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Prelude to Plate Tectonics
Robert J. Stern

Cover: Typical coarse-grained to pegmatitic, orthopyroxene-bearing
anorthosite (leuconorite) from the 1765—1630 Ma Mealy Mountains Intrusive Suite (Labrador,
Canada). This Mesoproterozoic anorthosite massif intrudes the Mealy Mountains Terrane and is
one of several classic intrusive complexes in the Grenville Province of eastern North America.
The hammer is ~40 cm long. Photo courtesy of Grant Bybee, Univ. of the Witwatersrand. See
related article, p. 4-10.

12 Call for Nominations: 2021 GSA Awards & Medals
12 Call for GSA Fellowship Nominations
13 2020-2021 Scientific Division Officers and Past Chairs

14 Scientists in Parks: A New Program for the Next Generation of Stewards

15 GeoCorps™ America: Explore Geoscience-Related Opportunities on America’s

Public Lands
16 2019-2020 GSA-USGS Congressional Science Fellow Final Report
17 Mentoring365
18 GSA Graduate Student Research Grants
18 Awards for Students to Attend GSA’s Northeastern Section Meeting
18 J. David Lowell Field Camp Scholarships
20 Geoscience Jobs & Opportunities

23 GSA Publications Highlights: Share Your Research with the World. Publish
with GSA.

24 Groundwork: A Three-Dimensional, Virtual Tour of the Johnston Geology
Museum

26 Groundwork: It’s Time to Defuse the Cambrian “Explosion”
28 GSA Foundation Update

29 2021 GSA Section Meetings

30 Call for GSA-USGS Congressional Science Fellow

31 Call for Short Course and Technical Session Proposals: GSA 2021
Annual Meeting


mailto:ducea%40email.arizona?subject=

a

THE
GEOLOGICAL
SOCIETY

OF AMERICA®

The Mesoproterozoic Single-Lid Tectonic
Episode: Prelude to Modern Plate Tectonics

Robert J. Stern, Geosciences Dept., The University of Texas at Dallas, Box 830688, Richardson, Texas 75083-0688, USA

ABSTRACT

The hypothesis that the Mesoproterozoic
(1600—1000 Ma) tectonic regime was a pro-
tracted single-lid episode is explored. Single-
lid tectonic regimes contrast with plate tec-
tonics because the silicate planet or moon is
encased in a single lithospheric shell, not a
global plate mosaic. Single-lid tectonics dom-
inate among the Solar System’s active silicate
bodies, and these show a wide range of mag-
matic and tectonic styles, including heat pipe
(Io), vigorous (Venus), and sluggish (Mars).
Both positive and negative evidence is used to
evaluate the viability of the Mesoproterozoic
single-lid hypothesis. Four lines of positive
evidence are: (1) elevated thermal regime;
(2, 3) abundance of unusual dry magmas such
as A-type granites and anorthosites; and (4)
paucity of new passive continental margins.
Negative evidence is the lack of rock and min-
eral assemblages formed by plate-tectonic
processes such as ophiolites, blueschists, and
ultra high-pressure terranes. Younger plate-
tectonic—related and Mesoproterozoic miner-
alizationstyles contrast greatly. Paleomagnetic
evidence is equivocal but is permissive that
Mesoproterozoic apparent polar wander paths
of continental blocks did not differ signifi-
cantly. These tests compel the conclusion that
the Mesoproterozoic single-lid hypothesis
is viable.

INTRODUCTION

Earth’s modern plate-tectonic regime
emerged from earlier tectonic regimes (Sleep,
2000; Cawood et al., 2018; Stern, 2018; Holder
et al., 2019). This paper tests the hypothesis
that the Mesoproterozoic was a protracted
single-lid tectonics. Below, I briefly outline
what single-lid tectonics is before presenting
positive and negative evidence to test this
hypothesis and explore some implications.

PLATE TECTONICS AND SINGLE-LID
TECTONICS
Five concepts are central to this paper:

1. Active silicate bodies have convecting man-
tles. Tectonics is the lithospheric expression
of mantle convection.

2. Plate tectonics is lithosphere divided into a
mosaic of strong plates, which move on and
sink into weaker ductile asthenosphere as a
result of subduction. Plates move relative to
each other across three types of boundaries:
divergent, convergent, and transform (Bird,
2003). The negative buoyancy of old dense
oceanic lithosphere sinking in subduction
zones mostly powers plate movements
(Forsyth and Uyeda, 1975).

3. Single-lid tectonics contrasts with plate tec-
tonics by having a single, unfragmented,
all-encompassing lithosphere.

4. There are many types of single-lid behavior
but only one type of plate tectonics (Fig. 1).

5. We are only beginning to explore the range
of active silicate body single-lid behaviors,
and terminology is confusing. O’Neill and
Roberts (2018) refer to stagnant, sluggish,
plutonic squishy, or heat pipe variants,
whereas Fischer and Gerya (2016) refer to
plume-lid tectonics. “Sagduction”—the
vertical sinking of weak lithosphere—is
another vigorous non-plate tectonic—style
(Nédélec et al., 2017).

In 2015 we finished taking a first look at all
of the large (= semi-spherical) bodies in the
Solar System using a variety of spacecraft
(Stern et al., 2018). Four out of five tectoni-
cally active silicate bodies in the Solar System
show single-lid behavior; that is, they have an
all-encompassing lithospheric lid (Stern et al.,
2018): Venus and Mars and the two Jovian
inner moons, lo and Europa. We have imaged
the surfaces of Venus, Mars and Io, but not
Europa because it is encased in an icy shell.
Venus, Mars, and o show a wide range of
single-lid tectonic behaviors. Io is subjected to
strong tidal forces from Jupiter, which heats
its interior so that it is very active volcanically
and tectonically (McGovern et al., 2016). Io is
characterized by heat pipe volcanism, where
basaltic layers erupted from randomly
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distributed volcanoes are buried and remelted
a few kilometers below the surface. Venus
exhibits vigorous single-lid behavior domi-
nated by mantle plumes and rifts (Ghail,
2015); the upward magma flux is presumably
matched by drips and delamination. Mars is a
good example of sluggish single-lid behavior,
with a few great volcanoes and one great rift.

From studying other active silicate bodies
of the Solar System we have learned three
important things: (1) there are two distinct
tectonic styles: single lid and plate tectonics;
(2) there are many single-lid tectonic styles;
and (3) only Earth has plate tectonics. Because
single-lid tectonics is so common among
active silicate bodies, it seems likely that
Earth experienced single-lid tectonic episodes
in the past.

THE MESOPROTEROZOIC

The Mesoproterozoic (16001000 Ma) is
the heart of the “Boring Billion,” a term
coined by Holland (2006) for the interval
between 1.85 and 0.85 Ga when atmospheric
oxygen levels changed little (Fig. 2A). The
term “Boring Billion” is now used to describe
many more aspects about this time period
than Holland (2006) intended. Cawood and
Hawkesworth (2014) called this “Earth’s mid-
dle age” and marshalled evidence that the
Mesoproterozoic was a time of environmen-
tal, evolutionary, and lithospheric stability
distinct from the dramatic changes docu-
mented for other times.

I have argued elsewhere (Stern, 2005;
Stern, 2018) that Earth’s modern plate-tec-
tonic regime began in Neoproterozoic time.
If Earth did not have plate tectonics, it had
some type of single-lid tectonics. Earth has
always experienced deformation and mag-
matism, but studying lo, Venus, and Mars
shows that this could have been caused by
single-lid as well as plate tectonics. An
active silicate body’s tectonic evolution is
likely to be complicated, with multiple
different episodes. Earth may have ex-
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discussion. Modified after Stern et al. (2018).

perienced multiple episodes of different
kinds of single-lid behavior and of plate tec-
tonics. Different tectonic regimes produce
different structures, metamorphic rocks,
and igneous rocks that, if preserved, pro-
vide evidence about the tectonic regime that
produced them. Erosion, alteration, and
burial destroy some but not all of the evi-
dence of past tectonic regimes, at least for
the past 3 Ga. Erosion may remove shallow
features such as porphyry copper deposits
and ophiolite nappes but cannot extirpate
intrusive and metamorphic rocks, which
extend to depth. Microscopic, geochemical,
and isotopic evidence is useful for identify-
ing when a change occurred in Earth’s con-
vective style but cannot reliably constrain
when plate tectonics began. Condie’s (2018,

p- 58) admonition “... recycling of crust into
the mantle does not necessarily require sub-
duction, and it may be possible for such
recycling to occur in stagnant [single]-lid
regimes...” should be kept in mind.

EVIDENCE THAT THE
MESOPROTEROZOIC WAS A
PROTRACTED SINGLE-LID EPISODE
Geologic evidence—both negative and
positive—should guide our interpretation of
Mesoproterozoic tectonics. Negative evi-
dence shows an absence of key plate-tectonic
indicators (Figs. 2B-2D). Positive evidence
specifies geologic features expected for sin-
gle-lid behavior (Figs. 2E-2H). The first
approach is straightforward because we
know the kinds of rocks produced by plate

tectonics. The second approach is more dif-
ficult because we are only beginning to think
about what kinds of rocks should be pro-
duced by active single-lid tectonics.
Consider the negative evidence first.
Stern (2018) identified three groups of rocks
and minerals that only form by plate-tectonic
processes. These are (1) ophiolites, indi-
cators of subduction initiation and seafloor
spreading; (2) blueschists, lawsonite-bear-
ing metamorphic rocks, and jadeitite,
indicators of subduction; and (3) ultra-high
pressure (UHP) metamorphic rocks along
with ruby and sapphire, indicators of conti-
nent-continent collision (Figs. 2B-2D). All
of these are abundant in Phanerozoic and
Neoproterozoic time and all are missing
from the Mesoproterozoic. Brown and
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Figure 2. (A) Climate, (B-D) plate-tectonic, and (E-H) single-lid indicators for the past 3.0 Ga of Earth’s history. Climate stability and
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Johnson (2018) compiled data for 456 meta-
morphic terranes from the Eoarchean to the
Cenozoic and classified these into three
groups. Low dT/dP (which approximates the
geothermal gradient at the time of meta-
morphism) metamorphic environments cor-
respond to blueschist and eclogite, meta-
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morphic rocks that only form in subduction
zones. There are a few low dT/dP metamor-
phic rocks ca. 1.9 Ga but almost none in the
Mesoproterozoic. There are a lot of Neo-
proterozoic and Phanerozoic low dT/dP
metamorphic terranes. An independent
assessment by Palin et al. (2020) confirms

that there were two great episodes of low
dT/dP metamorphism: one at 1.8-2.1 Ga
and the second episode that began 0.7 Ga
and continues today.

Positive evidence for single-lid behavior
includes three types of indicators: (1) geo-
chemical evidence of unusual, dry mag-



matism; (2) metamorphic evidence of ele-
vated heat flow; and (3) sedimentological
evidence for formation of passive continen-
tal margins. These are considered in greater
detail below.

Because plate tectonics and subduction
zones deliver large quantities of water deep
into the mantle (van Keken et al., 2011) and
single-lid episodes deliver less water, mag-
mas generated during single-lid episodes
should be drier than arc magmas generated
by plate tectonics. I-type granitic rocks
should dominate during plate tectonic
regimes. In contrast, A-type granitic rocks
are anhydrous, alkali-rich, and anorogenic
(dall’Agnol et al., 2012). Mesoproterozoic
A-type granites are unusually abundant
compared to earlier and later times (Fig. 2E).

Massif-type anorthosites are another posi-
tive single-lid indicator that reflect anhydrous
magmas. These were rarely emplaced in Neo-
proterozoic and Phanerozoic times but were
placed abundantly in the Mesoproterozoic
(Fig. 2F). Mesoproterozoic anorthosites may
reflect deep-crustal ponding of basaltic mag-
mas, crystallization and sinking of mafic sili-
cates, and flotation of plagioclase in an Fe-rich
magma (Namur et al., 2011; Ashwal and
Bybee, 2017). Formation of Fe-rich magmas
requires fractionation under low-oxygen
fugacity conditions (Skaergaard trend). Low-
oxygen fugacities are associated with dry
magmas, not those generated above subduc-
tion zones (Cottrell et al., 2021).

A second line of positive evidence is that
the lithosphere heated up. This is shown by
the metamorphic thermobaric ratios (tem-
perature/pressure, 7/P) for Paleoarchean to
Cenozoic metamorphic rocks (Brown et al.,
2020). Thermobarometric ratios over the
past 3.0 Ga are highest for Mesoproterozoic
time (Fig. 2G). Heating up of the upper
mantle (and the overlying lithosphere) is
expected for single-lid tectonic regimes.
Plate tectonics better cools Earth because it
injects cold lithosphere deep into the mantle
in subduction zones at the same time it
releases asthenospheric heat at spreading
ridges. An all-encompassing single lid, in
contrast, insulates the interior and traps
heat in the asthenosphere. Heat release is
accomplished by magmatic outbursts and
thinning the lithosphere (van Thienen et al.,
2005). Lithospheric thinning leads to an
elevated thermal gradient that is preserved
in metamorphic rocks.

The third line of evidence is the paucity of
new passive continental margins that formed
in Mesoproterozoic time (Fig. 2H; Bradley,

2011). Passive continental margins form
when continents rift and drift apart. They
form frequently in a plate-tectonic regime
but not in a single-lid tectonic regime.

There are distinctive Mesoproterozoic ore
deposits that do not form in younger times
when we can be confident that plate tectonics
occurred, including sedimentary rock-hosted
U, Kiruna magnetite-apatite, iron oxide-
copper-gold, and ilmenite ore deposits.
Correspondingly, the Mesoproterozoic lacks
ore deposits that are common to younger
assemblages formed by plate-tectonic pro-
cesses such as orogenic gold and porphyry
copper deposits (Goldfarb et al., 2010).
Different mineralization styles are expected
to accompany different tectonic styles. The
contrast between younger plate tectonic—
related and Mesoproterozoic mineralization
styles couldn’t be greater, which is consistent
with an interpretation of different tectonic
styles for these intervals.

Finally, there is paleomagnetic evidence.
Paleomagnetic measurements could resolve
the controversy because single-lid behavior
should show that all continental blocks
moved together. Unfortunately, paleomag-
netic data that bear on this question are
equivocal. Evans and Mitchell (2011) com-
piled and reported new paleomagnetic data
and used these to conclude that there were
“... minimal paleogeographic changes across
Earth’s first supercontinent cycle, in marked
contrast to the dramatic reorganization
implied between such Rodinia configura-
tions and the subsequent assembly of
Gondwana” (p. 445). This is consistent with
the compilation of O’Neill et al. (2013), who
found low plate-motion velocities through
Early and Middle Mesoproterozoic time,
although a rapid increase in plate velocity
was noted for Late Mesoproterozoic time
(see Discussion). On the basis of an indepen-
dent compilation of paleomagnetic data,
Piper (2013) identified the 1.7-1.25 Ga time
period as a single-lid episode. Piper (2013)
further inferred from paleomagnetic evi-
dence that the transition to modern plate tec-
tonics began ca. 1.1 Ga. These conclusions
are controversial; for example, Pisarevsky et
al. (2014) argue that Nuna/Columbia assem-
bled by 1600 Ma and broke up at 1400 Ma.
Meert and Santosh (2017) noted that “...
despite the exponential increase in available
[paleomagnetic] data, knowledge of the
assembly, duration and breakup history of
the supercontinent are contentious” (p. 67).
Clearly, more paleomagnetic work is needed
to resolve this controversy.

DISCUSSION

Given that plate tectonics emerged from a
single-lid episode, how does this happen and
how long does it take? Studies of lo, Venus,
and Mars’ single-lid episodes compel the con-
clusion that plate tectonics is a “Goldilocks”
tectonic style. Oceanic lithosphere must be
strong and dense, but not too strong or it can-
not break to form new subduction zones; too
weak and the lithosphere will break off in
subduction zones. Single-lid tectonic regimes
dominate when conditions for plate tectonics
do not exist and when a lid with appropriate
strength and density cannot be ruptured to
form the first subduction zone, spreading
ridge, and transform faults.

Sleep (2000) explored how an active silicate
planet was likely to evolve through three dif-
ferent tectonic styles as a result of changing
heat flow and mantle potential temperature:
magma ocean, plate tectonics, and single-lid
behavior. Magma ocean only happens early in
planetary evolution, but cycling between plate
tectonics and single lid may happen after that.
Specifically, as plate tectonics cools the
planet, lithosphere thickens and strengthens,
ultimately transitioning into single lid. Single-
lid regimes insulate the mantle, trapping heat
and leading to lithospheric weakening, favor-
ing plate tectonics.

O’Neill et al. (2016) argued that Earth
may have started in an lo-like heat-pipe tec-
tonic regime that evolved into short-lived
alternating single-lid and plate-tectonic
regimes over the next few billions of years
(Fig. 1). As Earth-like planets cool, they
may evolve into a plate-tectonic regime
before eventually decaying into a terminal
single-lid regime. The evidence presented
here suggests that the Mesoproterozoic era
was one such single-lid episode, separating
an episode of Paleoproterozoic plate tecton-
ics from the modern episode that began in
Neoproterozoic time.

Evidence for cycling between single-
lid and plate-tectonic styles is preserved in
the rock record. Preservation of some ca.
1.8-2.0 Ga ophiolites and low dT/dP meta-
morphic belts indicates a brief plate-tectonic
interval during this time. This episode
ended with formation of a supercontinent
called Columbia (Rogers and Santosh,
2002) or Nuna (Hoffman, 1997) and Earth
entered the Mesoproterozoic single-lid
episode. Immediately after a supercontinent
forms is optimal for establishing a single-lid
tectonic regime because supercontinent
assembly destroys subduction zones between
them to stop plate tectonics (Silver and Behn,
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2008). Silver and Behn argued that formation
of the Columbia/Nuna supercontinent led to
the Mesoproterozoic single-lid episode.

Given the wide range of possible single-
lid behaviors, how should we characterize
the Mesoproterozoic episode? There was
little orogenic activity during especially the
first two-thirds of Mesoproterozoic time
(Fig. 3). There was significant if unusual
igneous activity but a low rate of crustal
growth; Brown and Johnson (2018) infer
that Mesoproterozoic crustal growth rates
were 20%—-50% that of other eons/eras. The
Mesoproterozoic single-lid episode seems
to have been somewhat between the vigor-
ous style of Venus and the sluggish style of
Mars today; perhaps “ponderous” single lid
is an apt description.

THE GRENVILLE OROGENY AND
MIDCONTINENT RIFT SYSTEM

The end of Mesoproterozoic differs sig-
nificantly from the beginning and the mid-
dle. In Early and Middle Mesoproterozoic
time there was a lot of igneous activity but
little deformation, while the Late Meso-
proterozoic experienced much more defor-
mation (Figs. 3—4; Condie et al., 2015). Late
Mesoproterozoic orogeny is known as
Grenville in North America, Kibaran in
Africa, and Sveconorwegian or Dalslandian
in Europe. All of these expressions of ca.

1.2-0.95 Ga compressional deformation
are called the “Global Grenville Orogeny”
(GGO here for brevity). The GGO is generally
accepted to manifest continental collisions to
form the supercontinent Rodinia (Li et al.,
2008). If this interpretation is correct, then
plate tectonics operated in earlier Meso-
proterozoic time, falsifying the central
hypothesis that the Mesoproterozoic was a
single-lid tectonic episode. Are there alterna-
tive explanations for the GGO that are con-
sistent with a Mesoproterozoic single-lid
episode? I think so. We know that few
plate-tectonic indicators are associated
with the GGO (Figs. 2B-2D), suggesting
that it was somehow different than younger
continental collision events, where such
evidence is preserved.

Another difference between the GGO and
younger continental collisions is that GGO
compression was coeval with strong foreland
extension and large igneous province (LIP)
formation. This is best shown by the Mid-
Continent Rift System (MCRS) of North
America. The MCRS is at least 3000-km
long, comparable to the modern East African
and Baikal rifts, but is not a linear rift.
Instead, it defines an upside-down “U”
centered on Lake Superior with one arm that
can be traced southwestward continuously as
far as Kansas and discontinuously as far as
west Texas and another arm that extends
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Figure 3. Numbers of orogens through time back to 2.5 Ga; from Condie et al. (2015).
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southeastward at least through Michigan.
Stein et al. (2015) contrast the MCRS gravity
signature with that of other continental rifts
that have negative gravity anomalies because
they are mostly filled with low-density sedi-
ment. Instead, the MCRS is filled with
mostly mafic igneous rocks. Modeling of
seismic and gravity profiles across the
MCRS indicates a total magma volume of
~1-2 x 10° km? (Merino et al., 2013), an order
of magnitude larger than the threshold for
large igneous provinces (10° km?) defined by
Ernst (2014).

The MCRS trends discontinuously south
in the subsurface from Kansas into west
Texas, where igneous rocks can be traced
south into the buried GGO deformation
front. MCRS-related igneous rocks can be
identified farther west. Late Mesoproterozoic
(1140—1040 Ma) mafic and felsic magmatism
affected a broad, ~1500-km-long region
along the southwestern U.S. (Bright et al.,
2014). Similar igneous suites are found else-
where around the globe, including the 1078—
1070 Ma Warakurna LIP of Australia, the
1112-1102 Ma Umkondo LIP in southern
Africa, and mafic intrusions in Bolivia and
northern India (Bright et al., 2014).

The relationship between global occur-
rences of the 1200-980 Ma GGO and 1150—
1040 Ma LIP is unclear. Stein et al. (2018)
argue that much of what has been called
“Grenville” in the U.S. is actually buried
MCRS. I concur with their assessment that
the GGO and Late Mesoproterozoic LIPs
need to be considered together, evidence that
important changes happened in the solid
Earth system at that time. I also conclude that
the unusual nature of the GGO—including its
lack of plate-tectonic indicators and associa-
tion with coeval LIPs—indicates that consid-
eration of a non—plate-tectonic origin for this
activity is warranted. It is beyond the scope of
this paper to explore in depth what that origin
was, but the evidence for strong coeval com-
pression, and extension suggests that the Late
Mesoproterozoic GGO-LIP system marks the
beginning of the transition from Meso-
proterozoic single-lid to Neoproterozoic and
younger plate tectonics.

CONCLUSIONS

Solar System exploration shows that most
active silicate bodies have some kind of sin-
gle-lid tectonic style and that only Earth has
plate tectonics. Single-lid tectonic styles can
range widely and will evolve from more to
less deformation and magmatism as the body
cools. Single-lid tectonic regimes can evolve
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into plate tectonics. We can’t understand
the evolution of plate tectonics without bet-
ter understanding Earth’s episodes of single-
lid behavior, when these were, and what the
magmatic and tectonic styles of each were.
The single-lid tectonic history of our planet
needs to be explored if we are to understand
how the modern solid Earth came to be.
Negative evidence that plate tectonics did not
occur should be combined with positive

evidence for a single-lid tectonic regime.
The Mesoproterozoic is the best interval of
Earth history for this exploration to begin.
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to integrity and promise to continue living up to the ethical stan-
dards embodied in GSA’s Code of Ethics & Professional Conduct John C. Frye Environmental Geology Award
in addition to their many accomplishments. For details, see the Deadline: 31 Mar. 2021
October issue of GSA4 Today or go to https://www.geosociety.org/ In cooperation with the Association of American State Geologists,
awards. The deadline for receipt of all medal, award, and recogni- ~ GSA makes an annual award for the best paper on environmental

tion nominations is 1 Feb. 2021.

Penrose Medal

Arthur L. Day Medal

Young Scientist Award (Donath Medal)

Florence Bascom Geologic Mapping Award

The Bromery Award for Minorities

Doris M. Curtis Outstanding Woman in Science Award
GSA Distinguished Service Award

GSA Public Service Award

Honorary Fellow

Call for GSA Fellowship Nominations

Deadline: 1 Feb. 2021

Nominate a deserving colleague with the honor of GSA
Fellowship. GSA members are elected to Fellowship in recog-
nition of distinguished contributions to the geosciences. See
the election requirements at https://www.geosociety.org/
Fellowship.

How to Nominate

The primary nominator, who must be a GSA Member and
Fellow, (1) writes a letter of support; (2) collects two additional
letters of support (one must be from a Fellow; both must be
GSA members); (3) obtains nominee’s current CV or résumé
(two-page limit); and (4) completes online nomination form and
uploads letters and CV/résumé at https:/www.geosociety.org/
FellowNoms.
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geology published either by GSA or by one of the state geological
surveys. Please send your nominations to GSA Grants and Awards,
P.O. Box 9140, Boulder, CO 80301-9140, USA; or send digital docu-
ments to awards(@geosociety.org.

For more information, go to www.stategeologists.org/award/frye.

LIFETIME MEMBERSHIP

Good for You...and Good for Your Society

Benefits of Lifetime Membership:

* No more annual renewals to
remember.

* Membership never expires —
never have a lapse in member-
ship benefits.

¢ Pay one-time fee — protection
from future membership dues
increases and currency inflation.

e Support GSA.

How to Apply:

Visit the website to download the appli-
cation. Dues are based on age and length
of GSA membership (up to five years).

F THE GEOLOGICAL SOCIETY
‘ OF AMERICA®

www.geosociety.org/lifetime
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2020-2021 Scientific Division Officers

Continental Scientific Drilling
Paul Baker: Chair

Marie Jackson: Vice-Chair

Anders Noren: Secretary-Treasurer
James Russell: Past Chair

Energy Geology

Richard Esposito: Chair

Jenna Shelton: First Vice-Chair
TBD: Second Vice-Chair

Marc Buursink: Secretary-Treasurer
Travis McLing: Past Chair

Environmental and Engineering
Geology

Robert Mitchell: Chair

Thomas Oommen: First Vice-Chair
Arpita Nandi: Second Vice-Chair
Francis Rengers: Secretary-Treasurer
Ann Carter Witt: Past Chair

Geoarchaeology

Laura Murphy: Chair

Samantha Krause: Vice-Chair
Judson Finley: Secretary-Treasurer
Richard Dunn: Past Chair

Geobiology and Geomicrobiology
Victoria A. Petryshyn: Chair

Trinity Hamilton: Vice Chair

Emmy Smith: Secretary

David Gold: Treasurer

Rowan Martindale: Past Chair

Geochronology

Alan Rooney: Chair

Rebecca Flowers: Vice Chair
Andrea Dutton: Second Vice-Chair
Julie Fosdick: Secretary-Treasurer
George Gehrels: Past Chair

Geoinformatics and Data Science
Ken Rubin: Chair

Brenhin Keller: Vice-Chair

Megan Carter: Secretary-Treasurer
Matty Mookerjee: Past Chair

Geology and Health

Malcolm Siegel: Chair

Nelson Eby: First Vice-Chair
Laura Ruhl: Second Vice-Chair
Jean Morrison: Secretary-Treasurer
Saugata Datta: Past Chair

and Past Chairs

Geology and Society

David Spears: Chair

James Heller: First Vice-Chair
Hendratta Ali: Second Vice-Chair
Lindsay Davis: Secretary-Treasurer
Beth Bartel: Past Chair

Geophysics and Geodynamics
Donna M. Jurdy: Chair
Ting Chen: Vice-Chair
Benjamin Drenth: Secretary-Treasurer
Carol Stein: Past Chair

Geoscience Education

Kelly Lazar: Chair

Charles Czajka: First Vice-Chair
Meagan Gilbert: Second Vice-Chair
Andy Darling: Secretary-Treasurer
Elizabeth Petrie: Past Chair

History and Philosophy of Geology
Kathy Lohff: Chair

Eric Pyle: First Vice-Chair

TBD: Second Vice-Chair

Michael Smith: Secretary-Treasurer

Hydrogeology

Andrea Brookfield: Chair

Yu-Feng Forrest Lin: First Vice-Chair
Christopher Gellasch: Second Vice-Chair
Cara L. Peterman: Secretary-Treasurer
Ben Rostron: Past Chair

Karst

TBD: Chair

TBD: First Vice-Chair
Daniel Jones: Secretary
Ben Tobin: Treasurer
Jason Polk: Past Chair

Limnogeology

Kathleen Couter Benison: Chair
Jason R. Price: Vice-Chair
Michelle F. Goman: Secretary
David B. Finkelstein: Treasurer
Lisa E. Park Boush: Past Chair

Marine and Coastal Geology
Roénadh Cox: Chair

Deirdre Ryan: First Vice-Chair
Vashan Wright: Second Vice-Chair

Katie Elizabeth Luciano: Secretary-Treasurer

Mineralogy, Geochemistry,
Petrology, and Volcanology
Rosemary Capo: Chair

Dennis Newell: First Vice-Chair
Amanda Clarke: Second Vice-Chair

J. Alexander Speer: Secretary-Treasurer
Rosemary Hickey-Vargas: Past Chair

Planetary Geology

Debra Hurwitz Needham: Chair
Nicholas Lang: First Vice-Chair
Marisa Palucis: Second Vice-Chair
Samuel Birch: Secretary-Treasurer
Emily Martin: Past Chair

Quaternary Geology

and Geomorphology

Julie Brigham-Grette: Chair

Karl Wegmann: First Vice-Chair
Arjun Heimath: Second Vice-Chair
Lisa Ely: Secretary

Scott F. Burns: Treasurer

Martha Eppes: Past Chair

Sedimentary Geology

Amy Weislogel: Chair

Brian Hampton: Vice-Chair

Brett McLaurin: Secretary-Treasurer
Gary L. Gianniny: Past Chair

Soils and Soils Processes

Tim Beach: Chair

Emily J. Beverly: Chair-Elect

Elizabeth Hasenmueller: Secretary-Treasurer
Ashlee L. Dere: Past Chair

Structural Geology and Tectonics
Juliet Crider: Chair

J Ramon Arrowsmith: First Vice-Chair
Eric Cowgill: Second Vice-Chair

Eric Cowgill: Secretary-Treasurer

Nancye Dawers: Past Chair
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Scientists in Parks: A New Program
for the Next Generation of Stewards

Scientists in Parks (SIP) is a new
National Park Service (NPS) program
that provides immersive, meaningful
work experiences in natural resource
SCIENTISTS fields so aspiring professionals,

IN PARKS especially those underrepresented
e in science, can cultivate their career
NETILNAL potential and connection with

PARK - ;
SERVICE America’s national parks.

e

What Happened to Geoscientists-in-the-Parks (GIP)?

We are uniting with related NPS programs to create Scientists in
Parks, a new NPS program that will offer the opportunities previ-
ously found through the GIP program and much more. The new
program model helps strengthen the framework for providing sci-
ence-related, career-building experiences in partnership with NPS.

The SIP program brings the long-standing successes of three
NPS programs—the Mosaics in Science Diversity Internship
Program, Future Park Leaders of Emerging Change, and
Geoscientists-in-the-Parks—into the same fold. The simplified
program model unifies the strengths of earlier programs and
builds capacity for hosting up to 200 opportunities with national
park units annually.

SIP affords more options to consider for exploring careers in sci-
ence and land management. Undergraduate students, graduate stu-
dents, and recently graduated individuals will find it easier to align
with opportunities based on their career stage and future goals.

One of SIP’s core goals is to broaden diversity within the pro-
fessional levels of the NPS workforce in natural resource fields.
The program offers authentic opportunities to find mentorship,
learn new skills, network with career professionals, and engage in
leadership development as part of the participant experience. All
projects help address the current natural-resource management
needs of national parks.

“[ think these are incredible opportunities to gauge where your
passions and interests are, and what a wonderful place to do it.”
—Jessie Pearl, past participant of Geoscientists-in-the-Parks
and Future Park Leaders of Emerging Change
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Project areas will encompass the physical, biological, and social
sciences and will address a spectrum of topics—including air
quality, climate change, geology, hydrology, night skies, paleontol-
ogy, communication, and outreach. The program also invites
science-related projects that intersect with the human dimensions
of managing natural resources.

GSA is excited to join NPS, Stewards Individual Placement
Program, Environment for the Americas, and the Ecological
Society of America as program partners in providing SIP opportu-
nities for the next generation of diverse park stewards.

Jessie Pearl (left) joined
Saguaro National Park through
Geoscientists-in-the-Parks
(2018) and Future Park Leaders
of Emerging Change (2019), two
of the programs now merging
with Mosaics in Science to cre-
ate Scientists in Parks. Her project-related work investigated crit-
ical water sources in low-elevation and high-elevation desert set-
tings over time. Pearl also received a 2017 GSA Graduate Student
Research Grant while earning her Ph.D. in geoscience at the
University of Arizona. Photo credit: Conservation Legacy.

Like GIP, Scientists in Parks will host an application period
twice a year for project opportunities in the summer and winter
seasons. Prospective participants can begin to review and apply
for summer 2021 projects this month.

Learn more about Scientists in Parks:

1. Visit GSA’s new website for the SIP program, https:/www
.geosociety.org/sip;

2. Check out the new NPS resources related to the program:
https://go.nps.gov/scientistsinparks;

3. Receive updates about upcoming deadlines and program-related
resources in the GeoScene, GSA’s emailed monthly newsletter
for students and early career professionals. Subscribe at https://
www.geosociety.org/geoscene;

4. Find out more about all available projects and where to apply at
https:/www.nps.gov/subjects/science/current-projects.htm.
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Scientists in Parks

Scientists in Parks provides all aspiring professionals—especially those
underrepresented in science—with a unique opportunity to work on important
real-world projects while building professional experience and a life-long
connection to America’s national parks.

Spring/summer 2021 opportunities are now posted—Apply by 24 Jan.

https://www.geosociety.org/sip

Learn more from the national parks about the program and related
opportunities at https://go.nps.gov/scientistsinparks.

Questions? Contact us at sip@geosociety.org.

SCIENTISTS
IN PARKS

NATIONAL
FARK

SERVICE

Partners:

Q
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Explore Geoscience-
Related Opportunities on
America’s Public Lands

Enhance your skills and connect with professionals working in paleontology,
caves and karst, geohazards, mapping and applied GIS, hydrology, fluid and
solid minerals, soils, and more. Experience unique projects where you can
contribute to the science and management of national forests and federal
public lands nationwide.

Spring/Summer 2021 Projects Now Posted—Apply by 3 Feb.

Visit https://www.geosociety.org/geocorps
for available opportunities.
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2019-2020 GSA-USGS CONGRESSIONAL SCIENCE FELLOW FINAL REPORT

Knowledge, Persistence, and Trust:
My Congressionally Inspired Roadmap
to a Successful 2020

Like so many others, I had no idea that my
2019-2020 GSA Congressional Fellowship
would include, well, 2020. I wasn’t aware
that my year on the Hill would be inter-
rupted on either end by an impeachment,
which completely derailed the Congress, and
a pandemic, which also completely derailed
the Congress. I didn’t know that the Aaron
Sorkin—inspired fantasy that I was so happy
to be living, where I spent my days briskly walking the marbled
corridors of the Capitol complex in nice suits while scribbling
notes on cards and talking to scores of people darting in and out of
frame, would be shockingly, abruptly shattered in March, never to
return. I didn’t know that Congress, and the world, would be run
from couches and dining rooms for the rest of my year. I didn’t
realize how much would be totally thrown off, upended, and in
some cases, destroyed by this year. If I knew this all a year ago,

I really might have rejected the whole thing.

I’d have been a moron to do that.

Working in government in 2020 was a great gift because it
forced me to strip down every bell, whistle, frill, or perk that
would usually come with the job and focus solely on the reason
to do the job in the first place: to use the power of the people to
improve lives. Despite, and in some cases because of, the unrest
and uncertainty of this year, I found myself immersed in a job
that was as meaningful and consequential as any ever could be.
Government in 2020 taught me how to work hard, and be success-
ful, when the roof is on fire. Three qualities are most crucial:

You must know what you’re doing; you must not stop doing it;
and you must trust that if you know what you’re doing and you
don’t stop doing it, progress will occur.

Everyone knows that in the sciences, knowledge IS currency.
Conversely, many may look at the government today, recognizing
how many policies exist that are incongruous with the current
best-available science, and conclude, reasonably, that knowledge
is seemingly without a place in our democracy. From my experi-
ence, I’ve seen knowledge as a still-relevant player in policy mak-
ing, at least at the small scale. The job of Congress is to legislate
on every single topic in existence. “Everything” is a fairly big ask
for congressional offices, which average about nine people plus
interns. Thus, in most cases, offices rely as much on the word of
experts they trust, and those experts carry with them substantial
knowledge. I was lucky enough to draft three bills and three
amendments while working in Congressman Paul Tonko’s office.
Each of those legislative products has the endorsement of ten
organizations considered thought leaders in their area of exper-
tise. Those endorsements are often the hardest-earned agreements
to be made, because each group has, in addition to an agenda,
an extremely nuanced understanding of the issue being legislated.

Mike O'Connor
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It was up to me, as the legislative staffer, to garner enough knowl-
edge about a problem to put together bills that representatives of
outside organizations could agree would be necessary.

One example from my year is very clear: I was asked in
January to write a bill that would improve the recycling of
lithium-ion batteries in America. I had to determine what the
primary barriers were to recycling these batteries today, so
that when I sent a bill to the Energy Storage Association or
the Electric Drive Coalition for their support, they would agree.
Based on my outreach and research, the BATTERY Act ended
up becoming a bill to improve the infrastructure surrounding
lithium-ion recycling (collection, sorting, transportation, etc.),
rather than the recycling process itself. Because I was able to
highlight a true issue in the industry, I was able to acquire a
dozen groups and the ultimate support of a Republican cosponsor
(Rep. John Curtis, UT-3). On a small scale (US$22 million annual
appropriation over five years), knowledge won.

The BATTERY Act provides a perfect segue to the second pan-
demic-crucial quality: persistence. We hear at our fellowship orien-
tation that “you should never hear a ‘no’ when there isn’t one.”
Particularly now, people are more sporadic, burdened, and difficult
to get ahold of. I learned through workshopping these pieces of leg-
islation that non-response does not mean they are not interested.

I emailed more than forty groups for support and more than thirty
members of Congress for cosponsorship of the legislation I was
working on. Fewer than ten percent responded to my first email,
and less than half responded to my second. Most of the groups, and
many of those members, are now supporting these bills. A formal
training in science is not the ideal environment to learn persistence;
however, in my experience this year, it proved crucial.

Finally, this year required us to have so much trust. As the
walls of society crumbled around us, and our settings and liveli-
hoods were upended, it was our responsibility as professionals to
continue to work. To continue to have meetings. To continue to
have deadlines. To continue to connect with colleagues, even on a
bizarre and new platform—to trust that it was still worth it to put
in the work. I have watched a slew of good legislation arise dur-
ing this pandemic, both related to COVID-19 and apart from it,
because people were able to put aside the uncertainty and the fear
and just do the work. The comprehensive energy package being
addressed in the House and Senate, which includes substantial
climate provisions and now seems likely to become law, is one
clear example of this.

2020 has not been easy, but I am lucky that it has been quite
rewarding. I am so thankful to the thousands of members of GSA
who, collectively, have made this fellowship happen, and I hope
that the work I’ve done this year, and the many transferable skills
acquired, will help promote the geosciences in the future. [ am
thankful to my host office, that of Congressman Paul Tonko, for



integrating me into the team like few ever could. And, finally, reproduce and distribute reprints for governmental use. The one-

I am so thankful to the board, selection committee, and Kasey year fellowship is supported by GSA and the U.S. Geological
White, for being the champions of a program that an increasing Survey, Department of the Interior, under Assistance Award No.
number of us owe our livelihoods to. Thank you for the best year GI194P00110. The views and conclusions contained in this docu-
of my life. ment are those of the author and should not be interpreted as

necessarily representing the official policies, either expressed or
The manuscript is submitted for publication by Mike O’Connor,  implied, of the U.S. government.
2019-2020 GSA-USGS Congressional Science Fellow, with the O’Connor worked in the office of Rep. Paul Tonko (D-NY) and
understanding that the U.S. government is authorized to can be contacted by e-mail at mtoconnorl2@gmail.com.

Discover Recent, Rare, it
efber Benefit and Out-of-Print Books

% + Geology of Mineral < Mineral Books and
i Resources Specimens
: * Pegmatites + Select Mines and
+ Paleontology Mining Locations

Interior FCU offers * Fossil Specimens + Ore Deposits
Young Adult Accounts * Mineral Exploration
with special benefits We purchase books, specimens,
for members of GSA and entire collections.
Jetween the ages 18-26. http://www.booksgeology.com

MS Book and Mineral Company « P.O.Box 6774, Lake Charles, LA 70606-6774 USA
MSBOOKS@BOOKSGEOLOGY.COM
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DEVELOP PROFESSIONAL CONNECTIONS New GSA

member

WITH VIRTUAL MENTORING benefit!

As a GSA member, you now have access to
join Mentoring365 as a mentor or mentee.

Through a three month mentorship, mentees will
develop a professional relationship to help grow
their network and navigate career opportunities.
Mentors benefit by giving back to the geoscience
community and help advance their communication
and leadership skills.

In partnership with

Amecintion for Women Geoseizntisg
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Sign up now at https://mentoring365.chronus.com/p/p1/membership_requests/new
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GSA Graduate Student Research Grants

Program Goals:

* Support graduate student research in the geosciences and
ultimately enhance the geoscience workforce.

* Provide career development opportunities for students by gaining
experience with grants writing, project development, and research.

* Increase the diversity of the geosciences through opportunities
for students of underrepresented communities to achieve success
in research.

2020 By the Numbers:
* US$1,820 avg. grant

+ US$2,500 max. grant
» US$651,645 awarded
* 358 students funded

* 55% success rate

More Information:

* Apply by 2 Feb. 2021

* https://www.geosociety.org/gradgrants
» researchgrants@geosociety.org

* +1-303-357-1025

GSA strongly encourages women, minorities, persons with disabili-
ties, and other groups that are underrepresented in the geosciences to
participate fully in this program. This program is supported by the
National Science Foundation under Grant No. 1949901.

-
THE
GEOLOGICAL

SOCIETY
OF AMERICA®

More Research Grants for Graduate Students and Others
GSA provides members with additional opportunities to apply

for research funding. Applications for these programs will be

accepted between now and 1 Feb. 2021, at 5 p.m. MST.

* Farouk El-Baz Student Research Grant (desert studies)

» Awards for Geochronology Student Research2 (AGeS2) Program
(geochronology). Supported by the National Science Foundation
under Grant No. 1759201.

More Information:

* Apply by 1 Feb. 2021

* https://www.geosociety.org/grants
* researchgrants@geosociety.org

* +1-303-357-1025

Awards for Students to Attend
GSA’s Northeastern Section Meeting

Students nationwide who work full-time, care for dependents,
or are considered non-traditional are eligible to apply for an award
to attend the 2021 Northeastern Section Meeting, 14—16 March.
Funding will cover meeting registration, educational costs, and
dependent care. Deadline to apply: 1 Feb. 2021. Contact Tahlia
Bear, tbear@geosociety.org, with questions.
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J. David Lowell Field Camp
Scholarships

GSA and the GSA Foundation are proud to announce that
J. David Lowell Field Camp Scholarships will be available to
undergraduate geology students for the summer of 2021. These
scholarships will provide students with US$2,000 each to attend
the field camp of their choice. Applications are reviewed based
on diversity, economic/financial need, and merit.

Application deadline: 19 Mar. 2021. Learn more at
https:/www.geosociety.org/GSA/Education_Careers/Field_
Experiences/GSA/fieldexp/home.aspx. Questions? Contact
Jennifer Nocerino, jnocerino@geosociety.org.

a
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“Make a real difference.”
- MADISON SELF -

MADISON & LILA
SELF GERADLIATE
PROGRAMS

The University of Kansas

The Madison and Lila Self Graduate
Programs identifies, recruits, and
provides development opportunities

SLEILIE e DILE T FIBILILEARTS [ 2 SIS for exceptional Ph. D. students who

« GRA support of $32,000/year for four years )
. Full coverage of tuition and fees demonstrate the promise to make

* A 55,500 professional development award significant contributions to their fields
« A unique professional development

program of study and society as a whole.
« Payment of employer’s share of student

health insurance
et The total value of the

ELIGIBLE FIELDS OF STUDY four-year doctoral fellowship
Business exceeds $180,000

Accounting, Decision Sciences, Finance,

Human Resources Management, Information >
Systems, Marketing, Organizational Behavior, .

Strategic Management

Engineering

Aerospace Engineering; Bioengineering;
Chemical and Petroleum Engineering; Civil,
Environmental, and Architectural Engineering;
Electrical Engineering and Computer Science;
Mechanical Engineering

Liberal Arts and Sciences
Computational Biology, Chemistry, Ecology
and Evolutionary Biology, Economics,
Geography and Atmospheric Science,

SN | EARN MORE
Geology, Mathematics, Molecular Biosciences, St

Physics

el . 1450 Jayhawk Blvd., Room 158
Interdisciplinary Graduate Program in 5 ;

Biomedical Sciences, KU Medical Center, : : Lawrence, KS 66045

Kansas City. The IGPBS provides the first-year

core curriculum for seven Ph.D. programs. . : SELFGRADUATE.KU.EDU
Pharmacy ) 785-864-7249

Medicinal Chemistry, Neurosciences, et sgf@ku.edu

Pharmaceutical Chemistry, Pharmacology and
Toxicology
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GEOSCIENCE JOBS AND OPPORTUNITIES

Ads (or cancellations) must reach the GSA advertising office no
later than the first of the month, one month prior to the issue in
which they are to be published. (Note: Combined March/April issue
releases on March schedule.) Print ads will also appear on the
Geoscience Job Board to coincide with the month of print issue.
Contact: advertisi g iety.org, +1-800-472-1988 ext.
1053, or +1-303-357-1053. Email correspondence should include
complete contact information (including phone and mailing
address). Rates are in U.S. dollars.

POSITIONS OPEN

Chair Search, California State
University, San Bernardino

The Department of Geological Sciences at Califor-
nia State University, San Bernardino invites applica-
tions for a Department Chair, tenure track position,
at the rank of Associate or Professor to begin service
in July 2021.

The successful candidate must have a Ph.D. in
the geosciences, excellent leadership, communica-
tion and interpersonal skills, as well as an excellent
record of teaching and scholarship, preferably with
a record of significant research funding. Applicants
with prior success in fundraising and development
are particularly encouraged to apply.

The area of the candidate’s specialization is open.
We seek a candidate with a strong commitment to
undergraduate and graduate teaching and diversity,
a record of research funding, and a commitment to
excellence that will enhance the Department. Prefer-
ence will be given to candidates with administrative
experience as a department chair or similar leader-
ship experiences.

The Department Chair reports to the Dean of the
College of Natural Sciences and is a 12-month, 0.5
time department chair and 10-month 0.5 time fac-
ulty member appointment. The Chair will provide
strong academic leadership in the planning and
administration of graduate and undergraduate pro-
grams in Geology, assist the entire faculty in devel-
oping new initiatives and a viable strategic vision,
mentor faculty in the promotion and tenure process,
supervise support staff, teach courses (at a half-time
load), maintain an active research program involving
undergraduate and/or graduate students, work with
the CSUSB Office of Advancement in fundraising,
and maintain and build upon our existing strong rela-
tionship with industry and government agencies.

Typical Activities: Responsibilities of the Chair
include participation and leadership in the faculty
duties of teaching, mentoring, research, service, and
program development. The Chair serves as an advo-
cate for the Department in the College and the Univer-
sity, and vice versa. The Chair, in collaboration with
the faculty, plans and executes a strategic direction
for the department, builds and staffs the schedule of
classes, oversees the department budget, fosters team
building, manages the department and its staff, and
works with diverse faculty and students in the depart-
ment and across campus to enhance interdisciplinary
collaboration. For additional information, please visit
https://senate.csusb.edu/FAM/Policy/(FSD87-28.R3)
Recruit_Chairs&Directors.pdf .

Minimum Qualifications: A Ph.D in Geologi-
cal Sciences or a related field is required by time of
appointment. July 1, 2021.
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The Chair is encouraged to develop and partici-
pate in activities that support the University’s strate-
gic plan, available at https://www.csusb.edu/strategic
-plan. This plan emphasizes: a) student success;
b) faculty and staff success; c¢) stewarding resources;
d) community engagement and partnerships; and
e) enhancing the campus identity.

Qualified candidates must demonstrate a com-
mitment to excellence in teaching and mentoring
a diverse student population and to working effec-
tively with faculty, staff and students across a wide
range of disciplines.

If you are interested in this opportunity, we invite
you to apply at: https:/www.governmentjobs.com/
careers/csusb/transferjobs. A link is also available
on the Department’s website: https://www.csusb
.edu/geology. Salary is commensurate with experi-
ence. Formal review of applications will begin Janu-
ary 4, 2021 and continue until the position is filled.

The Department has four full-time faculty mem-
bers and one faculty in the Faculty Early Retire-
ment Program with a variety of research interests
and offers B.A., B.S., and M.S. degrees. CSUSB
is located in one of the most geologically rich and
diverse regions of North America.

California State University, San Bernardino
(CSUSB) is located in San Bernardino in the Inland
Empire, 60 miles east of Los Angeles and operates
a satellite campus in Palm Desert located in Coach-
ella Valley. CSUSB serves approximately 20,000
students, of which 81% are first-generation college
students, and graduates about 5,000 students annu-
ally. As a designated Hispanic Serving Institution,
CSUSB reflects the dynamic diversity of the region
and has one of the most diverse student populations
of any university in the Inland Empire, and the sec-
ond highest Hispanic enrollment of all public univer-
sities in California. CSUSB employs 467 full-time
faculty and offers 48 undergraduate, 35 graduate,
and 1 doctoral degree programs and 14 academic
programs with national accreditation.

Geoscience Education, California State

University, Fullerton

The Department of Geological Sciences invites appli-
cations for a tenure-track Assistant Professorship in
Geoscience Education beginning August 2021. CSUF
is a Hispanic-Serving Institution and an affirmative
action and equal opportunity employer with a strong
commitment to increasing campus diversity. We
seek a geoscience educator who develops, applies,
and evaluates new geoscience teaching innovations
and curricula, and conducts innovative geoscience
education research. We expect candidates to show
evidence of an existing or developing, active, exter-
nally funded, student-centered research program. We
seek a scholar who demonstrates interest and ability
to teach courses in geoscience education and general
geology at various levels including; general educa-
tion, lower- and upper-division undergraduate, and
graduate courses. The successful candidate shall:
(1) coordinate geoscience education courses; (2) help
facilitate the integration of teacher preparation; and
(3) be involved in program-level assessment for our
department. Applicants should submit a cover letter,
separate teaching and research statements, as well as
a statement discussing past and/or potential contribu-

tions to diversity through research, teaching, and/or
service, a CV, and a list of three individuals who will
provide letters of reference if requested. To be assured
full consideration, all application materials must be
received by December 15, 2020. Submit materials
online at: https:/apps.fullerton.edu/facultyrecruitment.
Questions concerning the application or receipt of
application materials should be sent to: Dr. W. Richard
Laton Geoscience-ed-search@fullerton.edu.

Assistant Professor (Tenure Track)
in Biogeochemistry of Terrestrial
Ecosystems and Environmental

Change, University of Lausanne

The Faculty of Geosciences and the Environment
(FGSE) of the University of Lausanne invites appli-
cations for a professorship in biogeochemistry of
terrestrial ecosystems and environmental change, to
be based in the Institute of Earth Surface Dynamics
(IDYST).

We are looking for a soil biogeochemist with exper-
tise on ecosystem-level biotic and abiotic mechanisms
driving the elemental cycles in terrestrial environ-
ments. The ideal candidate will further a process- and/
or model-oriented understanding of terrestrial envi-
ronments and their response to human activities and
climate change. We welcome candidates who wish to
integrate new research and teaching perspectives into
our existing programs.

The successful candidate will actively participate
in the research activities of the Institute of Earth Sur-
face Dynamics, will teach in the Bachelor of Geo-
sciences and Environment and Masters programs
taught by the FGSE, and will supervise masters and
doctoral students.

Appointment will be at the Assistant Professor
level (tenure track). However, exceptionally, we will
consider outstanding candidates for direct appoint-
ment to the Associate or Full Professor level, nota-
bly if this corresponds with our equal opportunity
objectives.

The application should be in English and include
a cover letter (max 1 page), a full Curriculum Vitae,
aresearch statement (max. 4 pages), a teaching state-
ment (max. 2 pages), a list and links to the three most
significant publications and a statement on the per-
sonal contribution to each, and the names and con-
tact information of five referees. For further infor-
mation, contact Prof. Frédéric Herman, Dean of the
FGSE (frederic.herman@unil.ch).

Application deadline: 15th of December 2020
(23:59 Swiss time GMT+1).

A full description can be found on the following
link: https://bit.ly/33x33qm.

Or www.unil.ch/central/en/home.html —> Careers
at UNIL —> Emplois —> Postes ouverts—> English —
Keywords biogeochemistry (or ad 16430).

Bookmark the
Geoscience Job Board

geosociety.org/jobs
for up-to-the-minute postings.
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Department Head, Biology, Geology,
and Environmental Science, University

of Tennessee at Chattanooga

The University of Tennessee at Chattanooga (UTC)
College of Arts & Sciences invites applications for
the position of Head of the Department of Biology,
Geology, and Environmental Science (BGE) at the
rank of associate or full professor. This is a tenure-
track, 12-month position with appointment to begin
August 1, 2021. The field of specialization is open,
but candidates must have an earned Ph.D. in Biol-
ogy, Geology, Environmental Science, or a related
discipline to be considered. Applicants must have
administrative experience and demonstrate the
ability to support and integrate our large, complex,
multidisciplinary department while promoting our
disciplinary identities and strengths. The successful
candidate should be a forward thinker who is able
to motivate the department to pursue a long-term
vision that will grow our strengths and capitalize
on our uniqueness. We are especially interested
in candidates with strong communication skills
that will encourage open conversation within the
department and facilitate advocacy of departmen-
tal needs to the upper administration. Applicants
should have a history of teaching accomplishment
and scholarly productivity and a sustained commit-
ment to diversity, equity, and inclusion in higher
education with a focus on increasing the participa-
tion of underrepresented students and faculty in the
sciences. We encourage applications from members
of under-represented groups, including but not lim-
ited to women, people of color, LGBTQ+, gender-
nonconforming individuals, first generation college
graduates, and people with disabilities.

For detailed information about this position,
including minimum and preferred qualifications
and application procedure, refer to the position
announcement using the following link:

https://ut.taleo.net/careersection/utc_faculty/
jobdetail.ft1?job=20000000X1.

Review of applications begins Friday, November
6, 2020 and will continue until position is filled.

Geosciences Instructor, Tarleton State
University

The Department of Chemistry, Geosciences, and
Physics at Tarleton State University, in Stephen-
ville, Texas, invites applications for a non-tenure
track Instructor of Geosciences (9 month) start-
ing Fall 2021. The successful candidate will sup-
port the Geosciences program through engaging,
student-centered teaching, and actively contribute
to service and outreach initiatives that advance the
department, college, and university. Candidates will
be expected to instruct in introductory geoscience
and related discipline courses and laboratories, and
be competent in face-to-face and online instruction.
All application submissions must be made electroni-
cally through Tarleton’s employment site, https:/
www.tarleton.edu/jobs/.

Review of applications will begin immediately,
and continue until the position is filled. Position
availability is contingent on budgetary approval.
Tarleton State University is an Equal Opportunity/
Affirmative Action/Veterans/Disability Employer.

As a member of the Texas A&M System, Tarleton
will provide equal opportunity for employment to
all persons regardless of race, color, sex, religion,
national origin, age, disability, genetic information,
veteran status, sexual orientation or gender identity
and will strive to achieve full and equal employment
opportunity through the Texas A&M System.

Required Qualification: Candidates must hold
a Master’s Degree in geology, geological sciences,
environmental science, or a related field at the time
of employment. Must demonstrate potential for
outstanding teaching, and strong verbal and writ-
ten communication skills. Physical activity will
involve sitting, standing, bending, climbing stairs
and walking, 20/20 corrected eyesight, and occa-
sional lifting of moderate loads (50 1bs) in an office
and field environment.

Preferred Qualifications: Experience and ability
to teach additional courses from wider background
is preferred, but not essential.

Environmental Science Tenure Track
Assistant Professor (9 Month), Tarleton
State University

The Department of Chemistry, Geosciences, and
Physics at Tarleton State University, in Stephenville,
Texas, invites applications for the tenure-track posi-
tion of Assistant Professor of Environmental Science
(9 month) starting Fall 2021. The successful candi-
date will support the Environmental Science Mas-
ters of Science program through engaging, student-
centered teaching, establishment of a competitive
research program, and actively contribute to service
and outreach initiatives that advance the department,
college, and university. Candidates will be expected
to instruct in graduate-level environmental science
courses in both a face-to-face and virtual format,
as well as assist in teaching undergraduate courses
as appropriate, while assisting in the expansion and
management of the Master’s program at Tarleton
State University. Research specialization areas are
broad, and candidates with experience in climate,
remediation, or compliance are especially encour-
aged to apply. All application submissions must be
made electronically through Tarleton’s employment
site, https://www.tarleton.edu/jobs/.

Review of applications will begin immediately,
and continue until the position is filled. Position
availability is contingent on budgetary approval.
Tarleton State University is an Equal Opportunity/
Affirmative Action/Veterans/Disability Employer.
As a member of the Texas A&M System, Tarleton
will provide equal opportunity for employment to
all persons regardless of race, color, sex, religion,
national origin, age, disability, genetic information,
veteran status, sexual orientation or gender identity
and will strive to achieve full and equal employment
opportunity through the Texas A&M System.

Required Qualification: Candidates must hold a
Ph.D. in environmental science or a related field at
the time of employment. Must demonstrate potential
for outstanding teaching, research, and strong verbal
and written communication skills. Physical activ-
ity will involve sitting, standing, bending, climbing
stairs and walking, 20/20 corrected eyesight, and

occasional lifting of moderate loads (50 Ibs) in office
and field environments.

Preferred Qualifications: Experience and ability
to teach additional courses from wider background
is preferred, but not essential.

Mendenhall Postdoctoral Research
Fellowships, U.S. Geological Survey

Various Locations

The U.S. Geological Survey (USGS) is seeking
candidates for Mendenhall Research Fellows. The
postdoctoral fellows are appointed to the USGS for
two years and receive full salary and benefits at the
GS-12 level, step 1. Mendenhall Fellow appointments
are time limited, not to exceed two years, and are full-
time. Under certain circumstances, the appointment
may be extended up to an additional two years.

Open — Thursday 10/1/20, Close — Monday 1/4/21

The USGS Mendenhall Research Fellowship Pro-
gram provides an opportunity for postdoctoral fellows
to conduct concentrated research in association with
USGS scientists, often as a final element to their for-
mal career preparation. The Program also provides:
1) research experiences that enhance the scientific
stature and credentials of the Fellows; and 2) scien-
tific expertise to assist in the implementation of the
USGS Strategic Plan and the science strategy of its
programs. Mendenhall Fellows are expected to pub-
lish their results in peer-reviewed scientific outlets.

Applicants are encouraged to contact the Research
Advisor(s) for the Research Opportunity of interest to
coordinate the development of a research proposal.

More information on Research Opportunities and
specific application requirements can be found at
https://www.usgs.gov/centers/mendenhall/research
-opportunities.

For more information, contact the Mendenhall
mailbox at mendenhall@usgs.gov.

The U.S. Geological Survey is an Equal Oppor-
tunity Employer.

OPPORTUNITIES FOR STUDENTS

Graduate Student Opportunities at Case Western
Reserve University. Students with backgrounds in
geology, physics, chemistry, biology, engineering,
and related fields are encouraged to apply for our
Ph.D. and MS programs in Earth, Environmental,
and Planetary Sciences. Areas of active research in
the Department include planetary geology and geo-
dynamics, planetary materials, high-pressure mineral
physics and geochemistry, core and mantle processes,
environmental science, sedimentary geology, and
sediment transport. For more information, please visit
http://eeps.case.edu or write to eeps-gradinfo@case
.edu. Financial assistance is available. Application
deadline: 1/15/2021.

Graduate Student Opportunities (MS), Ohio
University. The Department of Geological Sci-
ences at Ohio University invites applications to its
research thesis-based MS degree in Geology for
the Fall of 2021. The Geological Sciences faculty at
Ohio University collaborate in three research clus-
ters: paleobiology and sedimentary geology, solid
earth and planetary dynamics, and environmental
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and surficial processes. Prospective students are
encouraged to contact faculty directly to discuss
potential research topics. Qualified students are eli-
gible to receive teaching assistantships that carry a
full tuition scholarship and a competitive stipend.
For program and application information, visit the
department website at http:/www.ohio.edu/cas/
geology/graduate or contact the graduate chair, Dr.
Daniel Hembree (hembree@ohio.edu). Review of
applications begins February 1, 2021.

Graduate Student Opportunities (online MS),
Ohio University. The Department of Geological
Sciences at Ohio University invites applications to
its online, non-thesis MS degree in Geology for the
Spring or Fall of 2021. The program includes courses
on research methods, paleobiology and sedimentary
geology, Earth materials and planetary geology, and
environmental and surface processes. The program
is designed for students planning to enter or already
in the geoscience workforce (industry, government,
non-profit) that do not require research experience
as well as K-12 educators seeking additional train-
ing in the geosciences. For program and application
information, visit the department website at http:/
www.ohio.edu/cas/geology/graduate or contact Dr.
Xizhen Schenk (xschenk@ohio.edu).

Summer 2021 Community College Internships
(CCI). Are you a community college student in sci-
ence, technology, engineering, or math looking to
develop your technical skills?

Then the CCI program is for you. Gain hands-on
experience in a technical project under the guidance
of a mentor and build your professional network at
a national lab. Present your work to scientists and
peers, join in social activities, and engage in a vari-
ety of professional development activities to enhance
your career skills.

The CCI program is sponsored and managed by the
Department of Energy (DOE) / Office of Science’s
Workforce Development for Teachers and Scientists
(WDTS) program in collaboration with 16 DOE
national laboratories and facilities across the U.S.

Benefits: $600/week stipend; Housing accom-
modations or housing allowance; Round-trip travel
reimbursement.

Learn how to apply at https:/science.osti.gov/
wdts/cci/How-to-Apply.

Applications are due January 12, 2021 at 5:00 PM ET.

For full eligibility requirements, place visit
https://science.osti.gov/wdts/cci/eligibility.

Summer 2021 Science Undergraduate Labora-
tory Internships (SULI). Are you an undergradu-
ate student or recent graduate in science, technol-
ogy, engineering, or math looking to develop your
research skills?

Then the SULI program is for you. Gain hands-
on research experience on an exciting project under
the guidance of a mentor and build your professional
network at a national lab. Present your research to
scientists and peers, join in social activities, and
engage in a variety of professional development
activities to enhance your career skills.

The SULI program is sponsored and managed by
the Department of Energy (DOE) / Office of Science’s
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Workforce Development for Teachers and Scientists
(WDTS) program in collaboration with 17 DOE
national laboratories and facilities across the U.S.

Benefits: $600/week stipend; Housing accom-
modations or housing allowance; Round-trip travel
reimbursement

Learn how to apply at https:/science.osti.gov/
wdts/suli/How-to-Apply.

Applications are due January 12,2021 at 5:00 PM ET.

For full eligibility requirements, please visit
https://science.osti.gov/wdts/suli/eligibility.

Graduate student opportunities in Geosciences
at Baylor University. The Department of Geosci-
ences at Baylor University invites applications for
full-time PhD and MS students starting in August
2021. Admission to the program includes 5 years
of support for PhD students and 2 years of support
for MS students through graduate assistantships
and fellowships, a full tuition waiver, 80% health
insurance subsidy, annual travel funding for confer-
ence attendance, and research funding for graduate
students on a competitive basis. Candidates should
have at least an undergraduate degree in geology,
geophysics, or in a related area and excellent analyt-
ical and writing skills. Students holding a BS degree
may apply directly to the PhD program.

Faculty research covers a broad spectrum of Earth
sciences, with strengths in biogeosciences, energy
geoscience, hydrological and surface processes,
lithospheric processes, paleoclimate, and solid Earth
and planetary sciences. For more information about
the Department of Geosciences, our research areas,
and the graduate program please visit www.baylor
.edu/geosciences.

Applications are due by January 15, 2021, with a
priority application deadline of December 1, 2020.
Details about the application process and the priority
deadline can be found here: https:/www.baylor.edu/
geosciences/index.php?id=952059. Applications to
the Department of Geosciences must be submitted
online here: https://grad.baylor.edu/apply/. Please con-
tact our Graduate Program Director for more infor-
mation or with questions at geosciences@baylor.edu

M.S., Ph.D. in Earth Sciences (full-tuition and
stipends), Syracuse University. The Department of
Earth and Environmental Sciences at Syracuse Uni-
versity invites applications for full-time M.S. and
Ph.D. students starting in August 2021. Interdisciplin-
ary research opportunities leading to M.S. and Ph.D.
degrees include: biogeochemistry, computational
geophysics, environmental geology, geomorphol-
ogy, global environmental change, hydrogeology
and hydrology, isotope geochemistry, paleobiology,
paleolimnology, petrology, sedimentology, tectonics,
and thermochronology. For more information on our
programs: https:/thecollege.syr.edu/earth-sciences
-department/graduate-programs-earth-sciences/
Ph.D. and M.S. students are supported by full-
tuition scholarships and stipends through teaching
assistantships, research assistantships, and/or fel-
lowships. The Department only admits students
that have identified faculty advisors, so it is recom-
mended you contact potential advisors in your field
of interest either before or after application. For more
information on our faculty and research groups:

https://thecollege.syr.edu/earth-sciences-department/
research/

Applications for Fall 2021 admission are strongly
encouraged by January 15, 2021. To apply: https://
thecollege.syr.edu/earth-sciences-department/graduate
-programs-earth-sciences/application-information/

M.S. and Ph.D. Graduate Student Assistantship
Opportunities, Clemson University. Clemson
University Department of Environmental Engi-
neer and Earth Sciences seeks students interested
in pursuing a M.S. or Ph.D. in the areas of tecton-
ics, sediment transport, applied geochronology,
and surficial processes. A strong foundation in
the geosciences is required. Prior research in the
above-mentioned areas of interest would be ben-
eficial. Possible research topics include, but are
not limited to, provenance analysis of Cenozoic
continent-scale fluvial systems, Pliocene—Pleisto-
cene dust production and loess deposition in South
America, and improving geochronology-based sed-
iment provenance analysis. Outstanding applicants
will be offered support in the form of a research
and/or teaching assistantship. Students offered an
assistantship are expected to start Fall 2021. Inter-
ested geoscientists should contact Dr. Alex Pullen
(apullen@clemson.edu; https:/www.clemson.edu/
cecas/departments/eees/people/facultydirectory/
pullen.html) this fall to discuss opportunities.

Two NSF-funded Ph.D. Assistantships to study
beaver dam analogues impacts on floodplain
hydrology. Syracuse. We are seeking two Ph.D.
students to start May or June 2021 for an NSF project
focused on understanding the hydrologic impacts of
beaver dam analogues in semi-arid landscapes using
a combination of fieldwork (Wyoming), numerical
modeling, and UAV image analysis. If interested,
please contact Dr. Christa Kelleher (Syracuse Uni-
versity, Earth and Environmental Sciences) or Dr.
Philippe Vidon (SUNY-ESF, Sustainable Resources
Management) ahead of the application deadline (Jan
15, 2021) with a current CV, information about your
interest in pursuing a graduate degree, and research
or other relevant experience.

MERC MSc Graduate Opportunity at Eldo-
rado Gold’s Ormaque gold Discovery, May 2021.
MERG, in partnership with Eldorado Gold, is seek-
ing a MSc student to undertake a field-based struc-
tural MSc project at Eldorado’s Ormaque zone, a new
discovery at the Lamaque Gold Mine. This project is
within southeastern Abitibi greenstone belt near Val
d’Or, Quebec. The goal of this project is to provide a
structural context for gold mineralization at Ormaque
focused primarily on structural observations in drill
core and underground mapping, when available.
These will be combined with standard petrography
(transmitted and reflected light) and SEM observa-
tions. The project will also address host lithologies,
alteration systematics and relative timing of the
hydrothermal event. The project will be supervised by
Drs Bruno Lafrance, Ross Sherlock and Tim Baker, at
MERC and Eldorado Gold. The successful candidate
will integrate within the Lamaque exploration team
adhering to their health and safety standards while
in the field and working collectively to advance an



understanding of the Ormaque deposit. Experience
in greenstone belt geology and a working knowl-
edge of French is an asset. To apply, please forward
your application and cover letter to Courtney Folz at
merc@laurentian.ca. The application should include
a CV including academic transcripts, contact details
and the names of three referees. Review of applica-
tions will begin immediately, but applications will be
accepted until the position is filled.

MERC MSc Graduate Opportunity at Argo-
naut Gold’s Magino gold project, January 2021.
MERGC, in partnership with Argonaut Gold, is seek-
ing a MSc student to undertake a field-based struc-
tural thesis project at the Magino gold project within
the GoudreauLochalsh district of the Michipicoten
Greenstone Belt near Wawa, Ontario. The goal of

this project is to provide a structural context for gold
mineralization at the Magino deposit. This project
will focus primarily on structural field observa-
tions, drill core observations and mapping com-
bined with standard microstructural petrography
(transmitted and reflected light) and SEM obser-
vation with the goal of characterizing gold miner-
alization at microscopic scale. The project will be
supervised by Drs Bruno Lafrance, Ross Sherlock
and Stefan Kruse, at MERC and Argonaut Gold.
The successful candidate will integrate within the
Magino exploration and development team adher-
ing to their health and safety standards while in the
field and working collectively to advance an under-
standing of the Magino deposit. To apply, please for-
ward your application and cover letter to Courtney
Folz at merc@laurentian.ca. The application should

include: a CV including a list of publications, aca-
demic transcripts, contact details and the names of
three referees. Review of applications will begin
immediately, but applications.

Hiring?
Find those qualified geoscientists to fill
vacancies. Use GSA's Geoscience Job
Board (geosociety.org/jobs) and print
issues of GSA Today. Bundle and save
for best pricing options. That unique
candidate is waiting to be found.

Share Your Research with the World. Publish with GSA.

GSA'’s publications have established solid reputations for
scientific excellence over the years. We’re proud of the
work we do to help your research make an impact, and
we’re looking forward to seeing your submissions in 2021.

Over a Century of Publishing Experience. GSA Bulletin
has been published since 1890, while Special Papers and
Memoirs have been published for over 85 years. Geology
is closing in on 50 years, Field Guides are at 21 years and
counting, and Geosphere has published for 16 years.

Caring and Dedicated Staff. Our responsive editorial staff
will guide your paper from submission through production
to publication.

Editors with Stellar Reputations. GSA science editors,
selected from an international pool of researchers with
high levels of achievement and recognition in their fields,
work hard to ensure stringent peer review and expeditious
processing of manuscripts.

High-Quality Peer Review. All papers submitted to GSA
are read critically by referees before they are accepted
for publication.

Rapid Publication. Pre-issue online publication gets your
accepted paper into circulation quickly.

Open Access. GSA is dedicated to extending the reach
and impact of our publications by making them accessible
to the global research community, the public, and
policymakers. Geosphere and GSA Today are fully open
access. Geology, GSA Bulletin, and book authors may
choose gold open access.

Impact Factor
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GSA Bulletin | 3.558 | 4.368 | gsabulletin.msubmit.net
Geology 4.768 | 5.412 | geology.msubmit.net
Geosphere 2.577 | 3.032 | geosphere.msubmit.net
E&EG 0.755 | 0.785 | https:/editorialmanager.com/eeg/default.aspx

GSA members receive a US$100 discount on
Open Access publication fees.

Visit https://www.geosociety.org/publications to learn more.
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GROUNDWORK

Furthering the Influence of Earth Science

A Three-Dimensional, Virtual Tour of
the Johnston Geology Museum

Marcia K. Schulmeister® and Briana Edwards, Earth Science Program, Emporia State University, Emporia, Kansas 66801, USA

As aneed for online communication grows,
digital 3D models provide an effective strat-
egy for teaching shape- and orientation-based
concepts that are essential for understanding
geology. While developing our department’s
first, all-online section of an introductory
earth-science class, we created a low-cost, 3D,
virtual tour that simulates a traditional,
on-campus visit to our University’s geology
museum. When combined with 360° images,
the tour allows both traditional and online
museum visitors to view mineral, rock, and
fossil samples on cell phones, tablets, or com-
puters. The new approach extends the use of
an established museum assignment that is
regularly used in our introductory face-to-
face geology classes to our online students.
Digital rotation and magnification of samples
encourages in-depth examination of the spec-
imens and materials that is not possible when
looking through glass displays, enriching the
museum experience for both online and tradi-
tional museum visitors. The new approach
also provides audio tracks and alternative
viewing access for differently abled or small
museum patrons and expands the museum’s
visibility to a broader online audience.

MATERIALS AND METHODS

The Johnston Geology Museum features
rocks, fossils, mining history, and Native
American artifacts of relevance in Kansas.
Used by both the university and a regional
public audience, it has hosted thousands of
open houses and school and scout field trips,
in addition to supporting our earth-science
curriculum. The collection is organized in
display cases and as free-standing speci-
mens that are accompanied by maps, draw-
ings, and written explanations. We created
virtual displays of ten cases using 3D model-
ing software (Agisoft, 2018) that aligns,
masks, and renders multiple digital photos
into clusters that form the basis of our

models. Individual specimen models were
generated from 30 to 200 digital photo-
graphs, while entire display cases required
five to 10 photos, for smaller cases, and up to
150 photos for the large displays. Photos
were taken at 18 megapixel resolution using
a standard digital SLR camera. The ren-
dered model files were edited and viewed
using a commercially available viewer on a
public-access server (Sketchfab, 2018). Three-
dimensional subjects can be rotated, en-
larged, and navigated using a mouse or two-
finger swipes on a computer, tablet, or cell
phone. Software used to create the models
costs US$15 to US$550 (depending on
license type), and the 3D viewer may be
accessed for free or at a minimal cost. Our
online virtual tour can be viewed for free
wherever the Internet is available.

The virtual museum exercise begins with
a 360° photograph of the museum. Ten
“stops” (Fig. 1) along the tour include click-
able links that provide access to 3D models
of individual specimens, and expanded dia-
log boxes containing relevant background
and explanations. Because most students in
our introductory geology classes are not
earth-science majors, and many museum
visitors have minimal science background,
we took advantage of an opportunity to
amend the physical displays with digital
materials of relevance to our exercise by add-
ing links to new content. Additional explana-
tions of plant and animal life modes, envi-
ronmental conditions, and geologic time help
to clarify concepts emphasized in our class
through links to relevant short videos, loca-
tion maps, and updated geologic time scales.
The option of adding new questions and
advanced material would allow for use of the
3D images in our upper-level geology
courses. Students were able to complete the
introductory virtual tour assignment in one
to two hours.
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OUTCOMES AND APPLICATIONS

After two semesters of its use, we have
observed several positive outcomes and one
limitation of the virtual experience. Online
students scored higher than traditional stu-
dents on exercise questions about fossil
preservation and life modes, probably owing
to the superior viewing angles and in-depth
examination of subtle details that were pos-
sible when viewing the 3D models. By
revising the original exercise so that the
oldest fossils are visited first, and embed-
ding links to a geologic time scale at vari-
ous places within the exercise, we noted
more thoughtful answers to questions about
important events in earth history. Links to
images or videos of modern environmental
analogues helped allow students who have
not traveled extensively beyond the Mid-
western United States to better visualize the
landscapes and environments of ancient
Kansas. Because our assignment features
only select display cases, the discovery that
takes place when casually browsing an entire
museum is lost; many valuable exhibits that
are not part of our tour can only be accessed
through a face-to-face visit.

The use of 3D models is emerging in the
growing field of online geoscience educa-
tion (e.g., Brande and McDaniel, 2018;
Nesbit et al., 2020). Our exercise is the first
to combine a virtual museum tour with 3D
models that illustrate the geologic history of
Kansas. The tour provides access to mid-
continent geologic history that may not oth-
erwise be available to students and geolo-
gists living outside of our region. The
potential use of our exercise in online sec-
ondary education teaching may help teach-
ers communicate earth history concepts to a
younger audience and inspire future earth-
science majors.

To take a 3D tour of the Johnston Geology
Museum visit https:/sites.google.com/view/

*Corresponding author: mschulme@ku.edu; now at Department of Geology, University of Kansas, Lawrence, Kansas 66045, USA
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Cretaceous Fossils of Western Kansas [Cases 1-7)]

Figure 1. Stop 7—The Cretaceous Fossils of Kansas. The 3D display (A) is
superimposed on a map of the Cretaceous Seaway, which is visible when
the model is open. Explanations (B), videos, enlarged images, and audio
tracks are linked to special display features as circled numbers.

schulmeister-hydrogeology/virtual-tour-of-
the-johnston-geology-museum, or scan the
QR code provided below.
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Cretaceous Kansas Geology

The Cretaceous rocks in
Kansas are confined to the
western half of the State and
reach a maximum thickness
of 3000 feet in the northwest
cormer. Throughout most of
the western one-fourth of the
State itis buried below the
younger Ogallala formation of
Tertiary age. This leaves a
band about four counties
wide of exposed Cretaceous

} which trends from the north
ceniral through the west
ceniral part of the State_ The
Cretaceous is subdivided into
the Guifian or Upper
Cretaceous and the

! Commanchean or Lower
Cretaceous. The Guifian
consists of several layers of
marine deposits including the
chalk layers for which the
Cretaceous is famous. The

| thickest of these is the
Niobrara Formation which
has an average thickness of
600 feet. It is exposed along
an irregular band

* immediately to the east of the
High Plains. A long narrow
beit of exposed Niobrara
follows the valley of the
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GROUNDWORK

Furthering the Influence of Earth Science

It’s Time to Defuse the
Cambrian “Explosion”

Jacob Beasecker, Zach Chamberlin, Nicole Lane, Katie Reynolds, Jack Stack, Kailey Wahrer, Abigail Wolff, Dept. of Earth &
Environmental Sciences, Michigan State University, East Lansing, Michigan 48824, USA; Jo Devilbiss, Corey Wahr, Dept. of Integrative
Biology, Michigan State University, East Lansing, Michigan 48824, USA; Dan Durbin, Hannah Garneau, Dept. of Fisheries & Wildlife,
Michigan State University, East Lansing, Michigan 48824, USA; and Danita Brandt, Dept. of Earth & Environmental Sciences, Michigan
State University, East Lansing, Michigan 48824, USA

Volcanoes may erupt explosively. Mete-
oroids may explode on entering the atmo-
sphere. A microwaved grape may explode
(Conover, 2019). However, a growing body of
research suggests that biodiversity at the dawn
of the Cambrian Period did not explode. Data,
amassed in the century and a half since
Charles Darwin (1859) agonized that the
apparent absence of Precambrian lifeforms
was the weakest link in his theory of evolution
by natural selection, support the view that bio-
logical diversity at the beginning of the
Cambrian Period did not burst violently, deto-
nate, shatter, or blow up. In this contribution,
we trace the origin of the phrase “Cambrian
explosion,” give reasons for moving away
from using it, and offer an alternative for
describing intervals of significant increase in
the diversity of life.

The bibliographic pedigree of the phrase
“Cambrian explosion” is uncertain; its origin
is not clearly established in peer-reviewed lit-
erature. By the early twentieth century, the
abrupt appearance of abundant (macro-) fos-
sils in the Cambrian was canon in historical
geology textbooks (Schuchert and Dunbar,
1933). The earliest use of the adjective “explo-
sive,” with reference to an evolutionary rate,
was likely George Gaylord Simpson’s “explo-
sive evolution” to describe a general pattern of
rapid diversification early in the history of
alineage (Simpson, 1944). Mid-twentieth-
century contemporaries echoed use of this
phrase in characterizing a general evolution-
ary pattern (Henbest, 1952; Colbert, 1953).

Use of the phrase “explosive evolution” to
describe rapid diversification during the early
Cambrian morphed into “The Cambrian
Explosion” under obscure circumstances. The
earliest published occurrence known to us is a
section heading in an early version of an
experimental high school biology curriculum

(BSCS, 1961). Three years later, the phrase,
“Cambrian evolutionary explosion,” with the
middle, qualifying adjective “evolutionary,”
to distinguish it from physical or chemical
processes, was used in a paper describing
the evolution of oxygen in Earth’s early
atmosphere (Berkner and Marshall, 1964).
Ultimately, the binomial form prevailed,
referring to the biosphere, and the “Cambrian
explosion” has propagated ever after without
explicit authorship attribution.

Eminent Precambrian geologist and paleo-
biologist Preston Cloud was an early critic
of the adjective “explosive” to describe the
Cambrian biodiversification. Cloud noted
that the time scale involved could have been
millions of years, hardly “explosive” in the
widely understood use of the word (a point
reiterated by Marshall, 2006). Cloud also
remarked, presumably facetiously, that such
episodes probably were not accompanied by
a loud noise (Cloud, 1948).

The images conjured by “Cambrian explo-
sion” are vivid and Internet-ready; a Google
search on “Cambrian explosion memes”
returned more than 300K results. However,
the concept implied by the word “explosion”
does not do justice to advances in our
understanding since the Modern Synthesis
(Huxley’s 1942 coinage describing the merger
of natural selection with Mendelian genetics)
was modern. A few examples: molecular phy-
logenetics (Suarez-Diaz and Anya-Muioz,
2008) makes possible construction of hypoth-
eses for evolutionary development during the
“prelude” to the Cambrian (Valentine, 2002);
the ability to resolve biosignatures and
Proterozoic biogeochemical cycles (Rothman
et al., 2003) pushed the appearance of com-
plex biological processes deeper into the pre-
Cambrian past; measures of morphological
disparity (that is, the variety of different

GSA Today, v. 30, https://doi.org/10.1130/GSATG460GW.1. CC-BY-NC.
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metazoan body plans) show that biological
innovation was not limited to the Cambrian
but proceeded apace as life expanded from
the marine environment into new terrestrial
ecospace (Deline et al., 2018); new fossil dis-
coveries point to evolutionary continuity
of biomineralizing animals across the
Ediacaran—Cambrian transition (Cai et al.,
2019); integration of biostratigraphical and
geochemical records indicates that biological
transitions of the late Proterozoic and early
Phanerozoic were a series of successive radi-
ations that built upon each other (Wood et al.,
2019). In sum, the processes and the time
scale over which these processes acted were
more complex than implied by a phrase that
signals a single event.

But perhaps the most compelling reason
to reassess the use of the word “explosion”
to describe biodiversification during the
Cambrian, separate from linguistic lineage
and disciplinary developments, is its appro-
priation by followers of non-scientific expla-
nations for life’s origin. Authors of anti-evolu-
tion tracts were among the earliest adopters of
the phrase (Ridenour, 1967). Misuse of the
concept of an early, explosive episode of evo-
lution continues today (exchanged life disci-
pleship, http://exchangedlife.com/); in this
arena, the Cambrian explosion is commonly
styled as falsifying evolutionary theory and
flummoxing “evolutionists,” neither of which
accusations are accurate, correct, or true.

“Diversification” and “radiation” may not
have the visceral appeal of “explosion,” but
both alternatives are suitable, fitting, apt,
proper, and applicable (Marshall, 2006;
Sperling and Stockey, 2018) without carrying
the implication of catastrophic rate or other-
worldly mechanism. Certainly, biodiversifi-
cation at the beginning of the Cambrian was
unique (Erwin et al., 1987)—all those new


http://exchangedlife.com/
https://doi.org/10.1130/GSATG460GW.1

body plans—but no evolutionary rules were
broken, nor is there mystery or discipline-
dividing controversy, as is claimed by anti-
science concerns who seize on the term
“explosion.”

After the Cambrian, the next major expan-
sion in biodiversity occurred during the mid-
dle Ordovician, a chapter in the history of
life referred to as the Great Ordovician
Biodiversification Event or GOBE (Webby
et al., 2004; Harper et al., 2015; Servais and
Harper, 2018; Stigall et al., 2019). The term
“event” may be as problematic as “explo-
sion” in its implication of a short time period.
We note that the word “event” in GOBE is
redundant, as “biodiversification” is itself an
event. (Similar pleonastic phrases encoun-
tered in other venues include “sales event”
and “birth event.”) We suggest, as an alterna-
tive to “Cambrian explosion,” the Great
Cambrian Biodiversification (GCB), a con-
struction parallel to that for the Ordovician
episode, absent the redundant and problem-
atic “event” suffix. Because the phrase
“mass extinction” is applied to multiple bio-
diversity crises through time, even though
each event is unique in the organisms
affected and the contributing causes, so
might “great biodiversification” become a
less volatile descriptor for intervals of nota-
ble increase in life’s diversity.

We submit that, for scientific, semantic,
and societal reasons, it is time to lay the
term “Cambrian explosion” to rest for any
use other than historical reference.
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Join Us in Support of Field Camp Experiences

We talk with you a great deal about field camp because it
remains a critical component for students pursuing geoscience,
and it is an area in which we can substantially provide assistance.
The cost can be prohibitive, particularly now when the COVID-19
pandemic has made already difficult financial situations that much
worse. Geoscience students will need support to gain this essential
experience whether next year’s camps are virtual, in-person, or
hybrid. With your help, they can focus on having a memorable and
transformative experience in whatever form it may take.

Several recipients of the 2020 J. David Lowell Field Camp
Scholarships shared with us the challenges and rewards of attend-
ing virtual field camps and how receiving the scholarship helped
them navigate those challenges. Selena Kimball considers the
University of South Florida’s virtual field camp to be the capstone
of her geology degree, and she now feels prepared to continue her
academic and professional career. Maria Solis discovered the
interesting and diverse geology in her home state of Texas when
her field camp decided to stay local instead of going to Montana.

From left: Selena Kimball at Little

o

Glass Mountain, California, USA, in fall 2019. Maria Solis mapping conglomerates in Wilson County,

Natalea Cohen’s virtual field camp through Fort Lewis College in
Durango, Colorado, challenged her to apply all of the geologic
knowledge she’s learned in the past three years as she and her
classmates remotely mapped the nearby geologic features. You can
read the full stories from all three of these students right now on
the Foundation blog at https://gsa-foundation.org/news-events/.

2020 has been a year full of changes and uncertainty. Many of us
have had to cancel our own travel plans. We hope we can resume
our travel before too long. Until then, please consider donating those
unused personal funds to be used to help geoscience students navi-
gate their careers during this challenging time—including their
field camp experiences, even if they, too, don’t include travel.

Join us to help students like Selena, Maria, and Natalea attend
field camp as they continue to pursue geoscience in the midst of all
the uncertainty. You can make a gift now at https://gsa-foundation
.org/fund/field-camp-opportunities/ or contact Debbie
Marcinkowski, dmarcinkowski@geosociety.org, +1-303-357-1047,
for more information.

Texas, USA, in summer 2020. Natalea Cohen, Molas Pass, Colorado, USA, holding a map of the area, summer 2020.

www.gsa-foundation.org
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2021 GSA Section Meetings
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Northeastern Southeastern

14-16 March 1-2 April
Online Meeting The Hotel at Auburn University
https://www.geosociety.org/ne-mtg and Dixon Conference Center
Auburn, Alabama
https://www.geosociety.org/se-mtg

William J. Samford Hall, Auburn University. The George F. Landegger
The skyline of Hartford, Connecticut, as seen from across Collection of Alabama Photographs in Carol M. Highsmith’s America,
the Connecticut River. Image by Jimaro Morales from Pixabay. Library of Congress, Prints and Photographs Division.

Joint North-Central/South-Central
18-20 April
University Plaza Hotel
Springfield, Missouri
https://www.geosociety.org/nc-mtg

Downtown Springfield Park Central Square. Photo courtesy
of the Springfield, Missouri, Convention and Visitors Bureau.

Cordilleran Rocky Mountain

12-14 May 25-27 May
Whitney Peak Hotel Colorado State University
Reno, Nevada Fort Collins, Colorado
https://www.geosociety.org/cd-mtg https://www.geosociety.org/rm-mtg

Volcanic geology of the Virginia Mountains, Nevada.
Photo courtesy of Dr. Philipp Ruprecht, UNR faculty member. Pineridge Natural Area. Image by Jan Alexander from Pixabay.
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CALL FOR APPLICATIONS

2021-2022 GSA-USGS
Congressional Science Fellowship

Application deadline: 15 Jan. 2021

Bring your science and technology expertise to Capitol Hill to work at the interface between
geoscience and public policy. The GSA-USGS Congressional Science Fellowship provides a rare
opportunity for a geoscientist to spend a year working for a member of Congress or congressional
committee. If you are a geoscientist with a broad scientific background, experience applying
scientific knowledge to societal challenges, and a passion for helping shape the future of the geo-
science profession, GSA and the USGS invite your application. The fellowship is open to GSA
members who are U.S. citizens or permanent residents. A Ph.D. at the time of appointment or a
master’s degree in engineering plus five years of professional experience is required.

Learn more at www.geosociety.org/csf or by contacting Kasey White, +1-202-669-0466, kwhite@geosociety.org.

THE GEOLOGICAL SOCIETY

“ OF AMERICA®

ZUSGS

science for a changing world

Get the Jump
on New Books

Environmental & Engineering
Geoscience (E&EG) seeks

an enthusiastic member of
either the Association of
Environmental and Engineering
Geologists (AEG) or GSA to
serve as its book review editor.
It’s a great opportunity to see
what’s new in books.

Environmental &
Engineering Geoscicnce

Duties include finding
newly published books on
environmental geology, engineering geology, hydrology,
and related fields, and soliciting reviewers.

For more information and to indicate your interest in this
voluntary position, contact co-editors Abdul Shakoor
(ashakoor@kent.edu) or Brian Katz (eegeditorbkatz@
gmail.com).

E&EG (www.aegweb.org/e-eg-journal-nm) is
co-published by AEG and GSA and hosted at
GeoScienceWorld (pubs.geoscienceworld.org/eeg).

Subscribe or Contribute to
GeoScene

Stay current on the latest resources and opportunities by
subscribing to GSA’s monthly email newsletter designed
for geoscience students and early career professionals.
Each newsletter features job opportunities, upcoming
webinars, career advice, and more.

Do you have an idea for an article that would benefit
fellow readers? Email education@geosociety.org to pitch
your idea.
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Call for Short Course and Technical Session Proposals

T ———

It’s time to plan for the GSA 2021 Annual Meeting in Portland, Oregon,
USA. We challenge you to propose a Short Course and/or a Technical
Session that reflects your expertise and pushes the boundaries of the
discipline. Share your science with your community, teach your colleagues,
and promote discussion of the incredible regional geology.

Exchange the geology by organizing and chairing a
Technical Session.

Technical Session deadline: 1 Feb. 2021

Proposals are being taken for Pardee Keynote Symposia and Topical Sessions.
Please make your selection on the proposal submission form.
https://gsa.confex.com/gsa/2021AM/cfs.cgi

Share the geology as an instructor of a Short Course.
Short Course proposal deadline: 1 Feb. 2021

Courses run the Friday and Saturday before the meeting and are typically a half
day to two full days.
https://gsa.confex.com/gsa/2021AM/shortcourse/cfs.cgi

A MESSAGE FROM GSA’'s EXECUTIVE DIRECTOR

Dear Colleagues,

As you know, GSA is committed to the ideal of
scientific discovery, rigor, diversity, and integrity.

| invite you to prepare a proposal for a
Technical Session for the 2021 annual meeting
that reflects your expertise and research but also
pushes the boundaries of the discipline. Without
expanding our horizon, we will not move the
geosciences forward and keep our relevance.
| challenge you to also broaden your reach to
those you collaborate with by including diversity
in all ways—discipline, career progression, and
individuals.

Thank you for considering sharing your science
and work at the GSA 2021 Annual Meeting.

—Vicki S. McConnell
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