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Abstract

Barite deposits located in Marsis locality of about 25km northeast of Zakho City
were hosted in Jurassic dolomitic rocks. The barite is extending for about 6km and
limited within about 38m thickness of dolomitic rocks. The thickness of the barite veins
varies between few centimeters to 2.5m which increases downward. The major mode of
occurrence of barite is as vein and cavity-filling. The barite and other minerals of vein
and cavity-filling deposits are typical of suite precipitated from low-temperature
hydrothermal solutions associated with igneous activity. Carbonate-hosted barite
deposits contain 0.237% BaO, 103ppm Zn, and 83 ppm Pb. These rocks are deficit in Fe
and F. Most of carbonate rocks are dolomitized, which provide appropriate physical and
chemical conditions that permitted the passage of mineral-bearing fluids. These deposits
are formed in carbonate platform setting and commonly developed in foreland thrust
belt.

Introduction

The carbonate-hosted barite deposits represent the Jurassic
formations. The boundaries between these formations are obscured,
because most of the rocks are dolomitized that cause difficulty in
identification of the fossils. This is the case of many parts of the Northern
Thrust Zone (Buday, 1980).

Mineralization in these formations was recorded at Marsis locality. The
global positioning system measurements of latitude, longitude, and
elevation are: 37° 17' 31", 42° 50' 58", and 1410m, respectively. Marsis
locality is situated of about 25km northeast Zakho City, near the Iraqi-
Turkish boarders (Fig.1). The study area is highly mountainous and
characterized by the cliffs and steep
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Fig.(1): Location map and distribution of barite deposits in Jurassic rocks, Marsis

location, North Zakho, Iraqg.
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slopes. The area is crossed by three main valleys that intersect to form
Basa-Agha valley which flows to the west.

Most of the previous studies between the beginnings of the fifties to
1986 were focused on the barite occurrence during the reconnaissance trips
of Webber (1952), and the regional geological survey with scale 1:100000
by McCarthy and smith (1954). The later study concludes to the invaluable
of this area for other mineral explorations. The following studied
recommended for more assessment of this location (Buday and Vanecek,
1979; Al-Bassam, 1986). During 1989, the mineral exploration teams of
Iragi geological survey and mining established the work on detailed
geological survey in this area with a scale 1:20000 (Ma'ala et al., 1990;
Hassan et al., 1991), and then followed by mineral exploration (Al-Kaaby
and Al-Azzawi, 1992).

No author discussed the Jurassic formations as host rock for
mineralization except Al-Kaaby and Al-Azzawi (1992) and Tobia (2010).
Most of the recent papers are deals with Upper Cretaceous carbonate
hosted barite deposits at Lefan and Banik localities in the Northern Thrust.
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Fig. (2): Typical columnar section for barite deposits in Marsis
location/ Zakho.

Sarmord Formation (Lower Cretaceous):

The formation is composed of dolomite and calcareous dolomite, light
to dark gray in color, containing bituminous materials, the thickness of this
sequence is about 28m. This is overlain by gray thin bedded dolomitic
rocks (without bituminous materials) with breccia of 30cm thick and
detrital limestone with iron oxides of 15cm thick which extend along the
area. The total thickness of this sequence is about 26m. The later is overlain
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by dark gray to black thin bedded dolomite containing ammonite fossils;
and its thickness is about 29m.

The upper part of the formation consists of dolomite and marly
dolomite, light gray to white in color, thin bedded with iron oxide
concretions decreasing upward. The thickness of this part is about 17m;
and the total thickness of the formation is 98m. The formation was
deposited in a deep inner shelf to outer shelf environment (Jassim & Goff,
2006).

Qamchuqga Formation (Lower Cretaceous):

This formation comprises of limestone and dolomitic limestone, gray to
pale gray in color, coarsely crystalline of granular texture. It is thin bedded
in the lower part and becomes thick upward and very hard which forms
cliffs and steep slopes. The thickness of the formation is about 7m. The
formation was deposited in a purely marine neritic sometimes shoal
environment (Buday, 1980).

Agra/ Bekhme Formation are missed in this location, and this confirm
with Kassab (1972) that the sediments of the latest Maastrichtian age are
absent.

Shiranish Formation (Upper Cretaceous):

Is the youngest formation in the Mesozoic (Buday & Jassim, 1987) and
emplaces on the top of the stratigraphic sequence. This formation appears
as platy and thin bedded of olive green to blue marl. The exposed thickness
is about several meters. The Shiranish Formation is typical deeper open sea
sediment (Buday, 1980).

Structural setting of Marsis location

The study area is located within the imbricated Zone, a part of Alpine
Geosynclinal Belt (Buday, 1980) which is board to High Folded Zone in
North Zakho.

The area is affected by Alpine Orogeny at Late Miocene and reaches the
maximum intensity at Late Pleistocene. The two main reverse faults
(Northern thrust fault and Southern thrust fault) are the result of this
activity (Ma’ala et al., 1990).

The most predominant structure elements in Marsis area are found
during the detail geological survey with scale 1:5000 (Al-Kaaby & Al-
Azzawi, 1992). These elements are represented as follows:

Main reverse fault:

It extends along several kilometers in NW-SE direction. The northern
block comprises the rocks of Shiranish, Qamchuga, Sarmord Formations
and most of Jurassic rocks. The later becomes in contact with Kurra Chine
Formation (Upper Triassic) located in the southern block of the fault which
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thrusts on the northern block (Fig.1).
There is another small reverse fault located to the north of the main fault
and extend to the same general direction. This fault thrusts the rocks of unit
A and became in contact with the rocks of unit C and with Sarmord
formation in some places. These two faults are the oldest in the area and are
also subjected to another displacement lately.

Normal faults:

The area is affected by other movements that formed many normal
faults with a general trend NE-SW. These faults are (from the east to the
west): Kalok, Marsis, and Benekhra faults. The two latter faults formed
Marsis-Benekhra Graben which preserves the big younger rocks compared
with the surrounding area (Fig.1). These faults displaced A, B, and C units
from each other by several tens of meters.
These faults (especially in unit B and C) are associated with barite veins of
different thickness and extension.

Fracture zone:

Six locations of the fracture zone were determined. They are located
within the northern block of the main fault and are affected on the rocks of
unit B and C only. These fractures are nearly of vertical dip and have an
extend NNW and NNE. The aerial extend is between 100 to 250m (Fig.1).
There are traces of scratching vertical to the associated barite surfaces.

Stratigraphic setting of barite deposits

The deposits of barite geologically are classified by their mode of
occurrence into three major types: the vein and cavity-filling deposits, the
residual  deposits, and bedded deposits (Brobst,  1983).
Vein and cavity-filling deposits are those in which barite and associated
minerals occur along various kinds of fractures, joints, bedding plane and
solution structure that commonly occur in carbonate rocks. The vein and
cavity-filling deposits commonly have sharp contacts with the enclosing
rocks and, large scale replacements of the host rocks beyond the controlling
structures are rare. The barite deposits in Marsis area are located within the
Jurassic rocks. The thickness of these rocks is about 63m, which are
underlain by Triassic rocks and overlain by dolomitic rocks of Lower
Cretaceous. Fig.2 represent the occurrence of barite deposits within the
columnar section. The Jurassic rocks are divided into three units (A, B, and
C); unit B and C are associated by barite deposits. The thickness is about
38m and extends along Marsis location to about 5km.

The unit B comprises a dolomitic bed that extends along the area with a
thickness between 16-20m that contains a barite as veinlets or as pore space
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filling. While the unit C of about 18m thick is characterized by the
presence of the main barite veins.

The barite veins are irregular and have different thickness and extension.
The maximum aerial extension for these lentil veins is more than 250m
with a maximum thickness of about 2.5m with high dip angle (i.e. nearly
vertical to the beds of the host rocks that have a dip between 10°-20").

The barite deposits are restricted to a fairly limited stratigraphical range
within the Jurassic rocks (units B and C); therefore, they are considered as
strata-bound deposits. It is possible to find a new barite occurrence within
the same rocks in other areas. The barite deposits originate from saline
basinal brines. They are located in carbonate platform setting, typically in
relatively undeformed orogenic foreland rocks, commonly in foreland
thrust belts (Leach & Sangster, 1993).

Benekhra vein in Marsis location:

There are many large veins of barite, Benekhra vein is one of them
(Figure 1). This is studied in detail because it includes most of the features
that may be observed in barite deposits within the study area.
The direction of the vein is NE-SW, the surface extension is about 15m, its
traces can be followed to about 100m, and its maximum thickness is 2.5m.
The dip of the vein ranges between 70™-76" SSE within the dolomitic beds
of the Unit C which subject to intense fractures in the northern part of the
fault. The dip of the dolomitic beds is between 15™- 19" of the same general
direction of the vein (i.e. SSE); so the vein is in concordance with the
country rocks.

The petrographic section of the vein is divided into three zones:

1) The dolomitic country rocks: they mostly comprise of light grey
dolomite crystals with dark impurities. The crystals are very fine (between
0.01-0.02mm) and are rarely 0.05mm.
2) Mineralized zone: The barite is as vein of about 2.5m thickness; the
lower and upper contacts of the vein are surrounded by a thin zone (about
15cm thick) of highly fractured dolomitic rocks with veinlets of barite or
small vertical veins parallel to the main vein.

The barite in this zone is characterized by white color and whitish grey
and sometimes with fetid odder in some places. The barite growth on the
wall of the cavities is as rose like shape; there is a carbonate with a
hexagonal quartz crystals growth in the center of these cavities. The near
center parts of the cavities may be subjected to the replacement processes
where there is a barite within the carbonate and quartz crystals.

3) The upper part zone: It represents the lens of breccia with no clear lateral
extension; it consists of rock fragments of dolomite rhomb form with
between 0.1-0.2mm sizes. It is also worth noting that there is an increase in
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the size of the crystal compared with the crystals of the country rocks.
The rock fragments are cemented mainly with barite and with some quartz
and fluorite as well as secondary dolomite with traces of opaque minerals
(probably sulphide minerals). The mineral composition of Benekhra vein is
characterized by the abundance of barite mineral of very high purity not
less than 97%, and the other compounds are dolomite and quartz, while
fluorite is as traces.

Geochemistry of carbonate hosted barite deposits
Carbonate host rocks are mainly composed of dolomite with little

amounts of calcite. The averages of CaO and MgO are 29.75 and 20.80%,
respectively, and also they include 0.24% BaO as average which is about
23 times that of Rose et al. (1979). The Jurassic carbonate hosted barite
deposits in Marsis area include 155ppm Zn and 235ppm Pb as averages
(Table 1). Zinc and lead contents mainly are come from sphalerite (ZnS)
and galena (PbS), respectively, and their alteration products, such as
smithsonite (ZnCOj), cerussite (PbCOj), and anglesite (PbSOy).

Table 1: Geochemical results of Jurassic carbonate-hosted barite
deposits in the Marsis locality, North Zakho.

Sample | Fe,O; | CaO MgO | L.O. I.R BaO | Total Zn Pb Cd F
no. % % % % % % % ppm | ppm | ppm | ppm
M1 0.05 | 30.05 | 21.57 | 46.20 | 0.96 | 0.03 | 98.86 A 13 7.5 18

M2 0.19 | 29.04 | 20.86 | 45.96 | 0.56 | 0.11 | 96.72 87 210 7.7 20

M3 0.38 | 29.42 | 1964 | 4461 | 3.26 | 0.02 | 97.33 | 30 240 7.5 52

Mo9/1 0.12 | 29.88 | 20.26 | 45.70 | 0.62 | 0.02 | 96.60 | 34 28 7.3 19

M9/2 0.16 | 29.70 | 20.16 | 4558 | 1.61 | 0.01 | 97.22 58 7 7.8 32

M13 0.04 | 29.66 | 21.17 | 4575 | 0.16 | 0.02 | 96.80 | 40 5 7 12
N1 001 | 34.85 | 17.34 | 4520 | 1.26 | 0.07 | 98.73 62 55 6.5 42
N4 0.05 | 24.73 | 25.40 | 4553 | 0.35 | 0.11 | 96.17 35 5 7 21

N14/2 044 | 30.12 | 19.95 | 45.27 | 1.85 | 0.10 | 97.73 65 5 v 46

N19 0.08 | 30.30 | 21.40 | 46.80 | 0.20 | 0.43 | 99.21 | 982 220 15 140

N20 0.06 | 30.60 | 21.20 | 46.94 | 0.24 | 0.12 | 99.16 | 251 18 11 62

N12 0.10 | 28.60 | 20.60 | 45.10 | 2.74 | 1.80 | 98.94 | 191 | 2015 10 36

R 0.01- | 24.73- | 17.34- | 44.61- | 0.16- | 0.01- 30- 5- 7- 12-
ange
J 0.44 34.85 | 25.40 | 46.94 | 3.26 1.80 982 | 2015 15 140
Average 0.14 29.75 | 20.80 | 45.72 1.15 0.24 155 235 8.4 41.7
Rose et
al.(1979) 1.09 0.012 21 5 .035 250

L.O.I: Loss on ignition
I.R: Insoluble residue
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The Pearson's correlation coefficient was used; the critical value of r is
0.58 at 0.05 levels and 0.771 at 0.01 levels which is affected by the number
of the samples. The negative correlation coefficient between CaO and MgO
(Table 2) refers to the dolomitization process that supports the formation of
a high permeable zone which participate the ore reception. Cadmium
perfectly correlates with Zn (+0.945). Obviously, this positive correlation
support that the Cd is substitutes Zn in the sphalerite (Ramdohr, 1969). The
Jurassic rocks are deficit in fluorine relative to Rose et al. (1979), but
perfectly correlates with Zn (+0.929), which F is considered as a pathfinder
for Zn-bearing deposits. Finally, BaO correlates with Pb (+0.978). There
are galena grains associate barite (BaSO,) deposits in some veins within
Unit C.

Table 2: Correlation coefficient matrix for some elements of Jurassic
carbonate-hosted barite deposits in Marsis locality,
North Zakho.

F Cd Pb Zn BaO I.R L.O.I MgO CaO Fe03

1 Fe,Os

1 -087 CaO

1 -.881** -240 MgO

1 316 .049 -480 L.O.I

1 ST77 427 .054 .610* I.R

1 397 -.156 013 -158 -120 BaO

1 .255 -281  .583* .092 .097 -.180 Zn

1 118  .978** 519 -290 -061 -153 -.041 Pb

1 266 .945** 390 -208  .636* 137 .023 -.199 Cd

1 .873** .034 .929** 149 -.064 422 -.080 224 .049 F

no. of samples= 12
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Discussion and conclusions

The Jurassic formations mainly consist of dolomitic rocks represent
shallow neritic condition with frequent lagoonal evaporitic influences in the
lower parts and euxinic marine environment with some layers showing
shallowing in the upper parts.

The presence of dolomite with lagoonal evaporitic facies during the
opening of the Neo-Tethys Ocean, which was shallow at begin of the

Ve
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opening in the Jurassic. While in the Late Jurassic a geodynamic inversion
of regional tectonic regime took place. Extensional tectonism was replaced
by compressional one and the Neo-Tethys start to contract (Jassim & Goff,
2006).

Carbonate hosted barite deposits are mainly composed of dolomite,
where Table 1 shows high contents of MgO. Dolomitization and
recrystallization are the main diagenetic processes that provided permeable
strata, and dolomite is extremely brecciated and highly fractured; thus it
has provided a good conduits and traps for the mineral-bearing fluids,
especially in unit B, which barite is localized as a strata-bound type, with
an aerial extend for about 6km (Figure 1).

Absent of any large scale Pb-Zn-Fluorite mineralization in association
with barite and the present of rose like shape in the barite are a good
indications for the deposition at low temperature (Sharma et al., 2003;
Paradis et al., 2004). In addition, the barite and other minerals of the vein
and cavity-filling deposits are typical of suite precipitated from low
temperature solutions associated with igneous activity (Brobst, 1983).

Carbonate hosted barite deposits of Jurassic age, generally, have
elevated levels of BaO, Zn, and Pb; but have low contents of Fe,O; and F
(Table 1). Lead perfectly correlates with Zn and also the later correlates
with Cd, this indicates that Cd is present with sphalerite (Lin & Tiegeng,
1999). Fluorine positively correlates with Zn; this is the reason for using F
as a pathfinder for Zn-bearing deposits.

Most of barite deposits are originates from saline basinal brines. They
are located in carbonate platform setting, typically in relatively undeformed
orogenic thrust belts (Leach & Sangster, 1993). Depending on the ®’Sr/**Sr
ratios, Tobia (2010) conclude the Late Cretaceous age for the barite
mineralization that hosted in Jurassic rocks, so that may be related to the
Laramide Orogeny, the same age was concluded by Awadh (2006) for the
Upper Cretaceous mineralization.
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