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Abstract. 
In this paper, the biostratigraphy and sequence stratigraphy of marine Paleogene deposits from the Kopet-Dagh basin (NE of Iran) are described. Particularly the absence of Morozovella genus is discussed. In addition, the Paleocene/Eocene boundary has been studied in detail using the record of planktonic and larger benthic foraminifera. This boundary is located probably within a thin red horizon (~10–15 cm) representing a paleosoil. Close to this boundary is located the base of the calcareous test dissolution interval, with the dominance of agglutinated benthic foraminifera and with a sudden decrease in the richness of benthic foraminiferal species. Biostratigraphic studies led to the identification of 33 genera of larger benthic foraminifera and 5 genera of planktonic foraminifera. Petrographical studies indicate that these sediments, consisting of four carbonate lithofacies (15 subfacies), may have been deposited on a shallow carbonate platform (ramp type). These lithofacies have been deposited in open marine, shoal, lagoon, and tidal flat environmental conditions. Sequence stratigraphic analysis led to the identification of four third-order depositional sequences. The interpreted sea-level curve in the Kopet-Dagh basin can be correlated with Paleocene-Eocene global curves, with a sea-level fall in the latest Paleocene, followed by a sea-level rise in the earliest Eocene.


1. Introduction
Paleogene, as a climatically highly dynamic period, is connecting the ice-free world of the Cretaceous to the glacially dominated world of the Neogene [1]. An abrupt climate warming of 5 to 10 degrees at the Paleocene/Eocene boundary, known as the Paleocene-Eocene Thermal Maximum (PETM), occurred approximately 55.5 Ma ago [1]. It has been mainly linked to the catastrophic release of carbon from sea-floor methane hydrate reservoirs (e.g., [2]). Remarkable stable oxygen and carbon isotope excursions have been detected in Antarctic waters near the end of the Paleocene (~57.33 Ma ago), indicating rapid global warming and oceanographic changes that caused one of the largest deep-sea benthic extinction of the past 90 million years [3]. Despite the lots of studies focused on the Paleocene/Eocene boundary, yet little is known about it in shallow-water setting. During the early Paleogene, the morozovellids and acarininids were immensely successful shallow-dwelling groups. They were well-known surface dwellers within the tropical and subtropical latitudes. Morozovella and Acarinina had similar ecological preferences, occupying the warm, and shallow, mixed layer of the oceans. They had a symbiotic relationship with algae [4–7]. Many biostratigraphers used to place the P/E boundary at the extinction of Morozovella velascoensis, an event that marks the P5/P6 boundary [8]. However, the last occurrence (LO) of M. velascoensis appears to be diachronous; moreover, this species is not present in high latitudes or in shallow-water sections [9]. The extinction of Morozovella and large acarininids is an important event in the history of Cenozoic planktonic foraminifera but it has not been enough studied. The presence of Morozovella genus depends on climatic, marine currents and facies changes. It also depends on sedimentation and diagenetic processes. This study explores the biostratigraphy and sequence stratigraphy of the Chehel-Kaman Formation in central Kopet-Dagh basin using planktonic (without any Morozovella), agglutinated, and larger benthic foraminifera. larger benthic foraminifera (LBF) are major components of many Paleogene carbonate platforms around the world particularly in Paratethys realm. They are photosymbiotic organisms and lived in warm, oligotrophic, and shallow waters within the photic zone. Many works have been focused on Paleocene/Eocene boundary, but preboundary sediments (Late Paleocene) still needs to be studied more in detail especially in shallow-water settings.
2. Geological Setting
The Kopet Dagh as an inverted basin [10] is extended from the east of the Caspian Sea to NE Iran, north Afghanistan and Turkmenistan [11, 12]. Following the closure of Palaeo-Tethys in the Middle Triassic [13] and the opening of Neo-Tethys during Early to Middle Jurassic [12], the Kopet Dagh basin formed during Early to Middle Jurassic [14]. Relatively continuous sedimentation took place from the Jurassic to the Neogene in the Kopet-Dagh basin [11, 15]. This sedimentation was recorded by five major transgressive-regressive sequences [16]. Close to the end of Cretaceous period and beginning of Paleocene, the epicontinental sea regressed toward the northwest and a thick interval of red bed and siliciclastic sediments in early Paleocene age were deposited in fluvial environments (Pesteligh Formation) [16]. During the late Paleocene, the sea level rose rapidly with abrupt shifting of potential siliciclastic point sources toward the central and eastern parts of the basin. This transgression allowed carbonates of the Chehel-Kaman Formation to be deposited [16–18]. Kopet-Dagh basin is very important because it hosts the giant Khangiran and Gonbadli gas fields with the upper Paleocene carbonate in this basin representing one of the producing intervals. Chehel-Kaman Formation with the age of Paleogene is an important formation in Kopeh-Dagh basin at northeastern of Iran. 
2.1. Material and Method
The present study is based on 1 stratigraphic section (Karnaveh section) in Kopet-Dagh basin which is well exposed (Figures 1 and 2). For analyzing planktonic and benthonic foraminifers of the studied section, 230 samples (each about 1 kg) were picked out. In order to identify sedimentary structures and microfossil associations, a total of 49 thin sections from calcareous units were studied using a microscope. In order to determine biozones we used of Planktonic foraminifera see; Permoli et al. [19], and Serra-Kiel et al. [20]. Thin sections were stained by Alizarin red S [21] and were studied using standard petrographic microscope techniques. Carbonate rocks were classified according to Dunham's carbonate classification (1962) and siliciclastic rocks were classified based on Folk's classification (1980). Microfacies analysis was carried out using standard models of Wilson [22] and Flugel [23]. Sequence stratigraphy was interpreted by analyzing surface and lithofacies studies. Carbonate rocks are dominant in Chehel-Kaman Formation; however, in central and western parts of Kopet-Dagh basin this formation mainly consists of shale and marl (open marine shale) with planktonic foraminifera. The larger benthic foraminifera are abundant in the East basin. Our studies show that Kopet-Dagh basin in the West is deeper than in the East.


	
		
	













Figure 1: Outcrop photo of Chehel-Kaman Formation.




	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
			
		
	
	
		
			
		
	
	
		
	
		
	
		
	
		
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
	
		
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		


	
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
			
		
		
			
				
				
			
		
		
			
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
			
			
				
			
			
				
			
		
		
			
				
			
			
				
			
			
				
			
		
	
	
		
			
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
			
			
				
			
			
				
			
			
				
				
			
			
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
			
			
				
			
			
				
			
			
				
				
			
			
				
			
		
		
			
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
	
	
	
		
			
	
	
		
	
	
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 2: (a) Structural geology and geography maps of Iran showing the main sutures, structural units, and geographic areas (redrawn from [31]). AR: Armenia, AZ: Azerbaijan, UZ: Uzbekistan, Yb: Yazd Block, Tb: Tabas Block, Lb: Lut Block, CEIM: Central-East Iranian microcontinent. (b) Location map of the Chehel-Kaman Formation at Karnaveh section.


3. Results
3.1. Lithostratigraphy
Chehel-Kaman Formation in the Kopet-Dagh basin is mainly composed of limestones, dolomites, and interbeds of marls, shales, and evaporites. It conformably overlies the siliciclastic sediments of Pestehligh and underlies the olive shale of Khangiran Formation. Lithostratigraphic studies of Chehel-Kaman Formation show that this formation can be divided into 5 units. In Figures 3 and 4 some outcrop features of Chehel-Kaman Formation are shown. 


	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	


	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	

Figure 3: (a) Gypsum with radial growth that has been seen in the gradual transition Pesteligh To Chehel-Kaman formations. (b) Cross-laminated. (c) Trace fossils (Thalassinoides) in sandy limestone. (d) Herringbone cross-bedding structure that formed at least two surfaces, and it indicates tidal flat sediments. (e) Horizontal lamination structure in carbonate sequenc. (f) Calcareous Conglomerate that is formed of various grains.




	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	


	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	

Figure 4: (a) Thin Paleosol horizon along with the sandy limestones on the top of Chehel-Kaman Formation that considered P/E boundary. It can be traced laterally for ten kilometers. (b) Shell beds of bivalve. (c) Shell beds of gastropods (d). (e) There are large size macrofossils (bivalve) and gastropods in carbonate succession. (f) Stromatolite boundstone.


3.2. Microfacies and Sequence Stratigraphy
Based on petrographic studies 15 carbonate microfacies were recognized in limestone of Chehel-Kaman Formation. These microfacies are grouped into 4 facies association (A, B, C, and D). In addition to these lithofacies, there are two siliciclastic lithofacies consisting of calcareous shale (marl) and calcite-cemented sandstone (facies E and F). The four carbonate lithofacies which are recognized across the outcrops of Chehel-Kaman Formation are (a) quartz-bioclastic mudstones to packstones, (b) bioclast-ooid-pelloid-intraclast grainstones to grainstones-packstones, (c) bioclast-pelloid packstones to wackestones, and (d) dolomudstones-mudstones to boundstones facies with evaporate components. They represent respectively open-marine, shoal, semirestricted lagoon, upper intertidal, and tidal-flat subenvironments within a shallow-marine carbonate ramp depositional setting. 
3.3. Qz-Bioclastic Mudstones to Packstones (Facies A)
This facies is divided into 2 subfacies mainly composed by bryozoans, echinoderms, and fragments of foraminifera (Rotaliids), indicating deposition in an open marine setting. Both subfacies are gray to light, thin to medium bedded limestones along the outcrop. (A1) Qz bioclast packstone subfacies contains 50% Rotaliidae [23] (range diameter from 0.1 to 0.3 mm) and other benthic foraminifera, bryozoans, echinoid, and brachiopod debris. The matrix consists of dark gray carbonatic mud (Figure 5(a)). (A2) Bioclast wackestone subfacies (Figure 5(b)) is similar to A1 subfacies but with less grains. The size of fragment is between 0.5 and 2 mm. 


	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	


	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 5: Microfacies of facies (A): (a) Qz bioclast packstone (subfacies A1) and (b) bioclast wackestone (subfacies A2). Microfacies of facies (B): (c) bioclast pelloid grainstone (subfacies B1), (d) ooid grainstone (subfacies B2), and (e) intramiliolid-pellolid packstone grainstone (subfacies B3). Microfacies (C): (f) bioclast packstone (subfacies C1), (g) pelloid packstone (subfacies C2), and (h) bioclast wackestone (subfacies C3).


This facies is deposited in relatively deep water, under low-energy environment (open marine). 
3.4. Ooid-Pelloid-Bioclast-Intraclast Grainstones to Grainstones-Packstones (Facies B)
This facies can be subdivided into 3 subfacies. The main components are ooid, red algae together with bivalve, bryozoans, echinoderm, brachiopods, and foraminifera. The skeletal grain size is usually large. Along the outcrop belt this facies is characterized by medium-to-thick bedding, light gray in color, and it displays cross-bedding and cross-lamination. The subfacies are (B1) bioclast-peloidal grainstones containing 45% peloid (0.3 to 0.5 mm) and 3% benthic foraminifera (0.5 to 1 mm). There is minor amount of echinoids and brachiopods fragments (less than 2%) (Figure 5(c)); (B2) oolitic grainstone subfacies (Figure 5(d)) characterized by an abundance of ooid and minor amounts of open marine fauna connected by sparite cement. Many ooids have a concentric fabric whereas some have a radial fabric. Cores of ooids consist of foraminifera, bivalve, echinoids, and quartz grains. The ooid average size is 0.7 mm. Some grains, such as bivalve fragments and micrite envelopes, are developed; (B3) intraclast-miliolid-pelloidal packstone-grainstone subfacies (Figure 5(e)) containing 40% peloid, 20% miliolids, and 10% intraclasts. Average diameter of peloids is 0.1 mm. Intraclasts contain a variety of bioclasts that includes bivalves, benthic foraminifera, and detrital quartz grains. This facies comprises a medium-bedded succession of gray bioclastic calcarenite characterized by sedimentary structures such as cross-bedding and cross-lamination. This facies is mostly mud free which can confirm the high energy sedimentary environment. 
3.5. Bioclast-Peloid Packstones to Wackestones (Facies C)
This facies consists of 3 subfacies containing high percentages of grains. In the outcrop this lithofacies is generally light gray to light tan. The subfacies are (C1) bioclastic packstones (Figure 5(f)) characterized by the abundance of skeletal grains such as green algae (3%), benthic foraminifera such as textularia and miliolids (35%), and minor amount (2%) of brachiopods and bivalves. Nonskeletal grains are represented by peloid and detrital quartz; (C2) peloidal packstone subfacies (Figure 5(g)) containing 30% peloids and 5% echinoderms. The diameter of pellets ranges from 0.05 to 0.2 mm; (C3) bioclastic wackestone (Figure 5(h)) consisting of minor amount of bioclastic components (green algae, miliolids, and textularia) and detrital quartz. This facies is interpreted as deposited in lagoonal environment. 
3.6. Dolomudstone-Mudstone to Boundstone with Evaporate Component (D)
This facies is subdivided into 3 subfacies D1, D2, and D3 and is interpreted as the most landward of the carbonate lithofacies. This facies presents thin-to-medium beds of yellow color. The subfacies are (D1) dolomudstone (Figure 6(a)) containing very fine crystalline dolomite. This subfacies is almost barren with scattered fenestral fabric. Few ostracods have been observed; (D2) sandy mudstone (Figure 6(b)) consisting of quartz grain in mud matrix. This subfacies has 15% porosity apparently formed by dissolution in late stage of diagenesis. The presence of fenestral fabric and evaporates indicates that this facies was deposited in an upper intertidal environment; (D3) laminated stromatolitic boundstone subfacies with significant amount of algal fragments and intraclasts that have been derived from fragmentation of stromatolites. Along the outcrop belt, this subfacies is characterized by thin irregular-to-regular laminated strata. 


	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	


	
		
			
				
				
				
			
		
	
	
		
			
				
				
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 6: Microfacies (D): (a) dolomudstone (subfacies D1) and (b) Qz mudstone (subfacies D2). Microfacies (F): (c) Calcareous sandstone (subfacies F1) and (d) Calcareous conglomerate (subfacies F2).


3.7. Shale and Calcareous Shale (E)
Facies (E) consists of thin- to medium-thick beds of calcareous shale (marl) alternated to limestones along all of the sections. This facies can be divided into two subfacies: (E1) subfacies is generally thin- to medium-thick green to gray calcareous shale that contains benthic foraminifera and ostracods; (E2) subfacies is containing gray calcareous shale with thin laminated beds and no fossils content. Moreover in (E2) subfacies, association of gypsum crystals and beds can be observed. On the base of sedimnetological and compositional features, the shales with benthic foraminifera were deposited in an outer ramp setting whereas gray calcareous shale with evaporate sediments and no fossils was deposited in a restricted lagoonal inner ramp. 
3.8. Calcareous Sandstone and Calcareous Conglomerate Facies (F)
This facies consists of two subfacies. F1 is medium-to-thin bedded calcareous sandstone (Figure 6(c)) with trace fossils (Thalassinoides) and macrofossils (bivalves). These deposits are gray to tan in color and have cross-lamination. This facies is interpreted as deposited in a shoreline environment. (F2) subfacies is represented by calcareous conglomerate (Figure 6(d)) with clasts from older formations such as Tirgan or Mozduran Formations. 
3.9. Sequence Stratigraphy
The upper Paleocene and lower Eocene interval consists of four depositional sequences (DS1, DS2, DS3, and DS4), respectively, bounded by type 2 (within the top of underlying Pestehleigh Formation), type 1, type 1, and type 2 sequence boundaries, (Figure 7). Depositional sequence 1 (DS1) is the lowest depositional sequence. It is a fluvial depositional system [16] and its base lies just beneath the top of Pestehleigh Formation early Paleocene age in. This sequence starts with transgressive system tract deposition (TST) that mostly consists of intertidal lithofacies (shale, gypsum, evaporate and deposition) and pass upward into lagoon lithofacies. High stand system tract (HST) deposition occurred after early eustatic fall. HST is a siliciclastic interval that ended with a conglomerate. It can be considered as a sequence boundary type1 (SB1). Depositional sequence 2 (DS2) is associated with a rapid sea level rise that led to the deposition of the carbonate sequence forming the transgressive system tract. Within this HST sequence the deposition of Shale and Marl of facies E and F took place. Also this sequence ended with a paleosol horizon and river channel sediments (conglomerate), which represents a sequence boundary type 1. The paleosol is interpreted as formed during a major sea level fall in the latest Paleocene. The conglomerate is interpreted as channel-fill deposits. The Paleocene-Eocene boundary might correspond to this red paleosol horizon (~10–15 cm) within this Paleogene succession. Depositional sequence 3 (DS3) contains TST with the deposition of shales and marls having planktonic foraminifera, and HST in this sequence is associated with sandstone and sandy carbonate intervals. Shales and marls in this sequence were deposited in open marine setting and consist mainly of planktonic foraminifera. Depositional sequence 4 (DS4) started with deposition of olive shale and marls belonging to the Khangiran Formation. Sea level changes during the late Danian/early Ypresian in the Kopet-Dagh basin are comparable to global changes proposed by Haq et al. [24], with minor differences related to local and regional geological events. The most important diagenetic processes affecting the limestones of Chehel-Kaman Formation are micritization, cementation, compaction (physical and chemical), neomorphism, dissolution, fracturing, and formation of calcite veins, silicification, and dolomitization. 


	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
			
				
			
				
			
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		


	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
				
				
				
				
			
		
	
	
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
			
			
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 7: Lithostratigraphic, microfacies, and sequence stratigraphy of Chehel-Kaman Formation in Central Kopet-Dagh basin.


3.10. Biostratigraphy
Pervious biostratigraphic studies (e.g., [15, 25]) have shown that the Chehel-Kaman Formation was deposited during the late Paleocene (Thanetian). Yet, very few biostratigraphic studies have been done on Paleogene sediments in this basin. Therefore, it is important to investigate more in detail these sequences from the Kopet-Dagh basin in order to solve some biostratigraphic problems. Based on this study it might be probable that the Danian/Selandian boundary coincides with the interruption of carbonate deposition and the shift to siliciclastic sedimentation. A major fall in relative sea level during the late Danian led to the disappearance of bryozoans. There is a few glauconites in the last deposition of Danian interval in these sediments.
The following 5 genera and 9 species of planktonic foraminifera were identified (Figure 8) in the studied section: Parasubbotina varianta, Parasubbotina inaequispira, Subbotina eocaena, Globanomalina ovalis, Globanomalina australiformis, Globanomalina compressa, Globanomalina ehrenbergi, Globanomalina imitate, Globanomalina chapmani, Pseudohastigerina wilcoxensis, and Chiloguembelina trinitatensis.


	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	


	
		
			
				
					
					
					
				
			
		
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
				
			
		
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
					
				
			
		
		
			
				
					
					
					
					
				
			
		
	
	
		
			
				
					
					
					
					
				
			
		
		
			
				
					
					
					
					
				
			
		
	
	
		
			
				
					
					
					
					
				
			
		
		
			
				
					
					
					
				
			
		
	
	
		
			
				
					
					
					
					
				
			
		
		
			
				
					
					
					
					
				
			
		
	
	
		
			
				
					
					
					
					
				
			
		
		
			
				
					
					
					
					
				
			
		
	
	
		
			
				
					
					
					
					
				
			
		
		
			
				
					
					
					
					
				
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 8: (1) Globanomalina chapmani [32], 100 μm, (2) Globanomalina compressa [33], 20 μm, (3) Globanomalina imitata [34], 20 μm, (4) Globanomalina ehrenbergi [35], 100 μm, (5) Globanomalina ovalis [36], (5a), 20 μm, (5b) and (5c), 100 μm, (6) Parasubbotina variant [34], 100 μm, (7) Parasubbotina variospira [37], 100 μm, (8) Pseudohastigerina wilcoxensis [38], 100 μm, (9) Parasubbotina variospira, 20 μm, (10) Chiloguembelina trinitatensis, 20 μm, [39].


Agglutinated foraminiferal assemblages of shale and marl samples have been also studied. Seven species have been identified: Clavulinoides aspera, Clavulinoides trilatera, Clavulinoides amorpha, Clavulinoides angularis, Marssonella cf. nammalensis, Marssonella oxycona, and Spiroplectammina carinata. The foraminifera are not generally well preserved and commonly recrystallized and filled with sparry calcite. While deep-sea benthic foraminifera suffered major extinction across the PETM, benthic foraminifera from marginal and epicontinental basins show less extinction and suffer only temporary assemblage changes. In shallow-water settings, increased biological productivity and anoxia at the seafloor have been documented across the PETM (e.g., [26–29]). An abrupt decrease in diversity close to the P/E boundary at the Chehel-Kaman Formation coincides with an increase in the percentage of certain agglutinated taxa, indicating environmental stress (intense CaCO3 dissolution, high temperature, and low-oxygen conditions). This agglutinated foraminifera assemblage is an indication of neritic paleodepth for the Chehel-Kaman Formation in the studied section. Despite of numerous zonal schemes, stratigraphical studies still face with the problems of global correlation of Paleogene deposits between continents and oceans. These stratigraphical problems are mainly related to discontinuities or several dissolution in the Paleogene sequences. Additionally the composition of planktonic foraminifera assembalges is determined by climate and locally restricted environmental conditions. Therefore the influence of climatic belts and local conditions must be carefully considered in order to understand the composition and distribution of planktonic foraminiferal associations. Chemical and physical factors influencing the presence and distribution of planktonic foraminifera in the ocean waters are salinity, turbidity, currents, and temperature. In this study the absence of Morozovella genus represents a problem to perform standard biozonation. Acarininids and morozovellids have similar ecology, and they need oligotrophic conditions. Interestingly the abundance of larger benthic foraminifera in Kopet-Dagh Basin when Chehel-Kaman Formation has been deposited confirms the presence of oligotrophic conditions. Consequently there are other reasons and then nutrients which must have determined the absence of Morozovella in this basin, likely input of siliciclastic sediments, clay content, and facies changes. Bolli and Krasheninnikov [30] discussed the problems of Paleogene and Neogene biostratigraphic correlations based on planktonic foraminifera. In particular for the Paleogene, they discussed examples from the Caucasus-Crimea and eastern Mediterranean, where faunal differences are related to climatic and facies changes. Actually, in the Crimea and North Caucasus area there are different assemblages of planktonic foraminiferal species found near each other in the same zone. 
Based on studying larger benthic foraminifera (Figure 9), the following taxa have been recognized: Rotalid formular, Daviesina iranica, Valvulina sp., Cuvilierina sireli inan, Laffitteina sp., Hottingerina anatolica, Sakesaria sp., Cidenia soezerii, Pseudocuvillierina sireli, Lokarthia diversa, Ranikothalia sp., Orbitokathina saravensis Sirel, Haymanella paleocenica, Haymanella elongata, Miscellanea juliettae, Miscellanea sp., Miscellanea miscella, Miscellanea primitiva, Akbarina primitiva, Lokarthia sp., Lokarthia conditi, Malatyna dorbneae, Smauyina cruysi, Modocia blayensis, Kathina selveri, Kathina sp., Rotalia trochidiformis, Idalina sinjarica, Austrotrillina eocaena, Raoia indica, Quinqueloculina sp., Operculina subgranulosa, Triloculina sp., Biloculina sp., Textularia sp., Spirolina sp., Rotaliidae indent., Assilina granulose, Storrsella haastersi, and Elphidium sp. 


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		


	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 9: Stratigraphic distribution of the larger benthic foraminifera identified in the studied section (Central Kopet-Dagh basin, Karnaveh section).


Based on the larger benthic foraminifera identifications [20], three Tethyan foraminiferal biozones (SBZ1–SBZ4) spanning from late Danian to late Thanetian interval were recognized in the carbonate of Karnaveh section. The top of the sequence might have been deposited during the Early Eocene based on the identification of planktonic foraminifera. Therefore, based on this study a late danian to early Ypresian age is suggested for the Chehel-Kaman Formation. 
4. Discussion and Conclusions
Biostratigraphy and sequence stratigraphy of Paleogene sediments in northeastern of Iran (Central part of Kopet-Dagh Basin) have been studied in this paper. Petrographical studies indicate that these sediments may have been deposited in open marine, shoal, lagoon, and tidal flat environments within a shallow carbonate ramp depositional system. Based on sequence stratigraphy analysis within the Chehel-Kaman Formation four depositional sequences have been identified, respectively, bounded by type 2 (within the top of the underlying Pestehleigh Formation), type 1, type 1, and type 2 sequence boundaries. Interpretation of sea level curve in this basin can be correlated with global curves during the early Paleogene. The Paleocene/Eocene boundary has been probably recorded as a thin red paleosol horizon (~10–15 cm). Biostratigraphic studies based on larger benthic foraminifera and planktonic foraminifera identifications suggest a late Danian to early Ypresian age for these sediments. The absence of Morozovella genus is interpreted as local changes in environments and dissolution that are coincided with the extinction event in many marine successions in the Parathetys. 
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