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Effects of Bioturbation on Reservoir Quality: An Integration in 
Reservoir Modeling of Selected Fields in the Niger Delta Petroleum 
Province

ABSTRACT

A comparative study of seven wells from seven fields in 
both the Central Swamp and Coastal Swamp depobelts 
of the Niger Delta have been investigated for the 
variation in the abundance and diversity of ichnofossils, 
with the aim of assessing the intensity of bioturbation 
and their corresponding impact on reservoir quality. The 
work focused on the integration of ichnology, lithofacies 
and sequence stratigraphy, for paleoenvironmental 
reconstruction and reservoir characterization. The 
workflow included detailed sedimentological description 
of cores and collation into lithofacies, lithofacies 
association and depositional environments as well as 
ichnological studies. The ichnological studies 
concentrated on grouping of trace fossils identified into 
ichnofacies viz: Glossifungites, Psilonichnus, Skolithos 
and Cruziana. The intensity of bioturbation, expressed 
as a 'Coefficient of bioturbation' (Cb) was also 
quantified, using the scale of 0-6 from 'no bioturbation' to 
'complete bioturbation' respectively. Core gamma 
alongside core plug porosity and permeability displayed 
using the WellCAD software was integrated with wireline 
logs, biostratigraphic and seismic data using the 
PETREL software. Field-wide reservoir and sequence 
stratigraphic correlation panels were produced while the 
facies, porosity and permeability obtained were 
upscaled into a 3D static model. 
Results showed that clean sandstones of the upper 
shoreface and tidal channels have very good to 
excellent porosity and permeability when not 
bioturbated. However, in these environments, the effect 
of intense bioturbation (by Ophiomorpha and 
Asterosoma) tended to reduce the reservoir quality 
appreciably. This was ascribed to the thick burrow wall 
linings (pellets) that acted as baffles. In the heterolithic 
lithofacies of the distal middle and lower shoreface 
deposits and upper sections of tidal channels, intensely 
bioturbated horizons (muddy sandstone facies with 
clean sand-filled burrows, e.g. Thalassinoides and 
Planolites) were found to possess higher porosity and 
permeability than sparsely burrowed intervals. This was 
due to the ability of the ichnofossils to connect to each 

other by creating connectivity and flow conduits across 
the mud laminae, and increasing the surface area of the 
sediment, thereby enhancing reservoir isotropy and 
homogeneity. 
This work revealed that bioturbation can either reduce 
permeability and porosity by as much as approximately 
30% or enhance it by up to 35%.  Petrophysical 
characteristics of the reservoir lithofacies are highly 
dependent on trace fossil morphology, presence or 
absence of burrow linings, burrow size, nature of burrow 
fills and bioturbation intensity in different environments 
of deposition. The application of the effects of 
bioturbation as a refinement tool in production geology, 
reservoir characterization and modelling is imperative. 

INTRODUCTION
Ichnology is the study of tracefossils. Bioturbation 
involves the reworking of sediments by the activities 
(boring, burrowing and sediment ingestion) of 
organisms causing alteration of primary sedimentary 
structures and producing trace fossils. Trace fossils (or 
ichnofossils) are biologically produced sedimentary 
structures that include tracks, trails, burrows, borings, 
fecal pellets and other traces made by organisms. 
Ichnofacies (an association of environmentally related 
trace fossils) reflect adaptations of trace - making 
organisms to environmental factors such as substrate 
consistency, food supply, hydrodynamic energy, salinity, 
water turbidity, sedimentation rate, temperature, and 
oxygen levels among others (Frey and Pemberton, 
1985; Howard and Frey, 1984; Bromley, 1990; Bromley 
and Asgaard, 1991). The most significant contributions 
of trace fossils have been in paleoecology, 
sedimentology, and environmental reconstruction, 
including recognition of local and regional-temporal 
facies changes, patterns of bioturbation, and 
documentation of individual paleoecological parameters 
(Pemberton and Frey, 1984). Ichnology is emerging as a 
useful tool in the developing fields of sedimentology and 
sequence stratigraphy (Pemberton et al., 1992, 
2001).The quality of a reservoir is indicative of the 
porosity, permeability, fluids content(the fluid type, 
quality and quantity), the ability of these fluids to flow 
through the rocks (migration), trap mechanism, 
reservoir age, depositional environment, geometry and 
other related physical properties (Beka and Oti, 1995). 
Tonkin et al, (2010) as well as  Pemberton and Gingras, 
(2005) have shown that bioturbation on sediments in 
different depositional environments has influence on the 
petrophysical properties of reservoir rocks. Within the 
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prolific Niger Delta Basin, very few works has been done 
including that of Egbu et al., (2009) and Mode, (1993). 
However, no documented work has been carried out on 
the upscaling of the effects of bioturbation on reservoir 
properties into 3D static Model for onward assessment 
of their impacts on Hydrocarbon Volume. 

This work seeks to take ichnological studies from 
qualitative description and interpretation to quantitative 
application (integration of bioturbation modeling into 3-D 
static modelling workflow) that will serve as a guide for 
robust development-scale subsurface reserves 
evaluation for exploration and production business. 

LOCATION OF STUDY AREA AND GEOLOGY
The Seven (7) wells used in this study are located in the 
Central swamp and Coastal Swamp depobelts of the 
Niger Delta petroleum province viz: Creek-56, Minike-
03, Opupu-25, Akuku-09, Nekem-13, Stone-14 and 

Equate-33 (the original names of the field are concealed 
due to proprietary reasons). These wells lie within the 
concession of Shell Petroleum Development Company 
of Nigeria. (Fig. 1). The Niger Delta basin is located on 
the continental margin of the Gulf of Guinea in 

oequatorial West Africa and lies between latitudes 4  and 
o o o7 N and longitudes 3  and 9  E (Whiteman, 1982). It 

ranks among the worlds' most prolific petroleum 
producing Tertiary deltas that together account for 
about 6% of the worlds' oil and gas reserves.

Three lithostratigraphic units have been recognized 
in the subsurface of the Niger Delta (Short and Stauble, 
1965; and Avbovbo, 1978). These are from the oldest to 
the youngest, the Akata, Agbada and Benin Formations.  
Short and Stauble (1965), recognized three distinct 
facies; they are the delta top facies, the paralic delta 
front facies and prodelta facies, corresponding to the 
continental, transitional and marine major depositional 
environments respectively. 
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Fig. 2: Research 
Workflow with an 
introduction of 
Bioturbation 
Modeling 
Concept

METHODOLOGY
Workflow and Data Set
The work flow integrates geologic tools viz: cores, 
biostratigraphic data, wireline logs and seismic data for 
detailed 'Integrated Reservoir Modeling' (Fig. 2). 
Bioturbation modeling was introduce as a new concept 
to integrate the effects of bioturbation intensity on 
petrophysical properties along with the routine facies 
model and petrophysical model into 3D Static Model, 
that will account for the resultant impact on hydrocarbon 
volume calculations. 

Ichnological Concept 
The concept of Ichnology, developed by Seilacher 
(1967) was based originally on the fact that many of the 
parameters that control the distribution of trace makers 
change progressively with increased water depth. Nine 
recurring ichnofacies have been recognized and named 
for a representative ichnogenus viz: Scoyenia, 
Trypanites, Teredolites, Glossifungites, Psilonichnus, 
Skolithos, Cruziana, Zoophycos, and Nereites (Fig. 3). 
Bioturbation Intensity (BI) was quantified as Coefficient 
of bioturbation using the scheme by Howard  and  
Reineck, (1972) and Droser and Bottjer, (1996) as 
shown in Table1. Hence, ichnofacies are classified into 
clastic softground ichnofacies and substrate controlled 
ichnofacies.
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Table 1: A=Classifica ion o  bioturbation, bas d on destruction f primary sed mentar  t f e  o i y
structures. (Adapted from Reineck, 1 67; Ho ard & Reineck, 1972), B= Schematic 9 w
d agrams of e tima es on deg e  of bioturbat on (ichnofabrics index  (Mo ified from i s t r e i ) d
Droser and Bottjer, 1996.) 

Fig. 4: Some trace oss ls ide tified st dy v z   Di-Di l crate i n, Spiro hyton, Astero ma, Skolithos,p o r o  Sp- p As- so  Sk-   f i n u i :  

O -Oph omorpha no usa o ella  Monocra erion,i d , Ro-R s , Mo- t Pl- anolite , p   P s

Th-Thal ss noides, P leophy s, i i nus, er aue i , An onichnus, Conichnus, T reb llin ,a i  Pa= a cu  Tei-Te ch ch  Be-B g r a  An- c  Co-  Ter e e a  -

Ri R i ocorallium, Scoleciah z  Sc--
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Fig. 5: Creek-056 WellCAD Output of detailed sedimentological Core description
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Table 2: Summary Bioturbation Intensity of ichnofossils in different depositional 
Environments with corresponding Core plug porosity and permeability and their 
changes
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Fig. 6: Bar chart plots for porosity and permeability against Ichnofossils and Bioturbation
Intensities respectively

RESULTS AND DISCUSSIONS 
Ichnological and Sedimentological Description: 
Figure 4  shows some of the trace fossils that were 
identified in cores from seven wells and grouped into 
ichnofacies using the scheme by Seilacher, (1967); 
Ekdale et al., (1984); Benton and Harper, (1997). Four 
ichnofacies were recognized namely: Glossifungites, 
Psilonichnus, Skolithos and Cruziana. Softground 
ichnofacies tend to be differentiated from one another by 
variables that are environmentally related. The 
Skolithos and Cruziana ichnofacies are represented in 
marginal marine and coastal environments (Pemberton 
et al., 1992). The characteristic trace fossils and their 
ichnofacies, in addition to physical sedimentary 
structures served as a very useful tool for 
paleoenvironmental interpretation. The ichnological and 
sedimentological core descriptions were uploaded onto 
WellCAD software as shown in Fig. 5 .

 A Case Study of Creek Field 
Creek-56 Well: (OML11-Central Swamp depobelts) 
8100-8160ft, 8190-8220 ft

Lithofacies and Environment of Deposition 
The lithofacies succession from the bottom of the core 
comprises  progradational sequence from tidal channel 
sandstones, transition zone shales, lower shoreface 
heteroliths (with high diversity and abundance of 
ichnofossils); middle shoreface (with a carbonate 
section) had high diversity and abundance of 
ichnofossils; upper shoreface sandstones (with 
moderate  to  no bioturbation), tidal channel sandstone 
(with high to low bioturbation intensity), and upper 
shoreface sandstone and thick shallow marine shales 
at the top. 

The trace fossi ls assemblage includes: 
Asterosoma, Chondrites, Teichichnus, Thalassinoides, 
Terebellina, Rosella, Paleophycus, Planolites, 
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Figs. 7A &B: Range 
of Bioturbation 
Intensity of 
Ophiomorpha trace 
fossils; 
no bioturbation (0) 
through intense 
bioturbation (V) 

A

B

Fig. 8: Range 
of Bioturbation 
Intensity of 
Thalassinoides 
trace fossils
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Fig. 9: Seismic Sections (with Well-to-Seismic tie) showing growth fault and associated 
roll-over anticline. A1 and B1-Seismic sections in the dip and strike directions respectively

Arenicolites, Diplocraterion, Conichnus, Bergauria, 
Skolithos, and Monocraterion. The Lower shoreface 
heteroliths have high diversity and abundance of trace 
fossils assemblage with dominantly Cruziana elements 
(Fig. 5). 

Bioturbation and Petrophysical Properties

Results from core plug analyses for porosity and 
permeability obtained at one-foot interval were grouped 
against trace fossils bioturbation intensity in different 
depositional environments (Table 2). Figure 6 shows bar 
chart plots for porosity and permeability against 
Ichnofossils and Bioturbation Intensities respectively.
The plots revealed trends of reduction in porosity and 
permeability at varying proportion of bioturbation 
intensity (1-5) for Skolithos, Ophiomorpha and 
Diplocraterion in tidal channel sandstones and upper 
shoreface. This is probably due to the thick wall 
lining/pellets (especially Ophiomorpha) and spreitens of 
these trace fossils; which introduced muddy layer into 
sandstones that act as baffle/barrier to fluid flow (Figs 7A 
& B). On the other hand, Thalassinoides bioturbation 
(Fig.8) prevalent in the heterolithic units (of the tidal 
channel and lower shoreface) tends to enhance porosity 

and permeability. These ichnofossils introduce clean 
sand-fill burrows and also create connectivity path 
across the thin laminae heteroliths; hence, enhanced 
vertical and horizontal permeabilities.  

Reservoir Modelling

Seismic integration using Geosign (123nDi) 
software:

Fault mapping and structural Interpretation on 3D 
seismic section showed that Creek Field is on rollover 
anticline associated with growth fault. Seismic-to-well-
tie was also carried out using checkshot data (Fig. 9).

Well Correlation 

Three types of correlations were carried out across the 
entire field using the cored well, biostratigraphic data 
and seismics data as controls. These are; stratigraphic, 
parasequence and facies correlations.

Sequence Stratigraphic correlation: This involved 
the integration of biofacies data to pick key stratigraphic 
surfaces (Sequence boundary, Transgressive Surface 
and Maximum Flooding Surface up to the fourth-Order 

Effects of Bioturbation on Reservoir Quality:

37



i . 10: Field-wi e orrelation el sh wing later  es an es asinwardF g  d C Pan  o al faci ch g b

1 2 1 3 3 3*C. A. Jackson , A .W. Mode , M. N. Oti , K. Adejinmi , B. Ozumba , P. Osterloff

i : a i M de  t u  ow ng stru u  ramewo  aul M del w tF g. 11 3D St t c o ling Ou p t sh i  ct ral F rk, F t o  i h
or z ns, zon  d aci M d  o the S d bo  E 00- at co t n t e h i o  es, an F es o el f r E- an  dy ( 10 E5000) th  n ai s h

ed  3000-E 3_t p .Cor  Interval (E 3_PS o )

38 



Fig. 12: Well Correlation o  Core  Interval (E3000-E3_PS3_top) and input f Biotu bation f d  o r
Intensity and Facies as General Discrete Logs or Upscaling as well as Facies M deling f o
output of Zone 2 

Sequence). These aided subdivision of the sediments  
into Transgressive,  Highstand and Lowstand Systems 
tracts of the Miocene (22.0-17.4Ma) age.

Parasequence correlation: Reservoir tops and 
bases were used to define surfaces (horizons) for 
gridding and Upscaling. The surfaces defined the top 
and base of each Zone.

Facies correlation: the lithofacies in each zone 
were correlated from the proximal to the distal viz: tidal 
channel, tidal heterolith, distributary mouth bars, upper-
, middle-, and lower- shoreface, transition zone shales 
lithofacies) (Fig. 10).

Structural modeling and 3D static modeling

Structural framework and fault model 
Fault sticks and polygons, along with horizons mapped 
from seismic volume that covered the E1000 to E5000 
Sands of the Creek field were used.  Surfaces were 
made from stratigraphic tops and bases, and the facies 
in each parasequence were used to make five zones.  
Pillar gridding, Layering and Upscaling were carried out 
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using the PETREL Software to obtain the Facies Model 
(Fig. 11).
More focus was on the cored interval for detailed 
“Bioturbation Modeling”;  here, different intensities of 
bioturbation inputted as a general discrete log in the 
correlation panel were upscaled (Fig. 12).

Property modeling

Deterministic property modeling was adopted. The 
deterministic method yielded a single estimated 
realization of properties: porosity (Ô), net-to-gross 
(NTG), fluid saturation--water, oil and gas (Sw/So/Sg). 
Interpolation with smooth effect (basically Kriging and 
Moving Average) was done for each of the zones in the 
entire cored interval. This was considered as a base 
case scenario, without taking into account the intensity 
of bioturbation (Fig. 13). Re-calculations were made 
after the impact of bioturbation (bioturbation model) has 
been integrated into the modeling workflow to have 
other scenarios (Fig. 14).



Fig. 13: P operty Models of one 2 ( 3_PS6_t p to E3_ S5_top) a  Base Case Scenarior  Z E o P  s

Fig. 14: B bation Modeling of Zone 2 (E S6_t Siotur 3_P op to E3_P 5_top)

1 2 1 3 3 3*C. A. Jackson , A .W. Mode , M. N. Oti , K. Adejinmi , B. Ozumba , P. Osterloff

40 

Bioturbation modeling

Bioturbation Modeling was done for each of the zones 
within the cored interval. The ichnofossils indentified 
were grouped based on their characteristics viz: 
morphology, presence or absence of burrow linings, 
nature of burrow fills, burrow size, and bioturbation 
intensity in different environments of deposition. The 
intensity of bioturbation was quantified as Coefficient of 
bioturbation (Cb) using the scheme by Howard and 
Reineck, (1972) and Droser and Bottjer, (1996) as well 
as Dabek and Knepp, (2011)(see Table 2).

Coefficient of bioturbation was inputted into the 
upscaled properties from a base case (where properties 

were modeled without considering the effects of 
bioturbation), see Table 2. The bioturbation coefficient 
(as Poroperm change fraction) was integrated into a 
nested 'IF Statement Algorithm' in the Property 
calculator using PETREL software. This gave the 
realizations  that were matched with the corresponding 
facies models for each zone (Fig. 14).

Hydrocarbon Saturation

Hydrocarbon saturation (Stock tank Oil Initially in Place 
(STOIIP) = GRV x N/G x Porosity x Sh x FVF.) was 
calculated in three contact points from fluid contact 
maps. This was considered in different scenarios viz: low 



Table 3: The variation of Petrophysical properties and Volumetrics against the Average 
Bioturbation Intensity for different ichnofossils groups in three Case scenarios

Fig. 15: Plot of Porosity and Hydrocarbon Volumetrics against Bioturbation Intensity of 
the different trace fossils groups
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case, best case and high case. The corresponding 
hydrocarbon volumes were run in each case and the 
values displayed as Gross Rock Volume (GRV), Net 
Rock Volume (NRV), Net Pore Volume (NPV) and 
Hydrocarbon Pore Volume (HCPV), see Table 3. Bar 
charts were plotted for porosity (Ô) and NPV, HCPV, 
STOIIP( Fig. 15).

Results showed that at high-to-intense bioturbation, 
Skolithos, Ophiomorpha-Asterosoma, Diplocraterion 
ichnofossils suites (in their range of environments of 
deposition) impact negatively on porosity and 
permeability (Poroperm Reduction) and by extension, 
on hydrocarbon volume by 15-40%; whi le 
Thalassinoides and Planolites that occur mostly in the 
heterolithic sections tend to impact positively on 
petrophysical properties (Poroperm enhancement) by 
25-35%.
Therefore, calculation of hydrocarbon volume without 
integrating  bioturbation intensity coefficient in 3D static 
Modeling might result in over- or under-estimation of 
reserves in place. 

SUMMARY AND CONCLUSIONS 
Integration of detailed sedimentological core description 
and ichnological studies has been useful in the inference 
of environments of deposition and reservoir 
characterization.  Biogenic structures  can be very 
useful in horizons where physical sedimentary 
structures have been masked for paleo-ecological 
reconstruction of depositional environments as they 
provide clues to sedimentary dynamics and are always 
in situ.

Some trace fossil suites (Ophiomorpha-Asterosoma 
suites) reduce reservoir quality in clean sandstones 
while others (Thalassinoides-Planolites suites) may 
enhance reservoir qualities in heterolithic sections. 
Petrophysical characteristics of the reservoir lithofacies 
are dependent on the presence of trace fossils viz: 
morphology, presence or absence of burrow linings, 
burrow size, nature of burrow fills, and bioturbation 
intensity in different environments of deposition. 

An integrated approach, utilizing ichnological lines of 
evidence (bioturbation modelling) in 3D Static modeling 
constitutes a powerful tool for facies and property 
modeling as well as volume calculation with reasonable 
precision.  Hence, this study has proven to be very 
effective in uncertainty gaps management (reserve 
estimation) that could have implications for risk 
mitigation.
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