LATE PALAEOCENE LARGER BENTHIC FORAMINIFERA SAKESARIA FROM THE OMAN MOUNTAINS
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A B S T R A C T

Four species of larger benthic foraminifera (LBF) (Sakesaria), belonging to the family Rotaliidae, were identified, figured and discussed from the lower member of the Jafnayn Formation of Al-Khod and Fahud (Fig. 1). Three species were recorded in the Al-Khod section, whereas one species was recorded from the Fahud section. These tests of Sakesaria were foundn the lower marly, dolomitic limestone member of the Jafnayn Formation allowing an assignment to the Late Palaeocene. Palaeontological and palaeoecological data of the Jafnayn sequence indicate deposition during a marine transgression. The LBF assemblages from Oman display an affinity with faunas in Qatar and Saudi Arabia. 
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1.  I N T R O D U C T I O N

Previous palaeontological works on the central and northern Oman Mountains have concentrated on the nummulitid and alveolinid assemblages typically found in the Lower Tertiary, particularly the Eocene [20] Serra-Kiel et al., (2016) described Sakesaria trichilata from the lower Jafnayn Formation of Wadi Sayq in the eastern Oman Mountains. [10] Ercan Özcan et al, (2015) described Sakesaria cotteri from the basal layers of the upper member of the Jafnayn Formation of Wadi Rusayl and the Al Khod area. [12] Keen and Racey (1991), studied Lower Eocene ostracods from the Rusayl Formation of Oman. [2] Adams & Racey (1992) discussed the palaeobiogeographical significance of the foraminifer Yaberinella from the Eocene of Oman. [3] Al-Sayigh (1992) described rotaliid foraminifera from the Palaeocene/Eocene boundary of the Central Oman Mountains. [23] White (1989), [24] White (1992) and [25] White (1994) established a foraminiferal biozonation for southeastern Oman based mainly on Alveolina. [23] White (1992) described Sakesaria cotteri from the basal layers of the upper member of the Jafnayn Formation from Wadi Rusayl. [26] White (1997) also described a new species of Somalina from the Lower\Middle Eocene boundary of Oman. The Palaeocene LBF of the Jafnayn Formation at Al-Khod and in Wadi Rusail were studied by [15]. Racey (1988) and [22] White (1989). [13] Nolan et al. (1986) and [14] Nolan et al, (1990) suggested a Late Palaeocene to Early Eocene age for the Jafnayn Formation. [16], [17] Racey (1992a and 1992b) and [23] White (1992) divided the Jafnayn Formation into two members, the Lower Marl Member and the Upper Limestone Member. The lower member is dated as Late Palaeocene whilst the upper member was assigned to the Lower Eocene. 
The primary objective of this investigation is to identify and figure the LBF, belonging to the family Rotaliidae of the Jafnayn Formation at the Palaeocene/Eocene boundary, from the Muscat area for taxonomic purposes.
2.  METHODOLOGY

Nineteen samples were collected from the Al-Khod roadcut section (eastern roadside outcrop), located southwest of Muscat (Fig. 1). The Al-Khod roadcut section is located at the northern road entry to Al-Khod Village, southwest of the Sultan Qaboos University campus. Also, samples from the Fahud section, which occurs ∼335 km southwest of the Al-Khod (Fig. 1) roadcut section, were investigated.
Each sample and its location was given a code number, e.g., B1-1 to B1-8, from bottom to top of the Al-Khod section (Fig. 3).
 The samples were first cleaned in an ultrasound bath to remove particles from the fossils. Three techniques were used then to disaggregate samples: ‘deep freezing and boilingʼ, ‘white spiritʼ and ‘heatingʼ to isolate foraminifer tests. After that the fossils were mounted in Chapman slides and identified based on the following references: [12] Loeblich and Tappan (1964), [11] Haynes (1981), Ellis and Messina (1940) catalogue and recent publications on the Palaeocene. Most of the identified species were digitized as images by the SEM. 

In the taxonomic treatment of each species, the following items are discussed: synonymy, distinguishing features, material, dimension, remarks and stratigraphic range. The distribution of the species recovered from the studied sections will be discussed for the first time. 
The abbreviations used in this study are to simplify the geographical names: Oman = O, Al-Khod section = KH, Fahud beds = FD, while the author’s name is AR. However, the sample numbers used for the Al-Khod section are B1-1 to B1-8. 
In the following chapter, the descriptions are based entirely on the specimens from the present study. All identifications were made from written descriptions and figured specimens in publications dealing with Palaeogene foraminifera. 

All figured specimens are deposited in the Micropalaeontology Unit, University of Wales, Aberystwyth, Institute of Earth Studies, U. K. 
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Figure 1. Location map of the studied areas. Coordinates Al-Khod: 23°34'05"N /58°07'32"E; 
3.  Lithostratigraphy
The present study deals with the lower member of the Jafnayn Formation in the Al-Khod section (Fig. 2). The Al-Khod section is located at 23° 34’ 05” N / 58° 07’ 32” E (Fig. 1). The Jafnayn Formation in the Al-Khod section is represented by 121 meters of strata in a major cut along the south of the NS Al-Khod-Seeb road, hereafter named the “Al-Khod section” (Fig. 3). Here, the Jafnayn Formation overlies the shale unit of the Al-Khod Conglomerate Formation and is overlain by the shales of the Rusail Formation (Fig. 3). This section is accessible and is best examined at the southern end of the roadcut (Figs. 2, 3). The lower member of the Jafnayn Formation of this section attains about 7 m thick and is described below.
LOWER MEMBER  

The lower member is represented by a 7-m-thick marly to dolomitic limestone unit (Fig. 3). This member can be divided into six lithostratigraphic units which are described from bottom to top.
UNIT 1
Unit 1 attains a thickness of 3 m and is represented by samples B1-1 to B1-3 (Fig. 3). The base of this unit is a sandy, algal wackestone with gastropods and is composed predominantly of well-sorted, tightly packed lithoclasts. Quartz grains make up about 35% of the unit. These grains are poorly sorted, angular to subangular and contain scattered fragments of foraminiferal tests. The top of the unit is a sandy foraminiferal packstone. Miliolids, bryozoa, ostracods, and many unidentified benthic foraminifera are the main coarse-grained constituents, but there are abundant echinoderm spines and ossicles, mainly having syntaxial calcite rims. Here the quartz grains appear to `float' in the matrix. Most foraminiferal chambers are filled with calcite while inter-particle pore spaces are filled with pelloidal grains and fine lime mud. 
Unit 2 

Unit 2 attains a thickness of 1 m and is represented by samples B1-4 to B1-4-3 (Fig. 3). This unit is mainly composed of a foraminiferal wackestone. Miliolids, alveolinids, bryozoa and echinoderms dominate the faunal assemblage with fragments of the different bioclasts embedded in micrite. Large quartz grains are present as minor constituents. Skeletal grains exhibit a fine micritic envelope and have been slightly deformed. 
Unit 3 

Unit 3 attains a thickness of 1 m and is represented by samples B1-5 to B1-5-2 (Fig. 3). The lithology of this unit contains detrital quartz grains and varies from sandy mudstone to sandy wackestone. The unit is characterised by the occurrence of thin shelled bivalves. Small foraminifera Kathina sp. and Rotalia sp., Cibicides sp., Nonionella sp. and Orbitolites sp. form the main skeletal grains, and these are embedded in dense, dark micrite. In contrast to the overlying units, the quartz grains of this unit are not as abundant and show signs of abrasion. 

Unit 4 

This unit is less than 25 cm thick in the studied section and is only represented by one sample (B1-6') (Fig. 3). It consists mostly of dolomitized sandy mudstone. The original mudstone texture has been obliterated almost completely during secondary dolomitization so that only a few patches of dark grey micrite are left. Coarse grains of detrital quartz are common. The microfacies of this unit is characterised by the presence of a few rotaliid foraminifera and some unidentifiable skeletal remains. 

Unit 5 

Unit 5 attains a thickness of 0.8 m and is represented by samples B1-6 to B1-6-4 (Fig. 3). This unit has a different microfaunal facies from those of the underlying units. It has a higher proportion of skeletal grains and displays sparry calcite cement, some of which is replaced by dolomite. It is also characterised by the presence of fair to good intercrystalline and framboidal 
pyrite which is present as a minor constituent. So what kind of limestone/texture? Grainstone?
Unit 6 

Unit 6 attains a thickness of 1 m and is represented by samples B1-7 to B1-7-2 (Fig. 3). This unit is a sandy crystalline dolomite, and it seems that the original texture has been destroyed completely by dolomitization. The dolomitic textures are unimodal crystal rhombs with inclusions. The other constituents include skeletal fragments and coarse, detrital quartz grains. Remarkably, this unit has a considerable intercrystalline porosity, although some of the pore spaces are occupied by framboidal pyrite. 
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Figure 2. Photo showing a segment of the Al-Khod roadcut section with the boundary between the lower and upper member of the Jafnayn Formation from the western side of the road. Check figure numbering!
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 Figure 3. Lithologic log of the lower member of the Jafnayn Formation in the Al-Khod section (eastern side of the road). 
4.  SYSTEMATIC PALAEONTOLOGY

Palaeontological interpretation depends very much on the quality of the palaeontological data, and the more data that can be produced, the more robust/reliable the taxonomic interpretations are. Taxonomy of foraminifera is worthwhile when it is carried out on the species level and often when discrimination is only carried out to the generic level. The classification of foraminifera is generally based on the external features of the test, including the arrangement of the test, shape, size, number of chamber(s), the ornamentation of both sides of the test, and, finally, the number of apertures and their positions. It has already become clear, based on the investigations of the early researchers, that the identification should not depend on a single feature because there are many factors influencing the morphology and growth of foraminiferal tests. [11] Haynes (1981) suggested that "It seems best to give careful consideration to aperture and its position; chamber arrangement as well as wall structure without overstressing any of these factors."  This suggestion seems to be based on the observations of many palaeontologists looking at the influence of the environment on the growth of foraminiferal tests, which could create a "new problem" for a taxonomical approach. This approach reflects the fact that the direct influence of the environment on the fossil records is modified by taphonomic processes, and it can be deduced or traced back if the taphonomic and diagenetic factors are investigatedAlso, many species do not have extant descendants; see: [1] Abu-Zied et al (2011). The taxonomy of foraminifera in this study is based on the scheme of [12] Loeblich and Tappan (1964), [11] Haynes (1981) and recent publications. The [9] Ellis, B. F. and Messina, A. R. (1940) catalogue was used for the original name, when the original reference was unavailable. This study focuses on the genus Sakesaria which is taxonomically identified and discussed in detail.
SYSTEMATIC PALAEONTOLOGY

Order Foraminiferida [8] (Eichwald, 1830)
Suborder Rotaliina [5] (Delage and Hérouard, 1896)
Superfamily Rotaliacea [7] (Ehrenberg, 1839)
Family ROTALIIDAE [7] (Ehrenberg, 1839)
GENUS  Sakesaria   [4]  (Davies 1937)

Sakesaria dukhani [21] Smout, 1954

Pl. 1,  Figure 1

SYNONYMY 

 1954    Sakesaria dukhani [21] Smout 1954, pp. 57, 84., Pl. 5, Figs. 4-12. 

DISTINGUISHING FEATURES:  This species is distinguished by its conical shape, coarsely perforated test, dorsal honeycomb ornament and bulging base. 
MATERIAL: Fahud beds. Very well-preserved specimen from southern Oman’s Lower Tertiary sequence.  A locality about 335 km SW from Al-Khod Village (Fig. 1).  

 DIMENSIONS (in mm): Single specimen measured. AR\FDO\F101 

 Diameter     0.7 

 Height         0.9 

 H/D             1.3 
REMARKS:  The features of the present specimen are identical with the type material of the British Museum of Natural History and noted particularly in [21] Smout's description 1954, Pl. 5, Fig. 6, as follows:
The test is conical with a rounded end. Chambers are visible only on the last whorl and are moderately perforated, with sutures inclined to the axis. The perforation coarsens over short distance on the earlier chambers, and the resulting reticulate ornament covers both the sutures and chamber walls. 

STRATIGRAPHIC RANGE: This species is recorded for the first time in the studied Fahud beds which are known as Palaeocene strata in southern Oman [13] Nolan et al, 1986. This species is also recorded from Qatar where it occurs throughout the Palaeocene. 
Sakesaria migiurtina  [6] Ducci 1969
Pl. 1, Figure 2

 SYNONYMY 

1969    Sakesaria migiurtina [6] Ducci, 1969, p. 540, Pl. 2, Figs. 4-7. 

DISTINGUISHING FEATURES: This species is characterized by its raised ornamented sutures and triangular shape. 

MATERIAL: One well-preserved specimen was found in sample B1-6' at the Al-Khod section in the lower member of the Jafnayn Formation of central Oman (Fig. 4). 

DIMENSIONS (in mm): One specimen was measured. AR\KHO\B1-6'\102                

Diameter     1.4 

Height         0.9 

H/D             0.6 

REMARKS:  This species differs from the other species in having more strongly raised septal sutures and oblique chambers. The apical angle is about 87 degrees, and the test is almost flat at the base. This species is similar to Sakesaria pyrum in shape but smaller in size. It has a triangular shape with clear, raised septal sutures and a strongly acute apex. It shows a very similar character to Sakesaria migiurtina recorded by [6] Ducci (1969) from Somalia and, therefore, is placed provisionally with that species. 
STRATIGRAPHIC RANGE: Sakesaria migiurtina is not recorded locally or figured by early researchers yet is found in the present study in the Upper Palaeocene of the Jafnayn Formation in a dolomitic limestone bed, in sample B1-6' of the Al-Khod roadcut, west of Muscat. It shows a very similar character to Sakesaria migiurtina from the Lower Eocene from Somalia by [6] Ducci 1969. 
Sakesaria nodulifera  [19] Sander 1962  

Pl. 1, Figures 3,4

SYNONYMY 

1962 Sakesaria nodulifera Sander 1962, p. 29, Pl. 5, Figs. 46-50. 
DISTINGUISHING FEATURES: This species is characterized by its elongate reticulate test and oblique chambers. 

MATERIAL: Two specimens were selected from the Al-Khod section (B1-6'), central Oman Fig. 4. 

DIMENSIONS (in mm): Two specimens were measured, one complete specimen and the other described from a thin section. AR\KHO\B1-6'\103,104. 

               Actual specimen         Axial thin section 

Diameter             0.9                       0.9 

Height                 1.7                       2.0 

H/D                     1.8                      2.2 
STRATIGRAPHIC RANGE: Recorded by [22] White (1989) from Wadi Amq and assigned to the Alveolina primaeva zone, recorded only from the Upper Palaeocene. 

Sakesaria somalica [18 ]Ruggieri 1951
Pl. 1, Figures. 5-9
SYNONYMY 

1951    Sakesaria somalica [18] Ruggieri 1951, P.97, Fig. 5-6.       

DISTINGUISHING FEATURES:  This species is characterised by its subspherical test and well-rounded dorsal apex, but also by its flat to slightly convex ventral surface. 

MATERIAL: Ten well preserved specimens were selected from Al-Khod (B1-5-1, B1-6' and B1-6) yet the three best preserved specimens used in the present study were recorded from  sample no B1-6 (Fig. 4). 

DIMENSIONS (in mm): 6 specimens were measured, but only three specimens were figured and illustrated.  AR-KH-O\B1-6'-105,106,107,108,109,110

             
  MAXIMUM             MINIMUM          AVERAGE 

Diameter         

0.9                 
     0.7              
0.9 

Height             

1.0                 
     0.8              
0.9 

H/D                 

1.1                 
     1.1              
1.0 

REMARKS:  Local material of the present study yield well preserved specimens of typical Sakesaria. Sakesaria somalica shows strong reticulation and perforation. This species is close to Lockhartia sp., in particular, Lokhartia altispira. 

STRATIGRAPHIC RANGE: In the present study, Sakesaria somalica was not previously recorded from Oman. It occurs in the limestone of the lower member of the Jafnayn Formation, central Oman, indicating a Late Palaeocene age. Sakesaria somalica was recorded by Ruggieri (1951) from Northwestern Italian Somaliland and assigned a Late Palaeocene age. 
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Figure 4. Distribution chart of described larger benthic foraminifera Sakesaria sp. from the lower member of the Jafnayn Formation in the Al-Khod section.
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PLATE 1

Figure 1.  Sakesaria dukhani. [21] Smout, 1954, Lateral view, x53 AR/FDO/F101.

Figure 2.  Sakesaria migiurtina [6] Ducci 1969, Lateral view, x56 A/KHO/B1-6/102

Figure 3-4. Sakesaria nodulifera [19] Sander 1962, 3- Lateral view, x47 AR/KHO/B1-6/104. 4- Vertical view, x22 AR/KHO/B1-6 thin section.

Figure 5-9. Sakesaria somalica Ruggieri 1951, Dorsal view x47, Ventral view x50   AR/KHO/B1-6/105, Lateral view x57, Ventral view x57 AR/KHO/B1-6, /106, Side view x48, AR/KHO/B1-6/107

5.  CONCLUSIONS 

The present study reveals:
1- Sakesaria is predominant in the Al-Khod section and is mainly restricted to the Upper Palaeocene of the present study. 

2- The described species showed a great similarity to [21] Smout’s (1954) material from the Qatar Peninsula. 

In the present study, the following LBF species Sakesaria dukhani, Sakesaria migiurtina,  Sakesaria nodulifera and Sakesaria somalica are recorded for the first time. They were recorded from the lower member of the Jafnayn Formation at the Al-Khod area of the central Oman Mountains.  
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