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The above illustration by Peter Haughton demonstrates the evolving interrelationship between the various 
sub-aqueous density flows and their transportation of sediment. The diagram demonstrates how cohesive 
flows change to non cohesive flows while passing through transitional hybrid flows. The sediment from 
these different flows are co-genetic and slurry flows accumulates as a mix both cohesive and non-cohesive 
material. To conclude the sediment transportation evolves from cohesive flows to non cohesive high to low 
density turbidity currents. 

http://www.sepmstrata.org/page.aspx?&pageid=36&3 

SEPM Strata Website: Deepwater Sequences 



SEPM Strata Website: Deepwater Sequences 

Frictional Flows: grains + water. 
•  Hyperconcentrated density flows 

• Sandy debris flows, some inverse 
      grading, no bedforms. 
•  Can be gravelly. 
•  75% of volume of flow is water,  
       when loose water, at change in  
       slope, seds freeze in place. 

Cohesive: have matrix strength.  Typed 
By grain size as : 
• Debris Flows 
• Mud flows (can be silty) 

Processes 

You Tube video, “Geobrugg: Debris  
Flows – when good rivers turn bad!” 
0.50 – 1:00min 
2:10-2:50min 
3:40-4:00min 

https://www.youtube.com/watch?v=ODE1OtTwCfI 



Creation of scour at base of concentrated density flow.  

Ross Fm., Ireland 

SEPM Strata Website: 
 Deepwater Sequences 



SEPM Strata Website: Deepwater Sequences 

Frictional Flows: grains + water. 
• Concentrated density flows (high den turbs) 

•  erosional base, scours, flutes, 
      normal grading, lwr bed massive. 
•  75-90% of volume is water. 
•  As flow wanes at change in slope, 
       loose water, deposit coarse bed load. 

Processes 



SEPM Strata Website: Deepwater Sequences 

Frictional Flows: grains + water. 
• Turbidity flows.  Typed by duration. 

• Short duration surges 
• Surge-like flow (Bouma sequence) 
•  Quasi-steady current 

Processes 

https://www.youtube.com/watch?v=8gYJJjxY8g0 

You tube video,  “Turbidity currents” 

You tube video,  “Turbidity currents 2 
Lower contrast”  (fills mini-basins) 
https://www.youtube.com/watch?v=nwfbR_lWcn4 

You tube video,  “Cascadia turbidites.mov” 
(active margin, 12kyr record.  Start at 2:00) 
https://www.youtube.com/watch?v=lRVdpJBO1Ww 

You tube video,  “Turbidity currents in 
sinuous channel” (levee process) 
https://www.youtube.com/watch?v=wqQkSzyDmDc 



Flows change in type: 
• With distance down dip 
• Along strike 
• At same location in time 

Processes 

SEPM Strata Website: 
 Deepwater Sequences 



Revisions to  
Sequence  

Stratigraphic 
Model 



Lowstand  Systems Tract – Fan Stage   
revised to Falling Stage Systems Tract. 
Puts fan UNDER sequence boundary! 
This not universally accepted. 

Removal of slope fans 



Basin floor fans are formed from  
individual flows that erode into each  
other.  Autocyclic lobe switching is  
common and produces this erosion.  
 Hard to find THE sequence boundary.   

Moving towards 
“Allostratigraphy” 

• find time-stratigraphic surfaces 
  to correlate. 
• define fan architecture /  
   sand distribution. 
• worry about sequence stratigraphy 
   later (if at all)!   
• Compounded by trouble linking 
   multiple fan complexes back over 
   the slope to shelfal units. 



Easier to find the Maximum Flooding Surface which is a pelagic 
drape of organic-rich mud with abundant planktonic fossils 
which extends up over the slope.  May also contain glauconite, 
siderite and phosphate. 



Revision of Sequence Stratigraphic Interpretation 

SEPM Strata Website: Deepwater Sequences 

Separation of fan from 
toes of highstands 
came from working the 
Gulf of Mexico mini- 
salt basins and offshore 
West Africa shale 
basins. 



Gulf of Mexico Salt Basins 

“Fill and Spill” Fans 

http://oceanexplorer.noaa.gov/explorations/06mexico/background/geology/geology.html 

NOAA Image 



Sequence stratigraphy in deep  
water deposits now being 

interpreted from seismic facies 
 – combined with traditional  

lapout geometries 



Integrated Stratigraphic Analysis 
for 

Gravity-Flow System Play Recognition 
Correlation using the Maximum Flooding Surface 

John M. Armentrout 
Cascade Stratigraphics, Inc 

20060 SE Highway 224 
Damascus, Oregon 97089 

jarmenrock@msn.com 

Northern Gulf of Mexico 
Offshore Texas and Louisiana 

Late Pliocene Lowstand Systems Tracts 

Interpretation of Regional Seismic Reflection Profile: Stratigraphy and Facies 

Armentrout 9/10/07 



Slope Clinoform & Associated Gravity-Driven Events 

Glob alt Case 

Figure 58.   The Glob alt (lower green-to-red interval) depositional system extends from the age equivalent shelf/margin just north of the 
seismic reflection profile interpreted (see Fig. 40) southward to the East Breaks Block 160 minibasin, a distance of more than 80 km (50 mi).  
What is missing from this diagram is the slope-failure, mass transport complex that created the physiographic low through which the Glob alt 
sands were transported (see Fig. 40).  The deposition of the relatively far-traveled sands in the East Breaks 160 minibasin suggests that there 
was a preexisting sea floor low that caused a decrease in flow velocity and consequence deposition of sand. 

Modified after Armentrout et al., 1991 
Permission to use from Springer-Verlag 

Multiple small basins 

Armentrout 9/10/07 

Know there are sandy fan lobes, 
How to find them? 



Disrupted Facies = Mass-Transport Complex (MTC) 

Head 
Scarp 

Terminal  
Apron 

Rotated Slide Blocks 

Debris Flows 

Slumps 

Modified after  
Prior et al., 1978  
Permission to use from 
Louisiana State University 

“Floating” or Rafted 
Slump Blocks 

If the slope sediments are sandy, some of the mass-transport complex can be sandy 

Toe-Thrusted Structures 

 Elements  

Figure 45.  The disrupted facies, as interpreted in this exercise, is considered to result from gravitational failure of upper slope sediments.  
This facies is called the chaotic facies in seismic facies analysis, a mass-transport complex by the oceanographic community, and a submarine 
landslide as a geomorphic feature.  Careful mapping of these features can recognize a spectrum of internal facies as illustrated above.  
Continued retrograde failure of the slope can extend onto the shelf and capture sediment transport systems resulting in the potential for 
sand-prone sediment transport into the evacuated space constructed by the slope failure and perhaps further downslope into the basin. 

Evacuation Space 

Armentrout 9/10/07 

Problem – there are also 
MTC’s which could be muddy. 



Slope Clinoform & Associated Gravity-Driven Events 

Retrograde 
Slope Failure 

PITFALL: Separating slope MTC mud mounds 
from sand-prone gravity-flow mounds 

SOLUTION: Map the mounded-package upslope 
to it’s source area (from within slope = mud-prone 
 or from shelf = potentially sand-prone) 

“Captured” 
Gravity-flow System 

Trim A Case 

Figure 51.   The diagram above is constructed from the observations and subsequent interpretations for the Trim A (upper blue-to-yellow) 
interval of the seismic reflection profile.  During very late highstand to falling stage of relative sea level the prograding system reached the 
upper slope depositing unstable muds that failed as a submarine landslide (mass transport complex).  Retrograde failure captured a 
distributary of the shelf/margin delta resulting in bypass of gravity-flow sands into the basin depositing a channel-fed submarine fan (see 
Figs. 53-55).  Notice that the basin floor and fan are only 8 to 16 km (5 to 10 mi) downslope from the age equivalent shelf/margin (compare 
with Glob alt system, Fig. 58).  Continued movement on the growth-fault resulted in a landward shift of the subsequent shelf/margins 
(shelf/margins 8 and 9, Figs. 44 and 63).  

Modified after Armentrout, 1991 
Permission to use from Springer-Verlag 

Armentrout 9/10/07 

Fans are interbedded with MTC scours and deposits.  



Seismic Facies Definition 

Figure 74. These examples of seismic facies definition can be used for interpretation of the printed seismic reflection profile Line A in the 
accompanying ‘PDF Adobe Line_a_NS_uninter2’  file.  It is very important that the criteria for identifying  
seismic facies be constructed from the data that is to be interpreted, not taken from other studies and published figures. 

Seismic Facies must be defined from the data set being interpreted,  
 not from published examples that best serve only for comparison. 

 Neritic Platform (Shelf)  

 Bathyal Drape (Slope to Basin) 

 Disrupted Facies Basinward of probable Upper Slope)   

Continuous; Parallel to  
Divergent; High Amplitude 
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Variable Amplitude 
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Thick (Mound/Fan) 
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Seismic data provided by Western GECO 



Depositional Analog for Seismic Facies Cyclicity 

Beaubouef and Friedman, 1998 
Permission to use from  
Gulf Coast Section SEPM 

Mapped Interval 
Shown on next Figure 
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Figure 46.  Interpretation of seismic facies can be enhanced by the careful selection of well documented analogs.  The study of Beaubouef et 
al. (1998) documents basin filling cycles from core calibration of high-resolution seismic reflection profiles.  Slope failure deposition (MTC) is 
followed by basinward prograding of downlapping gravity-flow sediments (DLC), and then burial during relative highstand of sea level by 
hemipelagic drape (DC).  As the system progrades channel complexes (LCC), similar to those through which the earlier cycle sediments were 
transported, step out into the basin and bypass sediments further down the system. 



Interpretation of Shelf-Margin Mini-Basin Facies 

mfs 

MTC 

TS 

mfs 

LST/pc 

LST/bft 

   Seismic data provided by Western GECO    0 km 2 4 

0 mi 2 3 1 

Figure 48.  This enlargement of the depositional cycle below the yellow bioevent (mfs) horizon of Figure 44, allows for a more detailed 
interpretation.  Lapout patterns can be more clearly defined.  The laterally uniform high amplitude reflection couplet (light blue) on top of 
the prograding complex (LST/PC) and below the yellow mfs can be interpreted as a candidate transgressive surface (TS).  The basinal mound 
(LST/bft) is interpreted as a lowstand basin floor fan with sand-prone sediments transported through a slope channel system occupying the 
sea-floor low created by slope failure and formation of the mass transport complex (MTC). This interpretation can be ‘tested’ by iterative 
reconstructions, especially in the work-station domain.  Various horizons can be used to redisplay the data for different depositional models 
(Fig. 49, 50). Slide 52 

Armentrout 9/10/07 



SB 

SB 
CS 

CS 

Changing sea level triggers different processes  
throughout the lowstand.  Results in different 
lithology and sedimentary structures with time. 
out in the mid to distal fan.   

Figure of A) Offshore Indonesia seismic reflection profile illustrating the 
 stratigraphic succession of a deep-water sequence. Debris-flow deposits 
 (1) overlain by frontal-splay deposits (2), channel–levee deposits (3), and 
 again debris-flow deposits (4). The entire succession is inferred to be 
 mantled by a thin veneer of condensed-section deposits (5). B) Schematic 
 depiction of an idealized deep-water depositional sequence, with two  
hypothetical log profiles shown (Posementier & Kolla 2003). 

Condensed sections usually have high GR log character 
EXCEPT if they are calcareous.  Then look like sand. 

SEPM Strata Website: Deepwater Sequences 

(Can’t use this model for picking sequences in the slope 
channels and proximal fan deposits.) 

Posementier & Kolla, 2003 
 Sequence Stratigraphic Interpretation 

Another example of sequence 
 stratigraphy through seismic facies. 

http://sepmstrata.org/page.aspx?&pageid=41&3
http://sepmstrata.org/page.aspx?&pageid=41&3


Offshore W. Africa  
Seismic Facies  

Study 



AAPG Search and Discovery, (http://www.searchanddiscovery.com/index.htm), talk #40249 

http://www.searchanddiscovery.com/index.htm














Mass Transport Deposits 



Mass Transport Deposits 





















Current Fan 
Models: 

Influenced by  
Seismic Imaging 
& Outcrop study 



Feeder valleys on slope are filled with  
stacked (amalgamated) channel sands. 

Main architectural elements are:  
•Amalgamated channel sands,  
•Amalgamated and layered sheet sands  
• Leveed channel sands 
•Slumps & debris flows 
•Marine shales (drape). 

“Fill & spill”.  Fans deposits fill up first 
mini-basin and overtop sill to flow 
into next. 



Base of slope / top of basins, channels may be confined by  
incisement into underlying deposits.  Still amalgamated, 

200m – 3km wide 



On basin floor, channels are unconfined, less incised, 
spread out.  Become meandering leveed channels. 
Debouche into sheet sands at distal end of fan. 



http://www.bergan.com/Downloads/DWElementsOverview.pdf 

Amplitude character of a mini-basin fan and identification of some elements 

Volcano next slide 



Sand volcano in deepwater fan outcrop, 
Ross Fm., Ireland 

SEPM Strata Website: Deepwater Sequences 



The distal end of high-sinuosity leveed channels feed 
lobate frontal splays / distributary channel complexes  
that amalgamate as sheet sands.  They are shallow  
channels and associated sandy overbank deposits 
That are often interbedded with shale.. 
 

5-10km wide, 
  10’s km long.   

SEPM Strata Website: Deepwater Sequences 



SEPM Strata Website: Deepwater Sequences 

Detail of Leveed Channel Complex 

Levees thin down dip. 

Channels breach and 
form splays.  Are 
turbidite sand sheets. 

Reservoir sands in 
channel fill and 
proximal levee wings. 



Form laterally to main channels, especially 
at channel bends.  Form sediment waves  
up to 20m high spaced 2-3km apart. 

Observed on seismic in exquisite detail from 
offshore West Africa and GOM.  Also on 
modern seafloor associated with Pleistocene 
fan systems.  BUT no good examples in 
outcrop. 

SEPM Strata Website: Deepwater Sequences 

Seismic Expression of Leveed Channels 



http://jsedres.sepmonline.org/content/73/3/367.abstract 

Posamentier, H.W. and Kolla, V., 2003, Seismic geomorphology and Stratigraphy of 
 Depositional Elements in Deep-Water Settings, Journal of Sedimentary Research. 

Meander bends in leveed channel 



Debris Flows 

Debris flows usually derived from over-steepened slopes – the depositional slope or the side of a  
mini-basin (salt or shale tectonics).  Also found on the margins of incised channels. 
 
Can extend as far basinward as turbidites.  Carve grooves or striations into underlying sediments.   
Individual units Can be 80m thick with steep edges. 
 



Transparent to chaotic seismic  
character interpreted as mud-rich. 

SEPM Strata Website: Deepwater Sequences 



Beaubouef, R. et al., 1999 

Fan Model based on outcrop study of the Brushy Canyon Fm., Permian Basin. 

Mass Transport Complex shown peripherally, 
but not as part of fan system.  (The MTC is 
a big part of the fill in GOM and offshore W. Africa.) 

Sand source is aeolian, behind highstand carbonate reef & lagoon. 
Sand delivered to basin is fine-grained and well-sorted.  Unlike 
most basins (especially North Sea). 



1 Mid-Slope Channels 

2 Toe of Slope Channel Complexes 

3 
Proximal Basin Floor Channel Complexes 

Note again, no Mass Transport Complex. 



4 
Medial Basin Floor Channel Complexes 

5 
Outer Basin Floor Fan 

Distal fan deposits shown as stacked, thin beds. 
No leveed channels. 



Influence  of  
Source Area 



Source Area 

Time to broaden our outlook! 

We’ve been working with a generic 
model of a sequence that always has a 
broad shelf, a gentle slope and a 
distant  hinterland of uncertain 
topography.    

SEPM Strata Website: Deepwater Sequences 



Mass Transport Deposits (MTD’s) associated with: 
•  excessive local sediment sequestration on shelf 
•  slope failure 
•  active tectonic margin 
•  large eustatic sea level changes 
•  few turbidites 

SEPM Strata Website: Deepwater Sequences 

You tube video,  “Cascadia turbidites.mov” 
(active margin, 12kyr record.  Start at 2:00) 
https://www.youtube.com/watch?v=lRVdpJBO1Ww 



Sand-rich turbidite systems associated with: 
•  smaller basins 
•  shorter terrestrial transport distances 
•  narrow shelves 
•  connection from delta to canyon 
•  mountainous hinterand 

SEPM Strata Website: Deepwater Sequences 



Mud-rich turbidite systems associated with: 
•  large basins on passive margins 
•  long terrestrial transport distances 
•  deltas that move sediment across shelf 

SEPM Strata Website: Deepwater Sequences 



Field Studies 
• Permian Basin,  
    West Texas 
• Ross Fm., Ireland 



SEPM STRATA / Sequence Stratigraphy website, 
Christopher Kendall’s presentation 

http://www.sepmstrata.org/page.aspx?&pageid=230&6 

Ross Fm., Ireland from  
SEPM STRATA  . Sequence 
Stratigraphy > Deepwater 
Sequences >  Deepwater 
Sedimentary Structures 

Field photos mostly from two sources: 



Basinal Clastic 
Turbidites  

Guadalupe Mtns - West Face 

Kendall Photo 

Kendall 



Brushy Canyon Sands 

Depositional Settings of  Permian Basin 



Basin floor fans, 
source of sand 
is aeolian 

Reef Back Reef 

SEPM Strata Website: Deepwater Sequences 



Basin 
Margin 

Carbonates 

Sabkha 
Sediments 

Open 
Shelf 

Kendall Photo 

Basin Slope Lst 
& Clastic Cycles 
Thin Basinward 

Guadalupe Mts and Permian Basin Settings 



Beauboeuf et al., 1999 

SEPM Strata Website: Deepwater Sequences 



With logs 

SEPM Strata Website: Deepwater Sequences 



Basin floor fans, 
source of sand 
is aeolian 

Reef Back Reef 

SEPM Strata Website: Deepwater Sequences 



Permian Basin – Guadalupe Mtns – West Face 



West Face  – Cut Off 



West Face & Victorio Peak 

Cut Off Channel 

Kendall Photo 



West Face – Victorio Peak 

Cut Off Channel 

Kendall Photo 



Cherry Canyon Formation 

Kendall Photo 



Kendall Photo 

West Face  – Cut Off 



Kendall Photo 

West Face – Channel in Bone Spring 



Kendall Photo 

West Face – Channel in Bone Spring 



Base of Cut Off 

Kendall Photo 

Bone Springs - Cut Off – Contact – Slope Base 



Base of Cut Off 

Kendall Photo 

Bone Springs - Cut Off – Contact – Slope Base 



Channel cut 

Kendall Photo 

Bone Springs - Cut Off – Contact – Slope Base 





Basin floor fans, 
source of sand 
is aeolian 

Reef Back Reef 

SEPM Strata Website: Deepwater Sequences 



Brushy Canyon Sequence Stratigraphic Frame  

Kendall 



Beaubeouf  –  His Diagram! 

Beaubouef et al, 1999 



Brushy Canyon Sequence Stratigraphic Frame  



Beaubouef et al, 1999 



Three Stage Lowstand of Brushy Canyon Fm 



El Capitan & Brushy Canyon Fm Foreground  

Kendall Photo 
Margin Clastic 

Turbidites  



Brushy Canyon Group - Base of Slope 

Kendall Photo 

Margin Clastic 
Turbidites  



Sandy channels incised into mid-slope 

SEPM Strata Website: Deepwater Sequences 

Mid-slope  
channels 



Margin of submarine fan 
channel incised into 
"overbank".  Channel  fill 
with amalgamation and 
flowage with injection of 
sand into surrounding 
strata of channel walls 

Kendall Photo 

Brushy Canyon Group - Base of Slope 



Soft sediment deformation at base of channel due to loading 

SEPM Strata Website: Deepwater Sequences 



Kendall Photo 

Margin Clastic 
Turbidites  

Brushy Canyon Group - Base of Slope 



Sequence Stratigraphy of  Permian Basin 



General Stratigraphy of  Permian Basin 

Scholle, 1999 



Channel Cut 

Kendall Photo 

Cherry Canyon Fm, Base of Slope 



Kendall Photo 

Bell Canyon- Mouth of McKitrick Cayon  



Kendall Photo 

Bell Canyon- Mouth of McKitrick Cayon  



Guadalupe Shelf – Big Canyon 

Capitan Reef 

Photo Scholle, 1999 

Radar Conglomerate is carbonate slope failure 



Base of Slope – Permian Basin 

7 km basinward of shelf margin Bell Canyon Formation  
sandstones enclose Rader Conglomerate: U.S. Highway 62-180 
approx 2 km south of McKittrick Canyon, TX.  intersection 

Kendall Photo 



Rader Conglomerate – Bell Canyon 

Kendall Photo 



Kendall Photo 

Cherry Canyon Formation 

Rader Turbidite 

Downslope Carbonate Facies Permian Basin 



Amalgamated deep water mid-fan 
 channel sands – Ross Fm., Ireland 

SEPM Strata Website: Deepwater Sequences 



Turbidite sand sheets, Ross Fm., Ireland 

SEPM Strata Website: Deepwater Sequences 

Distal portion of fan 
made of interbedded 
sheets of sand and  
shale. 



Flame structures from loading sandy turbidite  
on water-saturated mud, Ross Fm., Ireland. 

SEPM Strata Website: Deepwater Sequences 



END 


