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Abstract 

 

Interactions between Turbidity Currents, Turbidites and Topography 

Generated by a Mobile Substrate. 

 

Brandon Wade Minton, M.S.Geo.Sci. 

The University of Texas at Austin, 2016 

 

Supervisor:  David Mohrig 

 

Models for development and filling of submarine minibasins remain incomplete 

for the following reasons: (1) they seldom account for growth of seafloor topography via 

subsurface salt motion that coincides with turbidite sedimentation; (2) they seldom 

account for interactions between turbidity currents and seafloor topography that influence 

subsequent sedimentation patterns; and (3) they seldom consider the degree to which the 

evolution of seafloor topography associated with any single minibasin is affected by its 

neighboring minibasins. These points have now been addressed through a novel set of 

laboratory experiments. In the suites of experiments, turbidity currents consisting of 1.1% 

sediment by volume were released onto a 1.2 m x 1.2 m x 0.05 m platform filled by a 

composite layer of PDMS polymer and pliable putty (Silly Putty™). 

Interactions between pre-existing bed topography and turbidity currents result in 

differential loading of the substrate and influence depositional patterns. These 

interactions are achieved through a combination of blocking and focusing of currents by 

topography and by remobilization and removal of deposits from steeply sloping surfaces. 
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Spatially varying deposit thicknesses generate locations that exceed the threshold load 

and begin to deform the mobile substrate. Turbidites of insufficient thickness are simply 

“along for the ride” and do not contribute to substrate deformation. Additionally, the 

tendency of the far-field surface to uplift or subside is preconditioned by the topography 

of the initial surface. These findings represent contributions towards the goal of better 

defining the important transition from turbidite sedimentation on an unconfined slope to 

deposition in minibasins. 
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Introduction 

It has been determined that the development of salt-associated minibasin systems 

are strongly driven through the interactions of differential loading and density inversion 

(Sumner et al., 1991). The processes of basin formation and filling associated with a 

mobile substrate at depth have been studied for some time now, but too often these 

studies have relied on relatively static conceptual models where possible interactions 

between topography, sedimentation and generation of additional topography are not fully 

explored (Fig. 1; Prather, 2000). The work presented here seeks to explore the 

interactions within and feedbacks between three key concepts: (1) Evolution of seafloor 

topography via substrate motion that coincides with sedimentation; (2) Interactions 

between turbidity currents and seafloor topography that influence these sedimentation 

patterns; and (3) Degree to which the evolution of seafloor topography associated with 

any single minibasin is affected by its neighboring minibasins. The tendency to isolate 

and focus on a single minibasin is perhaps misleading because it’s as much a story of 

what’s going on in the adjacent minibasin as it is locally. 

Progress in physical modeling and field observations have led to more realistic 

understandings of how these basins actually fill. Evidence has shown adjacent minibasins 

that appear to be separated by rimmed margins can in fact all be filling with sediment at 

the same time as opposed to; for example, a conventional “fill and spill” scenario (Fig. 2; 

Prather et al., 2012). This finding in natural basins has been also observed in the 

laboratory. Maharaj (2012) describes physical models for both individual and linked 

minibasins, under conditions of both high and low discharge, and with both unconfined 

and channelized inlet conditions (Fig. 3). However, in these experiments the original 

basin topography was imposed and thus development of minibasins remains an open 
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question. How do we get from the envisioned original state of ramps and relative flats 

(Worrall and Snelson, 1989; Diegel et al., 1995; Galloway et al.,2000) to the rimmed 

minibasins we see in the modern today, and how is sedimentation both influencing and 

being influenced by these systems? 

Fortunately, there can be a remarkable similarity between laboratory models and 

natural systems (Fig. 4; Piliouras et al., 2014). In an attempt to move beyond the static or 

controlled basins, I use a highly viscous silicone polymer to model a natural mobile 

substrate (i.e., salt) so as to allow observation of these minibasin systems developing 

through time and 3-dimensional space. Previous experiments have successfully 

demonstrated this polymer’s ability to flow in response to lateral pressure gradients 

arising from unequal sediment loading that leads to subsidence (Fig. 5; Piliouras et al., 

2014). Another important finding from these earlier experiments was how the thickness 

of the mobile substrate plays an important role in defining the rate and shape of any 

resulting accommodation space. In a set of related experiments by Kopriva and Kim 

(2015), they demonstrate that the intermittency of sedimentation also affects subsidence 

rates and creation of accommodation space (Fig. 6). My study builds on these studies in 

three important ways: (1) the experimental domain is expanded from 2- to 3-dimensions; 

(2) experiments are carried out underwater to directly mimic subaqueous environments; 

and (3) sediment is introduced onto the mobile substrate via deposition from turbidity 

currents.  
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Experimental Setup 

Minibasin experiments were conducted in The University of Texas at Austin 

Morphodynamics Laboratory deep-water basin. This tank is 8 × 4 × 2 m in size and is 

equipped with a mixing tank and a constant-head tank-feeder system (Fig. 7a-b,d). In 

addition to overhead observations, windows are located along two of the deep-water 

basin’s four walls allowing for both streamwise and cross-stream viewing perspectives. 

The minibasin experimental platform was constructed using 25.4 mm lightweight 

extruded aluminum framing and 6.4 mm-thick clear acrylic plastic for its sidewalls and 

base. After assembly, dimensions measured 1.2 x 1.2 x 0.05 m and resembled a shallow 

square box (Fig. 8). The platform was then horizontally placed into the deep-water basin 

tank where it was filled to maximum capacity with the experimental mobile substrate. 

The material used as a salt analog in these experiments is a polydimethylsiloxane 

(PDMS) polymer produced by Dow Corning, USA under the name SGM-36. This 

viscous silicone polymer has been extensively used in previous laboratory experiments 

due to its rheology at a reduced scale being dynamically similar to isothermal, dry salt 

(Weijermars 1986a-c, Vendeville and Jackson 1992a-b, Dooley et al. 2007, Piliouras et 

al. 2014). SGM-36 has a viscosity of 2.5×104 Pa·s and a density of 965 kg/m3 and has 

been shown to scale appropriately in physical models of salt deformation as explained in 

more detail by Weijermars et al. (1993) and by Kopriva and Kim (2015). On top of the 

layer of PDMS polymer was placed a uniform 5 mm thick sheet of moldable silicone-

based putty (Silly Putty™, Figs. 7c, 8). This putty is denser than room-temperature water 

and was used to ensure that the combined polymer plus putty substrate was negatively 

buoyant. After re-leveling the platform, the deep-water basin was filled until the platform 

was completely submerged beneath approximately 1 m of water. 
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Turbidity currents were introduced onto the platform from the constant-head 

feeder-tank through a network of 50-mm clear polyvinyl carbonate (PVC) piping (Fig. 

7a,c). The entering discharge was regulated using a pair of coarse and fine adjustment 

gate valves. Two types of sediment were used in the two sets of experimental runs. In the 

first set, the turbidity current mixture was created by combining a sediment component of 

45.36 kg crushed walnut shell; specific gravity of 1.35 and geometric median grain size 

of 25.3 μm (Fig. 9), with 3000 L of fresh water in the mixing tank. The resulting 

volumetric concentration and dimensionless excess density was 1.1% and 0.4%, 

respectively. Turbidity currents for the second set of flows were created by combining 

90.72 kg of silica flour; specific gravity of 2.65 and geometric median grain size of 23.7 

μm (Fig. 9), with 3000 L of fresh water in the mixing tank. The resulting volumetric 

concentration and dimensionless excess density for the second slurry was 1.1% and 1.9%, 

respectively. Industrial shaft-drive chemical mixer-agitators installed in both the mixing 

and constant-head tanks were used to keep solids in suspension and well mixed 

throughout the release of the current into the basin. 

A turbidity current was produced by first pumping the water + sediment mixture 

from the mixing tank into the constant-head feeder-tank. Prior to pumping, the fine-

adjustment gate valve located inside the feeder-tank at the base coupling was set to the 

minimum opening and the constant-head level was set to 200 liters. As the constant-head 

feeder-tank filled, the sediment mixture was allowed to spill over at the desired head 

level where it then returned to the greater mixing tank through an overflow drain. This 

regulated the head level and helped conserve the experimental mixture. The lower fine-

adjustment gate valve also allows for passage of the sediment mixture back into the 

mixing reservoir once it has been set. When an experiment run was ready to begin, the 

diverter valve was flipped so that discharge from the constant head tank was transferred 
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into the piping leading to the experimental platform. Just before the platform, the piping 

transitions from fully enclosed to a horizontal, 0.3 m long half cylinder. This short half-

pipe facilitated mixing between the entering current and the ambient fluid, removing any 

excess momentum prior to the flow moving onto the platform. Reflections of any current 

off of the tank walls were suppressed using a perimeter drainage system. 

Surface topography of the experimental platform was measured prior to and 

immediately after each turbidity current run using both a Keyence™ LK-G502 

displacement laser and a Panametrics V301-SU immersion transducer (0.5 MHz) in 

combination with a JSR Ultrasonics DPR 300 pulser/receiver box (900 V pulse 

amplitude, 35 MHz receiver bandwidth). Data collection was controlled through a PCI-

DAS4020/12 12-bit ultra-high-speed multifunction board and recorded to a desktop 

computer. The laser and sonar instrumentation were mounted to a three-axis computer-

controlled positioning system that allowed for repeatable precision scanning of the 

evolving topography. Laser mapping was performed on a 2 x 2 mm grid at a vertical 

resolution of ≤ 400 μm. Sonar maps were generated on a 20 x 20 mm grid at a vertical 

resolution of approximately 740 μm. 

As the experiments progressed from using crushed walnut shell (set 1) to silica 

flour (set 2), additions to the collection scheme were made in order to improve 

completeness of the data sets. In addition to pre- and post-flow topography scans, 

locations were established for syn-flow measurements of bed aggradation using two 

Panametrics sonar transducers, as well as current profiling using an acoustic Doppler 

velocimeter (ADV). The Nortek Vectrino Profiler ADV provides three-component 

velocity profiles of a vertical resolution of 1 mm over a vertical distance of 40-75 mm 

from the probe head.  Probe head was positioned at a distance of 75 mm above the 

platform surface to ensure that it did not interact or interfere with the current below. 
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During the release of an experimental current, the two transducers remained stationary 

and recorded for 15 minutes while the ADV visited four profiling locales, two aligned 

with the primary transport direction and two offset laterally (Fig. 10). Sampling for 

turbidites for grain size analysis was performed upon releasing the final silica current and 

completing its associated laser and acoustic mapping. 

In total, 51 laser topography maps and 23 acoustic volumes were generated 

between the two sets of experiment runs. These data were used to create slope maps, 

depositional thickness maps, and substrate deformation maps for the purpose of 

interpreting turbidity current flow fields, sedimentation patterns, and subsurface response 

to differential loading that further evolves the surface topography. 
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Experimental Approach 

The series of experimental flows reported here altogether comprise one 

experimental run. Prior to each flow, the platform surface topography was allowed to 

equilibrate to an approximately steady-state form so that topographic change following a 

current could be unambiguously attributed to turbidite deposition plus loading associated 

with this sediment deposition. Surface stability was evaluated using time-lapse surface 

mapping and subsequent differencing of successive topography maps (Fig. 11). Once the 

surface was determined to be at equilibrium, a turbidity current was initiated. Each 

constant-discharge current was allowed to flow across and deposit on the experimental 

platform for one hour (walnut shell) and 15 minutes (silica flour). 

Upon completion of each flow, an acoustic scan was immediately performed 

while the perimeter drainage system continued to clear the ambient water of suspended 

sediments. These scans generated acoustic volumes from which both surface topography 

and subsurface maps were produced using commercially available seismic software (Fig. 

12). Subsurface maps were used to track polymer/putty and putty/sediment interfaces 

throughout the experiments. 

Once the acoustic mapping concluded and the water clarity was sufficient, a high-

resolution laser scan was initiated (Fig. 41). Both laser and acoustic topography scans 

were repeated at the highest temporal resolution feasible in order to best capture changes 

in the surface and sub-surface regimes. Employing the same method as described 

previously, surface stability was evaluated and determined to reach equilibrium prior to 

conducting the next flow. Experimental flows continued until cumulative mobile-

substrate deformation irreparably damaged the integrity of the experimental surface. 
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Results 

Crushed Walnut Shell 

Submersion of the mobile substrate into water removed a considerable fraction of 

its gravitational body force that led to destabilization of its surface associated with subtle 

differences in local thickness of the 2-layer medium. Following this initial 

destabilization, platform topography was monitored via successive topographic maps 

until it stabilized (Fig. 11).  This stable, pre-currents topography consisted of ridges and 

troughs and domes with relief less than 35mm. Specific topographic elements that are 

tracked throughout the course of the experiment are labeled in Figure 15. In particular, 

there were four domes labeled 1, 2, 3, and 4 with original relief of 20 mm, 24 mm, 19 

mm, and 33 mm, respectively. Throughout the experiment these peaks together with the 

associated ridges and troughs act to guide flows and their associated sedimentation 

patterns. The resulting irregular sedimentation patterns, in turn, acted to drive substrate 

deformation that both amplified and decayed the original submerged topography. 

Defining the attributes and stratigraphic consequences of this feedback loop are a primary 

focus of this experiment. 

 

Flow 1 

The average height and velocity for the turbidity current at the inlet were 

estimated from video as 23 mm and 23 mm/s, respectively. Constant discharge and 

variable topography along the platform surface produced a quasi-steady, non-uniform 

flow that laterally expanded with distance from the inlet. Current thickness became less 

than or sub-equal to existing surface topography (Figs. 14 and 15). Relief of 20 mm was 

sufficient to guide flow direction, partitioning the turbidity current to either side of the 
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ridge structure (Figs. 13 and 15). Partial blocking of the current by peaks 1 and 2 

produced flow focusing and an asymmetric flow distribution. The steep slopes of these 

topographic expressions were enough to preclude sedimentation along their margins and 

instead redirected deposition towards the troughs. This deflection and blocking of the 

flow is easily inferred from the shape of the Current 1 turbidite (Fig. 79). 

The Current 1 deposit was thickest near the inlet and had a maximum value of 9.0 

mm that thinned in the down-flow direction to a sub-millimeter deposit. The greatest 

distance from inlet to a location where the deposit was at least 1 mm thick was 1.23 m, a 

location near the distal edge of the platform and within the original topographic trough 

that formed between peak 2 and the ridge (Fig. 79). The total volume for deposit 1 on the 

platform was 2222 cm3. The surface of the deposit was smooth except in places where 

the deposit was thin enough to inherent the texture of the underlying putty surface. The 

topographic highs and lows imparted a “fingering” pattern to the resulting turbidite of 

Current 1. 

Topographic changes following deposition of the first turbidite were specifically 

evaluated at topographic peaks and troughs (Figs. 41-43). Peaks 2, 3 and 4 continued to 

gain in elevation while peak 1 experienced an elevation loss of 1.3 mm. The surface 

elevations associated with troughs experienced subsidence ranging from -0.25 to -1.25 

mm. In addition to the noted movement of the peak and trough areas, there was a general 

subsidence of the near-inlet region. 

 

Flow 2 

Sedimentation in the inlet half-pipe by current 1 acted to thicken current 2 

because reduction in cross-sectional area of the confining half-pipe promoted greater 

entrainment of ambient water into the sides and top of the entering current (Fig. 16). The 
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half pipe remained in this partially filled state for all ensuing currents and as a result, 

turbidity current heights for Flows 2-6 at the inlet are estimated to be 27 mm.  

The front of the thicker Flow 2 traversed the platform with a more axis-symmetric 

pattern than observed for Flow 1. Peaks 1 and 4 did not generate the same degree of flow 

obstruction. As a result, the deposit of Flow 2 (Fig. 80) was more fan-like than Flow 1 

(Fig. 79). The thickest deposit is worked into a train of ripples that extend approximately 

250 mm from the inlet out onto the platform. Ripple height decreased in the down-flow 

direction from 3.5 mm to 1.5 mm, while maintaining an approximately constant spacing 

of 30 mm. The thicker current was able to produce a drape-like deposit on the proximal 

ridge structure. Peak 1 and 3 produced no detectable anomaly in turbidite thickness and 

even peak 4 showed minor sedimentation on its crest.  Only peak 2 sufficiently blocked 

and steered the flow so that a depositional shadow zone was once again created in its lee.  

Topography associated with the distal third of the platform was not resolved 

following Flow 2 due to a laser error. Fortunately, the first 780 mm of the scan is 

accurate and represents a majority of the deposit-covered platform. Peak and trough 

locations all showed a gain in elevation immediately following deposition from Flow 2. 

During post-flow evolution of the surface topography (Figs. 44-46), the ridge-like 

structure gained elevation while established troughs subsided. Peaks 2 and 3 showed little 

or no change in elevation during the post-flow scans, but peak 1 showed a net loss of 1.6 

mm. The turbidite volume for Flow 2 was 1558 cm3, 30% less than the Flow 1 turbidite. 

Much of this reduction is assumed to be connected with spillage of the current over the 

side walls of the partially filled half pipe prior to the current entering the platform, but at 

least a small fraction must be the result of increasing sediment bypass across the edges of 

the platform associated with the thicker current. 
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Flow 3  

Flow characteristics were similar to current 2. Surface conditions and current 

heights were once again favorable for the current to traverse the entire platform. 

Sedimentation occurred across the entire platform surface with a primary focus in the 

proximal region immediately downstream of the inlet. The resulting deposit was fan-

shaped with thickness measurements between 2.0 and 3.0 mm in the proximal zone and 

thinning to a sub-millimeter deposit towards the platform edges (Fig. 81). There was once 

again a ripple field generated immediately downstream of the inlet and it expanded out 

radially for a distance of approximately 300 mm. Maximum ripple heights were 7 mm at 

the inlet and systematically decreased to 2 mm with down-flow distance. The total 

volume for the Flow 3 turbidite deposited on the platform was 2080 cm3. 

 Post-flow surface was allowed to evolve for a period of 140 hours and was 

measured using 12 laser-scan topographic maps. Peak 4 showed 6 mm of uplift. The 

topographic expression of peak 4 broadened as the region of greatest elevations began to 

extend along a maturing ridge connecting peaks 3 and 4. The greatest areas of subsidence 

occurred in trough 1 (-7 mm) and trough 2 (-9 mm), and peak 1 (-10 mm, Figs. 46-57). 

By the end of Scan 12, only a minimal topographic expression of peak 1 remained. In the 

area most proximal to the inlet, subsidence combined with uplifting adjacent regions 

produced a shallow basin between the inlet and peak 3. The basin can best be described 

as a very shallow bowl 250-400 mm across with approximately 10 mm tall walls (Fig. 

17). 

 

Flow 4 

The shallow basin created in response to sediment deposition by Flow 3 changed 

surface conditions for Flows 4-6 (Fig. 17). Other inlet conditions remained unchanged. A 



 12 

total volume of 1570 cm3 of sediment was deposited on the platform with a “fingering” 

pattern similar to the Flow 1 deposit (Fig. 82). Peak 2 showed minimal shadowing or 

blocking ability and none could be observed by peak 1. Little change could be observed 

during the post-flow period (Figs. 59-63). The region around peak 4 slightly increased in 

elevation while most of the region proximal to the inlet and both troughs subsided. 

 

Flow 5 

A shallow basin still remained immediately downstream of the inlet due to 

minimal net changes in surface topography following Flow 4 (Fig. 17). Surface currents 

spread out radially from the inlet, covering all regions of the platform. A slight 

shadowing could be observed on the most distal end of the platform being created by the 

topographic rise surrounding peak 4. 

Flow 5 exhibited a broad fan shaped deposit that covered most of the platform 

with a deposit thicker than 1.5 mm (Fig. 83). The total volume for the turbidite deposited 

by Flow 5 was 3659 cm3, which was the greatest volume recorded across all six flows. 

While shadowing was observed in the deposit downstream of peak 4, significant 

sedimentation occurred within trough 1 (3.0-4.0 mm) and extended out to the edge of the 

platform. The post-flow surface experienced subsidence in the trough areas (2.0-5.0 mm), 

at peak 3 (3.0 mm), and in the general area proximal to the inlet (2.0-4.0 mm). The areas 

of uplift included peak 4 (11.0 mm), as well as the surfaces adjacent to the trough areas 

(1.0-5.0 mm) (Figs. 64-71). 
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Flow 6 

Initial surface conditions prior to Flow 6 were similar to conditions present prior 

to Flow 5. There was again a shallow basin that extended out approximately 0.4 m from 

the inlet with relief averaging 10 mm (Fig. 17). Flow velocities were measured through 

captured video at approximately 20 mm/s. Surface currents spread out radially from the 

inlet, covering most regions of the platform. Visually there appeared to be a stronger 

partitioning of the flow by the ridge and Peak 4 and as a result there was a return to a 

deposit exhibiting a more pronounced “fingering” pattern (Fig. 84). A total volume of 

2531 cm3 was deposited on the platform during Flow 6. Subsidence occurred across the 

entire platform surface with exception of peak 4 and the ridge regions that experienced 

uplift. The putty integrity upon the conclusion of Flow 6 began to deteriorate and its 

failure marked the end of the first set of experimental currents. 

 

Silica Flour 

Initial response of the platform surface to submersion was similar to that of the 

walnut-shell experiments. Variability in local thickness of the 2-layer medium produced a 

non-uniform arrangement of surface topography. The prominent highs and lows tracked 

throughout the course of the silica experiment are identified in Figure 19 and are 

henceforth referred to by their corresponding labels. The two prominent highs, dome 1 

and dome 2, had initial reliefs of 40 mm and 18 mm. Entrance conditions were held 

constant between the walnut and silica experimental runs except for a modification to the 

half-pipe inlet channel. Concrete blocks were positioned alongside the half-pipe inlet in 

an attempt to reduce loss due to spillage out of half pipe (Fig. 10b). Constant discharge 

and variable topography again generated quasi-steady, non-uniform flows as the currents 
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made their way across the platform. A profiling ADV allowed for definitive measurement 

of three-dimensional current velocities. At the inlet, average current height and velocity 

for the three flows making up this experiment were 22 mm and 134 mm/s. These were 

determined from the primary flow/transport direction component of the ADV (x-

direction). As a current began to traverse the platform and respond to the existing 

topography, a reduction in both current height and velocity was observed at all 

downstream locations (Fig. 10a,b) 

Subsidence rates increased due to the increased density of the silica flows 

compared to the crushed walnut shell flows. As a result, laser-generated maps of surface 

topography could not simply be differenced to produce accurate maps of turbidite 

thickness and volume. Instead, patterns of sedimentation and substrate deformation were 

mapped by interpreting horizons within acoustic reflection volumes (Fig. 12). Resulting 

maps of the cumulative turbidites are presented in two-way-travel time rather than true 

thickness. 

 

Flow 1 

Initially, the current maintained a primary transport direction aligned with the 

centerline axis of the inlet. Observations from captured video estimate the current height 

to be approximately 20-25 mm, a height that was sustained across the first 0.4 m of the 

platform. At this point, the 40 mm relief of dome 1 was sufficient to cause a strong 

partitioning of the flow, diverting the current to either side of the topographic rise. An 

associated reduction in front velocities of the current resulted in piling up and thickening 

of the main body of the current. This produced increased lateral spreading of the current 

in the proximal region. However, this piling up and spreading was a transient condition 

limited to the time it took for the current to fully establish the flow paths around dome 1. 
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Due to the positioning of dome 1 at close to the platform centerline, flow partitioning was 

fairly even and produced current with sub-equal heights and velocities at ADV sampling 

locations 3 and 4 (Fig. 10a, b). At location 3 the current height and velocity was 19 mm 

and 33 mm/s, and at location 4 these same properties were 17 mm and 27 mm/s. Overall, 

the average current height (locations 3 and 4) was reduced by 11-19% and average 

current velocity by 76-80% between upstream and downstream ADV sample locations 

(Fig. 10,18). The exception was ADV location 2 where no significant flow was recorded 

due to the insurmountable elevation of dome 1. This same position received essentially 

zero sedimentation.  

There also appeared to be a slight element of flow focusing that occurred between 

dome 1 and dome 2, potentially supported by the elevated flow velocity observed at ADV 

sample location 3 (Fig. 10). Visual inspection of the deposit revealed an unequal 

distribution of sediment adjacent to the margins of dome 1 with a thicker deposit 

extending into trough 1 region. Steep slopes along dome 1 and 2 again precluded any 

sedimentation along their margins and instead redirected flow towards the adjacent 

topographic lows. The primary area of deposition was positioned immediately outside of 

the inlet. No obvious surface structures (e.g., ripples) were present on the turbidite. 

Post-depositional changes occurring in response to the Flow 1 turbidite were 

evaluated at the labeled locations denoted in the reference figure (Fig. 19). Regions offset 

laterally to the inlet (dome 2 and table) on average experienced strong uplift, on the order 

of 10 mm, as well as a similar degree of uplift in dome 1 (8 mm). Changes in these 

surface elevations are attributed to sub-surface motion and not bed aggradation via 

sedimentation due to their initial surface heights being greater than the current thickness, 

precluding any amount of significant sedimentation. Accompanying the uplift of dome 1 

was an observed widening of the topographic rise in the transverse direction to flow (Fig. 
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94). Final topography revealed steeper boundaries separating topographic highs and lows 

than observed on the initial base map prior to the release of Flow 1. Furthermore, the 

uplifted table region opposite the inlet to dome 2 spawned from an initially stable surface, 

unlike the two domes that were already associated with regions exhibiting a 

predisposition to uplift (Fig. 19). In addition to the noted regions of uplift, there was a 

general pattern of subsidence in the near inlet region and locations adjacent to domes 1 

and 2. Evaluation of the final topography revealed a shallow basin immediately 

downstream of the inlet pipe that was bounded by domes 1 and 2 and the table region. 

Maximum depth was measured in the center of the basin at 30 mm (Fig. 94). 

 

Flow 2 

As seen in the walnut shell experiments, sedimentation during Flow 1 generated a 

deposit within the inlet half-pipe that reduced the capacity for containment of subsequent 

flows transiting towards the platform. The premature loss of confinement resulted in 

greater entrainment of ambient fluid and expansion of the current prior to entering onto 

the platform surface. This produced an increase in current height measured using the 

ADV at the inlet of approximately 4-6 mm between Flows 1 and 2, or roughly 16-25% 

(Fig. 20). Despite the increased current height, the added concrete blocks adjacent to the 

inlet half-pipe successfully limited potential sediment loss to spillover prior to the 

current’s arrival on the platform surface. 

The entering current was observed following the surface topography down into 

the shallow basin generated by the end of Flow 1 with limited lateral spreading. A 

combination of initial current velocity and height was sufficient to allow run-up of the 

turbidity current head onto and over dome 1. However, once the current head had passed, 

flow routing around dome 1 prohibited sedimentation on the peak surface and instead 
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focused sustained deposition along the margins. ADV data for locations 2-4 show an 

overall reduction in both current height (12-16%) and velocity (76-80%) as the current 

moved through the system (Fig. 20). Regions prior to Flow 2 that expressed underlying 

surface texture due to thinness of the overlying deposit no longer showed any roughness. 

The deposit surface was smooth and void of visible structure. Upon conclusion of the 

post-depositional period, subsidence of the near inlet region deepened the shallow basin 

to a new max depth of 50 mm (Fig. 97). 

 

Flow 3 

Flow characteristics were affected in a similar manner as in Flow 2 by the 

partially filled inlet half-pipe. The entering current once again experienced early mixing 

and thickening with average current height and velocity at ADV location 1 being 29 mm 

and 11 mm/s, respectively (Fig. 21). This reflects a 34% increase in current height and a 

16% reduction in velocity when compared to Flow 1. Local relief adjacent to the inlet 

strongly reduced lateral spreading of the flow upon exiting the inlet pipe and focused 

primary deposition into the near inlet basin region. Passage of flow out of the basin was 

impeded but not restricted by margin elevations. Currents transiting between domes 1 and 

2 were required to overcome 20 mm of elevation to move from the center of the basin 

into trough 1, and only 15 mm to move into trough 2. 

Current characteristics were evaluated along the downstream ADV locations 2-4. 

In general, current heights and velocities exhibited a significant reduction in all 

downstream sample locations. As expected, location 2 did not register any measurable 

flow atop the 70 mm relief of dome 1. Interestingly, location 4 showed an 

uncharacteristically strong reduction in current height when compared to that observed in 

previous flows, moving from an approximate 19% to a 59% reduction. Final deposit 
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surface appeared smooth with no visible structures present. Upon conclusion of Flow 3, 

deterioration of the putty material sufficiently compromised the integrity of the platform 

surface to the point of imminent failure. Limited time only allowed for collection of post-

depositional surface data with sonar instrumentation. 

Grain size data was collected after completion of the last sonar scan with the 

sampling scheme illustrated in Figure 22. Both the D50 and D90 for the total deposit is 

roughly symmetric about the platform centerline with the coarsest deposit located 

roughly 17 mm downstream of the inlet (Figs. 23-26).  
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Discussion 

Current-Topography Interactions That Influence Sedimentation 
Patterns 

The most compelling of all the experimental flows that highlighted the 

interactions between a turbidity current and surface topography was Flow 1 of each 

series. These currents were the thinnest and exhibited the most complete routing by the 

pre-existing topography on the experimental platform. All flow velocities were low, 

producing turbidity currents that tended to respond to topography by being deflected 

laterally rather than running up and over it.  

Partitioning of the flow was visually observed during the walnut shell 

experiments as the current was mostly deflected around the developed ridge structure and 

peaks, with very little sediment deposited on the higher elevations. The result was 

ultimately a strong partitioning of the flow to either side of the ridge once elevations had 

reached approximately ≥ 20 mm relative to the inlet. Additionally, the incidence angle of 

the current-ridge interaction observed during Flow 1 favored sedimentation towards 

trough 1. The streamwise orientation of the ridge was likely responsible for the observed 

deflection, as a perpendicular orientation would most certainly produce remarkably 

different results. Depositional shadows were generated on the downstream margins of the 

ridge, peak 1, and peak 2 due to their strong deflections and blocking of the current 

(Alexander and Morris, 1994).  

The silica flour experiments serve as a good compliment to the walnut shell and 

its behavior just described. All three silica flows encountered surface reliefs greater than 

20 mm, reaching upwards of 70 mm by Flow 3, and all demonstrated strong flow routing 

around structural highs. Owing to a nearly perpendicular orientation of dome 1, the silica 

flows were routed fairly evenly to both sides of the obstruction. Unlike some walnut shell 
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flows that were sometimes capable of spreading over the entire platform, each silica flow 

was restricted to the topographic lows of the platform. 

Straub et al. (2011) demonstrated that given sufficient kinetic energy (KE), a 

current would override topography and resist deflection. In those same experiments it 

was assumed that a ratio of [KE/PE] (potential energy) ≤ 1.0 was necessary for at least 

partial containment of the flow. In the six experimental walnut and three silica flows 

conducted here, [KE/PE] ratios ranged from 0.07 to 1.71, but primarily fell well under the 

threshold determined by Straub et al. (2011) for partial containment (Table 1). This was 

particularly true for the silica flows where the [KE/PE] ratios were the lowest, 0.07-0.11 

(Table 1). However, the occurrence of walnut currents completely spreading over all 

surface topography (especially Flows 2-6) suggests that there is another important 

contributing factor at play in determining how the currents interact with topography. 

In a separate set of experiments, Kneller and McCaffrey (1999) document the role 

of current height or thickness (h) relative to local topographic relief (z) in governing the 

behavior of a turbidity current moving past an obstacle. My laboratory experiments 

provide clear evidence that the relationship of [h/z] may actually be the dominating factor 

in determining a current’s response to topography. Ratios of [h/z] for walnut shell Flow 1 

ranged from 0.2 to 0.4 across the platform, while subsequent flows 2-6 ranging from 0.7 

to 22.7 (Table 2). This increase in [h/z] was manifest as expanded flow behavior and 

more distributed deposits (Figs. 80-84). The silica flour currents never exceeded the local 

relief and resulting deposits possessed a greater degree of containment and lateral 

confinement. 

Similar to the changes seen in flow pattern, so too were there changes in deposit 

morphology from current to current. Starting with Flow 1 of the walnut shell series, the 

deposit form was digitate in appearance with sediment fingering out around and between 
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the topographic highs. Sedimentation strongly favored areas of lower elevation. Flow 2 of 

the same series produced a much broader and thinner deposit and was more fan-shaped. 

This is explained by the combination of two factors. First, topographic lows were 

partially filled in by the first deposit and thus removed as future sites of preferential 

deposition. Second, an increased [h/z] ratio produced a current that was less affected by 

surface topography and capable of depositing sediments broadly across the entire 

platform. 

Flow 3 marked the return to a semi-digitate deposit that persisted for the 

remaining experimental walnut shell flows. The term semi-digitate is used to describe the 

deposits because they are seemingly composed of two components: (1) a deposit 

resembling a fingering pattern; and (2) an overprinting paddle-shaped deposit. Another 

very interesting event coincided with Flow 3 and the evolution of its surface topography 

post-deposition. Following Flow 3, peak 1 progressively lost elevation until nearly no 

surface expression remained. This modification of the surface allowed for sediment to 

henceforth be routed over and deposited on top of a region formerly void of significant 

sedimentation and led to the production of a new “finger” easily identified in deposits 5 

and 6 (Fig. 83,84). In contrast, the silica experimental currents established a consistent 

depositional pattern that was in response to the initial topography. Due to the extreme 

elevation differences between surface topography and current heights, flow patterns 

never deviated and generated a deposit that grew more in thickness than in aerial extent. 

Despite varying topography throughout the walnut experiment, insight was gained 

when individual flow deposits were summed together and looked at as a collective 

sediment package. The shadowing and blocking by peak 1 seen so strongly during the 

first experimental flows was not observed within the total deposit. Any record of early 

topographic influence had been altogether erased or masked by the evolving surface and 
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subsequent sedimentation (Fig. 79,85). This calls into question any interpretation of the 

rock record that blindly links deposit geometry to paleo-topography. 

 

Topographic Evolution Via Salt Motion That Coincides With 
Sedimentation 

Understanding the need to tie together the surface and subsurface regimes, 

evaluation of their relationship was needed prior to drawing conclusions from any 

comparison of the two. Surface maps are confounded by the fact that within them are 

signals of both aggradation and subsidence. However, subsurface sonar maps allow for 

the parsing out of the aggradation signal, leaving only the subsurface response to loading. 

This became particularly useful when evaluating the regions around peak 1 and trough 1 

of the walnut shell experiments. There were remarkable similarities when comparing the 

sonar and laser maps to each other, which suggests that subsurface and surface 

expressions were strongly linked (Fig. 27). While the relationship was not absolute, it 

gave confidence that the surface maps could be used as a reasonable proxy for certain 

evaluations of the subsurface and vice versa. 

A clear example of the interplay between the surface and subsurface is evident in 

the region surrounding peak 1 of the walnut shell experiments. As described previously, 

peak 1 and the ridge structure were topographic highs that influenced flow patterns and 

partly restricted deposition to the inlet and trough regions. Through the course of the first 

three flows there was a noticeable amount of subsidence in these two regions with the 

majority of sedimentation occurring near the inlet. The subsidence of this concentrated 

overburden expelled polymer (salt) out from below the deposit and forced it to flow 

laterally as the basin deepened and widened. Being in such close proximity to this zone of 
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subsidence, peak 1 was basically consumed as lateral flow drove polymer out of the 

dome, driving its inversion. By the end of Flow 3, this drawing down of elevations along 

the perimeter of the subsiding inlet basin resulted in an even stronger connection between 

the basin and trough 1, as well as began the opening up of a new depositional pathway 

between the ridge and former location of peak 1. With the obstructing elevations 

removed, sediments could be routed to both sides of the ridge. Had the experiment 

continued with additional flows, a deepening and widening of the new pathway would be 

expected to occur similar to the development of trough 1. This trough development would 

have to be associated with inflation of the surrounding ridge and peak structures by 

mobile substrate below. 

Peak 1 was not unique in its inversion. Another region that experienced a similar 

reversal in subsurface movement can be seen in Figure 27. During the development of the 

initial surface topography, elevations within the lower right corner of the image 

decreased as the surface subsided. Despite some sedimentation accruing in the region 

over the course of the six flows, subsidence was not reinforced but rather reversed and 

seen as uplift as adjacent polymer (salt) was forced to flow laterally away from the inlet 

and trough regions and into that corner area. This illustrates how regions in the 

subsurface can shift from a subsiding regime to one of inflation in response to indirect 

sediment loading. 

Particularly good examples of subsurface modifications that spatially correlated 

with sedimentation include the deposits of trough 1 where a deepening and widening of 

the trough was observed occurring within the subsurface. This movement generated 

additional accommodation for future deposition, plus it reinforced sedimentation within 

the trough as local relief differences were maintained between the trough and ridge 

structures. Ultimately, a feedback loop developed where a topographic low was filled by 
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sediment, the surface subsided in response to the sediment overburden via lateral flow of 

the mobile substrate, and then the cycle repeated itself. This feedback loop partly 

explains why the low-lying areas of primary deposition in the beginning never saw any 

reversal in movement, only reinforced subsidence. 

An interesting deviation from this pattern of correlation can be observed in the 

final silica deposit and the final topographic map following completion of Flow 3 (Fig. 

28). For the most part, the thickest portions of the composite silica turbidites are 

collocated to areas of lowest topography. However, the highlighted region in Figure 28 

shows a significant deposit resting atop a subsurface high. As in the case of the removal 

of peak 1 during the walnut shell series, this is another example of changes through time 

disconnecting the final deposit and final substrate topography. 

 

Subsidence vs. Uplift 

Uplifting sediments, regardless of thickness, are considered “along for the ride.” 

However, a question still remains about what is happening in areas that are subsiding. 

Some locations have significantly thinner packages of sediment than others and yet they 

subside while others do not. In an attempt to better understand the relationship between 

the deposit and surface motion, zones of subsidence and uplift were evaluated by looking 

at the distribution of deposit thicknesses associated with each of them (Fig. 29-31). 

Figure 29 shows that populations associated with uplift were unimodal in their 

distribution and were amongst the lower range of thickness values (<15 mm). These 

thicknesses primarily corresponded to uplift locations along the ridge and platform 

perimeter and to locations of minimal deposit as seen in Fig. 30. The thickness population 

associated with net subsidence is seen to have a bimodal distribution and nearly covered 



 25 

the entire range of thickness values. The first mode of the subsidence thickness 

distribution was nearly equal to that in the uplifting case, with clearly a second mode 

encompassing almost the entire upper distribution of greater thicknesses. The bimodal 

distribution of the subsiding thicknesses speaks to the difficulty in trying to attribute a 

particular local sediment load to driving subsidence. 

Using the walnut shell experiments as an example, two transects were taken 

across regions of dissimilar topography that exhibited different responses to 

sedimentation. One transect runs through the trough region and another over the ridge 

structure (Figs. 32 and 33). Figure 32 highlighting the trough region illustrates how a 

region predisposed to subsidence; combined with significant sedimentation, only saw 

reinforcement of the surface’s downward movement. This is also a good example of 

subsidence in a region containing thickness values found within the second mode of the 

total thickness distribution. Conversely, Figure 33 shows a sediment package on the same 

order as in Figure 32, but with a much different surface response. Despite having the 

same thickness in overburden, Figure 33 shows a strong degree of uplift. So why is there 

such an inconsistency between the two responses? What appears to be happening is that 

the tendency of the far-field surface to uplift or subside was preconditioned by the 

topography of the initial surface. In a region such as the uplifting ridge, the sum of 

regional forces exceeds that of the overburden and so results in a net uplift. From the 

other perspective, the thinner deposits associated with subsidence are in the vicinity of 

thicker deposits and are simply being “caught up” in a regional subsidence. While a 

specific value cannot be determined, the data suggest a potential thickness or overburden 

threshold in the system that, once exceeded, can initiate and drive subsidence. Otherwise, 

existing forces in neighboring regions dominate. 
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Conclusions 

Salt provinces can have an inherently complex deposit history given the 

variability in the dynamics of salt flow. Despite this complexity, there are still some 

fundamental mechanics that can be identified. First, salt wants to flow. Given certain 

material properties of salt, salt will readily flow laterally from regions of high load to 

regions of lesser load. This generates a field of non-uniform sediment thicknesses and 

ultimately a variable pressure field in the subsurface that additionally drives flow, 

highlighting the important connection between the surface and subsurface, and how 

subsurface response can be drastically influenced by surface topography. 

Current thickness relative to sea-floor relief partially determines where 

sedimentation occurs. More specifically, it defines the transition from turbidite 

sedimentation on an “unconfined” slope to depositional patterns typical of rimmed 

minibasins. Blocking and focusing of currents by topography results in enhanced 

deposition adjacent to the relatively unloaded surfaces. This disparity is amplified by the 

remobilization of deposits from steep slopes into adjacent topographic lows. All together, 

these surface elements contribute to destabilizations within the subsurface that generate 

regions of uplift and subsidence. For unconfined turbidites adjacent to actively subsiding 

regions, they are simply “along for the ride” on the deforming sea floor. 

Lastly, minibasin systems do not exist in isolation. They are often just one of 

many features within an overall structural province. As a result, a complete understanding 

of what is happening in any given minibasin requires attention to the surrounding field. 

This is because flow of a mobile substrate at one location affects sea-floor deformation at 

near-by locations, which in turn can lead to complicated sedimentation patterns that can 

be difficult to accurately interpret.  
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Tables 

 

 

Table 1. Kinetic Energy vs. Potential Energy ratios for all flows. 
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Table 2. Current Height vs. Local Relief ratios for all flows. 
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Figures 

 

 
 

Figure 1. Idealized ponded depositional sequence for capture of submarine fans (from 
Prather, 2000). The simplicity of these models does not accurately reflect 
the true complexity of basin fill mechanisms, in part due to their static 
nature. The imposed topography cannot dynamically respond to loading, and 
therefore struggles to produce truly accurate facies classes. 
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Figure 2. From Prather et al. (2012). Figure shows seismic profiles of the Brazos-Trinity 
intra-slope basins II and IV with sediment packages color-coded. Looking at 
the corresponding colors, you can see a linked minibasin system evolve, at 
times with minibasins appearing to be rimmed and all filling at the same 
time. 
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Figure 3. From Buttles, Maharaj, and Mohrig (in prep). Physical models of turbidity 
current/topography interactions under varying conditions of discharge and 
confinement for both linked and unlinked minibasin systems. As seen here, 
there are varying degrees in which a current is predominately captured in a 
single basin or continues to flow on into adjacent ones. 
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Figure 4. Borrowed from Piliouras et al. (2014). Here is a simple model showing 
subsidence assuming a parabolic velocity profile for viscous flow in the 
horizontal. Experimental data is for the same SGM-36 polymer used in the 
experiments reported herein and is represented by the open circles/crosses, 
with the model being represented by solid and dashed lines. This illustrates 
how the model matches quite well with what was observed in the 
experiments. 
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Figure 5. Borrowed from Piliouras et al. (2014). First generation experiments using the 
SGM-36 polymer. On it has been loaded two different sized triangular 
dunes. The geometry was kept simple due to it being easier to characterize 
and understand. As the sediment was loaded on top, lateral pressure 
gradients arise causing the polymer to flow laterally from underneath the 
sediment allowing for subsidence to occur. 
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Figure 6. Borrowed from Kopriva and Kim (2015). Above are experimental results of 
three varieties of sedimentation rates, all of them showing a similar pattern. 
There is a ramping up to some value for that given cycle, sedimentation is 
turned off and then the subsidence rate decreases. This pattern continues for 
all of them, but what is important to note is the overall trend of decreasing 
subsidence rates. This is because as subsidence occurs, more and more 
polymer is expelled and the substrate thickness becomes less and less over 
time. This demonstrates the control that substrate thickness has on 
subsidence and ultimately basin geometry. 
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Figure 7. (A) Constant-head feeder-tank system used for mixing and delivering sediment 
slurry to the experimental platform. (B) Three-axis computer carriage 
system used to make precise repeat topographic laser and sonar scans. (C) 
Experimental platform measuring 1.2 x 1.2 x 0.05 m. Image shows 5 mm 
thick sheet of Silly Putty™ overlaying the PDMS polymer. (D) Observation 
deck that houses the computer controller for the carriage system and allows 
for a top-view of experiments. 
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Figure 8. Top view of experimental platform surface of dimensions 1.2 x 1.2 x 0.05 m. 
Flow from the inlet is from right to left across the platform. Opaque surface 
is the Silly Putty™ material. 
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Figure 9. (A) Grain size distribution of crushed walnut shell. Dx (10) = 4.4 μm; Dx (50) = 
25.3 μm; Dx (90) = 63.8 μm. (B) Grain size distribution of silica flour. Dx 
(10) = 2.5 μm; Dx (50) = 23.7 μm; Dx (90) = 70.8 μm. 
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Figure 10. (A) Silica surface topography map (base map prior to Flow 1) overlaid with 
corresponding flow velocities from Flow 1 to labeled locations in panel B. 
(B) Reference for ADV sampling locations. (C) Velocity profiles from ADV 
locations 1-4 with bold 1 cm intervals along y-axis. Left represents negative 
velocities along the x-axis and to the right are positive values. The profile 
colors are as follows: x-yellow, y-red, z_positive-green, z_negative-dark 
blue, and the average velocity in light blue. 
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Figure 11. Stabilization of the initial putty surface is shown above. Sequential surface 
maps of the initial putty surface were taken and then differenced one from 
another. At every point along the 2mm x 2mm grid resolution, the absolute 
value of the change in elevation between one map and another was recorded. 
These values were then averaged across the entire surface and reduced down 
to a single value: the average net change in surface elevation. The graph 
shows the average magnitude of change decreasing through time. This was 
interpreted as a stabilization of the surface. Visual observations supported 
this interpretation. 
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Figure 12. The upper left image shows a topographic map and the upper right image a 
subsurface map, both produced using sonar data. The lower cross-section 
corresponds to the yellow transect lines seen in the upper two images. 
Mapping various horizons within the sonar volume made production of such 
maps possible. The lower image contains three mapped horizons: surface 
(dark blue), putty/polymer interface (black), and the basin floor (light blue). 
Figures are presented in two-way travel time. 
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Figure 13. Upper image is a laser topography scan of the surface prior to the release of 
the first walnut shell current. The dashed red line found in the lower two 
images represents the current height recorded at those locations during the 
first walnut shell flow. This figure demonstrates the less than to sub-equal 
relationship between current height and topography seen in the first 
experiment and the resulting strong partitioning that was observed. 
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Figure 14. (A) Side view of the initial surface prior to the first walnut shell flow. Surface 

highs are numbered as domes 1-4. (B) Top view of the first current entering onto the 
platform surface. Surface highs can be observed having a strong effect on flow direction 
and partitioning. (C) Low angle side view of flowing current. Spillage of material can be 

seen occurring along the half pipe inlet ramp. (D) and (E) are images prior to and 
immediately after an experimental flow. 
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Figure 15. Reference figure for locations corresponding to the walnut shell experiments. 
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Figure 16. The upper left image shows sedimentation within the inlet ramp that occurred 

during the experimental flows. Flows 2-6 began with inlet ramps containing similar 
amounts of filling as in this image. Only Flow 1 was exempt from this condition. The 
images of Flows 2-6 each show how the current responded to this partial filling, no 

longer contained by the topography as in the first flow. 
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Figure 17. Dip line extending from the inlet for walnut shell Flows 3-6 (top to bottom). 

The uppermost image shows the beginning development of a shallow basin just 
downstream of the inlet. This basin initially grows from Flow 3 to Flow 4 in both depth 

and width, but then stays roughly static from that point on. 
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Figure 18. Upper image is a laser topography scan of the surface prior to the release of 
the first silica current. The dashed red line found in the lower two images represents the 

current height recorded at those locations during the first silica flow. This figure 
demonstrates the less than to sub-equal relationship between current height and 

topography seen in the first experiment and the resulting strong partitioning that was 
observed. 
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Figure 19. Reference figure for locations corresponding to the silica experiments. 
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Figure 20. (A) Silica surface topography map (base map prior to Flow 1) overlaid with 
corresponding flow velocities from Flow 2 to labeled locations in panel B. 
(B) Reference for ADV sampling locations. Flow 1 is shown. (C) Velocity 
profiles from ADV locations 1-4 with bold 1 cm intervals along y-axis. Left 
represents negative velocities along the x-axis and to the right are positive 
values. The profile colors are as follows: x-yellow, y-red, z_positive-green, 
z_negative-dark blue, and the average velocity in light blue. 

 



 49 

 

Figure 21. (A) Silica surface topography map (base map prior to Flow 1) overlaid with 
corresponding flow velocities from Flow 3 to labeled locations in panel B. 
(B) Reference for ADV sampling locations. Flow 1 is shown. (C) Velocity 
profiles from ADV locations 1-4 with bold 1 cm intervals along y-axis. Left 
represents negative velocities along the x-axis and to the right are positive 
values. The profile colors are as follows: x-yellow, y-red, z_positive-green, 
z_negative-dark blue, and the average velocity in light blue. 
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Figure 22. Sample locations for grain size analysis. 
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Figure 23. Dv[50] grain size distribution for the silica experiments. Units are in microns. 
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Figure 24. Color map of Dv[50] grainsize distributions overlaid on a contour map of the 
surface. Contours are on a 10mm interval. 
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Figure 25. Dv[90] grain size distribution for the silica experiments. Units are in microns. 
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Figure 26. Color map of Dv[90] grainsize distributions overlaid on a contour map of the 
surface. Contours are on a 10mm interval. 
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Figure 27. The two left images are laser surface maps from periods early on and late into 
the walnut shell experiments. The two right images are sonar sub-surface 
maps from the same times. What is to note is how similar the surface and 
sub-surface expressions are to each other. This illustrates their 
connectedness and suggest that certain inferences made about one using the 
other could have validity. There are exceptions to this relationship. 
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Figure 28. The lower image is a sonar surface map showing the turbidite deposit and the 
upper is its corresponding subsurface. Normally, thicker depositional 
packages (represented by warmer colors) are observed collocated with lower 
topography (cooler colors). Here we can clearly see a deviation from that 
pattern in that a thicker depositional package is seen sitting atop a 
subsurface high (box). 

Thick 

Thin 
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Figure 29. The image on the left shows the distribution of thicknesses associated with 
regions of net uplift and the image on the right shows the distribution of 
thicknesses associated with net subsidence. Both images have the total 
distribution of thicknesses in their backgrounds. The image on the right 
clearly contains a population of thicknesses that are contributing to 
subsidence that are not found in the other distribution. 
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Figure 30. The image on the left shows areas of net subsidence in blue and areas of net 
uplift in red. The image on the right is of the total cumulative deposit from 
all six walnut shell flows. These two images illustrate the correlation 
between surface motion and deposit thickness where minimal deposits have 
a tendency to be in regions of uplift. 
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Figure 31. Distribution of total deposit thickness. Insert image is a surface map of the 
total deposit with thicknesses in millimeters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Contour Interval = 5 mm 
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Figure 32. This figure shows a transect taken along a trough region as seen in the lower 
right image. This trough region was associated with an area predisposed to 
subsidence, and upon receipt of sedimentation only saw reinforcement of 
that motion. 
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Figure 33. Similar to Figure 31, this figure shows a transect taken along the dominant 
ridge region as seen in the lower right image. The sediment overburden is 
similar to that seen in Figure 31, yet there was a different surface response- 
uplift. This disconnect seems to lie in the presence of a thickness threshold 
combined with the condition of the initial topography to either uplift or 
subside. 
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Figure 34. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 35. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 36. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 37. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 38. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 39. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 40. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 41. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 42. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 43. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 44. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. Due to scanning errors recorded by the laser, the 
surface map was cropped to exclude errant data. 
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Figure 45. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 46. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 47. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 48. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. Scanning errors recorded errant data between 
approximately 580 and 680 mm downstream; and as such, cannot be 
considered accurate and should be disregarded. 
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Figure 49. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 50. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 51. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 52. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 53. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 54. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 55. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 56. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 57. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 58. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 59. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 60. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 61. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 62. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 63. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 64. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 



 93 

 

Figure 65. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 66. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 67. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 68. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 69. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 70. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 71. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 72. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 73. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 74. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 75. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 76. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 77. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 78. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Contour lines 
are on 10 mm intervals. 
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Figure 79. Differencing of topography scans show changes in surface elevations. Deposit 
map was created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. 
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Figure 80. Deposit map created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. Due to scanning errors recorded by the laser, 
the surface map was cropped to exclude errant data. 
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Figure 81. Deposit map created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. 
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Figure 82. Deposit map created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. 
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Figure 83. Deposit map created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. 
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Figure 84. Deposit map created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. 
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Figure 85. Deposit map created from differencing pre- and post-flow laser topography 
scans for the corresponding deposit. Deposit maps were generated with 2 x 2 
mm horizontal resolution and sub-millimeter vertical resolution. Contour 
lines are on 1 mm intervals. 
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Figure 86. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 87. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 88. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 89. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 

 
 
 
 
 
 
 
 



 118 

Flow 5 

 

 

Figure 90. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 91. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Silica Flour Laser Surface Maps 
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Figure 92. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Cool colors 
(blue) represent lower elevations and hotter colors (red) represent higher 
elevations. 
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Figure 93. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Cool colors 
(blue) represent lower elevations and hotter colors (red) represent higher 
elevations. 
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Figure 94. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Cool colors 
(blue) represent lower elevations and hotter colors (red) represent higher 
elevations. 
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Figure 95. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Cool colors 
(blue) represent lower elevations and hotter colors (red) represent higher 
elevations. 
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Figure 96. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Cool colors 
(blue) represent lower elevations and hotter colors (red) represent higher 
elevations. 
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Figure 97. Laser topography map of the platform surface generated with 2 x 2 mm 
horizontal resolution and sub-millimeter vertical resolution. Cool colors 
(blue) represent lower elevations and hotter colors (red) represent higher 
elevations. 
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Figure 98. Sonar topography map of the platform surface generated at a 20 x 20 mm 
horizontal resolution. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 99. Sonar topography map of the platform surface generated at a 20 x 20 mm 
horizontal resolution. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 100. Sonar topography map of the platform surface generated at a 20 x 20 mm 
horizontal resolution. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 101. Sonar topography map of the platform surface generated at a 20 x 20 mm 
horizontal resolution. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 102. Sonar topography map of the platform surface generated at a 20 x 20 mm 
horizontal resolution. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Figure 103. Sonar topography map of the platform surface generated at a 20 
x 20 mm horizontal resolution. Cool colors (blue) represent lower elevations 
and hotter colors (red) represent higher elevations. 

 
 
 
 
 
 
 
 
 
 
 



 132 

Silica Flour Sonar Subsurface Maps 

Base 

 

Figure 104. Subsurface map produced using sonar data. The mapped surface is of the 
interface between the polymer and putty materials. Horizontal resolution at 
20 x 20 mm grid spacing. Cool colors (blue) represent lower elevations and 
hotter colors (red) represent higher elevations. 
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Flow 1 

Figure 105. Subsurface map produced using sonar data. The mapped surface 
is of the interface between the polymer and putty materials. Horizontal 
resolution at 20 x 20 mm grid spacing. Cool colors (blue) represent lower 
elevations and hotter colors (red) represent higher elevations. 
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Figure 106. Subsurface map produced using sonar data. The mapped surface 
is of the interface between the polymer and putty materials. Horizontal 
resolution at 20 x 20 mm grid spacing. Cool colors (blue) represent lower 
elevations and hotter colors (red) represent higher elevations. 
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Flow 2 

Figure 107. Subsurface map produced using sonar data. The mapped surface 
is of the interface between the polymer and putty materials. Horizontal 
resolution at 20 x 20 mm grid spacing. Cool colors (blue) represent lower 
elevations and hotter colors (red) represent higher elevations. 
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Flow 3 

 

Figure 108. Subsurface map of Flow 3 produced using sonar data. The mapped surface is 
of the interface between the polymer and putty materials. Horizontal 
resolution at 20 x 20 mm grid spacing. Cool colors (blue) represent lower 
elevations and hotter colors (red) represent higher elevations. 
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