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This project seeks to develop a novel methodology to obtain high-resolution, three-dimensional stratigraphy of
physical "sand-box" experiments using computed tomography (CT) scans. Physical experiments of basin evolution
have increasingly been used to evaluate conceptual stratigraphic models based originally on outcrop and seismic
data sets. The experimental setups typically involve a flume of a few meters to tens of centimeters in size, wherein
parameters (i.e., grain size, sediment supply, accommodation) can be varied individually to examine their effects on
geomorphic/stratigraphic patterns. The smaller spatial scales mean the systems evolve more rapidly and data can be
obtained across the entire sediment routing system. Topographic scans of the evolving geomorphic surface (e.g.,
fluvial, deltaic, submarine density current channels) provide detailed quantitative data, however, obtaining similarly
resolved data from the stratigraphic products has been more difficult. This is due to the need to excavate and
photograph the resultant stratigraphy. Our new technique developed by my research group circumvents this issue
using CT scans. CT scans detect millimeter-scale differences in density within solids, and are ubiquitously used in
the medical and paleontological field as a non-destructive observation tool. My research group extended this
application to physical experiments of fluviodeltaic systems.
In the first year of this grant my students and I renovated the laboratory at Western Washington University,
constructed the flume setups, performed initial calibrations, and ran simplified experiments focused on fluvial
deposition. This resulted in an undergraduate senior thesis by Grace Sutherland and her presentation of the data at
the annual meeting of the Geological Society of America in Seattle, Washington. Major scientific questions focused
on the geometry of braid bars within fluvial systems and changes in the mechanisms of braid bar formation in
relation to discharge volume.
In the second year of this grant my students and I were able to run seven fluviodeltaic experiments and CT scan
them. The work included one graduate student (Lexie Stodden), two official undergraduate researchers (Anthony
Semeraro, Emma Sullivan), and two undergraduate volunteers (Anna Schluneger, Bo Ward). In the fall of 2018
students performed several initial experiments within our delta flume, fine-tuning image collection and run
parameters. In the winter and spring quarters of 2019 students ran seven fluviodeltaic experiments. Each
fluviodeltaic experiment had the same ratio of quartz sand to anthracite coal mixture, which approximates the
coarse- and fine-grained sediment load observed in "natural" basins. Two boundary conditions were varied amongst
the seven experiments (1) the water discharge-to-sediment flux ratio and (2) the accommodation space within the
flume. Experimental runtime varied between 5 and 8 hours, and accumulated the expected amount of stratigraphy
(~15 cm). Each flume was CT scanned at Mt. Baker Imaging facility in Bellingham, Washington. The
undergraduate volunteers assisted in experiment running and scanning during the academic year whereas the
summer research students assisted in data collection.
The scans resulted in large data files, which were subsequently analyzed using Dragonfly image analysis software
(Figure 1). Although the changes in boundary condition parameters amongst the experiments were relatively simple
(i.e., sediment flux and accommodation changes), the resultant stratigraphy was surprising complex. The CT scans
were able to detect the impact of major changes in deltaic morphodynamics such as progradation rate changes and
foreset sediment partitioning (Figure 1A) as well as more subtle features such as the depositional lobes of mouth
bars on the channel (Figure 1B). Over the summer of 2019 data collection has continued and undergraduates have
compiled large field-based datasets through fluvio-deltaic strata for comparison with experimental datasets.
In the summer 2019 an extension was requested for this project, which was granted. Over the upcoming academic
year of 2019-2020 experimental data collection will continue and additional experiments performed. Students are
currently writing abstracts to present results national/international conferences in the spring of 2020. The two M.S.
graduate students associated with this project are making good progress on their theses. One is approximately 50%
complete with writing and likely will defend in winter of 2020. The other obtained an internship with Chesapeake
Oil and Gas Company during the summer of 2019, and an offer of employment once her M.S. thesis is complete. I
anticipate she will finish in spring of 2020. Undergraduates have expressed interest to continue to perform research

into the following academic year as independent projects. I will be holding regular research group meetings to
discuss pertinent literature, and advance these projects.

