
INTRODUCTION
Intraplate or “hot-spot” volcanic island chains, exempli-

fied by Hawaii, play an important role in plate-tectonic the-
ory as reference points for absolute plate motions. The origin
of hot spots, however, is not explained by the plate tectonic
paradigm. The most widely held view is that hot-spot volca-
noes represent magma generated by decompression melting
of localized, buoyant upwellings in the mantle. These
upwellings, or “plumes,” are believed to originate at bound-
ary layers in the mantle, and the cause of the buoyancy may
be both compositional and thermal. Mantle plumes repre-
sent a secondary form of mantle convection and constitute
an important mechanism for cycling mass from the deep
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Figure 1. Top: The Hawaiian Islands (inset) and island of Hawaii showing volca-
noes in the “Loa” and “Kea” trends and the location of the HSDP pilot hole at
Hilo. Bottom: Geologic map of the Hilo vicinity showing location of the pilot
hole. After Lipman and Moore (1996).
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ABSTRACT
Petrological, geochemical, geomagnetic, and volcanological characteri-

zation of the recovered core from a 1056-m-deep well into the flank of the
Mauna Kea volcano in Hilo, Hawaii, and downhole logging and fluid sam-
pling have provided a unique view of the evolution and internal structure
of a major oceanic volcano unavailable from surface exposures. Core recovery
was ~90%, yielding a time series of fresh, subaerial lavas extending back to
~400 ka. Results of this 1993 project provide a basis for a more ambitious
project to core drill a well 4.5 km deep in a nearby location with the goal
of recovering an extended, high-density stratigraphic sequence of lavas.
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mantle to Earth’s surface. Studies of the
chemical and isotopic compositions
of intraplate lavas, especially from ocean-
island volcanoes, have contributed signifi-
cantly to our knowledge of magma genesis

and compositional heterogeneity in the
mantle. Of particular importance is the
identification of distinct compositional
mantle end members, the origin and dis-
tribution of which provide insights into
differentiation of the mantle-crust system,
recycling of oceanic crust and continent-
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Figure 2. Simplified lithologic column of the HSDP pilot
core. Lines extending to right indicate sedimentary units.
Intensity of the shading is proportional to the phenocryst
content (primarily olivine). Dashed lines are internal flow
boundaries. Radiometric ages are in purple (Beeson et al.,
1996; Moore et al., 1996; Sharp et al., 1996). Circled Xs
indicate depths of excursions in the geomagnetic field
(Holt et al., 1996). T.D. is total depth. A more detailed
column is available on the Internet at http://expet.gps.
caltech.edu/Hawaii_project.html.
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derived sediment into the mantle, and
lithospheric history.

An intraplate oceanic volcano can be
viewed as a probe, sampling magmas
produced by melting of the plume as the
oceanic plate carries the volcano over the
plume and recording this output in strati-
graphic succession in its lavas. Sampling
and analysis of an extended part of such
a succession of lava flows would provide
critical information on mantle plume
structure and origin. However, a limitation
in the study of hot-spot volcanoes is that
the major volume of each volcano is inac-
cessible because it is below sea level. Even
for those parts of oceanic volcanoes above
sea level, erosion typically exposes only a
few hundred meters of buried lavas (out
of a total thickness of 6–20 km). For
example, although the Hawaiian-Emperor
chain has been active for at least 70 m.y.,
all we can generally examine for any
individual volcano is that small fraction
(5%–10%) of its history for which evi-
dence is now exposed subaerially. Thus,
although the late stages of Hawaiian
volcanoes can be studied and viewed as a
time sequence, the evolution of a single
volcano during its ~1 m.y. passage across
the plume is almost entirely inaccessible.
If sequences of lava flows from ocean-
island volcanoes spanning sufficiently
long time periods could be collected, they
could be uniquely valuable as probes of
plume structure and related magmatic
processes. Continuous core drilling
through a lava sequence on the flank of
an oceanic volcano is probably the only
way to obtain such a stratigraphic
sequence.

Hawaii Scientific Drilling Project
In recognition of the opportunities

afforded by drilling through the flank of
an oceanic volcano, the Hawaii Scientific
Drilling Project (HSDP) was conceived in
the mid-1980s to core continuously to
a depth of several kilometers in the flank
of the Mauna Kea volcano (DePaolo et
al., 1991). Hawaii is the natural target
because it is the archetype of ocean-island
volcanism.

Core drilling of the “pilot hole” in
Hilo, Hawaii, was done by Tonto Drilling
Services, Inc. (Salt Lake City, Utah) from
October to December 1993. The following
18 months were devoted to petrological,
geochemical, geomagnetic, and vol-
canological characterization of the recov-
ered core and the downhole logging and
fluid-sampling program. In addition to
these primary scientific goals, the “pilot
hole” served as a test bed for a more ambi-
tious, several-kilometer-deep-core hole by
demonstrating the technical feasibility of
the drilling program and the ability of
the multidisciplinary, international group
of project scientists to work together
effectively. The pilot hole was funded

by the National Science Foundation
Continental Dynamics Program.

The HSDP pilot hole drill site was
near Hilo Bay on the ~1400-year-old
Panaewa flow series from Mauna Loa
volcano (Fig. 1). The site was chosen to
(1) be far from volcanic rift zones to mini-
mize chances of encountering intrusion,
alteration, and high-temperature fluids;
(2) be close to the coastline, to maximize
the probability of encountering submarine
flow units and relatively old lavas; and
(3) drill through some Mauna Loa lavas
before encountering Mauna Kea lavas,
to test our ability to distinguish between
lavas of different volcanoes. Other factors
were related to permitting and avoiding
disturbance of the community.

Drilling lasted 46 days, reaching a
total depth of 1056 m at an average
penetration rate of >20 m per day. The
penetration rate during periods of drilling
(excluding logging time, waiting for
cement, etc.) was ~30 m per day. Core
recovery for the hole averaged about 90%;
major losses occurred in unconsolidated
sediments not effectively captured by
the core barrel and in rubble zones
that jammed the core barrel.

DESCRIPTION OF THE
STRATIGRAPHIC SECTION

Core logging led to the designation of
the 227 units in the generalized lithologic
section in Figure 2. Of these, 208 are lava
flows; the rest are ash beds, marine and
beach sediments, and soils. No intrusive
units have been identified. The location of
the contact between Mauna Loa and

Mauna Kea lavas at a depth of 280 m is
unambiguous. Evidence comes from:
(1) abrupt changes in trace element and
He, O, Sr, Pb, and Nd isotopic ratios
(Fig. 3); (2) projection of the exposed slope
of Mauna Kea to depth; (3) lava flows shal-
lower than 280 m being interlayered with
nearshore sediments and systematically
thicker than those below, as expected for
Mauna Loa lavas erupted as gently sloping
lava deltas extending into Hilo Bay rather
than for Mauna Kea lavas erupted on steep
slopes well above sea level; (4) a signifi-
cant soil horizon at the geochemically
defined boundary; (5) intercalation of
alkalic and tholeiitic lavas in the 50 m
below the geochemically defined bound-
ary, consistent with the end of shield
building at Mauna Kea (Fig. 3); and (6)
major element compositions of tholeiites
above and below the contact being consis-
tent with known differences between
Mauna Loa and Mauna Kea lavas.

All sampled Mauna Kea lavas have
been interpreted as subaerial, not subma-
rine. The discovery of subaerial lavas more
than 1 km below current sea level is not
surprising, because Hawaii is subsiding at
a rate of 2.0–2.5 mm/yr (Moore, 1987).
At this rate, the minimum age of the lavas
at the base of the core would be ~400 ka.
Still unresolved is the nature and structure
of the submarine part of the section (e.g.,
fragmental pillow vs. coherent lava flows
vs. hyaloclastites deposited offshore as a
prograding delta). This is potentially a
technical as well as a scientific problem

Hawaii continued on p. 4

Figure 3. Chemical parameters vs. depth
in HSDP core. Note boundary between

Mauna Loa and Mauna Kea lavas. A: Alkalin-
ity index distinguishing tholeiitic from alkalic

lavas (Rhodes, 1996). B and C are from
Rhodes (1996). Note that lower Zr/Nb and
higher Zr/Y reflect lower degrees of mantle

melting. In D (from Yang et al., 1996), a
higher ratio indicates lower degrees of melt-

ing and more garnet in residue. In E and F
(from Hauri et al., 1996; Kurz et al., 1996;
Lassiter et al., 1996), the lack of change at
the top of the Mauna Kea section suggests

that the tholeiitic to alkaline transition
involves changes in mantle melting
conditions, not source composition.
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to be addressed by deeper drilling, as
conditions may change in the submarine
section.

An initial surprise was the importance
of sediments in the Mauna Loa section.
A thick (>25 m) succession of carbonate
sediments rich in coral fragments was
encountered immediately below the
Panaewa flow. These are interpreted as
Hilo Bay lagoonal deposits recording sea-
level rise since 10 ka. Dating by 14C and
U/Th techniques provides constraints on
subsidence of the drill site (by comparison
with known sea-level curves) and on dates
of the two most recent flows. Other sedi-
ments include volcaniclastic units, beach
and dune sands, hyaloclastites, and a
“bog” deposit. The “bog” deposit (believed
to be related to the Pahala ash) is rich
in organic carbon and has a 14C age of
~40 ka. Assuming a roughly constant
subsidence rate, ages of the sediments
deposited at or near sea level can also be
estimated from their depth in the core
(Fig. 4). A sand layer interpreted as a wind-
blown sediment occurs in the Mauna Kea
section at a depth of 867 m. Throughout
the core, weathered ash deposits are read-
ily recognized as soils.

An important unknown before
drilling was the extent of alteration at
depth. A factor in choosing the Hilo site
was the likely minimal interaction of the
lavas with hydrothermal solutions due to
distance from rift zones and evidence
from water well studies. The possibility
had been raised of local intrusions and
hot-water flows associated with the nearby
Halai Hills and the northeast rift of Mauna
Loa. As a whole, the recovered samples are
remarkably fresh lavas, although there is
some alteration associated with weather-
ing or eruption (e.g., thin iddingsite rims
on olivines, oxidized groundmass, low
K/P ratios in some lavas) and minor zeolite
precipitation is observed in vesicles in the
deepest part of the core. The key point is
that geochemical and petrological studies
have not been compromised by alteration
and metasomatism.

Another uncertainty prior to drilling
was how to date the core, because impor-
tant insights into temporal variations in
a volcano and connection to mantle pro-
cesses depend on some fixed time points.
The presence of dateable and ancient
shoreline sediments in the Mauna Loa
section (Fig. 4), giving information on the
growth rate of the volcano at the drill site,
was fortuitous. As expected, results from
Ar-Ar and K-Ar dating of the lavas are
mixed (Figs. 2 and 5). Alkalic lavas at the
top of the Mauna Kea section have
enough K for relatively precise dating.
Low-K tholeiites deeper in the Mauna Kea
section give less precise ages, but these
ages are consistent with gradual slowing of
volcano growth toward the end of shield

building and with the base of the core
being >400 ka. Although the pilot hole did
not reach the first major magnetic field
reversal (Brunhes-Matuyama boundary at
~790 ka), several polarity excursions were
“captured” in the shallower parts of the
core. Correspondence of their ages to
those of excursions found elsewhere in
the world provides a consistency check
on ages based on sediment subsidence
and radiometric dating of the lavas and
sediments.

SCIENTIFIC HIGHLIGHTS FROM
THE HSDP PILOT PROJECT

The ultimate goal of the HSDP is a
core of several kilometers in the Mauna
Kea volcano that can provide information
on volcanic evolution that is inaccessible
from surface exposures. However, even
with a depth of only ~1000 m, the pilot
hole significantly extended our knowledge
of the evolution of the Mauna Loa and
Mauna Kea volcanoes and gave us an
indication of the rich insights that can be
expected from a deeper hole. The scientific
value of the core reflects several factors:
(1) The fresh and essentially continuous
nature of the core yielded information
unavailable from surface reconstructions
and disproved some prior expectations.
(2) Both the Mauna Loa and Mauna Kea
sections in the core spanned gaps between
the oldest known subaerially exposed
lavas (except a few very old Mauna Loa
subaerial lavas along fault scarps) and
submarine lavas dredged from the
volcano’s submarine rifts and thus filled
unsampled parts of these volcanoes’
histories. (3) Perhaps most significantly,
the integrated, multidisciplinary approach
taken here yielded a more detailed view
than had previously been achievable. 

Temporal Evolution of the
Petrology and Geochemistry of
Mauna Kea and Mauna Loa Lavas

Subaerially exposed Mauna Kea lavas
are divided into older (70–250 ka), tholei-
itic to alkalic basaltic Hamakua Volcanics

and younger (4–65 ka), evolved alkalic
(hawaiites and mugearites) Laupahoehoe
Volcanics (Wolfe et al., 1995). The only
other previously sampled Mauna Kea lavas
are submarine tholeiites with estimated
ages of ~400 ka (Wolfe et al., 1995)
dredged from the east rift of Mauna Kea
(Frey et al., 1991; Garcia et al., 1989; Yang
et al., 1994). Geochemical data place the
HSDP Mauna Kea samples on a contin-
uum between the younger Hamakua series
and older submarine lavas. Dating puts
them in the ~200 ka gap between these
groups, making the HSDP pilot hole the
longest continuous compositional record
for any Hawaiian volcano.

What do we learn from this unprece-
dented continuous record of Mauna Kea
volcanism? The conventional view has
been that magmas over most of the
history of a Hawaiian volcano are
monotonous tholeiitic lavas with alkaline
lavas erupting at the start and close of
the volcano’s life. Except at the very top
of the Mauna Kea section (i.e., <~240 ka),
the pilot hole samples are indeed tholei-
ites, but with significant long-term
variations in radiogenic isotope and trace
element ratios (Fig. 3). The isotopic
variations must reflect changes in source
characteristics. Major and trace element
variations in the HSDP Mauna Kea tholei-
ites and the tholeiitic-to-alkalic transition
series have been interpreted as a trend
with decreasing age toward decreasing
extents of melting from garnet-bearing
residues at increasing depths of melt seg-
regation (Fig. 3). The trend to decreasing
degrees of melting is consistent with
progressively decreasing magma fluxes
and growth rate of the volcano at the end
of shield building (Fig. 5). High-frequency
fluctuations superimposed on the long-
term compositional trends of the tholei-
ites provide information on sizes of source
heterogeneities. Reversals in some overall
isotopic trends and in the trend of
decreasing melt fraction with age near the
bottom of the core are not understood.
All of these variations show that magma

Hawaii continued from p. 3 Figure 4. Measured
and inferred depth-age
relations for the first
200 m of the HSDP
pilot hole core. The
curve labeled Sea Level
represents paleo–sea
level in the core and
was calculated by using
a sea-level curve
derived from benthic
foraminifera δ18O val-
ues and a subsidence
rate of 2.5 mm/yr
(Moore et al., 1996).
Thick vertical bars indi-
cate actual thicknesses
of lava flows. Symbols indicate radiometric age determinations (Beeson et al., 1996; Moore et al., 1996).
The only age tie point between 12 and 40 ka is a black sand unit assigned an age of 28 ka on the basis
of inferred formation at sea level.
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sources and genesis were changing as far
back as 200 ka in the shield-building
phase of Mauna Kea.

Although not as long as the Mauna
Kea section, the Mauna Loa section
(1.4 to ~100 ka) also fills the temporal gap
between exposed subaerial flows and fault
scarp and submarine tholeiitic flows
thought to be older than 100 ka. As with
the Mauna Kea section, chemical and iso-
topic compositions (Fig. 3) are variable,
confirming recent reports of a wider
chemical range in Mauna Loa tholeiites
than generally appreciated (Garcia et al.,
1995; Hauri and Kurz, 1996; Kurz and
Kammer, 1991; Kurz et al., 1995; Rhodes
and Hart, 1995). For example, variations
in incompatible trace element ratios from
the base of the section at ~280 m to a core
depth of ~200–250 m (corresponding to
an age of ~50–80 ka) indicate increasing
degrees of melting. An intriguing observa-
tion is that like submarine lavas from rift
zones in Hawaii (Clague et al., 1995; Gar-
cia et al., 1989, 1995) and in contrast to
typical subaerial Hawaiian lavas, picritic
lavas (i.e., rich in olivine) are the rule in
the core. This could be a local phe-
nomenon due to the hole being low on
the volcano flank or a more general phe-
nomenon reflecting high-temperature
picritic parental magmas (Clague et al.,
1991) and their processing in high-level
magma chambers (Garcia et al., 1995;
Rhodes, 1995). A final observation is that

although the growth rate of Mauna Loa
is variable on a 104 scale, on a longer
time scale magmatic growth appears to
be in approximate balance with island
subsidence. The observation that Mauna
Loa is no longer growing vigorously or
even maintaining its size above sea level
is consistent with other indications that
it is in or nearing its postshield stage.

Mantle Reservoirs and Inferred
Plume Structure 

Another objective of the HSDP is to
obtain an isotopic time series from Mauna
Kea lavas. The goal is to set constraints on
the nature and temporal variations of the
mantle sources of plume lavas in order to
deduce the chemical and perhaps physical
structure of the intraplate plume source.
Previous work on Hawaiian volcanoes has
identified several isotopically distinct
mantle sources (Chen, 1987; Chen et al.,
1991; Stille et al., 1986; Tatsumoto, 1978;
West et al., 1987) and has shown that pro-
portions of mantle components change in
the postshield and posterosional phases of
some volcanoes. These variations are
thought to indicate changes in the interac-
tion between the plume and its surround-
ings. Persistent chemical and isotopic
differences between “Loa” trend volcanoes
(Loihi, Mauna Loa, Hualalai, etc.) and
“Kea” trend volcanoes (Kilauea, Mauna
Kea, Kohala, etc.) have also been used to

infer plume structure and evolution
(Ihinger, 1995; Tatsumoto, 1978).

Isotopic variations in the HSDP
tholeiites (Fig. 3) demonstrate long-term
changes in source characteristics that
precede the prominent change to more
alkaline lavas and the decrease in magma
flux at the very end of shield building.
Pilot project results have been interpreted
in terms of a concentrically zoned plume
(Fig. 6), in which long-term variability
reflects northwestward motion of the vol-

Figure 5. Summary of geochronology of the HSDP core based on radiometric dating (Beeson et al.,
1996; Moore et al., 1996; Sharp et al., 1996), paleomagnetism (P) (Holt et al., 1996), and sea-level sub-
sidence (SLS). Right-pointing arrows show minimum ages from the sea-level curve assuming a subsi-
dence rate of 2.4 mm/yr. Left-pointing arrows indicate short magnetic polarity reversals with ages
assigned from similar events elsewhere. Also shown are a calculated paleo–sea-level curve (assuming a
subsidence rate of 2.5 mm/yr; Lipman and Moore, 1996) and a model depth-age curve for Mauna Kea
(dashed-line curve; from DePaolo and Stolper, 1996). The endpoint of the model Mauna Kea curve is set
arbitrarily to an age of 130 ka. The Hilo site reached maximum elevation near the end of the tholeiitic
part of the shield-building stage (~330 ka). Elevation increased rapidly between 420 and 330 ka as lava
accumulation (about 6–7 mm/yr) outpaced subsidence. After 330 ka, lava accumulation was slower than
subsidence, and elevation gradually decreased to sea level. Since about 100 ka, Mauna Loa lava accumu-
lation has kept pace with subsidence, and the site has remained close to sea level.
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Figure 6. Schematic diagram illustrating north-
westward movement (8.6 cm/yr; Clague and Dal-
rymple, 1987) of Hawaii over a concentrically
zoned mantle plume (Hauri et al., 1994, 1996;
Lassiter et al., 1996). The plume is envisioned to
be heterogeneous due to entrainment of ambient
mantle during lower mantle upwelling. Translation
of the Pacific plate over the plume leads to pro-
gressive sampling of zones. Top: the zero age (i.e.,
current) configuration—nearly dormant Mauna
Kea (MK) is northwest of the plume center, over-
lying “normal” asthenospheric upper mantle; ML
is Mauna Loa, L is Loihi, Ko is Kohala, and Ki is
Kilauea. Center: 300 ka (near the middle of the
MK section in the HSDP pilot hole)—MK was over
the zone of the plume dominated by entrained
(lower?) mantle material; Bottom: 600 ka—MK is
projected to have been over the central zone of
the plume. 



cano on the Pacific plate over the plume.
The concentric plume is envisioned as
having a core of material from a deep
boundary layer, a ring of entrained lower
mantle material, and an outer zone of
upper mantle material. With time, the vol-
cano moves over these concentric zones,
sampling them in turn. This interpretation
can account for long-term differences
between “Kea” and “Loa” trend volcanoes,
because these volcanoes can be in dif-
ferent positions relative to the concentric
zones (see Fig. 6). The shape of the
postulated concentric plume is poorly
constrained, but this interpretation pre-
dicts that as drilling proceeds deeper into
the Mauna Kea section, the nature of the
sources should change toward the charac-
teristics of the deep plume source in the
center of the plume, and that deeper still,
the ring of entrained material should
again dominate. Although non-unique
(alternatives include the “plumelet” hy-
pothesis of Ihinger [1995], a role for
the underlying oceanic crust [Eiler et al.,
1996], and vertical heterogeneity or
shorter length scale heterogeneities
[DePaolo, 1996]), this view provides a
framework for connecting plume structure
and observables in Hawaiian lavas. The
old view that the tholeiitic, shield-build-
ing phase of a Hawaiian volcano is
monotonous and unchanging and that
significant variability is confined to the
beginning and end of the volcanic life
cyle is clearly incorrect.

Growth Rates of Volcanoes
Little is known about the duration of

shield building of Hawaiian volcanoes, yet
such knowledge is critical for understand-
ing why and how the volcanoes form and
are fed. Key observations are that the sum-
mits of Hawaiian volcanoes are typically
spaced 50 ± 10 km from each other and
that Pacific plate velocity is ~10 cm/yr.
Some investigators have suggested that
the shield-building stages of individual
volcanoes are nonoverlapping and that
the main phase of growth is ~500 ka (e.g.,
Moore and Clague, 1992). Others have
suggested that the volcanoes overlap
significantly and that their active lifetimes
could be >1000 ka (e.g., Lipman, 1995;
Moore, 1987). The latter is a good refer-
ence number, because at a plate velocity
of 10 cm/yr, it takes 1000 ka for a volcano
summit to traverse a plume of 50 km
radius. The pilot hole provides informa-
tion on the vertical growth rate of Mauna
Kea over several hundred thousand years,
putting valuable constraints on the time
scale of activity.

The expected age vs. depth relation of
an idealized Hawaiian volcano has been
modeled given simple assumptions about
the geometry and subsidence rate of the
volcano and about the relation between

magma supply and the position of the
volcano over the plume. As shown by
the dashed curve in Figure 5, this model,
which suggests a lifetime for shield build-
ing of ~700–800 ka for Mauna Kea, yields
an excellent match to actual depth vs. age
data for the Mauna Kea pilot hole section.
The model also matches constraints on
Mauna Kea’s volume, thickness, pre-alkalic
summit elevation, and lava accumulation
rates. The key point here is that the tem-
poral variability of these parameters is
potentially obtainable from an extended
time series from a single volcano.

In Figure 5, subaerial lavas plot above
the sea-level curve, submarine lava flows
plot below it, and sediments and lavas
emplaced at sea level plot on it. As
expected, on the basis of the discussion
above, Mauna Loa points roughly follow
the sea-level curve. Mauna Kea lavas are
all subaerial, consistent with the core site
elevation reaching a maximum of ~400 m
above sea level at ~330 ka. According to
this analysis, Mauna Kea’s subaerial-sub-
marine transition would have been
encountered if the pilot core had gone a
few tens of meters deeper.

A growth rate of 2–3 mm/yr and a
magma flux of 0.02–0.03 km3/yr can be
derived for the part of Mauna Loa history
sampled by the pilot core. These values,
results from the Ninole Hills and
Kealakekua fault, and results from the
Mauna Kea part of the HSDP core suggest
that Mauna Kea was at the same stage of
evolution from about 400 to 300 ka as
Mauna Loa has been from 100 ka to the
present. The inferred 300 ka age difference
between Mauna Kea and Mauna Loa is
consistent with a 10 cm/yr plate velocity
and the fact that Mauna Loa is 30 km far-
ther down the plume trace than is Mauna
Kea (Fig. 6).

Geomagnetic Results
The HSDP core provides the longest

continuous volcanic record of geomag-
netic field behavior yet available. These
data provide an important complement to
records obtained from deep-sea sediments
in which field directions are averaged over
a few thousand years and may suffer from
variable amounts of compaction-induced
inclination shallowing. Although the
HSDP core is azimuthally unoriented, the
high-quality “snapshots” of geomagnetic
field intensity and inclination at Hawaii
over the past 400 ka have yielded new
insights into the global extent of polarity
excursions, the relation of excursions
to secular variation, the strength of the
nondipole field in the central Pacific, and
long-term secular variation. The paleo-
intensity signal is still preliminary, but
there are patterns that suggest correlations
to relative paleointensity records from
deep-sea sediments. The inclination record
provides evidence for three polarity excur-
sions in the central Pacific. Age constraints

from radiometric dating (Fig. 7) enable
correlation with excursions elsewhere,
supporting the hypothesis that excursions
are global events, not localized perturba-
tions of the geomagnetic field. In addi-
tion, two of these polarity jumps appear
to interrupt briefly long-term changes
in inclination (e.g., Fig. 7); i.e., whatever
the cause, the field pops back into its long-
term state with a considerable “memory.”
This suggests that excursions are not
merely extreme cases of secular variation,
but may result from an independent
geodynamo process. Another question
that can be addressed with these data is
whether the currently weak nondipole
field in the central Pacific region extends
back through the Brunhes Normal Chron.
Comparison of the amplitude of secular
variation averaged over the past 400 ka
at Hawaii (and hence the strength of
the nondipole field) with global paleo-
magnetic data compilations for the same
latitude suggests that the currently weak
nondipole field in the central Pacific is not
characteristic of most of the time period
sampled by the HSDP core. Perhaps the
most intriguing result from the HSDP
core is the discovery of secular variation
periodicities greater than 10 ka. This is
considerably longer than typical estimates
and has potential implications for
geodynamo theory.

Downhole Geophysics
Downhole temperature logs show

complex profiles (Fig. 8), with several
excursions superimposed on a generally
negative temperature gradient with depth.

Hawaii continued from p. 5

Figure 7. Geomagnetic inclination record for the
top (i.e., 280-350 m depth interval) of the Mauna
Kea section of the HSDP pilot core (Holt et al.,
1996). Unit 55 shows an excursion to reversed
inclination; on the basis of Ar-Ar dates (to right,
from Sharp et al., 1996) this excursion is corre-
lated with the Jamaica–Pringle Falls events at
200–220 ka.
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The minimum temperature is about 5° C
at a depth of 600 m. The similarity of the
temperatures in the core hole to the ocean
thermocline confirms the absence of
hydrothermal activity and demonstrates
the efficiency of ocean water circulation
through rock units beneath the drill site.
Temperature excursions at shallower
depths (e.g., 70 m and 350 m; Fig. 8)
suggest that water from several sources
is passing through a series of vertically
isolated subsurface aquifers underlying
this site.

Borehole televiewer analysis of the
strike and dip of downhole fractures
indicates that the distribution of fracture
orientations has changed with time.
Because most of the fractures are inferred
to be associated with tensional cracking
during cooling of the lava flows, the
observed change in orientations is inter-
preted as reflecting the evolution of
surface slope angles during the growth of
the Mauna Kea and Mauna Loa shields.

Ground-water Hydrology
Hydrological and water chemistry

studies on the well after completion of
drilling show a complex hydrological sys-
tem beneath this site. Pumping drawdown
and tidal flux measurements in the well

prior to perforation show that compaction
has not substantially changed aquifer per-
meability of deep (>700 m) units. These
deep units contain relatively young saline
water (~3.6–5.6 ka) only minimally
changed in chemical composition from
sea water by interaction with the basalts.
The young age of this cool water demon-
strates rapid circulation of sea water
through the volcano at depths of ~1 km
even in the absence of hydrothermal tem-
peratures. Fluid at ~325 m is fresh water
that the induction logs indicate is a thick
zone with saline water above and below
(Fig. 8). Its location below the soil layer
at the Mauna Loa–Mauna Kea contact
suggests that this is fresh recharge from
Mauna Kea flowing beneath a barrier
formed by this soil. Isotopic analysis of
this water shows that it was derived from
an average elevation of ~1800 m and has a
maximum age of ~2.8 ka. This fresh water
may be channeled beneath the overlying
sea water–saturated Mauna Loa basalts and
ultimately discharged by deep offshore
submarine springs. There is also evidence
for fresh water in a second, shallower zone
in the Mauna Loa section (Fig. 8). The
picture that emerges at the HSDP site of
alternating intervals of fresh and salt water
saturation in the nearshore environment
and of freshwater transport beneath saline
water contrasts with widely applied
models of Hawaii’s hydrology, which have
changed little since they were introduced
by Stearns and Macdonald (1946).

PROSPECTS FOR DEEPER
SCIENTIFIC DRILLING IN HAWAII

The results of the ~1 km HSDP pilot
project demonstrate that important issues
in mantle geochemistry and geodynamics,
volcanology, and paleomagnetism can be
addressed in a unique and powerful way
by drilling in Hawaii. Many of these issues
cannot be adequately addressed in the
absence of drilling. The experience from
the 1993 HSDP pilot hole provides a solid
basis for planning and implementing a
more ambitious deeper drilling project
in Hawaii. As an outgrowth of the pilot
program, the National Science Foundation
Continental Dynamics Program has
recently recommended funding a program
to extend the HSDP to greater depth. The
current plan is to: (1) drill continuously
~4.5 km into the flank of the Mauna Kea
volcano in the vicinity of Hilo; (2) per-
form a suite of downhole logs and
experiments to characterize the hole; and
(3) describe and analyze the recovered
samples with a wide array of techniques.
Extrapolation of pilot project results sug-
gests that the age at the base of the
proposed core will be 650 ± 100 ka. As
with the pilot project, the major focus
will be to recover and characterize a
continuous sequence of samples that
when properly logged and curated will

serve as a valuable resource for future
generations.

The drilling and scientific plans as
currently envisioned consist of several
phases. The site selection phase has
already begun by evaluating several sites
in the vicinity of Hilo. The tentative
drilling program consists of three phases
of continuous wire-line coring with target
depths for Phase I of ~1700 m, Phase II of
~3400 m, and Phase III of ~4500 m. Each
phase is expected to span two years, with
about 6 months devoted to drilling and
coring and the rest spent on downhole
research and analyses of samples. The
downhole logging program will be con-
ducted at intervals through each drilling
phase. After setting and cementing of the
casing in the hole at the end of each
phase, vertical seismic profile surveys will
be conducted. This will be followed by
perforation of the casing and sampling
and analysis of fluids, as well as hydro-
logic analyses of the units. The syn- and
postdrilling analytical program for each
stage will be modeled after that in the
pilot hole project, and will consist of
modern geochemical, petrological,
geochronological, and geomagnetic
characterization of the recovered core.
Core characterization will provide the
basis for addressing issues in mantle
structure and processes, volcano structure
and evolution, and detailed tracking of the
magnetic field, and it will guide future
investigators in their use of this unique
record of the history of a major oceanic
volcano.
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Information released by the National
Academy of Sciences (NAS) describes that
on May 31, in Istanbul, Turkey, 72 of the
world’s academies of sciences issued a
statement urging world leaders to raise to
a higher priority the role of science and
technology in solving urban problems. A
related statement issued by 14 engineering
academies also underscores the role that
the world’s engineering community
should play in helping to resolve the

seemingly inherent conflicts that
surround the simultaneous pursuit of
economic advancement and environmen-
tally sustainable development. On June 6,
both statements were officially transmit-
ted to delegates of the United Nations
Conference on Human Settlements, for
their consideration. “The potential for
science and technology to ameliorate or
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Science and Technology and
the Future of Cities

The fact is that science and technology have a crucial role and responsibility
in providing solutions and in ensuring the long-term sustainability of cities.

— Nobel laureate F. Sherwood Rowland, 
Foreign Secretary to the U.S. National Academy of Sciences

Neither the pace of scientific research nor its transfer into practical applica-
tion has kept up with the rapidity of urban growth, especially in developing
countries.

— P. N. Tandon, former president of the 
Indian National Science Academy
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solve the problems of the world’s multi-
plying cities has not been realized,” the
science academies said. “A much broader
discussion is needed on how the range
of existing technological and scientific
research findings can be translated into
actions at the national, regional, and local
levels.” “Science and technology can
produce widespread benefit for future
generations only if there is a coordinated
effort among scientific researchers, urban
planners, and political leaders,” the
statement says.

The statement comes in response
to concern among the world’s science
academies that science and technology
issues were being ignored at the U.N.
conference. The results of the conference
likely will serve as a basis for future U.N.
policy on urban development and a guide
for world leaders in their efforts to deal
with the problems of “megacities.” Row-
land stated that the concept of having
education and training in place to ensure
that scientific capacity continues to grow
was missing from the U.N. document.

By the middle of the next century,
most of the world’s population will be
living in cities. Urban growth—68 million
a year—presents massive challenges for
urban infrastructure and services. At the
same time, urban growth has fueled the
economic growth of countries and has
contributed to lower birth rates. Cities
throughout the world suffer from a host
of problems, though, including traffic
congestion, pollution, insufficient water
supplies, wasteful use of energy, waste-
disposal problems, inadequate housing,
the spread of communicable diseases,
and the deterioration of social support
systems.

The statement identifies five tech-
nologies in which new discoveries in
science and technology have the potential
to help solve some of the problems facing
“megacities,” defined as urban areas with
populations of 8 million or more. These
are: (1) global positioning systems (GPS)
and global information systems (GIS)—
advances in GPS now permit entirely
new methods of land management and
tracking. These technologies, as part of the
rapidly expanding GIS, can manipulate
geographic, demographic, and other data,
to serve as the basis for computer-assisted
and, ultimately, computer-controlled
transportation systems; (2) biotechnology
and ecological engineering—advances in
biotechnology and ecological engineering
promise wiser use of local environments.
For example, city parks carefully designed
with certain types of plants may help
reduce human exposures to air pollution
from motor vehicles; (3) disease surveil-
lance and control—rapid population
growth in urban areas has contributed to
the resurgence of some infectious diseases.

Disease surveillance, through global com-
puter systems and other technologies,
could help considerably to contain out-
breaks that otherwise may turn into
epidemics. In addition, more emphasis
on drug and vaccine development is
essential for preventing and fighting infec-
tious disease; (4) computational capability
—vast improvements in computers over
the past two decades give scientists a bet-
ter understanding of Earth’s atmosphere
and climates. Computer capability exists,
too, to model the microclimates of indi-
vidual buildings, but the technology has
rarely been applied, despite its obvious
usefulness for reducing energy consump-
tion and improving indoor air quality;
(5) waste disposal and recycling—tech-
nologies developed to dispose of and
recycle waste have yet to be put to exten-
sive use globally. A cohesive plan for
sustainable waste management in cities
should include techniques to reduce waste
generation; re-use and recycling; proper
use of incineration and landfills; and
innovative biological waste management
processes.

Urban planning must become “a new
priority discipline in which expertise is
developed locally and shared more
broadly,” the science academies said.
Political leaders, city managers, and plan-
ning experts must work with scientists
and one another, and special attention
must be paid to education and training.
Universal basic literacy and education,
with a foundation in “up-to-date scientific
knowledge” is essential, the statement
says.

The statement also underscores the
importance of multinational cooperation.
Governments and international agencies
should support the scientific community
in its efforts to develop collaborative
research programs. “While some of these
activities can be performed within current
budgetary allocations, additional resources
will often be necessary,” the academies
noted.

The statement was coordinated by
the U.S. National Academy of Sciences
and developed under the auspices of an
Inter-Academy Panel on International
Issues. The panel was created in 1995 to
act as a forum through which national
academies of science worldwide work
together to advise governments and
international organizations and to inform
public opinion on scientific aspects of
international issues. Science academies
that signed the statement are: African
Academy of Sciences; Albanian Academy
of Sciences; Argentina National Academy
of Exact, Physical, and Natural Sciences;
National Academy of Sciences of Armenia;
Federation of Asian Scientific Academies
and Societies; Australian Academy of
Science; Austrian Academy of Sciences;
Academy of Sciences of Belarus; Royal
Academy of Sciences, Letters, and Fine

Arts of Belgium; National Academy of
Sciences of Bolivia; Academy of Sciences
and Arts in Bosnia and Herzegovina;
Brazilian Academy of Sciences; Bulgarian
Academy of Sciences; Royal Society of
Canada; Caribbean Academy of Sciences;
Chinese Academy of Sciences; Colombian
Academy of Exact, Physical, and Natural
Sciences; Croatian Academy of Sciences
and Arts; Cuban Academy of Sciences;
Academy of Sciences of the Czech Repub-
lic; Royal Danish Academy of Sciences and
Letters; Academy of Scientific Research
and Technology of Egypt; Estonian
Academy of Sciences; Delegation of
Finnish Academies of Science and Letters;
French Academy of Sciences; Georgian
Academy of Science; Conference of the
German Academies of Sciences and
Humanities; Ghana Academy of Arts and
Sciences; Academy of Athens; Guatemalan
Academy of Medical, Physical, and Natural
Sciences; Hungarian Academy of Sciences;
Indian National Science Academy; Islamic
Republic of Iran Academy of Sciences;
Royal Irish Academy; Israel Academy of
Sciences and Humanities; Royal Scientific
Society of Jordan; National Academy of
Sciences of the Republic of Kazakhstan;
Kenya National Academy of Sciences;
National Academy of Sciences of the
Republic of Korea; Latin American
Academy of Sciences; Latvian Academy of
Sciences; Lithuanian Academy of Sciences;
Malaysian Academy of Sciences; Mexican
Academy of Scientific Research; Academy
of Sciences of Moldova; Mongolian
Academy of Sciences; Royal Nepal
Academy of Science and Technology;
Royal Netherlands Academy of Arts and
Sciences; Royal Society of New Zealand;
Nigerian Academy of Science; Norwegian
Academy of Science and Letters; Pakistan
Academy of Sciences; National Academy
of Science and Technology of the
Philippines; Polish Academy of Sciences;
Romanian Academy; Russian Academy
of Sciences; Singapore National Academy
of Science; Slovak Academy of Sciences;
Slovenian Academy of Sciences and Arts;
Academy of Sciences of South Africa;
Royal Academy of Exact, Physical, and
Natural Sciences of Spain; National
Academy of Sciences of Sri Lanka; Royal
Swedish Academy of Sciences; Conference
of the Swiss Scientific Academies; Royal
Institute of Thailand; Third World
Academy of Sciences; Turkish Academy
of Sciences; National Academy of Sciences
of Ukraine; Royal Society of London;
National Academy of Sciences of the
United States of America; Academy of
Sciences of the Republic of Uzbekistan;
and National Academy of Physical,
Mathematical, and Natural Sciences
of Venezuela. For additional
information, contact: Susan Turner-
Lowe or Dove Coggeshall at the NAS
at (202) 334-2138. ■
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At the May meeting of the Founda-
tion’s Board of Trustees, Roy J. Shlemon
was appointed a trustee, to fill the remain-
ing term of Peter T. Flawn, who has
resigned. This partial term will end in
October 1999, following which Shlemon
will be eligible to serve a new five-year
term. New trustees are selected and
appointed by the board from a list of
candidates approved by  the GSA Council.
Trustee terms of office are five years, and
individuals can serve a maximum of two
consecutive five-year terms, not including
completion of the unexpired part of a
predecessor trustee’s term.

Roy Shlemon is a consulting geologist
and principal of Roy J. Shlemon & Associ-
ates, Inc. of Newport Beach, California. But
that is only part of the story, for his biogra-
phy also documents an extensive period
spent in the academic world. As a practi-
tioner, Shlemon has specialized in the
application of Quaternary geology, geo-
morphology, and soil stratigraphy to engi-
neering practice. While much of his work
has been in California and the western
United States, he has also undertaken pro-
jects in the Middle East and Latin America,
for clients including U.S. and state govern-
ment agencies, national laboratories, util-
ity companies, and private engineering,
mining, and geological consulting firms.
As an academic, Roy Shlemon has held

teaching and/or research positions at the
University of California (Davis), Louisiana
State University, Stanford, UCLA, and Cali-
fornia State University (Los Angeles). 

When he provided an endowment to
the Foundation in 1994 to support applied
Quaternary geology and geomorphology,
Shlemon stressed the need to focus on the
interchange of technology and ideas
between the practicing scientist-engineer
and the academic community, with spe-
cial emphasis on geoscience students. This
is the philosophy underlying the Shlemon
Fund: the necessity for the research scien-
tist to transfer ideas and accomplishments
to those working in applied geology, and
the necessity for practitioners in the con-
sulting community and industry to
inform academia, including geoscience
students, about applied geology and its
constantly changing requirements,
opportunities, and challenges.

The initial product of this endow-
ment is the Shlemon Mentor workshop,
under the auspices of the Institute for
Environmental Education. Students meet
with engineering, hydro-, and environ-
mental geologists to learn of the work of
these private practitioners in dealing with
“real world” geotechnical, environmental,

and related admin-
istrative problems.
During 1996 three
such workshops
were held at GSA
Section meetings,
and it is anticipated
that there will be a
larger number pre-
sented in 1997.

Former Trustee Pete Flawn was a
strong proponent and financial supporter
of IEE during his years on the Foundation
board. Thus, the availability of another
strong IEE adherent to succeed him is
particularly fortunate. Flawn commented
on this when learning of the appoint-
ment. “IEE is a vital GSA initiative in
today’s world. We have all observed
instances where science has been absent
from environmental decisions. Sound
environmental policy decisions require
consideration of geologic information. I
have become involved in the Environ-
mental Defense Fund and the Nature Con-
servancy. Geologists can contribute a great
deal to the programs of these organiza-
tions and others like them. It is appropri-
ate and to IEE’s and GSA’s great benefit
that Roy Shlemon has agreed to serve as a
Trustee. I am confident that he will pursue
activities and interests that are important
to society and the Society.”

GSAF UPDATE
Robert L. Fuchs

Roy Shlemon Appointed to Board of Trustees

Roy Shlemon

You Could Be Going on a Geotrip
The Second Century Fund Committee

has approved the award of a free GeoTrip
to one of GSA’s members contributing to
the Second Century Fund during this
membership campaign. The winner of the
trip will be chosen at the Denver Annual
Meeting in a drawing at 2 p.m. on October
30, 1996. Eligible participants are all those
who have pledged at least $50 per year for
five years, or made a one-time contribu-
tion of at least $250, to the membership
campaign. If you would like the opportu-
nity of winning one of the Society’s
popular GeoTrips, make sure to get your
qualifying Second Century Fund pledge
in soon!

Southeastern Section Names
State Coordinators

Robert D. Hatcher, Jr., chair of the
Southeastern Section Second Century
Fund membership campaign, has orga-
nized a team of state coordinators to

facilitate fund-raising campaigns in each
of their respective states. We thank these
individuals (listed here) for helping the
Foundation with this important task. If
you happen to get a phone call or letter
from one of these folks, please take time
to consider what GSA has done for you
and your career—and then get out your
checkbook!

Southeastern Section 
State Coordinators

Katherine Lee Avary, West Virginia
James C. Cobb, Kentucky
William W. Craig, Louisiana
Paul Geoffrey Feiss, North Carolina
Michael J. Neilson, Alabama
Ernest E. Russell, Mississippi
Walter Schmidt, Florida
Donald T. Secor, Jr., South Carolina
Stephen H. Stow, Tennessee
Samuel E. Swanson, Georgia
William A. Thomas, Kentucky
Robert C. Whisonant, Virginia

Pardee Coterie To
Meet in Denver

The Pardee Coterie, a group of Foun-
dation donors who have made planned
gifts to support GSA and its programs, will
meet for breakfast in Denver on October
30 during the 1996 Annual Meeting.
Members of the Coterie and spouses meet
at least annually, generally at the GSA
meeting, for a meal followed by a talk and
discussion on a topic of current interest to
scientists and supporters of geology. The
group is distinctly informal, educational,
and entertaining—no bylaws, no officers,
no committees.

The Joseph T. Pardee Memorial Fund
originated through what is perhaps a
classic example of planned giving—an
estate bequest, a trust, and two charitable
remainder unitrusts, transiting several
lives. The resulting gift was the second
largest ever received by GSA, exceeded
only by the R.A.F. Penrose, Jr. bequest
in 1931. 

News of the Second Century Fund 
Membership Campaign

Pardee Coterie continued on p. 11

Call for Shlemon Mentor Nominations: see p. 13.
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Biggs Excellence
in Earth Science
Education
Lawrence Wu*

Allan V. Cox Student
Scholarship Award 
Philip H. Abelson 
Philip H. Close III 
John R. Sumner*

John C. Frye
Environmental 
Award 
Athel G. Unklesbay*

Arthur D. Howard Fund
Kurt Servos

Institute for
Environmental
Education 
Gerald I. Eidenberg
Michel T. Halbouty*

Carol G. and John T.
McGill Fund
Christopher F. Erskine

Memorial Fund
Dwight and Marion R.
Crandell (in memory of 

Howard E. Simpson)
John and Sharon Trefny 

(in memory of Howard E. 
Simpson)

Donald E. Trimble 
(in memory of Howard E. 
Simpson)

Research Grants 
Robert F. Hudson
Barbara J. Johnston*
Wayne R. Kemp
Herbert R. Shaw

SAGE 
Gerald I. Eidenberg

Second Century Fund
Richard C. Anderson
J. Kaspar Arbenz
Abhijit Basu
Alfredo Bezzi
C. Wayne Burnham*
Paolo Custodi
Louis DeGoes
Paul B. DuMontelle
Debra L. Duncan
EXXON Corporation*
Helen L. Foster
Sharon A. Geil
Gerald H. Haddock
Robert D. Hall
S. Duncan Heron, Jr.
Norman C. Hester
Melvin J. Hill*
Carl E. Jacobson
Lois S. Kent*
Myrna M. Killey
H. D. Klemme

Dennis J. LaPoint
Morris W. Leighton*
Reese E. Mallette
Orrin H. Pilkey, Jr.
Prentice Hall*
George L. Smith
Edgar W. Spencer
Lee J. Suttner*
David G. Towell
Stephen J. Urbanik
Robert C. Whisonant
David F. Work*

Unrestricted Fund—GSA
Andrew L. Brill*
Alexander D. Durst
John T. Kuo
Lu Chia-Yu
Lloyd W. Staples

Unrestricted Fund—GSAF
John Eliot Allen
Joseph W. Berg, Jr.

Stephen I. Chazen
Arthur O. Detmar
Paul F. Dickert
G. Arthur Cooper*
Rizer Everett
John E. Frost
Richard Hamburger
Albert C. Holler
Michael E. Hriskevich
William N. Laval*
Paul Dean Proctor
John H. Weitz
Edmund G. Wermund, Jr.
Leonard R. Wilson

Women in Science 
Jane H. Wallace*

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

Donors to the Foundation— May 1996

GSA Foundation
3300 Penrose Place 

P.O. Box 9140
Boulder, CO 80301

(303) 447-2020
drussell@geosociety.org 

Enclosed is my contribution in the amount of $__________ for:
❐ Foundation Unrestricted ❐ GSA Unrestricted
❐ The ______________________ program or fund.
❐ My pledge to the Second Century Fund is $_________ per year for

____ years.

❐ Please call me to discuss my eligibility for the Pardee Coterie. 
PLEASE PRINT

Name ________________________________________________________________

Address ______________________________________________________________

City/State/ZIP _________________________________________________________

Phone _______________________________________________________________

Media Workshop To Illustrate 
Effective Communication
The need for geoscientists to communicate effectively with decision-makers and the pub-
lic has never been greater. Because the news media are the most important vehicle for
reaching a broad, nontechnical audience, GSA is offering a hands-on workshop that can
teach you how to get your message heard. If you have limited experience dealing with
the media, if you’ve had negative experiences in past media interviews, or even if you’re
comfortable speaking to reporters but would like some additional pointers, this workshop
will help prepare you for future encounters with the press, radio, and television.

The GSA Media Workshop will be held on Sunday, October 27, from 8:30 a.m. to noon.
This event is offered as a public service at no cost to attendees of the GSA 1996 Annual
Meeting in Denver. Workshop attendance is limited, however, so if you would like to
participate, please contact: Sandra Rush, GSA Public Information Consultant, Geological
Society of America, P.O. Box 9140, Boulder, CO 80301, (303) 494-1576, E-mail:
rushsvcs@aol.com.

GSA’s Coordinator of Educational
Programs, Ed Geary, will speak at this
year’s meeting about the Society’s involve-
ment in the rapidly moving field of K–16
science education, and new GSA educa-
tional outreach activities. President
Eldridge Moores will highlight GSA
developments and outlook.

Those who have made planned gifts
to the Society or Foundation such as the
Pooled Income Fund, charitable remainder
trusts, gift annuities, or bequests have
automatically been included in the Pardee
Coterie roster of members. Others who
have already included GSA in their wills
but have not advised the Foundation or
who are contemplating planned gifts are
asked to notify the Foundation by calling
or mailing the accompanying coupon.
Membership in the Pardee Coterie can
then be confirmed. ■

Pardee Coterie continued from p. 10

In Memoriam

James W. Baxter
Champaign, Illinois
April 14, 1996

W. Don Davison, Jr.
West Trenton, New Jersey

Ernest Dobrovolny
Golden, Colorado
May 18, 1996

Richard P. Sheldon
Washington, D.C.
June 8, 1996

William S. Twenhofel
Lakewood, Colorado
December 18, 1995
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Scientists are expert at making
arguments. It comes with the territory of
science. They are less adept, however, at
communicating the significance of their
findings to those outside their field. In a
tight funding climate, one of the crucial
questions confronting science is: Can its
arguments be both scientifically rigorous
and rhetorically effective?

First a point of language. The term
“rhetoric” is liable to misunderstanding.
Its contemporary sense as “eloquence”—
with an undertone of “manipulation”—
obscures its original meaning: the presen-
tation of an argument so that an audience
grasps not merely its facts or conclusions,
but also its significance for their lives as
breadwinners and citizens. Much scientific
research today is publicly funded. Thus, as
the federal budget crisis persists, the
rhetorical aspect of scientific knowledge
is destined to grow in importance in the
coming years.

Consider the question of global
change, the complex of issues that include
increases in greenhouse gases, the deple-
tion of Earth’s ozone shield, acid rain,
the destruction of tropical and temperate
rainforest, and the global loss of biodiver-

sity. Information on these issues has been
in the public domain (in one form or
another, with differing degrees of accuracy
and precision) for some years now. But the
public remains confused, not simply by
the presence of differing opinions con-
cerning the seriousness of these dangers,
but more fundamentally by the lack of a
context of understanding for the informa-
tion given. Thus we hear that increased
levels of CO2 in the atmosphere could lead
to an increase of 1–4 °C in median world
temperature by the year 2030. Whatever
its accuracy, such a number gives little
sense of what the effect of global warming
might be upon a person living in Ohio or
California. 

Granted, there are signs that the
literature on global change has had
some effect upon public policy. Consider,

for instance, the 1987 Montreal Protocol,
which is leading to the world-wide phase-
out of chlorofluorocarbons; or the 1992
conference in Rio, the largest gathering of
world leaders in history, which took a
global approach to questions of global
change. But if the majority of the experts
in these fields is to be believed, the overall
public and political response has not
been commensurate with the scale of
the problem. Of course, it is possible that
these dangers are overstated, or that new
technologies will offer solutions to these
challenges. My concern, however, is not
with the particularities of the debate over
global change, but rather with the
effective use of scientific knowledge
within our culture, and the gap that
exists between the evidence of science
and our personal and political behavior.   

The scientific community’s most
characteristic response to this gap has
been to call for further scientific research.
In the past, the public—through its repre-
sentatives in Congress—has usually
assented to this request. But today there
is a growing frustration with science, and
a resistance toward its seemingly ceaseless
demands for more time and money.

Indeed, current gov-
ernment plans for
balancing the budget
call for reductions of
20%–35% in federal
funding of scientific
research by 2002.   

The assumption
behind this demand
for more funding, and
thus more research, is

that science must increase both the
certainty and the precision of climate
change predictions if the public is to take
its counsel seriously. Conversely, if more
research is not able to give an unequivocal
answer in a timely fashion, we would then
be justified in abandoning science for the
naked strife of special-interest politics.
Our standard for knowledge and action in
either case remains Cartesian: unless and
until we can be certain of our conclusions,
the jury must remain out, and we are
justified in postponing the painful task of
adjusting our attitudes and lifestyle to any
hypothetical new geo-ecological reality.   

But is further research likely to
increase appreciably the certainty of our
findings in areas such as global change?
Consider the comments of conservation
biologist Paul Ehrlich. In a recent discus-

sion about biodiversity, he asks, “Will
refining knowledge of extinction rates
make much difference?” The answer:

Not scientifically. Rates are now so far
above background that a major extinc-
tion episode is clearly underway. Biolo-
gists and others who appreciate the val-
ues of biodiversity need no more
incentive to take action and to urge
action… On the other hand, better
understanding of biodiversity losses
would be useful politically. Carefully doc-
umented rates of population and species
extinction in a sample of groups could
help counter lunatic claims such as that
extinction rates are “less than one-thou-
sandth as great as doomsayers claim.” 

Again, my point here is not to enter
into the particulars of the debate over
biodiversity, but rather to highlight
the fact that while Ehrlich is sensitive to
the political role of scientific knowledge,
he passes over a crucial assumption—-that
those who do not see a positive value to
protecting biodiversity will be convinced
otherwise through the further refining of
extinction rate data. Ehrlich claims that
the essential issue is one of values; but he
then locates the solution to this problem
in the discovery of more facts and in the
improvement of our data base.   

This confusion is not unique to
Ehrlich, but in fact underlies our society’s
notion of rationality. In my view, the
current disconnect between science and
public policy is underlain by the presump-
tion that science—if it will only reach
certainty—can replace public debate about
values. Descartes’ criteria for rationality—
that a claim must be certain and demon-
strable on demand, and preferably
expressed as a set of quantities—has been
the gold standard for knowledge since the
17th century. This claim represented a
bold departure from the traditional mea-
sure, which understood the nature of
knowledge as varying with subject matter.
This tradition finds its classic formulation
in Aristotle’s statement: “precision [or, we
may add, certainty] is not to be sought for
alike in all discussions ... it is the mark of
an educated man to look for precision in
each class of things just so far as the
nature of the subject admits.”  

With the triumph of the scientific
method in the 18th century, Aristotle’s
argument for the existence of different
kinds of rationality fell out of favor. Of
particular importance was the loss of a
political rationality that addressed those
areas of our lives fraught with uncertainty,
but where action is demanded. Aristotle
claimed that in addition to proving a
claim through calculation, it is possible to
rationally deliberate upon an issue. Aristo-
tle’s term for this type of understanding—
phronesis, literally “prudence” or good
judgment— identified our capacity for

ENVIRONMENT MATTERS

The Rhetoric of Science
Robert Frodeman, Department of Philosophy, Fort Lewis College, Durango, CO 81301

Institute for
Environmental
Education

Rhetoric continued on p. 13

The current disconnect between science and
public policy is underlain by the presumption
that science … can replace public debate
about values.
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reasoned thought concerning matters of
human action. Phronesis or practical
wisdom is essentially a conservative
approach to questions of public concern,
a conservatism rooted in the recognition
of the fragility of community and the
irreversibility of the historical process.   

The consequences of the Cartesian
revolution in our attitude toward rational-
ity are difficult to exaggerate. If all knowl-
edge is held to one measure, and if that
measure insists upon certainty and
demonstration upon demand, then entire
areas of life—most notably, ethics, politics,
and religion—become domains with no
claim or pretension to rationality. The
inevitable result is that conversation on
these subjects degenerates into the solip-
sism of individual beliefs—and political
turmoil. Furthermore, many of the sci-
ences also suffer by comparison to this
standard. This is the predicament in
which the literature on global change—
and the earth sciences generally—finds
itself. Earth science disciplines are subject
to the vicissitudes of time, where certainty,
precision, or experimental demonstration
are often not possible. Thus, despite the
wealth of insight it has to offer to public
debate, the usefulness of earth science
information is impaired by our assump-
tions concerning what counts as useable
knowledge. 

The fundamental question con-
fronting science today is how to make its
knowledge effective, so that nonscientists
can appreciate, if not the specifics of a sci-
entific debate, then the overall meaning
and values that are at stake. I am not sug-
gesting that it is time for scientists to
cede the field to humanists, who are
supposedly better at talking about values,
or to popularizers, who are supposedly
expert at communicating with the public.
Rather, I am advocating the enlargement
of the scientist’s job description, and thus
a change in the role that science plays
in society. Specifically, I am calling for
another type of discourse in addition to
that currently practiced by science—a way
of talking, writing, and teaching that
allows scientists to express and communi-
cate the meaning and values of the work
that they know so well.   

The name for this type of discourse is
“narrative logic.” Briefly, what I am advo-
cating is the recognition that stories are
the means by which humans transform
facts into meaning. “Story” may sound
like another way of saying “fantasy” or
“lie,” but it is through the logical structure
of a narrative that we make sense of
experience—understanding our current
situation in terms of our past and our
possible futures. Narrative logic provides
the context of understanding necessary
for people to make sense of facts. Thus,
rather than giving a number (“an increase
of 1–4 °C”), the scientist describes a series

of possible scenarios: more severe storms
in the Atlantic, increased crop yields in
Siberia, saltwater intrusion in Louisiana,
or what have you. By describing these as
possible scenarios, the scientist acknowl-
edges his or her lack of certainty. But by
placing the results of scientific work
within a narrative framework, the
scientist helps the community to grasp
the potential implications of its acts.
Thus, a connection is made between
the use of private rather than public
transportation, a possible increase in
global temperature, and the effect of
rising sea level on property values in
New Orleans.   

Without an enlarged sense of the
parameters of rationality, we will remain
paralyzed by questions that fall in the
space between certainty and pure arbitrari-
ness. Furthermore, the continued embrace
of a Cartesian standard for what consti-
tutes knowledge will only encourage the
further growth of fundamentalist ideolo-
gies—religious and otherwise—which live
off of an absolutist mentality and reject
any type of thinking that recognizes uncer-
tainty and ambiguity. (Thus, we are faced
with the irony that our adherence to the
Cartesian standard has aided and abetted
the cause of the creationists.) By offering
alternative accounts of our future, based in
science, narrative logic allows science to
contextualize data so that people can make
use of it within their day-to-day lives.  ■

The Geological Society of America’s Institute for Environmental
Education is now soliciting nominations for the Roy J. Shlemon
Mentor Program in Applied Geology. Funded by an endowment
from Roy J. Shlemon, the Applied Geology Mentor Program
bridges the gap between the applied and academic geology com-
munities. The mentors are experienced geologists currently prac-
ticing in various fields of applied geology. Each mentor presents a
one-day workshop for graduate and senior undergraduate geol-
ogy students focusing on professional opportunities and chal-
lenges in the applied geosciences.  Workshops may include lec-
tures and/or field and laboratory exercises, depending on the
technical specialty of the mentor, as well as discussion of “practi-
cal problems” in applied geology such as running a business, mar-
keting, hiring and firing, and legal and regulatory challenges.

Mentors receive an honorarium for conducting the workshop, in
partial recognition of their outstanding contribution to the applied
geosciences. Up to six Shlemon Mentor workshops will be held
each year, in conjunction with the six GSA section meetings.

The 1996 Roy Shlemon Applied Geology Mentors are
James E. Slosson, Van Nuys, California—Rocky Mountain Section
William R. Cotton, Los Gatos, California—Cordilleran Section
Michael Hart, San Diego, California—Cordilleran Section
Dean Lewis, Ames, Iowa—North-Central Section

Criteria for Nomination
Mentors should be highly regarded practitioners in the applied
geosciences.  Preference will be given to nominees who empha-
size one of the following specialties:   Quaternary geology, geo-
morphology, environmental geology, engineering geology,
geoarcheology, and hydrogeology.  Nominees should have at
least 15 years of experience outside of academia and government
and should be working actively in an applied field.  Nominees
should also be active in the geological community, preferably with
a record of presented or published papers.

Nominations should be in the form of a brief (one-half page) nar-
rative summarizing the qualities and experiences of the nominee.
This narrative may be supported by additional professional and
biographical material.  We request that nominators include their
phone number and/or E-mail address.

Mentors will be selected by GSA section meeting committees
from the pool of nominees.

Please send nominations to:
Roy Shlemon Applied Geology Mentor Program
Institute for Environmental Education
Geological Society of America
P.O. Box 9140
Boulder, CO  80301

Call for Nominations

Mentors in Applied Geology

Rhetoric continued from p. 12
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The Paleocene-Eocene (P-E) boundary
interval has become the focus of consider-
able attention in earth science circles in
the past few years, owing to the recogni-
tion that it was a critical period in Earth
history, when major changes occurred in
the biotic and atmospheric–climatic
realms. As a result of investigations on
deep-sea cores, a large number of climatic
and biotic events have been associated
with the P-E boundary interval. A Geologi-
cal Society of America Penrose Confer-
ence, Paleocene-Eocene Boundary Events
in Time and Space, will be held April 24–
30, 1997, in Albuquerque, New Mexico.

In an attempt to understand the sig-
nificance of these events and to document
their location and distribution in time and
space, International Geological Correla-
tion Program (IGCP) Project 308 was initi-
ated and funded by the United Nations
Educational, Scientific and Cultural Orga-
nization (UNESCO)–International Union
of Geological Sciences (IUGS) in 1989 for a
five-year period. At the same time, the
Paleogene Subcommission of the Interna-
tional Commission on Stratigraphy (ICS)
is actively engaged in the search for and
delineation of stratigraphic sections that
may serve as standard bearers for bound-
aries between epochs and series in the geo-
logic-stratigraphic record. These Global
Stratigraphic Sections and Points
(GSSPs)—the so-called “Golden Spike”—
are now the focus of several working
groups, each concentrating on a different
part of the stratigraphic column. In this
context, IGCP Project 308 has also been
active in seeking to provide the appropri-
ate criteria by which the P-E boundary
GSSP may be recognized and delineated
and correlated.

As is the case with many such series
and epoch boundaries, there is consider-
able controversy over the exact definition
and location of the P-E boundary and its
estimated age. One of the primary reasons
for this difficulty is that many of the clas-
sical northern European sections are ter-
restrial to shallow marine and contain few
biostratigraphically useful fossils. Many of
these sections are stratigraphically discon-
tinuous owing to rises and falls of sea level
during the early Paleogene. In various
countries there are outcrops of fossilifer-
ous marine sediments and rocks that may
provide a more suitable “type” section for
establishing criteria for global correlations
of the Paleocene-Eocene boundary. 

IGCP Project 308 member scientists
have been working actively to resolve how
precisely to correlate distant sections and
determine the best criteria to use in corre-
lations of the boundary level. However,
there remain significant questions as to
how the boundary should be recognized.
Also, at present there is no clear agree-
ment among workers as to where the type
section should be recognized. This Penrose
conference will attempt to overcome these
problems and will aim to establish agree-
ment among workers as to how the
boundary would be best correlated. The
conference will provide an opportunity for
workers from all over the world who are
currently involved in research on the
boundary interval to talk and discuss their
respective results. In a unified forum, we
hope to be able to resolve the outstanding
issues that have precluded a definition of
the boundary.

To date, IGCP Project 308 workers
have focused their efforts on the follow-
ing: (1) Local and regional stratigraphic
studies using a sequence stratigraphic
framework (for the purpose of providing
criteria for regional global stratigraphic
correlations where feasible); integrated
magnetostratigraphic, biostratigraphic,
stable isotope, and radioisotopic studies
are basic components of this aspect of the
IGCP Project 308 program; (2) event
stratigraphy across the P-E boundary inter-
val; (3) biostratigraphic and evolutionary
studies across the P-E boundary interval;
(4) determination of climatic-atmospheric
evolution across the P-E boundary interval
by means of stable isotopes and plank-
tonic microfossils; (5) geochronologic
investigations across the P-E boundary
interval; IGCP Project 308 is now officially
terminated (as of January 1995), but we
are still working for the completion of a
volume of contributed papers dealing with
various aspects of the P-E boundary. In
addition to this volume there has been
(and still is) a plethora of publications
concerning global biotic, climatic, and
oceanographic changes across the Pale-
ocene-Eocene boundary. It is clear from
the extensive literature now being pro-
duced about this important boundary that
the geologic community recognizes the
significance of understanding how Earth’s
environment changed rapidly and how
biota responded to such abrupt changes.

The new global change initiatives
sponsored by the Earth and Ocean Science
Divisions at the National Science Founda-

tion recognize the early Paleogene, and
the Paleocene-Eocene transition specifi-
cally, as a crucial period if we are to better
understand the dynamics of the Earth
environment and the impact that climatic
and oceanographic changes will have on
Earth’s biota.

Within the next year a proposal will
be set forth to locate a type section for the
Paleocene-Eocene Series-Epoch boundary.
In preparation, it is imperative that all
workers currently involved in delineating
geologic phenomena around the P-E
boundary be brought together to discuss
the quality and integrity of the various
data sets and sections. Only with a full
representation of the available informa-
tion can an adequate assessment and pro-
posal be put forth to the International
Commission on Stratigraphy. This Penrose
Conference will enable specialists who
have been engaged in IGCP Project 308
studies on the P-E boundary to meet and
review the huge database that now exists
on this subject, to subject the data from
various fields to careful scrutiny and anal-
ysis, and to integrate information from
disparate areas.

Among the more outstanding prob-
lems we will focus on are:

1. Review and synthesis of the major
climatic and biotic events that have been
identified with the P-E boundary interval
in both marine and terrestrial stratigra-
phies including recent attempts at
improved climate modeling of the P-E
boundary interval;

2. Assessment of the newly revised
chronology of the Paleogene and in partic-
ular the Paleocene-Eocene boundary inter-
val with a view to unifying the different
geochronologies currently being applied
to this interval; determination of the
chronologic position and sequence of the
various events that have been found to be
associated with this interval;

3. Assessment of marine and terres-
trial stratigraphic correlations with a view
to providing a rigorously tested and high-
resolution chronologic framework for the
historical geology of this important time
in Earth history;

4. Assessment of various bio-, chemo-,
and magnetostratigraphic events currently
used or favored in depicting the P-E
boundary with a view to establishing the
main criteria to be used in denoting the P-
E boundary when the GSSP is proposed or
selected; establish the criteria required to
build an orbital stratigraphy;

5. Review of local and regional strati-
graphic studies in the classic areas of
northwestern Europe as well as the
detailed studies that have been conducted
in specific areas with a view to providing
candidate sections for a suitable P-E GSSP
for selection by the voting members of the
Paleogene Subcommission and recom-
mendation to the IUGS. This Penrose Con-
ference will serve essentially as the termi-
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A Geological Society of America
Penrose Conference, “Tectonics of Conti-
nental Interiors,” will be held September
23–28, 1997, at Brian Head Resort, near
Cedar City, Utah.

Continental-interior regions account
for over 80% of the surface area of
continents today. In many of these
regions, continental crust has not been
metamorphosed to high grades, nor has
it been penetratively transposed within a
continental-margin setting since the Pre-
cambrian. Thus, continental interiors
include regions that have been shields or
platforms for all or part of the Phanero-
zoic. The goal of this conference is to
bring together a multidisciplinary group
of geoscientists (structural geologists, geo-
physicists, geodynamicists, stratigraphers,
and geochemists) to address the issue of
how continental-interior regions world-
wide formed and how they have
behaved tectonically subsequent to their
formation.

We will organize the conference
around five major themes, ordered so that
each new theme builds on the previous
ones.

1. How continental-interior regions
came to be in the first place. What were
the processes in the Precambrian that
“cratonized” extensive areas of continen-
tal lithosphere? How did long-lived fault
zones in continental interiors begin?

2. Three-dimensional configuration of
continental lithosphere in the present day.
What is the variation in composition and
strength of continental lithosphere with
depth? Is the asthenosphere beneath con-
tinental interiors similar to or different
from that found beneath other kinds of
lithosphere? What controls major lateral
variations in lithospheric structure?

3. Nature of strain in continental
interiors. What are the manifestations

and patterns of strain in interiors? What
is the nature of fault reactivation? What
is continental-interior orogeny, and why
does it occur?

4. Epeirogeny and topography in
continental interiors. What causes
epeirogeny? Why does it occur where
and when it does?

5. Neotectonics of continental interi-
ors. What is the contemporary state of
stress in continental interiors, and what is
the origin of the stress? What features
localize current seismicity? 

During the past quarter century,
much of the research effort in tectonics
has focused on understanding the nature
of geologic activity in the Phanerozoic and
Precambrian orogens that formed along
former continental margins. In contrast,
there has been relatively little work con-
cerning the nature of tectonism in conti-
nental interiors. Many of these regions
have been dismissed as being “stable” and
of little concern to tectonicists. In fact,
continental interiors are not tectonically
inactive, they simply behave differently
from marginal orogens. We hope that by
bringing together a diversity of geoscien-
tists who have worked on a variety of
aspects of continental-interior geology,
participants will be able to develop a
comprehensive image of what is now
known about continental interiors and
to see interrelationships among different
geologic features. By the end of the meet-
ing, participants should have a clear
picture of future research directions
concerning issues of continental-interior
tectonics.

Vans will pick up meeting partici-
pants in Las Vegas. En route to Brian Head
Resort, a guided tour will be provided
across the transition between the Basin
and Range rift and the Colorado Plateau. 

George Davis, University of Arizona,
will guide a one-day field trip to see repre-
sentative continental-interior structures
as exposed on the plateau. The trip will
include a stop in Bryce Canyon National
Park. We have selected the Colorado
Plateau region as the conference locale
because it provides excellent exposures
of continental-interior–type structures
and rocks.

Participation in the conference will be
limited to about 80 persons. Participants
will be selected to include broad represen-
tation of different relevant disciplines and
of different geographic regions. Graduate
students are encouraged to apply; a partial
subsidy will be available for some stu-
dents. The registration fee, which will
cover lodging, meals, ground transporta-
tion, field trip, and other conference costs
except personal incidentals, is not yet
established, but it is not expected to
exceed $700.

Co-conveners of the conference are:
Stephen Marshak, Department of Geol-
ogy, University of Illinois, 1301 W. Green
Street, Urbana, IL 61801, (217) 333-7705,
fax 217-244-4996, E-mail: smarshak@
uiuc.edu; Ben van der Pluijm, Depart-
ment of Geological Sciences, University of
Michigan, 2534 C.C. Little Building, Ann
Arbor, MI 48109-1063, (313) 764-8545,
fax 313-763-4690, E-mail: vdpluijm@
umich.edu; and Michael Hamburger,
Department of Geological Sciences, Indi-
ana University, Bloomington, IN 47405,
(812 )855-2934, fax 812-855-7899, E-mail:
hamburg@ ucs.indiana.edu

Application deadline is February 15,
1997. Invitations to participants will be
mailed by April 1, 1997. We intend to
have only a limited number of oral presen-
tations, so a significant proportion of the
meeting will be devoted to poster presen-
tations and associated discussions.

Interested geoscientists should send a
letter of application to Michael Ham-
burger at the above address. Applicants
should include a brief statement indicat-
ing their area of interest, the relevance of
their recent work to the themes of the
meeting, and the subject and mode of
their presentation if one is proposed. ■
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nal meeting of IGCP Project 308, and all
scientists who have played an active role
in its activities or are directly interested in
its objectives are urged to attend.

If you are interested in attending this
Penrose Conference, contact Spencer
Lucas, New Mexico Museum of Natural
History, 1801 Mountain Road NW, Albu-
querque, NM 87104, (505) 841-2873; fax:
505-841-2866); E-mail: lucas@darwin.
nmmnh-abq.mus.nm.us. Limited funding
will be available for qualified graduate stu-

dents. The deadline for conference
applications is December 1, 1996.

Co-conveners of the conference are:
William A. Berggren, Dept. of Geology
and Geophysics, Woods Hole Oceano-
graphic Institution, Woods Hole, MA
02543, (508) 289-2593; fax: 508-457-2187,
E-mail: wberggren@whoi.edu; Marie-
Pierre Aubry, Institut des Sciences de
l’Evolution, Université Montpellier II,
Place Eugène Bataillon, 34095 Montpellier
Cedex 05, France, phone 33-67-14-4716;

fax: 33-67-14-3610); E-mail: Aubry@isem.
univmontp2.fr; Spencer Lucas (address
above); Lowell Stott, Dept. of Geology,
University of Southern California, Los
Angeles, CA 90089, (213) 740-4120, fax;
213-740-8801, E-mail: stott@usc.edu;
James Zachos, Earth Sciences Dept.,
University of California, Santa Cruz, CA,
95064 (408) 459-4644, fax, 408-459-3074,
E-mail: jzachos@earthsci.ucsc.edu. ■
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The Gulf of California is one of two
examples on Earth of active transform-rift
plate boundaries, a basic type of margin in
the spectrum of plate tectonic boundaries.
In the 1960s, the Gulf of California was
one of the main locations where on-land
geology and offshore oceanographic
observations were considered to be in clear
agreement with the theory of plate tecton-
ics. As a geologically young and currently
active plate boundary, the Gulf of Califor-
nia has been investigated since the 1960s
by many types of geoscientists, and it is
the focus of a growing community of
researchers. These efforts have shown
that upon closer inspection, the details
of development of the plate boundary
are not as simple and clear-cut as had
been assumed.

In order to assess the current knowl-
edge of the tectonics of the Gulf of
California, investigate areas and topics of
greatest potential future research, and
stimulate collaboration on future research
projects, a Geological Society of America
Penrose Conference was held April 17 to
22, 1996, in Loreto, Baja California Sur,
Mexico. The conference focused on the
tectonic development of the Gulf of Cali-
fornia region during the past ~20 m.y.
and covered all aspects of this region,
including plate motions, relation to the
San Andreas fault, marine geology and
geophysics, pre-gulf geologic framework,
seismotectonics, magmatism, structural
geology, tectonic geomorphology, stratig-
raphy, and paleontology. In addition,
there were comprehensive contributions
on the geology of other rifts that might
offer instructive comparisons to the Gulf
of California.

Here, we highlight those topics
deemed by the participants of the confer-
ence to be of greatest importance and
potential future research; the topics
summarized here are naturally interdisci-
plinary, but were treated separately at the
conference for simplicity. We list some of
the major conclusions we can now make
and the important questions that remain.
Clearly, there are more questions than
answers at this time.

A general conclusion is that a simple
model for the gulf from the literature and
from the meeting has some merit and yet
needs much further testing. That model
suggests that a simple convergent margin

with a terrestial volcanic arc was present
along the future gulf from ~25 to ~16–12
Ma. Extensional faulting occurred behind
(east of) the arc during this period. The
subduction zone was extinguished in
jumps from north to south as a transform
plate boundary formed on the west side
of the future Baja peninsula. From ~15
to ~5 Ma, a proto-gulf stage of rifting was
accompanied by one or two marine
incursions. This rifting was generally part
of regional strain partitioning, with the
transform fault system to the west of Baja
California and a broad zone of extensional
faulting in the region of the present gulf
and east on mainland Mexico. From ~5
Ma to the present, the system of transform
faults and small rift basins formed as the
plate boundary shifted into the gulf and
joined to the San Andreas fault system in
California. Many of the more specific
points mentioned below stem from the
need for a more thorough critique of this
model for the evolution of the Gulf of
California.

Relation to the San Andreas
Fault System 

We began with a summary of the
known dextral offset across southern
California on the transpeninsular faults,
the San Andreas and San Jacinto faults,
and the Mojave faults, showing that it is
generally consistent with the ~300 km
total offset suggested from geological
tie points across the central Gulf of Cali-
fornia. However, some of this slip must
predate 5 Ma; there are no known large,
strike-slip faults older than 5 Ma in the
Gulf of California region, but such faults
could be undiscovered (buried?) in Sonora
or under the offshore region. The increas-
ing evidence for pre–5 Ma extensional
faulting and marine deposition, in various
regions around the gulf, would be consis-
tent with these data. The poorly organized
strike-slip fault systems in eastern Oregon
and the Walker Lane may be useful ana-
logues to the early strike-slip faults in
the gulf, before the young transform
faults formed.

Plate Motions 
The history of plate reorganizations

west of the Baja peninsula is fairly well
known. In contrast, there are few data
from within the gulf itself that help to

determine the beginning of oceanic rifting
and transform faulting, or the details of
kinematics of Baja California motion rela-
tive to mainland Mexico. There is evi-
dence for recent ridge jumps within the
gulf, but only a first attempt to link these
to onshore geology. This subject and many
others point to the great need for new seis-
mic reflection data on the narrow shelves
and new marine geophysical data from
the deeps in the middle of the gulf.

Marine Geophysics 
Marine geophysical studies were rep-

resented only by studies from the north-
ern Baja and California borderland. These
make good analogues to the gulf and help
define the history of this critical area adja-
cent to the gulf. There is a real paucity of
data from marine geophysical studies.
Again, it was widely agreed that in order
to make substantial progress in under-
standing the gulf, major investigations
must be done that obtain integrated data
from the marine part of the gulf. Progress
is being made in this regard; in fact, sev-
eral of our Mexican colleagues were
unable to attend the Penrose Conference
because they were running an onshore-off-
shore seismic experiment in the Gulf of
California, in collaboration with Spanish
scientists.

Pre-Gulf Geology 
Three pre-gulf features were discussed

as possible influences on the later gulf.
The Cretaceous batholith, well exposed in
the northern Baja peninsula and thought
to be largely buried in the south, may
have controlled the western margin of the
rift by acting as a rigid block. Both a Creta-
ceous back-arc basin and/or the Miocene
magmatic arc may largely occupy the posi-
tion of the modern gulf. The Miocene arc
has long been thought to have influenced
the position of the gulf, but the role of the
southern San Andreas fault system and the
tectonics at the mouth of the gulf must be
integrated into this interpretation.

Magmatism 
There is a large deficit of basic geo-

chemical and geochronologic data on the
magmatic history of the gulf region. There
does seem to be enough mapping and
petrologic data to broadly define the
Miocene arc that preceded rifting, and
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some major synrift volcanic provinces
have been identified. Major points to be
addressed include the following: Plate-
motion studies suggest a contrast in tim-
ing of the beginning of rifting and per-
haps the style of postarc volcanism
between the northern and southern gulf,
but this is not clear from petrologic data;
the basic evolution of the lithosphere
through time on both sides of the gulf
must be addressed by isotopic studies; the
position of magmatism relative to pro-
posed rift segments and accommodation
zones is not clear.

Structural Geology 
The current knowledge of the history

of deformation generally supports the
three-stage model summarized above, but
many key questions remain unanswered.
Is there a migration of extension through
time from Sonora westward into the mod-
ern gulf region as it now appears? If so,
when did this occur? Did extension
rapidly jump from the back-arc position to
the gulf at about 12 Ma? Are the local
structural patterns and kinematics that
support the proto-gulf as an orthogonal
rift supported by more widespread data?
Current data from only a few areas seem
to support the recently proposed model
that the gulf is segmented, much like
orthogonal rifts. Is this segmentation
widespread, and did this pattern form in
the proto-gulf, when orthogonal exten-
sion has been proposed? Some areas show
a change in extension direction at about 5
Ma compatible with the proto-gulf rifting
to modern transform model. Why don’t
other areas show this pattern? Where are
the strike-slip faults one might expect in
the early stages of the transform bound-
ary? Or have they always been where
the transforms are today?

Stratigraphy and Basin Analysis 
Basin analysis is intimately linked to

structural studies in an active plate mar-
gin. One of the major goals of future
research is to test similarities and differ-
ences between orthogonal rifts and a more
complex setting such as the gulf where
possible early orthogonal rifting was fol-
lowed by oblique rifting. Can the history
of the oldest basins tell us more about
how rifting started in the Gulf of Califor-
nia? Can the age and style of the oldest
strata tell us if the interpretation of the
proto-gulf as an orthogonal rift is correct?
It is suggested in northern Baja that strati-
graphic patterns differ between the centers
of proposed rift segments and adjacent
accommodation zones. Is this a general
pattern throughout the gulf? There is
some suggestion of areal unconformities
that coincide with the initiation of forma-
tion of oceanic crust in the small trans-
form-rift basins. Are these unconformities
an early type of breakup unconformitiy?
Or is it too early in the evolution of the

plate margin to expect a change to ther-
mal subsidence and a widespread uncon-
formity? Are stratigraphic patterns and the
shape, size, and style of basins compatible
with the presence of a strike-slip margin
for the entire last 5 m.y., when a trans-
form boundary is thought to have been in
the gulf? Can we differentiate between tec-
tonic subsidence and eustatic sea level
changes?

Paleontology 
Many aspects of paleontology can

augment other studies and provide fresh
new data. Several paleontologists summa-
rized micropaleontological and macrofos-
sil data suggesting that the first marine
incursion into the modern gulf was
formed as a shallow seaway at about
12 –15 Ma, at about the same time that
structural and magmatic data suggest
initial rifting. But much more fossil
control is needed from more widely
spaced areas to substantiate this pattern.
Furthermore, what is the timing of the
initiation of a widespread proto-gulf based
on fossil data? When was there a
widespread deep-marine seaway? On the
basis of fossils, are there any unconformi-
ties that are synchronous over most of the
gulf? When and where were the seaways
that linked the gulf and the Pacific Ocean,
on the basis of the fossil record?

Other Rifts and Modeling 
A key element to the conclusion of

the conference was a series of stimulating
presentations on other rifts around the
world and recent modeling of oblique rifts
that provided insights into the evolution
of rifts and how they have been investi-
gated by interdisciplinary methods. The
geophysical methodology used to under-
stand other rifts was particularly instruc-
tive, because that type of work is in its
infancy in the Gulf of California.

The conference included a one-day
field trip to the Loreto basin, an excellent
and informative example of Pliocene basin
tectonism and sedimentation during the
evolution of the gulf. Paul Umhoefer,
Becky Dorsey, and Larry Mayer showed
the details of the complex stratigraphic
and structural evolution of this region,
taking the group to key outcrops of the
Loreto fault zone, excellent examples of
Gilbert-type fan-deltas, and wonderfully
variable bioclastic sedimentary rocks. The
field trip generated some lively discussion
regarding structural models for the basin
(half-graben, or transfer zone between two
en-echelon oblique-slip faults?). It also
provided a useful data set for comparison
with laboratory models for oblique exten-
sional settings, which had been presented
earlier in the meeting.

Summary 
We concluded that although there

has been much progress in many local

areas and on a few of the larger questions,
many problems remain before we are to
understand this critical plate boundary in
the Gulf of California. Many important
details from local areas have not been
summarized here, but in most cases these
remain local studies without a regional
context. Much of the problem is that we
lack the database for regional syntheses,
and part of it is that the important models
and questions of a regional scale that
focus research are just now being asked.
Thus, we have come a long way since the
first Penrose Conference on the Gulf of
California in 1974, particularly in the
growing involvement of Mexican geolo-
gists in the research. But this conference
left us with more ideas for future work
rather than with grand conclusions.
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There seems no question that geol-
ogy—and science in general—is in a crisis.
Many of us came of age scientifically in
the post-Sputnik era, when jobs and fund-
ing for research were abundant and geol-
ogy was caught up in the excitement of
the plate tectonic revolution. Many
younger members of our society were
attracted to the field by this excitement
and the perceived opportunities, and now
face a declining job and research funds
pool. Many geologists from the U.S. Geo-
logical Survey, the U.S. Bureau of Mines,
and industry face loss of jobs, by whatever
euphemism, and the agony of job change
in mid-career.

This crisis seems to be worse in geol-
ogy than it is for many other branches of
science, for several reasons: (1) There is
very little knowledge of the geosciences
among the public as a whole, although
there seems to be a great hunger for
knowledge on the part of many nonscien-
tists. (2) There seems to be little knowl-
edge or appreciation of geoscience in
Washington in general and Congress in
particular. (3) We as a nation are moving
toward two separate societies, one science
literate, of which we are a part, and the
other science illiterate and increasingly in
the thrall of religious fundamentalism, of
whatever stripe. This latter part is growing
in numbers and political influence and
views much of what we do as anathema.
(4) Many other sciences speak much more
consistently with a single voice or at least
a coordinated public stance; the geo-
sciences, by contrast, are fragmented.

The problem, however, is even larger.
The “social contract” between science and
the public, which has been in force since
the end of World War II, may be ending.
As summarized by Radford Byerly Jr. and
Roger A. Pilke Jr. (Science, Sept. 15, 1995, p.
1531–1532), this social contract was based
on three assumptions: (1) scientific
progress is essential to national welfare; (2)
science provides a body of knowledge that
can be applied to national needs; and (3)
scientific progress on a broad front results
from “free inquiry” of scientists working
on matters of their own choosing. The
metaphor that Byerly and Pilke use is that
of a “reservoir” into which scientists put
their work, and from which knowledge
can be drawn for the greater public good.
A corollary of this approach is that “pure
research is better than applied.” Any scien-
tific research is good, and scientists are a
better judge of what they should do than
anyone else. Byerly and Pilke argue that a
new social contract is in the making
which will include answers to questions

such as, How does science contribute to
national welfare? and Can science be mar-
shaled to assist in addessing specific soci-
etal problems? They argue that the new
social contract will include the following
points: (1) science is essential to national
welfare; (2) science must develop a closer
relationship with its constituency (i.e., the
public at large) than was the case with the
“reservoir” concept outlined above; and
(3) science will be driven by internal and
external problems, as well as curiosity.
They also argue that professional societies
should have a key role in the upcoming
discussion. In addition, it is clear that
individuals need to become more active in
providing information to their representa-
tives at a local or national level.

Early this year, members of the Coun-
cil of Science Society Presidents were asked
to come up with a one-page list of the
societal benefits of research in their fields.
The impetus for this request was the fact
that ongoing budget negotiations in
Washington had programmed a cut of
approximately 30% for basic research
funding over the next seven years. A selec-
tive, incomplete list was compiled, with
the help of many GSA members, in just 10
days. The list, with references (numbers in
parentheses) is reprinted here. This list
might be interesting for readers either as a
resource to be used in conversations with
political representatives or as seminar top-
ics in classes.

Societal Benefits from Basic Geo-
logical Research: A Partial List 
Compiled by Eldridge M. Moores, Presi-
dent, Geological Society of America

Dynamic Planet: “Civilization exists by
geological consent, subject to change
without notice.”—Will Durant 
• We live on an active Earth. Slow motions
(as fast as a fingernail grows) in the deep
interior cause continents to move about,
oceans to open and close. In the past, the
western U.S. was next to Antarctica. The
U.S. East Coast was next to Africa and
before that northwest South America. (1) 
• These motions determine the location of
natural resources such as minerals and
hydrocarbons and of natural hazards such
as earthquakes and volcanoes. A zone of
earthquakes and volcanoes extends along
western North America from Mexico to
Alaska. An old zone from the Mississippi
River to Georgia and New England still has
infrequent but large earthquakes. (2) 

Saving Lives And Money—
Understanding Earth Hazards
• U.S. earthquake studies have led to bet-
ter forecasting, better understanding, and
less loss of life and property in this coun-
try than in other parts of the world. More
studies are needed. Geological research
helps us develop building codes and zon-
ing ordinances that help protect us against
these hazards. (3)
• Many hidden faults were recently discov-
ered beneath Los Angeles. A large earth-
quake beneath the city could devastate it,
kill many people, and disrupt global finan-
cial communications. (4) 
• The recent earthquake in Kobe, Japan,
was a “dress rehearsal” for a quake in
the San Francisco Bay area or San Diego,
which would cause thousands of deaths,
billions of dollars in property damage,
and disruption of communications. (5)
• New research shows that Seattle, Port-
land, and St. Louis are at risk from very
large but infrequent earthquakes. These
cities are not prepared for such a devastat-
ing event. (6) 
• Many western dams (e.g., in California,
Utah, Oregon, Idaho, and Colorado)
are near active earthquake faults and
in greater danger of failure than earlier
anticipated when built. (7)
• Some volcanic eruptions are violent.
The U.S. is better prepared than some
countries, but not as well as Japan. Major
concerns are in the Pacific Northwest,
Alaska, New Mexico, and California. (8) 
• Studies of the 1980 Mount St. Helens
eruption led geologists to forecast the
1992 Mount Pinatubo eruption in time to
save tens of thousands of lives and several
billion dollars worth of U.S. military
equipment. (9)
• Satellite studies of erupting volcanoes
save lives by allowing diversion of airlin-
ers; in the 1980s several planes nearly
crashed after flying into erupting volcanic
clouds (e.g., Mount St. Helens). (10)
• Mississippi Valley sediments up to
5000 years old indicate that past flooding
was much greater than 1993 floods.
This research allows more effective
dam design and more realistic flood risk
estimates. (11)
• Understanding landslides, mudflows,
erosion, and land subsidence helps plan-
ning to minimize cropland erosion and
property damage, maximize sustainable
logging, and preserve stream quality and
fish stocks. (12)
• Studies of coastline processes such as
beach erosion help save billions of dollars
in losses from hurricanes. (13)
• Understanding earthquakes and ground-
water flow allows us to find safe locations
for storing radioactive waste. (14)
• World’s fastest moving landmass is the
southeast part of Hawaii, moving 4 inches
per year toward the ocean. An earlier

Societal Benefit of Basic Research
Eldridge Moores, President, GSA
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enormous landslide from northwest
Hawaii produced a tsunami (tidal wave)
1000 feet high. (15)

Helping U.S. Economy and Health
• Water-flow studies in rocks improve
understanding of ground-water supply.
Growing population in arid regions, espe-
cially in the U.S. Southwest, will depend
on this new knowledge to satisfy its
demand for water. (16) 
• New tools developed by geologists to
study deep structure of continents and
new geologic views of rock structure have
improved the efficiency of oil and gas and
mineral exploration. (17) 
• Geologic studies of hot springs help us
recognize new kinds of mineral deposits,
leading to a new gold rush in the western
U.S. (18) 
• Geologists studying the ocean floor have
discovered new offshore solid hydrocar-
bons that could exceed all known oil and
gas reserves—a possible 21st century
energy source. (19)
• New synthetic geologic materials can be
used to safely encase radioactive wastes. (20)
• DNA analysis for biotechnology applica-
tions depends on enzymes from bacteria
found by geologists in seafloor hot
springs. (21)

Ensuring Human Survival
• Geologic research shows that Earth’s
climate can change greatly over short time
periods. If society is prepared, it can
respond successfully. (22)
• The El Niño effect—changes in direction
of equatorial Pacific ocean currents from
west-flowing to east-flowing—may result
from volcanic eruptions. El Niño may
cause major droughts and other weather
changes in the U.S. By understanding its
causes we may be able to forecast—and
better prepare for—its consequences. (23)
• Cores from Greenland and Antarctic ice
reveal rapid natural climate changes in
just a few decades. A rapid warming trend
today could submerge most coastal cities
as polar ice melts and the oceans rise. (24)
• Major meteorite impacts severely affect
climate and cause massive extinctions.
Such an impact 65 million years ago
probably caused the extinction of the
dinosaurs and many other life forms.
Another big meteorite could be headed
toward us at any time. At present we
have no means of response. (25)
• Volcanic eruptions affect climate. An
1815 Indonesia eruption caused famine in
New England and northern Europe. The
Mount St. Helens, Mount Pinatubo, and El
Chichón eruptions had similar, if lesser,
effects. The eruptive history and climatic
effect of many volcanoes is still unknown.
(26)
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That is the question! Do we want to
continue being employed as geoscientists?
Do we want to keep our state geological
surveys? Do we want to keep the U.S.
Geological Survey? Do you want to keep
your university geoscience job? Does your
company want to keep doing business in
mineral extraction or consulting? Or do
we want to be snuffed out like the U.S.
Bureau of Mines and some state surveys
that are already gone or have one foot
in the grave?

If the answer to the last question is
no, then we should think seriously about
doing more to promote geoscience educa-
tion in the K–12 (kindergarten through
twelfth grade) arena. It is there that the
general public learns about what we do
and why geology is important to their
lives.

Children grow up with mostly posi-
tive attitudes about things presented to
them, and some become legislators who
will control the destiny of our profession.
Abraham Lincoln said, “With public senti-
ment [support], nothing can fail. Without
it, nothing can succeed,” and an ancient
Chinese proverb is: “If you plan for a year,
plant rice. If you plan for ten years, plant
trees. If you plan for 100 years, educate
your children.”

If geoscience as we know it is to sur-
vive, then we need to “geo-educate” our
children now, for their future and ours.
As David Kearns, CEO of Xerox Corpora-

tion said, “Education is not a problem
in our country. It is the solution to all
the others.”

In 1989 my company, Vulcan Materi-
als, initiated a structured earth science
program at its Mideast Division in order
to accommodate the various requests for
field trips to the company quarries. This
program grew and grew to what now
involves presentations at a centrally
located classroom and museum along with
the quarry tour. Presentations have been
given to more than 50,000 children
within the Mideast Division (Virginia and
North Carolina) alone, and more than
8,000 children visit the earth science cen-
ter yearly. Most programs are conducted
by retired chief geologist Joe Guttierrez,
for whom the center is named. Joe aver-
ages a class a day—two or three on some
days. The kids love it! Joe loves it! The
company gains, the community gains,
and all win. Not only is earth science,
especially in the form of geology, pre-
sented, but also many aspects of mining
and how mining can be managed properly
to be environmentally friendly. The kids
leave well informed and excited about
where materials come from, how mining
works, what geologists do, and how all of
these are integrated to enhance their qual-
ity of life. For the company, the program
has without a doubt been the most suc-
cessful, yet least costly, community service

project to date and has promoted a most
favorable public attitude.

In a 2,000 person nationwide survey
by the Roper Public Opinion Group in
1993, respondents were asked their opin-
ion of 22 different industries. Mining
ranked next to last. Further study found
that when the 49% of those polled who
said they didn’t know anything about
mining were ignored, mining rose to
ninth place, or one place above average.
This study (Mining and Engineering Journal,
December 1993) documents the differ-
ences between educated versus unedu-
cated publics and the impact of those dif-
ferences.

Geoscience professionals and their
organizations or institutions will also gain
as the general public knows what they do,
why they do it, and how important it is
for the work to continue because of the
impact on society.

So the next time someone or some
group requests a presentation from us,
think not of how busy we are (as always)
but of how we cannot afford not to do it!
And remember, if we don’t tell children
(who grow up to be the general public)
why geoscience is important and what we
do, then who will? Imagine the case in
which no one knows the importance of
geoscience—including those with the
opportunity to eliminate our jobs. ■

SAGE REMARKS
Alex Glover, Chief Geologist, Mideast Division, Vulcan Materials Co.

To Be or Not To Be
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Not all maps are created equal. Those
who have placed Brunton to outcrop and
thence Rapidograph to topographic map
know the anxiety and, occasionally, the
thrill of producing a geologic map out of
no more than sweat, a steady hand, and a
lot of thought. Arguably, the geologic map
can be considered a meshing of science
and art, replete with valuable information
yet retaining the imprint of the individual
mapper, along with that individual’s
insight, creativity, and occasional over-
sights. As such, the geologic map should
be considered invaluable to most earth
science endeavors. In 1992, even Congress
realized how important geologic maps
are: “Congress finds and declares that ...
geologic maps are the primary data base
for virtually all applied and basic earth-sci-
ence investigations.” The 1992 National
Geologic Mapping Act (now Public
Law 102-285) recognized the societal
importance of geologic maps, and
formally established a cooperative map-
ping program between the U.S. Geological
Survey (USGS) and the states. 

In that same act, Congress also
found that geologic mapping was swiftly
becoming a lost art: “... during the past 2
decades, the production of geologic maps
has been drastically curtailed.” What has
caused this decline?

I submit that question for all earth
scientists, and I suggest that it is not
trivial. I further suggest that in contrast to
many of the fruits of scientific endeavor,
geologic maps are tangible products that
can be immediately useful to a variety of
nonscientists. That fact, while obvious to
us, cannot be overemphasized in the halls
of Congress. In fact, geologic maps, as use-
ful results of federally sponsored geology,
made enough of an impression during
passage of the original 1992 act that 23
senators cosponsored the bill. The 104th
Congress differs from its predecessors,
however, and reauthorization of the
National Geologic Mapping Act as cur-
rently written is not guaranteed. Republi-
cans in Congress are pursuing the goal of
transferring some federal functions to the
states and private sector where they might
be better suited. When it comes to geo-
logic mapping activities, however, the
legislative initiative to emphasize mapping
by federal and state governments and par-
allel efforts to privatize mapping activities
may be at cross-purposes.

The National Geologic Mapping
Reauthorization Act, introduced by
Senator Larry Craig (R—Idaho) as S. 1731
and by Representative Ken Calvert (R—
California) as H.R. 3198, would renew the
original 1992 law. The act is administered
by the U.S. Geological Survey and consists
of three main parts: FedMap, EdMap, and
StateMap. FedMap is strictly the USGS
mapping program and supports both
USGS mapping and activities such as geo-
physics, paleontology, geochronology,
and other disciplines that contribute
information to mapping efforts. EdMap
aims to develop programs to teach univer-
sity earth-science students fundamental
principles of geologic mapping. StateMap
authorizes matching funds for competitive
contracts with state geologic surveys to
map 7-1/2 minute quadrangles in the
states. State advisory boards identify
priority areas within their state and submit
proposals to the USGS that reflect those
needs. Of the three programs, StateMap
has received the most attention in a
Congress that favors delegating federal
programs to the states. Adroitly, the USGS
shifted priorities within the program to
boost spending on the StateMap portion
from $1.1 million in FY95 to $4.4 million
in FY96. Congressional support of that
priority is reflected by the $4.8 million
authorization in FY97 for StateMap in this
year’s bill. In addition, the StateMap frac-
tion of funding under the overall program
is planned to increase slightly each succes-
sive year under the reauthorization bill.

The dollar amounts devoted to the
state cooperative mapping projects are
truly tiny compared to overall spending
for federally funded science programs. I
have overheard staff members of the
Senate Budget Committee jokingly refer
to such small numbers as “decimal dust.”
Nonetheless, these cooperative programs
are very important to the states and are
aggressively supported by the Association
of American State Geologists (AASG),
which represents the states’ interests.
Moreover, the cooperative federal-state
program strikes a responsive chord with
the 104th Congress. The states’ proposals
reflect “local” priorities, and state-
employed geologists do the mapping and
strive to be cost-effective, but the final
product is reviewed and approved by the
USGS, ensuring that it meets stringent
standards. Finally, each completed quad-
rangle becomes part of a national digital

geologic map database at the 1:100,000
scale.

The AASG points out that geologic
maps available to the public at the 7-1/2
minute scale cover only 20% of the United
States. This counters any notion that the
job of mapping the country is done.
Indeed, the rich information contained in
geologic maps will become more impor-
tant as our population crowds into areas
with potential for landslides, earthquakes,
floods, and volcanic eruptions and as
our dependence on scarce ground-water
resources continues to grow. Testimony on
the reauthorization received at a hearing
convened in the House Subcommittee on
Energy and Natural Resources on April 23
indicated no opposition to the bill, and
both the House and Senate bills enjoy
bipartisan support in Congress. With
such a recognized need, the beginnings
of a successful program, and bipartisan
congressional support, what can possibly
go wrong?

Welcome to your U.S. Congress. As
passed by the House of Representatives,
bill H.R. 2491, the seven-year balanced
budget reconciliation act of 1995, contains
a section entitled “Department of Interior
Surveying and Mapping Efficiency and
Economic Opportunity Act of 1995.” The
legislation aims to privatize, wherever
possible, the mapping and surveying func-
tions within the Department of Interior
that are duplicated within the private
sector. The private mapping industry
worked hard to ensure that this language
was included in H.R. 2491, and Don
Young (R—Alaska), chairman of the pow-
erful House Resources Committee,
was receptive to their efforts. At first
glance, this legislation fits nicely within
the Republican Party goals of privatizing
federal functions that duplicate or com-
pete with the private sector. Many alert
earth scientists, however, pointed out that
the definition of mapping and surveying
in the provision includes geologic
mapping performed by agencies within
the Interior Department and any other
department. Two timely articles appeared
in Geotimes, in December 1995 and June
1996 that identify these problems.

The National Geologic Mapping Reauthorization
Act of 1996: It’s a Small Bill, But There Are 
Those Who Love It

Peter F. Folger, 1995–1996 GSA Congressional Science Fellow
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In fact, the bill instructs the Interior
Department to use its mapping personnel
“… to perform only those surveying and
mapping activities that are governmental
in nature ... and to perform basic
research.” This raises important questions
regarding geologic mapping: Is it basic
research? What mapping activities are
inherently governmental? Moreover, it
appears that the intent of this provision
is at odds with the reauthorization of
the National Geologic Mapping Act. As
sponsors of the reauthorization legislation,
Senator Craig and Representative Calvert,
both conservative Republicans, clearly
signal their support for a strong federal
and state role. These twin efforts to priva-
tize mapping activities and reauthorize
the Mapping Act each reflect a theme of
the 104th Congress: to reexamine the role
of the federal government in American
society. The long-term implications of
these two pieces of legislation, however,
are very different.

The privatization language was not
included in the balanced budget bill that
was finally sent to President Clinton, and
he vetoed the bill anyway. Nonetheless,
with both congressional and administra-
tion support, the geologic mapping act

reauthorization bill is expected to move
toward passage this session. As such, it is
perceived as a good “vehicle” for addi-
tional amendments, and proponents of
mapping privatization may yet attempt
to attach their provision. That is common
practice simply because so few bills make
it through the legislative process on their
own. As with other controversial riders,
the privatization amendment could seri-
ously slow or stop the bill’s progress, and
that concerns bill proponents.

In a Congress battling over “big
ticket” items on the legislative agenda, like
raising the minimum wage, or eliminating
the 4.3-cent-per-gallon gas tax, geologic
mapping is indeed a minor issue in the
eyes of most members of Congress. Yet
whether it is popular on its own merits or
because it serves as a means to an end,
there are those who love it. ■

Peter F. Folger, 1995–1996 GSA Congressional Sci-
ence Fellow, serves on the staff of Senator Pete V.
Domenici (NM). The one-year fellowship is sup-
ported by GSA and by the U.S. Geological Survey,
Department of the Interior, under Assistance Award
No. 1434-95-G-2651. The views and conclusions
contained in this report are those of the author and
should not be intepreted as necessarily representing
the official policies, either expressed or implied, of
the U.S. Government.
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MILE-HIGH

GSA CHORALE
AND CONCERT
AT 1996 ANNUAL MEETING

GSA will offer a performance of
John Rutter’s moving Requiem at the annual
meeting this fall, in Denver, on Tuesday,
October 29. 

Those wishing to sing with the Denver
Mile-High GSA Chorale should contact
Carla Montgomery, Geology Depart-
ment, Northern Illinois University, 312
Davis, DeKalb, IL 60115, (815) 753-9402.
You must be an active, accomplished
singer who reads music. Spouses and
guests with comparable talent are also
welcome.

In addition, we seek instrumentalists
or vocalists among the GSA family who are
interested in performing pieces that would
complement the chorale program either
as solos or accompanied by the supporting
ensemble. If you are interested in such
an opportunity, please contact Greg Bush,
Mile-High GSA Chorale Conductor, (303)
592-1714 (mornings), or (303) 670-2349
(home office).
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PHANEROZOIC FAUNAL & FLORAL REALMS OF THE EARTH: THE INTERCALARY
RELATIONS OF THE MALVINOKAFFRIC AND GONDWANA FAUNAL REALMS WITH THE
TETHYAN FAUNAL REALM
by A. A. Meyerhoff, A. J. Boucot, D. Meyerhoff-Hull, J. M. Dickins, 1996
Biogeographical data comprise a largely neglected but potentially powerful tool for deciphering
the tectonic evolution of the Phanerozoic Earth. This is true because the borders of biogeo-
graphical units are natural barriers, some of them tectonic in origin. The problem addressed
in this study is that the boundaries of plates proposed by geophysicists and geologists do not
always match the boundaries of biogeographical realms and lower rank units worked out by
paleontologists and biostratigraphers. In this volume, biogeographical data has been compiled
from early Paleozoic to Mesozoic sections worldwide, with emphasis on the broad geographical
zone, or – intercalary zone – that separates the middle Paleozoic Malvinokaffric Realm and late
Paleozoic and younger Gondwana Realm from the warm realms of northern origin. Within this
intercalary zone, northern and southern taxa occur within the same strata, or even within the
same bed. The data make it clear that biogeographers, paleontologists, stratigraphers, structural
geologists, tectonophysicists, and geophysicists need to work together now to bring the powerful
tool of biogeography into tectonic reconstructions and tectonic models.
MWR189, 78 p., hardbound, indexed, ISBN 0-8137-1189-4, $40.00; GSA Members $32.00

PALYNOLOGICAL CORRELATION OF MAJOR PENNSYLVANIAN (MIDDLE AND UPPER
CARBONIFEROUS) CHRONOSTRATIGRAPHIC BOUNDARIES IN THE ILLINOIS AND
OTHER COAL BASINS
by R. A. Peppers, 1996
Major chronostratigraphic boundaries in the Middle and Upper Carboniferous of the Illinois
Basin, Western Interior Coal Province, Appalachian Coal Region, western Europe, and the
Donets Basin in Russia are correlated by use of palynomorphs. Correlations are based on
comparison of the first and last appearances of spore species and significant changes in relative
abundance of taxa in coal beds in the Carboniferous equatorial belt. The major palynological
changes at the Middle-Upper Pennsylvanian boundary are discussed in detail. The study
evaluates new as well as published palynological data. Some studies of fossil plants that provide
useful chronostratigraphic information also are included where appropriate. Major divisions
used in the various classification systems of Carboniferous strata are discussed. This investigation
reinforces some previous biostratigraphic correlations and offers different interpretations of
other correlations.
MWR188, 118 p., hardbound, 1 pocket insert, ISBN 0-8137-1188-6, $55.00; GSA Members $44.00

RECONSTRUCTING THE HISTORY OF BASIN AND RANGE EXTENSION USING
SEDIMENTOLOGY AND STRATIGRAPHY
edited by K. K. Beratan, 1996
The Mojave and Basin and Range structural provinces (southwestern United States) experienced
a complex Neogene extensional history. Extreme southwest-directed extension in the Mid-
Tertiary was accommodated by large, low-angle normal fault systems (detached faults), resulting
in formation of metamorphic core complexes. Lesser amounts of extension during the late
Tertiary and Quaternary were accommodated by north-south–trending, high-angle normal
faults, forming elongated, fault-bounded mountain ranges separated by broad valleys.
Sedimentary and volcanic strata deposited during extension preserve a record of the structural
events by recording changes in paleotopography through time. This volume highlights recent
advances in the study of these synextensional strata. The variety of approaches includes, field-
based descriptive stratigraphic analysis, high-precision radiometric dating, detailed lithofacies
analysis of depositional environments, seismic stratigraphy, computer modeling of basin
geometries, biostratigraphy, and detailed field-based structural mapping. This volume grew out
of a symposium held at the 1993 Cordilleran & Rocky Mountain Sections meeting.
SPE303, 224 p., paperback, indexed, 1 plate, ISBN 0-8137-2303-5, $78.50, GSA Members $62.80

AVALONIAN AND RELATED PERI-GONDWANAN TERRANES OF THE 
CIRCUM–NORTH ATLANTIC
edited by R. D. Nance and M. D. Thompson, 1996
Along the southeastern margin of the Appalachian-Caledonide orogen lies a collection of suspect
terranes traditionally associated with the eastern (Avalonian/ Gondwanan) margin of the early
Paleozoic Iapetus ocean, but which record histories of Neoproterozoic subductions that predate
the inception of the Iapetus cycle. Recent advances in our knowledge of these terranes have
dramatically improved our understanding of Neoproterozoic tectonics and the Paleozoic
evolution of the Appalachian-Caledonian orogen, and are proving central to the development
of continental reconstructions for the critical Precambrian-Cambrian boundary interval.
These advances are the result of the use of precise zircon geochronology and discriminative
geochemical and isotopic studies, the application of sequence stratigraphy and faunal analysis
to sedimentary overstep successions, and the interpretation of these data in terms of
Neoproterozoic continental configurations and peri-Gondwanan paleogeography.
This volume documents these aspects with examples from all parts of the belt.
SPE304, 398 p., indexed, paperback, ISBN 0-8137-2304-3; List price : $95.00; Member price $76.00

THE LATE QUATERNARY CONSTRUCTION OF CAPE COD, MASSACHUSETTS: A RECON-
SIDERATION OF THE W. M. DAVIS MODEL
edited by E. Uchupi, G. S. Giese, D. G. Aubrey, and D. -J. Kim, 1996
Data from geologic and geophysical studies of Cape Cod and southeast coastal Massachusetts
were used to reconstruct the geologic history of the region and to compare this construction
with that proposed by W.M. Davis in 1986. The authors’ support Davis’ contention that Cape
Cod was formed by glacial deposition during late Pleistocene and marine and eolian processes
since. However, their geologic reconstruction of Cape Cod varies from that of Davis: they believe
that the glacial lower Cape extended east of its present shore nearly double Davis’ estimate and
that it took more than twice the time Davis estimated to attain its present form. Davis also
inferred that all detritus eroded on the east side was transported northward to create the
Provincetown Hook, whereas the authors propose that prior to 9500 years ago this material
was transported southward to fill a depression at the Cape’s elbow; it was only during the last
6500 years that the material was transported northward to form the hook. This work also
suggests that historical changes in Cape Cod are not limited to natural processes as Davis
suggested, but that past and present human activities, such as construction of harbors and
the Cape Cod Canal, dredging of channels and mooring areas, devegetation, mining, timber
harvesting, clearing of land for agriculture and unrestricted grazing, played a significant role
in creating the present morphology of Cape Cod.
SPE309, 76 p., paperback. ISBN 0-8137-2309-4; List price $30.00; GSA Member $24.00

LATE HOLOCENE ALLUVIAL GEOMORPHOLOGY OF THE VIRGIN RIVER IN THE ZION
NATIONAL PARK AREA, SOUTHWEST UTAH
by R. Hereford, G. C. Jacoby, V.A.S. McCord, 1996
The research described in Special Paper 310 focused on how variations of water and sediment
load modify valley morphology. A specific goal was understanding the timing and causes of
arroyo cutting—the catastrophic, widespread degradation of stream channels in the southwest
United States beginning in the late 1800s. Large-scale surficial geologic maps portray the terraces
and alluvial deposits. Dated by archaeologic context and by tree-ring methods, these deposits
correlate in time with dated late Holocene alluvium of other streams on the southern Colorado
Plateau. Relocated historic photographs show the channel before, during, and after arroyo
cutting. Dendrohydrologic reconstruction of streamflow demonstrates that arroyo cutting
occurred during unusually wet climate with large floods and was preceded by an interval of
very dry climate.
SPE310, 46 p., paperback, ISBN 0-8137-2310-8; List price $25.00; Member price $20.00
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P.O. Box 9140, Boulder, CO 80301, 303-447-2020 or fax 303-447-1133
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VISIT US ON THE WEB! GSA’s complete publications catalog is located
at http://geosociety.org. 

View the Meetings page for complete information on the
1996 GSA Annual Meeting in Denver. Use the live links to expand
on the information that appeared in the June issue of GSA Today. 

Go to our Membership section to learn about the GSA
Employment Service. You’ll also find out how to become a GSA
Campus Representative, or how to get Member or Student forms
to join GSA. You’ll also find information here on how to nominate
a GSA member to Fellowship standing.

In our Publications section, read the tables of contents and
abstracts of journal articles each month for GSA Bulletin and Geol-
ogy. You’ll also find information for authors on preparation of arti-
cles for submission to GSA publications. Specific guidelines for sub-
missions to Geology are a recent addition. There are 12 months of

complete issues of GSA Today, in living color, that you can read or
download. In our Web Catalog of GSA Publications, search all GSA’s
nonperiodical titles in print, read descriptions and tables of contents
(for books), or copy from the catalog. Soon, entries from the GSA
Data Repository starting in 1992 will be on the Web.

In the Education section, read about GSA’s educational pro-
grams, including PEP (Partners for Education), and Project Earth
S.E.E.D. What is IEE? Find out in the Institute for Environmen-
tal Education section.

See our Administration section for information on GSA
Medals and Awards, and other general information about GSA.

GSA ON THE WEB 
GSA’s presence on the World Wide Web is growing. New, useful material is being added regularly. Visit us soon. Our Web address
is: http://www.geosociety.org. That will take you to our home page, and from there you can link to many informational
resources. Here are some highlights.
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New GSA Student Associates
The following Student Associates became affiliated with the Society during the
period from September 1995 through April 1996.
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915–925 Early to middle Pleistocene tephrochronology of North Island, New
Zealand: Implications for volcanism, tectonism, and paleoenvironments
Philip A. R. Shane, Tasha M. Black, Brent V. Alloway, and John A.
Westgate

926–940 Assembly of a dike-fed magma chamber: The Jackass Lakes pluton,
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941–952 Estuarine circulation in the Turonian Western Interior seaway of
North America
Rudy Slingerland, Lee R. Kump, Michael A. Arthur, Peter J. Fawcett,
Bradley B. Sageman, and Eric J. Barron

953–965 Lithostratigraphy and geochronology of fills in small playa basins on
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shoreface carbonates
W. Henry Lickorish and Robert W. H. Butler
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1004–1021 Late Cenozoic slip on the Talas-Ferghana fault, the Tien Shan, central
Asia
Valentin S. Burtman, Sergey F. Skobelev, and Peter Molnar

1022–1038 Facies architecture and grounding-line fan processes of morainal banks
during the deglaciation of coastal Maine
Lewis E. Hunter, Ross D. Powell, and Geoffrey W. Smith

1039–1055 Recurrent eruption and subsidence at the Platoro caldera complex,
southeastern San Juan volcanic field, Colorado: New tales from old
tuffs
Peter W. Lipman, Michael A. Dungan, Laurie L. Brown, and Alan
Deino

1056–1067 Late Wisconsinan ice retreat from the Scotian Shelf
Lewis H. King

1068–1072 Guidelines for authors of papers submitted to the Geological Society
of America Bulletin
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675 Mechanical model for subduction-collision tectonics of Alpine-type
compressional orogens
Christopher Beaumont, Susan Ellis, Juliet Hamilton, Philippe Fullsack

679 Numerical reconstruction of a soft-bedded Laurentide Ice Sheet
during the last glacial maximum
Peter U. Clark, Joseph M. Licciardi, Douglas R. MacAyeal, John W. Jenson

683 Geometry and scaling relations of a population of very small rift-
related normal faults
Roy W. Schlische, Scott S. Young, Rolf V. Ackermann, Anupma Gupta

687 The late Miocene Panama isthmian strait
Laurel S. Collins, Anthony G. Coates, William A. Berggren, Marie-Pierre Aubry,
Jijun Zhang

691 40Ar/39Ar laser-probe dating of detrital white micas from Cretaceous
sedimentary rocks of the Eastern Alps: Evidence for Variscan high-
pressure metamorphism and implications for Alpine orogeny
Hilmar von Eynatten, Reinhard Gaupp, Jan R. Wijbrans

695 Pliocene (3.2–2.4 Ma) ostracode faunal cycles and deep ocean
circulation, North Atlantic Ocean
T. M. Cronin, M. E. Raymo, K. P. Kyle

699 Forces driving continental collision: Reconciling indentation and
mantle subduction tectonics
Susan Ellis

703 Magnetic alteration of zero-age oceanic basalt
Dennis V. Kent, Jeff Gee

707 A Lateglacial age for the Main Rock Platform, western Scotland
J. Stone, K. Lambeck, L. K. Fifield, J. M. Evans, R. G. Cresswell

711 Rare earth element redistribution during high-pressure-low-temperature
metamorphism in ophiolitic Fe-gabbros (Liguria, northwestern Italy):
Implications for light REE mobility in subduction zones
Riccardo Tribuzio, Bruno Messiga, Riccardo Vannucci, Piero Bottazzi

715 Demise of a Devonian-Carboniferous carbonate ramp by eutrophication
Mark L. Caplan, R. Marc Bustin, Kurt A. Grimm

719 Stratigraphic evidence for the Siberia-Laurentia connection and
Early Cambrian rifting
Shane M. Pelechaty

723 Subduction erosion related to spreading-ridge subduction:
Taitao peninsula (Chile margin triple junction area)
J. Bourgois, H. Martin, Y. Lagabrielle, J. Le Moigne, J. Frutos Jara

727 On marine microfossil transport and pathways in Antarctica during
the late Neogene: Evidence from the Sirius Group at Mount Fleming
Arjen P. Stroeven, Michael L. Prentice, Johan Kleman

731 Construction of the oceanic lithosphere by magmatic intrusions:
Petrological evidence from plutonic rocks formed along the
fast-spreading East Pacific Rise
Marc Constantin, Roger Hékinian, Daniel Bideau, Réjean Hébert

735 Regional sediment recycling in the abyssal Southwest Pacific Ocean
L. Carter, R. M. Carter, I. N. McCave, J. Gamble

739 Structural evidence for back sliding of the Kohistan arc in the
collisional system of northwest Pakistan
Jean-Pierre Burg, M. Nawaz Chaudhry, Munir Ghazanfar, Robert Anczkiewicz,
David Spencer

743 Reading Pleistocene eustasy in a tectonically active siliciclastic shelf
setting (Crotone peninsula, southern Italy)
D. Rio, J. E. T. Channell, F. Massari, M. S. Poli, M. Sgavetti, A. D’Alessandro,
G. Prosser

747 Staircase 40Ar/39Ar spectra of fine-grained white mica: Timing and
duration of deformation and empirical constraints on argon diffusion
David L. Kirschner, Michael A. Cosca, Henri Masson, Johannes C. Hunziker

751 Quaternary fluvial-volcanic stratigraphy and geochronology of the
Capitoline Hill in Rome
Walter Alvarez, Albert J. Ammerman, Paul R. Renne, Daniel B. Karner,
Nicola Terrenato, Alessandro Montanari

755 Goringe-Alboran-Tell tectonic zone: A transpression system along the
Africa-Eurasia plate boundary
Jean Luc Morel, Mustapha Meghraoui

759 Modern iron ooids from a shallow-marine volcanic setting:
Mahengetang, Indonesia
Jeffrey M. Heikoop, Cameron J. Tsujita, Michael J. Risk, Tomas Tomascik,
Anmarie J. Mah

763 Formation of aragonite cement by nannobacteria in the Great
Salt Lake, Utah
Vicki A. Pedone, Robert L. Folk

Forum
766 Sliding rocks at the Racetrack, Death Valley: What makes them move?
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1996 Penrose Conferences
October 1996
October 8–14, Exhumation Processes: Normal Faulting, Ductile Flow,
and Erosion, Island of Crete. Information: Uwe Ring, Institut für Geowis-
senschaften, Universität Mainz, Becherweg 21, D-55099 Mainz, Germany,
49-6131-392164, fax 49-6131-394769, E-mail: ring@mzdmza.zdv. unimainz.de.

April 1997
April 24–30, Paleocene/Eocene Boundary Events in Time and Space,
Albuquerque, New Mexico. Information: William A. Berggren, Department
of Geology and Geophysics, Woods Hole Oceanographic Institution,
Woods Hole, MA 02543, (508) 289-2593; fax: 508-457-2187, E-mail:
wberggren@whoi.edu.

Fall 1997
Faults and Subsurface Fluid Flow: Fundamentals and Applications to
Hydrogeology, New Mexico.  Information: William C. Haneberg, New Mex-
ico Bureau of Mines and Mineral Resources, New Mexico Institute of Mining
and Technology, 2808 Central Ave., SE, Albuquerque, NM  87106, (505) 262-
2774, fax: 505-255-5253, E-mail: haneberg@mailhost.nmt.edu.

1996 Meetings
September 
September 19–20, Mineral Dusts—Their Characterization and Toxicol-
ogy Symposium, Washington, D.C. Information: Meetings Dept., SME, P.O.
Box 625002, Littleton, CO 80162-5002, (800) 763-3132, (303) 973-9550, fax
303-979-3461, E-mail: smenet@aol.com, Internet: http://www.smenet.org.

November
November 14–16, Seismic Hazards in the Las Vegas Region, Las Vegas,
Nevada. Information: Jim Werle, Converse Consultants, 731 Pilot Rd.,
Ste. H, Las Vegas, NV 89119, (702) 269-8336, fax 702-269-8353, E-mail:
converse@enet.net.

November 20–22, 2nd Annual Strategic Environmental Research and
Development Program Symposium, Vienna, Virginia. Information: Erin
Cannelli, Labat-Anderson Inc., 8000 Westpark Dr., Ste. 400, McLean, VA
22102, (703) 506-1400, ext. 512, fax 703-506-0946, E-mail: Erin_Cannelli@
laib.labat.com.

1997 Meetings
January
January 6–8, High-resolution Geophysics Workshop, Tucson, Arizona.
Information: Ben K. Sternberg, LASI, MGE Dept., Bldg. #12, University of Ari-
zona, Tucson, AZ 85721, (520) 621-8376, fax 520-621-8330, E-mail:
hires97@mge.arizona.edu.

May
May 8–9, Institute on Lake Superior Geology 43rd Annual Meeting,
Sudbury, Ontario, Canada. Information: Tracy Livingston, Resident Geologist’s
Office, Ontario Geological Survey, Sudbury, Ontario P3E 6B5, Canada, (705)
670-5741, fax 705-670-5681, E-mail: meyerw@gov.on.ca.

July
July 1–9, International Association of Meteorology and Atmospheric
Sciences—International Association for the Physical Sciences of the
Oceans joint assembly, Melbourne, Australia. Information: IAMAS/IAPSO Sec-
retariat, Convention Network, 224 Rouse St., Port Melbourne, Victoria 3207,
Australia, phone 61-3-9646-4122, fax 61-3-9646-7737, E-mail: mscarlett@
peg.apc.org.

July 28-August 1, Second International Conference on Geoscience
Education, Hilo, Hawaii. Information: M. Frank Watt Ireton, GeoSciEd II,
American Geophysical Union, 2000 Florida Ave., NW, Washington, DC 20009,
E-mail: fireton@kosmos.agu.org.

August
August 17–21, PaleoForams ’97, Bellingham, Washington. Information:
Charles A. Ross, Dept. of Geology, Western Washington University, Bellingham,
WA 98225-9080, (360) 650-3634, fax 360-650-3148, E-mail: rossjrp@
henson.cc. wwu.edu.

August 30–September 5, Large Meteorite Impacts and Planetary Evolu-
tion, Sudbury, Ontario, Canada. Information: B. O. Dressler, Lunar and
Planetary Institute, 3600 Bay Area Blvd., Houston, TX 77058-1113, (713) 486-
2112, fax 713-486-2162, E-mail: dressler@lpi.jsc.nasa.gov.

Only new or changed information is being published in GSA Today.
A complete listing can be found in the Calendar section on the Inter-
net: http://www.geosociety.org.  Send notices of meetings of general
interest, in format above, to Editor, GSA Today, P.O. Box 9140, Boulder, CO
80301, E-mail: editing@geosociety.org.

CALENDAR GSA SECTION MEETINGS

Call for Papers — 1997
NORTHEASTERN SECTION
March 17–19, 1997 • Sheraton Valley Forge Hotel, King of Prussia,

Pennsylvania

Abstract Deadline: November 12, 1996

Submit completed abstracts to:
Allan M. Thompson, Department of Geology, University of
Delaware, Newark, DE 19716-2541, (302) 831-2585,
thompson@bach.udel.edu

SOUTH-CENTRAL and ROCKY MOUNTAIN SECTIONS
March 20–21, 1997 • University of Texas, El Paso, Texas

Abstract Deadline: November 25, 1996

Submit completed abstracts to:
Elizabeth Y. Anthony, Department of Geological Sciences,
University of Texas, El Paso, TX 79968-0555, (915) 747-5483,
anthony@geo.ltp.edu

SOUTHEASTERN SECTION
March 27–28, 1997 • Auburn University, Auburn, Alabama

Abstract Deadline: December 2, 1996

Submit completed abstracts to:
Charles E. Savrda, Department of Geology, Auburn University,
Auburn, AL 36849-5305, (334) 844-4893, savrdce@mail.auburn.edu

NORTH-CENTRAL SECTION
May 1–2, 1997 • The Concourse Hotel, Madison, Wisconsin

Abstract Deadline: January 9, 1997

Submit completed abstracts to:
Bruce Brown, Wisconsin Geological & Natural History Survey,
3817 Mineral Point Rd., Madison, WI 53705, (608) 263-3201,
babrown1@facstaff.wisc.edu

CORDILLERAN SECTION
May 21–23, 1997 • Kona Surf Resort and Convention Center,

Kailua-Kona, Hawaii

Abstract Deadline: January 24, 1997

Submit completed abstracts to:
Fred MacKenzie, Department of Oceanography, University of
Hawaii–SOEST, 1000 Pope Road, Honolulu, HI 96822, (808)
956-6344, fredm@soest.hawaii.edu

1 9 9 7  S E C T I O N  M E E T I N G  
A B S T R A C T   F O R M   R E Q U E S T
To: GSA Abstracts Coordinator, P.O. Box 9140, Boulder, CO

80301-9140 or E-mail: ncarlson@geosociety.org

Please send _____ copies of the 1997 GSA Section
Meeting abstract form. 

Name ________________________________________________

Address ______________________________________________

______________________________________________________

City ___________________________ State______ ZIP ______

✁
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1996
Denver, Colorado 
October 28–31
Colorado Convention Center

REGISTER TODAY!
Registration and housing materials 
appear in June GSA Today. 

Preregistration Deadline:  
September 20

Housing Deadline:  
September 30

Technical Program Schedule:  
September GSA Today and the Web

YOU’RE LATE! 
GSA Continuing Education
Courses Filling Fast!
GSA 1996 Annual Meeting
Denver, Colorado • October 28–31

REGISTER NOW!

Registration
information
and full course
descriptions
were published
in the June issue
of GSA Today. 
To register, contact
Edna Collis, Continuing Education Coordinator, GSA headquar-
ters, (303) 447-2020, ext. 134; E-mail: ecollis@geosociety.org.

GSA ANNUAL MEETINGS

GET RESULTS
GSA MARKETING
1-800-472-1988

YOU’RE LATE! 

EXCLUSIVE SHOPPING

OPPORTUNITY! 

We have extended our bookstore hours* through

Thursday (9:00 a.m. to 3:00 p.m.) — a full day

after all other exhibits close. All show discounts and

specials will be in effect through close on Thursday.

SHOP AT THE BOOKSTORE

STOP BY FOR A SPECIAL TREAT!
*GSA service booths, Membership, Foundation, 

SAGE and PEP will also be open Thursday.

N E W  H O U RS !N E W  H O U RS !

Visit the

G S A  B o o k s t o r e
1996 ANNUAL MEETING DENVER

Visit the

G S A  B o o k s t o r e
1996 ANNUAL MEETING DENVER

ADS
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CALL FOR

1997 CONTINUING EDUCATION COURSE
PROPOSALS

Proposals Due by December 1

The GSA Committee on Continuing Education 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 1997 Salt Lake City
Annual Meeting or the 1998 Toronto Annual Meeting.

Proposals must be received by December 1, 1996. Selection
of courses for 1997 will be made by February 1, 1997. For those
planning ahead, we will also consider courses for 1998 at that time.

For proposal guidelines or information, contact: 
Edna Collis, Continuing Education Coordinator, 

GSA headquarters 1-800-472-1988, ext. 134. 
E-mail: ecollis@geosociety.org

FOR INFORMATION ON ANY GSA MEETING
CALL THE

GSA MEETINGS DEPARTMENT

1-800-472-1988 or (303) 447-2020, ext. 133
E-mail: meetings@geosociety.org

or see GSA’s  World Wide Web page at
http://www.geosociety.org

Published on the 1st of the month of issue. Ads (or can-
cellations) must reach the GSA Advertising office one
month prior. Contact Advertising Department (303)
447-2020, 1-800-472-1988, fax 303-447-1133, or
E-mail:acrawfor@geosociety.org. Please include com-
plete address, phone number, and E-mail address with all
correspondence.

Per line
Per Line for each

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

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

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

Code number: $2.75 extra

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

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

Positions Open
STRUCTURAL GEOLOGIST

The University of Oklahoma has a tenure-track position for
a structural geologist in the School of Geology and Geo-
physics; pending University approval. Entry-level appli-
cants are preferred, but in exceptional cases other levels
may be considered. Preference will be given to those with
interests in experimental and/or theoretical approaches as
applied to the field to solve problems in structural geology.
Numerical modeling is considered an essential tool. The
Ph.D. is required at the time of appointment. The success-
ful candidate must have commitment to both undergradu-
ate and graduate (M.S. and Ph.D.) education, and equally
develop an externally-funded research program.

The structural-research facilities within the school,
beyond standard equipment, include access to the inter-

disciplinary, state-of-the-art rock mechanics laboratory
which is part of the University Rock Mechanics Institute.
This laboratory has a fully automated acoustic emission
system, three, MTS 3kb load cells and frames as well as
in-house designed high pressure equipment. The School
is part of the College’s Geoscience computing Network
and the position holder will have a work station that uses
ABAQUS, among other systems, for numerical modeling.

Applications, including resume, publication lists, col-
lege transcripts, statement of research interests, and
names, addresses, and phone numbers of at least three
references should be sent to Dr. R. D. Elmore, School of
Geology and Geophysics, University of Oklahoma, Nor-
man, 73019. Salary will be competitive and commensu-
rate with experience. Application review will begin October
1, but the position will remain open until filled. University
of Oklahoma is an equal-opportunity/affirmative action
employer. Women and minorities are encouraged to
apply. The university has a policy of being responsive to
the needs of dual-career couples.

FLUVIAL GEOMORPHOLOGIST 
DESERT RESEARCH INSTITUTE (DRI)

QUATERNARY SCIENCES CENTER (QSC)
Reno of Las Vegas, Nevada location

QSC seeks strong researcher at the doctoral level with the
desire and ability to develop funded research program in
an area of either paleoenvironmental interpretation of flu-
vial stratigraphy and landforms, fluvial mechanics and
sediment transport, paleoflood hydrology and flood geo-
morphology, watershed management and anthropogenic
impacts to riverine environments, or coupled field-based
fluvial studies and modeling. Opportunities exist for partici-
pation in graduate programs at the University of Nevada,
Reno and the University of Nevada, Las Vegas. Success-
ful candidate will posses a doctorate in geology, physical
geography or a related discipline; demonstrated interest
and abilities in the application of geomorphic principles
toward resolving environmental issues related to fluvial
systems as well as enhancing the management and
restoration of fluvial landscapes; excellent communication
skills as evidenced by peer-reviewed publications, confer-
ence and symposia presentations; evidence of successful
development of research proposals and performance of
research; and evidence of ability to secure grant and con-
tract funding. Salary competitive and commensurate with
qualifications. DRI offers an excellent benefits package.
Position will be in either Las Vegas or Reno, Nevada. For
further information, contact Dr. Nick Lancaster, Search
Committee Chairman at (702) 673-7304 or E-mail
nick@maxey.dri.edu. Closes: 11/4/96. Submit vitae, state-
ment describing research interests and names, addresses

and telephone numbers of 4 references to: Recruitment
Office, Desert Research Institute, University & Community
College System of Nevada, P.O. Box 19040, Las Vegas,
NV 89132-0049. DRI is an Affirmative Action/Equal
Opportunity Employer, hiring only U.S. citizens and per-
sons authorized to work in the U.S.

STRATIGRAPHY / BASIN ANALYSIS
The Department of Geological Sciences of Rutgers, The
State University of New Jersey (New Brunswick) seeks to
fill an anticipated tenure-track position at the Assistant
Professor level in the field of Stratigraphy and Basin Anal-
ysis beginning in September 1997. Exceptionally accom-
plished applicants at more senior levels will be considered.

We seek candidates with proved research capability in
integrating geochemical, geophysical, and stratigraphic
data. While the subdiscipline is open, we desire expertise
in isotopic stratigraphy, magnetostratigraphy, biostratigra-
phy, or cyclostratigraphy to complement current faculty
strengths. The successful candidate should interact with
ongoing regional and inter-regional studies; these include
current projects on the rift, passive margin, and foreland
basins represented in the New Jersey region and their
global counterparts. Our goal is to establish and maintain
a gas mass spectrometry or magnetostratigraphy/multi-
sensor track laboratory in collaboration with the new fac-
ulty member. In addition to developing an innovative, for-
ward-looking research program, a solid commitment to
undergraduate and graduate teaching is required.

A curriculum vitae, statement of research interests, and
the names of four references should be sent by 15
November, 1996 to Dr. Kenneth G. Miller, Chair of the
Search Committee, Department of Geological Sciences,
Rutgers University, Piscataway, NJ 08855-1179. Rutgers
University is an equal opportunity/affirmative action
employer. 

Services & Supplies
Use this column to sell products and services to the geo-
logical community See rates above. Copy is due by the
first of the month, one month prior to issue.

Opportunities for Students
Do you have an opportunity for a student? Your first 25
lines are FREE!. Contact the GSA Advertising Depart-
ment. Copy is due by the first of the month, one month
prior to issue.

CLASSIFIED ADVERTISING

1997
Salt Lake City, Utah 
October 20–23
Salt Palace Convention Center 
Little America

General Chair: M. Lee Allison, Utah Geological Survey



Geological Society of America

ANNUAL MEETING AND

EXPOSITION

DENVER, COLORADO • OCTOBER 28–31,1996

Preregistration Due
September 20

See June GSA Today
for complete 
information on:
• Technical program
• Continuing Education

Courses
• Field Trips
• Exhibits
• Registration
• Lodging and Travel

For Information:
GSA Meetings 
Department
P.O. Box 9140
Boulder, CO 80301
(303) 447-2020 
(800) 472-1988

E-mail: 
meetings@
geosociety.org

World Wide
Web:http://www.
geosociety.org

AVALONIAN AND RELATED PERI-GONDWANAN
TERRANES OF THE CIRCUM–NORTH ATLANTIC
edited by R. D. Nance and M. D. Thompson, 1996
Along the southeastern margin of the Appalachian-Caledonide orogen
lies a collection of suspect terranes traditionally associated with the
eastern (Avalonian/Gondwanan) margin of the early Paleozoic Iapetus
ocean, but which record histories of Neoproterozoic subductions that
predate the inception of the Iapetus cycle. Recent advances in our
knowledge of these terranes have dramatically improved our
understanding of Neoproterozoic tectonics and the Paleozoic evolution
of the Appalachian-Caledonian orogen, and are proving central to the
development of continental reconstructions for the critical
Precambrian-Cambrian boundary interval. These advances are the
result of the use of precise zircon geochronology and discriminative
geochemical and isotopic studies, the application of sequence
stratigraphy and faunal analysis to sedimentary overstep successions,
and the interpretation of these data in terms of Neoproterozoic
continental configurations and peri-Gondwanan paleogeography. This
volume documents these aspects with examples from all parts of the
belt.
SPE304, 398 p., indexed, paperback, ISBN 0-8137-2304-3, 
List price $95.00, Member price $76.00

THE LATE QUATERNARY CONSTRUCTION OF CAPE
COD, MASSACHUSETTS: A RECONSIDERATION OF
THE W. M. DAVIS MODEL
edited by E. Uchupi, G. S. Giese, D. G. Aubrey, and D.-J. Kim, 1996
The authors of this reconstruction of the geologic history of Cape Cod
and southeast coastal Massachusetts support W. M. Davis’s contention
that Cape Cod was formed by glacial deposition during the late
Pleistocene and by marine and eolian processes since. However, their
geological reconstruction of Cape Cod varies from that of Davis: they
believe that the glacial lower cape extended east of its present shore
for nearly double Davis’s estimate and that it took more than twice the
time Davis estimated to attain its present form. Davis also inferred
that all detritus eroded on the east side was transported northward to
create the Provincetown Hook, whereas Uchupi et al.
propose that prior to 9500 years ago this material
was transported southward to fill a depression
at the cape’s elbow; only during the past
6500 years was the material transported
northward to form the hook. This work
also suggests that historical changes in
Cape Cod are not limited to natural
processes, as Davis suggested, but
that past and present human
activities, such as construction of
harbors and the Cape Cod Canal,
dredging of channels and mooring
areas, devegetation, mining, timber
harvesting, clearing of land for
agriculture, and unrestricted grazing, have
played a significant role in creating the
present morphology of Cape Cod.
SPE309, 70 p., paperback, ISBN 0-8137-2309-4,
List price  $30.00, Member price: $24.00

LATE HOLOCENE ALLUVIAL
GEOMORPHOLOGY OF THE VIRGIN
RIVER IN THE ZION NATIONAL PARK
AREA, SOUTHWEST UTAH
by R. Hereford, G. C. Jacoby, and V. A. S. McCord,
1996
The Virgin River, in the spectacular canyons of
Zion National Park near the southwest margin of
the Colorado Plateau, is well suited for geo-
morphic research; it has a relatively wide alluvial
valley and is free flowing, retaining the pre-
settlement discharge regime. The research
described in Special Paper 310 focused on how
variations of water and sediment load modify

valley morphology. A specific goal was understanding the timing and
causes of arroyo cutting—the catastrophic, widespread degradation of
stream channels in the southwest United States beginning in the late
1800s. Large-scale surficial geologic maps portray the terraces and
alluvial deposits. Dated by archaeologic context and by tree-ring
methods, these deposits correlate in time with dated late Holocene
alluvium of other streams on the southern Colorado Plateau. Relocated
historic photographs show the channel before, during, and after arroyo
cutting. Dendrohydrologic reconstruction of streamflow demonstrates
that arroyo cutting occurred during unusually wet climate with large
floods and was preceded by an interval of very dry climate.
SPE310, 46 p., paperback, ISBN 0-8137-2310-8, List price $25.00,
Member price $20.00

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

Volumes are 
8-1/2" x 11".

Prices include
shipping &

handling.


