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PROJECT SUMMARY

Overview:

Page A

This proposal seeks funding for a modern scanning electron microscope (SEM) equipped with
a backscattered electron (BSE) detector, cathodoluminescence (CL) detector, energy dispersive
spectrometer (EDS), and a fully integrated electron backscatter diffraction (EBSD) system.
Equipped with these detectors, the SEM will serve as a primary data acquisition instrument
for the PIs and their collaborators. Example applications include: 1) characterization of
accessory minerals that record pressure-temperature-time constraints, 2) crystal orientation
measurements via EBSD to infer the mechanics of plutonic-volcanic, deformation, and crystal
growth processes, 3) determination of compositional zoning and/or domains in rock-forming
minerals to track changes in pressure, temperature, deformation, and composition, 4) characterization
of deformation microstructures, 5) measurement of the impact of freshwater flow on the carbonate
chemistry of estuarine environments, 6) identification of growth bands in deep sea corals,
7) determination of the origin of artefacts in the Artic, and 7) evaluation of metallurgy
and the circulation routes of ancient coins. In addition to acquiring data with the SEM to
address research question, the PIs will also provide research training for undergraduates
using the SEM at Bowdoin College, a primarily undergraduate institution. Research projects
will train students in the application of modern analytical techniques to original research
questions in Earth Science and enhance the infrastructure for research across disciplines
at the College.

Intellectual Merit :
The proposed research activities will leverage the high spatial resolution of the SEM and
the ability to simultaneously acquire multiple datasets (i.e. geochemistry and crystal orientation)
to investigate a variety of mineralogic, petrologic, and tectonic questions. Selected research
questions include: what controls the preservation of ultrahigh-pressure mineral assemblages?
What do quartz and feldspar textures indicate about silicic magma reservoirs? What is the
link between plutonic and volcanic processes? What is the timing and tempo of strain localization
along strike-slip faults? Exciting new insights into the mechanics of these large-scale processes
may be gained by examining minerals and rocks at the micrometer-scale. The new capabilities
of the instrument will also address critical questions in carbonate chemistry (e.g. the impact
of freshwater on clamshell strength and the development of growth bands in deep sea corals)
and archaeology in both the Arctic and the Greco-Roman world.

Broader Impacts :
Acquisition of the SEM will enhance the infrastructure for research and teaching at Bowdoin
College, broaden the participation of traditionally underrepresented groups and develop scientific
literacy and training of undergraduates. Specifically, the SEM will provide research training
for students who will benefit from multiple analytical sessions using the SEM. Access to the
enhanced SEM on campus will strengthen the research programs of five faculty members, including
two early career female faculty and contribute to incorporating SEM-based student research
in courses, independent studies and honors projects. The PIs will specifically focus on broadening
the participation of underrepresented groups by partnering with the Bowdoin Science Experience
(BSE) Program. This pre-matriculation outreach program targets underrepresented undergraduate
students through a 3-day science immersion program. In association with the new instrumentation,
PIs Peterman and Beane will offer a research project that is SEM-based. For example, in association
with Peterman’s proposed research, BSE students will measure the compositions of the rock-forming
minerals in thin section using EDS and collect images of targeted geochronologic minerals
(e.g. monazite, zircon and rutile) with the CL and BSE detectors. Students will be offered
the opportunity to continue working with their samples as a work-study project. Having access
to a SEM with EDS, EBSD and CL capabilities will afford geoscience, chemistry and archaeology
undergraduate students the kind of research opportunities normally conducted by graduate students.
Based on the numbers in our courses, we expect 75-100 undergraduates to use the instrument
each year. Transferable geoscience exercises developed using EDS, BSE, EBSD, or CL data will
be submitted to the On the Cutting Edge on-line activity collection
(http://serc.carleton.edu/NAGTWorkshops/exemplary.html.
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