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The Middle Miocene Fatha (Lower Fars) Formation, Iraq
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ABSTRACT

The Middle Miocene Fatha Formation (previously Lower Fars Formation) in northern 
Iraq was deposited in a broad and shallow foreland basin adjacent to the Zagros and 
Taurus Mountains. It forms a transgressive-regressive sequence comprising numerous 
shallowing-upward cycles of alternating mudrocks, limestones, gypsum and/or 
anhydrite and halite. These cycles reflect rapid changes in accommodation space 
in settings that ranged from open and restricted hypersaline marine to continental 
(sabkha and fluvio-deltaic). In the marginal parts of the basin, continental siliciclastics 
(red and variegated marls, silts and fine sandstones) represent either aeolian deposition 
or a combined lagoonal- and/or fluvial-dominated delta system. Eustasy, rather than 
tectonics, caused the high-frequency cyclicity seen in the Fatha Formation. We present 
twelve sections dominated by evaporites from the Sinjar and Fatha sub-basins to 
represent the main lithologic constituents of the formation. Our detailed analysis of the 
sedimentary succession focuses on the three main lithofacies (siliciclastics, carbonates 
and evaporites). Petrographic, geochemical and scanning electron microscope analysis 
of these units are presented. We identified a range of carbonate lithotypes: marly, 
arenaceous (detrital), organic-rich (fossiliferous), dolomitic limestone and dolomite. 
Dolomitic limestones occur mostly in the lower part of the lower member of the 
formation, which was deposited in a barred lagoonal environment with high salinity. 
The presence of peloidal lime-wackestone with bioclasts, particularly in the upper 
part of the lower member of the formation, may reflect quiet, shallow-water marine 
conditions with moderate depths and low energy. The bioclastic-peloidal grainstone-
packstone microfacies, with a common and diverse fossil assemblage, may reflect 
high to moderate energy, shallow-water environments. Evaporites comprise the main 
sediments of the Fatha Formation. Nodular gypsum is the dominant gypsum type, 
although laminated, thick-bedded, and secondary gypsum (selenite and satin spar) 
also occur. In the subsurface, anhydrite and halite are the principal minerals. 

INTRODUCTION

The Lower Fars Formation was originally described in the Fars Province of Iran by Busk and Mayo 
(1918), but without a type locality (van Bellen et al., 1959). Accordingly, Jassim et al. (1984) proposed 
the name Fatha Formation to replace the Lower Fars Formation in Iraq and defined the type-section in 
the Al Fatha Gorge (10 km north of Baiji town, where the Tigris River crosses the Makhul-Hamrin 
Range, Figure 1). This recommendation was published by Al-Rawi et al. (1993) and was adopted by 
other authors (e.g. Jassim and Buday, 2006) and herein. The Middle Miocene Fatha Formation is one of 
the most regionally widespread formations in Iraq (Al-Juboury et al., 2001; Jassim and Buday, 2006). 
It is mainly evaporitic, consisting of numerous shallowing-upward cycles of alternating mudrocks, 
limestones, gypsum, anhydrite and halite (Figures 1 to 3). It forms an important component of the 
petroleum system because it provides a regional seal to numerous oil reservoirs in Iraq; in many fields 
it is a reservoir in its own right (e.g. Kirkuk field, Dunnington, 1958; Metwalli et al., 1974). In addition, 
the formation yields economically significant deposits of sulfur found in evaporite beds consisting 
mainly of gypsum and anhydrite, as well as sulfate and salt (Al-Sawaf, 1977; Barker et al., 1979; Jassim 
et al., 1999).

Because of its economic significance, the Fatha Formation has been described in numerous papers 
and several books (e.g. Dunnington, 1958; van Bellen et al., 1959; Shawkat and Tucker, 1978; Buday, 
1980; Jassim and Buday, 2006), the majority of which focus on geological overviews of Iraq and/or 
describe certain lithofacies. We review several of these previous studies. We then examine in greater 
detail the petrography, geochemistry and diagenesis of the Fatha lithofacies in northern Iraq. 
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Figure 1: (a) Location map showing the Mesopotamian Basin in Iraq, and Fatha/Kirkuk and Sinjar 
sub-basins. Simplified Middle Miocene lithofacies distribution map (after Dunnington, 1958; 
Buday, 1973, 1980; Jassim and Karim, 1984; Hasan, 1985; Khalaf, 1988; Goff et al., 1995; Numan, 
1997). 

(b) Locations of the 12 studied sections: (1) Well 0-S; (2) Sasan; (3) Gusair; (4) Butma west;  
(5) Sheikhan; (6) Maqlub; (7) Bahzani; (8) Sheikh Ibrahim; (9) Hamam Al-Alil; (10) Mishraq 
Well 1; (11) Fatha type section; and (12) Well 00-S. Also shown is an isopach map of the Fatha 
Formation (after Dunnington, 1958) and tectonic provinces.
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Twelve sections in northern Iraq were considered for the study (Figures 1 to 3), of which sections 8 
(Sheikh Ibrahim) and 9 (Hamam Al-Alil, Figure 2) were found to best exhibit the various lithofacies 
and lithologies of the Fatha Formation. From these two sections, we collected 65 samples from various 
lithotypes for petrographic and geochemical analysis. Selected samples were analyzed by scanning 
electron microscopy (SEM) and X-ray diffraction (XRD, using D8 Advance [Bruker axs] with Cu-∞ 
radiation). Geochemical analysis of major and trace elements for selected samples was done using a 
Siemens SRS 303 X-ray fluorescence spectrophotometer.

LITHOSTRATIGRAPHIC DIVISIONS OF THE FATHA FORMATION

Different schemes have been used to divide the Fatha Formation into members and/or units  
(Figure 2). The first of these involved its division into several beds, from top to bottom (Daniel, 1954; 
Sugden, 1951; W. Kitchin, in van Bellen et al., 1959):

Upper Red Beds (up to 55 m thick) consist of eight limestone markers (designated R/8 to R/1) separated 
by siltstones and anhydrites. The top of the formation is marked by a prominant anhydrite that is 
informally designated as A0. A thick anhydrite bed occurs below the Upper Red Beds.

Seepage Beds (up to 40 m thick) consist of four limestone markers (designated B/4 to B/1) separated 
by siltstones and anhydrites. 

Saliferous Beds (up to 25 m thick) consist of anhydrite/gypsum, halite, marl and limestone. Three basal 
limestone markers (designated S/3 to S/1) occur below the plastic halite unit. 

Transition Beds (up to 185 m thick) consist of 14 limestone markers (designated T/13 to T/6, Z, T/5 to 
T/1)) separated by siltstones and anhydrites. Uppermost units T/1 to T/3 are locally absent due to 
either facies changes or pinchouts. In the Kirkuk structure, the lower markers are progressively cut 
out northwards, by onlap convergence.

Basal Fars Conglomerate, in northern Iraq, occurs at the base of formation, and is hereafter referred to 
as the Basal Fatha Conglomerate. 

The upper four beds were recognized in the Kirkuk field, where the thickness of the formation is 
about 1,000 ft (305 m) in the northwest and 2,000 ft (610 m) in the southwest. Farther to the northeast 
(Figure 1a), the units lose their evaporitic character (van Bellen et al., 1959; Al-Rawi et al., 1993). 

A second regional scheme, used by research teams working for the Directorate General of the Geological 
Survey and Mineral Investigation, involves two members (Figure 2, Taufiq and Domas, 1977;  
Al-Mubarak and Youkhana, 1977; Mohi Al-Din et al., 1977; Hagopian and Vejlupek, 1977). The lower 
member consists of rhythmic alternations of marl, limestones, and gypsum, while the upper member 
is similar, but with additional red siliciclastics, including sandstone, siltstone, and claystone. 

According to Jassim and Buday (2006), in the Fatha type section, the Lower Member is 220 m thick 
and includes: (1) a 40-m-thick basal unit of organo-detrital limestone and anhydrite (or gypsum), 
green dolomitic marl and thin limestone; and (2) a 100-m-thick section of cyclically interbedded 
gypsum, green marl and limestone. These two units would appear to correspond to the Transition and 
Seepage Beds with the intervening Saliferous Beds absent by non-deposition, lateral facies change or 
dissolution. In the type section, the Upper Member is 400 m thick and consists of cyclic red and green 
mudstones, gypsum and thin oolitic limestone beds, with calcarenite beds at the top. The present 
study adopts this two-member scheme for sections of the Sinjar Basin where the formation exceeds 
600 m in thickness (Jassim and Buday, 2006). 

A third scheme was used by Ma’ala et al. (1988) for detailed regional mapping. They recognized five 
laterally persistent limestone marker beds within the Fatha Formation. Marker Beds 1 and 2 are located 
in the lower member while Marker Beds 3, 4 and 5 are within the upper (Figure 2). All of the marker 
beds are characterized by particular lithological properties: Marker Bed M1 is a marly limestone, 
partly dolomitic; Marker Bed M2 consists of two limestone horizons with gypsum or marl in between; 
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Figure 2: Composite lithologic section of the Fatha Formation in the Hamam Al-Alil and Sheikh Ibrahim 
sections (see Figures 1 and 3 for locations). The five Limestone Marker Beds M1 to M5 can generally be 
correlated in the study area (Ma’ala et al., 1988). Higher-order sequences are also shown, including the two 
deltaic sequences and sample locations. 

Dolomitic 
Limestone

Clayey
Limestone

Sandstone

Claystone/
Mudstone

Marl

Limestone Marly
Limestone

Gypsum Arenaceous
Limestone

S1

S2

S3

S4

S9

S6

S5

S8

S7

S10

S11

S12

S13

S14

S15

S17

S16

S24

S20

S18

S19

S21

S22

S23

S25

S26

S27

S28

S29
S30
S31

S32

S33

Second
Deltaic
Cycle
HST

First
Deltaic
Cycle

HAMAM AL-ALIL SECTION

HS1
10

0

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

HS3

HS5

HS2

HS4

HS22

HS21

HS18

HS12

HS23

HS24

HS25

HS26

HS27

HS28

HS29

HS31

HS30

HS32

HS6

HS7

HS8

HS11
HS10

HS9

HS13

HS14

HS15

HS16

HS17

HS19

HS20

M5

HST

HST

TST

TST

TST

SB

HST

HST

M4

M3

M2

M1

(b)SHEIKH IBRAHIM SECTION

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

(a)

0

Serravallian
Injana Formation

Burdigalian? 
Jeribe 

Formation

M
IO

C
E

N
E

L
A

N
G

H
IA

N

F
a
th

a
 F

o
rm

a
ti
o
n

L
o
w

e
r 

M
e
m

b
e
r

U
p
p
e
r 

M
e
m

b
e
r

Lithology

T
h

ic
k
n

e
s
s

(m
)

S
a
m

p
le Sequence

Stratigraphy

Serravallian
Injana Formation

Jeribe 
Formation

M
IO

C
E

N
E

L
A

N
G

H
IA

N

F
a
th

a
 F

o
rm

a
ti
o
n

L
o
w

e
r 

M
e
m

b
e
r

U
p
p
e
r 

M
e
m

b
e
r

Lithology

T
h

ic
k
n

e
s
s

(m
)

S
a
m

p
le Sequence

Stratigraphy

HST

HST

TST

HST

TST

TST

TST

TST

HST

HST

HST

HST

HST

HST

M1M1

M2?

M3

M4

M5?

HST

M3

M2

TST

TST

TST

TST.SB

TST. M5

M4

Stratigraphy Stratigraphy

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/13/3/141/5443945/juboury.pdf
by guest
on 21 August 2022



Fatha (Lower Fars) Formation, Iraq

145

Marker Bed M3 is a crystalline limestone; Marker Bed M4 is an arenaceous and marly limestone; and 
Marker Bed M5 is a fossiliferous marly limestone (Figure 2). This subdivision is used in the present 
work for sections 9-11, which lie between Fatha and Mosul (i.e. in the Fatha Basin, a sub-basin of the 
Kirkuk Basin, and for sections 2, 3, 4 and 8 of Sinjar Basin). 

Lower Boundary and Underlying Formation

Where the Miocene stratigraphic succession is complete, the Fatha Formation conformably overlies the 
Lower Miocene (Burdigalian?) Jeribe Formation (Figures 2 and 3). In some localities in northern Iraq 
(e.g. section 5, Sheikhan in Figure 3c), the lower part of the Fatha Formation consists of the Basal Fars 
Conglomerate (van Bellen et al., 1959; here renamed the Basal Fatha Conglomerate). The conglomerate 
occurs above a “middle Eocene-lower Miocene” unconformity (van Bellen et al., 1959). As seen in 
several localities in Figure 3, the unconformity is evident where the Fatha Formation overlies the 
Eocene Pila Spi or Lower Miocene Euphrates formations (i.e. Jeribe Formation is absent). Thinning 
of the Fatha Formation (sections 5 and 6, Figure 3c) is due to onlap onto a paleohigh. The Basal Fatha 
Conglomerate also thins out and virtually disappears in a basinward direction (van Bellen et al., 
1959). These conglomerates are occasionally associated with paleosols, formed mainly of dolocrete 
(Al-Delemi, 2006).

Upper Boundary and Overlying Formation

The Upper Miocene Injana Formation (formerly Middle and Upper Fars formations) overlies the 
Fatha Formation. The Injana Formation is essentially a clastic sequence, consisting of fining-upwards 
cyclothems of sandstone, siltstone, marl and claystone (Al-Juboury, 1994). The lowermost part of 
Injana Formation consists of approximately 20 m of transitional fluvio-deltaic facies with significant 
channel development. This coarser interval may be related to the encroachment of clastic sediments 
into the Fatha Formation lagoonal setting. 

LITHOFACIES AND DEPOSITIONAL SETTINGS

We examined the Fatha Formation in terms of three main lithofacies (following the system of  
Al-Naqib and Aghwan, 1993). These are:

(1) Clastics: Mudrocks (Marls) and Red Siliciclastics;
(2) Carbonates: Marly Limestone, Arenaceous Limestone and Limestone/Dolomite;
(3) Sulphates: Nodular Gypsum, Laminated Gypsum and Secondary Gypsum.

Clastics: Mudrocks

The mudrocks are carbonate-rich, and include marls, silty marls and sandy marls. These occur in beds 
0.1–4.5 m thick in the lower member to 7.0 m in the upper member. The sediments are laminated to 
thickly bedded and commonly exhibit conchoidal fracture. They contain abundant fossils, including 
gastropods, pelecypods and oysters. Fossil populations and sizes decrease gradually upwards, 
accompanied by an increase in the frequency and size of gypsum nodules within the marl. 

The mudrocks are grey, green or yellow; the yellowish grey marl is sometimes referred to as the Basal 
Marl because it is generally found at the base of high-frequency cycles. The contact between this 
basal marl and the overlying gypsum beds is usually irregular and erosional, while the contact with 
limestone beds is gradational, reflecting a flooding event. 

Petrographically, the silty marl is composed of silt-sized quartz and feldspar grains in a groundmass 
of clayey and carbonate material. In thin section, the color is frequently red (Figure 4a). Scanning 
electron images show that the quartz is embedded within the carbonate cement (Figure 4b); authigenic 
dolomite rhombs are also observed (Figure 4c). The clay mineral assemblage is dominated by illite, 
kaolinite and authigenic palygorskite (Figure 4d to 4f). Mineralogically, the marls are composed of 
calcite, dolomite, quartz, feldspar and clay minerals, as shown by XRD analysis (Figures 5a and 5b). 
Clay minerals include palygorskite, illite, kaolinite and chlorite (Al-Juboury et al., 2001).
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Figure 3a: Lithologic sections 1 to 
4 located in northern Iraq. 
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Figure 3b: Lithologic sections 8 to 12 located in 
northern Iraq. 

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/13/3/141/5443945/juboury.pdf
by guest
on 21 August 2022



Al-Juboury and McCann

148

Dolomitic Limestone

Clayey Limestone

Sandstone

Claystone/Mudstone

Brecciated Mudstone

Marl

Limestone

Marly Limestone

Gypsum

Anhydrite

Halite

Arenaceous Limestone

Conglomerate

MAQLUB

SECTION

(6)

Eocene Pila Spi 
Formation

Eocene Pila Spi 
Formation

Lithology

T
h

ic
k
n

e
s
s

(m
)

BAHZANI

SECTION

(7)

Burdigalian?
Euphrates Formation

LithologyStratigraphy

T
h

ic
k
n

e
s
s

(m
)

5

0

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

5

0

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

SHEIKHAN

SECTION

(5)

Lithology

T
h

ic
k
n

e
s
s

(m
)

5

0

10

15

20

25

30

35

Serravallian
Injana 

Formation

M
IO

C
E

N
E

L
A

N
G

H
IA

N

F
a
th

a
 F

o
rm

a
ti
o
n

U
p
p
e
r 

M
e
m

b
e
r

1

2 8

10

11
12

9

5
6

7

3
4

SYRIA

IRAN

TURKEY

37°N

36° 36°

37°

42° 45° 46°

42° 44° 46°

N
0 50

km

Figure 3c: Lithological 
sections 5 to 7 located  
in northern Iraq. 

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/13/3/141/5443945/juboury.pdf
by guest
on 21 August 2022



Fatha (Lower Fars) Formation, Iraq

149

Table 1 shows the geochemical (XRF) analyses of selected marl samples. The chemical composition 
indicates that the yellow marls have higher CaO and lower SiO2 content than the green. These results 
are confirmed by XRD analysis (i.e. high calcite and quartz content, Figure 5). The greenish marl also 
contains higher barium and strontium ratios compared to the yellow marls. Most major and trace 
elements are concentrated in the insoluble residues of these marls, mostly within the clay minerals.

Continuous reaction of sulphuric acid (formed by H2S oxidation above the water table) with the 
clay minerals and carbonates in the Fatha marl resulted in acidification products alunite and jarosite 
with silica (ninivite), which constitutes an important indicator of alteration under low temperature-
pressure conditions. The alteration pattern displays a zonation with a siliceous central part (ninivite) 
rimmed by alunite and fringed by jarosite and iron oxides (Jassim and Al-Naqib, 1989; Aswad et 
al., 1995). Association of the alteration products and their occurrence in the exclusively sedimentary 
sequence of marl, limestone and gypsum may indicate the occurrence of sulphur and predict H2S 
seepage associated with hydrocarbons (Al-Juboury et al., 2006). 

Depositional Setting: subtidal, reflecting restricted to open-marine environments. Ma’ala et al. (1988) 
interpreted the oysters as fauna that inhabited a brackish-water lagoon. The grey to yellowish marls 
indicate open-marine conditions. 

Figure 4: Photomicrographs showing: 
(a) silt-sized quartz and feldspar floating in a groundmass of clayey and carbonate materials, generally 

of red colour. Hamam Al-Alil section, silty clay bed (M5, sample HS28). 
(b) SEM image of quartz (QZ) embedded in carbonates with clayey fibreous minerals, yellow marl of 

Hamam Al-Alil section (sample HS22). 
(c) SEM image shows dolomite rhomb (D) and clayey material (illite flakes, I) with carbonates in the 

yellow marl. 
(d) SEM image shows kaolinite hexagonal form (K) and authigenic palygorskite fibers, silty marl of 

M5 at Hamam Al-Alil section. 
(e) SEM image of long palygorskite fibers and carbonate fragments in the silty marl of M5. 
(f) SEM image of the fibrous nature of the clayey materials, generally broken, in the silty marl of M5 

with the presence of palygorskite/sepiolite in framboidal shapes. 
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Clastics: Red Siliciclastics

Red siliciclastics (sandstones and claystones) occur in the upper member of the Fatha Formation. 
The sandstones are quartz-rich (both mono- and poly-crystalline) (31.5%), with subsidiary feldspar, 
both plagioclase and orthoclase (9.8%). Lithic fragments (13.0%) include fragments of carbonates 
(4.5%), metamorphics (4.0%), chert (3.1%) and igneous rocks (1.4%). A clay-rich matrix and cement 
(mainly of calcite, but also ferruginous, clayey and gypsiferous) comprises about 43.5% of the total 
components. Accessory fractions (maximum 2.0%) include bioclastic fragments, glauconite, mica and 
heavy minerals. The heavy minerals include opaques (magnetite, chromite, ilmenite and hematite) 
and non-opaques (epidote, amphibole, pyroxene, garnet, staurolite, kyanite, muscovite, biotite, 
chlorite, zircon, tourmaline and rutile) (Al-Juboury et al., 2001). Figures 6 and 7 show the SEM images 
for the main constituents of the sandstones.

The sandstones contain a significant proportion of carbonate, both as cement and as rock fragments 
(Figure 8). Sometimes, the sandstone contains gypsum in the form of aggregates, either fine-grained 
micro-lenticular gypsum (gypsilutite) or coarse-grained micro-lenticular (gypsarenite, Figure 8e). 
These aggregates form micro-lenticular textures of optically homogeneous monocrystals with small 
calcite crystals growing on the boundaries (Figures 8d and 8e) and of non-oriented structures similar 
to those described by Salvany et al. (1994) for non-marine evaporites of the Ebro Basin, Spain. 

The claystones are composed of quartz, calcite, feldspar and clay minerals. Detailed clay mineral 
analysis showed that the main clay mineral assemblage includes palygorskite, illite, kaolinite, and 
chlorite (Al-Juboury et al., 2001). Figure 9 shows SEM images for the common clay minerals, with 
quartz and feldspar embedded in the clay and carbonate groundmass.

Table 1: Distribution of major oxides and some trace elements in Fatha Marls.

Oxides % Green Marl Yellow Marl

Sheikh Ibrahim

Section 8 

Hamam Al-Alil

Section 9

Sheikh Ibrahim 

Section 8

Hamam Al-Alil

Section 9

S15 HS31 S6 HS22

SiO2 52.07 40.31 25.83 35.21

TiO2 0.84 0.63 0.43 0.60

Al2O3 12.31 9.67 6.37 9.95

Fe2O3 6.39 7.22 3.21 6.80

CaO 1.26 13.15 17.85 22.63

MgO 7.56 8.47 12.66 3.12

Na2O 0.49 0.55 0.23 0.30

K2O 3.28 2.11 1.72 2.54

MnO 0.03 0.10 0.03 0.07

P2O5

Trace elements ppm

Ba

Sr

Rb

Ni

Cr

Co

Cu

V

0.14

348

1700

91

192

202

17

60

507

0.10

282

234

61

340

322

26

75

569

0.11

115

131

43

42

64

04

45

479

0.09

204

110

78

88

148

13

72

636
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Figure 5: X-ray diffractograms of bulk samples from the Hamam Al-Alil section (see Figure 2):  
(a) yellow marl (sample HS22) and (b) green marl (sample HS6). 

The geochemical compositions of selected sandstone samples are outlined in Table 2. The clastics are 
carbonate-rich, as indicated by the high content of CaO and MgO. Carbonate is present as calcite and 
dolomite cement as well as carbonate rock fragments (Figure 8). In general, the red clastics contain 
higher amounts of TiO2, Al2O3 and Fe2O3. The TiO2/Al2O3 ratio is relatively reduced in the red clastics 
compared with the grey and green clastics.

Depositional Setting 
The quartz-rich sandstones represent fluvio-deltaic deposits, probably with a provenance from 
uplifted regions in the Zagros and Taurides Mountain belts (Jassim and Karim, 1984; Aqrawi, 1993). 
The red siliciclastics form the dominant lithology in the marginal part of the Mesopotamian Basin. 
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Figure 6: Scanning electron photoimages of the main constituents of the studied sandstones. 
(a) Quartz grain with secondary overgrowth in carbonate cement (Hamam Al-Alil section, sample 

HS27). 
(b) Relicts of feldspar after dissolution (centered) and hexagonal quartz (Q); note clay minerals on the 

surface of dissolved feldspar grain. All grains are embedded in carbonate cement (Sheikh Ibrahim 
section, sample S29). 

(c) Corrosion of feldspar grain (F) and replacement by carbonate (C) in Sheikh Ibrahim section (sample 
S31). 

(d) Clayey (illite) materials cementing detrital grains in sandstone; note the presence of small fibers of 
palygorskite. 

(e) Chert fragment (Ch) embedded with illite flakes (I) in carbonate cement. Fine-grained gray 
sandstone. 

(f) Carbonate crystals (calcite, C) filling vein in coarse-grained sandstone (images d-f from Hamam Al-
Alil section, sample HS 29). 

These occur at the tops of high-frequency cycles, are structureless and contain few organic remains. 
They may represent aeolian deposits and/or mixed lagoonal/fluvial and delta deposits. The red 
clastics were oxidized in an arid, episodically emergent, continental environment. These conditions 
were responsible for the overall increase of many of the major and trace elements in the red clastics. 
This is because the iron oxides and hydroxides adsorbed high concentrations of trace elements in 
their lattices (Krauskopf, 1979). 

The upper member comprises sandstone, silty claystone and claystones and contains two coarsening-
upward cycles (Al-Naqib and Aghwan, 1993). The older coarsening-upward Second Deltaic Cycle 
formed during a period of delta progradation within the lagoonal sediments. It occurs below the M4 
Limestone Marker and ranges in thickness from 7.5–12.5 m; from base-up it consists of (Figure 2):

Unit 1: 3.0 m thick, finely-laminated, yellowish brown claystone and silty claystones; 
Unit 2: 2.0 m thick, very fine, grey to brown, internally cross-bedded sandstone, gradually coarsening 
upwards into,
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Figure 7: Scanning electron photoimages of the studied sandstones. 
(a) Iron oxide pigment on quartz grain. Coarse-grained grey sandstone in Hamam Al-Alil section 

(sample HS 27). 
(b) Disc-shaped chlorite mineral (Ct) in cavities between framework grains in grey friable sandstone in 

Sheikh Ibrahim section (sample S29). 
(c) Quartz (Q) surrounded by calcite cement with short palygorskite fibers on the grain surfaces, porous 

fine-grained sandstone in Hamam Al Alil section. 
(d) Palygorskite filling cavities in sandstone, and very well rounded carbonate rock fragment (C). Fine 

sandstone from Hamam Al-Alil section. 
(e) Fossil remains in the center of photo with carbonate cement and palygorskite bundle of fibers (P) at 

right top, fine sandstone as in (c) and (d) above. 
(f) Long feldspar grain (F), illite flakes (I) and dolomite rhomb (D) in calcite-rich fine sandstone (images 

c to f from Hamam Al-Alil section, sample HS 27).

Unit 3: 3.0 m thick, medium-grained sandstone, rippled, micro-cross-laminated and bioturbated 
(Skolithos) sediments;
Unit 4: 1.25 m of coarse-grained, thinly laminated sandstone;
M4 Marker: 2.8 m thick, with an upper yellowish brown, porous, fossiliferous limestone, and a lower 
bedded marly limestone. 

The basal Unit 1 claystones represent a prodelta facies, while the silty claystones (Unit 1) and fine 
sandstones (Unit 2) represent delta-front facies. Changes in both grain size and lithology may be 
related to progradation of a distributary-channel mouth (Al-Juboury et al., 2001). The overlying 
cross-bedded sandstones (Unit 3) contain abundant Skolithos burrows that have been interpreted 
as shallow-marine, brackish-water deposits (Seilacher, 1967; Curran, 1985). A study of the various 
ichnofacies from the Fatha and overlying Injana formations revealed the occurrence of three distinct 
zones: the lower Planolites ichnofacies and upper Skolithos ichnofacies of the Fatha Formation, and 
the Scoyenia ichnofacies of the Injana Formation. These have been interpreted in terms of a broad 
shallowing-upward sequence from a semi-restricted lagoonal (Planolites ichnofacies) to brackish 
(Skolithos ichnofacies) to non-marine fluvial (Scoyenia ichnofacies) setting (Lawa, 1995).
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Figure 8: Photomicrographs of common constituents of Fatha carbonate–rich sandstones. 
(a) Fine-grained sandstone (brown to grey) includes: quartz, both mono and polycrystalline with chert 

rock fragments and few feldspar in carbonate (calcite) cement. 
(b) Medium-sized sandstone with the same components as above. 
(c) Coarse-grained sandstone with more chert rock fragments (Ch) and igneous rock framents in 

carbonate cement. Photos (a to c) taken from deltaic cycle sandstone below M4 at Hamam Al-Alil 
section (sample HS20, Figure 2). 

(d) Gypsilutite (fine microlenticular gypsum, arrows) in fine sandstone (green) forming the start of 
deltaic cycle at Sheikh Ibrahim section. 

(e) Gypsarenite (coarse microlenticular gypsum) and fibreous gypsum in medium size sandstone in 
Sheikh Ibrahim section (sample S30). 

(f) Remains of fossil (black arrow) and micritic carbonate rock fragments (yellow arrows) in fine 
sandstone (yellowish brown). Quartz grain is subangular with common chert rock fragments in 
carbonate cement, Hamam Al-Alil section (sample HS29).

The uppermost sandstone (Unit 4) may represent upper delta plain deposits that formed following a 
reduction in current velocity as flowing water entered a stagnant water body (e.g. lagoon). A marine 
flooding event temporarily reduced clastic input into the basin and deposited the M4 Limestone 
Marker in a low-energy marine (restricted) environment. According to Al-Naqib and Aghwan (1993), 
the mean palaeocurrent direction was towards 242°. 

The younger First Deltaic Cycle comprises a broadly coarsening-upward siliciclastic sequence capped 
by the M5 Marker Bed. It ranges in thickness from 7.0–13.2 m; in Hamam Al-Alil it is 8.5 m thick; from 
base up, it consists of (Figure 2):

Unit 1: 1.0 m thick, red claystone grading to;
Unit 2: 50 cm thick, cross-laminated siltstone and fine-grained ripple-laminated sandstones grading to;
Unit 3: 6.0 m thick, fine-grained, yellowish brown cross-bedded sandstone;
Unit 4: 1.0 m thick, claystone. 
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Figure 9: SEM images of claystones. 
(a) Feldspar grain (F) in clayey and carbonate groundmass. Red claystone at Sheikh Ibrahim section 

(sample S29). 
(b) Hexagonal plates of kaolinite (K) with corroded surfaces in red claystone, same sample as above. 
(c) Palygorskite/sepiolite with tree-like texture (P) filling cavities in red claystone, same sample as 

above. 
(d) Flakey and fibreous illite in framboidal shape (centered). 
(e) Long and flexuous bundles of palygorskite fibers (P) indicating authigenic formation. 
(f) Palygorskite fibers stacked with well-developed hexagonal kaolinite plates (images d-f from grey 

claystone in Hamam Al-Alil section, sample HS26).

M5 Marker, (1.0-3.0 m thick), divided into a limestone and an underlying silty marl. The limestone 
bed is laterally discontinuous (Ma’ala et al., 1988), and yields shallow-marine fauna (gastropods, 
pelecypods and ostracods) (Yakta, 1976). The silty marl is greenish grey, and contains a rich fauna 
largely comprising large pelecypods.

The second coarsening-upward cycle also began with the deposition of a claystone bed (Unit 1), 
which may represent the distal part of a delta (i.e. prodelta). The siltstones and fine-grained ripple-
laminated sandstones (Unit 2) may be interpreted as a distributary mouth bar at the delta front. The 
presence of fine-grained sandstones (Unit 3) may be interpreted as sand shoals, which formed as 
bars within the distributary mouth channels. Such sand shoals usually develop along the marginal 
parts of the channel where the velocity of the river current is lower. Fining-upward cycles within the 
sandstones reflect variations in depositional energy, as described by Wright and Coleman (1974). 

Deposition of the overlying claystone (Unit 4) probably resulted from a renewed relative rise in 
sea-level, and/or a change in the location of active sedimentation. This led to the deposition of the 
pelecypod-rich silty marl below the M5 Marker Bed. The M5 flooding interval was followed by the 
restriction of water circulation in an arid to semi-arid setting, resulting in the deposition of gypsum.
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Carbonates: Marly Limestone and Arenaceous Limestone

Carbonates generally form about 25% of the total Fatha sediments. The thicknesses of these units 
ranges from 0.2 to 30.0 m, with individual bed thicknesses decreasing upwards in the succession. 
Highly fossiliferous beds occur in the studied carbonate sections, with common shell fragments, 
usually recrystallized. Two main limestone lithofacies have been identified: marly and arenaceous 
(detrital).

Marly Limestone: yellowish grey, thinly bedded to laminated and generally fossiliferous. Internal 
structures are rare, but include flaser bedding, wavy laminations or domal stromatolites that alternate 
with arenaceous limestones. Marly limestones occupy the lower part of most carbonate horizons, 
but become increasingly dolomitic with a marked reduction in fossil content upwards beneath the 
gypsum horizons. 

Arenaceous Limestone: whitish grey, visibly detrital with fossils, very hard, thinly bedded and 
overlain by marl and marly limestones. A shallow basin depositional setting, with salinity fluctuation 
from brackish through normal-to-brackish was deduced for the carbonates of the Fatha Formation 
based on a detailed description of ostracods by Khalaf (1994).

The organic-rich (fossiliferous) limestones are further divided into three microfacies: (1) Bioclastic-
Peloidal Grainstone-Packstone, (2) Bioclastic-Peloidal Lime Mudstone-Wackestone, and (3) Lime 
Mudstone-Wackestone.

Bioclastic-Peloidal Grainstone-Packstone Microfacies: Several submicrofacies are distinguished 
according to the type and abundance of bioclasts present. Bioclasts include gastropods, rotalids, 
miliolids, pelecypods, bryozoans, echinoids, ostracods and calcareous algae (Figure 10). Pellets are 
common and vary from ovoid to sub-rounded. Ooids are also present, mostly micritized grains with 
a visible concentric structure. The common bladed and sparry calcite cement may be of phreatic 
meteoric origin (Tucker, 1993).

These sediments were deposited in a shallow-marine setting; the bioclastic-packstone was deposited 
on the edge of a shoal in a platform setting (Al-Hashimi and Amer, 1985).

Bioclastic-Peloidal Lime Mudstone-Wackestone Microfacies: This microfacies is characterized by 
fine-grained and micritic limestone with minor amounts of silt- and sand-sized grains, mainly quartz. 

Table 2: Representative X-ray fluorescence chemical analyses of sandstones from the Fatha Formation. 
Samples, S from Sheikh Ibrahim section and HS from Hamam Al-Alil section. 

Major oxides in wt%, trace elements in ppm. Total Fe as Fe
2
O

3

Sample No.\

sandstone type
Zr

75

89

91

83

89

53

96

110

Zn

35

34

39

32

31

40

19

18

V

457

524

571

529

498

486

621

654

Sr

90

121

241

214

180

529

236

384

Rb

41

43

44

38

39

21

56

35

Ni

101

71

133

110

80

159

458

106

Cr

231

278

454

334

392

202

330

177

Ba

204

239

331

757

283

123

208

230

Total

99.13

98.91

98.99

98.91

98.50

99.39

99.29

98.98

L.O.I.

29.06

27.6

27.11

28.21

28.65

27.33

14.11

20.08

P2O5

0.07

0.08

0.07

0.06

0.07

0.08

0.1

0.1

K2O

1.49

1.4

1.63

1.37

1.46

1.16

2.22

1.37

Na2O

0.6

0.59

0.77

0.9

1

0.29

0.38

0.75

CaO

17.14

20.63

16.36

23.42

18.01

22.24

14.8

23.24

MgO

12.48

9.63

3.76

4.52

3.73

3.97

6.04

3.65

MnO

0.10

0.08

0.07

0.08

0.07

0.06

0.15

0.10

Fe2O3

2.53

2.61

3.49

3.51

3.44

3.39

8.23

5.23

Al2O3

6.45

5.46

7.75

6.34

6.58

7.51

10.06

8.35

TiO2

0.32

0.32

0.47

0.35

0.39

0.37

0.69

0.58

SiO2

29.12

30.51

37.56

32.15

35.1

32.99

42.51

35.53

S31 Coarse-grained 

red sandstone 

S30 Medium-grained 

red sandstone  

S29 Fine-grained 

red sandstone  

HS19 Fine-grained
sandstone 

HS20 Coarse-
grained sandstone 

HS27 Green 
sandstone 

HS29 Red sandstone 

HS30 Red sandstone 
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Figure 10: Photomicrographs show bioclastic-peloidal grainstone-packstone microfacies. 
(a) Bryozoans, gastropods, foraminifera in drusy and bladed calcite cement; note dissolution porosity. 

Fossiliferous limestone, upper part of M4 in Hamam Al-Alil section (sample HS21). 
(b) Gastropods, foraminifera, pellets and ooids in drusy calcite cement. Note inter and intragranular 

porosity due to bioclast dissolution. Cement is generally of meteoric phreatic origin, M4. 
(c) Pelecypods, milliolids, bryozoans and ostracods in microsparite cement. Drusy calcite fills the 

cavities in bioclasts, with scattered quartz grains. Arenaceous limestone, part of M1, Hamam Al-
Alil section (sample HS1). 

(d) Part of pelecypod shell filled with sparry calcite in microsparite cement and scattered quartz grains, 
same sample as above. 

(e) Pellets and ooids in microsparite cement, note interparticle porosity, with few foraminiferal remains 
and scattered quartz silty grains. Arenaceous limestone at Sheikh Ibrahim section (sample S12). 

(f) Milliolids-rich bed with microsparite calcite cement. Limestone of M2 in Hamam Al-Alil section 
(sample HS10).
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It occurs primarily in the upper part of the lower member. Bryozoans, gastropods, ostracods and 
benthic foraminifera are the common bioclasts present (Figures 11a and 11b). Peloidal (pelmicrite) 
microfacies with few fossil remains are noted. Generally, these pellets are ovoid and micritized with 
sparry calcite envelopes, sometimes dolomitized and porous (Figure 11c). Scanning electron images 
of these pelmicrites show the sparry calcite envelope surrounding micritic carbonates (Figure 11d). 
Palygorskite formed as an authigenic mineral in the voids between the pellets (Figure 11e), although 
euhedral dolomite crystals may also fill the voids (Figure 11f).

These sediments were deposited in quiet, shallow-water marine conditions at moderate depths and 
low energy. 

Lime Mudstone-Wackestone Microfacies: This microfacies is fine-grained with rare ghosts of fossils. 
Some of the resultant voids are filled by gypsum (Figure 12a). The lime muds are generally peloidal 
with rare remains of ostracods, foraminifera and calcispheres. The limestone beds are characterized by 
a low-diversity benthic foraminifera assemblage, distinctly lacking planktonic foraminifera. Within 
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the limestones, cryptalgal laminites, stromatolites, varied ichnofauna (including burrowers such as 
Planolites and Skolithos) and scavengers (such as ostracods and pelecypods) are present. SEM images 
show gypsum fibers and sparry calcite filling the cavities or pores in the lime mudstones (Figures 12b 
and 12c) with the presence of honeycomb-like palygorskite/sepiolite (Figure 12d). 

These sediments were deposited in an intertidal setting, as indicated by the presence of microbial 
laminites (Figure 12e) and fenestral-fabric textures (Figure 12f). The presence of palygorskite as an 
authigenic minerals may indicate evaporitive conditions. Chamley (1989) summarized the conditions 
for the formation of palygorskite as alkaline in a restricted warm, humid, highly evaporative basin 
subject to marine transgressions providing limited water exchange.

Limestone Marker Beds: The five Limestone Marker Beds were deposited in brackish to normal 
marine conditions (Shawkat and Tucker, 1978). Ahmad (1980), however, concluded that some of 
the limestone beds were deposited in lagoonal settings. Besides the low foraminiferal diversity, she 
cited as evidence the presence of Quinqueloculina and Triloculina. She confirmed that other beds were 
deposited in relatively shallow, tropical or subtropical marine settings, based on identifying marine 

Figure 11: Photomicrographs of bioclastic-peloidal lime mudstone-wackstone microfacies. 
(a) Bryozoans, gastropods and ostracods in micritic and few sparry calcite cement. 
(b) Biomicrite with common scattered quartz grains. Bedded arenaceous limestone, lower part of 

M4, Hamam Al-Alil section (a-b, sample HS21). 
(c) Pelmicrite with sparry calcite and dolomitic rims; note intergranular porosity, part of M1, Hamam 

Al-Alil section (sample HS1). 
(d) SEM image shows sparry calcite envelope around the micritic filling of pellets, M1, Hamam Al-

Alil section (sample HS1). 
(e) Mixture of fine to coarse dolomite rhombs (euhedral to subhedral) and palygorskite fibers in 

fractures between pellets or covering dolomite rhombohedra, pelmicrites, same sample as 
above. 

(f) Euhedral rhomb of dolomite with smooth surface filling voids and surrounding the fine (micrite) 
(same samples as in d). 
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fossil assemblages; for example the uppermost limestone beds of the Sheikh Ibrahim section 8 and 
most of the limestone beds in the Maqlub and Bahzani sections (sections 6 and 7). 

Carbonates: Dolomitic Limestone and Dolomite

Dolomitic Limestones: These occur mostly in the upper part of the lower Fatha Member. Some of the 
fine-grained dolomites are dolomicrites. They are generally porous (Figure 13a) with an MgO content 
reaching 16.0% (Table 3). Some of these dolomicrites are crystallized, either partly or completely, into 
sucrosic dolomite (Figures 13b and 13c). SEM images show fine, clayey, aphano-crystalline to coarse 
crystalline dolomite (Figure 13d), with the presence of palygorskite and gypsum fibers and plates in 
the pores between the dolomite rhombs (Figures 13e and 13f). Fossil traces are also obvious (Figure 
13g), as is evidence of burrowing (Figure 13h). Some dolomitic limestones contain strontium in higher 
amounts. These rocks mostly occur at the basal contact of the Fatha Formation with the underlying 
Jeribe Formation and are intercalated with yellow micrite and marly limestones.

Dolomite: usually associated with gypsum and aragonite. The presence of aragonite is confirmed 
by XRD analysis (Figure 14) and SEM images (Figure 15). Aragonite is present as elongate fibers, 
composed of euhedral crystals with non-porous growth. This type of aragonite can be termed 

a b c

fed

2 µm5 µm0.5 mm

5 µm 0.5 mm 0.5 mm

Figure 12: Photomicrographs of lime mudstone-wackestone microfacies. 
(a) Gypsum and sparry calcite filling pores in micritic (lime mudstone) in Shiekh Ibrahim section 

(sample S20). 
(b) SEM image shows gypsum fibers (centered) in pores of lime mudstone. 
(c) SEM image of sparry calcite in pores of lime mudstone. 
(d) Honeycomb shape of palygorskite/sepiolite filling part of the void in lime mudstone (images d to 

f, sample S18).
(e) Microbial laminites with few fossil remains and fenestral porosity, M3 in Hamam Al-Alil 

section. 
(f) Enlarged view of birdseye pores in micritic to microsparry calcite; calcite fills part of foraminiferal 

mold. Marly limestone at Shiekh Ibrahim section (sample S20).

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/13/3/141/5443945/juboury.pdf
by guest
on 21 August 2022



Al-Juboury and McCann

160

a b c

f

g h

ed

0.5 mm 0.5 mm

10 µm 5 µm 2 µm

2 µm 20 µm

0.5 mm

G

C

C

D

botryoidal aragonite, and is similar to Miocene aragonites of the Red Sea (Aissaoui, 1985). It forms on a 
fixed substrate and exhibits a fan structure (Figures 15a and 15b). The crystal form may be rounded to 
ovate with angular crystal ends and a cone shape generally oriented normal to the substrate (Figures 
15c and 15d). This type of aragonite may precipitate in marine as well as non-marine environments. 
Dry conditions favour the preservation of aragonite, while the transformation of aragonite to calcite 
and the dolomitization of aragonite are diagenetic processes occurring through dissolution and 
reprecipitation. The aragonite in the present study may be a surficial weathering feature. In general, 
dolomitization affects the lower part of the formation and is believed to be an early syndepositional 
process resulting from hypersaline conditions.

Figure 13: Photomicrographs 
of dolomite and dolomitic 
limestones. 
(a) Porous, fine-grained 

(aphanocrystalline) dolomite 
with scattered calcite spars 
(C). Marly limestone, part of 
M1, Hamam Al-Alil section 
(sample HS1). 

(b) Coarse crystalline dolomite 
in upper part of M1 
(sample HS2) in Hamam 
Al-Alil section; note partial 
dolomitization of the bed. 

(c) Coarse crystalline to sucrose dolomite, Hamam Al-Alil section (sample HS3). 
(d) SEM image of aphanocrystalline to coarse crystalline dolomite. 
(e and f) SEM images of palygorskite fibers in cavities of dolomite with few gypsum plates 

(G) in dolomitic limestones; note dolomite rhombs (D). Images d to f from Hamam Al-Alil 
section (sample HS14). 

(g) Remains of fossil (centered) in dolomitic limestones at Sheikh Ibrahim section (sample S3). 
(h) Burrowing in dolomitic limestone with few scattered calcite grains, same sample as above.
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Figure 14: X-ray diffractogram of aragonite sample containing aragonite, gypsum and celestite 
(Hamam Al-Alil area, sample HS14).

Table 3: Geochemical analysis of the different types of limestone from the Fatha Formation. 
Major oxides in wt%, trace elements in ppm. 

SrBaL.O.I.Fe2O3P2O5TiO2K2OCaONa2OMgOMnOAl2O3SiO2
Type of 

Limestone 

Sample

No.

274

329

64

160.24

0.370.04

0.04

0.04

0.04

0.10

0.09

45.66

50.03

0.15

0.14

5.42

0.68

0.04

0.03

0.68

0.65

2.51

2.55
Marly

HS9

S20

248

2935

98

146

6

65

28

12

0.24

0.15

0.71

0.01

0.03

0.05

0.08

0.05

0.05

0.05

0.10

0.04

0.16

0.12

0.30

0.12

33.37

33.41

31.67

30.59

0.30

0.15

0.12

0.19

15.95

15.15

16.92

14.02

0.01

0.01

0.02

0.02

0.90

0.83

1.48

0.68

3.56

2.58

5.89

2.46

Dolomitic

HS1

S3

S8

S24

55440.050.040.030.0251.840.170.580.010.471.53Crystalline HS21

219230.50.040.050.1544.790.166.970.041.033.54FossiliferousHS12 

262

233

203

125

148

65

40.86

40.53

40.63

42.83

39.65

44.83

40.36

40.52

39.44

33.64

36.45

Total

95.97

95.02

95.20

95.33

96.94

93.01

95.10

97.34

97.83

98.57

98.19

0.94

2.88

1.98

0.06

0.07

0.11

0.09

0.39

0.23

0.35

0.11

0.94

35.64

28.19

24.60

0.24

0.76

0.14

13.81

1.99

15.96

0.10

0.11

0.03

1.47

5.35

3.47

5.69

25.8

14.16

Arenaceous

HS3 

 HS18 

S12

Depositional Setting
The basal part of the Fatha Formation was deposited in a barred hypersaline lagoonal environment. 
The above characteristics suggest that evaporative dolomitization occured in a tidal-flat setting, 
where microbial mats were common. Intensive dolomitization occurs in mud-dominated sediments 
associated with evaporites of the capping sabkha-lagoonal sequence of the Miocene (Euphrates and 
Jeribe formations) of the Mesopotamian Basin (Sun, 1995). The presence of aragonite as small fibers 
(Figure 15), in addition to dolomitization in evaporitic conditions and mixed water conditions with 
elevated temperatures, may have been responsible for the higher amount of strontium in these rocks 
(Kinbell and Humphrey, 1994). 
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Figure 15: SEM images of aragonite. 
(a) Radial shape of aragonite directly oriented to the substratum. 
(b) Enlarged view for part of (a) showing fan-shaped structure of the substratum. 
(c) Radial nature of aragonite growth, same sample as above. 
(d) Enlarged view of (c) illustrates this directional radial growth, (sample HS14).

The coexistence of palygorskite fibers with dolomite reflects lagoonal, brackish-hypersaline, alkaline 
waters and magnesium-rich environments that were suitable for authigenic formation of this mineral. 
Seasonably arid climatic conditions, in the absence of local tectonic activity, promoted elevated salinity 
and intense evaporation, which in turn supported the direct chemical precipitation of palygorskite. 
The honeycomb-like morphology of the palygorskite that fills the cavities in the dolomite is attributed 
to a late-stage dissolution of dolomite. This process released magnesium and led to palygorskite 
precipitation when excess silica became available from the transformation of clay minerals in the 
interbedded mudrock.

Evaporites

Sulphates form about 50% of the total thickness of the formation, with beds ranging in thickness from 
0.1 to 30.0 m. In surface outcrops, gypsum is the most common type of sulphate, while in subsurface 
sections, anhydrite and halite are the most common evaporites. Nodular gypsum is the dominant 
gypsum type, although laminated and thick-bedded gypsum are also present. Nodular gypsum 
passes gradually and vertically into thick to very thick-bedded gypsum. Secondary gypsum (selenite 
and satin spar) also occurs. 

a b

c d
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The gypsum is white and sugary or creamy in colour, although red, pink and greenish white varieties 
are also present. The greenish white colour is usually related to secondary coloration resulting from 
the presence of an enveloping cover of marl. The chemical compositions of selected nodular, laminated 
and secondary (selenite) gypsum samples are presented in Table 4. 

Nodular Gypsum
Gypsum nodules are irregular, cylindrical or spheroidal and vary in length from 0.5–20.0 cm. The 
nodules are aligned perpendicular to the bedding plane and gradually become equi-dimensional 
or flattened in an upward direction. Generally, the nodules are free of inclusions and are composed 
of very fine, sugary, compacted and alabastrine material. Each nodule is coated, either completely 
or partially, by a film of grey calcareous sediments. These nodules are classified into five categories: 
compound mosaic, compound wispy, mosaic, wispy and structureless forms. Petrographically, 
nodular gypsum is formed from granular integrated gypsum with some evidence of recrystallization 
(Figure 16a). 

Depositional Setting: The deposition of nodular gypsum may represent a very shallow, arid, semi-
restricted marine environment that underwent reflux and influx processes. Shawkat and Tucker (1978) 
concluded that the gypsum beds represent deposition in a sabkha or supratidal flat setting; a coastal 
or inland sabkha with a semi-barred, shallow lagoon has also been suggested (Mustafa, 1980). Semi-
restricted lagoonal environments, such as lakes, connected to the open sea through narrow channels 
coincide with the ”brine filled basin model” suggested by Sulayman (1990) for gypsum deposition in 
the Butma West area (section 4 of the present study).

Laminated (Alabastrine) Gypsum
This type of gypsum deposit is less common than other varieties. It consists of alabastrine-type gypsum, 
laminated (either horizontally or wavy) and separated by a green-grey calcareous film of sediments. 
Occasionally laminae of selenite and satin-spar are sandwiched between the laminated carbonate 
and alabastrine gypsum. Petrographically, this shows alabastrine fine to coarse fibrous gypsum and 
porphyroblastic textures (Figures 16b and 16c), with the alabastrine type predominating. 

Depositional Setting: Laminated gypsum may represent pulses of sea-water influx into the Fatha 
Basin, which could also have led to the precipitation of a thin film of calcareous sediments. The 
alabastrine secondary gypsum (granular and fibrous) and porphyroblastic gypsum indicate that the 
gypsum is of secondary origin formed by the transformation of the pre-existing anhydrite on or near 
the surface by hydration. 

Selenite and Satin-Spar
Secondary gypsum forms as veins or lenses of selenite or satin-spar and usually occurs in fractures or 
vugs and bedding planes of bedded gypsum and carbonates. Selenite is characterized by its foliated 

1.38S4

3.06HS4

1.59HS13

1.76HS23

2.22S17

2.95S11

2.38S16

246.3

109.9

244.7

614.9

200.7

112.6

83.3

Sr

2.81

1.38

0.56

4.58

4.49

1.22

1.84

Ba

47.81

46.11

47.53

46.81

47.62

45.81

47.92

0.02

0.13

0.02

0.03

0.04

0.11

0.05

Fe2O3 SO3

30.72

27.51

29.81

30.32

28.56

27.45

28.73

L.O.I.

98.85

99.58

98.27

99.13

98.23

98.29

99.35

Total

0.03

0.03

0.03

0.03

0.03

0.03

0.03

P2O5

0.02

0.03

0.02

0.03

0.03

0.03

0.03

TiO2

0.01

0.08

0.01

0.01

0.02

0.07

0.03

K2O

17.96

19.51

18.23

18.45

18.18

19.01

18.63

CaO

0.10

0.13

0.14

0.08

0.17

0.12

0.15

Na2O

0.21

1.91

0.40

0.26

0.71

1.82

0.67

MgO

0.01

0.01

0.01

0.01

0.01

0.01

0.01

MnO

0.40

0.94

0.48

1.34

0.66

0.88

0.72

Al2O3SiO2

Nodular

Laminated

Thick-
bedded

Nodular

Thick-
bedded

Laminated

Selenite

Gypsum

type

Sample

No.

Table 4: Geochemical analysis of the different gypsum types of the Fatha Formation. 
(HS= samples from Hamam Al-Alil area; S, from Sheikh Ibrahim area). 

Major oxides in wt%, trace elements in ppm.
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nature (Figures 16d to 16f), which cleaves into several colourless and transparent, cleavage folious 
sheets. It occurs either as veins, clusters or rosettes growing within the vugs of a massive gypsum 
body. It occasionally occurs as dark inclusions, as small nodules randomly distributed within a mosaic 
gypsum. Satin-spar forms as fibrous and silky gypsum. The lengths of individual crystals range from 
microscopic up to 40 cm. They usually take the shapes of fractures, vugs or bedding planes and 
follow the boundaries of nodules. 

Figure 16: Photomicrographs of 
gypsum. 
(a) Granular integrated 

gypsum in nodular gypsum 
at Sheikh Ibrahim section 
(sample S4). Note the 
recrystallization effect at 
right top of picture. 

(b) Fine to coarse fibreous 
gypsum in thickly bedded 
gypsum at Hamam Al-Alil 
section (sample HS13). 

(c) Porphyroblastic gypsum in 
thickly bedded gypsum at Sheikh Ibrahim section. 

(d) SEM image shows alternating white and dark folia in selenitic gypsum at Sheikh Ibrahim 
section (sample S16); note obvious fractures in the dark folias with scattered carbonate 
fragments. 

(e) Foliated nature of selenitic gypsum. 
(f) Broken folias of selenite with carbonate inclusions (C), same sample as (d and e). 
(g) Coarse crystalline gypsum with scattered fine calcite; note some of the carbonates (C) present 

in a band that may be responsible for the grey color of the gypsum. 
(h) Fibreous gypsum with scattered carbonates as dolomite rhombs (D) and fine calcite (C) in 

bedded gypsum, (sample S11). 
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Depositional Setting: Secondary gypsum (selenite and satin-spar) may have formed by the 
transformation of anhydrite into gypsum. Petrographic investigation of subsurface anhydrites of the 
Fatha Formation by Al-Marsoumi (1980) indicated that these anhydrites are of secondary origin, and 
mainly comprise the ‘Epigenetic Anhydrite’ type with two varieties: a felty type of fibrous form and 
bacillar type of rhombic and spindle shapes. Recrystallization of anhydrite took place under stress 
by an overburden load that caused the formation of flowage structures, compound grains, parallel 
elongation of crystals and crystal coalescence (Al-Marsoumi, 1980).

Figures 16g and 16h show the different types of gypsum as fine- to coarse-crystalline fibrous, in 
addition to the presence of dolomite rhombs, which form the dark bands in some of the gypsum 
nodules. Mineralogical investigation by XRD showed that the rocks mainly consist of gypsum with 
smaller amounts of dolomite (Figure 17). In contrast, the study of gypsum samples from the Butma 
West area by Sulayman (1990) showed that the gypsum rocks there also contained small percentages 
of anhydrite, celestite, quartz and bassanite.

The lower values for strontium in the secondary selenitic and laminated gypsum (Table 4) may 
be related to its partial expulsion by hydration from the original anhydrite. The impoverishment 
of strontium in these types of gypsum (compared to the primary studied gypsum) is consistent 
with the ideas of Playa et al. (2000) for the origin of fabrics in the Upper Miocene evaporites in 
the Eastern Betics. The gypsum samples also contain higher MgO%, which may be attributed to 
diagenetic processes and salinity. The presence of dolomite rhombs and sparry calcite in the gypsum  
(Figure 16h) may cause the high magnesium content in this gypsum. The geochemical behavior of 
strontium and magnesium is a good criterion for indicating the diagenetic stages of gypsum deposit 
formation (Fort and Bustillo, 1986). 

Halite
Halite occurs only in the subsurface sections; these are concentrated in the center of the depositional 
basin (Dunnington, 1968) and are generally surrounded by units dominated by anhydrite beds 
(Stöcklin, 1968). The thickness of the halites varies considerably due to diapirism (van Bellen et al., 
1959). Tucker (1999) reported that the halite is well-bedded, with occasional thin layers (5.0–20.0 cm) 
interbedded with thin clay stringers. These may also occur as alternations of clay-rich and clay-poor 
halite, which were deposited either in shallow subaqueous lakes or in salinas and salt pans. 
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Figure 17: X-ray diffractogram of nodular gypsum sample from the Fatha Formation in 

Sheikh Ibrahim area (sample S4).
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The distribution of lithofacies of the Fatha Formation in both basins (Figure 3) reflects facies zonation 
around the halite-rich basin center. An isopach map of the halite thickness in the Sinjar Basin  
(Figure 18) shows this zonation, which is attributed to the palaeosalinity gradient within the basin as 
a function of the solubility of salt. Many salt basins share a common palaeogeography, in which a lake 
is separated from the sea or ocean by a narrow barrier, and the salt was mostly deposited in the basin 
center. Example of these basins are the Aptian evaporites of the south Atlantic rift basin, the Messinian 
salt deposits of the Mediterranean sea and the North Caspian depression (Nunn and Harris, 2007). 

CHRONO-SEQUENCE STRATIGRAPHY

Regional Setting

In the Late Cretaceous, the Neo-Tethys Ocean began to close, as is evident by the obduction of 
ophiolites in Oman and elsewhere along the margin of the Arabian Plate (e.g. Beydoun, 1991; Sharland 
et al., 2001; Searle, 2007). By the Late Miocene and Early Pliocene, the Neo-Tethys Ocean closed by 
the collision of the Arabian and Eurasian plates (Central Iran and Turkey), and the Zagros and Taurus 
Mountain belts started to be uplifted (e.g. Buday and Jassim, 1987; Al-Sharhan and Nairn, 1997). 
Between these two tectonic events, starting in the Late Eocene and continuing through the Middle 
Miocene, crustal loading and flexure of the eastern Arabian Plate formed the broad and shallow 
Mesopotamian Basin as a NW-oriented foreland basin (Jordan, 1981; Allen et al., 1986). This 2,000-km-
long basin extended from Bandar Abbas, in Iran, across Iraq and Syria to the Mediterranean Sea, and 
was located southwest of the Zagros and Taurus Mountains (Figure 1). 

In the Mosul area in northern Iraq, an uplifted regional trend was probably structurally active during 
the deposition of the Fatha Formation (Mosul High of Numan, 1984); it affected the development of 
accomodation space and the distribution of sediments. This is evident by the decrease in thickness of 
the Fatha carbonates away from the structural high, and their facies change from bioclastic limestones 
(with abundant oyster shell fragments) to dolomitized micrite. It is also evident from the increased 
thickness of the evaporites (and associated salt) towards Sinjar (Jassim et al., 1997).

In greater structural detail, two major uplifted blocks are recognized: the NW-trending Kirkuk and 
E-W trending Mosul structural blocks. The Kirkuk and Mosul blocks run parallel to the Zagros Suture 
and Taurus Mountains, respectively. The change between their trends occurs along the Greater Zab 
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Figure 18: Isopach thickness map of halite in part of Sinjar Basin (coordinations in UTM), locations: 
sections from the present work are Section 1, Well 0-S; Section 2, Sasan; and Section 8, Sheikh 
Ibrahim. Other sections are used for comparison (Sinjar at Umm Jris; Jaddala; Goulat; Tel Afar; 
Well M1; and Well A1).
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River. The two blocks themselves consist of smaller fault blocks of varying sizes, which also affected 
the sedimentary facies and thickness changes of individual formations. 

Based on the distribution of lithofacies data (Mustafa, 1980; Jassim and Karim, 1984), the study area can 
be divided into two basins separated by a palaeoridge. The western Sinjar Basin (includes sections 1-8) 
extends into Syria; it is fragmented into smaller sub-basins (e.g. the Butma sub-basin), as shown by the 
increased thicknesses of the Fatha Formation in the Butma West area (sections 3 and 4, Figure 3a). The 
eastern Kirkuk Basin (includes sections 9-12, Figure 3b, also Fatha Basin) extends southeast into Iran. 

Although tectonic activity was responsible for the formation of the foreland basins, the associated 
structural processes occurred on a much longer time scale (c. 10 million years) compared to the duration 
of the high-frequency Fatha eustatic cylicity (c. 10s to 100s thousand years). The Fatha Formation was 
deposited in a frequently flooded, semi-restricted evaporitic foreland basin subjected to high evaporation 
due to aridity. The sea encroached on the basin from the Mediterranean Sea in the west and the Neo-
Tethys Ocean in the southeast. The shoreline ran from Haditha to Abu Jir, Najaf, Samawa, then swung 
slightly to the south towards the Iraqi-Kuwaiti-Saudi Arabian border junction (Figure 1). 

Sequence Boundaries

In northern Iraq, the Basal Fatha Conglomerate represents a regional transgression over the eroded 
Eocene Pila Spi Limestone or Avanah Limestone formations (van Bellen et al., 1959). In the Fars Basin, 
the conglomerate is absent, and the Fatha Formation conformably overlies the Lower Miocene Jeribe 
Formation (van Bellen et al., 1959). These relatonships indicate that the base of the Fatha Formation 
changes from an unconformity at the edge of the basin to a correlative conformity within it; i.e. it 
is a sequence boundary. The top of the Fatha Formation, marked by Upper Red Beds and terminal  
A0 Anhydrite, suggests that the Injana/Fatha contact is also a sequence boundary.

Global and Arabian Plate Sequence Stratigraphy

Figure 19 compares various chrono and sequence stratigraphic interpretations of the Fatha Formation 
and bounding units. Figure 19a shows the age assignments and regional correlations from James 
and Wynd (1965). Goff et al. (1995, Figure 19b) combined the Middle and Lower Fars formations in 
northern Iraq into their Sequence 3.2 of early Middle Miocene age. They correlated their Sequence 
3.2 to Sequence TB2.5 of Haq et al. (1987) (planktonic foraminiferal zones N11 and lower N12; Late 
Langhian). They interpreted the underlying Jeribe Formation as Sequence 3.1 of earliest Middle 
Miocene age and correlated it to Sequence TB2.4 of Haq et al. (1987) (planktonic foraminiferal zones 
N9 and N10; early Langhian).

Sharland et al., (2001, 2004, Figure 19c), following van Bellen et al. (1959), interpreted four Arabian 
Plate maximum flooding surfaces (MFS) in the Miocene; their ages in million years (Ma) were revised 
by Simmons et al. (2007): 

MFS Ng40 (14.5 Ma): Middle Miocene, Late Langhian, marine carbonates of the Middle Fars Formation 
(= lowermost Upper Fars Formation) (van Bellen et al., 1959); here Injana Formation.

MFS Ng30 (15.9 Ma): Middle Miocene, Early Langhian, marine carbonate near base of Lower Fars 
Formation (van Bellen et al., 1959); here Fatha Formation.

MFS Ng20 (17.5 Ma): Early Miocene, Late Burdigalian, carbonates near the base of the Jeribe Formation 
(van Bellen et al., 1959).

MFS Ng10 (20.0 Ma): Early Miocene, Early Burdigalian, carbonates near the base of the Euphrates 
Formation or equivalent Serikagni Formation (van Bellen et al., 1959).

Jassim and Buday (2006, Figure 19d) interpreted the Fatha Formation as Early Miocene in age. 

The Fatha Formation forms a transgressive-regressive third-order sequence bounded by two sequence 
boundaries. 
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Figure 19: (a) Regional correlation between the Tertiary formations in Syria, Iraq, Iran, Kuwait and 
Saudi Arabia (after James and Wynd, 1965).  

(b) Regional correlation in the Middle East by Goff et al. (1995) based on Haq et al. (1987).
See facing page for continuation.
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Age of the Fatha Formation: Middle Miocene, Langhian?

The age of the Fatha Formation is not resolved by biostratigraphy. It has been interpreted as “Middle 
Miocene” (van Bellen et al., 1959; Goff et al., 1995; Sharland et al., 2001; Jassim and Buday, 2006), and 
more specifically Serravallian (Prazak, 1978; Jones and Racey, 1994). In Iran, the base of the Gachsaran 
Formation, considered equivalent to the Fatha Formation, in southern Iraq (Goff et al., 1995), has 
been dated by strontium isotopes as Early Miocene, Mid-Burdigalian (Ehrenberg et al., 2007). Jassim 
and Buday (2006) attribute to Ponikarov et al. (1967) a Late Miocene (Tortonian) age interpretation 
for the correlative Lower Fars Formation in Syria. Sharland et al. (2004) followed Adams (1992) in 
considering Miogypsina to represent global planktonic zone N8 or N9, and therefore positioned the 
Lower Langhian maximum flooding surface MFS Ng30 in the lower carbonates near the base of the 
Fatha Formation. 

Higher-order Parasequences

The Fatha Formation is characterized by high-frequency cycles consisting of alternating greenish grey 
and reddish brown marls and flooding limestones, capped by gypsum and/or anhydrite and halite 
(salt). Thin marly limestone beds at the beginning of each cycle represent high-frequency marine 
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Figure 19 (Continued): (c) Interpretations for Iraq by Sharland et al. (2001, 2004). The contact 
between Oligocene and Miocene is modified after Al-Banna (2008).

(d) Jassim and Buday (2006). In the present study, the Fatha Formation is interpreted as a third-
order depositional sequence of Middle Miocene (probable Langhian) age.
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transgressions. Subsequent evaporation initiated a phase of regression, leading to the development of 
extensive supratidal sabkhas, in which nodular gypsum and/or anhydrites dominate. Thin evaporites 
dominate the basin margins and are associated with red claystones and litharenites. Halite deposition 
in the basin center represents the final remnants of the shrinking sea in salinas or salt pans.

The cyclic deposition of carbonates, evaporites and siliciclastics indicates frequent flooding followed 
by restriction and continental exposure. Similar cyclicity occurred in the partly coeval Gachsaran 
Formation of Iran (Gill and Ala, 1972). The cyclicity is comparable to similar deposition of the 
Messinian basins of the Mediterranean Sea (Rouchy et al., 1998; Roveri et al., 2003) and to the Middle 
Miocene (Badenian) basin-margin evaporites of the Carpathian Foredeep Basin of western Ukraine 
(Peryt, 2001). 

ECONOMIC SIGNIFICANCE

Northern Iraq, especially the Kirkuk Basin, contains one of the most prolific petroleum systems in the 
Middle East (Goff et al., 1995). The basin is highly structured; its anticlines house giant and supergiant 
oilfields containing several stacked source-reservoir-seal triplets (e.g. Euphrates-Dhiban Anhydrite, 
Jeribe and Fatha formations; Al-Juboury et al., 2007). The Fatha evaporites provide the uppermost 
regional seal for the Miocene reservoirs in the Zagros foreland fold belt in Iraq (Goff et al., 1995). 
Most of the sub-salt accumulations are structurally and broadly-drained anticlinal culminations. This 
demonstrates the ability of the evaporites to maintain seal-integrity under deformation, while the 
underlying and intercalated dolomites and limestone became fractured (Warren, 2006). 

The Fatha Formation has been identified as a reservoir in eleven structures, mostly in southeastern 
and southern Iraq (Aqrawi, 1993). It also contains oil and gas in many oilfields in central Iraq. The 
porosity ranges from 15–20%, with permeability about 100 mD. In the Jambur oilfield, the Fatha 
Transition Zone is highly fractured and forms the main petroleum reservoir. The API gravity of 
the oils ranges from 12.9o to 41.0o, averaging 19.0o (Jassim and Goff, 2006). In the Mosul area, the 
limestone-dominated Transition Beds, at the base of the Fatha Formation, often contain heavy oil and 
bitumen. These are trapped by the overlying anhydrite-dominated unit.

Native sulphur is common in subsurface sections of the Fatha Formation, especially in the Mishraq 
area of northern Iraq. This region is regarded as one of the largest reserves of sulfur in the world 
(British Sulphur Corporation, 1974). 

CONCLUSIONS

The Miocene (Langhian?) Fatha Formation (previously Lower Fars Formation) was deposited as a 
transgressive-regressive sequence in a broad shallow foreland basin adjacent to the Zagros-Taurides 
collisonal belt. Depositional settings ranged from open-marine and restricted-hypersaline to supra-
tidal and continental (sabkha, fluvio-deltaic and exposure). It is bounded below by a regional sequence 
boundary (above the Jeribe Formation) that passes laterally to an unconformity that cuts into Eocene 
formations (i.e. Oligocene hiatus in part). The upper sequence boundary with the Injana Formation 
(previously Middle and Upper Fars Formation) is conformable.

A characteristic depositional feature of the Fatha Formation is high-frequency cycles of alternating 
mudrocks, limestones, gypsum and/or anhydrite and halite. Samples from these lithofacies 
were studied using petrographic and geochemical analysis (scanning electron microscopy, X-ray 
diffraction, geochemistry of major and trace elements), resulting in an improved interpretation of 
their depositional settings. 

We propose a basin-center evaporitic model for the depositional regime of the Fatha Formation. The 
model is manifested by a predominance of continental sediments (red and variegated marls, silt 
and fine sandstones) along the margins of the basin. These increase upward, indicating shallowing-
upwards and reduced accommodation space. The basin-center model is also manifested by the 
concentric arrangement of evaporites beds interbedded with limestone and marly limestone: from 
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predominantly gypsum and anhydrite along the margins to soluble halite in the depocenter. During 
high-frequency sea-level lowstands, intra-basinal and regional structural barriers may have isolated 
the hypersaline basin from the open sea, such that evaporation exceeded the ingress of water in an 
arid climate.
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