
ABSTRACT

Groundwater flow at Yucca Moun-
tain, Nevada, must be understood to
determine transport and dilution of
contaminants released from the pro-
posed high-level waste repository. The
nature of such flow in a complexly
faulted and fractured tuff aquifer is not
easily characterized. Conceptual models
of regional groundwater flow often
assume isotropic transmissivity, result-
ing in flow being interpreted as parallel
to the gradient of the potentiometric
surface. However, fractured aquifers are
typically anisotropic, their transmissiv-
ity controlled by the conductive proper-
ties of faults and fractures, which are
partially controlled by the in situ stress
field. Faults at Yucca Mountain predom-
inantly strike approximately north
(azimuth ~005). Slip and dilation ten-
dency analysis of the region indicates
that those faults and fractures ideally
oriented for slip in the current stress
field strike north-northeast (azimuth
~025–030) and dip moderately to
steeply, whereas those ideally oriented
for dilation strike north-northeast
(azimuth ~025–030) and are vertical.
Faults with favorable orientations for
slip or dilation present potential fluid
flow pathways. These observations
imply anisotropic transmissivity at
Yucca Mountain with an azimuthal
direction of maximum transmissivity
between 005 (based on dominant fault
trend) and 030 (based on slip- and dila-
tion-tendency constraints). Reinterpre-
tation of data from a long-term aquifer
pumping test on the eastern flank of
Yucca Mountain indicates anisotropic
transmissivity with a maximum princi-

pal transmissivity direction of approxi-
mately 030. This is consistent with
anisotropic transmissivity controlled 
by faults and fractures active in the
present-day in situ stress field.

INTRODUCTION

Yucca Mountain, a faulted east-dip-
ping cuesta of Miocene tuffs in southwest-
ern Nevada, is being evaluated as the
potential site for the nation’s first perma-
nent repository for high-level radioactive
waste (Fig. 1). The U.S. Department of
Energy has prepared a viability assess-
ment, which provides a characterization of
the proposed repository, including descrip-
tions of geologic setting, design, and long-
term (10000 year) performance (U.S.
Department of Energy, 1998a, 1998b). The
Department of Energy is expected to sub-
mit a license application in 2002. If the

site is licensed by the U.S. Nuclear Regula-
tory Commission, high-level waste could
be emplaced as early as 2010. Original
consideration of Yucca Mountain as the
candidate repository site was due in part
to the >500-m-thick unsaturated zone
beneath the mountain and the dry cli-
mate. These environmental characteristics
were expected to inhibit release and trans-
port of contaminants to the accessible
environment via groundwater flow.

Permeability in the Miocene welded
tuffs and the underlying Paleozoic and
Precambrian carbonate and clastic strata at
Yucca Mountain and surrounding area is
primarily controlled by faults and fractures
(Waddell, 1982; Winograd and Thordar-
son, 1975; Fridrich et al., 1994). On the
basis of alignment of springs (e.g., Ash
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Figure 1. Thematic Mapper scene with potential repository location, wells (red dots), faults (irregular
black lines), and water-table contours (blue lines). Water-table contours are from Czarnecki et al. (1997).
Green line shows path of Exploratory Studies Facility.
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Meadows fault—Winograd and Thordar-
son, 1975; Dudley and Larson, 1976), and
elevated groundwater temperatures along
faults (e.g., Midway Valley and Solitario
Canyon faults—Sass et al., 1995), studies
have concluded that faults control
groundwater flow locally and are paths for
upward flow in the saturated zone at
Yucca Mountain
(Fridrich et al., 1994;
Bredehoeft, 1997).
Anomalous concentra-
tions of 36Cl recently
identified in samples
from the Exploratory
Studies Facility, a 7.8-
km-long, 7.6-m-diame-
ter tunnel beneath
Yucca Mountain (Fig.
1), have been inter-
preted as indicating
rapid downward trans-
port of meteoric water
along faults and frac-
tures in the unsatu-
rated zone (Levy et al.,
1997; Fabryka-Martin
et al., 1998). The pro-
duction of 36Cl is
largely related to atmo-
spheric nuclear testing
in the Pacific Ocean in
the 1950s.

Anisotropic permeability in fractured
aquifers arises from the abundance and
distribution of faults and fractures and
permeability of associated damage zones
(e.g., breccia) (Fig. 2). Although it is
known that faulted and fractured aquifers
commonly have anisotropic transmissivity
(National Research Council, 1996), maps
depicting regional-scale groundwater flow
usually assume flow parallel to the gradi-
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Figure 2. Conceptual illustration of effects of faults with high slip ten-
dency or high dilation tendency on development of anisotropic trans-
missivity in areas, like the Yucca Mountain (Nevada) region, where the
minimum principal compressive stress (σ3) is horizontal.



Please note change of venue:
Royal Holloway University of London, 
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Conference Purpose and Objectives
Many rifted volcanic margins (<200 m.y. old) are in close

proximity to mantle plumes, but the causal relationship between
plumes and rifting remains highly controversial. Do plumes drive
continental breakup, or are they channeled into areas of thinned
lithosphere? In addition, the relative timing of surface uplift,
extension, and magmatism has been predicted by theoretical
plume models, but their validity hinges on actual field examples.
The North Atlantic and southern Red Sea margins appear to have
evolved in a similar way, with minimal uplift and much of the
flood magmatism pre-dating break-up. Why does this differ from
theoretical models? This conference will bring together scientists
working on theoretical, field, and geophysical aspects of rifts, in a
stimulating environment.

Field- and laboratory-based scientists with diverse areas of
expertise, including landscape evolution and geomorphology, 
the chronology and geochemistry of continental volcanism,
lithospheric extension, mantle and crustal geophysics, thermo-
chronology, and theoretical modeling of rift settings, will be
invited to the conference. The main topics will include: extent
and amount of uplift and subsidence; relative timing of geologi-
cal processes on volcanic rifted margins; absolute dating tech-
niques for extension, magmatism, and exhumation; use of vol-
canic products to understand rift geodynamics; style of, and
mechanisms for, lithospheric thinning; syn- and postrift exhuma-
tion, sediment budgets and basin formation; thermal history of
volcanic rifted margins using dating and modeling techniques.

Field Trips
A premeeting six-day trip to the Deccan Traps will cost an

estimated $1000, and a postmeeting five-day trip to the Isle of
Mull, Scotland, will cost an estimated $650.

Registration
Limited funding will be available to help cover conference

expenses for academics from developing countries, young scien-
tists, and graduate students. Early applications are recommended
if you are seeking funding. The conference is limited to 80 par-
ticipants; selection will include a broad range of disciplines. Costs
are currently estimated at $400 for the conference. Interested
parties should contact Julie Brown (brown@gl.rhbnc.ac.uk); iden-
tify the e-mail as “Penrose Conference.” Registration deadline
is August 31, 1999. Please include in your e-mail a brief state-
ment of your field of interest, relevance of your research work to
the conference theme, proposed title of a poster presentation, a
title of topic for discussion (maximum 10 minutes, with a maxi-
mum of five overhead projections or slides). Let us know whether
you would be interested in participating in the field trips. Invita-
tions will be based on your e-mailed application. Participants will
be notified on September 14, 1999, by e-mail.

For more information, contact Ian Davison, Royal 
Holloway, University of London, Egham, Surrey TW20 OEX 
UK, phone 44-1784-443615, fax 44-1784- 471780,
davison@gl.rhbnc.ac.uk. ■
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ent of the potentiometric surface. This is
true only if the transmissive properties of
the aquifer are isotropic, or if the major or
minor semi-axis of the transmissivity ten-
sor is everywhere parallel to the potentio-
metric gradient.

Recent studies, including one exam-
ple from Yucca Mountain, have shown
that faults favorably oriented for slip in
the ambient stress field tend to be the
most active groundwater flow pathways
(Barton et al., 1995; Finkbeiner et al.,
1997). This observation has been
explained by increased small-scale fractur-
ing and faulting in the vicinity of faults on
the verge of shear failure (Barton et al.,
1995). The ability to recognize such faults

allows us to identify the loci of increased
fracturing.

A secondary but measurable influence
on permeability is the effect of contempo-
rary stress on reducing apertures of exist-
ing faults and fractures (Carlsson and Ols-
son, 1979; Barton et al., 1995; Finkbeiner
et al., 1997). Faults and fractures perpen-
dicular to the maximum principal stress
are preferentially closed, thereby reducing
permeability perpendicular to the maxi-
mum principal stress. Permeability per-
pendicular to the minimum principal
compressive stress direction is relatively
enhanced because lower resolved normal
stress results in less fracture aperture
reduction (e.g., Carlsson and Olsson,
1979).

Here, we examine how regional stress
combined with existing faults and fracture
systems at Yucca Mountain influences per-
meability and groundwater flow in the
saturated zone beneath Yucca Mountain.
We then test the model using data from a
long-term aquifer pumping test at Yucca
Mountain, and consider possible implica-
tions for the proposed high-level waste
repository at Yucca Mountain.

SLIP TENDENCY AND 
DILATION TENDENCY

Our approach to stress analysis
involves calculating resolved stresses on
fault and fracture surfaces to analyze like-

Stressed Rock continued on p. 4
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Sue Beggs Retires
After almost 20 years as the Meetings Manager for GSA,
Sue Beggs retired in January 1999. She spearheaded the
planning and staging of GSA annual meetings ranging
from 4,000 to 7,500 attendees.

Beggs is now a meeting planning consultant in Boulder,
Colorado. Kathy Ohmie Lynch, who has been with GSA
for 25 years, has assumed the directorship of the GSA
Meetings Department.
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lihood for slip or dilation in crustal stress fields. The resulting slip
and/or dilation tendency data are displayed by color coding
three-dimensional models (Fig. 3) or trace maps of the fault and
fracture array (Fig. 4).

Slip Tendency
Slip tendency analyses are applicable to planar discontinu-

ities like faults, extension fractures, or layering (Morris et al.,
1996; Ferrill et al., 1998). For faults and fractures, slip is likely to
occur on a surface when the resolved shear stress, τ, on that sur-
face equals or exceeds the frictional resistance to sliding. Fric-

tional resistance is proportional to normal
stress, σn, acting across that surface (Jaeger and
Cook, 1979). The slip tendency, Ts, of a surface
is the ratio of shear stress to normal stress act-
ing on that surface (Morris et al., 1996):

Ts = τ / σn

As such, Ts depends solely on the stress field
(stress tensor) and surface orientation. Whether
or not a surface slips depends upon its cohesive
strength, if any, and the coefficient of static
friction, µ. The coefficient of static friction, µ, is
the value of Ts that causes slip on a cohesion-
less surface and is often referred to as the fault
“strength” in earthquake focal mechanism
analysis (e.g., Harmsen, 1994). Under most
crustal conditions, faults with Ts ≥ 0.6 are ide-
ally oriented for slip (Byerlee, 1978). Analysis of
slip tendency provides a way to assess which
faults are near the ideal orientation for slip and
are the most likely to be associated with zones
of increased fracture density and enhanced frac-
ture permeability.

Dilation Tendency
Dilation of fractures is largely controlled by

the resolved normal stress, which is a function
of lithostatic and tectonic stresses and fluid
pressure. The normal stress that a fracture feels
depends on the magnitude and direction of the
principal stresses relative to the fracture plane.
The ability of a fracture to dilate and transmit
fluid is directly related to its aperture, which in
turn is a function of the effective normal stress
acting upon it. The magnitude of the normal
stress can be computed for surfaces of all orien-
tations within a known or hypothesized stress
field. This normal stress can be normalized by
comparison with differential stress. The result-
ing dilation tendency (Td) for a surface is then
defined as

Td = (σ1 – σn) / (σ1 – σ3) 

where σ1 is the maximum principal compres-
sive stress, and σ3 is the minimum principal
compressive stress. 

BULK TRANSMISSIVITY ANISOTROPY

A population of steep, aligned, relatively
permeable faults and fractures cutting a less per-
meable rock mass will tend to orient the maxi-
mum directional transmissivity parallel to the
structural grain. In the case of unequal horizon-
tal stresses acting on a population of steep
faults and fractures, those with strikes parallel to
the maximum horizontal compressive stress
tend to open. Those with strikes perpendicular to
the maximum horizontal stress tend to close.
Similarly, some faults in an anisotropic stress
field will be more ideally oriented for slip and
others for locking. Thus, even if fault and frac-
ture orientation distribution is isotropic, trans-
missivity in the maximum horizontal stress

Stressed Rock continued from p. 3

Figure 3. (a) Three-dimensional
structure contour map of layer
(top of upper lythophysal zone

of the crystal-poor member)
within the Tiva Canyon Tuff in
the western Yucca Mountain,
Nevada, area. Irregular white

lines represent data points
from the three-dimensional

outcrop trace of the mapped
horizon (from Day et al., 1998a,

1998b). Gray indicates fault
gaps for Northern Windy Wash

(NWW), Fatigue Wash (FW),
Boomerang Point (BP), Solitario

Canyon (SC, subdivided into
northern, middle, and southern

sections), and Iron Ridge (IR)
faults. Coordinates are UTM

zone 11, elevations are in
meters above sea level, and ver-

tical exaggeration is 2.5×.
See Figure 4 for location.

(b) Three-dimensional model of
western Yucca Mountain fault

system with fault surfaces
colored according to slip

tendency. The slip tendency
plot (equal-angle stereographic

projection colored according
to slip tendency as defined in

text) shows poles to planes
(measurements from Simonds

et al., 1995 and Day et al.,
1998a) of the Windy Wash,
Fatigue Wash, Boomerang

Point, Solitario Canyon, and
Iron Ridge faults. The area is

the same as in part a; no
vertical exaggeration.

(c) Three-dimensional dilation
tendency model of western

Yucca Mountain fault system.
The dilation tendency plot
(equal-angle stereographic

projection colored according to
dilation tendency as defined in
text) shows poles to planes of

the Windy Wash, Fatigue Wash,
Boomerang Point, Solitario

Canyon, and Iron Ridge faults.
The area is the same as in part

a; no vertical exaggeration.
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direction can be enhanced, producing
transmissivity anisotropy.

Because fault and fracture populations
commonly exhibit preferred orientations
and in situ horizontal stresses are com-
monly unequal, both are likely to occur
together in nature and lead to anisotropic
transmissivity. For example, in cases where
σ3 is horizontal, vertical faults and frac-
tures perpendicular to σ3 have the highest
dilation tendency and are likely to be
more conductive than those in other ori-
entations (Fig. 2a). Faults and shear frac-
tures are sensitive to the σ1 direction and
commonly form two conjugate sets inter-
secting at an acute angle (~60) centered on
σ1 (Fig. 2, b and c). In normal fault
regimes where σ1 is vertical, two sets of
opposite-dipping conjugate normal faults
commonly develop (Fig. 2b). In strike-slip
fault regimes where σ1 is horizontal, two
sets of vertical conjugate strike-slip faults
commonly develop (Fig. 2c). In areas
where σ3 is horizontal, fault and fracture
preferred orientations, and slip tendency
and dilation tendency all promote devel-
opment of a net bulk transmissivity
anisotropy with a maximum horizontal
transmissivity perpendicular to σ3 (Fig.
2d). The interaction of aquifer transmissiv-
ity with faults and fractures can be field
tested by aquifer pumping tests. As done
below, the results can be used to deter-
mine the full transmissivity tensor and to
compare the orientation of the principal
components of this tensor with the maxi-
mum and minimum in situ horizontal
stress orientations and the distribution
of faults and fractures.

PREDICTION OF ANISOTROPIC
TRANSMISSIVITY AT YUCCA
MOUNTAIN

The pattern of faults and fractures in
the Yucca Mountain region (Fig. 1)
resulted from deformation in a regional
stress field that evolved from east-west
extension before 10 Ma to west-north-
west–east-southeast extension after 10 Ma
(Zoback et al., 1981), and from thermo-
elastic contraction during cooling of the
ash-flow tuffs (Sweetkind and Williams-
Stroud, 1996). The result is a dominant
population of north-south to northeast-
southwest–trending normal faults, a sub-
ordinate population of northwest-south-
east–trending strike-slip faults, and a
group of minor connecting faults and
curved fault tips (Day et al., 1998b; Ferrill
et al., 1999). Fault growth by connection
of overlapping fault segments produced
irregular fault traces with cusps at fault
intersections (Fig. 3a). Although faults at
Yucca Mountain are related to several
deformational episodes, some faults are
unlikely to slip because of unfavorable ori-
entations relative to the contemporary
stress state.

Yucca Mountain lies within the west-
ern Basin and Range in a region character-
ized by both normal and strike-slip earth-
quakes. The regional occurrence of both
normal and strike-slip earthquakes indi-
cates that the maximum (σ1) and inter-
mediate (σ2) principal compressive stresses
have similar magnitudes (Zoback, 1992;
Zoback et al., 1992). The least principal
compressive stress (σ3) is approximately
horizontal and trends west-northwest–
east-southeast. Therefore, σ3 is the “odd

axis” (Krantz, 1988) and has the most
direct control on the pattern of fault slip
tendency. Stock et al. (1985) estimated the
following effective principal stresses at
Yucca Mountain (corrected for fluid pres-
sure) at a depth of 1 km: σ1 = vertical = 21
MPa, σ2 = N25°–30°E = 17 MPa, and σ3 =
N60°–65°W = 11 MPa for the region.

Slip-Tendency Analysis of Yucca
Mountain Faults

Slip-tendency analysis of Yucca
Mountain faults was performed using the
relative stress values of Stock et al. (1985)
given above, a three-dimensional fault
model for western Yucca Mountain (Fig.
3b), and the faults mapped by Simonds et
al. (1995; Fig. 4a). Faults that strike parallel
to the north-northeast–trending maxi-
mum horizontal stress (025–030; 028 in
Figs. 3 and 4) and dip 55° have the maxi-
mum slip tendencies. Slip tendencies are
also near maximum (>0.3) for faults that
are moderately to steeply dipping
(40°–65°), and north-south to northeast-
southwest (000–055) striking. Faults at 1
km depth have moderate slip tendencies
relative to typical failure conditions. In
contrast, at depths of earthquake rupture
initiation (e.g., 5–15 km), stresses resolved
on similarly oriented faults produce near-
failure slip tendencies (Morris et al., 1996).
As described by Harmsen (1994), the pat-
tern of slipped faults in the Little Skull
Mountain (Fig. 1) earthquake sequence is
dominated by dip-slip on southeast-
dipping normal faults and right-lateral
strike-slip on vertical north-south trending

Stressed Rock continued on p. 6

Figure 4. (a) Slip tendency map of
Yucca Mountain faults mapped by
Simonds et al. (1995). The rose diagram
shows cumulative fault length in 10°
strike azimuth bins. The map and rose
diagram are colored according to slip
tendency as shown by the slip-tendency
plot and the color bar in Figure 3b. The
area is as shown in Figure 1. Named
faults discussed in the text are labeled on
the map: NWW—Northern Windy Wash,
SWW—Southern Windy Wash, FW—
Fatigue Wash, SC—Solitario Canyon,
IR—Iron Ridge, SR—Stagecoach Road,
PW—Pagany Wash, SW—Sever Wash,
and YW—Yucca Wash. (b) Dilation ten-
dency map of Yucca Mountain faults.
The map and rose diagram are colored
according to dilation tendency as shown
by the dilation-tendency plot and color
bar in Figure 3c. The area is as shown in
Figure 1.
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faults. This is the pattern predicted by slip
tendency analysis of the Yucca Mountain
stress field and supports simultaneous
activity of strike-slip and normal faults in
this area (Morris et al., 1996).

Examination of the faults mapped by
Simonds et al. (1995) reveals that nearly
all faults with known or suspected late
Quaternary displacement are in orienta-
tions of high slip tendency (Fig. 4a). Some
noteworthy examples are the Northern
and Southern Windy Wash, Fatigue Wash,
Solitario Canyon, Iron Ridge, and Stage-
coach Road faults (Fig. 4a). In contrast, the
northwest-southeast–trending Pagany
Wash, Sever Wash, and Yucca Wash faults
are in low slip-tendency orientations (Fig.
4a) and lack evidence of late Quaternary
slip (Simonds et al., 1995). 

Dilation-Tendency Analysis of
Yucca Mountain Faults

Dilation-tendency analysis of faults
and associated fractures at Yucca Moun-
tain (e.g., Figs. 3c and 4b) was performed
assuming the same relative stresses and
mapped faults used for slip-tendency anal-
ysis. The results show that vertical faults
and fractures that strike parallel to the
maximum horizontal stress (025–030; 028
in Figs. 3 and 4) have the maximum dila-
tion tendencies. Faults trending 028 ± 35°
and dipping 65° to 90° have dilation ten-
dencies of 0.8 or greater in the present
stress field (Fig. 3c). Dilation-tendency
analysis of faults at Yucca Mountain illus-
trates an abundance of steeply dipping
north-northeast–trending faults that have
high dilation tendency.

Implications for Anisotropic
Transmissivity at Yucca Mountain

Faults with favorable orientations for
slip or dilation present potential flow
pathways. Although we explicitly consider
only large map-scale faults, the processes
that alter permeability of large faults and
fracture systems also apply to abundant
smaller scale fractures and faults like those
seen in outcrops, boreholes, and the
Exploratory Studies Facility (cf. Sweetkind
and Williams-Stroud, 1996), resulting in
an effective hydraulic continuum. The
dominant trend of faults at Yucca Moun-
tain is approximately north-south (005;
see rose diagrams in Fig. 4). The strike,
maximum slip tendencies, and maximum
dilation tendencies of the fault population
indicate the possibility of anisotropic
transmissivity, with the direction of maxi-
mum transmissivity in the azimuth range
between 005 (based on dominant fault
trend) and 030 (based on slip- and dila-
tion-tendency constraints).

ESTIMATION OF ANISOTROPIC
TRANSMISSIVITY AT YUCCA
MOUNTAIN

A long-term aquifer pumping test was
conducted at the C-well complex on the
eastern flank of Yucca Mountain from
May 1996 to March 1997 (Geldon et al.,
1997). The C-well complex consists of
three wells (UE-25c #1, UE-25c #2, and
UE-25c #3) that are separated by distances
of 30–77 m and form a right triangle. Dur-
ing this aquifer test, well UE-25c #3 was
pumped at a rate of 9.5 L/s. Water levels in
four observation wells (USW H-4, ONC-1,
UE-25 WT #3, and UE-25 WT #14; Fig. 1),
located at distances of 0.84–3.5 km, were
monitored at 15 min intervals. 

We estimated horizontal anisotropy
of aquifer transmissivity on the basis of
data from the four distant observation
wells, using the method of Papadopulos
(1965) for homogenous, anisotropic
aquifers of infinite areal extent. Data from
two other wells (UE-25c #1 and UE-25c #2)
were not used because of complications
related to their proximity to the pumped
well. The technique requires the following
data from at least three observation wells:
(1) the directional azimuth (θ) to the mon-
itored well from the pumped well; (2) bulk
aquifer transmissivity (a scalar quantity
equal to the geometric mean of the mini-
mum and maximum direc-
tional transmissivities);
and (3) the directional
hydraulic diffusivity (a
vector quantity). Direc-
tional hydraulic diffusivity
[D(θ)] is defined as the
directional transmissivity
[T(θ); a vector quantity]
divided by the dimension-
less bulk aquifer storage
coefficient (S). Although
we are primarily interested
in T(θ), neither it nor S can
be estimated separately
from D(θ) until both the
ratio of maximum to mini-
mum D(θ) and the direc-
tion of maximum D(θ) are
known. These are deter-
mined by fitting an ellipse
to a polar plot of the
square root of D(θ).

Our analysis differs in
two ways from the inter-
pretation of Geldon et al.
(1997). First, we performed

a two-step correction that accounts for the
influence on water levels exerted by both
direct borehole coupling to atmospheric
pressure changes and the delayed atmo-
spheric pressure signal that arrives
through the overlying geologic formation.
Second, we assume that S is constant
throughout the aquifer, and thus differ-
ences in D(θ) between observation wells
are attributed to T(θ). The bulk aquifer
transmissivity estimates obtained from our
analysis (Table 1) are broadly consistent
with, but less variable than those in Gel-
don et al. (1997).

We began our analysis of aquifer
anisotropy by testing the assumption of a
homogenous aquifer system. In a purely
homogenous aquifer, the bulk transmissiv-
ity estimates obtained from each observa-
tion well should be the same. With the
exception of well USW H-4, aquifer trans-
missivity estimates are quite similar (Table
1). Because the transmissivity estimate for
well USW H-4 could be affected by a fault
system between it and the pumped well,
this well was excluded from the analysis of
horizontal anisotropy. A polar plot of the
square root of D(θ) for the remaining three
wells shows that an exact-fitting ellipse
could not be obtained from the data, con-
sistent with the fact that not every set of
three points defines an ellipse (Fig. 5).

Figure 5. An ellipse with major semi-axis oriented 030 provides a
close match to directional hydraulic diffusivities and indicates aniso-
tropic transmissivity that is consistent with predictions based on fault
and fracture orientations and effects of regional stress. Concentric
contours are in m/d1/2.

TABLE 1. DIRECTIONAL HYDRAULIC DIFFUSIVITIES ESTIMATED FOR OBSERVATION WELLS
FROM LONG-TERM PUMPING TEST AT C-WELLS

Well I.D. Direction Distance from Bulk aquifer Square root of
azimuth pumped well transmissivity directional hydraulic

(θ) (m) (m2/d) diffusivity 
[√D(θ); m/d1/2]

USW H-4 310 2245 670 560
ONC-1 327 843 1340 416
UE-25 WT #3 161 3526 1230 506
UE-25 WT #14 050 2249 1370 980

Stressed Rock continued from p. 5



Although the ellipse in Figure 5 is not an
exact fit, it closely matches the observa-
tion well data with major semi-axis ori-
ented 030. Because of uncertainty associ-
ated with aquifer pumping tests, and the
limitation of having only the minimum
number of data points to constrain an
ellipse, the ratio of minimum to maxi-
mum directional transmissivity is poorly
constrained. With this in mind, we esti-
mate from Figure 5 a maximum T(θ) of
5400 m2/d (azimuth 030), a minimum
T(θ) of 315 m2/d (azimuth 120), and a
bulk S value of 0.002. This analysis indi-
cates a northeast trend in the direction of
maximum T(θ) consistent with the north-
northeast (025–030) trend inferred from
the slip and dilation tendency.

IMPLICATIONS FOR 
PROPOSED YUCCA MOUNTAIN
REPOSITORY SITE

Current groundwater flow models at
Yucca Mountain (e.g., Czarnecki et al.,
1997, Department of Energy, 1998a,
1998b) do not incorporate anisotropy of
transmissivity. A flow pattern parallel to
the hydraulic gradient, as expected in an
isotropic aquifer (Freeze and Cherry,
1979), would result in relatively short
southeast-directed travel distances in the
unconfined welded-tuff aquifer before the
flow enters alluvial deposits. In contrast,
by taking into account the orientation of
maximum horizontal transmissivity and
the inferred presence of fault- and frac-
ture-controlled flow conduits, we propose
a model in which more southward-
directed flow paths would increase travel
distances in the tuff aquifer and reduce
the amount of flow in alluvium between
Yucca Mountain and the receptor loca-
tion. Such a difference in direction is
important, because relative flow velocities
should be faster in the lower porosity tuff
aquifer, and sorption of radionuclides
should be less in the tuff, owing to its
lower surface area of sorbing mineral
grains (e.g., clays, iron oxides, and calcite). 

CONCLUSIONS

In the contemporary stress state at
1 km depth at Yucca Mountain, slip and
dilation tendency analyses indicate the
following: faults that strike north-north-
east (000–055) and dip 40°–65° have high
slip tendencies, the maximum being for
faults that strike north-northeast
(025–030) and dip 53°; and faults that
strike north-northeast (350–065) and dip
65°–90° have high dilation tendencies, the
maximum being for vertical faults that
strike north-northeast (025–030).

The dominant north-south (~005)
trend of faults at Yucca Mountain, coupled
with slip-tendency and dilation-tendency
considerations suggest anisotropic trans-
missivity, with maximum transmissivity in
the azimuth range between 005 and 030.

The anisotropic transmissivity esti-
mated at Yucca Mountain has a maximum
principal direction of approximately 030,
consistent with the hypothesis that
anisotropy is controlled by faults and frac-
tures in the present-day in situ stress field.

Note: For more information on the
Yucca Mountain site, see www.ymp.gov/
va.htm.
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The time and the cost involved in
international travel often make it difficult
for scientists to travel to conferences over-
seas, collaborate with colleagues abroad, or
simply discuss scientific problems of
mutual interest. For instance, North Amer-
ica and Australia both have extensive arid
and semiarid zones in which groundwater
is a key natural resource. At the 1998 GSA
meeting in Toronto, GSA’s Hydrogeology
Division, in conjunction with The Univer-
sity of Texas at Austin and Flinders Univer-
sity of South Australia undertook an
experiment in modern scientific commu-
nication by holding GSA’s first Interna-
tional Internet symposium. The event
marked the first time that GSA has linked
up to a country outside of the United
States for one of its symposia. Approxi-
mately 100 scientists in Toronto, Canada,
and Adelaide, Australia, attended the
International Internet symposium,
“Understanding Groundwater in Arid and
Semiarid Environments in North America
and Australia.” 

The symposium provided scientists
on two continents an opportunity to
exchange thoughts and experiences on
hydrogeology in these areas. Three speak-
ers from North America and three from
Australia presented videotaped talks, fol-
lowed by live discussion, over the Internet
using Microsoft NetMeeting. The sympo-
sium had some successful aspects, but also
some limitations, as described here. 

BACKGROUND

Apart from everyday electronic mail,
use of the Internet in the geological sci-
ences is often limited to class notes, syl-
labi, and the like. This passive approach
has missed out on the developing capabili-
ties of the Internet for scientific communi-
cation. In today’s “global village,” it is
becoming increasingly important to keep
well informed and up to date about the
activities of the international scientific
community. Despite easy access to e-mail,
telephones and fax machines, useful
research collaborations across town or on
the other side of the planet are still com-
monly limited by communication barriers. 

Today, personal computers and net-
works are faster than ever, and a new type
of software has become available for com-
munication across the Internet. Among
these programs is Microsoft NetMeeting,
which was used for the symposium
because the software is free, easily down-

loadable from the Web, and simple to use.
The software allows two computers at
remote locations across the globe to speak
via the Internet and to share voice, video,
and software applications. The software
makes it possible to discuss research with
colleagues, edit papers or presentations,
listen to talks, or even look at a laboratory
experiment on rock samples being carried
out in real time in another country. Prob-
lems with network speed and reliability
mean that the software cannot replace
telephone, e-mail, or video conferencing.
However, in our opinion, it provides an
excellent new method of communicating
that complements the more traditional
methods. 

INFRASTRUCTURE

The major problem we encountered
in conducting the symposium was the
lack of compatible infrastructure and tech-
nical support. To our knowledge, such a
symposium had never been attempted
before, and there were many questions to
be answered, such as: Why not just use
video teleconferencing to hold the sympo-
sium? What happens if the technology
fails on the day? Video teleconferencing is
very expensive, especially when a pre-
established video conferencing room is
not already available. We received quotes
in the $10,000 range for a two-hour dedi-
cated line between the convention center
in Toronto and Flinders University in Ade-
laide. Additionally, when the conference is
over, videoconferencing is unavailable to
the majority of geoscientists. NetMeeting,
however, is different in this regard. All
that is needed is a PC, a microphone, and
a connection to the Internet. 

Because we were using the Internet,
and projecting the computer and videos

for a larger audience, there were difficul-
ties finding equipment. Additionally, we
needed to establish network connections
in both locations; fortunately, for every-
day use, network connections and PCs are
already hooked up. The main requirement
for effective meetings using the Internet is
a good microphone. The typical omnidi-
rectional microphone that comes with
many PCs is insufficient. The alternative is
a clip or a unidirectional shotgun micro-
phone, which are much better.

One of the glitches in the symposium
was that we had to replace the VCR pro-
jector in Toronto 10 minutes before the
symposium was scheduled to commence.
This caused a system crash, and it took
almost 25 minutes to get back on line, set-
ting us slightly off schedule. However, the
use of prerecorded video presentations not
only allowed us to organize the sympo-
sium on a shoestring budget but also
assured available presentations in case of
network failure. 

In our experience, personal use of
NetMeeting in research collaboration is a
significantly easier process than using it in
a large meeting, such as the symposium at
GSA. We have been successfully using Net-
Meeting in our research collaboration
between the University of Texas at Austin
and Flinders University of South Australia
for over a year, testimony to its immediate
suitability for that purpose. The only hur-
dle that may never be overcome is that
Earth is round, which means finding a
suitable time that both collaborators are
awake, working, and ready to talk! 

Finally, although flexible delivery,
remote distance education, and alternative
teaching methods are touted at many uni-
versities, the procedures to make a scien-
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tific video presentation and conduct such
a symposium are not always clear or
simple. For our symposium, the invited
speakers solved these difficulties locally—
usually with great effort. Video quality was
problematic, owing to the use of standard
video cameras instead of broadcast quality
cameras and to video translation between
the NTSC (United States) and PAL (Aus-
tralia) formats. Further losses in video
quality occurred during projection onto
large screens. It may be that this tech-
nique is more useful for small group com-
munications, but is not yet appropriate for
large meetings.

PSYCHOLOGICAL BARRIERS

Potentially the most interesting
aspect of the symposium was an unex-
pected psychological barrier. We found
that it was not easy getting people to con-
verse using the technology. At some
points, there were problems with audio
quality and understanding the questions
and discussion. In this respect, this tech-
nique is probably not unlike the early days
of leaving messages on answering
machines or when e-mail and the Internet
were just emerging as new technologies.
These are all now a part of our everyday
lifestyles. The symposium attendees were

interested in observing, but they were ten-
tative about talking to an unseen foreign
scientist. The Internet technique could not
be compared with, e.g., video conferenc-
ing, because the standard video camera
that can be used on an everyday PC, fine
for single users talking across the Internet,
would not have been satisfactory for the
symposium. The costs involved in using
high-quality camera and visual facilities
were prohibitive. 

An organizational point of interest
was that the strict GSA presentation sched-
ule caused some problems because it was
difficult to cut off discussion when it was
happening. The conveners could not sim-
ply tell the audience that the authors
would be available for informal discus-
sions during the coffee break. This is espe-
cially difficult when an international dis-
cussion had just heated up and become
interesting.

GEOSCIENCE COMMUNITY

We were impressed at the skill and
energy of the geoscience community
involved with this experiment. The
invited speakers (Graham Allison, of Alli-
son Partners, former head of CSIRO Land
and Water, Australia; Fred Phillips and col-
leagues from New Mexico Tech; Richard
Evans of Sinclair Knight Merz, Australia;
Elizabeth Jacobson and colleagues from
the Desert Research Institute; Craig
Simmons of Flinders University of South
Australia; and Matt Uliana and Jack Sharp
of the University of Texas at Austin) pre-
sented a range of videos on their research
on groundwater in arid and semiarid
areas. The authors were given complete
artistic license over the way that they pre-
pared their videos. The diversity in the
styles of video presentation was intriguing.
Most speakers had never  before made a
scientific video. Speakers commented on
the difficulty in making a good scientific
video presentation and how it required a
different level of thought and preparation
compared with giving a live presentation
at a conference.

The audiences provided a lot of sup-
port for the symposium. On the Australian
side at Flinders University, faculty from
nearly every science and engineering
department were present to see how these
new techniques might be incorporated
into their research and teaching. Academic
staff and graduate and undergraduate stu-
dents were also quick to pick up GSA

membership application forms. In
Toronto, brave souls stayed until late in
the evening to learn about arid-zone
hydrology. Additionally, international
scientists from Europe, Africa, South
America, North America, and Australia
expressed interest in the symposium at
our symposium Web site (http://www.geo.
utexas.edu/halihan/s27.htm). 

CONCLUSIONS AND
RECOMMENDATIONS

The symposium demonstrated that
today’s Internet technology could provide
a venue for long-distance scientific com-
munication. Furthermore, we presented
some of the best arid-zone hydrology
research now being conducted on two
continents. The demonstrated interest
level supports our belief that the scientific
community only stands to benefit from
the use of this emerging technology. It is
ideal for scientists wishing to collaborate
between states and countries. We have
found that half-hour conversations about
research using NetMeeting are much more
effective than months of e-mails because,
unlike e-mail, this communication
method is spontaneous and immediate. 

Some may think, however, that the
use of this technology for an international
symposium was an overly ambitious idea
given the current problems with network
and computer reliability that we all seem
to face on an almost daily basis. They may
be correct, but we favor Einstein’s quote,
“Anyone who has never made a mistake
has never tried anything new.” For sympo-
siums and presentations, the technology is
not yet as strong as video conferencing,
but it is more portable and cost effective.
This technology is not a substitute for
attending a conference, but it is useful for
holding symposia to discuss a particular
field area or topic among assembled field
assistants, students, and scientists who
might otherwise never be able to attend a
GSA (or similar) meeting in another
country. 

We think that the 1998 GSA Interna-
tional Internet symposium was successful
as an experiment in an area that will
become commonplace in teaching and
research in the future. New information
technology developments will provide
networking methods better than those we
employed. Such Internet conferencing will
become more widespread in research, in
teaching, and at professional meetings. ■

Symposium continued from p. 9



This has been a very exciting and action-packed year for 
the Education Department of the American Geological Institute
(AGI), and we are delighted to update GSA members about our
recent activity. In this report we describe rapid developments
within our earth science curriculum projects, AGI’s continued
support of geoscience scholarships for underrepresented minori-
ties, and a variety of outreach activities directed at promoting
earth science awareness and understanding from K–16 and
beyond.

EarthComm: Earth System Science 
in the Communiity

Many of you have heard of EarthComm, AGI’s high school
earth science curriculum project, supported through the National
Science Foundation and the AGI Foundation. EarthComm was
funded to target the grades 9–12 earth science and inquiry stan-
dards of the National Science Eduation Standards (NSES). Over
the years, many extremely talented individuals have contributed
to EarthComm. It has been a labor of love for everyone who has
had a hand in shaping it, and the project remains the product of
everyone who has contributed.

EarthComm had a highly productive year in 1998. Project
staff outlined a design and plan for curriculum development in
February, and by late April we had developed template chapter
materials and contracted 24 writers in six writing teams across
the country to develop the curriculum. Teams of high school
teachers and university earth scientists collaborated throughout
the summer to produce the first full draft of EarthComm by the
first of August. Early in 1998 we established that EarthComm
would be shaped to the greatest extent possible by practicing
teachers, 37 of whom took part in reviewing the first draft in
August and September. By March we had selected the best
inquiry-based investigations (over 120 were written) for inclusion
in five units and fourteen chapters: 

Natural Hazards—Volcanoes and your Community, Earth-
quakes and Your Community, Plate Tectonics and Your Commu-
nity

Environments—Geomorphology of Your Community, Sur-
face Processes in Your Community, Land Use Planning in Your
Community

Fluid Spheres—Atmosphere Above Your Community,
Cryosphere and Your Community, Oceans and Your Community

Earth Resources—Mineral Resources of Your Community,
Energy Resources and Your Community, Water Resources in Your
Community

Earth System Evolution—Changing Environments in Your
Community, Changing Life in Your Community

Every investigation in EarthComm centers on a chapter chal-
lenge. The challenge motivates students to use a variety of meth-
ods and resources while inquiring about a problem or a focal issue
in their community, region, or state, including hands-on data col-
lection and interpretation, video, CD-ROM and Internet-based
applications, and media and text-based research. Students are
prompted to think about how their developing awareness of issues
and science concepts helps them to better understand their com-
munity and its connections to the Earth system. We have much
work ahead as we refine EarthComm into a version for national
field testing in the 1999–2000 school year, but we are excited
about the prospects of bringing a product to market that has been

shaped by so many talented individuals. For more information,
please visit our Web site at http://www.agiweb.org/earthcomm.

Investigating Earth Systems

Investigating Earth Systems (IES) is AGI’s inquiry-based earth
science curriculum for middle school. Developed within the past
two years through funding from the National Science Foundation
(NSF) and the Chevron Corporation, IES evolved from the origi-
nal conception of an upper elementary earth science sourcebook
into a nine-module series that targets the grades 5–8 earth science
and inquiry standards of the NSES. According to the NSES, mid-
dle-grade curriculum should help students apply their observa-
tional skills and awareness of natural phenomena to develop an
understanding of Earth as a set of closely coupled systems. IES is
designed to help students investigate the geosphere, hydrosphere,
atmosphere, and biosphere, and establish the inquiry abilities
necessary to engage in deeper inquiry into energy systems, geo-
chemical cycles, and the evolution of the Earth system at the
high school level.

The scientific and pedagogic design of IES is driven by the
NSES and derived from current science education research. Each
module is based on a scientific inquiry approach to learning and
is focused on student questions and investigations. Collaborative
learning strategies are the centerpiece of IES, which promotes
student success at making progress in inquiry abilities and earth
science understanding and making cross-disciplinary and cross-
curricular connections. All IES titles begin with the word “Inves-
tigating,” and include the following titles: Soil, Minerals, Oceans,
Landforms, Water Resources, Climate and Weather, Dynamic
Earth, Energy Resources, and Life through Time. IES focuses upon
the following big ideas: Earth is a set of closely coupled systems;
the geology of Earth is dynamic and ever-changing; the geology
of Earth has evolved slowly over a very long time, 4.5 billion
years since its birth; Earth’s processes are powered by two sources:
the Sun and Earth’s own inner heat; the geological evolution of
Earth has left a record of its history that geoscientists interpret;
we rely on Earth’s resources, both mined and grown.

More than 45 teachers in 15 states tested IES between
December 1997 and April 1999. This spring, pilot versions of all
nine modules (with teacher guides) will be revised in preparation
for a national field-test program. AGI is currently in the final
stages of selecting a publisher. Further information is available 
on the IES Web site at http://www.agiweb.org/earthsystems/.

Undergraduate and Graduate Education

AGI has a long history of running minority participation
programs. The first program began more than 25 years ago. The
goal of these programs has always been to increase the represen-
tation of ethnic minority students in the geosciences. For the 
past 25 years, one way in which AGI has addressed this goal is
through scholarships. More recently, AGI has sponsored a men-
toring program to enhance the experience of these scholars dur-
ing their academic careers.

In 1998, AGI resubmitted a proposal for continued funding
support for the Minority Geoscience Scholarship (MGS) Program.
The NSF agreed to fund the program to award $155,000 in under-
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graduate scholarships over a two-year
period. In 1998–1999, the MGS program
awarded $94,000 to 39 undergraduate
scholars (supported by NSF) and 17 gradu-
ate students (supported with funds pro-
vided by AGI corporate partners, member
societies, and individuals).

As part of ongoing dialogue with the
NSF, AGI is preparing a proposal to con-
duct a workshop on underrepresentation
in the geosciences. The workshop has four
goals. First, we must identify the barriers
to minority participation in the geo-
sciences. We expect both to draw upon the
knowledge gained from forums and work-
shops previously held by the geoscience
community and to develop new insights
from discussions among the workshop
participants. Second, we must explore how
other science communities have addressed
similar barriers. By inviting representatives
from other science disciplines, we hope to
learn from the experience of others. Third,
we must determine if research shows that
particular strategies for addressing these
barriers are successful. If research in this
area is sparse, we might consider develop-
ing a partnership with an education
research professional to evaluate minority
participation programs. Fourth, we must
develop a tentative plan to bring down
barriers to minority participation in the
geosciences. Individuals interested in
learning more about or contributing to
this conference should contact Laurie Mar-
tin-Vermilyea at lmv@agiweb.org. 

Collaboration and Outreach

In December 1998, the education
departments and executive directors of all
AGI member societies participated in a
forum on K–12 earth science education.
The forum gave participants an opportu-
nity to share ideas and brainstorm about
mutual concerns and goals. Participants
agreed to a second meeting at AGI on May
22, 1999. We welcome your involvement
and participation in the forum. A key item
for discussion in May will be GSA’s pro-
posed action plan for the implementation
of high school earth and space standards.

AGI also made a focused effort to
work closely with the leadership and
membership of the National Earth Science
Teachers Association. NESTA has long sup-
ported AGI education initiatives, and we
want to ensure that AGI provides opportu-
nities that help the NESTA organization to
grow and flourish. Through regular meet-
ings, we have outlined ways that AGI and
NESTA can collaborate during the coming
year, including revising Earth Science
Investigations into a joint AGI-NESTA
publication and inviting NESTA members
to take an active role in AGI curriculum
development and teacher enhancement
projects.

This year, Geotimes established a
monthly column, “Core Studies,” dedi-
cated to exploring issues and develop-
ments in K–16 earth science education.
Topics addressed to date have included the
content and method of earth science edu-
cation, the NESTA organization, AAAS Pro-

ject 2061 middle school earth science cur-
riculum evaluation, and the issue of con-
tent coverage in traditional middle school
textbooks. Topical guest columns are wel-
come and should be directed to Mike
Smith at msmith@agiweb.org. 

AGI is stepping up efforts for National
Earth Science Week, to be held October
10–16, 1999. A Web site at http://www.
earthsciweek.org/ provides information
about a variety of ways that all members
of the geoscience community can become
actively involved in promoting the geo-
sciences in public settings. We also con-
tinue to promote an Environmental
Awareness series and develop and dissemi-
nate related posters and bookmarks
through a variety of scientific and science
education publications. Look for an article
about our most recent poster “Metals
Empower Us” in the April issue of Science
Scope, NSTA’s middle school teacher
journal. ■
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I’ve been waiting for several months
for the right opportunity to write about
the Administration’s Lands Legacy Initia-
tive, announced in January. President Clin-
ton’s speech, presented at the celebration
of the 150th anniversary of the Depart-
ment of the Interior (DOI) prompted me to
do so. Many of the President’s comments
focused on the diverse stewardship activi-
ties of the DOI. He stated that perhaps
more than any other department of the
federal government, the DOI embodies the
history of the United States, from manifest
destiny and the great expansion West to
fertile fields rising from arid deserts, to
people rising from the depths of the Great
Depression, to a nation marshaling the
resources to win two world wars, to scien-
tific discovery and relentless explorations,
to a story of our country’s struggle to rec-
ognize the dignity and independence and
sovereignty of Native Americans.

Clinton commented that in 1849,
when the DOI was launched with a head-
quarters staff of 10 and a budget of
$14,200, it lacked a unifying purpose. 
By comparison, he said, “everything this
department does today is guided by the
unifying purpose of stewardship.” Clinton
told the 800 assembled in the DOI audito-
rium, “As wise and dedicated stewards, you
act in the recognition that all of us are but
brief visitors on this small planet. You
understand that everything we want for
our children depends on protecting the
forests, the streams, the deserts that were
here so very long before we came along.
Today, the ‘Department of Everything
Else,’ as it was once called, is and forever
will be the ‘Department of Stewardship.’” 

Stating that “we have much, much
more to do,” the President said, “First, we
must preserve more precious lands....” 
He stated that he would “soon send the
Congress a plan to bestow the highest level

of wilderness protection on more than 5
million acres of back country lands within
Yellowstone, Glacier, and other national
parks. In these vast regions, the roar of
bulldozers and chainsaws never again will
drown out the call of the wild. I’m also
proposing an unprecedented $1 billion
Lands Legacy Initiative.... It is no longer
enough for our nation to preserve its
grandest natural wonders. As communities
grow and expand, it has become every bit
as important to preserve the small, but
sacred, green and open space closer to
home. So my Lands Legacy Initiative will
also help communities protect meadows
and seashores, where children play;
streams where sportsmen and women can
fish; farmlands that produce the fresh har-
vest we often take for granted.... I promise
to work with Congress to create for the
very first time a guaranteed fund for pro-
tecting and restoring priceless land all
across America.”

The Lands Legacy Initiative is the
largest one-year investment ever in the
protection of America’s land resources.
This FY 2000 budget proposal represents a
125% increase over FY 1999 funding. The
President will ask Congress to provide $1
billion to expand federal protection of crit-
ical lands across America, help states and
communities preserve local green spaces,
and strengthen protections for America’s
oceans and coasts. This initiative includes
$900 million from the Land and Water
Conservation Fund (LWCF), marking 
the first time any Administration has
requested funding from the fund to the
limit allowable by law. The LWCF draws
revenues from federal offshore oil sales. To
continue these efforts in the new century,
the President has committed to work with
Congress to create a permanent funding
stream beginning in FY 2001. 

The Land Legacy’s primary themes are
these:

Federal Acquisitions. The initiative
increases federal land acquisition funding
through the LWCF by 26% to a total of
$413 million ($295 million for DOI, and
$118 million for USDA). In recent years,
the Administration has used LWCF funds
to protect Yellowstone National Park from
mining, to save ancient redwoods in Cali-
fornia’s Headwaters Forest, to preserve
Civil War battlefields, to complete the
Appalachian Trail, and to acquire more
than 100 natural and historic sites across
the country. Priorities for FY 2000 include
acquisition of over 450,000 acres in Cali-
fornia’s Mojave Desert around Mojave and
Joshua Tree National Parks, acquiring
100,00 acres of additional land within
national forests and wildlife refuges in
Maine, Vermont, New Hampshire, and
New York, acquiring lands critical to ongo-
ing federal and state restoration efforts of
Florida’s Everglades, protecting the Lewis
and Clark Trail, the explorers’ historic
route along the Missouri River, and acquir-
ing lands within Gettysburg, Antietam,
and other Civil War battlefields.

Protecting Our Parks. The President 
is asking Congress to grant permanent
wilderness protection to more than 5 mil-
lion acres within Arches, Big Bend, Bryce
Canyon, Canyonlands, Capitol Reef, Crater
Lake, Glacier, Grand Teton, Great Smoky
Mountains, Rocky Mountain, Yellowstone,
and Zion National Parks; Cedar Breaks,
Colorado, and Dinosaur National Monu-
ments; Assateague Island National
Seashore–Chincoteague National Wildlife
Refuge; and Cumberland Gap National
Historic Park. Granting these areas the
highest level of federal protection available
would, in the words of the Wilderness Act
of 1964, recognize them as areas “where
the earth and its community of life are

In one way or the other, almost all of us have come to see
nature as a precious, but fragile, gift, and an important part of
the fabric of our lives. Probably every one of us could cite one par-
ticular example where that came home to us as never before. I
remember once in 1971, when I was driving to California to visit
Hillary—we had just started seeing each other—and I stopped at
the Grand Canyon. And I crawled out on a ledge, about an hour-
and-a-half or two before sunset, and I just sat there for two
hours, and I watched the sun set on Grand Canyon—if you’ve
never done it, you ought to do it.

And because of the way the rocks are layered over millions of
years, it’s like a kaleidoscope. And the colors change over and

over and over again, layer by layer by layer as the sun goes down.
It is a stunning, stunning thing to see the interplay of light and
stone, and realize how it happened over the ages. I never got over
it. I think about it all the time, now, nearly 30 years later.

That kind of moment can’t be captured in the words I have
shared with you, or even photographed, because the important
thing is the interaction of human nature with nature. But we’ve
all felt it. And we all know that part of our essential humanity is
paying respect to what God gave us, and what will be here a long
time after we’re gone. 

—President Bill Clinton, March 4, 1999

A Speech and a Legacy

Washington Report provides the GSA membership with a window
on the activities of the federal agencies, Congress and the legislative
process, and international interactions that could impact the geo-

science community. These reports present summaries of agency and
interagency programs, track legislation, and present insights into
Washington, D.C., geopolitics as they pertain to the geosciences.

WASHINGTON REPORT
Bruce F. Molnia, bmolnia@erols.com
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untrammeled by man, where man himself
is a visitor who does not remain.”

Helping States and Communities Preserve
Green Spaces. The Lands Legacy includes
$150 million for Land Acquisition Grants
for matching grants to state, local, and
tribal governments and nonprofit land
trusts, for acquisition of land and ease-
ments for urban parks, greenways, outdoor
recreation, wildlife habitat, and coastal
wetlands. The DOI program retools the
LWCF state grants program for “smart
growth” and preservation of open space.
Grants will be awarded on a competitive
basis, with priority going to projects con-
sistent with statewide “smart growth”
plans. The initiative also proposes a new
$50 million for Open Space Planning
Grants, a program of matching grants to
states to develop open space preservation
and “smart growth” strategies. States
would use a variety of data and tools to
identify priority areas for urban develop-
ment, farmland, and conservation. The
program, administered by DOI, would
award grants competitively, with priority
going to proposals that tie state plans to
regional strategies for managing the econ-
omy, job growth, and infrastructure devel-
opment.

Cooperative Endangered Species Conser-
vation Fund. The initiative proposes $80
million, a $66 million increase, for state
and local land acquisition to protect
threatened and endangered species. By
supporting Habitat Conservation Plans and
other flexible tools under the Endangered
Species Act, the Fund promotes collabora-
tive strategies that sustain both wildlife
and economic development. The program
is administered by the U.S. Fish and
Wildlife Service.

Forest Legacy Program. To protect pri-
vate forest land that provides critical
wildlife habitat and is threatened by devel-
opment, the initiative proposes $50 mil-
lion, a more than sixfold increase, for
matching grants to states for the purchase
of permanent conservation easements. Use
of protected lands for forestry and compat-
ible activities is permitted. The program is
administered by the U.S. Forest Service
(USFS), and the proposed funding would
protect roughly 135,000 acres.

Urban and Community Forestry. The
initiative proposes $40 million, a 29 %
increase, for matching grants to states and
communities to establish, maintain, and
expand urban and community forests and
related green spaces. The program, admin-
istered by USFS, operates in partnership
with 8,000 volunteer organizations in
more than 10,000 communities. The
proposed funding would support 75,000
projects in those communities.

Farmland Protection Program. To protect
farmland and sustain rural economies, the
Lands Legacy would provide $50 million in
matching grants to states, communities,
tribes, and land trusts for the purchase of

permanent conservation easements on
farmland threatened by development. The
program, administered by USDA’s Natural
Resources Conservation Service (NRCS)
was created by the 1996 Farm Bill.
Through mid-1998, $35 million in federal
funding had leveraged an estimated $230
million in easements, protecting about
127,000 acres.

Smart Growth Partnership. The initia-
tive proposes a new revolving loan pro-
gram to support acquisition of land and
easements in rural areas. The partnership,
administered by USDA, would make loans
to intermediate borrowers (state, local, and
tribal governments, and nonprofit corpora-
tions), which in turn would loan funds to
rural businesses, land trusts, and other
nonprofit organizations. Proposed funding
of $10 million would support $50 million
in loans. Priorities are supporting “smart
growth” strategies and helping owners of
underproducing forest land, at risk of sale,
to improve forest productivity.

Urban Parks and Recreation Recovery.
The initiative proposes $4 million in
matching grants and technical assistance
for the restoration of parks in economically
distressed urban communities. The pro-
gram, administered by the National Park
Service, awarded more than 1200 grants
from 1978 to 1995 but has remained
unfunded since 1995.

Protecting Our Oceans and Coasts. The
Lands Legacy proposes $29 million, a 107
% increase, to strengthen protections at 12
national marine sanctuaries off California,
Florida, Georgia, Hawaii, Louisiana, Mas-
sachusetts, North Carolina, Texas, Wash-
ington, and American Samoa. It also
begins plans for several future marine sanc-
tuaries. The funding will allow NOAA to
accelerate the adoption and implementa-
tion of management plans for existing
sanctuaries and expand outreach activities
with coastal communities.

Coastal Zone Management Act Program.
To help promote “smart growth” strategies
along America’s coasts, the initiative pro-
poses $90 million, a 55% increase, to help
states implement
Critical Coastal
Area Management
and Restoration
Plans. The match-
ing grants can be
used to acquire
lands or to under-
take other efforts
to protect wildlife
habitat, protect life
and property from
coastal hazards,
and revitalize ports
and urban water-
fronts.

National Estuarine Research Reserves
System. The initiative proposes $19 million,
a 375% increase, to expand a network of
critical estuaries representing all the bio-
logical regions along America’s coasts.
NOAA provides guidance and matching
funds to states to acquire land, protect
resources, and conduct research and educa-
tion. Twenty-two reserves in 19 states and
territories manage about 500,000 acres.
The proposed funding would double the
protected acreage.

Coral Reef Restoration. The Lands
Legacy proposes $10.3 million, a $10 mil-
lion increase, to protect fragile coral reefs
from pollution and other human impacts.
NOAA, in conjunction with DOI, would
restore injured reefs in Puerto Rico, Florida,
Hawaii, and U.S. territories, and develop a
coral nursery to grow donor material for
restoration projects.

Coastal Dredge Area Restoration. The
initiative proposes $10 million for NOAA
to work with the U.S. Army Corps of Engi-
neers to use material dredged from ports
and shipping channels to restore coastal
habitats. Dredging is critical to keep ship-
ping lanes open and deepen channels to
accommodate larger ships. Reusing dredge
spoils benefits the environment and
reduces disposal costs.

Fisheries Habitat Restoration. To restore
declining fisheries, the initiative proposes
$25 million for NOAA’s National Marine
Fisheries Service to acquire and protect crit-
ical habitat. Efforts would focus on the
northeast and middle Atlantic coast, the
Gulf Coast, the West Coast, Alaska, and
other regions that participate in the
National Estuary Program or have multiple
threatened or endangered species.

According to the Administration, the
Lands Legacy Initiative continues the Clin-
ton-Gore efforts to save America’s “natural
treasures.” If funded at the requested level,
DOI will administer $579 million, USDA
will administer $268 million, and NOAA
will administer $183 million. A parallel $1
billion Livability Agenda was announced
by Vice President Gore on January 11. ■
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Bob Hatcher will apply
his considerable knowledge
about GSA as the newest
member of the Foundation’s
Board of Trustees. Hatcher
will serve a five-year term, fill-
ing the vacancy left on the
board from the June 1998
death of Philip Oxley.

Hatcher, one of the first
recipients of GSA’s Distin-
guished Service Award (1988),
comes to the Foundation with
25 years of service to GSA. He
was a Penrose Conference
convener in 1974, 1976, and
1980; served on numerous
GSA committees; was both an

Associate Editor and Editor of the GSA Bulletin; served as a GSA
Councilor from 1980 to 1982; and was GSA vice-president in
1992 and president in 1993. Most recently, Hatcher has worked
with the GSA Foundation closely on the Second Century cam-
paign, serving as the Southeastern Section Chair.

Hatcher’s distinguished career in geology began with degrees
from Vanderbilt University and the University of Tennessee
(Ph.D.). He has taught and published at Vanderbilt, University of
Tennessee, Clemson University, Florida State University, and Uni-
versity of South Carolina. He is currently professor of geology and
distinguished scientist at the University of Tennessee’s Oak Ridge
National Laboratory. He has also served as a consultant with vari-
ous corporations and has done extensive geologic mapping in
North and South Carolina, Georgia, Louisiana, and Tennessee.

Hatcher’s knowledge of the geological arena as well as his
extensive institutional memory of GSA will bring an important
perspective to the board’s discussions.

Morris W. Leighton, Chair of the Board of Trustees, com-
mented, “I’m delighted that Bob Hatcher has agreed to join the
GSA Foundation’s Board of Trustees. He has an outstanding
record as a scientist, a teacher, and a leader in our profession.
Adding a person of his stature bodes well for the Foundation and
its efforts to help support vital GSA programs and activities.”

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. ■
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Digging Up the Past
Most memorable early geologic 
experience:
“My geologic mapping for a hydrogeo-
logic investigation by the USGS in south-
western Puerto Rico in 1959 disclosed
an important fault—an exciting
and rewarding experience.

—Irving G. Grossman



Roy J. Shlemon Mentor
Program in Applied
Geology
Rosalind Munro

Shoemaker Memorial
Fund for Crater Studies
Michael & Robin Kaiserman*
Carolyn S. Shoemaker*
Lorin R. Stieff*

Southeastern Section
Endowment
Charles C. Daniel III*

Unrestricted
Samuel S. Adams
Alice S. Allen
Richard C. Anderson◆

ARCO Foundation, Inc.
Daniel D. Arden, Jr.
Frederick W. Bachhuber*
Madeleine Briskin
Arthur P. Butler, Jr.
Charles C. Daniel III◆

Craig Dietsch
Robert F. Dymek
EXXON Production Research

Company*
Charles L. Gardner
Robert Y. Grant
Carlyle Gray
Daniel R. Griffiths
Raymond C. Gutschick
Frank H. Howd

Douglas L. Inman
Gerald H. Johnson
Charles W. Klassette
Hulbert A. Lee◆

Donald R. Lowe
Micromass, Inc.*
Robert B. Mixon
Rosalind Munro
Dicky Muslim
John G. Ramsay

Lee R. Russell
Robert H. Rutford
James K. Sabshin
David C. Shelley
Catherine F. Slater
Rudolf Trumpy
Newell F. Varney◆

Ray E. Wells
William B. Whiteford

Dean G. Wilder
Judy L. Wilkinson
Stuart S. Wilson

Women in Science
Rosalind Munro

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

◆ Second Century Fund
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GSA Foundation
3300 Penrose Place 

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

(303) 447-2020
drussell@geosociety.org 

Enclosed is my contribution in the amount of $__________.

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

Please credit my gift to the ___________________________ Fund.

PLEASE PRINT

Name ____________________________________________________________________

Address __________________________________________________________________

City/State/ZIP _____________________________________________________________

Phone ____________________________________________________________________

Donors continued from p. 16

LETTER 

Stanley and Hardie (GSA Today, v. 9, February 1999) have
hypothesized a relationship between skeletal mineralogy and
Mg/Ca seawater ratios through the Phanerozoic, but they have
overlooked the relationship between protistan skeletal miner-
alogy, seawater chemistry, and other factors. They (p. 5) state
that “there is no overall temporal relationship between their
[foraminifera] predominant mineralogy and the Mg/Ca ratio
of seawater.” Nevertheless, most calcareous suborders of
foraminifera that evolved in late Paleozoic “aragonite seas” are
characterized by tests of high-Mg calcite or aragonite. The sub-
order Fusulinina, which is characterized by low-Mg tests, origi-
nated in the low-Mg calcite seas of the early Paleozoic.

Like fusulinids, calcareous nannofossils (coccol-
ithophorids) also consist of low-Mg calcite. Nannofossil oozes
were prominent in early Paleogene time; but, according to
Stanley and Hardie’s Figure 2, Mg/Ca ratios in the early Paleo-
gene exceeded those of most of the Cretaceous, when nanno-
fossil oozes were also widespread. Changes in rates and types
of ooze deposition may well be related to factors such as nutri-
ent availability and water mass stratification. For example, the

apparent decline in coccolithophorid productivity in the Neo-
gene (Stanley and Hardie, 1999) occurred as diatoms, which
prefer nutrient-rich conditions, became prominent compo-
nents of marine plankton. Nutrient availability has also been
implicated in the decline and extinction of other taxa, includ-
ing fusulinids (Martin, 1995, 1996).

References Cited
Martin, R. E., 1995, Cyclic and secular variation in microfossil biomineralization:
Clues to the biogeochemical evolution of Phanerozoic oceans: Global and Plane-
tary Change, v. 11, p. 1–23.
Martin, R. E., 1996, Secular increase in nutrient levels through the Phanerozoic:
Implications for productivity, biomass, and diversity of the marine biosphere.
Palaios, v. 11, p. 209–219.
Stanley, S. M., and Hardie, L. A., 1999, Hypercalcification: Paleontology links
plate tectonics and geochemistry to sedimentology: GSA Today, v. 9, no. 2,
p. 1–7. 

Ron Martin
University of Delaware

Newark DE 19716
Daddy@Strauss.udel.edu



While GSA and science as a whole is
acknowledging the need for an integra-
tive, interdisciplinary attack on important
scientific problems, we all recognize that
effective interdisciplinary science requires
strong disciplinary science. GSA’s twelve
divisions provide a home for like-minded
scientists within the Society as a whole, as
well as a focus for cross-disciplinary dis-
cussion and interaction. In particular, the
divisions help develop the scientific pro-
gram for the annual meetings, provide
opportunities for students to participate 
in the meetings, and help fund student
research.

One of the six goals of the new stra-
tegic plan adopted by Council in October
1998 is to strengthen relations among GSA
divisions and sections, associated societies,
and Council. Over the next three years,
two candidates will be nominated for the
Council ballot from each of the three
components; sections (1999), divisions
(2000), and associated societies (2001). 
So, it is particularly important to start a
dialogue within all groups now.

This year, each of the 12 divisions will
provide information in GSA Today about
the services they offer students and mem-
bers. If aligning with a discipline-based
group appeals to you, we encourage you to
join and bring your ideas to this broader
forum within the Society.

The divisions were initially formed 
by members to ensure topical diversity at
annual meetings. The current structure of
Divisions should be considered dynamic,
rather than fixed. Are there other disci-
plinary or topical areas (such as environ-
mental geology, paleontology, or marine
geology) not covered by the current divi-
sions that could help GSA increase its
intellectual diversity and its potential to
address current and future earth science
and societal challenges? We would like to
hear from you.

Coal Geology Division

Cortland F. Eble, Division Chair, eble@kgs.
mm.uky.edu

The origins of the Coal Geology Divi-
sion date back to 1945, when the Society
of Economic Geologists (SEG) formed a
special subcommittee specifically to study
coal. This group, known as the SEG Coal
Subcommittee, immediately became quite
active, sponsoring its first formal meeting
on coal research in 1948 at a GSA meeting
in New York. The subcommittee was pro-
moted to committee status by SEG in
1950, and its successor, the GSA Coal
Geology Group (later Division), was estab-

lished in late 1955. There has been a for-
mal program every year since 1948.

Today, the Coal Geology Division is
represented by a diverse group of earth sci-
entists who encompass the fields of petrol-
ogy, sedimentology and stratigraphy,
structural geology, hydrogeology, geo-
chemistry, paleontology, and environmen-
tal geology, as all have applications to coal
research. For example, people who study
the sedimentology and stratigraphy of
coal-bearing areas help predict where
mineable coal bodies are likely to occur.
More recently, considerable attention has
been focused on the environmental
impacts of coal utilization, both nationally
with the Clean Air Act amendments, and
internationally with proposed limits on
“greenhouse gas” emissions.

The Coal Geology Division sponsors
two awards. In 1971, the Coal Geology
Division established the Gilbert H. Cady
Award to recognize individuals who have
made outstanding and meritorious contri-
butions to the field of coal geology. The
award honors the famous American coal
geologist and founding member of the
division. The division also sponsors an
annual student award, the Antoinette L.
Medlin Award, to help fund coal-related
research.

The Coal Geology Division has a dis-
tinguished past and a promising future.
Please consider attending the division-
sponsored activities at the 1999 annual
meeting in Denver. A pre-meeting field
trip is being planned as well. By all means,
check out the Web site, www.mysite.com/
coalgeology, which can be accessed
directly or from the GSA home page.

Hydrogeology Division

Mary Jo Baedecker, Division Chair,
mjbaedec@usgs.gov

The Hydrogeology Division is 40
years old this year, and with 1,340 current
members, it is one of the three largest divi-
sions in GSA. The Division emphasizes the
role of geology in the hydrologic sciences
and the importance of hydrogeology, that
branch of the geological sciences that is
concerned with the character, source,
occurrence, movement, availability, and
use of water, to society. Over the past 30
years, hydrogeologists have recognized the
importance of geochemical and biological
processes to understanding complex prob-
lems, and the division offers a forum for
interdisciplinary science related to water
resource issues.

The division actively promotes activi-
ties that benefit students by sponsoring

the Birdsall-Dreiss Lectureship, student
research grants, and a strong technical
program at the GSA Annual Meeting. Stu-
dents, professionals, and emeritus scien-
tists particularly enjoy the division’s
annual meeting student reception, where
books, software, and historical mugs are
distributed to hydrogeology students
through a free raffle. 

The Birdsall-Dreiss Lecture is pre-
sented by a leading hydrologist at 30–40
academic and research institutions each
year. This year’s lecturer is Stuart Rojs-
taczer from Duke University (see the Web
site for more information—http://www.
uakron.edu/geology/gsahydro). The
Hydrogeology Division presents the O. E.
Meinzer Award annually to the author(s)
of a published paper or body of papers of
distinction that advanced the science of
hydrogeology. It has representatives to
GSA sections and encourages participation
in section meetings. You are invited to
visit the Web site and to join the division
(yearly dues for GSA members are $8 for
professionals and $3 for students).

Planetary Geology Division

Ralph P. Harvey, Division Second Vice-
Chair, rph@po.cwru.edu

Geology is more than just “earth sci-
ence” to the members of the Planetary
Geology Division of GSA. The division’s
goal is to stimulate communication,
facilitate learning, and promote student
research across the range of planetary
geology topics, to recognize outstanding
contributions to the field, and to advise
and assist the members of GSA in matters
pertaining to planetary geology. To meet
these goals, a series of yearly activities
includes:

• The Stephen T. Dwornik Awards,
given annually to the best student
presentations (both oral and poster)
at the Lunar and Planetary Science
Meeting by a U.S. citizen;

• The G. K. Gilbert Award, given annu-
ally to an individual who made
exceptional contributions to the solu-
tion of fundamental problems in
planetary geology;

• Providing support for student
research related to craters, cratering,
and related phenomena through the
Shoemaker Memorial Fund for Crater
Studies;

• Workshops at GSA Annual Meetings
for K–12 educators, bringing current
planetary topics to those who can
best energize the youngest generation
of planetary explorers;
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GSA DIVISIONS—DO YOU BELONG?
Gail Ashley, GSA President, president@geosociety.org
Mary Lou Zoback, GSA Vice-President, zoback@andreas.wr.usgs.gov
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Cordilleran Section

Margaret E. Rusmore Chair
To be elected Vice-Chair
Bruce A. Blackerby Secretary
Gregory A. Davis Past Chair

Rocky Mountain Section

Donald W. Hyndman Chair
Ian M. Lange Vice-Chair
Kenneth E. Kolm Secretary
Scott S. Hughes Past Chair
Glenn D. Thackray Past Vice-Chair

North-Central Section

Robert D. Hall Chair
Joseph F. Pachut, Jr. Vice-Chair
Robert F. Diffendal, Jr. Secretary
Dennis Kolata Past Chair
Ardith K. Hansel Past Vice-Chair

South-Central Section

Calvin Barnes Chair
Doy L. Zachry, Jr. Vice-Chair
Rena M. Bonem Secretary-Treasurer
M. Charles Gilbert Past Chair

Northeastern Section

Robert D. Jacobi Chair
Walter A. Anderson Vice-Chair
Kenneth N. Weaver Secretary-Treasurer
Allan Ludman Past Chair

Southeastern Section

Gail S. Russell Chair
Larry D. Woodfork Vice-Chair
Harold H. Stowell Secretary-Treasurer
R. Heather Macdonald Past Chair
Samuel E. Swanson Past Vice-Chair

• Theme sessions and symposia on
planetary topics, including the
upcoming 1999 Pardee Keynote Sym-
posium “Impact Events; Environmen-
tal Consequences and Their Influence
on the Origin and Evolution of Life”
at the GSA Annual Meeting;

• Promoting field trips to sites of inter-
est in planetary geology, such as the
“K-T Boundary in the Raton Basin,
New Mexico and Colorado” trip at
the 1999 GSA Annual Meeting;

• Distribution of recent, relevant plane-
tary educational materials, as well as
other planetary goodies, at the divi-
sion booth in the exhibit hall of the
GSA Annual Meeting.

Sedimentary Geology Division

Mark J. Johnsson, Division Chair,
rph@po.cwru.edu

The Sedimentary Geology Division
exists to bring together GSA members
interested in the broad field of sedimen-
tary geology. It does this through sponsor-
ship of events at the GSA Annual Meeting,
as well as by building a sense of commu-
nity through a gathering at the meeting, a
newsletter, and a Web site. Students come
into this community through workshops
subsidies and field trips and through the
annual Student Research Award.

Several interesting changes mark this
year. The division has adopted a system
whereby the secretary-treasurer and the
second vice-chair are elected by the mem-
bership, and the second vice-chair ascends

through succeeding years to first-vice
chair, chair, then past chair—a system that
should foster more institutional memory
than in the past. At the 1999 Annual
Meeting in Denver, the division will
return to holding its very informal busi-
ness meeting and get-together over wine
and cheese on an afternoon early in the
meeting. For the first time, a raffle of
donated items (books, maps, software,

etc.) will be included. The division has
established an award for career achieve-
ment in the field of sedimentary geology,
named in honor of Laurence L. Sloss.

Sedimentary geology has always been
an integral part of GSA. As the field
changes and grows, the Sedimentary
Geology Division will strive to support 
the efforts of all its members—especially
students. ■

1999–2000
Section Officers and Past Chairs

MOVING?
Don’t risk missing
a single issue of
GSA Today ! If
you’re planning
on changing your
address, simply write in your new
address and mail this coupon along
with your subscription mailing label
(use label from this newsletter) to:
GSA, Membership Services, P.O. Box
9140, Boulder, CO 80301-9140. Or
you may call with your change of
address information — (303) 447-
2020 or 1-800-472-1988.

(North American subscribers should report
address changes 6 weeks in advance; all
others, three months in advance.)

PLEASE PRINT

Name ___________________________

Address _________________________

__________________________________

City _____________________________

State/ZIP/Country ________________

__________________________________

Phone (during business hours)

__________________________________

If you do not wish to have this
number in the Membership Directory,
check here

Change my voting section to:

__________________________________



Annual Program (0 vacancies)
Develops a plan for increasing the quality of the annual meeting 
in terms of service, education, and outreach. Evaluates the technical 
and scientific programs of the annual meeting.

Committee members should have previous program experience
or experience at organizing an annual meeting, or be actively
involved in applying geology knowledge to benefit society and
awareness of critical issues.

Continuing Education (1 vacancy)
Directs, advises, and monitors the Society’s continuing education
program, reviews and approves proposals, recommends and imple-
ments guideline changes, and monitors the scientific quality of
courses offered.

Committee members should be familiar with continuing educa-
tion programs or have adult education teaching experience.

Day Medal (1 vacancy)
Selects candidates for the Arthur L. Day Medal.

Committee members should have knowledge of those who 
have made “distinct contributions to geologic knowledge through 
the application of physics and chemistry to the solution of geologic
problems.”

Education (1 vacancy)
Stimulates interest in the importance and acquisition of basic knowl-
edge in the earth sciences at all levels of education.

Committee members work with other interested scientific
organizations and science teachers’ groups to develop precollege
earth-science education objectives and initiatives. The committee 
also promotes the importance of earth-science education to the
general public.

Geology and Public Policy (2 vacancies)
Translates knowledge of the earth sciences into forms most useful for
public discussion and decision making.

Committee members should have experience in public-policy
issues involving the science of geology. They should also be able to
develop, disseminate, and translate information from the geologic
sciences into useful forms for the general public and for the Society
membership; they should be familiar with appropriate techniques for
the dissemination of information.

Honorary Fellows (1 vacancy)
Selects candidates for Honorary Fellows, usually non–North Ameri-
cans.

Committee members should have knowledge of geologists
throughout the world who have distinguished themselves through
their contributions to the science.

Membership (2 vacancies)
Evaluates membership benefits and develops recommendations that
address the changing needs of the membership and attracts new
members.

Committee members must be able to attend one meeting a year.
Previous experience in benefit, recruitment, and retention programs
is desired.

Minorities and Women (1 vacancy)
in the Geosciences 
Stimulates recruitment and promotes positive career development of
minorities and women in the geoscience professions.

Committee members should be familiar with minority and
female education and employment issues and have expertise and
leadership experience in such areas as human resources and educa-
tion. Membership shall include representation of minorities and
women and representatives from government, industry, and
academia.

Nominations (3 vacancies; one to be a member 
from Canada or Mexico)

Recommends to the Council nominees for the positions of GSA offi-
cers and councilors.

Committee members should be familiar with a broad range of
well-known and highly respected geological scientists.

Penrose Conferences (1 vacancy)
Reviews and approves Penrose Conference proposals, recommends
and implements guidelines for the success of the conferences.

Committee members must either be past conveners or have
attended two or more Penrose Conferences.
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The GSA Committee on Committees
wants your help. The committee is look-
ing for potential candidates to serve on
committees of the Society or as GSA rep-
resentatives to other organizations. You
can help by volunteering yourself or sug-
gesting the names of others you think
should be considered for any of the
openings and submitting your nomina-
tion on the form on page 23. Younger
members are especially encouraged to
become involved in Society activities.

Listed are the number of vacancies
along with a brief summary of what each
committee does and what qualifications
are desirable. If you volunteer or make
recommendations, please give serious
consideration to the special qualifica-
tions for serving on a particular commit-
tee. Please be sure that your candidates are
Members or Fellows of the Society and that
they meet fully the requested qualifications.

Volunteering or Making a
Recommendation

All nominations received at head-
quarters by Friday, July 9, 1999,
on the official one-page form will be for-
warded to the Committee on Commit-
tees. Council requires that the form be com-
plete. Information requested on the form
will assist the committee members with
their recommendations for the 1999
committee vacancies. Please use one
form per candidate (additional forms
may be copied). The committee will pre-
sent at least two nominations for each
open position to the Council at its Octo-
ber 26, 1999, meeting in Denver, Col-
orado. Appointees will then be contacted
and asked to serve, thus completing the
process of bringing new expertise into
Society affairs.

Committee on Committees

The 1999 committee consists of the
following people: Chair J. Leslie Smith,
Department of Geological Sciences,
University of British Columbia, Van-
couver, British Columbia V6T 1Z4,
Canada, (604) 822-4100; Joann M.
Stock, Division of Geological and Plane-
tary Science, 252-21, California Institute
of Technology, Pasadena, CA 91125,
(626) 395-6938; Jacob B. Lowenstern,
U.S. Geological Survey, Mail Stop 910,
345 Middlefield Road, Menlo Park, CA
94025-3591, (650) 329-5238; Terry L.
Pavlis, Department of Geology and
Geophysics, University of New Orleans,
New Orleans, LA 70148, (504) 280-6797;
Deborah R. Harden, 708 Garland
Drive, Palo Alto, CA 94303, (408)
924-5021; and David E. Fastovsky,
Department of Geology, University of
Rhode Island, Kingston, RI 02881-0807,
(401) 874-2185.

Call For GSA Committee Service—2000

Committee Vacancies

Committee Vacancies continued on p. 21



Executive Committee
Gail M. Ashley—President and Chair; Mary Lou Zoback—Vice-Presi-
dent; Victor R. Baker—Past President; David E. Dunn—Treasurer;
Dorothy L. Stout—Council Member-at-Large

Annual Program Committee
Sharon Mosher—Chair, 1996–1998; Rob Van Der Voo, 1999–2001;
Larry Middleton, 1999–2001; Jonathan G. Price, 1997–1999; Denis M.
Shaw, 1997–1999; G. Lang Farmer, 1998–2000; Robert Karlin,
1999–2001; Ex officio: Kathy Lynch—Meetings Manager; Donald M.
Davidson, Jr.—Executive Director; John D. Humphrey

Audit Committee
Joaquin Ruiz—Chair, 1999; Allison R. Palmer, 1999; David B.
MacKenzie, 1997–1999; Melvin J. Hill, 1998–2000; Joaquin S. Ruiz,
1998–2000; Ex officio: David E. Dunn—Treasurer

Committee on the Budget
David E. Dunn—Chair and Treasurer, Samuel S. Adams, 1996–2000;
Arden L. Albee, 1998–2002; Ex officio: Donald M. Davidson, Jr.—Exec-
utive Director; Dennis G. Kyhos—Chief Financial Officer

Committee on Committees
J. Leslie Smith—Chair; Joann M. Stock; Jacob B. Lowenstern; Terry L.
Pavlis; Deborah R. Harden; David E. Fastovsky

Committee on Continuing Education
Odin D. Christensen—Chair, 1997–1999; Grant R. Woodwell,
1997–1999; Charles G. Groat 1998–2000; David S. McCormick,
1998–2000; James E. Barrick, 1999–2001; Anthony W. Walton,
1999–2001

Committee on the Arthur L. Day Medal Award
B. Clark Burchfiel—Chair, 1999; Kip V. Hodges, 1997–1999; 
E. Calvin Alexander, Jr., 1998–2000; Jon P. Davidson, 1998–2000; 
Julie D. Morris, 1998–2000; D. Michael Gurnis, 1999–2001; Ken
Kodama, 1999–2001

Committee on Education
R. Heather MacDonald—Chair, 1997–1999; Madge Evans,
1997–1999; Maureen Allen, 1998–2000; Steven C. Good, 1999–2001;
Katie KellerLynn, 1999–2001; Brian Poelker, 1999–2000; Section rep-
resentatives: Elizabeth Ambos (Cordilleran); not yet chosen (Rocky
Mountain); Sherman P. Lundy (North-Central); Frances (Betsy) E.
Julian (South-Central); Rachel Burks (Northeastern); John Callahan
(Southeastern); Ex officio: Mary Lou Zoback—Vice-President; Con-
feree: Edward E. Geary—Director of Educational Programs

Committee on External Awards
Douglas W. Burbank—Chair; B. Clark Burchfiel—; Division Represen-
tatives: Cassandra R. Coombs (Planetary Geology); George M. Horn-
berger (Hydrogeology); Mark Cloos (Structural Geology and Tecton-
ics); Susan Mahlburg Kay (International Geology); Rolfe D. Mandel
(Archaeological Geology); Christopher Fedo (Sedimentary Geology)

Committee on Geology and Public Policy
Peter F. Folger—Chair, 1999–2001; Lee C. Gerhard, 1997–-1999; James
M. Robertson, 1997–1999; James E. Evans, 1998–2000; Virgil A.
Frizzell, Jr., 1998–2000; Sally J. Sutton, 1998–2000; Paul Geoffrey
Feiss, 1999–2001; Rachel Burks, 1999–2001; Patricia H. Kelley,
1999–2001; Past Congressional Science Fellows: Jill S. Schneiderman,
1996–1998; Peter F. Folger, 1997–1999; Tamara J. Nameroff,
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Penrose Medal (2 vacancies)
Selects candidates for the Penrose Medal.

Committee members should be familiar
with outstanding achievements in the geo-
logical community that are worthy of con-
sideration for the honor. Emphasis is placed
on “eminent research in pure geology, which
marks a major advance in the science of
geology.”

Research Grants (3 vacancies)
Evaluates research grant applications and
selects grant recipients.

Committee members must be able
to attend the spring meeting and should
have experience in directing research projects
and in evaluating research grant applications.

Young Scientist Award 
(Donath Medal) (2 vacancies)
Selects candidates for the Donath Medal.

Committee to have members covering a
broad range of disciplines, i.e., geophysics,
economic geology, stratigraphy. Committee
members should have knowledge of young
scientists with “outstanding achievement(s)
in contributing to geologic knowledge
through original research which marks a
major advance in the earth sciences.”

entative to the North American 
Commission on Stratigraphic 
Nomenclature (2 vacancies)
Must be familiar with and have expertise in
stratigraphic nomenclature. ■

A GSA Committee May Need You
Steve Stow, Chair, 1997 Committee on Committees

Perhaps you feel that if you nominate someone for a GSA committee, your nomination 
goes into a black hole, or is lost among hundreds of other nominations submitted when 
the Society annually calls for members to serve on committees, as it does in this issue 
of GSA Today. And if you were to volunteer for a committee assignment, your offer 
wouldn’t be taken seriously, would it?

The reality is that there is no black hole, and every nomination for committee service is
considered carefully.

The reality is also that since 1990, the number of volunteers for committee service has
dropped from 50 per year to an average of 30 and that the number of members nominated
for appointment has varied annually from a low of 16 in 1996 to a high of 75 in 1993; the
average is 39 per year. Since 1992, the number of appointees to GSA committees has been
highly variable, from zero to more than 20.

For many reasons, it is not possible—or even advisable—to use only names of volunteers and
nominees in making committee assignments. Many factors, including experience, geoscience
discipline, geography, prior GSA experience, and minority representation, go into the selec-
tion process. The Committee on Committees draws on names of individuals considered but
not selected by the previous committee, as well as its own personal knowledge of qualified
candidates, in getting a slate that is truly representative of the GSA membership and qualified
to perform the functions of the varied committees. It is a full day’s job (after a lot of prelimi-
nary work) to arrive at the final list of candidates to be presented to the GSA Council for
approval, an indication of how carefully each volunteer and each nominee are considered.

If your name, volunteered or nominated, comes before the 1999 Committee on Committees
and is not selected, don’t lose hope—try again next year. The simple fact that someone wants
to devote some of his or her time to helping GSA, or
the fact that one member feels strongly about nomi-
nating another, goes a long way in elevating that
person’s chance of being selected.

1999 Committees and Representatives

1999 Committees  continued on p. 22

Committee Vacancies
continued from p. 20

Graduate Students Encouraged
to Volunteer!
Graduate students are now eligible to
serve on GSA Committees as full mem-
bers. All graduate students are encour-
aged to volunteer or nominate others
for committee service.
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1998–2000; Ex officio (Section representatives): Susan Halsey (North-
eastern); Thomas J. Evans (North-Central); Jerome V. DeGraff
(Cordilleran);

Not yet chosen (Rocky Mountain); John D. Kiefer (Southeastern); not
yet chosen (South–Central); Conferee—ad hoc Committee on Critical
Issues: Allison R. Palmer; Ex officio: Monica Gowan—Past Chair; Cath-
leen L. May—Director, IEE; Council/Committee Liaison: Victor R.
Baker—Past President

Committee on Honorary Fellows
Parke D. Snavely III—Chair, 1997–1999; Brian J. Skinner, 1997–1999;
Michael A. Dungan, 1998–2000; Donald R. Lowe, 1998–2000; Hans J.
Hofmann, 1999–2001; Gabor Tari, 1999–2001; Ex officio: Ian W. D.
Dalziel—International Secretariat

Committee on Investments
Carel Otte—Chair, 1996–1999; R. Thayer Tutt, Jr., 1996–1999; Melvin
J. Hill, 1998–2000; Michael Wahl, 1999–2002; George H. Davis,
1999–2001; Ex officio: David E. Dunn—Treasurer; Brian J. Skinner—
GSA Foundation designee

Committee on Membership
William D. Carlson—Chair, 1997–1999; George H. Davis, 1997–1999;
Reinhard A. Wobus, 1997–1999; Bruce A. Bouley, 1998–2000;
Kenneth L. Pierce, 1998–2000; Andrew Gombos,1999–2001

Committee on Minorities and Women 
in the Geosciences
Mary E. Dowse—Chair, 1998–2000; Rosaly Lopes-Gautier, 1997–1999;
Joseph C. Cepeda, 1998–2000; Jim B. Finley, 1998–2000; Lisa A. Ross-
bacher, 1998–2000; Arthur G. Goldstein, 1999–2001; Frank R. Hall,
1999–2001; Lois J. Wardell, 1999–2001; Lisa D. White, 1999–2001;
Conferees: Rhea L. Graham—Council/Committee Liaison; Edward E.
Geary—Director of Educational Programs

Committee on Nominations
Lisa Pratt—Chair, 1997–1999; John W. Hess, Jr., 1998–1999; Derald G.
Smith, 1998–1999; James N. Connelly, 1999–2000; Marcus Milling,
1999–2000

Committee on Penrose Conferences
Thomas W. Gardner—Chair, 1999; Joann M. Stock, 1997–1999;
Thomas W. Gardner, 1998–2000; Naomi M. Oreskes, 1998–2000; 
Fred M. Phillips, 1998–2000; Paul L. Koch, 1999–2001

Committee on the Penrose Medal Award
Douglas W Burbank—Chair, 1999; Phillip C. England, 1997–1999;
John E. Suppe, 1997–1999; Russell S. Harmon, 1998–2000; Leonard F.
Konikow, 1998–2000; Mary J. Kraus, 1998–2000; Earle F. McBride,
1999–2001; Richard K. Bambach, 1999–2001

Committee on Publications
B. Clark Burchfiel—Chair, 1999; Allison R. Palmer, 1998–2000; Kevin
T. Biddle—Member-at-large, 1997–1999; Abhijit Basu, Editor, Books;
John W. Geissman, Editor, Bulletin; Lee R. Kump, Editor, Geology;
John M. Sharp, Jr., Co-Editor, Environmental and Engineering Geo-
science; Peg Lehr, Conferee, Director of Publications; Connie J.
Manson, GIS Representative

Committee on Research Grants

Paul M. Myrow—Chair, 1999; James N. Connelly, 1997–1999; Dun-
can M. FitzGerald, 1997–1999; James G. Schmitt, 1999; Thomas L.
Patton, 1997–1999; Allen F. Glazner, 1998–2000; Brian G. Katz,
1998–2000; Jim E. O'Connor, 1998–2000; National Science Foun-
dation Conferee: Russell C. Kelz

Treatise on Invertebrate Paleontology Advisory Committee
John Pojeta, Jr.—Chair, 1997–2000; William I. Ausich, 1997–2000;
Richard Arnold Davis, 1997–2000; Donald M. Davidson, Jr., Executive
Director 

Committee on the Young Scientist Award 
(Donath Medal)
J. Leslie Smith—Chair, 1997–1999; Randall R. Parrish, 1997–1999;
Robert C. Thunell, 1997–1999; Judith L. Hannah, 1998–2000;
W. Berry Lyons, 1998–2000; Ian Hutcheon, 1999–2001; Joaquin 
Ruiz, 1999–2001

Ad Hoc Committee 
on Critical Issues
Alison R. (Pete) Palmer—Chair; Mary Barber; Kenneth L. Conca;
George W. Fisher; William S. Fyfe; R. Gordon Gastil; Carroll Ann
Hodges; Susan W. Kieffer; Emlyn Koster; Richard B. Norgaard; 
Allison R. (Pete) Palmer; Daniel Sarewitz; Jill S. Schneiderman; 
A. Wesley Ward, Jr.

GSA Member of the American Geological Institute (AGI)
Member Society Council
Mary Lou Zoback, 1999-2001

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

GSA MEMBER OF THE AGI GOVERNMENT AFFAIRS
PROGRAM ADVISORY COMMITTEE
Virgil A. Frizzell, Jr., 1998–2000

GSA Representatives to the American Association for the
Advancement of Science (AAAS)
Section E—Geology and Geography: Maryellen Cameron, February
19, 1997–February 22, 2000; Section—Atmospheric and Hydrospheric
Sciences: John G. Weihaupt, July 1, 1988–February 22, 2000

GSA Representatives to the AAAS Consortium of Affiliates
for International Programs (CAIP)
Ian W. D. Dalziel—International Secretary; Donald M. Davidson, Jr.—
GSA Staff Liaison

GSA Representatives to the North American Commission 
on Stratigraphic Nomenclature (NACSN)
David T. King, Jr., 1997–2000; Ardith K. Hansel—Representative Elect,
1998–2001

GSA Representative to the Treatise Editorial Advisory and
Technical Advisory Boards of the Paleontological Institute
John Pojeta, Jr.—Chair, Treatise on Invertebrate Paleontology Advisory
Committee

GSA Representatives to the Joint ASCE–GSA–AEG Commit-
tee on Engineering Geology (American Society of Civil
Engineers, Association of Engineering Geologists)
Donald C. Helm, 1997–1999; Bruce R. Rogers, 1997–1999

GSA Representative to the U.S. National Committee 
on Scientific Hydrology
David A. Stephenson, 1990–; John M. Sharp, Jr., (alternate)

GSA and AASG Selection Committee for the John C. Frye
Memorial Award in Environmental Geology (Association 
of American State Geologists)
Frank E. Kottlowski—Chair, AASG representative; Richard C. 
Berg, GSA representative, 1998–2000; Larry D. Fellows, AASG 
representative ■

1999 Committees continued from p. 21

The GSA Council acknowledges the many member-volunteers
who, over the years, have stimulated growth and change through
their involvement in the affairs of the Society.

Each year GSA asks for volunteers to serve on committees, and
many highly qualified candidates express their willingness to serve.
Not everyone can be appointed to the limited number of vacan-
cies; however, members are reminded that there are also oppor-
tunities to serve in the activities and initiatives of the sections and
divisions. Annually, the Council asks sections and divisions to con-
vey the names of potential candidates for committee service to the
Committee on Committees.
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NOMINATION FOR GSA COMMITTEES FOR 2000

(One form per candidate, please.
Additional forms may be copied.)

(Please print)

COMMITTEE(S) BEING VOLUNTEERED or NOMINATED FOR (please check):

Committee(s):

Comment on special qualifications:

GSA Fellow Section affiliation:

GSA Member Division affiliation(s):

Brief summary of education:

Brief summary of work experience (include scientific discipline, principal employer—e.g., mining industry, academic, USGS, etc.):

DEADLINE: Please return this form to GSA Headquarters, Attn: Becky Bordner, P.O. Box 9140, Boulder, CO 80301-9140, 
by Friday, July 9, 1999. Form must be complete to be considered.

Name of candidate _________________________________________________________

Address ____________________________________________________________________

_____________________________________________________________________________

Phone ( ) __________________________________________________________

If you are VOLUNTEERING to serve GSA, please give the names
of 2 references (please print):

Name:_________________________________________________

Phone: ( ) _______________________________________

Name: ________________________________________________

Phone: ( ) _______________________________________

If you are NOMINATING SOMEONE other than yourself to
serve GSA, please give your name, address, and phone number
(please print):

Name: ________________________________________________

Address: _______________________________________________

Address: _______________________________________________

Phone: ( ) _______________________________________



Field Forums, a new GSA program start-
ing in 2000, offers the opportunity for
exchange of current knowledge and excit-
ing ideas well expressed by the geology of a
specific area. Field Forums are designed
after Penrose Conferences, with a combina-
tion of invited and interested attendees, but
completely in a field setting. The format is
similar to GSA Annual Meeting field trips,
but run independently from that or any
other meeting. The intent is to stimulate
and enhance individual and collaborative
research and to accelerate the advance of
the science by interactions in the field.
Field Forums are designed to encourage
open and frank discussion of ideas in an
informal field atmosphere. In this new Field
Forum program, geologists can lead orga-
nized field trips to any area, unrestricted by
the time or location of the annual or sec-
tion meetings. We anticipate a greater
diversity of both field trips and attendees. 

Field Forums will have a specific the-
matic focus, similar to Penrose Conferences,
but may be more geographically oriented.
Content will be guided by a small group of
leaders with logistical responsibility.

Organizers will invite a few key par-
ticipants, such as other people who have
worked in the area or on similar problems,
to ensure the success of the Field Forum.
The rest of the participants will be selected
by the organizers from applications
received in response to an announcement
of the forum in GSA Today and other scien-
tific publications. Student participation
(20%) will be encouraged through dis-
counted rates.

Field Forums will be five or more days
and the size of the group between 20 and
40 people. The length and size are flexible,
however, depending on the logistics. The
only in-house conferencing will occur in
the evenings and will be a very minor com-
ponent of the forum.

Field Forums may be international 
in scope and are not restricted to a single
location.

Potential Field Forums 
Potential field forums include Penrose

Conference topics that would be much
more effective in a field setting or field trips
that capture the essence of new, exciting
discoveries or a controversial topic. The first
Field Forums for 2000 will be announced
this summer.

Specific Requirements
Leaders: Field trip leaders should have

technical competence and be knowledge-
able about current activities in the field area
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Geomorphology: A Canadian
Perspective. By A. S. Trenhaile. Oxford
University Press, Toronto, 1998, Can $37.95.

Over the past several decades, geomor-
phology has grown remarkably. It has

also evolved from a largely descriptive dis-
cipline, commonly a secondary element in
traditional geography programs, into a
more quantitative and autonomous natu-
ral science with links to many other disci-
plines, including geology, oceanography,
climatology, hydrology, and soil science.
Understanding the processes that shape
Earth’s surface is central to an education
in earth science, and enrollments in uni-
versity geomorphology courses have shot
up as the science has matured.

Numerous books in geomorphology
and related fields have appeared in recent
years, the most recent being Geomorphol-
ogy: A Canadian Perspective, by Alan S.
Trenhaile, professor of geography at the
University of Windsor (Ontario). This text
builds on its predecessor, The Geomorphol-
ogy of Canada (Oxford University Press,
1990), but differs from it in being more
comprehensive. What sets this book apart
from other geomorphology texts is its
strong emphasis on Canadian themes and
examples. 

The book comprises an introduction,
13 thematic chapters, a glossary, a list of
symbols, a bibliography, and an index.
The Introduction is a mini-primer in earth
science and is perhaps the weakest part of
the book, covering too much ground in
too little space (21 pages). The Introduc-
tion is followed by a chapter on the physi-
cal background of Canada and by 11 chap-
ters on various geomorphic processes and
landforms (weathering, slope forms and
processes, glaciers, glacial sediments and
landforms, glaciation of Canada, peri-
glaciation, fluvial processes, fluvial land-
forms, coastal processes, coastal land-
forms, and karst). Fundamental processes
and resulting landforms are emphasized in

each of these chapters. Trenhaile skillfully
avoids dry recitations of stratigraphic ter-
minology and sequences of events of only
local or regional interest. The last chapter
deals with humans as geomorphological
agents and the role of geomorphology in
environmental planning. This chapter,
like the Introduction, is too short to do
justice to the topic.

The book is well organized, clearly
written, and nicely illustrated. It contains
few typographical or factual errors.
Although there are no photographs, the
text is complemented by 174 line draw-
ings. Trenhaile appears to have made a
conscious decision to write a book that
students could afford. He has succeeded in
packing an amazing amount of informa-
tion into a 340-page paperback. The
downside of such a short, affordable book
is that topics cannot be discussed in
depth—each of the chapters could easily
be expanded into a separate book (most
have). Some topics, however, especially
those that the author knows best (glacia-
tion, coastal processes, and landforms),
are given more thorough treatment than
others. The book is largely descriptive, but
quantitative aspects of mass movement,
glacier and stream flow, and coastal and
aeolian processes are briefly mentioned—
again a more in-depth discussion is pre-
cluded by lack of space.

A few quibbles: The reference list is
selective. I would have preferred more
thorough referencing even if it meant
eliminating the glossary, which is also
selective. A map showing key geographical
place names (perhaps on the inside back
cover, which is blank) would help non-
Canadian readers orient themselves.
Finally, the short summaries at the ends
of chapters are not very informative; they
either should be deleted or improved in
the next edition.

BOOK REVIEWS

Book Reviews continued on p. 26 Field Forums  continued on p. 25

Field Forums: A New
Opportunity for
Research Scientists

A Professional Development Department has been formed at GSA headquarters
to coordinate the wide variety of education and career-enhancement opportunities
available from the Society. Creation of this department allows new and existing pro-
grams to be brought together in order to effectively provide a suite of related ser-
vices to the membership. 

Programs and activities available through Professional Development include:
Research Grants, Field Trips, Short Courses, Penrose Conferences, Field Forums,
GeoVentures, Career and Employment Services, and the activities of GSA Sections,
Divisions, and Associated Societies. Terry Moreland, who is also GSA’s Director of
Member Services, heads the department. Staff members include Leah Carter, Pat
Chenworth, Edna Collis, and Nancy Williams. To contact the Professional Develop-
ment group, please call GSA headquarters, or e-mail profdev@geosociety.org.

New Headquarters Department 
Focuses on Development 
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2000 
Annual Meeting

Reno, Nevada

GENERAL CHAIR

Richard A. Schweickert,
University of Nevada

richschw@mines.unr.edu

TECHNICAL PROGRAM CHAIR

Robert Karlin,
University of Nevada

karlin@mines.unr.edu 

DUE DATE FOR
PARDEE KEYNOTE SYMPOSIA
AND TOPICAL PROPOSALS:

January 10, 2000

FOR MORE INFORMATION:
Call the GSA Meetings

Department: (303) 447-2020 
or 1-800-472-1988
Fax: 303-447-0648

E-mail: meetings@geosociety.org
Web site: www.geosociety.org

November 13–16
Reno-Sparks Convention Center

to be visited. Responsibility for organizing a
Field Forum should be shared by at least
two leaders, one of whom has actively
worked in the area. At least one leader
should be a member of GSA. In addition to
scientific expertise, the leaders must have
experience leading field trips in general and
with the logistics involved in leading a trip
to this specific area. Both organizational
and interpersonal skills are required to deal
positively and effectively with potential
logistical problems and the many personal-
ity types of the participants. Leaders need
to be able to run a field trip where open dis-
cussion of different ideas and interpreta-
tions is fostered. 

Guidebook: A guidebook will be written
for each trip and is the sole responsibility of
the leaders. No formal publication is
expected, but the leaders may submit a pro-
posal to include the guidebook in GSA’s
field guide series. 

Costs: The field trip must be self-
supporting. The leaders have complete
responsibility for the planning, logistics,
and finances. GSA provides the following
benefits: insurance, publicity, registration,
accounting, and surveying of registrants.
GSA will provide administrative support
through the early stages of the procedures. 

Location of Trips: No restrictions about
holding forums anywhere in the world are
made, although logistics, costs, and other
problems dictate caution in organizing
forums outside North America. Such forums
may add an important dimension to the
Field Forum program.

Participation: Participants have the
ethical obligation of not using, in any way,
any original information that may be
revealed in discussion by other participants.

Review: Proposals for 2000 will be re-
viewed by the Annual
Program Committee,
which will provide qual-
ity control and guidance
to prospective leaders. 

Sponsors: The Geologi-
cal Society of America is
the principal sponsor of
the Field Forums; how-
ever, other societies, orga-
nizations, and institutions
are welcome as cosponsors
and may share in the
costs.

Professional Rates: Com-
panies are encouraged to
pay a special rate for par-
ticipation of employees to
help cover partial costs of
student participation. 

Donors: Foundations and private indus-
try may be solicited for donations to par-
tially cover field costs, particularly for
expensive trips, with prior approval of the
Executive Director of GSA. 

To submit a proposal or for more
information, contact ecollis@geosociety.
org. To discuss potential Field Forums, con-
tact Sharon Mosher, chair of the Annual
Program Committee (mosher@mail.utexas.
edu). ■

FUTURE GSA MEETINGS

2001 Boston, Massachusetts, November 5–8
2002 Denver, Colorado, October 27–30
2003 Seattle, Washington, November 2–5

CALL FOR FIELD TRIP PROPOSALS

We are interested in proposals for single-day and multi-day field trips 
beginning or ending in Reno, and dealing with all aspects of the geosciences.

PLEASE CONTACT THE FIELD TRIP CO-CHAIRS:
MARY LAHREN

University of Nevada, Department of Geological Sciences,
Mackay School of Mines, MS 172, Reno, NV 89557-1038,

(775) 784-6610, fax 775-784-1833, lahren@mines.unr.edu

PAULA NOBLE

University of Nevada, Department of Geological Sciences,
Mackay School of Mines, MS 172, Reno, NV 89557-1038,

(775) 784-6610, fax 775-784-1833, noblepj@unr.edu

STEVE PETERS

University of Nevada, Department of Geological Sciences,
Mackay School of Mines, MS 172, Reno, NV 89557-1038,

(775) 784-6610, fax 775-784-1833, speters@usgs.unr.edu

Field Forums continued from p. 24

Due December 1, 1999
The GSA Committee on Continuing Education invites

those interested in proposing a GSA-sponsored or cospon-
sored short course to contact GSA headquarters for pro-
posal guidelines. Short courses may be conducted in con-
junction with all GSA annual or section meetings. We are
particularly interested in receiving proposals for the 2000
Annual Meeting in Reno or the 2001 Annual Meeting in
Boston.

Proposals must be received by December 1, 1999.
Selection of courses for 2000 will be made by February 1,
2000. For those planning ahead, we will also consider
courses for 2001 at that time.

For proposal guidelines or information, contact: Edna
Collis, Professional Development Coordinator, GSA head-
quarters, 1-800-472-1988, ext. 134, ecollis@geosociety.org.

Call for Short Course Proposals
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These criticisms, however, are minor.
Thumbs up to Geomorphology: A Canadian
Perspective. It provides an excellent intro-
duction to geomorphological processes
and landforms. I recommend this book to
geologists and geographers who wish to
know more about the geomorphology of
the world’s second largest country, the
landscape of which has been profoundly
shaped by glaciation, periglaciation, and
other geomorphic processes. The book will
be particularly valuable to Canadian uni-
versity students. At approximately US $25,
it’s a bargain.

John J. Clague
Simon Fraser University

Burnaby, BC V5A 1S6, Canada
and Geological Survey of Canada

jclague@sfu.ca

Integrated Earth and Environmen-
tal Evolution of the Southwestern
United States: The Clarence A. Hall,
Jr. Volume. By W. G. Ernst and C. A.
Nelson, Geological Society of America,
Boulder, Colorado, 1998, paperbound, 
502 p., $89.95.

There are basically two kinds of papers
in this volume: (1) tectonic reconstruc-

tion papers (10), providing insightful
interpretation of the tectonic develop-
ment of regions, or the tectonic evolution
of processes within prescribed time win-
dows; and (2) focused descriptive papers
(13), providing comprehensive data and
elaborated interpretations for specific sub-
regional geological systems with the aim
of addressing particular debated issues.
The tectonic reconstruction papers will be
of interest to a broad readership in tecton-
ics; the focused descriptive papers will be
of particular interest to geoscientists work-
ing on particular problems. The 23 contri-
butions are organized loosely within a
four-part framework: Crustal Evolution,
Great Basin, Sierra Nevada, and Western
and Baja California. The organizational
framework does not really work; however,
the papers themselves, no matter how
arranged, do work.

Tectonic Reconstruction Papers: W. B.
Hamilton presents a rare account of the
details of Archean history. E. M. Moores
speculatively challenges our comfortable
views on the Mesozoic evolution of the
North American Cordillera. B. P. Wernicke
and J. K. Snow lay a foundation for the
stepwise kinematic evolution of the Basin
and Range. C. H. Stevens and others pro-
vide a comprehensive look at continental-
margin evolution along the western edge
of North America. S. Hetzner and others
disclose patterns and gradients of tempera-
ture, precipitation, evaporation, and
topography in relation to ecology and veg-
etation, from the Sierras to the Colorado

Plateau. M. Ducea and J. B. Saleeby make a
strong case for delamination of the litho-
sphere beneath the Sierra Nevada. R. V.
Ingersoll places the Proterozoic to Holo-
cene tectonic evolution of the Cordilleran
in an actualistic context, illustrating plate
tectonic sections crossing from the central
California coast to Utah. G. J. Axen and J.
M. Fletcher provide a critical review of the
late Miocene to Pleistocene extensional
history of the northern Gulf of California.
T. Atwater and J. Stock provide “the last
word” on formation of the slab window
and the evolution of the spreading geome-
try of the post-Farallon microplates. The
tight reconstructions place important con-
straints on the “time-space budget of
deformation” within western North Amer-
ica. A. E. Fritsche presents palinspastic
reconstructions of southwestern California
that make me glad I’m working on the
Colorado Plateau. 

Focused Descriptive Papers: A. Yin and
R. V. Ingersoll clarify the interrelationships
of basins to pop-ups in the Southern Rock-
ies, and elaborate the regional stress impli-
cations. D. I. Axelrod estimates paleoeleva-
tions from Tertiary floras for the Sierra
Nevada–Great Basin–Rocky Mountains
region. J. E. Warme and H-C. Kuehner
conclude that the Devonian Alamo Brec-
cia of southern Nevada represents catas-
trophic detachment and flow of platform
carbonates. S. S. Morgan and R. D. Law do
nitty-gritty tectonite analysis on two sets
of folds and cleavage in the White-Inyo
Range. K. B. Krauskopf revisits Ten Plutons
in a Retrospective View. C. A. Nelson exam-
ines the Beer Creek–Cottonwood igneous
contact in the White Mountains, Califor-
nia. J. F. Mount and K. J. Berg provide
detailed paleoreconstructions of the Lower
Cambrian evolution of sequences of silici-
clastic and carbonate rocks. B. C. Burch-
fiel, C. S. Cameron, and L. H. Royden take
us through the Keystone thrust family,
unit by unit, fault by fault, movement by
movement. D. S. Coleman and A. F.
Glazner provide an essential reference on
the geochemical and isotopic characteris-
tics of plutons of the high peaks of the
Sierras, including the Tuolumne intrusive
suite. D. J. Wood and J. Saleeby present a
tour de force in documenting collapse-
generated detachment relationships in the
southern Sierras. K. M. Knesel and J. P.
Davidson discuss the origin of large-
volume silicic magma systems related to
Long Valley caldera. D. P. Mayo, J. L.
Anderson, and J. L. Wooden evaluate
source and source level of Jurassic plutons
in southern California. D. E. Miller and
W. G. Ernst look carefully at the Western
Triassic and Paleozoic belt of the Klamaths
and conclude that it represents a single
metamorphosed thrust sheet, exposed at
various levels. 

Editors Ernst and Nelson and the con-
tributing authors achieved their objective.
They have a book that celebrates the qual-
ity and range of the intellectual contribu-
tions of Clarence Hall. This book will
become known as “The Clarence Hall Vol-
ume”; nobody will remember “integrated
earth and environmental evolution of the
southwestern United States.” This is how
it should be. Oh, yes, the cover for the sec-
ond printing should show Clarence Hall,
in action. 

George Davis
University of Arizona 

Tucson, AZ 85721-0077
George.davis@geo.arizona.edu

Note: Available  through the GSA Bookstore

Ecoregions: The Ecosystem
Geography of the Oceans and
Continents. By Robert G. Bailey. Springer-
Verlag, New York, 1998, 176 p., $79.95.

The intent of this book is to apply prin-
ciples of climate and geography to

describe and characterize Earth’s major
ecoregions or ecological zones—continen-
tal and oceanic—and to provide descrip-
tions, illustrations, and examples that will
assist the user in interpreting ecoregion
maps. Following an introductory chapter,
there are two chapters on the ocean and
then five chapters on different continental
ecoregions (e.g., polar, humid temperate,
dry, humid tropical, and mountain eco-
regions). 

This very generalized, simplified, and
descriptive treatment of these global
regions has some shortcomings, including
misspelling, incorrect use of terminology,
and general lack of proofreading. Many of
the references cited are 25 to over 50 years
old; the text doesn’t present much new
information, but  renames and redescribes
regions that were designated some decades
ago (many of these regions, denoted Pa, A,
Pt, for example, are simply renamed from
1954 and 1963 references). The names of
oceanic ecoregions bear no resemblance to
terminology used by present oceanogra-
phers. For example, the Eastern Boundary
Current areas are called “Equatorward
Trades Division.” Two of the examples of
such regions are spelled incorrectly as
“Canaries” and “Humbolt” currents. The
explanation of the upwelling process,
which characterizes these regions, is also
incomplete. Regions of Western Boundary
Current are designated as the “Jet Stream
Division.” The well-known gyres that
dominate wind patterns over certain
regions of the oceans are called “oceanic
whirls.” Hydrographic regions are called
“hydrologic” regions. “Sea elephant” is
used instead of “elephant seal.” 

BOOK REVIEWS (continued from p. 24)

Book Reviews continued on p. 28
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387 Oceanic mega-impacts and crustal evolution
Andrew Y. Glikson

391 Growth of late Quaternary folds in southwest Santa Clara Valley, San
Francisco Bay area, California: Implications of triggered slip for seis-
mic hazard and earthquake recurrence
Christopher S. Hitchcock, Keith I. Kelson

395 Timing of prograde metamorphism in the Zanskar Himalaya
D. Vance, N. Harris

399 Quantifying denudation rates on inselbergs in the central Namib
Desert using in situ-produced cosmogenic 10Be and 26Al
Hermione A. P. Cockburn, Michele A. Seidl, Michael A. Summerfield

403 Carbon isotope evidence for deep-water invasion at the Marjumiid-
Pterocephaliid biomere boundary, Black Hills, USA: A common origin
for biotic crises on Late Cambrian shelves
Patrick J. Perfetta, Kevin L. Shelton, James H. Stitt

407 Chicxulub: The third dimension of a multi-ring impact basin
Jo Morgan, Mike Warner

411 Slow rates of subduction erosion estimated from subsidence and tilt-
ing of the Tonga forearc
Peter D. Clift, Christopher J. MacLeod

415 Kinetic control of metamorphic imprint during synplutonic loading of
batholiths: An example from Mount Stuart, Washington
Bernard W. Evans, Gary F. Davidson

419 Synchroneity of the K-T oceanic mass extinction and meteorite
impact: Blake Nose, western North Atlantic
R. D. Norris, B. T. Huber, J. Self-Trail

423 Generation of alkalic basalt by crystal fractionation of tholeiitic
magma
Terry R. Naumann, Dennis J. Geist

427 Lithospheric temperature estimates from seismic attenuation across
range fronts in southern and central Eurasia
Golam Sarker, Geoffrey A. Abers

431 Re-Os isotopic evidence for Archean lithospheric mantle beneath the
Kimberley block, Western Australia
Stuart Graham, David D. Lambert, Simon R. Shee, Chris B. Smith, Shane Reeves

435 Largest explosive eruption in historical times in the Andes at Huayna-
putina volcano, a.d. 1600, southern Peru
Jean-Claude Thouret, Jasmine Davila, Jean-Philippe Eissen

439 Tracking mammoths and mastodons: Reconstruction of migratory
behavior using strontium isotope ratios
Kathryn A. Hoppe, Paul L. Koch, Richard W. Carlson, S. David Webb

443 Temperature of Vesuvius magmas
Raffaello Cioni, Paola Marianelli, Roberto Santacroce

447 Regional granulite facies metamorphism in the Ivrea zone: Is the
Mafic Complex the smoking gun or a red herring?
Scott A. Barboza, George W. Bergantz, Michael Brown

451 Magnetostratigraphic correlation of Paleogene sequences from north-
west Europe and North America
Guy M. Rhodes, Jason R. Ali, Ernie A. Hailwood, Chris King, Tom G. Gibson

455 Paleoproterozoic boninites in an ophiolite-like setting, Trans-Hudson
orogen, Canada
Derek A. Wyman

459 Cyclic eruptive behavior of silicic volcanoes
Roger P. Denlinger, Richard P. Hoblitt

463 Deep-sea sedimentary record of the late Wisconsin cataclysmic floods
from the Columbia River
Charlotte A. Brunner, William R. Normark, Gian G. Zuffa, Francesca Serra

467 Lead and bromine enrichment in eclogite-facies fluids: Extreme frac-
tionation during lower-crustal hydration
Henrik Svensen, Bjørn Jamtveit, Bruce Yardley, Ane K. Engvik, Håkon Austrheim, Curt
Broman

471 δ13C analyses of individual lignin phenols in Quaternary lake sedi-
ments: A novel proxy for deciphering past terrestrial vegetation
changes
Yongsong Huang, Katherine H. Freeman, Timothy I. Eglinton, F. Alayne Street-Perrott

Forum
475 Lithospheric gravitational potential energy and past orogenesis:

Implications for conditions of initial Basin and Range and Laramide
deformation:
Comment: Patrice F. Rey, Sylvie Costa
Reply: Craig H. Jones, Leslie J. Sonder, Jeffrey R. Unruh

477 Sinking intrusion model for the emplacement of garnet-bearing peri-
dotites into continent collision orogens
Comment: Michael P. Terry, Peter Robinson
Reply: Hannes K. Brueckner

479 Megaflood erosion and meltwater plumbing changes during last
North American deglaciation recorded in Gulf of Mexico sediments
Comment: P. F. Karrow
Reply: P. A. Brown, J. P. Kennett, J. T. Teller

The Geological Society of America

Volume 111, Number 5, May 1999

633–645 Presidential Address: Geosemiosis
Victor R. Baker

646–662 Identification of sand sources and transport pathways at the Kelso
Dunes, California, using thermal infrared remote sensing
Michael S. Ramsey, Philip R. Christensen, Nicholas Lancaster,
Douglas A. Howard

663–673 Feldspar metasomatism along a Proterozoic rift-basin margin-
”Smoke” around a base-metal “fire” (HYC deposit, Australia) or a
product of background diagenesis?
Garry J. Davidson

674–685 Structural and petrologic evolution of the Lihue basin and eastern
Kauai, Hawaii
Peter W. Reiners, Bruce K. Nelson, Scot K. Izuka

686–708 Late Silurian volcanism in coastal Maine: The Cranberry Island series
Sheila J. Seaman, Erik E. Scherer, Reinhard A. Wobus, Jonathan H.
Zimmer, J. Gregory Sales

709–724 Basin analysis of the Jurassic-Lower Cretaceous southwest Tarim
basin, northwest China 
Edward R. Sobel

725–742 Evolution of the Minle and Chaoshui Basins, China: Implications for
Mesozoic strike-slip basin formation in Central Asia
Stephen J. Vincent, Mark B. Allen

743–754 Sedimentology and flow behavior of a rain-triggered lahar, Mangatoe-
toenui Stream, Ruapehu volcano, New Zealand
K. A. Hodgson, V. R. Manville

755–768 Later stages of volcanic evolution of La Palma, Canary Islands: 
Rift evolution, giant landslides, and the genesis of the Caldera de
Taburiente
Juan Carlos Carracedo, Simon J. Day, Hervé Guillou, 
Philip Gravestock

769–789 Late Pleistocene environments of the western Noatak basin, northwest-
ern Alaska
Scott A. Elias, Thomas D. Hamilton, Mary E. Edwards, James E.
Begét, Andrea P. Krumhardt, Claude Lavoie

790 Errata
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Many of the explanations are very
simplified; some of these were not proof-
read—for example (p. 21), ”small, some-
time microscopic plant animal and plant
organisms know as plankton.”

Bailey appears to be far more comfort-
able describing the continental ecoregions
—general characteristics, flora and fauna,
climate, etc. On the positive side, many of
the illustrations are in color, and although
on a global scale, do help to illuminate 
the generalized global distribution of vari-
ous parameters that determine ecoregions.
Some of the color figures are simply hand-
colored historic postcards of various
geographic regions of Earth from the
“author’s collection.” The book ends
weakly in a one-half page chapter titled
“Summary and Conclusion.” This is a very
generalized reference that doesn’t con-
tribute significantly to the existing infor-
mation base or our understanding of these
global regions.

Gary B. Griggs
University of California
Santa Cruz, CA 95064

People and the Earth: Basic Issues in
the Sustainability of Resources and
the Environment. By John J. W. Rogers
and P. Geoffrey Feiss. Cambridge University
Press, Cambridge, UK, 1998, 338 p., $80
(hardbound), $32 (paperbound).

People and the Earth is not a conven-
tional Geo-1 text newly packaged in a

veneer of add-on environmental and/or
Earth systems science. Rather, it is a novel,
from-the-ground-up approach to the over-
whelming socioeconomic, political, scien-
tific, and technological problems that face
humanity as we approach the 21st cen-
tury. Divided logically into eight chapters
plus a wrap-up—(1) People and Land, (2)
Food, (3) Natural Hazards, (4) Water, (5)
Energy, (6) Mineral Resources, (7) Waste
and Pollution, and (8) Global Change—it
treats the terrestrial environment as a
series of interlocking, intergradational
problems. Topics progress smoothly from
exponential population growth, to agricul-
tural productivity and the Green Revolu-
tion, to geologic hazards, sea-level rise,
and tropical storms, then to the funda-
mental growth-limiting resources of water,
energy, and mineral deposits, and finally
to the effluents and impacts of civiliza-
tion. The fundamentals of environmental
science—including the relevant chemistry,
physics, biology, and geology—are intro-
duced only as needed, and their applica-
tions are clear, persuasive, and direct.
Because of this integrated approach, sci-
ence and engineering principles are eluci-
dated with regard to a range of interre-
lated environmental problems, and the
transition to past and present policies and

future options invariably ends with ques-
tions directed at the reader. Thus, the
student is armed with the knowledge to
understand and deal with the vexing
anthropogenic impacts challenging the
global biosphere. I think it’s a marvelous
way of involving the reader in the envi-
ronmental questions facing us all.

However, by far the most engaging
sections of People and the Earth, at least 
in my view, are the numerous sidebar
boxes. While slightly tangential in a few
instances (e.g., Jason and the golden
fleece, p. 216), all are illuminating, and
most are cogent examples of the prin-
ciples being discussed in the surrounding
text. The treated subjects vary enor-
mously, from mad-cow disease (p. 56), to
the Aswan High Dam (p. 142), petroleum
for the Axis war machine during WWII
(p. 186–187), and the year without a
summer (p. 300). The style of both text
and sidebar boxes is informal, engaging,
and often humorous. As a beginning 
text in environmental or Earth systems
science, it hits the mark squarely and
effectively.

What didn’t I like about this book?
The figures, including halftones, although
simple and clear enough, are somewhat
lackluster. Perhaps I’m just too accus-
tomed to the National Geographic color pic-
torial approach to elementary textbooks,
as produced by commercial publishers.
The manuscript was finished in mid-1995
and published three years later, presum-
ably because Cambridge University Press
was meticulous in its production of the
book. In any case, a few discussions, such
as that concerning the Three Gorges Dam
Project (p. 176–177) are a bit dated. The
authors recognize this and are trying to
overcome this problem by operating a
Web site with new boxes and a few other
comments; the address is www.wm.edu/
FAS/faculty/People_and_Earth. There are
inevitable typos, such as the one stating
that the Japanese attack on Pearl Harbor
took place in 1942 (p. 186–187), but these
are trivial and surely will be corrected in
subsequent editions.

This is an excellent template for the
new geology, also known as Earth systems
science or environmental studies. People
and the Earth is written at the introductory
level and contains a seamless melding of
policy implications as well as the requisite
physical and biological science principles.
I learned a lot reading it. I feel that this
text contains the kinds of concepts that
society must assimilate if the next century
is to witness a better-managed planet than
in the past.

W. G. Ernst
Stanford University

Stanford, CA 94305-2115

A Color Atlas of Carbonate Sedi-
ments and Rocks Under the Micro-
scope. By A. E. Adams and W. S.
MacKenzie. John Wiley & Sons, New York,
1998, 180 p., $49.95 (paperbound). 

This slim volume focuses on showing
color photographs with relatively

limited text. Aimed mainly at a very
advanced undergraduate or graduate
student audience, the book covers the
identification of carbonate grains, inter-
pretation of diagenetic fabrics, description
of porosity types, and carbonate classifica-
tion. It generally succeeds at these objec-
tives. It provides clear, logically organized,
reasonably representative photographs of
carbonate thin sections, including many
that have been selectively stained. The
identifications are accurate, and the text
provides a rational framework for identify-
ing and interpreting both grains and rock
fabrics. This, coupled with the reasonable
price for a color book, makes it one of the
best currently available student texts in
this field.

It has some significant weaknesses,
however. The table of contents is sparse,
with only seven topical entries. This forces
the user to consult an index, which is also
fairly limited at just over three pages.
There are no diagrams in the book to help
explain the structure of grains or the rela-
tionship of particular section cuts to the
whole grain or organism. Samples are
mostly from Europe, and many important
carbonate rock formers from other parts of
the world are given little or no coverage.
The numbers of pictures of different
organism groups also are oddly unbal-
anced; there are six views of echinoid
spines (all in the same orientations) and
only eight views of all the arthropods
combined. Likewise, bivalves and bra-
chiopods have 22 pages of coverage,
whereas all other organisms combined
have only twice that number. But the
largest drawback seems to me to lie in the
figure captions, which give no informa-
tion on the subject of the picture. Only
locality, age, staining, and magnification
are provided. The user must then search
through the text to find where the picture
is discussed in order to discover what it
shows. For students trying to learn
petrography, this will be a frustrating
experience. Why not include at least a
two- or three-word description (e.g.
“brachiopod spine” or “inoceramid
bivalve”) to inform the neophyte?

These drawbacks notwithstanding,
this book provides a useful, well-written
overview of a complex subject. It will find
a home in many carbonate petrography 
or advanced sedimentology classes,
although it is too limited in size, scope,
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and organization to serve well as a profes-
sional reference work.

Peter A. Scholle
Southern Methodist University
Dallas, TX 75275-0395  USA

pscholle@post.cis.smu.edu

Ancient Invertebrates and Their
Living Relatives. By Harold L. Levin.
Prentice-Hall, Inc., Upper Saddle River, New
Jersey, 1999, $61.

For a medium-length book, this text pro-
vides good coverage of invertebrate

fossil groups, and it does a fair but brief
and dated job with evolution, the value of
fossils, and the origin and diversity of life.
The problem is that this book is filled with
errors, most of them in the numerous
illustrations and their captions. There are
over a dozen prominent spelling errors,
many of which we already see far too
often in student writing (“Permain” and
“Crustecea” being my personal unfa-
vorites). More important, the reader who
examines only the figures (and more of
our students do this than we would like 
to admit) will learn that the chronostrati-
graphic equivalent of an epoch is a stage,
that rugose corals were common in the
Mesozoic and Cenozoic, that conodonts
survived until the end of the Cretaceous,
that terebratulid brachiopods and ctenos-
tome bryozoans appeared first in the
Silurian, and that there were no astero-
zoan echinoderms in the Triassic. Most of
these mistakes are contradicted in the text,
but the damage is nevertheless severe.
Today there are numerous competing text-
books for invertebrate paleontology
courses, none with as many problems as
this book. The author clearly loves the
subject, and he worked hard to produce
readable, concise prose in a useful format.
He was poorly served, though, by shoddy
editing and incompetent proofreading. 
We can only hope that this is not the
future of textbook publishing, with
machines and bored technicians replacing
the artisans we have long admired. We can
demand higher quality for our students,
especially considering how much they are
asked to pay for these books. It is a pity
that there is simply no reason to use this
paleontology textbook in any course, and
numerous reasons to avoid it entirely.

Mark A. Wilson
College of Wooster

Wooster, OH  44691
mwilson@acs.wooster.edu

The Antarctic Region: Geological
Evolution and Processes. Edited by
C. A. Ricci. Terra Antartica Publications,
Siena, Italy, 1997, 1,206 p., L150 000
(approximately US $90).

Geologically, the Antarctic plate is the
least known of all the plates. Under-

standing its geologic history is the key to
many important problems in Earth history
such as the amalgamation of Gondwana
in the late Proterozoic–early Paleozoic, the
breakup of Pangea in the Mesozoic, and

the development of the Antarctic ice
sheet. Although less than 5% of the conti-
nent is accessible to bedrock study, a
coherent geologic history is gradually
being assembled. These efforts are truly an
international effort and therefore informa-
tion is scattered throughout national and
international literature. This is the seventh
in a series of proceedings volumes associ-
ated with the International Symposia on
Antarctic Earth Sciences (ISAES), which
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THE MID-ATLANTIC PIEDMONT: TECTONIC MISSING
LINK OF THE APPALACHIANS
edited by David W. Valentino and Alexander E. Gates, 1999
Many topical special volumes on northern and southern
Appalachian tectonics have been published. As critical
advances in plate tectonics were applied to the rest of the
Appalachians however,  the Mid-Atlantic Piedmont was
commonly neglected or included as an afterthought, making
this part of the orogen a "missing link." Valentino and Gates
have assembled a collection of papers that tie the central
Appalachian Piedmont to the northern and southern regions
by filling this void. Major themes include the impact of late
Paleozoic dextral transpressive tectonism, the continuation of
the Piedmont under the Atlantic coastal plain and new results
in the tectonothermal history of the Piedmont.
SPE330, 148 p., ISBN 0-8137-2330-2, $60.00, Member price
$48.00 

GEOLOGIC EVOLUTION OF THE BARBERTON
GREENSTONE BELT, SOUTH AFRICAedited by
edited by Donald R. Lowe and  Gary R. Byerly, 1999
The Barberton Greenstone Belt contains the oldest well-
preserved volcanic and sedimentary rocks known on Earth and
provides a unique window on surface environments, biological
evolution, and crustal development 3,550 to 3,200 m.y. ago.
This volume presents a systematic account of the geology of
the Barberton Belt and its implications for interpreting surface
conditions and processes on early Earth. The subjects include
stratigraphy, structural divisions, sedimentary geology, and
biological materials of the entire belt; mafic and ultramafic
volcanic rocks and their petrogenesis; the sedimentology and
volcanology of ultramafic volcaniclastic units; the depositional
and tectonic setting of the oldest known foreland basin
sediments of the overlying Fig Tree Group; and the petrology
and tectonic implications of the upper syntectonic quartzose
clastic sediments of the Moodies Group. An interpretative
summary of the overall evolution of the Barberton Belt
concludes the book.
SPE329, 324 p., softcover, indexed, ISBN 0-8137-2329-9, $60.00;
Member price $48.00

HIMALAYA AND TIBET: MOUNTAIN ROOTS TO
MOUNTAIN TOPS
edited by Allison Macfarlane, Rasoul Sorkhabi, Jay Quade, 1999
More than 30 international authors contributed to the first
Himalaya-Karakoram-Tibet (HKT) Workshop held in America.
The 11th HKT Workshop, in April 1996 in Flagstaff, Arizona,
was a logical outcome of an increasing involvement of North
American geologists in the studies of the Himalaya and Tibet
over the past two decades. One of the prominent features of
this 21 chapter volume is the integration of both "hard-
rock"and "soft-rock" geology, paleotectonic and neotectonic
history, and endogenic (tectonic) and exogenic (geomorphic)

processes in the Himalaya. Fully refereed, seven articles cover
the Tibet, Trans-Himalaya, and Tethys unit. The High
Himalayan Crystalline zone is the subject of  another eight
chapters; the final six chapters cover the Himalayan Foreland
and its sediments, structures, and landforms.
SPE328, 336 p., softcover, 1 large plate, indexed,
ISBN 0-8137-23280, $70.00, Member price $56.00

LATE CENOZOIC XIANSHUIHE-XIAOJIANG, RED RIVER,
AND DALI FAULT SYSTEMS OF SOUTHWESTERN SICHUAN
AND CENTRAL YUNNAN, CHINA
by E. Wang, B. C. Burchfiel, L. H. Royden, Chen Liangzhong, Chen
Jishen, Li Wenxin, 1998
The Tibetan plateau and its surrounding mountain ranges and
basins are a natural laboratory in which to study geological
processes ranging from continental collision tectonics to effects
of plateau development on climate. Three active fault systems,
the Xianshuihe-Xiajiang, Red River, and Dali, offer clues about
the extrusion of crustal fragments eastward from the Tibetan
plateau, how far back into time the present pattern of
deformation can be projected, and the relation between these
fault systems and the intracontinental deformation of the
India-Eurasia collision zone. The region of these fault systems
is an example of rapid changes in partitioning of strain during
5 m.y. in a rotational tectonic regime.
SPE327, 112 p., ISBN 0-8137-2327-2, $41.00, Member price
$32.80

MILITARY GEOLOGY IN WAR AND PEACE
edited by J. R. Underwood, Jr. and P. L. Guth, 1998
In addition to the introductory paper this volume includes 24
papers, covering selected aspects of the history of military
geology from the early 19th century through the recent Persian
Gulf war, military education and operations, terrain analysis,
engineering geology in the military, use of military geology in
diplomacy and peace keeping, and the future of military
geology.
REG013, 256 p., ISBN 0-8137-4113-0, $76.00, Member price
$60.80
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attempt to gather the most recent findings
into one place. The seventh symposium
was held in Siena, Italy, in September
1995. This volume and its predecessors
offer an excellent gateway to the ever-
expanding literature on the least known
continent and surrounding oceans.

The book is organized into 11 chap-
ters representing the various theme ses-
sions at the meeting. Each chapter is intro-
duced by a separate set of editors, who
attempt to tie the various papers together.
Topics covered by 162 papers span all
areas of earth science. The large format
lends itself well to diagrams and maps,
some of which are in color. All papers were
reviewed and edited, but a few could have
used more editorial attention.

More than half the book is repre-
sented by the first three chapters discuss-
ing the amalgamation of Gondwana, the
tectonic evolution of active plate margins,
and breakup processes. Several papers are
regional studies of magmatic and/or meta-
morphic histories of various localities in
Antarctica. The relative roles of Grenville-
age (1200–1000 Ma) and Pan-African
(550–500 Ma) events are discussed, and
localities in Antarctica are compared to
their Gondwana counterparts in southern
Africa, India, or Australia. One emphasis is
validation of the SWEAT hypothesis, in
which western North America and Antarc-

tica were part of the same plate prior to
separation in the late Proterozoic. Better
dates from isotope geochronology and fos-
sils increasingly identify basement rock
sequences in the Transantarctic Mountains
as Cambrian rather than late Proterozoic
in age, so convincing proof is still lacking.
In a paper in the active margins chapter, a
Carboniferous to Cretaceous zone of mag-
matism in Marie Byrd Land (West Antarc-
tica) is compared to the Median Tectonic
Zone of New Zealand. Several excellent
papers review the Mesozoic-Cenozoic
geologic history of the Antarctic Penin-
sula–Scotia Arc region, which has experi-
enced episodic plutonism since mid-
Triassic time. In the breakup chapter, three
papers discuss the opening of the Weddell
Sea, which is a key to the understanding
of the evolution of West Antarctica and
the formation of the Southern Ocean.
Magnetic, gravity, and paleobathymetry
data are used to argue that the Ellsworth
Mountains crustal block simply rotated
with the Antarctic Peninsula as the Wed-
dell Sea opened during the Mesozoic–
Cenozoic.

Other chapters cover the evolution of
the Southern Ocean, Cenozoic climate
change, the last glacial cycle, fossil biotas,
station geophysics, new directions, and
maps. One chapter includes an unlikely
mix of papers on high-temperature petrol-

ogy, sedimentology, and glaciology. A few
highlights are noted here. The Bransfield
Strait, possibly the site of a new ocean
basin, is the subject of four papers and
related volcanism on Deception Island,
three. The morphologies of six volcanoes
in the Bransfield Strait, a back-arc basin
between the South Shetland Islands and
the Antarctic Peninsula that is no older
than 4 Ma, show various stages in the evo-
lution of a rift toward sea-floor spreading.
Effective arguments and new data support
a stable East Antarctic ice sheet, opposing
a Pliocene meltdown. Contrary to the pre-
dictions of paleoclimate models, several
papers note fossil biota that suggest rela-
tively warm climates in the Antarctic polar
region before the mid-Cenozoic. Several
papers in the chapter on new directions
demonstrate that remote sensing is an
increasingly important tool in interpreting
the geology of a continent mostly covered
by ice.

This volume will probably find itself
mainly on the bookshelf of Antarctic
researchers, but it will be an invaluable
resource in libraries for all those interested
in earth science in Antarctica and a global
view of earth history and processes.

James W. Collinson
Ohio State University

Columbus, OH 43210
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1999 Penrose Conferences
June
June 21–27, Terrane Accretion along the
Western Cordilleran Margin: Constraints
on Timing and Displacement, Winthrop,
Washington. Information: J. Brian Mahoney, Dept.
of Geology, University of Wisconsin, Eau Claire, WI
54702-4004, (715) 836-4952, fax 715-836-2380,
mahonej@uwec.edu.

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

2000 Penrose Conferences
March
March 27–31, Volcanic Rifted Margins, Royal
Holloway University of London, Egham Surrey, UK.
Information: Martin Menzies, Dept. of Geology,
Royal Holloway, University of London, Egham Hill,
Egham, Surrey TW20 OEX, UK, phone 44-1784-
443105, fax 44-1784-471780, menzies@gl.rhbnc.
ac.uk. See May 1999 GSA Today for meeting
details.

1999 Meetings
June
June 14–15, 3rd Annual Workshop on
Continental Scientific Drilling, Hilo, Hawaii.
Information: Theresa Fall, tfall@egi.utah.edu, 
(801) 585-9687, www.DOSECC.org. 

August
August 29–31, Mid-Continent AAPG Conven-
tion, Wichita, Kansas. Information: American Asso-
ciation of Petroleum Geologists, P.O. Box 979,
Tulsa, OK 74101, www.aapg.org.

September
September 16–18, Gold in Carolina and Amer-
ica, Charlotte, North Carolina. Information: Gold
History Corporation, Attn: Bicentennial Sympo-
sium, 9621 Reed Mine Rd., Stanfield, NC 28163,
(704) 721-4653, fax 704-721-4657,
reedmine@ctc.net.

October
October 8–10, 1999 SEPM Great Lakes Section
Field Conference, Cincinnati, Ohio. Information:
Tom Algeo, Dept. of Geology, University of Cincin-
nati, Cincinnati, OH 45221-0013, phone (513)
556-4795, fax 513-556-6931, Thomas.Algeo@
uc.edu.

October 28–November 6, International Associ-
ation of Geologists Working Group on
Yangtze River, Shanghai, China. Information:
Zhongyuan Chen, Conference Secretary, Dept. of
Geography, East China Normal University, Shang-
hai, 200062, China, phone 86-21-62232706, fax: 

86-21-62233660 or 62576217, Z.Chen@gislab.
ecnu.edu.cn or Geogl@ecnu.edu.cn. (Abstract
deadline: June 31, 1999.)

November
November 16–17, Wetlands and Remediation:
An International Conference, Salt Lake City,
Utah. Information: Karl Nehring, Environmental
Restoration Dept., Battelle Memorial Institute,
phone (614) 424-6510, Nehringk@battelle.org.

December
December 5–9, American Water Resources
Association 1999 Annual Conference, Seattle,
Washington. Information: American Water
Resources Information, Attn: 1999 AWRA Annual
Water Resources Conference (Seattle), 950
Herndon Parkway, Suite 300, Herndon, VA 20170-
5531, phone (703) 904-1225, fax 703-904-1228,
awrahq@aol.com, www.awra.org. (Abstracts
deadline: June 1, 1999.)

December 6–10, 14th William T. Pecora
Memorial Remote Sensing Symposium,
Denver, Colorado. Information: ASPRS, 5410
Grosvenor Lane, Suite 210, Bethesda, MD 20814-
2160, www.asprs.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.

Only new or changed information is
published in GSA Today. A complete listing
can be found in the Calendar section on
the Internet: http://www.geosociety.org.
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Situations Wanted
GEOSCIENTIST, proven, cost effective experience, seeks
contract/retainer in ground water, oil & gas, environmental
and natural resource projects, US and Abroad. Respond
(318) 981-4678.

Positions Open
COMPUTER SYSTEMS ADMINISTRATOR

UNIVERSITY OF MINNESOTA
VACANCY ANNOUNCEMENT: The Department of Geol-
ogy and Geophysics is seeking a full-time computer sys-
tems administrator to support research and teaching in the
area of computational geosciences. The position will com-
pliment existing strengths within our department in compu-
tational geophysical fluid dynamics and scientific visual-
ization. This position is a 12-month, 75-100%-time
appointment, which is annually renewable.

SALARY: Commensurate with background, education,
and experience.

RESPONSIBILITIES: This individual would be respon-
sible for maintaining the department's computer resources
consisting of approximately 65 personal computers and 18
UNIX (SGI) workstations. Systems administration respon-
sibilities will include: maintenance of the software and
operating systems; maintaining the Ethernet network;
offering courses in application software and systems as
necessary, setting up new machines; performing regular
backups; maintaining/upgrading the departmental web
page, and maintenance of the departmental computer lab.

PREFERRED QUALIFICATIONS: B.Sc., M.Sc. or
Ph.D. degree in Earth Sciences is strongly preferred with
a strong background in computer science. Training and/or
experience in IBM compatible, Apple, and UNIX system
administration. Experience in a wide range of personal
computer software applicable to geological sciences is
desired. Good oral and written communication skills are
required as well as a willingness to learn and adapt to the
changing computational environment.

APPLICATION PROCEDURES: Applicants should
send a curriculum vitae, undergraduate and graduate tran-
scripts, a letter summarizing the individual's interests and
goals in the area of computational geosciences, and three
letters of reference to Kathy Ohler, Department of Geol-
ogy & Geophysics, 310 Pillsbury Dr., SE, Minneapolis, MN
55455. Recruitment remains open until position is filled. 

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

GEODYNAMICS PENN STATE
The Department of Geosciences invites applications for a
tenure-track faculty position in the broad area of Geody-
namics. Of particular interest are individuals in the fields of
rheology, mantle dynamics, lithospheric deformation
(including surface, crustal, and lithospheric scale pro-
cesses), and/or active tectonics (including observations
geodesy and natural hazards research). Individuals with
expertise in experimental, theoretical and/or observational
aspects of these fields are encouraged to apply. This posi-
tion is part of a focused initiative in the area of Geodynam-
ics. The successful candidate will join a geodynamics
group with research activities in seismology, lithospheric
geodynamics, surface processes, active tectonics, and
structural geology. Opportunities exist to participate in the
college-wide Center for Natural Hazards Research. Appli-

cants should demonstrate the potential for developing a
funded research program and high-quality teaching. A
Ph.D. is required at the time of appointment. We expect to
fill this position at the Assistant Professor level, but
appointment at an Associate Professor level is possible in
exceptional cases. The search process begins immedi-
ately and will continue until suitable candidates are identi-
fied. Applications should include a complete resume,
examples of published work, a statement outlining teach-
ing and research interests and the names and addresses
of at least four (4)individuals who could provide refer-
ences. Send application materials to: Head, Department
of Geosciences, POS #: G-4719, 503 Deike Bldg., The
Pennsylvania State University, University Park, PA 16802.
AA/EOE.

GEOLOGIST
Study, examine, identify & analyze rocks, minerals & fos-
sils; serve as liaison with Chinese fossil dealers & officials
in order to facilitate the location & trading of minerals &
fossils. Requirement: Bachelor of Science degree in Geol-
ogy; 5 years of experience; 40 hours/week; 10am-7pm;
Salary: $42,000/year; Overtime: $30.29/hour. Job site &
interview in Roachdale, Indiana. Send resumes with social
security number to the Indiana Department of Workforce
Development, 10 N. Senate Ave., Indianapolis, IN 46204-
2277, att: Dpg. Include ID #8039979.

ASSISTANT PROFESSOR
DEPARTMENT OF GEOLOGY

BALL STATE UNIVERSITY, MUNCIE, INDIANA
Contract position available August 20, 1999. Responsibili-
ties: teaching 12 semester hours of geology courses each
academic semester, including introductory courses such
as physical geology, environmental geology, and field
methods, as well as others; keeping abreast of recent
scholarly developments in areas of speciality and incorpo-
rating new materials into teaching; pursuing scholarly
activities; supervising or assisting with student research.
Minimum qualification: master’s degree in geology at or
near completion. Preferred qualifications: doctorate in
geology or doctoral degree near completion or significant
experience beyond the master’s degree; college teaching
and/or professional experience; demonstrated teaching
abilities and effective interaction with other faculty and stu-
dents on individual projects and research; experience and
background to teach sedimentary geology/stratigraphy or
possibly other appropriate advanced courses; records
supporting quality of teaching, research, and/or profes-
sional performance. Send letter of application, vita, state-
ment of teaching interests, and the names and telephone
numbers of three references to: Dr. Alan Samuelson,
Chair, Department of Geology, Ball State University, Mun-
cia, IN 47306. Review of applications began April 19,
1999, and will continue until the position is filled (possibly
as late as July 15, 1999). Part-time positions may become
available. (www.bsu.edu/geology).

Ball State University is an equal opportunity, affirmative
action employer and is strongly and actively committed to
diversity within its community.

Consultants
GEOSCIENTIST, Seeks contract/retainer as Asset
Builder/Manager, proven oil & gas record, US and Abroad,
On-shore and Off-shore. Respond (318) 981-4678.

Services & Supplies
LEATHER FIELD CASES. Free brochure, SHERER
CUSTOM SADDLES, INC., P.O. Box 385, Dept. GN,
Franktown, CO 80116.

DON'T KILL YOURSELF with the carcinogenic bromides,
like tetrabromoethane for mineral separation. Use water-
based non-toxic high-density agent Sodium Polytungstate.
Density ranges from 1.0 to 3.1 g/ml and up to 4.0 g/ml in
combination with Tungsten Carbide. Sometu. Phone (818)
786-7838; Fax 818-786-4343; website: www.sometu.com;
e-mail sometu@aol.com

Opportunities for Students
Microbeam Research Technician, University of Nevada,
Las Vegas. Applications are invited for a two-year, full-
time (12-month) position to establish and operate a new

Probe/SEM facility in the Department of Geosciences at
UNLV. The successful candidate will establish standard
operating procedures (some to fulfill DOE QA require-
ments), maintain a user friendly facility for faculty, stu-
dents and visiting users, and solicit work from outside
users. The candidate may conduct research as time per-
mits, however, the primary focus of the position is to main-
tain the facility and to assist UNLV and outside users.

Minimum requirements include a Master's degree in
geology, geochemistry, or an appropriate related field.
Microprobe and/or SEM experience is highly desirable.
The position is available for two years pending satisfactory
performance and may become permanent at the end of
that time. Applications will be accepted until a satisfactory
candidate is found, however, a decision will not be made
until after May 15, 1999. The successful candidate must
be available soon after an offer is accepted. Salary will be
commensurate with qualifications and experience.

Interested applicants should send a CV, a letter of
interest detailing their fit to the position as described
above, their earliest available starting date, and arrange to
have three letters of recommendation sent to Dr. Clay
Crow, Department of Geoscience, UNLV, 4505 Maryland
Parkway, Box 454010, Las Vegas, NV 89154-4010.
Email: ccrow@ccmail.nevada.edu.

For more information visit our Web site at
http://www.unlv.edu. UNLV is an Affirmative Action/Equal
Opportunity employer; minorities, women, veterans and
the disabled are encouraged to apply.

CLASSIFIED ADVERTISING

DIRECTOR
DIVISION OF EARTH SCIENCES

NATIONAL SCIENCE FOUNDATION
Arlington, VA 22230

NSF's Directorate for Geosciences seeks candi-
dates for the position of Director, Division of
Earth Sciences. The incumbent provides leader-
ship and direction to NSF program activities
supporting research and education in both core
disciplinary programs (e.g., geology and paleon-
tology, tectonics, petrology and geochemistry,
and hydrologic sciences), and multidisciplinary
and infrastructure activities (e.g., continental
dynamics, instrumentation and facilities, educa-
tion and human resources, and geophysics).

Appointment to this Senior Executive Service
position may be on a career basis, or on a 2- to
3- year limited term basis, with a salary range of
$110,351 to $125,900 for a new SES appoint-
ment.  Alternatively, the incumbent may be
assigned under Intergovernmental Personnel Act
provisions. Applicants must have a Ph.D. or
equivalent professional experience in at least
one major subdisciplinary field of earth sci-
ences, substantial research administration expe-
rience, and demonstrated leadership skills.

Announcement EP 99-8, with position require-
ments and application procedures, is located on
the NSF Home Page at www.nsf.gov.home/
chart/work.htm#hrm. Applicants may also
obtain the announcements by contacting the
Executive Personnel and Development Branch
on 703-306-0755 (Hearing impaired individuals
may call TDD 703-306-0189).  Applications
must be received by June 8, 1999.

NSF is an equal opportunity employer commit-
ted to employing a highly qualified staff reflect-
ing the diversity of our nation.



Call for Papers
April GSA Today

Abstracts Due 
July 12

Preregistration Due
September 17

Registration and
Housing Information
June GSA Today

Program Schedule 
September GSA Today
and the Web

FOR MORE INFORMATION:
GSA Meetings Department, 
P.O. Box 9140, Boulder, CO 80301-9140, 
(303) 447-2020, (800) 472-1988, meetings@geosociety.org
For more detailed and up-to-date information, check out
the 1999 GSA Annual Meeting Web site at
www.geosociety.org/meetings/99

1999 ANNUAL MEETING AND EXPOSITION October 25–28, 1999

THE

Mid-Mid-
AtlanticAtlantic
PiedmontPiedmont
edited by 
David W. Valentino and Alexander E. Gates, 1999

Many topical special volumes have been published on northern and southern
Appalachian tectonics. As critical advances in plate tectonics were applied to the
rest of the Appalachians however,  the Mid-Atlantic Piedmont was commonly
neglected or included as an afterthought, making this part of the orogen a
"missing link." Valentino and Gates have assembled a collection of papers that tie
the central Appalachian Piedmont to the northern and southern regions by filling
this void. Major themes include the impact of late Paleozoic dextral transgressive
tectonism, the continuation of the Piedmont under the Atlantic coastal plain, and
new results in the tectonothermal history of the Piedmont.

SPE330, 148 p., ISBN 0-8137-2330-2, $60.00, Member price $48.00 

ORDER NOWcontact GSA directly.

TOLL-FREE800-472-1988 FAX303-447-1133
WEBwww.geosociety.org
GSA Publication Sales, P.O. Box 9140
Boulder, CO 80301-9140

Additional volumes of
interest relating to
Appalachian Geology
Norumbega Fault System of the
Northern Appalachians
SPE331 in preparation

Central and Southern Appalachian
Sutures: Results of the EDGE Project
and Related Studies 
SPE314, 142 p., ISBN 0-8137-2314-0, $50.00
Member price $40.00

Elements of Pennsylvanian
Stratigraphy, Central Appalachian
Basin
SPE294, 160 p., ISBN 0-8137-2294-2, $30.00
Member price $24.00

The Nature of Magmatism in the
Appalachian Orogen
MWR191, 376 p., ISBN 0-8137-1191-6,
$135.00, Member price $108.00

Geology of the Appalachian-
Caledonian Orogen in Canada and
Greenland
GNC-F1, 944 p., ISBN 0-660-13134-X,
$57.50, Member price $46.00

Northern Appalachian: (West sheet)
Grenville Province, Quebec, to
Newfoundland; (East sheet) Rifted
Margin Offshore Northeast
Newfoundland
TRA-D1, $4.00, Member price $3.20


