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Abstract 

One dilemma in sedimentology is that multiple depositional processes can produce similar features while one formative process can 
generate multiple patterns. A comparison of (1) depositional energy trends from grain size and primary structures, (2) placement within a 
stratigraphic hierarchy, (3) ichnofacies type, and diversity, and (4) sedimentary body type and associated architectural changes are used 
to assess the causal mechanism. Variations of these attributes reflect flow initiation processes (flood vs. failure), flow evolution (velocity, 
run-out length), preservation (bypass, erosion), and reworking (biological, physical). 

Cretaceous and Tertiary outcrops in the Mesa San Carlos area expose four different thin-bedded sandstone types (TBS). This study 
presents a matrix of the most important attributes used to recognize them: (1) hyperpycnite successions (4-15m thick) are interbedded 
with slope mudstone deposits that together form tabular (85m thick; >1km wide) successions, with sandstone channels and scours 
common at the base and mass transport deposits present at the top, (2) Wedge-shaped TBS turbidites that flank and confine multistory 
channelbelts up to 90m thick that thin and pinch out within 500m of interdigitated but stacked conglomerate channels, (3) TBS turbidites 
separating channel bodies form 25m-thick and 230m-wide preserved remnants, and (4) TBS contourites comprising <3m wide sandstone 
lenses amalgamated laterally to form tabular bedsets. Paleocurrent indicators change from unidirectional offshore during hyperpycnal 
flow to slope parallel flow during waning energy conditions of this mudstone-rich cycle. 

Turbidite and hyperpycnite deposition respond to external controls, whereas contourites are reflecting internal controls in the slope 
system. Failure-initiated flows dominate the deposition in the third-order growth phase and flood-initiated flows dominate in the third-
order initiation and retreat phases. Bottom current rework is the main internal process that affects deposits in the initiation and retreat 
phases. In the growth phase, the internal processes are more variable. They are controlled by overspilling and superelevation of the flows. 
Channel and scour bodies deposited by hyperpycnal flows show downstream and vertical changes in grain size, primary sedimentary 
structures, bed thickness, and sedimentation units that allow recognition of an energy matrix recording variations of the flow magnitude.  
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Distribution of Sedimentary Rocks 
in Baja California (Modified from 

Santillan and Barrera, 1930, Gastil 
et  al., 1975, and Yeo, 1984). Red 

box outlines Mesa San Carlos 
study area.
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How do we evaluate the origin TBS deposits?

Modified from Kneller, 
et al., 2007



Diagram showing the methodology to measure the vertical thickness 
for facies and sedimentation units of TBS

Nereites missouriensis
(Luis Buatois per com)

Bergaueria
(Wetzel et al., 2001)



Sedimentology



Hypothesis



Flood-Initiated Subaqueous Flows
1) Homopycnal flow
• Inflow rapidly loses 

competence and deposits 
coarse sediment fraction

• Creates Gilbert type delta

2) Hypopycnal flow
• Buoyant Inflow “floats” over basin 

water
• Mud flocculation promotes 

deposition by suspension settling

3) Hyperpycnal flow
• Gravity driven gradient current 

descends below basin water as 
density underflow

• Turbulence scours seafloor w/ 
suspension plus tractive transport 
and deposition Modified from Bates, 1953



Sedimentary Bodies – Region A

Oblique dip view

Oblique strike view



1-2 Nereites misouriensis, 3 Zoophycos, 4  Nereites 
missourensis, 5 Palaeophycus tubularis,  6 Lophoctenium, 7 

Taenidium, 8 Nereites missouriensis
Lophoctenium, 7 

Taenidium, 8 Nereites missouriensis

1.
8m

1-2 Nereites misouriensis, 3 Zoophycos, 4  Nereites 
missourensis, 5 Palaeophycus tubularis,  6 Lophoctenium

Taenidium, 8 Nereites missouriensis
Increasing energy

Decreasing energy



Attribute variations reflect processes
High-density turbiditic flows

Low-density turbiditic flows
meters

meters Parker, G. St. Anthony Falls Hydraulic Laboratory, University of Minnesota.



Sedimentary Bodies – Regions D & C



2 Nereites missouriensis, 3 Thalassinoides, 6 Nereites 
missouriensis, 7 Planolites, 8 Skolithos 



Sedimentary Bodies – Regions B & E



1-2 Planolites, 3-4 Chondrites, 5 Phycosiphon and Planolites, 6. Zoophycos and Phycosiphon, 7 Zoophycos, 8 Chondrites



Conclusions
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Questions?



Sedimentary and stratigraphic attributes for recognition of the different  types of 
thin-bedded sandstones and their relation to the different sedimentation regions



Sedimentary and stratigraphic attributes for recognition of the different  types of 
thin-bedded sandstones and their relation to the different sedimentation regions
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