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Figure 1: Experimental deposit of a weak transitional flow. Deposit image is photostitched from several high-resolution images. Labelled orange lines along the base indicate where freeze core samples were collected and subsampled for grain size analysis. Vertical letters indicate traceable bands across the deposit. NB: BLACK GRAINS ARE FINE SAND, TAN PORE-FILLING GRAINS ARE MUD
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(Image by K.Ustipak)

INTRODUCTION
Banding in muddy sanstones is common in deepwater settings (Figure 3) 

GEOLOGIC CONTEXT

Figure 2: Paleogeography of the Wilcox Formation,
one of the many deepwater settings in which transi-
tional flow deposits have been identified (Kane &
Ponten, 2012). Image from McDonnell et al., 2008.

Zoomed In (Fig 3B)
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Figure 3A: Stacked deposit of transitional flow events in
Point Loma Formation, Rosario Group, San Diego, CA.

Figure 3B: Enhanced image from Figure 3A. Highlights
the nature of millimeter-scale microbanding of muddy 
bands (dark) and relatively clean sand bands (light). 

Figure 4A: Schematic diagram facies distribution in a 
deepwater distal lobe. The red facies is a variety of TFDs
that are depicted in an idealized succession in Figure 4C.

Figure 4B: Schematic interpretation of flow transform-
ation in a transitional flow and its deposits.

Figure 4C: TFD facies IV has banding depicted in it.

Diagrams from Kane & Ponten, 2012.
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Banding is defined by repetitive, millimeter to decimeters thick couplets of alternating clean sands and muddy sands (Lowe & Guy, 2000)

Depositional processes generating banded divisions have not been observed experimentally before this research

Some suggest banding results from sorting of sediment in laminar near-bed layers dominated by cohesive forces (Lowe et al.,2003) while 
others interpret banding to be the result of intermittent turbulence suppression because of dispersed clay near bed (Haughton et al.,2009)

EXPERIMENTAL METHODS
Simulate a weak transitional flow 

Use fine black sand to better observe 
depositional of static bed

Experiment designed to represent the moment a flow 
becomes strongly depositional, consistent with a loss of 
confinement in a submarine lobe setting 

Add mixed slurry to 2D flume head tank (Figure 6)

Record high-resolution side-view video and acoustic
data for the duration of the flow

Induce three surges by controlling the pressure head 
that drives flow rate

Collect post-depositional photographs (Figure 1) and
freeze core samples for grain size analysis
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Figure 6: Schematic diagram of experimental flume tank set-up. 
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Figure 7: Slurry Composition by Individual Elements

Use bimodal sediments in original mixture to clearly distinguish 
between pore-filling muds (<100 micrometers) and sands 
(>100 micrometers) (Figure 7)

Early morning mixing at UT
Morphodynamics Laboratory

MOTIVATING QUESTIONS
(1)  Does surging within a single, continuous transitional flow produce banding?
(2)  Do the number of bands deposited correspond to the number of induced surges?
(3)  What are the temporal and spatial characteristics of banding in a transitional flow deposit?

RESULTS: BED AGGRADATION
Figure 8: Time series of freeze frames taken during transitional flow experiment. 
Freeze frames (34s, 54s, 74s) are taken at the start of the surges. Annotations
along the right side of the images identifies the band as it aggrades through time.
NB: BLACK GRAINS ARE FINE SAND.
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Deposition is primarily from settling of sand grains

Clean sand bands (darker layers) correspond to lower 
instantaneous rates of bed aggradation

Muddy sand bands (lighter layers) correspond to higher 
instantaneous rates of bed aggradation

Almost no reworking of the aggrading bed via bedload 
transport of grains

Only two distinct light-dark band couplets are observed
in the deposit

Pore-filling muds deposit with sand when bed aggrades 
rapidly

Figure 9: Plot of the height of the sandy bed through time between 40-50 cm
downstream from the inlet. The plot depicts an average of three measurements
taken at 40, 45, and 50 cm. Standard error bars are computed. Color bars
correspond to the amount of time and height of the static bed as it aggraded.

Figure 10: Plot of the fluctuation in average aggradation rate of the sandy bed
depicting two major epidodes of coupled rate increase and decrease. Only two
of three surges are characterized by this increase and decrease.
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RESULTS: SPATIAL GRAIN SIZE TRENDS
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SAND MUD

Macro-scale grain size trend shows upward fining with the event bed and
downstream fining of the deposit, a typical trend of sediment gravity flows

Percentage of mud filling the pore space varies laterally within a band (Band C, Figure 12)
Percentage of mud filling the pore space varies vertically between clean and muddy bands
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Figure 11: Grain-size frequency curves illustrating the downstream trend of overall grain size fining. Bimodal nature of the original sediment grain size distribution is consistent.

Figure 12: Binned populations of the same grain size data as in Figure 11 highlights the vertical and lateral difference between clean sand bands (C & E) and muddy sand bands (B & D). Band A is a capping mud.
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Figure 13: Plots 
of vertical percent 
variation of mud
in bands.The grain 
size data is the 
same as in 
Figure 11 
and Figure 12.

PROCESS INTERPRETATIONS

Vertical variations in a banded transitional flow deposit are connected to the
amount of mud deposited with sand as the bed aggrades

Surging within a continuous, weak transitional flow produces unsteady rates 
of bed aggradation in a strongly depositional current

Pore-filling muds lead to the experimentally light color of muddy sand bands
 (Muddy sand bands would likely be a dark color in outcrop or core)

The ability of the flow to segregate sand grains is the chief mechanism by
which clean sand bands are deposited

CONCLUSIONS
Surging within a weak transitional flow is one mechanism to deposit alternating 
muddy and clean sand bands. Surges primarily lead to changes in rates of bed
aggradation. Inter-surge intervals are characterized by continuous flow at an
observationally lower discharge rate. As a consequence, the depositional 
sequence is sensitive to changes in the instantaneous rate of bed aggradation. 
The process interpretation of Haughton et al. (2009) where band generation is a 
product of relatively large and rapid temporal changes in mixing within a current 
was not required to produce banding in the laboratory. After Lowe & Guy (2000) 
the observed millimter-scale bands may be classfied as microbands.

FUTURE WORK
Three other surging experiments have been completed with different sediment 
concentrations. Comparative analysis of these flows will provide insight into the 
dynamics of band deposition from subaqueous sediment gravity currents that 
span the range from high-concentration turbidity currents to weak debris flows. 
The distinction between microbanding and plane-bed lamination will continue to 
be investigated and definitions of millimeter and centimeter scale bedding units 
will be re-examined to help clarify this difference.
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Only two distinct band couplets are deposited because the third surge had
relatively little sediment supply left with which to deposit bands
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