
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 unconf ormities 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 pro gradation 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 pro gradation 
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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Poster Set-Up 
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 
f acies 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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ABSTRACT 

Po'-tcr Set·Uo 
flol lk»at Ow '}"Pkal dip "-"iunic k'Clioa &nd se,c-DI uril:c 
sciUDic k'(liom ~ "in$ *~r.:a and lhtir i,,ci:i:ifkd 
boutduic$ arc-d~l)'td. 8k>W'Uiv,pbic !n(CdUtioo (t'Offl tv>'O 
... ·dlJ e1alud in lbt il»dy i.) dt•UIIO'llllll, Tbt tn«h<xb)ogy or 
sc!Jlalc $C'IQU('fl(,e ~,_ klientirlOIIKlft of.,.>~ v•m. and o< 
dip1itinc aDd ~ bc:,tM)tl, llf'IO-wuet'JIT • .and olfl.ap tftJJ,: 
m,IIC)I fl'Oftl a 3D-:rlm(On'IIC-d cl.au .M b btitny dcs.riwl. 

Sttqnd Boa(d; Re111l1s of di,sjtiricgdip ar,d -tn.'l:e ltOC::J. th: 
~liotl ~ bcC'&. Im»~ and itochtoo maps ll't 
<lispb)'N ud bricn)· ditcuucd. 

Jblal 8Nr¢ Sewral tJ.aropb of .,_,~cncu idcallf-«f ate ....... 

FIRST BOARD 
The~W)' s«tioa ll.&d here hl.s bcffl 6epoS,'il,:d $ffl ftl'I)' 
~f'IOC'«K'. UtWling .a~ of mdlkbaMCI IC'!uftk linC'.t. ~ 
~ ~'$3 ()( rJib $Cd&IDC!nW)' J«tiOc1 II.I$ t,c,en. c.wricd OUI 00 
die t,,J,i;il or do-,.-nwitd j.Jlift of~~ kffl'li~\. usually 
bdow CM offla.p l;itt.aX (tho ... nt,y l'C'd .vroYo'a) r« lhc-2.S• ~ 
idcniflCd and 1itd. It i1 )ppl.TC'nt (.rorn, (hrt .Wyib OU stx-:t 
SIUpn ~iODoff ~Soi~biqllt ~ nw::'llyd11ri~ 1ht 
tt!aih-e lo-..~ ot 1ca l(,·'d (11« thcxhcfflatie). llipt,;nd 
Jll'OVl(btkia pb.)'N • minor tOk in buildl~ «11 UlC a'I~ Tbctt 
lftl)' h,.~ b«o ~ cphodff ... m diffc~, HIO o( ~ 
and ~~do&. ~!n; lll)On. die tt"1adccbhlp 
b(tw«-111 C\b'U>)', ~ jlM K'CICl'l(fll ~upply. 

l"-'iscd Yllley,..<'~ and ffi.l.ootb or t,1ump~ {cdoffi1 ttuc) 
Me~ OCI die SCIUl'lic ~ Tbtst (('ltv.~i MC' icl(1,,t.ificd on 
the wb ot abr\lpl. .i,n,Wfttl'k,..-6Qo k'tllllft.lril)a.J. .. scbn:.k 
(xi,ei dung,e and ttfkflion C)'de skiff,i!lf, ~ fc¥utt$ lit' 
('~ by Mlbk:ri.al tA:l&iroa oo f,latloml (shdl) UJd s,tcnarinc 
ptOC'ffld t»si2WW or lbc otn.a,p ttt.ab.. 

lkcta,e 11;'(! did not M~ a«(l$ VO !be dipal datll. lhc' irA<11"Udon 
of~~ w»doc,c Cil'I tb(, PIPC1 tc'bmk 5«1[ocs. The 
()'pk~ ~ :J<tSIIUCl('(U(IMdi.tpiaynt tbowl!w tttllllin;. ~ 
ln:~1.&dol'I. Wjlld,n c-.ad KqlK"fl«'. iY)k'll\l•lrKU hi,·~ bcffl 
~if.e« • (c-.., c-.x~ ~ ci1ct1 OC1 die fil\t and thin1 bo«11s. 



! 
' I 
i 

• 

i 

Sttlion 1\ 

,,....,- ,.(I 

., 
I '· 

-

. ' 

' 



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 
surf aces 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 1 lxl 1 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 pro gradation ( 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 pro gradation 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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Proctd ucc of lnl<:coelirc Anolxsis 
All uqurncc ~ bav(' been4JgttiUd from w P.:1.Pff Sd)ffll(' 

in:«prcUliQn U:JUIS a lAndnu.11.: RT ba.1,(d Vo),.,CI' \\Ol'b1atlon.. 
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THIRD BOARD 
Examples of Systems-Tracts 

Section 0: • Transgressive systems tracl on sequence boundar·y 4. 
• Prograding wedge complex on sequence boundary 4 

(between seque11ce 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. 
• Lowstand prograding wedge complex on sequence boundary 

14 (between 14 & 15) shows multiple steps in relative sea
leveJ fa ll 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; hjghstand progradalion overlying on lowstand PWC. 

• Suspected small channels & levees (Z) on delta-plain of 
platform. 

Section S: • 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 fi ll , 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. 
Section V: • Back-stepping "slope fan" on sequence boundaries 5 & 6. 

• Incised-valley fill and transgressive systems-tract on S.B. 17 
Section W: • 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 Mozambi.que continental margin. 

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

4 . Several sediment pathways from platfom1 (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 platfom1 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 
relatiye lowstands of sea level in building out the continental 
margm. 

7. We believe that the controversy whether condensed sections 
(maximum nooding 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 varie ty, 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 
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KOLLA, V., Elf Exploration, Inc., Houston, TX, D. BRADFORD MACURDA, JR., 

The Energists, Houston, TX, and H. ROICE NELSON JR., Landmark Graphics 
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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 numerous 

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 frorn well 

information, it appears that the first, significant and rapid progradation occurred since Mid

Mioccne. 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 ch~nges and the points of 

sediment input as the Zambezi River shifted in position from south to no:ith 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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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, folloy,1ed 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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