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ABSTRACT  

Detailed outcrop mapping and sedimentological descriptions in the Nmaku-Oji axis of the 

Anambra Basin have provided basis for the stratigraphic delineation and characterization of 

the Nsukka Formation. The results show that, in the study area, the contact between the Ajali 

Formation and the overlying Nsukka Formation is a disconformity. This is indicated by the 

presence of a persistent ironstone layer separates between the two formations. The ironstone 

layer is interpreted as a laterite profile, resulting from contemporary near-surface alteration 

and mobilization of iron minerals as crystalline solids. The study also revealed that the 

contact between the Nsukka Formation and the overlying Imo Formation is a transgressive 

surface of erosion (TSE). This is expressed by an intervening layer of bioturbated pebble 

conglomerate which probably accumulated as a transgressive lag deposit associated with 

the marine transgression that heralded the accumulation of the Imo Formation. Detailed 

evaluation of the gross sedimentary characteristics and the overall vertical arrangement of 

the lithofacies indicate that the Nsukka Formation contains coastal plain depositional facies 

including deposits of distributary and abandoned channels, interdistributary channel, bay-

head delta and bay-fill facies. These deductions should serve as major contribution toward 

proper stratigraphic delineation and characterization of the Nsukka Formation and the 

Cretaceous-Tertiary Transition in the Anambra Basin.  

 

 

1.0 INTRODUCTION  

The Maastrichtian-Paleocene Nsukka Formation of south-eastern Nigeria is regarded as the 

youngest lithostratigraphic unit in the Anambra Basin (Nwajide, 2013; Fig. 1). The 

formation which intervenes between the foreshore sands of the Ajali Formation and the 

marine facies of the Imo Formation forms a resistant cap on the Enugu Cuesta in the 

Anambra Basin (Obi, 2000; Obi et al., 2001; Nwajide, 2013).  The Formation was originally 

known as the Upper Coal Measures (Tattam, 1944; du Preez, 1947), but was later elevated to 

formation status following Reyment’s (1965) far-reaching revision of the stratigraphic 

nomenclature for south-eastern Nigeria. Apart from routine paleontological and 

sedimentological studies to determine the age and environments of deposition (e.g. Adeigbe 

and Salufu, 2009; Bankole and Buraimo, 2017), there has not been any serious effort to 

clearly delineate the Nsukka Formation in the Anambra Basin. Nwajide (2013; p. 328) 

reported that at the Nadu type locality, about 14km north of Nsukka town, the nature of the 

contact between the Nsukka Formation and the Ajali Formation could not be properly 

documented due to the inaccessibility of the complete section. The   
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exact boundary between the Formation and the adjacent Formations has therefore remained a 

matter for speculations (Ibe and Adiuku-Brown, 2000; Odunze and Obi, 2011, 2016; 

Nwajide, 2013, p. 326). Conflicting environmental models ranging from shallow marine 

(Mode, 2004), to marginal marine (Nwajide, 2013), have also been put forward for the coaly 

Nsukka Formation.   

The present study relied on field relations, sedimentary characteristics (texture, 

sedimentary structures and changes in lithology), to differentiate the Nsukka Formation and 

adjacent formations, identify the various stratigraphic components that constitute the 

formation in the region and to propose an environmental interpretation.  
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Stratigraphic Overview    

The lithostratigraphic framework for the Anambra Basin in south-eastern Nigeria has been 

summarized by Nwajide (1990, 2013; Fig. 1).  The basal lithostratigraphic unit is represented 

by the Campano-Maastricthian Nkporo Group comprising the Nkporo Formation, Oweli 

Sandstone and Enugu Shale (Reyment, 1965; Agagu and Ekweozor, 1982; Agagu et al., 

1985; Uduezue et al., 2018). The Nkporo Formation oversteps components of the pre-

Campanian succession in the Anambra Basin (Zaborski, 1983; Obi and Okogbue, 2004; 

Uduezue et al., 2018). The Group is directly succeeded by the Mamu Formation comprising 

rhythmic alternation of thick carbonaceous shale, fine grained and well sorted sandstones 

and coal seams (Reyment, 1965; Obi, 2000). Ammonite biostratigraphy (Zaborski 1983, Obi, 

2000) has shown that the contact between the Nkporo Formation and the Mamu Formation 

approximates the Campanian-Maastrichtian boundary.    

The Mamu Formation is successively overlain by the profusely cross-bedded, wave-

tidally influenced, Ajali Formation and the Nsukka Formation (Ladipo, 1986; Nwajide 

2013). The Nsukka Formation has been described as a succession of coastal plain 

carbonaceous mud rocks, sandstone and coal seams that rests directly on the monotonously 

sandy, Ajali Formation and overlain by marine mud rocks of the Paleocene Imo Formation 

(Reyment, 1965, Obi, 2000; Nwajide, 2013; Onyemesili and Obi, 2017).    

Down-dip the Nsukka Formation is successively  overlain by the outcropping 

components of the Niger Delta succession comprising the Paleocene Imo Formation, Eocene 

Ameki Formation and the Oligocene-Pleistocene Benin Formation (Oboh-Ikuenobe et al., 

2005; Odunze, and Obi, 2011; 2013; Nwajide, 2013; Fig.1).    

 

Methods of Study  

The investigation focused on down-dip traverse routes along the (i) Udi-Ugwuoba section of 

the Enugu-Onitsha expressway, (ii) Nmaku-Inyi-Ufuma road and (iii) along the 

OkigweUmunze road (Fig. 2) where the complete section of the Ajali, Nsukka and Imo 

Formations are available and easily accessible, courtesy of road cuts, aggregate quarry-sites 

and river channels. The field strategy involved measurements and recording of stratigraphic 

relationships, lithofacies types, sedimentary structures, textural aspects, bed thickness and 

biogenic aspects of the outcrop sections. The Nsukka Formation is a succession of 

carbonaceous mud rock, sandstone and coal seams that rests directly on the profusely cross-

bedded and monotonously sandy Ajali Formation (Reyment, 1965, Nwajide, 2013). The 

sedimentary characteristics are somewhat similar to those of the Mamu Formation from 

which it is separated by the light-colored and friable Ajali Formation (Obi, 2000). To   
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avoid mistaking the two formations in the field it was considered appropriate to follow the 

exposed succession and monitor facies changes in a down-dip direction.   

Locations of outcrops and sample points (Fig. 2) were determined with the GPS. The 

sedimentological data acquired were subjected to facies analysis. The facies identified were 
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then grouped into facies associations representing particular depositional environments, 

based on the concepts and application of Walther’s Law and facies relationships as provided 

by previous workers such as Bhattacharya and Walker (1991, 1992) and Walker and James 

(1992).   

 

Contact Relations  

Ajali Formation-Nsukka Formation Contact: In this, study the contact between the Ajali 

Formation and the overlying Nsukka Formation was documented at three key outcrop 

localities.  The first exposure is a road-cut at Enugu-Nmaku, along the Nmaku-Inyi road 

(Figs. 2b). At this location, a brown-white, profusely cross-stratified, very friable, 

mediumfine grained sandstone is exposed.  Bed thickness is locally up to 2m and 

sedimentary structures include large-scale planar- and herringbone cross bedding, ripple 

bedding, reactivation surfaces, ferruginized extra-formational clasts and large-sized, vertical 

Ophiomorpha (Fig. 3). Paleocurrent measurements from this interval indicated a general 

north-westerly (290-3100) direction with complimentary azimuth of 190o. This sandy interval 

which is readily ascribed to the Ajali Formation is abruptly truncated by a thin layer of rusty-

brown ironstone (Figs. 3 & 4, Unit A), over which a unit of dark grey mud-rich, 

carbonaceous heterolith with abundant rip-up mud clasts (Fig. 4, Unit B), accumulated. The 

heterolithic becomes more sandy and mottled upward (Fig. 4, Unit C), and then grades into a 

mud-rich interval of black, carbonaceous heteroliths, plastic clay and dark grey fissile shale. 

The muddy succession above the ironstone at this location is interpreted to belong to the 

basal beds of the Nsukka Formation.  

The second exposure is a composite outcrop was that was logged between Oji and 

Ugwuoba, along the Onitsha-Enugu expressway (Figs. 2b; 5). At this locality a grey 

coaly/carbonaceous mud-rich heterolith (Fig. 5, unit B) makes its first appearance above the 

monotonously sandy and friable unit (Unit A) easily recognized as belonging to the Ajali 

Formation. The coaly-heterolith is separated from the underlying profusely cross-bedded 

friable Ajali facies by erosion-resistant, mottled conglomeratic ironstone. The ironstone is 

interpreted to be a laterite profile, resulting from contemporary near-surface alteration and 

mobilization of iron minerals as crystalline solids. The grey muddy unit is here ascribed to 

the basal beds of the Nsukka Formation. The stratigraphy of the Oji River exposure 

continues upward into cycles of carbonaceous mudstone, heteroliths and coarseningupward 

sandstone (Fig. 5).   
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The third outcrop was described at Iyi-Ofuru in Inyi (Fig. 2b). At this locality, the exposed 

basal unit is about 7m in thickness (Fig. 6). It begins with profusely planar-tabular-

crossbedded, fine-medium grained, channelized sandstone in which the foreset planes of 

cross beds show a bipolar-bimodal azimuth pattern aligned NE – SW (dominant), and NW – 

SE.  A layer of ferruginized, mottled clay separates the sandstone from the overlying black 

carbonaceous, evenly laminated shale containing thin coal seams, and Planolites. The basal 

ferruginized mottled clay is here interpreted as marking the base of the Nsukka Formation.    

 

The Nsukka Formation-Imo Formation Contact  

The Imo Formation as described by Reyment, 1965; Oboh-Ikuenobe et al, 2005; 

Odunze and Obi, 2011), is a succession of marine blue-grey clays and black shale with bands 

of calcareous sandstone, and limestone that overlies the coastal plain Nsukka Formation. The 

contact between the Nsukka Formation and the Imo Formation was documented at Oji, a few 

kilometers from the Oji River bridged along the Enugu-Onitsha express way, and at the 

Mamu River channel, along the Inyi-Ufuma road (Fig.2b).   

The contact between the Nsukka Formation and the Imo Formation is exposed at Oji, 

a few kilometers from the Oji River bridged along the Enugu-Onitsha expressway (Fig.2b). 

At the Oji River section a unit of ferruginized, poorly-sorted sandstone containing 

bidirectional planar cross bedded facies, extra formational clasts and ferruginized 

concretions, is sharply overlain by a succession of clay-shale interbedded with thin lenses of 

very fine-grained,   
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wavy/lenticular-bedded sandstones (Fig. 5), containing fragile shells of inoceramids. The 

ferruginized cross-bedded sandstone is recognized as fluvial/coastal plain facies, and 

ascribed to the Nsukka Formation, while the overlying fossiliferous clay-shale and fissile 

shale is recognized as shallow marine mud rock which probably documents renewed 

transgression and marine sedimentation over the underlying coastal plain facies.   

At the Mamu River channel, along the Inyi-Ufuma road, the contact is identified 

where strongly ferruginized clayey conglomerate with sole marks, sharply overlies trough 

crossbedded sandstone facies (Fig. 6). The conglomerate is directly overlain by strongly 

bioturbated/mottled/flaggy mudstone containing Planolites. These beds are here assigned to 

the basal beds of the Imo Formation. The conglomerate is interpreted as a lag deposit 

associated with the marine transgression that led to the deposition of the Imo Formation.   

A similar interpretation was made by Odunze and Obi (2011), at the Agbobu, along 

the Okigwe-Akokwa road, further south of the present study area. At that locality, 

tidallyinfluenced coastal plain sandstone facies ascribed to the Nsukka Formation, is directly   
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overlain by a thick succession of estuarine clay and clay shale (Fig. 7). The estuarine facies 

was interpreted as marking the onset of marine transgression at the end of the Danian Age. 

The base of the estuarine lithesome was therefore interpreted to represent the Nsukka 

Formation-Imo Formation boundary (Odunze and Obi, 2011).   

 

Facies Analysis and Depositional Environments  

Five facies associations are identified in this study within the outcrops (Fig. 2) described 

above, based on the litho-types, sedimentary structures, ichnofacies and vertical relations. In 

stratigraphic order the facies associations include (i) distributary channel (ii) abandoned 

channel; (iii) inter-distributary channel; (iv) bay head delta and (v) Proximal lagoon (vi) 

bayfill.  

 

Facies Association -1: Distributary Channel   

Description: The exposed part of this facies association consists of medium to coarsegrained 

sandstones with abundant intra-formational rip-up mud clasts and extraformational pebbles 

(Fig. 5A).  This passes upward into brown-white, fining-upward, medium-fine grained 

sandstone. Bed thickness ranges from 1 to 2m and sedimentary structures include large-scale 

planar- and herringbone cross bedding, ripple bedding, reactivation surfaces, ferruginized 

extra-formational clasts and large-sized vertical Ophiomorpha (Fig. 3). Paleocurrent 

measurements from this interval indicate a general north-westerly (290-3100) direction with 

complimentary azimuth of 190o. The unit is capped by mottled conglomeratic ironstone.   

Interpretation: Facies association-1 is interpreted to represent delta plain deposits on the 

models of Bhattacharya and Walker (1992) and Bridge (2006). The erosive sandstone 
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displaying fining-upward motif is interpreted to be fluvial distributary channel deposit. The 

presence of extra-formational clasts is consistent with channel thalweg deposition.  

Largescale planar cross beds reflect migration of dunes, while the presence of herringbone 

structures, reactivation surfaces and discontinuous mud layers reflect the influence of tides in 

the deposition of the sand. The association of Ophiomorpha with these deposits is consistent 

with tidal sedimentation.  Facies association-1 is here ascribed to the Ajali Formation.  

 

Facies Association-2: Abandoned Distributary Channel  

Description: Facies association-2 sharply overlies the mottled conglomeratic ironstone 

(Fig.3) that caps Facies association-1 in this region. It starts with a succession of 

thinlybedded siltstone and mottled clay containing impressions of juvenile bivalves. This 

passes upward into a rapid alternation of fine grained sandstone, mudstone and heteroliths. 

Sandy intervals are wavy-bedded, fossiliferous and bioturbated, while the muddy intervals 

may be carbonaceous and sideritic.  

 

Interpretation: This facies association is interpreted as abandoned distributary channel 

deposit based on the sedimentary characteristics and stratigraphic relationship with the 

distributary channel facies (Coleman and Prior, 1982; Li and Bhattacharya, 2004). Gradual 

and abrupt abandonment is reflected in the thin-bedded sandy heteroliths. The presence of 

shallow marine fossils in the deposit indicates marine influence.  Facies association-2 is here 

ascribed to the basal beds of the Nsukka Formation in this region.  

 

Facies Association-3: Inter-distributary Channel     

Description: Facies association-3 begins with black sideritic and carbonaceous shale and 

passes upward into alternation of black shale, thin coal seams and thin-bedded and 

sharpbased, well sorted fine grained, micaceous sandstone characterized by Planolites. 

Toward the top the interval is dominated by black carbonaceous and nodular shale 

containing Planolites and Teichichnus.   

 

Interpretation: Based on the stratigraphic relationship with the underlying tidally influenced 

distributary channel facies and the gross sedimentary characteristics, facies association-3 is 

interpreted as deposits of the inter-distributary bay. The presence of coal in the facies 

association is interpreted to reflect aggradation of the coastal plain as a result of normal 

deltaic progradation (Bhattacharya, 1993).  The alternation of thin sandstone and mudstone 

layers suggest tidal influence. Inter-distributary bay facies are invariably interbedded with 

the tide-influenced distributary channel facies (Bhattacharya & Walker, 1992).   

 

Facies Association-4: Bay head Delta  

Description:  Facies association-4 consists of grey to brown, very fine grained silty 

sandstone beds. The units are essentially erosive-based and characterized by hummocky 

cross stratification/lenticular bedding, parallel/organic lamination, soft sediment deformation 

structures, as well as Paleophycus, Ophiomorpha, Chondrites and Rhizocorallium. Small 

scale trough cross beds, water escape structures, sole marks, scour marks, reactivation 

surfaces and herringbone structures, as well as Ophiomorpha and Diplocraterion, occur 

toward the top of the interval.    
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Interpretation: These units are interpreted as deposits of the bay head delta front on the 

models of Walker and Plint (1992) and Bhattacharyya and Walker (1992). The basal 

thinbedded wave-ripple laminated sandstone reflect middle shoreface sedimentation, while 

the upper units containing tide-generated structures and members of the Skolithos 

ichnofacies probably represent the sub-tidal upper shoreface (Pemberton, et al., 1992).Inter-

bedding of hummocky cross stratified and bioturbated sandstone units is typical of storm-

dominated sedimentation and reflect alternation of fair weather and storm events (Cheel and 

Leckie, 1993). Small scale trough cross beds are attributed to wave-induced unidirectional 

currents, while reactivation surfaces and herringbone structures, reactivation surfaces and 

herringbone structures indicate the presence of shallow tidal currents developed in open 

near-shore environments  

 

Facies Association-5: Bay-fill  

Description:  Facies association-5 is composed of units of ferruginized, poorly-sorted 

sandstone alternating with clay-rich heteroliths. Sandstones may be fine-to mediumgrained, 

contain extra-formational clasts and ferruginized concretions and have a variety of current-

generated sedimentary structures, including low-angle trough cross-bedding and planar-

tabular cross-bedding, herringbone cross-stratification, flaser bedding and climbing ripples. 

The heteroliths are composed of regular alternations of thick or thin fine-grained sandstone, 

siltstone and clay layers. They are associated with Diplocraterion, and Thalassinoides.  

  

Interpretation: Facies association-5 is interpreted as bay-fill deposit in line with Allen 

(1993) and Allen and Posamentier (1993). The clay-rich heteroliths are interpreted as 

freshwater to brackish water, low-energy lagoonal or tidal flat deposits. The presence of  

Diplocraterion and Thalassinoides belonging to the Skolithos and Glossifungites ichnofacies 

(Pemberton, et al., 1992) indicate that these deposits accumulated under brackish water 

conditions. The sandstone units are probably distributary mouth bars or bay fill deposits.  

 

Conclusions  

The Nsukka Formation disconformably overlies the conspicuously sandy Ajali Formation. In 

the field, this unconformity is expressed as a sub-aerial exposure surface that is mantled by a 

thin layer of non-marine deposit, associated with the Glossifungites ichnofacies, including 

Rhizocorallium, Thalassinoides (Obi, 2000). The   presence of Glossifungites trace suite 

indicates that the surface was exposed to marginal marine condition. The sub aerial exposure 

surface is overlain by an interval of coaly and sideritic facies that accumulated in abandoned 

distributary channels. The aggradation of these marginal marine facies is here interpreted in 

terms of normal progradation.    

 

The contact between the marginal marine Nsukka Formation and the marine Imo Formation 

is a transgressive surface of erosion (TSE). The contact is expressed as an abrupt truncation 

of the marginal marine facies at the top of the Nsukka Formation, by a thin, strongly 

ferruginized clayey conglomerate. The conglomerate which may be locally characterized by 

sole structures is overlain by strongly bioturbated and fossiliferous heterolith containing 

shallow marine bivalves and trace fossils. The occurrence of shallow marine fauna in these 

heteroliths is evidence for marine influence and possibly indicative of the abrupt deepening 

that ushered in the deposition of the marine Imo Formation.  
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 This work has also confirmed that the Nsukka Formation is a coastal plain deposit 

that accumulated in environments that included abandoned distributary channel, 

interdistributary channel, bay head delta and bay-fill and distributary mouth bar.   
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