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Historical Rewiev

More than 80 years have passed since in 1919 the University Ljubljana in Slovenia 
was founded. Technical fields were joint in the School of Engineering that included the 
Geo logic and Mining Division while the Metallurgy Division was established in 1939 
only. Today the Departments of Geology, Mining and Geotechnology, Materials and 
Metallurgy are part of the Faculty of Natural Sciences and Engineering, University of 
Ljubljana.

Before War II the members of the Mining Section together with the Association of 
Yugoslav Mining and Metallurgy Engineers began to publish the summaries of their 
research and studies in their technical periodical Rudarski zbornik (Mining Proceed-
ings). Three volumes of Rudarski zbornik (1937, 1938 and 1939) were published. The 
War interrupted the publi cation and not untill 1952 the first number of the new journal 
Rudarsko-metalurški zbornik - RMZ (Mining and Metallurgy Quarterly) has been pub-
lished by the Division of Mining and Metallurgy, University of Ljubljana. Later the 
journal has been regularly published quarterly by the Departments of Geology, Mining 
and Geotechnology, Materials and Metal lurgy, and the Institute for Mining, Geotech-
nology and Environment.

On the meeting of the Advisory and the Editorial Board on May 22nd 1998 Rudarsko-
metalurški zbornik has been renamed into “RMZ - Materials and Geoenvironment 
(RMZ -Materiali in Geookolje)” or shortly RMZ - M&G.

RMZ - M&G is managed by an international advisory and editorial board and is ex-
changed with other world-known periodicals. All the papers are reviewed by the cor-
responding pro fessionals and experts.

RMZ - M&G is the only scientific and professional periodical in Slovenia, which is pub-
lished in the same form nearly 50 years. It incorporates the scientific and professional 
topics in geology, mining, and geotechnology, in materials and in metallurgy.

The wide range of topics inside the geosciences are wellcome to be published in the 
RMZ -Materials and Geoenvironment. Research results in geology, hydrogeology, 
mining, geotechnology, materials, metallurgy, natural and antropogenic pollution of 
environment, biogeochemistry are proposed fields of work which the journal will han-
dle. RMZ - M&G is co-issued and co-financed by the Faculty of Natural Sciences and 
Engineering Ljubljana, and the Institute for Mining, Geotechnology and Environment 
Ljubljana. In addition it is financially supported also by the Ministry of Higher Educa-
tion, Science and Technology of Republic of Slovenia.

Editor in chief
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Original scientific paper

Sequence stratigraphy study within a chronostratigraphic 
framework of ‘Ningning field’, Niger Delta

Sekvenčnostratigrafske raziskave “Področja Ninging” delte Ni-
gra v kronostratigrafskem okviru
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Abstract: Sequence stratigraphy model developed for the Ningning field 
is based on the interpretation carried out on the different wells that 
penetrated the various subsurface lithologies. Basically three depo-
sitional sequences were delineated from the five wells studied. The 
Vail model used made out a third and forth order stratigraphic sur-
faces that all fall within the central swamp depobelt of the Basin. 
The five wells used show the presentation of the interpretation and 
the models. All the sequence tracts were appropriately represented 
starting from the Lowstand Transgressive and Highstand system 
tracts, except in well 005 where the Lowstand  of the second se-
quence was missing. This is achieved by incorporating signature 
motifs from wireline logs coupled with biostratigraphy data and 
inferred paleobathymetry. This has revealed the field-wide recon-
struction of a chronostratigraphically constrained biostratigraphy of 
subsurface lithological sequences with limited information.

Povzetek: Sekvenčno stratigrafski model polja Ningning temelji na inter-
pretaciji različnih vrtin, ki sekajo različne kamnine pod površjem. 
Preiskava petih vrtin je omogočila prepoznati tri sedimentacijska 
zaporedja. Uporaba modela Vail je pokazala stratigrafske površine 
tretjega in četrtega reda, ki vse spadajo v osrednji močvirski sedi-
mentacijski pas bazena. Interpretacijo in modele predstavljamo na 
podlagi petih uporabljenih vrtin. Ugotovili smo vsa sekvenčna zapo-
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hydrocarbon exploration. The study is 
aimed at subdividing the stratigraphic 
section within the study area into pack-
ages of sediments bounded by chron-
ostratigraphically significant surfaces 
(condensed sections, their associated 
maximum flooding surfaces and se-
quence boundaries). 

Study area and regIonal geology 
settIng

The study area is a producing field locat-
ed in the Niger Delta. The Niger Delta is 
situated in the Gulf of Guinea (Figure 1) 
and extends throughout the Niger Delta 
Province (klett et al., 1997). The Ni-
ger Delta is a large arcuate delta situated 
on the West Coast of Central Africa, be-
tween Lat 30 and 60 N and Long 50 and 
80 E (ReiJeRs et al., 1997). The province 
contains known resources (cumulative 
production plus proved reserves) of 34.5 
BBO and 93.8 TCFG (petroconsuLt-

IntroductIon

A greater portion of the world’s energy 
mix will come from hydrocarbon sourc-
es and its derivatives coming from the 
deeper portion of the various hydrocar-
bon habitats. It has therefore become 
imperative to apply newly emerging 
exploration and production tools and 
skills to adequately harness these re-
sources. The petroliferous Niger Delta 
is one of the highest producing basins 
with more promising reserves yet to be 
discovered as exploration proceeds to 
the deeper water. Sequence stratigra-
phy is one of the twenty first century 
exploration and production tools that 
are used to unravel series of lithologi-
cal and basinal intricacies bordering on 
sand packets, depositional sequences 
and paleoenvironmental analysis. Bi-
ostratigraphy is indispensable in the 
adequate delineation of chronostrati-
graphically significant surfaces in the 
subsurface formations encountered in 

redja od začetnih plitvo transgresivnih do  zaporedij z visoko vodo, 
razen v vrtini 005, kjer manjka plitvo stanje druge sekvence.  Inter-
pretacijo je omogočila  povezava  karotažnih zapisov z biostratigraf-
skimi podatki in s sklepanjem o nekdanjih globinah. Z maloštevilni-
mi podatki smo lahko podali širšo rekonstrukcijo kronostratigrafsko 
omejene biostratigrafije litoloških zaporedij pod površjem.

Key words: sequence, stratigraphy, depobelt, biostratigraphy, wireline-
logs, lithologies

Ključne besede: sekvence (zaporedja), stratigrafija, pas sedimentov, bio-
stratigrafija, karotaža, litologija
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These depobelts form one of the larg-
est regressive deltas in the world with 
an area of some 300 000 km2 (KuLKe, 
1995), sediment volume of 500 000 
km3 (Hospers, 1965), and a sediment 
thickness of over 10 km in the basin 
depocenter. The Niger Delta Province 
has been identified to be a prolific hy-
drocarbon habitat and is known to con-
tain one identified petroleum system 
(EKweozor & dauKoru, 1984; KuLKe, 
1995) referred to as the Tertiary Ni-
ger Delta (Akata – Agbada) petroleum 
System. The sandstones and uncon-
solidated sands from which petroleum 
is produced in the Niger Delta have a 
geometry that has been grossly affected 
and controlled by the dominant growth 
fault configuration. The sand units are 

ants, 1996b). Currently, most of this 
petroleum is in fields that are onshore 
or on the continental shelf in waters less 
than 200 m deep. Exploration focus is 
presently shifting to the deeper waters 
in the Niger Delta with huge discover-
ies like Bonga and Agbami fields (with 
about 1BBO reserve) increasing the 
prospectivity of oil search in the riskier 
deeper waters despite the high cost of 
exploration and development at these 
water depths.  

From the Eocene to the present, the 
delta has prograded southwestward, 
forming depobelts that represent the 
most active portion of the delta at each 
stage of its development (doust & 
omatsola, 1990).

Figure 1. Niger Delta study location. Inset is field basemap with well posi-
ions and correlation directions.
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seen to thicken in the downthrown 
portion towards the fault dip direction 
(Rotimi et al., 2010, weber & dauKo-
ru, 1975).

MaterIals and methods

Wireline logs were used for the pur-
pose of this study in conjunction with 
biostratigraphy data. The method em-
ployed in this study is that of lithofa-
cies identifications coupled with se-
quence stratigraphic concepts. Parase-
quences were identified based on the 
principle described by (Van waGoneR 
et al. 1990). Their boundaries were 
identified and separated from others by 
flooding surfaces which are often char-
acterized by a cycle of sediment that 
either coarsens or fines upward. These 
changes in grain sizes are abrupt and 
very conspicuous and allow for corre-
lation of the parasequence boundaries 
across the field thus being a valid tool 
for chronostratigraphy although care 
must be taken in choosing these sur-
faces.

Stacking pattern for parasequences sets 
were evaluated as fundamental build-
ing blocks of a sequence. The identified 
stacking patterns include progradation-
al, retrogradational and aggradational 
stacking patterns (Van waGoneR et al., 
1990). These patterns are dependent on 
the ratio of the rate of deposition to that 
of accommodation. A progradational 

stacking pattern of parasequences re-
fers to the pattern in which facies at the 
top of each parasequence becomes pro-
gressively more distal i.e. basinward 
(PosaMantier & vaiL, 1988; WiLgus 
et al., 1998). A retrogradational parase-
quence set has successively younger 
parasequences deposited farther land-
ward in a backstepping pattern. Over-
all, the rate of deposition is less than 
the rate of accommodation.

An aggradational parasequence set 
is one in which successively younger 
parasequences are deposited above 
one another with no significant lateral 
shifts. The rate of accommodation ap-
proximates the rate of deposition (i.e. 
Raccm = Rd).

Some other differentiating factors in-
clude lithological ratio interplay of ma-
terial deposited (i.e. sandstone or mud-
stone), the environment of deposition 
(i.e. coastal/shallow marine to deep 
marine) and the ratio of the thicknesses 
of the different parasequences and par-
asequence sets. All the aforementioned 
points were used for the purpose of this 
study.

Chronostratigraphically Significant 
Surfaces
Sequence boundaries were identified 
based on the methodology described 
by van waGoneR et al., (1990). Se-
quence boundaries were identified 
by the most basinward shift in facies, 
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within a coarsening upward sequence 
(EMery & Myers, 1996). These are 
usually located between two maximum 
flooding surfaces. Typical lg pattern in 
neritic environment is an aggradational 
(massive) lg pattern that overlies an 
interbedded lg pattern. This boundary 
corresponds to the position of highest 
resistivity and lowest lithology lgs. 

Below the sequence boundary is a 
trend of decreasing flooding surface 
as indicated by increasing flooding 
surface shale resistivity, while above 
the boundary is a trend of increasing 
flooding surface and decreasing flood-
ing surface shale resistivity. Maximum 
flooding surface caps the transgres-
sive system tracts which represents 
the most landward transgression of the 
shoreline. 

In recognizing the various systems 
tract (lowstand, transgressive and high-
stand), procedure that involves first, lo-
cating the maximum flooding surfaces 
within major condensed sections on 
the well-lgs, followed by the location 
of the sequence boundary between the 
two maximum surfaces was adopted. 

The Lowstand System Tract: This com-
prise of the basin floor fan, the slope 
fan and the prograding wedge com-
plex all have their boundaries marked 
by maximum flooding surfaces (MFS) 
recognized as an extensive blanket of 
shale minor or major with fauna and 

floral diversities (VaiL & wornardt, 
1992).

The Transgressive System Tracts: This 
is characterized by an overall upward 
fining and thinning (backstepping par-
asequence set) on lgs, although the 
individual parasequence tends to pro-
grade. It is bounded below by a trans-
gressive surface and above by a maxi-
mum flooding surface. The portion of 
the lg with lowest shale resistivity and 
which corresponds with the maximum 
deflection on the GR and/or the SP lg 
were selected as the maximum flood-
ing surfaces. A condensed section is 
associated with the maximum flooding 
surface that marks the upper boundary 
of the transgressive system tracts as the 
parasequences backsteps landwards 
(Loutit et al., 1988). It is characterized 
by the greatest abundance and diver-
sity of fauna within the sequence and 
starved of terrigenous materials.

The Highstand System Tracts: This is 
bounded below by a downlap surface of 
maximum flooding and above by a se-
quence boundary. The early highstand 
is characterized by aggradational par-
asequence set, while the late highstand 
is characterized by a set of prograd-
ing, coarsening upward and shallowing 
upward parasequences that terminate 
at the sequence boundary. Lg correla-
tions in the highstand is difficult and lg 
patterns, commonly indicate interbed-
ded sand and shale lithofacies, while 
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ostratigraphic chart Figure 2, is a geo-
logical data table containing up to date 
information on the chronostratigraphy 
of the Niger Delta, its marker shales 
and maximum flooding surfaces, the 
Pollen (P-zone data) and Foraminifera 
zonation (F-zone data), the Niger Delta 
depobelts and its sequence stratigraphy 
(Haq et al., 1988). The chart was used 
variously in the course of this study to 
determine amongst others, the ages of 
the maximum flooding surfaces and the 
sequence boundaries.

the reservoir continuity is fair (vaiL & 
woRnaRdt, 1990).

Eustatic sea level charts derived from 
eustatic cycles of the Niger Delta and 
the coastal onlap have been correlated 
to derive the regional chronostratigra-
phy of the Niger Delta. This has aided 
the prediction, location and dating of 
sequences, their correlatable bounda-
ries, and other chronostratigraphically 
important surfaces in the Niger Delta. 
The Niger Delta Cenozoic chron-

Figure 2. The Niger Delta Cenozoic Chronostratigraphic Chat (haq et al. 
1988)
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Well Correlation
Correlation of wells along strike and 
dip lines was made towards the devel-
opment of a chronostratigraphic frame-
work for the study area. The correla-
tions made over the entire field starting 
from the control well 001. This was 
done to build a holistic sequence strati-
graphic framework. The correlations 
were carried out along one strike and 
one dip line. This is limited based on 
the location and position of the wells 
as displayed on the base map and well 
positions relative to each other as seen 
on the basemap (Figure 1). Due to the 
localization of the wells, there is dire 
need to start correlation within this area 
and also in the vicinity of the identified 
chronostratigraphic surfaces e.g. the 
correlatable marker shales. 

Results and InterpretatIon

Sequence boundaries in the field were 
identified based on the interpretation 
of unconformity surface seen on the 
lgs assisted by the interpretation of 
stacking patterns, lg shapes and motifs. 
This is discovered to be the effect of 
basinal drift in the sediment/ horizon 
sets on and facies arrangement on the 
wells which was a major focus. The 
major Sequence Boundary recognized 
included 17.7 Ma, 14.8 Ma, 12.1 Ma, 
and 10.38 Ma. Unconformity surfaces 
marks the sequence boundaries while 

on the well lg the highest value on the 
Resistivity lg which corresponds to the 
lowest value on the SP lg indicates the 
sequence boundaries mapped. The for-
mations mapped are predominantly of 
the prolific hydrocarbon bearing Agba-
da formation of the Niger Delta which 
is thick sequences of early to middle 
Miocene age. The discussion is pre-
sented below. 

DIscussIon 

SEQUENCE BOUNDARIES (SB)

17.7 Ma SB
This is the oldest sequence bound-
ary identified in the study area. It was 
penetrated by Wells 001, 002 and 003 
at depths of 2 951 m, 2 836 m, and 
2 860 m respectively. This surface was 
not recognized on Well 005 due to the 
depth to which it was drilled and a pro-
jection was done to include Well 004 
from the other array of wells, as it was 
situated at some distance basinward. 
The lg motif shows abrupt change 
from an upward deepening facies suc-
cession to an upward shallowing one. 
Paleobathymetric deduction and lg sig-
natures shows that such horizons are 
devoid of pollens as there are indica-
tions of forams present (F-zone data). 
The depositional environment deduced 
from the lgs depicts a shelf environ-
ment (Figure 3).
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ee complex and at the proximal portion 
of the basin a prograding wedge com-
plex (Figure 3). This near cylindrical lg 
shape shows slight left side deflection 
and a corresponding right side Resistiv-
ity lg signature. This is characteristic of 
a channel complex environment serv-
ing as a suitable clear demarcation for 
the overlying Lowstand system tract.

10.35 Ma SB
This marks the youngest sequence 
boundary penetrated in the study area 
as it marks the base of the Benin sand 
formation. It occurred in all the wells 
and also a projection done to incorpo-
rate the more proximal well 004. This 
marks the channel sequence of the dis-
tal pre Benin sequence deposited. This 
sequence has a blocky lg shape as much 
as depicted on the log motif and indi-
cates a channel sand deposit marked 
abruptly by complex of slope wedge 
deposits. This is well correlated to the 
Niger Delta chronostratigraphic chart 
and accurately mapped (Figure 2).

Maximum Flooding Surfaces
Maximum flooding surface were delin-
eated as points of occurrence of an ex-
tensive blanket of shale and starved of 
terrigenous material with biofacies di-
versity. The surfaces were picked on the 
well lgs as the top of a retrogradational 
complex. The lowest value on the Re-
sistivity curve which corresponds to the 
highest value on the lithology curve de-
picts the point where the surface occurs.

14.8 Ma SB
This Sequence Boundary is well 
marked on all the lg signatures and was 
penetrated by all the wells in the field. 
The depth of occurrence varies with re-
spect to the position of the wells on the 
block and relative to each other. The lg 
signature associated with this boundary 
is slightly featureless and in some part 
blocky. It is associated with a boundary 
of graded sandy shale sequence. This 
interpreted the pre-channel facies of 
the field as it resembles a basin floor 
fan complex but it can be said to be of 
the slope fan complex. Due to the non-
uniform lg shape it could be inferred 
that the lithology must have been de-
posited in a high to moderate energy 
regime with limited time for sediment 
sorting and hence the intercalation of 
the beds and consequent aggradations 
(Figure 3).

12.1 Ma SB
The 12.1 Ma sequence boundary over-
lies the succession of lithologies pen-
etrated by all the wells 001, 002, 003 
and 005. A careful projection was also 
made to well 004 so as to gain proper 
chronostratigraphic correlation cover-
age of the field. This sequence bound-
ary is well marked on all the wells as 
it occurs at different depth range, but 
as delineated in the field the boundary 
falls within the depth range of 1 762 m 
in Well 001 and 2 083 m in Well 005. 
The aggradational lg shape of the sand 
body sequence is typical of channel lev-
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Figure 3. Well 1 showing sequences and stratigraphically significant sur-
faces 
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below by the 17.7 Ma sequence bound-
ary. The sand package above the bound-
ary is described as a prograding com-
plex showing a fining upward pattern 
capped by a minor condensed section 
associated with abundance and diversi-
ty peak that terminates at the maximum 
shale point (i.e. top of lowstand - TLS 
1). This is overlain by the transgressive 
system tract (TST) that covers a depth 
of 144m above the TLS 1 and consists 
of an overall retrograding parasequence 
stacking pattern capped by the 15.0 Ma 
Rich Bolivina 25 maximum flooding 
surface (Figure 3).

The highstand system tract rest on 
the TST and covers the depth range 
of 2 743 m to 2 416 m. It starts with 
an aggradation parasequence stacking 
pattern and subsequently starts to pro-
grade upward. It is truncated at the top 
by the 14.8 Ma sequence boundary. 

Sequence 2
This sequence starts with an almost 
uniform shape, non graded sand body 
of about 160 m that forms the base unit 
of the lowstand system tract (Figure 3). 
The near blocky signature signifies a 
sandy lithology showing a slightly fin-
ing upward trend indicating a well de-
veloped channel sand body of a slope 
fan complex and terminates at the to of 
lowstand (TLS) 2.

The transgressive system tract extends 
from a depth of 2 256 m to 1 984 m. 

Identification of higher frequencies 
depositional sequences
In addition to the various 3rd order dep-
ositional sequences, system tracts and 
flooding surfaces identified, a number 
of higher order frequencies deposition-
al sequences of the Forth order, were 
adequately identified and delineated 
in the wells studied (GoLdhaMMer et. 
al., 2000). Although most of the wells 
in the study area exhibited mainly 3rd 
order depositional sequences, these se-
quences were subsequently subdivided 
into higher order sequences denoted 
with numbers 1–3 and 1–6 as the case 
may be. This subdivision is done as 
a branching out of the major deposi-
tional cycle depicted by the major se-
quence boundaries of the depositional 
sequence and their associated flooding 
surfaces. This identified higher order 
sequences is interpreted as indications 
of the minor position at different times 
of the shoreline within the mega cycle 
which are therefore eustatic and repre-
sents the major depositional sequences. 

ThIrd (3rd) order deposItIonal se-
quence stratIgraphIc InterpretatIon 
of wells 

Well 001

Sequence 1
This sequence starts at depth 2 951 m 
and ends at 2 743 m. The lowstand sys-
tem tract begins this sequence bounded 
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Well 002

Sequence 1
The Lowstand system tract begins this 
sequence at depth 2 836 m and ends at 
2 735 m. The whole sequence covers 
a total depth of 466.6 m (1531 ft) and 
bounded at the base by the 17.7 Ma se-
quence boundary (Figure 4). The sedi-
ment package constituting this system 
tract shows a rounded lg signature typi-
cal of an aggradational Prograding com-
plex. The Transgressive system tract 
overlies the LST and covers a depth 
of 231 m above it. The laterally exten-
sive shale blanket which distinguishes 
it from the major condensed section is 
of the shelf environment, it consists of 
a series of fining upward retrograding 
parasequence pattern capped by the 15.0 
Ma Bolivia 25 maximum flooding sur-
face (Figure 4). The highstand systems 
tract caps sequence 1 as it sits on the TST 
at depth of 2 504 m to 2 370 m just be-
low sequence 2. This system tract shows 
bulky aggradational parasequence pat-
tern as it progrades upward to be capped 
by the 14.8 Ma sequence boundary.

Sequence 2 
Sequence 2 starts with a crescent 
shaped lg pattern which grades into a 
Prograding complex and body with no 
grading pattern observed. This basal 
unit of the Lowstand system tract starts 
from depth of 2 370 m to 1 923 m. It 
is bounded below by the channel sand 
body which marks the base of this se-

This portion of the subsurface is found 
to exhibit individual Parasequence pat-
tern prograding and showing a motif 
similar to that of an incised valley fill. 
The TST is capped by the 12.8 Ma – 
Nonion 6 MFS associated with a major 
condensed section.

This sequence is terminated by the 
highstand system tract which starts 
at depth 1984 m showing some ini-
tial aggradational stacking pattern and 
later progrades to be terminated at the 
distal portion by the 12.1 Ma sequence 
boundary (Figure 3).

Sequence 3
Resting upon the 12.1 Ma sequence 
boundary is the uppermost sequence 
encountered in this well. It is char-
acterized by back stepping signature 
o the lithology lg although it shows 
spurious effect on the saturation. Such 
can be interpreted to be a channel fa-
cies deposited under turbulent energy 
this with no time for consolidation or 
sorting. The Nonion4 MFS appears at 
1364 m to caps the top of the transgres-
sive system tract appearing in the mid-
dle of the LST and HST. The pattern 
that starts this sequence grades into a 
more uniform and characteristically 
blocky unit of rock typical of a time 
of recession in energy of the medium. 
At 1 070 m the 10.35 Ma sequence 
boundary caps this section to terminate 
the observed third order sequences for 
this well. 
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12.8 Ma maximum flooding surface.

The highstand systems tract found di-
rectly overlying sequence 2 starts from 
the top of the TST at depth 1 923 m to 
1 818 m showing some initial crescent-
shaped retrogradational stacking pattern 
fining upward indicating that of a chan-
nel complex. This system tract termi-
nates at the 12.1 Ma sequence boundary.

quence boundary of 17.7 Ma. Parase-
quence set motifs exemplified by some 
minor abundance and diversity peaks 
mark the top of this system tract (Fig-
ure 4). The Transgressive system tract 
covers a total depth of 166m as it ex-
hibits a slightly aggradational parase-
quence set typical of a shelf environ-
ment terminated at the top by the major 
condensed section embedded in the 

Figure 4. Well 2 showing sequences and stratigraphically significant sur-
faces
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Sequence 3
Sequence 3 episode of deposition extends 
from 1 736 m (lower sequence bound-
ary) to 1 242 m (upper sequence bound-
ary). The lowstand system tract starts 
this sequence with the slope fan complex 
covering about 494 m and overlain by 
the transgressive systems tract deposit. 
A laterally extensive marine shale which 
serves as the maximum flooding surface 
at 1 382 m is observed to cap this deposit 
as it is marked by the 10.4 Nonion 4 MFS 
at 1382 m. The highstand system tract 
terminates this sequence at 1 242 m and 
covers 140 m (Figure 4).

Well 003

Sequence 1
This sequence starts with the lowstand 
sequence tract at the depth of 2 859 m to 
2 329 m. The whole sequence is about 
530 m and has a combination of Pro-
grading and slightly aggrading parase-
quence stacking pattern. The lowstand 
systems tract has a sand package which 
shows a fining upward sequence and 
then interfingering of some minor shale 
lithology which marks the top of the 
lowstand systems tract (Figure 5). The 
transgressive system track overlies this 
and covers the depth of about 164 m 
showing a series of upward aggrada-
tional pattern typical of the shelf envi-
ronment. A blanket of extensive marine 
shale is seen to be truncating the TST 
with the embedded condensed section. 
highstand system tract caps this deposit 

at 2 329 m and marked by the 14.8 Ma 
sequence boundary. 

Sequence 2
The upper and lower sequence bounda-
ry occurs at depth 1 709 m and 2 329 m 
respectively, enveloping the whole sys-
tem tracts of this depositional episode. 
The prograding complex and the slope 
fan deposits mark the lowstand system 
tract which covers a depth of 184 m 
within the interval of 2 329 m and 2 145 
m. The transgressive system tract with 
its characteristic fining upward pattern 
rests on the transgressive surface (i.e. 
top of the lowstand system tract TLS 
2), and truncated by the shale blanket of 
the maximum flooding surface at 1 909 
m marked by the 12.8 Ma Cassidulina7 
MFS (Figure 5). This depositional se-
quence has the highstand system tract 
deposit as the cap which starts from 1 
909 m to terminate at 1 709 m which is 
the topmost sequence boundary.

Sequence 3
Sequence 3 episode of deposition 
started with the lowstand system tract 
having a slope fan complex as a typi-
cal signature at 1 709 m to 1 574 m, 
and was immediately followed by the 
transgressive system tract deposits of 
about 140 m. The maximum flooding 
surface marked by the 10.4 Ma Nonion 
4 MFS truncates it at 1 434 m as it is 
subsequently overlain by the highstand 
system tract. This system tract repre-
sented by the aggrading to prograding 
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Well 004

Sequence 1
Sequence 1 episode of deposition com-
menced with the lowstand system tract 

lg pattern terminates the studied depo-
sitional episode of this well. The lower 
and upper sequence boundaries of the 
highstand systems tract occur at 1 434 
m to 122 m respectively.

Figure 5. Well 3 with sequences and stratigraphically significant surfaces
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marked by 15.0 Ma Rich Bolivina 25 
MFS occurs at 2 940 m to cap the ret-
rogradational pattern of the transgres-
sive systems tract that terminates at the 
same point. Overlying it unconform-

which range from 3 459 m to 3 133 m. 
A short interval of transgressive system 
tract overlies this prograding slope fan 
deposit of the lowstand systems tract 
deposit. Maximum flooding surface 

Figure 6. Well 4 with sequences and stratigraphically significant surfaces
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ably is the highstand systems tract de-
posit covering about 133 m and bound-
ed at the upper part at 2 807 m by the 
14.8 Ma sequence boundary (Figure 6).

Sequence 2
Sequence 2 observed in well 004 in the 
study area is bounded at the base and 
top by sequence boundaries at depths 
2 807 m and 2 352 m respectively cov-
ering 153 m. it starts with a lowstand 
systems tract covering 152 m, overlain 
by a Transgressive Systems Tract that 
is truncated by a maximum flooding 
surface marked by the 12.8 Ma Nonion 
6 MFS at 2 540 m. Capping this se-
quence is the Highstand Systems Tract 
extending from the top of the maxi-
mum flooding surface to a depth of 2 
352 m marking the top of the sequence.

Sequence 3
Sequence 3 of Well 004 in this field of 
study has a thickness ranging from 2 352 
m at the lower boundary to 1 821 m at 
the apex of the sequence. The Lowstand 
Systems Tract lies on the lower se-
quence boundary covering 196 m as it 
terminates at the occurrence of an ex-
tensive shaly bed initiating the start of 
the transgressive systems tract seen to 
overlay the lowstand system tract. The 
10.4 Ma Nonion 4 maximum flooding 
surface caps this transgressive system 
tract at 1 981 m. The Highstand Systems 
Tract covers the top of this sequence and 
terminates at 1 821 m, a total of 160 m 
has been observed for it (Figure 6).

Well 005

Sequence1
The lower sequence boundary of this 
Sequence 1 occurs at 3 030 m. The top 
of the lowstand systems tract occurs at 
2 841 m with prograding complex pat-
tern as it is overlain by the transgressive 
systems tract. The maximum flooding 
surface with lowest shale resistivity 
value and high value on the SP lg oc-
curs at depth of 2 769 m (Figure 7).

This is in turn overlain by the blocky 
sand of the highstand systems tract 
initiated by the slightly coarsening up-
ward pattern immediately above the 
marker surface. The upper sequence 
boundary occurs at 2 498 m.

Sequence 2
This sequence lies on the lower sequence 
boundary at 2 498 m, and the depo-
sitional episode commenced with the 
deposition of transgressive systems tract 
unconformably on the lower boundary, 
culminating in the transgressive peak at 
the maximum flooding surface at a depth 
of 2 324 m. The highstand systems tract 
extends from the top of the maximum 
flooding surface to terminate at 2 083 m, 
at the position which marks the top of 
the sequence boundary (Figure 7).

Sequence 3
This depositional sequence covers a total 
depth of 672 m as it commenced with a 
lower sequence boundary at 2 083 m. This 
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sequence is initiated by the lowstand sys-
tem tract as it is marked by a characteris-
tic lg motif typical of coarsening upward 
backstepping aggradational stacking pat-
tern. This system tract is overlain by the 
shaly formation of the transgressive sys-
tem tract. This transgressive system tract 

initiated at 1 896 m was caped by the 
maximum flooding surface depicted by 
the Nonion 4 marker at 1 699 m. The high-
stand system tract tops the set of sequences 
interpreted in this well as it covers a total 
depth of 287 m and terminates at 1412 m 
which marks the upper boundary.

Figure 7. Well 5 with sequences and stratigraphically significant surfaces
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Well correlatIon 

Strike line Correlation
This is carried out along the fault 
blocks in a bid to understand the re-
lationships between well tops and 
stratigraphic surfaces in the studied 
wells, and in building a depositional 
model to know what the basin archi-
tecture looks like. This assisted in 
the determination of the lateral ex-
tent, continuity and homogeneity of 
the reservoir units and some marker 
shales, and also for accurate age dat-
ing of the subsurface strata of inter-

est penetrated in the field. Figure 8 
shows the lithofacies correlation and 
the crosscutting effect of fault on it at 
the subsurface. Figures 8 and 9 show 
the strike line and dip line correla-
tion respectively carried out along 
fault blocks in the site of the wells 
as shown on the map (Figure1). This 
strike section cuts across wells 002 
and 003, and the correlation shows 
normal delta progradation, continu-
ity of lithofacies with thickening and 
thinning effect of some sequences. It 
is inferred in agreement with OzuMba 
(2005), the late Miocene sequences 

Figure 8. Stratigraphic correlation showing all 5 wells in the field of study
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are thicker than the middle Miocene 
sequences. Furthermore, sandy lithol-
ogies with shale interfingering iden-
tified are of middle Miocene which 
is comparable with other facies of 
the same age in the Agbada Forma-

tion. The sequence stratigraphic cor-
relation shows that the sequences 
and surfaces identified were present 
and then confirms the continuity of 
the lithologies and horizons mapped 
(Figure 8)

Figure 9. Strike line stratigraphic correlation of wells 002 and 003
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Figure 10. Structural cross-section showing features of wells 002 and 003

Dip line correlation
Dip line correlation was made across 
different fault blocks from the northern 
end to the southern end in the distal por-
tion of the field of study. This was nec-
essary in a way to determine the effects 
of structural elements like faults, and 
anticlinal closures on the connectiv-
ity and continuity of the reservoir sand 

bodies as they cut across different fault 
blocks. Essentially the dominant mi-
gration pathway of hydrocarbon which 
was along fault planes and also the trap-
ping mechanism of hydrocarbon in the 
field were appreciated as much insight 
was gained into this. Basinal prograda-
tion was seen more clearly here as the 
thickening and thinning of the litholo-
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gies was obvious (Figures 11 and 12). 
The wells 002, 001 and 004 used ex-
hibited the effect of structural instabil-
ity. The up and down pattern signifies 
the presence of this lithological units 
on separate portions of a growth fault 
structure with some sort of roll-over 
anticline typical of the Basin. The res-
ervoir horizon mapped which shows 

some alternation of lithologies is that 
of the Agbada Formation.

The horizon shows continuity and con-
nectivity, though the shaliness of the 
beds is slightly high. It could be in-
ferred from the sequence stratigraphic 
correlation of the chronostratigraphic 
significant surface that the LST and the 

Figure 11. Dip line stratigraphic correlation of wells 002, 001 and 004. 
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Figure 12. Dip line structural cross-section correlation of wells 002, 001 
and 004

TST hosts the reservoir units mapped 
in the Agbada Formation on the down-
thrown side in the hanging wall of the 
synsedimentary faults (Ainsworth, 
2005). They are seen to increase and 
show maturity in thickness downslope 
as the basin progrades in the proximal 
direction and hence the high probabil-
ity of having enormous accumulation 
of commercially exploitable hydrocar-
bon in the deeper portion and offshore 
depobelt of the basin beyond the field 
of study (Figure 13).

ConclusIons

In the light of the various approaches 
of investigations and detailed analyses 
discussed earlier in the methodology, a 
series of 3rd and 4th order stratigraph-
ic surfaces were identified. The study 
area has a sequence stratigraphy within 
a chronostratigraphic framework that 
is composed of four sequence bound-
aries varying from 17.7 Ma to 10.35 
Ma and three intervening maximum 
flooding surfaces between 15.0 Ma and 



497Sequence stratigraphy study within a chronostratigraphic framework of ‘Ningning field’...

RMZ-M&G 2010, 57

10.4 Ma. These surfaces were all asso-
ciated with the strata of early to mid-
dle Miocene age and corresponding 
to pollen zones P830-P670 and foram 
zones F9300- F9600 and foram sub 
zones F9301-F9605. The recognized 
maximum flooding surfaces were tied 
to the Niger delta chronostratigraphic 
chart and all was found to fall within 
the Central Swamp Depobelt.
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