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Abstract 
The development of bedforms at the interface between a loose sediment bed and a fluid flow are a 
fundamental morphodynamic process in both river and deep water environments. However, in deep 
water environments, bedforms developed by gravity underflows-specifically, turbidity currents-are not 
well understood due primarily to a lack of direct observation and to the inherent process complexity of 
the flow. Preserved deep water bedforms are used to infer flow process, and specific combinations of 
flow and sediment properties produce different types of bedforms, thus allowing these observed features 
to be used to aid in the interpretations of the formative flow and depositional conditions. In our 
experimental model, we provide a unique data set of the coupling and feedback of the flow 
structure and the co-evolution of bedforms from a loose sediment bed using a pair of 3D profiling 
acoustic Doppler velocimeter (PADV) and a high-resolution bed surface mapping laser. 

Background 
Dr. Jim Buttles is a researcher in the Jackson School of Geosciences, working primarily as an 
experimentalist in the Morphodynamics laboratory on the Pickle research campus. He received his Ph.D. 
in Geophysics from The Johns Hopkins University in 1998, and was a research scientist at MIT before 
coming to the University of Texas in 2006. He has worked on a broad range of scientific problems in 
the geosciences-including seismic anisotropy in the upper mantle, hyporheic zone responses, pyroclastic 
density currents, sediment loading of mobile substrates, and density current flow dynamics and sediment 
transport in deep water systems. 

Buoyancy Development in Density-Stratified Analog Pyroclastic Flows 
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Pyroclastic flows have finite runout distance because they begin denser than the ambient 
atmosphere but become buoyant during their propagation through the processes 
sedimentation and entrainment. They are also density-stratified, having high particle 
concentration near the bed and low particle concentration higher up in the current. Density 
stratification modifies the processes of sedimentation, entrainment, and mixing within the 
currents relative to if particle concentration was homogeneous. We conducted analog experiments 
to analyze the effect of density stratification on buoyancy. Density stratification can   inhibit 
the development of buoyancy by impeding particle and momentum   transfer   between 
different depths of currents, preventing currents transitioning from horizontal to vertical 
movement. 

Background 
Sean O'Donnell is a Ph.D. candidate in the Jackson School of Geosciences. He received a 
bachelor’s degree in geology from Cedarville University (OH) in 2016 and a master’s degree in 
geological sciences from UT-Austin in 2018. He is a member of Jim Gardner’s research group in 
the Department of Geological Sciences. His research primarily focuses on multiple processes of 
volcanic eruptions. He utilizes both field and experimental methods to study volcanic 
processes over a wide range of scales and stages, ranging from welding of volcanic rocks to 
magma movement prior to eruption to the dynamics of pyroclastic flows and other types of 
density currents. 
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