2012 : (20) alsall / (5) 3all / dpuarigll o slall / Jibs dnals e

Mineralogy and Geochemistry of Serikagni
Formation, Sinjar, Iraq
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Abstract

Serikagni Formation (lower-middle Miocene) was studied at four outcrop sections within
Sinjar Anticline, Para (the western plunge ),Jaddala, Sinjar, (Southern limb), and Noaniaa (Northern
limb) of Sinjar Mountain ,which is part foot hill zone of northwest Irag. This Formation is composed
of Globigerinal limestone, marly limestone intercalated with marl, deposited in quiet deep marine
environment.
Mineralogical investigations by using XRD; as well as the Petrographical analyses by using Polaroid
microscope were done. Geochemical analyses included the total digestion of the samples for the
purpose of analyzing of the major constituents (CaO, MgO and I.R.) ,the secondary constituents ( SiO,,
Al,O3 Fe,03 Na,O ,K,0 , and trace elements ( Sr, Mn, Cu, Zn, Co, Cr, Pb) in the rock samples and of
the extract of the soluble residue were accomplished.
The calcite is the predominant mineral which is mostly of micrite types as well as spary calcite.
Dolomite is observed in some rocks which were formed by the process of dolomitization of micrite.
The insoluble residue (I.R.) has negative correlation with the carbonate percentages in the rock
formation as observed by the XRD analyses. Clay minerals show low occurrence. The Palygorskite,
Montmorillonite and Sepiolite are the predominant clay minerals in Serikagni rocks.
Geochemical differences can be noticed between the limy and marly facies constituting the same
formation. Differences are also observed between the geochemistry and mineralogy of the four studied
localities such as the relatively more pure limestone in Jaddala and Para sections than Sinjar and
Noaniaa sections which indicate the higher percentages of marly limestone. This is believed to be due
to the geographic location of these sections within the main depositional environment, as well as the
consequences of sea level fluctuation.
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Introduction

The geochemistry of carbonates through their elemental analyses is stressed, and
many studies are being carried on this subject. It has been shown by many workers
that these elemental analyses can be a useful tool for the interpretation of the original
depositional environment, and for correlation purposes.

The Serikagni Formation(lower-middle Miocene) whose type locality is situated
near the village of Para, at Sinjar Mountain, located at latitude (36° 20" 30” ) north
,and longitude ( 41° 29" 00”). Sinjar Mountain (east — west direction) is located
within Nineveh governorate about 100 km west of Mosul city, (Figure 1). The
Serikagni Formation rocks were composed mainly of Globigerinal limestone, marly
limestone intercalated with marl, with 150 m thickness, (Figure 2), (Bellen et al.,
1959). All workers whom have studied the Serikagni formation agree that it has been
deposited under marine environment according to the fossil content and lithofacies
characteristics. It is believed that the source area from which the sediments of
Serikagni formation were derived are the Pre-and Early Miocene, carbonate rich rocks
of the north and northeast of Iraq and surrounding area. The presence of small grains
of detrital quartz suggests that other rock units rich in such constituents have also
contributed, in supplying sediments to the nearby sea where Serikagni formation
rocks were deposited. Conditions in the source area in one hand, and at the site of
deposition of Serikagni formation, in the other hand, were also not homogeneous as
indicated by facies change from more calcareous rocks to more marly once, as well as
the accompanied gradual modification on the geochemistry and mineralogy of these
rocks. Physiographically, it forms a distinct rock unit within Sinjar Mountain as a
southern part of the Foot hill zone that characterized by dense sedimentary basins,
thick sediment sequences, and with various sedimentary facies. Tectonically, it is a
part of Unstable Shelf in Iraqg, (Jassim and Goff, 2006). Many researchers had been
recommended or used the geochemical studies in solving geological problems,
especially those relating to the environments of deposition, (Banat and Al-Dyni, 1981,
Kettaneh & Sadik 1989). Therefore, the use of chemical elements is a useful tool to
interpret the depositional environment of sedimentary rocks and their origin as well as
their diagenesis, (Al-Kufaishi & Al-Aasm, 1978, Siegel 1961; Al-Sayegh, 1972).
The formation has been studied from paleontological, stratigraphic and
sedimentological point of view by many authors such as , Al-Hashimi and Amer,
1985,and Al-Ani,2005, but no one has been studied this formation from the
mineralogical and geochemical point of view. This study is a further contribution to
the petrography, mineralogy, and geochemistry, (major and some trace elements
content) of Serikagni Formation. It covers four sections, the first near the village of
Jaddala, the second near the village of Sinjar at the Southern limb, the third near the
village of Noaniaa at the Northern limb, and the forth near the village of Para at the
western plunge of Sinjar Mountain, northwest Iraq , (Figure 1). The studied four
sections were sampled, the Jaddala section (95m thickness), the Sinjar section (92m
thickness), where the formation has unconformable contact with overlying Jeribe
formation. The third section is Noaniaa section (13 m thickness), and the forth
section, Para (19 m thickness) near the village of Para, where the Serikagni Formation
has gradational contact with the overlying Dhiban Formation.  The Serikagni
formation (deep marine environment), has unconformably underlying by Jaddala
Formation, due to the Oligocene regression in all of these sections, (Bellen et al.,
1959, Jassim and Goff, 2006).

Due to the lacks of detailed geochemical and mineralogical studies on Serikagni
Formation in the Sinjar area, the aim of this research was to determine the

1292



2012 : (20) taal / (5) 23ell / dguaighl o sbell / Iy il Ala

geochemical and mineralogical characteristics of Serikagni Formation through four
sections selected in the Sinjar Mountain, (Jaddala, Sinjar, Para and Noaniaa). Also,
this research aims, to investigate whether these geochemical and mineralogical
characteristics of Serikagni Formation rocks can give better identification of the
diagenetic and environmental aspects of Serikagni Formation.
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Figure 1: Location and geological map of Sinjar mountain,(After Maala,1977)

Materials And Methods
Total of one hundred and five samples were collected from the selected four
stratigraphic sections, (Para 22 samples, Sinjar 35 samples, Jaddala 31 samples and

Noaniaa 17 samples). The collection of samples was made with reference to

lithologic, and textural variations, also the color was considered an important factor

during collection of samples. The mineralogical and geochemical analyses were
described as follows:

1- Mineralogical investigation was done by using XRD; total of 16 samples, (4
samples from each section) were analyzed, to determine the mineralogy of the
bulk samples and the insoluble residue (IR), (Hassan, 2005).

2- The clay fractions were separated from the Serikagni rocks for 8 samples (2
samples from each section). Pipette analysis was used in the separation of clays

and oriented slides were prepared. Normal, heated (350 °C and 550 °C) and
glycolated oriented slides of these separated clays were run by XRD for their full
identification, (Hassan, 2005).

3- Petrographical analyses by using Polaroid microscope were done, (18 samples
were chosen and thin sections were prepared).

4-  Geochemical analyses included the partial digestion of the 19 samples by using
diluted acetic acid for the purpose of analyzing the constituents of the trace
elements ( Sr, Mn, Cu, Zn, Co, Cr, Pb, ) were determined by AAS , of the
extract of the soluble residue.
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5-  Geochemical analyses (total of 44 samples, 11 from each section) included the
total digestion of the samples by using diluted HF acid for the purpose of
analyzing the major constituents CaO, MgO and I.R. ,the secondary constituents
Si0O,, Al,O3 Fe,0O3 Na,O ,K,0 , as well as P205 and TiO2 and trace elements
Sr, Mn, Cu, Zn, Co, Cr, Pb in the rock samples of Serikagni Formation, Sinjar
Mountain.
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Figure 2: Lithological log at Jaddala and Sinjar sections, of Serikagni Formation,
Sinjar Mountain, (After Hassan, 2005)

Results And Discussion

The geochemical and mineralogical analyses results of the major constituents
(CaO, MgO and I.R.) ,the secondary constituents ( SiO,, Al,03 Fe,O3 Na,O ,K,0 ,
and trace elements ( Sr, Mn, Cu, Zn, Co, Cr, Pb ) in the Serikagni Formation rock
samples are shown in tables 1,2, 3 and 4.

The results for the four sections show that the main components are represented
by CaO, MgO and I.R. Their concentrations within the four sections were depending
on the diagenetic processes, such as dolomitization. The calcite is the predominant
mineral which is mostly of micrite types as well as spary calcite which was resulted
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from the recrystalization of fossil chambers. The calcite may reach maximum of
97.1% in pure limestone rocks and reach 60.4 % as minimum amounts in the impure
limestone rocks. The calcite followed by different proportions of dolomite that reach
maximum of 11% and 1.6 % as minimum amounts within the rock formation, (Table
1). Dolomite as rhombs can be observed in subordinate amounts in some rocks which
were formed by the process of dolomitization of micrite and the existence of micro
crystals of dolomite reflect the early dolomitization.

The main components correlation coefficients varied within the four sections due
to the variation in the diagenetic processes such as dolomitization and the minor
changes in the environment of deposition of the Serikagni Formation. The secondary
components indicated by SiO2, AI203, Fe203, Na20, and K20 varied in
concentrations within the four sections. Silica is present as detrital grains of quartz
and chert fragments as well as very small rounded bodies with separated outlines
which look very much like radiolarian fossils. Clay minerals, pyrite, and glauconite
occurred as insoluble residue, (Table 2). Glauconite as rounded to oval shaped grains,
green colored were observed especially at the lower contact zone. Oval shaped; light
brown isotropic phosphate grains can be seen in few samples, the chemical analysis of
P202 reflect that it range from 0.02% to 0.3%.

Table 1: The of the carbonate % range (indicated by calcite and dolomite %)
with the range of quartz % of the studied four sections (Jaddala, Sinjar, Noaniaa

and Para) Of Serikagni Formation,

Section Quartz % Carbonate Minerals%
name
Minimum 1% 80 %
Jaddala Maximum 2% 88%
Section Calcite% Dolomite %
Minimum 75.3 % 1.6%
Maximum 94.9% 5%
Minimum 2% 78%
Sinjar Maximum 5% 95%
Section Calcite% Dolomite %
Minimum 70.7% 1.9%
Maximum 87.1% 11.5%
Minimum 1% 70%
Maximum 3% 87%
Noaniaa Calcite% Dolomite %
Section Minimum 60.4% 2.8%
Maximum 91.8% 6.6 %
Para section Minimum 1% 78%
Maximum 2% 87%
Calcite% Dolomite %
Minimum 65.3% 2.4%
Maximum 92.2% 7.6%

The insoluble residue (I.R.) range from 1.0 to 31.0 % with an average 15.4% |,
which has negative correlation with the carbonate percentages in the rock formation
as observed by the XRD analyses.

Clay minerals show low occurrence and as traces within the Serikagni Formation
and the results had indicated that the clay minerals Palygorskite; Montmorillonite and
Sepiolite are the predominant minerals in Serikagni rocks, while mixed layer of Illite-
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Montmorillonite is the subordinate clay in some rocks especially within the lower
calcareous facies, Kaolinite appear in trace amount. Montmorillonite is the abundant
clay within the marly facies within lacks Illite but contain traces of Kaolinite.

Pyrite is exist as macroscopic concretionary form as tiny microscopic to
submicroscopic grains.

The major constituents CaO, MgO and |.R.

The results of the CaO show that it ranges from 45.2% to 48.7% with average
concentrations of 46.8%. The lowest concentrations of CaO were determined in
Noaniaa section. While the results of the MgO show that it ranges from 0.3% to 2.4%
with average concentrations of 1.3%. The lowest concentrations of MgO were
determined in Jaddala section, (Table 2).

Ca and Mg are controlled by carbonate and gypsum minerals precipitation, most sites
Ca and Mg are well correlated, probably due to co-precipitation of both elements into
dolomite, or more likely, in a solid solution of Mg with calcite or aragonite, (Durfor,
and Becker, 1972).

Also, the results of the analyzed rock samples at Sinjar and Noaniaa sections reflect a
relative increase in silica concentrations comparing with Jaddala and Para sections,
which is believed to be due to the geographic location of these sections within the
main depositional environment, (Table 2).

Table 2: represent the averages and ranges of the CaO, MgO, and I.R. % of the
studied four sections (Jaddala, Sinjar, Noaniaa and Para)

Jaddala Sinjar Noaniaa Para
Section Section | Section Section
CaO % | Range |42.7-54.3|39.7-55.1 | 34.0-51.0 | 33.0 - 49.0
Average | 48.7 46.4 45.2 46.7
MgO % | Range |0.35-1.1 |042-24|0.3-15 03-12
Average | 0.92 1.6 1.32 1.31
IR % |Range |15-205 |10-31.0|10-30.0 |6.7-236
Average | 11 16 20 14.4

Moreover, the results of the insoluble residues analyses reflect that their range in
the pure limestone rocks is 1.5 - 3.6% and their range in the impure limestone rocks
(marly limestone and marl) is 5.5- 31%.

The amounts of the insoluble residue may reflect the humid climate occurred
during the deposition of the Formation. The analyzed samples at Jaddala section
reflect the lowest amount of the insoluble residue concentrations comparing with the
other studied sections.

Also, the results indicated that their variation within the studied sections reflect
the geographic location of each section within the depositional environment, such as
the Jaddala section (Jaddala WT. % of IR min= 1.5 % max=20.5% Mean= 11%) and
the Para section (Para WT. % IR min=6.7% % max=23.6% Mean=14.4%), had
relative lower values of IR that represent relatively basinal and deeper part of
depositional environment for Serikagni rock formation. While Sinjar section (Sinjar
WT. % IR min=1.0% % max=31.0% Mean= 16%) and Noaniaa section (Noaniaa WT.
% IR min=10% % max=30.0% Mean=20%) represent the shallow near shore
depositional environment and this may marked the distance of these sections from the
shore line. Consequently, the Serikagni formation rocks were classified according to
Barth et al., 1939 in Pettijohn, 1975, as shown in figure 2. The Jaddala and Para
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sections reflect that they composed of relatively more pure limestone than Sinjar and
Noaniaa sections which indicate that they composed of higher percentages of marly
limestone.
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Figure 2: The Serikagni formation rocks classification according to their
insoluble residue % within the four studied sections, (after Barth et al., 1939 in
Pettijohn, 1975 and Al-Ani, 2005)

The secondary constituents

The secondary constituents representing by SiO2, AlI203, Fe203, Na20, and
K20 varied in concentrations within the four sections, (Table 3), as follows:

Si02 % in Serikagni rocks range from 7.4 % to 12.4 % in an average of 10.4%.

The silica amount is considered small in comparison with their values in
carbonate rock, (Table 5). However and as mentioned before the silica and clay
minerals represent the insoluble residues which are of importance in reflecting the
shore line with their higher values and the deep marine depositional environment with
their lower values, (Kettaneh & Sadik 1989).

Al203 % in Serikagni Formation rocks is ranging from 1.7% to 2.6% in an
average of 2.2%. These amounts are considered small in comparison with their values
in carbonate rocks, (Table 5). Moreover, Aluminium content is mainly controlled by
the clay content. The lowest aluminium contents are found in Jadala section that
contain higher carbonate contents such as ,dolomites and limestone, (Windom et al,
1989).

Fe203 % is ranging in Serikagni rocks from 0.4% to 0.8% in an average of 0.6%.
These amounts are considered small in comparison with their values in carbonate
rocks, (Table 5). Iron cycling is biogeochemically driven by abiotic and biotic
reactions. Although the oxidation rate of iron is instantaneous (Stumm and Lee,
1961), most aquatic sediments are anoxic due to bacterial degradation of organic
matter. Therefore, Fe?* is produced in situ and is often associated with sulphide,
precipitating as pyrite (Todorova et al., 2005). Total iron concentration is a critical
biogeochemical property of the sediments. Because of the large adsorption capacities
of iron, its accumulation in sediments impacts (1) concentrations of other ions,(2)
sorption of trace elements such as Cd and As (Carroll et al., 1998), (3) decomposition
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of organic matter (Tessier et al., 1996), and (4) ecosystem nutrient cycling (Burdige,
1993, Olivie-Lauquet et al., 2001). Migration of Fe** from anoxic conditions to oxic
/anoxic boundaries as a result of resuspension of bottom sediments produces Fe-
hydrous oxides, which incorporate organic matter and inorganic oxide particles that
scavenge both heavy metals and organics (Taillefert et al., 2000). The value of Fe203
in Noaniaa section is higher than in the other studied sections.

Na20 is ranging in Serikagni Formation rocks from 0.22% to 0.45% in an
average of 0.3%. These amounts are considered small in comparison with their values
in carbonate rocks, (Table 5).

Sodium is the most abundant of the alkali elements and constitutes 2.6 percent of
the Earth’s crust. Compounds of sodium are widely distributed in nature ( Weast,
1973). Weathering of salt deposits and contact of water with igneous rock provide
natural sources of sodium, (Ontario Ministry of the Environment, 1981). Most
sediment contains sodium in the range of 0.1 to 1 percent, mainly as silicate minerals
such as, Amphiboles and Feldspars. The concentration of the sodium is observed in
Serikagni Formation rocks to be higher in Noaniaa section.

K20 is ranging in Serikagni Formation rocks from 0.3% to 0.5% in an average of
0.43%. These amounts are considered small in comparison with their values in
carbonate rocks, (Table 5). K* is commonly found in sedimentary rocks and released
slowly upon dissolution of rocks (Potassium Feldspars and Mica minerals). K* is
strongly held by clay particles in the sediment.

In addition, TiO2 and P205 were analysed in this study. The results indicated that
TiO2 % in Jaddala, Sinjar, Para sections are ranging from less than 0.006% to 0.012
%, while in Noaniaa section ranging from 0.006% to 0.037 %. Infact , there is a
positive relation between TiO2 % and 1.R.% where the TiO2 determined by very fine
grains transported with fragments of Rutile or Illeminite and the clay and silt size
product of weathering . The amount of TiO2 depends on the intensity of weathering
processes, (Al-Ani, 2005). Accordingly, it is believed that Noaniaa section rocks were
deposited in relatively shallower deposition environment that effected with sever
weathering processes. While, the results were indicated that P205 % in Jaddala,
ranging from 0.03% to 0.39%,  Sinjar, ranging from 0.03 % to 0.19% Para,
ranging from 0.02 % to 0.15%, while in Noaniaa section ranging from 0.07% to 0.2%.

Infact, there is a positive relation between P205 % and I.R. % where the P205
determined by very fine grains transported with the clay particles as product of
weathering.

Table 3: represent the averages of the SiO2, Al203, Fe203, Na20 and K20 % of
the studied four sections (Jaddala, Sinjar, Noaniaa and Para)

Average % | Jaddala | Sinjar Noaniaa | Para
Section | Section | Section | Section
Si02 7.4 11.3 12.4 10.5
Al203 1.7 2.3 2.6 2.2
Fe203 0.6 0.4 0.8 0.6
Na20 0.24 0.22 0.45 0.3
K20 0.5 0.3 0.5 0.41

The trace elements
The results of the trace elements concentration are shown in table 4 and
discussed below:
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Mn in Serikagni rocks is ranging from 23.0 to 162 ppm in an average of 91.8
ppm. These amounts are considered small in comparison with their values in
carbonate rocks, (Table 5). Mn is one of the important elements in the study of
carbonate rocks due to its relation with the environment of deposition which comes
from the ability of Mn to replace Ca in the space lattice. Accordingly the study of Mn
may concern the indication of the physico-chemical conditions of sea water during
deposition. The reduction environment which took place directly after deposition
create a suitable conditions that high amount of Mn could replace Ca in the space
lattice of calcite and these conditions are available in deep sea environment.
Accordingly the little amount of Mn in the Serikagni rocks indicates absence of such
conditions, suggesting general shallow depositional environment, (Maani, 2009).

Mn is one of the most abundant trace elements in the lithosphere, and its
common range in rocks from 350 to 2000 ppm. Its highest concentrations are usually
associated with mafic rocks. Mn forms a number of minerals in which it commonly
occurs as the ions Mn®*, Mn** | or Mn** but its oxidation state +2 is most frequent in
the rock-forming silicate minerals (Kabata-Pendias, Henryk Pendias ,2001).Under
oxic conditions, Mn forms oxides, which can be important reservoirs for trace metals,
especially Co, Zn and Cr, ( (Friedman, 1968 ,Tonkin et al. 2004).

Sr is ranging in Serikagni rocks from 710 to 794 ppm in an average of 743 ppm.

The amount of Sr is considered to be within the range in comparison with its
average in carbonate rocks, (Table 5), however, this amount is acceptable because the
rocks of Serikagni formation were deposited in relatively shallow environment,
(Veizer and Demovic, 1973). Moreover, the amount of Sr concentration is could be
due to diagenetic aragonite — calcite transformation process which was acted
intensively in Serikagni formation where the X-Ray diffraction diagrams showed
absence of aragonite. The chemical similarity of strontium to calcium, having similar
ionic radius and the same valence, means that strontium tends to behave similarly to
calcium in most systems (Simon, 2003).

According to Veizer, and Demovic,1974, and Simon, 2003, there are many
factors that control the Sr content in carbonate rocks such as age, salinity, clay
mineral content and depositional environment, in addition to, the kind of diagenetic
process, mechanism of aragonite —calcite transformation. The depositional
environment is also played its role in modifying the amount of Sr. Its role comes
through their effects on the amount of insoluble residues, where this amount reflects
the nature of the basin and water agitation, and source rocks, (Hassan, 2005).

Cu is ranging in Serikagni rocks from 6.9 to 12.64 ppm in an average of 9.8
ppm . These amounts are considered to be within the range in comparison with their
values in carbonate rocks, (Table 5).

Copper, like lead, is a chalcophile that forms discrete sulphide minerals
(Achterberg et al. 1997) or may associate with pyrite (Huerta-Diaz et al. 1993;
Schoonen ,2004) .

Zn is ranging in Serikagni rocks from 16.25 to 20.0 ppm in an average of 17.9
ppm. These amounts are considered to be within the range in comparison with their
values in carbonate rocks, (Table 5).

Zinc is a chalcophile element that forms distinct sulphide phases under anoxic
conditions (Bostick et al., 2001).  The relatively highest concentration value is
determined in the Sinjar section.
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Co is ranging in Serikagni rocks from 37.0 to 40.0 ppm in an average of 38.5
ppm. These amounts are considered higher in comparison with their values in
carbonate rocks, (Table 5).

Cobalt is a siderophile, frequently found in association with Fe. In anoxic
sediments, Co can form a discrete phase (CoS) or may be associated with disulphides
including pyrite and marcasite (Schoonen ,2004). In oxic or suboxic sediments, Co
typically associates with oxides, including both Fe and Mn oxides (Davison, 1993).

Cr is range in Serikagni rocks from 14.2 to 31.0 ppm in an average of 19.3 ppm .
These amounts are considered higher in comparison with their values in carbonate
rocks, (Table 5).

Chromium, like Mn, is a lithophile element and is generally not associated with
sulphides (Huerta et al., 1998, and Morse and Luther, 1999). The Co and Cr or the
acid soluble can be used as energy index indicators. They exist in or on clay minerals
and organic matter which are generally more abundant in the quieter, lower energy
marine environment, (Till, 1979). This assumption applies well on the situation
concerning the depositional environment and the facies variation of Serikagni
formation. The geochemistry of Serikagni rocks showed increase of Ca, I.R. and Sr,
towards the more limy facies, while the most other elements, i.e. MgO, SiO,, Al,O3,
Fe,O3 Nay0O, K;0, Mn, Zn, Co, Cr, Pb and Cu varies between the limy and the marly
facies.

Pb is ranging in Serikagni rocks from 30.6 to 34.6 ppm in an average of 32.5
ppm. These amounts are considered higher in comparison with their values in
carbonate rocks, (Table 5). Under anoxic conditions Pb, which is a chalcophile
element, forms distinct sulphide phases (Morse and Luther 1999). Pb may be present
as a discrete phase (i.e. Cerrusite, PbCQOg3), or more likely, exists in solid solution with
or sorbed to aragonite or another carbonate phase (Kersten ,& Forstner ,1986).

Table 4: represent the averages of the Sr, Mn, Cu, Zn, Co, Cr, and Pb (in ppm)
of the studied four sections (Jaddala, Sinjar, Noaniaa and Para)

Average | Jaddala | Sinjar | Noaniaa | Para
in ppm | Section | Section | Section | Section
Sr 794 727 710 742
Mn 162 23 97 86
Cu 6.7 12.6 9.7 10
Zn 16.3 20 17.3 18
Co 40 39 37 38
Cr 14.2 30.6 31 26
Pb 32.5 30.6 35 32.3

Conclusion

In conclusion, it is believed from the results of this study, that the geochemical
analyses are essential in reflecting the minor changes of the environment of deposition
of the Serikagni Formation. The results may marked the events in the depositional
environment of Serikagni Formation, such as the transgression periods that may
represented at the early and late deposition stages of the Formation and the regression
period that may indicated within the middle depositional stage of the Formation, this
finding is suggest some sort of more oxidizing environment such as shallower marine
conditions or some sort of continental effect during early stages of deposition, (Al-
Taee, 2003).
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In addition , comparing the results of this study with other authors findings
such as, Rankama and Sahama,1950 ,Turekian and Wedepohl,1961,Hawekes and
Webb,1962 , Horn and Adams,1966 and Kettaneh and Sadik,1989, reflect that the
Al203 , Na20 and K2O constituents represent higher concentrations in Serikagni
Formation which could be due to the occurrence of clay minerals within the Serikagni
Formation. Also the results indicate that SiO2 and Fe203 concentration are with the
range comparing with its range in known carbonate rocks which is believed to be due
to the minor changes in the deposition environment and the nature of the
dolomitization solutions.

The existence of sulfides (pyrite) and glauconite indicate prevalence of reducing
conditions during the deposition of Serikagni formation under quiet marine
environment. Pyrite was probably formed as a result of convolution , alteration ,and
changes of the existed minerals within the sediments to more stable forms during
diagenesis (Berner, 1971). Iron was brought to the basin of deposition of Serikagni
formation from nearby continental mass to the northeast as detrital grains and iron
rich minerals as well as iron absorbed on detrital clay minerals.

The trace elements Co, and Cr, or the acid soluble can be used as energy index
indicators, they exist in or on clay minerals which are generally more abundant in the
quieter, lower energy marine environment. This assumption applies well on the
situation concerning the depositional environment and the facies variation of
Serikagni Formation.

In addition , comparing the results with that of Rankama andSahama,1950
,Turekian and Wedepohl,1961,Hawekes and Webb,1962 , Horn and Adams,1966
and Kettaneh and Sadik,1989 , that the Co, Cr, and Pb constituents represent
higher concentrations in Serikagni Formation which could be due to the occurrence of
clay minerals within the Serikagni Formation. Also the results indicate that Sr, Cu and
Zn concentrations are within the range of other known carbonate rocks, while the Mn
concentration is lower than that of known carbonate rocks. However, such a result is
believed to be due to the minor changes in the deposition environment and the nature
of the dolomitization solutions, (Tables 1,2,3,4, and 5).

The over all geochemistry of the average values of rocks are representing
different facies of the Serikagni formation from the four studied localities.

However, due to the marly nature of parts of the formation, distinct variations
are expected. Geochemical differences can also be noticed between the limy and
marly facies constituting the same formation. The marly facies is richer in all major
elements except Ca, K, and L.R. and in all analyzed trace elements.Magnesium as a
major element plays an important role in the chemistry of the analyzed sediments
probably due to the large amount of fine dolomitic detritus.

Differences are also observed between the geochemistry and mineralogy of the
four studied localities such as the relatively more pure limestone in Jaddala and Para
sections than Sinjar and Noaniaa sections which indicate the higher percentages of
marly limestone. Also, the relative increase of silica concentrations at Sinjar and
Noaniaa sections comparing with the lower concentration at Jaddala and Para
sections, which is believed to be due to the geographic location of these sections
within the main depositional environment, as well as the consequences of sea
transgressions that recognized at the lower and upper part of Serikagni formation and
the sea regression that determined during the middle part of the formation.

In addition, TiO2% and P205% were indicated a positive relation with 1.R.%
where the TiO2% and P205% determined by very fine grains transported and the
clay and silt size product of weathering . Accordingly, it is believed that Noaniaa
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section rocks and to less extent Sinjar section rocks were deposited in relatively
shallower deposition environment that effected with sever weathering processes.
Actually, these conditions are similar in general to the effect of the deposition during
the regression of the sea throughout the middle part of the Serikagni formation
depositional environment, (Al-Ani, 2005 ,and Hassan, 2005).

Table 5: comparison of the averages of the SiO2, Al203, Fe203, Na20 and K20
% and Sr, Mn, Cu, Zn, Co, Cr, and Pb (in ppm ) of the this study with other
authors results

Element\ Al203 | Fe203 | Na20 | K20 | SiO2 | Sr Mn |[Cu |2Zn [Co |Cr |Pb
Research % % % % % ppm | ppm | ppm | ppm | ppm | ppm | ppm
Rankama& 0.43 0.45 0.037 | 0.27 425- 1385 |20.2|50? |<03]|2 5-
Sahama,1950 765 10
Turekian& 0.79 0.54 0.054 | 0.324 722 | 1420 | 4 20 |20 |11 |9
Wedepohl,1961
Hawekes& - 1.3 - - - 1300 | 5- 4- 0.2- |5 5-
Webb,1962 20 |20 |2 10
Horn& 1.66 1.17 0.053 | 0.287 730 | 1086 |5 16 |13 |7 17
Adams,1966
Kettaneh & 1.04- |0.63- |0.08- |0.6- |5.7- |403-|- 11- | 16- |- - 4-
Sadik,1989 1.9 0.85 0.12 | 124 |114 |538 22 |21 32
This study 2.2 0.6 0.3 043 |104 | 743 |91.8 |9.8 |17.9|38.5|19.3 325
References

Achterberg, van den Berg CMG, Boussemart M, Davison W. ,1997, Speciation and
cycling of trace metals in Esthwaite Water: a productive English lake with
seasonal deep-water anoxia. Geochim Cosmochim Acta 61:5233.

Al-Ani, A.A., 2005, Sedimentological Studies of the Serikagni Formation in Sinjar
Anticline, Unpub. M.Sc. Thesis collage of Science University of Baghdad

Al- Hashimi, H.A.J., and Amer, R.M., 1986, Restudy of Ibrahim Formation in the
type section Ibrahim well No.1, Mosul area, N. Iraq., V. 19, No.2,.93-100PP.
Al-Kufaishi, F.A. & Al-Aasm, i.s. 1978, a contribution to the geochemistry of
carbonates the s-l1 limestone : lower fares formation, Iragi j.sci.vol.19,no.

1,pp:101-108.

Al-Sayegh, A.Y. 1972, stratigraphic correlation on chemical data, Jour. Geol. Soc.
Iragq, Vol. V, pp. 81-94.

Al-Taee, A.H., 2003, Sedimentological study of Serikagni Formation in Sinjar area,
Unpub. M.Sc., thesis collage of Science University of Mosul, 81p, (in Arabic).

Amer, R.M., 1977, Biostratigraphy of Serikagni Formation in Sinjar Area (NW. Iraq)
Baghdad, Irag, unpub.

Banat, K. M. and Al-Dyni, N.K., 1981, petrology and mineralogy of selected sections
from the Euphrates and Jeribe formations (Miocene), iraq, Jour. Geol. Soc. Iraqi,
Vol.14, No.1, PP.1-14.

1302




2012 : (20) alsall / (5) 3all / dpuarigll o slall / Jibs dnals e

Bellen, Van. R.C.; Dunnington, H.V.; Wetzel, R. and Morteon, D.M., 1959, Lexique
stratigraphique International, Vol. Ill, Asie. In: Dubertret, L., (director), fasc. 10c.
Irag, Center Nat. Reserche Scientique, (Paris),.333P.

Berner, R.A., 1970, Sedimentary pyrite formation. Amer, J. Sci. V. 268, PP.1-23.
Bostick BC, Hansel CM, Force MJL, Fendorf ,S., 2001, Seasonal fluctuations in zinc
speciation within a contaminated wetland. Environ Sci Technol 35:3823-3829.

Buday, R.T., 1980, Stratigraphy and pale geography. In: Kassab. I.I.M. and Jassim,
S.Z., (Eds), The Regional Geology of Irag. V.1: D.G. Geol. Surv. and Mineral
Invest. Baghdad, .352P.

Burdige, D. J., 1993, The biogeochemistry of manganese and iron reduction in marine
sediment: Earth Science Review, 35, 249-284.

Carroll, S. A., P. A. O’Day, and M. Piechowski, 1998, Rock-water interactions
controlling zinc, cadmium, and lead concentrations in surface waters and
sediments, U. S. Tri-State mining district 2. Geochemical interpretation:
Environmental Science and Technology, 32, 956-965.

Davies, B. E., Binafo, C., Phillips, K. M., Mogollon, J. L., and Torres, M., 1999.,
extractable trace elements in surface soils of Venezuela, Environ. Geochem.
Health, 21, 227.

Davison, W.,1993. Iron and manganese in lakes. Earth Sci Rev 34:119-163.

Day, F.H. In: The chemical elements in nature. George C. Harrap & Co., London, UK
(1963).

Durfor, C.J. and Becker, E. Constituents and properties of water. In: W.A. Pettijohn
(ed.), 1972,Water quality in a stressed environment. Burgess Publishing
Company .

Hassan,R.A.A.,2005, geochemistry and mineralogy of the Serikagni formation in
Sinjar area- north west of irag, Unpub. M.Sc. Thesis collage of Science
University of Baghdad.

Hawekes, H.E. and Webb,J.S.,1962 , geochemistry in mineral exploration, Harper
and Row,NY,415p.

Horn, m. and Adams, j.a.s., 1966, computer derived geochemical balances and
element abundances. Geochim. Cosmochim. Acta, Vol. 30, pp: 279-297.

Huerta-Diaz MA, Carignan R, Tessier A., 1993, Measurement of trace metals
associated with acid volatile sulfides and pyrite in organic freshwater sediments.
Environ Sci Technol 27:2367-2372.

Jassim, S. Z. and Jeremy, C., Goff, 2006. Geology of Irag, P.15- 194, printed in Czech
Republic.

Kabata-Pendias, A., Pendias, H., 2001. Trace Elements in Soils and Plants, 3rd ed.
CRC Press. p. 331.

Kersten M, and Forstner ,U. 1986. Chemical fractionation of heavy metals in anoxic
estuarine and coastal sediments. Water Sci Techno 18:121-130.

Kettaneh , Y. A. and Sadik ,A.J.,1989,mineralogy and geochemistry of Shiranish
formation , north irag, jour. geol. soc. Irag,vol.22,n0.1,pp.98-111.

Maala, K.A., 1977, Report on the Regional Geology of Mapping of Sinjar area,
S.0.M., Baghdad, Iraq Unpublished, 41P.

Morse J.W., Luther G.W., 1999, Chemical influences on trace metal-sulfide
interactions in anoxic sediments. Geochim Cosmochim Acta 63:3373—-3378.

1303



Journal of Babylon University/Engineering Sciences/ No.(5)/ Vol.(20): 2012

Olivie-Lauquet, G.,G. Gruau, A. Dial, C. Riou, A. Jaffrezic, and O. Henin,2001,
Release of trace elements in wetlands: Role of seasonal variability:

Water Research, 35, 943-952.

Ontario Ministry of the Environment, 1981, Outlines of analytical methods: a guide to
the occurrence, significance, sampling and analysis of chemical and
microbiological parameters in water, sediment, soil, vegetation and air. Co-
ordinated by Water Quality Section, Laboratory Services Branch, Toronto (1981).

Pettijohn, F. J., 1975, Sedimentary Rocks, 3rd Ed. Harper and Row, N.Y. 628P.
Rankama, K. and Sahama, T.G.1950 , geochemistry, Univ. Chicago,911p.

Siegel, F. R., 1961, variation of Sr/Ca ratios and Mg contents in recent carbonate
Sediments of the northern Florida Keys area, Jour. Sed. Petrol. , VVol. 31, pp: 336-
342.

Schoonen, M.A.,2004, Mechanisms of sedimentary pyrite formation. In: Lyons TW ;
Sulfur biogeochemistry—past and present, Vol. 379.Geological Society of
America.

Schoonen M.A.,2004. Mechanisms of sedimentary pyrite formation, In: Amend JP,
Edwards KJ, Lyons TW (Eds)Sulfur biogeochemistry—past and present, vol.
379.Geological Society of America.

Simon, M., 2003. Bone strontium: calcium ratios and duration of breastfeeding in a
Mediaeval skeletal population, Journal of Archaeological Science 30 (2003) 731-
741.

Stumm, W., and G. F. Lee., 1961. Oxygenation of ferrous iron: Industrial and

Todorova, S. G., Siegel, D. I. and Costello. A. M. A. M., 2005. Microbial Fe_Ill_
reduction in minerotrophic wetland- Geochemical controls and involvement in
organic matter decomposition: Applied Geochemistry, 20,1120-1130.

Tonkin JW, Balistrieri LS, Murray JW.,2004. Modeling sorption of divalent metal
cations on hydrous manganese oxide using the diffuse double layer model. Appl
Geochem 19:29-53.

Tessier, A.N., Belzile, R.R., Vitre, and Leppard, G.G., 1996, Metal sorption to
diagenic Fe and Mn oxyhydroxides and associated organic matter: Narrowing the
gap between field and laboratory measurements: Geochimica et
CosmochimicaActa, 60, 387-404.

Taillefert, M., Lienemann, J.F., Gaillard, and Perret, D., 2000. Speciation, reactivity,
and «cycling of Fe and Pb in ameromictic lake: Geochimica
CosmochimicaActa,64, 169-183.

Turekian, K. K. and Wedepohl,k.h.1961,distribution of the elements in some major
units of the earths crust. Bull. Geol. Soc. Amer., vol.72, pp:175-192.

Veizer,J. and Demovic, R.,1974, strontium as a tool in facies analysis . Jour. Sed.
Petrol., vol. 44,pp: 93-115.

Weast, R.C. (ed.).1973, Sodium. In: Handbook of chemistry and physics, 52nd
edition. CRC Press, Cleveland, OH (1971-1972).

Windom, H., Schropp, S., Calder, F., Ryan, J., Smith, R.J.R., Burney, L., Lewis, F. &
Rawilson, C. (1989): Natural trace metal concentrations in estuarine and coastal
marine sediments of the south-eastern U.S.- Environ. Sci. Techno., 23/3, 314-
320.

1304



