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ABSTRACT
This study deals with the biostratigraphy, microfacies and depositional environments of

the rocks of the Dammam Formation (Eocene) encountered in Borehole No.1 in South
Samawa, Southern Desert, Iraq. Seventy four samples were studied and three formations were
identified, they are from the oldest to the youngest: Rus Formation (Early Eocene), Dammam
Formation (Middle — Late Eocene) and Euphrates Formation (Early Miocene). Different
species of the foraminifera were identified within the Dammam Formation, two biozones
were recognized; they are from the older to the younger:

- Nummulites gizehensis Zone of Middle Eocene (Late Lutetian) age

- Miliolids — Peneroplid Assemblage Zone of Late Eocene (Bartonian) age

The first biozone indicates Middle Eocene age for the Middle Member of the Dammam
Formation and the second biozone indicates Late Eocene age for the Upper Member of the
formation.

The Dammam Formation revealed three microfacies depending on the fossils content and
lithological characters, these are from top to bottom:
- Dolomitic Wackestone — Packstone Facies
- Foraminiferal Dolomitic Packstone Facies
- Nummulitic Dolomitic Packstone — Floatstone Facies

The depositional environment of the Dammam Formation was determined by application
of the environment triangle depending on the species of different groups of foraminiferal
assemblages, which show that the depositional environment of the Dammam Formation
extends from shelf sands area (winnowed edge sands FZ6) and the shoal to the open platform
area (shelf lagoon open circulation FZ7) and its continuation to the restricted platform area
(restricted circulation inner shelf and tidal flats FZ8).
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- Nummulites gizehensis Zone of Middle Eocene age (Late Lutetian) age
- Miliolids Peneroplid Assemblage Zone of Late Eocene age (Bartonian) age
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INTRODUCTION

The Dammam Formation was first described by Sandrey (1952) in Bellen et al. (1959)
from its type locality in the Dammam Dome in Saudi Arabia. A supplementary type section in
Irag was described by Owen and Nasr (1958) from B.P.C. Oil Well Zubair 3, in Basrah area,
South Irag. It is defined by the following coordinates:

Longitude 47°43'29"E Latitude  30°23'01" N

Lithologically, the formation in the supplementary type section consists of whitish grey,
porous, dolomitized limestone; the limestone is sometimes chalky (Owen and Nasr, 1958).

The Dammam Formation was studied paleontologically through 74 samples collected
from Borehole No.1, which was drilled by GEOSURYV, during execution of detailed
geological mapping in South Samawa in 2010 — 2011 (Ajar et al., 2011). Three formations
were recognized from the studied samples; these are from the oldest to the youngest:

- Rus Formation (Early Eocene)

- Dammam Formation (Middle — Late Eocene)

- Euphrates Formation (Early Miocene)

= Location
The studied borehole is located south of Samawa area, Iraqi Southern Desert, at the
following coordinates (Fig.1.):

Longitude 45°07'00"E Latitude  31°05' 00" N

= Aim

The aim of this study is to give an idea about the stratigraphy, the microfacies and the
depositional environment of the Dammam Formation by application of the environment
triangle suggested by Hallock and Glenn (1986).
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The Biostratigraphy, Microfacies and Depositional Environment of the Dammam
Formation in Borehole No.1, South Samawa Area Kifah N. Al-Kubaysi

* Previous Work
The following works were executed concerning the Dammam Formation:

— Al-Hashimi (1974), studied the stratigraphy and paleontology of the Dammam Formation
(Middle Eocene) from subsurface rocks of Samawa area, and divided the formation into two
lithological units and four biostratigraphic zones.

— Amer (1980), studied the biostratigraphy and micropaleontology of the Dammam Formation
(Early — Middle Eocene), from West Najaf — Nukhaib area, and divided the formation into
three biostratigraphic zones.

— Yousif (1981), studied the biostratigraphy and paleoecology of the Dammam Formation
(Early — Middle Eocene), from South Nukhaib area, and recognized three lithological units
(Wagsa, Shabicha and Shawiya).

— Mohmood (1983), studied the biostratigraphy and paleontology of the Dammam Formation
(Early — Middle Eocene) from Shabicha area, Southern Desert, and divided the formation
into two biostratigraphic zones.

— Al-Mutter (1983), studied the biostratigraphy of the Dammam Formation (Early — Middle
Eocene) from South Najaf area, and divided the Formation into four biostratigraphic zones.
— Muniem (1983), studied the biostratigraphy of Early Eocene — Late Miocene of West
Samawa area, Southern Desert, and divided the Dammam Formation into five

biostratigraphic zones.

—Yousif (1983), studied the micropaleontology and biostratigraphy of the Dammam
Formation in Borehole No.7, Abu Rudham, and indicated one biostratigraphic zone.

— Al-Mutter (1984), studied the biostratigraphy of the Dammam Formation (Early — Middle
Eocene) from South Salman area, and divided the formation into four biostratigraphic
zones.

— Raji and Said (1984), studied the paleontology of the Dammam Formation (Late Eocene) in
South Samawa area, and they divided the formation paleontologically into two members.

— Al-Kubaysi (2013), studied the biostratigraphy of the Dammam Formation (Middle — Late
Eocene) from subsurface rocks of South Samawa area, and divided the formation
paleontologically into two members.

BIOSTRATIGRAPHY
The biostratigraphy, fossils and age of the Dammam Formation are briefly mentioned
hereinafter.

= Stratigraphy
In this study, three formations are recognized from the studied samples. These are
described from oldest to youngest hereinafter (Fig.2).

— Rus Formation: The Rus Formation represents the oldest recognized formation in the
borehole. It is dominated by dolomite, marl and gypsum with 14.1 m thick (drilling depth
115.9 — 130 m). This formation is not exposed on the surface; but it is encountered in most
subsurface wells of south and southwest Iraq (Al-Hashimi and Amer, 1985).

— Dammam Formation: The Eocene sediments were deposited during the final phase of
subduction and the closure of the remnant Neo-Tethys Ocean (Buday and Jassim in Jassim
and Goff, 2006). One formation is exposed within this period in the Southern Desert, which is
represented by 112.9 m thick (drilling depth 3.0 — 115.9 m) of the Dammam Formation. It has
been divided paleontologically into two members, these are:
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Middle Member: It consists of limestone, dolomitic limestone, clayey limestone and
nummulitic dolomitic limestone, with thickness of 64.9 m (drilling depth 51.0 — 115.9 m).

Upper Member: consists of dolomite, dolomitic limestone, fossiliferous limestone and
biomoldic limestone, with thickness of 48.0 m (drilling depth 3.0 — 51.0 m).

— Euphrates Formation: The Euphrates Formation represents the youngest recognized
formation in the borehole. It is dominated by breccia, composed of rock fragments of
dolomitic limestone, rusty material, veins full with crystals of calcite. The thickness is 2.5 m
(drilling depth 0.5 — 3.0 m).

Fossils

Different species of the foraminifera were identified in the studied samples, which
represent the Dammam Formation. They represent two biozones (Fig.3), which are described
hereinafter from oldest to youngest:

— Nummulites gizehensis Zone: This zone (with thickness of 62.5 m) is marked by the first
appearance of excellent index fauna, Nummulites gizehensis FORSKAL (Fig.4.1) and other
associated fauna like: Nummulites bayhariensis CHECCHIA-RISPOL (Fig.4.2), N. elevata
(AL-HASHIMI AND AMER) (Fig.4.3), N. planulatus (LAMARCK) (Fig.4.4), N. gizehensis
zeitteli DE LAHARPE (Fig.5.1), N. murchisoni (RUTIMEYER), N. striatus (BRUGUIERE),
Nummulites sp. (fragments), Linderina chapmani HALKYARD (Fig.5.2), L. brugesi
SCHLUMBERGER (Fig.5.3), Linderina sp., Spiroculina depressa D'ORBIGNY (Fig.5.4),
Alveolina munieri HOTTINGER (Fig.5.5), Alveolina sp., Lockhartia alveolata SILVESTRI
(Fig.6.1), Lockhartia sp., Rotalia trochidiformis LAMARCK (Fig.6.2), Rotalia sp., Bolivina
sp., Coskinolina sp., Heterostegina sp., miliolids, ostracods, algae, echinoid, brozyoa (Fig.6.3)
and shell fragments.

— Miliolids — Peneroplid Assemblage Zone: This zone is marked by abundant appearances
of assemblage fauna of miliolids and peneroplid, with thickness of 48.0 m and is associated
with fauna like: Lituonella sp. (Fig.7.1), Rhapydionina urensis HENSON (Fig.7.2),
Rhapydionina sp., Praerhapydionina huberi HENSON, Praerhapydionina sp., Spiroculina
sp., Rotalia sp., Peneroplis sp. (Fig.7.3), Coskinolina sp. (Fig.8.1) Nummulites sp., Textularia
sp., Alveolina sp., Pyrgo sp., Bolivina sp., Bigenerina sp. (Fig.8.2), Elphidium sp. (Fig.8.3),
rotallids, shell fragments, echinoids, algae (Fig.8.4), ostracods and corals.
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Fig.2: Stratigraphic column of Borehole No.1
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Fig.4: The indentified foraminifera:
1. Nummulites gizehensis FORSKAL, X2.5
2. Nummulites bayhariensis CHECCHIA-RISPOL, X4
3. Nummulites elevata (AL-HASHIMI AND AMER), X4
4. Nummulites planulatus (LAMARCK), X4
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Fig.5: The indentified foraminifera:
Nummulites gizehensis zeitteli DE LA HARPE, X2.5
Linderina chapmani HALKYARD, X10
Linderina brugesi SCHLUMBERGER, X10
Spiroculina depressa, D'ORBIGNY, X5
Alveolina munieri HOTTINGER, X5
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Fig.7: The indentified foraminifera:

1. Lituonella sp., X10
2. Rhapydionina urensis HENSON, X6.3

3. Peneroplis sp., X6.3

Fig.6: The indentified foraminifera:
1. Lockhartia alveolata SILVESTRI, X10
2. Rotalia trochidiformis LAMARCK, X10

3. Brozyoa, X6.3

10
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Fig.8: The indentified foraminifera:
Coskinolina sp., X5
Bigenerina sp., X10
Elphidium sp., X10

Algae, X4

N S

= Age

According to Said (1950 and 1951), Ejel (1969), Al-Hashimi (1972), Karim (1977),
Al-Mutter (1979) and Amer (1980),the Nummulites gizehensis FORSKAL represents excellent
index species of Middle Eocene (Late Lutetian) age; therefore, in this study we indicate
Middle Eocene (Late Lutetian) age for the Middle Member of the Dammam Formation;
depending on the presence of Nummulites gizehensis Zone.

Yousif (1983) and Al-Hashimi and Amer (1985) indicated Late Eocene (Bartonian) age
for the Upper Member of the formation; depending on the presence of the assemblage fossils,
which are similar to the Miliolids — Peneroplid Assemblage Zone; therefore, in this study we
indicate the same age for the Upper Member of the Dammam Formation.

MICROFACIES OF THE DAMMAM FORMATION

The Dammam Formation is widely exposed in the southwestern part of Irag. It is faunal
characterized by vertical changes in lithology and fauna assemblages. Therefore, different
facies are encountered throughout the succession of the formation. Dunham (1962) and
Embry and Klovan (1971) classifications of calcareous rocks were adopted in this study for
purpose of determining the different microfacies and to compare them with the standard
microfacies types (SMF) and facies zone (FZ), while their depositional environments are
interpreted as categorized by Wilson (1975). The following microfacies were recognized:

11
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= Dolomitic Wackestone — Packstone Facies

The rocks of this facies are represented by samples No. (2 — 28) (depth interval
3.0 — 41.0 m), they are yellowish white to white, pinkish white, brown to yellowish brown,
grayish brown, light brown, pink, pale green — green, and yellowish grey to light grey,
medium tough to very tough (Fig.9). The total thickness of this facies is 38.0 m. The
identified fossils are Rhapydionina sp., Praerhapydionina sp., Peneroplis sp., Rotalia sp.,
Elphidium sp., biomold of Nummulites sp. (Fig.10), biomolds of fossils, miliolids,
rotallids, algae, gastropoda, echinoids and shell fragments. The main digenetic processes
affected this facies are dolomitization, dedolomitization, selective silicification, selective
phospharitization, dissolution and porosity. Biomolds, vugs, intercrystalline pores and
intraparticles are developed as the result of severe dolomitization and cementation of some
pores by granular calcite. This facies is equivalent to the standard microfacies SMF24, which
is deposited within the restricted platform and lagoon (restricted circulation shelf and tidal
flats FZ8) area.

Fig.9: Dolomitic Wackestone — Packstone Fig.10: Biomolds fossils (Nummulites sp.)
Facies, X2.5 in Dolomitic Wackestone — Packstone
Facies, X2.5

» Foraminiferal Dolomitic Packstone Facies

The rocks of this facies are represented by samples No. (29 — 35) (depth interval
41.0 - 51.0 m), they are white, pale brown, brownish grey, medium tough to tough. The total
thickness of this facies is 10.0 m. The identified fossils are Rhapydionina urensis HENSON,
Rhapydionina sp., Praerhapydionina huberi HENSON, Praerhapydionina sp., Lituinella sp.,
Nummulites sp. (recrystallized fragments), Coskinolina sp., Textularia sp., Spiroloculina sp.,
Bigenerina sp., Bolivina sp., Peneroplis sp., Rotalia sp., Elphidium sp., biomolds of fossils,
rotallids, algae, miliolids, corals, gastropoda, ostracods, echinoids and shell fragments. The
main digenetic processes, which have affected this facies are partial dolomitization; affected
groundmass and some fossils, recrystallization from fine to medium crystals, dissolution
resulting in the formation of pores (biomolds and vugs) and selective cementation of some
pores. This facies (Fig.11) is equivalent to the standard microfacies SMF10, which is
deposited within the open platform (shelf lagoon open circulation FZ7) area.

12
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1 2

Fig.11: Foraminiferal Dolomitic Packstone Facies, X6.3

= Nummulitic Dolomitic Packstone Floatstone Facies

The rocks of this facies are represented by samples No. (36 — 66) (depth interval
51.0 — 113.5 m.), they are white, pale brown, pale green, greenish grey, pale grey, medium
tough to tough. The total thickness of this facies is 62.5 m. The identified fossils are
Nummulites gizehensis zeittei DE LAHARPE, N. gizehensis FORSKAL, N. elevata
(AL-HASHIMI AND AMER), N. bayhariansis CHECCHIA-RISPOL, N. striatus
(BRUGUIERE), N. planulatus (LAMARCK), N. murchisoni (RUTIMEYER), Nummulites
sp., Linderina chapmani HALKYARD, L. brugesi SCHLUMBERGER, Linderina sp.,
Spiroloculina depressa D'ORBIGNY, Spiroloculina sp., Coskinolina sp., Textularia sp.,
Bolivina sp., Rotalia sp., Alveolina munieri HOTTINGER, Alveolina sp., Lockhartia
alvealata SILVESTRI, Lockhartia sp., Heterostegina sp., algae, miliolids, brozyoa, ostracods,
echinoids and shell fragments. (Fig.12). The main digenetic processes, which have affected
this facies are partial dolomitization, selective dedolomitization, recrystallization, dissolution
resulting pores (biomolds, vugs, intraparticles, intercrystalline, veinlets and fracture) and then
cemented by calcite. This facies is equivalent to the standard microfacies SMF12, which is
deposited within the shelf sands (winnowed edge sands FZ6) area.

Fig.12: Nummulitic Dolomitic
Packstone — Floatstone Facies, X2.5
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DEPOSITIONAL ENVIRONMENT OF THE DAMMAM FORMATION

The depositional environment of the Dammam Formation was described by different
authors in different localities. Henson (1950); Pokorny (1958) and Al-Hashimi (1973)
claimed that the sediments and the associated fauna of Middle Member of the Dammam
Formation are deposited in a neretic sub littoral fore reef shoal zone of shallow warm water
temperature. Al-Hashimi (1972) claimed that the sediments of the Upper Member of the
Dammam Formation are deposited under shallowing or regression, littoral and lagoonal
conditions suggested by the high occurrence of miliolids and Peneroplis faunal assemblage.
Buday (1980) concluded the environment for the formation in the Western and Southern
Deserts, to be mostly shallow neretic environment. Amer (1980) recognized that the
sediments and the associated fauna of the Middle Member of the Dammam Formation are
deposited in a neretic sub littoral fore reef shoal zone of shallow warm water temperature.
According to Bonefous and Bismuth (1982), the presences of miliolids and Peneroplis sp.are
good indication of lagoon (back reef) environment. According Al-Mubarak and Amin (1983)
the depositional environment of the Middle Member of the Dammam Formation is shallow
marine tropical — subtropical; with depth not more than 100 m, and that of the Upper Member
of the Dammam Formation is near shore (Lagoon). In southwest of Busaiya, it is tropical and
subtropical marine with depth not more than 20 m (Al-Sharbati and Ma'ala, 1983). In south of
Samawa, it is tropical and subtropical marine (Al-Ani and Ma'ala, 1983). Jassim et al. (1984)
described the environment to be started with shallow marine of inner shelf — shelf depth,
followed by well defined warm normal conditions, giving rise to extensive shoals of large
nummulites and mollusk fauna. These conditions were of higher salinity, as indicated by
abundant miliolids and alveolinids. Al-Hashimi and Amer (1985) suggested typical restricted
marine platform (lagoon) facies prevailed over the area of the Dammam Formations
deposition, which is characterized by dolomitic limestone and dominant occurrences of
miliolids and Peneroplis sp.

In this study, to indicate the depositional environment of the Dammam Formation, in
Borehole No.1 the model of Hallock and Glenn (1986) (Fig.13) has been applied, using the
individuals of foraminifera groups primarily, which are divided in three groups, and then each
group was assigned at one of the vertices of the triangle, each group represents the individuals
that reside jointly or roughly in one environment or in converged environments. These groups
are:

Group I: Planktonics and flat rotaliines: Globigerina spp., Globorotalia spp., Globigerapsis
spp., Bolivina sp., Bulimina sp., textularrids, rotallids.

Group I1: Lenticular and subspheroid large rotaliines: Nummulites spp., Rhapydionina sp.,
Lituinella sp., Prarerhpydionina sp., Coskinolina sp., Linderina spp., Alveolina
spp. and Lockhartia spp.

Group I11: Miliolines and smaller rotaliines: Peneroplis sp., Rotalia sp., Elphidium sp.,
Textularia sp., Bolivina sp., Bigenerina sp., Spiroloculina sp., Heterostegina sp.
and miliolids.
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Fig.13: Triangle of environment used by Hallock and Glenn (1986) to determine the
depositional environment showing the standard microfacies
assumed by Wilson (1975)

The individuals, which belong to each group in the thin section, were counted, and then
percentages were calculated for each group (Table 1). After the overthrow of these
percentages in the triangle environment, the distribution zones of the foraminifera and the
microfacies for the formation were acquired (Fig.14).

When comparing and matching the distribution of the foraminifera and the microfacies of
the Dammam Formation (Fig.14) in the studied borehole with the environment triangle
(Fig.13), which contains the standard microfacies; supposed by Wilson (1975), it is concluded
that the deposition of the Dammam Formation is clearly shelf sand area; extending to
shoal — open platform area then continues to restricted platform area.

DISCUSSION

The exposed part of the Dammam Formation (Middle Member), which is penetrated in
Borehole No.1 is represented by Nummulitic Dolomitic Packstone — Floatstone Facies; with
thickness of 62.5 m (depth interval 51.0 — 113.5 m),it is deposited in the shelf sands
(winnowed edge sands) area with effective streams and high energy. Then the upper part of
the formation (Upper Member) is represented by Foraminiferal Dolomitic Packstone Facies,
with thickness of 10.0 m (depth interval 41.0 — 51.0 m),it is deposited in open platform (shelf
lagoon open circulation) area with quieter water power effective and followed upwards by
Dolomitic Wackestone — Packstone Facies; with thickness of 38.0 m (depth interval
3.0 — 41.0 m)it is deposited in restricted platform and lagoon (restricted circulation inner shelf
and tidal flats) area (Fig.15).
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Fig. 14: The distribution of the fossils and microfacies of the Dammam Formation
with the triangle of environment (after Willson, 1975)
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Fig.15: The distribution of fossils and microfacies of the Dammam Formation identified in
Borehole No.1, with the extensions of the formation in the depositional basin within
the zones and standard microfacies (supposed by Wilson ,1975)

16



Iragi Bulletin of Geology and Mining

Vol.10, No.1, 2014

pl-20

Table 1: The total percentage of the foraminifera groups configured in Borehole No.1

Seliale : Sl Formation SEmls : L Formation
No. (%) No. (%)
1 Euphrates 38 77 | 23 | Dammam
2 100 | Dammam 39 Dammam
3 10 | 90 Dammam 40 Dammam
4 8 92 Dammam 41 100 Dammam
5 5 95 Dammam 42 100 Dammam
6 Dammam 43 80 | 20 Dammam
7 Dammam 44 80 | 20 Dammam
8 100 | Dammam 45 100 Dammam
9 Dammam 46 100 Dammam
10 1 99 Dammam 47 95 5 Dammam
11 Dammam 48 96 4 Dammam
12 Dammam 49 100 Dammam
13 Dammam 50 100 Dammam
14 Dammam 51 100 Dammam
15 31 | 69 Dammam 52 95 5 Dammam
16 35 | 65 Dammam 53 Dammam
17 Dammam 54 Dammam
18 Dammam 55 93 7 Dammam
19 Dammam 56 96 4 Dammam
20 Dammam 57 88 | 12 Dammam
21 Dammam 58 93 7 Dammam
22 Dammam 59 100 Dammam
23 Dammam 60 98 2 Dammam
24 Dammam 61 100 Dammam
25 Dammam 62 95 5 Dammam
26 100 | Dammam 63 99 1 Dammam
27 Dammam 64 100 Dammam
28 Dammam 65 100 Dammam
29 Dammam 66 100 Dammam
30 Dammam 67 Dammam
31 68 | 32 Dammam 68 Rus
32 69 | 31 Dammam 69 Rus
33 71 | 29 Dammam 70 Rus
34 Dammam 71 Rus
35 63 | 37 Dammam 72 Rus
36 93 7 Dammam 73 Rus
37 83 | 17 Dammam 74 Rus
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Formation in Borehole No.1, South Samawa Area Kifah N. Al-Kubaysi

CONCLUSIONS
This study has the following conclusions:
¢ In Borehole No.1, three rock units were recognized from the studied samples, these are from
the oldest to the youngest:
— Rus Formation (Early Eocene)
— Dammam Formation (Middle — Late Eocene)
— Euphrates Formation (Early Miocene)
e Two biozone were recognized, they are from the oldest to the youngest:
— Nummulites gizehensis Zone of Middle Eocene (Late Lutetian) age
— Miliolids  Peneroplid Assemblage Zone of Late Eocene (Bartonian) age

e The first biozone indicates Middle Eocene (Late Lutetian) age for the Middle Member of
the Dammam Formation and the second biozone indicates Late Eocene (Bartonian) age for
the Upper Member of the formation.

e Three microfacies were recognized in the Dammam Formation from Borehole No.1, these
are from top to bottom:

— Dolomitic Wackestone — Packstone Facies
— Foraminiferal Dolomitic Packstone Facies
— Nummulitic Dolomitic Packstone  Floatstone Facies

e The triangle of environment was used to infer the depositional environment with distinction
facies containing the individuals of different foraminifera to indicate different areas in
which the rocks of the Dammam Formation were deposited.

e The beginning of the deposition configuration was in the vicinity of shelf sands area
(winnowed edge sands) with Nummulitic Dolomitic Packstone — Floatstone Facies, with
thickness of 62.5 m.

e The deposition extended towards open platform area (shelf lagoon open circulation) within
Foraminiferal Dolomitic Packstone Facies with thickness of 10.0 m.

e The deposition terminated in the restricted area (restricted circulation shelf and tidal flats)
within the Dolomitic Wackestone — Packstone Facies with thickness of 38.0 m.
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