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Abstract

Our ability to interpret the deposits of marine sediment gravity flows (SGF) has been greatly restricted by a lack of understanding of their
flow processes. This limitation is reflected in the numerous classification schemes and the difficulty in using terms such as low (LDTC) and
high-density turbidity currents (HDTC).

Here we report a novel experimentally derived classification scheme that for the first time identifies flow types and quantifies their
transition points. A series of 25 runs of three types of turbidity currents ranging from 2.5% to 35% concentration by volume with
non-cohesive (silt-sized glass beads) and cohesive (kaolin) sediment was performed at different clay-silt ratios. Digital camcorders,
Ultra-High Concentration Meters, Ultrasonic Velocity Profiler and a Rheometer were used to acquire flow and rheological data.

The hydrodynamic properties of the flows were determined using changing flow geometry, and high-frequency time-series, depth-average
values and vertical profiles of velocity and sediment concentration. Moreover, the deposits were studied using Scanning Electron
Microscopy.

Six types of flows were distinguished based on a comparison of hydrodynamic, depositional and rheological properties. A 3D phase

diagram was created, showing the boundaries between these flow types in terms of rheological behaviour, bulk volumetric and clay
concentration. The main characteristics of the flow types are:
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e Type I: Newtonian; grains supported by turbulence; segregation of grains and normally graded beds.

e Types Il and Ill: Newtonian; grains supported by turbulence, hindered settling; undulating high-concentration near-bed layer
(stronger in type I1); partial size segregation forming partially graded beds.

e Type IV: non-Newtonian; viscous flow; formation of plug (flow freezing) and shear flow generating graded beds of muddy sand.

e Types V and VI: non-Newtonian; viscous flow with thick mud layer; grain support by matrix strength; cohesive freezing forms
ungraded muddy sand with coarse-tail grading near to the top.

A new process-related classification of sediment gravity flows is proposed. Type | resembles classic LDTC behavior, and Types V and VI
are similar to the debris flow behavior. Types Il and I11 are classified as inertial HDTC, due to flow turbulence, and Type IV represents a
viscous HDTC, due to cohesive clay influence on flow and deposit.
The implications of the new classification scheme for natural deposits of SGF will be discussed.
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SEDIMENT GRAVITY FLOWS

Classification of Sediment gravity flow based principally
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MAIN GOAL

‘ Generate experimentally different flows ‘
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‘ Experimentally-derived classification ‘
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Lock-exchange experiments
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Flow geometry
2 Video-cameras and interactive white board

Computador
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Experimental Results

RHEOLOGY OF THE HYDRAULIC DEPOSITIONAL
MIXTURES PROPERTIES PROPERTIES
RHEOLOGICAL BEHAVIOUR TIME SERIES GRADATION
VISCOSITY OF THE MIXTURES GEOMETRY DISTRIBUTION OF
RELATION WITH Cvol AND VERTICAL PROFILES SEDIMENTS
%CLAY and others .... VELOCITY CAPACITY TRANSPORT
MEAN VALUES GRAIN TYPE AND SIZE
CONCENTRATION and DEPOSITIONAL RATE
others .... and others...
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MORE THAN 20 PARAMETERS EVALUATED
IMPOSSIBLE TO SHOW ALL — SORRY'!

SHOW SOME RESULTS FOR EACH PROPERTIES




*RHEOLOGY MEASUREMENTS FOR ALL 25 MIXTURES
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*REGION | SOME OF THE 22 PARAMETERS
*Highlighting the main ones
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*REGION Il SOME OF THE 22 PARAMETERS
AND Il Highlighting the main ones
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‘REGION IV SOME OF THE 22 PARAMETERS
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Rheology Deposition Process
: i O .

Gradation

Vel
(73]
(7))
o
@ |j\_ -
< ! —
o nc
i
N Transition to Cohesive
freezing
Shear rate VEL AND Cvol MECHANISM SUPPORT
BODY/i {CAD PROFILE -
0097 ¢ e 00 %Silt % Clay
VHead > VBody
7 W

Viscous forces starting act

@& >

GEOMETRY
BODY/HEAD

HHead = HBody

. :      




*REGION V SOME OF THE 22 PARAMETERS
and VI Highlighting the main ones
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« BRIEF SUMMARY

REGION I: Low density flow; Newtonian; grains supported by upward component of
turbulence; no hindered settling; segregation of grains and normally graded beds.

REGION II: Newtonian; grains supported by turbulence; turbulent flow with gently
undulating high-concentration near-bed layer; partial hindered settling and partial size
segregation forming partially graded beds.

REGION llI: Newtonian; fully turbulent flow with strongly undulating high-
concentration near-bed layer; hindered settling resulting in rapid deposition and
generation of partially graded beds.

REGION IV: non-Newtonian; viscous flow; formation of “plug” and shear flow
(mud layer close the bottom); viscous forces cause freezing of the flow and forming
graded beds of muddy sand.

REGIONS V and VI: non-Newtonian; viscous flow with thick mud layer; grain
support by matrix strength; weakly undulating internal mud layer; cohesive freezing
forms an ungraded muddy sand with coarse-tail grading on top.
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Experimentally-derived classification
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Experimentally-derived classification

« PREVIOUS CLASSIFICATIONS BASED ON (literature review):
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Proposal: Experimentally-derived classification
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REGIONS Il & Il — INERTIAL HDTC 7
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REGION |V -VISCOUS HDTC
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REGIONS V and VI -DEBRIS FLOWS
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CONCLUSIONS

First experimentally derived classification
coupling flow and deposit process as well as rheoloqgical
behaviour of the mixtures

do not misunderstand! but clarify some concepts and physics of the flows

Clay presence plays an important role on mixtures (rheology behavior changes) —
yield Stress

The 6 regions defined showed a transition between the sediment gravity flows —
from debris flows to low density turbidity current

Regions Il and Ill are slightly different as well as regions V and VI

The database of the study can be used as input in numerical models
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