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ABSTRACT

Gypsum deposits in Iraq are either primary or secondary in origin. The primary deposits
were deposited in different geological periods in semi restricted basins, of which, only the
gypsum and anhydrite deposits of the Fatha and occasionally the Dhiban formations are
exposed on the surface in the areas of Nineva, Kirkuk, Erbil, Sulaimaniyah, Diyala, Wasit and
Anbar governorates, forming important resources for cement and plaster industries. The total
reserve of the primary gypsum is estimated to be 142 million tons. The secondary gypsum
deposits, present as gypcrete or gypsiferous soil, are developed in the upper few meters of the
soil cover by different processes leading to enrichment of calcium sulfate in the soil, mainly
by the upward migration of the sulfate-rich water by capillary action. The gypsiferous soil is
of low gypsum content in the depth of (0 — 25) cm and covers about 39% of Iraqi soil; while
at the depth (25 — 150) cm it is of medium gypsum content and covers about 53% of the Iraqi
soil. The reserve of the gypsiferous soil is estimated to be 6 million tons. Primary gypsum and
gypsiferous soil have produced many problems in Iraq and are potential hazard to the
constructions due to possible settlement of the foundations, as well as degrading the
agricultural lands in reducing the productivity of the soils and limit the crop types.
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INTRODUCTION

Calcium sulfate is the inorganic compound with the formula CaSO, and related hydrates.
Anhydrite is anhydrous (CaSQO,), gypsum is the dihydrate (CaSQO,4.2 H,O) and bassanite is the
hemihydrate (CaS0,4.0.5 H,0). Anhydrite is somewhat harder and heavier than gypsum.
Gypsum has four different cleavage surfaces, and its crystals display a variety of forms, the
most common are granular, massive rock (alabaster), transparent crystalline material that
forms large, well-developed crystals (selenite), rose-like and aggregates of fibrous gypsum
(satin spar). Gypsum precipitates at temperatures lower than 25 °C while anhydrite
precipitates in temperatures above than 25 °C in closed basins. Gypsum transfers to anhydrite
upon burial or by heating to 200 °C and anhydrite transfers to gypsum by hydration or
weathering (Warren, 2016). Pure gypsum contains 20.9% combined water, 46.6% sulfur
trioxide (SO3) and 32.5% lime (CaO). The minimum for a material to be called gypsum is
70% CaS0,4.2H,0. Gypcrete (also called gypcrust) is an indurated or hardened, layer of
secondary gypsum cemented duricrust, formed on the surface or within the soil. It is a weakly
consolidated earthy mixture of gypsum and clay or silt. It is a surficial material that forms as
an efflorescent crust in the hot, arid or semiarid climate regions of little rain and rapid
evaporation (Warren, 2016).

Gypsum is the source material for Juss and plaster industries in Irag and it is used as a
retarder in the cement industry. Anhydrite was used in the sculptures of the ancient
civilizations in Mosul vicinity like those found in the Assyrian ruins of Namroud. The
anhydrite of the Fatha Formation is also used as a decorative building material, especially in
Mosul and Kirkuk cities. Moreover, gypsum of the Fatha Formation is considered as the
parent material of native sulfur in the Mishrak deposits (Jassim and Al-Murib, 1989 and
Jassim and Gulam, 1991).

PREVIOUS WORK

Macfayden (1944) is one of the pioneer geologists who mentioned that gypsum for
plaster of Paris is of three types, the sedimentary one of Miocene age and the more powdery
represented by the gypcrete of Plio-Pleistocene age and that mixed with the clays and marl.
Since then geological investigations and reserve estimation projects of gypsum and anhydrite
in Iraq continued for more than sixty years and were carried out mainly by Irag Geological
Survey:

El-Sabti and EI-Mehedi (1967), EI-Sabti (1970), Al-Mubarak and Al-Rufai (1971), Mansour
(1972), Semchinov (1973), Al-Kaaby (1974), Al-Kaaby (1975), Jabur and Mustafa (1976),
Mohammed et al. (1976), Mustafa and Abdul Ghani (1977), Al-Kaaby (1977), Ashoor and
Mehdi (1976), Abdul Husain and Jirgees (1977), Jirgees (1978), Mustafa and Mekho (1978),
Saad (1979), Jirgees and Ali (1979), Abdul Husain (1979), Abdul Husain et al. (1980), Saad
(1980), Ghalib (1980), Toma (1980), Leitch (1980), Abdul Husain (1981), Mehdi (1981),
Al-Sharbati and Ma'ala (1983a), Al-Sharbati and Ma'ala (1983b), Al-Ani and Ma'ala (1984),
Jassim et al. (1984), Maiqil (1986), Mansour and Toma (1983), Mehdi (1992), Deikran and
Yacoub (1993), Deikran and Mahdi (1994), Al-Bassam and Dawood (2002), Hussain et al.
(2006), Yaqub and Abdul Jabar (2007), Al-Kaabi (2007) and Hussain et al. (2011).

Some of the results achieved by previous workers are outlined below:

Al-Barzanji (1973) studied gypsiferous soil in several localities in Iraq. Al-Hassani (1984)
studied the characteristics of sabkha soil in some Iraqgi regions. Al-Ani (1986) studied some
sabkha sediments in western Mesopotamia. Al-Maroof (1986) studied the gypsiferous
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sandstones of the Injana Formation in the Habbaniya — Razzaza area. Saeed (1994) studied
the distribution of gypsiferous soil in Irag. Razouki et al. (1994) studied the structural failure
caused by gypsiferous soil in Irag. Al-Jumaily (1994) studied the influence of gypsum on the
engineering properties of soil. Ismail (1994) studied the agricultural exploitation of
gypsiferous soils and the crops suitable for various types of these soils according to their
gypsum content. Al-Baidari (1996) studied the sedimentology and geochemistry of the Injana
Formation in the Najaf — Kerbala area and described the gypsiferous horizons as
paleogypcrete. Sissakian and Salih (1999) and Sissakian and Abdul Jab'bar (2002) studied the
distribution and thickness variation of the Fatha Formation in Iraq and found that the
maximum thickness of the gypsum beds is recorded west of Kifri town, within the Pulkhana
anticline, were it reaches 40 m. Sissakian (2000a) studied the geographical distribution of the
Dhiban Formation in surface and subsurface sections and provided details on thickness
variation.

Sissakian (2000b) studied the potential hazards caused by some geological criteria and he
outlined that one of the main geological hazards in Iraq is caused by gypsum exposures
expressed, as an example, in the Mosul Dam which suffers from severe karstification
problems in the foundations, abutments and reservoir area. The Al-Fatha alluvial fan of
northern Mesopotamia contains channels truncated by a younger channel system (up to 10 m
thick) probably of Middle to Late Pleistocene age, forming isolated shallow gravel bodies.
The younger system is rich in gypsum and is often described as gypcrete. The central belt of
the aeolian deposits lies between the Tigris and Euphrates Rivers is generally rich in gypsum
and clayey-crusted grains derived from the sabkhas and depression deposits on which they are
often located (Agrawi et al., 2006).

PRIMARY GYPSUM DEPOSITS AND OCCURRENCES

Gypsum and anhydrite may be of marine or continental origin. Primary gypsum and
anhydrite deposits are found in many geological formations and in many localities in Irag
(Fig.1). They are found in formations ranging in age from Triassic to Neogene either as the
main constituent or as subordinate (Bellen et al., 1959 and Jassim et al., 2006; in Jassim and
Goff, 2006). Although the gypsum and anhydrite beds of most of these formations are not
important from economic point of view (except the Dhiban and Fatha formations), but some
of them are important for the oil industry forming the cap rocks for the oil accumulation in the
oil reservoir (Jassim and Al-Gailani, 2006; in Jassim and Goff, 2006).

The gypsum and anhydrite-bearing formations in Iraq are Geli Khana (Middle Triassic),
Zor Hauran, Kurra China, Butmah and Baluti (Upper Triassic), Gotnia (mid-Upper Jurassic),
Amij (Liassic), Sarki (Lower Liassic), Barsarin (Kimmeridgian — Lower Tithonian), Jawan
(Albian), Sa'di (Upper Cretaceous), Umm Er Radhuma (Paleocene), Khurmala (Paleocene —
Lower Eocene), Rus (Lower Eocene), Jeribe (Lower Miocene), Ghar (Lower Miocene),
Dhiban (Lower Miocene) and the Fatha (Middle Miocene).
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Fig.1: Minerogenic map of Iraq scale 1: 1000 000 (after Al-Bassam, 2007)

244



Iragi Bulletin of Geology and Mining Special Issue, No0.8, 2019,
The Geology and Economic Potential of Mineral Deposits and Occurrences of Irag p 241 —261

The Miocene formations are the most prominent primary gypsum- and anhydrite-bearing
rock units in Irag. The Dhiban Formation (Lower Miocene) and the Fatha Formation (Middle
Miocene) are comprised of anhydrite, gypsum, and salt, interbedded with limestone and marl.
The Dhiban Formation (Lower Miocene) contains thick beds of gypsum in outcrops and
anhydrite in the subsurface. Its thickness is (5 — 40) m and reaches up to (65.1) m in Jabal
Sinjar. It crops out at the core of Jebel Jeribe also. The gypsum beds of the Fatha Formation
were deposited during the Middle Miocene time when the Tethys Ocean was closed or semi
closed (Fig.2). The gypsum beds of the Fatha Formation are exposed in two NW — SE belts in
the Low Folded Zone of Iraq (Fig.1), having the main trend of the Middle Miocene
depositional basin in Iraq (Figs.2 and 3). The Fatha Formation is aerially widespread and
economically important formation. It is of Tortonian age (Middle Miocene) and divided into
the Lower and Upper members. Primary gypsum deposits are found in the two members of
the Fatha Formation with total thickness exceeding 650 m (Table 1 and Figs.4 and 5). They
are composed of almost pure gypsum (Table 2). The basal unit of the Injana Formation
(Upper Miocene) contains thin gypsum and anhydrite beds. (Jassim and Buday, 2006; in
Jassim and Goff, 2006).
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Fig.2: Middle Miocene Paleogeography (after Jassim and Buday, 2006; in Jassim and Goff,
2006). Note: The region named “Fatha clayey facies” and “Fatha calcareous facies”
are recognized now as the Nfayil Formation by GEOSURV
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Fig.3: Thickness of the early Middle Miocene sequence (after
Jassim and Buday, 2006 in Jassim and Goff, 2006)

Table 1: Thickness of the two members of the Fatha Formation (Middle Miocene)
in northern Irag (after Mansour and Toma, 1983)

Place Lower Member Upper Member Vet thlglg?;s;:;g;he FELE

Sinjar 405 m 260 m 665 m

Mosul Tel-Afer 110-170 m 110-180m 220—-350 m

Al-Fatha — Mosul 31-95m 100-187m 220-350m
Hadhar Not exposed 63 m 63 m
Dohuk — Ain Zala 358 m 155 m 513 m
Al-Jazera 99 m (north of Anah) 89m 188 m
Khabour -- -- 32m
Mosul — Erbil -- -- 300 m
Khanagin -- -- 670 m
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Fig.4: Geological cross section in Qara Walli gypsum deposit
(from Al-Ka'aby and Mohammad, 1976; in: Al-Bassam, 2012)
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Table 2: Chemical composition of some gypsum deposits in the Fatha Formation from the
Low Folded Zone (compiled by Al-Bassam, 2012 from GEOSURYV archives)

Deposit Formation SO; (%) CaO (%) IR (%) H,O" (%)
Qara Walli Fatha 455 31.4 1.2 20.0
Al-Qausiyat Fatha 45.1 32.3 1.2 18.7
Makhmour Fatha 44.5 32.2 2.0 18.1
Derbandi Bazian Fatha 44.9 322 1.8 17.7
Ain Al-Nukhaila Fatha 44.4 32.8 2.5 18.0
Sulaiman Beg Fatha 44.9 32.4 0.8 18.8
Tarjil Fatha 44.8 32.2 2.0 18.5
Al-Heshaimia Fatha 44.7 32.2 n.a. 20.5
Al-Jabal Fatha 44.2 321 n.a. 20.8

GYPCRETE AND GYPSIFEROUS SOIL
= Definition and origin

Gypsiferous soil is the soil that contains gypsum >2% according to Van Alpen and
Romero (1971) or 3% or more according to Barzanji (1973). It is the product of precipitation
of secondary gypsum in the soil from sulfate-rich water originating from the dissolution of
primary gypsum beds (Barzanji, 1973). Hussin (2005) described gypcrete as soil which
mainly contains secondary gypsum at or near ground surface. Secondary gypsum forms either
by upward movement of sulfate- and calcium- rich water by capillary action and evaporation
at the surface, or by direct precipitation from the groundwater or surface water (Van Alpen
and Romero, 1971). The gypcrete can also form by the dissolution of the soluble salts, like
NaCl, from the soil by surface water leaving the soil rich with gypsum (FAO, 1990). Soil
Investigations (2002) suggested that secondary gypsum may originate from sea water or from
the dissolution of sulfate-bearing rocks and oxidation of sulfur present in the rocks. It can be
also formed by the wind transportation of primary and secondary gypsum to be deposited in
other places and mixed with the soil or forming gypsum dunes (Mulders, 1969 and Al-Kaabi,
2007). The secondary gypsum is formed in regions with < 400 mm precipitation annually and
the soils with groundwater depth <5m (FAO, 1990). Gypsiferous soil reduces the fertility of
the agricultural land and hence reduces the crops productivity. It can also create many
engineering problems to the constructions, represented by the dissolution of gypsum from the
soil leading to settlement or even the collapse of constructions (Clemence and Finbar, 1981,
and Razouki et al., 1994).

= Classification

Many classifications were applied in the gypsiferous soils studies among them the
American, the French, the Australian, the Russian and the Iraqi classifications. The
classification used in the Iraqi studies is that of Barazanji (1973) which depends on the
gypsum concentration in the soil (Table 3). Another classification was proposed for
construction purposes by the National Center for the Constructions Laboratories (NCCL)
which considers the gypsum content in soils (Nashat, 1990) (Table 4), whereas, Gibb et al.
(1967) proposed a special classification for the gypsiferous soils for agriculture (Table 5).
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Table 3: General classification of Iragi gypsiferous soils (Barazanji, 1973)

Gypsum content Classification
0-0.3% Non gypsiferous
0.3-3% Very low gypsiferous
3-10% Low gypsiferous
10-25% Medium gypsiferous
25 -50 % Highly gypsiferous

>50% Very Highly gypsiferous

Table 4: Classification of Iragi gypsiferous soils for construction purposes (Nashat, 1990)

Gypsum content Classification
0-10% Low gypsiferous
10-25% Medium gypsiferous
25 -50 % Highly gypsiferous

>50% Gypcrete

Table 5: Classification of gypsiferous soils for agricultural purposes (Gibb et al., 1967)

Gypsum content Classification
<10% Suitable for all crops
10 -50 % Suitable for certain crops
>50 % Not Suitable for ordinary irrigation

= Distribution

The first study on the distribution of the gypsiferous soils in Iraq was by Buringh (1960)
who mentioned that the gypsiferous soils cover about 20% of the Iraqi territory and he
compiled a map for the gypsiferous soils in Iraq (Fig.6). Barazanji (1973) assumed that the
gypsiferous soils covers about 12.2% of the Iraqi territory (Fig.7), while Mansour and Toma
(1983) constructed a map for the distribution of the gypsiferous soil in Irag, which is used by
Nafie (1989) to estimate the area covered by gypsiferous soils in Iraq by about 50% of the
total area, which is in agreement with the area previously estimated by Al-Mukhtar (1987).
The area covered by gypsiferous soil in Iraq represents 7.3% of the world’s gypsiferous soils
areas and about 16.1 of the gypsiferous soils in Asia (FAO, 1990). Lower estimations of
gypsiferous soils coverage in Iraq were forwarded by other workers (Nashat, 1990 as 33%j;
Ismail, 1994 as 31.7%). In more recent studies, Jafarzaden and Zinck (2000) mentioned that
the area covered by gypsiferous soil in Iraq is 28.6% which is equal to 125000 Km?
(Al-Kaabi, 2007). This area is increasing with time due to climate change and salinization of
the soil and it represents a very serious factor in land degradation (desertification) and soil
fertility.

Al-Kaabi (2007) collected the available data about the Iraqi soils and constructed two
maps, one for the depth (0 — 25) cm (Fig.8) and the other for the depth 25 — 150 cm (Fig.9).
He related the gypsiferous soils distribution in Irag with the climate, depth, geological
formations, availability of calcium and sulfate ions, geological environment, groundwater,
geomorphology and structure. Al-Kaabi (2007) concluded, from the gypsiferous soil
distribution maps, that the gypsum content at the depth (0 — 25) cm (Fig.8) ranges between
0 and 87% (mean = 6.3%), covering 39% of the total area investigated. Whereas, for the depth
(25 — 150) cm he found that the gypsum content is (0 — 94%) (mean = 11.33%), covering
53% of the studied area (Fig.9). Al-Kaabi (2007) indicated that gypsum content increases
with depth in general, with maximum increase at the depth of 40 cm, with some exceptions.
The study also indicated that the area covered by gypsiferous soil is characterized by <400
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mm/year mean precipitation and 2400 mm/year mean evaporation, but he found no relation
between the rate of precipitation and the depth of gypsiferous soils. He also found that the
gypsiferous soils have inverse relation with calcic soils.
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GYPSUM RESOURCES OF IRAQ

The reserves of the gypsum deposits in Irag have been estimated in numerous localities
and include primary and secondary gypsum deposits. The proved reserves of the former are
estimated by 142 m.t. and the later by 6 m.t. (Table 6). However, the gypsum resources of
Iraq are believed to be much larger than this, especially in the primary gypsum deposits of the
Fatha Formation (Middle Miocene), which is widely exposed in the Low Folded Zone of Iraq.
Most of the gypsum deposits are extracted from small to medium size quarries licensed to the
private sector and used primarily for construction purposes as well as a retarder in cement
industry.
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CONCLUSIONS

o Eighteen geological formations, extending in age from Middle Triassic to Middle Miocene,
contain primary gypsum and anhydrite deposits in Irag, most of them are found in
subsurface, except the Fatha Formation (Middle Miocene) and the Dhiban Formation
(Lower Miocene) which are exposed and can be used in the industry. Gypsiferous soils and
gypcrete represent other gypsum deposits of secondary origin formed by upward migration
of the sulfate underground water by capillary action. Gypsum of primary and secondary
origins is widely used in Irag as a building material in various applications and as a
retarder in cement industry.

e The most important and promising primary gypsum deposits are present in the following
localities: Qara Welli (Tel-Afer, Neneva Governorate); Mishrak Anticline South of
Mosul); Al-Qausiyat (Tel Kaif, Neneva Governorate); Darbendikhan — Bazyan — Asker
area (Sulaimaniyah Governorate); Ain Al-Nukhaila (Salahidin Governorate); Makhmur
(Erbil Governorate); Aquba (Hit, Al-Anbar Governorate); Kani Sekht (Zurbatyah, Wasit
Governorate) and Al-Bayadir area (Al-Baghdadi, Hit, Anbar Governorate). The proved
reserves of the primary gypsum deposits are 142 million tons.

e The secondary gypsum in soil is investigated in two depth intervals; (0 — 25) cm and
(25 — 150) cm and the latter is dominant. For the depth interval (0 — 25) cm, the gypsum
content is generally low and ranges between (0 and 87) % (mean = 6.3%) and the area
covered by gypsiferous soils at this depth interval represents 39 %. Whereas, for the depth
of (25 — 150) cm, the gypsum content ranges between (0 and 94) % (mean = 11.33%)
which reflects medium gypsum content and the area covered by gypsiferous soil for this
depth interval is 53%. The proved reserves of secondary gypsum deposits are 6 million
tons.
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