-
eling. A review of results to date would be appropriate and of wide interest to
the earth science community. ORAL.

Paleoceanography /Paleoclimatology (17), Quaternary Geology/
Geomorphology (25).

T23. Correlation of the Marine and Terrestrial Paleoclimatic Record of the
Eastern North Pacific and Western United States.
James V. Gardner, U.S. Geological Survey, Menlo Park; Walter E. Dean,
U.S. Geological Survey, Denver.

This theme session will include results of high-resolution studies of the past
100,000 years from marine and terrestrial paleoclimatic records of the western
margin of North America. The focus will be on the last glacial-interglacial
cycle, the last deglaciation, and major climate events. POSTER.
Micropaleontology (15), Paleoceanography/Paleoclimatology (17),
Quaternary Geology/Geomorphology (25).

T24. Tectonics and Landforms Around the Pacific Rim.
Arthur L. Bloom, Cornell University; Thomas Dunne, University of
Washington.

The session will combine the experience of geologists who use landforms to
define patterns and rates of crustal deformation with others who study the
mechanics of landform evolution affected by tectonism. Abstracts are invited
that report insights resulting from geophysical and geochronological tech-
niques, remote sensing, and the acquisition and processing of topographic
data, as well as on traditional field methods. ORAL.

Quaternary Geology/Geomorphology (25), Tectonics (31).

T25. The Juneau Icefield: A Half Century of Geoscience Education,
Research, and Professional Training in the Alpine and
Glacial Environment.
National Association of Geology Teachers and Quaternary Geology and Geomor-
phology Division. Brian B. Tormey, Pennsylvania State University; P. Jay
Fleisher, State University of New York, Oneonta; Ann M. Tallman, Foun-
dation for Glacier & Environmental Research, Richland, Washington.

More than 2800 students, scientists, and field technicians have participated in
a program of field activity centered on the Juneau Icefield, southeastern
Alaska. Initiated in 1946, the program has provided education and field

Don Swanson leads a University of Washington Geological Sciences field trip into the crater of
Mt. St. Helens in September 1992. Photo by Stephen C. Porter.
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training in scientific techniques and methodology in a uniquely stimulating
environment. An international staff of renowned scientists has participated in
programs for graduate, undergraduate, and precollege students with interests
in field-oriented glaciological research. The results form a pedagogical bridge
between education and research that has successfully prepared scientists and
educators for the challenges of their respective careers. ORAL.

Geology Education (9), Quaternary Geology/Geomorphology (25).

T26. Quaternary Dating Methods.
Milan Pavich, U.S. Geological Survey, Reston; Paul Bierman, University
of Vermont.

Significant developments in Quaternary dating methods over the past decade
include: accelerator mass spectrometry, measurements of cosmogenic iso-
topes, high-resolution mass spectrometry such as 3Ar/40Ar analysis of single
crystals and 235U/231Pa analysis of young mafic volcanics, and isothermal
plateau annealing of glass shards for fission-track dating. The session will
showcase applications of these methods to time-stratigraphic, geomorphic,
and active tectonic problems. ORAL.

Quaternary Geology/Geomorphology (25), Stratigraphy (29).

T27. Late Quaternary Evolution of the Eastern Aleutian Arc: Volcanoes,
Earthquakes, Glaciers, and Shorelines.
Mark Molinari, Dames and Moore, Seattle, Washington; Lou Gilpin,
University of California, Santa Cruz.

The Gulf of Alaska margin of the eastern Aleutian arc is a huge area that is
affected by episodic events of both subduction-related tectonic processes, such
as volcanic eruptions and the megathrust earthquake cycle, and climate-con-
trolled glacio-eustatic interactions. The goal is to bring researchers together
from various disciplines (i.e., tectonic, volcanic, glacial, and climatic fields) in
order to better understand the processes of landscape evolution and consider
possible feedback mechanisms between the various processes. ORAL.
Geophysics/ Tectonophysics (10), Quaternary Geology /Geomorphology (25),
Volcanology (32).

T28. Learning in Small Groups: Using Collaborative Activities to
Teach Geology.
National Association of Geology Teachers. R. Heather MacDonald, College
of William and Mary; Ann Bykerk-Kauffman, California State University
at Chico.

This session will explore ways in which small groups’ activities are used in
geology and earth science courses at all levels (precollege to graduate school).
We are interested in descriptions of specific small-group collaborative assign-
ments; discussions of how such activities can be integrated into classes (espe-
cially large-enrollment classes); and evaluations of the effectiveness of such
activities for student learning. ORAL.

Geology Education (9).

T29. Advances in the Geology and Metallogeny of Gold Deposits.
«®» Mineralogical Society of America and Society of Economic Geologists.
Michael Rasmussen, Echo Bay Exploration, Inc., Spokane, Washington.

This theme session will focus on developments germane to gold mineraliza-
tion. Papers may (1) discuss theoretical or experimental results, (2) present

Photo courtesy of Seattle-King County Convention and Visitors Bureau.

regional syntheses of geological, geochemical, and/or geohydrological data,
or (3) describe gold occurrences that depart from established deposit models
or which require genetic reinterpretation. ORAL.

Economic Geology (4), Geochemistry, Other (8), Petrology, Igneous (21).

T30. Boron: Mineralogy, Petrology, and Geochemistry in Earth’s Crust.
AU Mineralogical Society of America. Edward S. Grew, University of Maine;
Lawrence M. Anovitz, University of Arizona.

Boron has been shown to be a critical indicator of the fate of subducted
oceanic crust, and being strongly hydrophilic, it has enormous potential as
a tracer of fluids in a variety of geologic environments. An improvement in
instrumentation has much facilitated the analysis of boron and its isotopes.
Papers on all aspects of boron research are welcome: experimental, field,
mineralogy, petrology, instrumentation, and geochemistry. ORAL.
Geochemistry, Other (8), Mineralogy/Crystallography (16),

Petrology, Experimental (20).

T31. Advances in Silica Geochemistry.
V4 Mineralogical Society of America. Peter J. Heaney, Princeton University;
Patricia Dove, Georgia Institute of Technology.

Silica minerals serve as indicators for a variety of geologic processes,
ranging from meteorite impacts to gold mineralization. Advances in sol-gel
processing and zeolite synthesis have increased the importance of silica as an
industrial material. This theme session will survey the most recent advances
in understanding the atomic-scale behavior of silica minerals in response to
temperature, pressure, and time. ORAL.

Geochemistry, Aqueous/Organic (7), Geochemistry, Other (8), Mineralogy /
Crystallography (16).

T32. Phase Transformations: Mechanisms and Kinetics of
5 Mineral Reactions.
Mineralogical Society of America. Bradley Hacker, Stanford University;
Steven R. Bohlen, U.S. Geological Survey, Menlo Park.

Phase transformations play key roles in the evolution of Earth. Melting and
crystallization produce continents and ocean basins, subduction is driven by
formation of eclogite from gabbro, and energy resources rely on the formation
of hydrocarbons and geothermal systems. With the equilibrium phase rela-
tions of many geologic materials well understood, the time is ripe for a theme
session to showcase “leading edge” experimental, theoretical, and field inves-
tigations of phase transformations. ORAL.

Geochemistry, Other (8), Geophysics/Tectonophysics (10),

Petrology, Experimental (20).

T33. Magmatic Evolution of Circum-Pacific Arc Systems.
¥ Mineralogical Society of America. Robert ]. Stern, Center for Lithospheric
¥ Studies, University of Texas at Dallas.

The evolution of convergent margins differs from those of other plate margins
in reflecting rapid crustal thickening, with consequences for magmatic evolu-
tion and tectonics. In this theme session, we focus on the evolution of mag-
matic compositions in response to different external effects, such as age of the
system, and the age and nature of the crustal substrate and subducted litho-
sphere. ORAL.

Geochemistry, Other (8), Petrology, Igneous (21).

T34. Volcanic Hazards and Disasters in Human History.
Archaeological Geology Division. Floyd W. McCoy, Windward College,
University of Hawaii; Grant Heiken, Los Alamos National Laboratory.

Volcanism has been a dominant influence in human history, affecting climate
change and facilitating both the destruction and the preservation of human
artifacts. This decade is designated for a focus on volcanic hazards. Abstracts
are invited on the geologic and archaeological record of volcanic processes
that have affected societies. ORAL.

Archaeological Geology (1), Volcanology (32).

T35. Volatiles and Volcanoes.
Society of Economic Geologists. Robert Symonds, U.S. Geological Survey,
Vancouver, Washington.

Degassing magma beneath volcanoes releases volatiles that interact with
volcano-hydrothermal systems. If passively degassed or explosively injected
into the atmosphere, these magmatic gases also play a major role in volcano-
atmospheric interactions. This interdisciplinary session will explore magma
degassing and the role(s) of magmatic volatiles in volcano-hydrothermal and
volcano-atmospheric interactions. ORAL.

Environmental Geology (6), Geochemistry, Other (8), Volcanology (32).

T36. Geological Mapping of Terrestrial Planets: Use (and Abuse?) of
Remotely Sensed Data.
Planetary Geology Division. George E. McGill, University of
Massachusetts.

Remotely sensed data are being increasingly used to prepare geologic maps
and to infer chemical or physical properties of exposed bedrock and surficial
materials on Earth and other planetary bodies. This session will accept pre-
sentations on (1) results of mapping using remotely sensed data, and (2) the
promise and limitations of such techniques in geological research. ORAL.
Planetary Geology (23), Remote Sensing (26).
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Nisqually Glacier icefall on Mt. Rainier. Photo by Stephen C. Porter.

T37. Impacts and Extinctions.
Paleontological Society. Peter Ward, University of Washington.

The rapidly evolving research linking bolide impacts with global mass extinc-
tions has undergone several new, major developments. First, the Chicxulub
structure is now unambiguously shown to be an impact crater of huge size,
and it has been reliably dated at 65 Ma, or coincident with the K-T mass
extinction. Second, the Manson Crater in Iowa, previously thought to date to
65 Ma, has recently been shown to be 72 Ma, and an impact layer of this age
has been found in the Western Interior. Finally, new work on Triassic rocks
has shown abundant evidence of impact at the end of the Triassic. These
topics, as well as new information on “kill curves” derived from studies

of impacts, will be explored in this theme session. ORAL.

Paleontology /Paleobotany (18), Planetary Geology (23), Stratigraphy (29).

T38. New Perspectives on Faunal Stability in the Fossil Record.
Paleontological Society. Kenneth M. Schopf and Linda C. Ivany, Museum
of Comparative Zoology, Harvard University.

Motivated by the recent documentation of “coordinated stasis” in several
Paleozoic ecosystems, we invite papers that address the question-of long-term
faunal stasis and coordinated turnover in the fossil record. Studies of within-
basin faunal composition over a period of millions of years (at the species or
genus level) are encouraged, as are theoretical discussions of the behavior of
ecosystems over geologic time scales. This session will emphasize the impor-
tance of integrating ecological and environmental factors within evolutionary
theory. ORAL.

Micropaleontology (15), Paleontology/Paleobotany (18), Stratigraphy (29).

T39. Tectonic and Climatic Influences on the Neogene Paleobiology of
West-Central Nevada.
Howard E. Schorn, Museum of Paleontology, University of California,
Berkeley; Scott W. Starratt, U.S. Geological Survey, Menlo Park.

This theme session will focus on the role of tectonics and climate in the
composition and diversity of the Neogene micro- and macro-floras and faunas
in west-central Nevada. Major changes in floral and faunal composition oc-
curred in the Great Basin during the Neogene. Were these changes the result of
global climate variations or local and regional changes resulting from the struc-
tural development of the Basin-and-Range physiographic province? ORAL.
Paleoceanography/Paleoclimatology (17), Paleontology/Paleobotany (18),
Tectonics (31).

T40. Evolution of Reef Biotas Along Active Plate Margins.
Paleontological Society. Constance M. Soja, Colgate University; Rodney
Watkins, Milwaukee Public Museum.

This theme session will give paleontologists the opportunity to discuss the
geologic occurrence of reefs that formed adjacent to oceanic islands or along
convergent plate margins. Presentations will amplify models pertaining to
reefs by exploring the influence of tectonic activity on reef evolution from the
Precambrian to the Holocene. ORAL.

Paleontology/Paleobotany (18), Sediments, Carbonates (27), Tectonics (31).

T41. Teaching Paleontology.
Paleontological Society and National Association of Geology Teachers. Carl V.
Mendelson, Beloit College; H. Allen Curran, Smith College.

Paleontology is a rapidly expanding field that has changed immensely over
the past 20 years. How can we keep pace with those changes? Which parts of
the “old paleontology” should we exclude from our courses? Which parts of
the “new paleobiology” should we incorporate? How can teachers help place
paleontology “at the leading edge?” Contributors should prepare posters
illustrating successful approaches to teaching paleontology, including field
and lab exercises, computer applications (e.g., theoretical morphology, cladis-
tics), discussion sessions, term projects, and specialized courses. POSTER.
Geology Education (9), Paleontology / Paleobotany (18).

T42. Educating Paleontologists for the Next Millenium: Evolution
and Revolution.
Paleontological Society. Gary D. Rosenberg, Indiana University/
Purdue University, Indianapolis.

Education of paleontology professionals needs to change by a quantum leap in
an era when the demand for paleontologists in universities, museums, govern-
ment, and industry is waning. What kinds of paleontologists are most success-
ful now, and what kinds will be needed in the future? Contributors may pre-
sent data showing how paleontologists can avoid extinction as either pure or
applied scientists in a climate of otherwise deteriorating employment. ORAL.
Geology Education (9), Paleontology/Paleobotany (18). '

T43. Pliocene Climates—Sea Levels and Ice Volumes.
Detlef A. Warnke, California State University at Hayward.

The evolution of Pliocene climates, including sea-level and ice-volume
changes, is a hotly debated topic. Divergent views exist, particularly on cli-
matic evolution of the early Pliocene, but there are also areas of agreement.
Papers on these subjects are often scattered through three or more sessions.
Therefore, it would be fruitful to bring them together in one session for pre-
sentation of data and exchange of ideas. POSTER.

Marine Geology (14), Paleoceanography /Paleoclimatology (17),
Stratigraphy (29).

T44, T45. Scientific Results of the Continental Drilling Program:
Creede Caldera, Newark Rifit Basin, Manson Impact Structure.
Philip M. Bethke, U.S. Geological Survey, Reston; Dennis V. Kent and
Paul E. Olsen, Lamont-Doherty Earth Observatory; David J. Roddy,
U.S. Geological Survey, Flagstaff.

These two theme sessions will describe the objectives, operations, and inter-
disciplinary scientific results of the U.S. scientific drilling programs in (1) the
moat of the Creede caldera, San Juan Mountains, Colorado; (2) the Newark
Rift Basin, New Jersey; and (3) the Manson impact structure, lowa. Oral pre-
sentations (to be submitted to theme T44) will summarize major areas of
investigation. Poster presentations (to be submitted to theme T45) will pro-
vide detailed documentation and/or will describe additional scientific results
or descriptions of drilling and logging operations. T44: ORAL, T45: POSTER.
Geochemistry, Other (8), Geophysics/Tectonophysics (10),

Sediments, Clastic (28).

Please check the correct mode of the theme session—poster or oral.
If the abstract is submitted inaccurately, the abstract will be transferred
automatically to a discipline session.

T46. Teaching Structural Geology.
Structural Geology and Tectonics Division and National Association of
Geology Teachers. Jan Tullis, Brown University.

Many of us have experimented with different approaches to teaching struc-
tural geology, including discussion formats, writing assignments, special labs,
demonstrations, computer or field exercises, student-originated projects, etc.
This theme session is envisioned as a forum where people can share new
approaches and materials that have worked well for them; it is focused on
modes of teaching and learning rather than course content per se. ORAL.
Geology Education (9), Structural Geology (30).

T47. Quantitative Analysis of Joints and Faults: New Approaches
to Field, Laboratory, and Modeling Studies of Rock Fracture.
Michael R. Gross, Florida International University.

New approaches to the analysis of joints and faults have shed considerable
light on brittle deformation in Earth’s upper crust. This session will focus on
recent advances in field, laboratory, and computer techniques employed to
investigate the fracture mechanics of rock, including the influence of material
properties on rock fracture; fracture spacing, distribution, and propagation;
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local and regional stress fields associated with joints and faults; process
zones; and inferring paleostress history from fracture arrays. ORAL.
Geophysics/Tectonophysics (10), Structural Geology (30), Tectonics (31)."

T48. Cascadia Subduction Zone.
Harvey Kelsey, Humboldt State University; Robert Schuster, U.S.
Geological Survey, Denver; Brian Atwater, U.S. Geological Survey,
University of Washington.

The purpose of this theme session is to provide an update on the structural
setting and Quaternary history of earthquakes west of the Cascade crest. The
session should be of interest to engineers as well as earth scientists. ORAL.
Quaternary Geology/ Geomorphology (25), Stratigraphy (29), Tectonics (31).

T49. Cascadia Convergent Margin: Forearc Tectonics.
J. Casey Moore, University of California, Santa Cruz; Roy Hyndman,
Pacific Geoscience Centre, Geological Survey of Canada.

Marine investigations of the Cascadia convergent margin demonstrate the
close linkage of tectonic, thermal, and hydrologic processes. On-land work
provides complementary and longer term perspectives on tectonic processes
in this forearc. This theme session will integrate results from seismic reflec-
tion, submersible, and ODP drilling studies offshore, with structural, meta-
morphic, and neotectonic investigations on land. ORAL.

Marine Geology (14), Geophysics/ Tectonophysics (10), Tectonics (31).

T50. Puget-Sound-Georgia Strait: 140 Million Years of Tectonics.
James W. H. Monger, Geological Survey of Canada.

The influence of past tectonic activity on features active today in this region
must be looked at on both sides of latitude 49°N. Wrangellia-southwest Coast
Belt crust found north of the border is not (or barely?) represented south of it;
this seems to be mostly the result of Cretaceous tectonics. Does this difference
affect younger, through-going tectonic features such as the depression con-
taining Georgia Strait and Puget Sound, or the differing earthquake pattern
north and south of the border? ORAL.

Structural Geology (30), Tectonics (31).

View southeast from Obstruction Peak Ridge, Olympic National Park, Washington.
Photo by Jolu Karachewski.

T51. Tilt vs. Translation and the Late Cretaceous Tectonics of Western
North America.
George Gehrels and Bob Butler, University of Arizona.

The debate about tilt vs. translation centers on whether paleomagnetic data
from Cretaceous rocks in western North America record >2000 km of north-
ward transport or northeast-side-up tilt and <1000 km of displacement. The
debate has important implications for reconstructing pre-Tertiary paleogeog-
raphy and for understanding the genetic links between terrane accretion,
plate motions, and orogenesis. ORAL.

Geophysics/Tectonophysics (10), Structural Geology (30), Tectonics (31).

T52. Baja British Columbia: Evaluation of Large-scale Northward Transport
of the Northern Cordillera in Late Cretaceous to Early Tertiary Time.
Paul J. Umhoefer, Northern Arizona University; Ted Irving, Pacific -
Geoscience Centre, Geological Survey of Canada.

The Baja B.C. hypothesis has been controversial since its inception. It has
important implications for tectonics from Mexico to Alaska and as a case
study of an oblique-convergence orogeny. The hypothesis seeks to describe
the interactions between oceanic plates and North America during the
Laramide orogeny. The session will focus on paleomagnetic data, evidence
from large faults, and the derivation of sedimentary and volcanic sequences
and plutonic suites. ORAL.

Geophysics/ Tectonophysics (10), Tectonics (31).

T53. Convergent and Transform Processes at the Leading Edge of the
Northern Pacific Rim.
Sarah Roeske, University of California, Davis; Jinny Sisson, Rice
University; Terry Pavlis, University of New Orleans.

Both convergent and transform tectonic events have shaped the leading edge
of the northern Pacific Rim during the Late Cretaceous through Eocene. We
are soliciting abstracts from a broad range of disciplines that address tectonic
processes that occurred at this plate boundary, from the Kodiak Islands to
northern Oregon. We particularly encourage presentation of regional synthe-
ses that relate offshore tectonic events to geologic events inboard from the
plate margin. ORAL.

Petrology, Igneous (21), Sediments, Clastic (28), Tectonics (31).

T54. Geophysical Studies of the Continental Margin, Western
North America.
Walter D. Mooney, U.S. Geological Survey, Menlo Park.

Geophysical studies of the continental margin of North America have pro-
vided new insights into the evolution of this transform-subduction regime.
This session will focus on recent marine and land investigations, from Mexico
to Alaska, that have provided new constraints on the processes that have
formed and modified this diverse and complex continental margin. POSTER.
Geophysics/ Tectonophysics (10), Marine Geology (14), Tectonics (31).

T55. Late Mesozoic Basins in the North American Cordillera: Constraints
on Terrane Accretion and Translation.
Sedimentary Geology Division. ]. Brian Mahoney, University of
British Columbia; John Garver, Union College, Schenectady, New York;
Ralph Haugerud, U.S. Geological Survey, University of Washington.

The paleogeographic setting of Jurassic and Cretaceous basins in the North
American Cordillera and the limits thus placed on terrane amalgamation and
latitudinal translation are particularly important because of conflicting views
of the tectonic evolution of the Cordillera. This theme session will focus on
the paleogeography, provenance, tectonic setting, and stratigraphic correla-
tion of Jurassic and Cretaceous basins in the North American Cordillera, and
their bearing on the location and timing of terrane accretion and magnitude
of subsequent translation. Especially important are the paleogeographic rela-
tions, if any, between outboard basins of the northern Cordillera, outboard
basins of the southern Cordillera, and the North American craton. ORAL.
Sediments, Clastic (28), Stratigraphy (29), Tectonics (31).

T56. Geology of the Coast Ranges of Oregon and Washington:
New Discoveries.
Richard J. Stewart, University of Washington.

This theme session will focus on the latest developments in the geology of
Tertiary-age rocks in the Coast Ranges of Oregon and Washington, and adja-
cent parts of northern California, western British Columbia, and southern
Alaska. The geology of early Tertiary rocks in this region is dominated by the
interactions of allochthonous terranes, whereas younger Tertiary rocks record
deposition in several basins, the uplifted and eroded parts of which are now
exposed on this segment of the Pacific Rim. Papers that incorporate the best
and most recent data on terrane interactions, biostratigraphy, paleomag-
netism, and radiometric dating are specifically encouraged. ORAL.
Stratigraphy (29), Structural Geology (30), Tectonics (31).

T57. Birth and Life of an Island Arc at a Leading Edge—The Geologic
Development of Japan.
International and Structural Geology and Tectonics Divisions. Tim Byrne,
University of Connecticut; Asahiko Taira, University of Tokyo.

Island arcs, and convergent plate boundaries in general, represent one of the
most tectonically active environments on Earth. The Japanese island arc is no

Jurassic pillow lava underlain by chaotic mudstone melange, John's Point, Lopez Island,
Washington. Photo by Darrel S. Cowan.
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M. Rainier and sailboat on Seattle’s Elliott Bay. Photo by Bob Peterson, courtesy of Seattle King
County Convention and Visitors Bureau.

exception, and during the last few decades this plate boundary has been stud-
ied extensively by many scientists, including Japanese, French, American,
Australian, and British geologists. As a result, the Japanese islands arguably
represent one of the best studied convergent plate boundaries in the world. In
this session we welcome contributions that will both broaden the base of gen-
eral knowledge about the Japanese “leading edge” and, at the same time, pro-
vide an integrated framework for more detailed studies of convergent plate
boundaries. ORAL.

Marine Geology (14), Tectonics (31), Volcanology (32).

T58. Active Arc-Continent Collision in Taiwan.
Structural Geology and Tectonics Division. Neil Lundberg, Florida State
University; Louis Teng, National Taiwan University; Donald Fisher,
Pennsylvania State University; Jean Crespi, University of Connecticut.

The Luzon island arc is actively accreting to the Asian passive continental
margin, building the island of Taiwan as an active fold-and-thrust belt. This
session will present results of current research on this active convergent sys-
temn, which has been used to exemplify collisional processes and to inspire
models of mountain building. We welcome contributions from field-based,
analytical, and/or modeling investigations that provide new information on
processes operating in the Taiwan subduction-collision system. ORAL.
Geophysics/ Tectonophysics (10), Structural Geology (30), Tectonics (31).

T59. Geologic Evolution of the Tian Shan Orogenic System, Central Asia.
Stephan Graham, Stanford University; An Yin, University of California,
Los Angeles.

The Tian Shan orogenic system, stretching 2500 km across Asia, originated as
a Paleozoic accretionary fold belt, yet Himalayan deformation has produced
topographic relief of 7 km within the Tian Shan during the Cenozoic, despite
its position in the center of Asia. This theme session explores recent advances
in understanding the evolution of this complex orogenic belt. ORAL.
Geophysics/ Tectonophysics (10), Structural Geology (30), Tectonics (31).

T60. Rheological and Structural Evolution of Contractional Orogenic Belts.
Phyllis Camilleri, University of Wyoming.

This theme session will focus on theoretical to field-oriented studies on (1) the
origin and implications of fabrics and small-scale structures developed within
active thrust sheets, (2) metamorphic processes within thrust sheets, (3) flex-

ure of footwalls to thick thrust sheets, and (4) rheological models of contrac-
tional orogenic belts. ORAL.
Petrology, Metamorphic (22), Structural Geology (30), Tectonics (31).

T61. Dating Deformation.
William ]. Dunlap, University of California, Los Angeles; Jerry E
MacLoughlin, University of Michigan.

The application of geochronometers to deformed rocks has demonstrated the
potential for the direct dating of deformational events and structural features.
We welcome contributions pertaining to all aspects of the dating of deforma-

tional events; dating structures such as shear zones, faults, and foliations; and
experimental studies on the effect of deformation on isotopic systems. ORAL.
Geochemistry, Other (8), Structural Geology (30), Tectonics (31).

T62. Precambrian and Phanerozoic Terrane Accretion: Contrasts and
Similarities.
Kent C. Condie, New Mexico Institute of Mining and Technology;
Peter J. Coney, University of Arizona.

Terrane accretion has been recognized for some time as an important mecha-
nism in the growth of Phanerozoic continental crust. In recent years it also has
been suggested that terrane accretion was important in the Precambrian. To
more fully understand continental growth and evolution, it is important to
see if Phanerozoic-style terrane accretion occurred in the Proterozoic and the
Archean. To do this, it is critical that discussion occur between the Phanero-
zoic and Precambrian “terrane” groups, particularly if we hope to identify
real changes in terrane accretion with time. ORAL.

Precambrian Geology (24), Tectonics (31).

T63. Precambrian Orogens: Tectonic Setting and Crustal Architecture.
Ben A. van der Pluijm, University of Michigan; Timothy M. Kusky,
Boston University.

Preserved lithotectonic assemblages and the crustal architecture of Precam-
brian orogens are indicative of Precambrian tectonic style. This theme session
will address such topics as structural and temporal evolution, P-T-t paths,
paleogeography, ophiolites, and other characteristics of Precambrian orogens
worldwide, and their possible contrasts with modern belts. ORAL.
Precambrian Geology (24), Structural Geology (30), Tectonics (31).

T64. Relations Between Diagenesis and Deformation.
Sedimentary Geology Division. Richard Behl, University of California,
Santa Barbara.

Sediments undergo postdepositional changes in fabric, composition, mineral-
ogy, cementation, and pore-water chemistry which modify the style and
thresholds of tectonic and burial deformation. In turn, deformation can influ-
ence the rates and pathways of diagenesis by modifying porosity, permeabil-
ity, and grain-to-grain stresses. These interrelations span a range of scales
from stylolites to septarian concretions, from brecciated cherts to accretionary
complexes. POSTER.

Sediments, Carbonates (27), Sediments, Clastic (28), Structural Geology (30).

T65. Perspectives on Desert Surface Processes.
Planetary Geology Division. Ted A. Maxwell, National Air and Space
Museum, Smithsonian Institution; Leslie M. McFadden, University of
New Mexico.

Over the past decade our understanding of desert surfaces has been
advanced from orbital information, new dating techniques, and new interpre-
tations of the physical and chemical processes that make up desert pavements
and varnish. This theme session is designed to combine research results that
involve both remote sensing and ground-based studies on the origin and evo-
lution of desert surfaces. Contributions are solicited that deal with sediment
transport, deposition, and soil development; dating as applied to arid region
sediments, near-surface chemistry, and extraterrestrial arid land processes. In
addition, papers on the use of arid region vegetation to understand the
underlying geology are encouraged. ORAL.

Planetary Geology (23), Remote Sensing (26), Sediments, Clastic (28).

Please check the correct mode of the theme session—poster or oral.
If the abstract is submitted inaccurately, the abstract will be transferred
automatically to a discipline session.

T66. Cenozoic Sequences on Passive Margins: A Triad of Processes.
Sedimentary Geology Division. Kenneth G. Miller, Rutgers, The [New -
Jersey] State University; Gregory S. Mountain, Lamont-Doherty Earth
Observatory.

Recognition of stratal surfaces provide an objective means of dividing the
stratigraphic record into sequences (bounded by unconformities) and para-
sequences (bounded by flooding surfaces). A triad of processes controls the
development of sequences and parasequences: sea-level change, tectonics,
and climate change (particularly as it affects sediment supply). This theme
session will focus on the timing and development of Cenozoic sequences and
parasequences. We invite papers on any passive margin or epicontinental sea
that address the interaction of these three processes in developing the strati-
graphic record. ORAL.

Marine Geology (14), Paleoceanography/ Paleoclimatology (17),

Stratigraphy (29).
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T67. West Coast Salt Marshes: Stratigraphy, Sea-Level Change, and
Seismic Events. 2
Roger Byrne, University of California, Berkeley; Scott W. Starratt,
U.S. Geological Survey, Menlo Park.

" Recent detailed sedimentological and micropaleontological studies of coastal

|

| &

salt-marsh deposits have demonstrated enormous potential for understanding
both gradual and geologically instantaneous changes in late Holocene sea level.
Methods tested in coastal salt-marsh deposits on passive margins have recently
been applied to salt-marsh deposits on the West Coast of North America with
varying degrees of success. This theme session will focus on the use of micro-
paleontology and stratigraphy in unraveling the complex interaction between
eustatic changes and local tectonic events in salt-marsh deposits. ORAL.
Environmental Geology (6), Quaternary Geology/ Geomorphology (25),
Stratigraphy (29).

" |FIELD TRIPS

L 4 L 4

he Pacific Northwest offers a magnificent opportunity to study a wide
I variety of geologic settings, processes, and problems: far-traveled ter-

ranes and their deformation, active subduction tectonics and arc volca-
noes, deposits of colossal floods and huge flood-basalt flows, forest geomor-
phology (part of the politically hot old-growth issue), forearc sedimentation,
radioactive waste hydrogeology, and many more. The field trip program is
designed to take advantage of this diversity, covering ground from southwest
Idaho to Honolulu and into southern British Columbia but focusing on Wash-
ington and northern Oregon. Come join one or more of these excursions to
see how much has been learned since GSA last met in Seattle 17 years ago.

Trips start and end in Seattle unless otherwise indicated. With lower airfares
on Saturday night stayover flights, you can pay for a pre- or postmeeting
field trip with the savings!

The trips are led by active researchers and are technical in nature,
although students are strongly encouraged to attend. Some will require
moderate walks or climbs, and others have specific requirements noted below.
Always bring rain gear and cool weather garments to enjoy Pacific Northwest
weather! Please check with the trip leader if you have any questions.

Trip costs are subject to change before registration begins in June, but
they are not expected to change significantly. If you register for only a field
trip, you must pay a $25 nonregistrant fee in addition to the field trip fee.

This fee may be applied toward meeting registration if you decide to attend
the meeting.

For further information, contact the individual trip leader or the 1994 Field
Trip Chair, Don Swanson, U.S. Geological Survey, c¢/o Dept. of Geological Sci-
ences, AJ-20, University of Washington, Seattle, WA 98195, (206) 553-5587 (both
voice and fax), E-mail: donswan@geology.washington.edu, or Co-chair, Ralph
Haugerud, at the same address, (206) 553-5542 (voice), 206-553-8350 (fax),
E-mail: rah@geology.washington.edu.

pzemeetiny

Island and Coastal Hydrogeology of Hawaii.

October 17 (evening)-21. Clifford Voss, U.S. Geological Survey, 431 National
Center, Reston, VA 22092, (703) 648-5885, and Frank Peterson. Trip starts in
Hilo and ends in Honolulu, with one free day (October 22) before flying to
Seattle. Trip will visit active volcanoes on the island of Hawaii and under-
ground water tunnels on Oahu. Cost: $500, exclusive of airfare to and from
Hawaii. Note: Due to hotel reservation deadlines, those interested in this
trip must sign up and submit a $50 deposit to GSA by April 29, 1994. Con-
tact Becky Martin at GSA, (303) 447-2020, for further information or to
make a reservation.

Geomorphology and Stratigraphy of the Great Last-Glacial Missoula
Floods in Central Washington and the Columbia River Gorge.

October 18 (evening)-23. Richard B. Waitt, U.S. Geological Survey, 5400
MacArthur Blvd., Vancouver, WA 98661, (206) 696-7558, and Jim O’Connor.
Trip starts in Portland and ends in Seattle. Cost: $400.

Late Cretaceous and Early Tertiary Orogeny in the North Cascades.

October 19 (late afternoon)-23. Ralph Haugerud, U.S. Geological Survey,
Dept. of Geological Sciences, AJ-20, University of Washington, Seattle, WA
98195, (206) 553-5542, and E. H. Brown, Bryan Kriens, Michael McGroder, and
Rowland Tabor. Cost: $420.

Volcanic, Sedimentary, and Structural Evolution of the Oregon-Idaho
Graben, Southeast Oregon and Southwest Idaho.

October 20-23. Michael Cummings, Dept. of Geology, Portland State
University, P.O. Box 751, Portland, OR 97207-0751, (503) 725-3022, and
Jim Evans and Mark Ferns. Trip starts in Boise, Idaho and ends in Seattle.
Cost: $350.

Sedimentary, Volcanic, and Tectonic Framework of Tertiary Marine Forearc
Basins and the Mist Gas Field, Northwest Oregon.

October 20-23. Alan R. Niem, Dept. of Geosciences, Oregon State University,
Corvallis, OR 97331-5506, (503) 737-1233, and Brian McKnight and H. Jack
Meyer. Cost: $340.

T68. Evolution on the Atlantic Coastal Plain—Sedimentology, Stratigraphy,
and Hydrogeology.
Marylin P. Segall, University of South Carolina.

Mesozoic to Cenozoic evolution of the Atlantic coastal plain has resulted in a
thick sequence of fluvial, marginal marine, and marine deposits. Each unit is
characterized by unique physical characteristics that were either inherited at
the time of deposition or modified by postdepositional processes. The goals of
this multidisciplinary session are to (1) relate the evolution of the southeastern
Atlantic coastal plain to globally observed phenomena; (2) define the various
depositional sequences as they relate to modern land usage (water supply,
nuclear waste disposal, engineering properties and hazards); and (3) delineate
innovative technologies that can be used to address old problems. ORAL.
Environmental Geology (6), Sediments, Clastic (28), Stratigraphy (29).

Quaternary Stratigraphy, Soils, and Neotectonics of the

Western Olympic Peninsula.

October 21-23. Frank Pazzaglia, Dept. of Geology and Geophysics, Yale
University, P.O. Box 6666, New Haven, CT 06511, (203) 432-3155, and Glenn
Thackray. Cost: $220.

Pluton Emplacement During Cretaceous Mid-Crustal Contraction:
Mount Stuart Batholith, North Cascades.

October 21-23. Robert B. Miller, Dept. of Geology, San Jose State University,
San Jose, CA 95192-0102, (408) 924-5025, and Scott Paterson and Lawford
Anderson. Cost: $260.

Vents and Basalt Flows of the Columbia River Basalt Group.

October 21-23. Stephen P. Reidel, Geosciences, Westinghouse Hanford
Company, MSIN H6-06, P.O. Box 1970, Richland, WA 99352, (509) 376-9932,
and Terry L. Tolan and Melvin H. Beeson. Trip starts in Pasco, Washington
and ends in Seattle. Cost: $260.

Sequence Stratigraphy of the Eocene-Oligocene Transition: Examples from
the Nonmarine, Volcanically Influenced John Day Basin.

October 21-23. Erick A. Bestland, Dept. of Geological Sciences, University of
Oregon, Eugene, OR 97403, (503) 345-3470, and Gregory J. Retallack. Trip
starts in Portland and ends in Seattle. Cost: $250.

Earth, Water, Trees, and Fish: Geomorphology and Land-Use Problems in
the Forested Mountains of the Pacific Northwest.

October 21-23. Matthew J. Brunengo, Washipgton Dept. of Natural Resources,
Division of Geology, P.O. Box 47007, Olympia, WA 98504-7007, (206) 902-1433.
Cost: $260.

Tectonostratigraphy of the Crescent Terrane and Related Rocks,
Olympic Peninsula, Northwest Washington.

October 21-23. Scott Babcock, Dept. of Geology, Western Washington
University, Bellingham, WA 98225, (206) 650-3592, and Dave Engebretson.
Cost: $260.

Mid-Tertiary Volcanism East of Mount Rainier: Fifes Peaks Volcano-
Caldera and Bumping Lake Pluton~Mount Aix Caldera.

October 22-23. Paul E. Hammond, Dept. of Geology, Portland State
University, P.O. Box 751, Portland, OR 97207-0751, (503) 725-3387, and

Keith A. Brunstad and John F. King. Some rugged walking with loose footing
in wilderness areas. Cost: $160.

Mount Rainier, a Decade Volcano.

October 22-23. Patrick Pringle, Washington Dept. of Natural Resources,
Division of Geology, P.O. Box 47007, Olympia, WA 98504-7007, (206) 902-1433.
Cost: $180.

Low-tide outcrop along Columbia River east of Astorin, Oregon, with evidence for earthquake-
induced subsidence about 300 years ago. Photo by Roger Lewis.
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