
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Conceptual Model 
 
To quantify the proposed mechanism a conceptual model 
of a continuous inflow Turbidity current is proposed. It is 
called TCR (Turbidity Current with a Roof) and it reflects 
the characteristics of the Equilibrium Region of Turbidity 
currents.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The above mathematical model is solved using DNS 
(Direct Numerical Simulation). Details of the numerical 
scheme used can  be found in Cantero et al. (2009). The 
equations were solved for different settling velocities of 
sand, for Reτ = 180, Sc = 1 and θ = 5°. 
     
Results 
 
The simulations has been done for 10 different cases with 
varying values of settling velocities (there is a case 0 for 0 
settling velocity). The values of different parameters 
obtained from each simulation has been listed below.  
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Conclusions 
●  The presence of sediment breaks the symmetry of the 

flow due to the tendency to self-stratify 
●  Self-stratification damps turbulence near the bottom 

wall 
●  Two regimens are present with a rather sharp transition 

from one to the other occuring for 2.22 x 10-2 < |Vz| / u*b 
< 2.43 x 10-2 for Reτ = 180 

●  The results clearly show that the suggested mechanism 
works for Reτ used in the present case. In order to fully 
cement the hypothesis simulations of TCR needs to be 
done at higher Reτ (Parsons and Garcia 1998).  

●  At present DNS has its limitations due to exorbitant 
computation cost, so a LES (Large Eddy Simulation) 
model is under development to tackle the problem.                                                            
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TURBIDITY CURRENTS 

 
  

 
 

An experimental example of a turbidity current. 
 

Turbidity currents are buoyant flow driven by suspended 
sediment. Turbidity currents are subset of Density or 
Gravity currents, which include: oceanic fronts, 
avalanches, lahars, pyroclastic flows, and lava flows. 
Along with other pyroclastic flows they can be also 
defined as Non-Conservative gravity currents; due to the 
non-conservative nature of the driving media, which is 
sediment in case of Turbidity currents. Turbidity currents 
happen often in nature (lakes and oceans), and they are 
known to be one of the main mechanisms of sediment 
transport in the ocean environment. Under certain 
conditions these flows can be sustained for hours or 
some times for days, and are capable of carving deep 
canyons in the continental shelf. Turbidity currents are 
also known to produce long submarine meandering 
channels that may run for several kilometers at times.  
 

 
      

 

 

  
 
 
 
 
 
 
 
 
 
 

Deposition due to Turbidity currents 
When the energy of a Turbidity current lowers, its ability 
to carry suspended sediment decreases and sediment 
deposition occurs; thus a wide range of structures in the 
depositional records have been emplaced as turbidites 
by turbidity currents. Turbidity currents are rarely seen in 
nature, thus turbidites can be used to determine 
characteristics of turbidity current. Often, when the local 
topography and the flow conditions are right, turbidity 
currents may produce massive deposits of sand that 
become oil reservoirs (Leclair and Arnott 2003) over 
geological time scales. Turbidites seen in outcrops are 
often characterized in terms of the Bouma sequence 
(Bouma 1962). Units a to e in Bouma sequence are 
interpreted in terms of a single flow event, with flow 
waning from bottom to top.  

 

  

 
  

 

 

 

 

 

 

 

Of interest here are units a and b, both of which tend to 
be sandy. Unit a is “massive”, i.e. either lacking or 
highly deficient in depositional structure. Parallel 
laminations are seen in fluvial deposits as well as 
turbidites, and have been reproduced in the laboratory 
(Paola et al 1989, Best and Bridge 1992). They are 
associated with upper-regime plane-bed flow. Their 
formation is due to the organization of sand grains into 
streaks according to size and orientation by the bedload 
layer. Mechanisms for the emplacement of massive 
turbidites are more speculative.  

 

 

 

 

 

 

 
 

 

 

These units (a) can be up to meters in thickness, and can 
be extensive in the downdip direction.  They do not have 
fluvial analogs. A mechanism has been put forward to 
explain the depositional structure.   
 

The Mechanism 
 
 

CHAPMAN CONFERENCE: 
Source to Sink Systems 
Around the World and 
Through Time; Oxnard 
California, USA 2011  

Inflow-affected region Front-affected region Equilibrium region 

clear water 

water–sediment mixture 

Submarine continental margin off California, USA  Image 
courtesy of L. Pratson. 

Blue coloring = increasing water depth 

Pirmez et al. (1995) 

Amazon Channel System of the coast of Brazil 

Gravel wave emplaced by turbidity current, Patagonia Chile 
Courtesy Gary Parker 

Characteristic Sedimentation Pattern: Bouma Sequence 
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NEW THEORY OF COLLAPSE OF TURBULENCE DUE TO SELF-
STRATIFICATION ( GARY PARKER et al.)

u

c

This process 
could develop 
in both space 
and time.

“separation 
bubble”

On higher 
slopes, the 
current is 
driven by both 
sand and mud As the slope drops off, the sand 

starts to settle out, the near-bed 
flow self-stratifies.

The near-bed turbulence is killed 
and the sediment rains out.

Once the sand has settled out, the 
flow “reattaches” as a muddy 
current.

u

c u

c

Turbidity Currents – Equilibrium region 

clear water 

water–sediment mixture 

Interface: 
!  Clear water entrainment (dependent on Ri) 
!  Interface friction 
!  Zero net sediment flux 

Wall: 
!  Sediment flux: in (accelerating), out (subsiding), 

zero (bypassing) 
!  Wall friction 

In the equilibrium region: 
!  Local balance between buoyant force and wall+interface friction 
!  Local balance of fluid mass between inflow, outflow and ambient entrainment 
!  Local balance of sediment mass between inflow, outflow and resuspension/

deposition 

Cases 6 to 10  

Vertical 
Turbulence 
Is Dead 


