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Abstract

Upper Cretaceous Oceanic Red Beds (CORBSs) are pelagic sediment deposits
that deposited in the Upper Cretaceous basin, with widespread in part of the world
as well as in Irag. This research investigates the deposition of cyclic marl and marly
limestone CORBs of six selected sections at the active southern margin of the
Tethys during the Late Campanian - Maastrichtian with petrography, microfacies,
and depositional environment.

The measurement of carbonate content (CaCO3 %) in the rocks, 180 samples of
all the geological sections were studied twice for each sample and the average
readings were taken.

This examination proved the following major oxides wt. % concentrations
domination SiO,, CaO, Al2 O3 and Fe203 with average values of 33.10, 29.63, 5.10
and 3.67 respectively, with following minor elements ppm concentrations
dominance Sr, Ni, V, Zn, Cu, Zr and Co with average values of 498.4, 257.6, 67.8,
38.2, 34.3, 25.5 and 20.4 respectively. Also this group of ratios K20/Al,O3, SiO,,
Al20,/TiO,, Ni/Co, VICr, Cu/Zn, Cr/Ni, VINi, and V/ (V+Ni) is used as an index of
paleo oxygenation conditions, these ratios proved the oxidizing environments for the
rock samples in the present study

The expense of the organic matter content (TOC) has shown low content of TOC
% in most studied samples, with ranges values of 0.27 in all beds, 0.18 in only red
marl beds, 0.29 only non-red marl beds, 0.20 in only red marly limestone beds, 0.36
only non-red marly limestone beds .

The Shiranish Formation (Late Campanian-Early Mastrichtian), composed of
marl and marly limestone, rhythmically laminated. Relatively low contents of
organic matter and the containing of some redox-sensitive trace elements support the
interpretation of oxic bottom water conditions during the deposition of this
formation, consisting of light grey, reddish, brownish, and pinkish laminated
calcareous marl and marly limestone, is characterized by low TOC contents. The C**
and O™ values are indicate upon the diagenetic affective due to burial, and it means
a detrital origin that may reflect local uplift and variations in weathering processes
in the adjacent continental areas.

Keywords: Geochemistry, Depositional Conditions, Cretaceous Oceanic Red Beds
and Shiranish Formation
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Introduction

This paper is focues on the Cretaceous Oceanic Red Beds (CORBs) within the Shiranish
Formation, their depositional conditions and their importance in rebuilding marine environments as
well as their characteristics and the geochemical relationships between CORBs sediments and other
sediments that cover all studied sections. The geochemical analyses consisting of chemical analyses
(XRF), carbonate content examine (CaCOswt. %), total organic carbon (TOC %) measurements,
carbon isotopes (C**) and oxygen isotopes (O™).

Late Cretaceous period is characterized by the evolution of global change from anoxic to mostly
oxic condition in the oceans which happened after the last universal oceanic anoxic event OAE2 [1].
Therefore, the change from anoxic to oxic bottom ocean environment during the Late Cretaceous was
at least hemiglobally if not globally wide. The change to oxic bottom conditions occurred later in the
southern Tethys than in the western Tethys, where it began during the late Turonian [2]. Also Late
Cretaceous period is characterized by greenhouse condition, changes in sea level, with opening and
closing of ocean basins due to the tectonic compression in the Tethyan belt [3, 4].

Location of studied area

The studied area is situated in the northeastern part of Irag. It is bounded by longitudes (45° 03"-
45° 45'E) and latitudes (34° 55" -35° 37" N), and it is extending from Zakho City in the northwestern
towards the Darbandikhan Lake in the southeastern. It falls within Sulaimaniya, and Erbil
governorates. The study area is located on Sulaimaniya-Erbil road, 70 km West of Sulaimaniya city
Figure- 1.
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Figure 1- Geographical location map of the studied area(www.topomap.com).
Geological framework
The exposed geological formations in the study area are mostly ranging in age from Middle Eocene
age (Pila Spi Formation) to Late Campanian age (Bekhme Formation), and it includes several
formations. It is exposed at the Unstable Shelf and is characterized by High Folded Zone and Zagros
Suture Zone [5]. It is constituted by long and narrow anticlines; some of them exhibit different types
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of faulting. The lithologies of these formations include limestone, dolostone, shale, marl, claystone,
siltstone and sandstone. The Zagros Suture Zone consist of different igneous and metamorphic rocks;
limestone, shale and mudstone. The Quaternary deposits include river terrace, alluvial fan, slope,
valley fill, floodplain, and polygenetic deposits [6, 7] Figure- 2.

Cretaceous period is divided into groups and subgroups (sequences) [5]. In this research the
formations that spread in the project area shown in Table- 1.

The Shiranish Formation is first defined by [8] from the High Folded Zone of north Iraq near the
village of Shiranish Islam. In the type area, the Shiranish Formation is about 225m thick (9). It is
composed of thinly bedded marly limestone at the lower part, blue marl at the upper part with beds of
marly limestone. Shiranish Formation is rich in fossils especially Planktonic Foraminifera, and it
contains limestone conglomerate in some areas such as Sinjar Area [9].

SM8% Ouaternary
Tertiatry
Shiranish Fn.
Studied Red Beds
- Cretaceous
Bl Jurassic
A Studicd sections with red bed
A Studicd scctions without red bed
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Figure 2-Geological map of the studied area showing the six studied sections [6, 7].

Table 1-Formations spread in the studied area.

Sequence Fogrr?atl Period Age Main Lithology
PilaSpi Late Eocene Chalky Limestone
Middle — Early Eocene | Avanah Middle Eocene Limestone
Mid. Palaeocene — : . Clastic and
Early Eocene Gercus | Tertiary Middle Eocene Limestons
Kolosh Palaeocene Shale & Sandstone
Taniero Late Campanian- Marl &Marly
J Maastrichtian Limestone
Shiranis Late Campanian- Marl &Marly
. h Maastrichtian Limestone
Late Campanian — Cretaceo — -
Mastrichtian Bekhme us Mastrichtian Limestone
Agra Late Campanian Limestone
Kometan Santonian Limestone
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Analytical techniques

All studied analysis the Vienna University Laboratories in Austria which includes making 24 thin
sections (slides) for petrology study, 180 samples for carbonate content (CaCO3 %) examinations, 110
samples for X-Ray Diffraction (XRD) tests, 322 powder and rock samples for X-Ray Fluorescence
(XRF) assays to all sections, making 20 thin sections (slides) from GS section for nannofossils study,
75 samples for Total Organic Content (TOC%) checking and 17 samples for stable isotopes C13 and
O 18.

X-ray fluorescence (XRF) analysis for major and trace elements was carried out on171 samples
(131, 10, 10, 6, 10, 4 samples from the GS, Ch, Sm, Dr, D, Q sections respectively). Bulk
geochemistry was measured on powder pill with a sequential wavelength disperse X-ray fluorescence
spectrometer (Spectro X-Lab 2000) with Pdanode calibrated to the SARM 46 standard (Pretoria,
Republic of SA). The analytical uncertainty is below 5% for major elements and between 5-10% for
trace elements. Bulk geochemical investigates depending on the results and XRF data were obtained
from Principal Component Analysis (PCA). PCA is a statistical tool used to assess metal behavior in
earth materials [10]. The PCA is applied to detect the concealed structure and associations of elements
in the data set [11, 12].

Total Organic Content (TOC %) is determined on 75 powder samples, these samples are covered
all types of lithology that studied. Using a Leco Multiphase Carbon Determinator LECO RC-412, at
550 °C and an after burner temperature of 800 °C.

Stable carbon and oxygen isotope compositions of bulk samples were determined using a Thermo
Finnigan Delta Puls XL mass spectrometer equipped with a Gas- Bench II.

Geochemistry of Shiranish CORBs

The chemical data are obtained from various tests and chemical analysis of research samples those
points from GS, Ch, Sm, D, Dr and Q sections. The major oxides (wt. %) distributions and its averages
presence with distribution in all the sections can be observed through Table-2.

Table 2- The major oxides (wt. %) ranges and averages in all studied sections.

Min. 1.02 31.80 0.46 11.47 0.03 0.02 0.01 0.01 0.01
Max. 15.47 41.10 7.17 50.38 3.30 0.40 0.14 0.40 0.35

Averages 5.21 37.34 3.97 29.11 0.70 0.25 0.07 0.15 0.05

Min. 3.25 18.74 2.67 12.04 0.14 0.17 0.06 0.09 0.02
Max. 11.42 26.15 4.2 36.51 0.81 0.28 0.1 0.37 0.1
Averages 5.75 21.71 3.5 29.09 0.51 0.23 0.09 0.2 0.04
Min. 5.83 17.64 1.91 26.32 0.36 0.15 0.07 0.07 0.02
Max. 2.81 22.16 4.89 39.82 1.27 .055 0.12 0.12 0.08

Averages 4.36 20.26 3.44 32.67 0.69 0.26 0.09 0.09 0.04

Min. 0.77 11.15 0.37 24.05 0.12 0.12 0.09 0.01 0.002

Max. 8.03 23.35 3.12 51.44 0.67 0.24 0.15 0.22 0.011
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Averages 4.80 18.58 1.64 34.85 0.39 0.18 0.12 0.08 0.007
Min. 0.91 11.07 0.05 29.72 0.07 0.01 0.08 0.01 0.008
Max. 3.06 17.31 2.08 36.14 0.61 0.14 0.10 0.11 0.043

Averages 1.77 12.71 0.67 34.61 0.20 0.04 0.09 0.04 0.019
Min. 4.99 20.58 421 14.77 0.01 0.34 0.06 0.06 0.018
Max. 13.70 24.42 5.75 31.42 1.23 0.43 0.09 0.12 0.044

Averages 7.52 22.59 4.90 24.29 0.82 0.38 0.08 0.10 0.026

The trace elements (ppm) distribution in studied samples from all the sections with its ranges and
its averages presence can be observed through Table-3.

Table 3-The trace element (ppm) ranges and averages in all studied sections.

Min 26 05 11 1336 0.03 235 O 14 65 76 169 0 47 268
Max. 644 51 403 950 0.8 1231 6 648 151 109 94.4 27.4 320.2 787.3
Averages 222 33 16.7 4789 05 695 05 277 9.0 115 351 195 411 2744
Min 12 0 10 211 0 43 0 3 9 10 28 0 31 96
Max. 2056 0 34 676 02 134 4 58 22 14 47 7 47 551
0
0

Averages 35.4 19 5625 0.02 694 04 349 137 113 378 0.7 388 189

Min 9 12 433 0 41 0 20 9 10 28 0 25 89
Max. 29 37 33 628 0.7 84 0 39 17 16 42 22 271 350
Averages 17.7 0.7 225 566 012 601 O 29.8 13.1 121 355 0.34 683 217.6
Min 2 0 0 109 0 20 0 32 7 9 16 0 0 0
Max. 113 0 35 1197 O 85 0 62 21 12 58 0.02 82 112
Averages 6.8 0 232 7603 0 501 O 464 123 10 411 0.002 31.3 46.3
Min 1 0 0 115 0 47 0 0 10 8 7 0 0 19
Max. 111 0 21 198 0 69 0 9 17 15 18 0 0 166
Averages 3.7 0 5.7 140 0 522 O 33 123 112 112 O 0 5.
Min 120 0 13 1081 O 41 0 33 10 7 38 0 45 15
Max. 253 0 32 5774 0 92 0 72 22 17 61 10 60 139
Averages 1948 0 225 4027 0 678 0 473 145 115 473 25 515 893

The comparison between the occurrences and concentrations of major oxides (wt. %) and trace
elements (ppm) their ranges and averages in the red marly limestone and non-red marly limestone
beds are listed in Table- 4.

Table 4- The ranges and averages of main oxides, major elements (wt. %) and trace elements (ppm) in
red and non-red bed marly limestones in all studied sections.
RED MARLY LIMESTONE BEDS

Oxides Gs-Section Ch-Section  Sm-Section Dr-Section D-Section  Q-Section

0, - - - - = :
(/0) Min. Ma> Ave Min. Ma> Ave. Min. Ma Ave. Min. Max Ave. Min. Max Ave Min.Max Ave.
A|2C)3 122 7.21 343 325 6.86 4.25 281 5.83 3.67 - - - - - - - - -

SiO, 34.6040.6038.62 18.74 23.94 20.49 17.64 21.93 19.34 - = = = = - - - -

2144



Ahmed et al.

FeO
Fe,O3
CaO
Kzo
T|Oz
PzOs
MnO
Cr,0,
Elements
(%)
Al
Si
Fe+2
Fe*
Ca
K
Ti
P
Mn
Cr
Elements
(ppm)
Co
Nb
Rb

Sr
U
\Y
W
Zr
Y

Ce
Cu
Pb
Zn
Ni

Oxides
(%)
Al,O;
SiO,
FeO
Fezog,
CaO
Kzo
TiO,
P2Os
MnO
Cr,04
Elements
(%0)

0.41 6.05 2.74
0.46 6.72 3.05

16.28 46.5434.87 30.50 36.51 33.89 26.32

0.00
0.02
0.03
0.08
0.00

0.86 0.38
0.40 0.19
0.11 0.08
0.22 0.16
0.20 0.04

0.65 3.82 1.80
16.17 19.0 18.1
0.32 4.70 2.13
0.32 4.70 2.13
11.64 33.26 24.9
0.00 0.71 0.31
0.01 0.24 0.11
0.01 0.05 0.03
0.06 0.17 0.12
0.00 0.14 0.02

480 59.8 16.0
220 3.6 3.01
5.00 24.3010.2

240 3.13 2.88
2.67 3.48 3.20

0.14
0.19
0.08
0.18
0.02

0.57
0.23
0.10
0.24
0.03

0.39
0.21
0.09
0.21
0.03

1.72
8.76
1.87
1.87

3.63
11.18
2.43
2.43

2.25
9.57
2.24
2.24

1.72
1.91

0.18
0.15
0.07
0.07
0.02

1.49
8.24
1.34
1.34
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4.20
4.67
39.82
1.16
0.55
0.12
0.12
0.08

3.09
10.25
3.27
3.27

2.65
2.94
35.68
0.53
0.30
0.10
0.10
0.04

1.94
9.04
2.06
2.06

21.80 26.09 24.22 18.81 28.46 25.50

0.12
0.11
0.03
0.14
0.01

0.47
0.14
0.04
0.19
0.02

0.32
0.13
0.04
0.17
0.02

12.00 16.0
1.60 5.0
10.00 20.0

14.2
2.8
12.0

0.15
0.09
0.03
0.05
0.02

8.9
0.0
10.0

0.96
0.33
0.05
0.09
0.06

28.6
3.7
26.3

0.44
0.18
0.04
0.08
0.03

16.7
1.1
15.4

169.30668.6523.9 610.4 675.5 629.7 432.4 721.0 610.7

0.00 0.80 0.49
34.20 108.550.1
0.00 4.0 0.17
7.80 34.6 20.9
6.50 11.0 7.74
10.00 11.7 10.9
21.80 45.6 29.1
0.10 5.8 1.30
12.10 63.8 30.4

0.20 0.6
43.00 58.0
0.00 0.0
3.00 44.0
10.00 10.0
10.00 10.0
10.00 45.0 28.6
0.10 04 0.22
30.00 39.0 34.80

0.44
50.8
0.0
254
10.0
10.0

0.0
32.3
0.0
204
8.5
10.1
271.7
0.0
20.0

0.7
83.8
0.1
30.2
10.3
11.3
40.3
2.2
50.6

0.2
46.62
0.02
24.45
9.67
10.6
32.9
0.57
36.53

103.50712.0189.4 96.00 167.0 122.8 122.4 .740.: 677.8

GS-Section

Min. Max Ave.

296 5.15 3.9
31.80 39.2 37.8
0.54 3.92 2.9
0.60 4.36 3.23
11.47 375 324
0.10 0.76 0.35
0.11 0.29 0.20
0.04 0.14 0.08
0.01 0.26 0.19
0.00 0.06 0.05

NON-RED MARLY LIMESTONE BEDS

Ch-Section
Min.
3.46
19.7
2.66
2.96
33.9
0.14
0.17
0.08
0.37
0.02

19.65 19.65
2.66 2.66
2.96 2.96
33.94 33.9
0.14 0.14
0.17 0.17
0.08 0.08
0.37 0.37
0.02 0.02

Sm-Section

Dr-Section

Max Ave. Min. Max Ave. Min. Max. Ave.
346 346 5.21 521 521 091 3.06 1.77

19.27 19.27 19.27 11.07 17.31 12.71

248 248 248 0.04 187 0.60
276 276 276 005 208 0.67

31.64 31.64 31.64 29.72 36.14 34.61

0.67
0.21
0.11
0.08
0.03

0.67
0.21
0.11
0.08
0.03

0.67
0.21
0.11
0.08
0.03
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0.07
0.01
0.08
0.01
0.01

0.61
0.14
0.10
0.11
0.04

0.20
0.04
0.09
0.04
0.02

D-Section

26.04 51.44 37.03 22.21

0.12
0.01
0.09
0.00
0.00

0.76
0.21
0.15
0.21
0.01

0.36
0.15
0.12
0.07
0.01

Q-Section

Min. Max. Ave. Min. Max. Ave.
0.77 5.47 3.93 4.220 7.180 5.463

11.15 21.69 17.72 20.58 23.50 21.97
033 238 127 3.79 517 4.46
0.37 2.650 1.41 421 5.75 4.96
31.42 27.47

1.02
0.34
0.07
0.09
0.02

1.23
0.43
0.09
0.12
0.02

1.09
0.38
0.08
0.11
0.02
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Al 1.57 2.73 2.04 1.83 1.83 1.83 2757 2757 2.757 048 162 094 041 289 208 .23 3.80 2.89
Si 14.86 18.3 17.6 9.18 9.180 9.18 9.01 9.01 901 517 809 594 521 10.13 828 9.62 10.98 10.27
Fet? 042 305226 207 2070 207 193 1.93 193 0.03 145 047 026 185 0.99 2.95 4.02 3.47
Fet> 042 305226 207 2070 2.07 193 193 193 003 145 047 026 185 0.99 2.95 4.02 3.47
Ca 8.20 26.823.15 24.3 24.26 24.3 22.6122.6122.61 21.24 2583 24.74 18.61 36.76 26.46 15.87 22.5 19.63
K 0.08 0.63 029 0.12 0.12 0.12 056 056 056 006 051 017 0.0 0.63 0.30 0.85 1.02 0.91
Ti 0.07 0.17 0.12 0.10 0.10 0.10 0.13 0.13 013 0.01 008 003 001 0.13 009 021 0.26 0.23
o) 0.02 0.06 0.03 0.04 0.04 0.04 005 0.05 0.05 003 004 004 0.04 0.7 005 0.03 0.04 [0.04
Mn 0.01 0.20 0.14 029 029 0.29 006 0.06 0.06 001 0.09 003 0.0 0.16 006 0.07 0.09 0.08
Cr 0.00 0.04 0.04 0.02 0.02 0.2 002 0.02 002 001 003 001 0.00 0.01 0.0040.012 0.014 0.013
Elements
(Ppm)
Co 3.30 2452016 0.01 0.01 0.01 104 104 1040 1.00 113 3.87 2.40 12.00 6.94 19.20 25.40 22.30
Nb 280 370304 00 00 00 00 0.0 000 000 0.0 000 0.00 0.0 000 0.0 0.00 0.00
Rb 410 20511.07 103 103 103 204 20.4 2040 4.00 200 1050 17.50 24.10 20.61 20.00 30.70 23.77
Sr 312.9 950.0558.9 653.0 653.0 653.0 620.0 620.0 620.0 115.00 198.0 140.00 203.00 1090.0333.4:108.00577.0( 396.0
U 0.20 0.80 051 0.00 00 00 00 00 000 000 00 000 0.00 0.0 000 0.0 0.00 [0.00
\Vi 37.2 657 56.3 0.01 0.01 0.01 603 60.3 60.3 47.60 69.0 52.33 21.10 78.40 44.81 64.30 92.20 76.97
wW 00 010061 00 00 00 00 00 000 000 00 000 0.00 0.0 000 0.0 0.00 [0.00
Zr 19.1 423 248 274 274 274 305 305 305 000 0.0 0.00 1540 48.70 36.11 0.003 0.01 0.004
Y 7.4 105819 104 104 104 102 102 102 1020 11.1 1050 10.10 10.60 10.36 10.30 10.60 10.47
Ce 101 11.7 108 100 10.0 100 102 102 102 1020 10.8 10.47 10.00 10.90 10.41 10.30 10.60 10.43
Cu 23.3 40.8 31.4 39.0 39.0 39.0 395 395 395 10.10 10.8 10.45 10.50 45.20 36.19 38.30 51.00 42.87
Pb 00 36 172 00 00 00 00 00 000 000 00 000 000 0.00 000 0.00 0.00 0.00
Zn 17.4 502 34.8 344 344 344 400 400 400 0.00 0.0 0.00 17.70 120.9057.1 48.60 60.60 54.13
Ni 103.9 250.4266.7 133.5 133.5 133.5 140.0 140.0 140.0 10.30 166.3 49.73 11.80 75.80 38.2 96.40 139.6( |14.5:

The distribution of the major oxides shown that the major oxide CaO has the highest concentration

among the oxides determined, with concentration around 34.5 %, which is not much higher than its
concentration (around 31.5 %) in the non-red marly limestone samples Table-4. These high
concentrations associated with high content of carbonate minerals. This oxide followed by SiO, with
concentration around 26.2 % and 21.6 % for red and non-red marly limestone respectively; these
concentrations are compatible with the presence of clay and silicate minerals in these deposits. Third
higher concentration is Al,O; with concentration around 4.0 % in both red and non-red marly
limestone beds, presence of this oxide correlated with abundant of the clay minerals, followed by
Fe,Os with close concentrations (about 3.0 %) in both red and non-red marly limestone beds Table -4.

As for the distribution of trace elements (ppm), in red marly limestone beds, strontium (Sr) and
nickel (Ni) are the two highest concentrations trace elements with average values around 544.7 and
327.0 ppm respectively, followed by vanadium (V), zinc (Zn), copper (Cu), zircon (Zr), cobalt (Co)
and rubidium (Rb) with average values around 49.2, 33.6, 30.2, 23.6, 15.7 and 12.5 ppm respectively.
The elements cerium (Ce), yttrium (Y) and niobium (Nb) have low concentrations with average values
around 10.6, 9.2 and 3.3 ppm respectively, and concentrations that are limited or almost near to
nothing for the rest of the minor elements that are examined Table-4.

The distribution of trace elements (ppm) in non-red marly limestone beds, the Table-4 shows that:
strontium (Sr) and nickel (Ni) are the two highest concentrations trace elements with average values
around 533.6 and 123.8 ppm respectively, followed by vanadium (V), zinc (Zn), copper (Cu), zircon
(Zr), rubidium (Rb) and cobalt (Co) with average values about 58.1, 44.1, 37.8, 29.7, 17.6 and 12.8
ppm respectively (Table-4). The elements cerium (Ce), and yttrium (Y) have low concentrations with
average values around 10.4, and 10.0 ppm respectively, and concentrations that are limited or almost
near to nothing for the rest of the minor elements that are examined Table-4.

In the red and non-red marl beds the comparison between the occurrences and concentrations of
major oxides, major elements (wt. %) and trace elements (ppm) their ranges and averages shown in
Table-5. The distribution shown that the SiO, has the highest concentration among the oxides
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determined, with an average concentration around 36.58 %, which is not much higher than its
concentration (around 35.97 %) in the non-red marl samples Table-5. These concentrations are
compatible with the presence of clay and silicate minerals in these deposits. This oxide followed by
CaO with concentration around 26.17 % and 22.03 % for red and non-red marl samples respectively.
These high concentrations associated with high content of carbonate minerals. Other high-oxide
concentration is Al,Os; with concentration around 6.6 % in both red and non-red marl beds, presence of
this oxide correlated with abundant of the clay minerals, followed by Fe,O; with close concentrations
(about 4.1 %) in both red and non-red marly limestone beds Table-5.

In red marl beds the distribution of trace elements (ppm), are documented that the strontium (Sr)
and nickel (Ni) are the two highest trace elements concentrations with average values around 404.9
and 284.1 ppm respectively, followed by vanadium (V), copper (Cu), zinc (Zn), zircon (Zr), cobalt
(Co), rubidium (Rb) and cerium (Ce), with average values around 82.0, 36.8, 36.3, 29.5, 23.0, 21.7
and 10.6 ppm respectively. The elements yttrium (Y), niobium (Nb) and lead (Pb) have concentrations
less than 10 ppm, with average values around 9.2, 3.7 and 2.2 ppm respectively, and concentrations
that are limited or almost near to nothing for the rest of the trace elements that are examined Table-5.

The distribution of these trace elements (ppm) in non-red marl beds, the Table-5 shows that:
strontium (Sr) and nickel (Ni) are the two highest trace elements concentrations with average values
around 571.4 and 323.2 ppm respectively, followed by vanadium (V), zinc (Zn), copper (Cu),
rubidium (Rb), zircon (Zr), cobalt (Co) and cerium (Ce) with average values about 85.8, 48.4, 42.1,
26.7, 25.3, 22.5 and 10.5 ppm respectively (Table-5). The elements yttrium (), niobium (Nb) and
lead (Pb) have concentrations less than 10 ppm, with average values around 13.4, 3.7 and 2.0 ppm
respectively, and concentrations that are limited or almost near to nothing for the rest of the trace
elements that are examined Table-5.

Table 5- Main oxides, major elements (wt. %) and trace elements (ppm) with its ranges and averages
in red and non-red bed marl in all studied sections.

RED MARL BEDS

Oxides : - : - - -
% GS-Section Ch-Section Sm-Section Dr-Section D-Section Q-Section

Min. Max. Ave. MirMax. Ave. Min. Max.Ave. MinMax. Ave. Min. Max. Ave. Min. Max, Ave.
Al,O; 567 721 6.40 - - - - - - - -
Sio, 3580 3740 366 - - = = = = - I = = = E
FeO 333 421 38 - - = = - = BB E = = = N -
Fe,O3 3.70 468 428 - - - - - - - - - - - - - - -
Ccao 2420 2827 262 - - - - : 2 2 - |- = - - S E
K,0 064 111 088 - - - - - = - e = = = D
TiO, 024 030 028 - - = = - = B ERE = = = NI -
P,O5 0.07 0.08 0.08 - - - - - - - - - - - - - - -
MnO 010 011 010 - - = = - = B ERE = = = N -
Cr,04 0.05 0.07 0.06 - - - - - - - - - - - - - - -

Elements
%
Al 300 3.8 339 - - = = - - - - - - - - _ _ -
Si 16.73 1747 171 - - = o = - - - - - - - _ _ _
Fe* 259 327 299 - - - - - - - - - - i R i i .
Fe™ 259 327 299 - - - . . . : . : _ : i B
Ca 17.30 20.20 18.7 - - = = - - - - - - _ _ _ _ -
K 053 092 0.7 = = = 3 - - - - - - _ _ _ _ _
Ti 0.14 0.18 0.17 - - = - 5 - - - - - _ _ _ _ -
P 0.03 0.03 003 - - - - - - - - - - - . ) : _
Mn 0.08 0.09 0.08 - - = = = - - - - - _ _ _ _ -
Cr 0.03 0.05 004 - - = S > = - - - - - - - _ _
Elements
ppm

Co 18.80 25.70 230 - - - - - = = - - - - - - ; _
Nb 350 380 370 - - - - - - - = 5 = - - - - .
Rb 13.30 30.30 21.7 - - - - - - = = o = - - - : -
Sr 378.2 4420 4049 - - - - - - - - S = - - - - .
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Al,O4
SiO,
FeO

Fe,O3
CaO
K,0
MnO

Cr,0;

Elements
%

Al
Si
Fe*?
Fe®
Ca
K
Ti
o)
Mn
Cr
Elements

ppm
Co
Nb
Rb

Sr
]
\Y/
W
Zr
Y
Ce
Cu
Pb
Zn
Ni

0.30 0.60
73.90 90.30
0.00 0.20
24.70 31.50
7.80 10.10
10.40 10.80
32.70 40.90
0.80 3.80
27.80 43.50
247.0 302.9

GS-Section

Min. Max.
3.32 1547
32.7041.10
1.80 6.20
2.00 6.89
13.6436.61
0.00 1.57
0.18 0.39
0.01 0.09
0.08 0.34
0.03 0.35

1.76 8.19
15.2819.20
1.40 4.82
1.40 4.82
9.75 26.16
0.00 1.30
0.11 0.23
0.00 0.04
0.06 0.26
0.02 0.24

11.9 49.90
0.50 5.10
6.9 40.30

133.6 707.7
0.03 0.80

416 123.1(
0.00 6.00

2.80 64.80
6.50 15.10
7.60 11.30
20.1 57.70
0.00 7.90

10.20 83.90
154.5 791.7

0.50
82.0
0.05
29.5
9.20
10.6
36.8
2.20
36.6
284.1

Ave.
7.42
36.0
4.59
5.10
22.0
1.01
0.32
0.07
0.12
0.07

3.9

16.8
3.57
3.57
15.7
0.84
0.19
0.03
0.09
0.05

30.8
3.7
24.9

418.5
0.45
94.1
0.89
36.1
10.5
10.6
40.9
2.22
46.9
383.7

Ch-Section

M Max.
5.87 11.42
21.8 26.15
3.09 3.78
3.43 4.20
12.0 29.05
0.5¢ 0.81
0.27 0.28
0.0€ 0.10
0.09 0.16
0.02 0.10

3.11 6.04
10.2 12.22
2.4C 2.94
240 2.94
8.6C 20.76
0.48 0.67
0.1€ 0.17
0.03 0.04
0.07 0.12
0.02 0.07

0.00 28.00
0.0C 0.00
23.3 34.00

252.605.0
0.00 0.20
76.4134.1
0.00 3.60
0.0C 58.1
104 21.6
10.1 114
39.3 47.0
0.0C 7.30
43.6 473
157.550.2

Ave.
8.19
23.8
3.53
3.92
21.9
0.74
0.28
0.08
0.13
0.05

4.33
111
2.74
2.74
15.6
0.61
0.16
0.04
0.10
0.03

16.75
0.00
28.0

455.5
0.05
106.9
0.90
145
15.7
10.53
42.0
1.83
44.6
285.9
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NON-RED MARL BEDS

Sm-Section

Min.
491
21.39
3.70
411
28.69
0.71
0.25
0.07
0.08
0.06

2.598
9.99
2.88
2.88
20.51
0.59
0.15
0.07
0.06
0.04

20.00
0.00
20.60

450.0
0.00

70.00
0.00

0.003
10.30
10.30
30.70
0.00

50.00
300.0

Max.
5.39
21.61
3.84
4.27
28.94
1.11
0.28
0.08
0.10
0.07

2.852
10.10
2.99
2.99
20.7
0.92
0.16
0.08
0.08
0.05

20.00
0.00
30.20

540.0
0.00

70.60
0.00

0.003
10.50
10.70
40.30
0.00

50.20

Dr-Section

Ave. Min Ma
515 - -
2150 - -
3.77 - -
419 - -
28.82 - -
091 - -
0.27 - -
0.08 - -
0.09 - -
0.07 - -

273 - =
10.04 - -
293 - -
293 - -
206 - =
076 - -
016 - -
0.08 - =
0.07 - -
0.04 - -

200 - =
000 - -
254 - -

4950 - -
0.00 - -
703 - =
0.00 - -
0.003 - -
104 - -
105 - -
355 @ - -
0.0 - -
50.1 - -

300.2300.1 - =

D-Section

Min. Max.
5.78 8.03
18.12 23.35
125 281
1.39 3.12
24.05 35.05
0.21 0.67
0.19 0.24
0.09 0.14
0.01 0.22
0.007 0.01

3.06 4.25
8.47 10.91
0.97 218
097 218
17.19 25.05
0.17 0.56
0.14 0.14
0.04 0.06
0.008 0.17
0.005 0.01

0.001 13.00
0.00 0.00
24.60 30.00

Ave.
6.82
20.6
1.96
2.18
29.8
0.45
0.22
0.12
0.10
0.01

3.61
9.62
1.52
1.52
21.3
0.37
0.14
0.05
0.07
0.01

7.47
0.00
28.3

665.01197.0 916.7

0.00 0.00
43.00 85.80
0.00 0.00

0.00
63.8
0.00

0.005 0.006 0.005

10.30 20.40
10.20 10.40
40.00 58.00
0.00 0.001
49.60 56.80
20.50 112.4

16.9
10.4
50.0
0.00
52.1
63.1

Q-Section
Mir Ma Av

These results were compared with the standard and identical results for its presence in the shale,
limestone and deep sea carbonate according to [13-15] Table -6.
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Table 6- Comparison of the present red bed results with standard results.

Major
Oxides
(%0)

Al203
CaO
Cr203
Fe203
K20
MnO
P205
SiO2
TiO2

Ratios
SiO,/Al, O,
K,O/Al,O;
Al,O5/TiO;

Ni/Co

VICr

Minor
Elements

(ppm)

Ni
Cu
Zn
Rb
Sr
Y
Zr
Nb
Pb
U
Ti
Vv
Cr
Co
Ce

GS
3.42
34.87
0.04
3.05
0.38
0.16
0.08
38.62
0.19

GS
11.28
0.11
17.99
11.84
0.25

GS
189.4
29.10
30.35
10.24
523.9

7.74
20.87

3.01

1.30

0.49
1700
50.05

680
15.99
10.87

This Study
Red — Bed Sections
Carbonate Marl
Ch Sm GS
4.25 3.77 6.40
33.89 35.04 26.17
0.03 0.04 0.06
3.20 3.05 4.28
0.39 0.53 0.88
0.21 0.10 0.10
0.09 0.09 0.08

20.49 19.69 36.58
0.21 0.26 0.28
This Study
Red — Bed Sections
Carbonate Marl

Ch Sm GS
4.82 5.22 5.71
0.09 0.14 0.14

20.07 1460 22.86
8.65 26.18 12.35
0.25 0.16 0.20
This Study
Red — Bed Sections
Carbonate Marl
Ch Sm GS
122.8 4473 284.10
28.60 3258  36.75
3480 3578  36.60
12.00 15.35 21.7
629.7 592.2 404.95
10.00 9.65 9.20
2540 2435  29.53

2.80 1.10 3.70
0.22 0.57 2.20
0.44 0.20 0.50

1300 2600 1700
50.80 48.02 81.95
200 400 400
1420 17.08 23
10.00 1045 10.58

(Wedepohl, 1961 1971 ,1991)
& (Brumsack,2006)

Average shale

16.7
2.20
nd
6.90
3.60
nd
nd
58.9
0.78
(Wedepohl, 1961 1971 ,1991)
& (Brumsack,2006)
Average shale
26.95
0.04
11.96
3.57
1.50
(Wedepohl, 1961 1971 ,1991)
& (Brumsack,2006)
Average Average
shale carbonate
68 20
45 4
95 20
140 3
300 610
26 30
160 19
11 0.3
22 9
3.7 2.2
4600 400
130 20
90 11
19 0.1
59 115

Generally there are clear differences between the results of this study and average shale values. In
this study, there are obvious increases of the CaO, Ni, Cr, Sr, K,O/Al,O3; and Al,Os/TiO, values than
in the standard values, because most contains higher content of calcium carbonate. On the contrary,
the values of Al,Os SiO,, K;0O, Zn, Zr, Rb, Pb, U, V, SiO,/Al,O; and V/Cr are higher in the average
shale than in this study results. However other values when compared between the average shale and
the results of this study are similar or close to each other (Table-6). Concerning minor elements, is
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higher in Cu, Co, Ni, Pb and U which is most likely caused by the occurrence of ferromanganese
nodules in some parts of the profile.

The Figures- (3, 4) explain the positive and negative linear relationship between aluminum (Al)
against some main elements in red and non-red bed samples in the studied area. It show a good
positive linear relations between Al and the following major elements in both red and non-red Fe*?,
Fe* K and Ti Figure-(3, 4). Also it shows reverse linear relations between Al and Ca and P, and
without any relation between Al and Mn element Figure-(3, 4).

Also in both red and non-red bed samples the Figures -(5, 6) give details to the positive and reverse
linear relations. It has been plot diagrams of the relationship between aluminum (Al) against some
minor elements in red and non-red bed samples in the studied area. It show a good positive linear
relations between Al and the following major elements in both red and non-red Co, Cr, Cu, Ni, Nb, Y
and Zr Figure-(5, 6). Also it shows any relation between Al and the following minor elements Pb, U,
Srand W element Figure-(5, 6).
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Figure 3-Major elements wt. % (Ca, Fe*?, Fe*®, K, Mn, P, and Ti) vs. Al; average values
for red beds samples in the studied area
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Figure 4- Major elements wt. % (Ca, Fe+2, Fe+3, K, Mn, P, and Ti) vs. Al; average
values for non- red beds samples in the studied area.
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Figure 5- Trace elements (Co, Cr, Cu, Ni, Pb, Nb, Sr, U, W, Y, and Zr) vs. Al; average
values for red beds samples in the studied area.
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Figure 6- Trace elements (Co, Cr, Cu, Ni, Pb, Nb, Sr, U, W, Y, and Zr) vs. Al; average
values for non-red beds samples in the studied area.
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Distribution of major and trace elements

The minimum, maximum, and average concentrations of major oxides (wt. %), and minor elements
(ppm) in all sections for the different types of rocks are listed in Table-7. The dominance of SiO, and
CaO oxides on the rest oxides, which have been examined, SiO, % and CaO % are the higher
concentrations they have values around 33.1 and 29.6 respectively in all studied samples, followed by
Al,O; Fe,Oz and FeO with average concentration values around 5.1, 3.7 and 3.3 respectively, whereas
other tested oxides have averages concentration values less than 1.0 % (K,0=0.61, TiO,=0.24,
Mn0O=0.13, P,0:=0.08 and Cr,03;=0.05 %). Also the Table-7 illustrates the concentrations of the
minor elements (ppm) in same samples, it shows Sr and Ni elements have the two highest
concentrations, they around 498.4 and 257.6 ppm, followed by V, Zn, Cu, Zr, Co, Rb and Ce with
average values of 67.8, 38.2, 34.3, 25.5, 20.4, 17.4 and 10.7 ppm respectively, whereas other tested
oxides have averages concentration values less than 10 ppm (Y=9.53, Nb=2.68, W=0.42 and U=0.39
ppm) Table-7.

Table 7-Major oxides (wt. %) and trace elements (ppm) with its ranges and averages in all studied
sections.
Major Oxides (Wt. %) In All Sections

Al203 Sio2 FeO Fe203 ca0o K20  TiO2 P205 MnO  Cr203
% % % % % % % % % %
Average 5.10 33.10 3.30 3.67 29.63 0.62 0.24 0.08 0.13 0.05
Minimum  0.77 11.07 0.04 0.05 11.47 0.00 0.01 0.01 0.00 0.00
Maﬁm” 15.47 41.10 6.45 7.17 51.44 157 0.55 0.15 0.40 0.35
Major Elements (Wt. %) In All Sections
Al Si Fe*? Fe'® Ca K Ti p Mn Cr
% % % % % % % % % %
Average 2.69 15.47 2,57 2,57 21.18 0.52 0.14 0.03 0.10 0.03
Minimum  0.41 5.17 0.03 0.03 8.20 0.00 0.01 0.00 0.00 0.00
Maﬂm“ 8.19 19.20 5.01 5.01 36.76 1.30 0.33 0.07 0.31 0.24
Trace Elements (ppm) In All Sections
gg ';S Rb  sSr u v W g; Y Ce gs .EE Zn Ni
M m PPM ppm  ppm  ppm ppm T ppm ppm ' 'S ppm  ppm
Average | 204 268 17.4 4984 039 678 042 255 953 107 343 143 382 257.6
Minimum 00 000 36 1080 000 001 000 00 650 76 100 000 00 103
Maﬂm” 644 510 403 1137' 0.80 1341 600 648 2160 117 580 7.90 1209 17;"0'

The values of most redox-sensitive trace elemental abundances and geochemical ratios presented
here show a systematic, decreasing trend along a depth. Samples from the studied interval (GS-
section) are significantly enriched in the redox-sensitive trace elements such as U, V, Co, Cr and
geochemical ratios Figure- 7.
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Figure 7- lithological section showing ratio elements for the Gs Section.

Paleo-oxic conditions and trace elements enrichments

Ni/Co, VICr, Cu/Zn, VI (V+Ni), and Cr/Ni ratios have been used to evaluate paleoredox conditions
[16, 17]. V/Cr and Ni/Co ratios have been used as an indicator of oxygen levels, and both Ni and Co
occur in pyrite [18, 19].

The V/Cr ratio is used as an index of paleo oxygenation [19-21]. The incorporation of Cr is
probably in the detrital fraction of sediments and it is possible that it substitutes for Al in the clay
structure. Vanadium (V) may be bound to organic matter by the incorporation of V** is generally
found in sediments deposited in reducing environments. The V/Cr ratios of < 2 to infer to more
oxidizing conditions, 2.0-4.25 for dysoxic conditions, and >4.25 for suboxic to anoxic conditions [17].

Generally, the results of Cr/Ni ratios values of all studied samples in all sections are compatible and
very identical. Cr/Ni ratios values in the present study are with ranges that suggested the studied rock
samples in the present study belong and under more oxidizing conditions. These data supports the
evidence and ideas that adopt the presence of volcanic activity.

The high average concentrations of both elements in studied sediments, Cr around 234 ppm in
marly limestone and 443 ppm in marl, the Ni average concentrations around 190 ppm in marly
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limestone and 335 ppm in marl, with strong positive correlation coefficient between both elements (Cr
and Ni) with Co (Cr=0.88 very strong and Ni=0.49 strong). These relationships indicate a significant
contribution of detrital from mafic and ultra-mafic igneous source rocks.

The Cross plot of vanadium versus nickel Figure-8, from GS and Ch red bed samples from studied
area showing that the sediments had mixed marine and terrigenous source input and were deposited
under oxic to dyoxic [22].
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Figure 8- Cross plot of vanadium versus nickel of GS and Ch red beds samples from studied area
[22].

Total organic content measurements (TOC %)

Total organic carbon (TOC %) was determined on powder samples using a Leco Multiphase
Carbon Determinator LECO RC-412 at 550 °C and an afterburner temperature of 800 °C.

In this study the TOC % for all beds range from 0.10 to 1.13 with average value 0.27, for only marl
and only marly limestone beds in all studied sections range from 0.16 to 0.92 and from 0.10 to 1.13
with average values of 0.27 and 0.26 respectively Table-8. In red and non-red marl bed samples the
TOC % range from 0.17 to 0.18 and from 0.16 to 0.92 with average values of 0.18 and 0.29
respectively Table-8. Whereas the TOC % range from 0.12 to 0.28 and from 0.15 to 1.13, with
average values of 0.20 and 0.36 in red and non-red marly limestone bed samples respectively Table- 8.

Table 8- Total Organic Carbone (TOC %) (ranges & averages) of all beds in all studied sections.

Total Organic Carbone (TOC %)
of All Bed Types In All Studied Sections

Type of Lithology R Maximum Average
0.10 1.13 0.27
0.16 0.92 0.27
0.10 1.13 0.26
0.17 0.18 0.18
0.16 0.92 0.29
0.12 0.28 0.20
0.15 1.13 0.36
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All ranges and averages in each section of the present study, are observed and noted in Table-8. In
the present study the TOC % content in red beds (Shiranish CORBs beds) less than its presence in
non-red beds Tables-(8, 9).

Table 9- Total Organic Carbone (TOC %) its ranges with its averages of red and non-red marl and
marly limestone studied sections.

Total Organic Carbone (TOC %) of All Bed Types In All Studied Sections

Red Marl Non-Red Marl Red Marly Limestone Non- Red Marly Limestone
Sections  \inj  Maxim Aver Mini  Maxim Aver Minim Maxim Aver Minim Maxim Averag
mum um age  mum um age um um age um um e

0.17 0.18 0.18 0.18 0.34 0.24 0.12 0.24 0.18 0.10 0.27 0.21
- - - 0.16 0.20 0.18 0.18 0.26 0.22 - - -

= - 0.24 0.24 0.24 0.19 0.28 0.24 0.22 0.22 0.22

- - - - - - - 0.18 0.35 0.27

- - 0.32 0.92 0.66 = = - 0.18 1.13 0.60

- - - - - - - - 0.15 0.20 0.18

The low organic carbon content in all profiles indicates a rapid recycling of TOC in oxic water with
either an almost entire respiration of organic carbon in the water column and during early diagenesis
or a primary oligotrophic environment. The Table-10 shows the distribution of TOC % due to its
lithology Table-10.

Table 10-TOC % with lithology types of all bed in all studied sections.
Carbonate content (wt. %) measurement with type of lithology

Sections No. of Samples Type of lithology
GS 60 Red Marly Limestone
80 Non-Red Marly Limestone
5 Red Marly Limestone
&l 5 Non-Red Marly Limestone
sm 7 Red Marly Limestone
3 Non-Red Marly Limestone
D 10 Non-Red Marly Limestone
Dr 6 Non-Red Marly Limestone
Q 4 Non-Red Marly Limestone

Through the results above, the highest content of total organic content (TOC %) presence in marly
limestone rock (TOC %=1.13), whereas the higher value of TOC % in marl rock samples is 0.92 %
Table-8. Using the relevant ratios with TOC% such as V/Ni ratio Tables-(11, 12 and 13), when V/Ni
ratio greater than 3 indicates that the TOC % was deposited in a reducing environment, and when V/Ni
less than 3 suggested the TOC% was deposited in oxidizing condition [22].

Therefore, in this study, all results for all studied samples that covered all studied sections, TOC %
values less than 1, which suggest an oxidizing environment for the rock samples in the present study.
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Table 11- Major Oxides (wt. %), trace elements (ppm) ratios in all (marl and marly limestone) beds in
all studied sections.

0.04 11.33 8.6 0.09 0. 055 015 0.13
0.26 11.68 23.48 2717 130 3.63 225 210 048
0.14 5.11 19.65 1265 0.28 123 092 032 022
0.04 26.95 11.96 3.57 1.50 132 047 191 0.66

0.26 0.02 0.05

0.24 17.39 40.50 2290 154 470 212 485 0.66
0.11 9.66 19.37 1132 034 137 099 050 0.26
0.04 26.95 11.96 3.57 1.50 132 047 191 0.66

Table 12- Major oxides (wt. %), trace elements (ppm) ratios in red and non-red marl beds in all studied
sections.

0.11 4.97 13.63 11.09 018 120 0.87 0.25

0.17 6.37 21.80 1334 025 158 104 031 024
0.14 5.76 17.95 1243 021 138 095 029 0.23
0.04 26.95 11.96 357 150 132 047 191 066

o T M e e SR
0.00 11.33 8.6 004 061 055 0.15
0.26 11.68 23.48 2717 130 363 157 210 048
0.14 5.07 20.50 1236 028 123 086 032 0.22
0.04 26.95 11.96 357 150 132 047 191 066
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Table 13- Major oxides (wt. %), trace elements (ppm) ratios in red and non-red marly limestone Beds in
all studied sections.
Major Oxides (Wt. %), Trace Elements (ppm) Ratios
In Red Beds Marly Limestone In All Sections

Kz(c))IBAIZ Sioc§/3A|2 Alzglei Ni/Co  V/Cr Cri/N %lrJ]/ V/Ni V\-I{{\l i

Minimum 0.02 3.49 7.13 535 0.08 0.27 026 0.15 0.13
Maximum 0.20 15.37 28.56 19.32 067 214 184 053 0.35
Average 0.11 10.43 18.16 1159 025 131 099 029 0.23
Average Shale 0.04 26.95 11.96 nd 150 nd nd nd nd

Major Oxides (Wt. %), Trace Elements (ppm) Ratios
In Non-Red Beds Marly Limestone In All Sections

KzglsAlz SioélaAlz Alzgz/Ti Ni/Co  V/Cr Cri/N CZI:]/ V/Ni V\+/{\l i

Minimum 0.03 3.27 12.41 260 049 081 037 011 0.10
Maximum 0.24 33.85 46.17 2290 33 997 212 485 0.64
Average 0.11 8.71 23.00 1015 194 186 093 0.92 033
Average Shale 0.04 26.95 11.96 nd 150 nd nd nd nd

In Figure-9 displays the geochemical expression of GS section due to the Pindos Zone (Pindos Zone
defined and considered as a deep ocean during the Cretaceous Period) and assists in addressing the
relatively low TOC values recorded in this section. Obviously an inverse relationship between the
TOC % and C" based on the results of the GS-section are noted stratigraphically upwards increasing
in TOC % Figure-9. The reverse is the case under normal oxic conditions according to [22] Galarraga
et al. 2008).

Carbonate content determinations

The carbonate content (CaCO3 %) of all samples was investigated by acidification and liberation of
carbon dioxide using (ONORM L1084) device with a standard deviation of 5%. The results from
semiquantitative XRD analysis and the carbonate determination show a good deal.

The comparison between the existences of the CaCO3z % in the studied samples that covered red
marl and red marly limestone with non-red marl and non-red marly limestone in all studied sections
are listed in Table-14. In all beds it ranged from 20.50 to 100.00 with average value 54.60, for only
marl and only marly limestone beds in all studied sections ranged from 22.50 to 73.50 and from 20.50
to 100.00 with average values of 41.01 and 64.09 respectively Table-14. While the CaCO3; % in red
and non-red marl bed samples are ranged from 44.50 to 51.50 and from 22.50 to 73.50 with average
values of 40.60 and 0.29 respectively Table-14. Whereas the CaCO; % are ranged from 20.50 to
110.00 and from 30.25 to 89.50, with average values of 66.57 and 62.90 in red and non-red marly
limestone bed samples respectively Table-14.

Through the above results the carbonate content (CaCO3; %) presence in marly limestone rock
samples show the highest value of 100.00 %, while in marl rock samples the maximum value of 73.50
% Table-14, Figure-9.
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depth

Figure 9- Lithology and chemostratigraphy of the GS section samples, based on Vasilios K., et al.,
2010.

Table 14- Carbonate Content (CaCO; %) (ranges & averages) of all beds in all studied sections.
Carbonate Content (CaCO; %) of
Number of All Bed Types In All Studied Sections
(n)
Only Marl in All Sections 67 22.50 73.50 41.01
Only Marly Limestone in All Sections 96 20.50 100.00 64.09
Only Red Marl Beds 4 44.50 51.50 47.50
Only Non-Red Marl Beds 63 22.50 73.50 40.60
Only Red Marly Limestone Beds 65 20.50 100.00 66.57

Only Non- Red Marly Limestone Beds 31 30.25 89.50 62.90

All ranges and averages in each section of the present study are observed and noted in Table-14. In
the present study the CaCO3; % content in red beds (Shiranish CORBs beds) more than its presence in
non-red beds Tables-(14, 15). The perceived increase in the carbonate content (CaCQs) is a reflection
of the abundance of calcite mineral in these deposits.
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Table 15- Carbonate Content (CaCO; %) its ranges with its averages.
Carbonate Content (CaCOj3; %) of All Bed Types In All Studied Sections

4450 51.50 7.50 23.50 65.50 39.10 30.25 89.50 2.92 20.50 79.00 57.50

- - - 2250 52,00 4030 5500 69.00 6200 6200 6200  62.00
- - - 5200 5200 5200 4600 7650 6350 6450 6450  64.50
. . - - - - - - - 63.00 100.00  90.30
- - - 4700 7350 59.80 - - - 51.00 9550 7264
. - - - - - - - - 3800 5200 4650
Stable isotopes tests
Stable carbon and oxygen isotope compositions of bulk samples were determined using a Thermo

Finnigan Delta Puls XL mass spectrometer, and results are calibrated against NBS19, CO1, and CO8
standard reference materials and are reported on the VPDB scale (Table-16 and Figure-10).

Table 16- Stable carbon (o C*®) and oxygen (c O*®) isotopes measurement.

Sample No.

0.62 0.64 -4.31 -4.03
1.44 1.41 -5.82 -5.61
0.99 0.99 -4.08 -4.06
1.00 0.98 -5.09 -5.16
1.21 1.19 -4.22 -4.31
1.04 1.09 -4.98 -4.80
1.40 1.20 -4.42 -4.29
1.77 1.65 -4.54 -4.51
B - 0 s 553
0.89 0.87 -3.11 -3.24
0.98 0.88 -3.06 -3.24
_ 0.57 0.60 -4.47 -4.47
_ 1.36 1.47 -4.06 -4.02
_ 1.49 1.36 -4.13 -3.82
“ 1.23 1.18 -3.78 -3.77
_ 1.60 1.65 -3.60 -3.73
xR v 312 369
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The presence of smectite in studied samples suggested there is no diagenetic affective due to burial,
and it means a detrital origin that may reflect local uplift and variations in weathering processes in the
adjacent continental areas. The C13 and O18 values are generally constant around +1.2 and -4.3
respectively (Table-16), in upper Campanian and lower Maastrichtian red marl an marly limestone
interbedded with light gray to light green marl and marly limestone.
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Conclusions

The measurement of carbonate content (CaCO3 %) in the rocks, 180 samples of all the geological
sections were studied twice for each sample and the average readings were taken.

This examination proved the following major oxides wt. % concentrations domination SiO2, CaO,
Al2 O3 and Fe203 with average values of 33.10, 29.63, 5.10 and 3.67 respectively, with following
minor elements ppm concentrations dominance Sr, Ni, V, Zn, Cu, Zr and Co with average values of
498.4, 257.6, 67.8, 38.2, 34.3, 25.5 and 20.4 respectively. Also this group of ratios K20/Al203, SiO2,
Al203/TiO2, Ni/Co, VICr, Cu/zn, Cr/Ni, V/Ni, and V/ (V+Ni) is used as an index of paleo
oxygenation conditions, these ratios proved the oxidizing environments for the rock samples in the
present study

The expense of the organic matter content (TOC) has shown low content of TOC % in most studied
samples, with ranges values of 0.27 in all beds, 0.18 in only red marl beds, 0.29 only non-red marl
beds, 0.20 in only red marly limestone beds, 0.36 only non-red marly limestone beds .

The Shiranish Formation (Late Campanian-Early Mastrichtian), composed of marl and marly
limestone, rhythmically laminated. Relatively low contents of organic matter and the containing of
some redox-sensitive trace elements support the interpretation of oxic bottom water conditions during
the deposition of this formation, consisting of light grey, reddish, brownish, and pinkish laminated
calcareous marl and marly limestone, is characterized by low TOC contents.

The C13 and O18 values are generally constant around +1.2 and -4.3 respectively, in upper
Campanian and lower Maastrichtian red marl an marly limestone interbedded with light gray to light
green marl and marly limestone. The presence of smectite in studied samples suggested there is no
diagenetic affective due to burial, and it means a detrital origin that may reflect local uplift and
variations in weathering processes in the adjacent continental areas.
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