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ABSTRACT

The geologic record of the muds
and clays of the deep sea contains
information regarding uplift within
and climate of the continental source
region for those sediments and, to a
lesser extent, of changes in sea level.
Detailing the terrigenous sedimen-
tary record in a hemipelagic or pe-
lagic core is the only way in which
the climatic histories of the land and
sea can be compared directly. The
history of the mass accumulation
rate of terrigenous sediments is the
starting point for discussions of
global mass balances and, together
with other information, permits defi-
nition of when chemical and physi-
cal weathering processes were impor-
tant during the Cenozoic. Significant
chemical weathering began at the
Eocene-Oligocene boundary and
continued for at least 20 m.y. before
physical weathering became domi-
nant in the middle or late Miocene.

INTRODUCTION

Ninety-five percent of the terrige-
nous material entering the ocean is
delivered by rivers, and most of it is
deposited on or near the continental
margin. A minor amount bypasses the
continental margin and is deposited,
by a variety of processes, in the deep
ocean. In the past decade marine geolo-
gists have become proficient at reading
the multifaceted record offered by the
accumulation of terrigenous materials
in hemipelagic and pelagic environ-
ments. They have found that this
record can be applied widely to ques-
tions of broad geological importance.
In this overview, examples of the kind
of research now being carried out in
this area illustrate the different geologi-
cal topics that are amenable to investi-
gation by studies of the record of ter-
rigenous sediment in the deep sea.

The deposition of terrigenous sedi-
ment in the deep sea is controlled by a
combination of mountain uplift, cli-
mate of the sedimentary source region,
and sea level. Signals of these three
may be fully integrated in the core-
record we recover from the sea floor,
but commonly one of them clearly pre-
dominates and provides insight into
geologic process or history. Uplift of
the source region can result in an order
of magnitude or greater signal in the
accumulation rate of the mineral com-
ponent of deep-sea sediments. The dis-
tal view of uplift of a major mountain
range thus obtained integrates over
subcontinental-sized drainage basins
and is capable of providing a holistic
overview of important tectonic events.
The climate of the continental source

region is commonly the dominant
control of marine sedimentation.
Input of river-derived hemipelagic
mud responds to the degree of physical
erosion in, relative humidity of, and
runoff from the drainage basin. The
flux of eolian dust to the deep sea is
a record of the relative aridity of the
eolian source region. Ice-rafted debris
(IRD) indicates the presence of glaciers
at sea level. Further, characterization of
the continental record of global climate
change from proxy records in pelagic
sediment usually provides an oppor-
tunity to link the land record to the
oceanographic record determined from
the same core. Linking the land and sea
records of climate change has been an
important goal of the paleoclimate
community for years. There is no better
way to discover the interactive behav-
ior among all parts of Earth’s climatic
system. The past 15 years have pro-
vided a clear demonstration of how
changes in sea level control the deposi-
tion of sedimentary units or packages
on continental margins. In general,
highstands are times of deposition on
continental shelves, and during low-
stands more material is transported
directly to the continental slope and
sea floor. The distal, deep-sea record of
this process is not well defined as yet,
but it should be present in the form
of either bottom-process-related sedi-
ments, such as turbidites, or in the
mass accumulation rate of hemipelagic
sediment. Finally, the history of the
mass flux of particulates from the con-
tinents to the oceans provides a con-
straint for conceptual and computa-
tional models of geochemists
pondering global cycles of elements
and the oceanic aspect of such cycles.
Below I present brief summaries
of current research involving aspects
of terrigenous deposition. New informa-
tion is available regarding important
topics such as linking marine and con-
tinental records of climate change, up-
lift history of the Himalayas, and the
times of chemical vs. physical weather-
ing of continents. Older results like the
major change in atmospheric circula-
tion at the Paleocene-Eocene boundary
or the paleoclimatic record provided by
ice-rafted debris have stimulated new
avenues of research.

PROCESSES OF
TERRIGENOUS
SEDIMENTATION

The general process of downslope
mass movement of sediment as gravity
flows of one category or another has
been the subject of considerable
research in sedimentology during the
past several decades (Pickering et al.,
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1989) and will not be considered fur-
ther here. It has been about two dec-
ades since marine geologists have
become aware of how active a place the
deep sea floor is, and that much of the
sediment reaching the lower part of the
continental slope or rise is redistributed
by abyssal currents. These processes are
particularly important in the Atlantic
where both the southward-flowing
North Atlantic Deep Water and the
northward-flowing Antarctic Bottom
Water redistribute abyssal sediments
(e.g., Poag and de Graciansky, 1992),
forming a variety of current-mediated
deposits. Only when the sediment sup-
ply overwhelms the capacity of oceanic
circulation to redistribute material
along the continental margin do
deposits such as the Mississippi Delta
or the Amazon Cone or the Bengal Fan
form.

Hemipelagic deposits consist of
fine-grained, silt and clay-sized muds
deposited within hundreds of kilome-
tres of the continental margin. These
muds, derived from winnowing of con-
tinental shelf and upper slope sedi-
ments, move offshore within the water
column at 2 or 3 km depth in a plume
or cloud of limited vertical extent.
Resulting deposits blanket continental
slopes and regions of the sea floor adja-
cent to the continents. The horizontal
advection of lithogenous material has
been well documented by sediment
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trap studies which have shown that
this process is the dominant one of
terrigenous sedimentation up to hun-
dreds of kilometres offshore (Honjo et
al., 1982; Heggie et al., 1987; Saito et
al., 1992). These deep-sea muds are the
least well known of all abyssal sedi-
ments, partly because they have been
difficult to date and partly because
their paleoenvironmental interpreta-
tion has not always been obvious. Both
fluvial supply and sea level should ex-
ert a control on the mass accumulation
rate of fine-grained hemipelagic mud
in the deep sea, and these two determi-
nants may often work in concert.

Calved bergs from glaciers reaching
the ocean carry poorly sorted sedimen-
tary debris far out to sea. The most
obvious of these materials are drop-
stones, which are present in all high-
latitude sediments during glacial times.
Finer grained materials are also ice
rafted along with the pebbles and
provide insight into the details of high-
latitude climatic and oceanographic
processes.

Seaward of the regions character-
ized by hemipelagic deposition, away
from the influence of turbidites and
redistributional processes, and equator-
ward of the influence of ice rafting, the
mineral component of deep-sea pelagic
clays is dominated by eolian dust (Win-
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Penrose Conference Report

Continental Tectonics and Magmatism of the
Jurassic North American Cordillera

Conveners

David M. Miller, Richard M. Tosdal

U.S. Geological Survey, 345 Middlefield Road, Menlo Park, CA 94025

Robert G. Anderson

Geological Survey of Canada, 100 West Pender Street, Vancouver, British Columbia V6B 1RS8, Canada

Although continental-margin sub-
duction was established in latest Paleo-
zoic or early Mesozoic time along the
North American Cordillera, it was not
until the Jurassic that tectonism ex-
tended far inboard (east) of the mag-
matic arc, and voluminous magmatism
took place in and behind the arc. Many
aspects of this Jurassic tectonic event
have been studied in different regions
and by diverse approaches, and a Pen-
rose Conference was convened Febru-
ary 27 to March 4, 1993, at Lake Hava-
su City, Arizona, to bring together new
information in order to better under-
stand the whole event. The 59 partici-
pants, including five graduate students,
represented three countries and regions
from Alaska to Sonora. Included were
structural geologists, petrologists, strati-
graphers, geochemists, paleontologists,
isotope geochemists, tectonicists, and
generalists. This diversity was key to
the success of the conference, for it
provided a rare opportunity to inte-
grate methodologies as well as regional
data sets and resulted in a better under-
standing of the continental magmatic-
tectonic events.

The conference began with a full-
day field trip through the magmatic
arc in the cratonal setting of western
Arizona and adjacent California. In
this region, Middle Jurassic explosive
volcanism and plutonism transected
older deformation belts in the conti-
nental crust. Evidence for short-lived
episodes of contractile deformation
and high-angle (extensional?) faulting
before, during, and immediately after
arc magmatism was discussed. Cessa-
tion of magmatic activity was signaled
by sedimentation and the establish-
ment of basins and fluvial system(s)
recorded by the Jurassic and Cretaceous
McCoy Mountains Formation.

In the opening address, Bill Dick-
inson noted that Jurassic arcs and
deformation belts existed around the
proto-circum-Pacific margin and that
we see only one small part of that sys-
tem in North America. He argued for a
rethinking of several generally accepted
tenets such as the need for extension
within, or behind, west-facing subduc-
tion zones; the need for formation of
the ophiolites found along the present
coast of the southern Cordillera in mar-
ginal oceanic basins developed above a
subduction zone; and whether the pa-
leomagnetic evidence requires major
latitudinal displacements of terranes
other than the Alexander terrane. In a
provocative interpretation of the Juras-
sic plate motion record, Dave Engebret-
son argued that although fast absolute
motion to the northwest and sinistral
oblique subduction along the North
America plate were hallmarks for much
of the Jurassic, the changes in plate
motion are commonly more important
tectonically (and leave their mark in
the rock record) than the absolute mo-
tions themselves. Major plate-motion
changes at about 180 and 142 Ma were
the most important in the Jurassic. Evi-
dence from ophiolites in California’s
Coast Ranges suggested to Bonnie
Murchey that the age of subducted
oceanic crust varied during the Jurassic,

with subduction of relatively old crust
matching the time of voluminous mag-
matism about 165-155 Ma. Apparently
complex oceanic ridge and subduction
zone interactions, perhaps analogous to
the modern San Andreas system, char-
acterized the plate margin from about
155 Ma onward. Peter Ward proposed

a general subduction cycle, based on a
Cenozoic analog, comprising (1) rapid
subduction and accompanying mag-
matic lull, (2) uplift and erosion as the
oceanic spreading center nears the con-
tinent, (3) transtension accompanying
batholith formation, and (4) strike-slip
and rifting, at which time blueschists
and ophiolites are disgorged. For the
Jurassic, he suggested that this cycle
began about 225 Ma and ended about
152 Ma.

The opening talks provided con-
ceptual models for evaluating data
from subsequent sessions. Sessions fo-
cused on magmatism and radiogenic
isotopes; the cratonic paleogeographic
record; and structure, stratigraphy, and
tectonics of regions as they applied to
understanding continent-scale tecton-
ics, terrane movements, and litho-
spheric processes. The Cordillera was
examined from north to south with
regional focus to emphasize the inte-
gration of the multidisciplinary data.
The complete Jurassic record of the
northern Cordillera was presented in
a series of short talks that accompanied
posters. The architecture of the north-
ern Cordilleran “collage” of terranes
is a first-order problem in the paleo-
geographic reconstruction of Jurassic
arc magmatism, sedimentation, and
tectonism. The outboard terranes were
not accreted to ancestral North Amer-
ica until at least 185 Ma; therefore,
comparisons with the more truly conti-
nental arcs of the southern Cordillera
must consider postaccretionary events.
There is considerable debate about the
structural styles of some ca. 185 Ma
plutons that appear to be synacretion-
ary or are along terrane boundaries.
Evidence of at least six episodes of Ju-
rassic plutonism and/or volcanism is
emerging from precise U-Pb dating
and biochronology. Although there is
a common spatial and temporal asso-
ciation between plutonism and volcan-
ism, the transition from plutonic to
volcanic environments is best exposed
in tilted crustal sections along the west-
ern edge of Wrangellia. The origin of
dual, compositionally similar but ap-
arently unrelated Early Jurassic arcs
within Stikinia and Wrangellia must
be reconciled with the Paleozoic to
Jurassic oceans represented by oceanic
assemblages lying between them. Ex-
tensive upper Lower to Upper Jurassic
sedimentary basins commonly mark
the end of magmatism. Characterizing
these somewhat similar basins is critical
because they provide linkages among
terranes. Of particular interest in com-
parisons with the southern Cordillera
is the long-lived Middle to Late Jurassic
(post-170 Ma) magmatism and its in-
teraction with coeval contraction in
southeastern British Columbia. Recon-
structing the contractile structures
places the hanging-wall rocks at or west

of the present Coast Mountains. How-
ever, radiogenic isotopic compositions
of Jurassic plutons cutting these rocks
suggest that the craton did not extend
as far west as required by structural
data and Lithoprobe seismic imaging.

On a mid-meeting field trip, con-
ference participants saw Jurassic vol-
canic rocks, plutons, and associated
structures in several mountain ranges
in the Mojave Desert. Shallow-level
felsic plutons in the Bristol Mountains
area generally are silica-depleted and
potassium-enriched, and commonly
show albitization and Fe-skarn associa-
tions. Evidence of Middle Jurassic intra-
arc extension manifested by interbed-
ded volcanic rocks and eolianites and
evidence for syndepositional normal
faulting was examined in the Cowhole
Mountains. As a counterpoint, evi-
dence for contraction, also of Middle
Jurassic age, in nearby ranges was
discussed.

Describing the southern Cordillera
focused on conceptual models for oro-
genic belts, with the accompanying
posters presenting detailed topical
studies. It appears that lower-crustal
décollements are necessary to balance
orogenic deformation, and that oblique
motions must be acknowledged in re-
constructions. Many land-based studies
argued for sinistral oblique plate con-
vergence in the Jurassic, in agreement
with the oceanic record. Apparently,
the degree of oblique convergence was
smaller in the Middle and Late Jurassic
than it was earlier, so along-strike, or
even local, differences of dextral and
sinistral convergence are possible,
depending upon plate motions and
geometry. For example, in the Klamath
Mountains and western Sierra Nevada,
extension, contraction, and dextral and
sinistral strike slip took place in various
combinations in the interval from
about 165 to 148 Ma. Because of pre-
cise U-Pb geochronology, this study
provides sensitive local evidence for
plate-tectonic interactions. The tecton-
ic setting of the Middle Jurassic ophio-
lites found along the coastal region was
revisited, with good evidence presented
for their formation in an open ocean as
well as along the continental margin
within suprasubduction-zone settings.

Regional differences between the
northern and southern Cordillera for
timing of extension provide strong evi-
dence for differential development of
rift basins during sinistral oblique sub-
duction. Knowledge of Great Basin
tectonics is still poorly constrained
because few structures are closely dat-
ed, but Middle Jurassic magmatism in
the form of scattered plutons extended
across a province of at least minor
shortening and extension to central
Utah, farther inboard from any other
analogous place in North America. Re-
gional arguments for dextral slip on
the Upper Jurassic Pine Nut fault per-
sist, despite growing evidence for
mainly sinistral oblique subduction
during the Jurassic. Farther south, the
Mojave and Sonoran Deserts lack the
typical continent-margin crust of west-
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Penrose Conference Report
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ern Nevada and northern California.
The continental crust in this region was
previously truncated, beginning in the
late Paleozoic. The magmatism in the
Mojave Desert occurred only in the
Middle and Late Jurassic, whereas activ-
ity in the Sonoran Desert began in the
Early Jurassic. Intra-arc deformation

in both regions consisted of extension
and contraction, both apparently of
small magnitude, and consistent with
sinistral oblique subduction.

The close temporal association of
magmatism and deformation identifies
most or all tectonic activity as subduc-
tion-related, and study of the magmas
provides clues for deep-lithosphere
processes. Middle and Late Jurassic
granitoids in the Mojave and Sonoran
Deserts are chemically and isotopically
distinct from Triassic and Cretaceous
magmas, forming an intermediate posi-
tion in a general evolution from primi-
tive to evolved. Typical features include
elevated K,O to make an alkali-calcic
suite, and associated albitization and
iron skarns. Time-transgressive changes
through the Mesozoic in magma com-
positions argue that the differences are
fundamental to the magma-genesis
processes, and further indicate that
lithospheric mantle was not eroded
tectonically and replaced by primitive
mantle in association with emplace-
ment of the Pelona-Orocopia schist
tectonic slab. Geographic-transgressive
patterns in isotopic compositions dem-
onstrate the location, and the subse-
quent modification, of thick conti-
nental lithosphere beneath the arc.

A hydrous, enriched mantle source,
with variable assimilation and frac-
tional crystallization of the magmas,
accounts for most characteristics of
Middle and Late Jurassic magmas.

Depositional patterns recorded by
Jurassic strata in the continental inte-
rior (Colorado Plateau) reveal the oro-
genic effects of the Jurassic subduction
system. The stratigraphic packages,
which are bounded by precisely dated
regional unconformities, provide very
sensitive indicators of regional tilting
patterns. Early Jurassic deposits thicken
westward toward the arc and contain
a volcanic component. However, in
the Middle Jurassic (169 to 161 Ma),
drainages shifted to deposit abundant
detritus on the northwest side of the
plateau. The end of the Jurassic is
marked by a major unconformity.

The stratigraphic record corresponds
closely to the magmatic and structural
chronology for the magmatic arc in
nearby Arizona and southern Califor-
nia. Comparing tectonic styles, mag-
matic characteristics, and timing of
events along the Cordillera from Mex-
ico to the Yukon provided much new
information. Especially striking was
the synchroneity of major tectonic and
magmatic events. Unlike Cretaceous

Penrose Conference Participants

and later magmatism and tectonism,
Jurassic events were virtually synchro-
nous. For instance, a major pulse of
magmatism occurred everywhere at
about 172 to 160 Ma. A potential
breakthrough in a long-standing Can-
adian Cordilleran problem of reconcil-
ing (1) dual Early Jurassic arcs, (2) a
long-lived intervening oceanic basin,
and (3) a later, eastward-sweeping Mid-
dle Jurassic arc was reached by propo-
nents of disparate models. The new
idea encompassed the implications of
plate motion reconstructions in the
Middle to Late Jurassic to arrive at a
simpler model of a single Jurassic arc
disrupted by later transcurrent faults.
However, the evidence for a single arc
is not even complete in the southern
Cordillera, and more work is required
to prove or disprove the single- or dou-
ble-arc hypotheses. Although agree-
ment was by no means complete,
many participants left the meeting
feeling more convinced that terrane
movements since the beginning of the
Jurassic were not a fundamental driv-
ing force in orogeny, but rather that
orogenic float or magmatic arc tecton-
ics probably account for most observa-
tions. Results from studies of magmas
are far from complete, but consensus
was reached on the utility of such stud-
ies, and the need to focus on three
especially useful approaches. (1) Study
mafic rocks carefully, because they give
less ambiguous information on proc-
esses involved. (2) Use uniform de-
scriptive systems to reduce ambiguities.
(3) Studies that include source rocks
and contaminant rocks are needed
to quantify crustal influences. Better
geochronological data are required in
most places to properly distinguish spa-
tial and compositional evolution trends
in magmas, as well as to precisely date
extensional and contractional episodes.
Total shortening normal to the conti-
nental margin remains poorly deter-
mined, but it is vital to actualistic
models for continental tectonism and
accurate paleogeographic reconstruc-
tions. Constraining depth to décolle-
ment and the role of the magmatic arc
as active or passive during lateral short-
ening of crust are also important. The
Mojave-Sonora megashear continues to
haunt the southern Cordillera; its exis-
tence, location, and timing are still not
closely defined. The megashear remains
as a possible southern analog to postu-
lated major arc-parallel movements in
Canada and Alaska.

The conveners thank the partici-
pants for sharing data and ideas in
oral and poster presentations and gen-
erating the many group discussions.
The intent of the conference, to exam-
ine the first major magmatic-tectonic
events to affect extensively continental
crust of the North American Cordillera,
was achieved, and participants were
amply rewarded with abundant infor-
mation and new ideas for research
directions. W

Lawford Anderson

GSA Executive Director
Announces Retirement

At the meeting of
Council on May 7, 1993,
F. Michael Wahl, Executive
Director of the Society since
1982, announced that he
would be retiring from that
position, effective June
1994. He stated that, as of
that date, he will have
served the Society in this
position for 12 years, and
it is time for someone else
to lead GSA into its next
decade of new programs
and activities. Acknowledg-
ing Wahl's announcement,
President Bob Hatcher
stated that the organization
has evolved tremendously
during Wahl’s tenure as
Executive Director and cred-
ited Wahl for his contribu-
tions and outstanding lead-
ership in bringing the
Society to this high point in its distinguished 105-year history. Hatcher
also announced that a search committee was being appointed to seek a
new executive director, with a selection to be made in early 1994, in time
for the new person to take office officially in June of that year. An
announcement of the position appears in this issue of GSA Today, and will
also be published in other earth science publications in the coming
months. Society members are urged to submit the names of qualified per-
sons for this important position.

F. Michael Wahl

(For position announcement, see page 211)
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About People

GSA Member Craig M. Ashbrook, Southwest Virginia Community Col-
lege, Richlands, was selected 1992 Professor of the Year for Virginia by the
Council for Advancement and Support of Education.

Fellow Kennard B. Bork, Denison Univer}.ity, Granville, Ohio, has
received Denison'’s 1993 Teaching Excellence Award.

Fellow Philip Cohen, U.S. Geological Survey, Reston, Virginia, is the 1993
recipient of the American Institute of Hydrology's C. V. Theis Award.

Fellow Samuel Epstein, California Institute of Technology, Pasadena, has
been awarded the Geological Society of London Wollaston Medal.

The American Institute of Professional Geologists has honored Fellow
Robert H. Fakundiny, state geologist and chief of the New York State
Geological Survey, Albany, with the John T. Galey, Sr., Memorial Public Ser-
vice Award.

Fellow Peter T. Flawn, University of Texas at Austin president emeritus,
has received the Hall of Honor Award from the university’s College of Natu-
ra] Sciences and Natural Sciences Foundation Advisory Council.

Fellow Donald C. Haney, state geologist and director, Kentucky Geological
Survey, has been appointed to a two-year term on the Earth Science and
Resources board of the National Research Council.

Fellow Susan W. Kieffer has been named head of the Department of Geo-
logical Sciences at the University of British Columbia, Vancouver.

Fellow George D. Klein has been named president of New Jersey Marine
Sciences Consortium, Fort Hancock.

Fellow John McPhee, Princeton, New Jersey, is the 1993 winner of the
American Geophysical Union’s Walter Sullivan Award for Excellence in Sci-
entific Journalism.

Fellow Frank Press has been appointed Cecil and Ida Green Senior Fellow
at the Carnegie Institution of Washington.

Newly elected SEPM officers are GSA Member Sherwood W. Wise, Jr.,
Florida State University, Tallahassee—president; Member Noel P. James,
Queen’s University, Kingston, Ontario—president-elect; Fellow Carlton E.
Brett, University of Rochester, New York—councilor for paleontology; Fel-
low Robert E. Garrison, University of California, Santa Cruz—councilor
for sedimentology; Fellow John B. Southard, Massachusetts Institute of
Technology—editor, Journal of Sedimentary Petrology; and Fellow Peter A.
Scholle, Southern Methodist University—editor, SEPM Special Publications.
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dom, 1975). Dust is transported to the
ocean by a few powerful spring storms
that raise material from arid and semi-
arid regions. The coarse fraction settles
out of the air quickly, and the fine
material travels long distances in the
upper troposphere and is eventually
deposited by both dryfall and washout
processes. Dust in the deep sea provides
a record of the aridity of the continen-
tal source region in its accumulation
rate (Prospero, 1981; Prospero et al.,
1983; Rea et al., 1985) and a record of
the intensity of the transporting winds
in its grain size (Janecek and Rea, 1985;
Rea et al., 1985). Eolian flux and grain-
size records vary independently.

RATES OF
SEDIMENT DEPOSITION

Every component of a deep-sea
sediment, whether biogenic, terrige-
nous, or even authigenic, accumulates
in response to a different combination
of physical, biological, and chemical
processes. No component accumulates
at a constant rate. Consideration of
abundance percentage, a standard
mode of investigation, provides some
useful information about the dominant
sediment component, but all minor
components fluctuate in abundance
in response to, and antithetically from,
the major component. To determine
the input history of any sedimentary
component, it is necessary to deter-
mine the mass accumulation rate
(MAR), or flux, of that component.
Sediment MAR is measured in units
of mass per unit area and time, com-

monly g e cm2 e ka1, and is the prod-
uct of the linear sedimentation ratg in
cm/ka and the dry bulk density in
g/cm3. Incorporation of the bulk den-
sity term into the MAR accounts for the
compaction and dewatering that occur
with time and sediment loading; thus,
MAR values are directly comparable for
sediments of all ages and burial depths.
Furthermore, because they are true
mass-flux measurements, MAR values
are the appropriate starting point for
any mass-balance calculations. The
MAR of any one sediment component
is the product of the total MAR and the
percent abundance of that component.
Some typical MAR values for terrige-
nous sediments are tens of g e cm2

e ka-! for turbidites, 0.5to 2or3 g

e cm-2 e ka-! for hemipelagic muds,
and a few to hundreds of mg e cm-2

e ka-! for eolian dust. It is these flux
values, along with compositional and
grain size information, that provide the
Earth history signal in the terrigenous
sediments of the deep sea.

SOME EXAMPLES OF THE
RECORD CONTAINED IN
DEEP-SEA MUDS

Among the several objectives of
the Ocean Drilling Program (ODP)
nine-leg effort in the Indian Ocean
(Duncan et al., 1992) was to determine
the uplift history of the Himalayas by
studying the clastic material shed from
them. In accomplishing this task, dif-
ferent investigators studied the compo-
sition (Yokoyama et al., 1990; Brass and
Raman, 1990; Amano and Taira, 1992)
and the sediment mass accumulation
rate history (Rea, 1992) of the terrige-

Himalayan sediment delivery

1.0 = h' l LAEL LI l LI | LS | l LEL L I LR BN B ) I rrorT l LB B l-

0.8 7]

@ .
< d
® —{— Median flux .
£ —0— Mean flux ]
£ -
= 04 ]

[0}

N §
a .
£ 02 ]
5 1
pd s
0 o L1 | l 1 1 1 l j ] l 11 1 2 I 11 1 1 11l l-

~ |P|Plioc| Miocene | oligocene | Eocene
0 5 10 15 20 25 30 35 40

Age, Ma

Figure 1. Normalized mass accumulation rate (MAR) of terrigenous sediment at 11 ODP and
DSDP drill sites in the northern Indian Ocean. Data are from Rea (1992).

nous deposits of the northern Indian
Ocean. I combined the sediment flux
calculations from eleven suitable sites
into one stacked, averaged, and nor-
malized record (Rea 1992; Fig. 1),
which provides a clear picture of the
geologic history of this process. There
are two main pulses of sedimentation,
one in the late Miocene, between 9 and
6 Ma, and one in the Pliocene, between
4 and 2 Ma. Lesser flux maxima occur
at 0 to 1 and 10.5 to 11.5 Ma. Studies
of the mineralogy of the Bengal Fan
turbidites show that the two main sedi-
ment pulses are uniquely characterized
by minerals derived from erosion of the
metamorphic core of the Higher Him-
alayas (Brass and Raman, 1990; Amano
and Taira, 1992). These marine data are
in agreement with similar information
from a more proximal setting; the sedi-
mentation rate and mineralogy of the
Siwalik deposits of Pakistan show the
same temporal correspondence of
metamorphic minerals and high flux
rates (Johnson et al., 1985). The results
all point to significant uplift of the
Himalayas occurring in two distinct
phases beginning in the late Miocene
(Rea, 1992; Fig. 1).

In the northwestern Atlantic, the
major Cenozoic pulse of siliciclastic
deposition occurred in the middle Mio-
cene, and rates continued to be high
through the remainder of the Ceno-
zoic. The Miocene pulse is thought
to represent uplift in the central Appa-
lachian source region; the Pliocene-
Pleistocene high rates are most likely
related to the glaciation of eastern
North America (Poag, 1992).

The study of terrigenous deposi-
tion in the northern Indian Ocean
(Rea, 1992) provided two insights that
will be useful in future efforts. First,
three sites drilled within 10 km of each
other on the Bengal Fan all show simi-
lar sediment flux patterns, indicating
that the problem of local variability in
such deposits is much less than previ-
ously thought (Cochran, 1990). Sec-
ond, the temporal flux patterns of the
six turbidite records are as a group no
different than the flux patterns of the
five hemipelagic cores, although the
amounts differ by an order of magni-
tude or more (Rea, 1992). This last is a
particularly important point because it
means that hemipelagic sites can be re-
liable recorders of the sediment input
history of entire ocean basins; it is a
critical observation because complete
recovery of a hemipelagic sedimentary
section is far more likely than even ad-
equate recovery of a turbidite section.

Source-region climate exerts a sig-
nificant control on the deposition of
various kinds of terrigenous sediments.
The clearest indication of glaciation is
the presence of IRD in pelagic sedi-
ments. After a century and a half of dis-
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Figure 2. Mass accumulation rate (MAR) of the hemipelagic component of deep-sea sediments in two cores west of South America. See text for
locations. Flux maxima at about 15 to 35 ka and 55 to 75 ka (shaded) correspond approximately in time to glacial stages 2 and 4, respectively.

Data are from Molina-Cruz (1977).

cussion and controversy regarding the
nature and timing of Northern Hemi-
sphere glaciation, the time of the onset
of significant continental ice accumula-
tion was finally resolved by examina-
tion of the record of IRD in the North
Atlantic (Shackleton et al., 1984a) and
North Pacific (Rea and Schrader, 1985).
These studies showed simultaneous
beginning of significant [RD input at
the time of the Matuyama-Gauss mag-
netic reversal, now thought to be 2.6
Ma (Cande and Kent, 1992). Similar
studies conducted more recently in the
Southern Ocean confirm the timing of
the onset of Antarctic glaciation in the
latest Eocene and earliest Oligocene
(Barron et al., 1991; Zachos et al., 1992).
Higher resolution studies of ice rafting
reveal details of glacial-interglacial
processes (Ruddiman, 1977; Krissek

et al., 1985).

In regions and on shorter glacial-
interglacial (or orbital) time scales
where differential uplift does not dom-
inate sediment delivery, the MAR of
hemipelagic muds is determined by
some combination of sea-level change
and continental runoff. To my knowl-
edge, no one has tried to distinguish
between these two signals in a single
hemipelagic core. Only a few hemi-
pelagic cores have good data on mass
accumulation rate. Two lie just west of
South America, V19-29 at lat 3.6°S,
about 250 km offshore from the mouth
of the Guayaquil River of Ecuador, and
Y71-6-12 at 16.4°S, 300 km offshore
from southern Peru. The paleoclima-
tology of the northern Andes is ade-
quately known and is a history of full
lakes and moist climates during glacial
times and dry lakes and salars during
interglacial times, like now (cf. Van der
Hammen, 1985). The Pacific margin of
northern South America is quite nar-
row and is the site of modest sediment
deposition at most; thus, the effects of
sea-level change on deep-sea sedimen-
tation, especially seaward of the trench,
may be less there than elsewhere. The
mineral flux data from both of these
cores (Fig. 2; Molina-Cruz, 1977) show
maxima are associated with glacial
stages 2 and 4, and minima associated
with interglacial stages 1, 3, and 5, val-
ues that are consistent with Andean
runoff determining the flux of hemi-
pelagic sediments to the easternmost
South Pacific.

Results of two studies in the North
Pacific are clear examples of the sort
of paleoclimate information that the
eolian component of pelagic sediments
may provide. The first project of this
type we undertook was to define the
whole-Cenozoic record of eolian input
in order to discover the history of con-
tinental climate change and of the
intensity of atmospheric circulation
(Janecek and Rea, 1983; Rea et al.,
1985). That study showed that the sin-
gle large event in dust flux is an order
of magnitude increase that occurred in
Pliocene time and reflects the drying
of the China-Gobi eolian source area
(Fig. 3). The surprising result of that
work is contained in the record of
eolian grain size. The middle to late
Cenozoic record of eolian grain size is
suggestive of ever-increasing intensity
of atmospheric circulation, the ex-
pected phenomenon associated with
the history of high-latitude cooling.
The new information here is the Pale-
ocene and latest Cretaceous part of this
record which indicates atmospheric cir-
culation more vigorous than that of the
late Cenozoic glacial ages. The sudden
reduction in grain size (Fig. 3) has since
been shown to have occurred exactly at
the Paleocene-Eocene boundary in both
hemispheres and was apparently a

continued on p. 209
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Deep Sea Muds continued

global event (Rea et al., 1985, 1990;
Hovan and Rea, 1992). We now inter-
pret this sudden reduction in the inten-
sity of atmospheric circulation as
reflecting an abrupt increase in the
ability of the ocean to transport heat.
The several world-wide changes that
occurred at the Paleocene-Eocene
boundary, such as the extinction of
benthic foraminifers, evolutionary radi-
ation of mammals, large excursions in
oceanic §!80 and §!3C, and important
changes in both atmospheric and
oceanic circulation, are not fully under-
stood and are the subject of continuing
research (Miller et al., 1987; Rea et al.,
1990; Kennett and Stott, 1991; Hovan
and Rea, 1992; Sloan et al., 1992).

A second example of the paleocli-
matic information contained in records
of eolian deposition is also a good ex-
ample of the next important aspect of
these studies of terrigenous deposition
in the deep sea: such records also pro-
vide the only linkage between proxy
indicators of continental changes (the
mineral component) and indicators of
oceanic change commonly found in
pelagic cores. Details of dust deposition
during the past 500 ka in the North-
west Pacific provide an oceanic record
of the vast loess deposits of China, one
of the classic Quaternary terrestrial
sequences (Fig. 4; Hovan et al., 1989,
1991). There, dust flux maxima corre-
spond to the known loess horizons,
and minima correspond to the soil
interlayers. Determination of this rec-
ord in a pelagic carbonate-bearing core
enables us to tie the China loess record
directly to the marine oxygen-isotopic
record of global change (Fig. 4). Hovan
et al. (1989, 1991) were able to use the
results from this core with good terres-
trial and marine records to refine the
dating of the loess horizons and to
show that the loess deposition is in
phase with orbitally induced changes
in ice volume.

Other examples of linkage between
land and sea records of global change
include the South American runoff
records in East Pacific hemipelagic,
carbonate-bearing cores (Fig. 2). For
the northern Indian Ocean Prell et al.
(1992) defined the history of the mon-
soons on the basis of proxy indicators
of upwelling and atmospheric circula-
tion in deep-sea sediments. One can
compare the records of Prell et al.
(1992) to the uplift history of the
Himalayas depicted in the sediment
fluxes shown in Figure 1 and see that
monsoons became important in the
late Miocene. Because without the
mountains the monsoons would be

IFE

[ LOESS

WEATHERED LOESS

7] PALEOSOL INTER-LAYER

LOESS INTER-LAYER
PALEOSOL

B BLACK LOAM

V21-146 PECMAP
Eolian Flux 0180 5'%0
mg ® cm 2 eka! (%o)
Q 200 400 600 80 € % 4 3 3 2 1 ¢ -1 -2 -3

=

4
e

1.8

1 10

112

]
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oxygen isotope record of Quaternary global change; glacial stages are numbered (relative §180
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are the first to link these two classic continental and marine Quaternary sequences (from Hovan
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minimal, the temporal correlation of
these events is taken to reflect cause
and effect (Prell et al., 1992; Rea, 1992).

Despite the clear suggestion that
times of lowered sea level should be
times of enhanced sediment deposition
in the deep sea, the few records we
have of Cenozoic siliciclastic accumula-
tion seem to be dominated by either
tectonic or climatic events. Records
from the northern Indian Ocean (Rea,
1992), the western North Atlantic
(Poag, 1992), and an older record from
the South Atlantic (Shackleton et al.,
1984b) do not show a depositional pat-
tern reminiscent of the Cenozoic sea-
level curve (Haq et al., 1987). Particu-
larly, the mid-Oligocene severe drop in
sea level does not appear in any of
these records. Admittedly, three records
provide only a very preliminary view of
this history, but from them it seems
that sea-level change causes only a sec-
ond-order effect on terrigenous deposi-
tion rates in the deep ocean.
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Figure 3. Cenozoic eolian record from the central North Pacific, core LL44-GPC3, showing flux
and grain size of the eolian mineral component and size of the isolated quartz grains. Notice the
large flux increase at ca. 3 Ma and the large reduction in grain size at ca. 55 Ma. Data are from

Janecek and Rea (1983).

Finally, the history of terrigenous
sedimentation in the deep sea provides
useful constraints to our hypotheses of
global geochemical cycles (Fig. 5). Two
important aspects of Cenozoic ocean
paleochemistry make good examples
here. First is the level of the calcite
compensation depth (CCD), which
denotes that depth where the dissolu-
tion rate of CaCO3; matches the sea-sur-
face production rate and below which
no calcite is deposited. The deeper the
CCD, the more CaCOs is deposited in
the ocean. The largest Cenozoic change
in the CCD is a rapid deepening at the
Eocene-Oligocene boundary (van
Andel, 1975). The isotopic composition
of seawater strontium has become
increasingly radiogenic since the Paleo-
gene; the steepest part of this curve,
indicating the most rapid input of
radiogenic strontium (derived from
granitic rock) to the ocean, begins at
the Eocene-Oligocene boundary and
ends in middle Miocene deposits (Hess
et al., 1986). These paleochemical
changes, the deepening of the CCD,
and the onset of radiogenic Sr input
have been interpreted as reflecting
greatly enhanced input of Ca and of
radiogenic Sr to the ocean starting at
the Eocene-Oligocene boundary. Cli-
matic deterioration corresponding to
the formation of ice on Antarctica has
been thought to be the general cause
for enhanced weathering and erosion
necessary to change the Ca and Sr bud-
gets so dramatically.

Comparison of these records to
that of terrigenous input shows that
the rapid mid-Cenozoic changes in
ocean chemistry were not accompanied
by significant siliciclastic deposition.
Together, these data suggest four stages
of weathering-erosion and concomitant
input to the oceans (Fig. 5): (1) Pale-
ocene and Eocene, characterized by low
particulate and dissolved fluxes to the
ocean; (2) Oligocene to middle Mio-
cene, characterized by important dis-
solved fluxes but low particulate fluxes,
denoting the predominance of chemi-

cal weathering of relatively low-lying
continents; (3) middle Miocene to late
Pliocene, when particulate fluxes pre-
dominated over dissolved in a time of
broad uplifts; and (4) late Pliocene to
present, characterized by significant
dissolved and particulate fluxes, mostly
as a result of the climatic influence of
Northern Hemisphere glaciation on
already uplifted continents.

The clear indication of a decoup-
ling of siliciclastic and chemical input
to the ocean indicated by Figure 5 is an
exciting and unexpected result of this
compilation. Conventional wisdom
indicates that physical weathering
results in a large increase in grain sur-
face area, which in turn allows more
rapid chemical weathering. In fact, the
Cenozoic record shows that a large
increase in the rate of chemical weath-
ering occurred 20 m.y. before any sig-
nificant physical weathering. Further-
more, chemical weathering rates may
have declined in the middle Miocene
when rates of physical weathering, as
recorded by the terrigenous input to
oceans, increased markedly. A conclu-
sion based on this information would
indicate that chemical weathering is
determined largely by hemispherical to
global climate change and that physi-
cal weathering is controlled mostly by
tectonism and uplift. The two effects
combined in the Pliocene-Pleistocene
to result in the increased chemical and
particulate fluxes observed for that
time (Fig. 5).

SUMMARY

On long time scales, the deposition
of fine-grained muds in the deep sea
appears to be controlled more by uplift
in the sedimentary source region than
by changing climate or sea level. Anal-
ysis of the sedimentary record shows
that during the Cenozoic, siliciclastic
deposition became important in mid-
dle to late Miocene time because of

Deep Sea Muds continued on p. 210
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uplift in the Himalayas and North
America (and probably elsewhere).
Enhanced erosion in higher latitude
regions associated with the onset of sig-
nificant Northern Hemisphere glacia-
tion further increased the amount of
terrigenous material deposited in the
ocean. When examined on intermedi-
ate time scales, the record of mineral

accumulation provides information re-
garding the details of climatic changes
on the continents and how the land
environment may respond to orbital
forcing. At any time scale, the existence
of the terrestrial record in pelagic and
hemipelagic sediments permits the
only possible direct correlation of con-
tinental and oceanic histories of global
change, a critically important aspect of
paleoclimate research.
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CSC Forum

474-5530 or eich@dino.gi.alaska.edu.

advertisenent

Opportunity for CSDP Workshops

The Organizing committee for the Continental Scientific Drilling Forum solicits proposals for
workshops to further develop research drilling projects. The purpose of a workshop is to
broaden, in terms of disciplines and institutional affiliations, participation in a project and to
develop a science plan for submission to the agencies represented in the Interagency Coordi-
nating Group for Continental Scientific Drilling (Department of Energy, National Science

A proposal should be approximately five pages in length. It should state the scientific
problem to be addressed by the project and show the need for drilling to solve the problem.
The proposal should also outline the plan for the workshop, including site, schedule, and for-
mat and list key funds to support participants’ travel and workshop costs. A statement of how
the proposed workshop will be advertised and how results will be reported shoud also be

In reviewing workshop proposals, the Forum Organizing Committee will consider the
appropriateness of the project to the Continental Scientific Drilling Program, the qualifica-
tions of the proposers and key participants to formulate the project, and the stage of develop-
ment of the project. In general, the proper time for a workshop is when the proposers have
developed a scientifically exciting case for drilling, ready to move to the formal proposal
stage. Although most proposals will arise from new concepts presented at the annual Conti-
nental Scientific Drilling Forum, this is not a prerequisite.

To be considered for the coming fiscal year, proposals should be submitted by Septem-
ber 1, 1993. The committee will make its recommendations to the Interagency Coordinating
Group in October. The three above-named agencies will determine the availability of funds
and make final funding decisions. Ten copies of the proposal should be submitted to:

College of Geosciences and Maritime Studies
Texas A&M University

College Station, Texas 77843-3148

attn: Misty Lane Gibler

If you have questions concerning this opportunity, please contact John Eichelberger
(University of Alaska, Fairbanks), Chairman of the Forum Organizing Committee, at (907)
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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.

Position Available

Federal Scientists and Engineers—

Next Steps?

A newly released National Research
Council report concludes that Uncle
Sam should be doing more to attract
top scientists. The report, Improving the
Recruitment, Retention, and Utilization of
Federal Scientists and Engineers (National
Academy Press, 1993, 120 pages, $24
plus shipping), recommends a series
of steps that the Federal Government
must take to improve its ability to
recruit and retain top-flight researchers,
including implementing of federal pay
reform. The premier recommendation
focuses on implementing “as fully as
possible by the President and the
departments and agencies, in order
to redress pay inequities and reward
superior performance among all federal
employees, including scientists and en-
gineers,” the Federal Employees Pay
Comparability Act of 1990 (FEPCA).
FEPCA would permit Federal Govern-
ment agencies much greater flexibility
in compensating employees.

Recent actions by the Clinton
administration suggest that they have
not as yet received their copy of the
report, or that they have not had an
opportunity to closely examine the
report or to study the 15 recommenda-
tions it contains. Coincident with the
release of the report, the Clinton
administration has rejected many of
FEPCA'’s provisions. Specifically, the
administration has proposed to delay
and reduce the size of future federal
employee pay raises and to also delay
and restructure “area pay,” a system
designed to tie compensation for fed-
eral jobs to comparable private-sector
salaries in the same geographic region.

Prepared for the Carnegie Com-
mission on Science, Technology, and
Government by the Committee on
Scientists and Engineers in the Federal
Government, the report notes that over
the next seven years, retirements will
leave the government with vacancies,
but improvements in the economy of
the private sector will create jobs at
salaries well above what the govern-
ment is able to pay. The result will be
government competing unsucessfully
with academia and industry to recruit
high-level scientific and engineering
talent.

The report recommends (1) imple-
mentation of FEPCA; (2) decentralizing
Office of Personnel Management
(OPM) management of FEPCA by giv-
ing control of pay issues to “appropri-
ate” levels within individual depart-
ments and agencies; (3) establishing
within OPM an “organizational focus
for science and engineering personnel
policy”; (4) development within every
science and technology agency of an
action plan for identifying goals,
staffing plans, and maximizing recruit-
ment, retention, and utilization of sci-
entists and engineers; (5) development
of an interagency committee on federal
scientific and engineering personnel,
within the Executive Office of the Pres-
ident; (6) Congress taking an active role

to change the civil service system to
improve nonsalary issues; (7) develop-
ment of a coordinated review system to
evaluate the effectiveness of the science
and engineering personnel system; (8)
OPM developing a data base to evalu-
ate the effectiveness of the science and
engineering personnel system;

(9) establishment of a Senior Research
and Development Service with a sepa-
rate pay system; (10) peer review of sci-
entific and technical accomplishments
by government scientists and engi-
neers; (11) more flexible position classi-
fication; (12) quadrennial review of the
recommended science and engineering
personnel system; (13) providing ade-
quate equipment and staffing for fed-
eral laboratories; (14) formulation and
implementation of professional devel-
opment policies; and (15) preparation
of ethics rules that do not restrict the
involvement of federal professionals

in professional associations.

FEPCA establishes new procedures
for setting civil service pay levels to
make them comparable to salaries
within the private sector; provides a
mechanism to increase federal salaries
in high wage areas and to provide
interim locality adjustments; and
provides flexibility in recruitment
by establishing recruitment bonuses,
retention allowances, authority to pay
new hires above the minimum speci-
fied wage, performance awards, and
flexibility to pay critical positions
above existing pay scales. As part of
the FY94 budget approval process, the
Clinton administration has successfully
fought or delayed implementation of
many of these provisions.

Profile of Federal Scientists
and Engineers

In addition to its efforts to improve
the existence of scientists and engi-
neers in the Federal government, the
report provides an interesting snapshot
of the demographics, education, and
characteristics of scientists and engi-
neers working in science and engineer-
ing job classifications in the Federal
government. (The report does not con-
sider another approximately 139,000
science- and engineering-educated
individuals who work in nonscience
and nonengingeering Federal job classi-
fications, and it does not include about
70,000 health professionals.)

The report documents that the
Federal government is the single largest
employer of scientists and engineers in
the United States. On the basis of data
provided by the National Science Foun-
dation (NSF), the report describes that
in 1989 (the latest year for which de-
tailed statistics existed), the Federal
government employed a total of
223,343 scientists (11 1,988) and engi-
neers (111,355). Of this total, 32,803
(14.7%) were women. These 223,343
individuals represent more than 13%
of the total Federal work force.

Dr. F. Michael Wahl will retire.

programs.

executives of other societies.

the foot of the Rocky Mountains
national Airport.

benefits.

will need an
Executive Director
in 1994

The Geological Society of America is seeking an earth
scientist with proven managerial experience and achievements, general
familiarity with GSA programs, and a working knowledge of the publication
business to assume the position of Executive Director in June 1994 when

THE EXECUTIVE DIRECTOR ...

...is in charge of GSA headquarters, with its staff of more than
50 people in the Membership Services, Meetings, Publications,
Marketing, Accounting, and Computer Services departments, and the
Product Sales and Mail Service units.

.. coordinates (1) publications of GSA,
(2) annual GSA meetings arrangements,
(3) activities of all GSA committees, sections, and
divisions, and relations with associated societies,
(4) programs in education including SAGE and IEE,
and the Penrose Conference and GeoVenture

..is responsible for implementing the directives and policies
of the Council and the Executive Committee of GSA; also coordinates
headquarters work with the president of the GSA Foundation and

...works at the modern and recently expanded GSA headquarters build-
ing in Boulder, Colorado, a beautiful university and research town at
, 28 miles northwest of Denver Inter-

...holds a position with attractive compensation and comprehensive

If you are a mature, broadly trained earth scientist and if
you are intrigued by this opportunity, mail your résumg, including the
names and addresses of three references to

Executive Director Search, Committee
Geological Society of America
P.O. Box 9140
Boulder, CO 80301

Nominations and applications must be received by
November 15, 1993.

In the Federal government, there
are 80 scientific and engineering job
classifications, out of a total of 441
“white collar” classifications. With
respect to highest level of education, a
total of 22,012 scientists and engineers
had earned doctorate degrees, 50,010
had earned masters degrees, and
145,667 had earned bachelors degrees.
Of the 5654 remaining, 1615 had “pro-
fessional degrees,” and information was
not available for the other 4039. More
than one-third of all of the Ph.D.s were
physical scientists (7720).

Types of scientists were: life sci-
entists (33,839); physical scientists
(26,556); computer scientists (24,262);
social scientists (14,271); mathemati-
cians and statisticians (9668); and psy-
chologists (3392). In 1989, there were
2503 geologists, 592 geophysicists,
2236 hydrologists, 710 oceanographers,
and 290 geodesists working under the
physical science job classification. The
largest group of physical scientists was
chemists (7331). Although the data are
not from the same year, it is interesting
to note that in 1992, the Geologic
Division of the U.S. Geological Survey
employed 934 geologists, 278 geophysi-
cists, and 96 chemists. Types of engi-
neers were: electrical and electronics
engineers (34,774); mechanical and
related engineers (27,561); other engi-

neers (24,574); civil engineers (18,404);
industrial engineers (3080); chemical
and related engineers (1709); and mate-
rials engineers (1253). More than one-
fourth (25.14%) of all Federal govern-
ment engineers were electronics
engineers (27,991).

Scientists and engineers can be
found in every Federal department and
agency. Yet the distribution of where
these individuals are employed is quite
surprising. The Department of Defense
(DOD) alone employed 111,176
(49.85%), nearly one-half of all Federal
government scientists and engineers.
The Navy is the largest DOD employer
of scientists and engineers: a total of
47,882 (21.44% of all Federal scientists
and engineers). The dozen largest
employers of scientists and engineers
are 1—-DOD; 2—Agriculture: 28,584
(12.80%); 3—Interior: 14,950 (6.69%);
4—National Aeronautics and Space
Administration: 12,840 (5.75%); 5—
Health and Human Services: 8560
(3.83%); 6—~Commerce: 8172 (3.66%);
7—Environmental Protection Agency:
5448 (2.43%); 8—Transportation: 5400
(2.41%); 9—Veterans Affairs: 5156
(2.31%); 10—Energy: 4453 (1.99%);
11—Tennessee Valley Authority: 3394
(1.52%); and 12—National Science
Foundation: 402 (0.18%). m
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44N\ The GSA Institute for :
Environmental Education—
N7 A Brief Overview

Fred A. Donath

Executive Director—Institute for Environmental Education

IEE. Its logo is prominently dis-
played in Annual Meeting materials,
and it sponsored the highly successful
Annual Environmental Forum on
Ground-water Cleanup vs. Ground-
water Protection, as well as several
theme sessions, at last fall’s meeting in
Cincinnati. But what is IEE and its role
in the Society? And what is IEE plan-
ning for the future?

Some history might help to place
these questions in perspective. The idea
of a program that would focus on geol-
ogy, environment, and education was
first suggested by the GSA Foundation’s
Trustees at the 1988 Centennial meet-
ing in Denver. However, it took
another year to formulate general con-
cepts and select someone who would
develop IEE’s mission, objectives, and a
general plan of action. The position of
Executive Director of the Institute for
Environmental Education was accepted
on a part-time basis by Fred A. Donath,
a GSA Foundation Trustee. Drafts of a
mission statement, objectives, and pro-
posed programs were distributed for
comment among GSA Division and
Section officers, and approved by the
GSA Council during 1991. To para-
phrase then-President Doris Curtis, the
IEE is a logical evolutionary develop-
ment in GSA programs, in that a clear
emphasis on environmental geology
exists within the membership, and the
Society must be responsive to and pro-

vide support for its members in their
areas of specialization.

Recognizing that initial programs
would be highly dependent upon vol-
unteered efforts, IEE worked closely
with the GSA Divisions and the Com-
mittee on Geology and Public Policy
during 1992. This effort culminated in
the theme sessions and the environ-
mental forum referred to above.
Another stimulating Annual Environ-
mental Forum—on Boston Harbor and
Massachusetts Bay—and several theme
sessions are planned for the Boston
meeting this fall. With the success of
the forum and theme sessions at the
annual meetings as incentive, IEE is
now exploring expansion of these ac-
tivities to Section meetings, in an effort
to involve a larger number of GSA
members and, ultimately, to develop a
new public outreach program.

A major objective of the IEE mis-
sion is to increase the awareness of geo-
scientists and the public of the role of
geoscience in addressing environmen-
tal concerns. In expanding its activities
geographically, IEE would embark on
the development of a public outreach
program to incorporate relevant geo-
science in environmental decision
making from the community to na-
tional level. The program will aim to
enhance public dialogue by involving
GSA and its membership in activities
that heighten public understanding

GEOLOGISTS
SERVICE

IS SECOND
NATURE TO
DWIG

Dwights won't second guess Mother Nature, but we will always expedite
any energy data you need for decision making, from scout tickets to
production data. Just call us, toll free. Tell us where you are looking and
when you want your data. You've got it! Naturally.

Please call 1-800-468-3381

Dwights

Energy Data, Sofrware
& Information Services

of geoscience as it relates to important
environmental issues. Because geosci-
ence is relevant to such a broad array
of environmental issues, IEE would
select a subset on which to focus in
initiating the program. For 1994 the
subject being considered is “Toward
Responsible Energy Decisions: Improv-
ing Communication with Geoscience.”

Everyone is affected by issues
related to energy and the environment.
Whether the concern is national secu-
rity, economic stability, or the quality
of the environment, citizen action
groups in many parts of the country
today are attempting to reshape na-
tional energy policy through efforts ini-
tiated at the grass roots level. Offshore
drilling on the U.S. West Coast,
resource exploration in the Arctic
National Wildlife Refuge, the proposed
Yucca Mountain nuclear waste reposi-
tory, hydroelectric dams on the
Columbia River, and geothermal devel-
opment in roadless areas are just a few
examples of high—profile issues capable
of generating substantial conflict. The
outcome can often be an intractable
stalemate that results from differences
in perceptions of risk, disagreements
about appropriate resource use, or dis-
putes over resource potential.

An increasingly evident lack of
public understanding of geologic fac-
tors related to such energy issues
demonstrates that there is an urgent
need for geoscientists to participate in
public outreach efforts. The existing
communications gap affects the quality
of decision making on policies from
the community to national level. GSA
and its members are in a unique posi-
tion to facilitate understanding of these
often complex issues and to become
leaders in efforts to strengthen commu-
nication among the scientific and lay
communities and decision makers. The

program’s objectives are to increase
public awareness of the importance of
geoscience in environmental issues and
to increase the efficiency and effective-
ness of disseminating geoscience infor-
mation for use by the public and deci-
sion makers. The benefits to society
include the promotion of informed
action following an open exchange of
information and ideas on environmen-
tal issues, and movement of the public
agenda toward more responsible deci-
sion making.

IEE’s approach in developing the
public outreach program will involve
several key steps: (1) to identify indi-
viduals and organizations who can
contribute to meeting program objec-
tives; (2) to identify local or regional
environmental issues and potential
audiences and individuals who can
benefit from the program; and (3) to
develop theme sessions, forums, and/or
workshops in association with the GSA
Section meetings that promote pro-
gram objectives at the local or regional
level.

During the next several months
IEE will be contacting various GSA
groups, state geological surveys, and
other geoscientists in industry, govern-
ment agencies, and academia—as well
as others in government, industry, and
public interest groups—to determine
interests and identify issues. That will
be followed with the identification of
advocate organizers and topics appro-
priate for the sections, in cooperation
with the respective meeting chairper-
sons and program committees. Persons
interested in participating, nominating
individuals or topics, or simply com-
menting on this new IEE public out-
reach program on geology and the
environment are encouraged to write
to IEE, Geological Society of America,
P.O. Box 9140, Boulder, CO 80301. m

Now available:

4th edition, 1993

Alexandria, VA 22302.

Directory of Geoscience Libraries,
United States and Canada

Geologists — Hydrologists — Engineers

Find sources for those elusive, site-specific geologic reports, open-file reports,
theses, and maps. Describes the collections, accessibility, and services of 591 cor-
porate, governmental, academic, and private geoscience libraries in the U.S. and
Canada. Lists addresses, e-mail, fax, and phone numbers.

$35 per copy (prepaid, U.S. doliars). Order from: Publications Manager, Geo-
science Information Society, c/o American Geological Institute, 4220 King Street,

\

Memorial Preprints

Claude C. Albritton, Jr.
James E. Brooks

Oliver Duncan Blake
Siegfried Muessig, Bette Ellis-Blake

E. Gail Carpenter
Robert F. Walters, Elbie G. McNeil

John Thomas Dillon
John C. Crowell

John Walter Handin
Mel Friedman

Mason Lowell Hill
Rollin Eckis, Marie Hill, Dorothy Stout

Noye Munroe Johnson
Robert C. Reynolds, Jr.

The following memorial preprints are now available, free of charge, by writing
to GSA, P.O. Box 9140, Boulder, CO 80301.

John C. Ludwick, Jr.
George F. Oertel 11

Harry M. Mikami
Douglas J. Calkin

Chalmer J. Roy
David C. Roy, Robert L. Heller,
John Lemish

John Sinclair Stevenson
John A. Elson

Jerry Eli Upp
Frederick N. Murray

Robert Thomas Daubigny
Wickenden
C. R. Stelck
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GSAF UPDATE

Robert L. Fuchs, GSA Foundation President

Rip Rapp Establishes

Award Fund

George R. “Rip” Rapp of the
University of Minnesota has estab-
lished the Rip Rapp Archaeological
Geology Award Fund at the GSA Foun-
dation. The initial gift of $2000 was
received by the Foundation in Decem-
ber 1992. Additional gifts will be made
over a period of years under the terms
of an agreement between Rapp and the
Foundation, in order that the fund

will ultimately grow to at least $50,000.

make annual awards of the Archaeo-
logical Geology Division, at GSA an-
nual meetings and other appropriate
occasions.

In commenting on his gift, Rip
Rapp said, “I have not lost my mission-
ary zeal to expand the recognition of
archaeological geology as an important
subdiscipline of the science. I hope that
the endowment of this Division award
will serve as a continuing stimulus to
those who are specializing or wish to
specialize in the ever-increasing rela-
tionship between the history of man-
kind and geology.”

Income from this fund will be used to

Donors to the Foundation—March, April, and May 1993

Birdsall Award
Ed Kiessling

CADY Award Fund
M. William Pullen

History of Geology
Award Fund
Michele L. Aldrich*
Charles F. Berkstresser, jr.
George R. Harlow
Donald M. Hoskins
Royal H. Mapes

Sarah E. Newcomb
Samuel T. Pees
Thomas Pickett

Brian J. Skinner
Roger D. K. Thomas
David Archer White
Hatten S. Yoder, Jr.

Hydrogeology
Division Award

L. Darlene Batatian
Steve J. Germiat

T. N. Narasimhan
Edwin P. Weeks
Norman F. Williams
Joe C. Yelderman, Jr.

GEOSTAR Funds
Claude C. Albritton, Jr.
Memorial

Jane Albritton

Biggs Excellence in
Earth Education Fund
Lawrence Wu*

Allan V. Cox Student
Scholarship

L. W. Funkhouser*
Gordon A. Thrupp

Doris M. Curtis Memorial
Elwood R. Brooks
DeWitt C. Van Siclen

John T. Dillon Alaska
Scholarship Award
ARCO Foundation

John Decker*

Douglas B. Dickey

Dwornik Planetary
Geoscience Fund
Gerald G. Schaber

John C. Frye
Environmental Award
Alvin R. Leonard

*Century Plus Roster
(gifts of $150 or more}

GEOSTAR

H. D. Bart Ferguson

Ross L. Kinnaman

Frederick Leonhardt Foundation*
John L. Rosenfeld

Craig L. Sprinkle

Ralph H. Willoughby

Arthur D. Howard Fund
Kurt Servos*
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Environmental Education
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Antoinette Lierman Medlin
Scholarship Fund

Linda M. Donald

Freeport McMoRan*
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Research
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Marion E. Bickford*
Robert F. Dill

Robert E. Folinsbee*
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Wayne Kemp

Carol Kindle Lee-Roark
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Neil Lundberg

Mobil Oil Corporation*
Scott J. Rhen

Magid Shahpasandzadeh
Leon T. Silver
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Kathryn D. Sullivan
Janet Bauder Thornburg
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I. G. Grossman
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Ronald K. Sorem

Dan G. Sykes

Janet Bauder Thornburg
Joe N. Van

Laureen J. Wagoner
David L. Warburton
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Company*
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Keith B. Campbell
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In his usual dynamic fashion, Rip
Rapp managed to establish this award
between extended “digs” in China,
Greece, and Turkey. He did lament the
fact that sooner or later he was going to
have to “dig” out his office in Duluth.

The Foundation’s
Special Funds—II

BIGGS FUND—$8000

The Biggs Fund began in 1990 as
a memorial to Donald L. Biggs. Family
and friends, led by Don’s widow, Caro-
lyn, and Larry Wu, provided the initial
funds. This group felt that an educa-
tional fund, the income from which
will be used to bring young people
closer to geology, would be a fitting
memorial to a GSA member who spent
his life teaching the science, from in-
structor to full professor. In 1991
Carolyn Biggs died, and the Biggs Fund
also became a memorial to her. The
fund was subsequently renamed the
Donald L. and Carolyn N. Biggs Excel-
lence in Earth Education Fund.

In 1992 GSA Education Coordina-
tor Ed Geary proposed establishing the
Biggs Earth Science Teaching Award,
appropriately shortened to the BEST
Award. The first BEST recipient of a
$500 check was Heather MacDonald
of the College of William and Mary in
Williamsburg, Virginia, who was partic-
ularly praised for her ability to develop
her students’ writing skills.

The BEST Award will be made
annually and can be given to more
than one recipient, depending upon
the amount of endowment income
available from the fund.

DWORNIK PLANETARY
GEOSCIENCE FUND—$9000

Stephen E. Dwornik established
the Dwornik Planetary Geoscience
Fund in 1991; the income from it will
be used for the Planetary Geoscience
Student Paper Award. Currently that
award is made annually in the amount
of $500 each to two recipients. In rec-

ognizing Dwornik for this gift, GSA's
Planetary Geology Division noted that
this award acknowledges students’
work, stimulates research, encourages
excellence, publicizes planetary sci-
ence, and supports solar system explo-
ration. Steve Dwornik was presented
with a certificate of appreciation for his
philanthropy at the 1992 GSA meeting
in Cincinnati.

Stephen Dwornik received geology
degrees from the University of Buffalo,
and he joined NASA in 1963. When the
gift to the Foundation was announced,
Dwornik said, “My work in planetary
geoscience at NASA was an exciting,
fulfilling career, one of which I am very
proud.... I believe that it is the respon-
sibility of people like myself, who have
been fortunate enough to enjoy such a
rewarding career, to give something
back to the young planetary geoscien-
tists who follow.” Under the terms of
an agreement with the Foundation, the
Dwornik Fund will grow to an endow-
ment of at least $12,000 this year.

JOHN C. FRYE ENVIRON-
MENTAL AWARD—$18,000

John C. Frye died in 1982, shortly
after his retirement from GSA, where
he served as executive director for eight
years. Most of John Frye’s career was
spent with state surveys, in Kansas and
Illinois.

The term “environmental geology”
had its origin at the Illinois Survey dur-
ing John Frye’s tenure there. He was
clearly one of the early proponents of
this sector of geology, and the award
that is supported by the income from
this fund is appropriately entitled the
John C. Frye Environmental Award. An
awardee is selected annually by the
Association of American State Geolo-
gists and GSA for a paper on environ-
mental geology published by a state
survey or in a GSA publication. Cur-
rently the award is a $1000 cash gift.
Recent additions to this fund have
increased the principal, which has gen-
erated additional income and allowed a
larger award. @

In Memoriam

Clayton G. Ball
Evanston, Illinois

Raymond C. Becker
Boulder, Colorado
June 26, 1993

Francis D. Bode
Sequim, Washington
May 23, 1993

H. Rudy Katz
Lower Hutt, New Zealand
June 23, 1991

Watson H. Monroe
Leesburg, Virginia
October 23, 1992

James A. Noble
Jackson, Wyoming
March 23, 1993

Humberto Padilla
Santiago, Chile

John C. Reed
Columbus, Indiana
May 23, 1993

Mark L. Rosenberg
Chicago, Illinois
November 1991

Benjamin M. Shaub
Northampton, Massachusetts
March 24, 1993

Robert R. Shrock
Lexington, Massachusetts
June 22, 1993

Stanley A. Skapinsky
San Jose, California
October 31, 1992

Joseph M. Trefethen
Friendship, Maine

Blakemore E. Thomas
Merced, California

J. Tuzo Wilson
Ontario, Canada
April 14, 1993
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SAGE REMARKS

GSA ANNUAL MEETINGS

SAGE Suggestion #1:

Take an Earth Science Teacher to Boston

H.B. Stonehouse,

Executive Advisor Emeritus, National Earth Science Teachers Association

Find a teacher of earth science
from your local school district and
invite him or her to go to the special
series of events that have been de-
signed for K-12 Earth Science teachers
at the GSA Annual Meeting in Boston,
October 25-28. The program will
include Workshops: Hands-On Earth
Science for K-12 Teachers, Teaching
Topics in Earth Science and Geology
with Video as a Partner—for Secondary
School Teachers, Preparing Successful
Grant Proposals to Fund Curriculum
Innovation in the Geosciences, and
Introducing ... Contaminant Hydroge-
ology; Field Trips: Urban Geology:
Foundation for Inner City Health,
Boston Harbor Explorations, Coastal
Geology of North Boston, Geology of
Boston Basin, Geosecrets of Downtown
Boston: City Geology with a City Geol-
ogist, and Evolution of Cape Cod Land-
scapes: Marine and Glacial Field Tech-
niques Applied to Cape Cod; Symposia:
Alternative Pedagogies in Geological
Sciences, Beyond Student Literacy—
Creating an Earth-Literate Public, Suc-
cessfully Funded Laboratory and Field
Technique Programs in the Geosci-
ences, Teaching Mineralogy, and New
Developments in Quaternary Geology:
Implications for Geoscience Education
and Research; Exhibits including the
Science Classroom of the Future; and
Social Events: Earth Science Information
Share-A-Thon and Earth Science Educa-
tors Social Hour. Please see the June
1993 issue of GSA Today for detailed
information on the above events.

SAGE Suggestion #2:

Remember that in addition to air-
fare and hotel costs, teachers will prob-
ably have to pay their school district
for a substitute; but GSA has given
them a bargain preregistration cost of
only $15. If, between you, they cannot
find a way to attend the entire meet-
ing, contract with them to go to one
(or more) of the short courses, field
trips, or technical sessions arranged for
them daily between Saturday, October
23 and Wednesday, October 27. When
you return home you can complete
your contract by meeting with them to
discuss how you can work together to
improve their students' understanding
of earth materials and processes. It is
true that geology is only a part of an
earth science curriculum, but the Satur-
day workshop will also feature astron-
omy, meteorology, and the global
environment. Remember that many
teachers of earth science have little
background, and that at least some
K-12 earth science offerings should
have as their outcome earth literacy
rather than professional geoscience.
This effort will provide you and your
teacher contact(s) an introduction to
the benefits of the Partners for Excel-
lence Program, a joint GSA-NESTA
program. For further information about
the current status of K-12 Earth Science
education, see A Summary of the First
GSA Presidential Conference of Earth
Science Education by Ed Geary and
E-an Zen in the April 1993 issue of
GSA Today.

Volunteer to Be a GSA Teacher-Host
Ed Geary, Coordinator for Educational Programs, GSA

Do you remember how you felt
at your first GSA meeting? Were you
nervous? Overwhelmed? You probably
didn't know anyone except your advi-
sor and a fellow student or two. Well
imagine that you are a K-12 teacher at
your first GSA meeting. You are excited
about the incredible scientific and edu-
cational opportunities, but you may be
a bit intimidated or confused by the ses-
sion titles and the poster sessions. You
are probably also hesitant to walk up to
people you've never met and ask them
to explain a P-T-T diagram or the signif-
icance of fluid-volcano interactions.

To make teachers feel more welcome
at our meetings, we are asking all will-
ing GSA members to wear special apple
stickers during the meeting. These

stickers will identify you as being a
meeting Teacher-Host. With your apple
sticker prominently displayed on your
badge, teachers will be able to know at
a glance that you are willing and eager
to talk with them about science or
education and answer their questions
about technical sessions or posters they
are interested in. Perhaps you could
even invite them to have coffee or join
your group of colleagues for lunch.
There will be a brief welcoming
session for K-12 teachers and Teacher-
Hosts on Monday, October 25 at
7:15 a.m., Hynes Convention Center,
Boylston St. Lobby by Room 300.
Teacher-Host apple stickers will also
be available at the K-12 Teacher Infor-
mation Desk in the registration area. ®

Notice of Council Meeting

Meetings of the GSA Council are open to Fellows, Members, and Associates
of the Society, who may attend as observers, except during executive ses-
sions. Only councilors, officers, and section representatives may speak to
agenda items, except by invitation of the chair. Because of space and seating
limitations, notification of attendance must be received by the Executive
Director prior to the meeting. The next meeting of the Council will be
Wednesday morning, October 27, 1993, at the Annual Meeting in Boston.

H 1993

Boston, Massachusetts
Hynes Convention Center
October 25-28

Chairman: James W. Skehan, S. J., Boston College

0

Preregistration Deadline: September 24
Technical Program Schedule: September GSA Today

For information call the GSA Meetings Department, (303) 447-2020.

Registration Materials are in
JUNE 654 Today—REGISTER EARLY

1993 Poster Session Awards

GSA will be sponsoring a best poster award daily after each morning and
afternoon session. Entries will be judged on the basis of scientific content, clarity,
coherence, and graphics. Specific guidelines will be mailed to poster authors in
their speaker kits in late August. Winners’ names will be posted daily and will
appear in a future issue of GSA Today. If you would like to be a Poster Award
judge, please volunteer by contacting J. Allan Cain, Dept. of Geology, University
of Rhode Island, Kingston, RI 02881, (401) 792-2184 or (401) 792-2265.

()

Bravo Boston GSA Chorale

Tuesday, October 26, 8:00 p.m.
Jordan Hall at New England Conservatory of Music
Cost: Concert only $18; Concert with Reception $28.

This year one of the special events for the GSA Annual Meeting is
indeed very special. Many of you may recall the performance by the 1988
GSA Centennial Orchestra of geologists in Denver, heard on National
Public Radio. Once again musical geologists will have the opportunity to
come together, this time in a dazzling choral performance in Boston,
where the musical arts are a thriving part of the city’s culture.

The performance will take place in the intimate and cherished Jor-
dan Hall, treasured for its turn-of-the-century architecture, renowned
for its excellent acoustics, and widely used by recording companies and
famous artists. The hall is on the campus of the New England Conserva-
tory of Music, an easy 10-minute walk from the Hynes Convention Cen-
ter and the Marriott Hotel. The Bravo Boston GSA Chorale, with a pro-
fessional orchestra and conductor, will perform the melodic and moving
Mozart Requiem, popularized in the film Amadeus. In addition, the per-
formance will feature two double concertos by Vivaldi, featuring your
musical colleagues as soloists. This is an evening not to be missed!

12201 Sunrise Valley Drive,
‘must be an active, accompli
ko g g

For those wishing to attend this very special performance, ticket
purchase in advance is highly recommended. Seating is limited, and
given the sell-out performance by the GSA Centennial Orchestra, a ticket
purchase with your meeting preregistration assures you a seat. You won’t
want to miss the excitement!

Transportation. Jordan Hall is within walking distance of the
Marriott, Lenox, Copley Square, Hilton, and Colonnade hotels. Bus ser-
vice will not be provided; however, taxi service will be available.

PRE-CONGCERT WINE AND CHEESE AT THE COLONNADE
5:30 to 7:00 p.m.; Colonnade Hotel

As a special addition to this special evening, join us for wine, cheese,
and other tasty hors d’oeuvres just before the concert.
A glass of wine and hors d'oeuvres come with the fee.
Additional drinks will be on a cash basis.
The Colonnade Hotel is located conveniently
between the Marriott and Jordan Hall.
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Seattle, Washin gt on ; B ..'j"'-_ . .
Washington State at the leading edige

Convention and Trade Center
October 24-27

Chairman: Darrel S. Cowan, Dept. of Geosciences, University of Washington
For information call the GSA Meetings Department, (303) 447-2020.

Theme for 1994 Seattle Meeting

Geology At the Leading Edge will be the scientific theme of the 1994 GSA Annual
Meeting in Seattle. The theme will draw empbhasis both to the geographical posi-
tion of Seattle, situated on the leading edge of a convergent plate margin, and to
the application of “leading edge” theoretical approaches to and technological
advances in the elucidation of geological problems. Theme sessions and sympo-
sium proposals are sought in all aspects of Pacific Rim and convergent margin geol-
ogy, with particular emphasis on the utilization of new technology. The Seattle Pro-
gram Committee will sponsor a GSA Symposium titled “The Birth and Death

of a Plate,” which will include invited talks on topics such as arc volcanism, kine-
matics of plate motion, accretionary wedges, and evolution of ocean-ridge spread-
ing centers. Speakers will illuminate these issues with results from remote sensing,
geodesy, seismic imaging, experimental studies of geologic materials, and computa-
tional advances in modeling geologic systems. Theme sessions will have the option
of being organized with more flexibility. One proposal is to lead off a theme session
with an invited speaker who will review the subject of the theme and set the tone
and organization of the abstracts in the remainder of the session. The Seattle Pro-
gram Committee also proposes to have several less formal 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 RIDGE initiative and the Continental Drilling
Program. The 1994 GSA Annual Meeting in Seattle promises an exciting opportu-
nity to discuss important geological questions in a nontraditional way. Plan to join
us At the Leading Edge.

NEW NEW NEW

Call for Continuing Education Course Proposals
PROPOSALS DUE BY OCTOBER 1

The GSA Committee on Continuing Education (formerly the Short Course Com-
mittee) invites those interested in proposing a GSA-sponsored or cosponsored
course or workshop to contact GSA headquarters for proposal guidelines.

Continuing Education courses may be conducted in conjunction with all GSA
annual or section meetings. We are particularly interested in receiving proposals
for the 1994 Seattle Annual Meeting OR 1995 New Orleans Annual Meeting.

NEW DEADLINE—Proposals must be received by October 1, 1993. Selection of
courses for 1994 will be made by February 1, 1994. For those planning ahead,
we will also consider courses for 1995 at that time.

For proposal guidelines or information contact:
Edna A. Collis, Continuing Education Coordinator,
GSA headquarters, 1-800-472-1988.

i_][j‘L_f!.'?i'_]LJFIE[JL]L’JEJDDE]EJE
in a FREE TRIP

Make your Boston reservations through
Cain Travel Group and become eligible to
win one round-trip ticket on United Airlines anywhere

within the contiguous United States. The drawing will be held
November 15, 1993. Cain Travel Group, GSA's official travel agent,
guarantees the lowest possible fares for the Boston Annual Meeting.
For discounts, convenience, and fast service, call:

5 B B E B

1-800-346-4747 TOLL FREE

(303) 443-2246 collect from outside the U.S.
fax 303-443-4485

8:30 a.m.—5:30 p.m. MST, Monday—Friday

If airfares drop, Cain will automatically reissue
your ticket at the lower rate!

Call CAIN TRAVEL GROUP Today

B FUTURE

Boston ....................... October 25-28 ..................... 1993
Seattle ....................... October 24-27 ..................... 1994
NewOrleans .................. November6-9 ..................... 1995
Denver ....................... October 28-31 ..................... 1996
SaltLake City ................. October 20-23 ..................... 1997

For general information on technical program participation (1993 or beyond)
contact Sue Beggs, Meetings Manager, GSA headquarters.

GSA SECTION MEETINGS

South-Central Section, University of Arkansas, Little Rock, Arkansas,
March 21-22, 1994. Philip L. Kehler, Department of Earth Sciences, University
of Arkansas—Little Rock, 2801 S. University Ave., Little Rock, AR 72204, (501)
569-3546, fax 501-569-8020. Abstract Deadline: November 30, 1993.

Cordilleran Section, California State University, San Bernardino,
California, March 21-23, 1994. Joan E. Fryxell, Department of Geological
Sciences, California State University, 5500 University Parkway, San Bernardino,
CA 92407-2397, (909) 880-5311. Abstract Deadline: November 29, 1993.

Northeastern Section, SUNY at Binghamton, Binghamton, New York,
March 28-30, 1994. H. Richard Naslund, Department of Geological Sciences,
SUNY, Binghamton, NY 13902-6000, (607) 777-4313. Abstract Deadline:
December 2, 1993.

Southeastern Section, Virginia Polytechnic Institute and State Univer-
sity, Blacksburg, Virginia, April 7-8, 1994. Lynn Glover, 111, and Robert J.
Tracy, Department of Geological Sciences, Virginia Tech, Blacksburg, VA
24061-0420, Glover's direct (703) 231-6213, Tracy’s direct (703) 231-5980,

fax 703-231-3886. Abstract Deadline: December 1, 1993.

North-Central Section, Western Michigan University, Kalamazoo,
Michigan, April 28-29, 1994. Alan Kehew, Department of Geology, Western
Michigan University, Kalamazoo, MI 49008, (616) 387-5495, fax 616-387-5513.
Abstract Deadline: January 6, 1994.

Rocky Mountain Section, Fort Lewis College, Durango, Colorado,
May 4-6, 1994. Douglas Brew, Geology Department, Fort Lewis College,
Durango, CO 81301, (303) 247-7254, fax 303-247-7310. Abstract Deadline:
January 13, 1994.

STUDENT TRAVEL GRANTS

The GSA Foundation will award matching grants up to a total of $3500 each to
the six GSA Sections. The money, when combined with equal funds from the
Sections, will be used to assist GSA Student Associates traveling to the 1993
GSA Annual Meeting in Boston in October and to the 1994 Section meetings.
Contact your Section secretary for application procedures.

Cordilleran ................... Bruce A. Blackerby ............... (209) 278-3086
Rocky Mountain .............. KennethE.Kolm ................. (303) 273-3800
North-Central ................. George R. Halberg ............... (319) 335-1575
South-Central ................ RenaM.Bonem .................. (817) 755-2361
Northeastem ................. KennethN. Weaver ............... (410) 554-5503
Southeastem ................. Michael J. Neilson ................ (205) 934-2439
Stop and Visit Booth 417

m
1

GSA Bookstore &
GSA Journals on Compact Disc

new products on display & for sale ...
special show offers ... see you there!
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MEETINGS

GSA Penrose Conferences

March 1994

From the Inside and the Outside:
Interdisciplinary Perspectives on the
History of Earth Sciences, March 19-
21, 1994, San Diego, California. Infor-
mation: Léo F. Laporte, Dept. of Earth
Sciences, University of California, Santa
Cruz, CA 95064, (408) 459-2248, fax
408-459-3074; Naomi Oreskes, Dept.

of Earth Sciences, Dartmouth College,
Hanover, NH 03755, (603) 646-1420,
fax 603-646-3922; Kenneth L. Taylor,
Dept. of the History of Science, University
of Oklahoma, Norman, OK 73019-0315,
(405) 325-2213, fax 405-325-2363.

June 1994

Fractured Unlithified Aquitards:
Origins and Transport Processes,
June 15-20, 1994, Racine, Wisconsin.
Information: John A. Cherry, Waterloo
Centre for Groundwater Research, Uni-
versity of Waterloo, Ontario N2L 3G1,
Canada, (519) 885-1211, ext. 2892,
fax 519-746-5644; David M. Mickelson,
Dept. of Geology and Geophysics, Uni-
versity of Wisconsin, 1215 W. Dayton St.,
Madison, WI 53706, (608) 262-7863,
fax 608-262-0693; William W. Simpkins,
Dept. of Geological and Atmospheric
Science, 253 Science |, lowa State
University of Science and Technology,
Ames, IA 50011, (515) 294-7814,

fax 515-294-6049.

1993 Meetings

August
Intraplate Volcanism International
Workshop, The Polynesian Plume

Short-Course Series

"Introduction in Flow
and Contaminant
Transport Modeling
in Ground Water"

September 13-17, 1993

Instructors:
H. Dawson, S. Paschke,
E. Poeter & P. van der Heijde

Colorado School of Mines,
Golden, Colorado

Introducing ground-water modeling
methodology, definitions and model
types, and addressing effective use,
misuse, limitations and project man-
agement; discussion of input
parameter estimation and EPA’s As-
sessment Framework for Ground-
Water Model Applications; includes
hands-on microcomputer sessions.

For more information
contact the IGWMC.

Institute for Ground-Water
Research and Education
Colorado School of Mines
Golden, Colorado 80401-1887

Phone: (303) 273-3103
FAX: (303) 273-3278 )

/intemational ground water modeling center

Province, August 1993, Tahiti, French
Polynesia. Information: Workshop Tahiti
1993 Organization Committee, H.G.
Barsczus, Centre Géologique et
Géophysique, Case 060, Université

de Montpellier Il, 34095 Montpellier
Cedex 5, France, phone 33-67-634-983,
fax 33-67-523-908.

Hydrometallurgy—Milton E. Wads-
worth International Symposium,
August 1-5, 1993, Salt Lake City, Utah.
Information: Meetings Dept., SME, P.O.
Box 625002, Littleton, CO 80162, (303)
973-9550, fax 303-979-3461.

Geochemistry of the Earth Surface
3rd International Symposium,
August 1-6, 1993, University Park,
Pennsylvania. Information: Lee Kump,
Dept. of Geosciences, Pennsylvania State
University, 210 Deike Bldg., University
Park, PA 16802, (814) 863-1274,

fax 814-865-3191.

Belt Symposium Il: Field Conference
on New Geologic Perspectives of the
Middle Proterozoic Belt-Purcell Basin,
August 14-21, 1993, Whitefish, Montana.
Information: Belt Symposium Ill, c/o
Western Experience, Inc., 4881 Evening
Sun Lane, Colorado Springs, CO 80917.

Carboniferous to Jurassic Pangea:
A Global View of Environments
and Resources, August 15-19, 1993,
Calgary, Alberta, Canada. Cosponsored
by the Canadian Society of Petroleum
Geologists and the Global Sedimentary
Geology Program. Information: Benoit
Beauchamp or Ashton Embry, Geological
Survey of Canada, 3303 33rd St. NW,
Calgary, Alberta T2L 2A7, Canada,
(403) 292-7126, fax 403-292-4961.

18th Chemical Oceanography
Gordon Conference, Global Fluxes,
Climate Change and Ocean Chemistry,
August 15-20, 1993, Meriden, New
Hampshire. Information: Philip Froelich,
Lamont-Doherty Earth Observatory,
Palisades, NY 10964, (914) 365-8485,
fax 914-365-2312.

Mine Design International Congress,
Mining into the 21st Century, August
23-26, 1993, Kingston, Ontario, Canada.
Information: Peter Scott, Public Relations,
ICMD/Relations publiques, CICM, Dept.
of Mining Engineering/Département de
génie minier, Queen’s University/Univer-
sité Queen’s, Kingston, Ontario K7L 3N6,
Canada, (613) 545-2212,

fax 613-545-6597.

Hydrothermal Reactions Fourth
International Symposium, August 31-
September 3, 1993, Nancy, France. Infor-
mation: 4th ISHR, CREGU, BP-23, 54501-
Vandoeuvre-lés-Nancy Cedex, France,
telex: 960934, fax 33-83-44-00-29,
E-mail: internet CREGU ciril.fr, or

FRciiL71 .bitnet.

September

Mineralization Related to Mafic
and Ultramafic Rocks, International
Symposium, September 1-3, 1993,
Orléans, France. Information: Daniel
Ohnenstetter, Symposium Secretary,
CRSCM-CNRS, 1a, rue de la Férollerie,
45071 Orléans Cedex 2, France, phone
33-38-51-54-01, fax 33-38-63-64-88.

Rocky Mountain Friends of the
Pleistocene, September 10-12, 1993,
Mission Valley—Flathead Lake area, north-
west Montana. Information: Dan Levish,
Bureau of Reclamation, P.O. Box 25007,
D-3611, Denver, CO 80225-0007,

(303) 236-8532.

Coal Science 7th International
Conference, September 12-17, 1993,
Banff, Alberta, Canada. Information:
David Brown, P.O. Bag 1280,

Devon, Alberta TOC 1EQ, Canada,
(403) 450-5200, fax 403-987-3430.

Fractography, Geological Society

of London Thematic Meeting,
September 13-14, 1993, London, United
Kingdom. Information: M. S. Ameen,
GeoScience Limited, Silwood Park,
Buckhurst Road, Ascot SL5 7QW, UK,
phone 44-344-872220, fax 0344 872438.

AAPG Hedberg Research Confer-
ence—Salt Tectonics, September 13-
17, 1993, Bath, England. Information:
AAPG Continuing Education Dept.,

P.O. Box 979, Tulsa, OK 74101, (918)
584-2555, fax 918-584-0469.

WORLDTech |, International
Congress on Mining Development,
September 15-17, 1993, Philadelphia,
Pennsylvania. Information: Meetings
Dept., SME, P.O. Box 625002, Littleton,
CO 80162, (303) 973-9550, fax 303-
979-3461.

American Association of Petroleum
Geologists Eastern Section Meeting,
September 19-21, 1993, Williamsburg,
Virginia. Information: Arthur D. Cohen,
Dept. of Geological Sciences, University
of South Carolina, Columbia, SC 29208,
fax 803-777-6610.

Contaminated Soils: Analysis, Fate,
Environmental & Public Health
Effects, and Remediation, Eighth
National Conference, September 20-23,
1993, Amherst, Massachusetts. Infor-
mation: Paul Kostecki or Linda Rosen,
Division of Public Health, University of
Massachusetts, Amherst, MA 01003,
(413) 545-2934, fax 413-545-4692.

10th Annual International Pitts-
burgh Coal Conference, September
20-24, 1993, Pittsburgh, Pennsylvania.
Information: Ann McDonald, Conference
Secretary, Pittsburgh Coal Conference,
University of Pittsburgh, 1140 Benedum
Hall, Pittsburgh, PA15261, (412) 624-7440,
fax 412-624-1480.

Andean Geodynamics 2nd Interna-
tional Symposium, September 21-23,
1993, Oxford, England. Information:

P. Soler, ISAG 93, ORSTOM, CS1, 213 rue
Lafayette, 75480 Paris Cedex 10, France,
fax 33-1-48-03-08-29.

Clay Minerals Society Annual
Meeting, September 25-30, 1993, San
Diego, California. Information: Richard
Berry, Dept. of Geological Sciences,

San Diego State University, San Diego,
CA 92182-0337, (619) 594-6394,

fax 619-594-4372.

International Association of Vol-
canology and Chemistry of the
Earth’s Interior (IAVCEI) General
Assembly, Ancient Volcanism and
Modern Analogues, September 25—
October 1, 1993, Canberra, Australia.
Information: IAVCEI General Assembly,
ACTS, GPO Box 2200, Canberra, ACT
2601, Australia, phone 61-6-2573299,
fax 61-6-2573256.

Association of Earth Science Editors
Annual Meeting, September 26-29,
1993, Madison, Wisconsin. Information:
Mindy James, Wisconsin Geological and
Natural History Survey, 3817 Mineral
Point Road, Madison, WI 53705,

(608) 263-7394.

Global Boundary Events (Interdisci-
plinary Conference of IGCP Project 293,
Geochemical Marker Events in the Phan-
erozoic), September 27-29, 1993, Kielce,
Poland. Information: Barbara Studencka,
Muzeum Ziemi PAN, Al. Na Skarpie
20/26, 00-488 Warszawa, Poland, phone
48-22-217-391, fax 48-22-297-497; or
Helmut H.). Geldsetzer, Geological Survey
of Canada, 3303 33rd St. N.W., Calgary,
Alberta T2L 2A7, Canada, (403) 292-7155,
fax 403-292-5377.

Accelerator Mass Spectrometry

6th International Conference,
September 27-October 1, 1993,
Canberra and Sydney, Australia. Infor-
mation: AMS-6, ACTS, GPO Box 2200,
Canberra ACT 2601, Australia,

phone 61-6-249-8105, fax 61-6-257-3256.

B German Geological Society 145th
Annual Meeting, September 28-Octo-
ber 1, 1993, Krefeld, Germany. Informa-
tion: P. Neumann-Mahlkau, K. Steuer-
wald, H. D. Hilden, Geological Survey
North-Rhine-Westfalia, P.O. Box 10 80,
D-47710 Krefeld, Germany.

October

Basin Inversion International
Conference, October 4-9, 1993,
Oxford, England. Information: Peter
Buchanan, CogniSeis Development,
Stanley House, Kelvin Way, Crawley,
West Sussex, RH10 25X, UK.

M Environmental Hydrology and
Hydrogeology, Second USA/Hun-
gary Joint Conference, October 7-14,
1993, Budapest, Hungary. Information:
AlH, 3416 University Ave. S.E., Minneapo-
lis, MN 55414-3328, (612) 379-1030, fax
612-379-0169.

Society for Organic Petrology 10th
Annual Meeting, October 9-13, 1993,
Norman, Oklahoma. Information: Brian
Cardott, Oklahoma Geological Survey,
100 E. Boyd St., Rm. N-131, Norman,
OK 73019-0628, (405) 325-3031,

fax 405-325-7069.

Association of Engineering Geolo-
gists Annual Meeting, October 9-15,
1993, San Antonio, Texas. Information:
Association of Engineering Geologists,
323 Boston Post Rd., Suite 2D, Sudbury,
MA 01776, (508) 443-4639.

Geothermal Resources Council
Annual Meeting, October 10-13,
1993, Burlingame, California. Informa-
tion: Geothermal Resources Council,
P.O. Box 1350, Davis, CA 95617-1350,
(916) 758-2360, fax 916-758-2839.

International Association for Math-
ematical Geology, October 10-15,
1993, Prague, Czechoslovakia. Local
Chairman: Vaclav Nemec, K. Rybinickum
17, Praha 1-Strasnice, Czechoslovakia;
Technical Program Committee cochair-
men—North and South America: John C.
Davis, Kansas Geological Survey, Univer-
sity of Kansas, Lawrence, KS 66047,
(913) 864-3965, fax 913-864-5317,
E-mail: john_davis.moore_hall@-
msmail.kgs.ukans.edu; Europe, Africa,
and Asia: Jan Harff, Institute for Baltic
Sea Research, Seestr. 15, 0-2530 Warne-
muende, Germany, phone 49-381-58-261,
fax 49-381-58-336, E-mail: harff@-
geologie.io-warnemuende.dbp.de.

Seismological Society of America,
Eastern Section Meeting, October
13-15, 1993, Weston, Massachusetts.
Information: John E. Ebel, Weston Obser-
vatory, Dept. of Geology & Geophysics,
Boston College, 381 Concord Road,
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Weston, MA 02193-1340, (617) 899-0950,
fax 617-552-8388, E-mail: EBEL@-
BCVMS.BC.EDU. (Abstract deadline:
September 10, 1993.)

Federation of Analytical Chemistry
and Spectroscopy Societies 20th
Annual Meeting, October 17-22,
1993, Detroit, Michigan. Information:
FACSS, P.O. Box 278, Manhattan,

KS 66502, (301) 846-4797.

New Developments in Geothermal
Measurements in Boreholes, Octo-
ber 18-23, 1993, Klein Koris, Germany.
Information: E. Hurtig, GFZ Potsdam,
Telegrafenberg A45, 0-1561 Potsdam,
Germany, phone 49-331-310-347,

fax 49-331-310-610, E-mail:
gth@gfz-potsdam.dbp.de.

Gulf Coast Association of Geological
Societies and Gulf Coast Section of
SEPM 43rd Annual Convention,
October 20-22, 1993, Shreveport,
Louisiana. Information: Roger Berg,

Arkla Exploration Co., P.O. Box 21734,
Shreveport, LA 71151, (318) 429-2713.

Overthrusting into Foreland Basins:
Sedimentological Consequences,
October 20-22, 1993, Troy, New York.
Information: Gerald M. Friedman, North-
eastern Science Foundation, Rensselaer
Center of Applied Geology, 15 Third
Street, P.O. Box 746, Troy,

NY 12181-0746.

Geological Society of America
Annual Meeting, October 25-28,
1993, Boston, Massachusetts. Infor-
mation: GSA Meetings Dept.,

Short-Course Series

Principles and Appili-
cations of MODFLOW

October 19-22, 1993

Instructors:
Peter F. Andersen and
Robert M. Greenwald
(Geo Trans, Inc.)

This course focuses on the use of the
U.S.G.S. Three-Dimensional Finite-
Difference Ground-water Flow Model
MODFLOW and its accompanying
programs. Lectures on the principles
of ground-water flow modeling and
the use of MODFLOW will be
complemented by hands-on computer
sessions during which participants
will work through a series of real-
world problems.

For more information
contact the IGWMC.

IQ\VWC

Institute for Ground-Water
Research and Education
Colorado School of Mines
Golden, Colorado 80401-1887
Phone: (303) 273-3103

FAX: (303) 273-3278 )

[ international ground water modeling center

3

P.O. Box 9140, Boulder, CO 80301,
(303) 447-2020, fax 303-447-1133.

World Energy Engineering 16th
Congress, October 26-28, 1993,
Atlanta, Georgia. Information: Ruth M.
Bennett, 4025 Pleasantdale Road, Suite
420, Atlanta, GA 30340, (404) 447-5083,
fax 404-446-3969.

Asociacion de Ingeniéros de Minas,
Metalurgistas y Gedlogos de México
XX Convencion, October 26-29, 1993,
Acapulco, Guerrero, Mexico. Information:
Fernel Arvizu Lara, AIMMGM, A.P. 4073,
C.P. 06400 Mexico, D.F., Mexico.

Rocky Mountain Ground Water
Conference, October 27-29, 1993,
Albuquerque, New Mexico. Information:
Michael E. Campana, Dept. of Earth and
Planetary Sciences, University of New
Mexico, Albuquerque, NM 87131-1116,
(505) 277-3269, fax 505-277-8843.

Geological Association of New
Jersey, Precambrian Traverse of
Northern New Jersey, October 29-30,
1993. Information: John Marchisin,

P.O. Box 5145, Trenton, N 08638,
(201) 200-3162, fax 201-200-2298.

November

International Circum-Pacific and
Circum-Atlantic Terrane Conference
VI, November 5-21, 1993, Guanajuato,
Mexico. Information: Fernando Ortega-
Gutiérrez, fax 52 (5) 548-0772; or

David G. Howell, fax 415-353-3224.

24th Annual Underwater Mining
Institute, November 7-9, 1993, Estes
Park, Colorado. Information: Karynne
Chong Morgan, UMI Conference Co-
ordinator, 811 Olomehani Street, Hon-
olulu, HI 96813-5513, (808) 522-5611,
fax 808-522-5618, Internet:
morgan@uhunix.uhcc.hawaii.edu,
Compuserve: MMTC, 70673,534.

Third International Congress of the
Brazilian Geophysical Society,
November 7-11, 1993, Rio de Janeiro,
Brazil. Information: SBGf-Divisao
Centro-Sul, Secretaria do 32 CISBGf,

Av. Rio Branco 156, sala 2510,
20043-900 Rio de Janeiro, Rj,

Brasil, phone 55-21-533-0064,

fax 55-21-533-0064.

Mineral Resources of Russia, Inter-
national Symposium and Exhibition,
November 9-13, 1993, St. Petersburg,
Russia. Information in the USA:

(505) 291-9812. Information in Russia:
Organizing Committee, P.O. Box 215,
199004, St. Petersburg, Russia,

E-mail: vsg@sovamsu.sovusa.com.,
phone 7-812-218-9224,

fax 7-812-355-7952.

Basement and Basins of Eastern
North America, AAPG Hedberg
Research Conference, November 10-13,
1993, Ann Arbor, Michigan. Information:
AAPG Continuing Education Depart-
ment, P.O. Box 979, Tulsa, OK 74101,
(918) 584-2555, fax 918-584-0469.

Eastern Oil Shale Symposium,
November 17-19, 1993, Lexington,
Kentucky. Information: Geaunita H.
Caylor, University of Kentucky/OISTL,
643 Maxwelton Court, Lexington,
KY 40506-0350, (606) 257-2820,
fax 606-258-1049.

December

American Geophysical Union Fall
Meeting, December 6-10, 1993, San
Francisco, California. Information: AGU—

Meetings Dept., 2000 Florida Avenue,
N.W., Washington, DC 20009, (202)
462-6900, fax 202-328-0566, E-mail:
dsolomon@kosmos.agu.org. (Abstract
deadline: September 9, 1993.)

B World Organization of Volcano
Obseratories—IAVCEl Commission,
December 13-17, 1993, Guadeloupe
Island, West Indies. Information: Cath-
erine Netter, Observatoires Volcanolo-
giques, IPGP, phone 33-1-44-27-24-00,
fax 33-1-44-27-24-01.

1994 Meetings

January

B Remote Sensing and GIS Interna-
tional Symposium, |anuary 27-28,
1994, location to be determined. Infor-
mation: Vern Singhroy, Canada Centre
for Remote Sensing, 588 Booth Street,
Ottawa, Ontario K1A 0Y7, Canada,
(613) 947-1215, fax 613-947-1385; or
Ivan Johnson, 7474 Upham Court, Ar-
vada, CO 80003, (303) 425-5610; and
Doug Nebert, Water Resources Division,
USGS National Centre, MS 445, Reston
VA 22092, (703) 648-5691, fax 703-
959-5691.

Remote Sensing for Marine and
Coastal Environments, 2nd Thematic
Conference, |anuary 31-February 2,
1994, New Orleans, Louisiana. Infor-
mation: Robert Rogers, ERIM, Box
134001, Ann Arbor, MI 48113-4001,
(313) 994-1200, ext. 3234,

fax 313-994-5123,

February

H Geological Society of Australia
Field Conference, Deformation Proc-
esses in the Earth, February 6-11, 1994,
Jindabyne, New South Wales, Australia.
Information: Stephen Cox, RSES, ANU,
Canberra, ACT 0200, Australia, phone
61 6 249 4076, fax 61 6 249 0738,
E-mail: jdf152@cscgpo.anu.edu.au.
(Abstract deadline: September 15, 1993.)

New Developments Regarding the
K/T Event and Other Catastrophes
in Earth History, February 9-12, 1994,
Houston, Texas. Information: K/T Event,
Lunar and Planetary Institute, 3600 Bay
Area Blvd., Houston, TX 77058-1113,
(713) 486-2149, fax 713-486-2160,
E-mail (Internet): holley@Ipi.jsc.nasa.gov.

Breakthroughs in Karst Geomicro-
bioclogy and Redox Geochemistry,
February 16-19, 1994, Colorado Springs,
Colorado. Information: Arthur Palmer,
Earth Sciences Dept., SUNY Oneonta,
Oneonta, NY 13820-4015,

(607) 436-3064, fax 607-436-2107.

March

H GSA South-Central Section Meet-
ing, March 21-22, 1994, Little Rock,
Arkansas. Information: Philip L. Kehler,
Dept. of Earth Sciences, University of
Arkansas, 2801 S. University Ave.,

Little Rock, AR 72204, (501) 569-3546,
fax 501-569-8020. (Abstract deadline:
November 30, 1993.)

Meetings continued on p. 218
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Meetings continued from p. 217

B GSA Cordilleran Section Meeting,
March 21-23, 1994, San Bernardino,
California. Information: Joan Fryxell,
Dept. of Geological Sciences, California
State University, 5500 University Parkway,
San Barnardino, CA 92407-2397, (909)
880-5311, fax 909-880-7005. (Abstract
deadline: November 29, 1993.)

Seventh Annual Symposium on the
Application of Geophysics to Engi-
neering and Environmental Prob-
lems (SAGEEP), March 27-31, 1994,
Boston, Massachusetts. Information:
EEGS, Mark Cramer, P.O. Box 4475,
Englewood, CO 80112, (303) 771-6101.
(Abstract deadline: October 1, 1993.)

M GSA Northeastern Section Meet-
ing, March 28-30, 1994, Binghamton,
New York. Information: H. Richard
Naslund, Dept. of Geological Sciences,
SUNY, Binghamton, NY 13902-6000,
(607) 777-4313, fax 607-777-2288.
(Abstract deadline: December 2, 1993.)

April

H GSA Southeastern Section Meet-
ing, April 7-8, 1994, Blacksburg, Vir-
ginia. Information: Lynn Glover, Ill, and
Robert ). Tracy, Dept. of Geological Sci-
ences, Virginia Tech, Blacksburg, VA
24061-0420, Glover's direct (703)
231-6213, fax 703-231-3886, Tracy’s
direct (703) 231-5980. (Abstract dead-
line: December 1, 1993.)

Toxic Substances and the Hydro-
logic Sciences, April 10-13, 1994,
Austin, Texas. Information: American

1y .
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anyone can understand.

ROCK-COLOR

Find any rock color on the chart and the Munsell
notation undemeath gives you the value (degree of lightness), the hue
(color), and the chroma (degree of saturation) for that color. Use these
notations in your writing to communicate exact color information that

Designed primarily for field use, the chart nevertheless indicates
the range of rock colors for all purposes and is accurate for wet or dry
specimens. Chiefly used to describe medium- to fine-grained rocks, it
is also helpful in working with coarse-grained rocks.

This version was manufactured for GSA by the Munsell Corporation
to exacting Munsell standards for color accuracy. Printed on Munsell's
special color-neutral stock, the chart includes a viewing mask.

*Inter Society Color Council-National Bureau of Standards.

RCC001, 16 p., $24.00 (price increase effective June 1993)

1 '800'472' 1 988 publication sales
The Geologreal Society of cAmerica

Institute of Hydrology, 3416 University
Ave. S.E., Minneapolis, MN 55414-3328,
(612) 379-1030, fax 612-379-0169.

Transport and Reactive Processes

in Aquifers IAHR Symposium,

April 11-15, 1994, ETH-Zrich, Switzer-
land. Information: Th. Dracos or F. Stauffer,
Institute of Hydromechanics and

Water Resources Management (IHW),
ETH-H6nggerberg, CH-8093 Ziirich,
Switzerland, phone 41-1-377 30 66 or
41-1-377 30 79, fax 41-1-371 22 83.

Extractive Industry Geology,

April 17-20, 1994, Sheffield, England.
information: The Conference Office,

The Institution of Mining and Metallurgy,
44 Portland Place, London W1N 4BR,
England, phone 44-71-580-3802,

fax 44-71-436-5388.

European Association of Science
Editors 5th General Assembly and
Conference, April 24-28, 1994, Buda-
pest, Hungary. Information: EASE Sec-
retariat, 49 Rossendale Way, London,
NW?1 0XB, UK, phone 44-71-388 9668,
fax 44-71-383 3092.

B Third International Conference
on the Abatement of Acidic Drain-
age, April 25-29, 1994, Pittsburgh,
Pennsylvania. Information: D. Lowanse,
U.S. Bureau of Mines, P.O. Box 18070,
Pittsburgh, PA 15236, (412) 892-6708,
fax 412-892-4067.

B GSA North-Central Section Meet-
ing, April 28-29, 1994, Kalamazoo,
Michigan. Information: Alan Kehew,
Dept. of Geology, Western Michigan

Identify rock colors accurately ...

This handy tool provides
115 genuine Munsell® Color
Standards (chips), each with
its correct ISCS-NBS* color
name and unique Munsell
alpha-numeric notation.

3300 Penrose Place « P.0. Box 9140 ¢ Boulder, CO 80301-9140
303-447-2020 « fax 303-447-1133

University, Kalamazoo, M| 49008,
(616) 387-5495, fax 616-387-5513.
(Abstract deadline: january 4, 1994.)

May

H GSA Rocky Mountain Section
Meeting, May 4-6, 1994, Durango,
Colorado. Information: Douglas Brew,
Geology Dept., Ft. Lewis College,
Durango, CO 81301, (303) 247-7254,
fax 303-247-7310.

B Geologic Remote Sensing Tenth
Thematic Conference, May 9-12,
1994, San Antonio, Texas. Information:
ERIM/Thematic Conferences,

P.O. Box 134001, Ann Arbor,

MI 48113-4001, (313) 994-1200,

ext. 3234, fax 313-994-5123,

Internet: wallman@vaxb.erim.org.

Geological Association of Canada
and Mineralogical Association of
Canada Annual Meeting, May 15-18,
1994, Waterloo, Ontario, Canada. Infor-
mation: Alan V. Morgan, Dept. of Earth
Sciences, University of Waterloo, Water-
loo, Ontario N2L 3G1, Canada,

(519) 885-1211, ext. 3231,

fax 519-746-7484.

B High-Level radioactive Waste
Management International Con-
ference, May 22-26, 1994, Las Vegas,
Nevada. Information: Tom Sanders, Attn:
Transactions Office, American Nuclear
Society, 555 N. Kensington Avenue,

La Grange Park, IL 60525.

B Glacial Cycles at High Latitudes,
May 29-June 1, 1994, Fjeerland, Norway.
Information: Berit H. Barkley, Dept. of
Geology, P.O. Box 1047 Blindern,

0316 Oslo, Norway, 47-22-856691,

fax 47-22-854215.

June

B 1st North American Rock Mechan-
ics Symposium, June 1-3, 1994, Austin,
Texas. Information: NARM Symposium,
Continuing Engineering Studies,

Cockrell Hall 10.324, University of Texas,
Austin, TX 78712; or Priscilla Nelson,
(512) 471-5664, or Stephen Laubach,

fax 512-471-0140. (Abstract deadline:
September 30, 1993.)

H Geochronology, Cosmochronol-
ogy, and Isotope Geology Eighth
International Conference (ICOG-8),
June 5-11, 1994, Berkeley, California.
Information: Garniss H. Curtis, Institute
of Human Origins-Geochronology Center,
2453 Ridge Road, Berkeley, CA 94709,
(510) 845-4003, fax 510-845-9453,

B First International Symposium on
Protection and Development of
Mountain Environment, June 20-24,
1994, Ponte di Legno, Italy. Information:
Man & Mountain ‘94, c/o Valdepur
Service s.r.l., via Seradello 225, 25068
Serezzo (BS), Italy.

July

FORAMS ‘'94: International Sympo-
sium on Foraminifera, July 5-9, 1994,
Berkeley, California. Information:
FORAMS ‘94, Museum of Paleontology,
University of California, Berkeley,

CA 94720, (510) 642-1821,

fax 510-642-1822.

Earthquake Engineering Fifth U.S.
National Conference, July 10-14, 1994,
Chicago, lllinois. Information: Claudia

Cook, Newmark Civil Engineering Labora-
tory, University of lllinois, 205 N. Mathews,
Urbana, IL 61801-2397, (217) 333-0498.

Basement Tectonics 11th Interna-
tional Conference, July 25-29, 1994,
Potsdam, Germany. Information: Onno
Oncken, Conference Chairman, Geo-
ForschungsZentrum, Telegrafenberg,
D-0-1561 Potsdam, Germany, phone
49-331-310601, fax 49-331-310306.
(Abstract deadline: March 1, 1994.)

August

V.M. Goldschmidt Conference,
August 29-September 2, 1994, Edin-
burgh, Scotland. Information: B. Harte or
P. Symms, V.M. Goldschmidt Conference
1994, Dept. of Geology and Geophysics,
University of Edinburgh, Grant Institute,
West Mains Road, Edinburgh EH9 3jW,
Scotland, UK.

September

Cyclicity in Global Geology, Austra-
lian Geological Convention Sympo-
sium, September 1994, Perth, Australia.
Information: Bryan Krapez, C.McA.
Powell, Dept. of Geology, University

of Western Australia, Nedlands, 6009,
Australia.

B Prospecting in Areas of Glaciated
Terrain—Tenth Conference, Septem-
ber 5-7, 1994, St. Petersburg, Russia.
Information:The Conference Office,

The Institution of Mining and Metallurgy,
44 Portland Place, London W1N 4BR,
England, phone 44-71-580-3802,

fax 44-71-436-5388.

H International Conference on Arc-
tic Margins, (ICAM '94), September
5-9, 1994, Magadan, Russia. Informa-
tion: Kirill V. Simakov, North East Science
Center, Russian Academy of Sciences,
16 Portovaya St., Magadan, Russia
685000, (907) 474-7219 (USA) or
7-41-3-223-0953 (Russia); or Dennis K.
Thurston, Minerals Management
Service, 949 E. 36th Ave., Anchorage,
AK 99508-4302, (907) 271-6545,

fax 907-271-6565.

B 12th Australian Geological Con-
vention, September 26-30, 1994,
Perth, Australia. Information: Secretary,
12AGC, P.O. Box 119, Cannington,
WA 6107, Australia, 61-9-351-7968,
fax 61-9-351-3153. (Abstract deadline:
January 14, 1994.)

October

German Geological Society (DGG)
Annual Meeting, October 4-7, 1994,
Heidelberg, Germany. Information:

Th. Bechstédt and R. O. Greiling,
Geologisch-Paldontologisches Institut,
Ruprecht-Karls-Universitat, Im Neuen-
heimer Feld 234, D-6900 Heidelberg,
Germany.

November

Geology and Resources of the East-
ern Frontal Belt, Ouachita Moun-
tains, Oklahoma, November 15-17,
1994, Poteau, Oklahoma. Information:
Neil H. Suneson, Oklahoma Geological
Survey, Sarkeys Energy Center Room
N-131, 100 East Boyd St., Norman,

OK 73019-0628, (405) 325-3031.

Send notices of meetings of general inter-
est, in format above, to Editor, GSA Today,
P.O. Box 9140, Boulder, CO 80301.

PREE' 1-800-472-1988 csa varketing
o GSA’s Publications Catalog

watch for our new catalog this fall
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979-997

Gradual mass extinction, species survivorship, and long-term environmental changes across the

Cretaceous-Tertiary boundary in high latitudes
G. Keller, E. Barrera, B. Schmitz, and E. Mattson

Quantified Middle Jurassic to Paleocene custatic variations based on Russian Platform stratigraphy:

998—1(0(Q7 Architecture of the Sierra Ladrones Formation, central New Mexico: Depositional controls on the

permeability correlation structure
J. Matthew Davis, Ruth C. Lohmann, Fred M. Phillips, John L. Wilson, and David W. Love

1008-1018 Relict colluvial boulder deposits as paleoclimatic indicators in the Yucca Mountain region,
southern Nevada
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1019—1052 Aspects of three-dimensional strain at the margin of the extensional orogen, Virgin River depres-
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Susan D. Hovorka, L. Paul Knauth, R. Stephen Fisher, and Guogin Gao
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guides: Discussion
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675 Anoxic events in the late Frasnian—Causes
of the Fr ian-F I crisis?
Michael M. Joachimski, Werner Buggisch

ian £

679 Terrestrial and marine records of climatic
and environmental changes during the
Pliocene in subtropical Florida
Debra A. Willard, Thomas M. Cromin,

Scott E. Ishman, Ronald |. Litwin

683 Neoproterozoic Laurentia-Australia fit
M. E. Brookfield

687 middle Cambrian carbonate-platform
collapse, southeastern Canadian Rocky
Mountains
W. D. Stewart, O. A. Dixon, B. R. Rust

691 Comparison of a paleosol-carbonate iso-

tope record to other records of Pliocene-

early Pleistocene climate in the western

United States

Gary A. Smith, Yang Wang, Thure E. Cerling,

John W. Geissman

695 High-level surfaces, plateau uplift, and

foreland development, Bolivian central

Andes

T. L. Gubbels, B. L. Isacks, E. Farrar

699 Petrologic and sulfur isotopic significance
of highly oxidized and sulfur-rich magma
of Mt. Pinatubo, Philippines
A. Imai, E. L. Listanco, T. Fujii

703 original mineralogy of Carboniferous
worm tubes: Evidence for changing marine
chemistry and biomineralization
L. Bruce Railsback

707 Moho and petrologic crust-mantle bound-
ary coincide under southeastern Australia
D. M. Finlayson, A. Owen, D. Johnstone,
K. D. Wake-Dyster

711 original dip and subsequent modification
of a Cordilleran detachment fault, Mojave
extensional belt, California
Roy K. Dokka

715 Archaeology to refine Holocene subsidence
rates along the Nile delta margin, Egypt
Andrew G. Warne, Daniel Jean Stanley

719 i1sotopic evidence for preservation of
Cordilleran lithospheric mantle during
the Sevier-Laramide orogeny, western
United States
Richard F. Livaccari, Frank V. Perry

723 New architectures of deep-water carbonate
buildups: Evolution of mud mounds into
mud ridges (Middle Devonian, Algerian
Sahara)

Jobst Wendt, Zdzislaw Belka, Alexis Moussine-
Pouchkine

727 Diagenetic evidence for massive evaporite
dissolution, fluid flow, and mass transfer
in the Louisiana Guif Coast
Kathleen M. McManus, feffrey S. Hanor

731 white Island, New Zealand, volcanic-
hydrothermal system represents the geo-
chemical envir t of high-sulfidation
Cu and Au ore deposition
leffrey W. Hedenquist, Stuart F. Simmons,

Werner F. Giggenbach, C. Stewart Eldridge

735 pattern of hydrothermal circulation
within the Newark basin from fission-track
analysis
Michael S. Steckler, Gomaa I. Omar,

Garry D. Karner, Barry P. Kohn

739 Bouguer gravity and crustal structure of
the Dead Sea transform fault and adjacent
ain belts in Leb
Kamal Khair, Mohamad Khawlie, Fuad Haddad,
Muawia Barazangi, Dogan Seber, Thomas Chaimov

743 short-term sediment accumulation rates
determined from Eocene alluvial paleosols
Mary |. Kraus, Thomas M. Bown

747 stratigraphic solution sets for determining
the roles of sediment supply, subsidence,
and sea level on transgressions and
regressions
Paul L. Heller, Beverly A. Burns, Mariano Marzo

75

-

Direct observation of primary fluid-inclu-
sion formation

Virginia B. Sisson, Robert W. Lovelace,

William B. Maze, Steven C. Bergman

755 On the nature of buttressing in margin-
parallel strike-slip fault systems
M. E. Beck, |r., Constanza Rojas, Jose Cembrano

759 Fractal fingerprinting of joint and shatter-
cone surfaces
D. E. Roach, A. D. Fowler, W. K. Fyson

Forum

763 "varve'’ counting vs. tephrochronology
and 137Cs and 219Pb dating: A comparative
test at Skilak Lake, Alaska
Comment: John L. firikowic, Charles P. Sonett
Reply: Scott D. Stihler, David B. Stone,

James E. Beget

h

764 Lack of evidence for ed preservation
of sedimentary organic matter in the oxy-
gen minimum of the Gulf of California
Comment: H. L. ten Haven
Reply: 5. E. Calvert, R. M. Bustin, T. . Pedersen

766 Letters

CLASSIFIED ADVERTISING

Published on the 1st of the month of issue. Ads (or
cancellations) must reach the GSA Advertising office
one month prior. Contact Advertising Department
(303) 447-2020, 1-800-472-1988, fax 303-447-0648.

Per line

Per line for each

for addt'| month

Classification st month  (same ad)
Situations Wanted $1.75 $1.40
Positions Open $4.50 $3.80
Consultants $4.50 $3.80
Services & Supplies $4.50 $3.80

Opportunities for Students

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

Code number: $2.75 extra

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

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

Positions Open

STRUCTURAL GEOLOGIST
Denison University

The Depariment of Geology and Geography invites
applications for a tenure-track position at the Assis-
tant Professor level, beginning in the Fall of 1994. A
Ph.D. is required. Responsibilities include teaching
undergraduate structural geology, physical geology,
and other courses in your area of specialization. A

| productive research program is also required. Tec-

tonics, economic geology, and hydrogeology are
among other subdisciplines relevant to our curricular
needs. Send application and résumé to Kennard B.
Bork, Denison University, Granville, OH 43023.
Review of applications will begin on 15 December
1983, and will continue until the position is filled.
Denison University is an equal opportunity/affirmative
action employer.

GEODYNAMICS / GEOPHYSICS
The Pennsylvania State University
The Department of Geosciences at Penn State
intends to fill a junior level tenure track faculty posi-
tion in geodynamics. We seek an individual who
investigates the physics of lithospheric processes,
crustal deformation, or mantle dynamics, and will
consider scientists utilizing observational, theoretical,
and modeling approaches in their research. The suc-
cessful candidate will join an active group of faculty
and researchers committed to excellence in both
teaching and research in tectonics, lithospheric geo-
dynamics, seismology, and basin evolution. Appli-
cants should demonstrate potential for developing a
funded research program in conjunction with a com-
mitment to education at both the undergraduate and
graduate levels. Interested individuals should submit
a current vita, a statement of research and teaching
interests, and the names and addresses of three ref-
erences. Repnints and preprints of recent publica-
tions are welcome. This position is available starting

| January, 1994, and a Ph.D. is required at the time of

appointment. Files will be reviewed beginning July 1,
1983, and the search will continue until the position
is filled. Applications should be directed to: Professor
Michael A. Arthur, Head, Department of Geo-
sciences, 503 Deike Building, Pennsylvania State
University, University Park, PA 16802.

Penn State is an equal opportunity/affirmative
action employer.

ARIZONA GEOLOGICAL SURVEY
FIELD MAPPER wanted for 3 to 6 months of full-time
employment mapping at 1:24,000 scale in struc-
turally complex areas of western Arizona that consist

| largely of Cenozoic volcanic rocks. Duties include

preparation of maps and associated reports. Start in
November or December, 1993. Send resume, refer-

| ences, and samples of past geologic maps to Per-

sonnel Division, Arizona Geological Survey #100,
845 N. Park Ave., Tucson, AZ 85719.

' Services & Supplies

Used books bought & sold! Free Geoscience cata-
log with 1800+ rare-and out-of-print titles. Will quote
on collections of used books/journals. Dieter
Schierenberg, b.v., Rare Books & Periodicals, Prin-

| sengracht 485-487, 1016 HP, Amsterdam, The

Netherlands, fax 31-20-626-5650.

Out of Print Books and Periodicals on General
Geology, Paleontology, Petroleum, Mining,
Oceanography, Hydrology, Astronomy, Archaeology
and related subjects. Catalog available upon request.
The Hannum Company, Box 1505, Ardmore, OK
73402.

Fossil Books. We carry fossil collecting guidebooks
for states of Ohio, Utah, Texas, Florida, Montana,
etc. In fact, we now offer over 115 popular and pro-
fessional books on paleontology. Catalog: $2.00
US/$3 Canada. No credit cards. Paleo Books &
Prep. Supplies, P.O. Box 542-GS, Hot Springs, SD
§7747. Tel. 605/745-5466. Retail only!

USGS Topo Maps shipped daily. Phone or Fax
SPEEDY TOPO SERVICE at (303) 499-0569, or

| write to 1705 14th St., #309, Boulder, CO 80302.

Field Supplies: Binoculars, Scopes, Compasses,
Transits. 1-800-545-4205. MONRADS, Box 576292,
Modesto, CA 95357.

Opportunities for Students

University of Texas at Austin. Institute for Geo-
physics, Ewing/Worzel Fellowship in Geology/ Geo-
physics, Seismic Processing, Seismology, or Tecton-
ics. Candidates are expected to have a bachelors or
masters degree in geology, geophysics, physics,
computing, or other related field, and must be
accepted in a graduate program of one of the Univer-
sity of Texas at Austin academic departments.

The Institute for Geophysics is an organized
research unit of the University of Texas. Fellows are
expected to ally themselves with a member of the
Institute research staff and either generate an origi-
nal research project or join an existing project during
their first year. The Fellowship amount is $12,000 per
academic year, which is intended to cover tuition,
fees, and stipend. Additional support may be
awarded after the first year, depending on the
research performance of the individual.

Questions about the fellowship program should be
directed to Dr. Thomas A. Davies, Chairman, UTIG
Fellowship Committee, 8701 N. MoPac Expy,.
Austin, Texas, 78759 (tel. 512-471-6156, fax 512-
471-8844). Application materials for admission as a
graduate student may be obtained from the Graduate
Studies Office of the appropriate academic depart-
ment of The University of Texas at Austin. The
Spring 1994 deadline for graduate admission and fel-
lowship applications is October 1, 1993. The Fall
1994 deadline is February 1, 1994.

Student Travel Grants. The GSA Foundation will
award matching grants to each of the six GSA Sec-
tions to assist students wishing to travel to GSA Sec-
tion and Annual meetings. For applications contact
individual Section secretaries. For Section informa-
tion, contact GSA (1-800-472-1988).

Consultants

Geological consulting firms & individuals! Use this
low- cost GSA advertising medium to promote your
services throughout the geological community. More
than 25,000 earth scientists from around the world,
working in every discipline, read this news magazine
every month. Talk to them! See above for rates,
details, and closing dates. Or call 1-800-472-1988 for
additional information.

Binoculars, Spotting Scopes
Compasses, & Accessories

Field Products
P.0. Box 576292
Modesto, CA 95357

HIGH QUALITY LOW PRICES

FREE CATALOG
1-800-545-4205

Archival Volumes of

GSA Today Available

Offprints of the 1991* & 1992
issues, in library-quality case
bindings, 16" x 11" with title
stamped on spine.

$4O each
1-800-472-1988

GSA Publication Sales

*quantities of 1991 volumes are limited.

Order Your Copy Today!

ads get
RESULTS

1-800-472-1988
GSA Journal Advertising
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from the

GSA Bookshelf

Reviews in Engineering
Geology

Landslides/Landslide Mitigation (edited by
J. E. Slosson, A. G. Keene, and J. A. Johnson,
REG009, $45.00)

Special Papers
Entrenchment and Widening of the Upper

San Pedro River, Arizona (by R. Hereford,
SPE282, $15.00)

Elk Lake Minnesota: Evidence for Rapid
Climate Change in the North-Central
United States (edited by J. P. Bradbury and
W. E. Dean, SPE276, $62.00)

The Acadian Orogeny: Recent Studies in

New England, Maritime Canada, and the
Autochthonous Foreland (edited by D. C. Roy
and J. W. Skehan, SPE275, $42.50)

Hydrology, Hydraulics, and Geomorphology
of the Bonneville Flood (by ]. E. O'Connor,
SPE274, §27.75)

Memoirs

Eustasy: The Historical Ups and Downs of a
Major Geological Concept (edited by
R. H. Dott, jr, MWR180, $45.00)

Regional Geology of Eastern Idaho and
Western Wyoming (edited by I K. Link,
M. A. Kuntz, and L. B. Platt, MWR179, $88.75)

San Andreas Fault System: Displacement,

lution (edited by R. E. Powell, R. J. Welson 1],
and J. C. Matti, MWR178, $115.00)

Geology and Paleontology of the Ellsworth
Mountains, West Antarctica (edited by

| G. F. Webers, C. Craddock, and

| J. E Splettstoesser, MWR170, $97.50)

DNAG

| The Cordilleran Orogen: Conterminous U.S.
| (edited by B. C. Burchfiel and P. W. Lipman,
i GNA-G3, $105.00)

| Save 30% on the Neotectonics Set: $114.45

(no additional discounts)

1. Neotectonics of North America (DMV001, $65

list), 2. Seismicity Map N. Am. (CSM004, §25 list),
3. Stress Map N. Am. (CSM005, $36 list),

4. Geothermal Map N. Am. (CSM006, $37.50 list)

1-800-472-1988
The Geologécal Society of e America
GSA PUBLICATION SALES
P.0. Box 9140, BouLber, CO 80301

303-447-2020, Fax 303-447-1133

Publications also available through
the Geological Society of London

Palinspastic Reconstruction, and Geologic Evo-

L
Although our flight of discovery is
over, there are still vast untrod areas at this end
of the earth, regions of heights and depths and cold,
still touched with the mystery and romance
of the unknown. Great is their lure!

(Lincoln Ellsworth, from “My Flight Across Antarctica”)

Geology and Paleontology
of the Ellsworth Mountains, West Antarctica

edited by G. F. Webers, C. Craddock, and ]. F. Splettstoesser, 1992

Its 23 chapters include
a sizable amount of
paleontological
information as well as
discussions about glacial
E history, structure,
stratigraphy,
sedimentology, and
metamorphism. The
plates show bedrock geology, selected
glacial geologic features of the region, and structure

of the Sentinel Range.
MWR170, 474 p., with 3 pocket plates, ISBN 0-8137-1170-3, $97.50

The Ellsworth Mountains
offer important clues to the
Phanerozoic history of West
Antarctica. Discovered by
Lincoln Ellsworth in 1935,
they spark special interest
because they are strategically
located between the East
Antarctic craton and the
tectonically active zone of
coastal West Antarctica. This memoir gives the first
comprehensive geologic overview of the region.

R The Geological Society of e America

~"  PUBLICATION SALES * 1-800-472-1988
P.O. Box 9140 ® Boulder, CO 80301 * (303) 447-2020

"@SA ANNUAL MEETING

NEW! Registration and Housing Forms
available in JUNE C&A Today

along with complete
information on

* registration
deadline: September 24

* lodging
deadline: September 24

* technical program
* short courses

- field trips

« exhibits

Preregistration Deadline:
Septemhber 24

For more information:
GSA Meetings Department,
P.O. Box 9140, Boulder, CO

80301 (303) 447-2020
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