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Tidal Channel Depositional Complex of the Cretaceous Yolde Formation of the Gongola
Sub-basin, Northern Benue Trough N.E. Nigeria

Abstract

The facies analysis of the Cretaceous Yolde Formation at Ngrojevillage in the Gongola Sub-
basin of the Northern Benue Trough indicated fining upward a sequence characterized by the
assemblages of five lithofaciesthat comprises of trough crossbeds, planar crossbeds, massive
beds, ripple laminations, and mudstone. This fining upward architecture is defined by trough
crossbedded sandstone with erosionalcontact at base overlain by interbeddedsandstone and
mudstones often displaying bi-direction paleocurrent patterns and growing mudstones content
upwards moving into dominantly mudstones unit. This concurrently demonstrates dissipating
energy intensity upwards as such reflecting a tide dominated system clearly of tidal channel
depositional complex that most commonly develop in estuaries and tide dominated delta.Though
on the account of the presences ofSkolithosichnofacies, a stressed hydrodynamic regime and
indicating extension of tidal channel into the open sea may be very likely.This is generally
indicative of a tide dominated oceanographic system in the advancing and inundating
Cenomanian transgressive sea that define the coastal realm of the Gongola Sub-basin.
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Introduction

Transgressive controlled sedimentation characterizes much of the mid-Cretaceous globally,
because of the inherently continuous rising sea levels covering that time space, synonymously
inundating large expanse of the Cretaceous rift systems, forming epicontinental seaways (Shaw,
1964; Haq et al 1987). This activity is recorded in the Gongola Sub-basin, the north-south
trending arm of the Northern Benue Trough in the Cenomanian with deposition of the Yolde
Formation. The Benue Trough (Fig.1), developed as a consequence of separation of the South
American from the African plates during the Late Jurassic to Early Cretaceous times, but whose
origination accounts remained highly controversial with two theories prominently adjudged to
reflect its evolution. The earliest rift model theory supported to date (King 1950; Wright, 1989;
Genik, 1992; Fairhead 2013) suggesteddevelopment through tensional regimes caused by mantle
plume convection activities (Olade, 1974). However,considering the lack of evident boundary
faults in this model, the pull-apart model was proposed because the major strike-slip faults of the
sub-basin are in same orientation of the major transcurrent fault systems of the Romanche, Chain
and Charcot suture zones (Benkhelil, 1989; Likkason et al., 2005; Onyedim et al., 2005). Thus, a
strike-slip tectonic origin. The opening of the trough is accompanied by transgressive and
regressive sequences in the Aptian-Albian times in which the Northern Benue Trough is
characterized by continental depositional regimes. Transgressionreached this part of the trough in
the Cenomanian, thereby depositing transitional-marine sequences of the Yolde Formation. This
researched is aims to evaluate the facies and facies association of this formation at Doma stream
that represents one of its major outcrops in the Gongola Sub-basin in order to establish
depositional model that characterizes its development at this locality.
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Fig.1b Geological map of the Northern Benue Trough (modified from Zaborski et al., 1997)

Geological and Stratigraphic Setting
The Nigeria Benue Trough is a rift basin that falls into the Central West Africa and extends in

NNE-SSW direction for about 1000 km in length and 50-150 km in width (Genik, 1992;
Nwajide 2013). The southern fringes is the northern boundary of the Niger Delta, while the



northern end is at the Dumbulwa-Bage High, which marks the southern boundary of the Chad
Basin (Fig.1) (Zaborski et al., 1997). The Benue Trough is geographically subdivided into
Northern, Central and Southern Benue Trough (Fig.1). The Northern Benue Trough is made up
of three arms: the N-S striking Gongola Arm, E-W striking Yola Arm and the NE-SW striking
Muri-Lau Arm (Dike, 2002) (Fig.2). The Trough is over 6000m deep containing Cretaceous to
Tertiary sediments of which those predating the mid-Santonian have been tectonically deformed,
to form major faults and fold systems across the basin. The Bima Group of the Aptian-Albian
represents the oldest sedimentary units in the Gongola Sub-basin, conformably overlying the
Basement Complex Rocks (Fig.2) (Guiraud,1990; Zaborski et al., 1997; Tukur et al., 2015;
Shettima et al., 2018). The deposition of syn-rift sequences thereof is largely controlled by the
horst and graben systems and is represented by the alluvial fan-lacustrine deposits of the Bima I
Formation, the lowermost in the group, which is unconformably superposed by the post-rift
braided river sequences of the Bima II and III Formations (Zaborski et al., 1997; Tukur et al.,
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Fig. 2 Showing the stratigraphy of the Gongola Sub-basin (modified from Zaborski
et al., 1997). 1-Mudstone, 2-Limestone, 3-Sandstone, 4-Hiatus. 5-Basalt, 6-Marine
sediments, 7-Transitional-marine sediments. 8-Continental sediments, 9-Basement
Complex (DU-Dumbulwa Member, DF-Deba Fulani Member, GU-Gulani Member).



2015; Shettima et al., 2018). The Yolde Formation conformably succeeded in the Cenomanian,
marked by the transitional-marine deposits (Shettima et al., 2011), representing the onset of the
mid-Cretaceous global marine transgression in the basin (e.g. Haq et al.,1987). This reached its
climax in the Turonian and deposited the shallow marine shale and limestone sequences of the
Kanawa Member of the Pindiga Formation (Zarborski et al., 1997; Abdulkarim et al.,
2016).Regressive Sandy Members of the Dumbulwa, Deba-Fulani and Gulani Sandstones
conformably followed in the mid-Turonian with decelerating transgressive conditions (Fig.2)
(Zaborski et al., 1997; Nwajide, 2013). Renewed rising relative sea levels in the late Turonian
transcending into the Coniacian and early Santonian brought about the deposition of the deep
marine blue-black shales of the Fika Member, representing the youngest units of the Pindiga
Formation (Zaborski et al., 1997; Shettima, 2016). This marine transgression is accompanied by
compressional tectonics in the mid-Santonian (Genik, 1993), which resulted from changing
orientation of the displacement vectors between the African plate and European/Tethys plates
(Fairheadand Binks, 1991). Thus,leading to thrusting of the pre-Maastrichtian sediments towards
the western regions of the Gongola Sub-basin, thereby creating an accommodation for the
deposition of the Campano-Maastrichtian regressive deltaic sequences of the Gombe Formation
(Dike and Onumara, 1999: Shettima, 2016). The mid-Maastrichtian is characterized by yet
another phase of compressional event and it is followed by the unconformable deposits of the
Paleogenefluvio-lacustrine Kerri Kerri Formation (Dike, 1993: Adegoke et al., 1978) (Fig.2).
volcanics are evident in the Paleogene-Neogene phase of the sub-basin, commonly align along
the eastern margin of the Gongola Sub-basin (Wilson and Guiraud, 1992).

Materials and methods

Topographicand geological maps of Gombe town and environs that are located within the
Gongola Sub-basin were employed in the fieldwork of this research to identify potential areas
where the Yolde Formation are well exposed. Along these well exposed outcrops identified,
lithostratigraphic sections of this Formation outcropping around Ngrojevillage (Fig. 4) were
systematically logged to record data on lithologic variations, texture, bed geometry,
paleocurrents, sedimentary structures and fossil content. Based on facies concept and application
of Walters law in conjunction with facies relation provided by sedimentological studies on
ancient and modern environment, these data were utilized in designating lithofacies assemblages
representing particular depositional environment. Paleocurrent measurements were also carried
out on the abundant planar and trough crossbedded sandstones and the various orientations
determined were used to evaluate provenance and hydrodynamic processes (e.g. (Tucker, 2003).
The dip and strike as well as the azimuth of the crossbeds were measured using compass
clinometers in this analysis, and considering that the regional dip of the beds are generally

greater than 10°, tilt correction was also carried out on the values using the procedure adopted by
(Tucker, 2003).

Result

Facies Analysis
Facies St: Trough crossbedded sandstone facies

This lithofacies composes of medium — very coarse grained sandstone, dominantly
moderately sorted with sub-angular to sub-rounded grains, ranging in thickness from 1-1.5 m.
They commonly compose of erosional basal boundaries typically associated with mudclast and
dominantly bioturbated (Fig.3a). This lithofacies was interpreted to have formed from migrating



sinuous 3-D dunes that stack up to generate bar forms in channel (Plint, 1983; Boggs 1995;
Miall, 1978, 1996, 2010).

Fig.3a trough crossbedded sandstone, b) massive bedded sandstone, c¢) planar crossbedded sandstone,
d) ripple laminated sandstone, e) mudstone,

Facies Sm: Massive sandstone facies

The massive sandstone facies are well sorted with fine — medium grained sandstone that
are commonly bioturbated. It ranges between 10-50 cm in thickness and commonly associated
withripple laminated sandstone facies (Sr) (Fig.3b). This facies is generally deposited as plane
beds in lower flow regime and/or rapid sedimentation due to high deposition rates with no
preservation of sedimentary structures. It is commonly deposited on bars by stream floods and
mostly associated with channelized flood flows around bars (Miall, 1978, 2010).

FaciesSp: Planar crossbedded sandstone facies



This lithofacies composed of fine — medium grained sandstone with sub — rounded to
well-rounded grains and overlain trough crossbedded sandstone facies with thicknesses in the
range of 20-50 cm, individual foresets ranged from 5 mm-20 mm and they are commonly
bioturbated (Fig.3c). This lithofacies was interpreted to have been produced from migration of 2-
D dunes or sheet loading and/or interpreted as transverse bars formed under lower flow regime
(Tucker, 2003; Miall, 2010).

Facies Sr: Ripple laminated sandstone facies

The ripple laminated sandstone facies compose of fine—very fine grained sandstone that
are well sorted with well rounded grains. Thicknesses ranges from 5-20cm and it is mostly
associated with mudstone facies andmassive bedded sandstone facies (Fig.3d). Asymmetrical
forms commonly dominate and they are mostly bioturbated. This facies forms either when the
water surface showlittle disturbance, or when water waves are out of phase with bedforms during
lower flow regime, or forms through migrating current ripples, under lower flow regime (Miall,
1996; 2010).

FaciesFm: Mudstone facies

This lithofacies is dominantly grey and commonly bioturbated with thicknesses ranging
from 60cm to 1m. It is usually interbedded with ripple laminated sandstone facies (Sr) and
massive sandstone facies (Sm) or define the base of trough crossbedded sandstone facies
(Fig.3e). This facies forms under environmental conditions where sediments are abundant and
water energy is sufficiently low to allow settling of suspended fine silt and clay. They are
characteristic of marine environment where seafloor liecs below the storm base, but can form in
lakes and quite part of rivers, lagoons, tidal flat and deltaic environment (Tucker, 2003; Boggs,
2006).

Sedimentary Facies Characterization

The stratigraphic packages of the tidal channel sequences is composed of amalgamated lenticular
sandstone dominated units composed displaying fining upwards cycles of 4-11 m. Sequences
are dominantly host cross-stratified sandstones, composed of predominantly fine grained, well
sorted with well-rounded grains (Fig.4). Lowermost contact are generally erosional (Fig.4),
typically superposed by compound cross-stratified sandstones consisting of dominant presences
of planar crossbeddedfacies (Sp) and limited trough crossbedded sandstone facies (St) having
successive foreset sets accreting up or down dip at high angles of 23-36° (Fig.4). Bipolar patterns
with often herringbone cross-stratification are very common (Fig.4), but however unidirectional
sets dominate, and are mostly arranged with progressively decreasing thickness upwards.
Intermittently, asymmetrical ripples mark the surfaces of these cross-stratification with
occasional bidirectional current laminations. Heterolithic assemblages typically succeeds this
succession and composes of intercalated to interbedded very fine grained sandstone and
mudstone sequences of 3—7 m thick (Figs.4). The sandstone intervals are 10-30 cm thick and
consists dominantly of massive, ripple-parallel laminated facies units (Sm, Sr and Sl) and few
planar crossbeddedfacies (Sp) exhibiting predominantly sharp boundaries that are locally
erosional. Mudstone facies (Fm) horizon are usually thin (2—10 cm), thicker units of up to 30—40
cm are common, but laterally impersistent. This grades into densely bioturbated mudstone facies
(Fm) 1-1.5 m thick, locally intercalated with siltstone, carbonate concretion, rare traces of
caliche nodules and rootlet structures. Bioturbation varies from moderate-dense and composes of



Ichnofacies suites of Diplocraterion, Thalassinoides, Planolites, Ophiomorpha and Skolithos.
Paleocurrent directions evaluation from cross-strata and ripple cross-laminations indicated a
dominantly strong south-westerly to north-westerly pattern, varying between 260-300°.
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Fig. 4.Lithostratigraphic section of the Yolde Formation at Gamajigo village



Discussion

This facies architectural stratal consisting of erosional base, fining and thinning upward
successive sequences dominated by cross-stratified planar to trough units having locally
disseminated mud-drape and bipolar attributes are strong indication of tidal channel deposition
(Plink-Bjorklund, 2005; Ainsworth et al., 2011) which develop most commonly in estuaries and
tide dominated deltas . These large scale accretion units plus the compound cross-stratifications
are product of bar migration or compound dunes (Dalrymple and Choi, 2007), in which discrete
accretion surface represents earlier barform positions (Miall, 1996; Dalrymple, 2010). The
dominant basal sandbodies of the compound cross-stratified sandstone are product of a 3-D dune
migration on tide influenced bars (Dalrymple and Chio, 2007), whereas the less frequent trough
cross-stratified units summands from tractional current as a consequence of migration of 3-D
dunes (Els and Mayer, 1988; Miall, 2010). Rarely superimposed ripple cross-laminations with
relatively abundant reflect depositional account relating to a phase of weak erosion and poor
development of slack-water periods(Dalrymple and Chio, 2007). Bidirectional current systems
varying in intensities in these lenticular cross-stratified units, display records of approximately
equal reversal strength, hosting coexistences of a dominant and subordinate current of opposing
trend (e.g. Plink-Bjorklund, 2005). The overlying interval intermittently inclined heterolithic
assemblages of sandstones and mudstones are considered representative of tidal cycles (Bridges
and Leeder, 1979) reflective of lateral accretion deposits that are usually synonymous to tidal
point bars. This evidently suggests prevalence of highly sinuous tidal channel than low sinuous
types because of their common occurrence (e.g. Plink-Bjorklund, 2005). Wide variety and
density of trace fossil assemblage are largely function of complex interactions of varying
environmental and depositional conditions (Van Cappelle et al., 2017). The diverse suites mostly
fall into Skolithosichnofacies, presenting a coastal physiography with tidal channel extending
into the open sea, where vertical burrows therein reflect a stressed hydrodynamic regime
(MacEachen and Bann, 2008).

Conclusion

The facies assemblage in the stratigraphic architecture of the Yolde Formation at Ngroje village
in Gongola Sub-basin of the Northern Benue Trough indicated the presence of tidal channel
complexes. This is depicted by bioturbated fining upward cycle characterized by trough
crossbeds with erosional contact at base transitionally grading into sandstone and mudstones
interbeds defined by planar crossbeds, massive beds and ripple laminations capped by
mudstones. This profile reflects a dissipating energy regime akin to landward trajectory of
coastal system. A manifestation vividly reflected in the Skolithosichnofacies assemblage
indicating a coastal zone where vertical burrows therein reflect a stressed hydrodynamic regime
and indicating extension of tidal channel into the open sea. Therefore, the Yolde Formation at
this locality herein presents a coastal physiography where tidal channel are directly connected to
the advancing Cenomanian sea through the Gulf of Guinea in the Gongola Sub-basin.
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