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I TRODUCTION 

The great abundance of microfossils in limestone sampies from the Syles Shoa!, 

Bothnian Sea, gave the impetus to the present study. The geology of the Sylen forma
tion has been studied by Winterhalter (1963, 1967). The outcropping limestone was 

dated according to ostracodes and conodontes to the uppermost part of the Middle 

Ordovician. In the present study microfossils such as Hystrichosphaeres and Chitino
zoa are used in an attempt to date sampies of Paleozoic sedimentary rock from the 

Bothnian Sea. 

Hystrichospheres are known from the Cambrian period onwards. In the Ordovi

cian period they occur in an abundance of forms, and they are still common in the 
Quaternary period although differing in types. The hystrichospheres are predominantly 

marine plankton forms that occur in Palaeozoic limes tone. The origin of the hystricho

spheres has still not been solved, although the zysts of some recent dinoflagellates have 

been compared to fossil hystrichospheres (Erdtman 1954, Sarjeant 1969). The Palaeo

zoic hystrichospheres are of a completely different type, probably being algae of 
unknown, systematic status tbat grew as plankton (Eisenack 1969), They constitute 
a morphographic unit that is still frequently classified as acritarchic (see, Evitt 1963). 

The origin of the chitinozoas is obscure, although they are cbaracteristic of the 

Ordovician and Devonian periods and often occur in association with hystrichopheres. 

Studies have been conducted on the hystrichospberes of tbe Baltic, notably by 
Eisenack. 

Microfossil investigations on sampies collected with a dredge from the bottom of 

the Bothnian Sea enable dates to be assigned to the limes tones encountered and to 

interpret the occurrences of Palaeozoic sedimentary rocks, despite the fact that tbis 
work is hampered by the surficial Quarternary sediments. The Palaeozoic sedimentary 
rocks in the Bothnian Sea have been studied recently by Veltbeim (1962) and Winter

halter (1972). According to Winterhalter, the Palaeozoic sediments are comparatively 

widely distributed in the Bothnian Sea (Fig . 1) and are of significant thickness. 

Numerous hystrichosphere investigations have been conducted on the Palaeozoic 
strata in the Baltic area, e.g. by Eisenack (also on erratics and deposits in Germany) 

(1931, 1937, 1938, 1951, 1954, 1958, 1962, 1965, 1967, 1968, 1969), by Kjellström 
(1971) on drill cores from Ordovician strata in Gotland and by Timofeev (1959,1966) 

and Andreeva (1966) in the USSR on the area of the Russian platform. The studies by 
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Timofeev (1963) inelude microfossils from the Lower Ordovician dictyonema schist 

in the Novgorod area. Hystrichospheres in glauconite sand have also been de
scribed from the USSR (Naumova 1950, Timofeev 1959, 1961). 

The study by G6rka (1969) on the micro-organisms in Polish Ordovician strata and 

erratics offers useful da ta for comparing the hystrichospheres found in them and in the 
nearby Baltic area in particular. Indeed some of the erratics in this part of Poland are 

f rom the Baltic area. The investigations in the Baltic area may fruitfully be compared 

with those by Deunff (1958, 1968), Henry (1969) and Le Corre and Deunff (1969) on 
Ordovician hystrichosphere forms in Brittany. Forms common to both areas are 
conspicuous. A elose source of comparison with regard to time is the subject of the 

studies by Deflandre (1942, 1945) and Deflandre and Ters (1966). Other studies of 

hystrichospheres in Europe worthy of mention are those by Downie (1958), Lister, 
Burgess and Wad gen (1969), Lister, Cocks and Rushton (1969) and Lister and Holliday 

(1970) in England and by Martin (1965,1968,1969) in Belgium. Hystricospheres have 
been investigated in Czechoslovakia by Vavrdova (1965, 1966), in Bohemia by 

Konzalova-Mazankova (1969), in the German Democratic Republic by Burmann 

(1970) and in Spain by Cramer (1964). 
Palaeozoic material transported by continental ice and in Sitll (Aland) is known 

in Southwest Finland and A land Islands. It contains not only larger fossils but also the 

acritarch form Leiophaero sp. subsequently known as T asmonites sp. described by 

Martinsson (1956 a, b). In 1958 Eisenack proposed the name Tasmanites ",ar/inssolt 

for the sake of greater accuracy. In addition, Martinsson described the chitinozoans 
Parochitina curvata and Conochitilla sp from the Ordovician material. Since then, Eisenack 
(1959, 1962, 1965) has reported an abundance of chitinozoans and hystrichospheres 
from the material collected by Martinsson. Eisenack dated this material to the time 

of deposition of »Baltic limes tone». It is younger than the chasmops type of tbe Sylen 
Shoal, which has been da ted to the upper part of the Middle Ordovician. The aim of 

the present study is to establish the age of the limes tones in the Bothnian Sea with the 
aid of new material and a microfossil investigation. Microfossil investigations are 

nowdays considered a reliable means of dating, especially for those Palaeozoic sedi
ments which have only few fossils, since on the whole, even they often exhibit a high 
microfossil contenr (Eisenack 1965). 

MATERIAL AND I VESTIGATION METHODS 

The in situ sampie (1) from the Sylen Shoal (61 °14'8"/ 18°27 '4") is greenish fine

grained limes tone (chasmops). On the basis of fossil determinations by Bo Brännsträm, 
Winterhalter (1967) has dated it to the upper Middle Ordovician. This date has since 
been confirmed (Thorslund, lecture 1974). SampIe 2 was collected with a dredge 

south of Kaskinen (62°35'0/19°56'0). Sampie 3 (61 °09'6"/19°36'0), which was also 

collected with a dredge, is limestone with grey, greenish and pink portions. Hystri-
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chosphere forms were abundant in the grey and g reenish limes tone, and Chitinozoa 

forms in the greenish portion. The pink (Orthoceras) limes tone did not contain any 

microfossils with the exception of some poorly-preserved remains of the Tas11lanites 
species and a few annelides. It is a well-known fact that microfossils do not preserve 
w eIl in reddish sedimentary rocks, which also explains their absence from the reddish 

Baltic limestone (cf. Eisenack 1965). 

The g reenish limestone occurring as erratics is similar to that of Sylen, but certain 

dif-ferences were observed in the fossil flora. The majority of the microfossils in the 

g rey limes tone differed from those in th e g reenish limes tone erratics more than they 

did from the microfossils in the Sylen limes tone. Relatively m ost abundant in the grey 

limes tone were Micri?),striditltlt forms. The site of sam pie 4 is off the coast near Pori. 

The material collected is composed of limes tone with fragments of brachiopoda, 

either tran spor ted by continental ice or derived from local Palaeozoic remnants (Kuk

konen 1969). No microfossils were found in the limes tone near P ori. 

It used to be presumed that the different hues of the rocks in the Bothnian Sea 

represented the different ages of the Ordovician limestones: grey-greenish-pink 

would correspond in the time scale to an order from youngest to oldest. The latest 

inves tigations have shown that the greenish limes tone corresponds to the final stage 
of the Middle Ordovician. The grey limestone in the Bothnian Sea differs from the 

Ordovician so-called »Baltic limestone», which is usually a very lig ht, yellowish

whitish g rey and fine-grained rock. The greyish limestone of the Bothnian Sea is 

more distinctly grey in colo ur. Indications of the ages of these rocks are provided by 

the microfossils, to be discussed in a later chapter. 

The sampIes were prepared b y the HCl, HF, H 0 3 and heavy liquid method as 

described by Timofeev (1963), except that the heavy liquid employed was Bromoform 

solution, specific gravity 2,2 and n ot HgJ2- KJ. The total weight of the sampies was 

approximately 50 g. The preparations were examined and the microfossils photo

graphed with a Leitz Wetzlar research microscope equipped with interference-contrast 

optics. 

The preparations are of long -Ias ting type and are stored a t the Geological Survey 

in Espoo. 

MICROPHYTOPLANKTON 

Systernatics 

In the presentation of the microfossiIs I have aimed at a short description, the 

stress being on the illustrations. I have only seldom made use of synonyms, and for 

these I refer to previous descriptions in the literature. The determinations are based on 

the descriptions available in Finland of microfossils that grew as plankton during the 

Ordovician p eriod, the emphasis being o n the hystrichospheres of Europe. An impot

tant source book was the »Katalog der fossi len D inoflagellaten, Hystrichosphären 
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und verwandten Mikrofossilien, I Teil» edited by Eisenack (1973). The microfossils in 

the present study are also classified in alphabetical order in catalogue form. The 

systematics of the species is loosely restricted to algae forms; otherwise it is morpho

graphic, although it is probable that the representatives of genera restricted in this 

way were closely related to each other under natural conditions as well. 

In the description of genera and species the most important marks of indentifica

ti on are presented on the basis of taxa descriptions (often abbreviated). Likewise the 

dimensions are first given on the basis of earlier descriptions. The size of the 

microfossils from the Bothnian Sea material can be seen from the scale ac

companying the illustration. Otherwise they are indicated separately in brackets. The 

terminology employed in the hystrichosphere descriptions has been given earlier in 

works by Kjellström (1971) and Eisenack et al. (1973). The present description of 

species is usually so simplified that there is no need for a specific terminology 

The sites where microfossils were found in the Bothnian Sea (1 - 4) are given first, 

abbreviation B, followed by observations made elsewhere in Europe, abbreviation E. 

Group ACRITARCHA Evitt, 1963 

Diagnosis (Downie, Evitt and Sarjeant 1963, p. 7): » Unicellular or apparentl y 

unicellular microfossils consisting of a test composed of organic substances and 

enclosing a central cavity. Shape of the test spherical, ellipsoidal, discoidal, elongate 

or polygonal; test surface smooth, granular, punctate or perforate. Spines or other 

processes, raised ridges (crests), Banges, wings or other outgrowths present or absent; 

where present, distributed regularly or irregularly. Inner capsule present or absent; 

where present, connected to the test by varied means or lacking such connection. 

Shell opens by rupture, splitting, or formation of a simple circular pylome. Rarely, 

a number of tests loosely associated in a chain». 

AcanthodiacrodiuJtl Timofeev 1958, emend. DeBandre and DeAandre- Rigard 1962. 

Type form: A. dentiJerun Timofeev 1958 

Vesicle round-ellipsoidal, equator smooth or wrinkled, poles similar to each other, 

bearing Banges, spines or funnel-shaped processes, transverse wrinkles present or 

absent, membrane single (?) (mince) or double. Species restricted to Middle and Upper 

Cambrian (Timofeev 1966) and Lower Ordovician (G6rka 1969). The typical form is 

lacking in the Bothnian Sea material, but the rare form encountered in green limes tone 

may be a transitional form referable to the Acanthodiacrodium genus. 

A. bimorphispinae n. sp. 

PI. I: 1, Fig. 1. 

Derivation of name: bimorphi, of two forms; spinae, spined. 

Diagnosis (based on only one individual): slightly ellipsoidal, almost spherical 

vesicle, comparatively thick wall, numerous small spines on the surface (echinate) as 
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well as so me wider-set and longer non-furcate spines that are more abundant at the 

apical terminations. Transverse wrinkles and trans verse smooth zone absent. Possibly 

a very small pylome at the meridian. 

Dimensions: vesicle length c. 55/-l, length of longer spines c. 10 ,u, of shorter spines 

c. 1-2 fl, breadth c. 1 /-l. 

B: green limestone, site 3, probably Middle Ordovician. 

Percultisphaera Lister 1970 

Vesicle hollow, subspherical to oval, moderately thin-walled. Ornamentation of 

two orders: a minor ornamentation comprising small (0.5-1 fl) close-set subconical 

to tubular elements, with distally expanded terminations (capitata). The larger elements 

are solid spines, irregularly spaced, simple or furcate. Excystment aperture apical or 

near-equatorial in position, and of subhexagonal outline. Confirmed occurrence 

(P . sliphrospinata) in Upper Silurian, Ludlow Series to Downtownian. 

Tbe Botbnian type differs in certain respects from the forementioned type genus, 

but it can be interpreted as a transitional form bet\\' een Acanthodiacrodiu1lI and Perm/li 

sphaera. 

Aremoricaniw" Deunff 1955. 

Spherical or oval microfossils with both internal and external sbell. Cylindrical or 

cylindrical-conical expansion on external shell, processes on external sbell. 

A. s!J. 
PlateI: 2. 

Oval external shell diameter c. 44/-l, length c. 90 ,Li, numerous processes, length 

c. 10 fl, colour sepia, internal shell not visible. 

B: green limes tone, site 3, only one individual. 

Baltisphaeridilllll Eisenack 1958, emend. Eisenack 1969 

Spherical shells with »Ungefeldert» surface structure, irregular number of hollo\\' 

processes with closed terminations. Processes commonly non-furcate; only seldom 

are all processes furcate. Commonly separation of the interior of tbe processes from 

the vesicle cavity. Processes are evenly distributed even when few in number. Shell 

diameter is generally more than 30 fl (40- 60 fl) and can be even 70 p, overall dimen

sion in excess of 300 fl . Pylomes (rare) are circular (normal pylomes). 

B. brevijilicllfIJ Kjellström 1971 
PlateI: 3 

Vesicle diameter c. 77- 86 fl, process length 8- 10 fl, numerous processes. 

B: green limestone, site 3. 
E: Middle Ordovician (Viruan) Gotland (Kjellström 1971). 

B. breivispinosll1ll (Eisenack 1931) Eisenack 1958 
Fig. 2 a, b 

2 1145:l- i5 
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FIG. 1. Acallihodiacrodilllll bimorphispillae n. spec. 

b 

FIG, 2. a, b. Bal/isphaeridilllll brevispillOS/llll 

FIG. 3. Baltisphaeridill1Jl calicispillae 
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Vesicle shell rather thick, diameter 63-70 j)" process length c. 20-25 % oE 
diameter, numerous processes with broad bases, rounded distal terminations, often 
slightly bulbous. 

B: green limes tone, site 3, fairly common. 

E: Gotland Middle Ordovician (Viruan) (Kjellström 1971), Ordovician erratics 

(Eisenack 1931- 69), Poland Lower Ordovician (Upper Arenigian) G6rka 1969, 
Czechoslovakia Lower Ordovician (Arenigian) Vavrdova 1965, France (Veryhac'h) 
Ordovician (Deunff, Deunff et al. 1958- 1969), (Henry 1969). 

B. calicispinae G6rka 1969 
Fig. 3 

Vesicle diameter 55-83 j)" process length 60-75 % oE vesicle diameter, processes, 
about 11 in number, echinate. Separation oE the interior of the process from the 

vesicle cavity. 

B: grey limes tone, site 3, rare. 

E: Poland Upper Arenigian, Lower Caradocian (G 6 rka 1969), G otland Middle 
Ordovician (Viruan) Kjellström 1971. 

B. cognitu1J1 (Timofeev 1959) D ownie and Sarjeant 1964 
PlateI: 4 

Synonym: HystrichosphaeridiulIl cognitu!7J Timofeev 

Vesicle diameter 50-100 j)" (overall diameter 150-250 j),), processes 9- 10 in 

number. (Timofeev p. 54, PI. IV: 15). The Bothnian Sea material supplied only one 

specimen, some of whose processes were broken. Vesicle diameter c. 70 fl, surface 

covered with small warts, also visible in processes. 
B: site 3, Ordovician erratics, rare. 
E: Valdai Lower Ordovician (TimoEeev 1959). 

B. echinatll1J1 Kjellström 1971 
PlateI: 5 

Vesicle diameter 49- 58 j)" surface with spines, processes, about 20 in number, 

length 29-32 j), . 

B: green limes tone, site 3, rare. 
E: Gotland Middle Ordovician, subsurface material (Kjellström 1971). 

B. jilosu1J1 Kjellström 1971 
Fig. 4 

Vesicle diameter 61-73 j)" surEace shagrinate, processes numerous, length 20 [I. 
Cf. B. multipilosu1J1 (Eisenack 1931) 

B: green limestone, site 3. 
E: Gotland Middle Ordovician (Kjellström 1971). The species was probably 

formerly referred to B. 1J1ultipilosu1J1. 
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B. globosum n. sp . 
PI. I: 6 

Derivation of name: g lobosum, spherical, wirh reference to well -rounded vesicle. 
Diagnosis: relatively thick-walled, psilate vesicle. Long median splir for more than 

half of circumference, angular process junction (evidently can also be without split); 
processes, about 7 in number, curved and verrucate; process length equal to vesicle 

diameter. Separation of the interior of the process horn the vesicle cavity, narrow 
separation. Colour dark brown, reddish . Dimensions: vesicle diameter 70 fh, process 

length c. 50- 70 /-l, width 4 fh. 

Range: vesicle 60- 70 fh, process length c. 50- 70 JU' number 5- 7. 
Holotype - Gd slide nr. 14 b, PI. 1:6. 

B: Ordovician erratics, sire 3. 

B. hirsHtoides (Eisenack 1931) 
Plate1: 7 

Vesicle diameter 59- 68 fh, process length 20- 25/-1, number about 20. According 
to Eisenack (1951), B. hirstlfoides is a transitional form between B. /ongispinosutJI and 

B. mu/tipi/oStlfJ/. 

B: green limestone, Sylen, grey limes tone sire 3. Transitional forms to B . /ongi
spinoStIflJ common in limes tone (Pig . 5 a, b .) Sylen and erratics (sires 2 and 3) . 

E : common species in Ordovician material. Gotland subsurface material. Middle 

Ordovician (Lower Viruan) Kjellström 1971. 

B. lancettispinae G6rka 1969 
PlateI: 8 

Vesicle diameter 50- 100 fh (generally 50- 60 fh), process length 80- 110 00 of 
vesicle diameter, average number 5- 6. Cf. B. /atiradia/1I1lJ Eisenack 1959 

B: green limes tone, site 3, rare. 

E: Poland Lower Caradocian subsurface material (G6rka 1969). 

ß. latiradiattlflt (Eisenack 1959) 

Plate1: 9 

Vesicle diameter 60- 87 fh, process length 68- 90 JU' number about 7. 
B: green limes tone, site 3, fairly common. 

E: Baltic erratics, Lower Ordovician (Eisenack 1959), Gotland Middle Ordovician 
(Viruan) Kjellström 1971. 

B. /ongispinosllJJJ /ongispinostlJ)J (Eisenack 1959) G6rka 1969 

Synonym: B . longispinosuflt f. jilifera Eisenack 1959 

Plate1: 10 
Vesicle diameter 50- 70 fh, process length 70- 92 /-1, number c. 7- 17 but can be 

as few as 3 (e.g. Bornholmer Stufe, according to Eisenack 1969). 

B: green limestone, Sylen; sire 3, comparatively common. Trispinal species in 
limestone at Bothnian Sea, site 2 (cf. B. ternata) . 
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FIG. 4. Baltisphaeridiu111 ftloStim 

" -, 
, 

, .. 
Fr G. 5, a, b. Baltisphaeridillm hirSlltoides - B. /ollgispillosum, transiotional forms. 

FrG. 6. Baltisphaeridium IOllgispilloSU111 var.parvum 
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FIG. 7. Baltisphearidil/m longispinosl/m-types: a. B. vermcatesspinosa, b. B . /ongispillosl/IJI, thick single 

valled, c. B . IOllgispillosl/lI/, four -radiate, d. B. /ol1gispiIlOSI/1J1, tree-radiate. 

FIG. 8. Baltisphaeridil/IJI microspilloSl/flJ FIG. 9. Ba/tisphaeridimJl flJultipiloSl/II/ 
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E: Baltic Middle Ordovician to Upper L landoverian (Eisenack 1951, 1959, 1962), 
Gotland Middle Ordovician (Viruan) Kjellström 1971, also several Ordovician sites 
in Europe, e.g. Vologda (Timofeev 1959). 

Var. parVU1l2 Downie 1963 
Fig. 6 

Synonym: Micrhystridiu1l2 stellatum var. inflatum Downie 1959. It resembles B. stimuli
feru1l2 (Deflandre) Serjeant 1960 

B. longispinosu1l2 type, but considerably smaller. 

Observed specimen: vesicle c. 23 f-l, processes c. 100 % of vesicle diameter. 
B: green limestone, site 3, comparatively rare. 
E: England Silurian (Wenlock) Downie 1963. 

B. longispinosum-types in Fig 7: a- d. 

B. microspinosum (Eisenack 1954) 
Fig. 8 

Vesicle diameter 61-76 f-l, (c. 45 fl according to G6rka 1969), process length 
c. 6 f-l (5-8), numerous. 

B: green limes tone, site 3. 

E: Gotland Middle Ordovician (Viruan) Kjellström 1971, and Silurian (Upper 

Llandoverian Eisenack 1954, 1955, 1965, 1969), Estonia Silurian (Upper Ludlovian 
Eisenack 1954), England Silurian (Downie 1959, 1963, Lister 1970), Poland Ordovi
cian (G6rka 1969). 

B. 1l2ochtiensis G6rka 1969 
PlateI: 11 

Synonym: GoniosphaeridiufIJ mochtiensis (G6rka) Kjellström 1971 
Vesicle diameter 63-83 f-l, process length ~-% of vesicle diameter, number 15-

30. Goniomic proximal process, bulbous distal process terminations, often curved. 

B: green limestone, site 3, comparatively common. 

E: Gotland Middle Ordovician (Lower Viruan) Kjellström 1971, Poland Middle 

Ordovician (Lower Caradocian), Ordovician Hoats (G6rka 1969). 

B. flJultzPilosu1l2 Eisenack 1931) 
Fig. 9 

Vesicle diameter 70-86 f-l, process length 7-8 f-l, process breadth 1 f-l, numerous. 
Cf. B. trichophortl1l2. 

B: chasmops limes tone, Sylen; grey limes tone, site 3. 

E : Gotland Middle Ordovician (Viruan) Kjellström 1971, Bohemia Upper 

Ordovician (Ashgillian) (Konzalova-Mazancova 1969), Poland Upper Arenigian 
(G6rka 1969), Brittany Ordovician (Deunff 1958, Henry 1969), Baltic erratics (Eise
nack 1931, 1955, 1965). 
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B. nannium Eisenack 1965 
PlateI: 12 

Vesicle diameter 92-101 /-l, close-set spines less than 1/-l. 

B: green limes tone, Sylen and site 3. 

E: Gotland Silurian and Devonian (Eisenack 1965, 1968, 1969), Sweden, Dalarna 

Upper Llandoverian (Schultz 1967), Estonia Upper Llandoverian (Silurian) (Eisenack 

1965). 

B. pacfD!canthu711 (Eisenack 1963) 
Plate II: 1 

Synonym: B. robustu7!1 Eisenack 1963, B. longispinosu711 f. robustum Downie and 

Serjeant 1964. 
Vesicle diameter 70-85 /-l, process length 65-82 /-l, number about 8, furcate 

processes not unusual. According to Eisenack (1965), B. pachycanthum and B. brevi

spinosum form a restricted se ries with transitional types. 

B: green limes tone, site 3. 
E: Gotland Middle Ordovician (Viruan) subsurface material (Kjellström 1971), 

Baltic area Middle and Upper Ordovician (Eisenack 1959, 1963, Staplin, Jansonium 

and Pocock 1965), Sweden Dalarna Upper Llandoverian (Schultz 1967), Poland Upper 
Arenigian and Caradocian subsurface material (G6rka 1969). 

B. pauciverrucosum Kjellström 1971 
Plate II: 2 

Vesicle diameter 68-75 /-l, thin-walled, process length 40- 44/-l' number about 22, 
granulate. 

B: green limes tone, site 3, rare. 
E: Gotland Middle Ordovician (Lower Viruan) (Kjellström 1971). 

B. pficatispinae G6rka 1969 
Plate II: 3 

Vesicle diameter 48-75/-l, process length 80- 125 % of vesicle diameter, number 
5-10. 

B: green limes tone, site 3, rare. 

E: Poland Llandeilian and Upper Ashgillian subsurface material (G6rka 1969), 
Gotland Middle Ordovician (Lower Viruan) (Kjellström 1971). 

B. spinigerum G6rka 1969 
Plate II: 4 

Vesicle diameter c. 60- 82/-l, process length 25- 67 p, echinate, number 15-20. 
B: green limes tone, site 3, rare. 

E: Poland Upper Arenigian, Ordovician erratics (G6rka 1969). 

ß. ternata (Burmann) nov. comp. 

Synonym: Baltisphaera ternata Burman 1970 
Fig. 10 



Risto T ynni: Ordovician hystricospheres and chitinozoans . . . 17 

Vesicle subcircular, diameter 45- 52 fi, three processes, length 142- 225 fi, smalJ 
spines on surEace, reticulate vesicle surEace. Separation oE the interior oE the process 

Erom the vesicl e cavity. J unction tapering. Resembles the B. longispinosufll trispinal 

species (cf. Eisenack 1969), except that the spines oE the latter show no pro x im al 

tapering . Similar in structure are VerJ'hachium macroceros Deunff 1958 and Ff.ystricho

s phaeriditftJl quartiradiatum TimoEeev 1959, as are also same Orthosphaeridium speeies. 

B: Ordovician erratics on the bottom oE the Bothnian Sea, si te 2. 

E: German Democratic Republic Upper Llanvirnian (Burmann 1970). 

B. trichophorum (Eisenack 1965) Kjellström 1971 

Synonym: B. multiplostllll f. trichophora Eisenack 1965 
Fig . 11. 

Vesicle diameter 48- 58 fi, process length 7-8 fi, conical, curved, number about 

35. CE. B. microspinosum. 

B: grey limes tone, site 3, rare. 

E: Gotland Lower Ordovician (Oelandian) (Kjellström 1971), erratics in Baltic area 

Lower Ordovician? (Eisenack 1965). 

B . verrucatum Kjel1ström 1971 
Plate II: 5 

Vesicle diameter 70 fi, process length 68 fi, number about 16; verrucate vesicle and 

processes. Resembles B. klabavensis with the exception oE the process junctions: 

B. verrucatum has angular proximal process junction, whereas B. klabavensis has 

tapered junction and shorter processes. Also similar to B. spinigerum, but differs in that 

the vesicle oE the latter is reticulate and without conspicuous warts. 

B: g reen limestone, site 3. 
E: Gotland Middle Ordovician, subsurEace material (Kjellström 1971). 

B. sp. 1 

Plate II: 6 

Vesicle diameter c. 50 fi, process length 45 fi, number about 11, vesicle intensely 

g ranulate, processes smooth. Resembles B. echinatum Kjel1ström 1971, but processes 

oE former are more widely spaced and relatively longer. The surEace structure oE the 

vesicle wall is more distinct than that of B. longispinosum. 

B: g reen limestone, site 3. 

CYlllatiogalea Deunff (1961) 1964 

Shell spherical or subspherical, diameter 20- 50 fi; equipped with a large polar, 
circular or polygonal aperture oE c. 15- 30 fi. SurEace texture provided by the pro

cesses and membranes that occur along the polygons on the shel1 surEace (Deunff 1961). 
According to the emended diagnosis, the borders oE the polygons consist oE granu

lation, spines or membranes that are more or less developed. Height oE ornaments 

along polygon borders 2- 5 fi. Height oE angular processes and membranes 7- 15 fi. 

3 1145 3 - i 5 
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C. aff. po!Jgonomorpha G6rka 1969 
Fig. 12 

Vesicle diameter 30- 52.5 (40) ,u, process length 5- 7.5 ,ll, process branching not 
recorded. 

B: greenish limes tone, site 3, only one observation. 

E: C. po!Jgonolllorpha Poland Upper Tremadocian (G6rka 1967, 1969). 1701'm 
resembles Archaeol!Jstrichosph. pentagonufJJ described by Timofeev (1959) from the 

SSR Lower Ordovician. 

CYfJJatiosphaera O. Wetze! 1933, emend. Deflandre 1954 

Shells spherical or ellipsoidal, external surface is divided intO polygonal fields by 

perpendicular membranes; total absence of equatorial differentiations or processes; 

outer margin of membrane straight or slightly concave, unbroken, serrated or some
wh at corroded. Test surface is smooth, punctate or granulate. The oldest knm.\·n 
forms are from the Lower Ordovician, but the majority are younger than Ordovician. 
Some occurrences in the grey limes tone of the Bothnian Sea. 

C. aff. areolata (DeAandre 1941) Deflandre, G. 1954 

Synonym: Micrl!Jstridium areolatum Deflandre 1941. 
Fig. 13 

Vesicle diameter without ornamentation 20- 21 fl, wirh ornamentation 24- 26/1 . 
Ornaments: irregular polygons wirh small pillars at their corners. 

B: greu limes tone, site 3, rare. 
E: C. areolata: Jurassic (Kimerize) France (Defland1'e 1942). 

Electoriskos Loeblich 1971 

Vesicle subcircula1'; shell thin, less than 1 Il in thickness, surface rough, strongl y 

granulate, rare specimens rugulate to pustules up to 1.3 fl across; the margin of the 

central body wirh large grana and pustules; numerous processes, about 1 fl in diameter, 
of nearly constant diameter throughout length, without communication wirh central 

body. Central body opens by splitting of the wall. (Description according to Loeblich 

1971.) 

E. aff. pogonius Loeblich 

Plate II: 7 

Very slender and thin-walled vesicle, diameter c. 45- 30 p. Processes threadlike 

wirh membranous proximal junction; in length almost equal to the vesicle diameter. 
B: green limestone, Sylen and sire 3. 
E: resembles the form described by Kjellström (1971 ) from Gotland Middle 

Ordovician (Lower Viruan) and Baltis phaeriditlJJl cf. ravum Downie reported by 
Vavrdova (1965) from Klabava. Archaeol!Jstrichosphaeriditw, cf. liiberi reported by 

Timofeev (1959) from a Cambrian stratum also resembles this form. Likewise, Baltis

phaeridiuJJJ sp. 2 described by G6rka from an Ordovician erratic and Archaeol!Jstricho-
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FrG. 10. Ba/lisphaeridilOll lemala n. comp. 

FIG. 11. Ba/lisphaeridill1JJ Irichophorll1JJ FrG. 12. CYJ/lalioga/ea aff. polygolloJJJorpha 

FrG. 13. CYJJJatiosphaera aff. areo/ala FrG. 14. COlliosphaeridillm COllnectllJJJ 
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sphaeridiul11 cf. liiberi Timofeev 1959 reported by Combaz 1967 from Algerian Tremado
cian belong to this type form. 

COlliosphaeridiulll Eisenack 1969 

E mend. Kjellsträm 1971: Unicellular organic-walled microplankton with spherical 
to polygonal vesicle g reater than 20 ,a, not di vided into fields or plates. Process in
terior communicates freel y with vesicle cavity, the distal terminations of the processes 

always simple and c1 osed. Walls psilate or shagrinate. 

C. eonneetum Kjellsträm 1971 

Fig. 14 

Vesicle diamete r 40- 45 ,a, process leng th 29- 36 ,a, number about 10. The species 
resembles .Hystriehosphaeridium ineonspietltlJJJ rep orted (Tb. IV: 13) by Timofeev (1959), 
but is smaller (cf. Fig 22). 

B: green and grey limestone, site 3, relatively common. 
E: Gotland Middle Ordovician, subsurface material (Kjellsträm 1971 ). 

C. pellieidium (Timofeev 1959) n. combo 

Synonym: A rehaelrystriehosphaeridium peilieiditlTll Timofeev 1959, COfliosphaeridiulJ1 

cO'!l,metum Kj ellsträm 1971 

Fig. 15 

The description b y Timofeev is on p. 40 and the illustration III: 37. Evidently the 

same species as that later described in more detail by Kj ellsträm: p. 43- 44, despite 

some variations in dimensions. Kjellsträm has tentatively proposed C. eonjt4l1etum as 

a synonym for Baltisphaeridium longispinosum (Eisenack 1931) reported by Timofeev 
(1966, PI. 33:6). H owever , the similarity is more striking between C. eonjul1etum and 

Arehaeroi!Ystriehosphaeridium pellieidium and these may be considered as synonyms. 
B: green and g rey limes tone, site 3, relatively co mmon. 

E: Vologda Lower Ordovician (Timofeev 1959), Gotland Middle Ordovician 

(Kjellsträm 1971). 

C. polygonale (Eisenack 1931) 
Plate II: 8 

Vesicle diameter up to 350 ,a, number of processes in optical section 6- 12. Size of 

individuals in the Bothnian Sea material considerably under maximum. Forma minor: 

vesicle c. 60 f-l, process leng th about 30 % of vesicle diameter, number about 18 on 
circumference. The Bo thnian Sea material contains also forms with lon g processes 

f. polyantha Eisenack 1968 (Plate II : 9). 

B: Bothnian Sea, Ordovician erratics, site 3. 
E: Middle Ordovician Lower Silurian (Eisenack et al. 1973). 

C. lIIzeiantlfllJ (D ownie 1958) Kjellsträm 1971 

Fig. 16 
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Vesicle diameter 51 - 65 fl, process length 23-25 f-l, echinate. 

B: green limestone, Sylen. 

21 

E: England Tremadocian (Downie 1958), Belgium Tremadocian-L1andvirnian 

( Martin 1965, 1968), Gotland Middle Ordovician (Kjellström 1971). 

Granomarginata Naumova 1960 

Spherical microfossils with relatively thick and delicate margin, surface verrucate. 

Type species: G. prima, Lower Cambrian. Similar form occurs in Bothnian Sea material 

but with a smoother surface and a pylome. 

G. sp. 1 

Plate II: 10, Fig. 18 

Overall diameter c. 45 f-l, margin breadth c. 3 f-l. Thickness of th e inner wall under 

the margin c. 1 f-l, radial figuration at margin, surface rough, pylome diameter c. 6/1. 

B: grey limes tone, site 3, rare. 

Hystrichosphaeridium D eflandre 1937, restr. Eisenack 1958 

The genus differs from Haltisphaeridium in having tubular distal processes (like 

H. ttlbiferllm (Ehr. 1838) DeAandre 1937). Very rare genus in Bothnian Sea material , 

o nly one specimen, smaller in form and comparable to .rI. anthophortlm reported by 

Cookson and Eisenack (1958) from Australia Upper Jurassic stratum, having been 

encountered in green limestone. The species also resembles the Hystrichosphaeridiulll 

form described by German (1974) in Table XI:5 from a g lauconite deposit in the 

Vologda area and which is still referable to H. dicryophorum Cookson and Eisenack . 

The form also belongs to the Palaeozoic, even though the bul k of tbe species described 

are younger, mainly Mesozoic and Cainozoic as is revealed in the summary by Downie 

and Serj eant (1964). A known Ordovician form is H. lI'imani Eisenack 1968 

Hystrichosphaeridilfl71 al1thophorll711 Cookson and Eisenack 1958 archaeojorlJ/e nov. fo rm. 

Plate II: 11 

Vesicle subangular wirh thin and slender shell, diameter c. 50 f-l. Tubular, conicall y 

expanded processes, number about 10, length almost equal to diameter. Process sufac e 

is furrowed, but vesicle and processes evidently psilate. The form resembles P eteino 

sphaeriditllJl. Especially tbe peteinos encasing the processes of so me species are compa 

rable to the conical processes of .rlystrichosphaeriditl/J/. 

B: green limes tone, site 3. 

Leiosphaeridia Eisenack 1958, emend. Downie and Serjeant 1963 

Spherical thin-walled psilate or granulate microfossils without spines; no pores o r 

canals. Shell wirh or without a pylome. Leiosphaeridia is a long-ranging type genus, 

which is known from the Precambrian to the Cretaceous at least. This genus constitutes 

a relatively small proportion of the Bothnian Sea material ; most abundant in g rer 

limestone. 
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FIG. 15. GOlliosphaeridilll1l pe//icidil/III FIG. 16. GOlliosphaeriditlfll 1II1cillallllli 

FI G. 17. GOlliosphaeridil/1II sp. FIG. 18. Grallolllargillala sp. 1 

FI G. 19. Leiosphaeridia ba/lira FIG. 20. Leiosphaeridia cf. microc)'slis 
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C balliea Eisenack 1958 
Fig. 19 

Diameter c. 70- 157 ,u, thin- and smooth-waUed . (Bothnian Sea form 70-90 IJ, 
relatively thin and psilate). 

B: g rey limes tone, site 3. 

E: most common Leio,fphaeridia species in Baltic limestone (Eisencak 1965). 

1-. laevigata Stockmans and Williere 1963 
Plate Ir: 12 

Vesicle spherical, psilate, transparent and oEten clearl y wrinkled, diameter c. 70 p. 
(Bothnian Sea form c. 65 p). 

B: green limes tone, limestone till, site 3. 
E: Belgium Silurian (Stockmans and Williere 1963). 

The species bears a g reat resemblance to L. ba/tiea Eisenack 1958, except that th e 
lat ter is bigger. 

1-. cf. mierocystis (Eisenack 1938) 
Fig. 20 

Diameter c. 65 ,u (57- 72), but with thicker wall than former species. (Diameter in 

Bothnian Sea material c. 60- 70 p. Colour yellowish or dark brown). 

B: green and grey limes tone, site 3. 
E : L. lIlierocystis: Baltic Ordovician and Silurian (Eisenack 1938, cf. Downie 1959). 

1-. sp. 

Fig. 21 

Diameter c. 25 p; a clearly developed pore-shaped pylome, about 7 f~ diameter . 

Wall relatively thick, psilate, ye llowish. 

Leiovalia Eisenack 1965 

Oval psilate shells, organic matter, comparable to hystrichospheres. Type genus: 

Leiovalia (Leioftlsa) ovalis (Eisenack 1938). 

1_. aff.IIGvieufa Eisenack 1951 
Fig. 22 

Spindle-shaped vesicle, cylindrical cavity, rounded terminations, length oE type 

species 210 p , breadth 50 f(. 
Length in Bothnian Sea material 150 f~' 

B: green limes tone, site 3, rare. 

E: L. lIavietffa: Vaginaten limestone, Ordovician B3 (Eisenack 1951). 

J.. similis Eisenack 1965 
Plate III: 1 

Oval shells, thin smooth wall and well-rounded terminations. Leng th 124 (149) p, 
breadth 54 (78) p. Additional distinctive features in Bothnian Sea material, or else 
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a different but similar species: the oval shells show a trio bai transverse zonality, the 

walls are thicker at the terminations, and one oE the ends is more acuminate with 
a relatively large pylome or smaller ellipsoidal apertures, length 100- 110 ,u. Tentative 

name: L. similis fo. triloba n. fo. 
B: grey limestone, site 3, several individuals. 

E: L. similis: Baltic limestone (Eisenack 1965). 

L. similis fo. rugosa n. fo. 
Plate Irr: 2 

Similar to previous specles In outline and dimensions, but distinguishable as 

separate form by having a wrinkled surEace, hence, genus definition should be broad
ened to include also wrinkled species. 

B: grey limes tone, site 3, only one individual. 

Lophodiacrodiutl1 Timofeev 1958, Deflandre and Deflandre-Rigaud 1961 

Granulate, subspherical, elongate microfossils that date largely from the Cambrian 

period (Timofeev 1966). The Bothnian Sea form differs somewhat from the type 
genus proper in that a constriction of the middle part of the body may be observed 
and the densely spaced, very small sized warts cover the entire body. 

L. sp. 

Fig. 23 

Length c. 58 (70) fh, apical bulbous knobs breadth c. 38 (50) ,U. 

B: dredge sampIe till site 2, rare. 

The form strongly reminiscent of D iornatosphaera Downie 1958 tuber reported by 
Deunff (1961) from the Sahara Tremadocian, tha latter, however, being a small er 

specles. 

LophosphaeridiutI1 Timofeev 1959, Downie 1963 

Genus characterized by solid warts on the surface, which distinguishes it 

from the acuminate and short-spined Leiosphaeridia and Baltisphaeridium forms . Type 
species L. rarum Timofeev 1959. 

L. cf. citrinipeltatum Cramer and Diez de Cramer 1972 
Plate Irr: 3 

Diameter 30- 50 fh, wall 1 fh or less, sculpture elements 2,u, oE equal width at base 

and terminations. (In Bothnian Sea material diameter c. 50 fh, warts c. 1.5 fl, colou r 

yellowish or brownish). 
B: limes tone material, site 2; green limestone, site 3. 

E: L. citripeltatum: Alger Shale, Ohio (Cramer and Diez de Cramer 1972). The 
species shows typical peltate sculpture element and is a variant oE the series that in

cludes L. citrinu1JJ Downie 1973 (Cramer and Diez de Cramer 1972). L. citrinu1JJ is 
smaller (Fig. 24). It also resembles L. pilosum Downie 1963, diameter 35- 40fh. Certain 
similarities with the Baltisphaeridium nannium. 
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L . aff. p arIJeratum Stockmans and Williere 1963 
Plate II!: 4 

Diameter 20 fl, warts relatively Widely spaced. The Bo thnian Sea material shows 
a form with widely-spaced warts, diameter c. 18 fl , commonly ruptured . 

B: grey limes tone, site 3. 

E : Belgium Silurian (Stockmans and Williere 1963). 

L. sp 
Fig. 25 

Diameter c. 50- 55 fl, walls relatively thick (1- 2 fl ) and covered with rounded 
warts. Colour yellowish or light brown. 

B: grey limes tone, site 3. 

M icrl:!Jstridium (DeRandre 1973) Downie and Serjeant 1963 

Hystrichospheres with spherical o r oval shells not divided into fields or plates, 

bearing processes with closed tips, most often simple, rarely branching or ramifying, 

without distal connections of any kind . The processes are generally of one type only. 
Mean and modal diameter of shell less than 20 fl. The emendment by Lister (1970) 

does not essentially differ from the foregoing diagnosis. In definitions by Staplin 

(1961) and Eisenack (1969) the M ultip licisphaeridium genus is described without a lower 
size limit. H ence those forms that have branching processes do not belong to the 
Micr0 ,stridium genus. 

The M icrhystridium fonns are comparatively sparse in the Ordovician material , 

being characteristic of younger strata. Certain Micrhystridiutll species from the 

Ordovician have been reported earlier. From the Upper Ordovician Deunff (1958) has 

described the forms M (?). incerttltll, M. bacilliferum and M. nannacanthum, Henry (1968) 
the forms M (?) . incertum, M . bacilliferum, M . cf. chinetonensis and M . cf. nannacanthutlJ . 
Vavrdova (1972) has reported M. inspicutltll and M . stellatttm from Klabava schist. 

Downie (1958) has described M. robuslum and M. shinetonensis from E ngland Upper 

Ordovician. Martin has described M. camp oae, M. cotlJattltlJ, M. f ragile, M. itlJitatutlJ, 

M. inconspicuum, M. nannacanthutlJ, M . parinconsp icutltlJ , M . radians, M. robusttIm, M . 
shinetonensis, M. stellattlm. However, many hystrichosphere descriptions from Or
dovician strata omit M icrhystridiutlJ. This typ e is fairl y widespread in the Bothnian 
Sea material, but the objects are so small that their descriptions are not as comprehen

sive as for larger forms . In this work the intention is to present photographic material 

of the forms encountered in the Bothnian Sea and to compare them with forms de
scribed earlier. For the sake of caution the cf. -definiti on is employed for divergent 

types. 

M.cf. acutll Martin 1968 

Plate II!: 5 

According to Martin, the vesicle is 10- 13 I-~ , processes 4- 7 fl. In the Bothnian Sea 
material the vesicle c. 9 fl, the processes c. 3 fl . 

± 11 553- ; 5 
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B: grey limes tone, sire 3, rare. 
E: M. acum: Belgium Silurian (Martin 1968). 

M. cf. campoae Stockmans and Willi ere 1966 
Plate IU: 6 

Spherical, diameter 13- 23 fl, spines c10sely spaced, narrow and straight, length about 

~-Y:J of diameter (Martin). In the Bothnian Sea material diameter c. 12 fl, spines 

narrow and about Y3 of diameter. 

B: grey limes tone, site 3, rare. 

E: Belgium Ordovician and Silurian (Marti n 1968), Devonian (Stockmans and 

Williere 1966). 

M. sp., cf. nal1l1acanlhu1II (?) Deflandre 1945 
Fig. 26 a 

Spherical, diameter 10- 13/-1, spines c10sely spaced, length c. 1- 2 fl (Martin). In the 

Bothnian Sea material diameter 7- 10 fl, spines c. 1 fl. 
B: grey limestone, site 3, rare. 

E: M. natlfJacafJthuJJJ: France (Finisterre and Brittany) Ordovician (D eunff 1951 , 
1959), (Henry 1969), Belg ium Ordovician and Silurian (Manin 1968, Stockmans and 

Williere 1963). 

M. cf. parveroquesi Stockmans and Williere 1963 
Plate IU: 7 

Spherical, diameter 12.5- 15 fl, processes shon, finger-like, length 2.5- 3 1/ 

(Stockmans and Williere). In the Bothnian Sea material diameter c. 12 ,u, processes 

c. 2.5 fl. 
B: site 3, grey limestone. 

E: M. parveroquesi: Belgium Lower Silurian (Stockmans and WilJie:re 1963, Martin 

1968), the Ardennes Lower Devonian (Bain and Doubinger 1965). 

M. cf. stellatll!lI (?) De fland re 1942 
Fig. 26 b 

More or less polyhedral, diameter 9- 20 fl, average 13 fl, processes angular, length 

75-150 % vesicle diameter, number 8-18 (Martin). In the Bothnian Sea material 

diameter 14- 20 /-L, processes 8- 10 fl. 
B: grey limes tone, site 3, re latively common. 

E: Belgium numerous Ordovician strata and Silurian (Martin 1968), Lower 

Devonian (Stockmans and Williere 1960), also elsewhere in younger strata . Bohemia 

Ordovician (Vavrdova 1972), France Lower Ordovician (Paris 1971). 

MultiplicisphaeridiuJJI Staplin 1961, restr. Staplin, J ansonius and Pocock 1965 

Vesicle ellipsoidal, subspherical or spherical; processes separate, proximately 

slender, distally multifurcate, expanded, with closed terminations; processes on one 

vesicle all of one kind or variations one type, not differentiated into various kinds of 
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FrG . 21. Leiosphaeridia sp. FIG. 22. Leiovalia afL llavimla 

FrG. 23. Lophodiacrodil/III sp. FrG. 24. Lophosphaeridil/II/ aR. 
ci/rinil/"', from Sylen 

FrG. 25. Lophosphaeridil/lJ/ sp. 

FrG. 26, a Micrh)'slridil/JII cf. nal1l1acanlhl/JII, b. M . cf. slella/IIlJ/, c. MI/lliplicisphaeridil/IJI alloi/ealli 
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processes; wall smooth or with minor ornamentation; no differentiation between 

vesicle wall and processes; spine cavities in open connection with vesicle interior. 

A ccording to the emended dia gnosis by Eisenack (1969), one or more of the processes 

mayaIso be non-furcate. Additional emendations: Eisenack ct al. 1973. 

M. allotea,,; (Deunff 1955) Eisenack, Cramer, Rodriguez (1973) 
Synonym: Micrhystridium alloiteaui Deunff 

Fig. 26 c 

Vesicle diameter 25- 30 fi, process length 3- 5 fi, breadth 2 ,u, numerous. Process 

terminations bi- or trifurcate . 

B: green limes tone, Sylen; green and grey limestone, site 3. 

E: Belgium Ordovician (Martin 1965, 1968), England Ordovician (Carad ocian) 

(Lister, Cocks and Rushton 1969). 

M. belmontijormis n. spec. 

Plate III: 8, Fig. 27 

Vesicle diameter c. 50 fi, process length 8-10 fi, numerous. Process terminatio ns 

with palm-like branching, number of branches about 6 or more, leng th c. 4- 5 fl. 
Processes resemble each other, angular junction with vesicle. Connection between 

process cavity and vesicle uncertain. 

B: g reen limes tone, Sylen, relatively common. 

The species resembles M. belmontis (Cramer 1970) bu t is larger and wi th more 

regular process size. It also resembles Peteinosphaeridium micranthulJl, but the latter has 

shorter processes with wider-spaced branches. 

M. bijurcattllJl Staplin, J ansonius and P ocock 1965 
Plate III: 9 

Vesicle diameter 25- 35 fi, process leng th approximately the same as the vesicle 

diameter, number c. 13. Cf. M . irregulare. 

B: grey limes tone, site 3, comparatively common. 

E : Gotland Middle Ordovician (Viruan) (Kjellström 1971), England Lov,;er 

Ordovician (A renigian-Llanvirnian) (Lister, Cocks and Rushto n 1969). 

M. cortractlmense (Stockmans and Willi ere 1963) Eisenack 1973 
Fig. 28 

Vesicle diameter c. 17 fi, processes c. 4.5 I-t. The majority of the processes are 
simple, but they may be subdivided . The vesicle in the Bothnian Sea material c. 15-

21 fi. 
B: grey limes tone, site 3, rather common. 

E: Belgium Silurian (Stockmans and Williere). 

M. fissile (Stockmans and Williere 1963) Eisenack 1973 
Fig. 29 
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Vesicle diameter 16- 1811-, process length almost equal to diameter, number about 
15. Brancbing between lower and upper tbird of processes (Martin 1968). Vesicle 
diameter in tbe Bothnian Sea material 18- 20 /-l. 

B: green limes tone, Sylen; grey limes tone, site 3, rare. 

E: Belgium Silurian subsurface material (Stockmans and Williere) and Ordovician 
material (Martin 1968). 

M. jorqui//utll (Cramer and Diez 1972) Eisenack 1973 
Fig. 30 

Vesicle diameter 30-4511-, process length 150- 20 % of diameter, number 4. 
B: green limes tone, site 3, rare. 

E: USA, Kentucky Estill Shale (Upper Llandoverian) (Cramer and Diez) . 

M. irregulare Staplin, J ansonius and Pocock 1965 
Plate III: 10 

Vesicle diameter 20-35 11-, process length somewhat less than diameter, number 
15- 25; the majority are furcate. 

B: green and grey limes tone, site 3. 
E: eastern Canada Middle Ordovician (subsurface material) (Staplin, Jansonius 

and Pocock). 

M. sylensis n. sp 

PI. III: 11 

Derivation of name: Sylen shoal, sampling site. 
Diagnosis (on basis of one individual): subspherical with relatively thick wall, 

hemisphere with c. 10 processes, the majority of which are furcate with gende angles; 

some show secondary branching and some are non-brancbing. Processes proximally 

tapered, and about 50 % of the diameter in length. A rupture is visible in the section 

of the vesicle opposite the processes (possibly due to wear). 

Dimensions: vesicle diameter c. 70 11-, spine length c. 35 11-' 
Observations: Form resembles M. ramusculosum oldhamensis, but in common with 

otber ramasculosum forms this one too has longer processes than M. sylensis. Also 
M. ftsherii (Cramer 1968) can be likened to M. ramusculosum oldhamensis. The former 

differs however, in having processes that taper from the proximal to the distal end, or 
vice versa as in the species described. 

B: the surf1cial portion of chasmops limestone in the Sylen shoal, Middle 

Ordovician. 

M. sp. 1 
Plate III: 12 

Vesicle diameter c. 50 p, process number c. 15, length 15- 20 p. Process termina
tions generally trifurcate, some of them with secondary branching. Vesicle in commu

nication with process cavities. Colour sepia. 
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Frc. 27. Mllltiplicisphaeridilll/J bell/Jollti/ormis n. 
spec. 

Flc. 29. Mllltiplicisphaeridilll/J fissile 

Frc. 31. M u/tip/icisphaeridillm sp . 3 

Flc. 28. 1I1111tiplicisphaeridilllJl corlracll1l1Cl1Se 

FIC. 30. Mlliliplicisphaeridilllll /orqllil/III/J 

I 

Frc. 32. Orthosphaeridillm dmsigralloS/lfJ1 
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B: green limes tone, sire 3, rare. 

R efers to PeteinosphaeridiulJI species, but differs in that the termination branches are 
diagonal and not tangential to the vesicle. 

M. sp. 2 (M. angulattls ) 
Plate IV: 1 

Vesicle angular, tetrahedral to polygonal, diameter c. 15- 20 fl, number of pro

ces ses in optical seetion 4- 8, shorter than diameter. Processes commonly bifurcate. 
B: limestone material in sire 2, grey limes tone, sire 3. 

M. sp. 3 
Fig. 31 

Spherical, diameter c. 20 ,u, process length 5- 8 ,ll. Process terminations often 
trifurcate. 

B: green limes tone, Sylen. 

OrthosphaeridilllJl Eisenack 1968, emend. Kjellström 1971 

Vesicle ± rectangular. Excystment structure always produced along a tranversal 
suture line, dividing the vesicle into two almost equal halves. Separation of processes 

from vesicle cavity. Processes simple or furcate. Type species O. rectal1gulare Eisenack 

(1963). 

O. chondrododora Loeblich and Tappan 1971 
Plate IV: 2 

Caviry dimensions 67 X 78 fl, processes 4 in number, wirh length up ro 116 [l 

(holotype). The species encountered in the Sylen limesto ne is about the same size. 

B: green limestone, Sylen (only one observation). 

E: Indiana Upper Ordovician (Loeblich and Tappan). 

O. densigrtll10sulJI Kjellström 1971 
Fig. 32 

Vesicle dimensions 38- 44 fl X 33- 39 fl (45 x 35 fl ), processes 8 in number, wirh 
length almost equal to vesicle diameter, 4 processes on the same plane, vesicle surface 

verrucate. 

B: green limestone, site 3, rare. 
E: Grötlingbo, Gotland, Middle Ordovician (Lower Viruan) (Kjellström 1971 ). 

O. rectangulare (Eisenack 1963) 
Plate IV: 3 

Vesicle dimensions: 40 X 49 [l (37 X 40), processes 4 in number, wirh length 84 I .l 

(60 fl). 
B: green limestone, sire 3, rare. 
E: Gotland, Middle Ordovician (Viruan) (K jellström 1971), Upper Ordovician 

(Eisenack 1963). 
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Peteinosphaeriditflll Staplin, ] ansonius and Poeoek 1965, emend. Eisenaek 1969 

Vesicles relatively firm and spherieal, with numerous similar and uniformly radial 

proeesses; solid or hollow. Their terminations are closed with two to three or more 
branehes at wide angles or even tangential to eaeh other. Some seeondary furea may 

also be produeed. The proeesses and fureates may be provided with longitudinallists 
or fins (peteino). Either the suture or, as a result of intense development of the suture, 

the branehing may be redueed. Pylomes are eommon. A widespread group in greenish 
limestone. This is partieularly true of P. nudulJI, whieh is included in the Middle 

Ordovieian forms. 

P. breviradiatulll Eisenaek 1959, Kjellström 1971 
Plate IV: 4 

Charaeterized by numerous short (2-3 /-l) branehing proeesses (trifureate); furea 
length about 3 /-l. Vesicle diameter 40- 44/-l. Close form: P. nano/ureatulll Kjellström. 

B: green limes tone, site 3, rather rare. 

E: Baltie area Ordovieian erraties (Eisenaek 1938, 1959, 1965, 1968, 1969). Poland 

Middle Ordovieian material (G6rka 1969), Gotland Middle Ordovieian (Lower 

Viruan) (Kjellström 1971). 

P. groetlingboensis Kjellström 1971 
Fig. 33 

Charaeterized by rather broad and closely spaeed proeesses whose terminations 
divide into two branehes in opposing direetions and these again into two. Vesic1e 

diameter 74 /-l. 
B: green limes tone, site 3. 
E: Gotland, Middle Ordovieian (Viruan) Kjellström 1971. 

P. cf. heterolllorphicufll Kjellström 1971 
Plate IV: 5 

About 25 proeesses, heteromorphie; proeess terminations either nonfureate and 

bulbous or bifureate with sharp tips. Vesic1e diameter 74/-l (60,u ). 

B: green limes tone, Sylen. 

E: Middle Ordovieian, Gotland (Kjellström 1971). 

P. major/ureatulll Kjellström 1971 
Plate IV: 6 

Resembles P. !JtfdllllJ, but with a thieker-walled vesicle, diameter 53 /-l, and pro
eesses with larger bifurea. 

B: green limes tone, site 3, rare. 

E: Gotland Middle Ordovieian (Kjellström 1971). 

P. lllieranthlllll Eisenaek 1959 
Fig. 34 
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FI G. 33. Peteillosphaeridü/lJ/ groetlillgboensis 
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F1G. 35, a, b PeteinosphaeridillJII 1/lIdlllli 

FIG . 36. PeteinosphaeridillJJI pallcijllrcatlltIJ 

5 lH33 - 75 

FIG. 34. Peteinosphaeridilllli micracanthllm 
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b 

FIG. 37. Peteinosphaeridillm tnjllrcatllfJl var. 
longiradiatlllJl 
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Resembles P. breiviradiatwl/. The terminations of the short processes have 3 to 4 

short furea and weakly developed peteinos. Vesicle diameter 68- 88 p, large pylome 

(40- 50 % of vesicle diameter). 

B: greenish limes tone, site 3, rare. 
E: Baltie area Lower Glaueonite limestone, Megalaspis limes tone (L ower Ordovi

eian) Eisenaek 1959. 

P . nudt/m Eisenaek 1959 
Fig. 35 a, b 

Processes e. 18 in number, about )/3 of vesicle diameter (52 fl), no peteinos Jn 

assoeiation with processes (unlike P. trifurcatum). 

B: greenish limestone, site 3, fairly eommon form . 

E: Baltie area erraties and Estonia Middle Ordovieian (Eisenaek 1959, 1962, 1965, 
1968), Poland Middle Ordovieian (G 6rka 1969), Gotland Middle Ordovieian (Kjell

ström 1971). 

P. pat/cift/rcatlill/ Eisenaek 1959 
Fig. 36 

Resembles former speeies; the processes are simple or with several short branehes,: 

without peteinos. Vesicle diameter 37- 52 fl. 
B: green limestone, Sylen 

E: Baltie Lower Ordovieian (Eisenaek 1959). 

P. trift/rcatt/tI' Eisenaek 1931 

Processes, about 10 in number, length about Ya of vesicle (60 p ), terminations wirh 

2- 4 branehes, generally trifureate. Processes eovered by peteino. 

B: g rey limes tone, sire 3, rare. 

E: Baltie area Ordovieian erraties (Eisenaek 1931- 1969), Sweden MiddleOrdovi

eian (Staplin, J ansonius and Poeoek 1965, Kjellström 1971), Poland Upper A renigian 

and Ordovieian floats (G6rka 1969), Bohemia Upper Ashgillian (Konzalova-Mazan

cova 1969) and Arenigian (Vavrdova 1966), Gotland Middle Ordovician (Lower 

Viruan), Belgium Wenloekian ( Martin 1968), Vologda area glaueonite deposit (Ger

man 1974). Aeeording to Eisenaek (1973), the speeies was at its peak from the Lower 

Ordovieian period to the Revaler Stufe CI, that is, to the beginning of the Middle 

Ordovician period. Its rarity in the Bothnian Sea indieates a younger age for the 

sedimentation, eontemporaneous with the upper Middle Ordovieian. In Eiseoaek's 

opinion, P. triftlrcatum was assoeiated with BaltisphaeridimJl longispinostllll, whieh also 

oeeurs in the Bothnian Sea. 

Var. longiradiatum (Eisenaek 1959). 
Fig. 37 

B: erratie site 3, rare. 

E: Baltie area U pper Ordovieian (Eisenaek 1959, 1965). 



P. sp 
Fig. 38 
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Vesicle diameter c. 50 {t, process length 8- 12 {t. Furca c. 7- 8 ,a, 2 to 3 per process. 
B: green limes tone, Sylen, several individuals. 

Pterorystidiop sis D eflandre 1937 

The original description was not available but on the basis of the description by 

Henry (1967) of P. durande, which belongs to the same type genus, the following 

occurrences from the Bothnian Sea are referred to the D eflandre genus. The Bothnian 
Sea microfossils are spherical and with a double membrane. The internal shell is 
smooth but the external one forms a folded veil, (Plieasphaera) that envelops the whole 
sphere and is connected to the surface of the internal sphere at the lower parts of the 
folds. The folds show a labyrinthal or serrated pattern, not polygonal as in the genus 

CYlJIatiosphaera, to which Pterorystidiopsis otherwise bears a great resemblance (cf. 

Henry 1967, Henry and Thadeu 1971). Cf. PlaniosphaeridiulJl Eisenack 1965. 

P. elegans n. sp. 
Plate IV: 7, Fig. 39 a 

Internal shell relatively thick, outer shell folded comparatively far from the 
internal shell. Labyrinthine pattern on the folds. Internal shell diameter c. 12 {t, overall 

diameter c. 21 {t. 

B: grey limes tone, site 3, very rare, only 1 individual. 

P.bottniea n. sp. 
Plate IV: 8, Fig. 39 b 

The external shell has labyrinthine and angular folds that extend almost to the 

internal shell. Internal shell diameter c. 18 {t, overall diameter c. 23 {t. 

B: grey limes tone, site 3, rare. 

SymplassosphaeridiulJI Timofeev 1959, p. 26 

There is no genus description, but on the basis of pictures it can be recognized as 

a characteristic type in which at least the surface of the spherical body is composed of 

small tangential spheres. According to Timofeev (1966), it is in fact a Cambrian form 
although it has also been reported from a Lower Ordovician stratum. 

S. aff. inerustatulJI Timofeev 1959 
Plate IV: 9 

Overall diameter c. 40- 50 {t according to Timofeev, but c. 60 fl in the individual 
encountered. 

B: Sylen, in situ, Middle Ordovician, only one observation. 

E: S. inert/stratum: USSR Lower Ordovician (Timofeev 1959). 

Synsphaeridiu1J' Eisenack 1965 

Hollow spheres with walls of organic matter; the spheres are connected with each 
other but do not form globular aggregates. Although the spheres often show flat 
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F , G. 38. Peteillosphaeridilllll sp. 

FIG. 39,3. PferoC)'sfidiopsis e/egalls n. spec., b. P. bOffllica n. spec. 

FIG . 40 . Sy"sphaeridillHl aff. fllberclI/atlllll 
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clusters, they are seldom on the same plane and some spheres can be higher than the 

o thers. Type genus: S. gothlandicllm. 

S. aff. tllberculatum Eisenack 1965 
Fig. 40 

Sphere diameter c. 15 fl, small warts on the surface. Diameter of spheres in the 

Bothnian Sea material c. 8- 17 fl. The warts can be disting uished on the biggest 

individuals. The aggregates of small spheres possibly represent early forms. 

B: green limes tone, site 3. 

E: S. tliberclilatllm: Gotland Silurian (Eisenack 1965). 

Tasmanites Tewton 1875 

Spherical, thick-walled and rather large microfossils, hollow at the centre. Walls 

penetrated by small pores; often with a conspicuously large rounded pylome provided 

with a cover. Tasmanites is known from the Palaeozoic in particular, but also from th e 

Tertiary (Eisenack 1963). It is also referable to present-day g reen algae (Wall 1962). 
From Baltic limes tone pebbles from South Finland Eisenack (1965) has reported 

large and well-preserved Tasmanite forms: T. balticus (mean diameter 368 ,u) and T. 
Illartinssoni (see, Martinsson 1955, 1956). Although these large forms were absent in 

the Bothnian Sea material, the following small form was present. 

T. llIimttus Eisenack 1965 
Plate IV: 10 

Vesicle diameter 50-70 ,u, pylome cover opens inwards, diameter c. 281l. Surface 

smooth. Dimensions in the Bothnian Sea material: diameter c. 57 Il, pylome c. 20 p. 

B: Sylen, in situ, grey limes tone, site 3. 

E: Baltic Sea limes tone and J örden stage (Silurian) (Eisenack 1965). 

Veryhachiufli Deunff 1955, emend. Dow nie and Serjeant 1963, Loeblich and Tappan 

1969 

Test habitus triangular or polygonal-subpolygonal with processes, 3 to 6 in 

number, at the corners. Processes pointed with closed terminations. A ccording to 

Cramer (1970), M icrl!Jstridillfll and Veryhachiulll are synonyms, Veryhachium being a 

variant with widely spaced processes. Vesicle diameter 10- 40 ,Ll, rarely smaller or 

g reater. 

V. europeu1'll Stockmans and Williere 1960 
Fig. 41 a 

Processes, four in number, three of which form a triangle . The leng th of the pro

cesses is greater than 75 % of the length of an edge of the central body (Cramer 1970). 
B: grey and green limes tone, site 3, rare. 

E: Belgium Upper Devonian (Stockmans and Williere 1960), Upper Caradocian 

very rare, Silurian common (Martin 1968), USSR Silurian (Piskun 1974, cf. German 

and Timofeev 1974). 
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V. lairdi (Deflandre 1935) Deunff 1959 

Fig. 41 b 

A reetangular form wirh 410ng proeesses. Vesicle 16- 20 ,u, spines 25- 30 fl. 

B: green limes tone, sire 3, rare. 
E: Brittany Caradoeian (Deunff 1959) and Llandvirnian (Henry 1969), Belgium 

Silurian (Stoekmans and Williere 1963) and Ordovieian (Martin 1968), northeastern 

Spain Silurian and Devonian (Cramer 1964), USSR Upper Ordovieian (Piskun 1974). 

V. ofigospinosutll Eisenaek (1934) 1963 
Synonym: Goniosphaeridiutll ofigospinostf!ll Eisenaek et al. 1973 

Fig. 41 e 

A fairly large form wirh 4 (or 5 to 6) spines; tetrahedral habitus. Aeeording to 

Eisenaek, the size ean reaeh 300 fl. (About 90 fl in the Bothnian Sea material) . 
B: green limes tone, site 3, only one individual. 

E: Sweden Upper Visby MarI (Eisenaek 1934), Ordovieianerraties (G6rka 1969), 

Vologda area Lower Ordovieian (German 1974). 

The form is not assoeiated wirh the Goniosphaeridiutll genus, beeause it is more 

readily referable to the Veryhachiu1tl fairdi type. 

V. trispinosutll (Eisenaek 1938) 
Plate IV: 11 

Forms wirh three proeesses, whieh are shorter than the diameter of the vesicle 

(cf. Henry 1969). Vesicle: 20- 30l-t, spines: 15- 20,a. 

B: eommon form in green limes tone. 
E: Baltie Lower Silurian (Eisenaek 1938), Rhine Ordovieian (Eisenaek 1939), 

Belgium D evonian (Stoekmans and Williere 1962), Arenigian-Llandvirnian, abundant 
(Martin 1968), Finisterre Lower Caradoeian (Deunff 1959), England Lower Ordovi

eian (Lister and Holliday 1970), Bohemia predominant in Upper Caradoeian (Vavr

dova 1965), USSR Upper Ordovieian (Piskun 1974), Franee Lower Ordovician 

(Paris 1971). 

V. trisufcatulll (D eunff 1958) Henry 1969 

Fig. 41 d 

Forms with three proeesses, whieh are longer than the diameter of the vesicle. 

Vesicle 20- 30 fl, spines: 45- 69 fl (Deunff 1963: 35- 40, 75- 100 JU)' 
B: green limes tone, site 3, very eommon; Sylen, rare. 
E: Veryhaehium Middle Ordovieian (Deunff 1958: large form), Crozon Upper 

Ordovician (Caradoeian) (Henry 1969), Central Bohemia Ordovician (Arenigian) 

(Vavrdova 1965). 
The form V. triangufattllJJ (Konzalova), whieh is similar to V. t rispinosu1JI, also 

oeeurs in the Bothnian Sea material (Fig. 41 e). Aeeording to Piskun (1974), it dates to 

the end of the Ordovieian period. It bears a great resemblanee to the Baltie Ordovieian 

form V. bafticulll Eisenaek (1951) 1959. 
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FIF. 41 , a. Vcr)'bacbil/III WrOpCI/III, b. V. 
lairdi, c. V . oligospinoslIIl/, d. V . IriS//!call/lII, 
e. V. triangl/lall//II. 

-
e 
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Blue algae genus Gloecapsolllorpha Zalessky (1916) 
The microfossil type that received its name from the present-day blue algae genus 

Gloecapsa Kützing is known from the Precambrian, although it was especially common 
in the Ordovician Kuckersit-algae. Many Palaeozoic Gloecapsomorpha forms have 

been recognized, notably by Timofeev (1966). Particularly in the grey limestone, site 3, 

the Bothnian Sea material shows well-preserved Gloecapsomorpha species. 

G. sp. 
Plate IV: 12 

Thin-walled, small-celled spherical or irregular complexes. Diameter of one eight

cell complex c. 10 /h, that is, smaller than G. prisca and C. macrocysla Eisenack 1960. 

B: grey limes tone, si te 3. 

The abundances and the comparative dating of the hystrichosphere species in 
the limes tone of the Sylen Shoal and in limes tone erratics on the bottom of the 

Bothnian Sea 

Owing to its scarcity the material investigated cannot be dated in detail on the 
basis of hystrichosphere flora. The most frllitful sources of comparison for the occur

rences established are the data of Kjellsträm (1971 a and b) from Middle Ordovician 

material and of Eisenack (1965) from microfossil investigations in Baltic limes tone . 

The Baltisphaeridium genus plays a key role in these studies and the bul k of the species 
are the same as those in the Bothnian Sea material (Table 1). Despite the scarcity oE 
the material from the Bothnian Sea, separate investigations luve been conducted on 

the speciesfrom the Sylen Shoal (Middle Ordovician in the light of conodont stlldies), 

TABLE 1 

The abundance of the most common Acritarcha genera in the material from the Bothn ian Sca. 

10 20 30% 10 20 30 /'0% 10 20 30 /'0% 
I I I I I I I I I I I 

Baltlsphaerldlum 

Gonlosphaerldlum 

Petelnosphaerldlum 

Multipilcisphaeridium :.:-: ... _ _ _ _ _ _ _ _ _ _ _ 

Veryhachium 

Micrhystrid lum 

Leiosphaeridia 

Leiovolie 

varia 

Sylen limestone Green limestone Grey lImestone 
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TABLE 2 

The stratigraphie di vision o f the Ordovieian 

I Estonia* E sto nia** 

'" ~ 

Porkuni (F lI ) Borkholmer Stufe (F2) 

C-
" Pirgu (FIe) ·ü 

e: 
.;;: 

5.g Vo rmsi (FIa) L yekholmer Stufe (F!) .- ... 
~O N abala (F,a) ::r:: ... 

'" 0.. 
0.. Rakvere (E ) Wesenberger Stufe (E ) »Baltie limesto ne» 
~ 

O andu (Dill ) Wasalemmsehe Stufe (D 3) 

Keila (D,, ) K agel ' sehe Stufe (D 2) »Sylen limesrone » 

J ohvi (D j ) Jewe'sehe Stufe (D!) 
~ 

e: 
'" Idavere (CIl I ) Itfer'sche Stufe (C3) ·ü .;;: 

e: 0 Kukruse (CIl ) Kuekersehe Stufe (C2) -0 
" 0 ;:: 
;; 
~ 

Uhaku (C,e) Revaler Stufe (Cl) 
-0 

I 
-0 Lasnamägi ( Ib) 
~ 
'-' 

Aseri (Cra) 

Kunda (Bul ) 

C-
V olkhov (BIJ ) Gl auko nitkalk (B 2) 

" :g Leetse (B[) 
e: > 
" 0 
'ü -0 Pakerort (A 2- 3) e: 0 " 0:; 
0 

... 
" ~ 
0 

~ 

*) Röömuso ks, 1960 
**) Eisenaek's divisio n 

6 114 53- 7 5 
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.;; 
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from the green limes tones in erraties and from grey limes tones. Tbe stratigrapbie table 
(Table 2) illustrates the division of the Ordovieian period in the Baltie and Central 

European areas, from whieh eomparative observations of the oeeurrenees of the 

speeies are reported in the seetion on systematies. 

The green limes tone of the Sylen Shoa l 

ßaltisphaeriditllll hirstltoides - /ongispinosllJlI, B. nallniutll, B. latiradiata, GOfJiosphaeri

ditltll tll1einat1lJII, G. po(ygona/e, Multiplicisphaeridium allotei, Electoriseos aff. pagonitls, 

P eteinosphaeriditltll heteroJJlorphie!lIll, P. paueifttreatu!Il, P. sp., Tasmanite mintftllnl are the 
main speeies, B. hirstitoides-lolIgispinostltlJ being the most eommon. This eomposition of 

speeies is suggestive of adeposition during the Middle Ordovieian period (see, 

Kjellsträm 1971, p. 61 - 63). 

Material from green limes tone erratics 

Tbe genus with the most abundant forms 1S Ba/tisphaeridium. It includes the 

majority of the speeies deseribed without any one speeies being eonspieuously domi

nant. However, B. longispinost/!Il-hirsutoides and B . JJltI/tipilostlJJl are the most eommon of 
these speeies, PeteifJosphaeridiullJ IItldlllJl is the dominant representative of its genus an d 

G. pei/ieieidillJJl (G. eorgtlne!tllJI) of the Goniosphaeriditl171 genus. These oeeurrenees refer 
eonvineingly to the Upper and Middle stages of the Middle Ordovieian period (see. 

Kjellsträm 1971). The bulk of the mierofossil material is composed of Veryhaehitllll 

trispinosu!ll fo und in the green limes tone. The Veryhaeiu!Il speeies are known partie
ularly from the latter half of the Ordovician period, but V. trist/lcattllJl from as early as 

the Arenigian stage (see, Vavrdova 1965). On the basis of these speeies it is not pos si

ble within the seope of this study to determine the dates more aecurately. The hystri
chosphere flora seem to indicate that the deposits represented by the green erratics 
were formed d uring the Middle Ordovieian, eontemporaneo usly with the Sylen surface 

stratum. However, they may possibly be younger than the latter, owing to the absence 
or marked scarcity of Ver)'haehi1l1ll in the Sylen sampIes. 

Grey limes tone erratic material 

This material shows the most heterogeneous groups of speeies. Exeept for the 

relative paueity of large Baltisphaeridit/IJI species, many of the speeies studied are the 

same as those in the green limes tone: B. hirst/toides, B. lJ/tlltipilostl!ll, B. globostlJJl. P. 

IItldutlJ is the most eommon of the PeteinosphaeriditllJl genus, and biftlreallllll and alloteatfi 

of the Mtlltiplieisphaeridilllll genus. Other species fo und in both sets of material are 

GoniosphaeriditlJJJ peilieiditlJJl and Tasmanites f1Jinutum. In addition, some M ierl!JstriditlJIJ 

speeies occur in abundance, M. cf. baeillifertl!ll and ste/latutlJ being the most common. 
They have been encountered in Ordovician strata, although also in some younger 
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strata. The Leiosphaeridio genus is represented by the baltica species, w hich , according 

to Eisenack, is typical of Baltic limes tone. Relatively many of the species reported 
from Baltic limes tone (Eisenack 1965) also occur in the grey Jimestone of the Bo thnian 

Sea: Baltisphaeriditlm hirstftoides, B. mtfltipilostlm, Peteinosphaeriditfm tri/urcatum ssp. 
/ongiradiato, Leiosphaeridia baltico, Leiovalia similis, Tasmanites mimlftfm. Species that at 
present cannot be compared wirh those of the strata dated to the Ordovician period in 
adjacent areas include representatives of the Granomarginata, Lophosphaeriditlm, and 

Plerorystidiopsis genera. In short, it is not possible on the basis of the species to date 

the sampIes wirh such accuracy as ir was with the two former examples; even so the 

species suggest the Ordovician period, and possibly a stage younger still than that 
i ndicated by the species in the greenish limes tone. 

ZOO MICROFOSSILS 

Order Chitinozoa Eisenack 1931 

Chitinous remains of an animal group (possibly a protozoan g roup or Hydrozoa), 
whose systematic p osi tion is still uncertain; the remains show axial symmetry, and 
are rod-, club-, flask- or pot-like in shape. They are generally less than 0.4 mm in 

leng th, maximum 1 mm, and black in colour. The Chitinozoa occurrences are restricted 

to the period from the beginning of the Ordovician to the Devonian (Jansonius 1967, 

Combaz 1972). The main sources of comparison in the Bothnian Sea investigations 
are E isenack's species determinations , the bulk of which are based on investigations 
of Ordovician and Silurian material in the Baltic. Of the numerous Chitinozoa studies 

conducted elsewhere in Europe, mention should be made of those by Taugourdeau 

(1966), LaufeId (1967), Cramer (1964), Doubinger (1963) and German (1974). 
In the present description of Chitinozoa the stress is on theillustrations. The most 

important dimensions of each species are also given, first for material from earlier 
inves tigations , followed in brackets by those for the Bothnian Sea material (if given). 

The dimensions can be seen roughlyon the scale. Whenever more explicit dimensions 

are o-iven, the practice of Eisenack (1955) is followed: length /g reatest breadth/aperture 

diameter (the aperture is downwards in the illustrations)/ smallest breadth. 

Eisenack (1959, 1962, 1965) has earlier reported Chitinozoa occurrences in Baltic 
limes tone from the Hanko-T ammisaari area in South Finland investigated by 

Martinsson (1956). The following species were deseribed: Ancyrochitina anryrea, A. 

copWata, reported as early as 1962 (Eisenack), A . llIt1ltiradiata, Conochitina elegans, 

C. micracantha and divers forms, C. tlIitlnesotensis, C. tuberCIIlata, Cyathochitina calix, 

C. compotlttlaeJortllis, C. ktlckersina f. brevis, DesJJJochitina /ecaniella, D. minor f. typica, f. 
alllphorea, Lagenochitilla baltica, 1_. prussica, Parachitina mruala, Rhabdochitina magna. 
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Chitinozoa are common in Sylen limes tone and farther north in the limestone 

erratics on the bottom of the Bothnian Sea. The following forms are encountered 

most frequently. 

Ancyrochitina Eisenack 1955 

Subcylindrical lower part (12-% of length) and an overturned conical, seldom 

spherical upper part. Polar plane ± smooth, the edges provided with long processes 

from 4 to 10 in number (average 6 to 8). The terminations of the processes show 

anchor-or antler-like or very irregular branching. The walls are without spines. 

A. ancyrea (Eisenack 1931) Eisenack 1955 

Type size 138/68/21 /32. The type proper has well-developed anchorlike processes. 

Eisenack (1965) has described this form from South Finland, but also a form whose 

processes are not markedly furcate (A. sp. Table 10:11- 12). The latter is probably 

a primitive form; it occurs also at Sylen in the Bothnian Sea (Fig. 42 a, b). A. ancyrea 

is mainly a Silurian (Gothlandian) form, despite the fact that occurrences are known 

from Ordovician erratics in Finland (Bothnian Sea limes tone, Eisenack 1965). 

Conochitina Eisenack 1931 

Type species: C. c1aviformis. Distinctive marks: length 0.26 mm, length /breadth = 

4:1. A cone-, rod-shaped form; the lower part, however, is more cylindrical and 

rewidens somewhat at the aperture. The cone base opposite the aperture is generally 

Rat, but sometimes it is inden ted, and a few individuals have a copula. 

C. cactacea Eisenack 1937 

Fig. 43 a 

The species is characterized by spinules along the conical surface. 

B: green limes tone, site 3. 

E: in erratics of Baltic limes tone (Eisenack 1965). 

C. cerVlcorms Eisenack 1931 

Fig. 43 b 

Characteristic and rather large spines at the edge of the conical expansion, non

furcate, length 16- 20 fl. Overall length (240 fl), length: breadth = 2.5:1. Cf. C. taugo

urdeaui. 

B: Sylen erratics sam pIe, Middle Ordovician. 

E: Samland coastal erratics (Eisenack 1931). 

C. conulus Eisenack 1955 

Fig. 44 a 

Dimensions: 113/67/29/37 fl (Eisenack, Typus) 
B: limes tone, Sylen in situ. 

E: Ordovician erratics (Eisenack 1955). 

C. micracantha Eisenack 1931, subsp. llIicracantha Eisenack 1959 

Fig. 44 b 

------, 

I 
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FIG. 42, a, b. AIIC)lYoehililla sp. 

o 1001-' 

FIG. 43, a.Colloehitilla eactaeae, b. C. 
cervicornis 

FIG. 44, a. COlloehitina eOIl/lI/ls, b. C. mieraealltha, c. C. mieraealltha f. barbata, d . 
C. mieraeantha subsp. eomllla, e. C. mieraeantha subsp. sylensis, f. C. mieraealltha 

subsp. s)'nclinalis, g, h. C. mieraealllha subsp . lVesellbergensis 
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Resembles type species of genus, length 0.23- 0.38 mm, length: breadth = 4- 5:1. 
B: Erratics, site 2, grey limes tone, site 3. 

E: common form in Lower Silurian boulders = Ordovician (Eisenack 1931), 
Diplograptus gracilis- limes tone (Eisenack 1959), Baltic Ordovician (Eisenack 1962), 
most common form in Baltic limestone (Eisenack 1965, p. 123). 

C. l1Iicracantha f. barbata Eisenack 1965 
Fig. 44 c 

The species is characterized by spinules groups along the basal margin. 
B: Sylen sampIe, Middle Ordovician. 

E: in erratics of Baltic limes tone (Eisenack 1965). 

C. micracantha subsp. COl1ltJIa Eisenack 1959 
Fig. 44 d 

A sparsely-spined form; spines either at pole or totally absent. 

B: green limes tone, Sylen 

E: Baltic limes tone Wesenberger Stufe (Eisenack), also in South Finland. 

c. micracanta subsp. rylensis n. subspec. 
Fig. 44 e 

A cylindrical conical form characterized by tapering at the aperture and the absence 

of a neck. Hence it is relatively short. There are small spines on the base and cylinder 

walls. Dimensions: length c. 150-240 fJ-, greatest breadth 80-100 fJ-, aperture diam
eter 30- 60 fJ-. 

B: green limestone, Sylen. 

It resembles C. tuba in dimensions but differs in that it is provided with spines. 

C. micracantha subsp. rynclina/is Eisenack 1965 
Fig. 44 f 

Length 200-340 fJ-, breadth 105 fJ-, the broadest part is Y4 of pole. 
B: Sylen; Bothnian Sea dredge sampie, si te 2. 

E: Baltic limes tone form (Eisenack 1965). 

C. micracantha sub. sp. JlJesenbergensis (Eisenack 1959) 
Fig. 44 g, h 

Eisenack 1965, Table 9, Fig. 10- 17, Table 10, Fig. 3. 
B: Erratics, site 2, grey limes tone, site 3, relatively common. 

E: Baltic limestone (Eisenack 1965), Baltic Ordovician, Wesenberger Stufe 
(Eisenack 1959, 1962). 

C. taugourdeaui Eisenack 1968 
Fig. 45 a-c 

Relatively sharply conical with ± straight edges, or slender and cupular, in which 
case it resembles C. ca/ix. The polar edge has large simple or bifurcate spines project-
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FrG. 45, a- c. COllochitina 
fatlgollrdeal/i, d. C. tl/ba, e. 
COllocbitilla/Angochitina, trans
itiona l form. 

FrG. 46, a. Cyatboctilla calix, 
b, c. C. call1palllilaefor1l1is, d. 
C. kl/ckersiana, e. C. kllcker
sialla f. brevis, f. C. campanu
l aefor1l1is, basal v iew. 

o 

c 

o ,oo ~ 
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ing diagonall y sidewards. Small spines also commonly on the sides. T ype: 266/86/68/ 
50. 

B: green limes tone, Sylen. 
E: found in the Berlin area in transported material that probably belongs to the 

Borkholm stage (Eisenack 1968). The species is very reminiscent of C. cervicornis. The 

age of the Sylen stratum indicates that the form lived as early as the end of the Middle 

Ordovician. 

C. tuba Eisenack 1932 
Fig. 45 d 

A form resembling C. lIIicracantha Ivesenbergensis and C.'ll . synclinalis (length 143-
284 f-l, length: breadth = 1. 9- 3. 6: 1), membrane psilate. 

B: green limes tone, Sylen. 
E: Slite mari, Wenlock (SiIurian) Gotland (Eisenack 1962). 

ConochitinajAngochilina in Fig. 45 e from site 2. 

Cyathochitina Eisenack 1955 

Chitinozoans with ± cylindricallower part, conical or bell-shaped upper part and 
a sharp-edged pole, which mayaiso form a narrow transparent edge. Wall psilate or at 

the most fine grained and verrucate. Type species: C. campanulaeformis. 

C. calix Eisenack (1931) 1955 
Fig. 46 a 

Length 190- 450 f-l, leng tb : breadth 1. 9- 4.1:1 
B: Erratics, site 2 
E: Baltic Ordovician, stages B1- B3 (Estonian g lauconite limestone) (Eisenack 

1962), South Finland Baltic limes tone erratics (Eisenack 1965). 
A ccording to Eisenack (1962), c. calix, C. campanulaeformis and C. kuckersiana 

constitute an important stratigraphic Ordovician series that no longer occurs in the 

Silurian. The species are similar to each o ther and display gradational forms. These 
forms include a significant portion of the chitinozoans in the Bothnian Sea material. 

C. campanulaeformis Eisenack (1931) 
Fig. 46 b, c 

Length 250- 300 f-l, length: breadth = 1. 3- 1.6:1. 

B: green limes tone, Sylen relatively common, erratics, site 2. 
E : Baltic Silurian (Ordovician) erratics off the coast at Samland (Eisenack 1931), 

Estonia Ordovician (Eisenack 1962), Echinosphaerid limes tone (C I )- Lyckholmer 

Stufe (FI) (Eisenack 1962 c), South Finland Baltic limes tone (Eisenack 1965), Central 
Sweden Ordovician (Caradocian) (Laufeid 1967). 

C. kuckersiana Eisenack (1924) 1955 
Fig. 46 d 
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Resemblance to former species, length 147- 360 tJo, length: breadth = 1. 3-1. 95:1. 

B: green limes tone, Sylen. 

E: Baltic Ordovician, Kuckers ' stage (CII) - J ewe' -stage (DI), Central Sweden 
Ordovician (Caradocian) (Laufeld 1967). 

C. kuckersiana f. brevis Eisenack 1962 
Fig. 46 e 

Shorter than the main species and relatively wider bowled. 

B: Bothnian Sea limes tone erratics, site 2. 

E : Baltic Ordovician, Jewe to Wasalemm stages (Eisenack 1962 c), SOllth Finland 
Baltic limes tone (Eisenack 1965). 

Desmochitina Eisenack 1931 

Type genus : D. nodosa 

Spherical short-necked species, aggregated in colonies . Maximum length oE colony 

0.3 mm, individual bubble 77- 90 ja, length: breadth = c. 1:1. Most oEten as single 
Eorms in Bothnian Sea material. 

D. lecaniella Eisenack 1965 

Fig. 47 a 

Longitudinal axis shorter than latitudinal axis, rounded base. Diameter c. 64 tJo, 
aperture 36 p. 

B: Bothnian Sea dredge sampie, site 2, rare. 

E: Baltic limes tone erratics, also South Finland (Eisenack 1965). 

D. minor Eisenack 1931 f. typica Eisenack 1958 

Fig . 47 b, c 

Elliptical or ovoidal with a pronounced neck. SurEace psilate or granulate. Length( 
g reatest breadth(aperture(narrowest point between neck and ellipse in Fig. 47 b is 

110(90(50(40. 
B: greenish limes tone, site 3. 

E: glauconite limestone and younger Ordovician strata, generally common 

(Eisenack 1958), reported also from South Finland (Eisenack 1965). 

D. sp. cf. f. amphorea Eisenack (1931) 1962 
Fig. 47 d 

B: green limes tone, site 3, a form represented by only one individual. 
E: Ordovician stages Cl> D l> Da (Eisenack 1962), South Finland Baltic limestone 

(Eisenack 1965). 

D. minor f. ovulum Eisenack 1962. Fig. 47 e, g reen limes tone in site 3. 

Lagenochitina Eisenack 1931 

Test without spines, type species : L. baltica. 

7 11453- 75 
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L. a If. sphaerocephala Eisenaek 1932 
Fig. 48 a 

The eylindrieal part eomprising e. % of the overall length widens at the top to 
a sphere, whose distal pole seI dom shows a planar area. \'\1ithout spines, aperture often 
distended. Length 200 ,u, length: breadth = 2.7- 2.8:1. The Bothnian Sea material 

exhibits smaller forms: 70 / 140 ,u. 

B: green and grey limes tone, sire 3, rare. 
E: L. sphaerocephala1 Beyriehian limes tone, eommon (Eisenaek 1931). 

L. sp., Fig. 48 b 
Rhabdochitina Eisenaek 1931 

Type speeies: R. magna 

A large form, length 0.5- c. 1 mm, breadth 80- 100 ,u, eylindrieal. I luve not 

observed this large form in the Bothnian Sea material, although Eisenaek (1965) has 
reported it from several Baltie limestone erraties in South Finland: On the other hand, 

small individuals with similar shape oeeur in the Bothnian Sea material at site 2. They 

are R. gracilis f. flJi flOr n. fo. and are also smaller then R. gracilis, length e. 330, breadth 

25 ,u. (Fig. 49 a). 

Rhabdochitina? lacl1ia Eisenaek 1932 
Fig. 49 b, e 

Cylindrieal test, long and narrow in outline, but with a eonieal or spherieal swelling 

at the base. Length 200- 300/1, Bothnian Sea material 190- 230 fl. 
B: green limes tone, Sylen. 
E: Baltie Silurian (Ordovieian) (Eisenaek). 

R. sp., Fig. 49 d, grey limestone in site 3. 

Sphaerochitina Eisenaek 1955 

Chitinozoa with almost eylindrieal »lower part». The »upper part» shows a eonieal, 

spherieal or wide mushroom-like expansion. Wall psilate or with small warts or very 

closely-spaeed small spines. 

S. pistillijorlJ/is (Eisenaek 1931) Eisenaek 1955 b. Tablc 1, Fig. 7- 8. 
Fig. 49 e 

B: greenish limes tone, site 3, rare. 
E: pin k Beyrichia limes tone, Silurian material probably transported from Sweden 

to the Königsberg (Kaliningrad) region on the eoast of Samland. 

The dating of the material on the basis of a comparative study of ch itinozoans 

Although the ehitinizoans do not display sueh an abundanee of fotms as the 
hystriehospheres, some of them at least playa signifieant role in stratigraphie dating, 

e.g. the group y 'athochitilla calix - campanulaejormis - kuckersiana - kuckersiana f. 
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F1G. 47, a . Desmochitilla lecalliella, b, 
c. D. millor f. typica, d. D. minor f. 
alllphorea, e. D. millor f. oVlIlullI, f. D. 
sp. 

Fl G. 48, a. Lagenochililla alt. spha
erocephafa, b. L. sp. 

F1G. 49, a. Rhabdochitilla 
gracilis f. millor n. f., b, c. R . 
tael/ia, d. R. sp., e. Sphaeroc
hitilla Pislillijormis 
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brevis, which, according to Eisenack 1962, correspond to stages B,- B3 of the O rdo

vician period (calix); C,- F , (campanulaeforlllis); C2 (kuckersiana); D ,- D 3 (kuckersiana f. 

brevis). These species also occur in the Bothnian Sea material. There have been earlier 

reports from South Finland of C. kuckersiana f. brevis from three Trätjeland Baltic 

Jimestone sampies and of C. call1panulaejorlllis from one sampie (Eisenack 1965). This 
indicates that the Bothnian Sea erratics under discussion can be dated to the J ewe'
Wasalernm' -stage. Since the same type also occurs in the dredge sampie from site 2 in 
the Bothnian Sea, it is conceivable that some of the material at this site is of the same 
age (hystrichospheres are sparse at site 2; the predominant type is BaltisphaeridilltJl 

hirsutoides-longispinostltJl, which is characteristic of the middle stage of the Ordovician 

period. 

The Sylen Shoal green limes tone 

A large portion of the forms encountered were broken or unfamiliar types that 
could not be determined, e.g. long Conochitina forms (Fig. 50 a) with spines at their 

base. Two of the types identified were C. taugourdeaui and C. cervicornis. Ancyrochitina 

sp., the same form as that described by Eisenack (1965) from Baltic limestone, was 

fo und in the material. R are Cyothochitina species were call1panulaejorlllis and kllckersiana. 

It is also p ossible that the genus Eremochitina was present, although the species have 
not been well defined either. (cf. Fig. 50 c- e). All in aIl , the forms seem to indicate 

Ordovician sedimentation, but do not allow more precise dating. 

Green limes tone erratics 

The species differed considerably from those or t~: : green lime~,A:';: , but owing to 

the relatively small number of sampies a comparison is not of much significance. The 

population consists of Des1l1ochitina lIIinor, Sphaerochitina pistillifor1l1is, Conochitina and 

Sphaerochitina species; these are Ordovician forms, although some of them also occur 

in Silurian strata. 

Grey limes tone erratics 

The species typical of the material is COl1ochitina micracantha and especially sub

species wesenbergensis. According to Kraft (1926) and Eisenack (1965), subspecies 

",icracantha is characteristic of D iplograptus (Orthograptus) gracilis Baltic Jimestone. In 
the presen t study so me specimens of what has been assumed to be Orthograptus gra

cdis (Syn . Diplograptus gracilis) were found in the green limes tone from the site 3 (Fig. 

51). According to Kraft, Diplograptus gracilis is represented in the Baltian echino
spherehorizon, (C) but it has also been observed even in the Jewe stage. Glimberg 
(1961) has recorded Orthograpltls gracilis from Upper Ordovician strate of Scania, 

southern Sweden. 



Risto Tynni: Ordovician hystricospheres and chirinozoans .. . 

, ' 
d 

o 100fJ 

FrG. 50, a. Conochitilla sp. 1, b. C. sp. 2, c, d. 
Ercmochitina sp, e. Ercmochitilla sp. 

FrG. 51. Orthograptlls 
(Dip/ograptlls) graci/is, 
sicula 
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COflochitina micracantha sub. sp. Jvesenbergensis is cbaracteristic of Wesen berg stage 
Baltic limestone. If the hystrichospbere species are also taken into account, it is evident 

that the grey limes tone erratics from the Bothnian Sea, here denoted as Baltic lime

stone, are younger than the greenish limes tones and were probably formed during tbe 
early stages of the Upper Ordovician (Wesenberger Stufe, Table I, Thorslund 1960). 

As pointed out by Eisenack, there is considerable dis agreement ab out the use of 

the term Baltic limes tone since in the literature this term has been applied to limestones 

both older older and younger than the Wesenberger stage. The further use of micro

fossils in tbe subdivision of the microfossil-poor Middle Ordovician Baltic Lime
stone will probably shed new light on this question. 
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PLATE I 

1. ACalllhodiacrodilllJl bilJ/orphispillae n. spec. 

2. ArelJ/oricallilillt sp. 

3. Ba/tisphaeridilllJl brevijilimll' 

4. B. cognitll1ll 

S. B. echinatulJ/ 

6. B. g/oboSlllJl n. spec. 

7. B. hirSlltoides 

8. B. lallcettispinae 

9. B. latiradiallllJl 

10. B. /ollgispinoSllIJ/ /ollgispinoslllJl 

11. B. 1IIochtiensis 

12. B. nannill1/J 

Bar equals 20 11-
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PLATE II 

1. Baltisphaeridium pachycanthum 

2. B. pauciverrucosum 

3. B. plicatispinae 

4. B. spinigerum 

5. B. verrucatum 

6. B. sp. 1 

7. Elcctoriskos aff. pagonius 

8. Goniosphaeridillm polugonale 

9. G. polygonale f. polyantha 

10. Granomarginata sp. 1 

11. Hystrichosphaeridill11l anthophoru11l archaeforme 

12. Leiosphaeridia /aevigata 

Bar equals 20 f-t 
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PLATE IU 

1. Leiovalia similIS 

2. L. similis f. rugosa n. fo. 

3. Lophosphaeridium cf. citripeltatulll 

4. L. aff. parveratum 

5. Mierhystridium cf. ae"", 

6. M. cf. campoae 

7. M. cf. perveroquesi 

8. MultiplielSphaeridium belmonti/orme n. spec. 

9. M. bi/urea/um 

10. M. irregulare 

11. M. sylenu 

12. M. sp. 1 

Bar equals 20 fL 
Magnification is greater in 
Figures 4, 5, 6, 7 and 10: 
Bar equals 10 fL 
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PLATE IV 

1. MIi/lip/icisphaeridilllJl sp. 2 

2. Orihosphaeridill//l cholldrododora 

3. O. rectallgll/are 

4. Peteillosphaeridilllll breviradiatlllll 

5. P. cf. beterol/lorpiclIl/I 

6. P. majorjllrcatlllll 

7. Ptero0'stidiopsis e/egalls n. spec. 

8. P. boltllica n. spec. 

9. Symp/assosphacridill//l off. illcmstatlllll 

10. laslllallites lIIilll/tllS 

11. (/ er)'hachilllll trispillOSlll1l 

12. G/oecapsolllorpha sp. 

Bar equals 20 p 
Magnification is grcater in 
Figures 1, 7 and 8: Bar 
cquals 10 f-L 
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ERRATA 

p. 8, line 34, p. 10, fig. 1 and plateI: 1 : A. bimorphispinae n. sp., shall be 

A. heterospinosum n . sp. 

p. 16, line 38, p. 19, fig. 10: B. ternata nov. comp., shall beB. ternatum nov. combo 

p. 28, line 13, p. 30, fig. 27: M. beimontijorJllis n. spec., shall be M. bellllontifor!lle 

n . spec. 

p . 29, line 19: M. sylensis n. sp., shall be M. sylense n. sp. 
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