ABSTRACT

During the Neogene and Quaternary, Mozam Bieve shelf margin,
close to the Zambezi river delta, prograded for distances of 75 to
over 100 km into the Indian Ocean. A regional seismic grid shows
numerous unconformities and correlative conformities in the
platform shelf, slope and deeper basinal areas. Based on downward
shifts of reflection terminations and onlaps at or below shelf edge
offlap break, more than 25 sequences have been identified. Within
the gross Neogene package, the basal section is characterized by
aggradation, followed by rapid and significant (oblique)
progradation, which is then followed by numerous aggradational-
progradation and progradation packages in the upper, younger
sections. From recognition of aggradation-progradation patterns and
from well information, it appears that the first, significant and rapid
progradation occurred after Mid-Miocene. The earliest of the
Neogene sequences appears thicker towards the south and thinner
towards the north. Subsequently, more progradation occurred in the
north for sometime, compensating for the earlier lesser progradation
in that region. On the whole, the depocenters, mainly shelf edge
prograding wedge complexes, deposited during relative lowstands,
shifted in position back and forth in the region. The number of
sequences, their modes of stacking and thickness distributions,
reflect relative sea-level changes, the points of sediment input as the
river inputs shifted in position, and the depositional topography.

The Mozambique passive continental margin near the Zambezi
Delta, located in the Indian Ocean Basin, is a stable platform as
opposed to the unstable continental margins off the Mississippi,
McKenzie and Niger deltas and is geographically far from the stable
margins which were the basis of the Haq, et. al. cycle-chart (1987).
Thus, the Mozambique continental margin provides and independent
test case for verification of eustatic cycles and for the evaluation of
allogenic (eustatic) vs autogenic (subsidence and delta switching)
effects on depositional systems and systems tracts.
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First Board: One typical dip seismic section and several strike
seismic sections showing the sequences and their identified
boundaries are displayed. Biostratigraphic information from two
wells utilized in the study is also shown. The methodology of
seismic sequence analysis, identification of systems tracts, and of
digitizing and making isochron, time-structure, and offlap break
maps from a 3D-transformed data grid is briefly described.

Second Board: Results of digitizing dip and strike lines, the
distribution offlap breaks, time-structure and isochron maps are
displayed and briefly discussed.

Third Board: Several examples of systems-tracts identified are
shown.




FIRST BOARD

The sedimentary section studied here has been deposited since early
Miocene. Utilizing a grid of multi-channel seismic lines, seismic
sequence analysis of this sedimentary section has been carried out on
the basis of downward shift of onlap reflection terminations, usually
below the offlap break (shown by red arrows) for the 25+ sequences
identified and tied. It is apparent from this analysis that shelf
margin progradation off Mozambique occurred mainly during the
relative lowstands of sea level (see the schematic). Highstand
progradation played a minor role in building out the margin. There
may have been several episodes with different rates of progradation
and progradation-aggradation, depending upon the relationship
between eustasy, subsidence and sediment supply.

Incised valleys, canyons and channels or slump scars (colored blue)
are shown on the seismic sections. These features are identified on
the basis of abrupt stratal/reflection terminations, abrupt seismic
facies change and reflection cycle skipping. These features are
caused by subaerial erosion on platform (shelf) and submarine
processes basinward of the offlap breaks.

Because we did not have access to the digital data, the interpretation
of sequence boundaries was done on the paper seismic sections. The
typical paper seismic sections displayed show the resulting sequence
interpretation. Within each sequence, systems-tracts have been
identified; a few examples are given on the first and third boards.
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Procedure of Interactive Analysis

All sequence boundaries have been digitized from the paper seismic
interpretation using a Landmark RT based Voyager Workstation.
Once the boundaries were digitized a series of maps were generated.
Since the data is from a regional 2d seismic survey the boundaries
were digitized into a 2d project named MOZA. Triangulated
surfaces were made for boundaries: d, e, f,1,3,4,5,6,7,8 &9,
11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 22A, 23, 24, and 25.

The (X,Y) limits of the area interpreted were identified and a grid
established over this area. Each grid cell is 1 km on a side. After
moving the 2d horizon file into a new subdirectory, the grids were
used to define the project definition file and MOZA became a 3d
project.

The triangulated surfaces made when MOZA was a 2d project were
written into the 3d grid as horizon files. These horizons were then
smoothed with an 11x11 operator to create the time structure maps.
From these maps isocrons, dips maps, azimuth maps, and dip of dip
maps (second derivative maps) were generated.

In addition, contour maps for the shelf break and for the maximum
dip of progradation (downdip from the shelf break) were generated.
Using these contour maps and cross-sections through the data
volume a horizon was picked showing the movement of the shelf
break as aggradation and progradation occurred. The more vertical
this horizon is the more the aggradation and the more horizontal the
more the progradation.



SECOND BOARD

During the Neogene and Quaternary, 75 km to 100 km of shelf
margin progradation occurred off Mozambique, near the Zambezi
River Delta (see the offlap distribution and isochron maps). In a
gross sense, during the early Miocene, more progradation occurred
towards the southern part of the region studied (see the offlap map).
Subsequently, more progradation occurred in the north, for some
time, compensating for the earlier lesser progradation in that region.
In detail, several depocenters existed, especially at shelf margin
during the deposition of each sequence, indicating several point
sediment-sources. Some of these shelf margin depocenters are more
strike-oriented and some more dip-oriented. These shelf margin
depocenters consist of relative lowstand prograding wedges,
deposited basinward of previous offlap breaks. The shifting of
successive depocenters with time during each lowstand occurred as
if to compensate for the previous depositional topography. The
sediments on the platform are usually thin, often deposited during
relative rise and high stands of sea levels.

There is an excellent correspondence between the thickness of shelf
margin depocenters (see isochron maps) and the distance of
progradation as indicated by offlap breaks. Thus, as expected, the
amount or distance of progradation is directly proportional to the
thickness of depocenters (see offlap distribution and isochron maps).

From an examination of isochron and structure maps, several
sediment pathways from the platform (shelf) to the slope and base-
of-slope can be defined. Significant deep-water sediment transport
occurred and deep-water depocenters were often established opposite
shelf edge prograding-wedge depocenters. Relative high-relief paleo
drainage on the platform, as indicated by dip-oriented isochrons,
appears to have developed more during the deposition of younger
sequences (see isochron maps.)
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THIRD BOARD
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Transgressive systems tract on sequence boundary 4,
Prograding wedge complex on sequence boundary 4
(between sequence boundaries 4 & 5).

Back-stepping “slope fan” (channel-overbank complex) on
sequence boundary 4.

Transgressive systems tract and incised valley fill on
sequence boundary 14.

Lowstland prograding wedge complex on sequence boundary
14 (between 14 & 15) shows multiple steps in relative sea-
level fall during one cycle of major sea-level fall.
Transgressive systems tracts with incised valley or channel
fills on sequence boundaries 20 & 21 on platform.
Lowstand prograding wedge (PWC) on sequence boundary
20; highstand progradation overlying on lowstand PWC.
Suspected small channels & levees (Z) on delta-plain of
platform.

Transgressive systems tract on sequence boundary 5.
Multiple steps in relative sea-level fall between sequence
boundaries 4 & 5, and prograding wedge complex.

Multiple steps in relative sea-level fall during one major sea-
level fall and prograding wedge complex on sequence
boundary 5.

“Slope fan” on sequence boundary 5.

Incised-valley fill, transgressive systems-tract, highstand
systems tract on platform on sequence boundary 14.
Multiple steps in relative sea-level fall and prograding
wedge complex between sequence boundaries 14 & 15.
Back-stepping “slope fan” on sequence boundaries 5 & 6.
Incised-valley fill and transgressive systems-tract on S.B. 17
Incised-valley fill, and transgressive systems-tract between
sequence boundaries 15 & 16, and 16 & 17.

Lowstand prograding wedge complex on sequence boundary
16 and thin highstand progradation between sequence
boundaries 16 & 17.

Multiple steps in relative sea-level fall and prograding
wedge complex between sequence boundaries 15 & 16.



CONCLUSIONS

1. Mozambique shelf margin (near Zambezi River delta) prograded 75
km to over 100 km during the Neogene and Quaternary.

2. The progradation occurred mainly during the relative lowstands of
sea level. Relative highstand progradation played only a minor role
in building out the Mozambique continental margin.

3. Depocenters consisted of mainly prograding wedges at or below
shelf edge (offlap break) and continually switched in place during
each relative lowstand as if to compensate for previous depositional
topography.

4. Several sediment pathways from platform (shelf) through slope to
base-of-slope can be defined. Deep-water depocenters were often
established opposite the main shelf-edge prograding depocenters.

5. Paleo-drainage on the platform of the region studied appears to
have developed more relief during the deposition of younger
sequences.

6. The Mozambique continental margin is a stable passive margin and
provides an independent test case to document the importance of
relative lowstands of sea level in building out the continental
margin.

7. We believe that the controversy whether condensed sections
(maximum flooding surfaces, downlap surfaces) or the
unconformity surface with regional onlaps of strata is more
important in packaging the sedimentary section is unnecessary and
unproductive. In sequence stratigraphy, both surfaces are generally
considered essential to properly package the sedimentary section
and understand the depositional systems. However, depending
upon the variety, quality and quantity of data available, one of the
surfaces is used initially more than the other although both have to
be used ultimately. In our study, unconformity surfaces defined by
regional onlaps of strata (reflections) are definitely essential to
initially break the section in the sequences.

8. The interactive workstation allowed automatic generation of more
maps in one week than could have been generated by hand in
several months. In addition, these maps included isochron, dip,
second derivative and azimuth maps that were critical to our
interpretation and would have been hard to generate manually.
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SEQUENCE STRATIGRAPHY AND SYSTEMS TRACT ANALYSIS OF
THE NEOGENE-QUATERNARY CONTINENTAL MARGIN OFF THE
ZAMBEZI DELTA, MOZAMBIQUE

KOLLA, V., Elf Exploration, Inc., Houston, TX, D. BRADFORD MACURDA, JR.,
The Energists, Houston, TX, and H. ROICE NELSON JR., Landmark Graphics
Corporation, Houston, TX

ABSTRACT

During the Neogene and Quaternary, the Zambezi River built a broad delta-platform
from 75 to over 100 km into the Indian Ocean. A regional seismic grid shows nuinerous
discontinuities in the delta platform, slope and deeper basinal areas. Based on downward
shifts of reflection terminations and onlaps at or below shelf edge, more than 25 sequences
have been identified. Within the gross Neogene package, the basal section is characterized
by aggradation, followed by rapid and significant (oblique) progradation, which is then
followed by numerous aggradational-progradation and progradation packages in the upper,
younger sections. From recognition of aggradation-progradation patterns and from well
information, it appears that the first, significant and rapid progradation occurred since Mid-
Miocene. The earliest of the Neogene sequence appears thicker towards south ar.d thinner
towards north, opposite of the younger sequences. The number of sequences, their modes
of stacking and thickness distributions reflect relative sea levei changes and the points of
sediment input as the Zambezi River shifted in position from south to noith in time.

The Zambezi passive continental margin, located in the Indian Ocean basin, is a stable
platform as opposed to the unstable continental margins off the Mississippi, McKenzie and
Niger deltas and is far from the stable margins which were the basis of the Haq, et. al.
cycle-chart (1987). Thus the Zambezi continental margin provides an independent test case
for verification of eustatic cycles and for the evaluation of allogenic (eustatic) vs autogenic
(subsidence and delta switching) effects on depositional systems and systems tracts.
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V. Kolla, EIf Aquitaine
D. Bradford Macurda, Jr., The Energists
and H. Roice Nelson, Jr., Landmark Graphics Corporation

ABSTRACT

During the Neogene and Quaternary, Mozambique shelf margin, close to the Zambezi river delta,
prograded for distances of 75 to over 100 km into the Indian Ocean. A regional seismic grid
shows numerous unconformities and correlative conformities in the platform shelf, slope and
deeper basinal areas. Based on downward shifts of reflection terminations and onlaps at or below
shelf edge offlap break, more than 25 sequences have been identified. Within the gross Neogene
package, the basal section is characterized by aggradation, followed by rapid and significant
(oblique) progradation, which is then followed by numerous aggradational-progradation and
progradation packages in the upper, younger sections. From recognition of aggradation-
progradation patterns and from well information, it appears that the first, significant and rapid
progradation occurred after Mid-Miocene. The earliest of the Neogene sequences appears thicker
towards the south and thinner towards the north. Subsequently, more progradation occurred in the
north for sometime, compensating for the earlier lesser progradation in that region. On the whole,
the depocenters, mainly shelf edge prograding wedge complexes, deposited during relative
lowstands, shifted in position back and forth in the region. The number of sequences, their
modes of stacking and thickness distributions, reflect relative sea-level changes, the points of
sediment input as the river inputs shifted in position, and the depositional topography.

The Mozambique passive continental margin near the Zambezi Delta, located in the Indian
Ocean Basin, is a stable platform as opposed to the unstable continental margins off the
Mississippi, McKenzie and Niger deltas and is geographically far from the stable margins
which were the basis of the Hag, et. al. cycle-chart (1987). Thus, the Mozambique
continental margin provides and independent test case for verification of eustatic cycles and
for the evaluation of allogenic (eustatic) vs autogenic (subsidence and delta switching)
effects on depositional systems and systems tracts.
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C.R. Handford, R.G. Loucks: Unique Signature of
Carbonate Strata and the Development of Depositional
Sequence and Systems Tract Models for Ramps,
Rimmed Shelves, and Detached Platforms

A.E. Holmes: Late Devonian Carbonate-Conglomerate
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B. Klug, C.F. Vondra, P. Wurster*; Genetic Sequences and
Unconformities in Shallow Marine to Fluvial Depositional
Systems, Mesaverde Group, North-Central Wyoming
D.W. Valasek: Sequence Stratigraphic Framework of
the Cretaceous Gallup and Tocito Sandstones, San Juan
Basin, New Mexico
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ences on a Fluvial-Deltaic Lacustrine System: Fort
Union Formation, Wind River Basin, Wyoming
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