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in Otio oil field, Niger Delta
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Abstract. This research presents a detailed structural mapping and prospects identification study of the Otio Field located
in the Niger Delta. The study integrates 3D seismic data and well logs to delineate subsurface structures and assess the
hydrocarbon potential of the field. Five key horizons were evaluated using petrophysical analysis, revealing porosity values
ranging from 18 to 27 %, water saturation levels between 20 and 31 %, and Net-To-Gross ratios of 59 to 96 %. Time-depth
structure maps were generated for each horizon, allowing for the identification of two prospects, namely the North-Eastern
and South-Eastern prospects. The North-Eastern prospect was ranked higher due to its larger estimated hydrocarbon
volume, with Sand E2 identified as the most promising reservoir based on volumetric analysis. This study underscores
the importance of integrating seismic and petrophysical data for effective exploration and field development, providing
a basis for future drilling decisions in the Otio Field. The research method started with the subsurface evaluation of the
“Otio Field” integrating well log data from the field and seismic data spanning the field. The databases used for this project
are three Dimensional (3D) seismic cube, base map, six well data in LAS format and check shot data for only one well. The
results show the identified hydrocarbon bearing zones are Sands D, E1, E2, H and J as interpreted from gamma-ray and
resistivity logs. The sand correlation across the field showed uniform sand development from well to well. The checkshot
is interpreted as good because of the absence of outliers or spurious values. The plot is a gentle slope that eventually
steepens because of com-paction of the underlying units that causes Two-Way Time to decrease. The results from the
structural Interpretation, sixteen faults (F1-F16) were interpreted across the field as seen on seismic section. Faults in the
field trend in the East-West direction with majority of them dipping north except for faults F4 F6, F7 and F9 dipping south.
In the conclusion, the 3D structural analysis of Otio Field in the Niger Delta enhanced understanding of its structural styles
and hydrocarbon traps. Eight reservoirs were identified, with five hydro-carbon-bearing sands (D, E1, E2, H, J) mapped,
consisting of sands sealed by shales.
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FTEOPNI3UNKA
HayuyHas ctaTbs
YOK 550.3
CprKTypHoe KapTupoBaHue n onpegerieHne nepcrnekTuBHbIX 3anexeu
MecCTOopOXaeHusa yrnesogopoanoB OTuo B genbre PeKu HMrep

M.A. Moxammep?
aMpKkymckul HayuoHarbHbIl uccrnedo8amernbCKul mexHuyeckul yHueepcumem, Wipkymck, Poccust

Pesrome. Lienbio JaHHOTO UCCneaoBaHns ABNSNOCh AeTalnbHOE CTPYKTYPHOE KapTUPOBaHWE 1 onpeaeneHne nepcnekTne
HedbTeHOCHOro MectopoxaeHus OTMO, pacnonoXeHHOro B aenbte pekn Hurep. B xoge paboTtel ncnonb3oanuncek 3D-gaH-
Hble CENCMOpa3BeaKM 1 KapoTaXHble guarpaMMbl 4518 BblAENEHUS NOANOBEPXHOCTHBLIX CTPYKTYP M OLIEHKM YrMeBOA0OPOa-
HOro noTteHuunana mectopoxaeHus. MNaTe KN4eBbIX TOPU3OHTOB ObINKY OLIEHEHb! C MOMOLLLbIO NETPOU3NYECKOro aHanusa,
BbISIBMBLLErO 3HA4YeHWs1 NOPUCTOCTU B AvanasoHe oT 18 po 27 %, ypoBHu BogoHacbiweHHocTn oT 20 go 31 % u oTHo-
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LLEHNE MOLLHOCTM HedhTeHACbILEHHOro nnacta K ero ap@eKTMBHOM MOLHOCTH OoT 59 0o 96 %. [ns kaxgoro ropusoHTa
ObININ NOCTPOEHbI CTPYKTYPHbIE KAPThl 3aBUCUMOCTU BPEMEHM OT rMyOMHbI, YTO MO3BONUIIO BbIAENUTL ABA NEPCMNEKTUBHbIX
yyacTtka — CeBepo-BocTouHbiv n KOro-BoctouHbin. CeBepo-BoCTOYHbBIN NEPCNEKTUBHBIN y4aCTOK Obln OLIEHEH Bbille 13-3a
bonbLllero npegnonaraeMoro obbema yrneBogopoaos, a yyactok Sand E2 6bin onpegeneH kak Hanbonee nepcnekTUBHbIN
pe3epByap Ha ocHOBe 06bEMHOro aHanuaa. [JaHHoe uccrneoBaHue NoAYepKUBaEeT BaXXHOCTb MHTErpaLmMm cEMCMUYECKNX
N NeTPOU3NYECKNX OAHHbIX ANs 3hdEKTUBHON pa3Beaku 1 pa3paboTky MECTOPOXAEHUI, Tak kak obecneyrBaeT OCHOBY
AN NPUHATUS OyayLWmX pelleHnii no 6ypeHnto Ha mectopoxaeHun OTno. MiccnegoBaHne Havanochb C OLEHKU Heap He-
pTeHocHoro mectopoxaeHusa OTNO, MHTErPUPYIOLLEN AaHHbIE KapOTaXa CKBaXKMH U CEMCMUYECKME AaHHbIe, OXBaTbIBakO-
Lwme mectopoxaeHue. [Ins npoekTa ncnonb3oBanucb TpEXMEpPHbIN cencMuyecknn ky6, 6asosas kapTa, AaHHbIE NO LWeCTn
ckBaxvHam B cpopmate LiDAR Aerial Survey n gaHHble ceicmokapoTaxa (Mo 04HON CKBaxkuHe). Pesynbrathbl nokasanu,
YTO BbISIBIIEHHbIMW YIMEBOAOPOAOHOCHBIMU 30HamMu aBnsoTcs neckn D, E1, E2, H n J (N0 AaHHbIM ramma-kapoTtaxa u
Pe3NCTMBHOTO KapoTaxa). Koppensiumsa neckoB No MECTOPOXAEHUIO NOKasana paBHOMEPHOE X Pa3BUTUE OT CKBaXKMHbI K
ckBaXxkmHe. CelicMokapoTax Oblfl OLeHEH MOMOXMUTENBHO M3-3a OTCYTCTBMS BbIGPOCOB UMK NTOXHbLIX 3Ha4YeHUi. Mogorpad
npencrtaenseT cobow Nonornin HakmnoH, KOTOPbIA B KOHEYHOM UTOre CTAHOBUTCS KPy4Ye 13-3a YNITOTHEHWUST HDKENexalmx
CMnoeB, YTO NPUBOANT K YMEHbLLEHUIO NOMHOIO BpeMeHn npobera. B pesynbrate CTPYKTYPHOW MHTEPNpeTaumMm Ha MecTo-
poxaeHun ObINo BbISIBNEHO WecTHaauaTk pa3nomoB (F1-F16), kak noka3asHo Ha cerlcMmnyeckoM paspese. Pasnombl Ha
MECTOPOXAEHMN NPOCTUPAOTCS B HanpaBfeHUy C BOCTOKA Ha 3anag, npuyeM OOnbLUMHCTBO M3 HUX XapaKTepuaykTcs
nageHnem nnacrta K ceBepy, 3a ucknioyeHnem pasnomos F4 F6, F7 u F9, nagatowmx Ha tor. TpexMepHbI CTPYKTYPHbIV
aHanun3 mectopoxaeHus OTno B AenbTe peku Hurep no3Bonuin ny4lle NOHATb ero TEKTOHUYECKY CTPYKTYPY WU YraeBOao-
poAHble NOBYLUKW. BbINo BbISBNEHO BOCEMb KOMMEKTOPOB, NATbL HedTerasoHocHbIX neckos (D, E1, E2, H, J), cocTosawmx
13 MeCcKOoB, 3anevyaTaHHbIX CrnaHuamu, Obinin HaHEeCEHbl Ha KapTy.

Knroueenie cnoea: pgensra peku Hurep, CTPYKTYpHOE€ KapTupoBaHue, nHTepnpetTauna AaHHbIX CENCMMNYECKON pas3BeaKu,
neTpogU3NYECKNn aHanms, NepcnekTuBbl MECTOPOXOEHNS YINEBOLOPOLOB, MECTOPOXAEHME Otuno

BrazodapHocmu: ABTOp BhbipaxaeT brarogapHocTb cBoeMy avpektopy A.B. MNaplumHy, konneram u cotpygHukam WH-
ctutyta «Cubupckas Lwkona reoHayk» VIpkyTCKOro HauMOHanbHOro UccrneaoBaTenbCKoro TEXHUYECKOrO yHMBepeuTeTa (r.
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Introduction

Hydrocarbon reservoirs are found in geologic
traps, that is, any combination of rock structure
that will keep oil and gas from escaping verti-
cally or laterally [1]. Most known traps in Niger
Delta fields are structural although stratigraphic
traps are not uncommon'. The goal of oil and
z exploitation is to identify and delineate these
traps suitable for profitably exploitable accumu-
lations and delineate the extent of discoveries
in field appraisals and development [2]. In this
study, three Dimensional (3D) seismic data were
integrated with well logs to delineate geologic
structures and prospects in “Otio Field” onshore
Niger Delta. Majority of traps in the Niger Delta are
structural [1]. Examples of these structural traps
are rollover anticlines, flanks of shale domes and
traps related to faulting. Identification and proper
classification of these traps as prospects form the
basis of further exploration and economic deci-
sions. Otio Field is located onshore Niger Delta

Field (Fig. 1). Due to proprietary reasons and
confidentiality agreement with the data, exact lo-
cation of the field cannot be provided.

The Niger Delta has an aerial extent of
75,000 km? (28,957 mi%) and is located be-
tween longitude 3o and 9o E, latitude 40 30’ and
50 20’ N (Fig. 2) [3]. The northern boundary is
the Benin Flank (see Fig. 2) — a northeast trend-
ing hinge line south of the West Africa Basement
Massif. The north-eastern boundary is defined
by outcrops of the Cretaceous on the Abakaliki
High and further southeast by the Calabar Flank
(see Fig. 2) — a hinge line bordering the adjacent
Precambrian. The offshore boundary of the prov-
ince is defined by the Cameroon volcanic line to
the east, the eastern boundary of the Dahom-
ey Basin (the eastern-most West African trans-
form-fault passive margin) to the west. During the
Tertiary it built out into the Atlantic Ocean at the
mouth of the Niger-Benue river system, an area
of catchment that encompasses more than a mil-

" Tuttle M.L.W., Charpentier R.R., Brownfield M.E. The Niger Delta petroleum system: Niger Delta Province, Nigeria,
Cameroon, and Equatorial Guinea, Africa: U.S. Geological Survey Open-File Report 99-50-H // USGS Science for a
changing world. 1999. Available from: https://pubs.usgs.gov/of/1999/0fr-99-0050/OF99-50H/OF99-50H.pdf [Accessed
12t March 2025].
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Fig. 1. Location of Otio field location onshore Niger Delta’:
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1 — province 7192 boundary; 2 — bathymetric contour, m; 3 — sediment thickness, km; 4 — center of gas or oil field;

5 — minimum petroleum system; 6 — maximum petroleum system

Puc. 1. PacnonoxeHue mecmopoxdeHusi Omuo Ha nobepexse desibmbi peku Huzep':
1 — epaHuuya nposuHyuu 7192; 2 — bamumempu4eckuli KOHMyp, M; 3 — MOWHOCMb OMIIOXEHUU, KM;

4 — yeHmp 2a308020 UNU HEGhMSIHO20 MECMOPOXOEHUS;

5 — MuHumarnbHas Hegpmeeaa3oHOCHasi cucmema, 6 — MakcumarbHasi Hegpmeaa3oHOoCHasi cucmema

~ M
<€ ’ o Southem Lobe * gg

Fig. 2. Location of the Niger Delta [7]
Puc. 2. PacnonoxeHue denbmbi peku Huzep [7]
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lion square Kilometres of predominantly savan-
nah covered lowlands [4]. The Cenozoic Niger
Delta is situated at the intersection of the Benue
Trough and the South Atlantic Ocean where a
triple junction developed during the separation
of the continents of South America and Africa in
the late Jurassic?. The two arms that followed the
southwestern and southeastern coast of Nigeria
and Cameroon developed into the passive conti-
nental margin of West Africa, whereas the failed
arm formed the Benue Trough. Other depocen-
ters along the African Atlantic coast also contrib-
uted to deltaic build-ups [5]. After an early his-
tory of rift filling in the late Mesozoic, the clastic
wedge steadily prograded into the Gulf of Guinea
during the Tertiary as drainage expanded into the
African Craton with consequent subsidence of
the passive margin [6].

Syn-rift sediments accumulated during the
Cretaceous to Tertiary, with the oldest dated sed-
iments of Albian age. Thickest successions of
syn-rift marine and marginal marine clastics and
carbonates were deposited in a series of trans-
gressive and regressive phases [8]. The Syn-rift
phase ended with basin inversion in the Santo-
nian (Late Cretaceous). Renewed subsidence
occurred as the continents separated and the
sea transgressed the Benue Trough. The Niger
Delta clastic wedge continued to prograde during
Middle Cretaceous time into a depocenter locat-
ed above the collapsed continental margin at the
site of the triple junction. Sediment supply was
mainly along drainage systems that followed two
failed rift arms, the Benue and Bida Basins. Sed-
iment progradation was interrupted by episodic
transgressions during Late Cretaceous time.

During the Tertiary, sediment supply was
mainly from the north and east through the
Niger, Benue and Cross Rivers. Cross River and
Benue River provided substantial amounts of vol-
canic detritus from the Cameroon volcanic zone
beginning in the Miocene. The Niger Delta clas-
tic wedge prograded into the Gulf of Guinea at a
steadily increasing rate in response to the evolu-
tion of these drainage areas and continued base-
ment subsidence. Regression rates increased in
the Eocene, with an increasing volume of sedi-
ments accumulated since the Oligocene [4]. Del-
ta progradation occurred along two major axes,
the first paralleled the Niger River, where sedi-
ment supply exceeded subsidence rate. The Se-
cond, smaller than the first, became active during

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Eocene to early Oligocene basinward of the Cross
River where shorelines advanced into the Olum-
be-1 area [9]. This axis of deposition was sepa-
rated from the main Niger Delta deposits by the
Ihuo Embayment, which was later rapidly filled by
advancing deposits of the Cross River and other
local rivers [9]. Late stages of deposition began
in the early to middle Miocene, as these sepa-
rate eastern and western depocenters merged.
In Late Miocene the delta prograded far enough
that shorelines became broadly concave into the
basin. Accelerated loading by this rapid delta pro-
gradation mobilized underlying unstable shales.
These shales rose into diapiric walls and swells,
deforming overlying strata. The resulting complex
deformation structures caused local uplift, which
resulted in major erosion events into the leading
progradational edge of the Niger Delta. Several
deep canyons, now clay filled, cut into the shelf
and are commonly interpreted to have formed
during sea level lowstands. The best known are
the Afam, Opuama, and Qua Iboe Canyon fills.
Three major depositional cycles have been
identified within Tertiary Niger Delta deposits [9,
4]. The first two, involving mainly marine deposi-
tion, began with a middle Cretaceous marine in-
cursion and ended in a major Paleocene marine
transgression. The second of these two cycles,
starting in late Paleocene to Eocene time, reflects
the progradation of a “true” delta, with an arcuate,
wave- and tide-dominated coastline. These sed-
iments range in age from Eocene in the north to
Quaternary in the south [4]. Deposits of the last
depositional cycle have be divided into a series
of six depobelts separated by major syn-sedi-
mentary fault zones [4]. These depobelts formed
when paths of sediment supply were restricted by
patterns of structural deformation, focusing sed-
iment accumulation into restricted areas on the
delta. Such depobelts changed position over time
as local accommodation was filled and the locus
of deposition shifted basinward (Fig. 3) [4].
Normal faults triggered by the movement of
deep-seated, overpressured, ductile, marine
shale have deformed much of the Niger Delta
clastic wedge [8]. Many of these faults formed
during delta progradation and were syn-deposi-
tional, affecting sediment dispersal. Fault growth
was also accompanied by slope instability along
the continental margin. Faults flatten with depth,
known as growth faults, onto a master detach-
ment plane near the top of the overpressured

2 Obaje N.G. Geology and mineral resources of Nigeria. Berlin: Springer, 2009. 221 p.
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Fig. 3. Structural types of the Niger delta and associated depobelt [4]:
1 — northern delta; 2 — Greater Ughelli; 3 — central swamp 1; 4 — central swamp 2; 5 — coastal swamp;, 6 — offshore
I — anticline; Il — faulted anticline; Il — collapsed crest; IV — footwall closure; V — k-type footwall closure;
VI — hanging-wall closure; VIl — stratigraphic component
Puc. 3. CmpykmypHbie munbi Oesibmbi peku Huzep u cesizaaHHO20 ¢ Hell nosica 3anexeu [4]:
1 — cesepHas Oenibma; 2 — bonbwol Yeennu; 3 — yeHmparnbsHas 3abonodyeHHass meppumopus 1; 4 — yeHmparbHas
3aboroyeHHas meppumopus 2; 5 — npubpexHas 3aboroyeHHass meppumopusi; 6 — wenbg
| — aHmuknuHane, Il — HapyweHHass aHmuknuHanb, Il — obpywuswuticsi 2pebeHsb, |V — 3aMkHymasi cmpykmypa
nodowsbl; V — mun k 3aMKkHymoU cmpykmypbi nodowssl; VI — cmpykmypa eucsise20 Kpbina cbpoca;
VIl — cmpamuepacghuyeckuli KOMIOHEeHM

marine shales at the base of the Niger Delta
succession. Structural complexity in local areas
reflects the density and style of faulting. Simple
structures, such as flank and crestal folds, occur
along individual faults. Hanging-wall rollover an-
ticlines developed because of listric-fault geom-
etry and differential loading of deltaic sediments
above ductile shales. Growth faults and associ-
ated anticlinal closures form the primary traps for
oil and gas, with major fields often located along
faulted rollover structures (Fig. 4) [10]. More
complex structures, cut by swarms of faults with
varying amounts of thrown, include collapsed
crest features with domal shape and strongly an-
tithetic (opposing) fault dips at depth. The inter-
action between extensional and compressional
regimes is particularly evident at the delta’s toe,
where compressional folds and thrust faults de-
velop in response to gravitational sliding on the
continental slope [11].

The thick wedge of the Niger Delta sedi-
ments can be considered to consist of three
stratigraphic units (Table 1) [9]. The basal unit
primarily compose of marine shales [12] is called
the Akata Formation with Imo Shale as its sur-

WWW.Nznj.ru

face equivalent. During the Paleocene and ear-
liest Eocene times, marine shales were depos-
ited (Fig. 5) [13]. This unit also comprises some
sand beds, which are thought to be continental
slope channel fills and turbidites. The Akata For-
mation ranges in thickness from 600 to proba-
bly over 6000 meters. The overlying paralic se-
quence, forming the Agbada Formation consists
of interbeded sands and shales with a thickness
of 300 up to about 4500 meters. The Agbada
Formation consists of alternating sandstones
and shales deposited at the interface between
the lower deltaic plain and the marine sediments
of the continental shelf fronting the delta [12].
The Agbada Formation is built up of numerous
offlaps cycles of which the sandy parts consti-
tute the main hydrocarbon reservoirs and the
shales the caprock, the topmost unit. The Be-
nin Formation is composed of fluviatile gravels
and sands. The sandstone is coarse grained,
commonly very granular and pebbly to very fine
grained with few shale intercalations [9]. This
unit has a maximum thickness of about 2100 m
[14] where there is maximum subsidence
of the basement. Advanced seismic imaging
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Fig. 4. Typical Niger delta structures [4]:
a — simple rollover; b — growth faults; ¢ — antithetic fault; d — colapsed crest
Puc. 4. Tunu4Hble cmpykmypbl Oenbmbl pexku Huzep [4]:
a — npocmol cbpoc; b — pasnombl pocma; ¢ — aHmumemu4eckul cbpoc; d — obpywuswuticsi epebeHb

and structural modeling have become essential In the building of the Akata Formation, rap-
tools for mapping these complex features, en- id sand deposition along the delta edge on top
abling better prediction of reservoir distribution  of the undercompacted clay has resulted in the
and trap integrity [15]. development of large number of syn-sedimen-

Table 1. Showing formations of Niger Delta area, Nigeria (adapted from [9])
Tabnuua 1. ®opmauum panoHa aenstbl pekn Hurep (Hurepus) (cornacHo nctouHuky [9])

Subsurface Surface outcrops
Youngest B Oldest Youngest B Oldest
known age known age known age known age
Benin formation . Plio/ . . .
Recent (Afam shale member) Oligocene Pleistocene Benin formation Miocene
Miocene Ogwashi-Asaba Oligocene
Recent Agbada formation Eocene formation
Eocene Ameki formation Eocene
Recent Akata formation Eocene L. Eocene Imo Shale Paleocene
formation
Paleocene Nsukka formation Maestrichtian
Maestrichtian Ajali formation Maestrichtian
Campanian Mamu formation Campanian
Camp/Maest Nkporo shale Santonian
Eqiuvalents not known
q Coniacian/ Awgu shale Turonian
Santonian
Turonian Eze aku shale Turonian
Albian Asu river group Albian
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Fig. 5. Schematic representation of the diachronous nature of major lithofacies units, and the stratigraphic
relationships of clay filled channels on the delta flanks [4]:
1 — extent of erosional truncation
Puc. 5. Cxemamu4eckoe uzobpaxeHue QuaxpoHHOU rnpupoOdbl OCHOBHbLIX TumMogayuli u cmpamuzpaghuyeckux
83auMOOmMHoOWeHuUll 3aroJIHeHHbIX 2/IUHOU KaHasl08 Ha CKiloHax desnbmbli [4]:
1 — cmeneHb 3pPO3UOHHO20 cpe3a

tary gravitational faults. These so-called “growth
faults” are also well known from the US Gulf
coast. The spacing between successive growth
fault decreases with an increase in the rate of
depositional slope or an increase in the rate of
deposition over the rate of subsidence.

The main control on the depositional system
in the Niger Delta Clastic wedge is enforced by
the continental margin collapse structures. These
structures extends laterally along depositional
strike across nearly the entire Niger Delta group
up to hundreds of Kilometres and are thus defined
as mega structures [13], and the associated de-

pobelts which are perpendicular to the shorelines,
ranging tens of Kilometres [4]. From early Miocene
to present, six depobelts have been deposited,
namely; Northern delta, Ughelli, Central, Coastal 1,
Coastal 2 and Offshore. The depobelt tend to be
fine grained laterally away from areas of most del-
tas progradation and basinward away from most
rapid growth faults developments [4]. They are de-
fined by syn-sedimentary faulting formed as a re-
sult of variable rate of subsidence and supply and
correspond to break in regional dip of the delta,
bounded landward by growth faults and seaward
by large counter-regional faults (Fig. 6) [13, 4].

WWW.Nznj.ru

I 191


www.nznj.ru

| Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) &

2025;48(2):185-203 |

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

MSB - F F F Cs B Cs MSB
— -_'__._,_——""_' o
MSB SB SB SB Ca MSB
— — L £ A\ o
-../\. — -
- /—
CR
MSB Ca K KKK B F Cs Cs MSB
7)6_ S ~——=
- i s
/"//J’/’
CR
Ca Ca CaCa CsCsCs MSB

/7ﬁ

Fig. 6. Syn-sedimentary structures of the Niger delta [13]:

MSB — major structure — building fault separating megaunits; SB — structure — building fault separating macrounits;
Cs — crestal fault (synthetic); Ca — crestal fault (antithetic); F — flank faults; K — closely spaced flank faults typified
by offshore K block; CR — counter-regional fault
Puc. 6. CuHceOQumeHmMayuoHHble cmpykmypbi 0enbmbi pexku Huzep [13]:

MSB — ocHosHasi cmpykmypa — cmpoumerbHbIl pasiomM, pasdensrouultl MeeaedOuHUUbl; SB — cmpykmypa —
cmpoumernbHbIl pasnoM, pa3dendowull MakpoeduHuubl; Cs — epebHegoli pa3nom (cuHmemuyeckull); Ca — epebHesnbil
pasnom (aHmumemudyeckull); F — cbrnaHzoeslie pasnombi; K — 651U3K0 pacronoxeHHble ¢hriaHe08ble pasriombl,
murnuyHble 05 wenbgoeo2o broka K; CR — cekywul pasnom

These syn-sedimentary structures include
simple non faulted anticline roll over structures,
faulted roll over anticline with multiple growth
faults, complicated collapse crest structures,
sub-parallel growth fault and structural closures
along back of major faults [13, 6]. Small scale
faults and associated structural deformation
tends to be more complex near the prograda-
tion axis of the delta than at its margin. Armen-
trout et al. [16] and Hooper et al. [17] stated
that this pattern of deposition with extensional
development of growth faults on the modern
shelf and slope, and compressional uplift near
the toe of the slope of the Niger delta still con-
tinues today. As sediment supply filled available
accommodation space, new depobelts formed
seaward, separated by major fault zones that
accommodated differential subsidence [18].

Materials and methods
The principal databases used for this proj-
ect are three Dimensional (3D) seismic cube,

base map (see Fig. 1), six well data (Table 2)
in LAS format and check shot data for only
one well, Otio-2, that was shared for the rest
of the wells in the Field. The 3D seismic data
is a high-resolution Post-Stack Time Migra-
tion (PSTM) in SEG-Y format. The base map
covers an approximate area of 55 square ki-
lometres with Inlines range of 5800—-6200 and
Crosslines range of 1480-1700.The six wells
used for the project are named Otio-1, Otio-2,
Otio-3ST, Otio-4, Otio-5 and Otio-6. Otio-3ST
and Otio-6 are deviated wells and their devia-
tiondatawere available. Theywellswere drilled
to depth of 13020 ft, 11669.10 ft, 12090 ft,
11440 ft, 11700 ft, and 13310 ft respective-
ly. The main software packages used for this
project are the Openwork Suites with appli-
cations such as Siesworks and Zmap used
for structural, stratigraphic interpretation
and map generation. Powerlog software was
used for well correlation and petrophysical
analysis.
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Table 2. Showing available wells and logs
Tabnuua 2. OTo6paxeHne AOCTYMHbIX CKBaXXWH U KapoTaxewn

Log data Otio-1 Otio-2 Otio-3ST Otio-4 Otio-5 Otio-6
Gamma ray v v v v v v
Resistivity v v v v v v
Neutron X v X v v v
Density X X X v v v
Sonic X v X v v X
Caliper v X v v v v
Checkshot v X X X X X

Note. v — available; X — unavailable.

The project reported here started off with the — structural and stratigraphic interpretation;
subsurface evaluation of the “Otio Field” integrat- — time and depth map generation;
ing well log data from the Field and seismic data — volumetric estimation.
spanning the field. The following method and The seismic data was loaded into Openwork
workflow were adopted for the evaluation phase  software, while the log data were loaded into the
(Fig. 7): Powerlog software. Benin base of Niger Delta
— loading of well log data and seismic data; was first established using the first thick shale as
— QA/QC of loaded data; marker corresponding to the first major drop in
— hydrocarbon bearing zones identification; resistivity interpreted as the change from the Be-
— sand to sand well log correlation; nin fresh water to salt water of Agbada were loop
— petrophysical analysis; tied to assure consistency across the wells.
— integration of correlation with seismic data Geological interpretation was done every 5"
(well-to-seismic tie); Inline and Crossline. Arbitrary lines were taken

[ Data loading & QA/QC ]

A\ 4 3D seismic data

)
! l

] Structural & stratigraphic

o
J

A

interpretation
\, /
l \ 4
{ Y
Time map
Petrophysical analysis \

Y

[ Well correlation

Time — depth conversion

l

[ Petrophysical parameters ] > [ Volumetric analysis ] —_— Depth map

\

[ Integration ] [ Prospects ]

Fig. 7. Workflow for evaluation phase
Puc. 7. [TocnedosamenbHocmb paboyez0 npouyecca Ha amarne oueHKU
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where necessary to overcome interpretation
challenges such as interpretation across fault
planes. The faults as seen on the seismic In-
line section were interpreted using consistent
abrupt terminations of reflection across Inlines
first. This is necessary to fully understand the
structural style and setting of the Field. The con-
sistency of the faults was viewed in Coherence
time display (Fig. 8). The faults were interpret-
ed as normal faults showing varying degree of
throw as would be expected in onshore Niger
Delta. The faults were mapped based on the fol-
lowing criteria:

— abrupt termination and discontinuity of
events across fault planes;

— vertical displacement of reflections;

— change in pattern of events across fault
planes.

After mapping the faults, the fault heaves
were traced out on the basemap to establish the

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

fault polygons (Fig. 9). Posting the faults on the
basemap also helped in identifying and correlat-
ing the faults on the seismic sections (Fig. 10).
The heaves were observed to be directly related
to the throw of the faults. The dip direction was
indicated.

There are six steps involved seismic horizon
interpretation adopted in this project:

— horizon picking;

— timing;

— time maps generation;

— time-depth conversion;

— contour;

— depth maps generation.

Horizon picking: A horizon is a mappable re-
flection representing a geologic event on a seis-
mic section. It is the interface between two differ-
ent rock layers with different density and velocity
(Fig. 11). Five horizons were picked which mar-
ked the tops of five hydrocarbon bearing sands:

Fig. 8. Coherence time slice showing interpreted fault trend (Openworks, 2011)
Puc. 8. BpeMeHHolI cpe3 ko2epeHmMHOCMU, NMokKa3blearowjuli UHmMeprnpemupoeaHHyr0 MeHOeHUUo pa3sioma
(Openworks, 2011)

Fig. 9. Interpreted faults polygons on base map (Openworks, 2011)
Puc. 9. UumepnpemupoeaHHbie Nosu2oHbl pa3siomos Ha 6a3oeoli kapme (Openworks, 2011)
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TRACE 1580
b

Fig. 10. Post-stack time migration seismic section along inline 5910 (a) and crossline 1580 (b)
(Openworks, 2011)
Puc. 10. Celicmu4eckull pa3pe3 Muzpayuu o epeMeHHol obsacmu rnocsie cyMMupogaHusi
edosib siuHuu 5910 (a) u nonepeyHou uHuu 1580 (b) (Openworks, 2011)

Sand D, Sand E1, Sand E2, Sand H and Sand J.
The horizons were picked using the time equiv-
alent of the sand tops on the wells displayed on
seismic using check shot data. Checkshots were
used to convert depth to two-way time (Fig. 12).

-
A

~ v R ———
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s

The events corresponding to these sand tops were
mapped based on reflection continuity on Inlines
and Crosslines honouring terminations due to fault
planes already interpreted. Corresponding events
were mapped across the faults using the “cor-

Ty
e "

ot

Fig. 11. Interpreted faults and identified horizons of interest on seismic Inline 5910 (Openworks, 2011)
Puc. 11. UumepnpemupoeaHHble uly4aeMmbie pa3fioMbl U 8bIsi8/IeHHbIe 20PpU30HMbI
Ha celicmuyeckol nuHuu 5910 (Openworks, 2011)
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Fig. 12. Data (a) and plot (b) of the Otio-2 control image used to tie wells to seismic data (Powerlog, 2014)
Puc. 12. flaHHble (a) u epaghuk (b) kKOHMpPOSILHO20 CHUMKa Omuo-2, ucnonb3yeMbie OJisl MPUBS3KU CK8aXUH
K celicmu4eckum daHHbIM (Powerlog, 2014)

relation polygon” and reflection count techniques
identifying seismic facies in the seismic section.
The horizons were mapped round the whole

seismic volume by looping and phantoming. The
looped interpretation resulted in seeded maps.
Seeded maps have interpreted data gaps that
were filled by interpolating.

Results and discussions
Hydrocarbon bearing zones: the identified hy-
drocarbon bearing zones are Sands D, E1, E2,
H and J as interpreted from GR and resistivity
logs. These zones are shown in Figures 13-16.
These zones are the units of interest for further
evaluation.

| Sand D Top

9150 ||
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11111 1
Depth $304.39 : TVOSS $057.50) :
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owcC

=

Water

Curve

Fig. 13. Sands D in Otio-1 with high resistivity interpreted as hydrocarbon zone (Powerlog, 2014)
Puc. 13. lMecku D 8 Omuo-1 ¢ 8bICOKUM Kapoma)XeM conpomueJieHuUsi, paccCMampueaembie
Kak yeneeodopodHasi 3oHa (Powerlog, 2014)
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Fig. 14. Sands E1 and E2 in Otio-1 with high resistivity interpreted as hydrocarbon zones (Powerlog, 2014)
Puc. 14. Mecku E1 u E2 8 Omuo-1 ¢ ebICOKUM Kapomaem cornpomueJsieHusl, paccMampusaemMble
Kak y2neeodopodHbie 30HbI (Powerlog, 2014)
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Fig. 15. Sands H in Otio-4 with high resistivity interpreted as hydrocarbon zones (Powerlog, 2014)
Puc. 15. Mecku H 8 Omuo-4 ¢ ebICOKUM Kapoma)eM cornpomueJsieHusl, paccMampueaemMbie

Kak y2rneeo0dopodHbie 30HbI (Powerlog, 2014)
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Fig. 16. Sands J in Otio-4 with high resistivity interpreted as hydrocarbon zones (Powerlog, 2014)
Puc. 16. NMecku J 8 Omuo-4 ¢ ebICOKUM Kapoma)XemM COrnpomueJsieHusl, paccMampusaemMble
Kak y2reeodopoOdHbie 30HbI (Powerlog, 2014)

Sand to sand correlations: Sand correlation
across the field showed uniform sand develop-
ment from well to well (Fig. 17). Sand H appears
missing in Otio-5 due to possible faulting. The
sands vary from blocky, progradational and ret-
rogradational depicting variation in environment
of deposition. Sands E1 and E2 are separated
by a thin shale unit capable of impeding commu-
nication between both reservoirs, which necessi-
tated the units to be mapped independently. The
correlation shows that the reservoirs is of good

continuity as the wells saw all of the reservoirs
except sand Otio-5 that has a missing section be-
cause it crossed a fault.

Checkshot loading: The result of the third (3)
order plot of the checkshot data is shown in (see
Fig. 9). The checkshot is interpreted as good
because of the absence of outliers or spurious
values. The plot is a gentle slope that eventually
steepens because of compaction of the underly-
ing units that causes Two-Way Time to decrease.
Otio-2 checkshot was shared for other wells
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Fig. 17. Sand to sand correlation of the “Otio Field” (Powerlog, 2014)
Puc. 17. B3aumoces3b mexdy neckamu mecmopoxdeHusi Omuo (Powerlog, 2014)
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(Fig. 18) and a multipanel seismic section (Fig. 19)
was taken across the wells to check the consis-
tency of sand top picks across the seismic (see
Fig. 10).

Structural Interpretation: Sixteen faults (F1-
F16) were interpreted across the field as seen
on seismic section. All the faults were interpret-
ed as normal faults with fault F6 and F7 the ma-
jor faults in the field listric in nature. Coherence
Timeslices were used to guide in fault interpreta-

@Mohammed M.A. Structural mapping and prospects identification in Otio oil field, Niger Delta |
Moxammep M.A. CTpyKTypHOe KapTMpoBaHue U onpeaerieHne nepcnekTUBHbIX 3anexen...

| 2025;48(2):185-203

tion. Litho-units on the down-thrown block of the
major faults appear to be thicker compared to
the up-thrown block. F6 and F7 were therefore
as listric growth faults which are syn-sedimenta-
ry evident in the Niger Delta. Faults in the field
trend in the East-West direction with majority of
them dipping north except for faults F4 F6, F7
and F9 dipping south. Rollover anticlinal struc-
ture (Fig. 20) is seen on the down-thrown block
of fault F9.

Fig. 18. Otio-1 and Otio-2 well section displayed on seismic section (Openworks, 2011)
Puc. 18. Pa3pe3 ckeaxkuH Omuo-1 u Omuo-2, omobpaxeHHbIl Ha celicMu4yeckom paspese (Openworks, 2011)

b -
A

Fig. 19. Multipanel display of all well sections (Openworks, 2011)
Puc. 19. MHo2onaHensHoe omo6paxeHue ecex pa3pe3oe ckeaxuH (Openworks, 2011)
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-3 The two major faults

—

Antithetic faults

Rollover Anticline

Fig. 20. Seismic section showing the two major faults in the “Otio Field” (Openworks, 2011)
Puc. 20. Celicmu4eckuli pa3pes, nokasbiearoujuli ea OCHOBHbIX pa3sioMa MecmopoaxdeHusi Omuo
(Openworks, 2011)

The structural styles as observed from
depth structure map of Sand D (Fig. 21) top
show rollover anticlines on fault F9 assisting
in hydrocarbon accumulation. This was also
observed at deeper levels on Sands E1 and
E2 tops. On Sand H top structure map, fault
F9 has grown bigger latching on fault F6. This
new configuration makes accumulation totally
dependent on faults F9 and F6 (see Fig. 20).
Appearance of new faults (F15 and F16) is ob-
served on Sand H top and disappearance of

fault F11 is noted. The same structural setting
is observed on Sand J, however, there is the
disappearance of fault F15 on the up-thrown
block of fault F6 and the appearance of another
small fault F14 which plays no role in hydrocar-
bon accumulation. From seismic section, Sand
H appears missing due to obvious faulting
which corroborates the missing unit in Otio-5
as seen in the well correlation panel. Otio-5 en-
counters pay zone in another fault block after
crossing fault F9.

Fig. 21. Interpolated sand D on the base map (Openworks, 2011)
Puc. 21. UumepnonupoeaHHsbIli necok D Ha 6a3oeoli kapme (Openworks, 2011)
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Conclusion

The 3D structural analysis of Otio Field in the
Niger Delta enhanced understanding of its struc-
tural styles and hydrocarbon traps. Eight reser-
voirs were identified, with five hydrocarbon-bear-
ing sands (D, E1, E2, H, J) mapped, consisting of
sands sealed by shales. Wells Otio-1, Otio-3ST,
Otio-4, and Otio-6 hit pay zones, while Otio-2 was
wet, and Otio-5 found pay deeper after crossing
fault F9. Petrophysical analysis showed porosity
of 18-27 %, water saturation of 20-31 %, and
Net-To-Gross of 59-96 %. The field features
moderate faulting with two major south-dipping,
east-west trending growth faults (F6, F7) and a

| 2025;48(2):185-203

fault-assisted closure (F9) down-thrown of F6,
critical for deeper traps. Six wells targeted this
closure, with Otio-1, the deepest, testing all res-
ervoirs near the structure’s crest. Anticlinal struc-
tures and fault-dependent closures are key trap-
ping mechanisms. Volumetric analysis identified
Sand E2 as the most prolific (24.72 MMBO) and
Sand H the least (3.77 MMBO). Two prospects,
North-Eastern (NE) and South-Eastern (SE),
were defined, with NE being more economical
(STOIIP 49.42 MMBO vs. 37.63 MMBO for SE).
Integrating seismic and well log data was vital for
mapping and prospect identification, guiding fu-
ture exploration.
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