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ABSTRACT

Detailed down-dip, bed-by-bed sedimentary logging of outcrops of the Ameki Group in the Awka-
Onitsha area of south-eastern Nigeria, was performed to identify and characterize components of
the Group in the area. Thirteen exposures were measured and analyzed for lithological changes,
composition, sedimentary structures, trace fossils, and stratigraphic surfaces. Stratigraphic analysis
shows that the Ameki Group in the study area consists of two stratigraphic components- a basal
sandstone component (> 200m) and an overlying mud rock component (>20m). Facies analysis
reveals that the sandstone component consists of two facies associations: (i) a tidally-influenced
channel facies association comprising strongly ferruginized, pebbly- to medium grained, fining-
upwards sandstone that is inter-bedded with kaolinitic claystone and ironstone of variable thickness
and(ii) sand-rich heterolithic facies association that reflects sand flat sedimentation. The mud rock
component of the Ameki Group also contains two facies associations: (i) clay-rich heterolithic facies
association that reflects deposition in mixed flats and (ii) carbonaceous claystone-lignite facies
association that reflects mudflats and swamp sedimentation. Field relations and facies analysis
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confirm that the contact between the channelized, basal sandy component of the Ameki Group and
the underlying Imo Formation is defined by the upward transition from dark-coloured, fine grained
marine facies, to coarse grained fluvial channel sandstone. Similarly, the contact between the of the
muddy component of the Ameki Group and the overlying Ogwashi Asaba Formation is defined by
the transition from dark coloured mud flats/swamp facies to light coloured pebbly-coarse grained
coastal plain sandstone and lignite. These new information should serve as a major contribution
toward the resolution of the problems of the stratigraphy and contact relations of the Ameki Group in

this part of southern Nigeria.

Keywords: Ameki group; ogwashi-asaba formation; stratigraphic analysis; distributary channel; tidal

fat sedimentation.
1. INTRODUCTION

The Eocene Ameki Group of south-eastern
Nigeria, formerly referred to as the Bende-Ameki
Series [1-7], has been described as consisting of
the Ameki Formation, Nanka Formation, and
Nsugbe Formation [8-10]. These lithologic
components are described as lateral equivalents.
The exact stratigraphic relationship among the
components and with the overlying Ogwashi-
Asaba Formation (the so called Lignite Series of
[11] has remains poorly defined [12] had placed
the contact between the Imo Group and Ameki
Group at the transition from
fossiliferous/calcareous shoreface facies at the
upper levels of the Imo Formation, to the
overlying coarse grained tidally-influenced fluvial
sandstone that marks the base of the Ameki
Group [10]. The overlying Ogwashi-Asaba
Formation (Eocene-Oligocene) begins with
coarse-grained tidally-influenced sandstone and
passes upward into alternating lignite seams,
and light coloured clays of continental origin
[13,14]. The present research focused on
accurate definition of (i) the contact between the

Ameki Group and the younger Ogwashi-Asaba
Formation and (ii) the stratigraphic relationship
among the lithostratigraphic components of the
Ameki Group. The study strategy involved (i)
outcrop-based sedimentological descriptions and
stratigraphic analysis of the Ameki Group
outcropping in the Awka-Onitsha axis of
Anambra State.

1.1 Study Area

The Ameki Group underlies over 70% of the land
mass of Anambra State (Fig. 1) and hosts the
bulk of the economic mineral wealth of the State.
The Group and other Paleogene strata maintain
a consistent SE-NW strike, with a corresponding
dip to the south-west. The loosely-consolidated
sandy component of the Group (the Nanka
Sand), is largely responsible for the gullying
erosion that has for long devastated the
southeastern states of Nigeria. This study
targeted the Awka-Onitsha axis of Anambra
State (Fig. 1), where detailed down-dip outcrop
descriptions and ftracing of contacts are
facilitated by several quarry sites, and road cuts.
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Fig. 1. Geoclogical map of Anambra State showing the areal distribution of the Ameki Group. Stratadipis
istently towards the southwest (Modified after NGSA, 2013)

Fig. 1. Study area
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2. REGIONAL STRATIGRAPHIC SETTING

Table 1 summarizes the late Cretaceous-
Paleogene succession in southeastern Nigeria.
The Paleogene succession is generally
progradational and includes the Maastrichtian-
Paleocene Nsukka Formation, the Paleocene
Imo Formation, Ameki Group (Eocene), and the
Oligocene Ogwashi-Asaba Formation [15,10].
The succession has an estimated composite
thickness of about 3,500m [10]. The Nsukka
Formation is composed of fluvio-deltaic
sandstone, mudstone and thin limestone bands
[16,14].

The formation is succeeded by the marine Imo
Formation comprising blue-grey clays, shallow

marine shale, limestone and calcareous
sandstone [17].

Regression during the Eocene led to the
accumulation of Ameki Group which [10]

described as comprising Ameki Formation (open
marine facies), Nanka Sand, and Nsugbe
Formation (both of tidal origin). The Nanka
Formation is reported to be of tidal origin and
composed of unconsolidated, flaser-bedded,
planar and trough cross-stratified and lenticular-

bedded sandstone containing a few mud bands
[8,9]. The sand is free from feldspars, contains
sub-rounded to sub-angular gains with > 5% clay
content and enriched in ultra-stable heavy
minerals. The sand is thus texturally sub-mature
and compositionally highly mature [8,9]. The
Nsugbe Formation on the other hand consists of
flat-bedded and wave ripple laminated, medium
grained and conglomeratic sandstone interpreted
to be of beach origin [8]. The exact stratigraphic

relationship of the Nanka and Nsugbe
Formations is unclear and needs further
clarification.

The Ameki Formation in the Umuahia-Bende

area has been described as being composed of
fossiliferous shale and limestone rich in mollusks,
foraminifera, corals, nautiloids and chunks of
amber [18,19,20]. These rocks have been
variously interpreted to be of open marine-near
shore (barrier ridge-lagoonal complex)
environments [21,22].

The Ogwashi-Asaba Formation which overlies
the Ameki Group has been described as coastal
plain deposit comprising alternation of coarse-
grained sandstone, light-coloured clays and
lignite seams [10].

Table 1. Correlation of Early Cretaceous-Paleogene Strata in SE Nigeria (modified after 10)
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3. METHODS OF STUDY

Detailed bed-by-bed sedimentary logging was
carried out at thirteen outcrops located along two
down-dip routes: (i) the lIfite Ukpo-Awkuzu-
Onitsha highway (route C-A-B) and (ii) the Ifite
Ukpo-Neni-Nnewi-Ozubulu (route C-D-E; Fig. 2).
Over two hundred and fifty meters of section
were logged at 1:50 scale. The exposures were
measured and examined for lithological changes,
composition, sedimentologic structures, trace
fossils, and stratigraphic surfaces. The profiles of
the outcrops were drawn and backed-up with
high resolution photographs.

4. RESULTS AND DISCUSSION

4.1 Sedimentary Facies of the Ameki
Group

Facies analysis of the measured outcrop
sections shows that the Ameki Group in the
study area is composed of two stratigraphic
components: a basal sandstone and an overlying
mud rock units. The aerial distribution of the
components is shown in Fig. 3.

4.1.1 Sandstone unit

The Sandstone Unit is topographically expressed
as a SE-NW trending ridge that passes through

- 6753

Nanka, Abagana, Awkuzu and beyond. The ridge
forms a drainage divide that separates the NE-
flowing Awdaw River system and the westerly
Nkisi, Idemmili and the Orashi Rivers that empty
direct into the Niger River (Fig. 3).

At localities where the base of the sandstone unit
was exposed, it rests on a ferruginized erosional
surface and consists of strongly ferruginized,
pebbly- to medium grained fining-upwards
sandstone and ironstone with intercalations of
kaolinitic claystone of variable thickness. Two
facies associations were identified namely:

(iy Cross-bedded

sandstone facies

association, with less than 20% clay
content and
(i) Sand-rich heterolithic association, with

20%-50% clay (Table 2).

The cross-bedded sandstone facies association
includes five distinct lithofacies, namely:

(a) Pebbly Sandstone (PS) comprising
interbedded, pebbly-coarse grained and
poorly to moderately sorted sandstone. At
the Ugwuakpi section (Location 4; Figs. 2
and 4a), the facies is over 5m in thickness,

cross bedded and contains extra-
formational clasts and liesegang rings
(Fig. 5),

=1 700
7°5.0'

0O ogbunike

605" =

6°00

Umunya

a Fnugu Agidi

0 Abagana

Awka Etiti

Fig. 2. Outcrop map of the study area showing traverse routes ( C-A-B and C-D-E) and outcrop
locations
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Fig. 3. Geological map of the study area showing the areal distribution of facies of the Ameki
Group and the adjacent formations

Table 2. Sedimentary facies of the ameki group

Lithologic Units Facies Associations  Facies Description Code
Mud Rock Bedded/massive MB/Mm
Carbonaceous mudstone
Claystone (>80% clay) Sideritic, bedded Msd
mudstone
Bioturbated muddy Msb
Clay-rich heteroliths heterolith
(50-80% clay) Lens-bedded, muddy Mst
heterolith
Sandstone Wavy-bedded sandy SMw
heterolith
Sand-rich heteroliths Bioturbated sandy SMb
(20-50% clay) heterolith

Glacuonitic/fossiliferous SMshg
clayey sandstone

Bioturbated sandstone  Sb
Fine-very fine grained, Sc
mm-scale lamination,

Cross-bedded clay drapes
Sandstone (<20% Very fine grained, cm- Sl
clay) scale laminated

Fine-coarse grained Sx

sandstone, with cm-
scale cross bed

Pebbly sandstone Ps

(b) Very-fine-grained cm-scale laminated (c) Very-fine-grained mm-scale laminated
sandstone (SI), characterized by mud- sandstone, with clay drapes (Sc) and
draped low angle cross sets (in which
pebbles, ferruginized bands and (d) Bioturbated sandstone (Sb) containing
disseminated plant matter occur at various Ophiomorpha, liesegang rings and extra-
levels), Teichichnus, Paleophycus, and formational clasts. At the Ugwuakpi locality
Chondrites (Fig. 7). Bivalve shell fragments this interval is over 5m in thickness.
also occur locally. (Fig. 6).
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Ugwuakpi section, Abagana

Inter-bed: d

of
Kaolinitic claystone

iranstone beds and

~___ Ferruginized erosional
surface

Lens-bedded hetercliths of the
marine Imo Formation

Fig. 4a. Profile of the Sandstone unit at Ugwuaki uarry, Abagana showing the basal ironstone
(a) that seperates the unit from underlying lens-bedded heteroliths

Qyi River Section

(b) . Flat-bedded fine grained sandstone that is characterized by
parting lineation, and containing climbing ripples toward the top.

/

Fig. 4.b. Strongly ferruginized, pebbly sandstone facies (PS) exposed at the Oyi River section

Fig. 4b. Strongly ferrugnized, pebbly sandstone facies (PS) exposed at the Oyi River section

The Sandstone unit continues upward into an
interval of erosive-based sand-rich heterolithic
facies association (Table 2). This facies
association was encountered in sections at
Umunya (Location 6), Oyi River (Location 9) and
at Anthill (location 12; Fig. 2), where it consists of
alternation of (i) bioturbated sandy heteroliths
(SMb; Fig. 7a) containing Paleophycus,
Ophiomorpha, Skolithos and Diplocraterion, and

42

(ii) fine-grained wavy-bedded sandstone (SMw)
characterized by clay-draped sub-parallel
lamination (Fig. 7b). The interval shows a
consistent upwards decreases in bed thickness
and grain size.

Evidence from water boreholes sited in the study
area shows that the subsurface thickness of the
sandstone unit is in excess of 200m.
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Plana~-cross sedded

Pebbly sandstone facies containing liesegang rings

Fig. 5. Close-up on pebbly sandstone facies Ugwuakpi section resting on ferruginized surface
(Fe) and characterized by extra-formational clasts (c), liesegang rings (Lr) and Ophiomorpha
(op), planar cross bed occurs toward the top

Fig. 6. Cm-cross bedded facies at Umunya showing (A) large-scale planar cross stratification
arranged in tidal bundles (T) and (B) reactivation surfaces (R)

Interpretation: The gross  sedimentary
characteristics of the sandstone unit indicate that
it accumulated in a channel that was initially
fluvial, but became increasingly tidally-
influenced. The observed general fining-upward
grain-size motif, presence of herringbone cross-
stratification, flaser bedding and mud drapes, are
typical of tidally-influenced fluvial channel
sedimentation [23-26]. The presence of trace
suites of the Skolithos and the Glossifungites
ichnofacies associations indicates sandy high

energy setting [27,14]. Herringbone cross
bedding, mud drapes and tidal bundling
probably relate to ebb-flood tidal cycles
[28-30].

The inter-bedded thin, light-coloured mudstone
and sand-rich heteroliths represent sand flats
/floodplain/overbank facies. The presence of the
Skolithos and the Glossifungites associations
confirms that sedimentation occurred under
brackish water conditions [31-34].

43

4.1.2 The mud rock unit

The mud rock unit of the Ameki Group
consistently tracks the sandstone component in
the down-dip direction, covering the largest part
of the study area (Fig. 3). Typical sections were
described at Umunya (Location 6), Ogbunike
(Toll-gate section, Location 7), Oyi River
(Location 9), and in the Nnewi area (Locations 12
and 13; Figs. 2 and 8).

Facies analysis shows that the mud rock
component of the Ameki Group contains two
facies associations, (i) clay-rich heterolithic
association, with 50%-80% clay (Fig. 9), and (ii)
carbonaceous claystone association (with more
than 80% clay; Table 2).

The clay-rich facies association consists of lens-
bedded muddy heteroliths (Mst) inter-bedded
with grey, bioturbated muddy heterolithic facies
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(Msb) that locally contains Skolithos and
Paleophycus (Fig. 10).

The Claystone Association is represented by
intervals of light grey, bedded kaolinitic and
carbonaceous mudstone (Mb/mm) interbedded
with lignite and bioturbated clay-rich heteroliths
(Msd) containing Diplocraterion, Planolites and
Paleophycus (Fig. 11).

Interpretation: The Mud Rock Unit is recognized
as a product of tidal flat sedimentation based on
the overall sedimentary characteristics and
stratigraphic relationship with the underlying

tidally-influenced channel facies. Sub-
environments within the tidal flats that are
identified include (i) the mixed flats and (ii) mud
flats/swamps.

The clay-rich facies association is interpreted as
product of mixed flat sedimentation based on the
mode of 35, while intervals of grey carbonaceous
mudstone and lignite are interpreted as fresh
water to brackish water, low-energy swamp

deposits. Brackish water conditions are reflected
by the presence of the Skolithos ichnofacies
[35,36,37].

Fig.7. Laminated sandstone facies (Sl) at (A) the Oyi R.section containing Teichichnus (T),
Paleophycus (P) and Chondrites (C); (B) the Umunya section overlain by very fine grained mm-
scale laminated facies (Sc)

Ogbunike Toll Gate

OGWASHI-ASABA

OyiR.

Mud rock Unit

AMEKI GROUP

Sandstone unit

IMO FORMATION

Fig. 8a. Down-dip facies differentiation along abagana-umunya-ogbunike traverse route. the
ameki group contains two lithostratigraphic units: sandstone and mud rock
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Ozubulu

OGWASHI-ASABA

Mud rock

AMEKI GROUP

Sandstone

IMO FORMATION

ci Ist Tufsl fsTms cs

Fig. 8b. Down-dip facies differentiation along Neni-Nnewi-Ozubulu traverse route. The Ameki
Group consistently contains two lithostratigraphic units: sandstone and mud rock

£TF L2 3 b\,

Fig. 10. Paleophycus (P) in clay-rich heterolithic facies at Oyi River section (A) and within carbonaceous clay facies at Oghunike. (B)

Fig. 10. Paleophycus (P) in clay-rich heterolithic facies at Oyi River section (A) and within
carbonaceous clay facies at Ogbunike (B)
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Fig. 11. Carbonaceous claystone facies at Ogbunike (A) and lignite at the Nnewi section (B)

4.2 Contact Relations and Stratigraphic
Nomenclature of the Ameki Group

According to 8, 14 and 17, the base of the Ameki
Group which in this region is represented by the
Nanka Sand, is dominated by coarse grained,
tidally-influenced fluvial clastics. The contact
between the Imo Formation and the Ameki
Group in the study area has earlier been located
in the Ugwuakpi (Abagana) section [17], where
shoreface facies marking the upper levels of the
Imo Formation is directly overlain by coarse-
grained, tidally-influenced fluvial distributary
sandstone deposit. 17 identified this contact as a
type-1 sequence boundary (56.5 my), reflecting a
significant landward shift in facies.

Above this contact the Ameki facies continues
upwards, beginning with tidally-influenced
distributary channel and sub-tidal channel facies,
and into coastal plain facies.

The Ogwashi-Asaba Formation comprises
alternation of coarse-grained sandstone,
lignite seams, and light colored clays of
continental origin [13,14]. The basal units of the
Ogwashi-Asaba Formation in south-eastern
Nigeria is composed of alternation of
thickly-bedded conglomerates, coarse-grained
sandstone and lignite seams of fluvial
distributary channel origin and overbank kaolinitic
mud rocks . According to [14], these beds
represent non-marine/coastal plain aggradation
portion of the Ogwashi-Asaba transgressive
systems tract. In the present study area, the thick
coarse  grained, ferruginized sandstone
containing thin intervals of lignite seams,
which sharply overlies grey, tidal flat/coastal
plain mud rocks at the top of the Ameki
succession at Ogbunike (Fig. 12), is here
assigned to the basal units of the Ogwashi-
Asaba Formation.

Fig. 12. Contact between the ameki group and the overlying ogwashi-asaba formation. arrow is
marked where coarse grained, ferruginized sandstone sharply overlies grey tidal flat/coastal
plain mud rocks on top of the ameki succession at ogbunike
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Table 3. New eocene stratigraphic nomenclature for the anambra basin

Age Nwajide (2013) Uduezue et al., 2021
Oligocene Ogwashi Asaba Ogwashi Asaba Niger Delta Basin
Formation Niger Formation
Eocene Ameki/Nanka/Nsugbe Delta Ameki Formation
Basin Nanka sand Anambra Basin
Paleocene Imo Formation Imo Formation

4.3 Stratigraphic Nomenclature of the
Ameki Group

The Ameki Group of south-eastern Nigeria has
been extensively studied, especially in the
Umuahia-Bende axis of southeastern Nigeria, but
these studies, as observed by [10] did not clearly
distinguish the component formations. For
example, [38] described the Group as being
composed of two distinct, sandy sub-facies: a
basal planar cross-bedded, fine to coarse
grained sandstone with intercalations of shale
and thin shelly limestone, and upper, planar
cross-bedded, coarse grained sandstone, with
bands of fine grained sandstone and sandy clay.
39 also described the Ameki Formation (a
component of the Ameki Group) as consisting of
highly fossiliferous grey-green sandy clays with
calcareous and white clayey sands. 19 worked in
the same region as 39 and described the Ameki
Formation as being composed of four
stratigraphic units, namely (i) pebbly sandstone,
(ii) argillaceous sandstone, (iii) shale and (iv)
clay.

8 and 9 nominated three laterally equivalent
components within the Group, to include the
Ameki Formation, the Nanka Formation and the
Nsugbe Formation, but did not explain the
relative positions of these components in space
and time. To complicate matters, 10 (pp.383, Fig.
11.38b) stated that the Nanka Formation is
stratigraphically situated between the underlying
marine Imo Formation (Paleocene) and the
overlying paralic Ogwashi-Asaba Formation
(Middle Eocene). This left unanswered, the
question of the stratigraphic status/positions of
the components of the Ameki Group.

In the present study, the tidally-influenced
distributary channel sandstone unit which
erosively overlies the marine Imo Formation is
recognized as the basal unit of the Ameki Group,
equivalent to the Nanka Formation of 8, 9 and
10, while the overlying tidal flat facies (the mud
rock unit of this study) represents the up-dip
equivalent of the shallow marine Ameki
Formation of 39. The slight modification in the
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Eocene stratigraphic nomenclature suggested in
this work is shown in Table 3.

5. CONCLUSIONS

This study has shown that the Ameki Group in
the study area contains two lithostratigraphic
components: (i) a basal sandstone component
equivalent to the Nanka Formation and (ii) an
overlying mud rock component equivalent to the
Ameki Formation.

The sandstone component (Nanka Formation)
contains two major facies associations namely:

cross-bedded sandstone and wave ripple
laminated sandy heteroliths. These facies
associations document deposition in tidally-

influenced distributary channel and sand flats
respectively. The mud rock component (Ameki
Formation) also contains two facies associations
that include a clay-rich heterolithic association
and a carbonaceous mud rock association. The
sedimentary associations and vertical
arrangement of the two facies associations and
the presence of lignite, reflect deposition in mud
flats and marsh/swamp environments
respectively. The gross sedimentary
characteristics and facies relationships of the
facies associations within the Ameki Group
reflect tidal flat progradation in a shoreline and
coastal plain setting.

The stratigraphic components of the Ameki
Group are therefore not stratigraphically
equivalent as reported by previous researchers.
The stratigraphic status of 9 and 10 Nsugbe
Formation is a matter that needs further
clarification.

The coarse grained, ferruginized sandstone
containing thin intervals of lignite seams, which
sharply overlies grey, tidal flat/coastal plain mud
rock unit of the Ameki Group at Ogbunike is here
interpreted to mark the contact between the
Ameki Group and the Ogwashi-Asaba Formation
in this region. The new stratigraphic information
presented in this work should help to resolve the
question of the stratigraphic architecture of the
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Ameki Group and the contact relation with the
overlying Ogwashi-Asaba Formation.
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