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Abstract

Major and trace elements, mineralogy as well as the total organic content of
the Upper Cretaceous-Paleocene Marine Series of the Iullemmeden basin in
Niger were determined in order to assess their composition, the chemistry of
the paleoenvironment and the nature of the parent crystalline rocks that they
evolved from. The major and trace elements were analyzed using a Bruker
Tracer IV energy-dispersive hand held X-ray fluorescence spectrometer, the
mineralogical analyses were done using a Bruker AXS D8 Discover, while the
total organic carbon was calculated by subtraction of inorganic carbon from
the total carbon, determined using a CM5014 coulometer (UIC, Joliet, IL,
USA) and a LECO SC-144DR instrument. Geochemical indices calculated
from major oxides such as CIA, PIA, ICV and CIW have been computed and
the results show that the Marine Series are made essentially of clay minerals
of the smectite group (montmorillonite), quartz and other accessory minerals
like rutile and calcite. Computed ratios of some trace elements such as V/(V +
Ni) and V/(V + Cr) showed that the paleoenvironment was dysoxic-oxic and
the low values (<2) of the Total Organic Carbon found in the sediments are
justified by those poor preservative conditions. Based on Al,O,/TiO, ratios,
the sediments were derived from intermediate to acidic igneous rocks sur-
rounding the basin.
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1. Introduction

The Marine Series constitutes one of the three major lithostratigraphic groups of
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the Iullemmeden Basin which is a large intracontinental depression overlying a
buried rift system. It is bordered to the north by the igneous masses of Adrar des
Iforas, the Hoggar and Air Mountains; to the south by the Eburnean Basement;
to the east by the Air-Damagaram Mounio axis and communicating to the west
with the Taoudeni Basin (Figure 1). The marine Series is stratigraphically found
between the Continental Intercalaire group at the base and the Continental Ter-
minal group at the top. Formed during a series of Upper Cretaceous-Lower Ter-
tiary marine transgressions, it is characterized by an alternating sequence of
claystones/shales and limestones globally attributed to climatic oscillations ra-
ther than sea level fluctuations: long periods of deposition of shales with sec-
ondary gypsum formed as a result of sulfide evolution, separated by relatively
brief episodes of oxygenation (Mathey et al., 1991). Previous studies on the series
include those of Boeckh (1965), Greigert (1966, 1979), Greigert & Pougnet
(1967), Brodbeck et al. (1987), Dikouma et al. (1987), Dikouma (1990), Mathey
et al. (1991), Kogbe (1981), Meister et al. (1992), and Alzouma (1994). Most of
these works placed emphasis on the biostratigraphy and facies description of the
formations.

Less has been published on the geochemistry and mineralogy of the rocks,
specifically in the Dakoro region, where the basal part of the Marine Series oc-
cupies a Cenomanian-Turonian cuesta. In this region, a toxic gas has been re-
ported (Greigert, 1979) to emanate from the Marine Series, resulting to the death
of some people in the course of digging water wells. Brodbeck et al. (1987)
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Figure 1. Location map of the iullemmeden basin (Modified from Alzouma (1994)).
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advanced the notion that the gas could be hydrogen sulfide (H,S) as a result of
bacterial sulfate reduction, methane (CH,) from anaerobic decomposition of or-
ganic matter, or carbon dioxide (CO,) from aerobic oxidation of organic matter
and pyrite. Moumouni & Fryar (2017) investigated on groundwater from some
dug wells and boreholes and sediments of the Marine Series. They found out the
presence of high acetate concentrations, low SO,-S relative to total S, and/or a
rotten-egg odor, all of which are consistent with reduction of SO to H,S.

This study aims at assessing the composition, depositional paleoenvironment
of the Marine Series and deduces the parent rock types that they originated
from. This is carried out through determination of major and trace elements,
mineralogy. The total organic carbon (TOC) is also determined in order to link
the preservation of the organic matter with the chemistry of the sediments.
Many factors influence sediment composition, including source rock composi-
tion, chemical weathering, climate, transport, burial, and diagenesis. Pettijohn
(1975) and Graver & Scott (1995) stated that shales retain most of the mineral
constituents of the source and their bulk chemistry preserves the near-original
signature of the provenance much better than any other siliciclastic rock. Prov-
enance, depositional palaeoenvironments, and paleoweathering conditions of si-
liciclastic rocks have been studied using geochemical ratios and indices such as
Al,0,/8i0,, Al,0,/Ti0O,, K,0/AL0O;, K,0/Na,0, TOC/S, CIA (chemical index of
alteration), PIA (plagioclase index of alteration), ICV (index of compositional
variability), and CIW (chemical index of weathering). Examples include Dick-
inson & Suczek (1979), Bhatia (1983), Bhatia & Crook (1986), Roser & Korsch
(1986), McLennan & Taylor (1991), Cox et al. (1995). Suttner & Dutta (1986)
successfully used SiO, versus (AL,O; + K,O + Na,O) to assess the paleoclimatic
conditions of fluvial sandstones in the Cutler Formation (Permian) and Foun-
tain Formation (Permian-Pennsylvanian) in Colorado and in the Gondwana

Supergroup (Permian-Triassic) of Peninsular India.

2. Geologic History and Setting

During the Upper Cenomanian-Mid Turonian/Senonian, the first Cretaceous
marine transgressions invaded the area from the north and the calcareous sand-
stones, fine sandstones, and gypsiferous, glauconitic, and fossiliferous shales of
the Marine Series were deposited. These deposits show rapid facies changes and
typify a detrital continental-platform style of sedimentation, following a general
transgression interrupted by a brief regressive episode (Kogbe, 1981). Each indi-
vidual transgression overlapped the preceding one in a south-westerly direction
(Figure 2). The detritic fraction (here sandstones) might have occurred from the
alteration of the underlying continental deposits. As described by Brodbeck et al.
(1987), the lower part of the Marine Series in the Dakoro area consists of ~10 m
of thick gray to dark silty shales locally rich in pyrite, or gypsum and crowned
with decameter-thick beds of calcareous shells (lumachelles).

Greigert (1966) defined six marine transgressions: three in the Cretaceous and the

other three in the latest Cretaceous and earliest Tertiary. Greigert & Pougnet (1967)

DOI: 10.4236/gep.2019.712001

3 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.712001

M. Ali et al.

e e e ety
S S R o
0555 ERO G G55

B R R R R IR

T3

%
SRR Tehid
o BRORAS o Tepuder
e : . AT ol
7 iy Jazerzait-Kebir Mt pas ug
T RREsed\ W Kooy
U RREREEI NN L — . ‘

e

AN N,
A~ .\ AeadaS
Al Igud{ldaMe- 180T
Gao \'\f\\-‘\gue‘e T
. naka Y. TN €T2
T“ \°Menaka \\\ ,‘<T

T

\eTe

Figure 2. Cretaceous-Tertiary transgressions (T1-T6) in the Iullemmeden
basin, modified from Greigert (1966) and Alzouma (1994).

distinguished two marine transgressions of Late Cenomanian and Early Turo-
nian, respectively, by the presence of Neolobites vibrayeanus and Nigericeras.

However, Meister et al. (1991, 1992) found these same two species in the Late
Cenomanian in nearly the whole Tullemmeden Basin, and thus concluded that a
single transgression occurred during the Late Cenomanian and Early Turonian.
Hence, five marine transgressions are now considered for the Marine Series,
which are detailed in the following sections.

2.1. Mont Iguella Formation, the White Limestone and the
Overlying Unit

The Late Cenomanian-Early Turonian transgression of Meister et al. (1991, 1992)
deposited the Mont Iguella Formation in the Iullemmeden basin. It is a calca-
reous and siliciclastic succession that consists of thinly bedded, gray to yellow,
fine to medium, often carbonaceous sandstones, intercalated with gypsiferous
gray shales and yellow marly limestones (Alzouma, 1994). Its base corresponds
to the fluviatile sandstones of the Continental Intercalaire. The associated fossils
include lamellibranches, gastropods, echinoids and ammonites. The second, Late
Turonian-Coniacian transgression of Meister et al. (1991, 1992) is marked by
Coilopoceras inflatum and shaly limestone that Greigert (1966) named as the
White Limestone Formation. In the area west of Abalak, this is marked by a
prominent topographic feature, where mottled purple-green siltstones are capped
by a marly gray limestone, which in turn is overlain by a massive, chert veined,
white, recrystallized limestone (Moody and Sutcliffe, 1991). Above the White

DOI: 10.4236/gep.2019.712001

4 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.712001

M. Ali et al.

Limestone is a marly limestone (Overlying Unit) that is relatively rich in fossils

(dinosaur and crocodile bones, fish teeth, etc.).

2.2. Majia Group

The third and fourth marine transgressions occurred during the Campanian-
Lower Maastrichtian and Upper Maastrichtian, respectively, and were marked
by Libycoceras. The Maastrichtian period was marked by the deposition of the
Majia Group in western Niger; its lateral equivalent in the Sokoto area of Nigeria
is called the Rima Group. The Majia Group consists of the Alambanya, Farin
Doutchi, and Inwagar formations. These are respectively named the Taloka,
Dukamaje, and Wurno formations in the Sokoto sector. The Taloka is also called
the Lower Sandstones and Mudstones, the Farin Doutchi is called the Mosasau-
rus Shale, and the Inwagar is called the Upper Sandstones and Mudstones. In the
Dakoro area, the Marine Series is overlain by the Taloka Formation, which con-
sists of white fine-grained friable sandstones and siltstones with thin intercalated
mudstones and carbonaceous shales. Thick Quaternary aeolian sands overlie
these units, making outcrops very scarce, and the subsurface geology is unveiled
only by borehole data.

During Upper Paleocene, the fifth marine transgression deposited the Gara-
doua Formation, which is equivalent to the Sokoto Group in Nigeria. The mem-
bers of the Garadoua Formation are the Kao, the Tamaské and the Barmou from
base to top. These correspond to the Dange, Kambaina and Gamba units, re-
spectively, in the Sokoto Group. The base of the Garadoua Formation is ob-
served in Garadoua village (Figure 3) and is made of slightly indurated bluish-
gray shale, interbedded with thin layers of yellowish-brown limestone as the
Dange Unit. Greigert (1966) called the base and the top of the Garadoua For-
mation “Schiste papyracé” (papyraceous shale) because of the very fissile na-
ture of the two horizons. This formation has been mined for cement both in
Niger and Nigeria for decades for the quality of the limestone it contains and
the clay and gypsum potential of the underlying Farin Doutchi or Dukanmaje
Formation. The fauna are very diverse and include bivalves, echinoids (Lin-
thia soudanensis), gastropods, nautilus and foraminifera (Ranikauthalia). The
Marine Series is well exposed in the Tahoua area of Niger as seen below (Figure
3).

The general geological map of the Iullemmeden basin established by Greigert

(1966) and modified by successive researchers is presented below (Figure 4).

3. Materials and Methods

A total of 32 ditch cutting samples of shale facies from boreholes were collected
from three different localities namely Kaya, Dandadji and Tahoua. The area
covered represents the central part of the depocenter of the Marine Series of the
Iullemmeden basin in Niger. These include 13, 10 and 9 samples from Kaya,

Dandadji and Tahoua boreholes respectively (Figure 4 and Figure 5).
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Figure 3. Outcrops of the marine series in tahoua area of niger.
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Figure 4. General geological map of the Iullemmeden basin, modified from
Bellion (1987).
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All the analyses were carried out at the University of Kentucky, Kentucky
State, USA. All the samples had been ground in an agate mortar and sieved to
0.125 mm size. Major and trace elements were analyzed using a Bruker Tracer
IV energy-dispersive hand held x-ray fluorescence spectrometer at the Pioneer
Laboratory of the Department of Earth and Environmental Sciences. The XRF
gun is fitted with a 40 keV and 60 pA X-ray tube. Chemical data were collected
over 90 seconds in order to maximize the signal-to-noise ratio. Marked sample
points were analyzed twice, once each for major and trace element chemistry,
respectively. Major elements with atomic number 11 - 26, were collected at 15

keV and 35 pA under vacuum conditions of 9 torr. Trace elements, with atomic
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number 20 - 51, were collected at 40 keV and 15 pA, without a vacuum. The
rock chosen as a reference material was SARM-41, a shale standard from South
Africa (Ring, 1993). SARM-41 was run at the beginning and end of each three
foot core box, in order to determine stability and reproducibility of the ED-XRF.
Raw counts collected by the gun were calibrated and converted to elemental
weight percentages using Bruker proprietary software and the empirical calibra-
tions of Rowe et al. (2012). The calibrations of Rowe et al. (2012) were deter-
mined by comparing results of various analytical measurements (e.g., ICP-MS
and WD-XRF) to the compositions of a suite of 90 mudrocks. Accuracy of the
measurements decreases for lighter elements, such as sodium and magnesium.
Samples were analyzed for total inorganic carbon using a CM5014 coulometer
(UIC, Joliet, IL, USA) and for total carbon and sulfur using the LECO SC-144DR
instrument at the Kentucky Geological Survey (KGS). Total organic carbon was
calculated by subtraction of inorganic carbon from the total carbon. For the mi-
neralogical analyses, 11 of the samples (4 from Kaya, 4 from Dandadji and 3

from Tahoua) were analyzed using a Bruker AXS D8 Discover at the KGS.

4. Results and Discussion

4.1. Composition, Maturity and Palaeoweathering of the Marine
Series

Cox et al. (1995) and Moosavirad et al. (2011) stated that the major element
composition of fine siliciclastic rocks is usually controlled by clay minerals and
non-clay silicate phases. Table 1 displays the values of major oxides of the Ma-
rine Series (mostly the shaly horizons). Silica is the most abundant constituent in
all the samples with values range between 19.1 and 44.58 wt %. The next oxide in
abundance is alumina (Al,O;) ranging between 8.17 and 4.15 wt % followed by
Fe,0; (3.27 - 18.23 wt %), CaO (1.10 - 11.20 wt %), SO, (0.68 - 4.37 wt %), Na,O
(0.66 - 1.37 wt %), TiO, (0.50 - 1.40 wt %), K,O (0.05 - 1.51 wt %), MgO (0.17 -
0.62 wt %), P,0, (0.06 - 0.44 wt %), MnO (0.05 - 0.29 wt %) and Cr,0, (0.00 -
0.01 wt %).

In order to assess the composition, maturity and weathering of the sediments,
geochemical indices such as the CIA, PIA, ICV and CIW have been computed as
described by Nesbitt & Young (1982), Roser & Korsch (1988), Cox et al. (1995),
Cullers (2000), and Hofmann et al. (2001):

CIA =100 x [AL,05/(ALO; + CaO* + Na,O + K,0)]

PIA =100 x [(ALO, - K,0)/(ALO; + CaO* + Na,O - K,0)]

ICV = (Fe,0; + K,0 + Na,O + CaO + MgO + MnO)/ALO,

CIW =100 x [AL,0,/(ALO; + CaO* + Na,0)]

The values of CIA, PIA and CIW range between 23.02 - 75.1; 23.02 - 75.43 and
25.43 - 76.57 respectively (Table 2). Nesbitt & Young (1982) stated that CIA
values are 0 for diopside; 30 to 45 for fresh basalts; 45 to 55 for granites and
granodiorites; 50 for unaltered albite, anorthite and potassic feldspars; 75 for
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Table 1. Major oxides of the Marine Series.

ID AL O, CaO Cr,0, Fe,0; K,0 MgO MnO Na,O P,0; SO, SiO, TiO,
K53 7.85 5.33 0.00 6.02 1.03 0.24 0.27 1.16 0.15 1.02 26.25 0.70
K54 7.59 2.86 0.01 5.08 1.27 0.39 0.10 1.33 0.09 1.27 29.88 0.64
K55 6.55 4.83 0.00 5.42 1.51 0.31 0.17 1.16 0.14 1.90 29.06 0.50
K56 6.80 4.11 0.00 5.59 1.33 0.31 0.15 1.16 0.14 1.77 27.94 0.59
K57 7.97 5.25 0.00 6.65 0.93 0.29 0.29 1.12 0.12 0.88 25.42 0.74
K58 6.89 2.47 0.01 5.55 1.30 0.44 0.08 1.24 0.12 1.80 29.17 0.61
K59 7.82 2.62 0.01 5.14 1.20 0.38 0.10 1.31 0.11 1.37 30.26 0.65
K60 7.36 6.52 0.00 5.53 0.95 0.22 0.28 1.14 0.14 1.22 25.84 0.65
Ké61 7.91 1.95 0.01 5.46 1.20 0.34 0.09 1.29 0.09 1.17 30.46 0.73
K62 7.58 1.75 0.01 4.95 1.20 0.48 0.07 1.36 0.10 0.98 31.21 0.68
K63 7.63 1.71 0.01 4.95 1.22 0.50 0.07 1.37 0.08 0.91 31.61 0.73
K64 8.17 1.16 0.01 4.88 1.30 0.51 0.06 1.34 0.07 0.84 31.77 0.79
K65 7.15 1.10 0.01 4.46 1.33 0.62 0.05 1.47 0.06 0.68 30.58 0.70
DJ93 5.76 1.20 0.002 18.23 0.05 0.17 0.22 0.66 0.35 1.34 19.10 0.87

DJ192 4.15 11.20 0.005 4.85 0.51 0.19 0.07 0.97 0.32 1.83 22.76 0.91
DJ200 4.84 9.90 0.000 3.74 0.57 0.22 0.11 1.08 0.44 1.34 25.74 1.13
DJ234 6.11 2.59 0.008 3.88 0.51 0.37 0.08 1.21 0.16 1.96 37.07 0.98
DJ276 5.00 2.07 0.008 4.28 0.39 0.38 0.07 1.19 0.17 2.46 38.89 0.99
DJ320 4.26 1.47 0.009 2.92 0.13 0.52 0.06 1.32 0.15 1.66 44.58 0.82
DJ370 5.53 2.14 0.008 3.76 0.40 0.44 0.06 1.20 0.16 1.54 38.77 1.06
DJ400 5.29 2.30 0.006 4.22 0.34 0.43 0.08 1.24 0.14 1.32 37.25 1.09
DJ445 5.17 1.39 0.007 3.27 0.36 0.49 0.08 1.27 0.14 1.56 41.83 1.01
DJ479 6.19 1.23 0.011 5.09 0.22 0.47 0.05 1.31 0.13 1.64 36.21 0.81
TA150 4.65 6.60 0.000 3.46 0.55 0.22 0.10 1.14 0.34 1.69 28.31 1.24
TA200 5.17 7.73 0.004 5.80 0.56 0.20 0.09 0.99 0.20 1.09 26.36 1.10
TA220 6.87 2.37 0.002 4.06 0.87 0.32 0.11 1.28 0.14 1.37 32.89 1.31
TA250 5.62 2.61 0.001 5.44 0.81 0.24 0.16 1.10 0.35 1.48 33.79 1.11
TA300 5.84 3.83 0.001 3.88 0.71 0.25 0.11 1.09 0.21 1.19 32.56 1.40
TA350 5.12 4.11 -0.004 6.77 0.67 0.21 0.26 0.91 0.36 4.37 30.08 1.03
TA400 6.49 2.28 0.008 5.53 0.60 0.33 0.07 1.17 0.13 1.14 32.26 1.06
TA422 6.18 2.70 0.008 6.06 0.47 0.28 0.08 1.16 0.17 1.30 32.05 0.95
TA582 6.20 3.83 0.008 5.39 0.52 0.30 0.09 1.23 0.12 0.77 31.28 0.74

muscovite; 75 to 85 for illite, montmorillonite and beidellite; and close to 100 for

kaolinite and chlorite. The CIA values found in most of the samples are below

75, the value of montmorillonite, which was identified as the major clay mineral

in mineralogical analyses (Table 3). These CIA values could be underestimated

as XRF has a very hard time measuring elements of low energy electrons like Na.

hence, the XRD results could be more reliable here.
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Table 2. Calculated geochemical ratios and indices of the Marine Series.

ID
K53
K54
K55
K56
K57
K58
K59
K60
K61
K62
K63
K64
K65
DJj93
DJ192
DJ200
DJ234
DJ276
DJ320
DJ370
DJ400
DJ445
DJ479
TA150
TA200
TA220
TA250
TA300
TA350
TA400
TA422
TA582

$i0,/ALO,
3.33
4.00
4.35
4.17
3.23
4.17
3.85
3.57
3.85
4.17
4.17
3.85
4.35
3.33
5.56
5.26
6.25
7.69
10.00
7.14
7.14

5.88
6.25
5.00
4.76
5.88
5.56
5.88
5.00
5.26
5.00

ALO,/TiO, K,0/AL0, K,O/Na,0 CIA PIA ICV CIW
11.21 0.13 0.89 51.07 51.24 1.88 54.74
11.86 0.17 0.95 58.16 60.13 1.54 64.43
13.10 0.23 1.30 46.62 45.69 2.12 52.23
11.53 0.20 1.15 50.75 50.93 1.95 56.34
10.77 0.12 0.83 52.19 52.50 1.92 55.58
11.30 0.19 1.05 57.90 60.11 1.70 65.00
12.03 0.15 0.92 60.39 62.75 1.46 66.55
11.32 0.13 0.83 46.09 45.56 2.08 49.00
10.84 0.15 0.93 64.05 67.44 1.40 70.94
11.15 0.16 0.88 63.75 67.23 1.38 70.91
10.45 0.16 0.89 63.96 67.54 1.38 71.24
10.34 0.16 0.97 68.25 73.32 1.23 76.57
10.21 0.19 0.90 64.71 69.37 1.36 73.56
6.62 0.01 0.08 75.1 75.43 3.72 75.59
4.56 0.12 0.53 23.02 23.02 4.51 25.43
4.28 0.12 0.53 29.53 28.00 3.46 30.59
6.23 0.08 0.42 58.64 59.57 1.57 61.65
5.05 0.08 0.33 57.8 58.58 1.87 60.53
52 0.03 0.1 59.33 59.68 1.70 60.43
5.22 0.07 0.33 59.65 60.57 1.64 62.34
4.85 0.06 0.27 57.69 58.30 1.83 59.91
5.12 0.07 0.28 63.13 64.39 1.52 66.03
7.64 0.04 0.17 69.16 70.15 1.48 70.90
3.75 0.12 0.48 35.94 34.63 2.86 37.53
4.7 0.11 0.57 35.78 34.58 3.19 37.22
5.24 0.13 0.68 60.32 62.18 1.50 65.30
5.06 0.14 0.74 55.42 56.46 2.04 60.24
4,17 0.12 0.65 50.92 51.04 1.93 54.28
4,97 0.13 0.74 47.36 46.99 2.73 50.49
6.12 0.09 0.51 61.57 63.06 1.70 65.29
6.51 0.08 0.41 58.8 59.67 1.89 61.55
8.38 0.08 0.42 52.63 52.89 1.95 55.06

However, Cox et al. (1995) stated that values of K,0/Al,O, ratio of clays are
less than 0.3 and those of feldspars range from 0.3 to 0.9. The values of
K,0/AlLQ; ratio of the Marine Series vary from 0.01 to 0.23 (Table 2) that is less
than 0.3. These values also indicate preponderance of clay minerals over
K-bearing minerals such as K-feldspars and micas (Cox et al., 1995).

In terms of maturity, CIA values plotted against those of ICV show that most
of the samples are immature and have been subjected to weak weathering

(Figure 6).
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Table 3. Mineralogical composition of some selected samples of the Marine Series.

Sample ID Clay Minerals Non-Clay Minerals
Montmorillonite Kaolinite Quartz Rutile Calcite
K54 Major Minor major Trace trace
K60 Major Minor major - trace
K61 Major Minor major - trace
K63 Major Minor major Trace -
DJ93 Major Minor major - -
D]J200 Major Minor major - trace
DJ320 - - major Trace trace
DJ479 - - major - -
TA200 - Major major - trace
TA300 Major Minor major - trace
TA582 Major - major - trace
o ]
4-
] [ d
> 37 Immature
o ] Weak Weathering
- K
! apJ
2 5" s ° = 0 Intensive BTA
Al L] P4 Weathering
1
‘ Mature
0 - :
50 60 70 80 90 100
CIA

Figure 6. Plot of CIA versus ICV.

This could be also applied to mudrocks as a measure of compositional matur-
ity because minerals show a relationship between resistance to weathering and
ICV. Compositionally immature mudrocks that contain a high proportion of
non-clay silicate minerals or that are rich in clay minerals such as montmorillo-
nite and sericite will have high values of this index (>1). On the other hand,
compositionally mature mudrocks that are poor in nonclay silicates or domi-
nated by minerals such as those of the kandite family (kaolinite, halloysite and
dickite) will have low values. Table 2 indicates that the values of ICV of the Ma-
rine Series range between 1.13 and 4.2 (>>1), consistent with compositional

immaturity.
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4.2. Paleoenvironment and Tectonic Setting

A binary diagram of SiO, versus (AL,O, + K,O + Na,O) shows that the Marine
Series was deposited under wet/humid conditions (Figure 7). This is consistent
with the findings of Pascal et al. (1991) and agrees with the hypothesis of gener-
ally high rainfall during the Cenomanian-Turonian (Parrish & Curtis, 1982), in
accord with proximity to the equator (Rat et al., 1991).

Trace element ratios have been used as indicators of paleo-redox conditions,
including V/Ni by Breit & Wanty (1991), Wanty & Goldhaber (1992), Peters &
Moldowan (1993), Galarraga et al. (2008) and Cu/Zn by Hallberg (1976).

Similarly, Zhou & Jiang (2009) and Pi et al. (2014) stated that V is more effec-
tively fixed in sediments containing organic matter in anoxic environments
compared to Ni and Cr. Therefore, variations in the V/(V + Ni) and V/(V + Cr)
ratios can be used to indicate oxygenation of the depositional environment, and
higher V/(V + Ni) and V/(V + Cr) ratios indicate more strongly reducing condi-
tions. According to Galarraga et al. (2008), a V/Ni ratio higher than 3 indicates
that the organic matter was deposited under reducing conditions, while V/Ni ra-
tios ranging between 1.9 and 3 indicate deposition under dysoxic to oxic condi-
tions (mixed terrigenous and marine organic matter) and a V/Ni ratio < 1.9 in-
dicates predominantly terrigenous organic matter.

From the analytical results of the Marine Series (Table 4), all the V/Ni values
are less than 1.9 except for samples K61 (V/Ni = 2.12) and DJ9 (V/Ni = 10.56).
All the values of Cu/Zn have their ratio lower than 1.9. The ratios V/(V + Ni)
and V/(V + Cr) are either negative or positively low. All the above indicates dy-
soxic-oxic depositional environment. Rather, all the values of TOC (Table 4) are
less than 2% except in sample DJ234 with value of 2.34 w%. So this explains that

the preservation of the organic matter is consistent with the chemistry of rock.

100

90 -
Increasing Chemical Maturity

80 -

Warm/Humid
70 -

60 -

Semi Arid *K
HDJ

50 -

Sio,

40 -
TA
30 -
20 -

Arid

25 30 35 40 45 50
ALO, +K,0 +NA,O

Figure 7. SiO, versus (ALO, + K,O + Na,O) (adapted from Suttner & Dutta, 1986).
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Table 4. Some trace elements of the marine series.

Sample
K53
K54
K55
K56
K57
K58
K59
K60
K61
K62
K63
K64
K65

DJ93
DJ192
DJ200
DJ234
DJ276
DJ320
DJ370
DJ400
DJ445
DJ479
TA150
TA200
TA220
TA250
TA300
TA350
TA400
TA422

TAS582

Co

0.002414

0.001747

0.001667

0.001912

0.002422

0.001844

0.001579

0.002041

0.002014

0.001773

0.001571

0.001648

0.00143

0.013775

0.002677

0.001929

0.002185

0.001812

0.000883

0.001689

0.001762

0.001333

0.002239

0.001584

0.002674

0.002108

0.002609

0.001741

0.003775

0.002568

0.002867

0.001952

Ni

0.002957

0.002156

0.002006

0.00228

0.002672

0.002364

0.002451

0.002817

0.002375

0.002265

0.002175

0.002332

0.002739

0.003551

0.003866

0.003497

0.002824

0.002557

0.001985

0.00278

0.003037

0.002433

0.002789

0.003078

0.002887

0.003732

0.002988

0.003375

0.0062

0.003576

0.004032

0.002896

Cu

0.001172

0.000671

0.000226

0.000976

0.001722

0.000607

0.000799

0.001355

0.001487

0.001202

0.001903

0.001389

0.001112

0.003604

0.001111

0.000784

0.001565

0.001482

0.000486

0.001083

0.002173

0.000816

0.002586

0.001081

0.001025

0.001297

0.002161

0.001205

0.001951

0.002517

0.002943

0.001384

Zn Nb Mo Pb v Cr V/INi V/(V+Ni) V/(V+Cr) CwZn TOC
0.006457  0.000813  0.002059  0.001269  0.00029  —0.00864  0.10 0.09 -0.03 046 031
0.006629  0.00073  0.002484 0.001387 0.000558 —0.00445  0.26 0.21 -0.14 033 094
0.003359  0.00083  0.001899 0.001232  0.00109  —0.00679  0.54 0.35 -0.19 060 188
0.003551  0.000786 0.002194 0.001106  0.00013  —0.00477  0.06 0.05 -0.03 064 137
0.006743  0.000686 0.003243  0.001278 0.001742 —0.00907  0.65 0.39 —0.24 040 041
0.004067  0.000813  0.001718 0.001168  0.000601 —-—0.0009  0.25 0.20 -2.01 058 1.9
0.005065 0.000773  0.002209  0.001271  0.001693  —0.0021  0.69 0.41 -4.16 048 097

0.0051  0.000786 0.002391 0.001167 —0.00027 —0.01088  0.10 -0.11 -0.02 055 045
0.005495  0.000861 0.001879  0.001252  0.005045 —0.01013  2.12 0.68 0.99 0.43 0.9
0.00631  0.000882 0.001524 0.001418 0.001089 —0.00306  0.48 0.32 0.55 0.36 0.7
0.005572  0.000902  0.001638  0.001211 —0.00076 —0.00321  0.35 —0.54 -0.19 0.39 0.9
0.00548  0.000967 0.001849  0.00146  0.000299 —0.00392  0.13 0.11 0.08 043 042
0.004455  0.000926 0.001818  0.001461 —0.00015 —0.00089  0.05 -0.06 —0.14 0.61 0.4
0.032054 0.000735 —0.00351 0.001792 0.037496  0.07549  10.56 091 0.33 011 125
0.007592  0.000694 0.000264 0.001208  —0.007  —0.00614 1.1 2.23 -0.53 051 057
0.007032  0.000828 —0.00012 0.001115 —0.00643 —0.01637  1.84 -2.19 -0.28 050  0.48
0.005144  0.000705 0.000701 ~ 0.001351 —0.00185 —0.00809  0.66 -1.90 -0.19 055  2.43
0.004902  0.000785 —0.00076 0.001134 —0.00246 —0.00794  0.96 -25.36 -0.24 052 169
0.001857  0.000661 —-0.00211  0.00098 —0.00347 —0.01075  1.75 -2.34 -0.24 .07 091
0.005434  0.000721  0.000993 0.001364 —0.00078 —0.01119  0.28 -0.39 -0.07 051  1.82
0.007678  0.000794 —-0.00502  0.00135 —0.00266 —0.01164  0.88 -7.06 -0.19 040 075
0.003737  0.000754 0.000549 0.001041 —0.00053 —0.01374  0.22 -0.28 -0.04 065 162
0.001826  0.000592  0.000529 0.001194 0.002301 —0.00242  0.83 0.45 -19.34 153 044
0.006867  0.000855  —0.0005  0.001135 —0.00557 —0.02205  1.81 -2.24 -0.20 045 093
0.008374  0.00076  0.000403 0.001202 —0.0016 —0.00962  0.55 ~1.24 -0.14 034  0.64
0.007606  0.00081  0.000892  0.001202  0.000636 —0.01751  0.17 0.15 -0.04 049  0.80
0.007415  0.000965 0.000149  0.001358 0.001766 —0.01625  0.59 0.37 -0.12 040  0.88
0.006765 0.000784  0.0011  0.001202 0.000947 —0.0192  0.28 0.22 -0.05 050  0.87
0.009812  0.000883 5.99E-06 0.001801 0.003684 —0.00986  0.59 0.37 -0.60 063 083
0.010365  0.000822 0.000104 0.001429  0.00407 —0.00562  1.14 0.53 -2.63 035  0.69
0.005867  0.000775 0.000798  0.001444 0.002642 —0.00209  0.66 0.40 -4.79 069  0.82
0.002544  0.000675 0.001538  0.001081  0.004556 —0.00336  1.57 0.61 -3.81 114 065

To determine the provenance of siliciclastic sediments, McLennan et al.,
(1980) proposed a Ni versus TiO, discrimination diagram and Floyd et al. (1989)
used ALO; versus TiO, plots. Most of the samples of the Marine Series plot in
the acidic field of the Ni versus TiO, diagram (Figure 8) and in the alkali gra-
nite-granodiorite field of the ALO; versus TiO, plot (Figure 9), which implies
that the sediments originated from acidic igneous rocks. From He et al. (2010)
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Figure 8. TiO, versus Ni bivariate diagram (adopted from McLennan et al., 1980).
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Figure 9. AlL,O, versus TiO, bivariate diagram (adopted from Floyd et al., 1989).

and Dai et al. (2015), AL,O,/TiO, ratio and SiO, contents vary in the igneous
rocks as follows: a) Al,O,/TiO, were 3 to 8 in mafic igneous rocks (SiO, content
from 45 to 52 wt. %), b) Al,O,/TiO, ratios were 8 to 21 in intermediate igneous
rocks (SiO, content from 53 to 66 wt. %), and ¢) Al,0,/TiO, ratios were 21 to 70
in felsic igneous rocks (SiO, content from 66 to 76 wt. %). The Al,O,/TiO, ratios
of most the studied sediments range from 4 to 13 implying that the source rocks
of these sediments are intermediate igneous rocks.

The source of the sediments can be traced from the contiguous Air crystalline
basement rocks in the north and the Zinder-Nigeria cristalline basement rocks
in the South. Indeed, three periods of volcanism had been identified in previous
studies (Yahaya, 1992; Wagani, 2007, etc.) namely Carboniferous, Permian and
Jurassic. Karche & Vachette (1976), Sempéré (1981) and Gerbeaud (2006) men-
tioned that most of the Paleozoic and Mesozoic sediments in the northern adja-

cent Tim Mersoi basin derived from the degradation and erosion of the Tuareg
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Shield as at that period of time, the Air was uplifted upstream of the paleocur-
rents that fed the Iullemmeden basin. The presence of smectite clays such as
montmorillonite (main mineral in bentonite) can be supported by the argument
made by Fisher & Schminck (1984) who observed in USA that pyroclastic mate-
rials from high volcanic eruptions can be transported and deposited as far as
1000Km. Bentonite is a rock formed of highly colloidal and plastic clays and is
produced by in-situ devitrification of volcanic ash. Its presence in the area of
study had been earlier mentioned in previous studies by Gourouza et al. (2011;
2013) and in similar Cretaceous lithology (the Pindiga Formation) by Arabi et al.
(2017) in the Benue Trough.

5. Conclusion

The present work shows that the Marine Series are made predominantly of clay
minerals of the smectite group (montmorillonite), quartz and other accessory
minerals like rutile and calcite. The sediments are immature and were deposited
under dysoxic-oxic conditions which may justify the poor preservation of or-
ganic matter in the environment. In terms of origin, the sediments were derived
from intermediate to acidic igneous rocks found adjacent to the basin. The oc-
currence of montmorillonite in the sediments by previous works is also con-
firmed in this study and the origin may be linked to the volcanic ash that evolved
from volcanic eruptions that occurred in late Paleozoic-Mesozoic period in the
North and South crystalline basement surrounding the basin. The bentonite po-
tential and its source may be considered as a perspective investigation in the ba-

sin with the recent oil discovery success in Niger.
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