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Abstract The dasycladalean content of a Maastrichtian-Paleocene grey limestone succession near Kholm (NW 

Afghanistan) is described. The Maastrichtian beds contain calcified reproductive organs (Russoella parthica n. sp., 

Terquemella globularis Elliott and Terquemella sp.) while the Paleocene beds display a rich assemblage of 

Cymopolia sp., Orioporella malaviae Pia and Jodotella cf. sloveniaensis Deloffre & Radoičić. 
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INTRODUCTION 

 

The authors have had the opportunity to study the 

dasycladalean content of a Maastrichtian-Paleocene 

predominantly carbonate series placed 6 km SW of 

Kholm in the Balkh Province (North West Afghanistan). 

Currently, the occurrence of dasycladaleans is episodic in 

Maastrichtian beds and frequent only in Paleocene ones, 

nevertheless the description of the algal assemblages is 

particularly significant taking into account the paucity of 

such records from this country. 

 

GEOLOGICAL SETTING 

 

The study area (Fig. 1) belongs to the Afghan-Tajik 

basin, which developed in the Early Mesozoic and 

subsided throughout the Mesozoic and Cenozoic (Ishaq 

& Farooqui, 2012; Brookfield & Hashmat, 2001).  

 

 
 

Fig. 1 Location map of the studied series near Kholm (Balkh 

province, N Afghanistan). 

It is composed of a succession of post-Jurassic and 

Tertiary sedimentary cover. The Lower Cretaceous 

interval contains clastic rocks, including sandstones and 

clay mudstones with subordinate limestone and anhydrite 

interbeds (Klett & Steinshouer, 2006). Late Cretaceous 

sediments are widespread and consist in marine, lagoonal, 

and continental deposits. Coarse grained rocks are 

distributed near the southern and eastern margins of the 

Afghan–Tajik basin and indicate a nearby uplift 

(Burtman, 2000). Only in Maastrichtian-Paleocene 

interval did the sea cover the entire North Afghanistan 

platform (Abdullah & Chmyriov, 2008). The 

Maastrichtian-Paleocene deposits are predominant and 

mark the peak in its evolution (Abdullah & Chmyriov, 

2008). In the northern part of the country, there are 

wholly marine platform facies similar to Late Cretaceous 

deposits from Russian Central Asia (Abdullah & 

Chmyriov, 2008). Eocene rocks conformably overlie 

Paleocene rocks over most of the Afghan-Tajik basin and 

represent the last marine conditions (Klett & Steinshouer, 

2006). These are unconformably overlain by Neogene 

rocks.  

Within the wider area of the studied section, Late 

Cretaceous sandstone, shale and siltstone, Late 

Cretaceous/Paleocene limestone and dolomite and 

sandstone are overlain by Eocene clay and shale (Fig. 2). 

They are unconformably overlain by Middle Miocene 

clay and siltstone. The Quaternary sedimentary cover is 

composed mainly of Pleistocene and Holocene 

continental deposits. 

Our study focuses on dasycladaleans green algae from 

Maastrichtian and Paleocene carbonate sediments of the 

south Afghan-Tajik basin. These limestones record the 

last maximum transgression of the Tajik Sea, a bay of the 

wide Turan Sea (Burtman, 2000; Klett & Steinshouer, 

2006; Abdullah & Chmyriov, 2008).  

The Maastrichtian-Paleocene calcareous succession is 

115 m thick cropping out about 6 km SW of Kholm in 

Balkh province (NW Afghanistan). It lies over Upper 

Cretaceous grey shales intercalated with light sandstones 

and can be subdivided into three units: 
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a) 60 m of dark grey, thin bedded limestone (early 

Maastrichtian). The first ten meters contains a rich 

assemblage of Orbitoides spp., Siderolites 

calcitrapoides, Praesiderolites vidali (Fig. 3a). The 

following 50 m consist of bryozoan rich packstones 

(Fig. 3 b-c). Fine-grained packstones show poor 

rotaliid assemblage. 

b) 25 m of very dark grey, medium to thick-bedded 

limestone (middle-upper Maastrichtian). Radiolitids, 

bryozoans, anellids are commonly present. 

Siderolites calcitrapoides and Cuneolina aff. 

pavonia occasionally occur. 

c) 30 m of intercalation of red sandstone and light grey 

medium-bedded limestone (Paleocene). It consists 

of packstone and grainstones with foraminifers 

(Miscellanea spp. and miliolids, Fig. 3 d), 

dasycladaleans, corals, bryozoans and rare, not 

articulated corallinaceans and Thaumatoporella. 

 

 
Fig. 2 Stratigraphic column of the studied series cropping out 6 

km SW of Kholm (Balkh province, N. Afghanistan). The 

asterisk specifies the horizon with Russoella parthica n.sp. 

 

MATERIAL AND METHODS 

 

The material is composed of 35 thin sections from 30 

samples taken. Two samples of the Maastrichtian units, 

T13 and S4, contain dasycladalean remains, while only 

one, Sh6, dates back to the Paleocene. All the algae have 

been studied in thin sections. The thin sections are 

deposited at the Dipartimento di Scienze della Terra 

dell’Ambiente e delle Risorse, University of Naples 

Federico II (Barattolo collection). 

PALEONTOLOGY 

 

Genus Russoella Barattolo 1984 

The genus was established by Barattolo (1984) as 

parataxon in order to take account of isolated 

reproductive organs displaying a shape similar to those 

occurring in the genera Zittelina and Triploporella, but 

the identification of the native alga is unable. He 

diagnosed that they were small, relatively flattened 

lenticular bodies containing a limited number of globular 

cavities situated on the equatorial plane and that the 

fossils could most likely be ascribed to dasycladalean 

reproductive organs and the cavities to the space 

occupied by the cysts.  

The typical planar arrangement of cysts and the fact that 

all cavities open to the equatorial zone mark the main 

features of the genus, may be related to an analogous 

mechanism of cyst production, although in a separate 

phyletic context. In time, the genus enriched of further 

species: Granier and Deloffre (1993) referred to 

Russoella the species Terquemella (?) triangularis 

Ramalho (1971: p.180, pl. VIII fig. 3, pl. XXXII figs. 1-

3); Dragastan and Richter (2003) describe two new taxa 

(Russoella iginiodieni and Russoella circularis). 

Dispersed in the micrite of bryozoan-rich packstone (S4 = 

sample BA.4250), several small calcareous bodies 

showed the distinctive aspect of sections of Russoella 

(see Barattolo, 1984, fig. 11). 

 

Russoella parthica n. sp. 

Fig. 4; Fig. 5 a-k, l (left specimen), m-n;  Fig. 7 

 

Origin of the name: from Parthia, historical region of the 

Arsacid dynasty, rulers of the Parthian Empire (247 BC – 

224 AD). 

 

Holotype: Specimen in equatorial oblique section drawn 

in Fig. 4 d  and figured in Fig. 5 d. Thin section BA.4250 

(=S4) 

 

Paratypes: Specimens from the thin section S4 

(=BA.4250), illustrated in Figs. 4 a-c, e and Figs. 5 a-c, e-

n. 

 

Depository: The material is deposited at the Dipartimento 

di Scienze della Terra dell’Ambiente e delle Risorse, 

University of Naples Federico II (F. Barattolo collection).  

 

Type-locality: The stratigraphic section is located about 6 

km SW of Kholm (Latitude: 36°39' N, Longitude: 67°40' 

E) in the Balkh Province of North Western Afghanistan. 

 

Type-level: Very dark grey, medium to thick bedded 

limestone (packstone to wackestone). The level consists 

of a bryozoan rich packstone with rudist shell fragments. 

 

Diagnosis: Small lenticular calcareous bodies usually 

containing three to four radially arranged ovoid cavities 

set on the equatorial plane. The equatorial section 

displays a subtriangular to subquadrangular shape 

according to the number of cavities, with an occasional 

circular contour. The radially arranged cavities exhibit an 

oval outline where the most tapered end is set outwards.  
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They are open all around the equatorial zone. 

Calcification separates the cavities with rather thin 

calcareous walls, increasingly massive toward the center; 

the external surface between cavities is convex to slightly 

concave, thus, in the equatorial section, the outer outline 

assumes a circular to subpolygonal contour. 

The axial section is elliptic in shape with convex polar 

zones. Two cavities open outwards and are placed at both  

 

ends of the major axis. The equatorial diameter (de) is 70-

220 m, the axial diameter (da), detected in fewer 

specimens, is 75-90 m. The radial diameter of the cyst 

cavity (ar) is 40-80 m, while the transversal diameter 

(at) is 50-65 m.  

Description: The general shape of Russoella parthica is 

roughly lenticular. In the equatorial section, the shape can  

 
 
Fig. 3 Microfacies from the Kholm series. a Foraminiferal packstone (Siderolites calcitrapoides, Praesiderolites 

vidali, Orbitoides spp., rotaliids), sample BA.4258, Maastrichtian; b Bryozoan packstone, sample BA.4266 

Maastrichtian; c Bryozoan packstone, sample BA.4267, Maastrichtian; d Foraminiferal packstone (Miscellanea sp., 

echinoid fragments), sample BA.4285, Paleocene (probably Selandian). Scale bar = 1 mm. 
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Fig. 4 Russoella parthica n. sp., middle-late Maastrichtian, 

Balkh province (N Afghanistan), sample S4 (= BA.4250); a-e 

drawing of specimens in various sections. 

 

be approximated to a regular polygon. This is 

fundamentally related to two factors: the number of cysts 

and the apparently reduced peripherical calcification, so 

that the usual number of four cysts makes the outline 

assume a subquadrangular shape, and the number of three 

produces a subtriangular shape as occurs in Russoella 

triangularis (Ramalho) Granier & Deloffre (1993). 

Transverse (not centered) sections (e.g. Fig. 4 b, Fig. 5 b) 

show a more rounded subquadrangular outline. In 

comparison to Russoella radoiciciae, no section 

contained five or more cysts. However, taking into 

account the small number of specimens available, their 

occurrence cannot be excluded. Actually some oblique 

sections with a high numbers of cavities were observed 

(e.g. Fig. 5 o-p) and were, with some reservation, referred 

to either Terquemella or to Russoella.  

In the equatorial plane the three-cysted reproductive 

organs show almost circular to radially compressed 

elliptic cavities (Fig. 5 a, e-f). The four-cysted 

reproductive organs have circular (Fig. 5 c) to radially 

elongated oval cavities whose tapered end is directed 

outwards (Fig. 5 b, d). The cysts are all arranged on the 

equatorial plane. The planar arrangement can be deduced 

from Fig. 5 h-n representing axial to tangential cuts as 

shown in Fig. 6.  

Taking into account the considerations made by Barattolo 

(1984) a comparative reconstruction of Russoella 

radoiciciae and R. parthica n.sp. is supplied (fig. 7). 

 

Comparisons and discussion on the taxonomic position of 

Russoella iginiodieni and R. circularis: The shape of 

three-cysted specimens of the new species is very similar 

to Russoella triangularis (Ramalho). The shape of this 

latter species was originally assumed to be pyramidal, but 

the oblique sections visible in pl. VIII fig. 3 (Ramalho, 

1971) suggest a lenticular shape as in Russoella parthica. 

The equatorial diameter of the reproductive organ (95-

150 m in R. triangularis and 70-220 m in R. parthica) 

and the number of cysts (3-4) are probably comparable in 

both species, but cysts of R triangularis are smaller than 

R. parthica (35-45 m instead of 50-65 m). Russoella 

parthica is on average, especially for biometry of cysts 

cavities, larger than R. radoiciciae Barattolo, conversely 

however, the number of cysts is lower (3-4 instead of 3-

8); in the equatorial section R. radoiciciae shows a 

rounded contour independently of the number of cysts 

(e.g. Barattolo, 1984: pl. 1, figs. 1-6) whereas R. parthica 

is often subpolygonal (Fig. 7). 

Moreover, Dragastan and Richter (2003) describe two 

new taxa ascribed to the genus Russoella (R. iginiodieni 

and R. circularis). In thin section Russoella iginiodieni 

appears as quadrangular to irregular calcified bodies, 

occasionally with sharp corners (e.g. Dragastan and 

Richter, 2003: pl. 7, fig. 7 r); accordingly, the general 

shape should be more or less prismatic (not ellipsoidal as 

in Russoella). Moreover the rounded cavities contained 

inside are grossly set at the periphery, but they do not 

open outwards, and there is no evidence of such cavities 

being arranged on the same plane.  Consequently, such 

taxon is not considered to belong to the genus Russoella 

and has tentatively been assigned to Terquemella 

[Terquemella (?) iginiodieni].  

In thin section Russoella circularis shows a circular to 

elliptic outline, all cavities are arranged close to the 

periphery and sometimes open outwards (e.g. Dragastan 

and Richter, 2003: pl. 6, fig. 15 r). The holotype 

(Dragastan and Richter, 2003: pl. 6, fig. 13) displays a 

clear elliptic shape. The cavities contained inside are 

elliptic in shape and all oriented according to major axis 

of the specimen. In our opinion also this taxon should be 

excluded from the genus Russoella and tentatively set in 

the genus Coptocampylodon [C. (?) circularis] until 

further research can clarify its general shape.   

 

Stratigraphic and palaeoecological distribution: 

Currently, the new species is recorded in the middle-

upper Maastrichtian of type locality. Taking into account 

the sedimentological data, the alga probably populated 

the shallow-marine environments in the open shelf 

environments of the Afghan-Tajik basin. 

 

Terquemella sp. 

Fig. 5 l (right specimens), o-r; Fig. 8 a-c 

In sample S4, assembled with Russoella parthica, there is 

a rather small lenticular Terquemella. The size is similar 

to, but even smaller than the previous species, about 120-

170 m in diameter (de) and 70m in thickness (da). It 

displays ellipsoidic cavities 35 m long (ar) and 25 m 

large (at) that are arranged radially around the surface of 

the little calcareous body, but in higher concentrations 

near the equatorial zone. The number of specimens and 

the size do not allow a more detailed description or an 

attibution to a known species. 

 

Terquemella globularis Elliott 1956 

Fig. 5 u-v; Fig. 9 a-b 

Another Terquemella (sample T13) also occurs in the 

Maatrichitian, which is moderately large, most likely 

subspherical and more or less irregular. The diameter (de) 

is 330 m with spherical cysts of 40 m in thickness (at). 

14 cysts can be counted in transversal section. Its general 

shape and size allow relating such taxon with 

Terquemella bosnae Radoičić (1992), but this latter 

species displays a greater number of cysts. As to size, 

shape and number of cysts, these calcified bodies seem 

more appropriately assigned to Terquemella globularis 

from the Paleocene of Iraq.  
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Fig. 5 Russoella parthica n. sp. a-c, e-k, l (left specimen), m-n paratypes; d holotype, middle-upper Maastrichtian; 

a-g, equatorial to transversal sections, h-i, respectively oblique and axial sections, j-n, tangential and marginal 

oblique sections. o-p Terquemella sp., oblique, not centered sections, middle-upper Maastrichtian. l (right 

specimen), q, r Terquemella sp.; l (right specimen), oblique section; q, r, respectively axial or tangential and 

transversal sections, middle-upper Maastrichtian. s, t Jodotella cf sloveniaensis Deloffre & Radoičić, oblique 

sections, Paleocene. u, v Terquemella globularis Elliott, axial and tangential sections respectively, lower 

Maastrichtian. 

Thin sections: a-r: S4 (= BA.4250), s, t: Sh6 (= BA.4258), u, v: T13 (= BA.4244). Locality: environs of Kholm (N 

Afghanistan). Scale bar: a-c, e-r = same of d; v= same of u. 
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Fig. 6 Type of sections of Russoella radoiciciae (from 

Barattolo, 1987, modified). E, equatorial; A, axial; Tr, 

transversal; Oc, oblique centered; Onc, oblique not centered; 

Tes, tangential external symmetrical; Tis, tangential internal 

symmetrical; Tia, tangential internal asymmetrical. 

 

Jodotella cf sloveniaensis Deloffre & Radoičić 1979 

Fig. 5 s-t  

A cylindrical alga with strong phloiophorous primary 

laterals occurs in the Paleocene (sample Sh 6 = BA. 

4258). Large gametangia are set aside to primary laterals. 

The general shape of the alga is similar to Jodotella 

sloveniaensis Deloffre & Radoičić. However, the size 

appears to be larger: D = 0.8 - 0.9 mm vs. 0.4 - 0.65 mm, 

d = 0.28 – 0.30 mm vs. 0.2 – 0.275 mm. Biometrical 

difference, the poor state of preservation and the paucity 

of material available do not allow confirmation of the 

attribution, therefore the taxon is given in open 

nomenclature. 

 

 
 

Fig. 7 Comparative reconstruction of Russoella radoiciciae 

Barattolo (a, b) and Russoella parthica n. sp. (c, d); a, c, axial 

sections, b, d, equatorial sections. 

 

 
Fig. 8 Terquemella sp., middle-late Maastrichtian, Balkh 

province (N Afghanistan), sample S4 (= BA.4250); a-c drawing 

of specimens in various sections. 

 

Cymopolia sp.  

Fig. 10 a-c, e-f  

The Paleocene algal sample Sh 6 (= BA.4258) contains 

frequent remains of an articulated and corticated 

dasycladalean (Fig. 10 a) of moderate size (D = 0.53 – 

1.0 mm, d = 0.28 – 0.40 mm). The alga can be compared 

to Indopolia satyavanti Pia, but the articulation excludes 

such attribution. Most of the articles have to be 

considered sterile because they do not display evidence of 

reproductive organs (figs. 10 b, e-f). Only a few show 

traces of gametangia (fig. 10 c). Primary laterals are 

rather short and are followed by long secondary laterals. 

The number of secondary laterals per primary cannot be 

detected with certainty; there are probably more than two. 

It would seem that a single gametangium is attached to 

the primary lateral.  The taxon is assigned to the genus 

Cymopolia. 

 

 
 

Fig. 9 Terquemella globularis Elliott, early Maastrichtian (W 

Afghanistan), Balkh province (N Afghanistan), sample T13 (= 

BA.4244); a-b drawing of specimens in various sections. 

 

Orioporella malaviae Pia 1936 

Fig. 10 d, g 

This taxon is well recorded in the Paleocene, probably 

occurring in the SB1 (upper part) - SB3 interval 

(Barattolo, 1998). The alga is found as isolated discs. The 

oblique section of Fig. 10 d clearly shows the perforated 

upper and lower walls of the fertile disc, whereas the 

partitions between gametangia are imperforate. 

 

CONCLUSIONS 

 

The order Dasycladales, with the exception of Kaever’s 

paper (1969) on Middle Eocene, is otherwise poorly 

recorded from the Late Cretaceous-Tertiary of Afghan 

area. The present study is a contribution to knowledge of 

Maastrichtian-Paleocene dasycladalean algae from area 

of    North    Afghanistan.    The   dasycladalean    content  
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of the Maastrichtian-Paleocene grey limestone succession 

near Kholm (N Afghanistan) documents the occurrence 

of calcified reproductive organs Russoella parthica n.sp., 

Terquemella globularis Elliott and Terquemella sp. in 

Maastrichtian beds, whereas a rich assemblage of 

Cymopolia sp., Orioporella malaviae Pia and Jodotella cf 

sloveniaensis Deloffre & Radoičić is recorded from 

Paleocene. 
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