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Abstract

This study is based on three cropped out clay profiles belonging to U1 Member of the Sahabi Formation at As Sahabi area
in northeast Sirt Basin. This member horizon is the most productive layer in terms of fish, reptiles and mammals remains.
Some of the collected samples were subjected to geochemical analysis using Perkin Elmer the ICP-OES to define the major
oxides and Perkin Elmer SciexElan 9000 ICP-MS for trace elements. The statistical relationships between relevant
elemental percentages have been used to determine the provenance, depositional environment, paleo-weathering, paleo-
climate and tectonic setting.

Keywords: Geochemistry, Clay, Depositional Environment, Sahabi Formation, Sirt Basin, Libya.

1. INTRODUCTION geochemical analysis investigations of the Neogene members
. . o o (U1 and U2) of the Sahabi Formation in Northeast Sirt Basin®.

The present study is a detailed geochemlcal_ |nvest|g_at|on of the Methodology

clayey portion of Member U1 of the Sahabi Formation. The As

Sahabi area is located in the Ajdabiya Trough of Northeast Sirt This study is based on a total of eight selected samples collected

Basin, with an area covering approximately 375km? and from three outcrops in As Sahabi area (Fig. 1) during 2010 field

bounded by longitudes 20° 48' 08" to 20° 54' 45" E and latitudes season of the East Libya Neogene Research Project (ELNRP).

30°10' 58" to 30° 17" 36" N (Fig. 1). Six samples were collected

The studied profiles P96c, P25, P28 are located precisely at (30° LEGEND
12' 1.15" N & 20° 50' 35.15" E), (30° 13' 47.12" N 20° 51
18.52" E), (30° 13' 56.69" N 20° 51' 26.71" E), respectively
(Figs. 2,3 and 4).

The aim of this work is to determine the elemental percentages
of the studied clays from Member Ul of Sahabi Formation.
These geochemical data will be statistically analyzed to
interpret the depositional environment, paleoweathering,
paleoclimate, tectonic setting and provenance.

Very rare geochemical studies have been conducted in As
Sahabi area, however, regarding the presence of different types
of clays (common smectite with minor kaolinite) as mentioned
in?, stratigraphical surveying of the As Sahabi area. De Geyter
and Stoops, (1987) have also mentioned the presence of
Montmorillonite, Kaolinite and weathered mica in variable
proportions?,

The Precambrian continental rocks in NE Chad were suggested Figure 1. Geological Map shows locations of the three sampled
to be the source of Member Ulclays by!, as well as*, based on profiles at the As Sahabi area.

the mineralogical and geochemical analysis of Member U1 of from Profile 25 (P25) (Fig. 2), one sample from Profile 28 (P28)
Sahabi Formation from same localities used in this work. (Fig, 3) and another one sample from Profile (P96c) (Fig. 4), all
Muftah and EI Ebaidi, published a mineralogical and are from Member U1 of the Sahabi Formation. Perkirn Elmer
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the ICP-OES was used to analyze the major oxides, while the
trace elements were analyzed by Perkin Elmer SciexElan 9000
ICP-MS. The analytical procedure depends on the
decomposition of exact weight of 0.2 g powdered fine sand size
sample in 50 ml Teflon beaker. Decomposition was done by 4
ml HNO3, 3 ml HCIO4 and 5 ml HF, and evaporated to dryness
under 2000C. The residue was dissolved with 5 ml (1:1) HNO3
by heating and 5 ml of 4 ppm indium solution was added as an
internal standard. The sample, as well as standard, solutions
were introduced by peristaltic pump with 0.18.
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Figure 2. Close view and stratigraphic column of the sampled new
profiles P96¢c (modified after?). (the geochemical analysed sample
indicated by arrow)
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Figure 3. Close view and stratigraphic column of the sampled
monkey hill profiles P25 (modified after').(the geochemical
analysed sample indicated by arrow)
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Figure 4. Close view and stratigraphic column of the sampled
elephant hill profiles P28 (modified afterl. (the geochemical
analysed sample GS indicated by arrow).

2. STRATIGRAPHY:

The exposed sections at As Sahabi area are mainly of Neogene
age and were studied by [2,6], [7] [8], [1], [9] and [10]. The
later stratigraphical study are followed herein, where the four
formations, from oldest to youngest (Fig. 5):

1. M Formation: Semi consolidated bioclasts exposed in floor
of the Sebkhat, totally or partially decalcified and gypsified.
Erosional relief of shallow reefs "MR" with corals,
echinoids, pelecypodsand gastropods [10].

2. Sahabi Formation: It can be subdivided into two members:
i) the lower member, which is semi-consolidated sandy,
gypsiferous and dolomitic limestone with selenite filled
fractures (~5 m deep) at upper part. ii) the upper member
containing member- Ul which containing fish teeth,
reptilians and land mammals.

3. Qarat Weddah Formation (~ Member "V" of Sahabi
Formation?) which made of sands and sandy clays with
local lenses of dolomite and gypsum crystals in places,
however, this formation at Al Jaghbub area was suggested
to be up-ranked as a group level by [11].

4. Z Formation is representing a very complex fossil soil
capping Qarat Weddah Formation (= Member "V" of Sahabi
Formation?).
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Figure 5. Composed stratigraphical column of the As Sahabi area
(modified after [6]).

3. RESULTS AND DISCUSSIONS:
1. Normalization to Post-Archean Australian Shale (PAAS)

The chemical analysis data of the studied samples are shown in
Tables (1 and 2). The studied samples contain high
concentrations of some major oxides such as SiO2 (52.22-
74.68%), AI203 (3.35-17.13%), Fe203 (1.48-7%), Na20
(0.91-5.52%) and K20 (1.04-2.59%). Moreover, there are also
high concentrations of some trace elements such as Rb (29.3-
87ppm), Ba (170-261ppm) and Zr (138.9-325.5ppm). The
chemical composition of the studied samples is normalized to
data of the Post-Archean

Australian Shale (PAAS) as quoted byl12. The normalized data
(Fig. 6) suggest the following inferences:

e The studied samples show depletions in most major oxides
and trace elements.

e There are notable enrichments in Na20, Nb and U in most
samples.

o All samples contain low CaO content for sample P96c,
where the sands are the dominant component of the
lithology.

SiO2 and AI203 are negatively correlated (r = -0.94, Fig. 7),
where high SiO2 (52.22- 74.68%) congregates variable Al203
(3.35-17.13%). However, there is less SiO2 except P96¢ locality
where there is excess SiO2 (mostly due to quartz) but less
AI203. It is evident that the intimate coherence between Al203
and K20 (r = 0.96) is dependent on the illitic nature. This
assumption is further
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supported by the K20/AI203 ratio (0.15-0.31) and the ternary
plot of A-CN-K (Al203-(CaO*+Na20)-K20) (Fig. 8). CaO
correlates moderately with MgO (r = 0.67, Fig. 9). This
relationship means that dolomite is not the sole carrier of MgO.

Table 1. Chemical analysis data (major oxides in wt. %) of the
studied samples

. Sample No.
Oxides — — — — - — —
F25-34 P25-20 P25-15 P2510 P256  P253 F2R25 P
810, 480 6631 3320 3433 6318 3222 6720 468
Ti0, 0.70 053 1.03 1.14 0.77 1.05 0.70 0.16
ALO, 1434 836 15.87 1713 1136  17.12 1203 3.35
Fe,0; 1.00 433 323 5.02 358 6.76 431 1.48
MnO 0.02 001 0.02 0.02 0.03 0.02 0.02 0.05
M=0 208 136 129 248 1.79 220 213 3.43
Cal 012 018 024 0.29 027 0.33 0.67 510
Nz0 3.61 352 393 pA) 3.08 3.2 0.91 0.4
K0 131 133 134 240 203 239 230 1.04
P:0; 0.05 008 0.06 0.06 0.11 0.08 0.04 0.06
Lol 1390 1180 1560 1390 040 14.20 .60 0.60
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Figure 6. Major oxides and selected trace elements content of the
studied samples normalized to the data of the Post-Archean
Australian Shale (PAAS) [12]
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Figure 7. Binary plot of Al203 vs. K20 showing the clay minerals
in the studied samples (fields after13)
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Table 2. Chemical analysis data (trace elements in ppm) of the
studied samples

Sample No.
Elements — — — — — — —
P25-34 P25-20 P23-15  P25-10 P23-6 P25-3 P28-23 Po6c
Eb 7700 4270 87.00 83.%0 7040 81.40 7840 2830
Cs 410 150 320 4.20 420 4.70 3.70 1.00
Ba 170.00 175.00 22900 26100 20200 23600 21600 201.00
Sr 9350 161.00 12320 126 .60 94 .40 165 .90 9980 88.00
Be 400 2.00 2.00 3.00 2.00 3.00 1.00 <1.00
Co .70 830 12.50 13.50 11.10 13.50 6.90 3.80
Ni 26.00 21.00 3050 30.00 40.40 33.50 16.70 6.30
Cu 1020 7.80 8.60 8.70 1150 25.50 1020 2.70
Zn 53.00 3000 5200 55.00 58.00 63.00 3500 10.00
v 96.00 56.00 101.00 95.00 78.00 106.00 86.00 21.00
Cr 9520 5440 115.60 108.80 108.80 122 .40 122.40 13.60
Mo 6.40 130 0.10 = 0.10 1.30 0.20 020 1.80
Pb 8.70 540 7.80 6.00 430 9.20 5.70 1.50
As 400 7.80 1.10 = 0.50 6.80 1.70 1.60 2.60
Se = 0.50 =050 0.09 = 0.50 =0.50 =< 0.50 0.09 =< 0.50
Sb = 0.10 =010 0.10 = 0.10 =0.10 = 0.10 0.10 0.20
Sn 3.00 1.00 400 4.00 2.00 4.00 3.00 <1.00
cd = 0.10 =010 0.09 = 0.10 =0.10 = 0.10 0.09 = 0.10
Ga 19.00 1160 22.70 22.70 1450 23.50 1650 4.20
Tl 0.10 =010 0.10 0.10 0.10 0.10 030 = 0.10
Hs = 0.01 =001 0.01 = .01 =001 = 0.01 001 = 0.01
Bi = 0.10 =010 0.10 = 0.10 =0.10 = 0.10 0.10 = 0.10
W 1.50 1.10 2.10 1.50 1.10 2.20 1.40 =< 0.50
Ir 27270 259.30 30200 32550 28600 23610 22330 13890
Hf 720 640 820 8.40 7.50 6.20 6.50 3.70
Nb 28.30 1850 41.30 40.90 2020 30.40 2970 4.30
Ta 1.50 130 2.60 2.90 1.50 2.10 1.50 0.30
Th 11.60 770 14.10 15.40 7.80 11.70 990 1.50
U 8.00 4.00 7.10 7.30 6.00 7.10 550 2.00
Sec 12.00 7.00 15.00 14.00 11.00 16.00 11.00 2.00
Y 18.40 1470 2380 28.80 1850 20.00 1380 7.70
La 4420 3200 46.50 44 .50 27.70 40.10 2420 8.70
Ce 6930 52.50 7550 73.40 53.70 62.20 37.70 19.50
Pr 8.78 576 10.53 9.83 637 8.41 551 2.21
Nd 30.00 2080 42.70 38.50 2350 32.80 21.70 8.40
Sm 5.61 367 6.92 7.73 4 .60 5.89 337 1.7%
Eu 1.04 0.74 1.32 1.51 1.02 1.17 0.67 0.46
Gd 451 319 532 6.47 4.02 471 2381 1.51
Th 0.69 0352 0.87 1.03 0.63 0.74 0.50 0.27
D 345 290 471 5.26 333 4.02 256 1.42
Ho 0.76 0.60 0.8% 1.12 0.70 0.78 047 0.31
Er 2.16 1.72 251 3.18 207 2.14 145 0.82
Tm 0.34 023 039 0.46 031 0.35 022 0.12
Tb 221 1.83 2.60 2.94 2.10 217 1.52 0.89
Lu 0.33 026 0.40 0.435 0.28 0.34 0.24 0.10
CIA% Al,0,%
100 = Kaolinite, Gibbsite, Chlorite
Smectite llite
Muscovite
Biotite
50 — K-feldspar
Feldspar join
Hornblende
Clinopyroxene
0_
(Na,0 + Ca0") % K,0 %

Figure 8. A-CN-K ternary diagram showing the clay minerals in the
studied samples (fields after [14])
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Figure 9. Binary plot of MgO vs. CaO showing the carbonate
minerals in the studied samples (fields after [13]).

2. Provenance

Based on the geochemical composition [15] divided the
provenance components into five types, namely old upper
continental crust (OUC), recycled sedimentary rocks (RSR),
young undifferentiated arc (YUA), young differentiated arc
(YDA) and exotic components. The studied samples show low
Th/U ratio (0.95-2.11),high Th/Sc ratio (0.71-1.1) and positive
Eu anomaly (0.97-1.32), suggesting young undifferentiated arc
(YUA) (Table 3). It should be noted that the analyzed REE are
normalized to Post-Archean Australian Shale (PAAS) as quoted
by [12].

Table 3. Geochemical characteristics of sediment derived from
different provenance types (after [15])

Provenance tvpe EwEw* ThiSc ThU Others
. Evolved major element composition
0l “ppec’rﬁff“n‘““’l 06-1.1 10 >38 | (eg hish SVAL CIA) high LILE
: ahundance, uniform compositions
. Evidence of heavyminerals
Recyeled sedimentary -
e r;ka Y 0611 =10 =38 concentration from trace elements
: (e.g. Zr Hf for zircon)
Evolved major element composition
Young differentiated arc| 0509 |1.0t<0.01] <3.0 (2.g. high SV/AL CIA) high LILE
abundancs variabls compositions
Uhevolved major element
Young undifferentiated composition (2.2. low Si/AlL CIA) low|
= 10 10w<0.01] <3.0 =
arc ° LILE abundance variable
compaositions

Several ratios can be used to determine the provenance of
sediments such as La/Sc, Th/Sc and Th/Co (Table 4, [16])
These ratios suggest that felsic rocks may be the probable
source for the studied sediments. This assumption is also
supported by the binary plots of Zr versus TiO2 (Fig. 10), Ni
versus TiO2 (Fig. 11), Hf versus La/Th (Fig. 12), and La/Sc
versus Th/Co (Fig. 13), and the ternary plot of SiO2/10-
Ca0*+MgO-Na20+Ka20 (Fig. 14).We believe that the
possible source of the studied sediments is the Precambrian
granites of northeastern Chad, as suggested previously by [4].
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Table 4. Elemental ratios of the studied samples compared to the
ratios derived from felsic rocks, mafic rocks (after [16]) and Post-
Archean Australian shale (after [12])

Ratio  Maficrocks Felsicrocks ~ PAAS  Present study
La/Sc  043-086 25-163 24 2.2-457
ThiSc  005-022 0.84-205 09 071-11
Th/Co  004-04  067-194 0.63 0.5-143
Mafic rocks ,’// Pt
2 ,/  Intermediaterocks .~ -7
1 /// ’,,"/ FeI;ic rocks .
Zr ppm

Figure 10. Binary plot of Zr vs. TiO2 showing the provenance of the
studied sediments (fields after [17]).
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Figure 11. Binary plot of Ni vs. TiO2 showing the provenance of the
studied sediments (fields after [18]).
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Figure 12. Binary plot of Hf vs. La/Th showing the provenance of
the studied sediments (fields after [19]).
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Figure 13. Binary plot of La/Sc vs. Th/Co showing the provenance
of the studied sediments (fields after [16]).
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Figure 14. Ternary plot of Si02/10-CaO*+MgO-Na20+Ka20
showing the provenance of the studied sediments (CaO* is the

content of CaO incorporated in silicate fraction, fields after [12]).

3. Depositional Environment

Figure (15) shows the PAAS-normalized REE patterns of the
studied sediments. The samples show flat REE pattern with
negative and positive Ce anomalies (0.75-1), and positive Eu
anomalies (0.97-1.32), suggesting deposition in a marine
environment. The binary plot of (La/Sm)N versus (La/Yb)N
(Fig. 16) supports this assumption. There is a clear terrestrial
contamination in the sediments. The low Er/Nd ratio (0.06-0.1)
and the binary plot of Nb/U versus (La/Sm)N (Fig. 17) also
indicating a continental contamination. Furthermore, the Sr/Ba
ratio (0.44-0.92)indicate high salinity during deposition.
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Figore 15. PAAS normalized REE diagram for the studied sediments.
10.00 To define the redox condition, several ratios such as Ni/Co, Cu,
Marine Zn, V/Cr and U/Th as well as authigenic uranium (AU = U-
environment (Th/3) were used. In anoxic conditions, these parameters are
____________________ I, high, whereas low values point to oxic conditions (Table 5).The
Lo I studied samples show low values of the redox parameters
g H (Table 5), suggesting deposition in oxic conditions.
2 Amlia_?_inﬂumced ! Te."esmal Table 5. Redox classification using trace element ratios (after [22],
010 environment : environm ents [23] [24] and [25])
E Parameter Oxic conditions Anoxic conditions  Present study
! Ni/Co <5 »5 1.66 -3.64
0.01 o 5
0.01 0.10 1.00 10.00 Cu/Zn =2 =2 0.16- 0.4
(La/Smiy V/Cr <2 =2 0.7-154
Figure 16. Binary plot of (La/Sm)N vs. (La/Yb)N showing the U/Th <1.25 >1.25 0.47-1.05
depositional environment of the studied sediments (fields after [20]). AU =5 =5 1.37-4.13
100 .~ 4. Paleoweathering
‘:::_j;n There are many indices of chemical weathering such as
cﬂmmﬁ\: o chemical index of alteration (CIA), chemical index of
= contamination S~ weathering (CIW), plagioclase index of alteration (PIA) and a
5 104 _'.'q. e e . modified version of CIW (CIW") ([14], [26], [27] and [28]. The
= - " equations of the these indices are:
CIA = (Al203/(Al203+Ca0*+Na20+K20))100
PIA = ((AI203-K20)/((Al203-K20)+Ca0*+Na20))100
01 ; - o CIW = (AI203/(AI203+Ca0*+Na20))100
Nb/U CIW’ = (Al203/(Al203+Na20))100
Figure 17. Binary plot of Nb/U vs. (La/Sm)N showing . 3
the continental contamination in the studied sediments In the studied samples, the degrees of CIA, CIW, PIA and CIW
(fields after [21]). vary from 53.43 to 75.8, 55.13 to 86.34, 59.8 to 88.65 and 60.23

to 92.97, respectively, suggesting moderate to high degree of
chemical weathering.

185
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5. Paleoclimate

According to [29], the increasing value of the Sr/Cu ratio (>5)
suggests a hot-arid climate whereas decreasing Sr/Cu values
indicate a warm-humid climate. The Sr/Cu ratio is very high
(6.51-32.59) in the studied samples, indicating a hot-arid
climate. But the binary plot of(Al203+K20+Na20) versus
SiO2 (Fig. 18) refutes the assumption mentioned above.

100 : :
increasing
chemical

20 .
" maturity
60
= L "
=] ’
Py i
e 40 7 . . ! . .
semi-humid ,/  semi-arid
;‘
20 A ]
)
4
i
0 ™ . .
0 10 20 0 40
(ARO+K0+Na:0)%

Figure 18: Binary plot of (Al203+K20+Na20) vs. SiO2 showing
the paleoclimate conditions for the studied sediments
(fields after [30]).

6. Tectonic Setting

The tectonic settings include oceanic island arc (A), continental
island arc (B), active continental margin (C) and passive
continental margin (D) (e.g., [31]).To evaluate the tectonic
setting of the studied sediments we used three models: the
binary plots of AI203/(100-SiO02) versus Fe203/(100-Si02)
(Fig. 19)and Sc versus V (Fig. 20), and the ternary plot of Hf/3-
Th-Nb/16 (Fig. 21). These models show that the continental
margin (C and D) is the main tectonic setting.

08
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q 1 N
- 06 |0cean|clf
8 | ridge
@ ' !
[=] 1 1
2 04 ! ' .
? I ! __,—'" '-.
o ! ! =T S
3 1 i i L
w AP -7 - ] AN
024 < e Continental margin N
' e ad
_h_'_'l“--lh—___________
L ]
0.0 ; ; . . .
0.0 0.1 02 03 0.4 05 06

Al,05/(100-5i05)

Figure 19: Binary plot of Al203/(100-SiO2) vs. Fe203/(100-Si02)
showing the paleotectonic setting for the studied sediments (fields
after [32]).
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Figure 20: Binary plot of Sc vs. V showing the paleotectonic setting
for the studied sediments (fields after [33]).

HIf/3

Nb/16

Figure 21: Ternary plot of Hf/3-Th-Nb/16 showing the paleotectonic
setting for the studied sediments (fields after [34]).

4. CONCLUSIONS

This study concluded that, the main clay mineral in the clayey
portion of Member U1 (i.e. middle clay of the Upper Member)
of the Sahabi Formation is illite. The studied clay was deposited
in a marine environment under an oxic conditions. with a clear
continental contamination. The paleotectonic setting of the
studied clay is the continental margin were prevalent during
deposition. There was a fluctuation in paleoclimate between
semi-humid to semi-arid. The degree of chemical weathering in
the source area ranged between moderate to high. The
Precambrian granites of northeastern Chad is the possible
source of the studied clay.
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