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ABSTRACT 

Full Name : [Septriandi Asmaidi Chan] 

Thesis Title : [Biostratigraphy and Benthic Foraminiferal Morphogroups of the 

Miocene Mixed Carbonate and Siliciclastic Dam Formation in the Al-

Lidam area, Eastern Province of Saudi Arabia.] 

Major Field : [Geology] 

Date of Degree : [May, 2016] 

 

 

The study of foraminifera from the Cenozoic formations especially in Eastern Saudi Arabia 

has not been fully documented compared to the Mesozoic carbonate and siliciclastic 

formations, which have been extensively investigated both in outcrop as well as in the 

subsurface due to their importance in the Arabian petroleum system. Regionally, few 

micropaleontological studies have examined the foraminiferal distribution in the Dam 

Formation, located in the Dammam Dome area, or the Dam Formation from southwestern 

Qatar. The Dam Formation exposed in the Al Lidam area however, has not been 

investigated for the distribution of foraminifera. 

Four outcrops along the west to east direction from the Al Lidam escarpment were 

investigated in this study for paleoenvironmental reconstruction and to understand the 

vertical and lateral distribution of foraminiferal assemblages. The samples were processed 

using the standard acetic acid method, which extracts foraminifera from the lithified 

carbonate rock without destroying the fossil content. Disaggregation using acetic acid 

shows promising results, the foraminifera assemblage from the Dam Formation is 

dominated by calcareous porcellaneous Miliolina genera (Quinqueloculina, Peneroplis, 

Triloculina, Cornuspira, Sigmoilinita, Coscinospira, Spirolina, Pyrgo, Borelis), followed 
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by hyaline forms (Elphidium, Ammonia, Cibicides, Discorbinella) and a minor percentage 

of agglutinated forms, e.g., Textularina.  

The high percentage of calcareous porcellaneous taxa and the absence of planktonic 

foraminifera indicate that the Dam Formation was deposited in a restricted carbonate 

platform environment, very shallow hypersaline lagoon, gently sloping ramp (inner ramp) 

which ranges from supratidal to subtidal with local patch reefs towards the basin, and 

deposited in an arid subtropical environment with water temperature ranging between 20 

and 35° C. Based on the observed assemblage composition, the present day Arabian Gulf 

can considered as modern analogue for the Miocene Dam Formation. The present day 

environment has not changed drastically since the Miocene 
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 Spirolina, Pyrgo, Borelis ϣуϮϝϮϿЮϜ ϤϝтϽϷзгЮϜ ЁзϮм (Hyaline  ЭгЇϦмElphidium, Ammonia, (

)Cibicides, Discorbinella  ЁзϮ ев ϣЯуЯЦ ϣϡЃж пЮϖ ϣТϝЎшϝϠAggultinated  ЭϫвTextularina . 

 ϣЧЮϝЛЮϜ ϤϝтϽϷзгЮϜ ев ϤϝзуК рϒ ϸнϮм аϹКм ϣуТϿϷЮϜ ϤϝтϽϷзгЮϜ ев ϣуЮϝЛЮϜ ϣϡЃзЮϜ пЯК ̯̭ϝзϠ(Planktonic 

Foraminifera)   ϣуЮϝК ϣЯϳЎ ϣтϽϳϠ ϣϛуϠ еК ϢϼϝϡК скм аϜϹЯЮϜ ϣЧϡА ϝлуТ ϥϡЂϽϦ сϧЮϜ ϣϛуϡЮϜ ϣЛуϡА ϬϝϧзϧЂϜ бϦ

Ϝ ϤϜϼϝуϦ ЭЛУϠ ϽϪϓϧϦ ϝлзЫЮ БуϳгЮϜ иϝув еК ϣЮмϿЛвм ϣϲнЯгЮϜ .ϣужнϠϽЫЮϜ ϼнϷЋЮϜ етнЫϧЮ ϢϹКϝЃв ϝлЯЛϯт ϝгв ϼϿϯЮϜм ϹгЮ

 ХгК дϒ пЯК ЬϹт ϝгв аϜϹЮ ϣЧϡА ев ϣуЦϽЇЮϜ аϝЃЦцϜ сТ ϣужϝϮϽгЮϜ ϞϝЛЇЮϜ ев ϤыϧЫϦ ϣЗϲыв ϥгϦ ,ЩЮϺ пЮϖ ϣТϝЎϖ

 еуϠ ϥжϝЪ иϝугЮϜ ϢϼϜϽϲ дϒм ФϽЇЮϜ иϝϯϦϝϠ ϸϜϸϿт дϝЪ ϽϳϡЮϜ иϝув20 ï 35 ϒ пЯК ϝлУузЋϦ еЫгтм ϣтнϛв ϣϮϼϸ ϣϛуϠ ϝлж

 .ϣуϚϜнϧЂϜ йϡІ 
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1 CHAPTER 1 

INTRODUCTION  

 

As sedimentary particles, microfossils in particular benthic foraminifera, are normally used 

for biostratigraphical studies. Benthic Foraminifera are well-known indicators of the 

dynamics of sedimentation change and depositional environments based on their diversity 

and distribution patterns (Murray et al., 2006). Therefore, the presence of foraminiferal in 

a particular sedimentary package would provide important information that reflects sea 

level changes (transgressiveïregressive), paleoenvironments, and also might aid in the 

distinguishing of sequences and sedimentary boundaries (Nagy et al., 2001).  

The shallow marine successions of mixed carbonate and siliciclastics of the Miocene Dam 

Formation are very well exposed in the eastern part of Saudi Arabia, especially in the Al 

Lidam area which is considered as the type locality (Powers et al., 1966). In this area, rapid 

vertical and lateral changes of carbonate and siliciclastic rocks are observed within the 

Dam Formation. The significant changes within this formation are controlled by sea-level 

changes, sediment supply, climate, and tectonics during the time of deposition (Powers et 

al., 1966; Ziegler, 2001). 

Foraminiferal morphogroup analysis is based on the overall shape of the foraminiferal test, 

and this approach is based on functional morphology as a direct response to the 

environment, and foraminiferal lifestyle and feeding strategies (Jones and Charnock, 

1985). It is studied within the context of a semi-quantitative aspect of the assemblage study 

that is related to paleobathymetrical and paleoenvironmental changes through geologic 
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time (Corliss, 1985; Jones and Charnock, 1985; Corliss and Chen, 1988; Murray et al., 

2006) at the generic level for its application to interpret the depositional environment 

(Nagy, 1992). 

1.1 Motivation  

The study of foraminifera from Tertiary formations in the Eastern Saudi Arabia is not 

entirely established, and their taxonomy is relatively poorly known compared with the 

Mesozoic carbonate and siliciclastic formations (Hughes, 1997; 2000; 2005). The latter 

have been extensively investigated in outcrops as well as from cored subsurface samples 

due to their great economic and strategic significance, being the largest hydrocarbon-

producing area in the world (Al -Husseini, 1997; Hughes, 2000; Cantrell et al. 2004). 

Recently, the Tertiary formations have become an important aspect of the Saudi Arabian 

petroleum system, as they produce hydrocarbons in offshore fields from the Hasbah, 

Hadrukh, and Dam Reservoirs (Hughes et al., 2012). In addition, many of the correlative 

formations with Dam Formation in other marginal locations of the Neo-Tethys, such as 

lower Fars Formation in SE Iraq and Kuwait are also known to be hydrocarbon reservoirs 

(Al -Juboury and McCann, 2008). 

1.2 Problem Statement and Objectives 

A number of investigations (e.g., Hewaidy, 1991, Tleel, 1973, Al -Enezi, 2006, and Al Saad 

and Ibrahim, 2002) have been conducted on the Miocene Dam Formation in Saudi Arabia 

and Qatar. Most of the studies are related to litho-stratigraphy, sedimentology, and 

sequence stratigraphy. Only a few micropaleontology studies have ever examined the 
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foraminifera in the Dam Formation (Al Saad and Ibrahim, 2002; Al-Enezi, 2006) . 

However, there has not been any recent study conducted detail the distribution of 

foraminifera in the Al -Lidam area. Powers et al. (1966) remains the only study that 

reported the occurrence of foraminifera from the carbonates of the Dam Formation in the 

Jabal Al-Lidam area. The original study by Powers et al. was a preliminary survey for 

mapping purposes. These authors did not describe the foraminiferal species in detail, or 

report the distribution of foraminifera in the study area.  

The detailed study of foraminifera therefore, needs to be conducted in order to have better 

understanding of the depositional history, depositional environment, and to assist in 

establishing three-dimensional depositional models of the Dam Formation in the study 

area.  

Therefore, the main objectives of this thesis are summarized as follow: 

1. Identification and documentation of the foraminiferal species and foraminiferal 

biofacies of the Dam Formation at its type locality.  

2. Implementation and optimization of the Acedic Acid method for extracting 

microfossils from indurated Miocene carbonates 

3. Analyses of foraminiferal assemblages using morphogroups with the objective of 

interpreting paleobathymetric and paleoenvironmental changes that prevailed at the 

time of deposition. 

4. To understand the vertical and lateral distribution of the foraminiferal species and 

foraminiferal morphogroups in response to lithofacies and paleoenvironment, 

which is associated with sea-level changes (transgressive ï regressive episodes), 

and depositional cycles. 
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5. Integration of foraminiferal biofacies data with the established sedimentology, and 

the stratigraphic study by Bashri (2015), and Ali (2016) to enhance and better 

constrain interpretations and understanding of the Dam Formation.   

1.3 Study Area 

The study area is located in the Al Lidam escarpment area of the Eastern Province of Saudi 

Arabia, located between 26Á15ô30ò N to 49Á28ô30ò E and 26Á14ô15ò N to 49Á31ô30ò E 

(Figure 1.1). The escarpment which is approximately 80 km west of Dhahran city, can be 

easily accessed via the Dammam-Riyadh highway. The outcrops examined in the current 

study are located south - southwest of lower and upper part type sections of the Dam 

Formation (Figure 1.1), which was previously reported by Powers et al. (1966). Mixed 

carbonate and siliciclastic facies of the Dam Formation are very well exposed in the study 

area, with outcrops strike direction trending mostly NNW-SSE (Figure 1.1). 
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Figure 1.1. Aerial photograph from Google Earth showing the outcrop study location (red box) 



6 

 

1.4 Thesis Structure 

 

This MSc thesis consists of six chapters: An introduction chapter (1) that explains the 

motivation, problem statement and study objectives. Literature review chapter (2), an 

overview about the study area including its geological background, tectonic evolution, and 

previous study on the Dam Formation. Chapter (3) deals with the methodology in this study, 

including sample collection, sample processing, describing the use of acetic acid method to 

extract microfossils from lithified carbonate rocks, and fossil identification. Chapter (4) 

deals with the results obtained in this study. Foraminiferal identification and documentation, 

morphotype analysis, and biofacies identification within the studied formation are included 

in this chapter. A discussion chapter (5) is devoted to discuss outcome that focus on the 

main objectives of this MSc thesis including the age of the Dam Formation, depositional 

environment, and distribution of the microfossils vertically and laterally, the link with 

sequence stratigraphy, and a modern analogue of the Dam Formation. A final chapter 

(Chapter 6), presents the summary of  the results found on this study, answers the objectives, 

and is followed by the recommendations that will help to for further study. 
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2 CHAPTER 2 

LITERATURE REVIEW  

2.1 Geological Background 

 

The largest distributions of Miocene rocks are exposed in the eastern and northeastern parts 

of the Arabian Peninsula (Ziegler, 2001). The Miocene formations are distributed from the 

western United Arab Emirates (UAE), south of Qatar, eastern province of Saudi Arabia, to 

the southeast of Kuwait and Iraq (Figure 2.1). 

Geologically, the study area is located within the Miocene and Pliocene sedimentary rock 

terrain  (Figure 2.1). Miocene and Pliocene rocks in Eastern Saudi Arabia consist of three 

formations. From the oldest to the youngest (Figure 2.2), these are: (1) the Lower Miocene 

Hadrukh Formation, (2) the Lower Miocene (Burdigalian) Dam Formation, and (3) the Upper 

Miocene to Lower Pliocene Hofuf Formation. In general, the three formations are 

characterized by sandstone, marl, sandy limestone, clay, conglomerate, and thin gypsum 

layers (locally) indicating continental to shallow marine environments (Ziegler, 2001). 

The Dam Formation lies disconformably on the Lower Miocene Hadrukh Formation 

(calcareous to silty sandstone and sandy limestone), and is in turn disconformably overlain 

by the sandstone of the Hofuf Formation (Figure 2.2). In the Dammam Dome area, the Dam 

Formation unconformably overlies either Eocene the Rus or the Dammam Formation 

(Weijermars, 1999). 

As a consequence of a major Neogene transgression over unconformity surfaces, produced 

by a pre-Neogene episode of erosion and non-deposition, the Dam Formation was deposited 
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in a restricted carbonate platform environment (Ziegler, 2001). This took place in a setting 

within the Zagros foreland and foredeep basins (Figure 2.3) during the collision between the 

Arabian and Eurasian plates along the Zagros Thrust Zone. The collision between these two 

plates resulted from the separation and the movement of the Arabian plate from the African 

plate (Figure 2.2) which started in the Oligocene time (30 Ma, Sharland et al., 2001). The 

deposition of the Dam Formation took place in very shallow tidal-flat setting under warm 

climatic hypersaline conditions, as suggested by the existence of shallow marine, warm-

water fossils such as stromatolites, shallow benthic foraminifera, corals and mollusks 

(Powers et al., 1966, Tleel, 1973, Irtem, 1987). The collision between the Arabian and 

Eurasian plates led to the uplift of the region and caused the deposition of a huge amount of 

continental supply within the foredeep and foreland basin (Ziegler, 2001) (Figure, 2.3). 

The Burdigalian Dam Formation in Saudi Arabia is regionally equivalent to the main 

hydrocarbon reservoir (Al-Juboury and McNann, 2008) of the Fatha Formation (previously 

Lower Fars) in SE Iraq and Kuwait, Jebel Cap in Bahrain, the Dam Formation in Qatar and 

Western UAE, and the Gachsaran (Lower Fars) Formation in offshore UAE (Figures 2.3 and 

2.4). 
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Figure 2.1 Generalized geology of the Arabian Peninsula (after Le Nindre et al. 2003), 

showing the Miocene and Pliocene rocks distributed in the eastern part of Saudi Arabia. 

Study area is indicated by a black box. 
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Figure 2.2 Lithostratigraphic column of Cenozoic formations in Eastern Saudi Arabia 

(modified from Weijermars. 1999). 
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Figure 2.3 Paleofacies map of the Miocene (23.8ï5.3 Ma) showing the distribution of the 

Hadrukh, Dam, and Hofuf formations and the Miocene formations in the Arabian Gulf 

(Ziegler, 2001). 
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Figure 2.4 Regional correlation of the Neogene formations in the Arabian Gulf (modified from Alsharhan and Nairn, 1995, 1997). 
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2.2 Previous Studies on the Dam Formation 

 

During his expedition across the central and eastern Arabia, Philby (1933) reported the first 

fossils (mollusc) occurences from the Miocene rocks of Eastern Saudi Arabia (now known as 

the Dam Formation). 

Steineke and Koch (1935) informally established the name Dam Formation in an unpublished 

Aramco report. This name was formalized by Thralls and Hasson (1956) and Steineke et al. 

(1958) in Powers et al. (1966). The name is derived from the Jabal Al-Lidam (26Á21ôN, 

49Á27ôE) where the lower part of this formation is exposed. The upper part has been measured 

relatively southern Jabal Al-Lidam in Al Umayghir (26Á17ôN, 49Á30ôE) (Figure 1.1).  

Powers et al. (1966) described the Dam Formation at its type locality. The base of the Dam 

Formation is underlain by sandstone of the Hadrukh Formation, which is characterized by the 

benthic foraminifera Archaias sp. and the echinoid Echinocyamus sp. (Figure 2.5). At its type 

locality, the Dam Formation is composed of pink to red, white, gray marl layers, red, olive 

grey, and green clay layers, interbedded with sandstone, coquina and chalky limestone (Figure 

2.5). Powers et al. (1966) also reported the presence of macro- and microfossils within the 

Dam Formation these fossils include; molluscs, echinoderms, corals, ostracods, vertebrate 

fragments, crab claws, fossil wood, and foraminifera such as miliolids, Archaias angulatus, 

Archaias sp, Elphidium sp, Operculina sp, Peneroplis spp, Quinqueloculina spp., and 

Triloculina sp. 

Cavalier (1970) subdivided the Dam Formation into two sub-formations in Qatar (a lower 

sub-formation and an upper sub-formation). Abu-Zied and Khalifa (1983) modified 

Cavalierôs work and subdivided the Dam Formation into A and B Members. 
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Tleel (1973) conducted detailed investigations on the Dam Formation in the Dammam Dome 

(Jabal Midra Al-Junubi). He reported the following fossils, Archaias angulatus, Borelis melo, 

Echinocymis sp, Peneroplis farensis, Sorites orbiculus, Taberina malabarica, and miliolids 

within the formation. In general, the Dam Formation in the Dammam Peninsula consists of 

coral algal reef facies, molluscan-rich facies, and calcarenite facies. 

Irtem (1986) conducted a detailed study on the occurrence of stromatolites in the basal part 

of the Dam Formation in the Al Lidam area. He reported that in general, the Dam Formation 

consists of three deepening-upward cycles that were deposited under hypersaline conditions 

in supratidal, intertidal, and subtidal environments for interbedded detrital and carbonate rock, 

and shallow subtidal to lower intertidal environment for stromatolites associated with oolitic 

grainstone.  

Hewaidy (1991) studied the foraminifera within the Dam Formation in Qatar in the Al -

Kharrara and Al-Nakhash area, and assigned the formation to an Early-Middle Miocene age 

(Burdigalian to ñHelvetianò). Khalifa and Mahmoud (1993) reported three different types of 

algal stromatolites deposited in a protected tidal environment within the B member at Khashm 

Al -Nakhash. 

Weijermars (1999) conducted a detailed study on the outcrops of the Dam Formation at three 

locations; (1) Jebel Umm Er Rus, (2) Jebel Midra Ash Shamali, and (3) Jebel Midra Al-Janubi 

within the Dammam Dome area. Jebel Umm Er Rus, the basal unit of the Dam Formation 

overlies the Midra Shales and comprises of microcrystalline sandy limestone with pink to 

purple stromatolitic limestone resting on the top of basal sandy limestone beds. At Jebel Midra 

Ash Shamali, the basal Dam Formation consists of colored conglomerate, which contains 

boulders from the Khobar Limestone with sandy and argillaceous limestone as matrix. The 
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Dam Formation rests disconformably on the top of the Rus Formation at Jebel Midra Al-

Janubi. It is characterized by bivalves and gastropods, blue-green algal, and a bioherm reef 

facies that contains in situ corals. In the Dammam peninsula, the Dam Formation represents 

deposition in a shallow-marine environment with fluctuating sea-levels. 

Al -Saad and Ibrahim (2002) measured three surface stratigraphic sections in southwestern 

Qatar (Al-Nakhash area) and subdivided the Dam Formation into two new members. These 

are (1) the lower Al-Kharrara Member which is composed of calcareous claystone, marl, 

dolomitic limestone, and arenitic limestone. (2) The upper Al-Nakhash Member, mainly 

composed of chalky, gypsiferous, and stromatolitic limestone. In general, the formation 

consists of four major lithofacies units (limestone, marls, clay, and evaporites) and six 

limestone subfacies. The faunas dominant within these two members are bivalves, gastropods, 

stromatolites, and foraminifera. The foraminiferal assemblages are represented by 38 species, 

29 genera, and 14 families (Table 2.1). Milioline genera, including Agglutinella, Archaias, 

Dendritina, Peneroplis, Pygro, Sigmoilina, Spirolina, Triloculina, and Quinqueloculina, 

were dominant within this formation. It is assigned a Burdigalian (Early Miocene) age due to 

the presence of Borelis melo melo. Based on the lithofacies and faunal assemblages, the Dam 

Formation was deposited under warm climatic (25° to 30°C) conditions in a very shallow tidal 

flat setting, 0-35 m deep for the lower member and 0 ï 10 m deep for the upper member with 

a salinity ranging between 35 and 50 ppt. The Al-Nakhash (upper) member is equivalent to 

the Dam Formation of the Dammam Dome based on the abundance of Borelis melo melo and 

stromatolitic limestone. 

Al -Enezi (2006) compared samples of recent foraminifera from the nearshore of Arabian Gulf 

with the foraminiferal species from the carbonate of the Dam Formation at Jabal Midra Al-
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Junubi.The study found out that the foraminiferal assemblages in the Dam Formation at the 

Dammam Dome are similar to the modern foraminifera from the Arabian Gulf. Recent 

foraminiferal assemblages were used to interpret the depositional environment of each 

biofacies of the Dam Formation at Jabal Midra Al-Junubi based on the morphological 

similarity between the species. The foraminiferal species within this formation consist of 

(Table 2.1) three agglutinated species (Textularia spp., Schlumbergerina sp. and Reophax 

spp.) and 37 miliolid species. The miliolids include 16 species of Quinqueloculina spp, 8 

species of Triloculina spp, 4 species of Spiroloculina spp, Archaias hensoni, Alveolinella sp., 

Borelis melo melo, Massilina spp, Peneroplis spp., Peneroplis pertusus, Sorites sp., and 

Spirolina spp. Eleven rotaliid taxa (Ammonia spp., Cibicides spp., Elphidium spp., Nonion 

spp., Operculina sp., Planorbulina larvata, Rotalia spp., and rotaliid spp.) were also 

identified. Ammodiscus sp., and Ammobaculites sp. were the agglutinated foraminifera 

encountered in the study. The presence of Borelis melo melo throughout the measured section 

suggests a Middle Miocene age. This outcrop has, unfortunately, been removed due to 

construction. 

The micropalaeontology of the Rus, Dammam and Dam formations, as exposed on the 

Dammam Dome of Saudi Arabia was presented in two posters by Hughes (2008). He assigned 

age of Dam Formation on studied area as a Middle Miocene based on the presence of Taberina 

malabarica and Borelis melo. 

Le Blanc (2009) performed surface geological mapping and macropaleontological 

investigations of the Dam Formation in Qatar. The macrofossils contents of the facies consist 

of vertebrates (shark teeth, mammals, reptiles), and marine invertebrates (arthropods, 

echinoderms, corals, bryozoa, molluscs, bivalvia, gastropods, and stromatolites).  



17 

 

Al -Khaldi (2009) conducted a detailed sequence stratigraphic investigation with seven 

measured stratigraphic sections from one large outcrop in the Al-Lidam area. He concluded 

with three composite sequences; CS1, CS2, CS3, four high frequency sequences; HFS1, 

HFS2, HFS3, HFS 4, and 17 sequences cycles. Al -Khaldi proposed that the cross-bedded 

sandstone facies (estuarine fill) and microbial banks were deposited during a transgressive 

system track (TST) while skeletal grainstones were deposited in the highstand system track 

(HST). 
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Figure 2.5 Detailed measured section in type locality of the Dam Formation by Steineke 

and Koch (1935, in Powers et al. 1966). 
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Table 2.1 Previous study reported foraminiferal assemblages within the Dam Formation 

from different localities. 

 
Dammam Dome 

(Tleel 1973; Al Enezi 

2006) 

Southwestern Qatar 

(Al -Saad and Ibrahim 2002) 

Jabal Midra Al -

Junubi 

Al -Nakhash Member 

(Upper) 

Al -Kharrara Member  

(Lower) 

Alveolinella sp. 

Ammonia spp.  

Ammodiscus sp.  

Ammobaculites sp.  

Archaias hensoni. 

Borelis melo melo. 

Cibicides spp. 

Elphidium spp.  

Massilina spp. 

Nonion spp. 

Operculina sp. 

Peneroplis spp,  

Peneroplis pertusus. 

Planorbulina larvata.  

Quinqueloculina spp. 

Reophax spp. 

Rotalia spp. 

Schlumbergerina sp. 

Sorites sp. 

Spirolina spp,  

Textularia spp. 

Triloculina spp. 

Spiroloculina spp. 

 

Amphisorus sp. 

Archiacina spp. 

Borelis melo melo 

Cibicidoides unbonatus 

Cibroelphidium spp. 

Elphidium crispum. 

Lenticulina cf. rotulata. 

Peneroplis carinata. 

Peneroplis cristata. 

Quinqueloculina 

bicarinata. 

Quinqueloculina. 

lamarchiana. 

Sigmoilina sp. 

Spirolina arietina. 

Triloculina. subgranulata. 

Triloculina trigonula. 

 

Bryzoa 

Fish teeth 

Agglutinella spp. 

Ammonia beccarii. 

Amphisorus sp. 

Archaias sp. 

Archiacina sp. 

Quinqueloculina 

bicarinata. 

Borelis melo melo. 

Cancris auricular. 

Cibicides sp. 

Cibicidoides spp. 

Cibroelphidium spp. 

Clavulina cf. mexicana 

Clavulinoides sp. 

Coscinospira spp. 

Dendritina spp. 

Elphidium sp. 

Haplophragmoides sp. 

Lenticulina cf. rotulata. 

Miliolinella sp. 

Peneroplis carinata. 

Peneroplis cristata. 

Proemassilina rugosa. 

Pyrgo laevis. 

Pyrgo spp. 

Quinqueloculina 

bicarinata. 

Quinqueloculina 

lamarchiana  

Quinqueloculina spp. 

Sigmoilinita tenuis. 

Spiroloculina excavata. 

Spirolina arietina. 

Triloculina linneiana. 

Triloculina trigonula. 

Triloculinella sp. 

 

Ostracods 

Fish teeth 
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2.3 Morphogroup Analysis 

 

Morphogroup analysis on benthic foraminifera in shallow and deep water settings for both 

calcareous benthic and agglutinated foraminifera has been developed and investigated by 

many micropaleontologists (Jones and Charnock 1985; Bernhard, 1986; Corliss and Chen, 

1988; Tyszka and Kaminski, 1995; Nagy et al., 1992, 1995, 2009; Kaminski and Gradstein, 

2005; Reolid et al., 2008, 2013; Alperin et al. 2011, Setoyama et al. 2011, 2013). Changes in 

the proportions of the morphogroups are used to semi-quantitatively assess  

palaeobathymetric trends and palaeoenvironmental changes as reflected by the shape and 

distribution of foraminifera without considering the species-level taxonomy. This approach 

has only been applied in Saudi Arabia to the Shuôaiba Formation (Hughes, 2005). 

The concept of morphogroup analysis is based on the functional morphology of the 

foraminiferal test with an assumption that, changes in environmental condition will change 

the relative abundance of morphogroup assemblages due to the fact the different foraminifera 

test forms have different life habitats (epifauna and infauna), and feeding strategies (Corliss, 

1985; Jones and Charnock, 1985; Murray et al. 2011). Figure 2.6 shows the classification of 

agglutinated and calcareous benthic foraminiferal morphogroups and morphotypes based on 

a Late Cretaceous example (Setoyama, 2012). 
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Figure 2.6 Agglutinated (A) and Calcareous benthic foraminifera (B) morphogroups and 

morphotype (from Setoyama, 2012). 
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Figure 2.7 Calcareous benthic foraminifera morphogroups and morphotype (Setoyama, 

2012). 
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2.4 Miocene Paleogeography 

 

The Mediterranean Sea, Paratethys, and Indo-Pacific Ocean were connected in the Early 

Oligocene to the Middle Miocene (Figure 2.7). Due to sea-level change (transgression and 

regression) combined with tectonic activity, throughout this time the marine connection to 

the north opened and closed intermittently (Reuter et al. 2007).  

The opening and closing of the Tethyan seaways changed the area from continental to open 

marine conditions. This was the time that the tropical-subtropical marine fauna migrated 

from the Indian Ocean to the Mediterranean and Paratethys during the sea-level rise, and 

mammals migrated during the sea-level fall through the land bridge which connected 

Africa and Eurasia, known as the Gomphotherium landbridge (Rögl 1999). The Tethyan 

Ocean was then completely closed in the Late Miocene time as a result of the collision 

between the African/Arabian Plate and Eurasian Plates.  

Based on studies carried out by Al Saad and Ibrahim (2002), and Al Eneezi (2006) which 

assigned a Burdigalian age to the Dam Formation, we can conclude therefore that, the Dam 

Formation was deposited during the time of the connection between the Indian Ocean and 

the Mediterranean Sea and Paratethys. The marine fauna, in particular foraminifera, in the 

studied formation might have similarities with those from the Mediterranean and 

Paratethys. We will compare the assemblage of foraminifera found in studied formation 

with northwestern Arabia, Iran, Vienna, Romania, and Poland and reconstruct the 

paleoenvironment during the deposition time (Burdigalian time). 
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The foraminiferal assemblage from the marine Middle Miocene in the Romanian 

Carpathian area (Popescu, 1979). The foraminiferal faunal is dominated by shallow marine 

to deeper marine environment based on the abundances of agglutinated and planktonic 

foraminifera. 

In the central Paratethys (Vienna basin), Cicha (1998) reported that the foraminiferal faunal 

assemblage is dominated by calcareous benthic, agglutinated, and planktonics, which 

represents shallow water to deep marine environment.  

Gonera (2012) reported foraminiferal faunal from the Burdigalian age and dominated by 

Miliolina, Rotaliina, with lesser percentages of Lagenina and Textulariina which indicates 

shallow and normal marine depositional environment in high-energy waters with currents 

and tidal movements, normal salinity, and warm water habitat in the Polish outer 

Carpathians basin. 

Reuter et al. (2007) described the depositional environments ranging from terrestrial, 

shallow marine (mangrove, seagrass meadow, inner shelf lagoon, reefal) to deep offshore 

setting from the Middle Miocene Qom Formation in Iran. 

Hughes (2014) interpreted the Burdigalian age formation in northwestern Arabia (Red Sea) 

had been deposited in a shallow and normal marine environment to deep marine setting 

based on bio-components such as calcareous algae, corals, benthic foraminifera, and 

planktonic foraminifera that were found in the studied formation. 
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Figure 2.8 Paleogeographic map of Paratethys during early Miocene time (Popov et al. 

2004). 
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3 CHAPTER 3 

METHODOLOGY  

 

In order to achieve the objectives a combination of field investigation and laboratory 

analyses was used. The workflow of this study is summarized in Figure 3.1.  

 

 
Figure 3.1 Systematic workflow of this study. 

 

3.1 Sample Collection 

 

In total, 80 samples from four outcrops (8, 23, 1, and 2) along the west-east transect 

direction in the Al-Lidam area were processed and analyzed in this study (Figure 3.2). The 

main lithology of the samples consists of carbonate, marl, clay, and sandstone. In this study, 
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the same set of samples that have been collected from the field for the sedimentology 

(Bashri, 2015) was used. The studied samples were collected from every bed respectively. 

The sample collection depends upon the bedding thickness, one sample is collected from a 

thin bed (10 to 30 cm) and three samples were collected from a thick bed (more than 70 

cm) which represents the lower, middle, and upper parts of the bed respectively. 

 

  

 

 

Figure 3.2 Study outcrop location in the Al-Lidam area . 



28 

 

3.2 Sample Processing 

 

The collected samples were processed using standard micropaleontological techniques. 

Petrographic thin sections were studied in order to determine the lithofacies and biofacies 

within the carbonate rocks (Figure 4.5). Examining foraminifera in thin section has its 

limitations. For example, it only allows a one-dimensional view of the specimens, thus 

making proper taxonomical identification very difficult (Patruno et al., 2011; Coccioni and 

Premoli-Silva, 2015). This leads to the difficulty in identifying and distinguishing the 

species and even some genera (Reolid and Herero, 2004). Therefore, we also used the acetic 

acid treatment to retrieve microfossil from lithified carbonate without destroying the 

microfossil content (Lirer, 2000; Reolid and Herrero, 2004). The treatment procedure are 

itemized as follows and also presented in (Figure 3.3). 

1) Break 100g of carbonate samples into small fragments of about 5 mm in diameter. 

The small size of fragments is recommended and will give a better result, 

2) Disagregate the crushed samples by soaking solution of 80% acetic acid 

(CH3COOH) and 20% distilled water (the level of acetic acid at least 2 cm more 

than sample level), 

3) Leave the sample submerged in a solution for 10 hours to process segregation, 

4) Wash the disaggregated sample with abundant water through stainless steel 

standard sieves with mesh opening 500, 250, 125, and 63 ɛm, 

5) Dry the residue from 125 and 63 ɛm at low temperature (40-50°C), 

6) Transferred to labeled small bottle vials and subsequently pick under binocular 

stereo-microscope. 
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Siliciclastic samples (sandstone, clay, and marl) are relatively simple to process compared 

with carbonate rock. The process is as follows (Figure 3.4): 

1) Crush the samples into small pieces (if the samples are too big), 

2) Soak the sample in a water and soap solution and boil in a hot plate with temperature 

around 100° C, 

3) Wash the samples through stainless steel standard sieves after sometime with mesh 

opening 63 microns to remove the clay contents, 

4) Repeated steps 2 and 3 for three to four times till the sample are fully disaggregated 

and free from the clay matrix, and then dried 

5) Transfer to labeled small bottle vials and pick under a binocular stereo-microscope. 

3.3 Sample Identification 

 

An optical petrographic microscope equipped with digital camera was used for qualitative 

identification of microfossils from the thin sections. For quantitative identification, the 

specimens extracted from the carbonate and siliciclastic residues were examined under a 

binocular stereoscopic microscope. The microfossils were sorted into micropaleontological 

slides and enumerated. The slides were properly labelled with sample names and sample 

codes. The well-preserved specimens were photographed using a digital camera mounted 

on a Nikkon 1500 stereo-microscope in the Geosciences Department at King Fahd 

University Petroleum and Minerals. 
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Figure 3.3. Laboratory procedure for retrieving microfossil for carbonate rock using 

acetic acid (after Lirer. 2000). 

 

 

Figure 3.4 Standard processing technique to retrieve microfossil from siliciclastic rock. 
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3.4 Optimization of the Acetic Acid Method 

 

In addition to using acetic acid on lithified carbonate rocks, in this study I tested the 

recovery of acid residue obtained by reducing the acid percentage from 80% as proposed 

by Lirer (2000) to 50%, 60%, or 70%, and the results of using different acid concentrations 

in terms of fossil recovery, test preservation, specimen cleanliness, and assemblage 

composition were compared. In this study, stronger concentrations of acid with less 

reaction time, i.e., five hours for 90% concentration and two hours for 100% concentration 

was also investigated. 

Polished thin sections were studied at the outset of the study to assess the abundance of 

microfossils present in the samples. A sample rich in microfossils was selected as a 

potential candidate for acetic acid processing. The sample was subsequently treated with 

acetic acid using the following steps given below (Figure 3.5): 

1) 100g of carbonate sample was broken down into small fragments of about 2 to 5 

mm. The small size of fragments is recommended as acid reacts readily with them, 

and will give better results. However, during crushing of the samples, care should 

be taken to ensure that the microfossils are not destroyed. 

2) Crushed samples are then placed in glass beakers and are properly labeled. 

3) Solutions of 100%, 90%, 80%, 70%, 60%, or 50% of acetic acid (CH3COOH) 

mixed with 10%, 20%, 30%, 40%, or 50% distilled water respectively were used to 

disaggregate the samples (the level of the acetic acid / water mixture should be at 

least 2 cm above the sample level). 
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4) The submerged samples are left in the solution overnight, for at least 10 to 15 hours, 

to help the disaggregation process. For the highest concentration of acid, samples 

were left for 5 hours for 90% and 2 hours for 100% concentrations.  

5) The disaggregated samples were wet sieved through stainless steel standard sieves 

with mesh openings of 1.00 mm, 0.50 mm, and 0.063 mm. 

6) The residue from 0.063 mm was dried at low temperature (40-50°C) above a hot 

plate. 

7) The sample residues were transferred to labeled small sample vials. The 

foraminiferal specimens contained in the residues were sorted using a binocular 

stereo microscope. The recovery was assessed by weighing the residue, and 300 

specimens were picked from each sample. The quality of the sample residue was 

then assessed by determining the preservation state of the recovered specimens. 

Both dissolved and partially- or undissolved specimens (specimens that still have 

matrix attached) were picked and counted.  

8) Representative specimens were photographed using a Nikkon-1500 microscope.   
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Figure 3.5 Summary flow chart of the main stages in the processing sample using acetic 

acid. 

 

 

 

 

 


































































































































































































