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Abstract

A common belief in conventional genetic stratigraphy is that given steady external forcing by constant sediment supply (rate Qs) and
constant relative sea level rise (rate Ry), a deltaic system grows to achieve an equilibrium configuration, produces a particular
sediment-stacking pattern, and maintains a constant rate of shoreline migration in a particular direction. This presumed mode of
stratigraphic response is referred to as equilibrium response, by which steady external forcing results in a steady and uniform
stratigraphic pattern of deposition. Theoretically there can be three other modes of stratigraphic response in such a cause-and-effect
relationship. These are autogenic nonequilibrium response (unsteady stratigraphic configuration, or stratigraphy with breaks/changes,
caused by steady forcing), allogenic nonequilibrium response (steady stratigraphic configuration by unsteady forcing), and allogenic
general response (unsteady stratigraphic configuration by unsteady forcing). Conventional genetic stratigraphy inherently relies on the
recognition of equilibrium response and, consequently, is apt to prefer the interpretation that any large-scale facies breaks or changes
in stratigraphic pattern of deltaic successions reflect unsteady forcing, such as temporal changes in R or Qs (i.e., allogenic general
response). We suggest that this happens because of some lack of awareness of nonequilibrium responses. New understanding and
insights on how the deltaic clinoform reacts to steady and unsteady forcing, through physical and numerical experimentation,
promotes a radically new view (known as autostratigraphy) that (1) though equilibrium response is certainly possible, it is limited to a
very specific geomorphic condition and does not generally hold, (2) autogenic nonequilibrium response is much more likely than
equilibrium response to steady sea level forcing, and (3) deltaic systems can have different stratigraphic responses to the same forcing
depending on basin configuration and clinoform geometry. Autostratigraphy, encompassing equilibrium and autogenic nonequilibrium
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responses, suggests that abrupt stratigraphic breaks/changes and discrete geomorphic features of deltaic clinoform are not necessarily
associated with sudden changes in R or Qs but can be the purely autogenic response of the system to steady forcing of sea level and
supply. Full appreciation of autostratigraphic responses provides an improved basis for stratigraphic interpretation and for exploring
the autogenic dynamics of deltaic clinoforms.
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The conventional wisdom on regression and transgression

THE TWO PRIMARY FACTORS
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How do Sed Supply and SLR
function in building stratigraphic architectures?

HYPOTHESIS OF EQUILIBRIUM RESPONSE
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Hypothesis of equilibrium response

A primary stratigraphic function of Sed Supply & SLR
“AGGRADATION”

/‘ with stationary shoreline '\

REGRESSION| % i | i i {/| TRANSGRESSION

RELATIVE
SEA LEVEL
RISE

SEDIMENT
SUPPLY

HYPOTHESIS OF EQUILIBRIUM RESPONSE

“There can be a state of equilibrium between Sed Supply & SLR.”
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The hypothesis of equilibrium response
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The hypothesis of equilibrium response

EQUILIBRIUI\/I RESPONSE

FORCING . STRATIGRAPHY

)

steady ]
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Unsteady stratigraphy is commonly attributed to
unsteady forcing (i.e. allogenesis-biased interpretations).
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Four modes of stratigraphic responses

Theoretically there can be four modes of stratigraphic
response in terms of a cause-and-effect relationship.
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Rate of water-level rise Ry, = 0.0251cm/s
This deltaic clinoform was constructed Sediment discharge Qg = 1 029cm2/s
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Nonequilibrium Responses

Muto and Swenson (2005
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Allogenic nonequilibrium response

Allogenic alluvial grade Constant Sed Supply (Qs = const)

' 4 srosion 4 g
i faggm '-‘m‘j e

- gl
WALLELE)

Decelerating SL Fall (Ry; o t0-°) -

eSO O UV e i \
s = RSP AW S Ny Alluvial-basement

o el
S A R ‘ _ transition remained _
. " ' — stationary.
,—-f"’"f 20 cm E Entirely foreset deposit
o .
""""'. Alluvial grade was sustained because of the unsteady SL fall.

I

R |
:
n

ALLOGENIC L
NONEQUILIBRIUM The feeder alluvial river

RESPONSE sustained grade, and the deltaic
: clinoform retained its original
FORCING : shape during progradation. This

: was possible because the sea

: level fall decelerated in a

unsteady  particular pattern.

Autostratigraphic Responses of Deltaic Clinoforms to Sea Level Forcing



The conventional view of regression and transgression
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Autostratigraphic view of regression and transgression

A nonequilibrium response
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Primary function of Sed Supply and SLR

Rates (or relative rates) of Sed Supply and SLR (>0)
do NOT determine which one of regression,
transgression and “aggradation” occurs.
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Autostratigraphic Responses of Deltaic Clinoforms to Sea Level Forcing



Primary function of Sed Supply and SLR

Deltaic clinoforms growing during sea level changes have
particular time and length scales that are specified with
magnitudes of rate of SL change and rate of Sed Supply.
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Autostratigraphic length scale D

sing 5 D
sin(g-a) (ifg>>a)

L preak = D

Landward a2 autobreak
shelf slope g N - _
(coastal onlap) ~_,._-._.‘_;_;=-%M_€;_1II_UVIaI
e Slope a
D= s g
‘Rsl Basinward
r

shelf slope g
(basin downlap)

D represents the critical length of the alluvial river
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Autostratigraphic time scale ¢
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~ CONCLUSIONS

FORCING STRATIGRAPHY
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