Geology 103








                Lecture #8
Mass movements, sediment gravity flows
        
  Reading: Boggs, 5th ed., pp. 31-33, 39-41
- Today: Mass movements, sediment gravity flows


- Another way to move grains


- The fluid may not be water


- We will focus on: 



Forces that keep grains entrained



Features of the resulting sedimentary deposit

I) Particle transport by mass transport processes:


- Now: the fluid may not be directly involved in grain transport


- But: the fluid may still reduce internal friction, enhance transport


- With sediment gravity flows: gravity is the driving agent


- Usually need a slope


- Several types of sediment gravity flows:


- With each flow we will discuss:



- How does it form/start



- What type of grains are involved?



- What does the resulting deposit (sedimentary accumulation) look like?

See Table 2.1 from Boggs, 5th ed., p. 32

- This table summarizes the different mass transport processes.


- We will look at each process: what causes it, how are grains transported, what 



does the resulting deposit look like?

- In general: more flows are have more fluid as we move toward the bottom processes on the table.


A) Rockfall:



- Freefall of blocks from cliffs or steep slopes

Have class practice saying "rock"

B) Slide:



- Rock or sediment moves as a coherent block



- Little internal deformation



- Form along zones of weakness:




shale layers, water-bearing zones, fault planes



- 2 variations:



1) Slump:




- Has rotation at the base




- Curved planes of rotation develop



2) Glide:




- No rotation at the base




- Failure occurs along discrete planes




- Resulting deposit (in either case): same block, but further

downslope


C) Sediment gravity flows:



- Tend to be more fluidized (than previous examples)



- Internal deformation of the flow is intense (flows are generally still




turbulent)



- Include a wide variety of flows, ranging from pyroclastic flows (volcanic)

to sand moving down the slip face of a dune to turbidity currents in the deep ocean

- Are capable of moving a large quantity of sediment a long distance in a short time



- Questions with each of these flows: 




What triggers the flow?




What keeps the grains aloft (supported) during transport?




What does the resulting deposit look like?



1) Mass flow (debris flows and mud flows)


- Include debris flows (coarser), mudflows (finer) and grain flows




- A dense, viscous slurry of grains and water




- Generally: 

Debris flow has less fluid







Mud flow has more fluid




- High viscosity allows transport of large clasts (grains)




- May transport clasts up to boulder size

See Figure 2.7 from Boggs, 5th edition, p. 37



- Features of debris flow deposits:





- have a scoured, sheared base





- are very poorly sorted





- have an irregular top, with large grains projecting


- These may be low angle deposits!!! (a few degrees is all that 
is required to start movement on the flow)





- Matrix strength supports grains!! (cohesion and buoyancy 





keeps them “afloat”)

See Figure 2.6 from Boggs, 5th edition, p. 33




- Ex: we will see a debris flow at Lake Berryessa



2) Grain flow:




- Occurs in cohesionless sediment (ex: sand), may also be subaqeous




- Sediment is normally supported by direct, grain-to-grain contact




- Flow occurs when angle of repose is passed (normally 33°-37°)

- Dispersive pressure that keeps the flow moving is from grain collision

See Figure 2.6 from Boggs, 5th edition, p. 33



- Can be subaerial or subaqueous



- Ex: sliding down a talus slope




- Ex: sand grains falling down the face (lee side) of a sand dune

See Figure 2.7 from Boggs, 5th edition, p. 37



- Features of a grain flow deposit:





- tend to be massive, structureless





- may have scour at base





- grains are oriented parallel to flow



3) Fluidal flow




A) Fluidized and liquified flow:





- During the flow: 






- sediment (individual grains) is supported by the 






upward flow of pore water OR:






- sediment is supported by fluid injected from below 






(dispersive forces)

See Figure 2.6 from Boggs, 5th edition, p. 33




- May result from liquifaction:






- sudden shaking moves grains apart






- grains are temporarily supported by pore fluid






- flow only occurs as long as grains are dispersed





- Eventually: grains settle into a more tightly packed

framework





- For thick flows: it may take several hours for the grains to

settle back together





- This is what happened in the Marina District (San

Francisco) in 1988? when houses sank into the poorly consolidated fill





- Will start moving with very low slopes (> 3°)

See Figure 2.7 from Boggs, 5th edition, p. 42





- Features of a fluidized flow:






- escape pipes, dish structures, 






- convolute lamination






- flame and load structures at base






- show reverse grading at base: 







from kinetic sieving: small grains filter down 






between larger grains




B) Turbidity current





- Is a density driven current





- Usually forms in a deep marine environment: off the edge 





of the continental shelf





- Water (density ~ 1) mixes with sediment (density ~2.54) and 




forms a denser mass





- Needs a slope to form (< 1° may be enough!)





- Individual grains are supported by fluid turbulence




 
- Has a head, body and tail

See Figure 2.4.1 from Boggs, 5th edition, p. 34




- Often triggered by a jolt: seismic, or storm





- Causes a rush of sediment washes out onto ocean floor





- Flow is very turbulent: individual grains are kept aloft by 





the turbulence

See Figure 2.6 from Boggs, 5th edition, p. 33




- Forms a characteristic sequence called a Bouma sequence





- Has coarse material at bottom, finer material upward






- layers are labelled A-E





- Sedimentary structures also change upward





- Deposits produced by turbidity flows: are called turbidites

