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Cover: Field photograph from the Sage Hen Flat area, eastern 
California, USA.  Columns show a six-point uncertainty scale — with 
divisions of no evidence, permissive, suggestive, presumptive, compelling, and certain — as applied 
to three different observations (attachedness, geometry, and lithology) that geologists make at each 
outcrop. See related article, p. 4–9.
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ABSTRACT
The field of geology is poised to make a 

fundamental transition in the quality, char-
acter, and types of science that are possible 
for practitioners. Geologists are developing 
data systems—consistent with their work-
flow—to digitally collect, store, and share 
data. Separately, geologists and cognitive 
scientists have been working together to 
develop tools that can characterize the level 
of uncertainty of both data and models. The 
transformational change comes from the 
simultaneous combination of these two 
approaches: digital data systems designed 
to capture and convey scientific uncer-
tainty. This approach promotes better data 
collection practice, improves reproducibil-
ity, and increases trust in community-based 
digital data. We applied these methods—
attending to uncertainty and its incorpora-
tion into digital repositories—to the Sage 
Hen Flat pluton in eastern California, USA, 
where two published maps provide different 
interpretations. Incorporating uncertainty 
into our workflow, from field data collec-
tion to publication, allows us to move 
beyond binary choices (e.g., is this data/
model right or wrong?) to a more nuanced 
view (e.g., what is my level of uncertainty 
about the data/model?) that is shareable 
with the larger community.

INTRODUCTION
G.K. Gilbert’s 1886 article, “The 

Inculcation of the Scientific Method by 
Example,” introduced the protocol of using 
multiple working hypotheses when con-
ducting geological fieldwork. Gilbert rec-
ognized the need for an explicit statement 
and consideration of alternative models in 

order to mitigate biases that arise from 
human reasoning. Humans infer causes to 
explain their observations about the world. 
Once a sufficient (or even convenient) 
explanation is available, that explanation 
tends to be favored over others; subsequent, 
inconsistent observations are frequently 
disregarded. This tendency is referred to as 
“confirmation bias,” and it is one of many 
cognitive biases that affect human judg-
ment. Gilbert’s fundamental contribution 
was in recognizing—nearly 100 years 
before the formal study of decision biases—
that scientific observation was vulnerable 
to the same reasoning pitfalls. In short, he 
realized that doing better science requires 
not only taking advantage of the mind’s 
strengths but also supporting its weak-
nesses. If one accepts that the mind plays a 
role in both data collection and interpreta-
tion, then it follows that knowing something 
about how the mind operates will result in 
better science.

Cognitive science has addressed the mind’s 
struggle with multiple competing hypothe-
ses and the human tendency to filter data at 
both conscious and unconscious levels. One 
of the most effective methods developed to 
reduce bias is to structure the environment 
of inquiry to “nudge” people toward more 
nuanced conclusions. For example, a partic-
ularly powerful workflow was demon-
strated within geoscience practice wherein 
all reasonable interpretations are explicitly 
articulated prior to deciding which is the 
most reasonable (Bond et al., 2008; Alcalde 
et al., 2017). This approach is a recent exam-
ple of utilizing Gilbert’s multiple working 
hypothesis methodology. But, as a commu-
nity, we can move beyond the need to 

de-bias our approaches and develop work-
flows that support nuanced data collection 
and model articulation. A workflow to 
enhance field-based geologic practice, built 
from cognitive science principles and 
designed to support the mind, has become 
possible with an unexpected ally: digital 
database systems.

Digital database systems are now avail-
able for field-based geology (e.g., Strabo-
Spot; Walker et al., 2019). Access to basic 
digital database systems enables researchers 
to record nuance-rich and contextual infor-
mation regarding individual outcrops, with 
the added benefit of improved data sharing 
with the larger community. These systems 
are integral to designing new workflows that 
take advantage of strengths and support 
areas of weakness in the human mind.

This article highlights how the simultane-
ous use of cognitive science principles and 
digital data systems allow us to fundamen-
tally improve field geology through the char-
acterization and capturing of the uncertainty 
of both data and models. Geologists already 
know that uncertainty information is useful, 
which is why digital systems for seismic 
interpretation have worked to incorporate 
uncertainty judgments (Leahy and Skorstad, 
2013) and why geologists already capture 
this information for some features (e.g., dot-
ted versus dashed versus solid contacts on 
maps). We introduce a system for capturing 
uncertainty across a broad range of geologi-
cal features. Then we show how these rank-
ings can be incorporated and used in a digital 
data system. Finally, we demonstrate the 
utility of this approach by applying it to geo-
logical mapping in the Sage Hen Flat pluton 
in eastern California, where two published 
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maps provide different interpretations of 
the same geology. We show that mapping 
with the explicit use of uncertainty rank-
ings allows the community to more directly 
evaluate published data and models with 
nuanced interpretation.

CHARACTERIZING UNCERTAINTY
As noted by R. Allmendinger (pers. 

commun., 2013): “Geophysicists collect 
data then filter; Geologists must filter real-
ity, then collect data.” Considering the case 
of field-based geology, the filtering is both 
perceptual (and likely to be unconscious) 
and cognitive (and therefore more likely to 
be conscious and strategic). Unconscious 
filtering is seen, for example, in the dia-
grams labeled “what a geologist sees” in 
S. Marshak’s physical geology textbook 
(Marshak, 2009), where extraneous vegeta-
tion and cover are ignored. Experience 
allows experts to disembed key features and 
thereby visually focus attention on subtle 
geological patterns (Hanawalt, 1942; Kastens 
and Ishikawa, 2006; Reynolds, 2012). 
Conscious filtering is more complex. 
Geologists continuously make a series of 
decisions in the field: What data do I col-
lect, where should I collect it, and is it 
worth collecting? All these decisions are 
susceptible to bias. Thus, much of the field 
data in publications is heavily filtered 
before being made available to peer-review-
ers and readers.

What geologists call “data” or an obser-
vation is not, strictly speaking, a property of 
the world that is visible to everyone. Rather, 
field data are the accumulated balance of 
evidence for a claim about a property of the 
world. Although geologists might object to 
this characterization, the geologist authors 
of this article have been convinced by our 
cognitive scientist colleagues that it is true. 
For example, consider a geologist who won-
ders whether to record a measurement 
because that person is uncertain if a rock is 
fully attached to the underlying bedrock. In 
such a situation, the geologist must decide 
based on the balance of evidence for or 
against this rock’s “attachedness.” In the 
discipline’s current working approach, a 
geologist will either take and report the 
measurement or not: It is a binary choice. 
The quality of the evidence is lost, as is all 
the potentially valuable data that was over-
looked because the quality was under the 
threshold to collect and/or report. When we 
talk about data uncertainty, these are the 
types of issues that we are considering.

In the system we propose, there is a six-
point scale to characterize uncertainty in 
data (recorded observations) (Fig. 1). The 
scale ranges from no evidence to certain, 
with four broad categories in between, from 
low to high: permissive, suggestive, pre-
sumptive, compelling. These terms are 
chosen to reflect the judged likelihood that 
an observation reflects the true state of the 
world (respectively, less than 25% chance, 
25%–50%, 50%–75%, and greater than 
75%). For data, it is possible to be com-
pletely uncertain (no evidence) or to have 
such compelling evidence that the data is 
essentially certain. The scale is designed to 
leverage humans’ strengths in making sta-
ble judgments about mental states when 
using a consistent scale with a limited set of 
categories (Preston and Colman, 2000).

Data quality is a combination of the vari-
ability in the world (e.g., local heterogeneity 
in a surface orientation or diagenetic 
changes to minerals) and variability due 
to the mind (e.g., visual skill in identifying 
the “representative” plane of a feature to 
record). The two sources of variability are 
inherently intertwined, as one’s confidence 
in recording a feature accurately will be 
inversely proportional to the observed vari-
ability of the feature in the locale. Humans 
can reliably estimate their relative uncer-
tainty and thus accuracy of decisions 
(Maniscalco and Lau, 2012). In present 
practice, some of these quality judgments 
are recorded, such as in a field notebook, 
but not as part of the community record. 
Consequently, most quality judgments are 
lost, including those where no data were 
recorded at all, as when a geologist bypasses 
an outcrop looking for a better-quality one.

Models are necessarily uncertain, and the 
same ranking system is applicable to them 
(permissive, suggestive, presumptive, 
compelling; Fig. 1). As an end member, 
models can be incorrect if there is evidence 
to refute a model (e.g., flat Earth model) or 
unsupported if there is no data to support a 
model. Likewise, no scientifically interest-
ing models ever attain the status of certain. 
All models are uncertain because they: (1) 
contain untested or contested assumptions; 
(2) have many parts for which each part 
may introduce some type of uncertainty; (3) 
contain parts that have nonlinear effects on 
inferred consequences from observations; 
and (4) cannot incorporate data that are yet 
to be obtained. Because of these limitations, 
models are generally less certain than the 
relevant data for which they account.

UNCERTAINTY AND BEDROCK 
MAPPING

To characterize and store data uncer-
tainty information, it is necessary to clearly 
specify the different aspects of the data that 
could be uncertain. First and foremost, this 
characterization must be streamlined into 
field protocols. Because field time is valu-
able and limited, uncertainty information 
will not be collected unless it requires mini-
mal time expenditure. Second, the specific 
observations, to which uncertainty is 
assigned, depend on the map type. Bedrock 
mapping, for example, requires the deter-
mination of whether the rock at Earth’s sur-
face is directly connected to, and thus is 
representative of, the rocks below the sur-
face at that location (attachedness). For 
comparison, attachedness for surficial map-
ping is less critical; attachedness has no rel-
evance for a landslide deposit. Thus, while 
the identical scale (no evidence, permissive, 
suggestive, presumptive, compelling, cer-
tain) is useable for all maps, the observa-
tions to which they pertain may vary.

In this contribution, we concentrate on 
bedrock mapping. We introduce four basic 
observations that geologists are likely to 
encounter at an individual outcrop: (1) 
attachedness, (2) lithological correlation, 
(3) 3D geometry, and (4) kinematics. As 

Figure 1. The uncertainty scale for geological 
data and models. The categories are linked to 
estimates of statistical likelihood, from low to 
high, of permissive (less than 25% chance), 
suggestive (25%–50%), presumptive (50%–75%), 
compelling (75%–99%), and certain (100%). Data 
can be categorized as no evidence or certain. In 
contrast, it is not possible for a model to be 
certain. Further, models can be unsupported. It is 
possible for both data and models to be incorrect.
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Figure 2. (A) Geological map (modified from Bilodeau and Nelson, 1993) and two different cross sections depicting different models for the regional geology. 
The Bilodeau and Nelson (1993) cross section (B, line A–A') indicates an intrusive contact for the Sage Hen Flat pluton. The Ernst and Hall (1987) cross 
section (B, line D–D') depicts the western edge of the Sage Hen Flat pluton as a faulted contact. The box on the geological map (A) shows the location of 
Figure 3. Both cross sections lines (A–A' and D-D') cross the area shown in Figure 3.

noted, each of these observations requires 
an inference, and the inference improves 
with experience. Attachedness is discussed 
above. Lithological	correlation is the deter-
mination of whether a particular rock belongs 
to a larger group of rocks (e.g., a named for-
mation). We expect the majority of uncer-
tainty will be due to challenges inherent in 
evaluating nuances in rock properties to 
correlate to a known unit and explicitly 
recognize that a professional geologist 
will be able to determine rock type at any 
outcrop (e.g., granitoid), although ambigui-
ties in rock type (e.g., tonalite vs. granodi-
orite) can also be reflected in this category. 
Three-dimensional	 geometry describes 
how accurately one can quantify the internal 
spatial features of an outcrop. An example 
of 3D geometry is the determination of 
strike and dip of bedding, which is measur-
able to approximately ±3° for both measure-
ments given the natural variability of rock. 
However, there are multiple cases where one 
is not certain of the 3D geometry, such as 
non-planar bedding measurements (e.g., 
cross bedding). Kinematics is an interpreta-
tion of movement associated with the rock. 
Kinematics could include primary (e.g., 
paleocurrents) or secondary (e.g., fault off-
set) features.

We identified these four aspects of an 
outcrop to retain potentially valuable infor-
mation in one aspect (e.g., lithology) that 
might have been lost due to uncertainty in 
some other feature (e.g., attachedness). The 
features are not completely independent. 
For example, a low certainty ranking for 
attachedness would necessarily indicate 
that the geometry is unlikely to ref lect the 
orientation of the underlying rocks. However, 
some features are more independent. For 
example, lithology can be accessed inde-
pendent of attachedness or geometry, and 
conversely geometry and kinematics can 
be observed compellingly in some cases 
even when the lithologic unit is uncertain.

AN EXAMPLE OF BETTER 
GEOLOGY ENABLED: SAGE HEN 
FLAT PLUTON, CALIFORNIA

Background
We provide an example of the use of 

uncertainty scales from the Sage Hen Flat 
pluton in the White-Inyo mountains of east-
ern California. The plutonic bodies of the 
White-Inyo range intrude into a nearly 
continuous section of exposed Late Pre-
cambrian–Paleozoic strata that are weakly 
metamorphosed and deformed by multiple 

generations of Paleozoic folding (e.g., Stevens 
et al., 1997). However, the Late Jurassic 
Sage Hen Flat pluton is unique among these 
intrusions because its emplacement does 
not disrupt any of the regional structural 
trends (Morgan et al., 2000).

The relevance of the Sage Hen Flat pluton 
for our study is that there are two geological 
maps—both done by professional geolo-
gists with significant mapping experi-
ence—that disagree in both map pattern 
and cross section (Figs. 2 and 3). The Ernst 
and Hall (1987; afterward E&H) map was 
part of a regional map of the White 
Mountains. The Bilodeau and Nelson (1993; 
afterward B&N) map focused solely on the 
Sage Hen Flat pluton. For our purposes, the 
geological maps are models based on data. 
There are places where the data are clearly 
distinguished from inferences: the strike-
and-dip symbols, solid contacts between 
units, etc. The cross sections are models 
and are necessarily more speculative than 
the geological maps because of the lack of 
sub-surface information.

The difference between the geological 
maps is most prominent in the northwestern 
corner of the pluton, which is highlighted in 
Figure 3. The E&H map interprets the local 
geology as recording a fault contact between 
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Sage Hen Flat granite and country rock on 
the western margin of the pluton. The B&N 
map indicates that the plutonic contact on 
the western margin is intrusive. We focused 
our efforts in this location to investigate the 
interplay of data and model uncertainty, 
reasoning that the likely cause of the model 
uncertainty—as indicated by their disagree-
ment—was data uncertainty.

Application of the Uncertainty 
Scales

The existence of two differing models for 
the geometry and origin of some features is 
not unique in geology, but it is particularly 
well illustrated in the case of the Sage Hen 
Flat pluton. We remapped the pluton in the 
summers of 2019 and 2021 in order to con-
struct and then utilize uncertainty scales 
that are applicable to field geology. The 
data were recorded in the StraboSpot sys-
tem with the uncertainty values noted. 
The publicly available full data set contains 

461 stations with notes on the geological 
features, associated uncertainty, and photo-
graphs (“Sage_Hen_Flat_Tikoffetal” proj-
ect on StraboSpot.org). Uncertainty for 
attachedness and lithology were collected 
on the 0–5 scale outlined above. Geometry 
information was collected in those cases in 
which: (1) attachedness was 2/5 or higher, 
and (2) a bedding or foliation was possible 
to measure. Kinematics were only noted in 
a few locations where kinematic features, in 
this case fault traces, were present.

Our intention is not to find that one 
mapping team is wrong and one is right. 
Rather, our objectives are to (1) understand 
what data drove the previous interpreta-
tions; and (2) demonstrate that showing 
uncertainty allows geologists to make an 
informed judgment.

Station SHF165A (Fig. 3) shows a loca-
tion for which there is agreement between 
B&N, E&H, and our data. We are explicit in 
our evaluation of attachedness, lithology, 

and geometry: A practitioner can determine 
how much to trust our data. In contrast, we 
interpret that if B&N or E&H took a mea-
surement, they likely did so only in cases 
for which attachedness was presumptive 
(3/5) or higher.

For Station SHF152 (Fig. 3), the B&N 
and E&H maps are in conflict. Our data 
suggest that B&N is incorrect in mapping it 
as a granite: The outcrop is a carbonate, 
although it is bleached, potentially by flu-
ids expelled from the nearby Sage Hen Flat 
pluton. The E&H map indicates that the 
outcrop is the Reed (dolomite) Formation. 
We are less certain, because of the metaso-
matic alteration, but assign this outcrop to 
the Deep Springs Formation (1/5). If the 
B&N data are incorrect, does it alter their 
model for the margin of the pluton? In our 
opinion, the answer is no. It is relatively 
uncritical if this outcrop consists of granite 
or carbonate with respect to their model of 
an intrusive contact.

Figure 3. Geological maps of the northwest corner of the Sage Hen Flat pluton extracted from the geological map of (A) 
Bilodeau and Nelson (1993) and (B) Ernst and Hall (1987). The circled numbers show the location and attachedness values 
(blue = 1, 2; yellow = 3–5) for granitic outcrops discussed in the text. These data are part of the public “Sage_Hen_Flat_
Tikoffetal” project on StraboSpot.org. L—lithology; A—attachedness; G—geometry; K—kinematics. See Figure 2 for legend.
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The more interesting case are the outcrops 
of Sage Hen Flat granite (Fig. 3): Blue circles 
show location of outcrops with low attached-
ness rankings (1/5 or 2/5), whereas yellow 
circles distinguish outcrops with high- 
attachedness rankings (3/5 or higher). Note 
that both maps are consistent with our high 
attachedness ranking outcrops. The differ-
ence is that there are numerous low-attached-
ness ranking outcrops that are consistent 
with the B&N map but not the E&H map 
(Fig. 3). Outcrop 103A (Fig. 3) shows one 
such example; although attachedness is low, 
most geologists would likely interpret that 
these rocks are nearly in place, as there is no 
reasonable process that could have moved 
them from elsewhere. We now ask the criti-
cal question of the E&H map: Do the incor-
rect data alter their model for the margin of 
the pluton? The answer, for us, is yes. The 
existence of abundant granite outcrops west 
of their interpreted fault—where no granites 
should outcrop—suggests that the model 
has more uncertainty than that of B&N.

At Station SFH081 (Fig. 3), the Lower 
Deep Springs Formation strikes into the 
Campito Formation, and both units display 
similar bedding orientations. A fault is 
shown on the B&N map but not on the E&H 
map. We judge the presence of this fault to 
be compelling (4/5). In this case, we can 
also investigate the kinematics. There is not 
an exposed fault surface with slickensides, 
and the movement cannot be resolved by 
stratigraphic offset. Geometrically, the fault 
movement could be N-side-down, dextral, 
or some combination. We rank the kinematics 
as suggestive (2/5) and, similar to B&N, 
would not indicate fault movement using a 
symbol on the map.

DISCUSSION

Data Uncertainty
Our uncertainty evaluations at the north-

western corner of the Sage Hen Flat pluton 
provide more robust field data than previ-
ously available. Geologists are already mak-
ing these types of evaluations, but they are 
not doing it systematically, using a shared 
vocabulary, or storing the evaluations in a 
format that other geologists can access.

In our opinion, the data we present are 
more useful than the data that B&N and 
E&H provided, largely because our data 
collection system includes uncertainty. The 
advantages of our approach are (1) we have 
created methods to record the data that are 
accessible, so the community—including 

geologists who have not physically been 
there—can evaluate it and offer alternative 
geological inferences; (2) the collected data 
are nuanced, which allows all interested 
members of the community to consider how 
much to rely on a specific measurement; (3) 
we collected more data because we had a 
digital system that allowed us to collect it 
quickly; (4) the data are less filtered, as we 
were willing to collect low-certainty data 
because we could identify it as such; and 
(5) the need to explicitly evaluate uncer-
tainty at every station motivated us to eval-
uate each outcrop independently, which 
reduces bias by reducing the influence of 
preconceptions (about the adjacent outcrops, 
regional geology, existing models, etc.).

Model Uncertainty
Our approach allows us to make better 

models through (1) the use of shared lan-
guage to characterize the quality of the 
model; (2) the use of more robust field data 
(more data, stored in an accessible way, 
with quality evaluations); and (3) the ability 
to more closely link the quality of the data 
to the quality of the model. We apply these 
concepts to the two models for the western 
margin of the Sage Hen Flat pluton: (1) a 
faulted contact (E&H; Fig. 2B), and (2) an 
intrusive contact (B&N; Fig. 2B).

Prior to spending time in the field, we 
evaluated both the E&H and B&N models as 
“suggestive.” Having collected data in this 
area, we promote the B&N model to 
“presumptive” and keep the E&H model as 
“suggestive.” The data that we collected that 
are not consistent with the B&N model (e.g., 
SHF152A; Fig. 3) are nevertheless consistent 
with the processes interpreted in their cross 
section. In contrast, some of our data do not 
support the E&H model; the granitic outcrops 
with low attachedness rankings in the 
southern part of the area shown in Figure 3 
are inconsistent with a faulted contact. Thus, 
although the E&H model remains suggestive 
(in the 25%–50% likely category), it is less 
likely than the B&N model. We note that 
in any field area, a compelling or even 
presumptive model may not exist, because 
the nature of the outcrop quality or the 
complexity of the region does not allow the 
true relationships to be discerned.

Our assessment applies only to a small area 
(Fig. 3) of the E&H and B&N maps, but illus-
trates a structured way to engage in assess-
ments of model certainty. In particular, it 
addresses where models are uncertain and 
the level of that uncertainty. A critical point is 

that we are not trying to determine which 
model is correct: Our evaluation is more 
nuanced than one model is right and the other 
one is wrong. In large part, both models are 
well supported by high-certainty field data. It 
is unclear that additional geological mapping, 
by itself, would further adjudicate between 
the existing models.

Data Uncertainty and Model 
Uncertainty Interaction

Data uncertainties interact with the 
model uncertainties in a variety of different 
ways. The influence of data uncertainty on 
model generation is clear. All scientists 
likely recognize that one’s interpretation 
can only be as good as one’s data. For a 
sparse data set from an area where expo-
sures are limited, model uncertainty is 
closely tied to the underlying data uncer-
tainty. Thus, compelling models are made 
with consistent, compelling data. In con-
trast, permissive models are made with 
either consistent permissive data or a mix of 
inconsistent suggestive, presumptive, and 
compelling data. As data sets get larger, 
these relationships change. For example, a 
large number of consistent, permissive data 
could support a suggestive (or more certain) 
model. These relations can be developed 
statistically in the future as the community 
develops its facility with digital methods.

Most geologists engage in model compari-
son, but they are not doing it explicitly or 
consistently when collecting data. Model 
uncertainty guides data collection in areas 
where data can distinguish between different 
models. For this reason, we focused our work 
on the northwestern corner of the Sage Hen 
Flat pluton, where there was a clear need to 
collect unbiased data in order to evaluate 
competing models. Note the similarity of our 
approach to that of Gilbert (1886). The use of 
model uncertainty produces the same cogni-
tive advantages as Gilbert’s idea of multiple 
working hypotheses, particularly in debias-
ing of data collection.

We argue that we can make a fundamen-
tal improvement to the approach of Gilbert 
by focusing on data rather than models. 
This approach is facilitated by the use of 
digital data systems coupled with a work-
flow informed by cognitive science. In the 
absence of digital tools, people reason 
using models because there is no effective 
way for the mind to keep track of all of the 
data and its attendant uncertainties. Digital 
data systems offload this cognitive burden, 
which in turn can improve estimates of 
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relative model certainty. This process 
encourages data collection—particularly 
of unexpected features and/or low-certainty 
data —that can provide new model insights 
and transform practice. Marginal data in 
bulk can provide better estimators than 
sparse data to refine spatial and non-spatial 
interpretations. Data analytics developed 
for field-collected data uncertainty could 
prove to be a key for developing robust 
quality control and quality assurance for 
digital data systems.

Recording geologists’ uncertainty allows 
transparent connections between uncertainty 
in data and the uncertainty in models. One 
can produce better models because one can 
evaluate the quality of the data upon which 
the model is built. Critically, the geologists 
who have used the uncertainty scales in the 
field do not find them cumbersome or overly 
time consuming. The use of uncertainty 
simultaneously could increase a scientist’s 
trust of data types outside of their expertise 
as they could rely on the evaluation of uncer-
tainty by others. Communicating the uncer-
tainty in data and models may reduce the 
barriers to model revision or replacement 
and speed the advance of science.

Future Work
The presented workflow provides one 

possible approach for geologists to capture 
and communicate uncertainty in data and 
models. Although it is not meant to be pre-
scriptive, it exhibits important attributes for 
gathering uncertainty information for field 
practitioners: (1) it does not interfere with 
workflow, (2) it facilitates transparent data 
collection, (3) it captures uncertainty about a 
manageable number of categories, and (4) 
the results are replicable and psychologically 
meaningful. These guidelines may be useful 
to other communities using field-based data 
that adopt the collection of uncertainty data 
to support their research needs.

This contribution aims to improve the 
quality of field-based geologic information 
through the explicit communication of uncer-
tainty and the manner in which that uncer-
tainty is communicated. There are, however, 
other discussions that need to be held at a 
community level. For example, practitioners 
in bedrock mapping may want to develop 
new conventions for visually communicating 
uncertainty. It may be time—with cognitive 
scientists involved in the process—to update 
how we record, represent, and communicate 
geologic information.

CONCLUSIONS
It is generally recognized that science and 

society are undergoing a digital revolution. 
The geological community has the opportu-
nity to adapt best practices of the past to the 
emerging new workflows that result from the 
ability to operate digitally. We propose the 
systematic use of uncertainty scales when 
collecting digital field data and developing 
models, which are easily recorded by digital 
technologies, as better science practice.

We applied the use of uncertainty scales 
to bedrock mapping at the Sage Hen Flat 
pluton in eastern California, where differ-
ent data resulted in different models for the 
regional geology. New data was collected in 
the area of most divergence between the 
two geological maps. The purpose of our 
evaluation was to show how data that con-
tain uncertainty estimates provide a funda-
mentally better record of geological field 
data, can adjudicate between different mod-
els, and can guide future research. The lan-
guage associated with the data and model 
uncertainties can also allow nuanced (e.g., 
non-binary) decisions and facilitate produc-
tive communication between researchers.
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Register Now for Best Pricing
Early Registration Deadline: 11:59 p.m. MDT on 13 Sept.
Cancelation Deadline: 11:59 p.m. MDT on 20 Sept.
community.geosociety.org/gsa2023/registration 

STUDENT/EARLY CAREER PROFESSIONAL 
TRAVEL GRANTS

You still have time to apply for grants. Various groups are offering 
grants to help defray your costs for registration, field trips, travel, 
etc., for GSA Connects 2023. Check the website at community 
.geosociety.org/gsa2023/connect/student-ecp/travel-grants for 
application and deadline information. Note: Eligibility criteria and 

deadline dates vary by grant. The deadline to apply for the GSA 
Student Travel Grant is 11:59 p.m. MDT on 13 Sept.

STUDENT VOLUNTEERS
The Student Volunteer Program will open in August. Earn  

complimentary registration when you volunteer to work for at 
least ten hours, plus get an insider’s view of the meeting.

Please wait until you have signed up as a volunteer to register 
for the meeting, unless you want to reserve a space in a Field  
Trip or Short Course. Detailed information can be found at  
community.geosociety.org/gsa2023/registration/volunteers.

2023 Michel T. Halbouty Distinguished Lecture
Susan L. Brantley, “How Fracking Affects 
Our Water”

Tues., 17 Oct. 12:15–1:15 p.m.

“Fracking” of horizontal layers of shale  
at great depths has ushered in a new era of 
energy development in the USA. At the 
same time, shale-gas development has 
impacted water quality in some locations.  

In the mid-2000s, public outcry about “fracking” and water quality 
reached a fever pitch. Today, the pushback continues but is more 
muted. In this talk I will look at what has been learned over the last 

two decades about water impacts related to shale gas development 
(including fracking), with emphasis on both geospatial analysis as 
well as case studies. Much of this talk will focus on Pennsylvania, 
a state with the longest history of commercial oil extraction in the 
world, but some observations will also be made about the national 
situation. Government, universities, and private industry must work 
more closely with communities to document impacts and under-
stand case examples of water contamination. Only with such 
approaches will geologists and hydrogeochemists enable the public 
to make educated decisions about the “social license” for the indus-
try at the same time that our practitioners learn to understand the 
public’s viewpoint on this distributed industry. 

Noon Time Lecture

Richard Alley, “Sea-level Rise: The Solid and the Scary” 

Mon., 16 Oct., 12:15–1:15 p.m.
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"The value in mentoring is seeing the talent and ability in someone who doesn't
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- Kalan Briggs, Michigan Department of Environment, Great Lakes and Energy
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GSA and the Association for Women 
Geoscientists are looking for photos of 
women working in the field, classroom, 
office, lab, or at home, to showcase as 
part of their Pardee Keynote Symposia 
at GSA Connects 2023. The goal is to 
demonstrate that there are diverse females 
working in the geosciences worldwide and 
to illustrate to the next generation the 
depth and breadth of female geologists. 

The photos will be shown in the session “P2. 
Spotlight on Positive and Diverse Female 
Role Models,” which will be held at GSA 
Connects 2023 in Pittsburgh, Pennsylvania, 
on Mon., 16 Oct., from 1:30–5:30 p.m. (and 
will be live streamed). 

CALL FOR PHOTOS

Pardee Session Spotlight on Positive, 
Diverse Female Role Models

To be a part of this endeavor, please 
email: 

• Two .jpg photos of YOU at work 
(500 px L x 500 px W) cropped to 
a square to diverse.geos2023@
gmail.com. 

• Name the files using first_last.jpg 
(example Abigail_burt.jpg). 

• Include your name, occupation, 
employer, and location in the email.
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N I G H T  A T  T H E  M U S E U MN I G H T  A T  T H E  M U S E U M
S t u d e n t  a n d  E a r l y  C a r e e rS t u d e n t  a n d  E a r l y  C a r e e r

1 5  O c t o b e r  2 0 2 31 5  O c t o b e r  2 0 2 3

N e t w o r k i n g ,  F u n ,  &  E d u c a t i o n a l !N e t w o r k i n g ,  F u n ,  &  E d u c a t i o n a l !

Short courses are taught by industry
professionals and are a great way to learn a
new topic while building your skills. This is a
fun way to network and earn continuing
education credits (CEUs)!

For more information please visit
community.geosociety.org/gsa2023/
program/short

GSA Connects 2023 will broaden 
your perspectives and enhance 
your career. There’s no better 
venue to:

•   Have stimulating conversations 
about your research;

•   Receive valuable feedback from 
the geoscience community;

•   Stay up-to-date on the latest 
developments in your field;

•   Find collaborators and 
inspiration for your next project;

•   Enhance and develop your 
professional skills.

Submit Your  
Abstract Today!

Submit at: 
gsa.confex.com/

gsa/2023AM/cfp.cgi

Abstracts Deadline: 25 July

Themes:  
Diverse Science for  

a Sustainable Future

Climate and  
Energy Transition

community.geosociety.org/gsa2023/connect/student-ecp
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2023 GSA Medal & Award Recipients
PENROSE MEDAL 

Suzanne M. Kay, Cornell University

PRESIDENT’S MEDAL OF THE GEOLOGICAL SOCIETY OF AMERICA
Jamil Bey, UrbanKind Institute

ARTHUR L. DAY MEDAL
Isabel P. Montañez, University of California, Davis

YOUNG SCIENTIST (DONATH) MEDAL AWARD
Andrew Zuza, University of Nevada–Reno

GSA PUBLIC SERVICE AWARD
Nick Zentner, Central Washington University

RANDOLPH W. “BILL” AND CECILE T. BROMERY AWARD
Karen Chin, University of Colorado Boulder

DORIS M. CURTIS OUTSTANDING WOMAN IN SCIENCE AWARD
Kelsey Moore, Johns Hopkins University

GSA FLORENCE BASCOM GEOLOGIC MAPPING AWARD
M. Jerry Bartholomew, University of Memphis

Giorgio Vittorio Dal Piaz, University of Padova, Italy

GSA HONORARY FELLOW AWARDS
Jacques Schott, CNRS Toulouse

Shucheng Xie, China University of Geosciences–Wuhan
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2023 GSA Division Primary  
and International Awards

GILBERT H. CADY AWARD 
Energy Geology Division
Shifeng Dai, China University of Mining and Technology, Beijing

EDWARD B. BURWELL, JR., AWARD
Environmental and Engineering Geology Division
Syed Hasan, University of Missouri–Kansas City 
Hasan, S.E., 2022,	Introduction	to	Waste	Management:	 
A Textbook, 1st Edition: New York, John Wiley & Sons, 464 p.

RIP RAPP ARCHAEOLOGICAL GEOLOGY 
AWARD
Geoarchaeology Division
Arlene Rosen, University of Texas

DISTINGUISHED CAREER AWARD
Geobiology and Geomicrobiology Division
Gabriela Mangano, University of Saskatchewan

M. LEE ALLISON AWARD FOR GEOINFORMATICS
Geoinformatics and Data Science Division
Simon Goring, University of Wisconsin

MERITORIOUS SERVICE AWARD  
Geology and Health Division
Jean Morrison, United States Geological Survey

GEORGE P. WOOLLARD AWARD 
Geophysics and Geodynamics Division
Mian Liu, University of Missouri

BIGGS EARTH SCIENCE TEACHING AWARD
Geoscience Education Division
Glenn Dolphin, University of Calgary

MARY C. RABBITT HISTORY AND PHILOSOPHY 
OF GEOLOGY AWARD
History and Philosophy of Geology Division
Claudine Cohen, L’École des Hautes Études en Sciences, Paris

O.E. MEINZER AWARD 
Hydrogeology Division
Jiu J. Jiao, University of Hong Kong

ISRAEL C. RUSSELL AWARD
Limnogeology Division
Donald T. Rodbell, Union College

DISTINGUISHED GEOLOGIC CAREER AWARD
Mineralogy, Geochemistry, Petrology, Volcanology 
Division
Katharine V. Cashman, University of Bristol

G.K. GILBERT AWARD 
Planetary Division
Candice Hansen-Koharcheck, Planetary Science Institute

KIRK BRYAN AWARD
Quaternary Geology and Geomorphology Division 
Simon L. Pendleton, Woods Hole Oceanographic Institution
Pendleton, S.L., et al., 2019, “Rapidly receding Arctic Canada  
glaciers revealing landscapes continuously ice-covered for  
more than 40,000 years:” Nature Communications , v. 10, 445, 
https://doi.org/10.1038/s41467-019-08307-w.

LAURENCE L. SLOSS AWARD
Sedimentary Division
Nicholas Christie-Blick, Lamont-Doherty Earth Observatory

CAREER CONTRIBUTION AWARD
Structural Geology & Tectonics Division
John Platt, University of Southern California

INTERNATIONAL DISTINGUISHED CAREER 
AWARD
International Committee
Cecilia M. McHugh, Queens College, CUNY

JAMES B. THOMPSON, JR., DISTINGUISHED 
INTERNATIONAL LECTURESHIP
International Committee
Mary S. Hubbard, Montana State University



Awardees will be recognized at the 2023 Presidential Address  
and Awards Ceremony in Pittsburgh on Sunday, 15 October. 
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Cole Award

W. STORRS COLE RESEARCH AWARD

Simon F. Mitchell, The University of the West Indies at Mona, 
Jamaica, will be awarded US$8,650 from the W. Storrs Cole  
Fund for the research project “Revision	of	the	Larger	Benthic	
Foraminifera	from	the	Cenozoic	described	by	Cole.”

Simon Mitchell will be honored at the Cushman Foundation for 
Foraminiferal Research Awards Ceremony on 18 October and at 
the GSA Presidential Address and Awards Ceremony on 15 October 
at GSA Connects 2023 in Pittsburgh, Pennsylvania, USA.

John C. Frye Memorial Award 
in Environmental Geology

In cooperation with the Association of American State 
Geologists (AASG), GSA makes an annual award for the best 
paper on environmental geology published either by GSA or by 
one of the state geological surveys.

Editors and contributing authors will be recognized at GSA 
Connects 2023 in Pittsburgh, Pennsylvania, for their outstanding 
publication by The New Mexico Bureau of Geology and Mineral 
Resources Bulletin 164 entitled Climate	Change	in	New	Mexico	
over	the	Next	50	Years:	Impacts	on	Water	Resources.

Editors and contributing authors in alphabetical order: Craig D. 
Allen, Paul W. Bauer, David DuBois, Nelia W. Dunbar, David 
S. Gutzler, Michael D. Harvey, J. Phillip King, Leslie D. 
McFadden, Kristin S. Pearthree, Fred M. Phillips, Bruce M. 
Thomson, and Anne C. Tillery.

ROADSIDE GEOLOGY OF ALABAMA
M��� S���������� ��� L���� S����������
����������� �� C������ M. F�����
The authors intertwine the geology with cultural 
stories, legends, and history to paint an enjoyable 
picture of how Alabama and its rocks came to be.
360 pages • 6 x 9 • 395 color illustrati ons and photographs
paper $28.00 • ISBN 978-0-87842-714-7

Mountain Press Publishing Company
800-234-5308 • info@mtnpress.com • www.mountain-press.com 

ALABAMA
OF

MARK STELTENPOHL 
AND LAURA STELTENPOHL
����������� �� ������� �. ������

MICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGANMICHIGAN
ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!ROCKS!

A Guide to Geologic Sites
in the Great Lakes State

Paul Brandes

MICHIGAN ROCKS!
A Guide to Geologic Sites in the Great Lakes State
P��� B������ 
Nearly the enti re geologic history of Earth is on display 
in Michigan—from 3.6-billion-year-old gneisses to 
potholes drilled by ancient rivers.
144 pages • 6 x 9 • 205 color illustrati ons and photographs
paper $22.00 • ISBN 978-0-87842-712-3

NEW NEW
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Charles F.T. Andrus (University of Alabama): C. Fred T. Andrus 
is an outstanding geoarcheologist, educator, and community mem-
ber as evidenced by his meaningful contributions to paleoclimate 
and archeological research, mentorship of students, and efforts at 
GSA meetings and committees. —David P. Gillikin

Jennifer G. Blank (NASA Ames/Blue Marble Space): Jennifer 
Blank’s scientific achievements include research and discoveries 
in astrobiology and in generation of prebiotic materials from com-
etary impacts on planetary bodies. She actively trains and mentors 
a diverse cohort of international geoscientists and has expertise  
in administration of multidisciplinary national and international 
geoscience programs. —Joan Florsheim

Brenda B. Bowen (University of Utah): Brenda B. Bowen has 
made outstanding contributions in the area of public awareness  
of geology, educating various communities about environmental 
change due to both natural and anthropogenic causes in salt lakes 
and desert landscapes, with the aim of understanding geological 
processes and achieving sustainable land management.  
—Kathleen Counter Benison

Andrea E. Brookfield (University of Kansas): For her exemplary 
service in multiple roles, over many years, to the GSA Hydrogeology 
Division and for sustained efforts in graduate and undergraduate 
student mentoring. —Benjamin Jay Rostron

Matthew E. Brueseke (Kansas State University): Matthew 
Brueseke is recognized for the breadth of his accomplishments  
as an outstanding teacher and mentor; a leader in service to GSA 
and the profession; and a renowned researcher who integrates field  
and lab methods with quantitative analysis to address problems in 
igneous petrology, volcanology, geochemistry, petrogenesis, and 
tectonics. —Pamela D. Kempton

Keith A. Brugger (University of Minnesota): Keith Brugger  
has devoted his career as a geoscientist to bridging knowledge 
between the study of modern glaciers and the geologic record of 
past glaciation and attendant climate change. He has significantly 
advanced scientific understanding in these two areas while creat-
ing outstanding opportunities for undergraduates to engage in 
research. —Benjamin J.C. Laabs

John Cottle (University of California): John M. Cottle has made  
spectacular scientific achievements in the development of novel laser  
ablation inductively coupled mass spectrometry and its application to 
plate tectonics; trained and mentored a cadre of young geoscientists; 

and made lasting contributions to the administration of geoscience 
programs and professional organizations. —Bradley R. Hacker

Peter J. Fawcett (University of New Mexico): Peter J. Fawcett 
combines international field work, “big data,” and extensive 
modeling to make fundamental discoveries about Earth-surface 
processes, climate history, and hydrological processes affecting 
society today, while providing strong academic leadership and 
promoting diversity. —Richard B. Alley

Sanjeev Gupta (Imperial College, University London): Sanjeev 
Gupta is a renowned sedimentary geologist. His 110+ publications 
focus on river deltas on Earth and Mars, and the megaflood origin of 
the Dover Straits. Gupta is a crucial member of NASA’s Mars rover 
teams, helping maximize their productivity by coordinating the needs 
of science, engineering, and management. —Allan H. Treiman



“a dedicated educator and mentor, and 
champion of a diverse geoscience workforce”



David J. Hart (Wisconsin Geological and Natural History 
Survey): We recognize Dave Hart for outstanding and sustained 
contributions to promote public awareness of geology. Hart’s 
engaging and approachable style underlies his success in support 
of science-based natural resource management in Wisconsin.  
His career achievements exemplify excellence in public service. 
—Madeline B. Gotkowitz

Philip H. Heckel (University of Iowa): Philip Heckel has made 
enormous contributions to our understanding of sedimentary  
processes and cyclic deposition in mixed siliciclastic-carbonate 
systems. He has expertise in carbonate petrology, early diagenesis, 
and conodont biostratigraphy. Above all, he is the master of 
Pennsylvanian cyclothems in the North American Midcontinent 
and a leader in the chronostratigraphy of Carboniferous rocks 
globally. —Thomas J. Algeo

Gregory L. Hempen (EcoBlast, LC): Greg Hempen has had a 
distinguished career as an applied geophysicist. He proved how 
less commonly used geophysical methods could aid site character-
ization, hazard mitigation, environmental protection, and research. 
He was the 2013 GSA-AEG Jahns Distinguished Lecturer, giving 
more than 100 lectures across the United States. —John H. Peck

2023 GSA Fellows
Society Fellowship is an honor bestowed on the best of our profession by election at the spring  

GSA Council meeting. GSA members are nominated by other GSA members in recognition of  
their distinguished contributions to the geosciences. Learn more at www.geosociety.org/fellowship.

GSA’s newly elected Fellows will be recognized at GSA Connects 2023. We invite you to read some of what their nominators had to say:
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Thomas A. Hickson (University of St. Thomas): Thomas Hickson 
is a passionate and effective teacher who provides outstanding 
learning opportunities at the university and national levels. His 
pedagogical contributions to the geoscience community in sedi-
mentology are exceptional. At University of St. Thomas, he helped 
create the Environmental Science Program and Department of 
Earth, Environment, and Society.—Kevin Theissen

Laszlo P. Kestay (United States Geological Survey): Laszlo Kestay, 
an excellent field geologist and modeler, has a sustained record of 
achievement in understanding planetary volcanism on Earth, Mars, 
and Io.  He also was the Science Center Director for the USGS 
Astrogeology team from 2012–2018, advancing information and data 
access and promoting diversity and inclusion.—Alfred S. McEwen



“an exceptional teacher and mentor of both 
graduate and undergraduate students”



Yvette D. Kuiper (Colorado School of Mines): I nominate Yvette 
Kuiper for an outstanding career of achievement in the area of struc-
tural geology and tectonics. Her impactful work, in a range of  
orogenic settings, has utilized an array of techniques. Additionally,  
she has an excellent record of sustained GSA engagement and in 
undergraduate and graduate teaching. —J. Christopher Hepburn

Benjamin J.C. Laabs (North Dakota State University): Ben Laabs 
has made innovations in understanding chronology and climate 
forcing of Western U.S. glaciation using cosmogenic dating and 
numerical modeling, and in archiving, assessing, and sharing cos-
mogenic data. He has made exceptional contributions to GSA 
meetings, field trips, and leadership, publishing in and editing 
GSA journals, and early-career mentoring. —Eric M. Leonard

Megan Elwood Madden (University of Oklahoma): Megan 
Elwood Madden is an outstanding planetary geochemist who 
investigates thermodynamics and kinetics of chemical weathering 
processes on Mars and Earth, and gas hydrate formation and  
dissociation processes to understand gas clathrates in planetary 
systems. She is a dedicated educator and mentor, and champion  
of a diverse geoscience workforce. —Gerilyn Soreghan

Elizabeth A. McClellan (Radford University): Elizabeth McClellan, 
Professor of Geology at Radford University, is recognized for  
outstanding training of students in mineralogy, petrology, structural 
geology, and geologic mapping; exceptional mentoring of students  
in field-based research projects; commitment to enhancing diversity 
in geosciences; and long-term service to the Southeastern Section of 
the Geological Society of America. —Madeline E. Schreiber

Jennifer M.K. O’Keefe (Morehead State University): Jennifer 
O’Keefe has made fundamental contributions to coal geology,  
palynology, and terrestrial paleoecology. Her pioneering work on 
fungal palynology and paleoecology gives us a new tool to under-
stand fungal decomposition in terrestrial ecosystems through deep 
time. Her service as Chair of GSA’s Energy Division and President 
of AASP is meritorious. —Anne Raymond

Michael E. Oskin (University of California): Michael Oskin is 
nominated for his scientific contributions that address outstanding 
questions in tectonics, neotectonics, paleoseismology, and geomor-
phology; for leadership in coordinating the recovery of perishable 
post-earthquake geologic data; and for the development of computa-
tional tools that fostered the application of high-resolution topo-
graphic datasets to studies of natural hazards. —Nathan A. Niemi

Susannah M. Porter (University of California, Santa Barbara): 
Susannah Porter’s contributions to the geoscience community, 
including GSA, are impressive and wide ranging. She drives research 
at the cutting edge and does it in a respectful, inclusive manner. This 
research has already, and surely will continue, to be impactful, just as 
will her influence among younger scientists, including her advisees 
and undergraduate students. —Carol M. Dehler

Sarah M. Principato (Gettysburg College): Sarah Principato’s 
multitude of exceptional accomplishments in student training and 
mentorship alone is worthy of recognition with GSA Fellowship.  
These achievements also speak to her effectiveness in leading  
academic programs that promote geosciences, and she has a strong 
record of professional service through organization and participation 
in GSA meetings. —Joseph Licciardi

Michael J. Retelle (Bates College): Michael J. Retelle has  
mentored over 100 undergraduate students with geology honors 
theses at Bates College in Maine, with over half continuing for 
graduate degrees and ten of them now serving as deans, research 
scientists, or Quaternary geology faculty at academic institutions.  
—P. Thompson Davis

Christie D. Rowe (McGill University): Christie Rowe is nomi-
nated for her ground-breaking contributions to understanding 
earthquakes and the dynamics of subduction systems through 
novel observations of the geologic record; for outstanding and 
selfless mentoring of numerous young scientists; and for her  
continuing service to GSA. —Darrel S. Cowan

James M. Russell (Brown University): James M. Russell is a global 
leader in the fields of tropical paleoclimatology, paleolimnology, 
and organic geochemistry. He has been an exemplary teacher and 
mentor. And, he has contributed significantly to the mission of  
GSA as the founding Chair of the Continental Scientific Drilling 
Division. —Paul A. Baker



“drives research at the cutting edge and  
does it in a respectful, inclusive manner”



Scott W. Starratt (United States Geological Survey): Scott Starratt 
is deserving of GSA Fellow under the Professional Organizations 
category by serving as an officer in Marine and Coastal Geoscience 
(2022–present) and Limnogeology (2015–2018) Divisions, Joint 
Technical Committee representative (2016–present); technical 
session convener (12 consecutive years); short course convener; 
and GSA Special Paper editor. —Jeffrey R. Knott
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Wanda J. Taylor (University of Nevada, Las Vegas): Wanda 
Taylor is a field-based structural geologist who studies faults and 
their tectonic significance. The implications of her work range 
from seismic hazards in Las Vegas to the evolution of south- 
western Laurentia. She is an exceptional teacher and mentor of 
both graduate and undergraduate students, particularly in the 
field. —Patricia H. Cashman

Jeffrey H. Tepper (University of Puget Sound): Jeffrey H. Tepper 
is a distinguished teacher, trainer, and mentor of undergraduates. 
Jeff has made over 60 presentations at GSA meetings since 1985. 
Undergraduates were first authors on 33 of these GSA abstracts. 
Jeff brings awareness of geosciences to our community and has 
made significant contributions to understanding Cascades arc 
magmatism from slab rollback and breakoff in the Pacific 
Northwest. —Nazrul I. Khandaker



“a passionate and effective teacher who  
provides outstanding learning opportunities  

at the university and national levels”



Jennifer Margaret Wenner (University of Wisconsin): For her 
exemplary mentoring of geoscience students, her development of 
educational tools for the training of geoscientists, her leadership in 
the National Association of Geoscience Teachers, and her outstand-
ing service as Program Director in the Division of Earth Sciences at 
the National Science Foundation. —Elizabeth W. Boyer

Rebecca M.E. Williams (Planetary Science Institute): Becky 
Williams is nominated because of her keen ability to find interest-
ing questions, her capacity for critical thinking, her knack for  
conducting field campaigns at sites on Earth that are directly 
applicable to Mars, and to develop coherent, robust hypotheses 
that stand the test of time. Becky’s field studies integrate sedimen-
tological, topographic, and climatic datasets to investigate sedi-
ment transport, deposition, and landscape evolution. Becky has a 
record of publications and sustained participation in GSA meet-
ings, including a GSA field guide for exhumed fluvial landforms 
in east-central Utah which is widely used in college/university 
field trips. —Catherine Weitz

Sharon A. Wilson Purdy (Smithsonian Institution): Sharon 
Wilson Purdy’s accomplishments and service are the markers of  
a leader in planetary geosciences. Her achievements have proven 
her expertise in Martian fluvial geomorphology, orbital and 
landed missions, detailed geologic mapping, and field analog 
research. Purdy’s fundraising efforts enhanced the Planetary 
Geology Division’s ability to support students. —Emily S. Martin

Danielle Y. Wyrick (Southwest Research Institute): Danielle 
Wyrick is nominated for Fellowship in the Geological Society  
of America, due to her excellent and continuing service to GSA, 
for her training and mentoring of young geoscientists, and for her 
exemplary scientific achievements. She has been active in GSA 
Planetary Geology Division leadership and on GSA committees. 
—Debra Buczkowski
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Nicholas P. Lang 
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Mercyhurst University
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William A. Abrahams-Dematte
Teofilo A. Abrajano, Jr.*
Sinan O. Akciz
Johann A. Ali
Helge Alsleben
Megan L. Anderson
Charles F.T. Andrus
Martin S. Appold
Tristan J. Ashcroft
Yarrow L. Axford
Edouard G. Bard*
Michael J. Barden
G. Scott Bates
Germán Bayona
Lucille W. Beardsley
Douglas C. Bedingfield
Peter Beland
Julie C. Bernier
Eric L. Bilderback
Stefanie A. Brachfeld
Tracy A. Brennand
Gregory R. Brooks
Andrew M. Buddington
Benjamin C. Burke
Marc William Caffee*
Eric Cannon
Douglas A. Carlson
Elizabeth J. Catlos*
Bart L. Cattanach
Michael A. Clynne*
Joseph P. Colgan
Melissa V. Connely
Lisbeth K. Cordani, Sr.*
Isabelle M. Cozzarelli*
James L. Crowley
Kevin J. Cunningham
Kristi Curry Rogers
George R. Dasher
John Peter Dawson
Cornel E.J. de Ronde
Nebojsa Dedic
Stephen Q. Dornbos*
Marco H. Droese
Neil Duffin
Gregory Dumond
Andrea Dutton*
Timothy T. Eaton
Anne Elizabeth Egger*
M. Stephen Enders
Cynthia A. Erbacher
Lang Farmer*
Philip T. Farquharson

Stewart S. Farrar
Martin D. Finn
Stephen Flint
David L. Fox
Sherilyn C. Fritz*
Connie L. Gibb
Susan T. Goldstein
Allen M. Gontz
Paul E. Grams
Sean S. Gulick*
Julia E. Hammer*
William C. Hammond
Duane R. Hampton
Paul G. Harnik
Ross Hartleb
Cherie L. Hedrick
Chad E. Heinzel
Remy J.C. Hennet
Janis L. Hernandez
Melissa K. Hicks
Tessa M. Hill
Brian Hitchon
Brian G. Hoal
Michael F. Hochella, Jr.*
Richard F. Hoefling
Gregory D. Hoke*
Pete N. Hollings
Benjamin C. Horner-Johnson
Dickey D. Huntamer
John P. Hunter
Mohammad Z. Iqbal
Dazhi Jiang
Brian R. Jicha
Aaron W. Johnson
Cari L. Johnson*
Joel E. Johnson
Thomas M. Johnson
Charles E. Jones
David S. Jones
Benjamin R. Jordan
Dwight J. Jurena
Takeshi Kakegawa
Donald A. Keefer
Meredith A. Kelly*
Drew Kennedy
Victor E. Khain*
Karl W. Kibler
Cynthia G. Kirkham
Paul L. Koch*
Bryan M. Kommeth
Gotthard M. Kowalczyk
Mark P.S. Krekeler

Gary W. Krizanich
Yvette D. Kuiper
Ulrich O. Kull
Matthew Scott Lachniet
Todd A. LaMaskin
Andrew Leier
Laura Levy
Ulf G. Linnemann
Steven P. Loheide, II
Anthony R. Lowry
Kelly R. MacGregor
Kerry V. Magruder
Kevin H. Mahan
Adam C. Maloof
Sara A. Marcus
Linda E. Mark
Anthony J. Martin*
Dan F. McAuliffe
Paul J. McCarthy*
Rebecca Elizabeth McGuire
John S. McKeown
Marcia K. McNutt*
Kurtz K. Miller
Mark Daniel Mitchell
Michael A. Murphy*
Zachary A. Musselman
Elisabeth S. Nadin
Enrique Hiparco H. Nava  
    Sánchez
Michael J. Nicholl
Andrew A. Nyblade
Torrey Nyborg
Lewis A. Owen*
David S. Parks*
Don R. Patton
Christopher J. Pellowski
Heather L. Petcovic
Dorothy M. Peteet
Terry A. Plank*
John P. Pope
Susan K. Powers
Peir K. Pufahl*
Jaakko Kalervo Putkonen 
Jani Radebaugh*
Geoffrey C. Rawling
Samantha L. Reif
Jonathan W. Remo
Catherine A. Riihimaki
Tammy M. Rittenour*
Mark S. Robinson
David L. Rodland
Lizzette A. Rodriguez

Dan Royall
Ron Rubin
Paul M. Santi*
Edward W. Sawyer
Jason Patrick Schein
Daniel Scheirer
Danielle M. Schmitt
Jeffrey M. Schroeder
Eric M. Schwartz
Jocelyn Sessa
Michael S. Shackley
Bruce A. Sherman
Mona C. Sirbescu
Greg F. Slater
Jon J. Smith
Nancy A. Smith
Robin L. Smith
Noah P. Snyder
Richard A. Statom
Seth A. Stein*
Liane M. Stevens
Pamela K. Stewart
Alycia L. Stigall
John Stix
Mark R. Sweeney
Sheila M. Swyrtek
Eugene Szymanski
Richard J. Taylan
Christopher W. Thomas
Erin Todd
John R. Toth
Janae Wallace
Emily O. Walsh
Chunzeng Wang
Patrick Ian Warren
Jennifer Margaret Wenner
Joseph Clancy White
Dean Whitman
Jeffrey D. Wilcox
Kevin K. Williams
Travis M. Williams
John R. Wilson
Aaron Paul Wisher
Paul A. Wisniewski
William D. Witherspoon
Robert C. Witter*
Stephen A. Wolfe 
Kevin Michael Yeager
Oscar Yepes
Susan Herrgesell Zimmerman

25-Year Member Anniversaries 
GSA salutes the following members and Fellows on their 25-year membership anniversaries.  

We appreciate their dedication and loyalty to GSA. Asterisks (*) indicate GSA Fellows.
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John W. Attig*
David B. Bieler
Jody Bourgeois*
Thomas D. Bowden
Joseph M. Boyce
Ronald L. Bruhn*
Richard T. Buffler
James A. Cappa
Chen-Lin Chou*
Odin D. Christensen*
Chuck R. Cofer
Timothy A. Cross*
Robert L. Cullers
Stephan G. Custer
Paul A. Daniels, Jr.
R Laurence Davis*
John Frederick Dewey*
Lynn G. Dowding
James M. Eagan
James M. Edwards
Frank R. Ettensohn*
Michael T. Field
Michael P. Foose*
David M. Fountain*
Brian K. Fowler

William J. Frazier
Gail G. Gibson
Billy Price Glass*
William L. Graf*
Stephan A. Graham*
Charles D. Harrington*
Walter L. Helton
Wes Hildreth*
Sue Ellen Hirschfeld
Raymond V. Ingersoll*
David C. Jacobs
John C. Jens
Mel T. Jones
William C. Jones
Virginia D. Joosten
Robert B. Kasper
Robert W. Kay*
August J. Keller
Phillip R. Kemmerly
Wallace D. Kleck
Joseph Jacob Kowalik
Ralph L. Kugler
Alexander H. Kunzer
Charles A. Landis*
David R. Larson

David A. Lienhart*
Kenneth H. Lister
Darrel G.F. Long
David T. Long*
Philip E. Long
Leonel Lopez
William R. Lund*
Steven E. Mains
Terry S. Maley
Georges H.M. Mascle, Sr.
Jonathan C. Matti
Evelyn M. Maurmeyer
Ted A. Maxwell*
Hugh McLean
Elizabeth Louise Miller*
Hugh H. Mills, III*
Thomas M. Missimer*
Rodney D. Norby
John T. ORourke
James J. Papike*
Delmar K. Patton*
David J.W. Piper*
Douglas E. Pride
Jeffrey C. Reid*
John E. Repetski*

John W. Robinson*
Ariel A. Roth
Kristjan Saemundsson*
Jean C. Sandrock
Albert R. Schenker, Jr.
Loren W. Setlow
David R. Sharpe*
Kirk W. Sherwood
Ralph R. Shroba*
James M. Sickles
John D. Sims*
Edward S. Slagle
Barry J. Solomon
Frederick J. Swanson*
Linda J. Tollefson
Jerome A. Treiman
Thomas I. Vehrs
Anthony W. Walton*
David H. Walz
John S. Wickham
John A. Willott
Robert P. Wintsch*

50-Year Member Anniversaries
GSA salutes the following members and Fellows on their 50-year membership anniversaries. We appreciate
their dedication and loyalty to GSA. To view a full list of members who have surpassed the 50-year mark,

go to https://rock.geosociety.org/membership/50YearFellows.asp. Asterisks (*) indicate GSA Fellows.
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PROFESSIONALS
Claudia Adam
Dan K. Arthur
Dawit Wolday Asfaw
Christopher Baiyegunhi
Bruce Kofi Banoeng-Yakubo
Bryan Beck
Sabrina Beckmann
Jorge Hernan Betancur
Daniel de Lelis Bezerra
Tripti Bhattacharya
Bradley Blase
Dirk A. Bodnar
Trae Dallas Boman
Fernando Bonilla
Palma Jean Botterell
Jannette Elaine Boyer
John Breier
Terry Briggs
Debra Ann Brooks
Robin Kay Bruno
Dale Burns
David Byron Buthman
James H. Butler, V
James J. Butler, Jr.
Carolyn Cantwell
Pete James Carney
Snehamoy Chatterjee
Kristopher Merritt Clemons
Michael Logan Cline
Andrew J.B. Cohen
John Andrew Cunningham
Robyn D’Avignon
Alison Damick
Eric Anthony de Kemp
Ben D. Dejong
Yun Ding
Earle C. Dixon
Edward Brian Dolan
Carly Donahue
Alea Doray
Robert Doty
Joshua F. Einsle
Douglas David Ekart
Dan Enniss
Nick H. Evans
Jianqing Feng
Daniel Andrew Frost
Dawn Helene Garcia
Liz Gilden
Robb Gillespie
Jeanne Godaire
J. Jaime Gomez-Hernandez
Debbie-Ann Gordon-Smith

Adam Robert Goss
Keith D. Gray
Tom Greenhalgh
Ryan Hardenburger
Robert Harmon
Quinn Harper
Lucy Horst
Forrest Horton
David E. Hoyt
Steven Husted
Joseph Lee Islas
Ahmed Mahmoud ali Ismail
Asif Javed
David Jenne
Douglas Jerolmack
Scott Jones
Jay Kalbas
Sarah Kalika
Ruta Karolyte
Michael Kassela
Matthew W. Kearney
Benjamin C. Kerridge
Amy Keyworth
Charles Wilkinson Kiven
Amber Kumpf
Nadine Langley
Peter Langtry
Angela Lee Lavender
Monika Blair Leopold
Greg Leveille
Reuben Levinton
Chao Li
Hu Li
Yaoguo Li
Douglas Dewitt Lindsey
Mary L. Little
Keith Lucas
Taufique Mahmood
Michelangelo Martini
Yousry Mattar
Timothy David McCobb
Cathleen Elizabeth McMahon
Pat McNeill
Brian J. McPherson
Rebekah Medley
Yasir Mehmood
Julian Francis Menuge
Robert T. Milhous
Marla Morales
William Wayne Moran
Katie Murphy
Elina Myagkaya
Vuong Van Nguyen
Olivia Wolfe Nichols

Meng Ning
Zoe O’Leary
Matt ONeal
Francesca Palladino
Benjamin Pauk
Jared Peacock
Erin Pemberton
Lisa Ann Perks
Michael A. Pouncey, II
William Rehrig
Jose Genovevo Robledo
Philipp Ruprecht
Sarah J. Ryker
Bethan Salle
Jorge Sanchez-Sesma
William A. Sauck
William Schaeffer
Matthew Donald Scheidt
Joel S. Scheingross
Bernd R. Schoene
Derek Schutt
Josh Sebree
Guanghai Shi
Nicole Myra Shields
Matthew R. Siegfried
Craig T. Simmons
Bennett Slibeck
Kelley Smoot
Jay T. Sperr
Andrew Isaac Stearns
Susan G. Sterrett
Lexus S. Sullivan
Alysa Suydam
Ryan Talaski-Brown
Joshua Thienpont
Lucas Todd
Masayuki Utsunomiya
Lindsay Valentino
Jessica (Donovan) Velasquez
John J. Walsh
Hsiu-Wen Wang
Oliver Warr
Benjamin Weinmann
Robert Weiss
Joann Evelyn Welton
Anna Wendt
Sarah Jane O. White
Jared P. Whitehead
Jude Wilber
Lauren Williams
Po Wan Wong
Shui-Yuan Yang
Kristine Zellman
Mark Zellman

Nate Zielinski

EARLY CAREER  
PROFESSIONALS
Victoria Ireti Akinsola
Guleed Ali
Caden David Anderson
Zachary Reid Asbury
Hadeel Assali
Emily Alyssa Bermudez
Rajendra Bhandari
Laura Burrel
Jeff Carpenter
Eduardo Andres Castillo
Piyali Chanda
Jun Cheng
Shamar Chin
Bryan Claypool
Emma Shannon Collins
Taylor Kathleen Combs
J. Cooney
Nicole Johanna Couture
Jason Cross
Jiawei Da
Isaac Dale
Victoria Daly
Martin Dangelmayr
Jeremy Deans
Joel Dietrich
Julia Digaetano
William Cody Duckworth
Solomon Ehosioke
Jhonatan Enriquez
Gabriela A. Farfan
Brennan Owens Ferguson
Nicole Fernandez
Evin Fetkovich
Plinio Francisco
Eva Golos
Altanshagai Gundsambuu
Jacob Hagedorn
Lauren N. Harrison
Kimberly Jean Henning
Ashley Goldie Himmelstein
Jennifer Louise Isbell
Muhammad Zaheer Ul Islam
Rachel Jackson
Rex Jackson
Erdenebayar Jamsran
Nicholas Austin Johnson
Eva Kakone
Dhurba Kandel
Brian Kessler
Amit Kumar

Welcome New GSA Members
The following new members joined between 5 August 2022 and 13 March 2023 and were approved by GSA Council at its spring meeting.
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Anton Kutyrev
Benjamin Dean Lake
Monique R. Lee
Ashley Elaine Little
Margaret Elizabeth Maenner
Holly Mangum
Cole McCormick
Mollie McCormick
Jenine McCutcheon
Cody McMechen
Liam Joseph Merrow
Justin James Morris
Carolina Muñoz-Saez
Meng Ning
Katelyn O’Dell
Akintunde Olorunfemi
Timothy Robert Paton
Justin Penn
Alexandra Atlee Phillips
Jack Prall, Jr.
Clay Prater
Sandra Ramos Hernandez
Katy Reminga
Ben Gabriel Rider-Stokes
Brianna Ashley Salome
Bernadette Therese Villagracia
   Sanchez
Maria Luisa Sanchez Montes
Alejandra Santiago Torres
Julie Spawn
David James Stafford
Gavin Stockdale
Chijun Sun
Joshua Tannous
Cristina Trowbridge
Daniel Taylor Trugman
Tyler Joseph Trussell
Marc-Antoine Vanier
Yitan Wang
Catherine Wesoloski
Erin White
Tingying Xu
Anqing Zheng

STUDENTS
Ahmed Abdelrahman
Jacob Abdulla
Jennifer Abel
Rainey Aberle
Clara Abplanalp
Sydney Acito
Susan Adams
Megan Adamson
Oluwaseun Adeyemi
Furqan Aftab
Ridwan Ajibade
Mark Ajilit
James Akingbade
Benedicta Akrofi

Young Ho Aladro Chio
Mir Md Tasnim Alam
Rawan Alasad
Kyle Albrecht
Amanda Alexander
Abubakar Aliyu
Fatemeh Alizadeh
Katie Allbright
Cody Allen
Paul Allen
Claire Alley
Mia Alonso
Christine Anderson
Tony Anderson
Linus Anyanna
Samantha Appelle
Lucy Archibald
Daniel Arinze
Thomas Arnett
Autumn Arnold
Victoria Arnold
Kemi Ashing-Giwa
Serdar Atasoy
Tel Aune
Stephen Austria
Anthony Baca
Tyler Badger
Matthew Baez Acosta
John Bailey
Mary Bailey
Lucille Baker-Stahl
Pierce Bakker
Christina Bakowsky
Divomi Balasuriya
Cooper Bane
Thea Barbelet
David Barden
Tiffany Barker-Edwards
Michael Barnard
James Barno
Sandra Barrera
Evan Bartels
Md Salman Bashit
Holly Basiuk
Mehran Basmenji
Udit Basu
Leslie Batte-Despaigne
Precious Batubo
Ingrid Bautista
Maxwell Bawa
Gildardo Bazan
Emma Bean
Casey Belden
Flora Beleznay
Rachel Belt
Haley Benoit
Skye Bensel
Hunter Benson
Audrey Berlin

Conlan Bertram
Madison Betts
Emma Betz
Karyss Betzen
Michael Bey
Shafia Bhatti
Pratigyan Bhusal
Julian Biddle
Sara Biddle
Remy Bilodeau
James Bingaman
Gabriela Birardi
Brittni Bishop
Delaney Bishop
Tomalika Biswas
Harley Bittle
Natalie Bland
William-Michael Bohlen
Itai Bojdak-Yates
Pamela Bolton
Randall Bonnell
Aiden Boone
Veronica Borracci
James Bourke
Emilie Bowman
Aristos Brandt
Evon Branton
Kalli Brassard
Reed Brencher
Daniel Briggs
Mridula Mamun Bristy
Allison Brown
Catherine Brown
Cody Brown
Joseph Brown
Seth Brown
Eric Brunner
Rachel Bryan
Nicholas Bryant
Clayton Buell
Kimberly Buenrostro
Izabelle Buentello
Benjamin Bugno
Logan Bundy
Arthur Burdett
Jarrod Burges
Peter Burnham
Aubrey Burns
Moira Burns
Morgan Burns
Jutamas Bussarakum
Dava Butler
Serena Butler
John Byers
Dylan Caccamesi
Narassa Campuzano
Pablo Carbajal
Robin Carbaugh
Luc Carbonneau

Colby Carlson
Kristen Carlson
Eryn Carney
Scott Carpenter
Claire Carr
Meryem Cast
Anthony Castillo
Megan Caston
Cortez Catalano
Modeline Celestin
Alejandra Cespedes
Michelle Chamberlain
Elise Chan
Jonathan Chan
Fiona Chapman
Xueyao Cheng
Rachel Chidlow
Joan Chimezie
Amorette Chiossi
Valentina Chirico
Won Jae Choi
James Choice
Heather Christensen
Nicholas Christensen
Tracy Chukwuma
Byong-Suk Chun
Kiernan Clark
Katherine Clayton
Zane Cleghorn
Joe Clevenger
Daniel Cochenour
James Cochran
Benjamin Colding
Cassandra Collins
Catherine Collins
Claudia Colmenero
Riannon Colton
Katherine Cook
Madelyn Cook
Fernando Cordoba Ramirez
Alexander Corsello
Paul Corty
Nick Coscarella
Olivia Cottrell
Michaella Cowin
Philip Cross
Madison Crowns
Brandon Cugini
Natalie Culhane
Kennedy Cull
Katie Cullen
Abigail Cunningham
Amelia Cuomo
Juliana Curtis
Manuel Justin Custado
Nathaniel Cutler
Jovana Cvetanovic
Nicole Czwakiel
Brian D’Souza
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Bridget Dale
Daniel Dalmas
Elijah Dalton
Carlynn Daniel
Ella Davis
William (Billy) Davis
Zachary Davis
Olivia Daynes
Lara De Carne
Virginia De Jesus
Ruben De La Calle
Shane Deacon
Madison Deerman
Catharine DeGolyer
Dorian DeHart
Cora Deininger
Joseph Del Conte
Cole Denver
Jessica Depaolis
Melissa DePoy
Jonathan DeSantiago
Chesney DeTullio
Monica Diaz
Michael Patrick Dickerson
Abigail Dietrich
Kyle Disselkoen
Kira Dobbins
Rashida Doctor
Henry Dodds
JoAnn Donald
Brianna Dorwart
Brandon Dotson
Angela Douglass
Myles Dower
Erin Dowling
Ashleigh Doyle
Teagan Duenkel
Elaine Duff
Teaghan Duff
Kniya Duncan
Matthew Dunkerley
Mugabo Dusingizimana
Katelyn Eaman
Collin Earls
Megan Easter
Griffin Easthouse
Sierra Ehlinger
Josiah Eising
Phillip Eldridge
Hesham Elhaddad
Marie Ellis
Aphelion Elvidge
Tami Emick
Alex Engstrom
Max Eshbaugh
Savanna Espinoza
Kayla Eury
Kelsey Evans
Madalin Evans

Ashley Eyeington
Eryn Faggart
Henry Fagoroyo
Olamiposi Fagunloye
Maaz Fareedi
Norely Faz
Gabrielle Feber
Maya Feldberg-Bannatyne
Franklin Feliz
Madeline Ferguson
James Ferrone
Michelle Ficken
Lydia Field
Lindsey Finks
Dakota Fischer
Emma Fishel
Jennasea Fisher
Matthew Fisk
Bryce Flake
Leah Fleming
Aaron Fletcher
Amanda Florea
Jacquelin Foronda
Holly Fortener
Ben Fowler
Laura Fracica Gonzalez
Cassie Frey
Katelyn Frizzell
Kagan Froning
Edward Fry
Les Fujimoto
Bella Galarza
Michaela Galarza
Valeria Galindo-Eguiarte
Olivia Galvez
Ethan Gardner
Israel David Garduño Torres
Megan Garrett
Joseph Garro
Brooke Garza
Maximilian Garza
Robin Gaudette
Saranya Gautam
Siddharth Gavirneni
Katelyn Genta
Olivia Gentile
Ryan Gentry
Rémi Germain
Gabriel Gernhardt
Boyd Getz
Maya Giannecchini
Tatiana Gibson
Sherrie Gies
Seth Gilchrist
Emma Giometti
Vanessa Glaser
Jonathan Goforth
Arnab Gogoi
Etzigueri Gongora Ubeda

Annika Gonzales
Ashley Gonzalez
Yessica Gonzalez Ixta
John Gorog
Nicolas Graddy
Collin Graham
Whitney Greaves
Jason Green
Presley Greer
Seven Greer
Erin Gregory
Rachel Grena
Logan Grey
Jack Griffiths
Sarah Groff
Lilah Guerra
Hernan Guerrero
Nicole Guinn
Nilay Gungor
Abigail Gustafson
E. Gabriela Gutierrez
Luis Gutierrez Trejo
Anna Haasser
Jason Hale
Sydney Hamann-Ball
Xiaolin Han
Sara Hanel
Hudson Hanks
Ashley Hanna
Conner Hansen
Dewan Haque
Jessica Hardy
Amelia Harmon
Isabella Harnett
Abigail Harper
John Harris
Olivia Hart
Samantha Hartzell
Ethan Hasenauer
Lauren Hashman
Willow Hasley-Velez
Staunton Hatch
Kirsten Hawley
Tyler Hayduk
Lilith Hazzard
Colleen Healey
Clayton Hedges
Scott Hedglen
Alexandra Heebner
Kaitlyn Hegwood
Evan Hellner
Henry Henk
Abbey Henson
Charlotte Heo
Sandy Herho
Fatima Hernandez
Shay Hernandez
Joslyn Herold
Vanessa Herrera

Raymond Hess
Jessica Hetrick
Erika Heymann
Sarah Hickernell
Tyler Hickey
Youssef Hijazi
Kiely Hine
Monica Hinson
Lilly Hochhauser
Hailey Hodsen
Jacqueline Holman
Ashley Holsinger
Gunnar Holsopple
Lydia Honbarger
Brett Hopt
Robyn Horgdal
Hannah Horinek
Colin Houser
Lucila Houttuijn
Lydia Howard
Jun Hu
Xianmei Huang
Zhihong Huang
Natalie Hudson
Samuel Hudziak
Emily Huffman
Jack Hughes
Logan Hummel
Sophia Huss
Ismaila Ibrahim
Charles Igomu
Emily Imperato
Nancy Ingabire Abayo
Heather Irwin
Ahadul Islam
Md Rajeun Islam
Nurana Ismayilova
Jordan Jafar
Md. Hasnat Jaman
Benry James
Nicholas Janowski
Reid Jansen
Isabelle Jarvis
Waqas Javaid
Khawaja Ahad Javed
Jenna Jaworski
Scott Jedrusiak
Corielle Jennings
Craig Jensen
Abram Jeremenko
Jose Jimenez
Denali John
Graham Johnson
Hannah Johnson
Cheristy Jones
Faith Jones
Anne Joseph
Brody Joy
Ian Justice
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Aruggoda Kapuge
Satyaki Karan
Hadi Karimi
Lindsey Kasmin
Aman KC
Lois Kearney
Katarina Keating
Kathleen Kelley
Mari Kelley
Bennett Kellmayer
Eleanor Kennedy-Lange
Jack-Henry Kent
Cody Kessler
Maral Khodadadi
Ryan Khoury
Brian Kibelstis
Nathan Kidd
Jocelyn Killday
Stephanie Killingsworth
Patricia Kilner
Jacob Kimball
Sarah King
Danielle Kinkel
Zachary Kippe
Lily Kirkham
Jenna Klein
Cheyenne Kleiner
Sarah Kleinschmidt
Paige Klug
Phoebe Knag
Beck Knittel
Oddisey Knox
Margaret Koval
Rachel Kozloski
Jacob Kramer
Jessica Kramp
Ilene Kruger
Colin Krzystek
Helena Kwarteng
Caitlin La Duca
Rayna LaBell
Caitlin LaBonte
Connor LaCroix
Tristen Lafferty
Angela Laier
Anna Landsem
Sam Langve
Hannah LaPoint
Allison Larsen
Jennifer Larson
A Anders Larson Tevis
Olive Latham
Shannon Lavelle
Kiara Lawrence
Danielle LeBlanc
Joshua Lee
Levi Lee
Jessica Lefors
Kayleen Lemen

Yvonne Leon
Jonathan Leonard
Gunner Leone
Hui Li
Pei Li
Rui Li
Shihan Li
Yushan Li
Sydney Licata
Janey Lienau
Ya-Shien Lin
Juan-Eduardo Linares-Perez
Xinying Ling
Anna Littlefield
Andrew Litto
Tyler Logie
Ashanie Long-Reid
James Looker
Willy Lopez Mogrovejo
Stephan Loveless
Myron Lummus
Chloe Lund
Bridget Lynch
Lauren MacLellan
Keaton MacMillan
Owen Madsen
Angela Malak
Anthony Malis
Garrett Marietta
Karola Marin
John Marron
Guerron Marsh
Constance Marshall
Julian Marshall
Emily Martin
Jeremiah Martin
Joseph Martina
Abdullah Al Maruf
Michael Marvin
Ella Mash
Ian Matteson
Kyle Mattingly
Jean Maurisset
Rebecca May
James Mayes
Anna Mayou
Celine Mazzella
Christopher McCauley
Lukas McCreary
Justin McCurry
James McDaniel
Katharine McGinnis
Emily McKenzie
Jacob McKimmy
Jacob McLain
Robert McSweeney
Connor McVey
Jessica Melhorn
Bruno Daniel Mendes

Leslie Mendez Monzon
Vanessa Mendoza
Caleigh Merrill
Morgan Merritt
Edward Meyer
Chukwuma Mgbenu
Rachel Micander
Stanislaw Michal
Jeremy Miller
Jonathan Miller
Amit Millo
James Mills
Farjana Monsur Mily
Nicole Mizrahi
Abigail Momberg
Negin Mondegari Sharifabad
Denise Mondragon
Nicholas Montenegro
Kaylee Mooney
Evan Moore
Cirric Mordecai
April Moreno-Ward
John Moretti
Jackson Morgan
Natasha Morgan-Witts
Madison Morris
Cameron Morrison
Lauren Morrison
Kalila Morsink
Alfie Mortimer
Alexandra Morton-Hayward
Caelum Mroczek
Neelarun Mukherjee
Jennie-Jin Mullen
Alex Muller
Frank Muniz
Benjamin Munoz
Katie Murphy
Njahi Mwangala
Colby Myers
Sneha Nachimuthu
Nakul Nagaraj
Olivia Najjar
Maziyar Nazemi
Dena Needham
Adaire Nehring
Amber Newbille
Alex Newsom
Alexa Nguyen
Maggie Nguyen
Rebekah Nicholas
Gretchen Nichols
Siddharth Nippani
Sarah Nolin
Miranda Noonan
Michael Norris
Mikaela Norton
Caitlin Nowlin
Francisca Nunez Ferreira

Mara Nutt
Oluchi Nweke
Chibuzor Nworie
Morgan Nystuen
Brock O’Block
Garrett O’Hara
Finn O’Neil
Jamie O’Reilly
Seyi Obafemi
Jessica Oberlies
Ryan Oeste
Omololu Okedoyin
Damilola Ola
Emmanuel Oladeji
Olajide Oladipo
Paloma Olarte
Madison Olbertz
Ruben Olivares
Opeyemi Oni
Ofure Onodenalore
Oghalomeno Ononeme
Oluomachi Onuoha
Fidelis Onwuagba
Naomi Orchard
Oscar Orme
Mary Orrand
Brianna Orrill
Nana-Aboagye Otchere
Elizabeth Ott
Jennifer Overklift
Ryan Owens
Allie Pace
David Paisley
Makayla Palm
Megan Palmer
Katharina Pankratz
Gladys Pantoja Flores
Chelsea Parada
Adam Parker
Bhooma Parthasarathy
Mikayla Pascual
Emily Patellos
Arkajyoti Pathak
Anne Patton
Debarpita Paul
Laurence Pavlik
Kellen Peat
Matt Pedersen
Dalton Pell
Rocco Pennella
Jack Pennington
Ryan Peplinski
Daniel Perea
Luiz Eduardo Pereira Santos
Ana Perez
Eliana Perlman
Andrew Perry
Kristen Perry
Catherine Peshek
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Jordan Peterzon
Mandala Pham
Scott Pieknik
Kyle Pittman
Kacey Plambeck
Dana Polomski
Lyn Pond
Natalie Potter
Michael Powell
Zoe Prevost
Michael Priddy
Grace Prom
Stephen Pyle
Madeline Queener
Alexander Quinn
Ashleigh Quiroz
Daniel Ragusa
Victoria Ralph
Sandra Ramirez Garcia
Christ Ramos Sanchez
Kira Ratcliffe
Sharveen Ravichandran
Clara Ray
Meghna Ray
Ali Raza
Dan Razionale
Laura Rea
Brancen Redman
Daniel Reed
Madison Reed
Rebecca Reibel
Leland Reisfield
Hayden Reitz
Lizzet Reyes
William Reyes
Maria Reyes Gonzalez
Gillian Rhea
Aaron Richardson
John Richins
Adrienne Ricker
Sadiq Rijiya
Paul Ring
Daniel Rising
Allison Rivera
Laurent Roberge
Nicholas Roberts
Michael Robinson
Todd Robitsch
Taryn Roby
Matthew Roca
Connor Rockey
Juan Rodelo
Brandon Rodriguez
Lucy Rogers
Teryn Rollo
Joseph Rosal
Gabrielle Rose
Serafina Rose
Brittany Rosenberg

Emma Rosenheim
Rory Rossi
Erin Roth
Makenna Roths
Austin Routt
Jennifer Rubalcaba
Ellie Ruffing
Austin Rushinsky
Catheryn Ryan
April Ryley
Chandler Sabin
Luthfi Saifudin
Jessica Salas Navarro
Hassan Saleh
Miguel Salgado
Nicole Salladin
Alexis Salmeron
James Salvador
Silas Samuel
Gabriela Sanchez Ortiz
William Santsche
Sherif Sanusi
Joseph Sasso
Lauren Sauley
Reginald Sauls, VI
Madeleine Sauve
Josh Sayre
Anthony Scalzi
Erica Scarpitti
Alyssa Schaeffer
Cavit Schempp
Benjamin Schirrick
Andrew Schmidt
Sonja Schmoyer
Hannah Schroeder
Edward Schultze
Sophie Schwarz-Eise
Michelle Sclafani
Ludovico Scorsolini
James Scott
Westin Scott
Helen Sears
Azadeh Sedaghat
Gowtham Sekar
Britton Sellers
Dawson Sensenig
Elizabeth Shade
Brandi Shaffer
Samuel Shaheen
Richard Shaw
Kaiya Shealy
Brianna Shepherd
Mitchell Sherry
James Shirey
Kyle Shoen
Emma Shook
Jessica Shores
Kelsang Shrestha
Haoxuan Si

Sumaiya Tul Siddique
Tatiana Sihpol
Adan Silva
Pedro Silvestre de Oliveira
William Silvey
Nastassia Simon
Lyncoya Simpson
Dwight Sims
Rachel Sipe
Kali Sipp
Brian Skillman
Jacob Slawson
Zachary Smirnov
Amanda Smith
Bryston Smith
Isaiah Smith
Kaia Smith
Vera Soltes
Marie Solum
Molly Sorensen
Stacey Sosenko Daniels
Israel Soto Lopez
Juliana Souza
Natalie Spage
Jennifer Spalding
Andrea Sperling
Hannah Spero
Bjorn Springer
Rachael Sproles
Nattapol Srinak
Andrew Stacey
Olivia Stanley
William Stansfield
Nicole Stasek
Emily Stebbins
Angela Stetson
Kadie Steup
Madison Stewart
Jared Stiefel
Landon Stitle
Emily Stivison
Emily Stoll
Zach Streza
Garrett Strittmatter
Morgan Sullivan
Tyler Sullivan
Colby Summers
Elizabeth Sunday
Rory Sweedler
Ethan Sweet
David Swengel
Troy Swift
Dylan Szczurek
Emily Tabb
Zhanna Talyzina
Raegan Tanner
Larry Targosh
Devin Taylor
Moira Taylor

Lia Teitelbaum
Samantha Theuer
Danny Thomas
Kaitlyn Thomas
Sera Thomas
Sj Thompson
Cassandra Tiensivu
Arya Tilak
Matthew Tippett-Vannini
Adam Tjoelker
Matthew Toivonen
Scott Toney
Audrey Topp
Luis Torres
Luis Torres
Erin Toulou
Hy Tran
Ash Trevino
Shayla Triantafillou
Alexander Tribley
Darwin Tsou
Alexa Tullier
Lydia Tuttle
Godspower Ubit
Isabella Ulate
Abe Underhill
Elizabeth Urban
Obinna Urom
Raquel Valdez
Thomas Valenzuela
Kathryn Van Pelt
Colby Vanbaal
Lucille Vanek
Mai Vang
Cassie Vanlanen
Lea Veine-Tonizzo
Anna Velardi
Hannah Veldhuizen
Sreejesh Venmarathil Sreedhar
Jorge Vera
Mariana Vilela de Andrade
Edgar Villasano
Austin Villhard
Lazaro Vinola-Lopez
Zachary Vogel
Dimitry Volchansky
Heather Vollhardt
Zachary Voss
Olivia Wachob
Adrian Wackett
Jennifer Wagner
Madeline Waldock
Joanne Walker
Jordan Walker
Zachary Walton
Kaylee Walty
Alex Wandrey
Jiawei Wang
Calla Ward Olson
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Jonathan Warehime
Kayla Warren
Philip Wathen
Emma Watson
Ethan Watson
Taylor Watson
Corinne Watts
Rachel Way
Hunter Weakley
Jeffrey Wegener
Benjamin Weinzapfel
Alexander Wells
Dani Whitaker
Casey White
Cheyenne White
Connor White
Daniel White
Drew White
Earl White
Leo Wible
Liana Wijetunga
Maegin Wilder
Harper Will
Jack Willard
Henry Williams
Luke Williams
Niles Williams
Rachel Williams
Sydney Williams
Thomas Williams
Liza Wilson
Taylor Wininger-Sieve
Natalie Winward
William Woiccak
Drew Wolf
Miriam Wolfley
Treston Woodley

Hayley Woodrich
Trace Wooten
Lindsay Worden
Noah Wormald
Hawke Woznick
Frank Wróblewski
Dean Wrobel
Mengran Xin
Mingyuan Xu
Qibin Xu
Jennifer Yeago
Michael Yonker
Kevin Young
Xiaoqing Yuan
Davide Zaccagnino
Amelia Zanoni
Melody Zeher
Sonia Zehsaz
Hanlin Zhang
Hao Zhang
Jiaxin Zhang
Kun Zhang
Yunlang Zhang
Michael Zigah
Daniel Zoeller
Leo Zook
Aida Zyba

K-12 TEACHERS
Ross Bennett Brown
Shannon Rae Chatwin
Ken Jacobs
Kirsten Emily Johnson
Kurt Lienau
Kerry Lockwood
Robert Lopez
James Douglas Mandrick

Georgette McIntyre
Lindsey Plummer
William Lee Robertson
Sara Thomasian
Carla Wible

AFFILIATES
Sarah Anne Adams
Victoria Apostolides
Bob Barnhart
Douglas Bates
Ian Leslie Bell
Dorothy Irene Browder
Timothy Byrne
Sharon R. Camp
Cathy Carroll
Cecilia C. Caruso
Eric Christopher Charles
Gary Dale
Scott C. Day
Marie A. Dvorzak
Jack Edelstein
Virgilio Belenzo Encabo
Julia Fields
Joseph M. Flint
David Martin Fox
Jan Friedman
Richard Gamez
Rolf Ganahl
Joseph L. Goodrich
John Hedley
Peter Horvath
Jack Jensen
Elaine Jones
Logan R. Kemp
Ken Kittleson
Jim Kling

Kathy Marie Longar
Francine Mastrangelo
Steven Maurais
Daniel McGowan
Warren McPherson
Raymond Lee Meade
Lisa Mucciacito
Art C. Mueller, II
Michael J. O’Hara
Karen Parker
Tim Pate
Lisa Pribanic
Rolando Puerto
Barbara Ellen Ralston
Kenneth Charles Rayburn
George Thomas Rudkin
Garan Ruebush
Larry Saylor
Gary Lance Singleton
Jason Sonby
Rajmohan Nair, Sr. 
Ellis J. Stewart
Wallace R. Thomas
Gregory Williams Todd
Rudolph Trautner
Aditya Kumar Verma
Dianne Straley Vitaska
William George Webber
Rik Williams
Laurel Wilson
Steven Wilson
Ben Yu
John J. Zeender
Kristen Zuley
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Frederick B. Bodholt
Missoula, Montana, USA  
Date notified: 24 February 2023

John Dallas Bredehoeft 
Sausalito, California, USA  
Date notified: 20 January 2023 

B. Neil Church 
Victoria, BC, Canada 
Date notified: 31 January 2023

Oscar J. Ferrians, Jr. 
Moses Lake, Washington, USA  
Date notified: 9 March 2023 

Robert E. Garrison 
Santa Cruz, California, USA
Date notified: 3 February 2023 

Robert C. Greene
Alexandria, Ohio, USA  
Date notified: 28 February 2023

Steven A. Hauck  
Cleveland, Ohio, USA   
Date notified: 24 February 2023

Earl R. Hoskins  
Bryan, Texas, USA   
Date notified: 28 February 2023 

Harold A. Hubbard  
Sacramento, California, USA  
Date notified: 24 February 2023 

R. David Matthews 
Ann Arbor, Michigan, USA   
Date notified: 24 February 2023 

John R. McGinley, Jr.  
Tulsa, Oklahoma, USA    
Date notified: 24 February 2023 

James C. Ratte  
Centennial, Colorado, USA   
Date notified: 31 January 2023

Jason B. Saleeby  
Scotts Mills, Orgeon, USA   
Date notified: 19 January 2023 

Ronald Z. Shmerling  
Newbury Park, California, USA  
Date notified: 24 February 2023

Edgar W. Spencer  
Lexington, Virginia, USA    
Date notified: 1 March 2023

Alistair R. Turner  
Littleton, Colorado, USA   
Date notified: 7 February 2023

Nels B. Vollo  
Kamloops, BC, Canada  
Date notified: 30 January 2023

In Memoriam
The Society notes with regret the deaths of the following members (notifications received between 22 December 2022  
and 17 April 2023). Memorials to deceased members are published open access at www.geosociety.org/memorials.  

Visit that page for links to information on how to honor someone with a memorial.
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Change Is Coming to GSA Bulletin 
Starting in January 2024,	GSA	Bulletin will be published online only. The 

final print issue will be mailed in November 2023. 
Since 1890, GSA	Bulletin has served many roles and appeared in varied  

formats. In addition to being the flagship research journal of the Geological 
Society of America (GSA), the Society’s meeting proceedings, abstracts, and 
memorials to deceased members were published in the journal from its first 
issue in 1890 until 1932. Proceedings reappeared in GSA	Bulletin in 1961 and 
1962, abstracts returned from 1938 to 1960, and memorials again made a brief 
appearance in 1962.

As a top-rated journal that publishes peer-reviewed, data-rich, longer, and 
more detailed papers, GSA	Bulletin has been popular with authors and 

readers for many years. To provide more space for these longer 
papers, the size of the journal grew from 6 × 9 to 8½ × 11 inches in 
1974. Then, as the number of published papers increased, only sum-
maries of articles appeared in print from 1979 to 1981, while full 
articles were published on microfiche, which seemed a promising 
format at that time. Microfiche lost momentum and ultimately made 
viewing and copying articles more difficult, so GSA	Bulletin was 
soon back to publishing in print only until 1999, when the entirety  
of GSA Publications began appearing online.

In 1999, GSA Council funded the scanning of the print archives  
for Geology, GSA	Bulletin (including the microfiche content), and the 
books series. It took several years to complete, but when the archives 
were available online, GSA	Bulletin in particular enjoyed new life as 
researchers took advantage of easy access to the older papers, and  
readership soared. 

Now, over 20 years later, 
individual subscriptions to printed journals have 
declined, more and more readers have moved to access-
ing articles online only, the lag time between accepted 
papers being published online and appearing in print has 
grown by months, and printing and shipping costs have 
skyrocketed (both financially and environmentally).  
To address these changes and to continue providing the 
best service and value to authors and readers, GSA has 
decided to cease printing the journal. Although the  
format is changing once again to keep up with the times, 
rest assured that GSA	Bulletin’s quality and impact on  
geoscience research will be preserved, and the journal  
will continue to thrive well into the future. 

T
H

E
  G

E
O

L
O

G
IC

A
L

  S
O

C
IE

T
Y

  O
F

  A
M

E
R

IC
A

  B
U

L
L

E
T

IN
, V

O
L

U
M

E
  135,  N

O
.  5/6,  P.  1089–1632 

 

M
A

Y
/JU

N
E

 2023

gsab_v135n5-6_cover.indd   1-3

gsab_v135n5-6_cover.indd   1-3

29/03/23   12:26 AM
29/03/23   12:26 AM

www.geosociety.org/gsatoday 31

http://www.geosociety.org/gsatoday


ROCK STARS

Etheldred Benett (1776–1845): The Lady was  
a Geologist 
Renee M. Clary, Department	of	Geosciences,	Mississippi	State	University

Our efforts to build a geoscience culture of inclusion have 
sparked renewed interest in the women in the early history of geol-
ogy, such as Mary Anning (1799–1847). Not allowed in professional 
societies, these women found unique ways to contribute. Some par-
ticipated as wives and collaborators alongside their professional 
geologist husbands. Still others collected fossils or illustrated geol-
ogy texts. Unfortunately, many women geologists remain hidden 
from history. Etheldred Benett (1776–1845) is one of them. Not only 
was she an early geological participant who preceded Mary Anning, 
but she may be the first woman to name fossil taxa, construct a 
stratigraphic column, and publish a fossil monograph.

A PRIVILEGED UPBRINGING AND EARLY  
INTEREST IN GEOLOGY

Etheldred Benett, the namesake of her paternal grandmother, 
was born in Wiltshire, England, in 1776, the daughter of Thomas 
Benett of Pythouse, a country gentleman whose family had prof-
ited as clothiers and in farming (Moody, 2005). Etheldred grew  
up in a privileged household and likely was privately educated.

Her older brother, John, became heir to the estate in 1797 fol-
lowing the death of their father, and in 1801, he married Lucy 
Lambert. He renovated and expanded Pythouse for his own fam-
ily, and Etheldred and her sister Anna Maria moved to the Norton 
Bavant manor house, where Etheldred, who never married, resided 
throughout her life. As ladies of independent wealth, the sisters 
could follow their interests. In her correspondence1, Etheldred 
commented on her servants and her numerous travels that included 
extended stays in London and along England’s southern coast.

Lucy Lambert Benett’s half-brother, the renowned botanist 
Alymer Bourke Lambert (1761–1842), may have inspired and culti-
vated Etheldred’s interest in fossils (Burek, 2001). By early 1810, 
Etheldred was sending fossil specimens to naturalist James 
Sowerby (1757–1822), author of The	Mineral	Conchology	of	Great	
Britain	(1812–[1846]). Sowerby referenced Benett several times in 
the first volume, such as her observations on collecting conditions, 
and her extraordinary, rare, and “uncommonly perfect” fossil 
specimens (p. 141). Sowerby also characterized her as an “inde-
fatigable collector … whose desire [was] to assist science and give 
information” (p. 222). The specimen Trochus	Benettiae	(p. 224), 
named in her honor, provides further evidence of Benett’s partici-
pation and esteem in the geological community. Benett’s fossil 
specimens were useful in several volumes of The	Mineral	
Conchology	(i.e., 2–5, 7), the latter volumes published by 
Sowerby’s sons after he had passed.

In July 1813, Gideon Mantell (1790–1852) wrote to Etheldred 
Benett, “under the kind recommendation of Mr. Lambert,” to 

request Benett’s observations of the fossils around Norton house, 
since he thought them analogous to those in his area of Lewes. 
Their correspondence continued steadily for 30 years and included 
not only fossil discussions and sketches, but also displayed a 
familiarity and friendship with inclusion of current politics and 
their personal health issues. Mantell repeatedly asked Benett to 
produce a comparison of Wiltshire and Sussex fossils for him, 
which she procrastinated and eventually declined to do. Benett 
appeared confident in her skills and challenged some of Mantell’s 
fossil interpretations. Upon learning of her death, Mantell sorrow-
fully noted the passing “of my much valued correspondent and 
excellent woman” in a 29 January 1845 journal entry.

STRATIGRAPHICAL SKILLS AND CHICKSGROVE 
QUARRY

Benett had good working knowledge of stratigraphical principles. 
She was familiar with William Smith’s (1769–1839) work, though she 
seemed skeptical of some of it. In 1817, she wrote to Mantell that, 
with regards to Smith’s Stratigraphical	System, “If any Geological 
friends form a good opinion of it, I shall buy it, but not else, as I do 
not like his other work!” Benett also noted in her 1831 book that 
“The Chalk Marl, which is so local as to have been altogether  
unnoticed by Mr. Wm. Smith, is exceedingly well defined at Norton 
Bavent, at Bishopstrow, and at Stourton” (p. iii). Her detailed  
observations contradicted what Smith had previously reported.

1The Hugh S. Torrens Archive in the History of Science Collections at University of Oklahoma includes copies of Benett’s extensive correspondence, as well as sketches, 
books, and notes assembled by Torrens during his multi-year research on her. Unless otherwise specified, all quotes originate from letters and notes in the University of 
Oklahoma Hugh S. Torrens Archive. The original Mantell documents are housed in the Alexander Turnbull Library, Wellington, New Zealand, while Woodward corre-
spondence is archived in Norwich Castle Museum, England. My research in the History of Science Collections at the University of Oklahoma was supported by an Andrew 
W. Mellon Travel Fellowship.

Oil portrait of Etheldred Benett as a young woman. 
(Photograph by Renee M. Clary; used with the kind 
permission of Sir Henry Rumbold.)
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Etheldred Benett’s collection included arrangements of small fossils, and 
she may have been among the first to sieve for microfossils. (Academy of 
Natural Sciences at Drexel University; photograph by Renee M. Clary.)

In 1815, Benett determined the stratigraphy of Upper 
Chicksgrove Quarry and sent the section to the Geological 
Society, London. She sent a corrected section the next year. In 
1816, Sowerby reproduced her section in The Mineral	Conchology	
(volume 2, p. 58–59), but he did so without Benett’s knowledge—
and without crediting her (Torrens, 1994). Benett’s opinion of 
Sowerby’s actions is clear in an 1816 letter to Mantell, “You have 
doubtless seen my section of Chicksgrove Quarry as Mr. Sowerby 
has publish’d it; which he did without my knowledge and without 
my seeing his observations on it, some of which I think is errone-
ous, and I am much vex’d that it should have been so publish’d; I 
shall therefore take an opportunity of sending you a copy of my 
own section as I otherwise intended doing.”   

AN EXTRAORDINARY COLLECTION OF FOSSILS 
Etheldred Benett amassed a large collection of fossils. Though 

she personally collected some, she also purchased fossils from 
numerous individuals who resided in multiple locations. At least 
one of her collectors was a woman. In 1819, she confirmed, in a 
letter to Mantell, that she was buying in bulk, “I am obliged to buy 
masses to get those which I want. I have purchased more than a 
thousand specimens since my return from London.” Benett exam-
ined, labeled, arranged, and sometimes sketched her fossils, and 
dispersed duplicates to her geological friends and professional 
societies—both in England and beyond. She also loaned her  
personal specimens to notable geologists, including Sowerby, 
Mantell, Greenough, and Murchison, who used them in their own 
publications. Upon Benett’s death, Dr. Thomas Bellerby Wilson 
(1807–1865) purchased most of her collection and donated it to the 
Academy of Natural Sciences in Philadelphia, Pennsylvania, USA. 
There, some of Benett’s carefully arranged fossil assemblages hint 
that she may have been one of the first people to sieve for micro-
fossils (Torrens, 2004).

In March 1818, Benett informed Mantell that she had under-
taken to write the Geology	of	Wiltshire. She eventually published 
the monograph in 1831, illustrated with E.D. Smith’s lithographs. 
Benett’s book documented her excellent taxonomic knowledge. 

She identified and named new species based on their external 
morphology (Spamer et al., 1989), after three scientific gentlemen 
whom she contacted failed to do so (Benett, 1831, p. iii). However, 
Benett also mentioned that her catalogue had been approved by 
Greenough and “will run no risk of being despised in the Geological 
World” (Benett, 1831, p. iii). Even after its publication, Benett con-
tinued to annotate the copies in her possession as new specimens 
and data became available.

RECOGNIZING ETHELDRED BENETT’S LEGACY
Benett referred to herself as a geologist on more than one occa-

sion. In 1818, when Mantell considered abandoning a book project, 
she wrote to him that “we Geologists cannot give our consent”  
to his withholding the book. In 1821, she suggested that Mantell’s 
specimens “deserve to be inspected by a better informed Geologist 
than myself.” Alexander von Humboldt even sent a bust of himself 
to Benett in 1830 in appreciation of her scientific skills. 

However, Benett was frustrated by her gender limitations. 
When she sent fossils to the Museum of St. Petersburg, Russia’s 
Czar Alexander I conferred upon her the Honorary Doctor of Civil 
Law to Dominum Etheldredus Benett—presuming Benett was  
a male. She personally delivered her monograph to the British 
Museum, and later received a letter of thanks mailed to “Etheldred 
Benett, Esqre.” Benett wrote to Samuel Woodward (1790–1838),  
“It is provoking that no one will believe that a Lady could write 
such a trifling thing.”

Benett’s specimens and knowledge were sought by male geolo-
gists, but women were not allowed to join and participate in pro-
fessional scientific societies during her lifetime. Mantell’s obitu-
ary of Benett acknowledged that geologists’ fossil understanding 
was indebted to her, and Woodward (1907, p. 118) later referenced 
her “most distinguished of early women-workers	in	geology.” 
However, Etheldred Benett should now be given her due. We 
should recognize her role as a geologist, and perhaps the first 
woman to name fossil species, construct a stratigraphic column, 
and publish a geological monograph. 
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Benett, E., 1831, A Catalogue of the Organic Remains of the County of Wilts: 

Warminster, England, J.L Vardy.
Burek, C., 2001, The first lady geologist or collector par excellence? Geology 

Today, v. 17, no. 5, p. 192–194.
Moody, R., 2005, Mr. Benett of Wilshire: The life of a country Member of Par-

liament 1773–1852: Salisbury, England, The Hobnob Press, 350 p.
Sowerby, J., 1812–(1846), The mineral conchology of Great Britain; or, Co-

loured figures and descriptions of those remains of testaceous animals or 
shells, which have been preserved at various times and depths in the earth: 
London: Benjamin Meredith.

Spamer, E.E., Bogan, A.E., and Torrens, H.S., 1989, Recovery of the Etheldred 
Benett collection of fossils mostly from the Jurassic–Cretaceous strata of 
Wiltshire, England, analysis of the taxonomic nomenclature of Benett (1831), 
and notes and figures of type specimens contained in the collections: Proceed-
ings of the Academy of Natural Sciences of Philadelphia, v. 141, p. 115–180.

Torrens, H., 1984, Etheldred Benett. Open earth: Women in Geology, v. 21,  
p. 12–13.

Torrens, H., 2004, Etheldred Benett: Oxford Dictionary of National Biography, 
p. 71–72.

Woodward, H.B., 1907, The History of the Geological Society of London” 
London, Geological Society, Burlington House.

www.geosociety.org/gsatoday 33

http://www.geosociety.org/gsatoday


Draft Position Statement:  
Diversity in the Geosciences 

GSA members are invited to submit comments regarding  
the following Draft Position Statement by 15 August. Go 
to www.geosociety.org/PositionStatements to learn more  
about the major revision to this statement  and submit comments.

POSITION SUMMARY
The Geological Society of America (GSA) is committed to con-

structing an environment in which all can thrive by building an 
inclusive, equitable, and accessible professional community that 
engages diverse students, professional and academic geoscientists, 
and the communities they serve. 

This position statement lays out actions that GSA is undertaking 
and recommending to institutions and geoscientists to support 
increased diversity in the geoscience community through cultural 
change, including (1) focus on diversity-driven demographic data  
collection, measurement, and reporting; (2) prioritize diversity in 
leadership and decision making; (3) focus on systemic change; and (4) 
engage, empower, and hold accountable the geoscience community.

CONCLUSIONS AND RECOMMENDATIONS 
GSA is committed to fostering a geoscience community that 

reflects the diversity of our society. To achieve representative 
diversity in the geosciences, leaders and members of the geosci-
ence community must model, and advocate for, equitable and 
inclusive practices. 

GSA’s vision defines diversity broadly to encompass all 
expressions of human identity and the full spectrum of personal, 
cultural, professional, and socioeconomic statuses. To disrupt 
structures of exclusion, GSA and geoscience organizations must 
adopt strategies that prioritize people from the most marginal-
ized groups and focus on racial disparity. GSA recognizes that 
equality is not synonymous with equity. Therefore, striving 
towards a diverse community, GSA prioritizes inclusion to wel-
come members of historically underrepresented and the most 
marginalized groups.

Geoscientists within GSA and other organizations, whether they 
are professionally affiliated with academia, government, or indus-
try, should collectively work to address issues related to diversity 
in the geosciences and in their home institutions. To do so, GSA 
recommends the following actions:
• Focus on demographic data collection, measurement, account-

ability, and reporting. GSA recommends adopting evidence-
based strategies, transparency, and accountability in efforts to 
increase justice, equity, diversity, and inclusion. Organizations 
should track the implementation of actions in priority areas, to 
measure the impact on stakeholders and functions, and effectively 
communicate progress and adjustments in approach.

• Prioritize diverse leadership and decision making. GSA and 
geoscience organizations should prioritize diversity and equity 
throughout, especially in positions of power and leadership, deci-
sion making, and standard setting, including honorees, awardees, 
and in recruitment and hiring. As scientists and leaders bring 
their perspectives and identities to the decisions that determine 

the future of the community, those decision makers should 
reflect the diversity of the community itself.      

• Focus on systemic change. GSA and geoscience organizations 
should weave justice, equity, diversity, and inclusion into the 
operations, policies, and norms associated with all governance, 
services, programs, activities, and events. GSA’s initiatives such 
as On To the Future and Respectful, Inclusive Scientific Events 
(RISE) demonstrate programming that can contribute to sys-
temic change and diminish barriers to career progression. An 
integrated approach will elevate the importance of this work and, 
coupled with the measurement and reporting focus described 
above, will enable ongoing monitoring to help ensure sustained, 
impactful change. Additionally, GSA views efforts toward diver-
sity as an imperative and high-priority aspect of the leadership 
role (GSA Diversity Working Group, 2021).

• Engage, empower, and hold accountable the geoscience com-
munity. GSA and geoscience organizations must engage geoscien-
tists to take ownership of this challenge of increasing diversity and 
understanding its value. GSA and geoscience organizations should 
provide practical guidance and engagement opportunities empow-
ering geoscientists to contribute to systemic and cultural change 
that will foster a sense of belonging for all identity groups. The 
community must hold one another accountable through mecha-
nisms such as GSA’s Code of Conduct. Responsibility for this 
work must be shared without overburdening minoritized people 
through strategies such as self-education, staff training, and 
coleadership of projects (see resources list below) and valuing 
equity, diversity, and inclusion work in hiring, promotion, and  
tenure decisions (see Rewarding Professional Contributions in  
the Public Spheres position statement).
To attract and retain scientists in a healthy and supportive pro-

fessional community, organizations and individuals must foster a 
culture of inclusion, and a sense of belonging for all.

RATIONALE 
Geosciences are critical to society, now more than ever, as 

humanity faces urgent threats to biodiversity and the sustainabil-
ity of civilizations. Yet, the current and future contributions of 
geosciences to society are limited by having one of the lowest 
diversities among science, technology, engineering, and math-
ematics (STEM) fields. Geoscience lags other disciplines with 
respect to racial and ethnic representation (Dutt, 2020; Bernard 
and Cooperdock, 2018; McDaris et  al., 2018), and while white 
women have experienced gains, women geoscientists remain 
underrepresented in academia (Holmes and O’Connell, 2003) and 
continue to experience bias and harassment (St. John et al., 2003; 
Societies Consortium on Sexual Harassment in STEMM, 2020). 
Geoscientists face barriers based on race, gender, gender identity, 
sexuality, physical ability, neurological difference, citizenship, 
socioeconomic, and other factors, which are exacerbated in field 
settings (Olcott and Downen, 2020; Carabajal et al., 2017; Berhe  
et al., 2022). The exclusion of minoritized groups from scientific 
research, knowledge, and associated power harms our science and 
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is unethical (NASEM, 2020; Bhatti, 2019; Raja et al., 2022). The 
lack of diversity and inclusion places the future of the geoscience 
enterprise at risk.

Increasing diversity benefits such efforts by driving innovation 
(Nielsen  et al., 2017; Hofstra et al., 2020); improving problem  
solving, research team productivity, and impact (Horowitz and 
Horowitz, 2007); benefiting geoscience education and public sci-
ence literacy (Feinstein, 2010; Snow and Dibner, 2014); and increas-
ing the relevance of science to marginalized populations (Dietze et 
al., 2019; Stewart and Valian, 2018) and expanding the workforce. 
With escalating climate and disaster hazards that continue to dispro-
portionately impact the most marginalized populations, these ben-
efits are vital to the ability of the geosciences to address the chal-
lenges of the future. Key examples are the emergent role that 
geoscientists can play in assessing disproportionate community 
impacts around earth science issues and environmental injustice, 
engaging local communities in the research process, and centering 
Indigenous knowledge in research and decision making.

OPPORTUNITIES FOR GSA AND ITS MEMBERS 
TO HELP IMPLEMENT RECOMMENDATIONS 

To facilitate implementation of the goals of this Position 
Statement, GSA recommends the following actions to increase  
the involvement of geoscientists in local, regional, statewide,  
and federal diversity policy decisions: 
• Engage in the work being done by geoscience-related organiza-

tions towards increasing diversity, such as, but not limited to: 
• 500 Queer Scientists  

https://500queerscientists.com
• ADVANCEgeo  

https://serc.carleton.edu/advancegeo/index.html
• American Indian Science and Engineering Society (AISES) 

https://www.aises.org/
• Asian American and Pacific Islanders in Geoscience  

https://www.aapigeosci.org
• Association for Women in Geoscience (AWG)  

https://www.awg.org/
• Black in Marine Science  

https://www.blackinmarinescience.org
• GeoLatinas  

https://geolatinas.org/      
• International Association for Geoscience Diversity (IAGD) 

https://theiagd.org/
• National Association of Black Geoscientists (NABG)  

http://www.nabg-us.org/
• Society for the Advancement of Chicanos/Hispanics and 

Native Americans in Science (SACNAS)  
https://www.sacnas.org/

• Society of Latinxs/Hispanics in Earth and Space Science 
(SOLESS)  
https://ciresdiversity.colorado.edu/soless

• The Geoscience Alliance  
https://geosciencealliance.org/

• Unlearning Racism in Geoscience (URGE)  
https://urgeoscience.org/

• Seek opportunities to effectively communicate the value of a 
diverse workforce and of implementing suitable diversity prac-
tices to all levels of government, to private industry, and to aca-
demia. Geoscientists are encouraged to work with the media in 

addressing critical diversity issues. Geoscientists who are 
engaged in diversity projects are encouraged to share their 
experiences. 

• Participate in professional forums for community discussions  
on the importance of a diverse workforce and of implementing 
suitable diversity practices. 

• Provide readily accessible print, web, and personnel resources to 
members that support geoscientists’ communications with deci-
sion makers regarding the value of a diverse workforce and of 
implementing suitable diversity practices. Considerable expertise 
and resources are available to members through GSA’s Geology 
and Public Policy Committee (GPPC) and GSA’s Geology and 
Society Division, and these entities can assist with the develop-
ment of relevant materials. 

• Identify legislation that affects diversity and alert the GPPC, 
Geology and Society Division, and GSA’s Associated Societies  
if action by the GSA membership and affiliated organizations  
can help to improve the basis for diversity decisions. The GPPC, 
Geology and Society Division, and Director of Geoscience Policy, 
working with GSA members, can also bring this Position Statement 
to the attention of lawmakers when legislation affects diversity. 

• Raise awareness of diversity issues by publishing articles on 
diversity work and connections in geoscience. 

• Draw upon the rich diversity of the geoscience community as a 
resource for individuals when selecting organizing committees, 
invited speakers, and nominees for offices and special prizes.

• Provide equitable compensation and support in these processes 
whenever possible.  

• Continually practice strategies to increase diversity, cultural 
awareness, inclusive behavior, and bystander intervention. 
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FIELD GUIDE 65

Field Excursions to the Northern Sierra Nevada of 
California, the Mining Districts of the Sierra Nevada, and 
Cretaceous and Paleocene Sediments in Maryland, USA 
Edited by Harvey Kelsey, Susan Cashman, Patricia Cashman, 

and Joan Florsheim
The � eld guides in this volume are associated with the GSA Southeast-

ern/Northeastern Sections Joint Meeting and the Cordilleran Section 
Meeting. Journey through the geology and paleontology of Creta-

ceous and Paleocene sediments of the Cabin Branch, Cabin Creek, 
and Tinkers Creek outcrops in Maryland. Go west and explore 
the northern Sierra Nevada by tackling the history of tectonics 
and magmatism along the Yuba Pass and Highway 70 corridors. 

Next, delve deeper into the northern Sierra Nevada by learning 
about ophiolites, active tectonics, and geomorphology. Last, take 

a trip to enjoy the roadside geology of the Bodie and Aurora min-
ing districts, Mono County, California, and Mineral County, Nevada.

FLD065, 111 p., ISBN 9780813700656
list price $40.00 | member price $28.00

Field Excursions to the Northern 

Sierra Nevada of California, the Mining Districts of 

the Sierra Nevada, and Cretaceous and Paleocene 

Sediments in Maryland, USA

Edited by Harvey Kelsey, Susan Cashman, Patricia Cashman, and Joan Florsheim

Field Guide 65
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At the Intersection of Science and Policy
As an earth and climate scientist and a 

Congressional Science Fellow, I continually 
find that the most pressing challenges, the 
most impactful questions, and the most inno-
vative solutions occur at intersections. In 
science, research grows more interdisciplin-
ary each day as it brings together toolsets, 
questions, and innovation from multiple 
fields to address grand challenges. In policy, 
challenges and solutions do not often fit 
neatly within a single committee jurisdiction 

or focus on a singular topic without impacting and influencing a 
web of policies. As the 2022–2023 Geological Society of America 
and U.S. Geological Survey Congressional Science Fellow, I serve 
in the Office of Senator Tammy Baldwin (D-WI), working on 
energy, environment, and agriculture policy and the many policy 
areas with which they intersect. 

Challenges posed by the current climate crisis do not occur in 
isolation. As such, neither do solutions. Climate mitigation and 
adaptation policies intersect with health, finance, agriculture, 
housing, banking, energy, and much more. I began my fellowship 
shortly after the passage of the Inflation Reduction Act (IRA, 
H.R. 5376), which made the single largest investment in climate 
and energy in American history, enabling the United States to 
tackle the climate crisis, advance environmental justice, and pro-
mote domestic clean energy manufacturing. The IRA aims to 
reduce U.S. greenhouse gas emissions by 40% by 2030, compared 
to 2005 levels. Although this law was signed into law prior to the 
beginning of my fellowship, work on the IRA was far from over. 
A critical role of the U.S. Congress is conducting oversight of the 
Executive Branch and ensuring that laws are enacted in line with 
congressional intent. Put another way, Congress does not stop 
working on issues once they become law. Instead, congressional 
offices, including mine, work to ensure that federal programs and 
investments reach the American people. In my year as a fellow, 
this included interacting with agency staff and leaders, sharing 
opportunities for constituents to access federal programs, and 
engaging in discussions about novel climate and environmental 
policies to build on existing work. 

When the public considers the role of geosciences in policy 
making, they may first think of natural hazards, climate change, 
and natural resources. Yet, during my year working on the Hill, I 
continually utilized my scientific expertise and geosciences back-
ground to evaluate and develop policy on another topic: agricul-
ture. Geosciences intersect with multiple axes of agriculture and 
agriculture policy: The climate and hydrology of a region deter-
mine where certain crops and livestock thrive; atmospheric sci-
ence informs the timing of planting and harvesting; topographic 

and landscape structures lay the foundation for growing regions; 
and soil characteristics can be the difference between feast and 
famine. Agriculture policy is a focal point of the current U.S. 
Congress as the Farm Bill is due for reauthorization. The Farm 
Bill is a broad, multiyear law that governs a wide array of agricul-
tural and food programs. It provides an opportunity for policy 
makers to address agricultural and food issues comprehensively 
and periodically. This set the stage for multitudes of stakeholder 
group visits, member and staff conversations, bill drafts, commit-
tee meetings, and press on agriculture policy during my fellowship 
year. In my role as a fellow, I had the opportunity to meet with 
groups ranging from geographic information systems analysts for 
weather and hydrologic prediction to school nutrition advocates 
and from vegetable growers to environmental groups. Further, I 
contributed to multiple individual bills that are aimed for inclusion 
in the Farm Bill. 

Through all of my experiences working on the Hill, one theme 
continued to empower and energize me each day: public service. 
In each meeting, phone call, quick hallway conversation, and draft 
legislation, a central question emerged: How will this serve the 
American people? In this question, I found the motivation for each 
project I worked on, and I was continually reminded of the key 
role of sciences, and of geosciences specifically, in public policy. 
Geoscience serves society by informing how, when, and where we 
farm, by illuminating the urgency of the climate crisis, and by 
defining the ground on which we stand. I challenge all geoscien-
tists to ask this same question of their own work: How do the 
questions I pursue in the laboratory, model, field, or classroom 
serve society? Geoscience is more relevant today than ever, and 
through my fellowship experience, I have seen firsthand how the 
pursuit and communication of interdisciplinary science in service 
of the public are leveraged into drafting and enacting effective 
policy. In both science and policy, I find that we are best able to  
be innovative and effective by embracing complexity, leaning into 
the intersectionality of challenges, and genuinely collaborating. 

The	article	was	submitted	for	publication	by	Hannah	M.	
Palmer,	2022–2023	GSA-USGS	Congressional	Science	Fellow,	
with	the	understanding	that	the	U.S.	government	is	authorized	to	
reproduce	and	distribute	reprints	for	governmental	use.	The	one-
year	fellowship	is	supported	by	GSA	and	the	U.S.	Geological	
Survey,	Department	of	the	Interior,	under	Assistance	Award	No	
G23AP00241.	The	views	and	conclusions	contained	in	this	docu-
ment	are	those	of	the	author	and	should	not	be	interpreted	as	 
necessarily	representing	the	official	policies,	either	expressed	or	
implied,	of	the	U.S.	government.	Palmer	works	in	the	office	of	
Senator	Tammy	Baldwin	(D-WI)		and	can	be	contacted	by	e-mail	
at	Hmpalmer@ucdavis.edu.

Hannah Palmer

2022–2023 GSA-USGS CONGRESSIONAL SCIENCE FELLOW REPORT
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www.gsa-foundation.org

A Lasting Impact
Consistent, reliable, long-term, stable, empowering, secure, 

greater impact—These are the qualities that make planned giving 
a steady source of support for the future of the geosciences. If 
these are qualities that you find compelling, then planned giving 
may be the right mechanism for your inclination to help.

Every year, the Geological Society of America Foundation (GSA 
Foundation) receives contributions that were established with inten-
tional, forward-thinking generosity. They include gifts left in a will 
or trust, or named beneficiary gifts from a retirement account, life 
insurance policy, bank account, or donor-advised fund. 

Planned givers join The	Pardee	Legacy	Circle, which is named 
in honor of Joseph T. Pardee (1871–1960) in recognition of a $2.7 
million bequest from the estate of Pardee’s daughter, Mary Pardee 
Kelly (1905–1994). Joseph Pardee spent his entire career as a U.S. 
Geological Survey geologist in the Pacific Northwest and is best 
known for his work on Glacial Lake Missoula. Along with the 
Penrose bequest of nearly $4 million in 1931, Pardee’s bequest 
helped shape GSA into the thriving organization of today. Both  
of these contributions continue to provide vital support for GSA, 
helping to sustain the Society and its impact on the geologic  
community many decades later. 

While most bequests are not the scale of those left by Pardee 
and Penrose, planned gifts of all sizes are the pillars of support 
that allow us to implement special programs like GSA Cares, 
which provided assistance to student members early in the pan-
demic. They also help to sustain some of GSA’s strategic pro-
grams. Today, the Pardee	Legacy	Circle comprises more than 50 
active GSA members who have let us know about their gift plans. 
While it is beneficial for the GSA Foundation to be aware of these 
intended gifts, so that we can express our thanks and ensure that 
wishes are met, sometimes the planned gifts we receive are unex-
pected and demonstrate how deeply members have valued their 
society throughout their lifetimes. 

If you would like to ensure that future generations benefit from 
your generosity, and that the geoscience community maintains 
support in critical times when the economy fluctuates and annual 
giving might dip, please visit https://gsa-foundation.org/planned-
giving/ to learn more or contact Debbie Marcinkowski at 
dmarcinkowski@geosociety.org or 303-357-1047. Your legacy 
makes a lasting difference.

An Invitation to Join the Pardee Legacy Circle

If you would like to include the Geological Society of America 
Foundation in your estate plans, please let us know so we can ensure 
that your intentions are accurately understood and documented. We 
would like to thank you for your generosity by including you in the 
Pardee Legacy Circle, the GSA Foundation’s bequest and estate plan 
recognition society. Examples of planned gifts include:
• Gifts left in a will or trust
•  Retirement or bank account named beneficiary gifts
• Life insurance policy beneficiary gifts
• Donor-advised funds
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GSA BOOKS

Laurentia: Turning Points in the 
Evolution of a Continent

Edited by Steven J. Whitmeyer, Michael L. 
Williams, Dawn A. Kellett, and Basil Tikoff

The North American continent has a rich record 
of the tectonic environments and processes that 
occur throughout much of Earth history. This 
Memoir focuses on seven “turning points” 
that had speci� c and lasting impacts on the 
evolution of Laurentia: (1) The Neo archean, 
characterized by cratonization; (2) the 
Paleo protero zoic and the initial assem-
bly of Laurentia; (3) the Mesoproterozoic 
southern margin of Laurentia; (4) the Mid-
continent rift and the Grenville orogeny; 
(5) the Neo protero zoic breakup of Rod-
inia; (6) the mid-Paleozoic phases of the 
Appalachian- Caledonian orogen; and 
(7) the Jurassic–Paleogene assembly 
of the North American Cordillera. The 
chapters in this Memoir provide syn-
theses of the current understanding 
of the geologic evolution of Laurentia 
and North America, as well as new 
hypotheses for testing.

MWR220, 804 p., 
ISBN 9780813712208

list price $140.00
member price $112.00

BUY ONLINE }  store.geosociety.org
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Your sample is in 3D.
Why isn‘t your analysis?

Automated Mineralogy with ZEISS Mineralogic 3D
A game-changer for your petrology research, ZEISS Mineralogic 3D applies 
X-ray microscopy techniques and deep learning algorithms to deliver automated 
mineralogy analyses in 3D for mineral identifi cation, textural classifi cation, 
and data outputs including modal mineralogy, grain size, and morphology.

• Complete sample analysis with minimal sample preparation
• Gain more information with fewer samples from 3D analysis
• Non-destructive to allow for precious samples or correlative workfl ows

zeiss.ly/Jul23/GSA
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