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Applying seismic stratigraphy analysis for
assessing upper Oligocene stratigraphic traps in
Southeastern Cuu Long Basin

Chuc Nguyen Dinh, Tu Nguyen Van, Hung Nguyen Quang
Cuong Bui Van, Thanh Truong Quoc, Xuan Tran Van

Abstract—As oil and gas production has been
going on over a few decades, conventional plays such
as pre-Tertiary fractured basement highs and
Cenozoic structural traps become more and more
exhausted, and the remaining targets of the same
type do not have sufficient reserves for development
and production. Exploration activities in Cuu Long
basin, therefore, are shifting towards more
complicating types of plays which are stratigraphic
traps and combination traps. Several researches
were conducted in southeastern marginal slope and
indicated the possibility of stratigraphic pinch-out
traps with insufficient petroleum system and low
hydrocarbon potential. In spite of many researches,
there are still difficulties in defining the distribution
and in evaluating hydrocarbon potential of these
traps, so seismic stratigraphy analysis in
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accompanied with interpretation of seismic attribute
and well logs is very necessary to support this
problem.

Seismic stratigraphic analysis on seismic sections,
in agreement with seismic attributes’ and log
analysis’ findings, show that the
stratigraphic/combination traps in Oligocene C and
D were formed during lowstand system tract as
sigmoid-oblique clinoforms  downlapping onto
underlying strata in distributary mouths/delta
settings. The integration of seismic attribute analysis
and well log interpretation has further defined the
fan-shaped distribution of these traps. Thus, using
various methods, the stratigraphic traps can be
better revealed. Further studies, however, need to be
carried out to fully evaluate hydrocarbon potential of
these stratigraphic/ combination traps, and minimize
risks in exploration drilling.

Index Terms—Stratigraphic trap, combination
trap, facies change, lowstand system tract, seismic
stratigraphy.

1 INTRODUCTION

Many petroleum activities that focus on
traditional targets such as pre-Tertiary
basement highs, Oligocene and Miocene structural
traps have been carried out in the Cuu Long basin,
the Cenozoic basin of the highest petroleum
potential in Vietnam’s shelf. Stratigraphic/
combination traps were considered secondary
targets of previous exploration activities.
Nevertheless, recent exploration/appraisal results
at the basin’s southeastern margin have discovered
petroleum accumulations in Oligocene fan-shaped
stratigraphic/combination traps [1]. These new
discoveries show the necessity of additional
attentions to these unconventional exploration
targets.

The geology of the Southeastern margin of Cuu
Long basin is complicated; therefore, it is difficult
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to determine whether such traps exists or not as
well as to predict traps’ distribution. Detailed
analysis of seismic data shall provide convincing
identification of various trap types for further
evaluation of their hydrocarbon potential. This
article discusses the characteristics of upper
Oligocene stratigraphic traps, predictions of traps’
distribution as well as identification of trapping
mechanism to support for further exploration and
appraisal strategy in the southeastern margin in
particular and the whole basin in general.

2  GEOLOGICAL SETTINGS

Cuu Long basin was undergone by three main
tectonic period: pre-rift (Late Jurassic to
Paleocene), syn-rift (Late Eocene through Late
Oligocene) and post-rift (early Miocene to
Recent). Upper Oligocene sediments were
deposited at late syn-rift stage of Cuu Long basin.
At the end of Late Oligocene, local compressional
activities pushed up deep basement blocks and
basement highs which had been formed before
along the major faults. It led to the reactivation of
faults, erosion and pinching-out of Upper
Oligocene sediments [2].

Upper Oligocene sediments are mainly shales
interbedded with sandstones deposited in the
lacustrine, flood plain or alluvial environments.
The upper part of these strata (Oligocene C
sediments) consists of more sandstones than the
lower part (Oligocene D) (Figure 1). The
reservoirs in upper Oligocene strata are mainly
sandstones deposited in the flood plain or fluvial
environments. The reservoirs have quite good
quality with porosities varying from 12-24% and
permeabilities being tens of miliDarcy [3]. Some
of these reservoirs have been confirmed to be
stratigraphic type of trap (Figure 2).

3 METHODOLOGY

The primary method of this study is seismic
sequence stratigraphy analysis. The bases of
seismic stratigraphy are based on analysis of
patterns of seismic reflectors and analysis of
sequences and system tracts from different authors
using depositional sequence model as the main
interpretation tool [4-7] (Figure 3). Seismic
attributes analyses are based on applications of
different attributes on the interpretation of
depositional environment as well as the
identification of internal patterns of stratigraphic
units [7-11].
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Figure 1. Stratigraphic column of southeast Cuu Long basin.
The focused formation of this study is Upper Oligocene strata
(highlighted in yellow) that deposited during the Late Syn-rift
phase of Cuu Long basin

|

s 2 S

Figure 2. Stratigraphic trap confirmed by drilling results in
Oligocene D with movable oil from imbibition test in well
and no closing structure at top level

Petrophysical analyses allow the detailed
interpretation of geologic sections and provide
information on lithology, facies, reservoirs
characteristics as well as sequence stratigraphy [7,
12]. Other  supporting methods include
petrographic analysis and paleo-biostratigraphy,
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playing important roles in interpretation of

depositional environments.
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Figure 3. Seismic-based model for sequence and systems
tract analysis. [4-7]. Distinctive stacking patterns and strata
terminations are keys to differentiate system tracts on
seismic sections

4  RESULTS AND DISCUSSIONS

Definition of stratigraphic section of the study
area in this research is inherited from previous
researches [13, 14] and is updated in accordance
with available data as well as seismic data quality
of the research area, including (from older
sequence to younger sequence): E Lower, E upper,
D, C, BI, BIl, Blll and A. Within the scope of this
study, third-order sequence Oligocene D and
Oligocene C of Upper Oligocene are focused on to
investigate the existence and distributions of
stratigraphic traps.

4.1  Results of seismic stratigraphy and seismic
attributes analysis

Seismic stratigraphy analysis starts with two
seismic sections (red lines in) in combination with
well logs analysis to define framework surfaces of
sequence stratigraphy (such as Transgressive
Surface, Maximum Flooding Surface and/or
Sequence Boundaries) and to identify reflection
patterns and architecture. Characteristics of
seismic reflection (terminations, configurations..)
are investigated on sections and extended
throughout the study area for further analysis
(Figure 12 and 13). Seismic attribute analysis is
carried out on two 3D seismic cubes with
correlation with well data to determine running
windows for seismic attribute generations (Figure
6).
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Figure 4. Location map showing location of seismic lines
used for seismic stratigraphy
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Figure 5. Seismic section flattened at C and D showing reflection
terminations in these sequences
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Very good match between surface seismic and synthetic permit confident interpretation of seismic
attributes. Analysis windows for attribute generations are defined based on the correlation between sand
layers and seismic events and on the purpose of interpretation as well. Larger windows could be applied
for general purposes of regional interpretation and correlation of system tracts/sequences. Smaller
windows shall be required for detailed investigation of sed v layers/bodies. Windows applied to
study sand lavers should small enough but can capture all seismic events correlated to those sand lavers,

Figure 6. Synthetic seismogram of well K-1X showing good
correlation between surface seismic and synthetic traces that is
used for defining windows in seismic attribute analysis

Oligocene C sequence: The upper boundary of
this sequence is the top of Oligocene C, and its
base is the top of Oligocene D. These boundaries
are identified by correlating well logs analysis and
seismic stratigraphy analysis (Figure 5, 8 and 9).

Seismic characteristics of C sequence are strong
amplitudes, moderate frequency, good to very
good continuity, sub-parallel to parallel internal
reflectors that onlapping towards basin’s margin
(Figure 5, 8 and 11).
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TS: Transgressive Surface
MFS: Maximum fooding surface
FRW; Forced regressive wedge

Figure 7. Sequence stratigraphic interpretation of seismic
line 1 for Oligocene C and D. Picture B shows interpretation
of seismic Line 1 with annotated stratigraphic surfaces

Petrographic analysis shows that Oligocene C
sequence consists of sandstones interbedded with
shale and small amount of siltstones that deposited
in delta plain, delta front, prodelta to lacustrine
environment [15]. Sandstones are majorly off
white/white, fine to medium grained, sub-angular
to sub-rounded, poorly to moderately sorted
Arkose. Petrographic analysis show that the

depositional environments of C sequence are
fluvial, delta plain to lacustrine (Figure 9 and 10).

Figure 8. Sequence stratigraphic interpretation of seismic line 2
for Oligocene C and D. Picture B shows interpretation of
seismic Line 1 with annotated stratigraphic surfaces
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Figure 9. Well data correlation of V-3X, O-1X and N-5X for
Oligocene C and D
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Figure 10. Well data correlation of D-1X, K-1X and N-5X for
Oligocene C and D

C sequence is divided into three system tracts
including progradational lowstand system tract
(LST) at the bottom, retrogradational transgressive
system tracts (TST) in the middle and weak-
progradational highstand system tract (HST) at the
top (Figure 9, 10 and 11). The thickness of these
system tracts do not vary much across the research
area, showing that tectonic activities were less
active during the deposition of C sequence in
comparison with those in Oligocene D period.
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Figure 11. Seismic stratigraphic interpretation for Oligocene C
and D. Fan deposits and prograding deltas were identified in
lowstand system tracts and highstand system tracts respectively

Oligocene D: The upper boundary of this
sequence is the top of Oligocene D. The lower
boundaries are the top of pre-Tertiary basement at
the proximity of Con Son swell or the top of
Oligocene E. The top of Oligocene E was
determined by the changes in stacking patterns of
parasequences from aggradational/progradational
stacking below to retrogradational stacking above
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(Figure 5 to 10).

Pertrographic analysis shows that D sequence
consists of majorly shale interbedded with
sandstones, siltstones and occasionally thin layers
of coal. Sandstone is pale green, yellowish green,
very fine, sub rounded, sub spherical, very well
sorted, and well-cemented argillaceous matrix
[15]. Toward Con Son swell at the area of N wells,
the upper part of D sequence consists of majorly
sandstones interbedded with dark, grey claystones
that deposited in  deltaic  environments.
Interpretation of well data indicate that the
depositional environments of D sequence were
majorly lacustrine to delta plain (Figure 9 and 10).

Oligocene D sequence is divided into three
system tracts: lowstand system tract at the bottom,
transgressive system tracts in the middle and
highstand system tract at the top (Figure 5, 8 and
11). Seismic stratigraphic analysis shows the
existence of fan deposits in lowstand system tract
and prograding delta in highstand system tract

(Figure 8). These deposits are considered
important  stratigraphic/combination  traps in
Oligocene D.

4.2  Identification and prediction of traps’
distribution

Fan deposits in lowstand system tracts:
lowstand system tracts of C and D sequences are
divided into units of slope fan, basin floor fan and
lowstand wedge (Figure 8). Basin floor fan and
slope fan are consists of mostly coarse-grained
sediments and are important targets of petroleum
exploration. Seismic characteristics of these fans
within the research area are oblique reflectors with
downlap terminations onto the underlying older
strata (Figures 12 and 13). These fans deposited
near-source from the east and southeast in high
energy settings (Figure 12). Taking the role of top
seal for these lowstand fans are fine-grained
deposits of corresponding transgressive system
tracts that are assessed to have good seal capability
(Figure 15). Therefore, these fans are potential
targets for petroleum exploration. Traps of this
type are predicted to distribute near basement
highs or Con Son swell (Figure 14 and 17).

"_j 2

Figure 12. Seismic characteristics of lowstand fan in
Oligocene C

Deltaic deposits in highstand system tracts:
Deltaic sandstone deposits of highstand system
tracts are also considered potential stratigraphic
traps in Upper Oligocene sequences in the research
area (Figure 16). However, traps of this type have
high risks regarding top seal capability because
they were often overlaid by medium to coarse
grained sediments of the following lowstand
system tract deposited during the next water-level
fall period (Figure 17). Traps of this type are
predicted to distribute close to Con Son swell, near
sediments’ source that are favorable condition for
the deposition of deltaic sandstones (Figure 14 and
17).

Figure 13. Seismic characteristics of lowstand fans and
highstand deltas in Oligocene D

Figure 14. Sum of possitive amplitude map for LST of
Oligocene C showing the posibility of fan-shaped stratigraphic
traps
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Figure 15. Sum of negative amplitude map along TS showing
top seal capability for traps in LST of Oligocene C

Figure 16. Prediction of distribution of stratigraphic traps in
Oligocene C

Figure 17. Prediction of distribution of stratigraphic traps in
Oligocene D

Figure 18. Maximum amplitude of HST in Oligocene C
showing the posibility of deltaic fans as stratigraphic traps
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Figure 19. Maximum negative amplitude map along top of
Oligocene C showing top seal capability for traps in HST
of Oligocene C

5 CONCLUSIONS

Several statements can be concluded from the
study results as following:

There exist stratigraphic traps in the form of
deltaic fan deposits in Upper Oligocene sequences
at the Southeastern margin of Cuu Long basin.
They were formed during the water-level fall
periods in lowstand system tracts with the source
of sediments from the east-northeast, Con Son
swell in particular. These traps distribute along the
Western slope of Con Son swell. Top seals for
these traps are the overlaying fine-grained
sediments. Lateral seals are changes of facies from
coarser grained sediments to contemporaneously
deposited finer-grained sediments.

Sand bodies in prograding deltas during
highstand system tracts could also be possible
stratigraphic traps in Upper Oligocene sequences
in the research area. However, petroleum
exploration in these traps encounter higher risks
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regarding top seals and lateral seals due to the
overlaying coarse grained sediments of the
following lowstand system tract.

Further assessments on the hydrocarbon
potential of these traps need to be carried out in
order to plan proper strategies for exploration and
appraisal of stratigraphic traps in the research area
as well as the whole Cuu Long basin.
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Ung dung phan tich dia tang dia chan danh
gia bay dia tang trong tram tich Oligoxen
thuong ving Pong Nam, Bé Ctru Long

Nguyén Pinh Chire, Nguyén Vin T, Nguyén Quang Hung

Bui Van Cuong, Truong Qubc Thanh, Tran Vin Xuén

Tém tit—Sau nhiéu thip ky khai thic, trir lvgng
diu Kkhi trong thin déu truyen thong mong nut né
trwée P& Tam va biy céu tric tudi Kainozoi ngay
cang can Kkiét, cac trir lwgng con la1 trong cac bay
dang nay khong dap ing dwoc yéu ciu ciia phat trién
va khai thac, cac hoat déng tim kiém thim do trong
bé Ciru Long cin huéong dén cac dang biy dia ting
va bdy hén hop. Két qua nghién ciru viing ria Pong
Nam bé Ciru Long cho thiy cic ddu hi¢u tiém ning
diu khi ciia by vat nhon dia ting. Tuy nhién viéc
xac dinh dic trung phan b ciing nhw danh gia tiém
ning diu khi cia cic ddi twong nay in chira nhiéu
tré' ngai nén réit cin ap dung té hop nghién ciu dia
chin dia ting v6i thude tinh dia chin va tai liéu dia
vt Iy giéng khoan.

Két qua td hop nghién ctru tai liéu dia chén, dia
vat 1y giéng khoan cho thiy biy dia ting/hdn hop
trong tdp C va D tudi Oligoxen mudn dwoc hinh
thanh trong h¢ twéng bién thip c6 dang sigma-xién
chéo phat trién ga day xudng thanh hé phia duéi,
hinh thanh trong méi trwong cira sdong, tam giac
chiu. Viéc tich hop nghién ctru thude tinh dia chin
va sb lidu dia vat Iy giéng khoan cﬁng cho phép xac
dinh phan bd dang quat ciia cac bay dang nay.

Trong giai doan ké tlep cAn tién hanh cac nghlen
ciru bd sung nhiim danh gia toan dién tiém ning diu
khi ciia dang bdy nay ciing nhw giam thiéu rii ro
trong cong tac tim kiém tham do.

Tir khoi—Biy dia ting, by hdn hop, bién dbi
twdng, hé twéng bien thap, dia tang dia chan.



