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Dept. Chair

*UHHWLQJV*HR$OXPVDQG)ULHQGV,W·VEHHQDQRWKHU
great year here in the Department. We made remarkable goals this year including: (a) securing three new
NSF (National Science Foundation) grants, with the
GHSDUWPHQW·VILUVWHYHUFDUHHUJUDQW 3DJH  E ILUVW
department to meet its fundraising goal during the
first annual Giving Day held on November 29, 2016,
(c) hosting the first ever EarthScope speaker in North
Dakota (Page 14) and (d) increased S.T.E.M. (Science
Technology Engineering Math) outreach (Page 18). I
extend my sincerest gratitude to all those who generously donated to the department on our first annual
*LYLQJ'D\HVSHFLDOO\-HUUROG´-HUU\µ0D\HUVZKR
matched every dollar donated. Jerry and Dave Fischer (pictured below) were also the pioneers of the department Alumni fund and have supported the department in many facets of its teaching, research and
outreach programs.

Jerry Mayers and Dave Fischer
I also extend my sincerest appreciation to all the first time
donors. Again, while the size of donation is great, the number of donors is an even better metric. Your donations help
us offer merit-based scholarships to outstanding students
and field-trip scholarships to all students.
'U$OODQ$VKZRUWK·VUHVHDUFKZDVIHDWXUHGRQ%%&
%ULWLVK%URDGFDVWLQJ&RUS XQGHUWKHDUWLFOH´5DUH$QWDUF
WLFEHHWOHILQGGHOLJKWVµDQGWKHH[FHUSWFDQEHIRXQGRQWKH
VLWH·VVFLHQFHDQGHQYLURQPHQWVHFWLRQ7KHUHVHDUFKGLVFXVV
HV%DOO·V$QWDUFWLF7XQGUD%HHWOHDIRVVLOL]HGVSHFLPHQGLV
covered on the Beardmore Glacier, a well-known passageway through the Transantarctic Mountains. The small (< 1
cm long) brown beetle lived more than 14 million years ago
(mid-0LRFHQHSHULRG ZKHQ$QWDUFWLFD·VFOLPDWHZDVPXFK
different than it is today.
We always love when Mrs. H is in town. Who could ever
forget Camaro rides to Dairy Queen?

4

Mrs. H, Allan, and I
Many of you may not know the late Dr. William B. Treumann. § $OVRNQRZQDV´%LOOµWRIULHQGVDQGIDPLO\SOD\HG
his last bridge game on Tuesday, July 26, 2016. He died
peacefully at Regions Hospital in St. Paul, Minnesota on
Tuesday, August 2, 2016. Born February 26, 1916, in Grafton, North Dakota, he was 100 years old. For a fuller and
public account of his life written by family look for Bill
Treumann on Facebook. § Dr. Treumann was one of four
professors who fought for the rights of two Geology professors who were abruptly fired by the then president of
NDAC (North Dakota Agricultural College) Dr. Fred Hultz.
From NDSU University Archives, this controversy was the
biggest news in 1955 pitting state legislature and other North
Dakota institutions against each other, and polarizing
NDAC and the Fargo community. Further news from newspaper articles mentioned that the president and his allies
mounted a counter campaign specifically charging Dr. TreuPDQQDQGKLVWKUHHFROOHDJXHVZLWK´LQVXERUGLQDWLRQµ'U
Treumann had served NDAC for only nine years before being dismissed.
We all enjoy hearing from GeoAlums and hope you will
drop us a line, become a fan of the department's Facebook
page, or stop by for a visit! We have had several alums visit
the department including Reuben Panchol, Darin Slusher,
Damion Knudsen, Lance Loken etc. I feel blessed having
the opportunity to interact with you, parents, students, and
friends of the department. If you have any interesting story
to share, please feel free to email me
(Peter.Oduor@ndsu.edu). On behalf of the students, staff,
and faculty, thank you for your support ² and best wishes
from all of us at NDSU Geosciences!

Section encapsulated with the section sign § was from Fargo Forum courtesy of Nichole Seitz.

NSF Career Grant
Cover Story
ƌ͘>ǇĚŝĂdĂĐŬĞƩ

Native American Indians are underrepresented in STEM fields and at 4-year
universities. Research-driven intervention programs can play an active role in recruitment by targeting students at points that are critical in their decision to attend
4-year universities as STEM majors. The PI will host Earth Science research cohorts of 2-3 juniors per year from tribal high schools through the EPSCoR NATURE program, developing research projects that are continued in the following
two years through the NATURE program and as undergraduate field researchers.
The proposed program will encourage the participants to enter universities as
STEM majors and familiarize them with research tools in the Earth Sciences
though cohort collaboration, peer mentorship, and field work.

Intellectual Merit
The paleoecological restructuring event in the Late Triassic represents one
of the most significant ecological transitions in the history of animal life; however, the biological or environmental drivers remain poorly understood. This research will be a significant contribution as it will characterize the ecological responses to intensifying biological interactions at multiple trophic levels in deep
time, and inform a framework-based understanding of the interplay between
environmental, biological, and ecological drivers in marine ecosystems. Furthermore, this project is likely to facilitate further research on predicting biotic response to more catastrophic environmental perturbations by defining and differentiating faunal turnovers leading up to the end-Triassic mass extinction.

Broader Impacts
The proposed research will integrate geological research and mentorship activities
in multiple student groups, and will have positive societal impacts by contributing
to a wider understanding of causal agents of ecological change. Broader impacts
of the proposed research include: (1) contributions to conservation models based
on biological interactions as driving agents of change, (2) a multi-year, scaffolded
summer research program that targets Native Americans in the critical years before deciding to attend 4-year universities that builds independent research skills,

5
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ƌ͘>ǇĚŝĂdĂĐŬĞƩǁĂƐƌĞĐĞŶƚůǇ
ĂǁĂƌĚĞĚĂŶE^&ZZŐƌĂŶƚ
;ǁĂƌĚEƵŵďĞƌ͗ϭϲϱϰϬϴϴͿŽĨ
ΨϱϭϮ͕ϬϬϬĨŽƌƚŚĞƉƌŽũĞĐƚƟƚůĞ͗>ĂƚĞ
dƌŝĂƐƐŝĐŽƌŝŐŝŶĨŽƌŵŽĚĞƌŶŵĂƌŝŶĞƉƌĞĚĂͲ
ƚŽƌ-ƉƌĞǇŝŶƚĞƌĂĐƟŽŶƐ͘/ŶŵŽĚĞƌŶŽĐĞĂŶƐ͕
ƐŚĞůůǇĂŶŝŵĂůƐŚĂǀĞŵĂŶǇƉƌĞĚĂƚŽƌƐ͕
ƐƵĐŚĂƐĐƌĂďƐ͕ůŽďƐƚĞƌƐ͕ƐŚĂƌŬƐ͕ĂŶĚŽƚŚĞƌ
ĮƐŚĞƐ͘DĂŶǇŽĨƚŚĞƐĞĂƌĞƐƉĞĐŝĂůŝǌĞĚƚŽ
ĐƌƵƐŚŚĂƌĚƉƌĞǇƐŚĞůůƐƚŽĐŽŶƐƵŵĞƚŚĞ
ƐŽŌƟƐƐƵĞŝŶƐŝĚĞ͘DŽƐƚĐůĂŵƐĂŶĚŽƚŚĞƌ
ŵĂƌŝŶĞŝŶǀĞƌƚĞďƌĂƚĞƐŚĂǀĞĂĚĂƉƚĂƟŽŶƐ
ƚŽĂǀŽŝĚďĞŝŶŐĞĂƚĞŶďǇƚŚĞƐĞƉƌĞĚĂƚŽƌƐ͘
&ŽƌĞǆĂŵƉůĞ͕ĚŝīĞƌĞŶƚŐƌŽƵƉƐŽĨĐůĂŵƐ
ĐĂŶĂǀŽŝĚƉƌĞĚĂƟŽŶďǇůŝǀŝŶŐďĞŶĞĂƚŚ
ƚŚĞƐĞĂŇŽŽƌ͕ŝŶĚĂŶŐĞƌŽƵƐĞŶǀŝƌŽŶŵĞŶƚƐ
ůŝŬĞƌŽĐŬǇƐŚŽƌĞƐďǇĐĞŵĞŶƟŶŐŽŶƚŽ
ƌŽĐŬƐ͕ǁŚŝůĞŽƚŚĞƌĐůĂŵƐŐƌŽǁƐƉŝŶĞƐŽƌ
ĞǀĞŶƐǁŝŵ͊ƌ͘dĂĐŬĞƩǁŝůůƐƚƵĚǇƚŚĞƐĞ
ĞĐŽůŽŐŝĐĂůƌĞůĂƟŽŶƐŚŝƉƐďǇůŽŽŬŝŶŐĂƚ
ŵĂƌŝŶĞĨŽƐƐŝůƐĨƌŽŵƚŚĞdƌŝĂƐƐŝĐWĞƌŝŽĚ͕
ŽǀĞƌϮϬϬ ŵŝůůŝŽŶǇĞĂƌƐĂŐŽ͘dŚŝƐŝƐǁŚĞŶ
ŵĂŶǇŽĨƚŚĞƉƌĞĚĂƚŽƌĂŶŝŵĂůŐƌŽƵƉƐ
ĂƉƉĞĂƌĂŶĚǁŚĞŶŵĂŶǇĂŶƟ-ƉƌĞĚĂƚŽƌ
ĂĚĂƉƚĂƟŽŶƐĂůƐŽĂƉƉĞĂƌŝŶƐŚĞůůǇƉƌĞǇ͘
ƌ͘dĂĐŬĞƩǁŝůůĐŽůůĞĐƚĨŽƐƐŝůƐĨƌŽŵdƌŝĂƐͲ
ƐŝĐĂŐĞƌŽĐŬƐ͕ŝŶEĞǀĂĚĂ͕/ƚĂůǇ͕ĂŶĚEĞǁ
ĞĂůĂŶĚ͘

Shallow marine taxa experienced an unprecedented explosion of convergent
adaptations during the Norian Stage (Late Triassic) that ultimately changed benthic paleoecological structure, with more burrowers, cementers, and swimmers
than ever before. This coincided with a proliferation of shallow marine predators,
but the extent to which predator-prey interactions induced the widespread adaptive responses is not known. The overall research objective in this proposal is to
(a) quantify antagonistic relationships between predator and prey taxa in three distinct ocean basins and (b) identify spatial and temporal patterns at the onset of
these trends during the Late Triassic. The central hypothesis is that coupled radiations of: (a) shallow marine predators specialized for shell-crushing, and (b) shelly
prey specialized to resist or avoid shell-crushing resulted in a dramatically altered
ecological structure, with complex infaunal ecosystems and highly specialized surface taxa. The objectives in this research are to (1) calibrate the degree of similarity
(in terms of age, depositional environment, and preservation) within and between
the three localities (as assessed by a series of fossiliferous bulk samples), (2) analyze shifting ecological dominance of shelly invertebrates during the Norian Stage,
and (3) assess ecological dominance of predators in the same deposits using calcified microfossils. This project is unique in its broad temporal, spatial, and taxonomic scope, use of dual predator-prey datasets from single bulk samples, and
application of paleoecological niche modelling to test the concept of escalation.
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'ɠ7DɭȴɏԼʨɵɸɗFɼɸȵHFɢ
VʋʛɿȵHɡԷIRVʣɵOɡʓUʝə
ȿHʏʖȷʑQWʋʢɨURɭNɡԷ
7ʢLDVʣLɋDȰɏ ʖɚ1ʑYDGɈ
,Wɪʙɨ 1ʑɦ=HɪOʋQɍ 

collaboration, and field participation/skills/experience, (3) facilitation of a multi-tier mentorship and research cohort program, (4)
dissemination of effective active teaching methods to science faculty in workshops, and (5) student presentation at scientific meetings and in scientific publications by underrepresented groups and early career students. The proposed activities are expected to
attract 15 undergraduates from underrepresented minority groups to STEM career paths. Greater diversity in STEM careers benefits society by cultivating scientific talent from a greater pool of participants and facilitating collaborative approaches to problemsolving, leading to excellence in the scientific workforce.

Students working with Dr. Lydia Tackett
Stephanie Clark is an Anthropology major/Geosciences minor who did an Independent Study in the 2017 Spring
semester in the Tackett Lab. She extracted shelly marine fossils from a Cretaceous-age butte, and examined the shells
for evidence of predation by crabs, snails, and fish that were adapted for eating shelled organisms. The traces these
predators leave behind on their prey include breakage scars, peel and puncture marks, and drill holes. This project has
the potential to constrain the timing for when modern predation modes evolved and had ecological impacts on the
prey populations.
Nicholas Hugo is drafting a manuscript for the research he did in
New Zealand in December 2014 and presented preliminary results
at the Geological Society of America annual meeting in November
2015. Nick and Dr. Tackett devised a method to estimate original
shell size of fossil clams using small shell fragments by triangulating
the location of the umbo. He applied this method to Triassic shell
beds from New Zealand, and this project may have wide-reaching
applications, for example, allowing researchers to reconstruct destroyed modern populations of clams based on shell fragments.
Samuel Marolt (featured on Page 7)

6

Research in Action

Research Experience
Freshman year was a whirlwind of learning and narrowing down my future
career choices. I was fortunate enough to begin my 1st year at NDSU by getting a
tour of the Geology Department from Dr. Peter Oduor. He personally took the time
to introduce me to the handful of professors that happened to be in their offices,
and explained the purpose of each room. I had mentioned to Dr. Oduor, during the
WRXUWKDW,KDGZRUNVWXG\DQGZDVQ·WVXUHZKDWMREVTXDOLILHG+HWROGPHDERXWWKH
many things I could do for work study, it mostly depended on who I wanted to work
for. The first professor he introduced me to was Dr. Lydia Tackett. When Dr.
Oduor asked if she had anything I could do for work study, she gladly said that I
could help in her research.

Samuel Marolt

I was also fortunate to work with Dr. Allan Ashworth. The skills I acquired
LQ'U7DFNHWW·VODEFDPHLQKDQG\LQ'U$VKZRUWK·VODE'U$VKZRUWKFKDOOHQJHG
me to find even smaller microfossils called diatoms. He taught me a lot about the
past and present environment of Antarctica. I loved the thrill of finding new organisms. I thoroughly learned how to sieve down field samples, sort through them, and
store the specimens. He always told me to be on the lookout for bones of an always
elusive small rodent like animal, which we unfortunately never found!
I have been very fortunate for the opportunities that NDSU has provided
PH(YHQWKRXJK,OHDUQWDORWLQDFODVVURRPVHWWLQJLWZDVWKH´KDQGVRQµH[SHUL
ence that excited me the most. My early school year doubts about majoring in geology have now been 100% dispelled. This truly is the major for me! I would like to
thank the NDSU geology department, especially Drs. Tackett and Ashworth, for
helping me discern out which areas of research I would love to pursue further. I look
forward to spending the next 3 years learning all NDSU has to offer geology majors.
Thank you Geology department!

7
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Sam is an undergraduate researcher who has been working
with Dr. Lydia Tackett on a microfossil research project. Many marine
animals make shells, like clams do, but
some other animals produce very small
skeletal components that are called microfossils, including sponges and echinoderms. Sam has been carefully extracting these microfossils from a sequence of rock samples collected from
the early Mesozoic oceanic rocks now
found in the deserts of Nevada. By
quantifying the changing numbers of
these microfossil groups that are made
from different minerals, Sam can determine how available minerals were in
the ocean water at that time. One of
these minerals, silica, is very rare in
shallow modern oceans, so the animals
that make skeletons from this material
are not common in shallow seas. Sam
has found these groups in great abundance in some of the Triassic samples,
which suggests that these microfossils
may be a good proxy for enormous
weathering events due to volcanism!
Sam also collected additional samples
to study.

Researching under the guidance of Dr. Tackett was one of the many things I
enjoyed during my freshman year. After my classes I would go to her lab and research for a few hours each day. During that time, I would look for spicules and desmids of ancient sponges. At first I had no idea what to look for and was nervous
GHDOLQJZLWKVXFKVPDOODQGIUDJLOHVSHFLPHQV'U7DFNHWWGLGQ·WJHWXSVHWZKHQ,
DFFLGHQWDOO\GURSSHGRUVKDWWHUHGRQHLQWRSLHFHV6KH·GSDWLHQWO\WHOOPHQRWWRZRU
U\DERXWLWDQGWKHQZH·GFRQWLQXHUHVHDUFKLQJOLNHQRWKLQJHYHUKDSSHQHG,VRRQ
became pretty adept at spotting organic microfossils. I also started noticing things
WKDWZHUHQ·WVSRQJH-related like denticles, teeth, and foraminifera. Whenever I found
something new and exciting I would notify Dr. Tackett. She would tell me what I
KDGIRXQGRULIVKHZDVQ·WVXUHZHZRXOGUHVHDUFKZLWKLQJHRORJ\ERRNVWRVHHLI
we could figure it out. After finding enough microfossils, we proceeded onto the
hard part, extrapolating the data. At that point I had a solid grasp of the ecosystem
these microfossils had lived in. Dr. Tackett always respected my ideas and made my
input feel valuable. Usually my ideas were flawed, but throughout our discoveries, we
ZRXOGFRPHXSZLWKGLIIHUHQWWKHRULHV:KHQ,ZRXOGQ·WXQGHUVWDQGDZRUGRUWKHR
ry, she would take the time to explain and show me how it related to the theories we
were discussing. I enjoyed asking her difficult questions! She would never make the
FRPPHQW´<RX·OOOHDUQDERXWWKLVLQVRPHODWHUFODVVµDQGHYDGHWKHTXHVWLRQ,Q
stead she would always calmly explain with long and complex answers. I always enjoyed our spirited debates and obtaining explainable results.

Meet Our New Faculty
New Faculty

Hello, Geoscientists and Geofriends!
I am excited to introduce myself as
the newest faculty member of NDSU
Geosciences. I moved to Fargo in
summer 2016 with my spouse
(Nancy) and my son (Caleb, 4 years
old). We moved from western New
York, but we are Midwest natives
and excited to be back!
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ƌ͘ĞŶũĂŵŝŶ>ĂĂďƐ
dŚĞĞƉĂƌƚŵĞŶƚŽĨ'ĞŽƐĐŝĞŶĐĞƐŝƐ
ŚĂƉƉǇƚŽŚĂǀĞƌ͘>ĂĂďƐĂƐĂĐŽůͲ
ůĞĂŐƵĞĂŶĚĂĨƌŝĞŶĚ͊ƌ͘>ĂĂďƐǁĂƐ
ƉƌĞǀŝŽƵƐůǇĂĨĂĐƵůƚǇŵĞŵďĞƌĂƚ^hEz'ĞŶĞƐĞŽĂŶĚǁĂƐĂůƐŽƚŚĞ'ĞŽůŽŐǇĞͲ
ƉĂƌƚŵĞŶƚŚĂŝƌ͘ƌ͘>ĂĂďƐǁĂƐƚŚĞƚŽƉ
ĐĂŶĚŝĚĂƚĞŝŶĂƉŽŽůŽĨƚĂůĞŶƚĞĚĂƉƉůŝͲ
ĐĂŶƚƐĨŽƌƚŚĞ^ĞĚŝŵĞŶƚĂƌǇͬ^ƚƌĂƟŐƌĂͲ
ƉŚǇͬWĂůĞŽŶƚŽůŽŐǇ'ĞŽůŽŐŝƐƚƉŽƐŝƟŽŶ͘
,ĞƌĞƉůĂĐĞĚƌ͘ĚĂŵ>ĞǁŝƐ͘ƌƐ͘>ĂĂďƐ
ĂŶĚĂǇƉƵƚƚŽŐĞƚŚĞƌĂƐƵĐĐĞƐƐĨƵůƉƌŽͲ
ƉŽƐĂůƚŽĂĐƋƵŝƌĞĂĞƌŐĞŶ,ĞǆĂĐŽƉƚĞƌ
hŶŵĂŶŶĞĚĞƌŝĂů^ǇƐƚĞŵ;h^ͿĨƌŽŵƌ͘
ƌƵĐĞZĂĨĞƌƚƵƉŽŶŚŝƐƌĞƟƌĞŵĞŶƚĨƌŽŵ
E^h;ĞƉĂƌƚŵĞŶƚŽĨWŚǇƐŝĐƐĂŶĚKĸĐĞ
ŽĨƚŚĞWƌŽǀŽƐƚͿ͘dŚĞhsǁŝůůďĞƵƐĞĚďǇ
E^h'ĞŽƐĐŝĞŶĐĞƐĨĂĐƵůƚǇĂŶĚƐƚƵĚĞŶƚƐ
ŝŶĂǀĂƌŝĞƚǇŽĨƐƚƵĚŝĞƐŝŶĐůƵĚŝŶŐ͗ůŽǁƌĞůŝĞĨŐůĂĐŝĂůŐĞŽŵŽƌƉŚŽůŽŐǇ͕ŇƵǀŝĂůŐĞŽͲ
ŵŽƌƉŚŽůŽŐǇ͕ƐŶŽǁĂŶĚŝĐĞƐƵƌǀĞǇƐ͕ĂŶĚ
ƌĞƉĞĂƚĂĞƌŝĂů ƉŚŽƚŽŐƌĂƉŚǇ͘EĞǁ&
ƌĞŐƵůĂƟŽŶƐƌĞƋƵŝƌĞĂƌĞŵŽƚĞƉŝůŽƚĐĞƌƟͲ
ĮĐĂƟŽŶĨŽƌĂŶǇh^ƵƐĞŝŶƉƌŽĨĞƐƐŝŽŶĂů
ƌĞƐĞĂƌĐŚ͘ƌƐ͘>ĂĂďƐĂŶĚĂǇĂƌĞĐƵƌͲ
ƌĞŶƚůǇǁŽƌŬŝŶŐƚŽǁĂƌĚƐĞĂƌŶŝŶŐƚŚŝƐĐĞƌͲ
ƟĮĐĂƟŽŶ͕ĂŶĚǁŝůůďĞƚƌĂŝŶĞĚŝŶƚŚĞŽƉͲ
ĞƌĂƟŽŶŽĨƚŚĞ,ĞǆĂĐŽƉƚĞƌĚƵƌŝŶŐƚŚĞ
ƵƉĐŽŵŝŶŐǇĞĂƌ͘

I am a Quaternary geologist interested in stratigraphic and geomorphic
records of environmental change.
Since completing my Ph.D. in 2004 (University of Wisconsin-Madison), most of my
research has involved studying glacial and lacustrine responses to Pleistocene climate
change in the western Americas.
During my first year at NDSU, I worked with geology major Alex Reimers (2016) to
establish a lab in Geosciences Hall for cosmogenic exposure dating with beryllium-10
and aluminum-26. I chiefly use this tool for developing chronologies of glacial deposits. Last fall, Alex completed a study of cosmogenic exposure ages of glacially scoured
bedrock in select mountains in the western U.S., and used the results to reconstruct
the pace of ice retreat at the end of the last glaciation. Now that my lab is up and running, I am continuing work on glacial chronologies (including in the Dakotas and
Minnesota) and getting into new applications in volcanology and paleoseismology.
Another facet of my research involves numerical modeling of surface processes,
which is especially useful for reconstructing Pleistocene climate change. This year, I
ZRUNHGZLWK*DEULHO´*DEHµ)HUUDJXWRQDSSO\LQJJODFLDODQGZDWHUVKHGK\GURORJ\
models to the northeastern Great Basin, in which we limited temperature and precipitation change during the last glaciation and deglaciation. This research will continue in
collaboration with colleagues and students at Middlebury College, thanks to a new
NSF grant from the Paleo Perspectives on Climate Change program.
Moving to NDSU has brought about great opportunities for collaborative research,
and I am excited to work with Dr. Stephanie Day this summer on an experimental
VXUYH\RIDURFNJODFLHULQ*UHDW%DVLQ1DWLRQDO3DUN8VLQJ'U'D\·V7HUUHVWULDO
Laser Scanner (TLS), we will begin a series of repeat surveys to test for movement of
the rock glacier. The degree of movement will be combined with a snow water balance model and stream discharge data to infer the contribution of buried ice to
streamflow in the park. We hope to use the new Bergen Hexacopter UAV to survey
the rock glacier in future studies.
In addition to engaging in research, I taught Structural Geology, the Eastern North
Dakota Geology Field Course, Glacial Geology, and Earth Through Time this year. I
assisted Dr. Lydia Tackett in leading the spring break fieldtrip to
Southern California, which was
great fun!
Thanks to everyone who have welcomed me so far. I am thrilled to
be working among truly excellent
faculty and students in NDSU Geosciences, and I look forward to
meeting its many alumni and
friends!
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Augmented Reality

Augmented Reality Sandbox
Who designed the Augmented Reality Sandbox (ARS)? Oliver Kreylos, a computer scientist studying 3D scientific visualizations and computational geosciences at
University of California-Davis designed and programmed the ARS software. He was
inspired by a prototype of an interactive sandbox visualization made in the Czech
Republic.

Jessie Rock

ŚƩƉƐ͗ͬͬǁǁǁ͘ǇŽƵƚƵďĞ͘ĐŽŵͬǁĂƚĐŚ͍ǀс&yϳDŐϲϯĚŵ:D

What are students learning? ARSs used at NDSU to teach concepts in geology,
geography, hydrology, landscape architecture, architecture, and other concepts involving watersheds and land-use. While students interact with the ARS, they are
learning the basics of topographic maps and the use of contour lines in representing
elevation. When they create 3-dimensional models from topographic maps, they learn
how 2-dimensional representations of landforms are constructed. Students learn how
WKH HDUWK·V VXUIDFH FKDQJHV WKURXJK QDWXUDO SURFHVVHV OLNH HURVLRQ DQG GHSRVLWLRQ
which are driven by the movement of water. They learn how landforms found on the
HDUWK·VVXUIDFHZHUHFUHDWHGE\DYDULHW\RISURFHVVHVVXFKDVHURVLRQWHFWRQLFVDQG
JODFLDWLRQ6WXGHQWVOHDUQKRZOLTXLGZDWHUPRYHVRQWKHHDUWK·VVXUIDFHDQGKRZLWV
flow relates to land surface elevation and shape.
The distribution of water which leads to regions called watersheds plays a
key role in the type and distribution of ecosystems around the world. The students
DUHDEOHWRGLVFHUQHOHPHQWVRIZDWHUVKHGIORZUHJLPHV6LQFHWKHVKDSHRIWKHHDUWK·V
surface also influences watersheds, students are able to grasp elements of topological
relationships.

9
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Jessie Rock was a co-PI on a
funded project to acquire Augmented Reality Sandboxes
(ARSs). Other co-PIs included Dr.
Stephanie Day (Geosciences); Ben Bernard, and Dr. Dominic Fischer
(Architecture & Landscape Architecture). The award from Student Technology Fee Advisory Committee
(TFAC) was used to purchase five
ARSs. The primary goal of TFAC is to
build technology capabilities at NDSU.
A secondary goal is to improve the
quality of education through information technology. Visual Acuity has
been widely recognized as a critical
component of HCI (Human-Computer
Interaction) and ARSs facilitate this.
Visual Acuity in HCI enables interoperability between the computer and the
end user. The ARSs technological components enable students to visually interpret simulated landforms in realtime. The co-PIs plan on using the
ARSs in more than 7 courses impacting
more than 490 students and for outreach activities including Expanding
your Horizons, KidFest, Pop-up museums, and K-12 classroom visits.

How does it work? ARS comprises of: (i) a computer projector, (ii) a Kinect 3D
camera that detects motion, and (iii) a box of sand. The user interacts with the exhibit by shaping the sand. An elevation model with contour lines and a color map assigned by elevation from relative distance to the sand is cast from an overhead projector onto the surface of the sand. As users move the sand, the Kinect 3D camera
perceives changes in the distance to the sand surface, and the projected colors and
contour lines change accordingly. When an object (for example, a hand) is sensed at a
particular height (~2 ft.) above the surface of the sand, virtual rain appears as a blue,
shimmering visualization on the surface below. The water appears to flow down the
slopes to lower surfaces. The water flow simulation is based on fluid dynamics. Users
FDQSUHVVDQGKROGD´'UDLQµEXWWRQWRUHPRYHWKHYLUWXDOZDWHU

Improving Writing

Integrated Writing
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:ĞŶŶĂDƵƌƉŚǇ
Jenna recently graduated from
NDSU with a major in English
and a minor in Philosophy. She
was the valedictorian at the Spring
2017 commencement. Jenna was a
member of Phi Kappa Phi honor society earned through recognition for
superior academic performance. Jenna
graduated in 3 years with a 4.0 GPA!
Jenna worked with Drs. Kenneth Lepper (Geosciences) and Amy Rupiper
Taggart (English) in mentoring, guiding, and assisting geology students in
writing and communicating science in
discipline-VSHFLILFSURMHFWV-HQQD·V
main role was to help students in the
Geomorphology class communicate
their project findings in an articulate
manner and write up their projects
using proper phrasing. In this way the
students would be able to communicate their research to a wider audience.
Jenna also presented the results of her
working with Geomorphology students at NDSU EXPLORE and won a
First Place award. She also presented
her research at GSA HQWLWOHG´%HQHILWV
of Integrated Writing across the Disciplines Pedagogy in a Mid-Level GeoPRUSKRORJ\&RXUVHµ

Dr. Kenneth Lepper has introduced Writing Across the Curriculum in his Geomorphology class. Writing Across the Curriculum involves two pedagogical approaches:
(i) Writing to Learn, and (ii) Writing in the Disciplines. Both approaches share the
inherent premise that writing is an integral component of the learning process. Writing as a lifelong skillset that will be needed, is therefore introduced in an esoteric
environment. Students acquiring this skillset can therefore be able to communicate
and articulate science first within the discipline and to a broader audience. In practice, the students write a series of essays, reports, critiques, or articles which are periodically graded and feedback provided on subject matter and writing style. Over the
past year, Dr. Lepper has worked with Dr. Taggart and Jenna Murphy from the English Department. Jenna was assigned as a co-mentor, peer-tutor, and Teaching Assistant for the Geomorphology course. Jenna applied and integrated these pedagogical
approaches over an entire semester with tremendous success. She implemented
writing goals that each student was to attain. Each student in the class therefore had
a customized knowledge and skillset to attain. Each student from the Geomorphology class had different writing competencies. Each assignment was dually graded for
both content and writing components. Thereafter, Jenna met with each student to
discuss the assignment post-grading. This positive reinforcement and setting enabled
each student to improve on critical areas, e.g., syntax, grammar, passive speech, and
general writing skills. Jenna also emphasized the need to avoid hackneyed expressions! The specific goals stipulated in a related study utilizing results from the integrated writing project included: (i) the use of specific and precise language, (ii) appropriate topic sentences, (iii) logical organization, (iv) adequate development and supporting evidence, (v) appropriate transitions, (vi) unity of ideas and coherence, and
(vii) sentence variety. From the results of the study, Dr. Lepper and Jenna found
that students responded positively to the stipulated objectives, writing had significantly improved within a short time span, and students displayed increased confidence in applying the skillsets to future professional presentations or report writing.
Source / More Information: Murphy, Jenna, M., Lepper, Kenneth, Benefits of Integrated
Writing across the Disciplines Pedagogy in a Mid-Level Geomorphology Course, GSA
Annual Meeting in Denver, Colorado, USA ² 2016; Geological Society of America Abstracts with Programs. Vol. 48, No. 7. doi: 10.1130/abs/2016AM-278584
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Graduation Album

Spring
Spring

Brian Kaeter
Kevin R. McKenzie
Sean A. Ternes
Andrew J. Van Sickle

Fall
Jacob D. Crompton
Chase L. Hillebrand

Fall

Ξƌ͘ĞƌŶŚĂƌĚƚ^ĂŝŶŝ-ŝĚƵŬĂƚ͘

Tyler S. Kuehn

11

Mellissa K. Maertens
Benjamin S. Osman
Andrea L. Oswald
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Congratulations !
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cal Collection

EarthScope Speaker
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ƌ͘tŝůůŝĂŵ,ĂŵŵŽŶĚ
dŚĞĞƉĂƌƚŵĞŶƚŽĨ'ĞŽƐĐŝĞŶĐĞƐ
ŚŽƐƚĞĚƌ͘tŝůůŝĂŵ͞ŝůů͟,ĂŵͲ
ŵŽŶĚ͕ĂŶĂƌƚŚ^ĐŽƉĞ^ƉĞĂŬĞƌ͕ŝŶ
ϮϬϭϲ͘ĂƌƚŚ^ĐŽƉĞ͕ĨƵŶĚĞĚďǇEĂƟŽŶĂů
^ĐŝĞŶĐĞ&ŽƵŶĚĂƟŽŶ;E^&Ϳ͕ŝƐĂŶĂƌƚŚ
ƐĐŝĞŶĐĞƉƌŽŐƌĂŵƚŽĞǆƉůŽƌĞƚŚĞϰĚŝŵĞŶƐŝŽŶĂůƐƚƌƵĐƚƵƌĞŽĨƚŚĞEŽƌƚŚ
ŵĞƌŝĐĂŶĐŽŶƟŶĞŶƚ͘dŚĞĂƌƚŚ^ĐŽƉĞ
WƌŽŐƌĂŵƉƌŽǀŝĚĞƐĂĨƌĂŵĞǁŽƌŬĨŽƌ
ďƌŽĂĚ͕ŝŶƚĞŐƌĂƚĞĚƐƚƵĚŝĞƐĂĐƌŽƐƐƚŚĞ
ĂƌƚŚƐĐŝĞŶĐĞƐ͕ŝŶĐůƵĚŝŶŐƌĞƐĞĂƌĐŚŽŶ
ĨĂƵůƚƉƌŽƉĞƌƟĞƐĂŶĚƚŚĞĞĂƌƚŚƋƵĂŬĞƉƌŽͲ
ĐĞƐƐ͕ƐƚƌĂŝŶƚƌĂŶƐĨĞƌ͕ŵĂŐŵĂƟĐĂŶĚŚǇͲ
ĚƌŽƵƐŇƵŝĚƐŝŶƚŚĞĐƌƵƐƚĂŶĚŵĂŶƚůĞ͕
ƉůĂƚĞďŽƵŶĚĂƌǇƉƌŽĐĞƐƐĞƐ͕ůĂƌŐĞ-ƐĐĂůĞ
ĐŽŶƟŶĞŶƚĂůĚĞĨŽƌŵĂƟŽŶ͕ĐŽŶƟŶĞŶƚĂů
ƐƚƌƵĐƚƵƌĞĂŶĚĞǀŽůƵƟŽŶ͕ĂŶĚĐŽŵƉŽƐŝͲ
ƟŽŶĂŶĚƐƚƌƵĐƚƵƌĞŽĨƚŚĞĚĞĞƉĂƌƚŚ͘ƌ͘
ŝůů,ĂŵŵŽŶĚŝƐĂWƌŽĨĞƐƐŽƌŽĨ'ĞŽĚĞƐǇ
ĂŶĚ'ĞŽƉŚǇƐŝĐƐĂƚhŶŝǀĞƌƐŝƚǇŽĨEĞǀĂĚĂ
ͶZĞŶŽ͕ǁŚŽĚŽĞƐƌĞƐĞĂƌĐŚƵƐŝŶŐƐƉĂĐĞ
ŐĞŽĚĞƟĐƚĞĐŚŶŝƋƵĞƐƐƵĐŚĂƐ'W^ĂŶĚ
/Ŷ^ZƚŽƐƚƵĚǇƚĞĐƚŽŶŝĐĚĞĨŽƌŵĂƟŽŶŽĨ
ƚŚĞĐŽŶƟŶĞŶƚƐ͕ŵŽƵŶƚĂŝŶďƵŝůĚŝŶŐƉƌŽͲ
ĐĞƐƐĞƐ͕ĂĐƟǀĞĨĂƵůƚƐ͕ĚǇŶĂŵŝĐƐŽĨƚŚĞ
ůŝƚŚŽƐƉŚĞƌĞ͕ĂŶĚƐƚƌƵĐƚƵƌĂůĐŽŶƚƌŽůƐŽŶ
ŐĞŽƚŚĞƌŵĂůƐǇƐƚĞŵƐ͘dŚĞĂƌƚŚ^ĐŽƉĞ
^ƉĞĂŬĞƌ^ĞƌŝĞƐŝƐƉĂƌƚŽĨƚŚĞůĂƌŐĞƌ
ĂƌƚŚ^ĐŽƉĞĚƵĐĂƟŽŶĂŶĚKƵƚƌĞĂĐŚƉƌŽͲ
ŐƌĂŵĂŶĚƐĞĞŬƐƚŽƉƌĞƐĞŶƚƚŚĞƐĐŝĞŶƟĮĐ
ƌĞƐƵůƚƐŽĨĂƌƚŚ^ĐŽƉĞƌĞƐĞĂƌĐŚĞƌƐ͘

ƌ͘,ĂŵŵŽŶĚďĞŐĂŶŚŝƐƚĂůŬďǇŵĞŶƟŽŶŝŶŐƚŚĂƚƚŚĞƌĞŚĂƐďĞĞŶĂůŽƚŽĨƚĂůŬůĂƚĞůǇ
ĂďŽƵƚĐůŝŵĂƚĞĐŚĂŶŐĞĂŶĚŚƵŵĂŶ-ŝŶĚƵĐĞĚŝŵƉĂĐƚƐŽŶŽĐĞĂŶƐ͕ĂƚŵŽƐƉŚĞƌĞ͕ĂŶĚďŝŽͲ
ƐƉŚĞƌĞ͘,ŝƐƚĂůŬǁĂƐĂďŽƵƚŚŽǁŚƵŵĂŶďĞŝŶŐƐĂƌĞŐŽŝŶŐďĞǇŽŶĚƚŚĂƚƚŽƚŚĞƉŽŝŶƚŽĨ
ŝŶŇƵĞŶĐŝŶŐƚŚĞƐŚĂƉĞŽĨƚŚĞƐŽůŝĚĞĂƌƚŚ͘,ĞƐƚĂƌƚĞĚďǇŵĞŶƟŽŶŝŶŐ'W^ŶĞƚǁŽƌŬƐ
ĂŶĚŚŽǁŚŝƐƌĞƐĞĂƌĐŚŐƌŽƵƉŝƐŐĞƫŶŐƚŽƚŚĞƉŽŝŶƚǁŚĞƌĞƚŚĞǇĐĂŶŵĞĂƐƵƌĞǀĞƌǇ
ƐŵĂůůĐŚĂŶŐĞƐŝŶĞĂƌƚŚ͛ƐƐŚĂƉĞ͘'ĞŽĚĞƐǇŝƐƚŚĞƐĐŝĞŶĐĞŽĨƚŚĞŵĞĂƐƵƌĞŵĞŶƚŽĨ
ĞĂƌƚŚ͛ƐƐŚĂƉĞĂŶĚŚŽǁŝƚĐŚĂŶŐĞƐŽǀĞƌƟŵĞ͘'ĞŽĚĞƟĐƐŝŶǀŽůǀĞƌĂĚĂƌ͕>ŝĚĂƌ͕ĂŶĚ^Z
;/Ŷ^Z͕/Ĩ^ZͿ͘ƌ͘,ĂŵŵŽŶĚ͛ƐƚĂůŬǁĂƐĨƵŶĚĞĚďǇĂƌƚŚ^ĐŽƉĞ͘,ĞŵĞŶƟŽŶĞĚƚŚĂƚ
ĂƌƚŚ^ĐŽƉĞŝƐĞƐƐĞŶƟĂůůǇ͗;ŝͿĂĐŽŵŵƵŶŝƚǇ͕;ŝŝͿĨĂĐŝůŝƚǇ;ƐĞƚŽĨŶĞƚǁŽƌŬƐƚŚĂƚŵĞĂƐƵƌĞƐ
ƉƌŽƉĞƌƟĞƐŽĨƚŚĞEŽƌƚŚŵĞƌŝĐĂŶĐŽŶƟŶĞŶƚͿ͕ĂŶĚ;ŝŝŝͿĂƐĐŝĞŶĐĞƌĞƐĞĂƌĐŚƉƌŽŐƌĂŵ
ĨƵŶĚĞĚďǇEĂƟŽŶĂů^ĐŝĞŶĐĞ&ŽƵŶĚĂƟŽŶ;E^&Ϳ͘ĂƌƚŚ^ĐŽƉĞ'W^ŶĞƚǁŽƌŬƐĂƌĞŽƉĞƌĂƚͲ
ĞĚďǇ/Z/^;/ŶĐŽƌƉŽƌĂƚĞĚZĞƐĞĂƌĐŚ/ŶƐƟƚƵƚĞĨŽƌ^ĞŝƐŵŽůŽŐǇͿĂŶĚhEsK͘hEsK
ŝƐĂŶŽŶ-ƉƌŽĮƚƵŶŝǀĞƌƐŝƚǇ-ŐŽǀĞƌŶĞĚĐŽŶƐŽƌƟƵŵƚŚĂƚĨĂĐŝůŝƚĂƚĞƐŐĞŽƐĐŝĞŶĐĞƌĞƐĞĂƌĐŚ
ĂŶĚĞĚƵĐĂƟŽŶƵƐŝŶŐ'ĞŽĚĞƐǇ͘/Z/^ďƌŝŶŐƐƚŽŐĞƚŚĞƌĂĐŽŶƐŽƌƟƵŵŽĨƵŶŝǀĞƌƐŝƟĞƐĚĞĚŝͲ
ĐĂƚĞĚƚŽƚŚĞŽƉĞƌĂƟŽŶŽĨƐĐŝĞŶĐĞĨĂĐŝůŝƟĞƐĨŽƌƚŚĞĂĐƋƵŝƐŝƟŽŶ͕ŵĂŶĂŐĞŵĞŶƚ͕ĂŶĚ
ĚŝƐƚƌŝďƵƟŽŶŽĨƐĞŝƐŵŽůŽŐŝĐĂůĚĂƚĂ͘hEsKŽƉĞƌĂƚĞƐƚŚĞEĂƟŽŶĂůĂƌƚŚ^ĐŝĞŶĐĞ
'ĞŽĚĞƟĐ&ĂĐŝůŝƚǇ͕ŬŶŽǁŶĂƐƚŚĞ'ĞŽĚĞƐǇĚǀĂŶĐŝŶŐ'ĞŽƐĐŝĞŶĐĞƐĂŶĚĂƌƚŚ^ĐŽƉĞ
;''Ϳ&ĂĐŝůŝƚǇ͘h^ƌƌĂǇ͕ŝƐƉĂƌƚŽĨƚŚĞĂƌƚŚ^ĐŽƉĞĞǆƉĞƌŝŵĞŶƚ͕ĂŶĚŝƐĂϭϱ-ǇĞĂƌƉƌŽͲ
ŐƌĂŵƚŽƉůĂĐĞĂĚĞŶƐĞŶĞƚǁŽƌŬŽĨƉĞƌŵĂŶĞŶƚĂŶĚƉŽƌƚĂďůĞƐĞŝƐŵŽŐƌĂƉŚƐĂĐƌŽƐƐƚŚĞ
h^;ůŽǁĞƌϰϴĂŶĚůĂƐŬĂͿĐŽŶƐŝƐƟŶŐŽĨĨŽƵƌŽďƐĞƌǀĂƚŽƌŝĞƐ͗-;ŝͿdƌĂŶƐƉŽƌƚĂďůĞƌƌĂǇ͕
;ŝŝͿ&ůĞǆŝďůĞƌƌĂǇ͕;ŝŝŝͿZĞĨĞƌĞŶĐĞEĞƚǁŽƌŬ͕ĂŶĚ;ŝǀͿDĂŐŶĞƚŽƚĞůůƵƌŝĐƌƌĂǇ͘dŚĞƌĞĂƌĞ
ĂŶƵŵďĞƌŽĨĐŽŵƉŽŶĞŶƚƐƚŽƚŚĞƐĞŽďƐĞƌǀĂƚŽƌŝĞƐǁŚŝĐŚƚŽŐĞƚŚĞƌĐŽŵƉƌŝƐĞ
ĂƌƚŚ^ĐŽƉĞŝŶĐůƵĚŝŶŐ͗;ŝͿh^ƌƌĂǇ͕;ŝŝͿƚŚĞWůĂƚĞŽƵŶĚĂƌǇKďƐĞƌǀĂƚŽƌǇ;WKͿǁŝƚŚ
ĂƉƉƌŽǆŝŵĂƚĞůǇϮ͕ϬϬϬĐŽŶƟŶƵŽƵƐůǇƌĞĐŽƌĚĞĚ'W^ƐƚĂƟŽŶƐĚŝƐƚƌŝďƵƚĞĚĂĐƌŽƐƐƚŚĞĐŽŶͲ
ƟŐƵŽƵƐh^ĂŶĚůĂƐŬĂďƵƚĂůƐŽŝŶĐůƵĚĞƐ'ĞŽƉŚǇƐŝĐĂůŝŶƐƚƌƵŵĞŶƚƐĞ͘Ő͘'E^^;'ůŽďĂů
EĂǀŝŐĂƟŽŶ^ĂƚĞůůŝƚĞ^ǇƐƚĞŵƐͿƌĞĐĞŝǀĞƌƐ͕ĐĐĞůĞƌŽŵĞƚĞƌƐ͕ůŽŶŐ-ďĂƐĞůŝŶĞ>ĂƐĞƌ^ƚƌĂŝŶͲ
ŵĞƚĞƌƐ;>^DƐͿ͕dĞƌƌĞƐƚƌŝĂů>ĂƐĞƌ^ĐĂŶŶŝŶŐ;d>^Ϳ/ŶƐƚƌƵŵĞŶƚĂƟŽŶ͕ĂŶĚ;ŝŝŝͿƚŚĞ^ĂŶ
ŶĚƌĞĂƐ&ĂƵůƚKďƐĞƌǀĂƚŽƌǇĂƚĞƉƚŚ;^&KͿǁŚŝĐŚŝƐĂĚĞĞƉďŽƌĞŚŽůĞŽďƐĞƌǀĂƚŽƌǇ
ƚŚĂƚǁŝůůĚŝƌĞĐƚůǇŵĞĂƐƵƌĞƚŚĞƉŚǇƐŝĐĂůĐŽŶĚŝƟŽŶƐƵŶĚĞƌǁŚŝĐŚƉůĂƚĞďŽƵŶĚĂƌǇĞĂƌƚŚͲ
ƋƵĂŬĞƐŽĐĐƵƌ͘dŚĞƌĞŝƐĂĚĞŶƐĞƌŶĞƚǁŽƌŬŝŶƚŚĞǁĞƐƚĞƌŶh^ĐŽŵƉĂƌĞĚƚŽƚŚĞƌĞƐƚŽĨ
ƚŚĞĐŽŶƟŐƵŽƵƐh^͘KƚŚĞƌĂŐĞŶĐŝĞƐƚŚĂƚŚĂǀĞĐŽŶƚƌŝďƵƚĞĚƚŽŵĂƚĞƌŝĂůƐƵƉƉŽƌƚŝŶͲ
ĐůƵĚĞ͗h^'^͕E^͕ĂŶĚĂƌƚŚ^ĐŽƉĞŽĸĐĞƌĞƐƉŽŶƐŝďůĞĨŽƌĐŽŽƌĚŝŶĂƟŽŶŽĨĞĚƵĐĂƟŽŶ
ĂŶĚŽƵƚƌĞĂĐŚ͘ƌ͘,ĂŵŵŽŶĚĂůƐŽŵĞŶƟŽŶĞĚƚŚĂƚĂƌƚŚ^ĐŽƉĞŽĸĐĞŝƐƚŚĞĨĂĐĞŽĨ
ĂƌƚŚ^ĐŽƉĞĂŶĚĨŽƌƚŚĞŶĞǆƚϱǇĞĂƌƐ͕ǁŝůůďĞŽƌŐĂŶŝǌŝŶŐĂƌƚŚ^ĐŽƉĞƐĞƌŝĞƐŽĨůĞĐƚƵƌĞƐ͘
dŽůĞĂƌŶŵŽƌĞĂďŽƵƚĂƌƚŚ^ĐŽƉĞ͕ǇŽƵĐĂŶǀŝƐŝƚƚŚĞǁĞďƉĂŐĞ͗ŚƩƉ͗ͬͬ
ǁǁǁ͘ĞĂƌƚŚƐĐŽƉĞ͘ŽƌŐͬ͘zŽƵĐĂŶƌĞĂĚŵŽƌĞĂďŽƵƚƚŚĞŶĞƚǁŽƌŬƐ͕ƉƌŽŐƌĂŵƐ͕ŝŶƐƚƌƵͲ
ŵĞŶƚĂƟŽŶƵƐĞĚ͕ĂŶĚŵĂƉƐǁŚĞƌĞƐĞŶƐŽƌƐĂƌĞůŽĐĂƚĞĚ͘
ƌ͘,ĂŵŵŽŶĚŵĞŶƟŽŶĞĚƚŚĂƚŚĞŝƐŝŶǀŽůǀĞĚǁŝƚŚhEsKŽŶƚŚĞŐĞŽĚĞƟĐƐŝĚĞ͕ƐŽ
ƚŚĞǇĂƌĞĂƐĞƉĂƌĂƚĞĐŽŶƐŽƌƟƵŵĂŶĚĂŶŽŶ-ƉƌŽĮƚŽƌŐĂŶŝǌĂƟŽŶƚŚĂƚŚĞůƉƐƐƵƉƉŽƌƚ
ŐĞŽĚĞƐǇĨŽƌĞĂƌƚŚƐĐŝĞŶĐĞ͘ƌ͘,ĂŵŵŽŶĚĂůƐŽŵĞŶƟŽŶĞĚƚŚĂƚďĞĨŽƌĞŚĞĐĂŵĞƚŽ
ƉƌĞƐĞŶƚĂƚE^h͕ƚŚĞWƌĞƐŝĚĞŶƚŽĨhEsKŵĞŶƟŽŶĞĚƚŽŚŝŵƚŚĂƚƚŚĞƌĞŝƐĐƵƌƌĞŶƚůǇ
ŶŽŵĞŵďĞƌƐŚŝƉĨƌŽŵEŽƌƚŚĂŬŽƚĂŝŶƚŚĞhEsKĐŽŵŵƵŶŝƚǇͬĐŽŶƐŽƌƟƵŵ͘&Žƌ
ĨŽůŬƐƚŚĂƚĂƌĞĚŽŝŶŐŐĞŽĚĞƐǇ͕ŝƚŝƐĞĂƐǇĨŽƌĂŶǇŽŶĞďĞĐŽŵŝŶŐŝŶǀŽůǀĞĚǁŝƚŚhEsK͘
hEsKŵĞŵďĞƌƐŚŝƉŚĞůƉƐǇŽƵƉĂƌƟĐŝƉĂƚĞŝŶĚĞĐŝƐŝŽŶƐŽŶŚŽǁhEsKŝƐƌƵŶ
ĂŶĚĂůƐŽƉƌŽǀŝĚĞƐĚŝƐĐŽƵŶƚƐŽŶĞƋƵŝƉŵĞŶƚ͘ƌ͘,ĂŵŵŽŶĚŵĞŶƟŽŶĞĚƚŚĂƚƚŚĞǇĂƌĞ
ƉƌŽĐĞƐƐŝŶŐŵĂƐƐŝǀĞĂŵŽƵŶƚƐŽĨ'W^ĚĂƚĂƚŚĂƚĂƌĞĐŽŵŝŶŐŝŶĨƌŽŵƐƚĂƟŽŶƐĂůůŽǀĞƌ
ƚŚĞǁŽƌůĚ͘&ŽƌĞǆĂŵƉůĞŽŶƉŽƌƚĂďůĞĚĞǀŝĐĞƐĞ͘Ő͘ƐŵĂƌƚƉŚŽŶĞƐĂŶĚƚĂďůĞƚƐƚŚĞƌĞĂƌĞ
ŝŶďƵŝůƚ'W^ƐĂŶĚďŝůůŝŽŶƐŽĨƵƐĞƌƐƵƐĞƚŚĞƐĞ'W^ƐǇƐƚĞŵƐĞǀĞƌǇĚĂǇ͘ƌ͘,ĂŵŵŽŶĚ
ĂŶĚŚŝƐƌĞƐĞĂƌĐŚĐŽŶƐŽƌƟƵŵŚĂǀĞĞƐƚĂďůŝƐŚĞĚĐŽŶƟŶƵŽƵƐƐƚĂƟŽŶƐ;ŐĞŽĚĞƐǇŶĞƚ-
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ǁŽƌŬƐͿǁŚŝĐŚĂƌĞŐĞŶĞƌĂůůǇďƵŝůƚĨŽƌƐĐŝĞŶƟĮĐƌĞƐĞĂƌĐŚďƵƚĂůƐŽĨŽƌ
ƐƵƌǀĞǇŝŶŐĂƉƉůŝĐĂƟŽŶƐ͘ŶǇ'W^ĚĂƚĂƵƐĞƌƐƵƉůŽĂĚŽŶůŝŶĞŽƌŽŶ&ŝůĞ
dƌĂŶƐĨĞƌWƌŽƚŽĐŽů;ŌƉͿƐĞƌǀĞƌ͕ŝƐƵƟůŝǌĞĚĨŽƌƌĞƐĞĂƌĐŚ͘ƌ͘,ĂŵŵŽŶĚ
ƚĂůŬĞĚĂďŽƵƚƚŚĞĞǆƉůŽƐŝǀĞŐƌŽǁƚŚŽĨƚŚŝƐĚĂƚĂ͕ĂǀĂŝůĂďŝůŝƚǇŽĨƚŚĞĚĂƚĂ͕
ƌĞůŝĂďŝůŝƚǇŽĨƚŚĞĚĂƚĂ͕ĂĐĐƵƌĂĐǇŽĨƚŚĞĚĂƚĂ͕ĂŶĚĂ'W^ŝŶŝƟĂƟǀĞƚŚĂƚ
ƚŚĞǇũƵƐƚƐƚĂƌƚĞĚǁŝƚŚhEsK͘dŚŝƐĚĂƚĂŚĞůƉƐŐĂƵŐĞƵƉůŝŌĂŶĚƐƵďͲ
ƐŝĚĞŶĐĞĂĐƌŽƐƐEŽƌƚŚŵĞƌŝĐĂ͘EĞǁĞƌĂŶĂůǇƐĞƐĂƌĞĂůůŽǁŝŶŐƚŚĞŵĂůƐŽ
ƚŽŐĞŶĞƌĂƚĞŝŵĂŐĞƐŽĨƐƉĂƟĂůĐŽŶƟŶƵŽƵƐƵƉůŝŌĨƌŽŵ'W^ŽďƐĞƌǀĂƟŽŶƐ
ǁŚŝĐŚŚĂĚďĞĞŶĂĐŚĂůůĞŶŐĞƵƉƚŽƚŚŝƐƉŽŝŶƚ͘/ŵĂŐĞƐĚĞƌŝǀĞĚĨƌŽŵ
ƚŚĞƐĞ'W^ƉŽŝŶƚƐĐĂŶďĞƵƐĞĚƚŽŐĂƵŐĞŵĞĐŚĂŶŝĐĂůƐƚƌĞƐƐĂŶĚƐƚƌĂŝŶŽĨ
ƚŚĞƵƉůŝŌǁŚĞƌĞƚŚĞƌĞŝƐŽǀĞƌďƵƌĚĞŶ͘ƌ͘,ĂŵŵŽŶĚŵĞŶƟŽŶĞĚƚŚĂƚ
ƚŚĞƌĞĂƌĞĂďŽƵƚϭϱ͕ϬϬϬ'W^ƐƚĂƟŽŶƐŐůŽďĂůůǇĚŝƐƚƌŝďƵƚĞĚ͕ŚƵŶĚƌĞĚƐŽĨ
ŶĞƚǁŽƌŬƐ͕ŚƵŶĚƌĞĚƐŽĨƐĞƉĂƌĂƚĞŵƵŶŝĐŝƉĂůŝƟĞƐ͕ŐŽǀĞƌŶŵĞŶƚƐ͕ƵŶŝǀĞƌƐŝͲ
ƟĞƐ͕ĂŶĚĂŐĞŶĐŝĞƐŽƉĞƌĂƟŶŐƚŚĞƐĞƐƚĂƟŽŶƐ͘dŚĞƐĞƐƚĂƟŽŶƐĂƌĞŶŽƚ
ĞǀĞŶůǇĚŝƐƚƌŝďƵƚĞĚŽǀĞƌƚŚĞůĂŶĚƐƵƌĨĂĐĞĂŶĚŚŝŐŚĐŽŶĐĞŶƚƌĂƟŽŶƐĞǆŝƐƚ
ǁŚĞƌĞƚŚĞƌĞŝƐƌĞƐĞĂƌĐŚĨƵŶĚŝŶŐĞ͘Ő͘ŝŶh^͕ĂŶĂĚĂ͕ƵƌŽƉĞ͕ĂŶĚ:ĂƉĂŶ͘
dŚĞǇĂƌĞĂůƐŽƐĞĞŝŶŐĞǆƚĞŶƐŝŽŶƐŽĨƚŚĞƐĞŶĞƚǁŽƌŬƐŝŶŽƚŚĞƌĐŽŶƟŶĞŶƚƐ͘

^ŽŵĞŽĨƚŚĞƌĞƐƵůƚƐĂƌĞƉŽƐƚĞĚĂƚ͗ŚƩƉ͗ͬͬŐĞŽĚĞƐǇ͘ƵŶƌ͘ĞĚƵͬE'>^ƚĂƟŽŶWĂŐĞƐͬŐƉƐŶĞƚŵĂƉͬ'W^EĞƚDĂƉͺD'͘Śƚŵů͘ƌ͘,ĂŵŵŽŶĚĂůƐŽ
ŵĞŶƟŽŶĞĚƚŚĂƚƚŚĞǇŚĂǀĞƟŵĞƐĞƌŝĞƐĚĂƚĂĨƌŽŵĐĞƌƚĂŝŶ'W^ƐƚĂƟŽŶƐƐƉĂŶŶŝŶŐƵƉƚŽϮϬǇĞĂƌƐƐŽƚŚĞǇĂƌĞĂďůĞƚŽƐĞĞŚŽǁƚŚĞƉŽƐŝƟŽŶ
ŽĨĂƐƚĂƟŽŶŚĂƐĐŚĂŶŐĞĚŽǀĞƌƟŵĞ͘dŚĞǇĐĂŶƚŚĞƌĞĨŽƌĞĂĚĚƌĞƐƐŝĨƚŚĞƉůĂƚĞƌĞůĂƟǀĞƐůŝƉŵŽƟŽŶŝƐĐŽŵƉĂƌĂƟǀĞůǇĨĂƐƚĞƌƚŚĂŶƉƌĞǀŝŽƵƐůǇ
ĞƐƟŵĂƚĞĚ͕ŝĨƚŚĞƐŚĂƉĞŽĨĞĂƌƚŚŝƐĐŚĂŶŐŝŶŐĂƚĂĚŝƐĐĞƌŶŝďůĞƌĂƚĞ͕ŽƌĞǀĞŶŝĨƚŚĞƐĞƉƌŽĐĞƐƐĞƐĂƌĞƉƌŝŵĂƌŝůǇĚƌŝǀĞŶďǇƚĞĐƚŽŶŝĐƉƌŽĐĞƐƐĞƐ͘
dŚŝƐŝŶĨŽƌŵĂƟŽŶĐĂŶďĞĂŶĂůǇǌĞĚƌĞĂů-ƟŵĞĨƌŽŵϮ͕ϬϬϬƐƚĂƟŽŶƐŝŶĂƐůŝƩůĞĂƐϮŚŽƵƌƐ͘dŚĞŶƵŵďĞƌŽĨƐƚĂƟŽŶƐƚŚĞǇŚĂǀĞĂĐĐĞƐƐƚŽ͕ŚĂƐ
ŐƌŽǁŶĞǆƉŽŶĞŶƟĂůůǇĨƌŽŵůĂƚĞϭϵϵϬƐƚŽĞĂƌůǇϮϬϬϬƐ͘dŚĞĂƌƚŚ^ĐŽƉĞWůĂƚĞŽƵŶĚĂƌǇKďƐĞƌǀĂƚŽƌǇ͕ƌ͘,ĂŵŵŽŶĚ͛ƐŶĞƚǁŽƌŬŝŶEĞǀĂĚĂ͕
ĂŶĚϰϬϬƐƚĂƟŽŶƐǁĞƌĞŝŶƐƚĂůůĞĚĚƵƌŝŶŐƚŚŝƐĚĞĐĂĚĂůƉĞƌŝŽĚ͘dŚĞǇĂƌĞƐƟůůƌĂƉŝĚůǇĞǆƉĂŶĚŝŶŐǁŝƚŚŶĞǁŶĞƚǁŽƌŬƐĂŶĚƐƚĂƟŽŶƐ͘'W^ĨŽƌ
ĂƌƚŚ^ĐŝĞŶĐĞŝƐĂŶŽƚŚĞƌŝŶŝƟĂƟǀĞƚŚĂƚhŶŝǀĞƌƐŝƚǇŽĨEĞǀĂĚĂʹZĞŶŽ;hEZͿĂŶĚhEsKŚĂǀĞĐŽůůĂďŽƌĂƚĞĚŽŶƚŽĐƌĞĂƚĞǁŚĂƚŝƐĞƐƐĞŶͲ
ƟĂůůǇĂƐĞƌǀŝĐĞƚŚĂƚƉĞŽƉůĞĐĂŶĂĐĐĞƐƐ͘KŶĞŽĨƚŚĞďĂƌƌŝĞƌƐƚŚĂƚƉĞŽƉůĞŚĂǀĞǁŝƚŚƐĞƫŶŐƵƉĂŶĞǁ'W^ŶĞƚǁŽƌŬŝƐƚŚĞĨĂĐƚƚŚĂƚƉƌŽͲ
ĐĞƐƐŝŶŐƚŚĞĚĂƚĂŝƐĂůŽƚŽĨǁŽƌŬ͘/ƚƌĞƋƵŝƌĞƐŐĞƫŶŐƐŽŵĞŽŶĞǁŝƚŚĂůĞǀĞůŽĨĞǆƉĞƌƟƐĞŝŶǀŽůǀĞĚƐŽƚŚĂƚƚŚĞǇĐĂŶŐĞƚƚŚĞĚĂƚĂƉƌŽĐĞƐƐĞĚ
ĂŶĚĂŶĂůǇǌĞĚ͘WůƵŐΘWůĂǇ'W^ŝƐŝŶƚĞŶĚĞĚƚŽƌĞŵŽǀĞƚŚŝƐďĂƌƌŝĞƌŝŶŽƌĚĞƌƚŽŵĂǆŝŵŝǌĞƚŚĞŝŶĐĞŶƟǀĞƚŽŝŶƐƚĂůů'ĞŽĚĞƐǇŶĞƚǁŽƌŬƐŝŶƚŚĞ
ǁŽƌůĚĞƐƉĞĐŝĂůůǇŝŶƚŚĞƚŚŝƌĚǁŽƌůĚĐŽƵŶƚƌŝĞƐǁŚĞƌĞƚŚĂƚĞǆƉĞƌƟƐĞŝƐŚĂƌĚƚŽĮŶĚ͘WůƵŐΘWůĂǇ'W^ŝƐĂE^ZK^^^^ĨƵŶĚĞĚƉƌŽͲ
ũĞĐƚƚŽƉƌŽǀŝĚĞŶŽ-ĐŽƐƚƐĞƌǀŝĐĞƐĨŽƌŐĞŶĞƌĂƟŶŐŚŝŐŚƉƌĞĐŝƐŝŽŶ'W^ƉŽƐŝƟŽŶƟŵĞƐĞƌŝĞƐƉƌŽĚƵĐƚƐĨƌŽŵĐŽŶƟŶƵŽƵƐůǇŽƉĞƌĂƟŶŐ'W^ͬ'E^^
ƐƚĂƟŽŶƐĨƌŽŵĂƌŽƵŶĚƚŚĞŐůŽďĞ͘ƌ͘,ĂŵŵŽŶĚƌĞŝƚĞƌĂƚĞƐƚŚĂƚ͕͞/ĨǇŽƵƐĞƚƵƉƚŚĞŶĞƚǁŽƌŬ͕ǁĞǁŝůůƉƌŽĐĞƐƐƚŚĞĚĂƚĂĨŽƌĨƌĞĞ͕ƚŚĞŽŶůǇ
ĐĂƚĐŚŝƐƚŚĂƚĂůůƚŚĞĚĂƚĂĂŶĚƉƌŽĐĞƐƐĞĚƟŵĞƐĞƌŝĞƐŚĂƐƚŽŐŽŽŶůŝŶĞĂŶĚďĞĂĐĐĞƐƐŝďůĞƚŽĞǀĞƌǇŽŶĞ͕ƐŽǇŽƵďĞĐŽŵĞĂƉĂƌƚŽĨŽƵƌ
ŽŶůŝŶĞƐǇƐƚĞŵǁŚĞƌĞĞǀĞƌǇŽŶĞǁŝůůŚĂǀĞƚŚĞďĞŶĞĮƚŽĨ
ƚŚĂƚĚĂƚĂĂŶĚƚŚŝƐǁŝůůŚŽƉĞĨƵůůǇŵĂǆŝŵŝǌĞƚŚĞŝŵƉĂĐƚ
ŽĨŐĞƫŶŐƚŚĂƚĚĂƚĂŽŶůŝŶĞ͘͟/ĨŽŶĞƐĞĂƌĐŚĞƐĨŽƌWůƵŐΘ
WůĂǇ'W^hEsKŝŶ'ŽŽŐůĞƐĞĂƌĐŚ͕ƚŚĞǇǁŝůůďĞĚŝͲ
ƌĞĐƚĞĚƚŽĂǁĞďĨŽƌŵ͕ƉƌŝŽƌƚŽĚŽǁŶůŽĂĚŝŶŐƚŚĞƉƉ͘
ƌ͘,ĂŵŵŽŶĚĂĚĚĞĚƚŚĂƚ͕͞dŚĞƌĞĂƌĞũƵƐƚƚŚƌĞĞƋƵĞƐͲ
ƟŽŶƐƚŽĂŶƐǁĞƌĂŶĚhEsKǁŝůůĐŽŶƚĂĐƚǇŽƵ͘͟
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WŝĐƚƵƌĞĚǁŝƚŚƌ͘tŝůůŝĂŵ,ĂŵŵŽŶĚ;ĐĞŶƚĞƌͿĂƌĞ͗ĨƌŽŵ
ůĞŌ͕ƌƐ͘ĞďĂƐƌĞĞŚĂƩĞƌũĞĞ-ĂǁŶ͕ĞŶũĂŵŝŶ>ĂĂďƐ͕
>ǇĚŝĂdĂĐŬĞƩ͕ŝůů,ĂŵŵŽŶĚ͕WŚ'ƌĂĚƵĂƚĞƐƚƵĚĞŶƚƐ
ĂĐŚĂƌǇWŚŝůůŝƉƐ;ĂĚǀŝƐĞƌ͗-ƌ͘ĂǇͿ͕WĂƉŝĂZŽǌĂƌŝŽ
;ĂĚǀŝƐĞƌ͗-ƌ͘KĚƵŽƌͿĂŶĚƌ͘^ƚĞƉŚĂŶŝĞĂǇ͘
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,ĞŵĞŶƟŽŶĞĚƚŚĂƚƚŚĞƌĞŝƐĂƉƌĞƩǇŐŽŽĚ'W^ĐŽǀĞƌĂŐĞŽĨŝƐůĂŶĚƐŝŶƚŚĞWĂĐŝĮĐĂŶĚ/ŶĚŝĂŶKĐĞĂŶƐ͘dŚĞƐĞƐƚĂƟŽŶƐĐĂŶďĞƵƐĞĚƚŽƚƌĂĐŬ
ŵŽƟŽŶƐŽĨƉůĂƚĞƐĂŶĚŵĂŶǇŽƚŚĞƌĂƐƉĞĐƚƐƌĞůĂƚĞĚƚŽĚĞĨŽƌŵĂƟŽŶ͘ůůƚŚŝƐŝŶĨŽƌŵĂƟŽŶŝƐďƌŽƵŐŚƚŝŶƚŽƚŚĞEĞǀĂĚĂ'ĞŽĚĞƟĐ>ĂďŽƌĂƚŽƌǇ
ĂŶĚƉƌŽĐĞƐƐĞĚƵƐŝŶŐ:W>'/W^z;'W^/ŶĨĞƌƌĞĚWŽƐŝƟŽŶŝŶŐ^zƐƚĞŵͿƐŽŌǁĂƌĞ͘dŚŝƐƐŽŌǁĂƌĞŝƐŽŶĞŽĨƚŚĞŚŝŐŚĞƐƚƉƌĞĐŝƐŝŽŶĐŽĚĞƐĨŽƌƉƌŽͲ
ĐĞƐƐŝŶŐĂŶĚĂŶĂůǇǌŝŶŐ'W^ĚĂƚĂǁŝƚŚĂƐƵď-ŝŶĐŚͬŵŵƉƌĞĐŝƐŝŽŶŝŶůĂƟƚƵĚĞ͕ůŽŶŐŝƚƵĚĞ͕ĂŶĚĞůĞǀĂƟŽŶ͘
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EarthScope Speaker

ǁŽƌŬĞƌĞǆĂŵŝŶĞƐĂŶĂƌƚŚ^ĐŽƉĞ'W^ƐĞŶƐŽƌ͘ϭ͕ϭϬϬ'W^
ƐĞŶƐŽƌƐŚĂǀĞďĞĞŶƉůĂĐĞĚƚŚƌŽƵŐŚŽƵƚEŽƌƚŚŵĞƌŝĐĂ͘
/Z/^ƐĞŝƐŵŝĐĚĂƚĂƐƵƉĞƌŝŵƉŽƐĞĚďĞůŽǁ͘
;WŚŽƚŽƌĞĚŝƚΞĂƌƚŚ^ĐŽƉĞ͖ƵƐĞĚǁŝƚŚƉĞƌŵŝƐƐŝŽŶͿ

ƐƉĂƌƚŽĨƚŚĞWůƵŐΘWůĂǇƉƌŽũĞĐƚ͕hEsKǁŝůůĂĐĐĞƉƚŚŝŐŚ-ƋƵĂůŝƚǇ'W^ĚĂƚĂĨƌŽŵĐŽŶƚƌŝďƵƚŽƌƐǁŚŽĚĞƐŝƌĞĚĂƚĂƉƌŽĐĞƐƐŝŶŐďǇƚŚĞhŶŝͲ
ǀĞƌƐŝƚǇŽĨEĞǀĂĚĂ͘ŽŶƚƌŝďƵƚĞĚĚĂƚĂĂŶĚĚĞƌŝǀĞĚƟŵĞƐĞƌŝĞƐƉƌŽĚƵĐƚƐǁŝůůďĞƉƵďůŝĐůǇĂǀĂŝůĂďůĞĨŽůůŽǁŝŶŐƚŚĞhEsKĂƚĂWŽůŝĐǇ͘hEͲ
sKƐĞƌǀŝĐĞŝŶĐůƵĚĞƐĂƌĐŚŝǀŝŶŐĂŶĚŐĞŶĞƌĂƟŽŶŽĨĚĂƚĂĂŶĚƉƌŽĚƵĐƚŝŐŝƚĂůKďũĞĐƚ/ĚĞŶƟĮĞƌƐ;K/ƐͿ͘&ŽƌĞǆĂŵƉůĞ͕ƚŚĞǇŚĂǀĞƐŽŵĞŽŶĞ
ǁŚŽŚĂƐƐĞƚƵƉĂďĂƐĞƐƚĂƟŽŶŽŶĂůĂŶĚƐůŝĚĞŝŶ^ĂŶ&ƌĂŶĐŝƐĐŽďĂǇĂƌĞĂƚŽŵŽŶŝƚŽƌƚŚĞĐƌĞĞƉĂŶĚĚĞƚĞƌŵŝŶĞŚŽǁĨĂƐƚƚŚĞůĂŶĚƐůŝĚĞŝƐ
ŵŽǀŝŶŐǁŝƚŚƌĞƐƉĞĐƚƚŽƚŚĞEŽƌƚŚŵĞƌŝĐĂŶƉůĂƚĞŵŽǀĞŵĞŶƚ͘^ŝŶĐĞĞĂĐŚďĂƐĞƐƚĂƟŽŶŚĂƐĂƵŶŝƋƵĞŝĚĞŶƟĨǇŝŶŐĐŽĚĞ͕ƚŚĞǇĐĂŶƋƵŝĐŬůǇ
ƋƵĞƌǇƌĞƐƵůƚƐĨƌŽŵŽŶĞƐƚĂƟŽŶƚŽĂŶŽƚŚĞƌ͘ƌ͘,ĂŵŵŽŶĚĂůƐŽƐĂŝĚƚŚĂƚ͕͞ƚŚĞŵĞƚŚŽĚŽĨŐĞŽĐŽĚŝŶŐ'W^ƉŽŝŶƚƐŝƐǀĞƌǇŵƵĐŚůŽŽŬŝŶŐĂƚ
ĞǀĞƌǇĚĂƚĂƉŽŝŶƚĂŶĚŵĂŬŝŶŐƐƵƌĞƚŚĂƚŝƚŝƐĐŽƌƌĞĐƚ͕ůŽŽŬŝŶŐĂƚŽƵƚůŝĞƌƐ͕ŶŽƟŶŐĞƋƵŝƉŵĞŶƚĐŚĂŶŐĞƐ͕ĂŶĚĐŚĞĐŬŝŶŐĨŽƌĚĂƚĂƚŚĂƚŵĂǇĐĂƵƐĞ
ĚŝƐĐŽŶƟŶƵŝƟĞƐŽĐĐƵƌƌŝŶŐĨŽƌǀĂƌŝŽƵƐƌĞĂƐŽŶƐ͘͟
ĐĐĞƐƐƚŽƚŚĞďĞŶĞĮƚƐŽĨŚĂǀŝŶŐŚŝŐŚƉƌĞĐŝƐŝŽŶ͕ůŽǁ-ůĂƚĞŶĐǇƉŽƐŝƟŽŶƟŵĞƐĞƌŝĞƐĨƌŽŵŐůŽďĂů'W^ŶĞƚǁŽƌŬƐŝƐĐƵƌƌĞŶƚůǇůŝŵŝƚĞĚďǇƚŚĞ
ŶĞĞĚƚŽŚĂǀĞĂĚǀĂŶĐĞĚĞǆƉĞƌƟƐĞĂŶĚƐǇƐƚĞŵƐĨŽƌĚĂƚĂĂĐƋƵŝƐŝƟŽŶĂŶĚƉƌŽĐĞƐƐŝŶŐ͘ƌ͘,ĂŵŵŽŶĚ͛ƐƚĞĂŵŝƐƚĂŬŝŶŐƐƚĞƉƐƚŽƌĞŵŽǀĞ
ƚŚĞƐĞďĂƌƌŝĞƌƐďǇĚĞǀĞůŽƉŝŶŐĂ'W^ĚĂƚĂĂŶĂůǇƐŝƐƐǇƐƚĞŵĐĂƉĂďůĞŽĨƉƌŽĐĞƐƐŝŶŐĂůůŽƉĞŶůǇĂǀĂŝůĂďůĞĚĂƚĂĨƌŽŵŽǀĞƌϭϯ͕ϱϬϬĐŽŶƟŶƵŽƵƐůǇ
ŽƉĞƌĂƟŶŐƐƚĂƟŽŶƐĨƌŽŵĂƌŽƵŶĚƚŚĞŐůŽďĞ͘dŚŝƐƌŝŐŽƌŽƵƐĂŶĚĂƵƚŽŵĂƚĞĚƐǇƐƚĞŵǁŝůůƉƌŽǀŝĚĞƉƌŽĐĞƐƐŝŶŐĨƌĞĞŽĨĐŚĂƌŐĞĂŶĚǁŝůů ŐƌĞĂƚůǇ
ĞĂƐĞĂĐĐĞƐƐƚŽ'W^ƉŽƐŝƟŽŶƟŵĞƐĞƌŝĞƐƚŚĂƚĐĂŶďĞƵƐĞĚĨŽƌƌĂƉŝĚŵŽĚĞůŝŶŐĂŶĚĂŶĂůǇƐŝƐŽĨŶĂƚƵƌĂůŚĂǌĂƌĚƐĨƌŽŵĞĂƌƚŚƋƵĂŬĞƐ͕ƚƐƵŶĂͲ
ŵŝƐ͕ǀŽůĐĂŶŽĞƐ͕ŚǇĚƌŽůŽŐŝĐĐŚĂŶŐĞƐ͕ĂŶĚŽƚŚĞƌĂƉƉůŝĐĂƟŽŶƐ͘/ƚŝƐĞŶǀŝƐŝŽŶĞĚƚŚĂƚĂǀĂŝůĂďŝůŝƚǇŽĨƚŚŝƐƵŶŝƋƵĞƌĞƐŽƵƌĐĞǁŝůůĞŶĐŽƵƌĂŐĞ
ŽƉĞŶƐŚĂƌŝŶŐŽĨĚĂƚĂĂŶĚĂŶĂůǇƐĞƐ͕ĂŶĚĞŶĂďůĞďƵŝůĚŝŶŐƐĐŝĞŶƟĮĐĐĂƉĂĐŝƚǇŝŶĂƌĞĂƐƚŚĂƚĂƌĞĐƵƌƌĞŶƚůǇƐƉĂƌƐĞůǇƐĂŵƉůĞĚǁŝƚŚ'W^ĚĞǀŝĐĞƐ
ƐƵĐŚĂƐŝŶĨƌŝĐĂ͘dŚĞǇŚŽƉĞƚŽƉƌŽǀŝĚĞĚĂŝůǇĂŶĚϱ-ŵŝŶƵƚĞƉŽƐŝƟŽŶƟŵĞƐĞƌŝĞƐĂŶĚƋƵĂůŝƚǇĐŽŶƚƌŽůĂŶĂůǇƐĞƐ͕ǁŝƚŚůĂƚĞŶĐǇďĞƚǁĞĞŶϮ
ŚŽƵƌƐĂŶĚϭĚĂǇ͘'ůŽďĂůEĂǀŝŐĂƟŽŶ^ĂƚĞůůŝƚĞ^ǇƐƚĞŵ;'E^^ͿĚĂƚĂƐƵďŵŝƩĞĚƚŽƚŚĞhEsKĂƌĐŚŝǀĞƵŶĚĞƌŐŽĞƐĚĂƚĂĂŶĂůǇƐŝƐ͕ĂĐĐĞƐƐ͕
ĨŽƌŵĂƫŶŐĂŶĚĐĂƚĂůŽŐŝŶŐŽĨĂĐĐƵƌĂƚĞŵĞƚĂĚĂƚĂŝŶĐůƵĚŝŶŐƉƌŽƉĞƌƐŽƵƌĐĞĂƩƌŝďƵƟŽŶ͘dŚĞEĞǀĂĚĂ'ĞŽĚĞƟĐ>ĂďŽƌĂƚŽƌǇĂƚƚŚĞhŶŝǀĞƌƐŝƚǇ
ŽĨEĞǀĂĚĂ͕ZĞŶŽ͕;hEZͿǁŝůůƉŝĐŬƵƉŚŽƵƌůǇĂŶĚͬŽƌĚĂŝůǇĚĂƚĂĮůĞƐĨƌŽŵƚŚĞhEsKĂƌĐŚŝǀĞĂŶĚƉƌŽĐĞƐƐƚŚĞĚĂƚĂƵƐŝŶŐƉƌŽĚƵĐƚƐƉƌŽͲ
ǀŝĚĞĚďǇƚŚĞ:ĞƚWƌŽƉƵůƐŝŽŶ>ĂďŽƌĂƚŽƌǇ;:W>Ϳ͕ŝŶĐůƵĚŝŶŐƵůƚƌĂ-ƌĂƉŝĚ'W^ŽƌďŝƚƐĂŶĚĐůŽĐŬƉĂƌĂŵĞƚĞƌƐ͕ĂŶĚ:W>͛Ɛ'/W^zK^/^//ƐŽŌǁĂƌĞ͘
dŚĞƉƌŽĐĞƐƐĞĚƟŵĞƐĞƌŝĞƐĂƌĞƉƌĞƐĞŶƚĞĚŝŶŐůŽďĂů;/'^ϬϴͿĂŶĚEŽƌƚŚŵĞƌŝĐĂ;EϭϮͿƌĞĨĞƌĞŶĐĞĨƌĂŵĞƐĂŶĚƉŽƐƚ-ƉƌŽĐĞƐƐĞĚƐƚĂƟŽŶ
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ƋƵĂůŝƚǇĐŽŶƚƌŽůĨĂĐƚŽƌƐ͕ĂƌĞĐĂƚĂůŽŐĞĚŝŶĂ'ĞŽĚĞƟĐ^ĞĂŵůĞƐƐƌĐŚŝǀĞĞŶƚĞƌƐ;'^Ϳ
ĚĂƚĂďĂƐĞƚŚĂƚŝƐƐĞĂƌĐŚĂďůĞĂŶĚĂĐĐĞƐƐŝďůĞǀŝĂǁĞďďƌŽǁƐĞƌƐŽƌǀŝĂŶĞǁůǇĚĞǀĞůŽƉĞĚ
ƐŝŵƉůĞZ^dĨƵů;Z^dƐƚĂŶĚƐĨŽƌZĞƉƌĞƐĞŶƚĂƟŽŶĂů^ƚĂƚĞdƌĂŶƐĨĞƌͿǁĞďƐĞƌǀŝĐĞƐ͘dŽ
ĞŶƐƵƌĞƵƟůŝƚǇŽĨƚŚĞƉƌŽĚƵĐƚƐ͕ĨƌŝĐĂƌƌĂǇ͕h^'^͕ĂŶĚ:W>ĐŽůůĂďŽƌĂƚŽƌƐĂƌĞŝŶĐůƵĚĞĚŝŶ
ƚŚĞƚĞƐƟŶŐĂŶĚĞǀĂůƵĂƟŽŶĂŶĚƐŚŽƌƚĐŽƵƌƐĞƐǁŝůůƉƌŽǀŝĚĞƚƌĂŝŶŝŶŐŽŶŚŽǁƚŽƉƌŽǀŝĚĞ
ĚĂƚĂƚŽƚŚĞƐǇƐƚĞŵĂŶĚƵƟůŝǌĞƉƌŽĚƵĐƚƐ͘ďĞƚĂǀĞƌƐŝŽŶŽĨƚŚĞhEZWůƵŐĂŶĚWůĂǇ
ƉƌŽĚƵĐƚ'^ŝƐŶŽǁĂǀĂŝůĂďůĞĨŽƌŽƉĞŶƚĞƐƟŶŐĂŶĚƚŚŝƐƐĞƌǀŝĐĞǁŝůůďĞŵŽǀĞĚǁŚĞŶ
hEZ'^ďĞĐŽŵĞƐĨƵůůǇŽƉĞƌĂƟŽŶĂů͘ƌ͘,ĂŵŵŽŶĚƐƚĂƚĞĚƚŚĂƚ͕͞ƚŚĞƌĞŝƐƐŽŵƵĐŚ
ƚŚĂƚŝƐĐŽŵŝŶŐĂŶĚŝƐŶŽƚĂƌĞĂƐŽŶĨŽƌƵƐƚŽŐĞƚƉĞƌƐŶŝĐŬĞƚǇŝŶŵŽĚĞůŝŶŐĞǀĞƌǇƟŵĞ
ƐĞƌŝĞƐŝŶĚŝǀŝĚƵĂůůǇ͘ dŚĞŵĞƚŚŽĚŽĨ'W^'ĞŽĚĞƐǇ ƉƌŽĐĞƐƐŝŶŐŝŶƚŚĞƉĂƐƚŝƐůŽŽŬŝŶŐĂƚ
ĞǀĞƌǇƉŽŝŶƚĞŶƐƵƌŝŶŐĞǀĞƌǇĚĂƚĂƉŽŝŶƚŝƐĐŽƌƌĞĐƚĂŶĚǁĞĞĚŝŶŐŽƵƚŽƵƚůŝĞƌƐĂŶĚƉŽƐŝ-

'W^^ĂƚĞůůŝƚĞ
;ΞE^Ϳ

^ƉĂƟĂů/ŵĂŐŝŶŐ
dŚĞŶĞǆƚƐƚĞƉŝŶ'W^ŝŵĂŐŝŶŐŝƐƚŚĞƐƉĂƟĂůƉĂƌƚǁŚĞƌĞƌ͘,ĂŵŵŽŶĚ͛ƐƌĞƐĞĂƌĐŚŐƌŽƵƉƉĞƌĨŽƌŵƐƐƚĂƟƐƟĐĂůůǇĂƉƉƌŽƉƌŝĂƚĞŝŶƚĞƌƉŽůĂƟŽŶ
ŽĨƚŚĞĚĂƚĂŝŶĂǁĂǇƚŚĂƚĚŽĞƐŶŽƚŝŵƉŽƐĞĂŶǇƐŵŽŽƚŚŝŶŐŽĨƚŚĞƐƉĂƟĂůĚĂƚĂĂƚĂůů͘ ŽƚŚ'W^ŝŵĂŐŝŶŐĂŶĚƐƉĞĐƚƌĂůŝŵĂŐŝŶŐŝŶĐƵƌƐƉĞĐŬͲ
ůĞŶŽŝƐĞĂŶĚŝƐƵƐƵĂůůǇƚƌĞĂƚĞĚǁŝƚŚǁĞŝŐŚƚĞĚŵĞĂŶƚǇƉĞĮůƚĞƌŽƌŬƌŝŐŝŶŐ͘ dŚĞǇƵƐĞĂƐƉĂƟĂůƐƚƌƵĐƚƵƌĞŵĞƚŚŽĚƚŚĂƚŝŶǀŽůǀĞƐĞůĂƵŶĂǇ
dƌŝĂŶŐƵůĂƟŽŶǁŚŝĐŚĐĂŶďĞƵƐĞĚƚŽŐĞŶĞƌĂƚĞĂ͞ƐƵƌĨĂĐĞ͟ŽĨ'W^ƐƚĂƟŽŶƐďƵƚŝƐĂůƐŽƐĞŶƐŝƟǀĞƚŽŽƵƚůŝĞƌƐũƵƐƚůŝŬĞD/^͘ KŶĞŽĨŝƚƐŝŶͲ
ŚĞƌĞŶƚĂĚǀĂŶƚĂŐĞƐŝƐƚŚĂƚŝƚƉƌĞƐĞƌǀĞƐƚŚĞŝŶƚĞŐƌŝƚǇŽĨƌĞƐŽůƵƟŽŶŽĨƚŚĞƐƚĂƟŽŶƐ͘ ,ĞŵĞŶƟŽŶĞĚƚŚĂƚ͕͞/ĨǁĞŚĂǀĞŽŶĞ'W^ƐƚĂƟŽŶŝŶ
EŽƌƚŚĂŬŽƚĂƚŚĂƚŝƐĂůůǁĞŚĂǀĞ͕ŝĨƚŚĞĚĂƚĂŝƐĚĞŶƐĞƚŚĞŶǁĞǁĂŶƚƚŚĞĮĞůĚƚŽďĞĞƋƵĂůůǇƐƉĂƟĂůůǇĚĞŶƐĞ͘͟'W^ŝŵĂŐŝŶŐŚĞůƉƐƚŚĞŵ
ŝƐŽůĂƚĞĐŚĂŶŐĞƐĂƚĂĮŶĞƌƐĐĂůĞŽĨцϯŵŵͬǇĞĂƌ͕ŝƐŽůĂƚĞůĂƌŐĞƐĐĂůĞƐͬƐŝŐŶĂůƐ͕ĂŶĚĚĞƐƉĞĐŬůĞŶŽŝƐĞŝŶŽƌĚĞƌƚŽŐĞŶĞƌĂƚĞĂůƵĐŝĚǀŝĞǁ͘ /Ŷ
ŽŶĞŽĨƚŚĞŝƌƐƚƵĚŝĞƐ͕ƚŚĞǇƵƐĞĚƐƚĂƟŽŶƐƚŚĂƚŚĂĚůŽŶŐƚĞŵƉŽƌĂůƌĞĐŽƌĚƐ;хϱǇĞĂƌƐͿŽĨĚĂƚĂĂŶĚĂƉƉůŝĞĚĂĮůƚĞƌŝŶŐƚĞĐŚŶŝƋƵĞ͘ &ƌŽŵƚŚĞŝƌ
ƐƚƵĚǇ͕ƚŚĞǇĐŽŶĐůƵĚĞĚƚŚĂƚƚŚĞƌĞŝƐĂŶƵƉǁĂƌĚŵŽƟŽŶŝŶEŽƌƚŚĞƌŶĂŶĂĚĂƚŚĂƚĚĞƉŝĐƚƐŐůĂĐŝĂůŝƐŽƐƚĂƟĐƌĞďŽƵŶĚĨŽůůŽǁŝŶŐŵĞůƟŶŐŽĨ
ƚŚĞ>ĂƵƌĞŶƟĚĞ/ĐĞ^ŚĞĞƚ͖ƐŽƚŚĞŝĐĞŵĂŶƚůĞĂĐƚƐůŝŬĞĂǀŝƐĐŽ-ĞůĂƐƟĐŵĂƚĞƌŝĂů͕ƐƵĐŚƚŚĂƚ͕ĂŌĞƌƚŚĞůŽĂĚŽĨƚŚĞŐůĂĐŝĞƌƐĚŝƐĂƉƉĞĂƌƐƚŚĞƌĞŝƐ
ĂĐŽƌƌĞƐƉŽŶĚŝŶŐƌĞďŽƵŶĚ͘ dŚĞǇĞƐƟŵĂƚĞĚƚŚĞƌĂƚĞƚŽďĞĂďŽƵƚϮŵŵͬǇĞĂƌ͘ dŽƚŚĞƐŽƵƚŚŽĨƚŚĞƵƉǁĂƌĚƉĂƌƚŽĨƚŚŝƐĂƌĞĂƐŚŽǁŝŶŐƌĞͲ
ďŽƵŶĚƚŚĞƌĞŝƐĂĐŽƌƌĞƐƉŽŶĚŝŶŐĚŽǁŶǁĂƌĚŵŽƟŽŶĂƚϮŵŵͬǇĞĂƌĂŶĚƚŚŝƐĞǆƚĞŶĚƐĂůůƚŚĞǁĂǇĨƌŽŵEŽƌƚŚĞƌŶDŽŶƚĂŶĂƚŽůďĂŶǇŝŶEĞǁ
zŽƌŬ͕ĂŶĚĂůƐŽĂůŽŶŐƚŚĞh^ĞĂƐƚĐŽĂƐƚ͘ ŶĚƐŽĨƌŽŵƚŚĞ'ĞŽƌŐŝĂŶĐŽĂƐƚƵƉǁĂƌĚƐƚŽǁĂƌĚƐDĂƐƐĂĐŚƵƐĞƩƐŝƐƚŚĞĚŽǁŶǁĂƌĚŵŽƟŽŶƉƌĞͲ
ƐĞŶƟŶŐĂŚŝŶŐĞůŝŶĞĂŶĚƐŽƵƚŚŽĨƚŚĞŚŝŶŐĞůŝŶĞŝƐĂĨŽƵƌ-ĨŽůĚĐŽůůĂƉƐĞ͘ dŚĞǀŝƐĐŽ-ĞůĂƐƟĐƌĞƐƉŽŶƐĞŝŶƚŚĞůŝƚŚŽƐƉŚĞƌĞ͕ƚŚĞĞƋƵĂƟŽŶƐŽĨ
ĂŶĞůĂƐƟĐƉůĂƚĞ͕ƉƌĞĚŝĐƚƐƚŚŝƐĚŽǁŶǁĂƌĚĨĞĂƚƵƌĞŽŶƚŽƉŽĨƚŚĞŚŝŶŐĞůŝŶĞ͘ dŚŝƐŝƐ'ůĂĐŝĂů/ƐŽƐƚĂƟĐĚũƵƐƚŵĞŶƚ;'/ͿŝŶƌĞǀĞƌƐĞ͘͞dŚŝƐŝƐĂ
ďŝŐƐŝŐŶĂůƐŝŶĐĞŝƚĐŽǀĞƌƐƐƵĐŚĂůĂƌŐĞĂƌĞĂ͊͟ĞǆĐůĂŝŵĞĚƌ͘,ĂŵŵŽŶĚ͘ůƐŽƚŚĞǇŶŽƚĞĚƚŚĂƚƵƉůŝŌƉĂƩĞƌŶƐŝŶƚŚĞǁĞƐƚĞƌŶh^ĂƌĞĐŽŶͲ
ƐŝƐƚĞŶƚǁŝƚŚŐƌŽƵŶĚǁĂƚĞƌĞǆƚƌĂĐƟŽŶ͕ĞůĂƐƟĐďĞĚƌŽĐŬƵƉůŝŌ͕ƉůƵƐƐůŽǁĞƌďĂĐŬŐƌŽƵŶĚƚĞĐƚŽŶŝĐƵƉůŝŌ͘ĚŝƐĐŽŶƟŶƵŝƚǇŝŶƚŚĞǀĞůŽĐŝƚǇĮĞůĚ
ĂĐƌŽƐƐƚŚĞƐŽƵƚŚĞĂƐƚĞƌŶĞĚŐĞŽĨƚŚĞ^ŝĞƌƌĂEĞǀĂĚĂĂůƐŽƌĞǀĞĂůƐĂĐŽŶƚƌĂƐƚŝŶůŝƚŚŽƐƉŚĞƌŝĐƐƚƌĞŶŐƚŚ͕ƐƵŐŐĞƐƟŶŐĂƌĞůĂƟŽŶƐŚŝƉďĞƚǁĞĞŶ
ůĂƚĞĞŶŽǌŽŝĐƵƉůŝŌŽĨƚŚĞƐŽƵƚŚĞƌŶ^ŝĞƌƌĂEĞǀĂĚĂĂŶĚĞǀŽůƵƟŽŶŽĨƚŚĞƐŽƵƚŚĞƌŶtĂůŬĞƌ>ĂŶĞĨƌŽŵƚŚĞŝƌƐƚƵĚǇ͘
WůĞĂƐĞǀŝƐŝƚ͗ŚƩƉ͗ͬͬǁǁǁ͘ĞĂƌƚŚƐĐŽƉĞ͘ŽƌŐͬ
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ƟŽŶƐĚƵƌŝŶŐĞƋƵŝƉŵĞŶƚĐŚĂŶŐĞƐ͘͟͞D/^;DŝǆĞĚĂƚĂ^ĂŵƉůŝŶŐͿŝƐĂŶĞǁƚĞĐŚŶŝƋƵĞƚŚĂƚĂůůŽǁƐƵƐƚŽŐŽƚŚƌŽƵŐŚĂůŽƚŽĨĚĂƚĂŶŝĐĞůǇ
ǁŝƚŚƚƌĞŶĚƐŝŶĂƟŵĞƐĞƌŝĞƐ͕͟ŚĞĂĚĚĞĚ͘ ƌ͘,ĂŵŵŽŶĚ͛ƐƚĞĂŵŝŶƚƌŽĚƵĐĞĚĂŶĞǁŶŽŶ-ƉĂƌĂŵĞƚƌŝĐŵĞƚŚŽĚǁŚĞƌĞŝƚŝƐŶŽƚŶĞĐĞƐƐĂƌǇƚŽ
ŬŶŽǁĂŶǇƚƌĞŶĚƐďĞĨŽƌĞŚĂŶĚ͘ &ŽƌĞǆĂŵƉůĞ͕ǁŝƚŚƚŚĞŝƌŵĞƚŚŽĚŝƚŝƐƉŽƐƐŝďůĞƚŽƉĂƌĂŵĞƚƌŝǌĞƚŚĞƟŵĞƐĞƌŝĞƐŝŶĚĞƚĂŝůĨŽƌĂƐĞŝƐŵŝĐĞǀĞŶƚ
ŽĐĐƵƌƌŝŶŐŽŶ:ĂŶƵĂƌǇϬϭ͕ϮϬϭϬĂŶĚĂƌĞƉĞĂƚĞǀĞŶƚŽŶ:ĂŶƵĂƌǇϭϱ͕ϮϬϭϱ͘ůƚŚŽƵŐŚ͕ŝƚŝƐĂůĂďŽƌŝŶƚĞŶƐŝǀĞƉƌŽĐĞƐƐƌĞƋƵŝƌŝŶŐŬŶŽǁŝŶŐ
ǁŚĞƌĞĂůůƚŚĞĚŝƐĐŽŶƟŶƵŝƟĞƐŽĐĐƵƌĨŽƌǀĂƌǇŝŶŐƌĞĂƐŽŶƐ͕ŝƚĐĂŶďĞĚŽŶĞĂƵƚŽŵĂƟĐĂůůǇ͘ dŚŝƐĐĂŶďĞĚŽŶĞďǇŶŽƟŶŐůŽĐĂƟŽŶƐĂŶĚƟŵĞƐĞͲ
ƌŝĞƐĚĞǀĞůŽƉĞĚ͘zŽƵĐĂůĐƵůĂƚĞƚŚĞƐƉĂƟĂůĚŝīĞƌĞŶĐĞĚŝǀŝĚĞĚďǇƚŚĞƟŵĞďĞƚǁĞĞŶƚŚĞƐĞƚŽŐĞƚĂƌĂƚĞĂŶĚƚŚĞŶĚŽƚŚŝƐĨŽƌĞǀĞƌǇƉŽƐƐŝďůĞ
ĚĂƚĂƉĂŝƌƚŚĂƚŝƐĂďŽƵƚĂǇĞĂƌĂƉĂƌƚ͘dŚŝƐĂůůŽǁƐŽŶĞƚŽŐĞŶĞƌĂƚĞĂĚŝƐƚƌŝďƵƟŽŶŽĨƚŚĞƐĞǀĞůŽĐŝƟĞƐĂŶĚƚŚĞŵĞĚŝĂŶŽĨƚŚĂƚĚŝƐƚƌŝďƵƟŽŶ
ƌĞƉƌĞƐĞŶƚƐƚŚĞŽǀĞƌĂůůƌĂƚĞ͘ƌ͘,ĂŵŵŽŶĚŵĞŶƟŽŶĞĚƚŚĂƚ͕͞ŝƚĂƉƉĞĂƌƐĐůƵŶŬǇĞƐƉĞĐŝĂůůǇƚŽƐĐŝĞŶƟƐƚƐƚŚĂƚůŽǀĞůĞĂƐƚƐƋƵĂƌĞƐĂŶĚŵĂƚƌŝͲ
ĐĞƐďƵƚŝƚŝƐĞǆƚƌĞŵĞůǇƌŽďƵƐƚǁŚĞƌĞƚŚĞƌĞĐŽƵůĚďĞϮϵйŽĨƚŚĞĚĂƚĂƚŚĂƚŵĂǇďĞŐĂƌďĂŐĞŽƌŽƵƚůŝĞƌƐ͕ǇŽƵǁŝůůƐƟůůŐĞƚƚŚŝƐƐƚĂďůĞĞƐƟŵĂƚͲ
ĞĚƚƌĞŶĚ͘͟͞dŚŝƐŵĞƚŚŽĚŐŝǀĞƐǇŽƵĂůŵŽƐƚƚŚĞƌĞŐƵůĂƌĂŶƐǁĞƌĨŽƌĂƟŵĞƐĞƌŝĞƐďƵƚŝĨǇŽƵŚĂƚĞƟŵĞƐĞƌŝĞƐƚŚĂƚŚĂƐǁŝŐŐůĞƐ͕ďƵŵƉƐ͕ĂŶĚ
ƉĞĐƵůŝĂƌŝƟĞƐ͕ŝƚŝƐŵƵĐŚĞĂƐŝĞƌƚŽƚŚĞŶĂǀĞƌĂŐĞƚƌĞŶĚ͕͟ŚĞƉŽƐƚƵůĂƚĞĚ͘ dŚĞǇƚĞƐƚĞĚƚŚŝƐŵĞƚŚŽĚŝŶǀĂƌŝŽƵƐǁĂǇƐĂŶĚĂůƐŽƐĞƚƵƉĐŽŵƉƵƚĂͲ
ƟŽŶƐǁŚĞƌĞƚŚĞǇĐĂŶĞƐƟŵĂƚĞƚŚĞƚƌĞŶĚ͘
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S.T.E.M. Outreach
The following are our outreach initiatives and programs:
Synergies with NATURE Program: NATURE is an educational outreach designed to attract and retain North Dakota American
Indian college and high school students in science, technology, engineering and mathematics (STEM) degree programs.
Cub Scout Geology Badges: The department in collaboration with various local Boy Scout chapters enables Tiger Cubs, Cub
Scouts and Webelos Scouts complete their Geology Badge requirements. The scouts collect and identify rock samples,
minerals, and articulate the basics of geology to a broader audience for the Belt Loop requirements.
NDSU Darwin Days Hallway of Biodiversity Museum: 7KHGHSDUWPHQWDOVRSDUWLFLSDWHVLQ'DUZLQ'D\V·GLVSOD\VDQGNH\QRWH
presentations.
National Fossil Day at the Fargo Public Library, Downtown Branch, and Carlson Branch: The department through local community participation also headlines the National Fossil day at the Fargo Public library.
North Dakota Science Olympiad: $OOGHSDUWPHQWDOIDFXOW\VWDIIDQGVWXGHQWVDUHHTXDOO\LQYROYHGLQ1RUWK'DNRWD·V6FLHQFH
Olympiad program in areas like geology, geography, paleontology, and meteorology events. The Science Olympiad is a K12 program designed to foster teamwork and group learning as required skills in scientific careers.
7KHGHSDUWPHQWKDVSDUWLFLSDWHGLQ D ([SDQGLQJ<RXU+RUL]RQVLQ6FLHQFHDQG0DWKHPDWLFVFRQIHUHQFHV E 3UHVHQWLQJDV
guest lectures in various institutions on topics on Evolution, Mass Extinction, and Paleontology. (c) NDSU Science Café
as guest lecturers. The Science Café is designed to communicate significant scientific questions to the general public. (d)
Lake Agassiz Rock Club as guest speakers. (e) Identifying rocks, minerals, and fossils collected by community members. (f)
Pop-up Science Technology Engineering Arts & Mathematics (STEAM) Museum at the Fargo Public Library. (g) West
Fargo Public Library Geology Mini-Museum, One Book, One Community Series.
Articulating Science to K-12 students: The department has presented: (a) Minerals, rocks, and fossils information to GlyndonDilworth-Felton Public School, 1st graders. (b) Topics in minerals, rocks, and fossils; to Casselton Public Schools, 4th
graders. (c) NDSU Stem Kids Summer Camp, geology event. (d) Math and Science Night Geology Event at Eastwood
Public school. There were 115 families and a total of 346 people attended this event. (d) Fargo Public Library Summer
Reading Program Science Events.
Multi-Media / Audio-Visual Communications: The department has been featured in various news outlets on emerging topics and
key discoveries including National Geographic, PBS (Share-A-Story).
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Honors Day

Kayleigh Alme

´
³

Samuel Marolt
Samuel Marolt UHFHLYHGWKH´*UHHQ+DPPHUµ6FKRODUVKLS7KLVLVDURFNSLFNDQGDVFKRODUVKLSWRWKHRXWVWDQGLQJ*HRORJ\
major at the first-\HDUOHYHO+HLGL+DQVHQ QRWSLFWXUHG DOVRUHFHLYHGWKH´*UHHQ+DPPHUµ6FKRODUVKLS

J
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Kayleigh Alme received the Sophomore Scholarship (formerly the Brophy Family Scholarship). This is a $250 scholarship given to
the outstanding Geology major at the sophomore level.

Kevin McKenzie

Kevin McKenzie received the John & Margaret Brophy Scholarship. This is a $1,000 scholarship given to a Geology major (any level) as named by the faculty of Geosciences. His nomination notes included: Enthusiasm in Geology, Improved academic performance, Engaged and helpful in Geology-based projects & assignments.
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Gabriel Ferragut
Gabriel Ferragut received the Allan C. Ashworth Scholarship (formerly the GeoAlumni Scholarship). This is a scholarship of $1,000
to the Geology major at the senior level with the highest academic standing. Funds provided by alumni and friends of the Geosciences Department.

2017 Scholarship Recipients
Kayleigh Alme:- John & Margaret Brophy Scholarship
Haley Marston:- Lake Agassiz Rock Club Scholarship
Tristan Anderson & Samuel Marolt :- Sophomore Scholarship
Max Kittock:- ´*UHHQ+DPPHUµ6FKRODUVKLS
Sean Ternes:- Brophy Scholarship. This is a $300 scholarship given biennially to the Geology major submitting the outstanding report for Field Geology.
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. A h orth S holar hip

Melissa Maertens received the Lake Agassiz Rock Club Scholarship (formerly the Agassiz Scholarship). This scholarship includes
the Glossary of Geology and a $350 cash scholarship given by the Lake Agassiz Rock Club to the Geology major at the junior level on
the basis of scholastic achievement.

Allan

Honors Day

Melissa Maertens
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Crossword Puzzle
Across

Down

5. Gradient

1. Any unsaturated hydrocarbon containing at least one double
bond

6. Anglicized version of fjord

2. A higher position
7. A metamorphic rock composed prevailingly of quartz, feldspars
3. Chemical symbol for lithium
and micas arranged in plane parallel structure
9. Sudden bursts of energy e.g. in volcanic eruptions

4. Laminated, commonly crinkled deposits of algal dust

11. Prefix meaning half

8. Pertaining to an earthquake or Earth vibration

13. Another term for apsis

10. Said of a body in which strain produces continuous, permanent
deformation without rupture

14. Relative displacement of formerly adjacent points on opposite
sides of a fault, measured in the fault surface (pl)

12. Inclination

15. The female gamete of an embryophytic plant

16. Any low-lying land bordered by higher ground

17. An extremely soft, light green or gray monoclinic mineral

18. Fossil _______ can be used as paleoprecipitation indicators

19. The chemically resistant dioxide of silicon

22. 3UHIL[PHDQLQJ´WZRµ´WZLFHµRU´GRXEOHµ

20. A very large expanse of sea (pl)

24. Chemical symbol for gold

21. A rock containing a cavity lined with crystals or other mineral
matter
23. A colorless, transparent, odorless, tasteless liquid
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Fund Raising

2016³2018 Campaign
The Department of Geosciences is appealing to all
alums and friends of the department. The department is in great need of your
support! The department has over the years managed to recruit talented students
who have gone on to succeed in rewarding careers. This would not have been possible without the support of
alums and friends of the department. The departmental faculty also advise graduate students in various capacities. The following are our priority areas for this second round of our funding campaign: (a) student support,
and (b) laboratory support.

Student Support
We need your help in support of:

Undergraduate & Graduate Research: The department has had outstanding majors, and remarkable success in recruiting graduate students through the Environment & Conservation Sciences Program. We need your help to support field-work studies or travel to conferences to present their research.
Undergraduate Merit Scholarships: Every year we award various scholarships to deserving students. These include
$OODQ&$VKZRUWK6FKRODUVKLS/DNH$JDVVL]5RFN&OXE6FKRODUVKLS6RSKRPRUH6FKRODUVKLS´*UHHQ+DPPHUµ
Scholarship, John & Margaret Brophy Scholarship, and Brophy Scholarship.

Laboratory Support
Paleontology & Sedimentology Laboratory Support: A one-time donation of $14,000 can be made to support an
undergraduate student field trip to New Zealand, undergraduate research for a full academic year, petrography projects, light blocking outdoor tent, and travel to Earth Science Rendezvous.
Fluvial Geomorphology / Terrestrial Laser Scanning Laboratory Support: A one-time donation of $118,250 can
be made to purchase a time lapse photography camera, tablet PCs e.g. iPads and an updated Laser scanner designed
for outdoor applications. New equipment or single items donation can also be made, e.g., single iPads.
Mineralogy Laboratory Support: A one-time donation of $205,000 can be made to purchase a Buehler Petrothin
thin section machine ($20K), a desktop Scanning Electron Microscopy (SEM) with EDS system ($150K), and a
handheld XRF for field and laboratory rapid chemical analysis ($35K). Your help and support is greatly appreciated!
Optical Dating and Dosimetry (ODD) Lab support: A one-time donation of $300,000 to upgrade the primary
research equipment to a fully integrated single-grain OSL/TL Dating system in support of geomorphology and Quaternary geology studies. This instrument will be used for geologic dating measurements from individual sand grains.
No amount is too small or great! Please contact me at: Peter.Oduor@ndsu.edu for details on how to support any of
these projects.
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Field trips: The primary establishment of Geosciences Endowment funds was to subsidize field trip costs.
Each student and supporting faculty receive a percentage subsidy. The support funds are used for any logistical support including campground fees, medical emergencies, various incidentals, and contingencies.

Department of Geosciences
Stevens Hall
Dept. 2745
North Dakota State University
Fargo, ND 58108-6050
Internet : www.ndsu.edu/geosci

,E'^Zs/ZYh^d
WĂƌĞŶƚƐͬ'ƵĂƌĚŝĂŶƐ͗/ĨƚŚŝƐŝƐƐƵĞŽĨƵīĂůŽZŽĐŬDĂŐĂǌŝŶĞ
ŝƐĂĚĚƌĞƐƐĞĚƚŽǇŽƵƌƐŽŶŽƌĚĂƵŐŚƚĞƌǁŚŽŚĂƐĞƐƚĂďůŝƐŚĞĚ
ĂƐĞƉĂƌĂƚĞƉĞƌŵĂŶĞŶƚĂĚĚƌĞƐƐ͕ƉůĞĂƐĞŶŽƟĨǇƵƐŽĨƚŚĞŶĞǁ
ĂĚĚƌĞƐƐ͗ϭ-ϳϬϭ-Ϯϯϭ-ϴϰϱϱŽĨŶĚƐƵ͘ŐĞŽƐĐŝĞŶĐĞƐΛŶĚƐƵ͘ĞĚƵ͘

KEd/E'dKE^h'K^/E^
Y͗tŚĞŶ/ƌĞĐĞŝǀĞĂŵĂŝůŝŶŐŽƌƚŚĂƚƉŚŽŶĞĐĂůůĨƌŽŵE^hĂƐŬŝŶŐĨŽƌĂ
ĚŽŶĂƟŽŶ͕ĐĂŶ/ƚĂƌŐĞƚŝƚƚŽƐƉĞĐŝĮĐĂůůǇƐƵƉƉŽƌƚƚŚĞĞĚƵĐĂƟŽŶĂůĂŶĚ
ŽƵƚƌĞĂĐŚƉƌŽŐƌĂŵƐŝŶƚŚĞĞƉĂƌƚŵĞŶƚŽĨ'ĞŽƐĐŝĞŶĐĞƐ͍
͗zĞƐ͊^ŝŵƉůǇƐƉĞĐŝĨǇƚŚĂƚǇŽƵƌŐŝŌŐŽƚŽŽŶĞŽĨŽƵƌĨŽƵƌĨƵŶĚƐ͘ůů
ĐŽŶƚƌŝďƵƟŽŶƐƚŽƚŚĞĨƵŶĚĂƌĞƚĂǆ-ĚĞĚƵĐƟďůĞ͘DĂŶǇĞŵƉůŽǇĞƌƐǁŝůů
ŵĂƚĐŚƚŚĞĚŽŶĂƟŽŶƐŽĨĞŵƉůŽǇĞĞƐ͖ĨŽƌŝŶĨŽƌŵĂƟŽŶŽŶŚŽǁƚŽƉƌŽǀŝĚĞ
ĂŵĂƚĐŚ͕ƐĞĞ͗ǁǁǁ͘ŶĚƐƵĨŽƵŶĚĂƟŽŶ͘ĐŽŵͬŶŶƵĂů'ŝǀŝŶŐ
Y͗tŚĂƚŝƐƚŚĞƉƵƌƉŽƐĞĨŽƌĞĂĐŚŽĨƚŚĞĨƵŶĚƐ͍
͗dŚĞ'ĞŽ-ůƵŵŶŝŶĚŽǁŵĞŶƚƐƵƉƉŽƌƚƐĮĞůĚĐŽƵƌƐĞƐĂŶĚƐƚƵĚĞŶƚ
ƐĐŚŽůĂƌƐŚŝƉƐ͘ǀĞŶĂŽŶĞ-ƟŵĞĐŽŶƚƌŝďƵƟŽŶĐĂŶŐĞŶĞƌĂƚĞŝŶĐŽŵĞĨŽƌ
ǇĞĂƌƐƚŽĐŽŵĞƚŚƌŽƵŐŚŝŶƚĞƌĞƐƚĂĐĐƌƵĞĚƚŽƚŚĞĂĐĐŽƵŶƚ͘

Please detach, and mail with your gift to:
NDSU Development Foundation
1241 N University Drive
PO Box 5144
Fargo, ND 58105-5144
Name(s): ___________________________________
Enclosed is my gift of $ ________ .
My gift is in honor of / for ______________________
Please allocate my gift, as follows:
_____% Geo-Alumni Endowment (Fund: SM40092)
_____% Geosciences Fund (Fund: SM33238)
_____% Kress Mayflower Fund (Fund: SM25762)
_____% Donald P. & M. Charlene Schwert
Endowment (Fund: SM30448)
Please make your check payable to:
NDSU Development Foundation

Thank you!

dŚĞ'ĞŽƐĐŝĞŶĐĞƐ&ƵŶĚƐƵƉƉŽƌƚƐŽƵƌŽƵƚƐŝĚĞƐƉĞĂŬĞƌƐĂŶĚŽƵƚƌĞĂĐŚ
ƉƌŽŐƌĂŵƐ͘
dŚĞDĂǇŇŽǁĞƌ&ƵŶĚ;ĞƐƚĂďůŝƐŚĞĚďǇƚŚĞůĂƚĞƌ͘tĂƌƌĞŶ͘<ƌĞƐƐͿ
ƉƌŽǀŝĚĞƐƐĐŚŽůĂƌƐŚŝƉĂŶĚƚƌĂǀĞůƐƵƉƉŽƌƚĨŽƌŽƵƌƐƚƵĚĞŶƚƐŝŶ'ĞŽŐƌĂͲ
ƉŚǇ͘
dŚĞ^ĐŚǁĞƌƚŶĚŽǁŵĞŶƚ;ĞƐƚĂďůŝƐŚĞĚďǇƌ͘ŽŶĂůĚ^ĐŚǁĞƌƚͿĨŽƌ
hŶĚĞƌŐƌĂĚƵĂƚĞZĞƐĞĂƌĐŚŝŶWĂůĞŽŶƚŽůŽŐǇƐƵƉƉŽƌƚƐĂůŝŐŶĞĚƉƌŽũĞĐƚƐ
ĂŶĚƉƌŽŐƌĂŵƐĂŶĚĐĂŶďĞƵƐĞĚĨŽƌƌĞƐĞĂƌĐŚƐƵƉƉůŝĞƐ͕ĮĞůĚƚƌĂǀĞů͕
ĂŶĚĐŽŶĨĞƌĞŶĐĞ-ƌĞůĂƚĞĚƚƌĂǀĞůǁŚĞƌĞƚŚĞƐƚƵĚĞŶƚŝƐĂƉƌĞƐĞŶƚĞƌͬĐŽƉƌĞƐĞŶƚĞƌ͖ŽƌĞǆƉĞŶƐĞƐĨŽƌƵŶĚĞƌŐƌĂĚƵĂƚĞƐƚƵĚĞŶƚƐĂƚE^hǁŚŽ
ĂƌĞǁŽƌŬŝŶŐǁŝƚŚĨĂĐƵůƚǇŽŶƉĂůĞŽŶƚŽůŽŐŝĐĂůƌĞƐĞĂƌĐŚ͘

Payment options:
ɷ Payment enclosed
ɷPlease charge my credit/debit card
ɷAMEX ɷVisa ɷMasterCard

ɷDiscover

Name on Card: ________________________________
Card No. _____________________________________
Expiration Date: _______________________________
Security Code: ____________
Billing Address: _______________________________
_____________________________________________
Phone: _______________________________________
Signature: _____________________________________

