
Aljahdali et al.: Upper Eocene calcareous nannofossil biostratigraphy: a new preliminary Priabonian record from northern Saudi 

Arabia 
- 5607 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(4):5607-5625. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1804_56075625 

© 2020, ALÖKI Kft., Budapest, Hungary 

UPPER EOCENE CALCAREOUS NANNOFOSSIL 

BIOSTRATIGRAPHY: A NEW PRELIMINARY PRIABONIAN 

RECORD FROM NORTHERN SAUDI ARABIA 

ALJAHDALI, M. H.1* – ELHAG, M.2,3 – MUFRREH, Y.4 – MEMESH, A.5 – ALSOUBHI, S.4 – 

ZALMOUT, I. S.4 

1Marine Geology Department, Faculty of Marine Sciences, King Abdulaziz University, P. O. 

Box 80200, Jeddah 21589, Saudi Arabia 

2Department of Hydrology and Water Resources Management, Faculty of Meteorology, 

Environment & Arid Land Agriculture, King Abdulaziz University, Jeddah, 21589, Saudi 

Arabia 

3Department of Applied Geosciences, Faculty of Science, German University of Technology in 

Oman, Muscat 1816, Oman 

4Saudi Geological Survey, Department of Paleontology, Jeddah, Saudi Arabia 

5Saudi Geological Survey, Department of Sedimentary Geology, Jeddah, Saudi Arabia 

*Corresponding author 

e-mail: maljahdli@kau.edu.sa 

(Received 15th Apr 2020; accepted 10th Jul 2020) 

Abstract. The current research work represents the first calcareous nannofossil biostratigraphic record of 

the upper Eocene Rashrashiyah Formation in northern Saudi Arabia. The Rashrashiyah Formation is an 

Eocene carbonate sedimentary unit, exposed adjacent to the Jordanian border, and yielded rich and diverse 

nannofossil assemblages. The Rashrashiyah Formation overlies the Paleogene rocks of the Umm Wu’al 

Formation and is unconformably topped by the Neogene (Miocene) Sirhan Formation. Our nannofossil 

biostratigraphic data recognized 44 species belonging to 21 genera. These taxa indicate a Priabonian age 

based on the presence of Chiasmolithus oamaruensis, and the recognition of bioevents in concordance with 

the global Priabonian zonations. Three comparable major zones and zonal boundaries (CP14b/CP15, NP18, 

and CNE17) were recognized in the study section indicative of a late Eocene age. The Base common (Bc) 

of Reticulofenestra erbae was detected at the same level as the top of Chiasmolithus grandis, supporting 

the bioevent reliability in the Tethys realm. A single and more isolated occurrence of Isthmolithus recurvus 

was observed within Zones CP15 and NP18 at the maximum increase abundance of R. erbae. Our 

calcareous nannofossil biostratigraphy from the Rashrashiyah Formation has coincided with the assignment 

for units 2 and 3 of the Wadi Esh-Shallalah Formation in Qa’ Faydat ad Dahikiya in the eastern desert 

Jordan. 
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Introduction 

Calcareous nannofossils are one of the major calcified phytoplankton that appeared 

and flourished in the marine photic zone since late Triassic (Gardin et al., 2012). They 

serve as excellent age biomarkers with wide-range correlation and sensitive indicators to 

trophic changes in the photic zone (Aubry, 1992; Perch-Nielsen, 1985). The Eocene 

epoch is one of the most significant geological times because it is characterized by a 

transition from a pronounced global warming to a significant large-scale glaciation 

(Miller et al., 1991; Pagani et al., 2005; Zachos et al., 2001). The late Eocene, therefore, 
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represents a crucial climatic event of a major shift from a green-house world to the 

inception of the ice-house world in the early Oligocene when temperature and sea level 

played a major role in the distribution of marine microfossils (Miller et al., 2008; Pälike 

et al., 2006; Villa et al., 2008). This climatic shift, consequently, caused a profound 

decline in the diversity of calcareous nannofossils toward the early Oligocene (Aubry, 

1992; Bown et al., 1991, 2004) and increased provincialism (i.e., different frequencies of 

taxa), between low- to high-latitude regions since the late Eocene (Aubry, 1992; Bahrawi 

and Elhag, 2016). 

One of the major obstacles in understanding the late Eocene dynamics is that the 

Bartonian/Priabonian boundary is still to be determined, although several attempts have 

utilized calcareous nannofossil biostratigraphy (Agnini et al., 2011; Cotton et al., 2017; 

Farouk et al., 2015; Strougo et al., 2013). The upper Eocene carbonate sections of marine 

origin are widely distributed in Jordan (Bender, 1968; Farouk et al., 2015; Mustafa and 

Zalmout, 2002; Zalmout et al., 2000), Syria (Krasheninnikov et al., 1996), and Egypt 

(Strougo et al., 2013), and the very rare outcrops in Saudi Arabia have never been 

investigated thoroughly. During a routine geological survey in northern Saudi Arabia, a 

chalky exposed section, that crops out to ~10 m, was investigated. This section belongs 

to the Rashrashiyah Formation, located ~20 km south the Saudi-Jordanian boarders, and 

is overlain by the Sirhan Formation (text Fig. 1). Initial and tentative dating reports using 

echinoids and foraminifera support a late Eocene age (Meissner et al., 1990). 

The aim of this study is: 1) to perform detailed calcareous nannofossil biostratigraphy 

which presents the first upper Eocene biostratigraphic record from Saudi Arabia, and 2) 

correlate local Saudi Eocene bioevents with local-regional calcareous nannofossil 

biostratigraphic records from Egypt and Jordan (Farouk et al., 2015; Strougo et al., 2013). 

Materials and methods 

Geological settings of the study area 

The Sirhan Basin, also known as Azraq-Sirhan Basin (Graben/Depression/Trough), is 

a large scale regional synclinal structure bounds by two major faults in the northern part 

of the Arabian Peninsula (Fig. 1). It runs for several hundred kilometers from the Eastern 

Desert of Jordan through northern Saudi Arabia (Bahrawi and Elhag, 2019; Powers et al., 

1966). The northwest-southeast oriented basin is a classical Neo-Tethyan model in origin 

that paleogeographically bounding the northern portion of the Arabian Carbonate 

Platform. As a part of the Syrian Arc System (Guiraud et al., 2001), the basin was initiated 

as early as Late Cretaceous by major marine transgression associated with severe 

compression stresses and faulting; this has resulted in the deposition and accumulation of 

a thick belt of carbonate and mixed sediments stretching east-west for at least 300 km in 

the north part of the Arabian Peninsula (Al-Rawi, 2014; Elhag and Bahrawi, 2019). 

During the Early Paleogene, the Sirhan Basin was affected by the Al-Jawf Rifting event 

which continued to accommodate carbonate sediments and to subside in response to 

loading along its major axis (Guiraud et al., 2001). 

The development of this basin came into a halt by the end of the Alpine Orogeny tectonic 

event (latest Eocene-Early Oligocene) which is marked by a major drop in sea-level and 

the collision of Arabia with Eurasia. Subsurface data shows that the Sirhan basin has 

accommodated over 6 kilometers of sediments from the Paleozoic through the Neogene 

(Al-Rawi, 2014). Within the Sirhan Basin, Cretaceous and Tertiary sediments are exposed, 

while most of the Mesozoic and Paleozoic are deeply buried (Guiraud et al., 2001). 
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Figure 1. Map showing the geology and paleogeography around the studied section located 

near the Saudi-Jordanian boarders. (A) Geological map modified after Wallace et al. (1994). 

(B) Paleogeographical map modified of the Eocene 38 Ma created with TSCreator (Version 

7.4) (https://engineering.purdue.edu/Stratigraphy/tscreator) 

 

 

The Rashrashiyah Formation of Meissner et al. (1990) is part of the Cretaceous-

Paleogene sedimentary sequence that was accommodated during the development of the 

Sirhan Basin (trough) in north Saudi Arabia. This formation is partially exposed within 

the eastern flank of the basin close and around 31°28´N and 37°17´E. The total thickness 

of this formation from subsurface data is estimated to be 75 m near Al Qurayyat Water 

well, however, the top two-thirds of it stretch out along isolated scarps and hills in the 

Rashrashiyah area. Lithologically, it is composed of grayish-white, massive chalk and 

calcareous bituminous claystone (marl), and minor crystalline limestone beds. The lower 

part of the formation is dominated by gypsiferous chalk, while the middle part is 

composed of light-brown, calcareous claystone and hard crystalline echinoidal limestone, 

and the upper part is grayish-white, calcareous claystone (Halawani, 2001; Meissner et 

al., 1990). The base of the formation overlaps the top of the Jirani Member of the Umm 

Wu’al Formation. The top boundaries of the formation mark a clear contact with the base 

of the Sirhan Formation, where a major unconformity separates its irregular eroded most 
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younger beds (and the whole Oligocene) from the Miocene and younger strata (Meissner 

et al., 1990). 

The topmost exposed 10 meters of the section, below the clastic Sirhan Formation, 

were investigated and sampled in this study (Fig. 2). The cliff-forming part of the section 

is mostly marly and argillaceous limestones (Fig. 2). Apparently, all the Oligocene 

section was subjected to erosion. As mentioned earlier, the age of the Rashrashiyah Fm. 

was tentatively determined to employ echnoides and foraminifera data to the late Eocene 

(Elhag et al., 2017; Meissner et al., 1990). 

 

 

Figure 2. Lithology of the studied section representing the upper part of the Rashrashiyah 

Formation and the base of the Sirhan Formation. Letters A-F represents sampling levels 

 

 

Ground survey and identification settings 

Representative rock samples from the Rashrashiyah Formation were obtained every 

one-meter interval throughout the section as possible (Fig. 2). Six samples were given a 

prefix A-F and smear slides were prepared from freshly broken pieces of chalk based on 

standard techniques (Perch-Nielsen, 1985). Semi-quantitatively, at least 300 specimens 

were counted on random fields of view under Ziess Axiolab A1 at a magnification of 

1000×. To detect rare and important biomarkers, two additional long traverses of each 

slide were scanned to find rare taxa. Data containing raw count were converted into 

percentages to detect fluctuations in abundances (see Appendix A). The zonations of 
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Martini (1971), Okada and Bukry (1980), and Agnini et al. (2014) were applied for 

detailed calcareous nannofossil biostratigraphy. Biozone boundaries were defined and 

followed after Agnini et al. (2014). 

Identification of Paleogene calcareous nannofossil assemblages is based on the 

taxonomy of Perch-Nielsen (1985), Bown and Dunkley Jones (2012) and Fornaciari et al. 

(2010). The state of preservation of calcareous nannofossil was qualitatively evaluated 

as: good, moderate, or poor, in which the former shows little dissolution and/or 

overgrowth and the identification to the species level was achieved, while the latter has a 

severe effect of dissolution and/or overgrowth and identification was hardly possible to 

the generic/species level. The raw count was transformed into abundance codes via 

Bugwin© Software in which Abundant (A) was assigned for 11-100 species, Common 

(C) for 6-10 species, Few (F) for 3-5 species, and Rare (R) for 1-2 species. Species list 

mentioned in this study is found in Appendix B, while raw count, and percentages are 

found in Appendix A. 

Results 

Calcareous nannofossils are rich and highly diverse. 21 genera and 44 species were 

identified in the Rashrashiyah Formation in Samples A-F (Table 1). The overall state of 

preservation showed a pattern up section ranging between good in the lower part of the 

section (Sample A) to poor up section (Sample F), while it is moderate in the middle of 

the studied section (Sample D) (Table 1). Species richness showed a similar pattern in 

being high in Sample A (39 species) and gradually declined toward the top of the section 

in Sample F (27 species, Table 1). 

Zone NP18 of Martini (1971), and Zone CNE17 of Agnini et al. (2014), while two 

zones CP14b and CP15 of Okada and Bukry (1980) of the upper Eocene were recognized. 

Zone NP18, which is defined from the base of Chiasmolithus oamaruensis to the base of 

Isthmolithus recurvus (Martini, 1971), has a thickness of 9 m covering the entire studied 

interval due to the presence of C. oamaruensis and R. bisecta > 10 µm (Table 1). The 

presence of C. oamaruensis suggests an early Priabonian age, according to Berggren et 

al. (1995), for the Rashrashiyah Fm. The most common species that characterize this zone 

are: Chiasmolithus grandis, Chiasmolithus oamaruensis, Coccolithus formosus, 

Coccolithus pelagicus, Cyclicargolithus floridanus, Discoaster barbadiensis, D. 

saipanensis, R. bisecta, Reticulofenestra erbae, and Reticulofenestra reticulata. 

Within Zone NP18, additional bioevents were recognized in samples A-F (0-9 m 

thickness). At the base of the section, C. grandis showed a rare abundance, where at 

Sample B (1 m) it marked the top event that defined the CP14b-CP15 boundary of Okada 

and Bukry (1980) (Fig. 3). At the same level as the top event of C. grandis, 

Reticulofenestra erbae substantially increased its abundance to constitute 6-8% of the 

total assemblage (Fig. 3). The increase in R. erbae abundance began one sample above 

the base of the section and continued to Sample F (9 m), where species richness declined 

to 27 species (Fig. 3). Therefore, samples A-F lies within Zone CNE17 of Agnini et al. 

(2014) owing to the common interval of R. erbae. In Sample E (4 m), a rare occurrence 

(2 species/slide) of Isthmolithus recurvus is observed with no presence in the following 

Sample F (9 m) (Table 1; Fig. 3). The rare isolated single occurrence of Isthmolithus 

recurvus cannot confidently be utilized to mark Zone NP19 (Martini, 1971), hence, 

Sample F still lies within Zone NP18 and therefore CNE17 (Agnini et al., 2014). 
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Table 1. Range chart of the Upper Eocene sampled calcareous nannofossils from the top 

10 m of the Rashrashiyah Formation in NW Saudi Arabia 

Sample F E D C B A 

Height (m) 9 4 3 2 1 0 

Martini (1971) NP18 

Okada and Bukry (1980) CP15 CP14b 

Agnini et al. (2014) CNE17 

Diversity 27 33 33 29 36 39 

Preservation P M-P M G M-G G 

Group Abundance C A VA  VA  VA  VA  

Blackites cf. morionum          R  C  

Blackites spinosus F  C  A  F  F  F  

Braarudosphaera bigelowii  R  R          

Chiasmolithus grandis          R  R  

Chiasmolithus oamaruensis    R  R    R  F 

Clausicoccus subdistichtus  F  C  C  C  A  R  

Coccolithus eopelagicus  C  R  R  R  R  A 

Coccolithus pelagicus  A  A  A  A  A  F  

Cruciplacolithus cruciformis   R  R    F  A  

Cyclicargolithus floridanus < 5  A  A  A  A  A  A  

Cyclicargolithus floridanus  A  A  A  A  A  F  

Discoaster barbadiensis  F  F  F  F  F  A  

Discoaster saipanensis  F  F  A C  C  R  

Discoaster tanii  R  R  R      R  

Coccolithus formosus C  C  R  C  C  C  

Helicosphaera bramlettii  C  C  C  C  R    

Helicosphaera compacta  F  R  F  R  R  R  

Helicosphaera reticulata    R  R  F      

Helicosphaera wilcoxii   R  F        

Hughesius tasmaniae            C  

Isthmolithus recurvus    R          

Lanternithus minutus  C  F  F  C  F  F  

Neococcolithes dubius      F  R  R  F  

Pedinocyclus gibbsiae F  F  C  F  C    

Pontosphaera exilis         F  F  

Pontosphaera panarium       R  R  R  

Pontosphaera multipora    R  R  R  F  C  

Reticulofenestra bisecta  A  R  F    C  F  

Reticulofenestra daviesii  R  F  R  F  F  F  

Reticulofenestra cf. daviesii         F  R  

Reticulofenestra umbilica  F  F C  C  C  A  

Sphenolithus cf. furcatolithoides    R  F  C  R  F  

Sphenolithus moriformis  F  F  R  F  F  R  

Sphenolithus predistentus?    R        R  

Sphenolithus spiniger            R  

Thoracosphaera spp.  R  R  R  F  R  C  

Zygrablithus bijugatus  C  F  C  F  F  C  

VA = Very Abundant, A = abundant, C = Common, F = Few, R = Rare, G = Good, M = Moderate, 

P = Poor 

 



Aljahdali et al.: Upper Eocene calcareous nannofossil biostratigraphy: a new preliminary Priabonian record from northern Saudi 

Arabia 
- 5613 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(4):5607-5625. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1804_56075625 

© 2020, ALÖKI Kft., Budapest, Hungary 

 

Figure 3. Major calcareous nannofossil percentage (%) events detected in this study within the 

upper Eocene Rashrashiyah Formation in northern Saudi Arabia compared to the global 

zonation of Martini (1971), Okada and Bukry (1980) and Agnini et al. (2014). The dashed red 

line represents the bioevents of C. grandis, and the Base common (Bc) of R. erbae 

Discussion 

Upper Eocene nannofossil bioevents in northern Saudi Arabia 

Calcareous nannofossils are an excellent group of microfossils for biostratigraphic and 

global correlation studies (Agnini et al., 2014; Raffi et al., 2016). This is due to their high 

rates of speciation since their first appearance in the late Triassic (Gardin et al., 2012). In 

the late Eocene, calcareous nannofossils have shown profound provincialism (Aubry, 

1992; Wei and Wise, 1990) as a response to the expansion of the Antarctica ice sheet 

(Miller et al., 1991; Zachos et al., 2001). This provincialism caused some upper Eocene 

nannofossil biomarkers to be unreliable for biostratigraphy and the global correlation 

between low- and high-latitude regions (Agnini et al., 2011; Wei and Wise, 1989, 1990; 

Fioroni et al., 2012). This has greatly affected the recognition of some Martini (1971) and 

Okada and Bukry (1980) zones throughout global localities (Perch-Nielsen, 1985), hence, 

no formal identification of Global Stratotype Section Point (GSSP) has been found 

(Agnini et al., 2011). Our section spans Zone NP18 of Martini (1971) and is correlated 

with the middle and upper part of the upper Eocene Wadi Esh-Shallalah Formation 

section (Farouk et al., 2015) in Jordan, 26 Km NW of the Rashrashiyah Formation section 

studied in this report. Here we discuss the occurrence of the biomarker species observed 

in northern Saudi Arabia and their possible correlation regionally and globally. 

 

Top of Chiasmolithus grandis 

The extinct Chiasmolithus genus was found to occupy high-latitude regions between 

the middle Eocene-Oligocene timeframe (Wei and Wise, 1989). The top of C. grandis 

was detected in Sample B slightly above the base of the section (Fig. 4) and primarily 
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points out to the CP14b/CP15 boundary of Okada and Bukry (1980) zonation. This 

bioevent lies within Zone NP18 of Martini (1971) and Zone CNE17 of Agnini et al. 

(2014) due to the presence of rare-few C. oamaruensis and the Base common (Bc) of R. 

erbae (Fig. 4) just above the base of the section (Fig. 4). Chiasmolithus grandis and C. 

oamaruensis were found to overlap within the studied portion of the Rashrashiyah 

Formation (Figs. 3 and 4). This behavior in overlapping is documented in Egypt (Strougo 

et al., 2013) and in Jordan (Farouk et al., 2015), Italian Alano section (Agnini et al., 2011), 

and the Ocean Drilling Program (ODP) in the Indian Ocean (Fioroni et al., 2015). 

Chiasmolithus grandis exhibited a sharp top event, whereas C. oamaruensis was found 

to be within < 1% of the total assemblage with sporadic occurrence toward up section 

(Fig. 3) similar to local and regional observations (Farouk et al., 2015; Strougo et al., 

2013). Additionally, the top of C. grandis was also observed at the same stratigraphic 

level of the Bc of R. erbae (Fig. 4). 

 

 

Figure 4. Calcareous nannofossils bioevents of the studied portion of the Rashrashyiah 

Formation from northern Saudi Arabia aligned with Eocene nannoplanktonic zonation 

 

 

Base common (Bc) of Reticulofenestra erbae 

Fornaciari et al. (2010) described two new significant middle-late Eocene biomarkers 

species, R. erbae and R. isabellae, that Agnini et al. (2014) utilized in their recent 

Paleogene zonation. Reticulofenestra erbae is differentiated from R. isabellae by size in 

which the latter is ≥ 12 µm (Fornaciari et al., 2010). Reticulofenestra erbae showed few 

abundances in sample A (Table 1), but substantially increased reached to 6-8% of the 
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total assemblage, between samples B-F, within Zone NP18 (Martini, 1971) and base of 

Zone CP15 (Okada and Bukry 1980) (Fig. 4). The increase of R. erbae started at the level 

of sample B and continued upward throughout the rest of the studied section (Figs. 3 and 

4), hence, we could not observe the Top common (Tc). The Bc of R. erbae coincides with 

the top of C. grandis (Fig. 4) in our section. Agnini et al. (2014) have shown that the top 

of C. grandis lies slightly above the Bc of R. erbae in the North Atlantic (ODP Site 1052). 

This earlier top event of C. grandis in our study (Fig. 4) could be related to sampling 

resolution or diachrony in C. grandis (Agnini et al., 2014; Fioroni et al., 2015). Overall, 

the distribution pattern of R. erbae with the recognizable increase abundance greatly 

validates the Bc R. erbae usefulness in northern Saudi Arabia. 

Recent integrated biostratigraphic studies from local and regional sections in Jordan 

and Egypt have shown the presence of both R. erbae and R. isabellae together within 

Martini (1971) Zones NP17-18 (Farouk et al., 2015; Strougo et al., 2013). However, the 

two biomarker species have been observed well-spaced in time, both in deep-sea cores 

and land-based section (Agnini et al., 2014; Fornaciari et al., 2010). In this study, the 

overlapping of both species has not been detected, furthermore, even their base events did 

not coincide together herein. Reticulofenestra isabellae appeared later in Zones CNE19 

(Agnini et al., 2014) and NP19/20 of Martini (1971). Morphometric measurements of 

random medium to large placolith (R. erbae and R. reticulata) species throughout the 

section were carried out to observe the size pattern and scrutinize the section for the 

presence of R. isabellae (Fig. 5). Within the designated study area; which is only 26 km 

SE of the Jordanian Qa’ Faydat ad Dahikiya (Farouk et al., 2015), only R. erbae is found, 

following the description criteria of Fornaciari et al. (2010), ranging in size between 8-10 

µm (Fig. 5), while the presence of R. isabellae was not recorded. Therefore, the presence 

of R. isabellae in previous local studies is possibly misidentified and/or miscalibrated in 

size with large specimens of R. erbae. 

 

The single isolated occurrence of Isthmolithus recurvus 

The base of I. recurvus is a bioevent utilized in the zonations of Martini (1971) and 

Okada and Bukry (1980) for the late Eocene. Biogeographic studies of this taxon have 

shown its preference and inclination toward cool-water and high-latitude regions (Wei 

and Wise, 1989, 1990); while it is rare with discontinuous occurrence in low-latitudes 

areas (Agnini et al., 2014; Farouk et al., 2015; Strougo et al., 2013; Wei and Wise, 1990; 

Fioroni et al., 2015) and our section in northern Saudi Arabia. Isthmolithus recurvus has 

first appeared in sample F with only 2 species (0.6%; Fig. 3). No I. recurvus was detected 

at sample E (Fig. 4). This taxon showed two distinct bioevents in the Mediterranean 

region (Fornaciari et al., 2010). The first appearance is short, more isolated occurrence 

termed ‘spike’ which probably here lies within Zones NP18 (Martini, 1971), CP15 

(Okada and Bukry, 1980) and CNE17 (Agnini et al., 2014) (Fig. 4), whereas the second 

bioevent seems to be the lowest common occurrence (Fornaciari et al., 2010) that 

confidently used for base Zone NP19 of Martini (1971). 

The earlier occurrence “spike” has also been observed in deep-sea cores Agnini et al., 

2014; Fornaciari et al., 2010; Fioroni et al., 2015; Villa et al., 2008) which reflects a more 

consistent occurrence outside the Mediterranean region. The single isolated occurrence 

of I. recurvus observed in our section was found to coincide with the maximum increase 

in R. erbae (Figs. 3 and 4). Owing to the unsampled interval of ~5 m (Fig. 4), that was 

hindered to collect in the field due to mineralized (dolomitized rocks), concerns about the 

usefulness/correlation of this short occurrence remains unclear in northern Saudi Arabia 
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despite the fact of producibility of the bioevent globally (Agnini et al., 2014; Fornaciari 

et al., 2010). Besides, sample E the from the top section, where species richness declined 

down to 27 species and preservation became moderate to poor, shows no I. recurvus or 

R. isabellae, indicating that the top of the studied section still lies within Zone NP18 

(Martini, 1971) or Zone CNE17 (Agnini et al., 2014). 

 

 

Figure 5. Morphometric measurements of the largest Reticulofenestra erbae/R. reticulata 

within CNE 17 Zone, from the upper part of the Rashrashiayh Formation section in northern 

Saudi Arabia 

 

 

Side views of Isthmolithus recurvus from Egyptian and Jordanian sampled sections 

appeared near the base of Zone NP18 with rare occurrences (Farouk et al., 2015; Strougo 

et al., 2013). The calcareous nannofossil assemblage of the Rashrashiyah Formation in 

northern Saudi Arabia shows no side views of I. recurvus, only overgrown planer view 

of I. recurvus specimens were only observed in sample E (Plate 1). 

 

The decline in diversity and preservation: tectonism, eustacy, and regional correlation 

It is evident that a major drop in species richness accompanied by the deterioration in 

preservation took place toward the top of the studied section (Fig. 5). This drop in the 

species richness at the top of the Rashrashiyah Formation is a quite similar case reported 
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from Zones NP17-18 of the Wadi Esh-Shallalah Formation section across the borders in 

Jordan. Below the top of the studied Saudi section, it seems that a tremendous amount of 

nannofossil fragmentation increased (Plate 2). During the late Eocene, the northern part of 

the Arabian Peninsula, as part of the Alpine Orogeny and the Syrian Arc Belt (Bosworth et 

al., 1999; Guiraud and Bosworth, 1999), witnessed severe compressional events with 

crustal shortening within the NW-SE direction. These compressional events produced 

significant topographical changes causing different depositional and erosional processes 

during the rest of the Eocene and later Paleogene and Neogene systems. Moreover, the 

presence of shallow-marine planktic foraminifera in the earliest Oligocene of the 

correlatable Jordanian section (Farouk et al., 2015) suggests that the basin, including our 

formation, was subjected to large changes in sea level. 

 

 

Plate 1. Polarized and plain-light micrographs  of calcareous nannofossil taxa identified in 

AlRashrashiyah Formation in northern Saudi Arabia. 1. Blackites spinosus, sample A. 2. 

Chiasmolithus oamaruensis, sample A, 3. Cyclicargolithus floridanus, sample A, 4. 

Neococcolithes dubius, sample A, 5. Cyclococcolithina protoannula, sample A, 6. Discoaster 

saipanensis, sample B, 7. Coccolithus formosus, sample A, 8. Reticulofenestra umbilicus, sample 

D, 9. Chiasmolithus grandis, sample A, 10. Coccolithus eopelagicus, sample C, 11. Discoaster 

barbadiensis, sample E, 12. Reticulofenestra bisecta, sample A, 13. Reticulofenestra erbae, 

sample B, 14. Reticulofenestra reticulata, sample C, 15-16. Isthmolithus recurvus, Sample E, 17. 

Helicosphaera compacta, sample A, 18. Discoaster tanii, sample B, 19. Pontosphaera exilis, 

sample A, 20. Pontosphaera multipora, sample B. (magnification of 1000×, scale bar 5 microns 

for all images as in A) 
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Plate 2. Polarized views (magnification of 1000×, scale bar 20 microns) showing the degree of 

fragmentations (red arrows) toward up section from Samples B-F 

Conclusions 

The studied part of the Rashrashiyah Formation is the only surface section to reveal a 

high diversity of well-preserved calcareous nannofossils at its base but deteriorate toward 

the top of the section. Three calcareous nannofossil zones of global zonations were 

recognized and all indicate an early Priabonian age based on the rare and sporadic 

occurrence of C. oamaruensis of Zone NP18. The Base common (Bc) of R. erbae is 

documented here with a common increase from 6-8% of the total assemblage and the 
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section lies within Zone CNE17. The sharp top event of C. grandis was detected, at the 

same level of Bc of R. erbae, and subdivided CP14b/CP15 zones. A single and more 

isolated occurrence of I. recurvus was observed parallel with the maximum increase of 

R. erbae. This isolated single occurrence, due to sampling resolution, cannot be 

compared/correlated with those sections in the Mediterranean and deep-sea cores. 

Reticulofenestra isabellae, a biomarker species found in accordance with the Lowest 

Common Occurrence (LCO) of I. recurvus, has not been observed, hence, the 

Rashrashiyah Formation section tentatively lies within Zone NP18/CNE17. Although the 

side view of I. recurvus specimens was recorded in Egyptian and Jordanian sections to 

originate at the base of NP18, only planner view specimens were observed in northern 

Saudi Arabia. The investigated calcareous nannofossil record at the Rashrashiyah 

Formation section is partially correlatable with the adjacent Jordanian Wadi Esh-

Shallalah Formation section in Qa’ Faydat Ad Dahikiya. The decline in species richness 

toward the top of our studied section is also comparable with Wadi Esh-Shallalah 

Formation, which reflects major tectonic activity originated during the late Eocene. The 

studied stratigraphic interval from the Rashrashiyah Formation, so far, is the only Eocene 

section to reveal calcareous nannofossils, recorded for the first time in Saudi Arabia. 

Hence, this report represents part of a larger ongoing investigation attempting to code the 

Paleogene sediments in Saudi Arabia with the global nannoplankton and foraminiferal 

zonation. The ongoing research plans to intergrade benthic and planktic foraminifera for 

more robust age determination and biostratigraphical correlation with local and regional 

sections. Reconstructions of Paleogene climate change and global sea-level via integrated 

stable isotope signature are needed from expanded outcrop sections in northern Saudi 

Arabia. 
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APPENDIX 

Appendix A: Raw range chart and percentage counts.  

Sample F E D C B A 

Height (m) 9 4 3 2 1 0 

Martini (1971) NP18 

Okada and Bukry (1980) CP15 CP14b 

Agnini et al. (2014) CNE17 

Diversity 27 33 33 29 36 39 

Preservation P M-P M G M-G G 

Group Abundance C A VA  VA  VA  VA  

Blackites cf. morionum          R  C  

Blackites spinosus F  C  A  F  F  F  

Braarudosphaera bigelowii  R  R          

Chiasmolithus grandis          R  R  

Chiasmolithus oamaruensis    R  R    R  F 

Clausicoccus subdistichtus  F  C  C  C  A  R  

Coccolithus eopelagicus  C  R  R  R  R  A 

Coccolithus pelagicus  A  A  A  A  A  F  

Cruciplacolithus cruciformis   R  R    F  A  

Cyclicargolithus floridanus < 5  A  A  A  A  A  A  

Cyclicargolithus floridanus  A  A  A  A  A  F  

Discoaster barbadiensis  F  F  F  F  F  A  

Discoaster saipanensis  F  F  A C  C  R  

Discoaster tanii  R  R  R      R  

Coccolithus formosus C  C  R  C  C  C  

Helicosphaera bramlettii  C  C  C  C  R    

Helicosphaera compacta  F  R  F  R  R  R  

Helicosphaera reticulata    R  R  F      

Helicosphaera wilcoxii   R  F        

Hughesius tasmaniae            C  

Isthmolithus recurvus    R          

Lanternithus minutus  C  F  F  C  F  F  

Neococcolithes dubius      F  R  R  F  

Pedinocyclus gibbsiae F  F  C  F  C    

Pontosphaera exilis         F  F  

Pontosphaera panarium       R  R  R  

Pontosphaera multipora    R  R  R  F  C  

Reticulofenestra bisecta  A  R  F    C  F  

Reticulofenestra daviesii  R  F  R  F  F  F  
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Reticulofenestra cf. daviesii         F  R  

Reticulofenestra dictyoda  F  C  A  C  C  F  

Reticulofenestra hillae  R    R  F  F  A  

Reticulofenestra lockeri  F  C  F  F  A  R  

Reticulofenestra reticulata  A  A  A  A  A  A  

Reticulofenestra spp. (< 3)  R  A  A  A  A  F  

Reticulofenestra erbae A  A  A  A  A  F  

Reticulofenestra umbilica  F  F  C  C  C  A  

Sphenolithus cf. furcatolithoides    R  F  C  R  F  

Sphenolithus moriformis  F  F  R  F  F  R  

Sphenolithus predistentus?    R        R  

Sphenolithus spiniger            R  

Thoracosphaera spp.  R  R  R  F  R  C  

Zygrablithus bijugatus  C  F  C  F  F  C  

 

 
Row count 

Reticulofenestra daviesii  2 3 2 4 3 4 

Reticulofenestra dictyoda  4 7 13 6 8 5 

Reticulofenestra hillae  1 0 2 3 3 4 

Reticulofenestra lockeri  3 10 5 5 11 4 

Reticulofenestra reticulata  16 19 13 15 14 20 

Reticulofenestra erbae  12 26 20 12 20 5 

Reticulofenestra spp. (< 3)  2 21 19 27 50 76 

Reticulofenestra umbilica  3 4 7 10 6 7 

Sphenolithus moriformis  4 5 2 3 3 4 

Sphenolithus predistentus  0 1 3 6 1 7 

Sphenolithus spiniger  0 0 0 0 0 2 

Thoracosphaera spp.  2 2 1 5 2 2 

Zygrablithus bijugatus  7 4 8 5 5 2 

Blackites spinosus  3 6 11 4 5 11 

Blackites morionum  0 0 0 0 1 2 

Reticulofenestra cf. daviesii  0 0 0 0 3 10 

Discoaster 5-ray knob  0 0 0 0 3 0 

Helicosphaera bramlettii  7 6 10 9 1 0 

Helicosphaera wilcoxii  0 1 3 0 0 0 

Braarudosphaera bigelowii  2 1 0 0 0 0 

Isthmolithus recurvus  0 2 0 0 0 0 

Species richness 27 33 33 29 36 39 

 

 
Count percentage 

Discoaster tanii  0.333333 0.662252 0.311526 0 0 0.278552 

Ericsonia formosa  2.333333 2.317881 0.623053 2.95082 2.523659 1.114206 

Helicosphaera compacta  1.666667 0.331126 0.934579 0.327869 0.630915 0.557103 
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Helicosphaera reticulata  0 0.331126 0.623053 0.983607 0 0.278552 

Hughesius tasmaniae  0 0 0 0 0 0.278552 

Lanternithus minutus  2.333333 1.324503 1.246106 1.967213 0.946372 0.835655 

Neococcolithes dubius  0 0 0.934579 0.655738 0.630915 0.835655 

Cyclococcolithina protoannula 1.333333 0.993377 2.492212 1.639344 2.208202 2.506964 

Pontosphaera exilis  0 0 0 0 1.26183 1.671309 

Pontosphaera panarium  0 0 0 0.327869 0.315457 1.392758 

Pontosphaera multipora  0 0.331126 0.623053 0.655738 1.577287 1.114206 

Reticulofenestra bisecta  17.66667 0.662252 1.246106 0 2.208202 1.949861 

Reticulofenestra daviesii  0.666667 0.993377 0.623053 1.311475 0.946372 1.114206 

Reticulofenestra dictyoda  1.333333 2.317881 4.049844 1.967213 2.523659 1.392758 

Reticulofenestra hillae  0.333333 0 0.623053 0.983607 0.946372 1.114206 

Reticulofenestra lockeri  1 3.311258 1.557632 1.639344 3.470032 1.114206 

Reticulofenestra reticulata  5.333333 6.291391 4.049844 4.918033 4.416404 5.571031 

Reticulofenestra erbae  4 8.609272 6.23053 3.934426 6.309148 1.392758 

Reticulofenestra spp. (< 3)  0.666667 6.953642 5.919003 8.852459 15.77287 21.16992 

Reticulofenestra umbilica  1 1.324503 2.180685 3.278689 1.892744 1.949861 

Sphenolithus moriformis  1.333333 1.655629 0.623053 0.983607 0.946372 1.114206 

Sphenolithus predistentus  0 0.331126 0.934579 1.967213 0.315457 1.949861 

Sphenolithus spiniger  0 0 0 0 0 0.557103 

Thoracosphaera spp.  0.666667 0.662252 0.311526 1.639344 0.630915 0.557103 

Zygrablithus bijugatus  2.333333 1.324503 2.492212 1.639344 1.577287 0.557103 

Blackites spinosus  1 1.986755 3.426791 1.311475 1.577287 3.064067 

Blackites cf. morionum  0 0 0 0 0.315457 0.557103 

Reticulofenestra cf. daviesii  0 0 0 0 0.946372 2.785515 

Discoaster 5-ray knob  0 0 0 0 0.946372 0 

Helicosphaera bramlettii  2.333333 1.986755 3.115265 2.95082 0.315457 0 

Helicosphaera wilcoxii  0 0.331126 0.934579 0 0 0 

Braarudosphaera bigelowii  0.666667 0.331126 0 0 0 0 

Isthmolithus recurvus  0 0.662252 0 0 0 0 

 

 
Appendix B. Species list recorded in the Rashrashiyah Formation. Taxa are alphabetically 

arranged with references 

Blackites morionum (Deflandre in Deflandre & Fert,1954) Varol, 1989 

Blackites spinosus (Deflandre & Fert, 1954) Hay & Towe, 1962 

Braarudosphaera bigelowii (Gran & Braarud 1935) Deflandre, 1947 

Chiasmolithus grandis (Bramlette & Riedel, 1954) Radomski, 1968 

Chiasmolithus oamaruensis (Deflandre, 1954) Hay et al., 1966 

Clausicoccus subdistichus (Roth & Hay in Hay et al., 1967) Prins, 1979 

Coccolithus eopelagicus (Bramlette & Riedel, 1954) Bramlette & Sullivan, 1961 

Coccolithus pelagicus (Wallich 1877) Schiller, 1930 

Cruciplacolithus cruciformis (Hay & Towe, 1962) Roth, 1970 

Cyclicargolithus floridanus (Roth & Hay, in Hay et al., 1967) Bukry, 1971 

Cyclicargolithus floridanus < 5 µm (Roth & Hay, in Hay et al., 1967) Bukry, 1971 

Cyclococcolithina protoannula Gartner 1971 

Coccolithus formosus (Kamptner, 1963) Wise, 1973 

Discoaster barbadiensis Tan, 1927 
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Discoaster deflandrei Bramlette & Riedel, 1954 

Discoaster saipanensis Bramlette & Riedel, 1954 

Discoaster tanii Bramlette & Wilcoxon 1967 

Helicosphaera bramlettei (Müller, 1970) Jafar & Martini, 1975 

Helicosphaera compacta Bramlette & Wilcoxon, 1967 

Helicosphaera reticulata Bramlette & Wilcoxon, 1967 

Helicosphaera wilcoxii (Gartner, 1971) Jafar & Martini, 1975 

Hughesius tasmaniae (Edwards and Perch-Nielsen, 1975) de Kaenel and Villa, 1996 

Isthmolithus recurvus Deflandre in Deflandre and Fert, 1954 

Lanternithus minutus Stradner, 1962 

Neococcolithes dubius (Deflandre in Deflandre and Fert, 1954) Black, 1967 

Pontosphaera exilis (Bramlette & Sullivan, 1961) Romein, 1979 

Pontosphaera multipora (Kamptner, 1948 ex Deflandre in Deflandre & Fert, 1954) Roth, 1970 

Pontosphaera panarium (Deflandre in Deflandre & Fert, 1954) Aubry, 1986 

Reticulofenestra bisecta (Hay, Mohler and Wade, 1966) Roth, 1970 

Reticulofenestra daviesii (Haq, 1968) Haq, 1971 

Reticulofenestra cf. daviesii (Haq, 1968) Haq, 1971 

Reticulofenestra dictyoda (Deflandre in Deflandre & Fert, 1954) Stradner in Stradner & Edwards, 1968 

Reticulofenestra erbae (Fornaciari et al., 2010) Bown & Newsam 2017 

Reticulofenestra hillae Bukry & Percival, 1971 

Reticulofenestra lockeri Müller, 1970 

Reticulofenestra reticulata (Gartner & Smith, 1967) Roth & Thierstein, 1972 

Reticulofenestra spp. (< 3 µm) Hay, Mohler & Wade, 1966 

Reticulofenestra umbilica (Levin, 1965) Martini & Ritzkowski, 1968 

Sphenolithus cf. furcatolithoides Locker, 1967 

Sphenolithus moriformis (Brönnimann & Stradner, 1960) Bramlette & Wilcoxon, 1967 

Sphenolithus predistentus? Bramlette & Wilcoxon, 1967 

Sphenolithus spiniger Bukry, 1971 

Thoracosphaera spp. Kamptner 1927 

Zygrablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959 


