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Abstrctct. Carbon replicas of calcareous nannoplankron (mainly coccolirhs) from 

an Upper Eocene limesrone of Syria yield srrucrurally derailed elecrron micro· 

graphs of some previously described species, three new species ( Cyclolithellct SJ-

1·iactts; H elicospbaera eupbrcttis, and Ericsonia besslandii), and one new subspecie3 

(H eliocosphaera seminulmn ·recta). A dolomirizarion analysis made by Mr. H . 

BERG on a coccolirh-bearing core shows that samples with more than 5 percent 

dolom irizarion rarely yield well preserved specimens. 
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INTRODUCTION 

The purpose of thi s paper is ro describe the most character istic species of 

coccoliths and other calcareous nannoplankron occurring in an Upper Eocene 
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limesrone from Syria. Both fossil and living coccoliths (family Coccolithophoridae), 

along with other nannoplankron, have recently received great attention from many 

workers in the field. The importance of the fossil forms for srrarigraphic zoning 

has been shown by various authors, e. g. BRAMLETIE and RIEDEL (1954), BRAM

LETIE and SULLJVAN (1961), STRADNER and PAPP (1961), STRADNER (1963), 
BRAMLETIE and MARTINI (1964), COHEN (1964). 

Until recently, taxonomy of the calcareous nannoplankron was primarily 

based on light microscope descriptions. Fossil birefringence and extinction 

figures under the crossed nicols in a polarizing microscope have been considered 

important identification criteria. The fact that the light microscope description 

can sometimes lead ro erroneous designations has become evident now that the 

electron microscope is being increasingly used for such studies: DEFLANDRE and 

FERT (1952, 1954), BLACK and BARNES (1959, 1961), HAY and TOWE (1962), 
KAMPTNER (1963), BLACK (1963, 1964), BRAMLETIE and MARTINI (1964), 
and COHEN (1964, 1965). Although better and more detailed descriptions can 

be made with the aid of an electron microscope, including the descriptions of 

forms smaller than about 4 ,u, electron microscope observations may present 

many new taxonomic and technical problems. In addition ro the problems 

mentioned by BRAMLETIE and MARTINI (1964, p . 293-294) and COHEN (1965, 
p. 8-9), it is noticed that due ro the carbon replication of the original specimen, 

there is no way ro overturn and observe the features of rhe opposite side 

of a specimen, as can be done under the light microscope. This can at rimes 

lead ro fau lty designations, as rwo different looking forms may in fact be 

rhe opposite views of the same species, and vice versa. In addition, many of the 

important features of a species described originally with the aid of a polarizing 

microscope may nor be visible under the electron microscope. The usefulness 

of the electron microscope for more derailed descriptions cannot be doubted ; 

however, its usefulness in solving the many complex problems of taxonomy 

will remain limited, until most of the light microscope descriptions have been 

revised. A new classification of the calcareous nannoplankron could then be 

attempted, based both on light and electron microscope observations. 

Variability in the shapes of the plates during the motile and non-motile 

life cycles of a species, as shown by PARKE and ADAMS (1960), also makes 

the presentation of a natural classification for fossil coccolithophorids very 

difficult. Unlike the Jiving coccolirhs, in which case the two life cycles can 

be observed closely under laboratory conditions, this problem in case of fossil 

forms seems insolvable. However, as mentioned by BRAMLETIE and MARTINI 

(1964, p. 297), " ... these taxa (based on fossil skeletal remains), nevertheless, 

can continue to be applicable in biosrrarigraphy, where geographic and rime 

distributions of the identifiable forms are the primary prerequisites for inter

pretations." 
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DESCRIPTION OF MATERIAL 

The present samples came from two boreholes at the site of an earth dam ro 

be built on the Euphrates river near the vi ll age of Tabqa, some 50 km west 

of the rown Raqqa in the NW Syria (fig. 1) . A series of boreholes were made 

at the site by the Swedish firm "Vattenbyggnadsbyd\n" over the years 1962 to 

1964 as part of a preliminary investigation ro study foundation conditions at the 

dam site. During this time samples were collected by Mr. H . BERG from various 
levels of the boreholes nos. VB12 and VB40, the holes being located on the 

scarpmenr of the river and at the foot of the scarpment, respectively. Hole VB12 

was bored vertically downwards, whereas VB40 was inclined 60 degrees ro the 

N 70° E. The two cores taken rogether more or less completely cover the 

strata from elevations 170 m above sea level to 312 m, with only about 5.3 m 

missing in between them. 

Core VB1 2, which was studied mainly ro check the effects of rock dolomitiza

tion on coccoliths, contains yellowish, oxid ized limesrone which has been dolo

mitized ro various degrees. The water table in the area is 254 m above sea level , 

with all samples in VB 12 from this level upwards being somewhat oxidized. 

Carbonate dolomitization varies from less than 5 percent ro more than 90 percent. 

Samples at 43.15 m and 58.10 m depths of this borehole provide specimens which 

are well enough preserved for identification purposes. Other levels yield either 

very poorly preserved specimens or none at all. 
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Fig. 1. Location of village Tabqa where the samples were collected from drillings. 
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Samples from rhe core VB40 are greyish mar! limesrone rhar show no signs 

of oxidation. They are either only very slightly dolomirized or not ar all. Most 

levels yield poorly preserved ro relatively well preserved coccolirhs; however, 

the best specimens come from the sample ar 9.15 m depth. This is rhe only 

level ar which the nannoplankrons were studied in derai l, and all the specimens 

pictured in this paper came from rhis level. 

A dolomirizarion analysis of core VB12 was done by Mr. BERG. It was observed 

that the samples with more rhan 25 percent dolomirization of the carbonate 

content very rarely yield coccolirhs. Those with dolomirization from 15 ro 25 

percent yield only very poorly preserved specimens. Where dolomirizarion is 

between 5 and 15 percent, rhe rock yields comparatively better preserved 

nannoplankron in which the features are clear enough ro allow generic identifica

tion only. Samples with less than 5 percent dolomite yield good specimens, 

although they may show some recrysrallization. le was also observed that either 

delicate large species or very minute ones are effected first by dolomirizarion , 

whereas medium sized species (from about 5 ro 10 ,11 ) persist longer than rhe 

others. Three dimensional forms, such as Discoasters and Rhabdoliths, are also 

destroyed early in the dolomirizarion process. 

Foraminifera and larger fossils from various levels in rhe srratigraphic section 

have been studied by Russian palaeontologists, working at the dam sire or in rhe 

USSR (manuscript only) . According ro these workers, the rocks at the level 

9.15 m level of core VB40 belong ro their subdivision Pg2 '\ or the Upper 

Eocene. V. KRASHENlNNIKOV studied the smaller Foraminifera and found such 

species as Globigefina corpulenta SUBB., G. 1·ohri. BOLL., Globomtalia cocoaensiJ 

CUSHM., H antkeni.na suprasttt?tralis BRONN., Anornalinct granosa (HANTK.), 

Plamdina costata (HANTK.), Margimtli11a behmi (RE USS), Siphonodosaria annuli

/era (CUSHM. and BERM.), Clavuli.noides szaboi. (HANTK.), and Bolit·ina antegressa 

SUBB. . NEMKOV who identif ied the larger Foraminifera found Nummztlites 

incrassatzts DE LA HARPE, N. twiolarim LAMR. ere. L KAKHANOVA and N . 

MIRONOVA identified Pecten livoniana BLANCK., and P. qttiqttepm·titt~J BLANCK . 

In addition, other pelecypods as well as sea urchins of the Upper Eocene were 

found. 

The present sample provides some relatively well preserved species of coccoliths, 

such as Coccolithtts mctrismontium BLACK and C. nwiri BLACK, reported earlier 

only from the Middle Eocene, and here reponed for the first rime from land 

drillings. Cyclococcolith11S dictyodtts (DEFLANDRE and FERT) HAY and TowE, 

Coccolithus dttpott;•i (DEFLANDRE and FERT), C. eopelagicus (BRAMLETTE and 

RrEDEL) are present, although not so well preserved. Three new species, Ericsonia 

hesslandii, C;,clolithella. S)'riacus, and H elicosphaera euphratis, and one new sub

species, H elicosphaera semi.nulmn recta, are described. 

Contrary ro what might be expected from an Upper Eocene sample, this 

sample produced very few specimens of such three dimensional forms as 
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Discoasters and Rhabdoliths. Those seen were highly fragmented. This could 

be due to the poor state of preservation of the material. 

METHODS OF I N V EST IGATION 

The common techniques of electron microscopy have been used. Since the 

electron beam cannot penetrate the ca lcite of the calcareous nan noplankton , 

carbon replicas of the original specimen were instead used for study. Preparation 

of such replicas was carr ied out in the following steps: 

1. A sma ll portion of the rock is crushed into a fine powder and treated with 

a 4 percent hydrogen-peroxide solution for a period of 10 to 20 hours. This 

cleans the coccoliths and brings them out into suspension. 

2. H ydrogen-peroxide is removed when the mater ial has settled down, and 

dist illed water is added. U ltrasonics can be applied at this stage for further 

dispersion of the coccoliths from the rock, the time and frequency at which the 

ultrasonics are used being variable, depending on the hardness of the material. 

3. To rid the sample of impurities, such as clay particles between the two 

discs of the coccoliths or on the surface, sodiumhexametaphosphate is used at 

this stage - a method suggested by Dr. M. BLACK, Cambridge. A few drops 

of very dilute (about 4 percent) hexametaphosphate is added, and the suspension 

is shaken well before being left to settle for a period of 24 to 48 hours. Longer 

cleansing and settling periods may be required for some samples. Coccoliths 

slowly set tle down at rhe bottom to form a thin white film, while clay particles 

go into suspension. At this stage the suspension is short-centrifuged in order 

to concentrate the nan noplank ton and to remove fine detrital particles. 

4. A drop of suspension is spread evenly on a g lass slide and left to dry. 

After the water ha evaporated completely, the sediment on the sl ide is shadowed 

with platinum in a high vacuum evaporator, the slide being held at an angle of 

about 60 degrees relat ive to the electrodes of the evaporato r. A thin film of 

carbon (about 500A) is then deposited over it. The shadowed film is removed 

from the glass slide by placing the slide slowly in a bath of 7 percent hydrochloric 

acid solution, the film then being left to float for about 30 minutes to dissolve 

the calcite of the coccoliths. After washing over distilled water, the film is 

floated in about 4 percent hydroflouric acid solution for 24 hours to dissolve 

any clay minerals and other silicates. The film is fin ally washed over distilled 

water several t imes and small portions of it are picked up on electron microscope 

copper grids (200 mes h) and left to dry. 

All the grids were studied in a Zeiss EM9 electron microscope. The shadowed 

side of the carbon film was kept upwards facing the electron beam in all cases. 



28 U. Z. BILAL UL HAQ 

TERMINOLOGY 

Most of the terms used are those proposed by BLACK and BARNES (1959) . 

Each disc of a coccolith is designated as a shield, and the term ray or crystal ray 

is used for each of the fine elements of which the shields are composed. Instead 
of the terms "convex" and ··concave", or "upper" and "lower" for the shields 

of a coccolith, the simpler terms smaller and lat-ger are used. Internal and external 

views denote the side on which a coccol ith was attached to the coccosphere 

in the living condition and the side which was free facing outwards, respectively. 

TYPIFICATION 

In accordance with normal practice for carbon replicas, the holorypes, paratypes 

or the hypotypes of the species described bere are electron microscope photographic 

negatives, identified by their serial numbers and deposited in the type collection 

at the Geological Inst itute, the University of Srockholm. 

SYSTEMATIC D ESC RIPTION 

Family COCCOLIT HOPHORIDAE LOHMANN 1902 

Genus Coccolithus SCHWARZ 1894 

Co ccolithus marismontium BLACK 1964 

Pl. I, figs. 1, 2 

1964 Coccolithus marismontium nov. spec. BLACK, p. 309; pl. 51, figs. 1, 2; 

pl. 52, fig. 3. 

REMARKS. - Subcircular to circular coccoliths in which the smaller shield covers 

almost 3/ 4 of the larger shield. Each shield consists of 35 tO 55 thin rays 

which curve slightly towards the periphery and the central opening. The central 

opening is a large circular tube with a diameter about 1/6 of that of the whole 

coccolith. In some specimens studied the rim of the smaller shield is either 

partly or completely broken off. The diameter of the larger shield varies from 

3.0 to 9.5 p, which is a wider range than that mentioned by BLACK. 

DISTRIBUTION. - Abundant in the present sample of Upper Eocene of Syria. 

Reported here for the first time from land drillings. Earlier reported by BLACK 
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(1964) from Ocean drillings from the Middle Eocene of Galicia Bank (off the 

west coast of Spain), Muir Seamount (NE of Bermuda) and other Pacific 

drillings. 

Coccolithzts muiri BLACK 1964 

PJ. I, fig . 3; pi. IV, figs. 4, (?) 5 

1964 Coccolithus mztiri nov. spec. BLACK, p. 309; pi. 50, figs. 3, 4. 

REMARKS. - The rays of the larger shi eld are composed o f long, straight and 

regularly arranged crystals surrounding a relatively flat and low central area 

which covers, in most cases, less than 50 percent of the tOtal diameter, and is 

filled with irregularly-s haped gran ules. The number of rays varies from 27 to 

40. The central opening is slot-like. The sp ecimen picrured on plate 4, fig . 5 

is probably an intermediate form between C. mttiri and C. lttsitanicus BLACK 

1964, as it has at least some features of both these species. For example, the 

central area is constructed like C. l11sitcmictis: the saw-tooth margin of the central 

area is clearly seen. Other features such as the central opening, the number 

of rays, and the elliptical shape are more like C. mzti1·i. For these reasons these 

two species are believed to be very closely related to each other. 

DISTRIBUTION. - Abundant at VB40 level 9.15 m . Reported from Middle 

Eocene of Muir Seamount (NE of Bermuda) and Galicia Bank (off the west coast 

of Spain) by BLACK (1964). 

Coccolithzts eopelagicttS (BRAMLETIE and RI EDEL) BRAMLETIE and SULLIVAN 1961 

PI. I, fig . 4; pi. II, fig. 4; pi. V, fig. 6 

1954 T remalithus eopelagicus n. cent. BRAMLETIE and RrEDEL, p . 392; pi. 38, 

figs. 2 a, b. 

1961 Coccolithus eopelagicus (BRAMLETTE and RIEDEL) BRAMLETIE and SUL

LIVAN, p. 140. 

1963 Coccolithzts eopelagiczts (BRAML ETIE and RIEDEL) n. comb. KAMPTNER, 

p . 156--157; text fig. 12; pl. 3, fig. 23. 

1965 Coccolithus aff. C. eopelagicus (BRAMLETIE and RIEDEL), LEVIN, p. 266; 

pi. 41, figs. 4, 5. 

REMARKS. - The state of preservation of this species is usually poor. In most 

cases, the rim of the smaller shield is broken off. Comparatively well preserved 

specimens show an elliptical tO subcircular form with a wide slot-like central 

opening surrounded by rectangular crystals. The size of the central opening is 

not so big as mentioned by KAMPTNER ( 1963). In the present sample the larger 

diameter of this species varies from 6.6 tO 10.0 fl· Specimens larger than this 
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were found only in a fragmentary state. The length of the central opening can 

vary between 1.5 and 2.0 ,u. In most cases the ratio of the larger shield to the 

smaller is 7 : 5. 

DISTHIBUTION. - Abundant at 9.15 m level of VB40. Reported from Middle 

Eocene and Lower Oligocene of ''many parts of the world'' (BRAMLETTE and 

RIEDEL, 1954), and from Paleocene, Eocene and Oligocene of deep sea deposits 

of the Pacific (KAMPTNER, 1963), and Eocene of Mississippi (LEVIN, 1965). 

Coccolithus dupouji (DEFLANDRE and FERT) n . comb. 

PI. IV, figs. 2, 6; pi. V, figs. 1, 2 

1952 Disco/ithtts dupo~tyi DEFLANDRE and FERT, p. 2101, fig. 1 (no descrip-

tion ) . 

1953 Discolith!ts dupoztji DEFLANDRE and fERT, p. 308; pi. 4, fig. 4. 

1954 Disco/ithm dttpottyi DEFLANDRE and FERT, p. 28; pi. 14, figs. 1, 9, 10, 12. 

1962 Cyatbospbaera dupouyi (DEFLANDRE and FERT) HAY and TowE, p. 509; 

pi. 3, figs. 1-4. 

DISCUSSION. - This species is here placed under the genus Coccolitbtts, because 

it justifies the requisites of this genus, and the author sees no reason to place 

it under the taxon C')'athosphaera HAECKEL (1894), as the taxon Coccolithlls 
ScHWARZ ( 1894) would be still valid even if some of the forms described under 

the original genus belong to other genera (see HAY and TowE, 1962, p. 506). 

REMARKS. - These are elliptical coccoliths in which the smaller shield is 

almost completely covered with irregularly shaped granules, giving it a net-like 

appearance. In the specimens of the present sample the net-like appearance of 

the central area is to some extent obscureJ due to recrystallization, and it gives 

instead a mosaic-like pattern. The smaller shield covers from 65 to 75 percent of 

the total area. of the larger shield. The rays of the larger shield are straight, 

each overlapping almost 50 percent of the preceding one. Both the shields have 

about rhe same number of rays, the variation being between 21 and 30. The major 

diameter of the specimens varies between 3.4 and 5.0 ,u , and the minor diameter 

between 2.5 and 3.9 !'· 

The external view of this species (pi. 5, fig . 1) shows all the characteristics 

of the form, but due to recrystallization , the central area is closed and occupied 

by flat secondary crystals. The range of dimensions of this species is wider than 

that mentioned by HAY and TowE for CJ•atbosphaera clttpo11yi. 

DISTRIBUTION. - Common in the presem sample of Upper Eocene of Syria. 

Reported from Eocene of France (Danzacq) by DEFLANDRE and FERT ( 1954) and 

HAY and TOWE (1962). 



UPPER EOCENE NANNOPLANKTON FROM SYRIA 31 

Coccolith1fs pelagiclts (W ALLICH ) SCHJLLER 1930 

PI. I, fig. 5 

1H77 Coccosphaera pelagica \V ALLJCH, p. 348; pi. 17, figs. 1, 2, 5, 11 , 12. 
1930 Coccolithm pelctgicll.r ( W ALLICH) SCHILLER, p. 246. 
1954 Coccolithus pelagiws (WALLICH ) SCI-JILLER, KAMPTNER, p. 20, figs . 14, 15. 

1963 Coccolithm pelagiws (WALLICH) SCHJLLER; BLACK, p. 41-45 ; pi. I , 

fig. 7. 

1963 C occol ithu r pelctgicus (WALLICH ) SCHILLER, MARTINI and BRAMLETTE, 

p. 849. 

1965 Coccolitlms pelttgiw.r (WALLICH) SCHILLER, COHEN , p. 12; pi. 1, figs. 
a-d. 

REMARKS. - One of the most common of the modern spec1es of coccoliths. 
The preservation of the specimens in the present sample is invariably poor 
and the specimens do not show the characteristic central bar or pores, as seen 
in the light microscope. Each ray of the shields slightly overlaps the previous 
one. The central area, in the present specimen, is filled with secondary material. 
The major diameter is about 7.0 ,11 , and the minor diameter is 6.3 /1· The number 
of rays is 42 . 

OISTR!B TION. - Reponed from central and western European countnes from 
Middle Jurassic to Recent. Perhaps world-wide roday. 

Genus Cyclococcolitlms KAMPTNER 1954 

CJ•clococcolithlls dictyodtts (DEFLANDRE and FERT) HAY and TOWE 1962 

PI. II, figs. 2, 5; pi. VI, figs. 2, 6 

1954 Discolithus diet) odm OEFLA DRE and FERT, p. 140; text figs . 15, 16. 

1962 CJ•clococcolithus dictyod11s (DEFLANDRE and FERT) HAY and TowE, 
p. 503 ; pi. 5, fig. 4; pi. 7, fig. 1. 

REMARKS. - The form is subcircu lar to circular. The central area is somewhat 
elliptical and shows numerous oval and closely spaced pores arranged with their 
long axes at right angles ro the rim of the shield, so as to give a grilled appearance. 
The external view (pi. VI, fi g. 6) does not show any central features , perhaps 
due to recrystallization . In the present sample, only spec imens with a ma jor 
diameter between 6.4 and 10.8 / I and minor diameter between 5.5 and J 0.0 ,11 

were found. The length of the cenrral area varie between 2.6 and 3.0 ,u. The 
number of ray on the larger shield varies from 53 ro 67, and on the smaller shield 
from 60 to 72. 

DISTRIBUTION. - Common 111 the present sample of Upper Eocene of Syria. 
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Reported from Eocene of France (Danzacq), and Oligocene of New Zealand 

(Oamaru) by DEFLANDRE and FERT (1954) and again from Danzacq by HAY 

and TOWE (1962). 

Genus Cyclolithella LOEBLICH and TAPPAN 1963 

CyclolitiJella syriacm HAQ n. sp. 

PI. III, figs. 2, 3; pi. IV, fig. 1 

DERIVATION OF NAME. - A CyclolitiJella first described from Syria . 

DIAGNOSIS. - A minute, circular, ring-shaped CJIClolitiJel/a with large central 

opening and rays slightly curved cowards the central opening. Diameter 2.5 co 

3.5 f-l· 

HOLOTYPE. - Negative COGS. 

DIMENSIONS OF HOLOTYPE. - Diameter 3.2 f l , number of rays 32, ratio of dia

meter to central opening 2.45 : 1. 

REMARKS. - This is perhaps one of the simplest forms described in the family 

Coccolirhophoridae. The rays are straight in the peripheral pans, but slightly 

curved cowards the centre. In general , rhe ratio of the diameter of the cyclolith 

co the central opening varies between 2.3 : 1 and 2.5 : 1, bur it may be as 

high as 2.7 : 1 in some rare cases. The diameter of the specimens range from 

2.5 to 3.5 fl· The number of rays is from 28 co 35. Due co the fragile nature of the 

form the peripheral portions of the rays are damaged in many specimens. 

DISTRIBUTION. - Common in the present Upper Eocene sample from Syria. 

Genus Ericsonia BLACK 1964 

Ericsonia IJesslandii HAQ n. sp. 

PI. I, fig. 6; pi. III, fig . 1; pi. IV, fig. 3; pi. V, figs . 3, 5 

D ERIVATION OF NAME. - In honour of Professor IVAR HESSLAND, Scockholm, 

Sweden. 

DIAGNOSIS. - Subcircular to circular Ericsonia with three concentric rings of 

crystal rays, orientated differently in the adjacent rings. The innermost ring 

consists of big irregular to almost rectangular crystals, and the second ring of 

numerous thin rays extending below the crystals of the innermost ring. 

HOLOTYPE.- Negative C071. 

DIMENSIONS OF HOLOTYPE. - Major diameter 4.7 fi, minor diameter 4.1 ft· 
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Central opening 0.5 !l - Number of rays in the smaller shield 39, number of crystals 

in the innermost ring 6-8, in the second ring 40- 45. 

RANGE OF DIMENSIONS. - The major diameter can vary from 3.5 to 9.1 p, the 

number of crystals in the innermost ring is 4 ro 10, and the number of rays 

on the outermost ring of the smaller shield is from 33 ro 48. 

REMARKS - The prom inent central opening which is a common characteristic 

of all orher Et·icsonia species is reduced ro a large extent in this species because 

of the large crystals of the innermost ring. In some specimens, however,_ the 

central opening is well defined and almost circular. In orhers it is reduced 

to a small rectangular or tr iangu lar opening. This species is similar ro E. occidenta

lis in hav ing three concentri c rings of crystal rays. The range of dimensions in 

E. hesslandii is much wider than any prev iously described species of Ericsonia 

(major diameter 3.5 to 9 .1 ,u ) . 

DISTRIBUTION. - Common ro abundant in the present samples (Upper Eocene 

of Syria). 

Genus Ildicosphaera KAMPTNER 1954 

H elicosphaera ettpbratis HAQ n. sp. 

PI. II, figs. 1, 3 

D ERIVATION OF NAME. - After river Euphrates in Syria. 

DIAGNOSIS. - Helicospbaerct with a closed central area occupied with crystals 

differently orientated than the rays of the surrounding shield. length 7.5 to 10.5 p . 

HOLOTYPE. - Negative Cl33. 

DIMENSIONS OF HOLOTYPE. - length 8.5 p , width 5.5 p, length of central area 

2.2 ,a, width 1.2 !l· 

RANGE OF DIMENSIONS. - The length of this species can vary from 7.5 ro 10.5 ,u, 
and width from 5.0 ro 7.0 ,u, the length of the central area from 2.0 to 3.3 p, and 

width from 0.9 to 1.5 ,u. 

R EMARKS. - This species is somewhat similar to H . semimtlttm seminttlttm 

BRAMLETTE and SULLIVAN, but the range of dimensions is smaller and the oval 

central area is filled with somewhat parallel crystals which are broader than the 

rays of the surrounding shield . Only the internal view of this species could be 

observed. This could be due ro the high curvature of the internal side, as observed 

by means of the sterographic pairs of the electron micrographs. 

DISTRIBUTION. - Fairly common in the present sample from Upper Eocene 

of Syria. 
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Helicospbaera seminu/um BRAMLETTE and SULLlVAN 1961 

1961 Helicospbaera semimdmn BRAMLETTE and SULLlVAN, p . 144; pi. 4, figs . 

1, 2. 
1962 Helicospbaera semimtlum BRAMLETTE and SULLIVAN, HAY and TOWE, 

p. 512; pi. 1, figs. 1, 2, 3, 5. 

REMARKS. -Originally rwo subspecies, i.e. H. semimtlum semimtlum and H. se
mimtlt!m lophota, were assigned ro this species by BRAMLETTE and SULLIVAN. 

They range in length from 10 ro 13 ,u and from 10 ro 15 ,u , respectively. The 

trend of the bar spanning the central opening was considered an important 

criterion for subspecific designation. The new subspecies described below is 

distinctly different from the original subspecies both in range of length-size and 

shape, and trend of the bar. At the same time, it exhibits enough characteristics 

m common ro warrant a designation under this species. 

Helicosphaera seminulmn BRAMLETTE and SULLlVAN recta HAQ n. subsp. 

PI. II, fig . 6; pi. Ill, fig. 4 

DERIVATION OF NAME. - Lat in rectus= straight. 

DIAGNOSIS. - Bar spanning rhe central opening straight and almost parallel ro 
the transverse axis. Length 7 ro 10 ,u. 

HOLOTYPE.- Negative C215 . 

DIMENSIONS OF HOLOTYPE. - Length 8.2 ,u, width 6.0 ,u. Pores 0.9 p each. 

REMARKS. - The electron micrographs show that the bar is actually the extension 

of the crystal rays into the central area, and that rhe rays of rhe opposite sides 

do nor merge with each other, so that a narrow gap is left. The rwo pores formed 

due ro the bar are smaller than those in H. semimtlum seminulum and H. semi
mtlum lophota. The shape of the new subspecies is also more rectangular than 

oval. Like H. semimdttm lophota it is slightly wider at one end than the other. 

DISTRIBUTION. - Fairly common in the present sample from Upper Eocene 

of Syria. 

Genus Calcidiscus KAMPTNER 1952 

Calcidiscm sp. 

PI. V, fig. 4; pi. VI, fig. 1 

HOLOTYPE. - Negative C021. 

REMARKS. - Simple, circular, ring-shaped form with a prominent central opening. 
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The outli nes of the rays are zig-zaging and curving slightly cowards the central 

opening in the external view (pi. V, fi g . 4) . They curve at a more acure angle 

in the internal view (pi. VI , fig. l ). Twenty-five ro 30 rays are present. The 

diameter of rhe form is 3.5-4.1 ,11 , and the central opening is 0.9-1 .6 ,u . 

DISTRIB UTION. - Found rarely in the present sample from Upper Eocene of 

Syria. 

Unnamed specimen of Genus ? Calcidisctts 

PI. III, fig. 5 

REMARKS. - A very well preserved specimen of which only one electron micro

graph is avai lable. It is therefore not possible co designate it prope rly. The form is 

circular with a prominent central opening. The diameter of the specimen is 

5.8 ,u. The central opening is about 1.8 ,u . Apparently only one shield was ob

served. The rays of the shield are almost straight, although rhey curve slightly 

cowards the central opening. They are 59 in number. The edges of the rays are 

angular so as co give a pointed appearance. 

DISTRIBUTIO . - Unknown. 

Two unidentified specimens of doubtful generic aff ili ations 

PI. VI, figs . 4, 5 

REMARKS. - Borh of the specimens a re rather well preserved, wirh one of 

them (pl. VI, fig. 5) partly broken off. The form is elliptical with two shields, 

the smaller shield consisting of rectangular crystals arranged around a wide 

ellipt ical central area, which is 2.6 ,u in one specimen (pl. VI , fig. 5) and 3.0 ,u in 

the orher (pi. VI , fig. 4). The number of rectangular crystals is 2l or 22. These 

crystals are arranged spirally one above the other so that ends are visible along 

the edges. This feature indicates that there are actually more crystals than those 

that can be seen from the cop vi ew. The central area is filled with irregularly

shaped granules which could be secondary. The larger shield consists of numerous, 

almost straight, rays (from 50 in one specimen to about 58 in the other). The 

length of the specimens is 5.5 ,u (pl. VI, fig. 4), and 6.5 ,u (pi. VI, fig. 5). 

DISTRIBUTION. - Unknown. 
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INCERT AE SEDIS 

Genus Discoaster TAN SIN HoK 1927 

Discoaste1' sp. 

PI. III, fig. 6; pi. VI , fig. 3 

HOLOTYPE. - Negative C128. 

DIMENSIONS OF HOLOTYPE.- Diameter 7.0 ,11 . 

REMARKS. - Asrrolith with 6 rays of equal size and shape. The rays are wedge
shaped with snub ends. Sharp grooves are present between the rays, giving the 
astrolith a high relief. For this reason, the whole specimen cannot be properly 

focused in the light microscope, due to the low resolution power of the instrument. 
It is perhaps a juvenile form . 

DISTRIBUTION. - Found rarely due to the destruction of the three dimensional 
forms in the present Upper Eocene sample from Syria. 
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PLATES 

(All phorograp hs have been printed in rhe normal way 

and are nor rhe mirror images of rhe original negarives .) 



PLATE I 

Fig. 1 Coccolithtts marismontittm BLACK 1964, internal view of a specimen 
with both shields partly broken. Hypocype: Negative A615. X 7,000. 

Fig. 2 Coccolithtts marismontittm BLACK 1964, internal view with smaller shield 
partly broken. Hypotype: Negative C052. X 7,000. 

C::7~'1~;(;/ Fig. 3 C~ccolithtts mttiri BLACK 1964, extern~! view of a specimen with larger 
.~ J/_,IQ (?e-;J hield partly broken. Hypocype: Negauve C0 54. X 7,000. 

Fig. 4 Coccolithtts eopelagictts (BRAMLETIE and RIEDEL) BRAMLETIE and 
SU LLIVAN 1961, internal view of a recrystallized specimen. Hypotype: 
Negative C06. X 7,000. 

Fig. 5 Coccolithtts pelagictts (WALLICH) SCHILLER 1930, external view. Hypo
type: Negative A595. X 7,000. 

Fig. 6 Ericsonia hesslandii HAQ n. sp., internal view of a large, poorly preserved 
specimen. Paratype: Negative C041. X 7,000. 
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PLATE 11 

Fig. 1 Helicosphaera euphratis HAQ n. sp. , internal view. Holotype: Negative 
Cl33 . X 7,000. 

Fig. 2 Cyclococcolithus dictyodus (DEFLANDRE and FERT) HAY and TowE 
1962 , internal view. Hypotype: Negative A940. Ca X 4,600. 

Fig. 3 He!ic osphaera euphuttis HAQ n. sp., internal view. Paratype: Negative 
Cl08. Ca X 8,000. 

Fig. 4 Coccolit!Jtts eope!agict<,s (BRAMLETTE and RIEDEL ) BRAMLETTE and 
SULLIVAN 1961, internal view. Hypotype :Negative C082. Ca X 8,000. 

Fig. 5 CyclococcolithztJ dictyodus (DEFLANDRE and FERT) HAY and TOWE 1962 , 
internal view of a specimen resting obliquely when the carbon replica 
was made. Hypotype: Negative C10l. Ca X 8,000. 

Fig. 6 Helicosphaera seminulum BRAMLETTE and SULL!VAN 1961, recta HAQ 
n. subsp., internal view . Holotype: Negative C215 . Ca X 8,000. 
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PLATE Ill 

Fig . 1 Ericsonia hesslcmdii HAQ n. sp., imernal view. Para type : Negative Cl 3 7. 
X 8,400. 

Fig. 2 Cyclolithella syriaats HAQ n. sp., partly broken. Holotype. Negative COGS. 
X 12,600. 

Fig. 3 Cyclolithella syriaczts HAQ n. sp . Paratype: Negative ClSG. Ca X 16,500. 

Fig. 4 H elicosphaera semimtlztm BRAMLETTE and SULLIVAN 1961, 1·ecta HAQ 
n. subsp., imernal view. Paratype: Negative COSO. X 5,400. 

Fig. 5 An unidemified form of ? Genus Calcidisats. Ca X 8,100. 

Fig. G Discoaster sp. Holotype: Negative Cl28. Ca X 8,400. 
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PLATE I V 

Fig. C)'clolithel/a S?"riaws H AQ n. sp., p arrly eroded. Paratype : egative C152. 
X 16,500. 

Fig. 2 CoccolitiJtts dttpou')'i (DEFLA DR E and FERT) 1953, internal view, small er 
shield partly broken along the rim . H olorype: Negat ive Cl65. X 14,000. 

Fig. 3 Ericsonitl hesslmzdii HAQ n. sp., internal view. Para rype: Negative CL16. 
Ca X 13,000. 

Fig. 4 Coccolithus 11wiri BLACK 1964, exrerna l view. Hyporyp e: egarive C074. 
Ca X 8,000. 

Fig . 5 An intermediate fo rm between C. muiri B LACK 1964, and C. lN.ritcmictts 
BLACK 1964, exrernal view . Ca X 8,000. 

Fig. 6 CoccolitiJtts d11pott)'i (D EFL ANDR E and FERT) 1953, internal v iew. Para
type: Negative COS ?. X 12,500. 
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PLATE V 

Fig. 1 Coccolithtts dupottyi (DEFLANDRE and FERT) 1953, external view of 
a recrystallized specimen. Paratype: Negative C097. X 12,100. 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Coccolithtts clttpouyi (DEFLANDRE and FERT) 195 3, internal view. Para
type: Negative C159. Ca X 12 ,000. 

Ericsonict hes.rlandii HAQ n. sp., internal view. H olo type. Negative C07l. 
X 12,200. 

Calcidisctts sp., extern al view. H olotype: Negative C021 . X 15,000. 

Ericsonia hesslandii HAQ n. sp., internal view. Paratype: Negative C151. 
X 15,100. 

Coccolithtts eopelagiczts (BRAMLETTE and RI EDEL) BRAMLETTE and SUL
LIVAN 1961, internal view. Hypotype: Negative B1 29. X 7,500. 
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PLATE Vl 

Fig . 1 Calcidisws sp., internal view. Pararype : egarive B358. X 12,000. 

Fig. 2 Cyclococcolitbts dictyodtts (DEFLANDRE and FERT) HAY and TowE 
1962, internal view. Hyporype: Negar ive Cl95. X 4,900. 

Fig. 3 Discoaste·r sp . Pararype: egarive (136. X 9,500. 

Fig. 4 Unidenrified specimen of doubrful generic a ffili ar ions. Ca X 10,000. 

Fig. 5 Same as fig . 4. X 9,800. 

Fig . 6 Cyclococcolithtts dict'yodw (DEFLANDRE and FERT) HAY and TOWE 1962, 
exrernal view, recrysral lized. H yporype: Negarive A960. X 9,700. 



STOCKHOLM CONTR. GEOL. XV: 3 PLATE VI 

3 4 


