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Abstract

This study presents the pattern of geochemical and sedimentological variability of the Albian to Cenomanian
Upper Bima sandstone in Upper Benue Trough, NE Nigeria. The intent is to apply sedimentological
investigations and major element concentrations of the upper Bima sediments (fine grained sandstones) in order
to reveal source area weathering, provenance and tectonic setting of inferred source areas. The investigation
approach involved field studies and collection of samples from different outcrop locations, followed by
laboratory studies involving grain-size analysis (GSA) and major elements analyses using the Atomic Absorption
Spectroscopy (AAS) method. Field studies show that the sandstones are indurated with evidence of soft-
sediment deformation and range in color from white in fresh sample to reddish brown on weathering. In addition,
the sandstone units are cross-bedded and show graded bedding exemplified by fining upward sequence. Textural
examination indicates that the sandstones range from fine to medium to coarse grained, with graphic mean grain
size of 0.16 to 2.21 mm. Standard deviation (sorting) ranges from 0.98 to 1.77@ and implies moderately sorted to
poorly sorted sediments. Inferred from the textural indices, the depositional environmental discrimination of the
Bima Sandstone revealed a fluvial/river system-dominated sedimentary process. In addition, major elemental
oxides show SiO, content greater than 75% for the Upper Bima Sandstone samples with depletion of mobile
oxides such as Na,O, CaO and K,O through weathering and other sedimentary processes. On the basis of the
major elements, the sandstones are classified as sublitharenite, and arkose types. Provenance and tectonic setting
discrimination using geochemical data revealed typical felsic igneous-dominated cratonic environment while
ternary plots (e.g. Si0/20 - K20+Na,O - TiO,+Fe,0;+MgO) reflect passive continental margin setting for the
Bima Sandstone. Tectonic setting discrimination diagrams based on major elements suggest a granitic
provenance in a passive continental margin. Consequently, the source area is constrained to the Precambrian
basement rock units of Adamawa areas to the north and southern parts of the Yola Basin. The Chemical Index of
Alteration (CIA, average 79.63) reflects intense degree of chemical weathering in a tropical wet climate, and an
A-CN-K plot suggests an upper continental crust provenance dominated by felsic to intermediate igneous rocks
(tonalite, granodiorite and granite) of average granitic composition.
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1. Introduction

Geochemical and sedimentological studies of sedimentary rocks can reveal the nature of source regions, the
tectonic setting of sedimentary basins, and palacoclimate conditions (Dickinson and Suczek, 1979; Valloni and
Mezzardi, 1984; Bhatia and Crook, 1986; McLennan et al., 1993; Armstrong-Altrin et al., 2004). Although some
geochemical ratios can be altered during weathering (through oxidation) (Taylor and McLennan, 1985) and/or
diagenesis (Nesbitt and Young, 1989; Milodowski and Zalasiewicz, 1991), as long as the bulk composition of a
rock is not totally altered, geochemical analysis is still an invaluable tool in the study of sandstones (McLennan
et al., 1993). Major element discrimination diagrams (e.g., Bhatia, 1983) have been used to discriminate the
tectonic settings of sedimentary basins and this approach has been reported in various publications (e.g.,
Kroonenberg, 1994; Zimmermann and Bahlburg, 2003; Armstrong-Altrin et al., 2004); although, caution is
required in their indiscriminate use (Armstrong-Altrin and Verma, 2005). The most important clues for the
tectonic setting of the basin comes from the relative depletion of oxides like CaO and Na,O (the most mobile
elements) and enrichment of SiO, and TiO, (the most immobile elements), among others. These oxides are
assumed to show enrichment or depletion in quartz, K-feldspar, micas, and plagioclase. The ratio of the most
immobile elements to the most mobile ones increases toward passive margins due to the relative tectonic
stability (Bhatia 1983; Kroonenberg 1994; Roser and Korsch 1986; Zimmermann and Bahlburg, 2003;
Armstrong-Altrin et al., 2004) and hence prolonged weathering. This can be recorded in sediments as palaeo-
climate index (Nesbitt and Young, 1982; Harnois, 1988; Chittleborough, 1991) and high degree of sediment
recycling.
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The Cretaceous to Tertiary Upper Benue Trough has been well studied (Cater et al., 1963; Cratchley and Jones,
1965; Benkhelil, 1989; Braide, 1992a, b, c; Guiraud, 1990; Akande et al., 1998; Ojo and Akande, 2001; Samaila
et al., 2008). While most of the publications aforementioned focused on regional geologic studies, only a few
discussed upper Bima sandstone (Braide, 1992a and c; Etobro and Ejeh, 2007; Samaila et al., 2008) and non on
tectonic provenance and source area weathering based on major element geochemistry and sedimentology have
been reported. In this study, we present geochemical data from the area close to Girei, around Wuro Dole and
environs obtained from field geological mapping and analysis of surface sandstone exposures. These data were
used for reconstructing the parent rock assemblages of these sandstones, their tectonic provenance, source area
weathering and the physiographic conditions under which these sediments deposited.

2. General Geology of the Benue Trough

The Benue Trough is a NE-SW trending sedimentary basin, which extended from the Niger Delta to the Chad
Basin, consisting of about 5000m of Cretaceous sediments (Fig.1). The Benue Trough is divided into Lower,
Middle and Upper sections. The Upper Benue Trough bifurcates into a Gongola branch, striking N-S into Lake
Chad, and an E-W Yola branch trending towards Yola and into Cameroon, along River Benue (Samaila et al.,
2008). A detailed description of its tectonic setting, sedimentary and tectonic phases are given by Benkhelil,
(1989). Carter et al., (1963) gave a vivid account of its geology. The Benue Trough is flanked on either side by
crystalline rocks of the Nigerian Basement Complex composed of mainly of Precambrian to Early Paleozoic
granites and gneisses (Cratchley and Jones, 1965; Offodile, 1976; Petters, 1982; Petters and Ekweozor, 1982)
(Fig.1). The origin and tectonic evolution of the Upper Benue Trough has been reported by workers such as
Benkhelil, (1989); Guiraud, (1990) and Braide, (1992a and b); stating that this part of the basin is structurally
more complex than the middle and lower parts of the Benue Trough. Multiphase extension initiated during the
Lower Cretaceous in relation to the opening of the south Atlantic made the Benue Trough to be a part of passive
continental margin.

The Bima Sandstone, an entirely continental formation throughout the Upper Part of the Benue Trough, is the
basal part of sedimentary succession (Samaila et al., 2008). The sandstones, interpreted to be of alluvial fan to
braided river origin (Benkhelil, 1989; Guiraud, 1990) lies unconformably on the Precambrian Basement
Complex rocks (Fig. 2). A change from periods of tectonic activity to stable conditions was reflected from an
upward textural and compositional maturation of grain size (Guiraud, 1993). The Bima Sandstone was
subdivided into Lower, Middle and Upper Bima by Carter et al, (1963). Guiraud, (1990) gave the
lithostratigraphic terms,B;, B, and Bj; to informally denote the major units of sediments formed in direct
relationship with tectonic events that took place during Early Cretaceous times (Fig. 2). The lower Bima, B, is
the oldest, coarse grained and the thickest sedimentary unit in the Upper Benue Trough. The middle Bima, B, is
gravelly and also comprised of coarse grained sandstone separated at its base by a regional unconformity from
the lower Bima B,. The youngest unit, the Upper Bima (Bj3), consists of cross-bedded sandy deposits and showed
evidence of pre-consolidation or soft-sediment deformation (Samaila et al., 2006).

The Yolde Formation (Cenomanian to Turonian) rests on the Bima sandstone and it’s succeeded by the marine
Turonian to Campanian Pindiga and Gongila Formations in the Gongola sub-basin and its lateral equivalents, the
Dukul, Jessu and Numanha Formations in the Yola sub-basin. The successions are overlain by the Campanian to
Maastrichtian Gombe sandstone in the Gongola sub-basin and Lamja sandstone (lateral equivalents) in the Yola
sub-basin (Carter et al., 1963). The Tertiary Kerri-Kerri Formation capped the succession west of Gombe in the
Gongola sub-basin.

This work focuses attention on the Yola arm of the Benue Trough which is believed to have been formed from
fault tectonics (Braide, 1990a). The study area lies within the region bounded by latitudes 9°17°45” to
9°23’00”N and longitudes 12° 35* 30” to 12° 41’00”E (Fig.3).

3. Methods

A geological field survey of the study area involved collection of 30 representative samples from different
locations within the exposed areas of the Upper Bima Sandstone in the Upper Benue Trough as shown in figure 3.
This is in addition to the logging of the lithostratigraphic profiles of the exposure at the different sampling
locations.

Sequel to the field mapping exercise, the first phase of the laboratory studies involved granulometric or grain
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size analysis (GSA) conducted at the sedimentological laboratory of the Department of Geology, Delta State
University, Abraka, Nigeria. The second phase involved major elements geochemical analysis which was carried
out at the Central Laboratory of the Obafemi Awolowo University, Ile-Ife, Nigeria.

For the GSA, fifteen samples were selected, sun-dried and disaggregated. The samples were later weighed and
sieved for particular size distribution following standard laboratory procedures using an automated Ro-tap shaker
machine. From the GSA results, statistical parameters (Table 1) were obtained from plotted cumulative
frequency curves. These statistical parameters include: graphic mean, standard deviation (sorting), graphic
skewness, and graphic kurtosis; determined based on the concept of Folk and Ward (1957) and Folk (1974).

Chemical analyses (major elements) of twelve selected samples (fine sandstones were selected because they are
likely to provide better geochemical results than the coarser grained rocks) were performed by Atomic
Absorption Spectrophotometer (AAS) technique. Data evaluations of the geochemical information obtained in
this study include estimations of elemental ratios and cross plots (for the assessment of compositional
characteristics), evaluations of weathering indices (for the assessment of source area weathering conditions),
ternary and discriminant plots (for assessment of provenance and tectonic setting). For example, in order to use
major elements for provenance interpretations the discrimination diagram of Kroonenberg (1994), which used
Si10,/20- K,0+Na,O - TiO+Fe,05t+MgO contents as variables was employed.

4. Results and Interpretations

4.1 Granulometric and Textural Studies

Results of the estimated textural and statistical indices are presented in Table 1. As stated in table 1, the Bima
sandstone falls mainly within the medium to coarse sand range. This is indicated by the graphic mean of 0.16 to
1.9 phi; with the exception of the samples WD4 and WDS51, having graphic mean of 2.21 and 2.0 phi
respectively which implied fine sand. The inclusive graphic standard deviation (sorting) ranges from 0.98 to 1.77
phi suggesting a wider range poorly sorted to moderately well sorted sand. Inclusive graphic skewness ranges
from -0.16 to 0.58 (average 0.07) implying nearly symmetrical to strongly fine skewed arrangement while
graphic kurtosis ranged from 0.60 to 3.40phi (average 1.61) and suggest very platykurtic through extremely
leptokurtic.

4.2 Major Element Distributions

The results of the major elements for the Bima sandstone samples are presented in Table 2, alongside with the
weathering indices. The results were compared to average sandstone worldwide (Pettijohn, 1963; Potter, 1978,
Osae et al., 2006) and sandstone from other parts of Nigeria (Tijani et al., 2010). As indicated in Table 2, the
analyzed samples are dominated by silica with 74.18 to 78.20 wt. % SiO,, while Al,O; and Fe,O; ranged from
12.70 to 17.49 wt. % and 3.61 to 5.53 wt. % respectively. K,O and Na,O ranged 2.11 to 2.89 wt. % and 0.90 to
1.50 wt. % respectively. Other major oxides (TiO,, MnO, MgO, CaO and P,0s are either equal to one or
generally below 1.0 wt. %. However, the samples, though with similar chemical trends exhibit elevated
concentrations of Al,O5 (12.70 to 17.49 wt. %) and Fe,O; (3.61 to 5.53 wt. %), which are clear indications of
weathering processes. This is clearly supported by the low SiO,/Al,O; ratio of 4.24 to 6.6 (Table 3). A
logarithm plot of ratios (SiO./Al,O;) against (Na,O/K,0) revealed that the Bima Sandstone samples are
litharenite with a few arkose according to the diagram of Pettijohn et al., (1972) (Fig. 4). These lithic-arenite
and arkose were deposited under a continental fluvial environment as deduced from GSA plots (Fig. 5).

5. Discussion and Inferences

5.1 Texture statistical parameters and Depositional Environment

The statistical parameters from textural studies of clastic sedimentary rocks are useful tools in sedimentology for
revealing the transportation history, sedimentary processes as well as the characteristics of the depositional
environments (Folk and Ward, 1957; Folk, 1974; Friedman, 1967; 1969; Olugbemiro and Nwajide, 1997). For
this study, plots of simple skewness against standard deviation (sorting) (Fig. 5SA), as well as that of mean grain
size against standard deviation (Fig. 5B) clearly shown that the Bima sandstone samples are of river sand and of
fluvial origin, based on the concept of Friedman (1969) and Folk (1974) respectively.

5.2 Geochemistry and Tectonic Provenance

The major element geochemistry of the Bima Sandstone samples (Table 2) is discussed in terms of ternary plot
and discrimination diagram to characterize the tectonic setting as proposed by Bhatia (1983) and Kroonenberg
(1994). The ternary plot comprised of (Si0,/20) — (K,O+Na,O) — (TiO,+Fe,O; + MgO) according to
Kroonenberg (1994) (Fig.6). In this diagram (Fig.6), the majority of the Upper Bima Sandstone samples plot on
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field D with a few tending toward field C, active continental margin. The field D is equivalent to a passive
continental margin tectonic setting (Bathia, 1983). However, the few Bima Sandstone samples tending towards
field C are as a result of slight secondary K,O + Na,O enrichment probably related to diagenesis from an active
margin input, probably the Cameroon volcanic line.

5.3 Geochemistry, Source Area Weathering and Climate Indices

Weathering of rocks results in depletion of alkalis and alkaline earth elements and preferential enrichment of
ALO; (Cingolani et al., 2003). Therefore, weathering effects can be evaluated in terms of the molecular
percentage of the oxide components, using the formulae of chemical index of weathering (CIW = [Al,O3/ (Al,O4
+ CaO* + Na,O] x100; Harnois, 1988) and chemical index of alteration (CIA) = [Al,O3/ (Al,O3 + CaO* + Na,O
+K,0] x100); (Nesbitt and Young, 1982). CaO* represents Ca in silicate minerals only (excluding calcite,
dolomite, and apatite, Fedo et al.,1995) which are incidentally not present in the fluvio-continental Bima
sandstone and also indicated by the very low content of CaO (0.05- 1.10 wt.%; Table 2). The CIW of Harnois
(1988) is similar to the CIA with the exception of K,O that is excluded from the equation. The CIA and CIW are
often interpreted using similar approach, such that values of about 50 are for fresh or unweathered upper crust
materials and about 100 for highly weathered residual soils with complete removal of alkali and alkaline earth
elements (McLennam et al., 1983; McLennam, 1993; Mongelli et al., 1996). CIA values between 50 and 60
indicate a low degree of chemical weathering, between 60 and 80 moderate chemical weathering, and values
greater than 80 indicating extreme chemical weathering (Fedo et al., 1995). The CIA is also a very useful tool for
providing a semi-quantitative assessment of palaeoclimate in the source area because a large amount of
aluminous clay minerals generally forms by intense chemical weathering under tropical conditions and gives
CIA values of 80 -100 (Tang et al.,2012). In contrast, under glacial environments where abrasion is dominant
over chemical weathering, common CIA values range from 50 to 70 (Nesbitt and Young, 1982).

For this study, the calculated CIA and CIW values (Table 2) ranged 75.24 to 83.33 and 85.31 to 93.53
respectively. The calculated CIA values of the studied samples (75.24 to 83.33; average 79.63; Table 2 and Fig.7)
indicated that the source area may have been subjected to a moderate to extreme degree of chemical weathering
under tropical conditions with relatively abundant rainfall.

Molar proportions of Al,O; (A), CaO*+Na,O (CN) and K,O in the Albian to Cenomanian Upper Bima sandstone
samples are plotted in A-CN-K compositional space (Fig.7) after Nesbitt and Young (1984, 1989) to estimate
trends of chemical weathering and source rock compositions. Weathering trends might be predicted to be parallel
to the A-CN join during the initial stages because Na and Ca are removed by chemical weathering of plagioclase
feldspars as shown by solid arrow in Figure 7. As weathering continues, K-feldspars should also have been
weathered releasing K and shifting the residual composition towards the Al,O5 apex. Also, the actual trend of the
Upper Bima sandstone samples (dotted line) is sub-parallel to the A-CN join towards the compositions of Al,O;,
almost similar to the predicted weathering trend (solid arrow). This slight divergent trend was possibly caused by
potassium metasomatism (Fedo et al., 1996, 1997) or K,O enrichment during the sedimentary process. An
additional advantage of the A-CN-K ternary plot is that it enables estimation of source rock compositions by
backward projection (see solid arrow in Figure 7) of the samples to a point on the feldspar line (PI-Ks). The
intersection point provides an approximate ratio of plagioclase to K-feldspar in the source rock. Figure7 shows
that the weathering trend suggests a range of tonalitic to granodioritic to granitic provenances. These may be
related to the Precambrian Basement complex of Nigeria flanking the SE and NW part of the study area. It can
be deduced from these lines of evidence that the Upper Bima Sandstone evolved from the weathering of the
Basement Complex rocks. This consists of sediments derived from the Basement Complex rocks before and
during Albian times in response to uplift and weathering.

6. Conclusions

Sedimentological statistical data revealed that the Bima Sandstone range from fine to coarse grained and
deposited under a fluvial environment or a river system. The tectonic provenance of the Upper Bima sandstones
of Upper Benue Trough in northeastern Nigeria has been assessed using major element geochemical studies.
Geochemical characteristics suggest that these sediments are litharenitic and arkosic sandstones. Chemical Index
of Alteration (CIA) values indicate that the source area underwent moderate to intense chemical weathering in a
tropical climate, and an A-CN-K ternary diagram suggests a tonalitic to granodiorite to granitic source
compositions. Major element compositions suggest two possible tectonic settings: a dominant passive
continental tending towards a lesser active continental margin. If this is correct, the Albian to Cenomanian
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sediments of the Upper Bima were probably deposited in a passive basin situated close to an active continental
margin (the Cameroon volcanic line). Using published data and geochemical data from this study, it can be
concluded that the Nigerian Basement Complex rocks located in the northern and southern parts of the study area
are most likely to have supplied source materials to the Yola Basin prior to and during the Albian to time as
result of uplift and weathering.
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Table 1: Result of the Statistical Parameters obtained from the Grain Size Analysis of some selected Sandstones

of the Upper Bima.
Sample Graphic Standard Skewness  Kurtosis Interpretation
Number Mean Deviation
WD4 221 1.59 0.03 3.40 Fine grained, poorly-sorted nearly symmetrical, extremely
Leptokurtic sandstone.
WD8 1.57 1.13 -0.10 1.94 Medium grained, poorly sorted, nearly symmetrical, very
leptokurtic sandstone.
WD13a 0.61 1.45 0.44 1.83 Coarse grained, poorly sorted, strongly fine skewed, very
leptokurtic sandstone.
WD18b 0.25 1.61 0.12 1.23 Coarse grained, poorly-sorted, near symmetrical, very
Leptokurtic sandstone.
D24 1.94 1.68 0.32 1.75 Medium grained poorly-sorted, nearly symmetrical, very
Leptokurtic sandstone.
D26 1.30 1.45 0.00 1.82 Medium grained poorly-sorted, nearly symmetrical, very
Leptokurtic sandstone.
D28c 0.16 1.16 -0.05 1.41 Coarse grained, poorly sorted, fine skewed, very leptokurtic
sandstone
D30 0.82 1.13 0.08 1.14 Coarse grained, poorly-sorted, nearly symmetrical,
Leptokurtic sandstone.
D31 1.57 1.20 0.58 1.71 Medium grained, poorly sorted, strongly fine skewed, very
leptokurtic sandstone.
WD35 1.52 1.25 -0.16 1.50 Medium grained, moderately sorted, coarse skewed, very
leptokurtic sandstone.
WD44 1.08 0.98 -0.11 1.46 Medium grained, moderately sorted, coarse skewed, very
leptokurtic sandstone.
WD46b 1.38 1.77 0.35 1.84 Medium grained, poorly sorted, strongly fine skewed, very
leptokurtic sandstone.
WD47 0.79 1.50 0.38 1.42 Coarse grained, poorly sorted, strongly fine skewed, very
leptokurtic sandstone.
WD50 1.34 1.27 -0.16 1.15 Medium grained, poorly sorted, coarse skewed, leptokurtic
sandstone.
WD51 2.00 1.62 -0.16 0.60 Fine grained poorly-sorted, coarse skewed, very platykurtic
sandstone.
Average 1.24 1.39 0.07 1.61 Medium grained poorly-sorted, nearly symmetrical, very

Leptokurtic sandstone.

Table 2: Results of the Major Elements Analyses along side their Weathering Indices.

Sample No. SiO, ALO; Fe,03 TiO, MnO MgO CaO Na,O K,O(%) P,Os Total %CIA  %CIW
(%) (%) (%) (%) (%) (%) (%) (%) (%)

D3 7571 1694  3.61 0.07  0.05 0.16 0.07 1.23 2.13 0.02 9999 83.16 92.87

D7 74.18 1749  4.19 0.08 0.15 0.15 0.13  1.23 2.14 0.01 99.75  83.33 92.79

D8 7552  16.10  5.00 0.06  0.05 0.12 0.05 1.13 2.13 0.01 100.2 8295 93.17

D9 75.13 1559 553 0.07  0.04 0.14 0.08 1.24 2.11 0.03 9996 8197 92.19

D10 7541 1585  5.05 0.07  0.05 0.11 0.08 1.22 2.13 0.02 9999 8221 92.42

D11 7791 1329 446 0.07  0.05 0.15 0.08 1.17 2.12 0.04 9934 79.77 91.40

WD35 7520 15.10  4.40 0.10  0.10 0.10 1.10  1.50 2.37 0.03 100.0  75.24 85.31

WD7 74.80 1490  5.20 0.10  0.10 0.10 0.70  1.20 2.79 0.01 99.90  76.06 88.69

WDI19 77.00 13.80 4.50 020 0.10 0.30 0.10  1.30 2.59 0.01 99.90 77.57 90.79

WD50 75.80 1520  3.90 0.10  0.10 0.10 0.90 1.10 2.89 0.01 100.1  75.66 88.37

WD438 76.70 1445  4.80 0.10  0.10 0.20 0.10  0.90 2.48 0.02  99.90 80.59 93.53

WDI13 7820 1270  5.10 0.10  0.10 0.10 040  1.00 2.39 0.01 100.1  77.02 90.07

Modern Big Rivers 8530 745 2.76 0.78  0.05 1.02 .12 0.23 1.14 0.02

(Potter,1978)

Arkose (Pettijohn, 1963) 80.20 9.04 2.37 0.31 0.28 0.52 2.81 1.56 291 0.10

Buem sandstone Ghana (Osae et  94.52  0.20 3.34 0.01 0.02 0.08 0.11 0.05 - 0.44

al.,2006)

Ajali  sandstone (Tijani er 78.8 10.5 3.25 1.03  0.01 0.04 0.01  0.01 0.03 0.06 99.5 99.8

al.,2010

%CIA: Chemical Index of Alteration has been calculated according to Nesbitt and Young (1982) = AL,O3/(Al,03+Na,0+K,0+Ca0O) X100
%CIW: Chemical Index of Weathering has been calculated according to Harnois (1988) = AL,Os/(Al,03+Na,0+CaO*) X100
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Table 3: Profiles of Selected Elemental Ratios of the analyzed Bima Sandstone

Sample S102/A1203 N320/K2O F9203/K20 K20/A1203 K20/N32O

No.

D3 4.47 0.58 1.69 0.13 1.73

D7 4.24 0.58 1.96 0.12 1.74

D8 4.69 0.53 2.35 0.13 1.89

D9 4.82 0.59 2.62 0.14 1.70

D10 4.76 0.57 2.37 0.13 1.75

D11 5.86 0.55 2.10 0.16 1.81

WD35 4.98 0.63 1.86 0.16 1.58

WD7 5.02 0.43 1.86 0.19 2.33

WDI19 5.58 0.50 1.74 0.19 1.99

WD50 4.99 0.38 1.35 0.19 2.62

WD48 5.31 0.36 1.94 0.17 2.76

WDI13 6.16 0.42 2.13 0.19 2.39
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Figure 1: Map of Nigeria showing the study area, main geographical and stratigraphic units
of the Benue Trough and its surroundings: (1) Tertiary volcanic; (2) Quaternary and Tertiary
sediments; (3) Cretaceous sediments; (4) Basement complex (After Benkhelil, 1989).
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Figure 2: Bima Group generalized lithostratigraphical profile (Modified after Guiraud, 1990).
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Figure 3: Location Map of Study Area.
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Figure 4: Chemical classification of samples from the Bima sandstone on log(Si02/Al,05
versus log(NayO/K,0) diagram of Pettijohn et al. (1972).
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Figure 5: Depositional environmental discrimination of the Bima sandstone: A-
Simple Skewness against Standard Deviation. B- Mean Grain Size against Standard
Deviation.
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Figure 6: Plot of Major Element Composition of the Bima Sandstone on the tectonic setting
discrimination diagram of Kroonenberg (1994). Field labels: A=Oceanic island Arc;
B=Continental island Arc; C=Active continental margin; D= Passive margin.
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Figure

7: A-CN-K ternary diagram of molecular proportion of AL,O3- (CaO*+Na,0)-K,0 for

Bima Sandstone (Nesbitt and Young, 1984). The CIA scale shown at the left side of the figure
for comparison. Ideal compositions of minerals labeled: Pl, Plagioclase; Ks, K-feldspars; Il,
illite; Mu, Muscovite; Sm, Smectite; Ka, Kaolinite; Gi, gibbsite; Ch, Chlorite. Solid arrow
indicates the actual weathering trend for the samples. Stars: average compositions of gabbro
(A1), tonalite (A2), granodiorite (A3), granite (A4), A-type granite (A5) and charnockite (A6)
from Fedo et al. (1997). Solid arrow indicates the predicted weathering trend for tonalite;

dotted

arrow shows the actual weathering trend for the samples.
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